
THE JOURNAL OF O r g a n i c  C h e m i s t r y

Volume 33, N um ber  6 ©  C opyright 1968  
by the A m er ic a n  Chem ical Society J u n e  12, 1968

Synthesis and Chem istry of Som e Tricyclo[4.2.1.02,5]nonane Derivatives1

R. R. Sauers , S. B. Schlosberg , and P. E. P fe ffe r

Sch ool o f  C h em is try , R u tg ers, T h e S ta te  U n iv e r s ity , N e w  B r u n sw ic k , N e w  J e r s e y  0 8 9 0 3

Received, J a n u a r y  18 , 1 9 6 8

S y n th e se s  of exo- a n d  end o -tricy c lo [4 .2 .1 .0 2'6]n o n a n e s  (1 a n d  2) a n d  sev e ra l of th e ir  d e r iv a tiv e s  a re  desc rib ed . 
T h e  k e y  in te rm e d ia te s  w ere  exo- a n d  en d o -tricy c lo [4 .2 .1 .0 2'6]n o n-7 -enes (23 a n d  24) w h ich  w ere  p re p a re d  b y  cycli- 
z a tio n  of d iio d id es 25 a n d  26 w ith  p h e n y llith iu m . R e a c tio n s  in v o lv in g  ca rb o n iu m  ions g e n e ra te d  a t  C -7  in v a r ia b ly  
p ro d u c ed  d e r iv a tiv e s  of a lcoho l 35 a s  th e  m a jo r  p ro d u c t.

Our continuing interests in the synthesis and chemis
try of tricyclic ring systems prompted a survey of reac
tions designed to lead to the exo- and endo-tricyclo- 
[4.2.1.02’5]nonane systems 1 and 2. Although numer-
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ous reports dealing with derivatives of these systems 
have appeared in the recent literature,2 the parent 
hydrocarbons 1 and 2 have not yet been described. 
Furthermore, the syntheses of related systems are either 
not readily adaptable to large-scale work or to system
atic derivitization.

The systems in question are of importance in that 
they bridge the gap between the relatively well-known 
tetrahydrodicyclopentadiene3 (3) and the more re
cently investigated tricyclo[3.2.1.02,4]octyl systems4 4.

3 4

(1) P re se n te d  in  p a r t  a t  th e  150 th  N a tio n a l M ee tin g  of th e  A m erican  
C hem ica l S oc ie ty , A tla n tic  C ity , N . J . ,  S ep t 1965, A b s tra c ts , p  38S.

(2) F o r  som e o th e r  re c e n t sy n th e se s  of th e se  r in g  sy stem s, see (a) L . G . 
C anne ll, Tetrahedron L ett., 5967 (1966); (b) L . W a tts , J .  D . F itz p a tr ic k , a n d  
R . P e t t i t ,  J .  A m er. Chem. Soc., 88, 623 (1966); (c) C . D . S m ith , ib id ., 88, 
4273 (1966); (d) G . N . S ch rau ze r a n d  P . G lockne r, Chem . B er., 97 , 2451 
(1964); (e) R . L . C arg ill a n d  M . R . W illc o tt, I I I ,  J .  Org. Chem ., 31, 3938
(1966 ) ; (f) D . S charf a n d  F . K o r te , Tetrahedron L ett., 821 (1963).

(3) (a) S. J . C ris to l, W . K . S e ife rt, D . W . Jo h n so n , a n d  J . B . Ju ra le , J .  
A m er. Chem . Soc., 84 , 3918 (1962); (b) K . T a k e u c h i, T . O sh ika , a n d  Y . K oga, 
B u ll. Chem. Soc. J a p .,  38, 1318 (1965); (c) P . D . B a r t le t t ,  A b s tra c ts , 12th  
N a tio n a l O rgan ic  C h e m is try  S ym p o siu m , J u n e  1951, p  1.

(4) (a) R . R . S auers , J .  A. B eisler, a n d  H . F e ilich , J .  Org. Chem ., 32, 569
(1967) ; (b) K . B . W iberg  a n d  G . W enzinger, ib id ., 30 , 2278 (1965); (c) A. K .
C o lte r  a n d  R . C . M usso , ib id ., 30 , 2462 (1965); (d) K . B . W iberg  a n d  W . J .  
B artley , J .  A m er. Chem . Soc., 82, 6375 (1960); (e) H . E . S im m ons a n d  R . D . 
S m ith , ib id ., 81, 4256 (1959).

Thus, a study of the chemistry of suitable derivatives of 
1 and 2 is clearly of importance before complete analy
sis of the behavior of these substituted norbornyl sys
tems can be made.6 This paper enumerates some syn
thetic studies in this area as well as the results of some 
carbonium ion reactions in this series.

Results and Discussion

Synthetic Studies.—Initial studies involved reac
tions of derivatives of tricyclo[3.2.1.02,4]octylcarbinyl 
systems (5) which by ring expansion would be expected 
to lead to tricyclo[4.2.1.02'6]nonyl systems (e.g., 
6). This method was appealing owing to the avail-

5 6

ability of the precursors via the reaction of ethyl 
diazoacetate with norbornene.6

Amine 9 was readily obtained by reduction of amide 
8 with lithium aluminum hydride. Deamination of 9

8 9

(5) F o r  o th e r  d a ta  on  th e se  a n d  re la te d  sy stem s, see G . D . S a rg en t, Quart. 
Rev. (L o n d o n ), 20, 319 (1966).

(6) R . R . S au e rs  a n d  P . E . S o n n e t, Tetrahedron, 20 , 1029 (1964). I n  th e  
p re s e n t w ork  v a r ia b le  a m o u n ts  (1 2 -1 8 % ) of a n  iso m er of th e  exo-an ti a d d u c t  
7 w ere  o b ta in e d . T h a t  th is  m a te r ia l w as th e  exo-syn  a d d u c t  w as show n  b y  
e th o x id e -ca ta ly zed  ep im eriza tio n .
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with nitrous acid led to a complex mixture of products. 
The major constituent (44%) was shown to be identical 
with the carbinol (10) obtained by reduction of 7. The

10

other two important products were present in nearly 
equal amounts and were characterized as vinyl alcohols 
as shown by the presence of appropriate infrared and 
nmr absorptions.7

These results are not surprising in view of the recent 
findings of Bond and Scerbo with the closely related bi- 
cyclic system l l .8 9 10 These workers found no cyclobutyl 
product in a similar reaction sequence.

In a subsequent experiment, amine 9 was subjected 
to deamination under poorly solvating conditions.9 
The hydrocarbon fraction (34%) from this reaction was 
isolated and shown to consist of two isomers in a 7 :1  
ratio. The major product proved to be 3-vinylnortri- 
cyclene (12) as shown by degradation to the known acid
13. The minor constituent was most likely anti- or syn-
7-vinylnorbornene (14) as evidenced by the appearance 
of typical vinyl absorptions superimposed on norbor- 
nene absorptions in the infrared and nmr spectra.

These rearrangements seem best rationalized by com
petitive ring opening of the cation IS or the correspond
ing diazonium ion with the formation of a substituted 
norbornyl ion. Subsequent loss of a proton or reaction 
with solvent would lead to the observed products10 12 
and 14.

Attention was next turned to the possibility of utiliz
ing carbenic routes. A relatively high degree of success 
has been attained in the preparation of cyclobutenes 
from cyclopropylcarbinyl derivatives in this way.11 In 
the case at hand, it was necessary to prepare the alde
hyde 16 for conversion into the tosylhydrazone. Mild 
oxidation of alcohol 10 with manganese dioxide12 or 
partial reduction13 of the amide 17 with a mixed hydride 
both served to produce the aldehyde 16 in modest yields.

Pyrolysis of the lithium salt of the tosylhydrazone of 16 
led14 to a mixture of two hydrocarbons in a 1:3:4 ratio.

The minor product proved to be norbornene. The ma
jor product was a C9H12 hydrocarbon which showed a 
strong absorption at 14.30 y in the infrared spectrum 
and two protons as a sharp singlet at 5.85 ppm in the 
nmr spectrum.18 Chemical evidence in support of 
structure 18 was provided by quantitative catalytic re
duction to ezo-tricyclo[4.2.1.02'8]nonane (1 ) which was 
identical with the sample prepared independently be
low. In addition, hydro bo ration of 18 followed by 
chromic acid oxidation gave a ketone 19 with a carbonyl

1

(7) T h e  co m p le te  s tru c tu re  p roofs of th e se  p ro d u c ts  h a v e  n o t b ee n  com 
p le ted . E v id en ce  fo r th e  p resen ce  of syn-7-v iny l-ea;o -norbornano l is  p re 
se n te d  in  th e  P h .D . T h esis  o f P . E . S o n n e t, R u tg e rs , T h e  S ta te  U n iv e rs ity , 
1963. T h a t  th e  o th e r  p ro d u c t is n o t  a  3 -v in y ln o rb o ran o l h a s  b ee n  show n 
b y  P . E . P feffer (P h .D . T h esis , R u tg e rs , T h e  S ta te  U n iv e rs ity , 1966).

(8) F . T . B ond  a n d  L . S cerbo , Tetrahedron L e tt ., 4255 (1965). F o r  a  de
ta ile d  d iscussion  of th e  in te rm e d ia te s  in  th e se  reac tio n s , see K . B . W iberg  
a n d  A . J .  A she, I I I ,  J .  A m er . Chem . Soc., 90 , 63 (1968), a n d  P . v o n  R . 
S ch leyer a n d  G . W . V an  D in e , ib id ., 88 , 2321 (1966).

(9) J .  B ay less, L . F r ie d m a n , J . A. S m ith , F . B . C ook, a n d  H . S h ech te r, 
ib id ., 87, 661 (1965).

(10) T h e  h y d ro c a rb o n  fra c t io n  from  th e  so lvo lysis  of n o rb o rn y l b ro s y la te
h a s  been  show n  to  co n s is t of 9 8 %  n o rtr icy c le n e  a n d  2 %  n o rb o rn e n e . Cf.
S. W in ste in , E .  C lip p in g er, R .  H ow e, a n d  E . V ogelfänger, ib id ., 87 , 376
(1965).

absorption band at 5.62 y in agreement with the cyclo- 
butanone structure.

(11) L . F r ie d m a n  a n d  H . S h ech te r, ib id ., 82 , 1002 (I9 6 0 ); W . K irm se  a n d  
K . H . P o o k , Chem . B er., 98 , 4022 (1965).

(12) L . C ro m b ie  a n d  J .  C rossley , J .  Chem . Soc., 4983 (1963).
(13) H . C . B row n  a n d  A. T s u k a m o to , J .  A m er. Chem . Soc., 81 , 502 (1959).
(14) G . M . K au fm an , J .  A . S m ith , G . G . V an  d e r  S touw , a n d  H . S h ech te r , 

ib id ., 87, 935 (1965).
(15) C y c lo b u ten e  d isp lay s  a  sin g le t a t  5 .95  p p m ; see S. B orcié  a n d  J .  D . 

R o b e rts , ib id ., 87, 1057 (1965). A  co m p o u n d  ass igned  th is  s t r u c tu r e  b y
M . H a ra , Y . O d ia ra , a n d  S. T s u ts u m i [Tetrahedron, 22 , 95 (1966)] show ed  
p ea k s  of unspecified  m u ltip lic ity  a t  5.87, 2 .87, a n d  2.22 p p m . O ur m a te r ia l  
is a p p a re n tly  not th e  sam e su b stan ce .



Vol. 88, No. 6, June 1968 T r ic y c l o [4 .2 .1 .0 2'6]n o n a n e  D e r iv a t iv e s  2177

This synthetic method was also extended to the 
methyl homolog (21) via a sequence starting with the 
methyl ketone 20. A small amount (12%) of a second

product was also obtained. Infrared and nmr absorp
tions characteristic of vinyl groups appeared in the spec
tra of this product. These findings and analogy14 sup
port 22 as a reasonable structure for this product.

The second phase of the synthetic studies dealt with 
possible methods for construction of the two tricyclo- 
[4.2.1.02,6]non-7-enes 23 and 24. These olefins were 
considered key intermediates for the completion of the 
mechanistic studies already mentioned.

25 26

The availability of the two isomeric diiodides 25 and 
2616 prompted a study of possible ring-closure reac
tions. Smooth cyclization was effected with phenyl- 
lithium in a synthesis patterned after that developed 
for bicyclo [4.2.0]octane.17 The nature of the cyclized 
products was revealed by the presence of absorptions in 
both the infrared and nmr spectra attributable to 
norbornene-type double bonds.18 Quantitative cat
alytic hydrogenation led to the saturated hydrocarbons 
1 and 2 with the absorption of 1 mol of hydrogen in both 
cases. The identity of the reduction product of 23 with 
that of 18 firmly establishes the structure and stereo
chemistry of these compounds.

Addition and Solvolysis Reactions.—In this section 
product studies of reactions involving carbonium-ion 
intermediates at C-7 will be discussed. By way of 
comparison, the homologous series 3 and 4 do not 
present a completely consistent picture. For example, 
addition of formic acid to either olefin 27 or 28 pro
duced the formate 29.3a Likewise, acetolysis of any 
of the four tosylates with gross structure 30 produced 
the exo-exo system 31 as the major product.

An interesting observation was that only three of the 
four isomeric tricyclo[3.2.1.02'4]octyl brosylates (32) re
acted analogously to 27 yielding 33. The endo-endo sys-

tem 34 apparently underwent a more complex re
arrangement.413

With this background it was not surprising that ad
dition of formic acid to either 23 or 24 yielded essentially 
the same mixtures of formates in the ratio 98:2. After 
conversion into alcohols, the major product was isolated 
and shown to be identical with the hydroboration-oxi- 
dation product (35) of the exo olefin 23. The reaction 
sequence clearly produces the product (35) with exo

stereochemistry by analogy with norbornene and 27.19 
The minor alcohol formed in the addition was assumed 
to be the endo derivative 36 based on retention time 
comparisons with a sample prepared by hydroboration- 
oxidation of 24.20

(16) K . A lder a n d  W . R o th , Chem. B er., 87, 161 (1954).
(17) K . A lder a n d  H . A. D o r tm a n , ibid,., 87, 1492 (1954).
(18) T h e  chem ica l sh if ts  of th e  o lefinic p ro to n s  a re  sen s itiv e  to  th e  s te re o 

ch e m is try  of th e  a t ta c h e d  rin g s . T h e  dow nfield  s h if t in  th e  a b s o rp tio n  of th e  
olefinic p ro to n s  in  24 re la tiv e  to  23 of ca. 0 .5  p p m  h as  also  been  n o te d  in  v a r i
ous n o rb o rn ad ien e  d im ers  b y  D . R . A rno ld , D . J .  T re ck e r , a n d  E . B . W h ip p le
[J . A m er. Chem . Soc., 87, 2596 (1965)] a n d  a t t r ib u te d  to  v a n  d e r  W aals  in te r 
ac tio n s .

(19) H . C . B row n a n d  G . Zw eifel, ib id ., 83, 2544 (1961); S. J .  C ris to l, 
W . K . S eife rt, a n d  S. B . So low ay , ib id ., 82, 2351 (1960).

(20) T h e  chem ica l sh if ts  of th e  ca rb in o l p ro to n s  in  35 a n d  36 p ro v id e  a  
c lea r exam p le  of s te ric  d esh ie ld in g .18 W h e re as  th e  ca rb in o l p ro to n  of 35 a n d  
exo -no rbo rnano l h a v e  s im ila r chem ica l sh if ts  (3.55 a n d  3.52  p p m , respec
tiv e ly ) , th e  an a lo g o u s p ro to n  in  36 a p p e a rs  a t  4 .37 p p m . F o r  o th e r  ex
am p les , see S. W in ste in , P . C a rte r , F . A . L . A n e t, a n d  A. J .  F . B o u rn , 
ib id ., 87, 5247 (1965).
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The availability of alcohols 35 and 36 prompted 
studies of the behavior of their bromobenzenesulfonate 
esters in buffered acetic acid. Analogous3b’4b to the 
behavior of the higher and lower homologs, 37 under
went a rapid rearrangement at 25° to form the exo iso
mer 38. At elevated temperatures, acetolysis ensued

and the product isolated proved to be the exo-exo alco
hol 35.

Finally, the endo-endo brosylate 41 was synthesized 
via the ketone 39 and the alcohol 40. Acetolysis of 41, 
in contrast to the lower homolog produced the exo-exo 
system 35 in 95.5% yield.

HO H
39 40 35

Thus, the outcome of the product-forming steps in all 
but one4b of these solvolysis reactions of fused norbornyl 
derivatives follows a general pattern; namely, predom
inant exo substitution and exo-ring junctures.21 The 
latter result is most likely a reflection of the greater 
stability of exo-iused bridges.22 Interpretation of the 
high degree of stereoselectivity toward exo substitution 
is complex since the exact structure of the intermediate 
ions is not known with certainty.23

Experimental Section
M ic ro an a ly ses  w ere  p e rfo rm e d  b y  G . M a n se r , H e r lib e rg  

S w itz e rlan d ; G . R o b e r ts o n , F lo rh a m  P a rk ,  N .  J.; a n d  M ic ro - 
T e c h  L a b o ra to r ie s , S kok ie , 111. In f ra re d  s p e c tra  w ere  re c o rd e d  
fro m  c a rb o n  te tra c h lo r id e  so lu tio n s  o r a s  n o te d  o n  a  P e rk in -  
E lm e r  M o d e l 21 sp e c tro p h o to m e te r . N u c le a r  m a g n e tic  re so n an ce  
sp e c tra  w ere  o b ta in e d  in  c a rb o n  te tra c h lo r id e  so lu tio n s  w ith  
te tra m e th y ls i la n e  as an  in te rn a l  s ta n d a rd  o n  a  V a r ia n  M o d e l 
A -60 sp e c tro p h o to m e te r .  G as c h ro m a to g ra m s w ere  d e te rm in e d  
o n  a n  A e ro g rap h  M o d e l A -90 P  in s t ru m e n t  in  th e  p re p a ra tiv e  a n d  
a n a ly tic a l  ru n s . A ll co lum ns w ere  0 .2 5  in . (o .d .)  a n d  C h ro m o - 
so rb  G  w as th e  so lid  p h a se . T h e  a b b re v ia tio n s  u se d  re fe r to  th e  
fo llow ing co lu m n s: C , C a rb o w ax  2 0 M , 9 -1 5  f t ;  A , A p iezon  L , 
9’f t .  C a p illa ry  gas c h ro m a to g ra m s w ere  d e te rm in e d  o n  a  B a r b e r -  
C o lm a n  flam e io n iz a tio n  sy s te m  (M o d e l 5000). T h e  co lu m n  
(0.01 in .)  w as U  (U con , 50  f t ) .

Ethyl exo-Tricyclo[3.2.1.02 4]octane-3-sj/n- and -anti-carbox- 
ylates (7).— T h e  a d d it io n  o f e th y l  d ia z o a c e ta te  w as c a rr ied  o u ta s  
p re v io u s ly  d e sc rib e d .6 G as c h ro m a to g ra p h ic  a n a ly s is  o n  a  9 - f t  
A p iezon  L (1 9 0 °) co lu m n  re v ea le d  th e  p re sen c e  o f 1 2 -1 8 %  of a

(21) T h e  rec e n t re s u lts  of R . B ak e r  a n d  J .  H u d ec , Chem . C om m un ., 929 
(1967) w ith  th e  b en z o tricy c lo  [4 .2 .1.02,6] n o n y l sy s tem  also  a re  c o n s is te n t w ith  
th is  g en e ra liz a tio n .

(22) P . v o n  R . S ch leyer a n d  M . M . D o n a ld so n , J .  A m er. Chem . Soc., 82, 
4645 (1960).

(23) F o r  re fe rences  a n d  a  re c e n t d iscuss ion  of th is  p ro b le m , see P . v o n  R . 
S ch leyer, ib id ., 89, 701 (1967).

seco n d  p ro d u c t.  T h e  tw o  isom ers w ere  se p a ra te d  b y  gas ch ro 
m a to g ra p h y  a n d  ex am in ed  se p a ra te ly . T h e  m o s t  s ig n if ic a n t 
d ifference  in  th e  n m r  sp e c tra  w as th e  p o s itio n  o f th e  b rid g e h e a d  
p ro to n s . T h e  anti isom er show ed  th ese  p ro to n s  as a  s in g le t a t
2 .37 , w h ereas in  th e  syn ep im er th e y  a p p e a re d  a t  2 .45  p p m . T h ese  
tw o  p e ak s  co u ld  b e  seen  in  th e  in itia l m ix tu re  o f th e  tw o . T h e  
in fra re d  sp e c tru m  o f th e  anti isom er sh o w ed  m ax im a  a t  5 .7 7  (s), 
6 .8 3 , 7 .10 , 7 .63  (s), 7 .95  (s), 8 .56  (s), 8 .8 0 , 9 .1 3 , 9 .5 0 , a n d  9 .7 5  
y.. T h e  syn isom er show ed  m a x im a  a t  5 .77  (s), 6 .83 , 7 .1 2 , 7 .46 , 
7 .57 , 7 .72 , 8 .4 2  (s), 8 .7 2  (s), 8 .85 , 8 .9 8 , a n d  9 .1 7

Epimerization Experiment.— T h e  se p a ra te d  e s te rs  w ere  p la c e d  
in  n m r tu b e s  c o n ta in in g  e th a n o l a n d  a  sm all p iece  of so d iu m . 
T h e  sp e c tru m  of th e  su b s ta n c e  a ssig n ed  th e  anti s t r u c tu r e  re 
m a in e d  u n c h a n g e d  o v e r a  4 0 -d a y  p e rio d . T h e  o th e r  iso m er 
g ra d u a lly  b e ca m e  c o n v e rte d  in to  th e  anti sy s te m  d u r in g  th is  
p e rio d . G a s  c h ro m a to g ra p h ic  a n a ly s is  a t  th e  en d  of th e  p e rio d  
in d ic a te d  co m p le te  ab sen ce  o f th e  syn iso m er a n d  th e  p re sen c e  
o f o n ly  th e  anti isom er 7 in  b o th  tu b e s .

exo-Tricyclo[3.2.1,02'4]octane-3-carbinol (1 0 ).— T h e  tr ic y c lic  
e s te rs  (65 .5  g, 0 .3 7  m o l) w ere  d isso lv ed  in  60  m l of e th e r  a n d  th e  
so lu tio n  w as a d d e d  to  a  s t ir re d  su sp en s io n  of 15 g (0 .39  m o l) o f 
l i th iu m  a lu m in u m  h y d rid e  in  600 m l o f  e th e r .  T h e  re su ltin g  
m ix tu re  w as h e a te d  a t  re flu x  fo r 4  h r  a t  w h ich  t im e  w a te r  w a s  
a d d e d  to  h y d ro ly z e  th e  s a l ts  a n d  to  d e s tro y  excess h y d r id e . T h e  
p re c ip ita te  w as re m o v e d  a n d  w ash ed  w ith  m e th y le n e  c h lo rid e . 
T h e  co m b in ed  o rg an ic  p h a se s  w ere  d is tilled  u n d e r  v a c u u m , w h e re 
u p o n  a  re s id u e , b p  8 5 -9 0 °  (0 .9  m m ), w as o b ta in e d . T h e  y ie ld  
w as 43 .8  g  (8 6 % ).

Anal. C a lc d  fo r C 9H i40 :  C , 78 .21 ; I I ,  10 .20 . F o u n d :  C , 
7 8 .23 ; FI, 10.14.

T h e  n m r  sp e c tru m  d isp lay e d  tw o  d o u b le ts  (J  =  7 cp s) in  th e  
re g io n  e x p ec te d  fo r H - C - 0  p ro to n s  a t  3 .2 0  a n d  3 .6 8  p p m . T h e  
a re a  ra tio s  w ere  1 0 :1 , re sp e c tiv e ly . T h e  m in o r c o m p o n e n t 
(p re su m a b ly )  is th e  syn-carbinol. T h e  b r id g eh e ad  p ro to n s  a p 
p e a re d  a t  2 .25  p p m .

T h e  3 ,5 -d in itro b e n z o a te  o f 10 w as p re p a re d  in  p y r id in e  a n d  h a d  
m p  9 2 -9 4 °  a f te r  c ry s ta lliz a tio n  fro m  m e th a n o l.

Anal. C a lcd  fo r C ieH ^N A V . C , 57 .83 ; H , 4 .8 5 ; N , 8 .4 3 . 
F o u n d : C , 5 7 .8 2 ; H , 4 .91 ; N , 8 .44 .

ezo-Tricyclo[3.2.1.02'4]octane-3-anh'-carboxamide (8 ) .— T o  a 
so lu tio n  o f 25 g  (0 .164 m o l) of th e  a c id  of 76 in  100 m l o f e th e r  
w as a d d e d  98 .5  g (0 .828  m o l) of th io n y l ch lo rid e  o v e r 25 m in . 
T h e  re su ltin g  m ix tu re  w as h e a te d  a t  re flux  fo r 15 h r  a f te r  w h ich  
th e  excess th io n y l ch lo rid e  w as re m o v e d  b y  d is til la tio n  u n d e r  
a s p ira to r  v a c u u m . A d d itio n  o f 150 m l o f a n h y d ro u s  e th e r  to  th e  
re s id u e  w as fo llow ed  b y  p a ssa g e  o f a m m o n ia  g as th ro u g h  th e  
so lu tio n  fo r 2 h r .  T h e  w h ite  p re c ip ita te  w as re m o v e d  b y  f ilt ra tio n  
a n d  e x tra c te d  w ith  b en zen e  in  a  S o x h le t a p p a ra tu s  fo r 24 h r .  
T h e  e x tra c ts  a n d  th e  o rig ina l e th e r  f i l t r a te  w ere  co m b in ed  a n d  
cooled, w h e reu p o n  22 .2  g (9 0 % ) of colorless c ry s ta ls  fo rm ed , m p  
1 7 2 -1 7 5 ° . C ry s ta ll iz a tio n  fro m  b en zen e  ra ise d  th e  m e ltin g  p o in t  
to  1 7 3 .5 -1 7 5 ° .

Anal. C a lcd  fo r C 9H i3N O : C , 7 1 .4 9 ; H ,  8 .6 7 ; N , 9 .2 6 . 
F o u n d : C , 7 1 .4 0 ; I I ,  8 .5 0 ; N , 8 .98 .

exo-Tricyclo[3.2.1.02'4]octane-3-araif-carbinylamine (9 ) .— A 
so lu tio n  o f 6 .0  g (0 .040  m o l) of a m id e  8 in  300 m l of b en zen e  
w as t r e a te d  w ith  3 .04  g (0 .080  m o l) of l i th iu m  a lu m in u m  h y d rid e  
o v e r a  p e rio d  o f 0 .5  h r .  T h e  re su ltin g  s lu r ry  w a s  h e a te d  a t  
re flu x  fo r 20  h r .  H y d ro ly s is  w as e ffec ted  b y  c a u tio u s  a d d it io n  of
7 .7  m l o f w a te r .  T h e  s a lts  fo rm ed  w ere  co llec ted  a n d  w ash ed  
tw ice  w ith  e th e r .  T h e  c o m b in ed  e x tra c ts  w ere  e v a p o ra te d  to  
y ie ld  5 .4 2  g (9 2 % ) of a n  oil w h ich  w as c h a ra c te riz e d  b y  th e  p re p 
a ra t io n  of th e  p h e n y lu re a  d e r iv a tiv e , m p  1 5 8 -1 5 9 .5 ° .

Anal. C a lc d  fo r C i6H 2t,N20 :  C , 7 4 .9 6 ; H ,  7 .8 6 ; N ,  10 .93 . 
F o u n d : C , 74 .94 ; H ,  8 .0 1 ; N , 10.88.

Nitrous A cid D e a m in a tio n  of 9.— A  so lu tio n  o f 1.5 g  (0 .01  
m o l) o f a m in e  9 in  62 m l o f g lac ia l a c e tic  a c id  w as coo led  a n d  
t r e a te d  w ith  8 .01  g (0 .010  m o l) o f so d iu m  n i t r i te .  T h e  re su ltin g  
so lu tio n  w as s t i r r e d  a t  ro o m  te m p e ra tu re  fo r 24 h r  a f te r  w h ich  
i t  w as p o u re d  in to  a  cold  aq u eo u s  so lu tio n  w h ich  c o n ta in e d  a n  
excess o f  so d iu m  c a rb o n a te . T h e  c ru d e  a c e ta te s  w ere  re m o v e d  
b y  e th e r  e x tra c tio n . T h e  d ried  (M g S 0 4) e x tra c ts  w ere  a d d e d  
d ro p w ise  to  a  s t i r r e d  su sp en s io n  of 0 .5 0  g  (0 .0 1 3  m o l) o f l i th iu m  
a lu m in u m  h y d rid e  in  50 m l of e th e r .  A fte r  s t i r r in g  fo r 2 h r  th e  
re a c tio n  m ix tu re  w as t r e a te d  w ith  w a te r .  T h e  p r e c ip ita te  w a s  
co llec ted  a n d  w a sh e d  w ith  e th e r .  T h e  co m b in ed  e x tra c ts  w ere  
w ash ed  w ith  d ilu te  h y d ro c h lo ric  a c id , so d iu m  c a rb o n a te  so lu 
tio n , a n d  w a te r .  R e m o v a l of th e  e th e r  y ie ld e d  1 .04  g (6 9 % ) of 
p ro d u c t.  A n a ly sis  o f th e  m ix tu re  b y  gas c h ro m a to g ra p h y  (C , 
175°) in d ic a te d  th e  p re sen c e  of th re e  m a jo r  c o m p o n e n ts  in  th e
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ra tio  1 :1 :1 .6 .  T h e  la s t  p e a k  p ro v e d  to  b e  id en tic a l in  re te n tio n  
t im e  w ith  10. T h e  n m r sp e c tru m  of a  co llec ted  sa m p le  w as 
su p e rim p o sab le  o n  th e  sp e c tru m  of 10.

T h e  firs t tw o  c o m p o n e n ts  w ere  co llec ted  a n d  su b m itte d  for 
e le m en ta l a n a ly s is .

Anal. C a lcd  fo r C 9H h O : C , 7 8 .21 ; H , 10 .20 . F o u n d  fo r p e a k  
1: C , 7 8 .11 ; H ,  10 .24 . F o u n d  fo r p e a k  2 : C , 7 8 .40 ; H , 10 .21 .

T h e  n m r sp e c tru m  of p e a k  1 show ed  com plex  v in y l a b so rp tio n  
e x te n d in g  fro m  6 .2  to  5 .0  p p m  a n d  s tro n g  v in y l a b so rp tio n s  in 
th e  in fra re d  sp e c tru m  a t  9 .9 , 10 .0 , 10 .3 , a n d  11.0 m- T h e  second  
p e a k  likew ise  show ed  n m r  a b so rp tio n s  fro m  5 .7  to  5 .0  p p m  (3 H )  
a n d  s tro n g  in fra re d  m a x im a  a t  9 .9 , 10 .1 , a n d  11.0  m-

Iso am y l N itr ite  D e a m in a tio n  of 9 .9— A  so lu tio n  o f 2 g (0 .013 
m ol) of a m in e  9 in  50 m l o f ch lo ro fo rm  w as t r e a te d  success ively  
w ith  1.3 g (0 .01 m o l) o f iso a m y l n i tr i te  a n d  0 .6 6  g  (0 .01  m o l) 
o f a ce tic  a c id . T h e  re su ltin g  so lu tio n  w as h e a te d  a t  re flu x  for 
12 h r .  S o d iu m  c a rb o n a te  so lu tio n  w as a d d e d  to  n e u tra liz e  th e  
a c id . E v a p o ra tio n  o f th e  ch lo ro fo rm  y ie ld e d  0 .54  g o f an  o il, 
b p  1 3 5 -1 4 5 ° . G as c h ro m a to g ra p h ic  a n a ly s is  (D , 9 5 ° )  re v ea le d  
tw o  m a jo r  p e ak s  in  th e  ra tio  1 :7 . T h e  n m r  sp e c tru m  of th e  m in o r 
p ro d u c t d isp lay e d  a  com plex  v in y l g ro u p  p a t te rn  e x te n d in g  
fro m  4 .8  to  6 .15  p p m . S u p e rim p o sed  w ere  a b so rp tio n s  d u e  to  
n o rb o rn en e  o lefin ic  p ro to n s  a t  5 .9 0  p p m . T h e  to ta l  re la tiv e  a re a  
o f th e  low  field  p ro to n s  w as 5. B rid g eh e ad  p ro to n  a b so rp tio n  
(2 H )  a p p e a re d  a t  2 .8 5  p p m  a n d  o th e r  com plex  a b so rp tio n s  (5 H )  
e x te n d e d  fro m  2 .2 0  to  0 .8  p p m . T h e  in fra re d  sp e c tru m  d is 
p la y e d  s tro n g  a b so rp tio n s  a t  7 .5  a n d  11 .0  ju c h a ra c te ris tic  of 
v in y l g roups.

T h e  m a jo r  p ro d u c t 12 likew ise  d isp lay e d  a  com plex  v in y l 
g roup  p a t t e rn  (3 H )  c e n te re d  a t  5 .3 8  p p m  in  th e  n m r  s p e c tru m . 
T h e  in fra re d  sp e c tru m  d isp lay e d  v in y l g ro u p  a b so rp tio n s  a t
7 .2 , 10.2, a n d  11.05 M-

Anal. C a lc d  fo r C 9H i2: C , 89 .93 ; H , 10.07. F o u n d : C , 
8 9 .9 5 ; H ,  9 .97 .

T h e  h ig h  b o ilin g  (7 5 -8 5 °  a t  0 .25  m m ) f ra c tio n  of th e  p ro d u c t 
w as c o n v e rte d  in to  a lcoho ls w ith  lith iu m  a lu m in u m  h y d rid e  an d  
show n  to  co n sis t of th e  re a r ra n g e d  a lcoho ls a n d  10 in  th e  ra tio s  
1 :1 :1 0 ,  re sp ec tiv e ly . T h e  y ie ld  o f th e  a lcoho ls w as 0 .77  g 
(3 8 % ).

O zo n o ly sis  of 12.— O zone w as p a sse d  th ro u g h  a  so lu tio n  o f 
0 .1 0  g o f th e  m ix ed  o lefin ic  p ro d u c ts  of th e  p re ce d in g  e x p e rim e n t 
in  10 m l of m e th a n o l a t  0 ° . A fte r  w a rm in g  to  ro o m  te m p e ra tu re  
a  so lu tio n  of 1.6 g of so d iu m  h y d ro x id e  in  25 m l o f w a te r  w as 
a d d e d  fo llow ed b y  4 .0  m l o f 3 0 %  h y d ro g e n  p e ro x id e  so lu tio n . 
T h e  re su ltin g  so lu tio n  w as h e a te d  a t  reflux  fo r 12 h r  a n d  th e n  
e v a p o ra te d  in  a  s tre a m  of a ir .  A c id ifica tio n  fo llow ed b y  e th e r  
e x tra c tio n  y ie ld ed  0 .075  g  o f c ru d e  a c id . C ry s ta lliz a tio n  from  
p e n ta n e  g av e  0 .015 g o f 13, m p  4 8 -5 0 °  ( l i t .24 m p  4 8 -5 0 ° ) .  
In f ra re d  a n d  n m r sp e c tra  w ere  id en tic a l w ith  th o se  of an  a u th e n t ic  
sam p le  u p o n  co m p ariso n .

exo-T ricyclo  [3 .2 .1 ,02 4] o c tan e -3 -a n O -c a rb o x a ld eh y d e  (16). 
H y d r id e  R e d u c tio n  of A m ide  17.— T h e  d im e th y la m id e  17 w as 
p re p a re d  u sin g  th e  sam e  p ro c e d u re  a s  w as u sed  fo r th e  u n su b 
s t i tu te d  a m id e . F ro m  11.5 g  o f th e  a c id  of 76 th e re  w as o b ta in e d
11.07 g (8 3 % ) of a m id e  17, m p  8 4 .5 -8 6 ° .

Anal. C a lcd  fo r C n H „ N O : C , 7 3 .70 ; H , 9 .5 6 ; N , 7 .81 . 
F o u n d : C , 73 .63 ; H , 9 .6 4 ; N , 7 .78 .

T h e  m e th y l p ro to n s  a p p e a re d  a s  a  b ro a d  s in g le t (6 H )  a t  2 .95  
p p m  in  th e  n m r sp e c tru m . A m id e  c a rb o n y l a b so rp tio n  a p p e a re d  
a t  6 .12  n in  th e  in fra re d  sp e c tru m .

T h e  re d u c tio n  w as c a rr ie d  o u t  a cc o rd in g  to  th e  p ro c e d u re  of 
B ro w n  a n d  T su k a m o to 13 u s in g  a  so lu tio n  o f  m ixed  h y d r id e  p re 
p a re d  fro m  1.5 g  (0 .039 m o l) o f lith iu m  a lu m in u m  h y d rid e  a n d  3 .5  
g (0 .040  m ol) o f e th y l  a c e ta te  in  87 m l o f e th e r .  T h e  re su ltin g  
so lu tio n  w as a d d e d  to  a  s t i r r e d  so lu tio n  o f 11 .0  g (0 .062 m o l) 
o f a m id e  17 in  43 m l of e th e r  a t  0 ° . T h e  re su ltin g  m ix tu re  w as 
h e a te d  a t  re flu x  fo r 1.5 h r  a n d  h y d ro ly z e d  w ith  su lfu ric  ac id . 
T h e  sa lts  w ere  re m o v e d  b y  f ilt ra tio n  a n d  th e  f i l t ra te  w as e v a p o 
r a te d  to  g ive  3 .69  g (4 3 % ) of a  liq u id , b p  6 0 -8 0 °  (1 m m ). G as 
c h ro m a to g ra p h y  (C , 145°) re v ea le d  tw o  m a jo r  p ro d u c ts  in  th e  
r a t io  1 :5 .6 . T h e  m a jo r  p ro d u c t  p ro v e d  to  b e  a ld e h y d e  16 as 
d e te rm in e d  b y  n m r a b so rp tio n s  a t  9 .1  (1 H , d o u b le t  J  =  5 cp s),
2 .4 5  (2 H ) ,  1.28 (1 H , q u in tu p le t,  2 .5  cps sp li tt in g ) ,  a n d  com plex  
a b so rp tio n s  b e tw ee n  1 .4 5 -0 .5  p p m . T h e  in fra re d  sp e c tru m  
sh o w ed  c a rb o n y l a b so rp tio n  a t  5 .8 5  n-

T h e  2 ,4 -d in itro p h e n y lh y d ra z o n e  h a d  m p  2 0 8 .5 -2 0 9 .5 °  a f te r  
c ry s ta lliz a tio n  fro m  e th a n o l-e th y l  a c e ta te .

(24) J .  D . R o b e rts , E . R . T ru m b u ll, J r . ,  W . B e n n e tt ,  a n d  R . A rm stro n g , 
J .  Am er. Chem. Soc., 7 2 , 3116 (1950).

Anal. C a lc d  fo r C is H ie N A : C , 5 6 .9 6 ; H , 5 .1 0 ; N ,  17.71. 
F o u n d : C , 5 6 .6 9 ; H ,  5 .15 ; N , 17 .36 .

M a n g a n e se  D iox ide  O x id a tio n  of 1 0 .12— A  so lu tio n  o f 5 g 
(0 .036  m o l) o f 10 in  350 m l o f  m e th y le n e  c h lo rid e  w a s  s t ir re d  
w ith  75 g o f m an g a n ese  d iox ide25 fo r 2 h r  a t  re flu x . T h e  m ix tu re  
w as filte red  a n d  th e  so lids w ere  w a sh e d  w ith  m o re  m e th y le n e  
c h lo rid e . T h e  c o m b in ed  e x tra c ts  w ere  w ash ed  w ith  so d iu m  
c a rb o n a te  so lu tio n  p r io r  to  e v a p o ra tio n . T h e re  w as o b ta in e d
3 .35  g (6 8 % ) of a ld e h y d e  16, b p  70° (1 m m ), o n  d is til la tio n  o f  
th e  re s id u e .

e x o -T ricy c lo [4 .2 .1 .0 2'6]n o n -3 -en e  (1 8 ).— T h e  to sy lh y d ra z o n e  of 
16 w as p re p a re d  b y  th e  p ro c e d u re  of K irm se  a n d  P o o k 11 a n d  h a d  
m p  1 1 8 -1 2 0 ° .

Anal. C a lc d  fo r C ^H ioN iC hS: C , 6 3 .1 2 ; H , 6 .5 7 ; N , 9 .2 0 . 
F o u n d : C , 6 2 .7 3 ; H , 6 .5 9 ; N , 9 .4 4 .

T o  a  so lu tio n  of 5 .5 0  g (0 .018  m o l) o f th e  to sy lh y d ra z o n e  in  
100 m l o f d ry  te t r a h y d ro fu ra n  w as a d d e d  11.35 m l of 1 .6  M  b u ty l-  
l i th iu m  in  n -h e x an e  (0018 m o l). A fte r  s t i r r in g  fo r 30 m in  th e  
so lv e n ts  w ere  re m o v e d  o n  a  ro ta r y  e v a p o ra to r  a t  a sp ira to r  
p re ssu re . T h e  la s t  tra c e s  of so lv e n ts  w ere re m o v e d  w ith  a  
v a c u u m  p u m p  a t  0 .25  m m  a n d  4 0 ° . T h e  s a l t  w as th e n  p y ro ly ze d  
a t  9 5 -1 1 0 °  (0 .25  m m ) o v e r 45 m in . T h e  v o la ti le  p ro d u c ts  (0 .65  
g ) w ere  co llec ted  in  a  D ry  Ic e  t r a p  as a n  o ra n g e  oil w h ic h  show ed  
a b so rp tio n s  a t  4 .9 0  a n d  4 .5 0  n in  th e  in f ra re d  sp e c tru m . O n  
s ta n d in g , th e  color d isa p p e a re d . G a s  c h ro m a to g ra p h y  of th is  
m a te ria l  (A , 145°) re v e a le d  tw o  c o m p o n e n ts  in  th e  r a t io  1 :3 .4 . 
T h e  m in o r c o m p o n e n t p ro v e d  to  b e  n o rb o rn e n e  b y  co m p ariso n  
of i ts  in fra re d  sp e c tru m  w ith  t h a t  o f a n  a u th e n t ic  sa m p le . T h e  
m a jo r  p ro d u c t 18 show ed  a  s in g le t (2 H )  a t  5 .8 5 , a  s in g le t (2 H )  
a t  2 .45 , a  b ro a d  s in g le t (2 H )  a t  1 .90 , a n d  a  co m p lex  m u lt ip le t  
(6 H )  c e n te re d  a t  1.2 p p m . T h e  in fra re d  sp e c tru m  sh o w ed  a b 
so rp tio n s  a t  3 .22 , 3 .30 , 3 .42  (s), 3 .49 , 6 .4 4  (w ), 6 .8 0 , 7 .74 , 
11.95, a n d  14.30 (vs) n.

Anal. C a lcd  fo r C 9H i2: C , 8 9 .94 ; H , 10.06. F o u n d : C , 
9 0 .13 ; H , 10.06.

C ata ly tic  R e d u c tio n  of 18.— A so lu tio n  o f 0 .1 0  g o f 18 in  3 m l of
e th e r  w as re d u ce d  w ith  h y d ro g en  in  th e  p re sen c e  o f p la t in u m  
o x ide . W ith in  20  m in  h y d ro g e n  u p ta k e  (9 6 % ) h a d  ceased . 
G as c h ro m a to g ra p h y  (A , 160°) re v e a le d  o n e  c o m p o n e n t. I n 
fra re d  a n d  n m r  s p e c tra  w ere  id e n tic a l w ith  th o se  o f th e  sam p le  
o f 1 p re p a re d  below .

exo -T ricy c lo [4 .2 .1 .0 2'5]n o n a n -3 -o l.— A d d itio n  o f 5 .5  m l of
0 .5  M  d ib o ra n e  so lu tio n  to  a  so lu tio n  o f 1.97 g o f th e  m ix tu re  
o f 18 a n d  n o rb o rn en e  in  40  m l of te t r a h y ro fu ra n  w as fo llow ed  b y  
s t ir r in g  a t  25° fo r 2 h r .  T h e  b o ra n es  w ere  ox id ized  b y  a d d it io n  
o f 1.82 m l o f 3 A  so d iu m  h y d ro x id e  so lu tio n  fo llow ed b y  1.82 m l 
o f 3 0 %  h y d ro g e n  p e ro x id e . T h e  re a c tio n  m ix tu re  w as p o u re d  
in to  200  m l of w a te r  a n d  e x tra c te d  w ith  e th e r .  T h e  co m b in ed  
e x tra c ts  w ere  w a sh e d  w ith  so d iu m  b isu lf ite  so lu tio n  p r io r  to  
e v a p o ra tio n . A  v isco u s oil (1 .43  g ) w as o b ta in e d  w h ich  d is
p la y e d  tw o  m a in  p e a k s  o n  gas c h ro m a to g ra p h y  (C , 150°) in  th e  
r a t io  1 :3 .4 . T h e  m in o r p e a k  h a d  th e  sa m e  re te n tio n  tim e  as 
ezo -n o rb o rn an o l. T h e  m a jo r  p ro d u c t  d isp lay e d  a  com plex  
n m r  p e a k  a t  3 .75  p p m  a ssig n ed  to  th e  p ro to n  a d ja c e n t  to  th e  
h y d ro x y l g ro u p . T h e  in fra re d  sp e c tru m  sh o w ed  a b so rp tio n s  a t
3 .0 0  (s), 3 .4 5  (s), 6 .85 , 7 .02 , 8 .6 5 , a n d  9 .5 0  m-

Anal. C a lc d  fo r C 9H 140 :  C , 7 8 .2 0 ; I I ,  10 .15 . F o u n d : C , 
7 8 .51 ; H , 10.32.

ex o -T ricy c lo [4 .2 .1 .0 2'6]n o n a n -3 -o n e  (1 9 ).— T h e  a b o v e  m ix tu re  
o f a lcoho ls w as ox id ized  u s in g  a  tw o -p h a se  s y s te m 26 of e th e r  a n d  
so d iu m  d ic h lo rm a te  so lu tio n . T h e  o x id a tio n  o f 0 .4  g o f a lcoho ls 
w as in co m p le te  a f te r  12 h r  a s  sh o w n  b y  g as c h ro m a to g ra p h y . 
P r e p a ra t iv e  gas c h ro m a to g ra p h y  (C , 165°) y ie ld e d  0 .1 1  g  of 
k e to n e  19 a s  a n  o il. T h e  in fra re d  sp e c tru m  sh o w ed  a  s tro n g  
c a rb o n y l a b so rp tio n  a t  5 .6 2  ¿1 . O th e r  a b so rp tio n s  a p p e a re d  a t  
6 .7 5 , 6 ,8 0 , 7 .2 0 , 7 .5 5 , 7 .70 , 9 .2 2  (s ) , a n d  11.70 (s) n.

Anal. C a lc d  fo r C 9H I20 :  C , 7 9 .3 7 ; H , 8 .8 8 . F o u n d : C , 
7 9 .6 8 ; H , 9 .07 .

3 -an ii’-A cety l-ex o -tricy c lo [3 .2 .1 .0 2'4]o c ta n e  (2 0 ).— T o  a  s t ir re d  
so lu tio n  of 16.5 g (0 .11  m ol) o f th e  a c id  o f 76 in  100 m l o f e th e r  
w as a d d e d  175 m l of 1.67 M  m e th y lli th iu m  (0 .29  m ol) in  e th e r . 
T h e  a d d it io n  re q u ire d  2 h r  a n d  w as fo llow ed  b y  s t ir r in g  4 .5  h r 
a t  re flu x  te m p e ra tu re . H y d ro ly s is  w as e ffec ted  b y  a d d it io n  of 
200 m l o f w a te r .  T h e  o rg a n ic  la y e r  w as w a sh e d  w ith  s a tu r a te d  
a m m o n iu m  ch lo rid e  so lu tio n  a n d  w a te r .  T h e  a q u eo u s  la y e r  w as 
n e u tra liz e d  w ith  a m m o n iu m  ch lo rid e  a n d  e x tra c te d  w ith  e th e r .

(25) J .  A tte n b u rro w , A . F . C am ero n , J .  H . C h a p m a n , R . M . E v a n s , B . A. 
H eins, A. B . J a n se n , a n d  T . W a lk er, J .  Chem . Soc., 1094 (1952).

(26) H . C . B ro w n  a n d  C . P . G arg , J .  A m er. Chem . Soc., 8 3 , 2952 (1961).
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The combined extracts were dried (MgSCh) and evaporated to 
give 13.8 g (85%) of a crude solid. Two components in the ratio 
of 1:9 were present as shown by gas chromatography (C, 170°). 
The major constituent was isolated and had mp 38-40°.

A n a l . Calcd for Ci0HuO: C, 79.95; H, 9.39. Found: C, 
80.00; H, 9.41.

Infrared absorptions (CHCh) appeared at 3.30, 5.90 (s), 
7.20, 7.60, 8.40, 8.60, 10.90, and 11.80 ß. The nmr spectrum 
showed a sharp singlet (3 H) at 2.10, bridgehead protons (2 H) 
at 2.25, and other complex peaks (9 H) in the high field region 
from 1 . 8  to 1 . 0  ppm.

The tosylhydrazone of 20 was prepared in boiling 60% aqueous 
methanol and had mp 158.0-159.0° after crystallization from 
methanol.

A n a l . Calcd for CnH22N 2S02: C, 64.12; H, 6.96; N, 8.80. 
Found: C, 64.18; H, 6.92; N, 8.74.

ezo-3-Methyltricyclo[4.2.1.02'5]non-3-ene (21).—The lithium 
salt of the above tosylhydrazone was prepared and pyrolyzed by 
the above procedure. From 4.06 g there was obtained 2.4 g of 
a light yellow oil. Gas chromatography (C, 95°) indicated two 
components in the area ratio 13:87. The nmr spectrum of the 
major component was consistent with structure 2 1  in showing 
a broad singlet (1 H) at 5.60, broad singlets at 2.30 (2 H), and
I. 90 (2 H) and complex high field absorptions (9 H) superimposed 
on a sharp singlet between 0.8 and 1.8 ppm. The infrared spec
trum displayed absorptions at 3.35, 3.41, 6.17, 6.96 (s), 7.30,
7.60, 7.75 and 12.50 (s) ß.

A n a l . Calcd for CioH»: C, 89.49; H, 10.51. Found: C, 
89.54; H, 10.43.

The minor component presumably had structure 2 2  as evi
denced by the appearance of vinyl absorptions at 4.9 (3 H) in 
the nmr spectrum and strong infrared absorptions at 10.15,
II . 3, and 12.05 M.

A n a l . Calcd for C10H14: C, 89.49; H, 10.51. Found: C, 
89.45; H, 10.65.

endo-Tricyclo[4.2.1.02'5]non-7-ene (24).—The diiodide 26 was 
prepared as described by Alder and Roth16 and was obtained as 
a yellow oil in agreement with the literature. The crude product 
(59.0 g, 0.16 mol) in 100 ml of ether was added rapidly to an 
ice-cold solution of phenyllithium which had been prepared from
7.0 g (1 g-atom) of lithium and 33.0 g (0.21 mol) of bromobenzene 
in 100 ml of ether. After stirring at 25° for 2 hr the reaction 
mixture was filtered through a Büchner funnel (no paper) onto 
crushed Dry Ice. After the mixture warmed to room tempera
ture, 500 ml of water was added. The ether layer was washed 
with water, dried, and distilled through a short Vigreux column. 
The residual oil was distilled in a Holzman column to yield 13.99 
g of a colorless oil, bp 81-84° (67-68 mm). Gas chromatographic 
analysis (A, 135°) revealed 18% of an impurity. A pure sample 
was collected and had mp 54.5-55.5°.

A n a l . Calcd for C9Hi2: C, 89.93; H, 10.07. Found: C, 
89.66; H, 10.28.

The infrared spectrum of 24 displayed absorptions at 3.22,
6.02 (s), 6.13 (w), 6.36 (w), 10.93, 1L17, 11.43, and 14.42 (s)
n . The nmr spectrum consisted of a poorly resolved triplet (2 H) 
at 6.34, a broad multiplet (4 H) at 2.68, and complex absorption 
( 6  H) between 2.28 and 0.69 ppm.

exo-Tricyclo[4.2.1.0 . 2 6Jnon-7-ene (23).—The exo-diiodide was 
prepared according to the literature16 and was obtained as a 
crystalline solid, mp 48.5-50° (lit. 16 oil). Cyclization was effected 
as in the previous experiment on 31.8 g (0.085 mol) of 25. The 
distilled product (8.04 g) was collected between 41 and 43° (14-15 
mm) and was 90% homogeneous. A pure sample of 23 was col
lected by gas chromatography (A, 135°).

A n a l . Calcd for C9Hi2: C, 89.93; H, 10.07. Found: C, 
89.68; H, 9.93.

The infrared spectrum of 23 showed absorptions at 3.17, 6.41 
(w), 6.23 (w), 6.06 (s), 11.04, 11.20, and 14.57 (s) ß . The 
nmr spectrum consisted of a poorly resolved triplet at 5.89 (2 H), 
a multiplet at 2.57 (2 H), and complex absorption ( 8  H) between 
2.38 and 0.83 ppm.

exo-Tricyclo[4.2.1.02'6]nonane (1 ).—Catalytic reduction of 
0.512 g of 23 in 5 ml of anhydrous ether was rapid in the presence 
of platinum oxide. The product was isolated as an oil by gas chro
matography (A, 135°).

A n a l . Calcd for C9Hu: C, 88.45; H, 11.55. Found: C, 
88.27; H, 11.50.

Double-bond absorptions were absent in the nmr spectrum. 
Two broad areas of absorption were seen of equal integrated

centered area at 2.03 and 1.2 ppm. Distinctive infrared absorp
tions appeared at 10.42, 10.68, and 11.01 11 .

e»do-Tricyclo[4.2.1.0 2'6]nonane (2).—The endo  olefin 24 was 
similarly hydrogenated. Purification by gas chromatography 
gave a solid, mp 62-63° (sealed capillary).

A n a l . Calcd for C9H14: C, 88.45; H, 11.55. Found: C, 
88.10; H, 11.63.

The nmr spectrum displayed extremely complex absorptions 
between 3.00 and 0.94 ppm. The infrared spectrum showed 
strong bands at 11.51, 10.44, and 9.92 ¡i.

Addition of Formic Acid to 23 and 24.—In separate experi
ments, mixtures of 0.20 g of 23 and 1.0 ml of 97% formic acid 
and 0.135 g of 24 and 1.0 ml of formic acid were shaken vigorously 
for 4 days. Both reactions were homogeneous at this time. The 
solutions were quenched with 1 0  ml of water and the products 
were extracted into ether. After washing with sodium bicarbon
ate solution and water, the extracts were evaporated. The crude 
formates were reduced with lithium aluminum hydride in ether. 
From the exo olefin, there was obtained 80 mg (50%) of crude 
alcohols. From the en do  olefin there was obtained 140 mg (61%) 
of crude alcohols. Gas chromatography (C, 170°) revealed 
two products in 97:3 and 99:1 ratios from the two experiments. 
The major product was collected in both cases and shown to be 
identical with exo-7-hydroxy-m>-tricyclo[4.2.1.02'5]nonane (35) 
by comparative infrared and nmr spectra. The minor peak had 
a retention time identical with that of 36 (U, 115°).

exo-7-Hydroxy-cxo-tricyclo [4.2 . 1 ,0 2’5] nonane (35).—Hydro- 
boration-oxidation of 23 was carried out as described by Brown 
and coworkers19 using the sodium borohydride-boron trifluoride 
etherate system in tetrahydrofuran. From 2.40 g of olefin there 
was obtained 1.65 g (60%) of a viscous oil, bp 77-84° (0.2 
mm). Purity was assessed at greater than 95% by gas chro
matography (C, 170°).

A n a l . Calcd for C9H14O: C, 78.22; H, 10.21. Found: C, 
78.17; H, 10.00.

The nmr spectrum consisted of a multiplet (1 H) centered at
3.55, a singlet (OH) at 2.73, and complex peaks (12 H) between
2.40 and 0.95 ppm. The infrared spectrum showed absorptions 
at 11.26, 11.00, 10.82, and 10.37 M.

The p-bromobenzenesulfonate 38 was prepared in pyridine and 
had mp 62.5-63.5° on crystallization from petroleum ether (30- 
60°).

A n a l . Calcd for CisHnBrChS: C, 50.43; H, 4.80; Br, 22.37. 
Found: C, 50.70; H, 4.90; Br, 22.13.

exo-7-Hydroxy-endo-tricyclo[4.2.1.02.5]nonane (36).—The endo  
olefin (24) was similarly converted into the alcohol in 72% yield. 
The product was purified by gas chromatography (C, 170°) and 
had mp 56-60° (sealed capillary).

A n a l . Calcd for C9H 140: C, 78.22; H, 10.21. Found: C, 
78.37; H, 10.26.

The nmr spectrum showed a doublet at 4.37 (1 H), a singlet 
at 2.28 (OH) and complex absorption (12 H) extending from 3.00 
to 0.83 ppm. The infrared spectrum had peaks at 11.14, 10.85,
10.08, and 9.86 M.

The p-bromobenzenesulfonate derivative 37 had mp 83.7- 
84.7° after crystallization from petroleum ether (30-60°).

A n a l . Calcd for Ci5Hi7Br03S: C, 50.43; H, 4.80; Br, 22.37. 
Found: C, 50.47; H, 4.90; Br, 22.38.

Acetolyses Products.—The brosylate 37 was shown to re
arrange rapidly to the exo-exo  isomer 38 at room temperature in 
glacial acetic acid-sodium acetate solution. The reaction could 
be followed by nmr spectroscopy. From 53 mg of 37 in 0.50 ml 
of acetic acid there was recovered 44 mg of crude 38 after 18 hr 
at 25°. After crystallization the melting point was 59.0-60.5°. 
A preparative acetolysis on 2.73 g of 37 in 25 ml glacial acetic 
acid which contained 0.7 g of sodium acetate was carried out for 
20 hr at 90°. Quenching with water and ether extraction gave
1.57 g of crude acetates. Reduction with lithium aluminum hy
dride in ether gave essentially pure exo-7-hydroxy-exo-tricyclo- 
[4.2.1.02’5]nonane (0.63 g, 60%) as shown by gas chromatog
raphy and comparative nmr spectroscopy.

eredo-Tricyclo[4.2.1,02'5]nonan-7-one (39).—The alcohol 36 
was oxidized in a two-phase ether-water system26 From 1.106 g 
(8.0 mmol) of 36, there was obtained 289 mg of crude product 
which contained 17% of unreacted alcohol by gas chromatog
raphy (C, 170°). A preparatively purified sample of the ketone 
had mp 91.2-93.2° (sealed capillary).

A n a l .  Calcd for C9Hi20: C, 79.37; H, 8 .8 8 . Found: C, 
79.68; H, 8.99.
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T h e  in fra re d  sp e c tru m  re v ea le d  a  s tro n g  c arb o n y l a b so rp tio n  
a t  5.71 m-

T h e  2 ,4 -d in itro p h e n y lh y d ra z o n e  w as p re p a re d  a n d  re c ry s ta l
lized  fro m  e th a n o l-e th y l  a c e ta te  m ix tu re s , m p  1 5 9 .0 -1 6 0 .0 ° .

A n a l . C alcd  fo r C i5H ,6N 40 4: C , 5 6 .96 ; H , 5 .0 9 ; N , 17.71. 
F o u n d : C , 5 7 .08 ; H , 5 .3 3 ; N , 17.52.

T h e  sam e  k e to n e  w as o b ta in e d  v ia  m an g a n ese  d iox ide  o x id a tio n  
in  m e th y le n e  ch lo rid e  a n d  b y  S a re t t  o x id a tio n .27 1 T h e  y ields in  
th e  la t te r  case  (4 3 % ) w ere  su p e r io r  to  th o se  in  th e  o th e r  p ro 
cedures.

endo-7-Hydroxy-erado-tricyclo[4 .2 .1 .02-5]nonane (4 0 ).— T h e  
k e to n e  39 w as red u ce d  w ith  l i th iu m  a lu m in u m  h y d rid e  in  e th e r .  
F ro m  3.29 g (24 m m o l) o f 39 th e re  w as o b ta in e d  2 .48  g of a lcoho l. 
G as c h ro m a to g ra p h y  (C , 170°) re v ea le d  th e  p re sen ce  of ca. 
6 %  of a lcohol 36. A p u re  sa m p le  o f 40 w as co llec ted  for a n a ly s is .

A n a l . C alcd  fo r C gH uO : C , 78 .22 ; H , 10.21. F o u n d : C , 
7 7 .95 ; H , 10.29.

T h e  in fra re d  sp e c tru m  d isp lay e d  d is tin c tiv e  a b so rp tio n s  a t  
10.53, 11.12, a n d  11.39 ¡i. T h e  n m r sp e c tru m  show ed  a  b ro a d  
m u ltip le t  (1 H )  a t  4 .4 5  a t t r ib u te d  to  th e  H - C - 0  p ro to n  a n d  
com plex  a b so rp tio n s  e x te n d in g  fro m  3 .2 0  to  0 .83  p p m .

T h e  b ro m o b en z en e  su lfo n a te  41 w as re c ry s ta lliz e d  from  p e tro 
leu m  e th e r  (3 0 -6 0 ° )  a n d  h a d  m p  8 2 .8 -8 3 .8 ° .

A n a l . C alcd  fo r C ^H n B rC h S : C , 5 0 .43 ; H , 4 .8 0 ; B r,
2 2 .37 . F o u n d : C , 5 0 .4 4 ; H , 4 .5 6 ; B r, 22 .56 .

A ceto ly sis  of b ro sy la te  41 b y  th e  a b o v e  p ro c ed u re  led  to  a  
5 8 %  y ie ld  o f a lcohols w h ich  c o n ta in e d  9 5 .5 %  35, 3 %  26, a n d

(27) G . I .  P oos, G . E . A rth , R . E . B ey ler, a n d  L . H . S a re t t ,  J . A m er . Chem . 
Soc., 75, 422 (1953); see also  S. J . C ris to l, W . K . S eife rt, a n d  S. B . Solow ay, 
ib id ., 82, 2351 (1960).

1 .5 %  40, as sh o w n  b y  gas c h ro m a to g ra p h y  (U , 1 1 5 °). T h e  
m a jo r  c o m p o n e n t w as iso la te d  b y  p re p a ra tiv e  gas c h ro m a to g 
ra p h y  (C , 170°) a n d  sh o w n  b y  n m r sp e c tro sc o p y  to  b e  id en tica l 
w ith  35. T h e  sm all a m o u n t o f 40 fo u n d  m a y  h a v e  re su lte d  from  
re d u c tio n  of u n re a c te d  41 (su lfide o d o r) .

Registry No.—1, 16526-27-5; 2, 16526-28-6; exo-syn 
7, 16545-17-8; exo-anti 7, 16529-68-3; 8, 16529-69-4; 9, 
16529-70-7; 10, 16529-71-8; 10 3,5-dinitrobenzoate, 
10414-10-5; 12, 16545-19-0; 16, 16529-72-9; 16 2,4-di
nitrophenylhydrazone, 16529-73-0; 16 tosylhydrazone, 
16529-74-1; 17, 16529-75-2; 18, 16529-76-3; 19, 16529- 
77-4; exo-tricyclo[4.2.1.02’5]nonan-3-ol, 16545-20-3; 20, 
16529-78-5; 20 tosylhydrazone, 16529-79-6; 21, 16529- 
80-9; 22,16529-81-0; 23,16529-82-1; 24, 16529-83-2; 35, 
16529-84-3; 36, 16529-91-2; 37, 16529-85-4; 38, 16529-
86-5; 39, 16529-87-6; 39 2,4-dinitrophenylhydrazone, 
16529-90-1; 40, 16529-88-7; 41, 16529-89-8.
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Synthesis of ( —)-(3S )- and ( +  )-(3i?)-4-M eth yl-3D 1-p en tan -l-o ls  
and ( —)-(3S )- and ( +  )-(3f?)-3D i-Isocaproic A cidsla,b

E. Caspi and K. R. Varma10

W o rcester F o u n d a tio n  f o r  E x p e r im e n ta l B io lo g y , S h rew sb u ry , M a ssa c h u se tts  0 1 5 4 5  

R eceived  D ecem ber 8 , 1 9 6 7

T h e  ( +  ) - ( 3 R )- a n d  ( — )-(3 £ )-h y d ro x y te tra h y d ro p y ra n y l e th e rs  ( IV b )  w ere p re p a re d  b y  a sy m m e tr ic  re d u c tio n  
of th e  k e to  e th e r  (V ) u s in g  ( +  )- a n d  ( — )-d iiso p in o c am p h e y lb o ra n e ,3 re sp ec tiv e ly . T h e  a b so lu te  con figu ra 
t io n s  a t  C -3  o f th e  tw o  h y d ro x y  e th e rs  w ere  d e te rm in e d  b y  th e  m e th o d  of H o re a u  a n d  th e  re su lts  w ere  r a t io n a l
ized  on  th e  b a s is  o f B ro w n ’s m odel fo r th e  ( +  )- a n d  ( — j-d iiso p in o c am p h ejd b o ra n es . T h e  e n a n tio m e ric  h y 
d ro x y  e th e rs  w ere  c o n v e r te d  in to  th e  m e sy la te s  a n d  h y d ro g e n o ly z ed  w ith  l i th iu m  a lu m in u m  d e u te rid e . I t  is 
a ssu m e d  t h a t  in tro d u c tio n  o f d e u te r iu m  p ro ceed ed  w ith  in v e rs io n  a t  th e  a sy m m e tr ic  c en te r. H o w ev er, in  a d d i
tio n  to  h y d ro g en o ly s is , o th e r  s ig n ifican t side  re a c tio n s  w ere  n o ted . R e m o v a l of th e  te t r a h y d ro p y ra n y l  m o ie ty  
fro m  th e  re su ltin g  ( — )-(3 S )-3 D , a n d  ( +  )-(3 I?)-3D i e th e rs  (V Ib )  g ave  th e  a lcohols ( V ia )  w h ic h  w ere  o x id ized  to  
th e  c o rre sp o n d in g  ( — )-(3<S)-3Di a n d  ( +  )-(3 ii) -3 D i ac id s (V II ) .

For studies of the biosynthesis of polyisoprenoids the 
enantiomeric (3E)- and (3iS)-3Di-4-methylpentan-l-ols 
and (3R)- and (3<S)-3Di-4-methylpentanoic acids were 
required. The synthesis of the four specimens and their 
configurational assignments are described.

Two synthetic approaches were projected both of 
which were based on the use of optically active dialkyl- 
boranes.2 In one instance it was planned to hydro
borate asymmetrically the olefin (CH3)2C=CHCH2R 
(II or III) (Figure 1) and displace stereospecifically 
the derived hydroxyl with deuterium. The alternative 
route, which proved successful, consisted of the asym
metric reduction of the carbonyl in (CH3)2CHCOCH2- 
CH2R (V) and subsequent displacement of the hydroxyl 
with deuterium.

(1) (a) T h is  w ork  w as s u p p o r te d  b y  G ra n t  B 6-1877R  from  th e  N a tio n a l
S cience F o u n d a tio n  a n d  C A -K 3-16614 from  th e  U . S. P u b lic  H e a lth  S erv ice, 
(b) F o r  th e  co n fig u ra tio n a l n o ta tio n s , see R . S. C ah n , J . Chem. Educ., 41, 116 
(1964); R . S. C ah n , C . K . In g o ld , a n d  V. P re lo g , A ngew . Chem ., In te rn . E d . 
E ngl., 5, 385 (1966). (c) P o s td o c to ra l F ellow , 19 6 6 -p resen t.

(2) H . C . B row n , " H y d ro b o ra t io n ,”  W . A. B en jam in , In c .,  N ew  Y ork ,
N . Y ., 1962, p  205.

Diisopinocampheylborane has been used as a highly 
selective reagent for the preparation of optically active 
alcohols from olefins and ketones.2’3 Recently Streit- 
wieser, et al.,4 employed optically active diisopinocam
pheylborane to synthesize optically active 1-butanol-l- 
D from czs-l-butene-l-D. Preparation of optically 
active benzyl alcohol-l-D by reduction of benzaldehyde 
with diisopinocampheyldeuterioborane has also been 
reported.5 The reduction of carbonyl groups with 
fermenting yeast is not practical for a-branched ke
tones.6

The starting material for the syntheses, methyl 4- 
methyl-3-pentenoate (lib), was prepared from I,

(3) (a) G . Zw eifel a n d  H . C . B row n, Org. Reactions, 13, 1 (1964); (b) 
H . C. B row n  a n d  G . Zw eifel, J .  A m er. Chem. Soc., 83, 486 (1961); (c) G. 
Zw eifel, N . R . A y y an g a r, T . M u n e k a ta , a n d  H . C. B row n , ib id ., 86, 1076 
(1964); (d) H . C. B row n  a n d  D . B . B ig ley , ib id ., 83, 3166 (1961).

(4) A. S tre itw iese r, J r . ,  L . V e rb it , a n d  R . B it tm a n , J .  Org. Chem ., 32, 
1530 (1967).

(5) S. W olfe a n d  A . R a u k , Can. J .  Chem ., 44, 259 (1966).
(6) V. E . A lthouse , D . M . F eig l, W . A. S an d erso n , a n d  H . S. M o sh e r, J .  

A m er. Chem. Soc., 88 , 3595 (1966), a n d  ea rlie r  pap e rs .
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essentially as previously described.7’8 Attempted selec
tive hydroboration of the double bond in the ester (lib) 
with diisopinocampheylborane in diglyme or tetra- 
hydrofuran failed. Under the conditions employed, 
the hydroboration was incomplete and the ester group 
was reduced first.

In an attempt to circumvent this difficulty, the ester 
was reduced with lithium aluminum hydride to Ilia  and 
the resulting alcohol was converted into the ether (Illb). 
Unfortunately the reaction of the ether (Illb) with (+ )- 
diisopinocampheylborane still did not proceed to com
pletion and in the best case only about 50% hydrobora
tion was achieved. These results were not totally 
unexpected in view of the reported resistance of trialky- 
lated double bonds to the attack of diisopinocampheyl
borane.9 However, a matter of much greater concern 
was the fact that the derived alcohol (IVb) was devoid 
of optical activity. The lack of asymmetric selectivity 
was disappointing and it could be the result of certain 
side reactions. It is known that diisopinocampheyl
borane exists in equilibrium with small amounts of the 
monoalkylborane. The considerably less stereoselec-

(7) K . B a b o r  a n d  I . Jezo , Chem. Zvesti, 8, 18 (1954); Chem. A bstr., 49, 
7495# (1955).

(8) F o r  p e r t in e n t  references, see J . B . R o g an , J .  Org. Chem ., 27 , 3910 
(1962).

(9) (a) G . Zw eifel, N . R . A y y a n g a r , a n d  H . C. B row n , J .  A m er. Chem.
Soc., 85, 2055 (1963); (b) H . C . B row n , N . R . A y y a n g a r , a n d  G . Zweifel,
ib id ., 86, 397 (1964); (c) H . C . B row n, N . R . A y y an g a r , a n d  G . Zweifel,
ib id ., 86, 1071 (1964).
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tive monoalkylborane could have reacted preferentially 
with the olefin. Alternatively, the displacement of 
a-pinene from diisopinocampheylborane by the olefin 
could have occurred.

In view of these results the approach was abandoned 
and the asymmetric reduction of the ketone (V) was 
explored. For the preparation of the ketone the olefinic 
ether (Illb) was hydroborated and oxidized in the 
conventional manner to yield the racemic hydroxy 
ether (IVb) along with a small amount of the isomeric 
tertiary alcohol. Oxidation of the (±)-IVb with the 
aqueous chromium trioxide-pyridine reagent described 
by Cornforth, et al.,w yielded the keto ether (V). 
Attempts to oxidize (±)-IVb with chromium trioxide in 
acetic acid, Jones reagent, Brown’s11 method (at 0°), 
and Sarrett’s procedure failed.

A tetrahydrofuran suspension of (+)-diisopinocam- 
pheylborane was prepared from (— )-a-pinene ( a 23D

— 39.15°) as described by Brown, et at.3 Reduction 
of ketone V with the (+ ) reagent gave the dextrorota
tory hydroxy ether (IVb), [c*]26d +  2.4° (Figure 2). 
A product of similar optical purity was obtained when 
the reaction was carried out in diglyme. With ( —)- 
diisopinocampheylborane prepared from (+)-a-pinene 
( a 26D +39.65°), the reduction of V yielded the levorota- 
tory alcohol (IVb), [ a ] 25D —2.33°. Exposure of the 
(+ )- and ( —)-hydroxy ethers (IVb) to methanolic 
hydrochloric acid gave the [ a ] 23D +7.84° and [ a ] 25D

— 8.02° diols (IVa), respectively (Figure 3). The infra
red, nuclear magnetic resonance, and mass spectra were 
in full agreement with the assigned structures. The 
( —)-diol (IVa), [ a ] 27D —6.9 ± 0.2°, has been previously 
prepared by a different route by Biichi, et al.n Evi-

.(10) R . H . C o rn fo rth , J .  W . C o rn fo rth , a n d  G . P o p ja k , Tetrahedron, 18, 
1357 (1962).

(11) H . C . B row n  a n d  C. P . G arg , J .  A m er. Chem . Soc., 83 , 2952 (1961).
(12) G . B iichi, L . C rom bie, P . J . G od in , J . S. K a tle n b ro n n , K . S. S id- 

d a lin g a iah , a n d  D . A. W h itin g , J .  Chem. Soc., 2843 (1961).
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dently the present sample is of a higher optical purity.
We now turned our attention to the question of the 

absolute configurations at C-3 of the enantiomeric 
alcohols IV. The configurations were determined for 
the (+ ) and ( —) ethers (IVb) by the method of 
Horeau, et a l . 13 Esterification of ( —)-hydroxy ether 
(IVb) with racemic «-phenylbutyric anhydride led to 
the recovery of ( —)-a-phenylbutyric acid. Conse
quently, the ( —)-hydroxy ether (IVb) has the (3S) 
configuration.13 From the analogous experiment with 
(-f-)-hydroxy ether (IVb), (+ ) -a-pheny lbuty ric acid 
was recovered indicating the (3R) configuration. 
Obviously the diols (IVa) will have the same configura
tions as the respective parent ethers (IVb). As indi
cated above the ( —)-(3<S) ether (IVb) gave the ( —)- 
(3<S)-diol (IVa) and the (+)-(3R) ether (IVb) gave the 
(+)-(3I2)-diol (IVa). Our assignment of the (3*8) 
configuration to the ( —)-diol (IVa) agrees with that of 
Büchi, et a l . ,  who have correlated the glycol with l -  

glyceraldehyde.12 Therefore the (+)-diol must have 
the (3R) configuration.

A model of ( —)-diisopinocampheylborane obtained 
from (+)-a-pinene (Figure 2) has been proposed by 
Brown and coworkers9b’c and has been successfully used 
to predict the configurations of alcohols resulting from 
hydroboration of acyclic cis olefins. Accordingly, all 
acyclic cis olefins on hydroboration with the ( —) 
reagent should give the (R) alcohol. Similarly, alco
hols resulting from hydroboration with (+)-diisopino- 
campheylborane prepared from ( —)-a-pinene will have 
the (S) configuration. The same model was applied 
also to the reduction of carbonyl compounds. In 
actuality the dimeric tetraisopinocampheyldiborane 
is the reactive species and the group of McKenna has 
advanced a model based on this dimer.14 The latter 
proposal is more encompassing since it is applicable to 
acyclic cis and trans olefins.

The reduction of ketone V to the enantiomeric 
alcohols (IVb) can be correctly interpreted on the basis 
of both the Brown and McKenna hypotheses. An

(13) A. H o re a u  a n d  B . K ag an , Tetrahedron, 20, 2431 (1964), a n d  re fe r
ences th e re in .

(14) D . R . B row n , S. F . A . K e tt le , J . M c K e n n a , a n d  J . M . M cK en n a ,
Chem. C om m un., 667 (1967).

interpretation of the reduction based on Brown’s model 
is presented. The most stable conformations of the 
( —)- and (+)-diisopinocampheylboranes can be repre
sented as is shown in Figure 2. The carbonyl may 
approach the B—H bond from the top or the bottom 
side of the reagent. However, inspection of models 
(Prentice-Hall F. M. U. models) reveals that the car
bonyl can reach within reacting distance of the B—H 
bond only when the isopropyl group is directed away 
from the 2 (Figure 2, pathway a) or 2' methyl (path
way b). The configurations predicted for the hy
droxy ethers (IV) on this basis agree fully with those 
derived by Horeau’s13 and Biichi’s12 methods. In any 
event we have obtained from ( — )-diisopinocampheyl- 
borane derived from (+)-a-pinene the ( —)-(3S)- 
hydroxy ether (IVb) and from (+)-diisopinocampheyl- 
borane derived from ( —)-a-pinene the (+)-(3A)- 
hydroxy ether (IVb) as anticipated.

With the two enantiomeric hydroxy ethers (IVb) in 
hand, it was possible to plan the stereoselective intro
duction of deuterium at C-3. The method adopted 
was to convert the alcohols into the corresponding 
tosylates or mesylates and then to hydrogenolyze these 
esters with lithium aluminum deuteride. It has been 
established that the hydrogenolysis proceeds with 
inversion and is accompanied by partial racemiza- 
tion.15’16

When the mesylate or tosylate of (+)-(3/f)-hydroxy 
ether (IVb) was treated with lithium aluminum 
deuteride in ether the sulfonate group was cleaved, but 
the reduction was accompanied by formation of ca. 30% 
of the olefinic ether (Illb) and of a small amount of 
hydroxy ether (IVb). To facilitate separation of the 
products it was advantageous to hydroborate the crude 
mixture, whereby the olefin was converted into the 
higher boiling alcohol. Deuterio ether VIb (Figure 3) 
was isolated by fractional distillation and glpc, [ a ] 26D 

— 0.80°. When subjected to the same procedures, the 
( —)-hydroxy ether (IVb) gave (+)-deuterio ether VIb 
[ a ] 24D  +0.82°. The deuterium content of the two

(15) G . K . H e lk a m p  a n d  B . F . R ic k b o rn , J .  Org. Chem ., 22, 479 
(1957).

(16) E . J . C orey , M . G . H ow ell, A. B osto n , R . L . Y oung , a n d  R . A. S neen, 
J .  A m er. Chem . Soc., 78, 5036 (1956).
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ethers was determined by combustion analysis and mass 
spectroscopy and was ca. 100%.

The nmr spectra of the enantiomeric ethers (VIb) 
were revealing and interesting. In each case, in addition 
to the doublet for the isopropyl methyls, a less intense 
singlet was centered between the peaks of the doublet. 
The relative intensities of the doublet and the singlet 
were of the order of 9:1. This led us to suspect that a 
certain amount (11%) of the deuterium was located at 
the methine carbon of the isopropyl moiety. That this 
was the case was proved by an alternative synthetic 
route.

The (3f?)-deuteriohydroxy ether (VIII), [a]24D +4.0° 
(Figure 3), was prepared by reduction of keto ether V 
with (+)-diisopinocampheyldeuterioborane. The deu- 
terated reagent was prepared in the conventional way 
from (— )-a-pinene and deuteriodiborane. The derived 
D-mesylate was reduced with lithium aluminum hydride 
to furnish (+)-(3/2)-3Di ether (VIb), [a]24D +0.55°. 
Hydrolysis of the 3Di ether (VIb) provided the (312)- 
3Di alcohol (Via) which showed a somewhat lower 
deuterium content (84.5%). In this instance the nmr 
spectrum of the D ether (VIb) exhibited only a sharp 
doublet for the isopropyl methyls. The (3R) configura
tion of VIII follows from the positive rotations of 
derived 3Di ether (VIb) and 3Di alcohol (Via).

The formation of the observed products can be 
rationalized by assuming that the LiAlD4 (or LiAlH4) 
reaction with mesyl esters proceeds by two competing 
routes. Apparently the hydrogenolysis (pathway a, 
Figure 4) is accompanied by some C—0  bond breakage 
and formation of the cation 2 (pathway b). Addition 
of a deuteride to 2 will give the racemic ether 3 (pathway 
d). Alternatively elimination of a proton will result in 
the olefin 4 (pathway e). Rearrangement of the 
secondary cation 2 to the more stable tertiary cation 5 
(pathway c) and subsequent addition of a deuteride will 
yield 6. That pathway b is a major competing route is 
evident from the amounts of the olefin 4 (30%), the 
product 6 (ca. 10%), and the racemic ether 3 formed. 
The magnitude of racemization was not determined but 
was estimated by others16 to be of the order of 20%. 
Obviously the methyl “singlet” was absent in the nmr 
of the product of reduction of the mesylate of VIII 
with LiAlH4 because in this instance a hydride ion rather 
than a deuteride ion was added to the methine carbon.

The lithium aluminum deuteride reduction is known 
to proceed with inversion.16 18 19 Therefore, the ( —)- 
deuterio ether (VIb) and ( — )-4-methyl-3-deuterio- 
pentanol (Via) derived from the (+)-(3I2)-hydroxy 
ether (IVb) must have the (3(S)-3D! configuration. 
Alternatively, the (+)-deuterio ether (VIb) and (+ )-
4-methyl-3-deuteriopentanol (Via) derived from ( —)- 
(3»S')-hydroxy ether (IVb) have the (3/2)-3Di configura
tion.

Certain observations, not of immediate consequence 
to this study, deserve mention. Of interest were the 
nmr and mass spectra of the tetrahydropyranyl ethers. 
The magnetic nonequivalence of protons of the X group 
in systems of type X2 AB where A and B are different 
groups or atoms have been studied in some detail.17-19

(17) E . I .  S n y d e r, J .  A m er. Chem . Soc., 86, 2624 (1963).
(18) G . M . W h ite s id e s , D. H o ltz , a n d  J . D . R o b e rts , ibid., 86, 2628 (1964).
(19) R . H . B ib le , “ I n te rp re ta t io n  of N M R  S p e c tra ,"  P le n u m  P ress, N ew

Y o rk , N . Y ., 1965.

Protons of a methylene group or isopropyl group re
moved by one or more bonds from a center of asym
metry may be magnetically nonequivalent and display 
AB-type quartets. In the present case no such splitting 
was observed and only doublets for the isopropyl 
methyls were recorded.

Without exception the mass spectra of the tetrahy
dropyranyl ethers were devoid of peaks for molecular 
ions and showed low intensity peaks corresponding 
to (M — 1) + ions. This led to some initial confusion 
because the D ethers VIb (M = 187) obtained by Li- 
A1H4 reduction of mesyl esters had only the (M — 1) + 
peak (m/e 186) which could correspond to the non- 
deuterated molecular ion. The point was cleared up 
when it was observed that methoxytetrahydropyranyl 
ether (M = 116) and the nondeuterated tetrahydro
pyranyl ether Vic (M = 186) both gave only the 
(M — 1)+ peaks. This observation is analogous to 
results obtained by Friedel and Sharkey20 for the mass 
spectra of acetals.

There remained the problem of oxidizing the alcohols 
(Via) to the required 3Di-isocaproic acids. The acids 
were prepared by treating the hydroxy products with 
Jones reagent, whereby the (— )-(3*S) alcohol (Via) 
gave ( — )-(3iS)-3Dj-isocaproic acid ([a]23D —0.453°) 
and the (+)-(3R) alcohol (Via) gave (+)-(372)-3Di- 
isocaproic acid ([a]23D +0.486°).

Experimental Section
Tetrahydrofuran, diglyme, and boron trifluoride etherate were 

purified according to procedures previously described.3“ The 
sodium borohydride (minimum 98% pure) was used as supplied 
by Fisher Scientific Co. The lithium aluminum deuteride 
and sodium borodeuteride (purchased from Metal Hydride Inc.) 
were of high isotopic purity (at least 95% D content). The 
samples of a-pinene used in this investigation showed specific 
rotations of o+ d —39.15° and +39.65° (neat, l = 1).

Preparative and analytical gas-liquid partition chromatog
raphy were carried out on an F & M Model 720 dual-column, 
programmed instrument and helium was used as carrier gas. 
Two columns were employed: column A, 5% XE 60 on Chromo- 
sorb (8 ft X 0.25 in. o.d.); column B, 5% SE-30 on Chromosorb 
(8 ft X 0.25 in. o.d.). In all cases the identity of samples was 
confirmed by mixed injection with authentic sa,mples. Solutions 
were dried with anhydrous sodium sulfate prior to distillation. 
The melting points were determined on a hot plate and are cor
rected. The ir spectra were recorded on a Perkin-Elmer spec
trophotometer, Model 237. The mass spectra were run on a 
Varian Associates M-66 instrument. The nmr spectra were re
corded at 60 Me on a Varian A-60 instrument either neat or in 
the indicated solvents using tetramethylsilane as an internal 
standard. The peak positions (in cycles per second), number of 
protons, nature of signal (s, singlet; d, doublet; bs, broad sin
glet; q, quartet; m, multiplet), splitting constant ( J , Hz), and 
their assignments are indicated in that order. Analyses were by I . 
Beetz, Kronach, Germany. Deuterium analyses by combustion 
method were carried out by J. Nemeth, Urbana, 111. The Hilger 
MK-III polarimeter was used.

4-Methylpent-2-enoic Acid (la).—A mixture of isobutyralde- 
hyde (62 g, 1 mol) and malonic acid (156 g, 1.5 mol) in pyridine 
(150 ml) was heated on a steam bath. Vigorous evolution of 
carbon dioxide was noticed in the early stages and, after 3.5 hr, 
the evolution of gas had nearly stopped. The mixture was cooled 
and poured over excess hydrochloric acid and ice. The oily 
layer was separated and the aqueous phase was extracted twice 
with ether. The oil and the extracts were combined, washed 
with dilute hydrochloric acid and a saturated sodium chloride 
solution, and dried. The solvent was removed and the remain
ing liquid was distilled through a 6-in. packed column under re
duced pressure to yield 4-methylpent-2-enoic acid: bp 83-85° 
(1.85 mm); 86% yield; r61” 1700, 1650 cm -1.

(20) R . F r ied e l a n d  A. G . S h a rk ey , A n a l . C hem ,, 28 , 940 (1956).
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4-Methylpent-3-enoic Acid (Ha).—The isomerization of la  
was carried out essentially according to the published procedure11 
except that a lower concentration of alkali was used.

The acid (250 g) was mixed with potassium hydroxide (1.5 
kg) and water (2 1.) and refluxed for 20 hr, in an atmosphere of 
nitrogen. The mixture was cooled in ice and acidified with con
centrated hydrochloric acid. The obtained oil was separated 
and the aqueous layer extracted with ether. The oil and the 
extracts were combined and the solution was washed with brine 
and dried. The solvent was removed and the residue was dis
tilled through a l-ft.-long Vigreux column under reduced pres
sure. The fraction with bp 77-85° (2.4-2.7 mm) contained Ila  
(yield, 89.5%): ca . 1725 (broad C = 0 ) and 1665 (double
bond) cm-1.

Methyl 4-Methylpent-3-enoate (lib).—The published proce
dure was followed.11 Esterification of the crude isomerized acid 
(Ila) gave, after distillation through a short column, 4-methyl- 
pent-3-enoate (98 g): bp 153-154° (1 atm); 1745 cm-1 
(broad, ester); nmr (neat), 96.0 and 101.5 [6, d, ca . 1, (CH3)2-  
C =C ], 177.0 (2, d, 7, =CH-CH2-COOCtI3), 213.5 (3, COOCH3), 
and 316 [1, quartet of a triplet, /  =  7 and 1.5, (CH3)2-C =C H ]. 
Judging from the spectrum the sample contained ca . 1-2% of 
the isomeric methyl 4-methylpent-2-enoate. No other impurity 
was detected by glpc.

The recovered acids were again deconjugated to yield upon 
esterification more of lib .

4-Methylpent-3-en-l-ol (Ilia).—To a stirred and cooled sus
pension of LiAlH4 (8.0 g) in ether (500 ml) methyl 4-methylpent-
3-enoate (lib, 26.05 g) was added during 20 min and the mixture 
was refluxed for 1 hr. The reaction was terminated by the addi
tion of moist ether which was followed by a saturated solution of 
ammonium chloride. The ether phase was separated and the 
aqueous layer was extracted with ether. The ether extracts 
were combined, then washed with a saturated ammonium chloride 
solution and dried. The solvent was removed through a 100-cm 
Vigreux column and the residual liquid (21.2 g) proved to be 
Ilia . Upon distillation an analytical sample was obtained: bp 
105-106° (110 mm); »“T, 3350 (strong, -OH), 1660 (weak, 
C =C) cm -1; nmr (CC14), 97.0 (s) and 101 (d) [6, ~ 1 .0 , (CH3)2-  
C =C -], 130 (2, sym q, ^  .Jt,x ~  6.5, =CH -CH 2-CH2OH),
204.25 (3, unsym q, 7-8, -CH2-OH +  CH2-OH), 304 [1, q of t, 
7 and 1.5, (CH3)2-C = C H -]. The sample was contaminated 
with ca . 1% of 4-methylpent-2-en-l-ol.

4-Methylpent-3-en-l-ol Tetrahydropyranyl Ether (Illb).—A 
mixture of the crude alcohol (Ilia, 21.2 g), benzene (300 ml), 
dihydropyran (19.5 g), and several crystals of p-toluenesulfonic 
acid was left at ambient temperature. Periodically samples 
were removed for ir analysis and after 3 hr the hydroxyl band 
disappeared. The reaction mixture was washed with a dilute 
sodium carbonate solution and water and dried. Removal of 
the solvent in a rotary evaporator furnished a liquid (38.5 g) with 
a characteristic sweet odor. Upon distillation through a short 
Vigreux column (it was advantageous to add Triton X-100 as an 
antifoaming agent) Illb  was isolated, bp 96.5-98.5° (9-10 mm), 
in an 89.3% yield. In contrast to the ir spectrum of Ilia , the 
spectrum of I llb  showed in addition to the expected ether bands, 
a complex pattern of peaks. The nmr spectrum (CC14) showed 
peaks at 100 [6, d, 1.0, (CH3)2-C = C H -], 131.5 (2, sym q, 7, 
=CH-CH2-), ~206 (4, m, -0-C H 2-C), 269 (1, s, -O-CH-O),
304.5 [1, complex t, ~7 .5 , (CH3)2-C = C H -]. Glpc on columns 
A and B (140-150°) showed that the ether I llb  is contaminated 
with ca . 2% of an impurity with a higher retention time.

Hydroboration of Illb with (+)-Diisopinocampheylborane.— 
The apparatus consisted of a 100-ml flask carrying a side arm and 
a socket for a thermometer. The flask was equipped with a dry 
nitrogen inlet, a thermometer, and a magnetic stirring bar. The 
system was flamed and cooled in a flow of nitrogen and the side 
arm was closed with a rubber stopple. A positive pressure of 
nitrogen was maintained thereafter.

A. Experiment in Diglyme.—A mixture of sodium borohy- 
dride (0.7125 g, 18.5 mmol), (—)-a-pinene (7.48 g, 55 mol), and 
dry diglyme (45 ml) was cooled to 0° in an ice bath.21 To the 
stirred slurry, purified boron trifluoride etherate (3.15 ml, 25 
mmol) was added from a hypodermic syringe during 15 min and 
the stirring was continued at 0-3° for 5 hr. To the stirred white 
suspension of the reagent the olefinic ether (Illb , 4.60 g, 25 mmol) 
was added during 5 min at 0-3°. The stirring was continued at

(21) A sm all excess of so d iu m  b o ro h y d rid e  w as em p lo y ed  to  en su re  com 
p le te  co n su m p tio n  of b o ro n  tr if iu o rid e  e th e ra te . T o  m in im ize  d issoc ia tion  
o f th e  d ia lk y lb o ra n e  a  10%  excess of a -p in e n e  w as used.

0-3° for 3 hr and then at 8-9° for 18 hr. The solution at this 
point was clear. Careful addition of water from a syringe liber
ated 10 mmol of hydrogen indicating the consumption of 15 mmol 
of hydride.

The organoborane was oxidized by adding first 3 N  sodium 
hydroxide (20 ml) and then 30% hydrogen peroxide (11 ml) and 
stirring the mixture for 2 hr at ca . 40°. The product was re
covered with ether; the extract was washed with ice-cold water 
and dried. The solvent was removed in  vacu o  and the residual 
liquid was fractionated through a short, packed column. Frac
tion 1, bp 45-48° (14-15 mm), consisted of a-pinene and diglyme 
as indicated by glpc analysis on column B. Fraction 2, bp 86- 
96° (1.6 mm), was a mixture of unreacted Illb  and isopinocam
pheol (glpc). Fraction 3, bp 77-84° (0.1 mm), was mainly the 
hydroxy ether (IVb) contaminated with some isopinocampheol. 
Fraction 3 was purified by preparative glpc on column B at 180° 
to furnish (after redistillation) a colorless viscous oil: bp 100° 
(0.35 mm) (bath temp); i»*1," 3450 cm '1 (-OH). The ir, nmr, 
tic, and glpc data of this material were identical with those of 
( +  )- or ( — )-IVb described below. A 10% chloroform solution 
of the product in a 1-dm tube did not show detectable optical 
rotation.

B. Experiment in Tetrahydrofuran.—The previous experi
ment was repeated on a 10-mmol scale using sodium borohydride 
(0.313 g, 8.14 mmol), tetrahydrofuran (25 ml), ( — )-a-pinene (3.1 
g, 11 mmol), boron trifluoride etherate (1.26 ml, 10 mmol), and 
the olefinic ether (1.84 g, 10 mmol). The reagent was stirred at 
0-3° for 4 hr. Subsequently, the olefinic ether was added slowly 
and stirred at 8-9° for 24 hr. The reaction mixture was not 
clear and hydrolysis gave ca . 5 mmol of hydrogen suggesting the 
consumption of ca . 50% of the hydride.

The product was oxidized in the usual manner (H20 2 +  NaOH) 
and the resulting alcohol was recovered with ether. Analytical 
glpc showed the presence of a-pinene, isopinocampheol, unreacted 
olefinic ether, and hydroxy ether (IVb). The hydroxy ether was 
purified by preparative glpc and distilled to furnish pure IVb 
(750 mg) whose physical characteristics were identical with those 
of the compound prepared by procedure A. A 10% chloroform 
solution in a 1-dm tube was optically inactive.

(±  )-4-M ethyl-1,3-dihydroxypentan-1 -tetrahydropyranyl Ether 
(IVb).—A 2-1., three-necked flask was equipped with a magnetic 
stirring bar, a dropping funnel, a thermometer, and an inlet 
through which a positive pressure of dry nitrogen could be main
tained. The system was flamed in a flow of dry nitrogen and 
cooled to room temperature. The flask was charged with sodium 
borohydride (14.3 g, 360 mmol) and dry tetrahydrofuran (1 
1.); then the mixture was stirred and cooled in an ice-salt bath. 
Subsequently, boron trifluoride etherate (480 mmol, 68.2 g) was 
slowly added from the dropping funnel (0-5°). After about 30 
min the olefinic ether (Illb, 176.6 g, 960 mmol) was added drop- 
wise and the mixture was stirred for 4 hr (0-3°). The excess 
hydride was decomposed with water.

Oxidation was carried out with 3 N  sodium hydroxide (220 ml) 
and 30% hydrogen peroxide (110 ml) first by stirring the reaction 
mixture for 1 hr at the temperature of an ice bath and then for 2 
hr at 40°. The tetrahydrofuran phase was separated and the 
aqueous portion was extracted with small amounts of ether. 
The combined tetrahydrofuran and ether solution was washed 
with brine and dried and the solvent was removed in  vacu o . The 
residual liquid was distilled through a 6-in. Vigreux column.

The bulk of IVb distilled at 77-80° (0.25 mm). An additional 
amount of the product, bp 77-80° (0.25 mm), was obtained upon 
redistillation of the forerun (15 g). A total of 153 g (79% 
yield) of (±)-IVb was obtained. Analysis • (glpc) on columns 
A and B revealed that the material is slightly contaminated (ca. 
4%) with an alcohol (ir) having a lower retention time. Judging 
from the stability of the hydroxyl group toward chromic acid the 
impurity seemed to be the isomeric 4-hydroxy ether (glpc, see 
below).

The crude ( ±  )-IVb showed >4« 3475 cm-1 (-OH); nmr (CC14),
53.5 [6, d, 7, (CH3)2CH-], 219 (5, m, -CH2- 0  and -CH-OH), 
176 (1, broad s, -OH, exchanged with D20), 277 (1, s, -O - 
CH-O); mass spectrum, m / e  85 (100%), 57 (52%), 55 (52%), 
101 (46%), 56 (30%), 73 (27%).

4-Methyl-3-keto-l-pentanoltetrahydropyranyl Ether (V).—A 
solution of chromic oxide (50 g) in water (30 ml) was added to 
pyridine (500 ml) in an ice bath under stirring.10 To this reagent, 
the hydroxy ether (IVb, 33.7 g) in pyridine (100 ml) was added 
slowly with stirring. Glpc of aliquots removed periodically 
showed that the oxidation was completed after 48 hr. The reac-
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tion mixture was diluted with a large volume of ethyl acetate, the 
precipitate was filtered off and washed with small amounts of 
ethyl acetate. The filtrate was stirred with solid sodium bi
carbonate (150 g) and filtered over Celite. The treatment was 
repeated once more. The slightly colored filtrate was concen
trated on a rotary evaporator and the combined material from 
three oxidations was fractionated through a 1-ft packed column. 
After an initial forerun [bp 68° (2 mm)] product V distilled at 
70-71° (0.3 mm) (82% yield): ¡£‘" 1716 c m '1 (strong, C = 0 ) ; 
nmr (CC14), 64.5 [6, d, 7.0, (CH3)„CH-], 93.5 (6, broad, ring 
methylene protons), 153.5 (3, m, -CH-CO-CH2-), 222.5 (4, m, 
-CH 2-O), 270.5 (1, s, -O-CH -O -); mass spectrum, m /e  85 
(100%), 101 (66%), 71 (51%), 117 (14%), 111 (9%), 142 (4%), 
182 (4%), 157 (2%). The purity of the material was established 
by tic [silica gel; benzene-ethyl acetate (1:1)] and by glpc on 
columns A and B a t 160-180°.

( +  )-4-M ethyl-1 - (3 R  )-dihydroxypentan-l-tetrahy dropyranyl 
Ether (IVb).—( —)-a-Pinene (136.8 g, 1008 mmol) was added to 
a cooled (0-3°) and stirred solution of diborane in tetrahydro
furan311 (558.4 ml, 0.752 M in borane). A white precipitate ap
peared soon after the addition and the reagent was stirred over
night in an ice bath a t 6-7°. The keto ether (V, 70.0 g, 350 
mmol) was added at 0-3° during 30 min and the mixture was 
stirred overnight in an ice bath (6-7°). The solution was clear 
and the excess hydride was decomposed with water. Then 3 N  
sodium hydroxide (280 ml) was added and this was followed by a 
slow addition of 30% hydrogenperoxide (113 ml) {cooling). The 
mixture was stirred a t ca. 40° for 1.5 hr. The tetrahydrofuran 
layer was separated and the aqueous layer was extracted with 
ether. The tetrahydrofuran solution was combined with the 
ether extracts, washed with brine, and dried and the solvent was 
removed in  vacuo. The residual liquid was distilled through a 1-ft 
packed column. The excess a-pinene and isopinocampheol were 
removed below 70° (0.6 mm) and the product ( +  )-IVb, bp 85- 
86° (0.55 mm) (yield, 57.5 g), was collected. More of IVb (6.5 
g) was isolated by redistillation of the forerun thus increasing the 
yield to 64.0 g (91.4%). The ir spectrum of the sample was 
identical with that of (±)-IV b. The optically active specimen 
had a specific rotation of [a]23D +2.43° (c 30%, chloroform); 
nmr (CCh), 56.5 [6, d, 6.5, (CH3)2-CH], 175 (1, s, -OH, ex
changed with D20), 277.5 (1, s, -O-CH-O), 228.5 (5, m, O- 
CH2-C  -|— CH-OH). The sample contained traces of isopino
campheol (glpc) and was purified by preparative glpc on column 
B and then distilled to furnish material with a specific rotation 
of [<x]25d +2.40° (c 30%, chloroform). The homogeneity of the 
sample was confirmed by tic (silica gel).

( +  )-4-Methyl-l-(3if)-dihydroxypentane (IVa).—To a solution 
of ( +  )-IVb (1.5 g) in methanol (10 ml) concentrated hydrochloric 
acid (2 drops) was added and the mixture was warmed (40-50°) 
for 30 min. The reaction was terminated by the addition of solid 
sodium hydrogen carbonate (1 g) and then diluted with ether (50 
ml). The inorganic solid was separated by filtration and the 
solvent was removed through a Vigreux column. The diol (IVa) 
was isolated by fractional distillation of the residue. A sample, 
purified twice by glpc first on column A and then on column B 
and distilled, gave (+)-IV a as a viscous oil: 3350 cm-1
(broad, -OH); [ a ] 23D +7.84° (c 30.7%, chloroform). The
solid l,3-bis-3,5-dinitrobenzoyl ester was prepared and showed 
mp 117-120° (ethanol-methylene chloride).

A n a l.  Calcd for C2oHi8N4Oi2 : N, 11.07%. Found: N, 
10.9%.

(—)-4-Methyl-l-f3»S')-dihydroxy pentane-1-tetrahy dropyranyl 
Ether (IVb).'—The experiment was carried out exactly as de
scribed for the (+)-hydroxy ether (IVb). The keto ether (V, 
50 g) was reduced with ( —)-diisopinocampheylborane [from 
(+)-a-pinene] to give ( —)-hydroxy ether IVb (84% yield): 
bp 73-76° (0.15 mm); [a]26D -2 .33° (c 30%, chloroform). The 
ir spectrum and the chromatographic behavior of this material 
were identical with those of the previously described enantio
meric product.

(—)-4-M ethylpentane-l-(3S)-diol (IVa).— Cleavage of ( —)- 
hydroxy ether (IVb) with methanolic hydrochloric acid was car
ried out as described above for (+)-+methylpentane-l-(3If)-diol 
(IVa). A sample twice purified by glpc on column B a t 140° 
and distilled showed [«¡“ d —8.02°. The purity and identity of 
the product was confirmed by glpc and tic.

Configurational Assignm ent to the (+ )-  and ( —)-Hydroxy 
Ethers (IVb) by H oreau’s Method.20—a-Phenylbutyric anhydride 
was prepared by the general procedure for anhydrides.22 The 
anhydride was freed of excess acid and acid chloride by washing

with a dilute sodium bicarbonate solution and water and dried. 
The product was distilled under high vacuum to furnish a slightly 
colored material which was shown to be homogeneous by tic; 
ir showed 1815 (strong) and 1748 (m) cm-1.

The (+ )-  and ( —)-hydroxy ethers IVb were treated in an 
identical manner. The ether IVb (202 mg) was dissolved in 7 
ml of a 0.4 M  solution of a-phenylbutyric anhydride in dry pyri
dine and stored for 24 hr in a well-stoppered flask at ambient tem
perature. To decompose the excess anhydride, water (1 ml) was 
added and the mixture was kept for 1 hr at room temperature. 
Benzene (1 ml) was added and the excess acid was titrated with 
1 N  sodium hydroxide (phenolphthalein). In each case 4.62 
mmol of free acid was found. The neutral material was recovered 
with several 10-ml portions of chloroform. The combined 
chloroform extracts was washed with dilute hydrochloric acid 
and water and dried. Removal of the solvent under reduced 
pressure provided the ester (340 mg). The ir spectrum of each 
ester was devoid of hydroxylic absorption and showed a strong 
band for a carbonyl indicating complete esterification.

The aqueous layer was acidified with concentrated hydrochloric 
acid and extracted with several 10-ml portions of chloroform. The 
chloroform extracts were combined, washed with water, and dried 
and the solvent was removed in  vacuo to furnish the acids.

The acid (763.0 mg) recovered from the esterification of ( +  )- 
hydroxy ether (IVb) had a specific rotation of [q:]25d +0.982° (c 
32.6%, benzene), optical yield 4.68%. This indicates the (3R )  
configuration for the ( +  )-hydroxy ether (IVb).

The acid (763.5 mg) recovered from the esterification of ( —)- 
hydroxy ether (IVb) had a specific rotation of [a]25D —1.04° (c 
25.0%, benzene), optical yield 4.96%. This indicates the (3 S )  
configuration for the ( — )-hydroxy ether (IVb).

Preparation of Mesyl and Tosyl Esters of (+ )-  and ( — ^H y
droxy Ethers (IVb). A. Mesylate.—To a cooled solution of 
the hydroxy ether (IVb, 31.0 g, 155 mmol) in pyridine (100 
ml), methanesulfonyl chloride (22.0 g, 186 mmol) was added and 
the mixture was left for 2.5 hr at room temperature. After dilu
tion with ice and water the mixture was extracted several times 
with ether. The ether extracts were combined, washed suc
cessively with cold dilute hydrochloric acid, a sodium bicarbonate 
solution, and water, and dried. The solvent was removed in  
vacuo (bath temperature was below 40°) to furnish the mesylate 
as an oil (41.0 g) which had no hydroxyl absorption in the ir spec
trum.

B. Tosylate.—The tosylates were prepared in an identical 
manner except that p-toluenesulfonyl chloride was used instead 
of the methanesulfonyl chloride. The product was devoid of 
hydroxyl absorption in the ir spectrum.

( — )-(3,S')-3Di-4-M ethyl-1-hydroxy pentane-1-tetrahy dropyranyl 
Ether. A. Reduction with Lithium Aluminum Deuteride of 
the Tosyl Ester of ( +  )-IVb.—A solution of the crude tosylate 
(5.8 g) in dry ether (30 ml) was added slowly to a cooled and 
stirred suspension of lithium aluminum deuteride (1 g) in dry 
ether (50 ml). After completion of the addition, stirring was 
continued for 30 min at room temperature and then the mixture 
was refluxed for 5 hr. The reaction was terminated with water 
and the solids were removed by filtration. The filtrate was 
washed with a sodium carbonate solution and water, dried, and 
concentrated to aresidue (2.92 g); the ir spectrum, >w, contained 
a trace hydroxyl band.

Glpc analysis on column A a t 150° revealed the presence of 
three components of retention times 7.9, 10.0, and 12.0 min in a 
ratio of 75:32:2. The 7.9- and 10.0-min components were 
( — )-(3<S)-3Di-+methyl-l-hydroxypentane tetrahydropyranyl
ether (IVb) and the olefinic ether (Illb ). The unidentified com
ponent (retention time 12 min) was presumably an olefin isomeric 
w ith lllb .

The crude product was distilled under reduced pressure and 
the fraction distilling below 100° (2 mm) was collected. This 
fraction was twice purified by preparative glpc to furnish, after 
distillation, 1.6 g of (— )-VIb: iv ” 2160 (w, -D ); [a]24D —0.80° 
(c 30%, chloroform); nmr (CC14), 53.75 [d, 6.5 (CH3)2CH-], 53 
[s, (CH3)2-C D -]; the total number of protons in the methyl sig
nals was six. The mass spectrum had peaks a t m /e  85 (100%),
86 (68%), 57 (41%), 56 (40%), 84 (28%), 186 (15%), 101 (13%),
87 (11%), 115 (8%), 185 (1%). The amount of Di product esti
mated from the mass spectrum was 99-100%.

(22) C . F .  H . A llen , C . J . K ilb lev , D . M . M cL a ch lin , a n d  C . V . W ilson ,
Org. S y n .,  26 , 1 (1946).
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Reduction of the tosylate of (±)-IV b with lithium aluminum 
hydride gave a mixture of Vic (79.7%) and the olefin I llb  
(20.3%). The mixture was purified as above to yield pure 
(±  )-Do Vic. The mass spectrum of the product was devoid of a 
peak for M + but showed a peak at m /e  185 (M — 1)+ and 85 
(100%).

B. Reduction of the Mesyl Ester.—To a cooled and stirred 
suspension of lithium aluminum deuteride (5.5 g) in dry ether 
(200 ml) a solution of the crude mesyl ester (35.5 g) of (-T)-IVb 
in dry ether (50 ml) was slowly added and the mixture was stirred 
for 16 hr at room temperature. Subsequently the mixture was 
refluxed for 1 hr; then after cooling the reaction was terminated 
with water. Solid sodium carbonate (10 g) was added, the stirring 
was continued for 1 hr, and finally the solids were separated by 
filtration over celite. The filtrate was freed of solvent by 
evaporation through a Vigreux column and the remaining liquid 
(23.1 g) was devoid of hydroxyl bands in the ir spectrum. Glpc 
(column B; 150°) indicated the presence of VIb (72.5%) and 
I llb  (27.5%).

To the crude product (23 g) in tetrahydrofuran (50 ml) at 
0-3° a diborane solution in the same solvent (27 ml, 0.75 M  in 
borane) was added. After 3 hr the mixture was oxidized in the 
usual manner [3 N  sodium hydroxide (25 ml), 30% hydrogen 
peroxide (10 ml); stirring at ca. 40°, 1.5 hr] to yield upon the 
conventional work-up an oily residue. The residue was distilled 
and the fraction with bp 44-47° (0.25 mm) consisted of nearly 
homogeneous ( —)-VIb (13.4 g), a ud —0.80° (c 30%, chloro
form). Glpc (column B; 150°) revealed the presence of a trace 
amount of I llb . The mass spectrum (D content ca. 100%) was 
identical with that of the sample prepared by reduction of the 
tosylate. Combustion analysis indicated ca. 95% incorporation 
of deuterium; the nmr spectrum (CCh) showed peaks at 54 [d, 
6, (CHS)2C H -|, 58.5 [s, (CH3)2C D -|, 205 (4, m, O-CH 2-C -), 268 
(1, s, O-CH-O). The total number of protons in the methyl sig
nals was six.

( —)-(3S)-3D i-4-M ethylpentan-l-ol (V ia).—A mixture of ( —)- 
VIb (12.0 g), methanol (25 ml), and concentrated hydrochloric 
acid (5 drops) was warmed at 45-50° for 3 hr. The acid was 
neutralized with solid sodium hydrogen carbonate (2.0 g), then 
ether was added (100 ml), and the solids were separated by filtra
tion.

Most of the solvent was removed by distillation through a 30- 
cm packed column and the residual liquid was fractionated 
through a 15-cm packed column at atmospheric pressure. The 
fraction boiling below 135° (750 mm) contained ether, methanol, 
tetrahydropyranyl ether of methanol, and a small amount of the 
deuterio alcohol Via. The next fraction [bp 149-51° (750 mm), 
5.6 g] was nearly 99% pure (glpc) deuterio alcohol Via. A sam
ple purified by preparative glpc and distilled furnished Via: 
[a]26n -0.168° (c 31.6%, chloroform), a 25d -0 .17° (neat, l = 
1); nmr (CC14), 54 [ca . 6, d, 6, (CH3)2C H -], 53 [d, ca. 1, (CH3)2- 
CD-], 85.5 (4, t, 6.0 and 8.5, other protons), 209 (2, t, 6.5, 
-CH2-OH), 252 (1, s, -OH, exchanged with D20); mass spec
trum, m/e 57 (100%), 28 (92%), 43 (84%), 70 (65%), 85 (18%), 
84 (2%), 83 (2%). The mass spectrum indicated that the prod
uct contains ca. 100% monodeuterated species. The behavior 
of the sample on glpc and tic was identical with that of authentic
4-methyl-l-pentanol (Aldrich Chemical Co.) whose mass spec
trum showed peaks a t m/e 56 (100%), 69 (90%), 43 (81%), 28 
(75%), 84 (27%), 83 (7%).

( +  )-(3 /f)-3D 1-4-M ethylpentan-l-ol Tetrahydropyranyl Ether 
(VIb). A.—The ( —)-(3S)-hydroxy ether (IVb) was converted 
into the mesylate (41.0 g) and treated with LiAlD4 (6.0 g) exactly 
as previously described. The resulting products contained VIb 
(72.5%) and I l lb  (27.5%). The crude mixture was hydro- 
borated and oxidized in the conventional manner to yield, after 
fractional distillation 12.8 g of ( +  )-VIb: bp 67-68° (1.5 mm); 
[a]24D +0.82° (c 30%, chloroform). The sample was more than 
99% pure when analyzed by glpc and the main contaminant was 
the olefinic ether (Ilia). Its tic and nmr and mass spectra were 
identical with those of the ( —) enantiomer.

B.—( +  )-(3jR)-3Di-3-Hydroxy ether (VIII, 3.2 g) was con
verted into the mesylate (4.25 g) by the general procedure 
described previously and the mesylate was reduced with lithium 
aluminum hydride (0.75 g) in ether (80 ml). The product was 
worked up as in the previous cases and was shown by glpc to be a 
mixture of the ether VIb (79%) and the olefinic ether I l lb  (21%). 
The crude material was purified by preparative glpc on column 
A and distilled to furnish pure ( +  )-(3.ffi)-3Di ether (VIb, 1.3 g): 
»w  2125 (w, -D ); [a]24D +0.55° (c 20%, chloroform); nmr

(CCh), 54.25 [6, d, 6.5, (CH3)2CH-], 204 (4, m, 7 and 3.5, 
-0 -C H 2-C -), 269 (1, s, -O -CH -O -); mass spectrum, m/e 57 
(100%), 43 (76%), 70 (46%), 28 (43%), 85 (15%). The sample 
was more than 99% pure when analyzed a t 150° o n  c o lu m n s  A and 
B and the main impurity was the olefinic ether (Illb ).

(+  )-(3A))-3Dl-4-Methylpentan-l-ol (Via). A.—The ( +  )-deu- 
terio ether VIb (11.8 g) was cleaved as described above for the 
( —)-deuterio ether VIb. The product was fractionated through 
a 15-cm packed column to furnish ( +  )-(3it!)-3Di-4-methylpen- 
tan-l-ol (Via, 5.5 g): bp 150-51° (753 mm); ir spectrum identi
cal with that of Via; o+ d +0.19° (neat, l = 1); nmr (CCh), 
54 [ca. 6, d, 6, (CH3)2-C H -J, 53.5 [d, ca. 1, (CH3)2-C D -], 86 
(4, t, 6.5 and 7.5, other protons), 209 (2, t, 6.5, -CH2-OH), 251 
(1, s, -OH  exchanged with D20 ); mass spectrum, m /e  57 
(100%), 43 (76%), 70 (46%), 28 (43%), 85 (15%). Analysis of 
the mass spectrum indicated the presence of ca. 100% mono
deuterated species. A sample subjected to preparative glpc on 
column B a t 100° and distilled showed the same optical rotation.

B .—The (+  )-(3/£)-3Di ether obtained v ia  V III was hydrolyzed 
and purified as described in procedure A to yield ( +  )-(3if)-3Di 
alcohol Via. Microanalysis indicated 80.5% deuterium in
corporation and the mass spectrum indicated 84.5% of mono
deuterated species.

( +  )-(3 R  )-3Di-4-M ethyl-1,3-dihydroxypentan-l-tetrahydro- 
pyranyl Ether (VIII).—A solution of deuteriodiborane in tetra
hydrofuran was prepared from sodium borodeuteride and boron 
trifluoride etherate.3a

To a cooled and stirred solution of deuterioborane in tetra
hydrofuran (67.6 ml, 0.22 M  in deuteriodiborane) a t 0-3° ( —)- 
a-pinene (9.3 g, 72 mmol) was added through a hypodermic 
syringe and then the mixture was stirred a t 0-5° overnight. The 
keto ether (V, 5.0 g, 25 mmol) was added to the stirred reagent 
a t 0-3° during 10 min and the mixture was stirred for 24 hr at 
0-5°. The excess deuteride in the clear solution was decomposed 
by the addition of water. The organoborane was oxidized with 
alkaline hydrogen peroxide as described above. The product 
was isolated in the usual manner and the solvent was removed 
in  vacuo. The residual liquid was fractionally distilled through 
a 15-cm packed column to furnish 5.22 g of ( +  )-VIb, bp 72-73° 
(0.15 mm), which was contaminated with a small amount of iso- 
pinocampheol. A sample twice purified by preparative glpc on 
column B at 180° and distilled in  vacuo  furnished pure VIII: 
[a] 24d +4 .0° (c 30%, chloroform); «££ 3450 (s, -OH), 2100 (w, 
-D ) cm -'; nmr (CCh), 54 [6, d, 6, (CH3)2CH-], 179 (l,s ,-O H ), 
221 (4, m, -0 -C H 2-C -), 272.5 (1, s, -O-CH-O); mass spectrum, 
m /e  85 (100%), 101 (74%), 84 (56%), 83 (47%), 86 (42%), 102 
(33%), 160 (11%), 100 (8%), 118 (5%). The homogeneity of 
the material was established by glpc and tic.

( +  )-(3ff)-3Di-4-Methylpentan-l-oic Acid (VII).—To a solution 
of ( +  )-4-methyl-(3I?)-3Di-pentan-l-ol (Via, 500 mg) in acetone 
(10 ml) a t 0°, Jones reagent was added until the color persisted. 
The mixture was stirred a t 0° for 10 min, diluted with water, 
(100 ml) and extracted several times with small amounts of ether. 
The ether extracts were combined and washed once with water 
and the acidic material was extracted with 5% sodium hydroxide 
solution (30 ml). The aqueous alkaline solution was acidified 
with concentrated hydrochloric acid and the acidic material was 
isolated with ether. The solvent was removed and the residual 
oil was distilled through a short-path column to furnish ( +  )- 
(3I?)-3Di-4-methylpentanoic acid (VII, 450 mg), [<*]23d +0.486°
(c 28%, chloroform). The acid proved to be homogeneous by 
tic (silica). The purity of the material was further established by 
glpc analysis of the methyl ester (diazomethane). Glpc analysis 
of the ester on columns A and B a t 120° showed it to be more than 
99% pure and its retention time was identical with that of au
thentic methyl 4-methylpentanoate.

( —)-(3/S)-3Di-4-Methylpentan-l-oic Acid (VII).—The ( —) 
acid (VII) was prepared from the ( —) alcohol (Via) as described 
above. The ( —) acid (VII) had a specific rotation of [ a ] 23D 

— 0.453° (c 30%, chloroform). The acid was homogeneous when 
tested on tic (benzene (67%), methanol (21%) and glacial acetic 
acid (12%)). The methyl ester (diazomethane) was homo
geneous when analyzed on column B.

Registry No.—la, 10321-71-8; Ila, 504-85-8; lib , 
2258-65-3; Ilia , 763-89-3; Illb , 16451-46-0; (±)-IVb, 
16451-47-1; (+)-(3£)-IVa, 16451-48-2; l,3-bis-3,5-di- 
nitrobenzoyl derivative of (+)-(3//)-IVra, 16451-49-3;
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(-)-(3S)-IVa, 16451-50-6; (+)-(3R)-IVb, 16451-51-7; 
( —)-(3»S')-IVb, 16451-52-8; V, 16451-53-9; (+)-(3B)- 
Vla, 16451-54-0; (-)-(3£)-VIa, 16451-55-1; (+)-(3R)-

Vlb, 16451-56-2; (-)-(3S)-VIb, 16451-57-3; (+)-(3R) 
VII, 16503-30-3; (-)-(3S)-VII, 16462-50-3; (+)-(3B) 
VUIb, 16503-31-4.

T h e Stereochem istry o f M ethylene Transfer from  Sulfonium  Ylides 
to U nsaturated Bicyclic K etones1

R o b er t  S. B l y , C o it  M. D u B o s e , J r ., and  G e o r g e  B . K o n iz e r

D epartm ent o f C hem istry , U n iversity  o f S o u th  C arolina , C olum bia , S o u th  C arolina  29208
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In  contrast to other nucleophilic reagents, dimethyloxosulfonium methylide attacks dehydronorcamphor 
predominantly from the endo  direction to yield a 71:29 ratio of spiro[norbom-2-en-exo- and -endo-5,2'-oxacyclo- 
propanes], Dimethylsulfonium methylide, however, produces the same two oxides in a 6:94 ratio. Both the 
oxosulfonium and the sulfonium ylide attack norcamphor preponderantly from the exo side to yield spiro [nor- 
boman-ezo- and -CTido-2,2'-oxacyclopropanes] in a 10:88 or 5:95 ratio, respectively. Competitive rate studies 
have been used to demonstrate that dehydronorcamphor exhibits an enhanced endo and decreased exo reactivity 
toward the oxosulfonium ylide. Participation by the it electrons of the double bond has been suggested as the 
cause of this unusual kinetic and stereochemical effect.

During the course of some synthetic investigations 
undertaken in connection with another problem, it was 
observed that the reaction of norbomen-7-one (1) 
with dimethyloxosulfonium methylide (2) occurs in a 
stereospecific manner to yield spiro [norbornen-anif-7,2'- 
oxacyclopropane] (4)2 and suggested that 7r-electron 
participation via the intermediate 33-5 might be 
responsible for the preferential syn addition, viz.

However, since the syn side of a 7-substituted norbor- 
nene is apparently less sterically hindered than the 
anti—the irreversible reaction of norbornen-7-one (1) 
with a mixed-metal hydride or an organometallic pro
duces an anti alcohol predominantly,2 while equilibra
tion of the mixed 7-carbomethoxynorbornenes with 
methanolic sodium methoxide yields more syn than 
anti ester6—a steric factor could not be ruled out as the 
cause of the observed stereospecificity. To test these 
ideas and to learn more of the path by which sulfur

(1) P o rtio n s  of th is  w ork  h a v e  been  p re se n te d  befo re  th e  151st N a tio n a l 
M ee tin g  of th e  A m erican  C h em ica l S ocie ty , P i t t s b u rg h , P a ., M a rc h  1966, 
A b s tra c ts , p  8K .

(2) R . K . B ly  a n d  R . S. B ly , J .  Org. Chem ., 28, 3165 (1963).
(3) W e re p re s e n t th is  in te rm e d ia te  a s  ch a rg e  d e localized  p u re ly  a s  a  m a t

te r  of conven ien ce  a n d  a n a lo g y ,4 b u t  do n o t in te n d  to  im p ly  th a t  o u r  experi
m e n ta l re s u lts  p e rm it u s  to  d is tin g u ish  i t  fro m  a  tr icy c lic  charge-loca lized  
s tru c tu re (s ) .

(4) A n a lo g o u s s tru c tu re s  h a v e  been  su g g es ted  to  ac c o m m o d a te  th e  ob 
se rv ed  s ta b i l i ty  of p o s itiv e ly  ch a rg e d  ca rb o n ,5a-c a n d  su lfu r5^ exocyclic , syn  
a n d  /3 to  th e  5 o r 7 p o s itio n  of 2 -n o rbo rnene .

(5) (a) E . L . A llred  a n d  T . J . M aric ich , Tetrahedron L ett., 949 (1963); 
(b) R . M . H a w th o rn e , J r . ,  P h .D . D is se r ta tio n , R u tg e rs , 1963, p a r t  I I ;  (c) 
R . S. B ly , R . K . B ly , A. O. B ed e n b au g h , a n d  O. R . V ail, J .  A m er. Chem. 
Soc., 89, 880 (1967); (d) P . W ilder, J r . ,  a n d  L . A. F e liu -O tero , J .  Org. Chem . 
31, 4264 (1966).

(6) R . R . S au e rs  a n d  R . M . H a w th o rn e , J r . ,  ib id ., 29, 1685 (1964).

ylides react with ketones to yield epoxides, we have 
extended our investigations to include the ketones 
norcamphor (13), dehydronorcamphor (5), and norbor- 
nan-7-one (18) and the ylide dimethylsulfonium methyl
ide (12).7

Results
The reaction of dehydronorcamphor (5) at 25° with 

a 10% excess of dimethyloxosulfonium methylide (2)7 
in dimethyl sulfoxide (DMSO) yields a mixture con
taining 65% spiro [norbornen-ezo-S^'-oxacyclopropane]
(7), 27% spiro [norbornen-endo-5,2'-oxacyclopropane] 
(9), and 8% the unreacted ketone, 5. The composi
tion of the product mixture was determined by gas- 
liquid partition chromatography (glpc) on a basic 
Quadrol/SAIB column8 at 115°, conditions which per
mit analysis of the reactive unsaturated anti oxide,
4,2 without rearrangement. The major products, 7 and 
9, respectively, were identified from their analyses and 
infrared and nmr spectra (see Experimental Section) 
and by their reduction with lithium aluminum hydride 
to the known9 unsaturated alcohols 5-methylnorbornen- 
exo- and -endo-5-ols (10 and 11), respectively (Chart I).

At a lower temperature 5 reacts with an ^ 2 0  % excess 
of dimethylsulfonium methylide (12) in DMSO to yield 
a mixture containing 6% the unsaturated exo oxide 7 
and 94% the unsaturated endo oxide 9.

5 +  CH2= S (C H 3)2 — >- 7 (6%) +  9 (94%)
12

In contrast to dehydronorcamphor (5), norcamphor
(13) reacts with 2 to produce a mixture containing 
about 10% spiro [norbornan-exo-2,2'-oxacyclopropane]
(15), at least 88% spiro [norbornan-endo-2,2'-oxacyclo- 
propane] (17), and less than 2% unreacted norcamphor
(13). Since the two saturated oxides, 15 and 17, 
which constitute at least 98% (by glpc) of the distilled 
reaction product could not be separated by glpc, they 
were collected together, and their relative proportion

(7) E . J .  C o rey  a n d  M . C h ay k o v sk y , J .  A m er. Chem . Soc., 87, 1353 (1 9 6 5 ).
(8) T h e  p re p a ra tio n  a n d  p ro p e rtie s  of th is  liq u id  p h a se  h a v e  been  d esc rib ed  

ea rlie r; cf. J .  A. B ro d erick , “ A ero g rap h  R esea rc h  N o te s ,”  W ilk in s  I n s t r u m e n t  
a n d  R esea rc h , W a ln u t C reek , C a lif ., F a ll Issue , 1960.

(9) (a) N . J .  T o iv o n en  a n d  P . J . M a lk o n e n , Su o m en  K em istileh ti, B ,  32, 
277 (1959); (b) ib id ., 33, 53 (1960).
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C h a r t  I

1 ,  65% 9, 27%

was determined by nmr spectroscopy. The oxirane- 
type hydrogens of authentic 15, prepared by catalytic 
hydrogenation of 7, appear as a two-hydrogen singlet 
at <5 2.61, while the corresponding hydrogens of the 
saturated endo oxide 17, prepared in a similar manner 
from 9, appear as an AB-type quartet10 (HA, 5 2.72; 
Hb, 8 2.54; J Ab = 5.8 cps) centered at 2.63. The 
collected reaction mixture from 13 is revealed by inte
gration of its nmr spectrum to consist of nine parts 17 
and one part 15 (Chart I).

Norcamphor (13) reacts with dimethylsulfonium 
methylide (12) to give a mixture of 2% 15, 41% 17, 
and 57% unreacted ketone 13.

13 +  12 — >-15 +  17 +  13

Norbornen-7-one (1), in analogy to its reaction with 
dimethyloxosulfonium methylide (2), yields the unsatu
rated anti oxide, 4 , exclusively, when treated with 
dimethylsulfonium methylide (12), viz.

9  0 —  CH2

reaction mixtures were then analyzed by glpc under 
conditions at which both the unreacted starting ketone 
and the products were not only stable but completely 
resolved. The relative rate of reaction of dimethyloxo
sulfonium methylide at each position of three ketones11 
was calculated from these data14 and is indicated dia- 
grammatically and compared with that of sodium 
borohydride16 in Chart II.

C h a r t  II
R e l a t i v e  R e a c t i v i t y  t o w a r d  D i m e t h y l o x o s u l f o n i u m  

M e t h y l i d e  o r  ( S o d i u m  B o r o h y d r i d e ) “

(5000) < 400 — ►

(0.813)14
5

< 400 (5000)

/
+  CH2=S(CH3)2 

12 /
+ 1

79%
4,21%

In order to determine the relative reactivity of the 
ketones 1, 5, and 13 toward dimethyloxosulfonium 
methylide (2), known mixtures of 1 and 5 and of 5 and 
13 were allowed to react for 1 hr at 26.0° with less than 
stoichiometric amounts of 2 in DMSO solution.11 The

18
O

(284) <  7 — n 790 (1610)

1
“ Calculated from the data of ref 15.

(10) L . M . J a c k m a n , “ A p p lic a tio n s  of N u c le a r  M ag n e tic  R eso n an c e  
S pec tro sco p y  in  O rgan ic  C h e m is try ,”  P e rg am o n  P ress , L o n d o n , 1959, p  89 £f.

(11) A lth o u g h  n o rb o rn an -7 -o n e  (18) w as also  in c lu d ed  in  o u r  co m p e titiv e  
r a te  s tu d ie s, a  q u a n t i ta t iv e  co m p ariso n  of i t s  r e a c t iv i ty  to w a rd  epox ide  fo r
m a tio n  is n o t  too  m ean in g fu l b ecau se  of th e  la rg e  a m o u n ts  of s u lfu r-co n ta in 
ing  b y -p ro d u c ts  w h ich  a re  also  fo rm e d  a n d  b ecau se  of som e u n c e r ta in ty  a b o u t  
th e  o rig in  of th e  epoxide, sp iro [n o rb o rn a n -7 ,2 -o x a c y c lo p ro p a n e ] , w h ich  is 
p ro d u c e d .12 H ow ever, in  th e  sense  t h a t  less u n s a tu ra te d  k e to n e  (1) th a n  
s a tu ra te d  k e to n e  (18) rem a in s  u n re a c te d  w hen  an  eq u im o la r m ix tu re  of th e  
tw o  is a llow ed  to  r e a c t w ith  in su ffic ien t d im eth y lo x o su lfo n iu m  m e th y lid e  in  
D M S O , n o rb o rn en -7 -o n e  (1) is  a p p a re n tly  so m ew h a t m o re  re a c tiv e  th a n  
n o rb o rn an -7 -o n e  (18).13

(12) W e p la n  to  d iscuss th is  reac tio n  in  a  fu tu re  p u b lica tio n .
(13) See C h a r t  I I .

Discussion
Dimethyloxosulfonium methylide (2) reacts in an 

unusual manner with dehydronorcamphor (5). To
ward the saturated ketone, norcamphor (13), dimethyl
oxosulfonium methylide behaves as do other nucleo
philes (Table I) and yields predominantly the product

(14) T . S. L ee  in  “ T e c h n iq u e  of O rgan ic  C h e m is try ,”  Vol. V I I I ,  S . L . 
F riess  a n d  A. W eissberger, E d ., In te rsc ie n c e  P u b lish ers , In c ., N ew  Y o rk , 
N . Y ., 1953, p  100 ff.

(15) H . C . B row n  a n d  J .  M uzzio , J .  A m er. Chem . Soc., 88, 2811 (1966).
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T a b l e  I
P r o p o r t i o n  o f  P r o d u c t  R e s u l t i n g  f r o m  exo  o r  sy n  A t t a c k  

o n  S o m e  B i c y c l i c  K e t o n e s

Reactant/solvent
NaBHU/i-PrOH“ 86
LiAlH4/E t20 945
LiAlHd-OBuVTHF-1 >92
CH3M gI/E t20 100e
C2H5M gB r/E t20 '‘
(CHahCHMgBr/EUO'1
C,H6M gB r/Et20 -100*'
CH2=CHM gBr*
n-C4H9Li/C7HI6e
(CH3)2S = C H 2/

O
" 9 5

95
91b
77
97/

100
100

94

85
86'

100“

—67 ' 
—75 

61 
100

(CH3)2S = C H 2 90/ 29/ 100“
° See ref 15. 6 S. Beckmann and R. Mezger, Chem . B er., 89, 

2738 (1956). c R. K. Bly, unpublished work. d C. H. DePuy and 
P. R. Story, J .  A m e r. Chem . Soc., 82, 627 (1960). e N. J. Toivo 
nen, E. Siltanen, and K. Ojala, A n n . A cad . S c i. F ennicae, Ail 
No. 64 (1955). / This work. « See ref 2. * S. J. Cristol and P. K. 
Freeman, Abstracts of the 133rd National Meeting of the Ameri
can Chemical Society, San Francisco, Calif., April 13-18, 1958, 
p 6N; P. K. Freeman, D isserta tion  A bstr., 20, 2012 (1958). ’ This 
and other aryl Grignard reagents apparently react exclusively 
from the exo side; cf. D. C. Kleinfelter and P. Schleyer, J .  Org. 
C hem ., 26, 3740 (1961); and H. C. Brown, F. S. Chloupek, and
M.-H. Rei, J .  A m er. Chem . Soc., 86, 1246 (1964). ’ Private com
munication from P. G. Gassman, Department of Chemistry, 
The Ohio State University. k J. A. Berson and M. Jones, Jr., 
ib id ., 86, 5019 (1964).

of exo attack, viz., the saturated endo oxide 17. Mixed- 
metal hydrides and Grignard reagents also react in this 
manner with the unsaturated ketone, dehydronorcam- 
phor (5), i.e., approach exclusively or predominantly 
from the exo side to produce an endo alcohol (Table I). 
Dimethyloxosulfonium methylide (2), however, reacts 
with this ketone preferentially from the endo side to 
yield the unsaturated exo oxide 7, predominantly. 
Furthermore, while with sodium borohydride in iso
propyl alcohol the actual rate of exo addition increases 
and that of endo addition decreases slightly in passing 
from norcamphor (13) to dehydronorcamphor (5) 
(Chart II),16 with dimethyloxosulfonium methylide
(2) the opposite is true: endo attack becomes 14 times 
more facile while exo addition occurs only 0.64 times as 
fast (Chart II).

A similar kinetic effect may also be apparent in the 
attack of the oxosulfonium ylide 2 on norbornen-7-one 
(1). This ylide appears to be somewhat more reactive 
toward the unsaturated ketone 1 than toward the 
saturated norbornan-7-one (18).11 In this respect it 
contrasts sharply with sodium borohydride which 
reacts ten times more rapidly with 18 (Chart II).15

Although the exact course of the reaction of oxosul
fonium ylides with ketones has not yet been estab
lished,7 it is now thought to consist of eq 1, a reversible 
nucleophilic addition by the “methylene” carbon of the 
ylide at the electron-deficient carbonyl carbon of the 
ketone to form a betaine intermediate, followed by 
eq 2, an irreversible intramolecular nucleophilic dis
placement of the sulfoxide by the oxide of the betaine.16

(16) T h e  c u r re n t  s ta tu s  of m e ch an is tic  th o u g h t  on  su lfo n iu m  y lid e  reac
tio n s  is su m m a rized  in  A. W . Jo h n so n , "Y lid  C h e m is try ,”  A cadem ic  P ress  
In c ., N ew  Y o rk , N . Y ., 1966, C h a p te r  9.

O"

>S==CH2 +  > C = 0 : > S —CH2— Ç— Ö:'
-1-  * -J  2++
O"

> S —CH2— C—O:
% )  I "

o
> S - 0 :~  +  H2C— C <  

+

(1)

(2)

In the case of dissymmetric bicyclic ketones, such as 
1, 5, and 13, two modes of reaction are possible. With 
norcamphor (13) the observed ratio of exo/endo attack 
is 9.0:1.0 (Chart II) and probably reflects the fact that 
not only is exo attack sterically more favorable than 
endo, e.g., (ki)exo > (k/)eni0, but that, because of repul
sions between the methyl groups and the endo hydrogens 
at C-5 and C-6, the endo-betaine 14 is less favorably

O-
14

oriented for displacement of dimethyl sulfoxide than is 
the ezo-betaine 16, i.e., (k/)exo > (k/)end0.

With dehydronorcamphor (5) exo/endo attack occurs 
in the ratio of 5.8:14 or 0.24:1.0 (Chart II). I t is 
suspected that this greatly enhanced preference for 
endo (axial) attack may be due to 7r-electron participa
tion3 by the reactive double bond of the ketone which 
increases both (h /k -i)end0 with respect to (h /k - i)exo 
by stabilizing the increased positive charge on sulfur in 
the endo-transition state and intermediate endo- 
betaine 63 of eq 1, and (k/)eni0 with respect to {k/)exo by 
fixing the endo-betaine 6 in the most favorable confor
mation for intramolecular displacement of dimethyl 
sulfoxide, eq 2.

It is doubtful that this preference for methylene 
transfer from 2 to the endo side of dehydronorcamphor
(5) could derive from steric effects alone. Not only 
does this ketone exhibit a strong kinetic preference for 
exo attack by other nucleophiles (Table I), but there is 
apparently little difference in the thermodynamic 
stability of most exo- or endo-5-substituted norbor-
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nenes.17 Hence, in the absence of 7r-electron participa
tion by the double bond, it is unlikely that a strong bias 
for reversible exo attack in eq 1 would be overridden 
by an even greater tendency for irreversible endo- 
methylene product formation in eq 2.

Nor is it believed that the effect of the double bond 
can be predominantly inductive in nature. Brown 
and Muzzio15 have clearly demonstrated that with 
respect to norcamphor (13) exo attack by borohydride 
ion is enhanced in dehydronorcamphor (5) while endo 
attack is suppressed (Chart II). They have suggested 
that the electron-withdrawing inductive effect of the 
double bond is responsible for the enhanced “exo 
reactivity” of 5. Assuming that their explanation is 
correct, it is clearly not possible to attribute both the 
enhanced exo reactivity of 5 toward the nucleophile 
borohydride and its enhanced “endo reactivity” 
toward the nucleophile dimethyloxosulfonium methy- 
lide (2) to this same inductive effect.18

In the case of norbornen-7-one (1) the preference for 
methylene transfer from 2 to the side of the double bond 
is even more pronounced, i.e., >100:1. Here too, the 
effect of the double bond is to decrease the rate of syn 
attack by borohydride ion while apparently increasing 
the syn reactivity of 1 toward attack by the oxosulfo- 
nium ylide 2 (Chart II). Again we suspect that the 
latter reaction is accompanied by ^-electron participa
tion whose effect is to increase the forward rates of both 
steps by stabilizing the developing positive charge on 
sulfur and holding the intermediate syn-betaine 3 in 
the best conformation for the internal displacement of 
dimethyl sulfoxide. Since 1 is extremely reactive 
toward nucleophiles,2,11 and since syn attack is also the 
sterically as well as the electronically favored process 
(Table I), the over-all reaction is quite rapid and highly 
stereospecific.

The reaction of dimethylsulfonium methylide (12) 
with a ketone may probably, in analogy to dimethyloxo
sulfonium methylide (2), be considered as a two-step 
reaction,16 viz.

>S=CH2 + >C=0 >S—CH2—C—0:~ (1')k-\' + |

>S-rCH2— C-O:-  ■*** >s: + H2C—C< (2')+W | "

However, since 12 is considerably more reactive than
2,7 the first step of the reaction (1') is likely to be less 
reversible, i.e., k-i'/kz «  k -i/k2, so that with a 
dissymmetric ketone the proportion of exo ¡endo oxide 
will be approximately determined by (h ')exo/(ki')mao. 
Also because of its higher reactivity the course of the 
reaction of the sulfonium ylide 12 with a ketone is less 
likely to be influenced by small differences in the stabil
ities of the intermediate betaines. In other words, the 
transition state of 1 will be reached earlier in the reac
tion than that of 1, and hence will be less susceptible to 
the effect of 7r-electron participation.19 Under the

(17) (a) A. C . C ope, E . C iganek , a n d  N . A. L e  Bel, J .  A m er. Chem . Soc., 
81, 2799 (1959); (b) J .  A. B erson  a n d  D . A. B en -E fra im , ib id ., 81, 4083 
(1959).

(18) E .g ., since th e  s te ric  fa c to rs  in  exo a d d itio n  (eq  1) to  e ith e r 5 o r  13 
a re  essen tia lly  id e n tic a l (c/. 8 a n d  16), th e  e lec tro n -w ith d raw in g  in d u c tiv e  
effect of th e  d o u b le  b o n d  cou ld  o n ly  in c rease  th e  ab so lu te  r a te  of exo-nucleo- 
philic a t ta c k  u p o n  6 w ith  re sp ec t to  a  s im ila r a t ta c k  u p o n  13.

(19) G . S. H am m o n d , ib id ., 77 , 334 (1955).

circumstances it is probably not surprising that the 
sulfonium ylide reacts by the sterically favored process 
in each case, e.g., transfers methylene from the exo side 
of both 5 and 13 and from the syn side of 1 (Table I).

E xpe rim e n ta l S e c tio n 20
Dehydronorcamphor (5).-—Although dehydronorcamphor has 

been known for many years21“ the authors believe that the follow
ing preparation is generally superior to any of the published 
methods21 because it proceeds in 35% over-all yield in two steps 
from commercially available starting materials.

Forty grams (0.16 mol) of aluminum ¿-butoxide was added in 
one portion to a warm solution of 23.2 g (0.168 mol) of norbom-
5-en-2-yl formates22 and 40 g (0.37 mol) of p-benzoquinone in 350 
ml of dry benzene. The mixture was refluxed for 24 hr with 
stirring and then cooled to room temperature. Hydrochloric 
acid (3 N ,  100 ml) was added, and, after filtration through a Celite 
mat, the aqueous layer was discarded. The benzene layer was 
washed successively with six 200-ml portions of 3 A  hydrochloric 
acid, six 200-ml portions of aqueous 5% sodium hydroxide, and 
finally two 100-ml portions of saturated sodium chloride solution. 
The benzene was removed by distillation at atmospheric pressure, 
and the residue was distilled under reduced pressure to yield 11.2 
g (0.104 mol, 62%) of ketone, bp 55-57° (10 mm). A glpc 
analysis of the distillate on the 8-ft UCON column20 (column temp, 
100°; helium flow, 85 ml/min) showed it to be greater than 98% 
pure; its infrared and nmr spectra are identical with those of 
authentic dehydronorcamphor prepared in the usual manner.210

5-Methylnorbom-2-en-exo- and -en«V>-5-ol (10 and 11, Respec
tively).^—To a solution of methylmagnesium iodide, prepared in 
the usual manner from 2.0 g (0.082 g-atom) of magnesium turn
ings and 12.7 g (0.0883 mol) of methyl iodide in 100 ml of anhy
drous ether, was slowly added a solution of 2.0 g (0.019 mol) of 
dehydronorcamphor (5) in 25 ml of anhydrous ether. After 
the addition was complete, the reaction mixture was heated at 
gentle reflux for 1 hr and cooled the complex was decomposed 
by the addition of water and wet sodium sulfate. The precipi
tated salts were removed by filtration, and the ethereal solution 
was dried over anhydrous sodium sulfate and concentrated. The 
residue was distilled through a short-path distillation apparatus 
to yield 1.40 g (0.0113 mol, 60%) of the tertiary alcohols. 
Analysis of the distillate by glpc on the 8-ft UCON column20 
(column temp, 100°; helium flow, 120 ml/min) showed two com
ponents. The first (retention time, 4.3 min; rel abundance, 
97%) has an ir spectrum (CCh) identical with that of exo-5-meth- 
ylnorborn-2-en-eredo-5-ol.9b Its nmr spectrum (CCh) has reso
nances a t 5 6.42-5.99, octet (2 -C H = C H ~ ) ;  2.88-2.67, broad 
singlet (1 > C - H ,  bridgehead); 2.67-2.49, broad singlet (1 
> C - H ,  bridgehead); 1.92-1.73, perturbed doublet (1 >GffH); 
1.73-1.57, perturbed doublet (2 > C H H );  1.57-1.46, perturbed, 
concentration dependent singlet (1 > C -O H );  1.42, singlet
(3 -C H 3); 1.27-0.90, perturbed doublet (1 > C H H ) .  In dilute

(20) M e ltin g  a n d  bo iling  p o in ts  a re  u n co rrec ted . M icro a n a ly se s  w ere 
p erfo rm e d  b y  e ith e r B e rn h a rd t M ik ro an a lit is ch es  L a b o ra to r iu m , M tllhe im , 
G e rm an y , o r G a lb ra i th  L a b o ra to rie s , In c ., K noxv ille , T e n n . T h e  m ass  spec
tr a l  an a ly s is  w as perfo rm ed  b y  th e  M o rg an -S ch affe r C o rp ., M o n tre a l. T h e  
in fra re d  sp e c tra  w ere  d e te rm in ed  on  a  P e rk in -E lm e r g ra t in g  sp ec tro p h o 
to m e te r  M od el 337, ex c ep t fo r th e  h ig h -d ilu tio n  sp e c tra  w h ich  w ere  ru n  on  a 
P e rk in -E lm e r M od el 521 using  1-cm  q u a r tz  cells. T h e  n m r  sp e c tra  w ere 
d e te rm in e d  on  a  V a rian  A -60 s p e c tro p h o to m e te r  a t  ~ 3 5 °  u sing  te tr a m e th y l-  
s ilane  (8 0.00) a n d /o r  ch lo ro fo rm  (8 7.31) a s  in te rn a l s ta n d a rd s  in  ca rb o n  
te tra c h lo r id e . T h e  g lpc  ana ly ses , w h ich  w ere  n o t  c o rrec ted  fo r  d iffe rences in  
th e rm a l c o n d u c tiv i ty  of th e  co m p o n en ts , w ere  ca rr ie d  o u t on  a n  F  & M  
M odel 500 lin ea r te m p e ra tu re -p ro g ra m m e d  g as  c h ro m a to g ra p h  u sing  a n  8 f t  
X  0.25 in . co iled  co p p e r tu b e  p ac k ed  w ith  2 0 %  w a te r-in so lu b le  U C O N  on 
60 -80  m esh  C h ro m o so rb  P , o r 12 f t  X 0.25 in . co p p e r tu b e s  p a c k e d  w ith  20%  
of a  2 :1  m ix tu re  of Q u a d ro l/S A IB 8 on 6 0 -8 0  m esh, n o n ac id -w a sh e d  C hrom o- 
so rb  P  o r w ith  2 0 %  d ie thy leneg lyco l s u cc in a te  (D E G S ) on n o n ac id -w a sh e d  
C h rom oso rb  P . T h e  p re p a ra tiv e  g lpc’s w ere  ca rr ie d  o u t  on  an  A erog raph  
A u to p rep  M od el 600 using  a  10 f t  X  0.375 in . co iled  a lu m in u m  tu b e  p ac k ed  
w ith  2 0 %  Q u a d ro l/S A IB  (2 :1 )8 on 6 0 -8 0  m esh , n o n ac id -w ash ed  C h ro m o 
sorb  P .

(21) (a) K . A lder a n d  H . R ic k e rt, A n n . C him ., 543, 19 (1940); (b) P . D . 
B a r t le t t  a n d  B . E . T a te , J .  A m er. Chem. Soc., 78, 2473 (1956); (c) S. J .  
C ris to l a n d  P . K . F reem an , ib id ., 83, 4427 (1961); (d) H . K rieger, Suom en  
K em istileh ti, B , 38 , 68 (1965).

(22) P re p a re d  in  6 5 %  y ie ld , a s  d escribed  b y  A lder a n d  R ic k e r t ,21a from  
fre sh ly  crack ed  cy c lo p en ta d ien e  a n d  v in y l fo rm a te  (C o lum bia  O rgan ic 
C h em ica l C o.).
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solution (CCI4 ), its ir spectrum exhibits an absorption a t 3595
cm - 1  (n-----H-O) (lit . 23 3 591 cm-1). The second (retention time,
5 . 6  min; rel abundance, 3%) has an infrared spectrum (CCh) in 
good agreement with the published spectrum of erado-5-methyl- 
norborn-2-en-exo-5-ol (10)9b and shows resonances in the nmr 
(CCh) a t 5 6.06, multiplet (2 - C H = C H ~ ) ;  2.92-2.50, broad 
singlet (1 > C - H ,  bridgehead) superimposed on a singlet a t 2.85 
whose position is concentration dependent (1 > C -O H );  2.60- 
2.13, broad singlet (1 > C - H ) ,  bridgehead); 2.13-0.93, broad com
plex multiplet superimposed on a sharp singlet a t 1.21 (4 >C H H  
+  3 - C H 3), and exhibits a nonbonded O-H stretch a t 3612 cm - 1  

(lit . 2 3  3611 cm-1) in its high-dilution (CCh) infrared spectrum.
The Reaction of Dehydronorcamphor (5) with Dimethyloxosul- 

fonium Methylide (2).7—Trimethyloxosulfonium iodide2 4  (11 g, 
0.051 mol) was added to a dry-nitrogen-blanketed, stirred sus
pension of 1.20 g (0.0500 mol) of sodium hydride (available as a 
53% dispersion in mineral oil from Metal Hydrides, Inc.) in 40 
ml of dimethyl sulfoxide (DMSO). When the evolution of hy
drogen had ceased, a solution of 5.40 g (0.0500 mol) of dehydro
norcamphor (5) in 20 ml of DMSO was added drop wise over a 
period of 15 min with cooling. The reaction mixture was stirred 
at room temperature for 2 hr, a t 50-60° for 1 hr, cooled, diluted 
with 100 ml of water, and extracted with three 50-ml portions 
of pentane. The pentane extracts were combined, washed with 
water, dried over anhydrous sodium sulfate, concentrated, and 
distilled under reduced pressure to yield 4.33 g of product, bp
46.5-49° (8.75 mm).

A glpc analysis on the 12-ft Quadrol/SAIB column8 20 (column 
temp, 115°; helium flow, 100 ml/min) revealed the presence of 
three cleanly separated components25 which were collected in
dividually and identified as follows. The first component (re
tention time, 19.5 mm; relative abundance, 65%) shows in
frared bands (CC14) at 3152, 3071, 726, 707 (-C H = C H -);

3045, 1465, 1452, 549, 520 (>C-ChI2-0?); and 1022, 918, 905 
cm - 1  (C-O?); and nmr resonances (CC14) at d 6.14, octet ( 1  

-C tf= C H - +  1  -C H = G H -); 3.05-2.76, broad singlet ( 1

> C -H ,  bridgehead); 2.63, singlet (2 > C -C //2-0 ); 2.32-2.09, 
broad singlet (1 >C - H ,  bridgehead); 1.92-1.07, complex multi
plet (2 >G H H );  1.66-1.48, complex multiplet (2 > C H H ) .

A n a l.  Calcd for C8H i0O: C, 78.65; H, 8.25. Found: C, 
78.79; H, 8.40.

The authors believed this component to be a spiro [norbom-2- 
ene-5,2'-oxacyclopropane]. To test this a 95-mg (0.78 mmol) 
sample was reduced with a stirred slurry of 45 mg (1.2 mmol) of 
lithium aluminum hydride in 2 ml of anhydrous ether. After 6  

hr a t reflux, the cooled reaction mixture was hydrolyzed with 15% 
aqueous sodium hydroxide. 26 The precipitated salts were re
moved by filtration, and the ethereal solution was dried over 
sodium sulfate and evaporated to dryness at reduced pressure. 
Sublimation of the residue at 60° (90 mm) gave 21 mg (0.17 
mmol, 22%) of white needles, mp 51-53° (lit.9b mp 54.8-55.8°). 
The retention time of this material on the 8 -ft UCON column20 

(column temp, 100°; helium flow, 75 ml/min) and its infrared 
and nmr spectra are identical with those of the authentic endo-5- 
methylnorborn-2-en-exo-5-ol (1 0 ). We conclude that this first 
component is spiro[norborn-2-en-exo-5,2'-oxacyclopropane] (7).

The second component (retention time, 25.1 min; rel abun
dance, 27%) exhibits infrared bands (CC14) at 3140, 3066, 719,

711 (-C H =C H -); 3038, 1466, 1448, 559, 505 (>C -C H 2-0?); 
1026, 885, 851 cm - 1  (C-O?); and nmr resonances (CC14) at S 
6.73-6.06, complex multiplet (2 -CH=CH~); 3.09-2.90, broad

singlet ( 1  > C ~ H , bridgehead); 2.84, singlet ( 2  >C-C.ff2-0 ); 
2.53-2.34, broad singlet (1 > C - H ,  bridgehead); 2.20-1.80, 
quartet (1 >CH7f); 1.80-1.58, multiplet (2 >CH H );  1.42-1.00, 
perturbed doublet (1 >GHTi).

A n a l.  Calcd for C8 H10O: C, 78.65; H, 8.25. Found: C, 
78.81; H, 8.25.

I t  was believed that this second component was also a spiro- 
[norborn-2-en-5,2'-oxacyclopropane], and hence of endo con
figuration (9). This was confirmed by reduction of a 15-mg (0.12

(23) P . H irs ja rv i a n d  K . Salo, Su o m en  K em istileh ti, B , 32, 280 (1959).
(24) R . K u h n  a n d  H . T risc h m an n , A n n . C him ., 611, 117 (1958).
(25) W e  h av e  o b serv ed  th a t  an . a c cu m u la tio n  of ac id ic  res idues  in  th e  

in je c tio n  p o r t  of th e  gas  ch ro m a to g ra p h  can  cau se  th e  epox ides to  re a rra n g e  
to  a ld eh y d e . I n  o rd e r  to  o b ta in  rep ro d u c ib le  a n a ly tic a l re su lts  i t  w as neces
sa ry  to  w ash  th e  in jec tio n  p o r t  w ith  b a se  p r io r  to  th e  an a ly s is  of th is  m ix tu re .

(26) V. M . M ico v ic  a n d  M . L . M ihailov ic , J .  Org. Chem ., 18, 1190 (1953).

mmol) sample with 12 mg (0.32 mmol) of lithium aluminum hy
dride as before. The 3.3 mg (0.024 mmol, 20%) of collected 
product (8 -ft UCON column) was identical in every respect with 
the authentic exo-5-methylnorborn-2-en-e?ufo-5-ol (11).

The retention time and the infrared and nmr spectra of the 
third component (retention time, 29.9 min; rel abundance, 8 %) 
are identical with those of authentic dehydronorcamphor (5).

Samples of the two oxides (components 1  and 2 ) were collected 
for the reduction and rearrangement studies from the 1 0 -ft 
Quadrol/SAIB column20 (column temp, 125°; helium flow, 210 
ml/min) on an Autoprep. Neither was rearranged under these 
conditions. 26

The Reaction of Dehydronorcamphor (5) with Dimethylsul- 
fonium Methylide (1 2 ).7—A suspension of 1.44 g (0.060 mol) of 
dry-nitrogen-blanketed sodium hydride in 30 ml of DMSO was 
heated at 70-75° for 45 min. The solution was cooled to room 
temperature, diluted with an equal volume of dry tetrahydro- 
furan (to prevent freezing), and then cooled in an ice-salt bath. 
With stirring, a solution of 12.2 g (0.0617 mol) of trimethylsul- 
fonium iodide7 in 50 ml of DMSO was added over a period of 
about 3 min. The reaction mixture was stirred for another min
ute before adding neat 5.04 g (0.0466 mol) of dehydronorcamphor 
(5). Stirring was continued at ice-salt temperature for 7 min 
and then for an additional 60 min with no further external cool
ing. The reaction mixture was then diluted with an equal volume 
of water ( C A U T I O N ! ) ,  and the product was extracted with four 
50-ml portions of pentane. The combined extract was washed 
with water, dried over anhydrous sodium sulfate, concentrated 
at atmospheric pressure, and distilled under vacuum to yield 3.48 
g of product, bp 50-53° (9 mm), which, by glpc analysis, consists 
of 6 % spiro[norborn-2-en-exo-5,2'-oxacyclopropane] (7) and 
94% spiro[norborn-2-en-erado-5,2'-oxacyclopropane] (9). No 
unreacted ketone 5 could be detected.

The Reaction of Norborn-2-en-7-one (1) with Dimethylsul- 
fonium Methylide (1 2 ).—In the manner described previously,
6.1 g (0.031 mol) of trimethylsulfonium iodide7 was treated with 
0.72 g (0.030 mol) of sodium hydride followed by 2.70 g (0.0250 
mol) of norborn-2-en-7-one (1) to yield 1.10 g of distilled product 
which glpc on the 12-ft Quadrol/SAIB column20 (column temp, 
115°; helium flow, 1 1 0  ml/min) revealed to consist of 2 1 % spiro- 
[norborn-2-en-arai?-7,2'-oxacyclopropane] (4) and 79% unreacted 
ketone. The spectra of the collected oxide were identical with 
those described previously . 2 No unsaturated sy n  oxide could be 
detected.

Spiro[norbornan-exo-2 ,2 '-oxacyclopropane] (15).—A solution 
of 212 mg (1.74 mmol) of spiro[norborn-2-en-exo-5,2'-oxacyclo- 
propane] (7) in 15 ml of ethyl acetate was hydrogenated at 
atmospheric pressure using 16 mg of 5% palladium on carbon as 
a catalyst. The first 1.03 equiv (44.0 ml, 1.80 mmol) of hydro
gen was absorbed in 30 min, after which time the rate of hydrogen 
uptake decreased sharply. The reaction was stopped at this 
point, the catalyst was removed by filtration, and the solvent 
was stripped by distillation at atmospheric pressure through a 
0.5 X 15 cm wire-spiral-packed column. Distillation of the 
residue at 10 mm in a short-path still (bath temp, 85°) yielded 
163 mg (1.32 mmol, 76%) of the colorless liquid, saturated exo 
oxide 15. Its infrared spectrum (CCI4 ) shows no bands at
tributable to a double bond or a hydroxyl group but has absorp

tions at 3046, 1468, 1450, 528 (>C -C H 2-0?), 943 cm - 1  (C-O?);

nmr (CC14), 5 2.61, singlet ( 2  > C -C 772- 6 ); 2.50-2.24, broad 
singlet ( 1  > C -H ,  bridgehead); 1.86-1.00, complex multiplet 
(1 > C -H ,  bridgehead +  8  >CH H ) .

A n a l.  Calcd for C8 Hi20 : C, 77.34; H, 9.74. Found: C, 
77.01; H, 9.68.

Spiro [norboman-e?wio-2,2'-oxacyclopropane] (17).—A 160-mg 
(1.31 mmol) sample of spiro[norborn-2-en-eredo-5,2'-oxacyclo- 
propane] (9) was hydrogenated in the same manner to yield 105 
mg (0.846 mmol, 65%) of distilled (bath temp, 75°; pressure, 
14 mm) saturated endo oxide 17: infrared (CCI4) 3045, 1468,

1455, 517 (>C-CH 2-0?); 1060, 961, 951 cm - 1  (C-O?); nmr,

(CCI4 ) 5 2.72, asymmetric doublet ( 1  >C-GH aH b-0 ) ;  2.54,
I I

asymmetric doublet ( 1  >C-CH a77b-0 )—taken together these 
two doublets constitute a typical AB-type quartet , 10 J a b  =

5.8 cps, centered at S 2.63; 2.46-2.17, broad singlet (1 > C ~ H , 
bridgehead); complex multiplet (1 > C - H ,  bridgehead -f 8  

>C H H ) .
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A n a l.  Calcd for C8Hi20 : C, 77.34; H, 9.74. Found: C, 
76.88; H, 10.11;27 mol wt (by mass spectrometry)20 124.

The Reaction of Norcamphor (13) with Dimethyloxosulfonium 
Methylide (2).7—In the manner described previously a 5.30-g 
(0.0482 mol) sample of norcamphor (13) was allowed to react 
with an ~10%  excess of dimethyloxosulfonium methylide in 
DMSO. Distillation of the product, bp 59-59.5° (14 mm), gave
4.00 g of clear liquid which was shown by glpc on the 12-ft 
Quadrol/SAIB column20 (column temp, 125°; helium flow, 90 
ml/min) to consist of a t least two components. The first peak 
(retention time, 10.2 min; rel abundance, >98%) was shown by 
analysis of its infrared and nmr spectra (see Results) to be due to 
a 1:10 mixture of the saturated spiro [norbornan-exo- and -endo- 
2,2'-oxacyclopropanes] (15 and 17), respectively, while the second 
component (retention time, 17.4 min; relative abundance, <2% ) 
was identical in all respects with the starting ketone 13.

The Reaction of Norcamphor (13) with Dimethylsulfonium 
Methylide (12).—A 5.50-g (0.0500 mol) sample of norcamphor 
(13) was allowed to react in the manner described previously with 
a solution of the ylide generated from 1.2 g (0.050 mol) of sodium 
hydride and 11.3 g (0.0571 mol) of trimethylsulfonium iodide7 
in DMSO. The 4.1 g of distilled product was shown by glpc on 
the 12-ft Quadrol/SAIB column20 (column temp, 125°; helium 
flow, 90 ml/min) to consist of at least two components. The 
first component (retention time, 10.2 min; relative abundance, 
43%) was shown by nmr to consist of 95% spiro [norbornan-endo- 
2,2'-oxacyclopropane] (17) and 5% spiro[norbornan-exo-2,2'- 
oxacyclopropane] (15). The second peak (retention time, 17.4 
min; relative abundance, 57%) was identified as unreacted 
starting material (13) by its retention time and its infrared and 
nmr spectra.

Competitive Reaction Rates. A. Of Dimethyloxosulfonium 
Methylide (2) with Norcamphor (13) and Dehydronorcamphor
(5).—A solution of 0.025 mol of ylide in 20 ml of DMSO was pre
pared as described previously and allowed to come to thermal 
equilibrium in an oil bath at 25.0°. A similarly thermostated 
solution containing 0.044 mol of ketone [42.8% dehydronor
camphor (5), 57.2% norcamphor (13) by glpc] in 10 ml of DMSO 
was added to the solution of ylide over a 10-min period. After 
the addition had been completed, the mixture was stirred for 1 
additional hr, decomposed by the addition of 50 ml of water, and 
extracted with three 25-ml portions of pentane. The combined 
extract was washed with water, dried over anhydrous sodium sul
fate, and concentrated by distillation of the solvent a t atmo
spheric pressure through a 15-cm, wire-spiral-packed column.

(27) C o n s id erab le  d ifficu lty  w as experienced  in  o b ta in in g  good a n a ly tic a l
d a ta  on th is  m a te r ia l. T h e  m e an  of seven  ca rb o n -h y d ro g e n  d e te rm in a tio n s  
ca rried  o u t  b y  tw o  d iffe ren t la b o ra to r ie s 20 o v e r a 27 -m o n th  p erio d  is C, 
76.67 ±  0 .28; H , 9 .90  ±  0.33. T h e  v a lu e  re p o rte d  in th e  te x t  is th e  b e s t of 
th e se  in d iv id u a l d e te rm in a tio n s . W e su sp e c t t h a t  th e  d ifficu lty  a rise s  from  
th e  d e m o n s tra b ly  fac ile  re a r ra n g e m e n t of th e  epox ide  to  n o rb o rn a n c a rb o x -  
a ld eh y d e  w hich  is  p a r t ia l ly  ox id ized  a n d /o r  h y d ra te d  p r io r  to  w eighing .

The concentrate was analyzed by glpc on the 12-ft Quadrol/ 
SAIB column20 26 (injection port temp 155°;2S column temp, 
115°; helium flow, 90 ml/min). The mixture contained 2.9 
parts spiro[norbornan-2,2'-oxacyclopropanes] [10% exo  (15) to 
90% endo (17) vide su p ra ], 3.2 parts spiro[norborn-2-en-5,2'- 
oxacyclopropanes] [71% exo (7) to 29% endo (9), vide su p ra ] ,
1.0 part dehydronorcamphor (5), and 3.0 parts norcamphor (13). 
The relative reactivities calculated14 from these data are shown 
in Chart II.

B. Of Dimethyloxosulfonium Methylide (2) with Norbomen- 
7-one (1) and Dehydronorcamphor (5).—The product concen
trate from a similar experiment using a mixture of 62.4% nor- 
bornen-7-one (1) and 37.6% dehydronorcamphor (5) consisted 
of 22.6 parts spiro[norbornen-a«h-7,2'-oxacyclopropane] (4),
1.0 part spiro[norborn-2-en-5,2'-oxacyclopropanes] (71% 7, 29% 
9 as before), 3.9 parts norbornen-7-one ( l) ,28 and 23.0 parts dehy
dronorcamphor (5). The calculated14 relative reactivities are 
shown in Chart I I .

C. Of Dimethyloxosulfonium Methylide (2) with Norbomen- 
7-one (1) and Norboman-7-one (18).—In a similar manner a solu
tion of 1.08 g (0.0100 mol) of norbornene-7-one (1) and 1.10 g 
(0.0100 mol) of norbornan-7-one (18) in 30 ml of DMSO was 
added to a solution of ylide prepared by the reaction of 0.24 g 
(0.010 mol) of sodium hydride and 2.2 g (0.0095 mol) of trimethyl- 
oxosulfonium iodide in 10 ml of DMSO. The reaction mixture 
was stirred overnight before being diluted with 70 ml of water. 
The resulting white sulfur-containing precipitate, after being 
washed with water and several portions of pentane, amounted to 
0.562 g .12

The aqueous filtrate was extracted with five 20-ml portions of 
pentane which were combined with the previous pentane wash
ings, washed further with saturated sodium chloride, dried over 
anhydrous sodium sulfate, and concentrated to 5 ml as before. 
A glpc analysis of the concentrate, vide su p ra , revealed the pres
ence of 78.6 parts spiro[norborn-2-en-anit-7,2'-oxacyclopropane] 
(4), 5.2 parts norbornen-7-one (1), 9.6 parts spiro[norbornan- 
7,2'-oxacyclopropane], and 6.6 parts norbornan-7-one (18). 
The approximate relative reactivity of the two ketones is shown 
in Chart I I .11

Registry No.—7, 16282-08-9; 9, 16282-09-0; 10, 
3212-13-3; 11, 3212-14-4; 15, 16282-10-3; 17, 16282-
11-4.
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(28) N o rb o rn en -7 -o n e  does n o t  d e c a rb o n y la te  u n d e r  th e se  g lpc  co n d itio n s .
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Rate constants (ks) for the solvolysis of l-(2- and 4-carbomethoxyphenyl )ethyl bromides in 80 vol. % aqueous 
dioxane have been determined. In this medium at ordinary temperatures the 2-carbomethoxy derivative hy
drolyzes more rapidly than its 4-carbomethoxy isomer. The k¡ values have been compared with those for reac
tions under comparable conditions of structurally related carbomethoxy and dicarbomethoxy derivatives of 
benzyl and 1-phenylethyl bromides, and the role of the o-C02CH3 group as an internal nucleophile in promoting 
solvolytic reactions of substituted benzyl halides and their «-methyl derivatives has been reevaluated. The 
contribution of this substituent as a participant in hydrolytic processes appears to increase with changes in struc
ture of the reacting halide in the order 0-CH3OOCC6H4CH2X <  o-CH3OOCC6H4CH(CH3)X <  0-CH3OOCC6H4C- 
(CHAîX. This series is discussed in terms of the orientation of the bonds to a  carbon relative to the ring plane 
in the activated complexes for hydrolysis of such compounds.

The fact that o-carbophenoxybenzhydryl bromide 
hydrolyzes considerably more rapidly than its para 
isomer has been ascribed to the capacity of the o-C02R 
group to participate as a nucleophile in the polar rupture 
of the carbon-bromine bond.1 The solvolysis rates of
o-carbomethoxybenzyl bromide and the o-carbome- 
thoxy derivative of phenyldimethylcarbinyl chloride 
(¿-cumyl chloride) are somewhat larger than those of 
their para isomers, but the differences in reactivity are 
not so great as those observed for the substituted benz- 
hydryl halides. It was, therefore, concluded that the 
ring substituent does not function very effectively as 
a participant in the reactions of the o-carbomethoxy 
derivatives of either the benzyl or cumyl halide.1’2 In 
the case of the reaction of the benzyl halide it is rea
soned that, for maximum stabilization of the activated 
complex, the bonds to carbon at the reaction center 
must lie in the plane of the aromatic nucleus. This 
provides for maximum overlap of the ring ir electrons 
with the vacant, or partially vacant, p orbital which 
develops as halide ion departs. This is a conformation 
which is not favorable for the involvement of the ortho 
substituent. A similar explanation has been considered 
in discussing the ¿-cumyl chloride results, and alter
natively it has been suggested that an activated com
plex which is akin to a carbonium ion generated from a 
tertiary halide might not derive much additional stabi
lization through electron release by o-C02CH3 even if 
the geometric situation were favorable.3

The l-(2- and 4-carbomethoxyphenyl)ethyl bromides 
have now been prepared, and their solvolysis rates in 
80 vol. % aqueous dioxane have been investigated. The 
results of a comparative study of the hydrolysis rates 
of the l-(2,4- and 2,6-dicarbomethoxyphenyl)ethyl 
bromides have also become available recently.4 With 
this new information at hand it is appropriate to re
evaluate the contribution of the carbomethoxy group as 
a participant in polar reactions of o-carbomethoxybenzyl 
halides and their «-methyl derivatives.

(1) A . S ingh , L . J .  A nd rew s, a n d  R . M . K eefer, J .  A m er. Chem . Soc., 84, 
1179 (1962).

(2) J .  L . C o tte r , L . J .  A nd rew s, a n d  R . M . K eefer, J .  Org. C hem ., 28, 1917 
(1963).

(3) E . A. Je ffe ry , R . K . B an sa l, L . J .  A ndrew s, a n d  R . M . K eefer, ibid., 
29, 3365 (1964).

(4) M . J .  S tra u ss , L . J .  A ndrew s, a n d  R . M . K eefer, J .  A m er . Chem . Soc.,
in  p ress.

Results and Discussion
Table I is presented to review briefly the relative 

influences of nonparticipating ortho and para substit
uents on the solvolysis rates of benzyl halides and their 
a-methyl and a, «-dimethyl derivatives. The ortho- 
substituted compounds are less reactive than their para 
isomers, even in those cases in which the opposite order 
is predicted if only the inductive effects of the sub
stituents are taken into consideration [as, for example, 
for o- and p-C HjCeH-iC (CH3)2C1 ] ,5 The factor which 
is dominant in controlling the relative reactivities of 
the pairs of isomers must, therefore, be the steric 
hindrance provided by the ortho-ring substituents to 
stabilization of the activated complex through solvation 
and through delocalization of ring ir electrons.6-8

T able I
Solvolysis R ate Constant R atios [kB (o r th o )/k B (para)] 

for I someric M onosubstituted B enzyl, 1-Phenylethyl, 
or ¿-Cumyl H alides

T e m p , k B {ortho)/
C o m p o u n d s S o lv en t o O ?r* s (para) R ef

o- a n d  p -C IC e H iC m C l 50%  a q  a c e to n e 50 0 .5 2 a
o- a n d  p -C H îC sH Æ H îCI 50%  a q  a c e to n e 50 0 .4 8 a
o -a n d p -C H a C e H iC H fC H a )« 100%  e th an o l 3 4 .8 0 .4 1 b
o- a n d  p -C1C«H iC (C H j)2C1 9 0 %  a q  a c e to n e 25 0 .0 2 6 c
o- a n d  p -C H sC iH iC C C H .U C l 9 0 %  a q  a c e to n e 25 0 .1 4 d

a S. C. J. Olivier, Rec. Trav. C h im ., 49, 697 (1930). 6 See ref 6.
c H. C. Brown, Y. Okamoto, and G. Ham, A m e r. C hem . Soc., 
79, 1906 (1957). * See ref 5.

In Table II a summary is presented of rate runs which 
have been made in studying the hydrolysis of the l-(2- 
and 4-carbomethoxyphenyl) ethyl bromides, later des
ignated as compounds VII and VIII. In Table III a 
comparison is made of the solvolysis rate constants of 
these two compounds in 80 vol. % aqueous dioxane at 
70.7° relative to those of 1-phenylethyl bromide and two 
of its dicarbomethoxy derivatives and with those of 
benzyl bromide and certain of its mono- and dicarbo
methoxy derivatives.

Although no other substituent (e.g., CH3 or Cl) can

(5) H . C . B row n, J . D . B ra d y , M . G ray so n , a n d  W . H . B onner, ib id ., 79 , 
1897 (1957).

(6) J . C . C h a r l to n  a n d  E . D . H ughes , J .  Chem. Soc., 850 (1956)’.
(7) G . B ad d e ley , J .  C had w ick , a n d  H . T . T a y lo r , ib id ., 2405 (1954).
(8) S. W in ste in  a n d  B . K . M orse , J .  A m er . Chem . Soc., 74, 1133 (1952).
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T a b l e  II
R a t e  C o n s t a n t s  f o r  H y d r o l y s i s  o f  t h e  

l - ( 2 -  a n d  4 - C a r b o m e t h o x y p h e n y l )e t h y l  B r o m i d e s ,

n—v/COX’H,
CH3CH(Br)f ' y  i i n  80% A q u e o u s  D i o x a n e

Iso m er
R a n g e “ of 

[R B rJi, mol/1.
T e m p ,

°C
IfX'a,6
s e c -1

2 -C 0 2C H 3 0 .0 3 9 -0 .0 7 5 7 0 .7 1 2 . 2  ±  1 . 0
4 -C 0 2C H 3 0 .0 2 6 -0 .0 4 1 7 0 .7 1 .59  ±  0 .0 5
2 -C 0 2C H 3 0 .0 5 4 -0 .1 2 3 4 5 .4 0 .8 7  ±  0 .0 2
4 -C 0 2C H 3 0 .0 2 6 -0 .0 6 0 4 5 .4 0 .1 2 3  ±  0 .01
Three runs at differing initial reactant concentration were

made with each isomer at the two temperatures. b Activation 
parameters have been calculated using the rate constants re
ported at the two temperatures. For the 2 -C 0 2C H 3 derivative 
values of = 22.0 ±  0.2 kcal and A S* = - 1 3 .1  ±  0.6 eu have 
been obtained and for the 4 -C 0 2C H 3 derivative, E„ = 21.3 ±  0.2 
kcal and A<S + = —18.9 ±  0.6 eu.

serve as a totally adequate model for the carbomethoxy 
group, it is concluded on the basis of the results sum
marized in Table I that, if o-C02CH3 were nonpartici
pating in reactions of the type under consideration, p- 
carbomethoxy-substituted benzyl and related halides 
should be more reactive than their ortho isomers. Ac
tually the reverse is true, as is revealed in various ways 
in Table III.

The introduction of a carbomethoxy substituent para 
to the reaction center of benzyl bromide and also of 1- 
phenylethyl bromide results in diminished reactivity, 
much more so in the latter case than in the former (c/. 
compounds I and III and VI and VIII). Even if there 
were no accompanying steric effects, it might normally 
be anticipated that the rate repression produced by p- 
C02CH3, which is electronic in nature, would be more 
strongly manifested if the substituents were moved from 
para to ortho positions; yet the rate constant for 1- 
(2-carbomethoxyphenyl)ethyl bromide (VII), though 
substantially less than that of the parent bromide (VI), 
is almost eight times that of its para isomer (VIII), and
o-carbomethoxybenzyl bromide (II) hydrolyzes almost 
four times as readily as its para isomer (III) and is even 
somewhat more reactive than benzyl bromide itself.

The rate-lowering effect of p-C02CH3 can also be ob
served by comparing the relative rate constants of the
o-carbomethoxy-substituted benzyl and 1-phenylethyl 
bromides with those of the corresponding 2,4-dicarbo- 
methoxy-substituted bromides. On this basis V is 
only about one-third as reactive as II, and X about 
one-fourth as reactive as VII. On the other hand, a 
slightly enhanced reactivity results when 0-CO2CH3 is 
introduced as a second substituent in a bromide which 
is already substituted with p-C02CH3 (c/. I l l  and V 
and also VIII and X).

In the case of the hydrolysis of l-(2,6-dicarbome- 
thoxyphenyl)ethyl bromide (IX) the conditions for 
forced participation of the two C02CH3 groups which 
flank the reaction center are ideal.4 In the activated 
complex the bonds to the carbon at the reaction center 
must lie in or near a plane perpendicular to the ring be
cause of the severe steric barrier to the attainment of 
other conformational arrangements which is created by 
the ortho substituents. This places the p orbital at the 
a carbon in a highly favorable position to accept elec
trons from either o-C02CH3 group. Compound IX has 
a fcs value over four times that for its 2,4 isomer (X),

while the solvolysis rate constants ratios for the chlo
rine analogs of IX and X (in which C02CH3 groups are 
replaced by Cl) is about 0.06;4 that is, the reactivity 
ratio of IX to X is about 70 times as large as would be 
predicted on the basis of the behavior of the dichloro- 
phenylethyl bromides. The fact that the 2,4- and 2,6- 
dicarbomethoxybenzyl bromides (IV and V) are com
parable in reactivity is considered to indicate that 
there is little, if any, steric opposition to a coplanar 
orientation of the ring and the bonds to trigonal carbon 
in the activated complex for hydrolysis of IV. This 
conclusion can be confirmed by the use of molecular 
models.

It now seems safe to state without qualification that 
the hydrolysis of o-carbomethoxybenzyl bromide (II) 
as well as of l-(2-carbomethoxyphenyl) ethyl bromide
(VII) is subject to rate enhancement to some degree 
through release of electrons in the activation process 
from C02CH3 to the carbon undergoing positive polar
ization. This statement should be generally applicable 
to any of the compounds in Table III which have 0- 
carbomethoxy substituents.

The influence of the carbomethoxy group as a partici
pant in the reactions of II and VII is considered to be 
much less than in the reaction of IX since the ortho/ 
para isomer rate constant ratios for benzyl and phenyl- 
ethyl bromides which bear nonparticipating sub
stituents are much larger than the corresponding ratios 
of the chlorine substituted analogs of IX and X (see 
Table I). The ks ratio for the 0- and p-carbomethoxy 
derivatives of hcumyl chloride2 is of the order of 2.5:1 
in 70% aqueous acetone at 25°. By taking this figure 
and the appropriate data from Tables I and II into 
consideration, it has been concluded that the influence 
of o-carbomethoxy as a participant on substrate reac
tivity in solvolytic processes becomes increasingly more 
important in the order

It seems reasonably safe to say that the hydrolysis of 
the ¿-cumyl halide derivative is at least as strongly in
fluenced by the o-C02CH3 group (functioning as a 
neighboring nucleophile) as is the reaction of the 1- 
phenylethyl halide. A more quantitative comparison 
is not justified because of the difficulties in choosing 
fcs (ortho)/ks {para) ratios (Table II) which would cor
rectly reflect the relative reactivities of the pairs of 
isomers if orl/io-substituent participation did not occur 
and because of differences in reaction conditions em
ployed in studying A, B, and C (e.g., solvent, tempera
ture, and the identity of X).

The above series runs parallel to the relative stability 
series for the benzyl, 1-phenylethyl, and ¿-cumyl cat
ions. Since these cations are respectively primary, 
secondary, and tertiary, it seems likely that the im
portance of bonding interactions between the ring and 
the reacton center in providing for stabilization of the 
activated complexes for hydrolysis of the halides in 
question should diminish in that same order; that is, the 
energy sacrificed in moving the bonds to trigonal carbon 
out of the ring plane of the activated complexes should



2196 S t r a u s s , H o r m a n , A n d r e w s , a n d  K e e f e r The Journal of Organic Chemistry

N o i

I

II

III

IV

V

T a b l e  III
R e l a t i v e  S o l v o l y s i s  R a t e  C o n s t a n t s  o f  C a r b o m e t h o x y  a n d  D i c a r b o m e t h o x y  D e r i v a t i v e s  o f  B e n z y l  

a n d  1 - P h e n y l e t i i y l  B r o m i d e s  [80 V o l . %  A q u e o u s  D i o x a n e , 70.7°]“

Compound
CH2BrI

Rel
reactivity

k 8 (ortho) /  
k 8 (p a ra )

O 1.00

CH2Br
X ^ co2ch3

CH3Br

1 .4
3 .5

Ó 0.40

1
co2ch3

Rel k 8 (o r th o ) /

No. Compound
CH3CHBr

reactivity k 8 (p a ra

VI 6
CHjCHBr

J v_ X 0 2CH3

64.5

VII u 6.9
7.8

VIII

CĤ JHBr

co2ch3

0.89

0.30

0.55

co2c h 3

7.9

4.4*

1.8

° The fcs values for compounds I, II, and I II  were calculated from data presented by A. Singh, L. J. Andrews, and R. M. Keefer, 
J .  A m er. Chem. Soc., 84, 1179 (1962); the values for compounds IV, V, IX, and X are from M. J. Strauss, L. J. Andrews, and R. M. Keefer, 
i b i d . ,  in press; and that for VI was calculated from data of A. H. Painberg and S. Winstein, i b i d . ,  79, 1602 (1957). 6 The ratio of k , 
values for the 2,6- and 2,4-disnbstituted compounds.

drop off in this order, and this should be increasingly 
favorable for the effective release of electrons from the 
carbomethoxy group to the vacant p orbital of the a 
carbon. In the case of the o-carbomethoxy-substituted 
Acumyl cation there is no doubt significant steric 
opposition to the attainment of a coplanar orientation 
of the ring and the bonds to trigonal carbon.

It is conceivable that, in the reactions of the o-car- 
bomethoxy derivatives of the benzyl as well as of the
l-phenylethyl and Acumyl halides, the activated com
plexes might assume conformations which provide for 
maximum orí/ío-substituent participation. Under these 
circumstances the thermodynamic disadvantages of a 
complete sacrifice of bonding interactions of the reac
tion center and the ring presumably would be fully 
offset through involvement of C02CH3. Particularly 
for the benzyl halide reaction, in which the rate en
hancement associated with participation by o-C02CH3 
is rather subtle, it is considered improbable that the 
activated complex actually is so structured. Rather 
it is considered likely that the plane of the trigonal 
carbon lies in a position somewhere between the ring 
plane and its perpendicular bisector. Presumably as 
ring-electron delocalization makes a diminishingly im
portant contribution in providing for stabilization of 
the activated complex (as the reacting halide changes 
from primary to secondary to tertiary), the plane of the 
trigonal carbon shifts progressively toward a position 
most favorable for involvement of the ortho nucleophile. 
The unusual effectiveness of o-COOCeHr, in promoting 
the hydrolysis of o-carbophenoxybenzhydryl bromide is 
thought to result because the geometry of the activated 
complex is favorable for acceptance by the trigonal 
carbon of electrons both from the unsubstituted ring 
and from the substituent on the other ring.

Since the process of substituent participation has 
some of the characteristics of an Sn2 reaction, hydrol

ysis of the tertiary halide (C in the series A-B-C) con
ceivably might have been found to be less susceptible 
to the influence of the ortho nucleophile than the hydrol
ysis of the secondary halide (B). Though this does 
not seem to be the case, it will be recalled in this con
nection that the o-carbophenoxy group is apparently a 
much less effective participant in the hydrolysis of a 
substituted 1,1-diphenylethyI halide than of a sub
stituted benzhydryl halide.3

From the thermodynamic standpoint the solvolysis 
rate constant for l-(2-carbomethoxyphenyl) ethyl bro
mide (VII) is higher than that for l-(4-carbomethoxy- 
phenyl) ethyl bromide (VIII) because the activation 
entropy for reaction of VII is much less negative than 
that for V III; the activation energy for VII is actually 
slightly greater than that for VIII (see Table II). In 
this instance the entropy loss associated with partici
pation appears to be substantially less than that con
nected with the incorporation of solvent in the activated 
complex when the carbomethoxy group is para to the 
reaction center. The fact that o-carbomethoxybenzyl 
bromide hydrolyzes faster than its para isomer at 
normal temperatures is similarly explained.1 In the 
case of the carbomethoxy derivatives of Acumyl chlo
ride, however, the ortho isomer has the lower activation 
energy (by about 3 kcal) and more negative entropy of 
activation (by about 9 eu); these figures apply to reac
tion in 70% aqueous acetone.2,9 This reversal is 
explained on the grounds that the activated complex 
for solvolysis of the para-substituted Acumyl halide is 
less extensively solvated than that for the corresponding

(9) A c tiv a tio n  en tro p ie s  in  so lvo ly tie  processes a re  f r e q u e n tly  co n s id e rab ly  
less n e g a tiv e  fo r re a c tio n s  w hich  occu r w ith  th a n  fo r th o se  w h ich  ta k e  p la ce  
w ith o u t n e ig h b o rin g  g ro u p  p a r t ic ip a tio n . S u ch  d iffe rences in  a c t iv a t io n  
energies h a v e  been  used  in  a  d iag n o stic  sense, a s  fo r ex am p le  in  es ta b lish in g  
w hich  a ry l g ro u p s  p ro v id e  an c h im eric  as s is tan c e  in  th e  so lvo lysis  of 2 -a ry l 
b en zen esu lfo n a tes ; cf. S. W in ste in  a n d  R , H eck , J .  A m er. Chem . Soc ., 78 , 
4803 (1956).



a-phenylethyl halide. The differences in activation 
parameters for the reactions of the ortho- and para-sub- 
stituted i-cumyl chlorides are, in fact, directionally like 
those predicted if the contribution of solvent in pro
viding for stabilization of the activated complex is 
ignored.

Experimental Section
l-(4-Carbomethoxyphenyl)ethyl Bromide.—A sample of 4- 

iodo-l-ethylbenzene was prepared by treatment of the diazonium 
salt of p-ethylaniline (K & K Laboratories) with potassium 
iodide.10 The Grignard reagent prepared from the iodo com
pound was carbonated to obtain a crude sample of p-ethylbenzoic 
acid, mp 106-109° (lit.11 mp 112°). This was converted into its 
acid chloride by heating with thionyl chloride, and the aroyl 
halide was esterified with methanol to obtain methyl p-ethyl- 
benzoate, bp 80-82° (2 mm) [lit.11 bp 121-123° (20 mm)]. A 
mixture of 6.5 g of the ester, 7.2 g of N-bromosuccinimide, and 
0.1 g of benzoyl peroxide in 120 ml of carbon tetrachloride was 
irradiated with ultraviolet light and heated at reflux for 0.5 hr. 
After removal of the succinimide and the solvent, l-(4-carbo- 
methoxyphenyl)ethyl bromide was obtained as a pale yellow oil. 
This was crystallized from ligroin to provide 7.0 g (66% yield) of 
colorless needles, mp 29° [lit.11 bp 135-138° (1 mm)]; no melting 
point has been reported previously.

A n a l. Calcd for CioHnBr02: C, 49.41; H, 4.56; Br, 32.87. 
Found: C, 49.38; H, 4.58; Br, 32.90.

The nmr spectrum of this material in carbon tetrachloride 
shows a doublet at r  8.02 (side chain CH3), a singlet at 6.70 
(-COOCH3), a quartet centered at 4.92 (benzylic H), and two 
doublets at 2.61 and 2.08 (the aromatic A2B2 system).

l-(2-Carbomethoxyphenyl)ethyl Bromide.—The same general 
procedures which were applied in the synthetic sequence described 
above were used to convert o-ethylaniline (Eastman Organic 
Chemicals) to l-ethyl-2-iodobenzene12 and the iodo compound to 
o-ethylbenzoic acid, mp 62-64° (lit.13 mp 65-65.5°). The acid 
was converted by way of the acid chloride to its methyl ester,14 
bp 75° (1 mm). A mixture of 10 g of the methyl o-ethylben- 
zoate, 11.1 g of N-bromosuccinimide, and 0.1 g of benzoyl per
oxide in 200 ml of carbon tetrachloride was heated at reflux and 
irradiated with ultraviolet light for 20 min. After removal of suc
cinimide and the solvent, various unsuccessful attempts were 
made to induce crystallization of the oily product. I t  was finally 
dissolved in ligroin, and the solution was treated with decolorizing 
carbon. The ligroin was then removed under reduced pressure, 
leaving 11 g (74% yield) of pale yellow l-(2-carbomethoxy- 
phenyl)ethyl bromide.

A n a l. Calcd for Ci0HnBrO2: C, 49.41; H, 4.56; Br, 32.87. 
Found: C, 48.86; H, 3.81; Br, 33.02.

Distillation of this material was not attempted since the struc
turally similar compounds, e .g ., o-carbomethoxybenzyl bromide, 
decompose to give phthalide under such conditions.1

Although the product was not analytically pure its nmr spec
trum in carbon tetrachloride showed only peaks characteristic 
of l-(2-carbomethoxyphenyl)ethyl bromide; these included a 
doublet at t  8.34 (side-chain CH3), a singlet at 6.50 (-COOCH3), 
a quartet centered at 3.80 (benzylic II), and a multiplet a t 2.3-
3.3 (aromatic H).

Kinetic Experiments.—The method of purification of the di- 
oxane used in the rate studies has been described previously.1

(10) C . W illg e ro d t a n d  W . B erg d o lt, A n n . C him ., 327, 287 (1903).
(11) E . D . B erg m an  a n d  J .  B lum , J .  Org. Chern., 24, 549 (1959).
(12) F . W ey g an d , H . W eber, E . M a k aw a , a n d  G. E b e rh a rd , Chem. Ber., 

89, 1994 (1956).
(13) C. R . H a u se r  a n d  A. J . W einheim er, J .  A m er. Chem. Soc., 76, 1264 

(1954).
(14) N . B . C h ap m an , J . S h o rte r , a n d  J .  H . P . U tley , J .  Chem. Soc., 1291

(1963).
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In all runs 80 vol. % aqueous dioxane prepared by mixing 20 vol. 
of water and 80 vol. of purified dioxane at room temperature was 
used as the solvent. The changes in hydrogen bromide content 
of the rate mixtures which took place during hydrolysis of the 
organic bromides were determined by observing the accompany
ing downfield shifts of the hydroxylic proton nmr peak of the 
reaction medium. The use of this method in studying the 
kinetics of hydrolysis of organic halides has been described in 
detail previously.4 The rate constants, k „  which are reported 
are defined by the equation, k B = 2.303/< (log [RBr]¡/[RBr] ,), 
in which the subscripts i and t relate to initial time and time t.

Products of Hydrolysis of the Isomeric I-(Carbomethoxy- 
phenyl)ethyl Bromides.—A small sample of each of the two 
bromides was hydrolyzed in aqueous dioxane at 70.7° under con
ditions comparable to those of the rate runs. The reaction was 
allowed to proceed for a t least 8 half-lives. The solvent was then 
removed under vacuum at room temperature. The residue was 
extracted with ether, and the dried extract was concentrated to 
dryness to obtain the reaction product. The material isolated 
from the reaction of l-(2-carbomethoxyphenyl)ethyl bromide 
was l-oxo-3-methylphthalan.15 Because only a small quantity 
of the liquid product was obtained distillation was not attempted. 
Its elemental analysis and spectral properties were sufficient to 
identify it.

A n a l.  Calcd for C9H80 2: C, 72.96; H, 5.44. Found: C, 
73.04; H, 5.33.

The nmr spectrum of the neat liquid showed a doublet at r  8.78 
(side-chain CH3), a quartet a t 4.78 (benzylic H), and a complex 
multiplet at 2.7 (aromatic H). The infrared spectrum of the 
liquid showed a strong carbonyl stretch at 1765 cm-1.

Phthalide has been isolated from the products of hydrolysis of 
o-carboxybenzyl bromide,1 and phthalan derivatives have been 
obtained from the 2,4- and 2,6-dicarbomethoxybenzyl bromides 
and the l-(2,4- and 2,6-dicarbomethoxyphenyl)ethyl bromides.4 
I t  is not certain whether these are produced directly from the 
hydrolysis of the bromides or whether they are generated from 
substituted benzyl alcohols or 1-phenylethanol derivatives which 
possibly may form as reaction intermediates. This m atter has 
not been further investigated since satisfactory procedures for 
preparing samples of o-carbomethoxybenzyl alcohol and struc
turally related alcohols have not been discovered.

No pure product could be isolated from the hydrolysis of. l-(4- 
carbomethoxyphenyl)ethyl bromide. The material recovered 
was presumably a mixture of l-(4-carbomethoxyphenyl)ethanol 
and l-(4-carboxyphenyl)ethanol. The nmr spectrum of the 
mixture (in CCR) showed a doublet at t  8.65 (side-chain CH3), a 
singlet at 6.23 (-C 02CH3), a quartet at 5.2 (benzylic H), and two 
doublets at 2.7 and 2.2 (the A2B2 aromatic system). The 
infrared spectrum of the crude product showed absorption at 
3600 cm-1 (OH stretch) and a broad carbonyl band at 1700-1725 
cm-1.

Registry No.—I, 100-39-0; II, 2417-73-4; III, 
2417-72-3; IV, 16281-93-9; V, 16281-94-0; VI, 
585-71-7; VII, 16281-95-1; VIII, 16281-97-3; IX, 
16281-98-4; X, 16281-99-5.
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On pyrolysis a t 485° cyclopropyl acetate, 1-methylcyclopropyl acetate, and 1,2,2-trimethylcyclopropyl acetate 
undergo a smooth rearrangement to allylacetates or their pyrolysis products. 1- and 2-arylcyclopropyl ace
tates, by contrast, give rise to numerous products including methylphenylacetylene, propiophenone, and indene 
derivatives. The products of both groups of compounds are suggested to arise by cyclopropane-bond homolysis.

In line with our earlier interest in the pyrolysis of 
cyclic esters,1 we have subjected a variety of cyclo
propyl esters2 to the normal conditions for these elimi
nation reactions. These studies have uncovered a 
new cyclopropyl rearrangement and shed some light 
on the mechanism of the pyrolyses of cyclopropane 
compounds in general.

We first examined the pyrolysis of the easily obtained3
1,2,2-trimethylcyclopropyl acetate. During pyrolysis 
by dropping through a helices-packed tube at 465° 4 
1 molar equiv of acetic acid was smoothly eliminated, 
and the cyclopropyl acetate was quantitatively con
verted into 2,3-dimethylbutadiene (eq 1). Various

S c h e m e  I
,CH

CHT^CHa ÇH, CH=

v 1
1

ch3 c h3

H H ÇH.

— ►
H ( o
V

1

c h2c h

oc=o

c h3
CH3

0
II

h 3c  o c c h3H
h 3c c h3

1

465°
0

+  ch3coh (1)

mechanisms can be'written to account for this trans
formation, but many can be ruled out by our subse
quent observation that cyclopropyl and 1-methylcyclo
propyl acetate were converted into allyl and 2-methyl- 
allyl acetate, respectively, under essentially the same 
conditions (eq 2 and 3). Obviously a similar rear-

0
II

0 —c — ch3

c h3

0
CH2=CHCH2OCCH3

4

ÇH3 0
CH2=CCH2OCCH3

6
5

(2)

(3)

rangement of the trimethyl acetate would lead to the 
formation of an allyl acetate which would undergo pyro
lytic elimination under the reaction conditions.

Our initial inclination was to consider this to be a 
cyclopropyl analog of the well-known Cope rearrange
ment of allyl esters6 in which a new C -0 bond is formed, 
the ring opens and the old C-0 bond is broken simul
taneously (Scheme I). While such a highly concerted

(1) C . H . D e P u y , R . W . K in g , a n d  D . H . F ro em sd o rf, Tetrahedron , 7 , 123 
(1959).

(2) C . H . D e P u y , G . M . D ap p en , a n d  R . A. K le in , J .  Org. C hem ., 27 , 3742 
(1962).

(3) J . P . F re e m a n , ib id ., 29, 1379 (1964).
(4) C . H . D e P u y  a n d  R . W . K ing , Chem. Rev., 60, 431 (1960).
(5) W . J .  B a iley  a n d  R . B arc lay , J r . ,  J .  Org. C hem ., 21 , 328 (1956).

reaction might appear attractive, subsequent work has 
made it unlikely.

Whereas the alkyl-substituted cyclopropyl acetates 
lead cleanly to a single product upon pyrolysis, aryl 
cyclopropyl acetates give rise to complex mixtures of 
products. In the case of 1-phenylcyclopropyl acetate 
we have attempted a reasonably complete analysis of 
the compounds formed (Scheme II). The percentages 
given for the products of this pyrolysis are based on 
complete conversion of the starting acetate.

C6H5

0 = C x 0

I
c h3

485°

S c h e m e  II

HjCC-CCeHj +  H3CCH2CC6H5 +
8,25% 0

9,15%
0

7 C eH j A  11
I I H 0 - C - C H 3

H2C=CCH2OCCH3 +  / C = C '  +
10,24% CH3 C6H5

11,17%

V  v
W  n CH2OCCH3 

12,5%

O 0 
Il II

+  c6h 5c ch cc h3

c h3
13, 5%

The drastic change in products obtained with phenyl 
substitution is understandable if the pyrolysis is as
sumed to proceed by homolytic bond cleavage to a 1,3- 
trimethylene diradicai. Such a cleavage is expected to 
occur at these temperatures, since they are in the region 
where 1,2-dideuteriocyclopropane undergoes cis-trans 
isomerization.6 The diradicai could be trapped by the 
carbonyl group of the acetate, leading eventually to re
arrangement.

(6) B . S. R a b in o w itc h , E . B . S ch lag , a n d  K . B . W iberg , J .  Chem . P h y s ., 28 ,
504 (1958).
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CH— CH
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—*  H2C—CH

0 - /
< V / °

Nçr
o = c 1

ch3 1
CH, CH3

CH,
CH,CH
Q
\ 'C-0

I
ch3

In the case of 1-phenylcyclopropyl acetate pyrolysis, 
1,2 cleavage is vastly superior to the 2,3 cleavage needed 
for this type of rearrangement. As a consequence, a 
whole new set of products arise and the 2-phenylallyl 
acetate is only one of a number of products formed 
(Scheme III). The origin of the methylphenylacety- 
lene is still obscure, and additional experiments are 
needed to determine its mode of formation. Elimina
tion to phenylcyclopropene and rearrangement of this 
intermediate is one possibility.

Ç6H5

S c h e m e  I I I

H ■----------► H2C ^ C C 6H5

o - c ^ °
h 3C s .c ^ o

H1
C H ,

O

.CH2 HaCCH-CCsHs
CH> Y - , »

11 I
+ °  c“°

ch2= c=o cH31
Further evidence for the intermediacy of diradicals 

is found in the products from the pyrolysis of 1-methyl- 
2-phenylcyclopropyl acetate. In this case the major 
products at 450° are the isomeric methylindenes, pre
sumably formed by cyclization of the diradicai into the 
ortho position of the benzene ring.

Taken together, the data are best accommodated by 
the view that a 1,3 diradical is formed reversibly, and 
that subsequent reactions determine the particular 
product ratios formed. This is consistent with an ear
lier observation that 1,2-diphenylcyclopropyl acetates 
undergo cis-trans isomerization faster than any other 
reaction.7 We cannot rule out completely a competing

concerted rearrangement, but, since the results do not 
demand such a process, and molecular models do not 
reveal that it would be particularly favorable, we see 
no compelling need to invoke it.

Experimental Section
All melting points and boiling points are uncorrected. Analyti

cal vapor phase chromatography (vpc) separations were per
formed on a Model 500 instrument of F & M Scientific Co., and 
preparative separations were done with an Aerograph Model 
A90P instrument. The liquid phases employed were Ucon 
LB550X, LAC 446, or /3,/J'-oxydipropionitrile (ODPN) as 
indicated for the individual separations.

Cyclopropyl acetate (3) was prepared from peroxytrifluoro- 
acetic acid and methyl cyclopropyl ketone by the method of 
Emmons and Lucas.8

1-Phenylcyclopropyl acetate (7) was prepared v ia  a modifica
tion of the procedure of Smith and Bryant.9 To a mixture of 
8.5 g (63 mmol) of 1-phenylcyclopropanol (prepared as described 
previously2), 25 ml of pyridine, and 150 ml of benzene cooled with 
an ice-salt bath was slowly added 15.4 g of freshly distilled acetyl 
chloride. The reaction mixture was then allowed to warm to 
room temperature and stand for 40 hr. Water (100 ml) was then 
cautiously added and the aqueous layer was separated and ex
tracted with two 50-ml portions of ether. The combined organic 
extracts were washed several times with dilute sulfuric acid, 
followed by successive washings with saturated sodium bicarbon
ate and water, and finally dried over MgSOj. Solvents were 
removed under reduced pressure; the product (8.7 g, 78%) was 
distilled through a short Vigreux column, bp 45-48° (0.12 mm).

1- Methylcyclopropyl Acetate (5).—The 1-methylcyclopropanol, 
prepared as described previously,10 was acetylated in the manner 
described for 7. The product was purified by distillation, bp 
111-113° (lit.10 bp 112.5-113°).

1,2,2-Trimethylcyclopropyl acetate (1) was prepared by the 
method of Freeman.3

¿rans-2-Phenylcyclopropyl acetate was synthesized as described 
previously.10

irans-Cinnamyl Acetate (12).—Acetylation9 of ¿raras-cinnamyl 
alcohol gave 91% of the desired acetate, bp 74-75° (0.15 mm) 
[lit.11 bp 139-140° (10 mm)].

2- Phenylprop-2-enyl acetate (10) was prepared by selenium 
dioxide oxidation of 2-phenylpropene in acetic acid solution.12

1-Acetoxy-l-phenylpropene (11) was prepared from propio- 
phenone as described previously;13 the product was distilled 
a t 86-90° (0.8 mm) [lit.13 bp 133-136° (17 mm)].

l-Phenyl-2-methyl-l,3-butanedione (13).—Treatment of 1- 
phenyl-l,3-butanedione with sodium methoxide and methyl io
dide as described previously14 afforded the crude product which 
distilled a t 71-73° (0.08 mm) [lit.14 bp 150-152° (20 mm)].

Pyrolysis of Cyclopropyl Acetate (3).—The pyrolysis apparatus 
has been described previously.1 The acetate (0.4 ml) was added 
dropwise from a syringe to the vertically mounted apparatus 
maintained a t 480°. The pyrolysate was collected in a Dry 
Ice-acetone cooled trap and then passed through the apparatus 
a second time. Analysis of the second pyrolysate by vpc in
dicated that it contained 55% unreacted 3, 44% a second 
compound, and less than 1% volatile materials (acetic acid was 
not present). The 44% component was isolated by preparative 
vpc and identified as allyl acetate by comparison with an au
thentic sample.

Pyrolysis of 1-Methylcyclopropyl Acetate (5).—A 1.0-ml 
sample of the acetate was pyrolyzed in the manner described for 
3. The pyrolysate contained 48% unreacted starting material, 
ca. 52% of a single product, and trace amounts of volatile ma
terials. The major component was separated by preparative 
vpc on a UCON column and identified as 2-methylallyl acetate 
by comparison with an authentic sample.

°  V

H5C6 CeHs H QHs

(7) C. H . D eP uy  and  L. B. Rodewald, T e tra h e d ro n  L e tt . , 2951 (1964).

(8) W . D . E m m o n s  a n d  G . B . L ucas, J .  A m er . Chem . Soc., 77 , 2287 
(1955).

(9) D . M . S m ith  a n d  W . M . D . B ry a n t , ib id ., 57, 61 (1935).
(10) C . H . D e P u y , G . M . D a p p e n , K . L . E ile rs , a n d  R . A . K le in , J .  Org. 

Chem ., *9 , 2813 (1964).
(11) M . B ou is, A n n . C h im . (P a r is ) , 9 , 402 (1928).
(12) L . F . H a tc h  a n d  T . L . P a t to n ,  J .  A m er. Chem . Soc., 76 , 2705 (1954).
(13) P . Z . B ed o u k ian , ib id ., 67, 1430 (1945).
(14) W . D iec k m an n , Chem . B er., 46 , 2685 (1912).
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Pyrolysis of 1 ,2 ,2 -T rim e th y lcy c lo p ro p y l Acetate (1 ).—T h e  

pyrolysis of 20.0 g of this acetate was accomplished a t 515° in 
the usual manner. Analysis of the pyrolysate by vpc indicated 
complete conversion of the ester; the mixture was washed with 
saturated sodium bicarbonate solution and dried over Na2SC>4. 
Distillation of the organic material afforded a hydrocarbon which 
was identified as 2,3-dimethyl-l,3-butadiene (2) by comparison 
with an authentic sample.

Pyrolysis of 1 at several different temperatures indicated little 
conversion into product a t 350°, about 50% conversion at 395°, 
and essentially complete reaction above 4 6 5 ° .

Pyrolysis of 1-Phenylcyclopropyl Acetate (7).—A 3.0-ml sample 
of this compound was pyrolyzed a t 485° as described for 3. 
Analysis of the pyrolysate by vpc on an LAC column indicated 
the presence of 11 compounds in addition to unreacted starting 
material. The c o m p o n e n t s  o f  t h e  mixture were separated by 
preparative vpc and six were identified by comparison with 
authentic samples in each case. These compounds and 
their relative percentages are as follows: 1-phenylpropyne (8),
12.4%; propiophenone (9), 7.6%; phenallyl acetate (10), 
11.4%; 1-acetoxy-l-phenylpropene (11), 8 . 7 % ;  t r a n s - c i n n a m y l  
acetate (12), c a .  2%; and l-phenyl-2-methyl-l,3-butanedione 
(13), c a .  2-4%. Unreacted 7 accounted for 52% of the pyroly
sate; the five unidentified components accounted for the re
maining c a .  6%.

Pyrolysis of t r a n s - 2 -Phenylcyclopropy 1 Acetate.—Reaction of a 
1.0-ml sample of this compound in the usual manner a t 465° 
produced a complex mixture as indicated by vpc analysis on a 
UCON column. The major product, comprising 50% of the 
mixture, was identified as t r a n s - cinnamyl acetate by comparison 
with an authentic sample. Unreacted starting material ac
counted for a further 18% of the mixture and the remaining 
32% contained a mixture of at least 13 additional compounds, 
none of which has been identified.

Pyrolysis of c i s - 2 - P henylcyclopropyl Acetate.—At 450°, 0.25 
ml of this compound was pyrolyzed as described previously. 
Analysis of the pyrolysate by vpc on a UCON column indicated 
a mixture as complex as that produced from the corresponding 
t r a n s  compound; the major component again was shown to be 
¿ r a n s - c i n n & m y l  a c e t a t e .

Pyrolysis of l-Methyl-ircms-2-phenylcyclopropyl Acetate (14).
—The acetate, 4.0 g, was pyrolyzed in the usual manner at 515°. 
The pyrolysate was diluted with pentane and extracted with 
saturated sodium bicarbonate. After drying over MgSOi and 
r e m o v a l  o f  pentane, the mixture was distilled a t reduced pres
sure. In addition to starting material and a number of lesser 
components which have not been identified, distillation provided 
0.8 g of a mixture of 2- and 3-methylindene (two-thirds and 
one-third, respectively, by analysis on an ODPN column). 
The latter compound was identified by comparison with a sample 
prepared by an independent route;15 the 2-methyl derivative was 
identified by comparison of its nmr spectral properties with those 
previously reported.16

Registry No.—I, 16526-20-8; 3, 4606-06-8; 5, 16526-
22-0; 7, 16031-49-5; 14, 16526-24-2; cfs-2-phenylcyclo- 
propyl acetate, 16526-25-3; b'ans-2-phenylcyclopropyl 
acetate, 16526-26-4.
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The photoaddition of diphenylacetylene to 1,4-naphthoquinone and the corresponding 2-methoxyl and aee- 
toxyl derivatives was investigated. In all cases, cyclobutene formation occurred to varying extents depending 
on the 2 substituent, thereby establishing this process as a useful synthetic method. In addition, the work pro
vides the first examples of simultaneous C, and C30  cycloaddition of alkynes to quinones and, in the case of 1,4- 
naphthoquinone, a particularly attractive system for studying the effects of reaction variables on the competing 
modes of addition.

Relative to the number of olefin and 1,3-diene photo
additions to p-quinones,1 few reports on alkyne addition 
have appeared. Of these, only methoxy-p-benzo- 
quinone undergoes Ci cycloaddition2 and affords 1- 
methoxybicyclo[4.2.0]octa-3,7-diene-2,5-diones of gen
eral structure I .3 Both p-benzoquinone4 and the tet- 
rachloro derivative5 photoadd diphenylacetylene to 
afford compounds II (X = H and Cl, respectively), 
presumably, by C30  cycloaddition2 via the unstable oxe- 
tenes III.4 In contrast to olefins,6 alkynes have not 
been observed to undergo concurrent C4 and C30  
cycloaddition to quinones, a potentially attractive situ
ation for determining the effects of solvent, temperature,

(1) F o r  a  c u r re n t rev iew , see J .  M . B ruce , Q uart. Rev. (L o n d o n ), S I , 405 
(1967).

(2) T h e  te rm s  C i a n d  C *0  cy c lo ad d itio n s  a r e  ad o p te d  from  C . H . K rau ch , 
W . M e tz n e r , a n d  G . O. S chenck , Ber., 99 , 1723 (1966).

(3) S. P . P a p p a s  a n d  B . C . P a p p a s , Tetrahedron L ett., 1597 (1967).
(4) H . E . Z im m e rm a n  a n d  L . C ra ft, ib id ., 2131 (1964); D . B ry ce -S m ith , 

G . 1. F r a y ,  a n d  A. G ilb e rt, ib id ., 2137 (1964).
(5) J .  A . B a r l tro p  a n d  B . H esp , J .  Chem . Soc., Sect. C, 1625 (1967).
(6) F o r  exam p le , see C . H . K ra u c h  a n d  S. F a r id , Tetrahedron L ett., 4783

(1966).

and concentration changes on the competing modes of 
addition. The findings that tetrachloro-p-benzoqui- 
none undergoes different modes of addition with cyclo- 
octene7 and diphenylacetylene6 indicate clearly that 
ene and yne additions are not necessarily analogous and 
merit independent study. In addition, the varying 
extents to which energy transfer may occur between 
excited quinones and unsaturated compounds must be 
considered.

The photoaddition of alkynes to p-quinones has 
been of interest to us, primarily, as a synthetic route to 
the new class of compounds, represented by I, which are 
desirable for chemical studies and also as potential pre
cursors of the cyclobutadiene derivatives IV. Conse
quently, our short-range objective was to extend the 
scope of this process with particular emphasis on vary
ing the bridgehead substituents. For the long run, 
we hoped to uncover a system which provides both C4 
and C30  cycloaddition products for mechanistic studies.

(7) D . B ry ce -S m ith  a n d  A . G ilb e r t, Proc. Chem . Soc , (L o n d o n ), 87 (1964 );
Tetrahedron Lett., 3417 (1964).
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In attempting to fulfill these objectives, we decided to 
examine the course of photoaddition of alkynes in the 
naphthoquinone series for two major reasons. First, 
for chemical studies it was desirable to incorporate the 
reactive 3,4-carbon-carbon double bond of structure 
I into an aromatic system; and secondly, the prospect of 
achieving simultaneous C4 and C30  cycloaddition 
appeared more favorable in this series, since alkenes af
ford both oxetanes and cyclobutanes with 1,4-naphtho
quinone,6 and only oxetanes with p-benzoquinone.8

Herein we report the results of our studies on the 
photoreactions of diphenylacetylene with 1,4-naphtho
quinone as well as 2-methoxy- and 2-acetoxy-l,4- 
naphthoquinone.

Results
Photoreaction of diphenylacetylene (42.6 mmol) 

and 2-methoxy-l,4-naphthoquinone (11.7 mmol) was 
conducted in acetonitrile solution (200 ml) and moni
tored by infrared spectroscopy. The reaction was over 
in about 2.5 hr and resulted in the appearance of new 
carbonyl absorption at 5.92 u- There was no signifi
cant absorption in the 6-/i region, characteristic of the 
products of C30  cycloaddition.4 A single photoadduct 
was isolated in 60% yield, after chromatography and 
recrystallization from benzene-hexane, and assigned 
the structure Va on the basis of spectral evidence. 
Thus, in addition to a multiplet of aromatic hydrogen 
resonances (14 H’s), the nmr spectrum9 of the ad
duct consisted of singlets at r 5.50 (1 H) and 6.50

(3 H ’s), representing the methine and methoxyl hydro
gens, respectively. The carbonyl absorption and ultra
violet spectrum of the adduct, which appear in Table 
I, are consistent with this formulation.

This result, which parallels that of methoxy-p-benzo- 
quinone,3 indicates that the methoxyl group specifically 
directs C4 cycloaddition to the apparent exclusion of 
the C30  process. Since there is evidence that the 
latter mode of addition proceeds via the n,7r* state of 
p-benzoquinone,4'8 we investigated the course of photo
addition of diphenylacetylene to 2-methoxy-l,4-nap h- 
thoquinone with light of wavelengths longer than 400 
m/i,10 thereby severely limiting direct excitation to

(8) D . B ry ce -S m ith , A . G ilb e r t, a n d  M . G . Jo h n so n , J .  Chem. Soc., Sect. 
C, 383 (1967).

(9) T h e  n m r  sp e c tra  w ere  o b ta in e d  in  d eu te rio ch lo ro fo rm  so lu tio n  on  a
V arian  A-60 s p e c tro m e te r  w ith  T M S  as a n  in te rn a l reference .

T a b l e  I

A b s o r p t i o n  S p e c t r a  o f  t h e  A d d u c t s

A d d u c t i-C-O, lia Xmax, (log t ) b

Va 5.92 355 (3.37),' 288 (4.10),' 255 (4.25), 225 (4.55)
Vb 5.92 352 (3.36),' 290 (4.13), 257 (4.47), 228 (4.67)
Vc 5.73, 5.89 355 (3.47),'290 (4.11),'262 (4.28), 228 (4.62)
Via 6.03, 6.06 350 (4.16), 301 (4.21), 286 (4.23), 252 (4.28)
VIb 5.63, 6.00

6.04, 6.06 388 (4.29), 300 (4.19), 290 (4.27), 252 (4.51)
“ Obtained in chloroform solution on a Perkin-Elmer 257 spec

trophotometer. 6 Obtained in 95% ethanol solution on a Cary 14 
spectrophotometer. c Shoulder.

7r,7r* singlets.11 Under these conditions, photoaddition 
proceeded two to three times slower relative to reaction 
with unfiltered light,12 the formation of products derived 
from C30  cycloaddition could not be detected by in
frared or nmr spectra, and adduct Va was isolated 
in 76% yield.

In contrast diphenylacetylene underwent photoad
dition to 1,4-naphthoquinone, under similar conditions, 
by both C4 and C30  processes as evidenced by infrared 
spectra. The reaction was considerably slower, re
maining incomplete after 9 hr.

Chromatography provided two adducts which were 
purified by repeated recrystallizations from benzene- 
hexane mixtures and assigned the structures Vb and 
Via. The adducts were shown to be isomeric by 
elemental analysis. Ultraviolet spectra and relevant 
carbonyl absorption bands in the infrared, which appear 
in Table I, as well as nmr spectra are in complete ac
cord with the assignments. Thus, in addition to aro
matic hydrogen resonances (7 H ’s), Vb displayed a 
singlet at r 5.50 (1 H), assigned to the methine 
hydrogens, while Via exhibited four broad singlets in 
the vinyl region (1 H). Of added interest, nmr spec
tra of Via, taken at various stages of recrystallization, 
indicated the presence of two isomers. Thus, while 
once-recrystallized material, obtained from the chroma
tography, exhibited four peaks in the vinyl region of 
approximately equal weight, two further recrystalliza
tions resulted in substantial dimunition of the reso
nances at r 3.65 and 3.47 relative to those at 3.54 and 
3.37. Apparently, the two possible geometric isomers 
of Via are produced in approximately equal amounts, 
and splitting between the nonequivalent vinyl hydro
gens is not significant.

In anticipation of utilizing this system for mechanistic 
studies, nmr spectra were obtained on aliquots removed 
from the reaction at various time intervals. The spec
tra indicated that (1) the two modes of addition pro
ceed cleanly, and (2) chemical shifts of the nonaromatic 
hydrogens in starting quinone and each of the photo
adducts are sufficiently distinct for ready analysis 
by integration. Consequently, we have determined 
that the ratio of C4 to C30  cycloaddition products is 1 
to 4 under the indicated conditions,13 and are investigat
ing solvent effects in this system.

(10) See re f  8 fo r th e  p re p a ra tio n  of th is  f ilte r  so lu tio n .
(11) T h e  low est 7r,7r* a b s o rp tio n  b a n d  of 2 -m e th o x y -l,4 -n a p h th o q u in o n e  

ex h ib its  a  m a x im u m  a t  330 m/x (log e 3.44) in  ac e to n itr ile . N o  lo n g e r w ave
le n g th  m a x im a  o r sh o u ld e rs  a re  ob serv ed . A p p a re n tly , n,7r* a b s o rp tio n  is 
m ask ed  b y  th e  long w av e len g th  ta i l  of th e  7r,7r* b a n d .

(12) A p p ro x im a te  re la tiv e  ra te s  w ere  d e te rm in e d  b y  co m p ariso n  of in fra 
re d  s p e c tra  of a l iq u o ts  fro m  th e  re a c tio n s  w ith  th o s e  ex h ib ite d  b y  s ta n d a rd  
m ix tu re s  of s ta r t in g  q u in o n e  a n d  a d d u c t  V a.

(13) See E x p e rim e n ta l S ec tio n  fo r d e ta ils .
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The photoaddition of diphenylacetylene and 2-ace- 
toxy-1 ,4-naphthoquinone was investigated in order 
to assess the effect of the acetoxyl group on the course 
of addition, and with the hope of thereby producing 
the corresponding cyclobutene adduct for pyrolysis 
studies. This was found to be the least reactive system 
examined. After 31 hr, unreacted quinone and both 
C4 and C30  cycloaddition products were in evidence 
from infrared spectra. Work-up as before resulted in 
the isolation of two isomeric adducts in about equal 
amounts, which were confidently assigned the gross 
structures Yc and VIb. Carbonyl absorptions and 
characteristic ultraviolet spectra are shown in Table I. 
The nmr spectra are in complete accord with the assign
ments. Thus, Vc exhibits, in addition to aromatic 
hydrogen resonances (14 H’s), singlets at t 5.65 (1 H) 
and t 7.80 (3 H’s) attributable to the methine and 
acetoxyl hydrogens, respectively. Strikingly, for VIb, 
the nmr spectra of once-recrystallized material, obtained 
from the chromatography, consisted simply of a sin
gle sharp peak at r 7.67 (3 H’s) and a multi
plet in the aromatic region (15 H’s), which apparently 
includes the vinyl hydrogen. The supernatant ex
hibited the same spectrum with additional, weak reso
nances in the acetoxyl and aromatic regions. Since it is 
unlikely that the acetoxyl hydrogens of the two possible 
structural isomers of VIb would exhibit the same 
chemical shift, it appears that one of these isomers is a 
major product. In addition, since the two geometric 
isomers of adduct Via were clearly differentiated by 
nmr spectra, there is the intriguing possibility that the 
acetoxyl group directs not only the site of reaction, 
but also ring opening of the oxetene intermediate. At
tempts to fully characterize this adduct have, as yet, 
been unsuccessful.

Discussion
The results allow little doubt that a variety of 1,4- 

naphthoquinones will undergo C4 cycloaddition of al- 
kynes, thereby establishing a convenient synthetic route 
to the - corresponding tricyclo[6.4.0.03-6]dodeca-4,8-
10,12-tetraene-2,7-dione adducts.14

The substituent effects on the mode of cycloaddition 
are quite striking and worthy of comment. Of par
ticular interest would be a correlation of structure with 
reactivity, based on some measurable or predictable 
properties of the reactants. Although the data is 
limited, there is a definite trend in this series of diminish
ing C3O cycloaddition and increasing cyclobutene forma
tion which accompanies enhanced electron-releasing 
ability of the substituent. This pattern of reactivity 
appears to conform to the suggestion that C30  and C4 
cycloadditions may occur via n,7r* and triplet
states, respectively.6

Experimental Section15
Irradiation and Work-Up.—A “ Black Light” source (G. E. 

H100SP 38-4) was utilized and placed about 10 cm from the re-

(14) P re lim in a ry  re su lts  in d ic a te  t h a t  2 ,3 -d ich lo ro - 1 ,4 -n ap h th o q u in o n e  
u n d erg o es  C< c y c lo ad d itio n  of d ip h e n y lace ty le n e , as  w ell, th e re b y  ex ten d in g  
th is  g en e ra liz a tio n .

(15) A ce to n itr i le  w as d is tille d  from  p h o sp h o ru s  p e n to x id e  p r io r  to  use. 
D ip h e n y la c e ty le n e , p u rc h a se d  fro m  A ld rich  C hem ica ls , w as u sed  d ire c tly  
w ith o u t fu r th e r  p u rif ic a tio n . E le m e n ta l an a ly se s  w ere  ca rried  o u t  by S pang , 
A nn  Arbor, M ich .

action vessel (a Pyrex-jacketed beaker), which was fitted with 
a rubber stopper with two serum-capped openings for N2 entry 
and exhaust, and aliquot removal. Nitrogen was passed through 
the solutions, around which tap water or filter solution10 was 
circulated (recycled in the latter case), for 20 min prior to and 
during the irradiations, which were conducted at about 20°. The 
crude product from each reaction was absorbed on a minimum 
amount of Mallinckrodt SilicAr, which was applied to a SilicAr 
column, 2.5 X 10 cm, with hexane. Solvent mixtures employed 
consecutively were hexane, hexane-benzene, benzene, benzene- 
ether, and ether. In each case, diphenylacetylene, C4 cyclo
adduct, and C30  product were eluted in that order. Most of the 
fractions were crystalline or crystallized on trituration with 
ether. The fractions were distinguished and combined on the 
basis of infrared spectra, and the products were purified by 
recrystallizations from benzene-hexane mixtures. In each case, 
greater than 80% of the reacted quinone was accounted for by 
the indicated products. However, the reported yields, which 
represent the per cent of theory of each product isolated in 
analytically pure form based on reacted quinone, are considerably 
lower when more than one adduct is formed as a result of our 
emphasis on ease of purification rather than recovery. Carbonyl 
absorption bands and ultraviolet spectra of the adducts appear 
in Table I.

3-Methoxy-4,5-diphenyltricyclo [6.4.0.036]dodeca-4,8,10,12- 
tetraene-2,7-dione (Va).—Irradiation of an acetonitrile solution 
(200 ml) of diphenylacetylene (7.59 g, 0.213 M )  and 2-methoxy-
1,4-naphthoquinone16 (2.20 g, 0.0585 M )  for 2.5 hr, followed 
by the general work-up procedure, afforded a 60% yield of adduct 
Va: mp 128-129°; nmr spectrum, aromatic hydrogen multiplet 
and singlets at r  5.50 (methine H) and 6.50 (methoxyl H ’s).

A n a l.  Calcd for C2sH180 3 : C, 82.0; H, 5.0. Found: C, 
81.8; H, 4.8.

4,5-Diphenyltricyclo[6.4.0.03'6]dodeca-4,8,10,12-tetraene-2,7- 
dione (Vb), mp 180°, was isolated in 5% yield from the irradia
tion of diphenylacetylene (8.45 g, 0.380 M )  and 1,4-naphtho
quinone17 (1.50 g, 0.0760 M )  in acetonitrile (125 ml) for 9 hr. 
In this case several recrystallizations were required to separate 
the adduct from starting quinone. The nmr spectrum consisted 
of a multiplet of aromatic hydrogen resonances and a singlet 
at t  5.50 (methine H ’s).

A n a l.  Calcd for C24H160 2: C, 85.7; H, 4.8. Found: C, 
85.5; H, 5.0.

5-(o:-Benzoyl)benzylidenebicyclo [4.4.0] deca-3,6,8,10-tetraene-
2-one (Via).—The above irradiation provided this adduct, 
mp 165-172°, as a mixture of isomers in 25% yield. The varia
tion of nmr spectra with recrystallization indicated that each 
isomer exhibits two broad singlets in the vinyl region at t 3.65 
and 3.47 and at 3.54 and 3.37, respectively. No efforts were made 
to separate the isomers.

A n a l.  Calcd for C24H160 2: C, 85.7; H, 4.8. Found: C, 
85.8; H, 4.8.

3-Acetoxy-4,5-diphenyltricyclo [6.4.0.0.03 -6] dodeca-4,8,10,12- 
tetraene-2,7-dione (Vc).—Irradiation of diphenylacetylene (6.24 
g, 0.233 M )  and 2-acetoxy-l,4-naphthoquinone18 (2.0 g, 0.0653 
M )  in acetonitrile (150 ml) for 31 hr, followed by the general 
work-up procedure, provided this adduct in 20% yield: mp
209-211°; nmr spectrum, aromatic hydrogen multiplet and 
singlets at r  5.65 (methine H) and 7.80 (acetoxyl H ’s).

A n a l.  Calcd for C26H180 4: C, 79.2; H, 4.6. Found: C, 
79.2; H, 4.7.

5-(a-Benzoyl)benzylidene-3(or -4-)acetoxybicyclo [4.4.0]deca- 
3,6,8,10-tetraene-2-one (VIb), mp 225-256°, was isolated from 
the above irradiation in 20% yield, after two recrystallizations 
of chromatographed product. The nmr spectrum consisted of 
a single sharp peak at r  7.67 (acetoxyl H ’s) and a multiplet 
in the aromatic region which includes the vinyl hydrogen, as 
determined by integration.

(16) T h is  q u in o n e  w as c o n v e n ien tly  p re p a re d  fro m  2 -h y d ro x y - l,4 -n a p h 
th o q u in o n e , p u rc h a se d  from  A ld rich  C hem ica ls , b y  t r e a tm e n t  w ith  m e th a n o l 
a n d  su lfu ric  ac id  as  desc rib ed  fo r th e  p re p a ra tio n  of 4 -m e th o x y -2 ,5 -to lu - 
g u inone : R . B . W oo d w ard , F . S on d h e im er, D . T a u b , K . H eu s le r, a n d
W . M . M cL a m o re , J .  A m er. Chem . Soc., 74 , 4223 (1952). F o r  a n  a l te r 
n a t iv e  sy n th es is , see E . B e rn a te k  a n d  F . C h ris te n ssen , A c ta  Chem . S ca n d ., 
19, 2009 (1965).

(17) C o m m erc ia l m a te r ia l fro m  E a s tm a n  C h em ica ls  w as su b lim ed  p r io r  
to  use.

(18) J .  T h ie le  a n d  E . W in te r , A n n .,  311 , 341 (1900).
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A n a l.  Calcd for C26II180 4: C, 79.2; H, 4.6. Found: C, 
79.6; H, 4.4.

Registry N o—Va, 16526-86-6; Vb, 16526-87-7; Vc, 
16526-88-8; Via, 16526-89-9; diphenylacetylene, 501- 
65-5.
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Factors Governing the Reaction of the Benzyl G rignard Reagent.
III. T h e Form ation of o r t h o  and p a r a  Products in Reactions 

w ith  A lk yl Sulfates v i a  Triene Interm ediates
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Benzylmagnesium chloride was treated with dimethyl, diethyl, and di-ra-propyl sulfate as well as n-propyl 
tosylate under standardized conditions. In  all cases the principal product was an alkylbenzene accompanied by 
smaller amounts of both ortho- and para-substituted toluenes. Under identical conditions the same Grignard 
reagent reacts with methyl iodide to form only ethylbenzene, but a t a much slower rate. Likewise, benzyllithium 
forms only n-butylbenzene with di-n-propyl sulfate in a tetrahydrofuran solvent. When benzylmagnesium chlo
ride is treated with diethyl sulfate and the reaction mixture hydrolyzed with deuterium chloride in deuterium 
oxide, the o- and p-ethyltoluenes produced contain a large percentage fof molecules with one deuterium 
atom incorporated in the methyl group attached to the ring. This is rationalized in terms of triene intermediates 
which are aromatized during hydrolysis. Attention is directed to the fact that para-substituted products are 
formed in displacement reactions of the benzyl Grignard but usually not in carbonyl additions. Contrary to 
earlier literature reports, no p a ra  products were found when benzylmagnesium chloride reacts with either ethyl 
chlorocarbonate or ethyl formate.

It was recently disclosed1 that, in displacement reac
tions between the benzyl Grignard reagent and chloro- 
methyl methyl ether, triene intermediates like I, and 
probably II, exist in the reaction mixture prior to hy-

i n

drolysis. Such intermediates are protonated by strong 
acids during hydrolysis to form, in this instance, el
and p-methylbenzyl methyl ether.

It seemed reasonable that intermediates like I and 
II should be formed in other displacement reactions 
also in which the benzyl Grignard participates. To 
this end we turned our attention to the preparation of 
n-propylbenzene from the reaction of the benzyl Gri
gnard with diethyl sulfate.2 It had been pointed out3 
that this preparation produced p-ethyltoluene as a by
product, but no o-ethyltoluene could be detected. 
When we repeated this reaction, it was found that both
o- and p-ethyltoluene are indeed produced in this case 
as shown in Table I. Likewise, when our study was 
extended to dimethyl and di-n-propyl sulfate, small 
amounts of both the ortho- and para-substituted tolu
enes were again produced (Table I). This was also 
true when n-propyl p-toluenesulfonate was substituted 
for di-n-propyl sulfate as the alkylating agent. Of 
interest was the observation that no ring-substituted 
products were produced in the reaction between benzyl- 
lithium and di-n-propyl sulfate or between the benzyl

(1) R . A. B enkese r a n d  W . D eT a lv o , J .  A m er. Chem . Soc., 89 , 2141 (1967).
(2) H . G ilm an  a n d  W . E . C a tlin , “ O rgan ic  S y n th e se s ,”  C o ll. V ol. I ,  Jo h n  

W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1941, p  471.
(3) J . G . B u r tle  a n d  R . L . S h rin er, J .  A m er. Chem . Soc., 69, 2059 (1947).

T a b l e  I
R e a c t i o n  o f  B e n z y l m a g n e s i u m  C h l o r i d e  a n d  B e n z y l l i t h i u m  

w i t h  V a r i o u s  A l k y l a t i n g  A g e n t s “

O rgano - A lk y la tin g  .----------------------P ro d u c ts , % b-
R u n  m e ta llic0 a g e n t C eH iC H îR o -C H sC d R R p-C H iC .H < R

1 P h C m M g C l (C H 3) 2S04 74'i 0 .5 0 .3
2 P h C H sM g C l (CzHs) 2SO4 71e 7 2 .3
3 P h C m M g C l (n -C 8H 7)2S04 7 7 / 8 0 . 8

4 P h C H jM g C l n-C sH jO T s 77° 1 0 . 8

5 P h C H jL i (n-C sH î) 2SO4 72*
6 P h C H jM g C l C H sI 49*

“ In all cases the initial concentration of the organometallic w a s
0.4 M .  The benzyllithium reaction (run 5) was carried out in 
tetrahydrofuran; all others were in diethyl ether. b These values 
represent the percentage distribution of product in the distilled 
fraction and in most cases are the average of two runs. e In 
every case (except run 6) the reaction mixture was stirred at room 
temperature for 1 hr after the alkylating agent had been added. 
d There was an average of 9% toluene also isolated in this run. 
e About 15% toluene was also isolated. 1 There was also isolated 
in this run about 2% isobutylbenzene, 1% each of o- and p -cy- 
mene, and 5 %  toluene. g Also 5% toluene was isolated. * About 
27% toluene was also recovered along with 1% isobutylbenzene. 
’ This reaction was carried out for 3 days. In  addition to ethyl
benzene, 26% toluene was also obtained.

Grignard and methyl iodide. A summary of all of 
these results is in Table I.

To demonstrate the existence of intermediates like 
III and IV in the reaction with diethyl sulfate, a reac-

m  IV

tion mixture was divided into two equal parts just prior 
to hydrolysis. One of the parts was hydrolyzed with 
aqueous hydrochloric acid and the other part with 
saturated ammonium chloride solution. The latter
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portion produced only half as much of the o- and p- 
ethyltoluenes as the portion hydrolyzed with the hy
drochloric acid. This was identical with our findings 
with chloromethylmethyl ether and can be rationalized 
in the same way.1 Apparently intermediates like I-IV 
are aromatized by mineral acids during hydrolysis, but 
are much less reactive toward weaker acids like am
monium chloride. In the latter instance they survive 
the hydrolysis step only to be destroyed during distil
lation.

Much more positive evidence for the existence of 
intermediates III and IV was obtained by hydrolyzing 
another reaction mixture with DC1 in D20. Analysis 
of the o- and p-ethyltoluenes thus produced by nmr 
confirmed the presence of considerable deuterium in the 
methyl groups bonded to the aromatic ring. Mass 
spectral analysis of the same material established the 
incorporation of only one deuterium atom at this posi
tion and gave values of 48-55% deuterium enrichment. 
Clearly, a considerable portion of the o- and p-ethyl- 
toluenes produced in this reaction is arising during 
hydrolysis and can best be rationalized in terms of 
intermediates like III and IV.

C2H5

In a blank experiment it was shown that this uptake 
of deuterium was not the result of any exchange be
tween the alkyltoluenes and the DC1 during hydrolysis. 
When p-ethyltoluene in ether was stirred with DC1 in 
D20  to simulate hydrolysis conditions, no deuterium 
exchange occurred.

There is still another way to rationalize the incorpora
tion of deuterium during hydrolysis. It has been amply 
demonstrated that in certain carbonyl addition reac
tions of the benzyl Grignard reagent4 as well as in cer
tain other displacement reactions,1 bis products often 
result from reaction of 1 equiv of the organometallic 
with 2 equiv of the alkylating or carbonyl reagent. In 
the case of the carbonyl reactions, such products have 
been explained415'6 by a reaction sequence as follows.

a ~H2

CHROMgX
H

BH +

B®

.CH2— Mg

CHK/ '•
1. RCHO
2. h3o*

^ \ ^ C H 2CHROH

CHROH

In essence, a base (B~) which could conceivably be 
another molecule of benzyl Grignard abstracts an 
allylic proton to form a new organometallic, V, which 
reacts in conventional fashion with more carbonyl 
reagent to form biscarbinols. It is conceivable that 
in our system intermediates like III and IV might react

with more Grignard reagent (by allylic hydrogen ab
straction) to form new organometallic intermediates, 
which, upon reaction with DC1 would result in deute
rium incorporation. We do not consider such a se
quence likely in our case because no trace of either 0- or 
p-ethyl-n-propylbenzene could be detected in our reac
tion products. It certainly seems that the same organo
metallic intermediate which is capable of deuteration 
with DC1 should also be capable of reaction with diethyl 
sulfate to form products like 0 - or p-ethyl-n-propyl- 
benzene. Hence, we believe the monodeuterated 
products we observed came about by reaction of inter
mediates III and IV with DC1.

Discussion of Results
Certain comments are in order with regard to the 

data in Table I. In the first four entries there are some 
differences to be noted with regard to the ortho and 
para isomers obtained. For example, these so-called 
“abnormal” products seem less in the case of the di
methyl sulfate reaction (entry 1) and the n-propyl 
tosylate (entry 4). However, since the differences are 
small, we prefer to reserve comment at this time as to 
their possible significance. That the alkylating agent 
probably plays a role, however, in determining whether 
such “abnormal” products are formed is indicated by 
the methyl iodide reaction (entry 6). While this reac
tion is very slow (requiring 3 days), it seems signifi
cant that no 0 - or p-ethyl toluene is formed in this case.

The reaction with di-n-propyl sulfate (entry 3, 
Table I) proved interesting in that small amounts of 
isobutylbenzene as well as 0 - and p-cymene were de
tected among the products. While conclusive proof is 
lacking, we feel that our n-propyl sulfate, although pre
pared by well-established reactions, was probably 
contaminated with small amounts of the isopropyl 
isomer produced during the multistep preparative se
quence employed.6 These branched-chain impurities 
did not show up when n-propyl tosylate was substituted 
for the n-propyl sulfate (entry 4) suggesting that they 
were caused by impurities in the sulfate. It is also 
noteworthy that 1% isobutylbenzene again appeared 
when this same sample of n-propyl sulfate was treated 
with benzyllithium (entry 5), suggesting again that the 
sulfate was slightly impure.

Again, it will be noted that the “abnormal” ortho and 
para products were eliminated when benzyllithium was 
used (entry 5). Some caution must be exerted in com
paring this result with the others in Table I since tetra- 
hydrofuran was used as the solvent rather than the 
usual diethyl ether. However, it was our previous1 
experience, also, that benzyllithium reacts almost ex
clusively at the a position during such displacements.

When the data in Table I are considered in conjunc
tion with the existing literature7 on the subject, it be
comes apparent that para-substituted products result 
almost exclusively from displacement reactions of the 
benzyl Grignard reagent. When the latter reacts with 
carbonyl reagents, para products almost never are 
formed. There seemed to be possibly two exceptions

(4) (a) J .  S ch m id lin  a n d  A. G a rc ia -B an u s , B er., 45, 3193 (1912); (b) W . G . 
Y o u n g  a n d  S. S iege l, J .  A m er . Chem . Soc., 66, 354 (1944); (c) S. Siegel, S. K . 
C o b u rn , a n d  D . R . L evering , ib id ., 73, 3163 (1951); (d) R . A. B en k e se r a n d  
T . E . J o h n s to n , ib id ., 88 , 2220 (1966).

(5) S. S iegel, W . M . B oyer, a n d  R . R . J a y ,  ib id ., 73, 3237 (1951).

(6) T h e re  w as no  iso p ro p y l a lcoho l in  th e  n -p ro p y l a lco h o l w e u sed  a s  th e  
s ta r t in g  m a te r ia l in  th is  reac tio n  sequence .

(7) See M . S. K h a ra sch  a n d  O. R e in m u th , “ G r ig n a rd  R e a c tio n s  of N o n - 
M e ta llic  S u b s ta n c e s ,” P ren tice -H a ll , In c .,  N ew  Y o rk , N . Y ., 1954, p  1134, fo r  
p e r t in e n t  references.
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to this statement, namely the reaction between benzyl- 
magnesium chloride and ethyl chlorocarbonate and 
ethyl formate8 wherein small amounts of para products 
were found. Using an excess of carbonyl compound,9 
we found neither of these reactions to be particularly 
clean-cut. Numerous products were produced in addi
tion to considerable amounts of polymeric material, 
especially in the case of ethyl formate. Most signifi
cant, however, was our inability to detect any para- 
substitution products in either the crude or distilled 
reaction mixtures. This was true even when oxidation 
of the crude products was attempted with permanganate 
followed by subsequent conversion of the acids to esters 
with diazomethane. Analysis of these esters by vpc 
disclosed no trace of dimethyl terephthalate.

Hence, the generalization seems to be evolving that 
para, ortho, and normal products are formed in dis
placement reactions of the benzyl10 Grignard reagent. 
Carbonyl addition reactions of this reagent result in 
normal and ortho products only.

Experimental Section
o-(n-Propyl)ethylbenzene.—A solution of o-ethylphenyl- 

magnesium bromide was prepared in 200 ml of dry tetrahydro- 
furan from 8 g (0.33 g-atom) of magnesium and 55.5 g (0.3 mol) 
of o-ethylbromobenzene (Eastman). To this solution was added 
51.0 g (0.3 mol) of re-propyl iodide. The mixture was refluxed 
for 3 hr and hydrolyzed with 100 ml of 3 N  hydrochloric acid. 
After the customary work-up, the product was distilled through 
a short Yigreux column and 8.4 g (18%) of product was collected 
boiling at 200-204°. An analytical sample (re20D 1.4970) was 
collected by vpc (20 ft, 20% dibutyl tetrachlorophthalate on 
Chromosorb P, 60-80 mesh, at 140°).

A n a l.  Calcd for CiiH i6: C, 89.12; H, 10.88. Found: C, 
89.37; H, 11.07.

Reaction of Benzylmagnesium Chloride with Various Alkyl 
Sulfates and Sulfonates.—Since the conditions employed in these 
reactions were nearly identical, the directions given below for 
methyl sulfate can be considered typical for all. The results of 
all these runs are in Table I.

A. Methyl Sulfate.—To a three-necked flask equipped with 
a mercury-sealed stirrer, pressure-equalizing dropping funnel 
with nitrogen inlet, and reflux condenser was added 313 ml of an 
ethereal solution of benzylmagnesium chloride containing 0.3 
mol of the organometallic. Then 437 ml of anhydrous ether 
was added to produce 750 ml of a 0.4 M  solution. To this solu
tion was added dropwise 75.6 g (0.6 mol) of methyl sulfate in 
50 ml of ether over a 40-min period. After stirring for 1 hr, the 
mixture was hydrolyzed with 3 N  hydrochloric acid. The aqueous 
layer was washed twice with ether, and the ethereal solutions were 
combined. Most of the solvent was removed, and the residue 
was refluxed with 50 ml of a 30% potassium hydroxide solution 
for 1 hr. After the usual work-up, the product was distilled and
25.6 g was collected boiling at 90-145°. Analysis by vpc (see 
Table I) using a 20 ft X 0.125 in. column of 2.5% dibutyltetra- 
chlorophthalate +2.5%  Bentone 34 on Chromosorb W, 80-100 
mesh, at 100° showed no trace of the o- or p-ethyltoluenes.

B. Ethyl Sulfate.—There was obtained 25.9 g of product 
boiling at 140-155 °. Analysis by vpc (see Table I ) using the same 
column as was used for methyl sulfate showed no trace of either 
o- or p-(re-propyl)ethylbenzene.n Authentic samples of the 
latter compound, as well as o-12 and p-ethyltoluene,12b were at 
hand for a comparison of retention times.

(8) H . G ilm an  a n d  J .  E . K irb y , J .  A m er. Chem. Soc., 64, 345 (1932).
(9) A p p a re n tly  th is  co n d itio n  w as em p lo y ed  o rig in a lly 8 to  m in im ize  ca r

b ino l fo rm a tio n  w hich  is  kno w n  to  occu r if th e  G rig n a rd  is in  excess; see P . R . 
A ustin  a n d  J .  R . Jo h n so n , ib id ., 54, 647 (1932).

(10) I t  sho u ld  b e  n o te d  t h a t  th is  s ta te m e n t  is m a d e  in  co n n e c tio n  w ith  th e  
unsubstitu ted  b enzy lic  G rig n a rd . A d d itio n a l research  w ill be needed  to  ascer
ta in  w h e th e r  s u b s t i tu e n ts  in  th e  a ro m a tic  r in g  o r  on th e  side  ch a in  p la y  a  ro le 
in  d e te rm in in g  o rie n ta tio n .

(11) V. N . Ip a t ie v , N . A. O rlov , a n d  A. D . P e tro v , C om pt. R end . A cad . 
Sci., U R S S , Ser. A ,  255 (1928).

(12) K . v . A uw ers, A n n . C h im ., 419 , 109 (1919); (b) ib id ., 419, 110 (1919).

C. n-Propyl Sulfate.13—There was obtained 12.6 g of material 
boiling at 80-200°. Complete separation of the products of 
this reaction [toluene, isobutylbenzene, re-butylbenzene, o- and 
p-cymene, and o-14 15 and p - (re-propyl)toluene] was achieved using a 
Golay capillary column of Squalene at 80° and a hydrogen pres
sure of 14 psi.

D. re-Propyl p-Toluenesulfonate.16 17—Conditions for this re
action were essentially the same as those described for the methyl 
sulfate case except that 0.1 mol of Grignard was used and 0.2 
mol of the sulfonate. There was obtained 11.0 g of product which 
contained only toluene, re-butylbenzene, and o- and p-(n-propyl)- 
toluene.

Benzyllithium with re-Propyl Sulfate.—To 193 ml of tetra- 
hydrofuran containing 0.0772 mol of benzyllithium16 was added 
dropwise 60.0 g (0.33 mol) of re-propyl sulfate in 50 ml of dry 
tetrahydrofuran over a period of 40 min. After stirring at room 
temperature for 1 hr, the mixture was hydrolyzed with 3 N  
hydrochloric acid and then worked up in the customary manner. 
Distillation yielded 12.4 g of material boiling at 80-200°. See 
Table I for results.

Benzylmagnesium Chloride with Methyl Iodide.—To 750 ml
of ether containing 0.3 mol of benzylmagnesium chloride was 
added dropwise 44.9 g (0.3 mol) of methyl iodide in 50 ml of 
ether over a 40-min period. The mixture was stirred for 3 days 
before it was hydrolyzed and worked up in the customary fashion. 
Distillation afforded 22.7 g of product boiling at 90-140°, which 
contained 49% ethylbenzene and 26% toluene (analysis by vpc).

Benzylmagnesium Chloride with Diethyl Sulfate. Hydrolysis 
with Saturated Ammonium Chloride and Aqueous Hydrochloric 
Acid.—To a solution (0.4 M )  of 0.3 mol of benzylmagnesium 
chloride in 750 ml of anhydrous ether was added 46.2 g (0.3 
mol) of diethyl sulfate in 100 ml of ether in a 20-min period. 
After stirring at room temperature for 1 hr, the mixture was 
divided into two parts. One portion was hydrolyzed with 50 
ml of 15% HC1 solution and 50 ml of water, the other portion 
with 50 ml of saturated ammonium chloride solution and 50 ml of 
water. Both portions were worked up in the usual manner, 
distilled, and analyzed by vpc (12 ft X 0.25 in. stainless steel 
column packed with Apiezon L on 60-80 mesh Chromosorb W 
at 130°). The portion hydrolyzed with hydrochloric acid' con
tained 7% o-ethyltoluene and 6% p-ethyltoluene; that hy
drolyzed with ammonium chloride contained 3% each of these 
two compounds.

None of the bis-substituted products {e.g., the re-propylethyl- 
benzenes) could be detected.

Benzylmagnesium Chloride with Diethyl Sulfate. Hydrolysis 
with DC1 in D20 .—A reaction was carried out under identical 
conditions to those described directly above. A portion (150 ml) 
of the reaction mixture was hydrolyzed with 20 ml of 10% DC1 
in D20  and 20 ml of D20 .w After the customary work-up, a 
sample of the ori/jo-substituted compound ( i .e ., partially deu- 
terated o-ethyltoluene) was collected by vpc (same column and 
conditions as above). Analysis of this sample for deuterium by 
mass spectroscopy indicated there was 55% of o-D C ftC eH ^H s 
and 45% of the protium analog.18 A pure sample of the para  
compound was collected by gc by reinjecting an initially col
lected19 sample. Mass spectral analysis of this sample showed 
48% deuterium enrichment.

Attempted Deuterium Exchange of p-Ethyltoluene with DC1 
in D20 .—In a 200-ml flask was placed 2 g of p-ethyltoluene in 
50 ml of ether. To the flask was added 5 ml of 20% DC1 in 
D20  and 5 ml of D20  followed by 10 ml of D20 . The mixture 
was stirred for 15 min.

The aqueous layer was separated and washed several times with 
E t20 . The washings and organic layer were combined and 
dried over Drierite. The solvent was distilled by using a 12-in. 
Vigreux column. A sample of p-ethyltoluene was collected by 
vpc using a 4 ft X 0.25 in. stainless steel column packed with 
Apiezon L on 60-80 mesh Chromosorb W.

(13) C . M . S u te r  a n d  H . L . G e rh a r t ,  “ O rgan ic  S y n th e se s ,”  C oll. Vol. I I ,  
J o h n  W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1943, p  111.

(14) A. C laus a n d  H . H an sen , B er., 13, 897 (1880).
(15) F . L . H ah n  a n d  H . W a lte r , ib id ., 64, 1541 (1921).
(16) H . G ilm an , H . A. M cN in ch , a n d  D . W itte n b e rg , J .  Org. C hem ., 23, 

2044 (1958).
(17) T h e  DC1 w as 9 9 %  isom erica lly  p u re  a n d  th e  D 2O w as 9 9 .5 % .
(18) A naly sis  of th e  sam p le  b y  n m r  g en e ra lly  c o r ro b o ra te d  th e se  re su lts .
(19) T h e  re te n tio n  tim es  of rc-p ropy lbenzene a n d  th e  para  co m p o u n d  a re  

v e ry  close. A  rough  sep a ra tio n  of th e se  tw o  m a te r ia ls  w as ac h iev ed  b y  th e  
firs t gc collection  a n d  final p u rif ic a tio n  b y  th e  second.
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Analysis of this sample for deuterium by nmr spectroscopy 
indicated that no  deuterium exchange had occurred.

Benzylmagnesium Chloride and Ethyl Chlorocarbonate.—To 
ethyl chlorocarbonate (65.1 g, 0.6 mol) in 100 ml of anhydrous 
ether was added slowly 750 ml of a 0.4 M  solution of benzyl- 
magnesium chloride in ether. The temperature of the reaction 
mixture was kept at 0 to —5° by a Dry Ice-acetone bath. After 
this addition was completed, the mixture was stirred for 1 hr and 
then hydrolyzed with 100 ml of 15% hydrochloric acid followed 
by 100 ml of water. Following the usual work-up, the solvent 
was removed and the residue analyzed by vpc (4 ft X 0.25 in. 
stainless steel column packed with Apiezon L on 60-80 mesh 
Chromosorb W). The following products20 were identified: 
ethyl phenylacetate (31%), tribenzylcarbinol (21%), ethyl o- 
toluate (12%), /3,/3-bis(benz3d)styrene (13%), and diethyl 
homophthalate (1%). Neither ethyl p-toluate nor diethyl homo- 
terephthate could be detected by vpc.

To 3 g of the crude reaction product in 250 ml of boiling water 
containing 25 g of KOH was slowly added 13 g of finely powdered 
potassium permanganate. The mixture was refluxed 4 hr, and 
then the excess permanganate was destroyed by adding a small 
amount of ethanol. The heavy manganese dioxide precipitate 
was washed with a small amount of dilute alkali, and the filtrate 
and washings were combined and acidified with hydrochloric 
acid. The organic acids were extracted with ether and then 
esterified with diazomethane. Analysis by vpc (4 ft X 0.25 in.

(20) E a c h  of th e se  m a te r ia ls  w as iso la ted  b y  gc a n d  w ere  id e n tic a l in  re te n 
tion  tim e, n m r, a n d  in fra re d  sp e c tra  w ith  a u th e n tic  sam p les. T h e  p e r 
cen tag es  lis ted  a re  y ie lds based  on  ben zy lm ag n esiu m  ch lo ride  a n d  w ere de
te rm in e d  b y  v p c  using  e th y l b en z o a te  as  an  in te rn a l s ta n d a rd .

Apiezon L on Chromosorb W) showed the products to be methyl 
benzoate and dimethyl phthalate in that their nmr and infrared 
spectra matched those of an authentic sample. No dimethyl 
terephthalate could be detected.

Benzylmagnesium Chloride and Ethyl Formate.—The proce
dure was the same as that described for ethyl chlorocarbonate 
except that 44.4 g (0.6 mol) of ethyl formate was used. Analysis 
of the product was by vpc (5 ft X 0.25 in. column packed with 
5% FFAP on 60-80 mesh Chromosorb W). Only phenylacetalde- 
hyde was formed in any quantity (14%) in addition to consider
able amounts of tar (25 g). The following materials were also 
identified: benzaldehyde (3%), benzyl formate (5%), 0-
phenylethyl formate (3%), benzyl alcohol (4%), and /3-phenyl- 
ethanol (1%).21 1 2

The crude mixture obtained from this reaction was oxidized 
by permanganate in essentially the same way as for ethyl chloro
carbonate. After work-up and esterification with diazomethane, 
the methyl esters were again analyzed by gc. Only methyl 
benzoate and dimethyl phthalate were found; no dimethyl 
terephthalate could be detected.

Registry No.—Benzylmagnesium chloride, 6921-
34-2; benzyllithium, 766-04-1; o-(n-propyl)ethylben- 
zene, 16021-20-8.
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(21) T h e  y ie lds g iven  a re  b ased  on b en zy lm ag n e siu m  ch lo rid e  a n d  w ere  
o b ta in e d  b y  gc using  o -b ro m o to lu en e  a s  an  in te rn a l s ta n d a rd .
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Reduction of benz [a] anthracene to dodecahydrobenz [a] anthracene in controlled stages v ia  di-, tetra-, hexa-, 
octa-, and decahydrobenz [o] anthracene is achieved by means of lithium dissolved in liquid ammonia or liquid 
amine solvents. Utilization of nuclear magnetic resonance spectra and mass spectra to distinguish isomeric hydro
aromatic structures is described.

Although the reduction of aromatic ring systems by 
alkali metals dissolved in liquid ammonia was ob
served by LeBeau and Picon3 in 1914, it was not until 
the elegant investigations of Birch4 5 and his collaborators 
that the method achieved acceptance as a major syn
thetic tool. The state of current knowledge, sum
marized in an excellent comprehensive monograph 
by Smith,6 is surprisingly deficient regarding sub
stances other than monobenzenoid molecules. Naph
thalene,3’6'7 anthracene,8-10 phenanthrene,7’11 pyrene,12

(1) T h is  in v e s tig a tio n  w as su p p o rte d  in  p a r t  b y  U . S . P u b lic  H e a lth  Ser
v ice  R esea rc h  G ra n t  C A -08674 fro m  th e  N a tio n a l C an c e r I n s t i tu te .  P re 
se n te d  in  p a r t  a t  th e  153rd N a tio n a l M eetin g  of th e  A m erican  C hem ica l 
S ocie ty , M iam i B each, F la ., A p ril 1967.

(2) P a r t  I I :  R . G . H a rv e y  a n d  K . U rb erg , J .  Org. Chem ., 33, 2571
(1968).

(3) P . L eB eau  a n d  M . P icon , Com pt. R end., 158, 1514 (1914).
(4) A. J . B irch , Q uart. Rev. (L o n d o n ), 4, 69 (1950).
(5) H . S m ith , “ O rgan ic  R ea c tio n s  in  L iq u id  A m m o n ia ,” Vol. 1, p a r t  2, 

Jo h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1963.
(6) C . B . W o o s te r a n d  F . B . S m ith , J .  A m er. Chem . Soc., 53, 179 (1931); 

A. J . B irch , A. R . M u rra y  a n d  H . S m ith , J .  Chem . Soc., 1945 (1951); W . 
H tlckel a n d  H . Schlee, Ber., 88, 346 (1955).

(7) W . H tlck e l a n d  H . B re tsc h n e id e r, A n n .,  540, 157 (1939).
(8) P . L e B eau  a n d  M . P icon , C om pt. R end ., 159, 70 (1914).
(9) H . F . M ille r  a n d  G . B . B ac h m an , J .  A m er. Chem. Soc., 67, 768 (1935).
(10) A. J . B irch , et al., J .  Chem. Soc., 2209 (1963); J . R u n g e , Z . Chem ., 

2, 374 (1962); J .  P rakt. Chem ., [4] 31 , 280 (1966).
(11) S. M eje r, B u ll. Acad. Polon. Sc i., C h im ., 9, 773 (1961).

fluorene,13 and acenaphthene8 9 10 are apparently the only 
polycyclic aromatic hydrocarbons to be investigated. 
Precautions for the exclusion of impurities known 
to affect the course of such reactions (trace met
als,2’14 peroxides, oxygen16) are seldom mentioned in 
the earlier literature, and characterization of the hy
droaromatic products is often unsatisfactory by mod
ern standards. Extensive reduction, often accom
panied by disproportionation of products, is common. 
Also, the stepwise reduction of compounds possessing 
three or more fused aromatic rings had not been de
scribed prior to our studies in this field.2’16

Since controlled transformation of polycyclic aro
matic hydrocarbons would provide hydroaromatic 
substances of considerable interest as synthetic in
termediates,17 we undertook to reinvestigate the

(12) O. N eunhoeffer a n d  H . W oggon, A n n .,  600, 34 (1956); O. N eu n - 
hoeffer, H . W oggon, a n d  S. D ah n e , ib id ., 612, 98 (1958).

(13) W . H tlckel a n d  R . Schw en, B er., 89, 481 (1956).
(14) H . L . D ry d en , J r . ,  G . M . W ebber, R . R . B u r tn e r , a n d  J . A. C elia , 

J .  Org. Chem ., 26, 3237 (1961).
(15) J . F . E a s th a m  a n d  D . R . L a rk in , J .  A m er. Chem. Soc., 81, 3652 

(1959).
(16) R . G . H a rv ey , J .  Org. Chem ., 32, 238 (1967).
(17) F o r  exam ple, co m p o u n d s w ith  a n  in te rn a l d o u b le  b o n d , su ch  a s  V 

a n d  V I, m a y  se rv e  a s  p recu rso rs  to  p o lycyclic  h y d ro c a rb o n s  h av in g  a  cyclo - 
p ro p y l r in g  fu sed  a lo n g  th e  rin g  ju n c tu re . S y n th e s is  of sev e ra l such  u n u s u a l 
m olecules w ill b e  re p o rte d  sh o rtly .
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S c h e m e  I

S t e p w i s e  R e d u c t i o n  o f  B e n z  [a ]  a n t h r a c e n e

addition of alkali metals to higher ring systems in 
ammonia and amine solvents. A preliminary paper 
described16 reduction of 9,10-dihydroanthracene to the 
tetra and hexahydro stages by lithium in liquid am
monia and verified that conditions play a dominant 
role in the reduction of this polycyclic aromatic hy
drocarbon.18 Limitation of reduction to a single stage 
was favored, predictably, by low lithium-hydrocarbon 
ratios (optimum ^2.5) and by total solution of the 
aromatic compound. Also, it proved advantageous to 
withhold addition of the proton source (i.e., alcohol) 
until late in the reaction period, then to add it rapidly.

The present paper reports stepwise conversion of 
the more complex polycyclic aromatic hydrocarbon, 
benz[a]anthracene, through the dodecahydro level. 
For the assignment of structural formulas to the de
rivatives, the techniques of nmr and mass spectros
copy were utilized extensively. Also, qualitative 
assessment of product distribution was achieved by 
charge-transfer chromatography19 on thin layers of 
silica gel impregnated with s-trinitrobenzene.

Results
Treatment of benz[o] anthracene with lithium20 

in liquid ammonia under standard conditions led to

(18) H ow ever, th e  effect of v a r ia tio n  of co n d itio n s  m a y  b e  d iffe ren t fro m  
t h a t  fo r m onob en zen o id  su b stan ce s , ow ing to  th e  p ro b a b le  im p o r ta n c e  of di
an io n ic  in te rm e d ia te s  in  m ore  h ig h ly  c o n ju g a te d  m olecules.

(19) R . G . H a rv e y  a n d  M . H alonen , J .  Chromatog., 25, 294 (1966).

l,4,7,8,ll,12-hexahydrobenz[a]anthracene (III) in sep
arate consecutive reactions via 7,12-dihydrobenz[a[- 
anthracene (I) and l,4,7,12-tetrahydrobenz[o]anthra- 
cene (II) (Scheme I). Each reaction proceeded in good 
yield (Table I). Owing to the enhanced resistance of 
III to further transformation, direct synthesis of III 
from benz [a [anthracene proved to be practicable, 
with 7-10 equiv of lithium being optimum.

The positions of the incoming hydrogens were ac
curately predicted through consideration of the rela
tive stabilities of the intermediate radical anions and/ 
or dianions. Qualitatively, these were assumed to be 
secondary > tertiary and benzyl > allyl > aliphatic. 
Quantitative predictions are theoretically possible; 
according to HMO theory, the protons may be ex
pected to attach to the positions of highest electron 
density in the hydrocarbon dianion.21 However, the 
coefficients of the lowest vacant molecular orbitals 
have not been calculated, except for benz [^anthra
cene.22

Benz [a [anthracene is known to form a 7,12-dilithio 
adduct.23 The nmr spectrum of I displayed a pair of 
doublets at r 5.67 and 5.87 (J = 3 Hz) assigned to the

(20) P re lim in a ry  te s ts  in d ic a te d  re a c tio n s  of a n th ra c e n e  a n d  b en z [a ]-  
a n th ra c e n e  to  p ro ceed  m o re  c lean ly  w ith  l i th iu m  th a n  w ith  sod ium .

(21) E . H Uckel, I n te rn a t io n a l  C on ference  on  P hysics , L o n d o n , 1934, 
Vol. I I ,  p  9.

(22) A . S tre itw e ise r, J r . ,  “ M o lec u la r O rb ita l T h e o ry  fo r  O rgan ic  C h em 
is ts ,”  J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1961, p  425.

(23) W . E . B ac h m an n , J .  Org. Chem ., 1, 347 (1936).
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T a b l e  I
H y d r o b e n z  [a ]  a n t h r a c e n e  C o m p o u n d s

■Calcd, % -------------- - ------------------ F o u n d , %•

C om p o u n d F o rm u la Mp, °C Y ield , % R i  X  100“ C H C H
I c 18h 14 111-112* 94 19
II C,8H,6 100.5-102 66 26 93.06 6.94 93.35 6.91
III C18H,s 141-42 82 32 92.26 7.74 92.44 7.77
IV C18ÏÏ 18 69.5-70.3' 65 35
V C18H 20 111-111.5 94 35 91.47 8.53 91.58 8.42
VI Ci8H24 113.5-114.4 54 60 89.94 10.06 89.83 9.94
VII C18H 22 133.5-134 70 59 90.70 9.30 90.50 9.35

<* R i values are for chromatography on thin layers of silica gel impregnated with s-trinitrobenzene prepared as previously described14 
employing benzene-heptane 3:7 as the eluting solvent. 6 Lit.21 mp 112-112.5°. '  Lit.25 mp 69.3-69.9°.
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Figure 1.

C-12 and C-7 benzylic protons, respectively, on the 
basis of the greater downfield shift of the methyl protons 
of 1-methylnaphthalene (r 7.33) relative to those of 
the 2 isomer (r 7.52).

At the second stage, the least substituted ring (A in 
Scheme I) of the more reactive naphthalene portion of 
I may be expected to be most susceptible to attack. 
Compare the resulting 1,4 dianion (benzylic-allylic) 
with the alternative intermediates formed by attack 
at ring B (5,12a dianion having a negative charge at a 
ring juncture) or at ring D (diallylic 8,11 dianion). 
In agreement with the predicted structure, II, there 
occurred in the nmr region a broad singlet at r 3.97 
(two vinylic protons), a doublet at r 2.87 (J  = 3.5 Hz), 
an apparent singlet at t 2.78 (aromatic protons at 
C-5,6, and C-8-11, respectively), and singlets at t
7.10 and 7.57 (benzylic protons at C-7,12 and C-1,4, 
respectively). Assignment of the r 7.10 peak to the 
C-7,12 protons is based on the identity of this value 
with that observed for the benzylic protons of 9,10- 
dihydroanthracene.16 The least substituted of the 
two aromatic rings of II should provide greatest sta
bilization for a 1,4 radical anion. Assignment of 
structure III to the third stage product was supported 
in the nmr spectrum by apparent singlets at r 4.10 
and 4.20 (vinylic protons at C-2,3 and C-9,10, respec
tively; the latter is consistent with r  4.20 and 4.27 
for the related protons of 9,10-dihydroanthracene16 
and V, respectively) and by additional peaks for 
the appropriate numbers of protons at r  7.33 (allylic), 
2.90 (aromatic), and 6.73, 6.72, and 6.85 (benzylic at 
C-1,4, C-7, and C-12, respectively; the latter ap
peared as doublets, J  — 7 Hz).

The resistance of III to further reduction neces
sitated employment of the more powerful lithium- 
amine system of Benkeser.24 However, the strong 
tendency of this reagent toward extensive isomerization

(24) R . A. B enkese r, M . L. B u rro u s , J . J . H a z d ra , a n d  E . M . K aiser,
J .  Org. C kem ., 28, 1094 (1963 ).

11 CO$ GX7 G^o 0=Q*
m/« 232 217 191 178 |€5 132

Figure 2.

and reduction of double bonds indicated the desira
bility of short reaction time and careful control of 
other conditions. In order to devise satisfactory 
conditions, a series of test reactions were carried out 
with l,2,3,4,7,12-hexahydrobenz[a]anthracene (IV), 
obtained from treatment of the parent aromatic hydro
carbon with sodium in refluxing isoamyl alcohol.25 
Delayed or slow addition (>5 min) of alcohol to a solu
tion of IV and lithium in methylamine favored forma
tion of l,2,3,4,7,7a,8,9,10,ll,lla,12-dodecahydrobenz- 
[ajanthracene (VI) or further reduction products. Con
versely, reduction in the presence of ¿-butyl alcohol 
furnished l,2,3,4,6,7,8,ll,12,12b-decahydrobenz[a]an- 
thracene (VII) plus a lesser proportion of a further 
reduction product, VIII. It is likely that VI arises 
from the intermediate octahydro derivative, V, via 
base-catalyzed isomerization of the double bonds into 
conjugation followed by further reduction, rather than 
via direct reduction of the unsaturated bonds,24 a 
kinetically unfavorable process. V was most effi
ciently synthesized directly from IV with lithium in 
ammonia. The structure of V was supported by peaks 
at r 4.20 (two vinylic protons), 3.08 (two aromatic 
protons), 7.33 (four allylic protons), 8.20 (four aliphatic 
protons as a quintet, J  = 3 Hz), and a broad absorption 
at t 6.84 (benzylic protons) in the nmr spectrum.

Lithium-methylamine (or ethylamine) reduction of 
V furnished VII and VIII accompanied by traces of 
minor products. Finally, treatment of III with 
lithium and ¿-butyl alcohol in methylamine provided 
l,4,4a,5,6,7,8,ll,12,12b-decahydrobenz [ajanthracene
(IX) rather than the expected octahydro derivative, X.

The tendency toward isomerization and polyreduc
tion in amine solvents necessitated caution in assigning 
structures VI-IX. The extent of reduction was deter
mined with high accuracy from the mass spectra. The 
parent peak of VII and IX appeared at m/e 238 cor-

(25) L . F . F ie se r a n d  E . B . H ersh b erg , J .  A m er. Chem. Soc ., 59, 2502
(1937).
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m 0 ^ 9  0=&  O X ' OX)* C=i9'c„79 & '
nJ»  234  219 2 0 4  193 ISO 136 143 126

Figure 3.
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™ 0 ^ 9  Cw9* OOÓrc"!OX* O X  O X  CO **#
m /t 236 223 210 197 184 181 189 143 132

Figure 6.
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Mass spectrum of dodecahydrobenz(o)onthracene (Mol. wt. 240.37)

si o 9 ?  o 9 ?  O X  0 X ‘ à 9  o x
tn /t  2 4 0  225 212 199 197 183 171 136 145

Figure 7.

100 150 200 2 5 0

Mass spectrum of dodecahydrobenz(o)onthracene (Mol wt. 240.37)

™ oo9* o x *  o x  c? xCHJ «. «.
m /i 240  236 186 144 139 129

responding to Ci8H22 (decahydro), while those of VI 
and VIII were found at m/e 240 corresponding to 
Ci8H24 (dodecahydro). Positions of the double bonds 
were deduced by analysis of nmr and mass spectral 
data.

Observed cleavage patterns, generally consistent 
with current knowledge of the behavior of cyclic olefins 
under electron beam bombardment,26 were distin
guished by a high proportion of peaks of relatively 
large mass (Figures 1-8). Also evident is a strong ten
dency toward aromatization. Associated with each 
major fragment are a series of peaks identified as 
arising via successive loss of allylic hydrogen until the 
fully aromatic ion is attained. Loss of methylene 
accounts for a series of commonly observed minor peaks 
{e.g., m/e 165, 215, and 217 in Figure 2). Double loss 
of methylene with formation of biphenylene derivatives 
also appears to take place {e.g., m/e 202 in Figure 1). 
The position, or positions, from which such loss occurs 
may be ascertained with decreasing certainty as the 
number of possibilities increases {i.e., with increasing 
extent of reduction). The suggested probable struc
tures indicated below the figures27 should be viewed in 
this light. Finally, cyclic olefins may be expected to

(26) K . B ie m an n , “ M ass  S p e c tro m e try : O rgan ic  C h em ica l A p p lic a tio n s ,” 
M cG raw -H ill B ook  C o., In c ., N ew  Y o rk , N . Y ., 1962.

(27) T h e  b en zy lic  ca tio n s  in  th e se  figures m a y  ex is t p a r t ia l ly  o r  even  
exclusively  a s  th e  co rresp o n d in g  tro p y liu m  ions; see S. M ey erso n  a n d  P . N . 
R y la n d e r, J .  Chem . P h ys., 27, 901 (1957).

Figure 8.

decompose via the well-known retro Diels-Alder path
way.26,28,29 Indeed, the spectrum of IX, the only 
compound in the series I-IX  to contain a suitable cyclo
hexene ring, exhibits a major peak (m/e 184) indicative 
of loss of a butadiene fragment. Analogous decom
position of the nonconjugated cyclohexadiene struc
tures of III, V, and VII-IX  with release of an acety
lenic component was not detected. This process ap
pears, therefore, to be relatively unfavorable. On the 
other hand, the presence of fused aromatic rings on one 
or both of the double bonds of 1,4-cyclohexadiene gen
erally leads to fragments which may be rationalized as 
arising from reversal of the Diels-Alder reaction. For
mation of benzyne may be involved (eq 1).

(28) K . B iem ann , A ngew . Chem ., 74 , 102 (1962).
(29) H . B udzik iew icz, J . I .  B ra u m a n , a n d  C . D je ra ss i, Tetrahedron, 2 1 , 

1855 (1965).
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Figure 9.

The mass spectral data proved to be a valuable sup
plement to the nmr data in ruling out certain possible 
isomeric structures. Thus, the alternative structure 
XI for the decahydrobenz [a ]anthracene (VII) obtained 
from treatment of IV or V with lithium in methyl- 
amine is inconsistent with the presence of three vinylic 
protons in the nmr region, appearing as a singlet at r
4.25 (2 H at C-9,10) and a broad band at r 4.62 (1 H 
at C-5) (Chart I). A second alternative formula, 
XII, may not be rejected on the basis of proton res
onance data alone, owing to the broad overlapping 
nature of the singly allylic and aliphatic bands. How
ever, the absence of a fragment in the m/e 210 region of 
the mass spectrum (corresponding to reverse Diels- 
Alder reaction in the cyclohexene ring) argues strongly 
against XII.

C h a r t  I

Similarly, VIII was established as the formula of the 
triolefin obtained from the same reaction. Alternative 
structures XIII and XIV failed to satisfy the nmr ab
sorption pattern which displayed bands at r 4.30 (2 H), 
7.45 (4 H), and 7.55 (4 H) due to vinylic, outer ring 
allylic and adjacent ring allylic protons, respectively. 
The final reasonably probable structure, XV, was most 
convincingly excluded by the absence of any significant 
peaks in the m/e 212 region of the mass spectrum, cor
responding to loss of ethylene from ring A.

The second dodecahydro compound was identified as 
VI on the basis of chemical probability, nmr spectrum

(two aromatic protons at r  3.17), and mass spectral 
cracking pattern.

For the remaining decahydro compound, three 
structures (XVI-XVIII) must be considered in addi
tion to the assigned structure, IX. XVI and XVII may 
be rejected as incompatible with the nmr data (four 
vinylic hydrogens, r  4.30). The major peak at rn/e 184 
in the mass spectrum, while not readily explicable in 
terms of XVIII, is simply interpreted as resulting from 
the retro Diels-Alder reaction in IX (as discussed 
earlier).

The structures of the hydroaromatic products I-V 
conform closely to prediction based on consideration of 
the relative stabilities of the intermediate charged pre
cursors. It is less obvious why reduction of the B ring 
of V should furnish VII rather than XII. Both struc
tures place a charge on a tertiary position in the inter
mediate, and should be favored in preference to XI 
which would necessitate charge at two tertiary carbon 
atoms. Models indicate VII to be free to adopt a rela
tively unstrained conformation bent in the C ring, 
whereas XII is considerably more rigid and strained. 
The origin of VIII and IX is presumably via isomeriza
tion of the appropriate double bond of VII and X into 
conjugation, followed by subsequent rapid reduction.

Finally, it should be pointed out that the hydro- 
benz[a]anthracene compounds reported herein repre
sent only a small fraction of many conceivable iso
meric structures. Other isomers may be made avail
able by combination of the metal-ammonia technique 
with other methods of hydrogenation.30

Experimental Section
Physical Data.—Melting points were taken on a Leitz Kofler 

hot-stage microscope and are corrected. Proton nmr spectra 
were obtained on a Varian Model A-60 spectrophotometer with 
chemical shifts reported relative to tetramethylsilane in deuterio- 
chloroform. For mass spectral analysis an A.E.I MS9 double- 
focusing mass spectrometer was employed with the source set 
at 200° and the electron beam energy at 70 eV.

Material and Methods.—Ammonia, monomethylamine, and 
monoethylamine (Matheson Co.) were distilled into the reaction 
vessel through a column of barium oxide (10-12 mesh) except 
where otherwise indicated. Benz [aj anthracene (Terra Chemicals, 
Inc.) was dissolved in hot ethanol, filtered, and recrystallized 
(mp 160-162°). l,2,3,4,7,12-Hexahydrobenz[a]anthracene (IV) 
was prepared by reduction of benz [a] anthracene with sodium 
and isoamyl alcohol, according to the method of Fieser and 
Hershberg.26 Tetrahydrofuran (THF) was purified by distilla
tion from LiAH4 and stored over CaH2 under nitrogen. Lithium 
wire (Lithium Corp. of America) was wiped free of oil and washed 
with hexane before use. Thin layer plates of silica gel im
pregnated with s-trinitrobenzenc were prepared by the method 
previously described.15 Silica gel for column chromatography 
(Davison, Grade 950, mesh 60-200) was activated by heating 
overnight at 100°.

All reductions in ammonia were carried out employing the con
ditions reported earlier2'16 unless specific variations are cited. 
Precautions for the exclusion of atmospheric oxygen and moisture 
were scrupulously followed; all reductions were carried out under 
helium (preferable to nitrogen owing to the ease of lithium 
nitride formation).

7 ,12-Dihydrobenz[a] anthracene (I).—A solution of benz[a]- 
anthracene (1.14 g, 5 mmol) in 75 ml of dry TH F was added to a 
flask containing 150 ml of liquid ammonia and 40 mg of ferric 
chloride. To the resulting solution at reflux temperature was 
added lithium wire (85 mg, 12 mg-atoms). The blue color of the

The Journal of Organic Chemistry

(30) F o r  exam p le , c a ta ly t ic  h y d ro g en a tio n  of b e n z [a ]a n th ra c e n e !5 y ie ld s  
8,0,10,11 -te. tra il yd  roll on z [a] a n th ra c e n e , th e  li th iu m —am m o n ia  re d u c tio n  of 
w h ich  sho u ld  lead  to  a  d iffe ren t series of h y d ro b e n z [a ]a n th ra c e n e  d e r iv a tiv e s  
th a n  re p o rte d  here in .
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solution was discharged after 2  hr by rapid addition of alcohol. 
After evaporation of the ammonia and dilution with water, the 
product was obtained by filtration. It was taken up in acetone 
and filtered to remove a residue; the solvent was removed in  vacuo 
to provide I (1.08 g, mp 1 1 1 - 1 1 2 °).

1.2.7.12- Tetrahydrobenz[a]anthracene (II).—A similar pro
cedure was followed for the reduction of I, except that ferric 
chloride was omitted. The oily yellow' solid obtained was purified 
by chromatography on silica gel to give II as white flakes, 
mp 96-98°.

1.4.7.8.11.12- Hexahydrobenz[a]anthracene (III) was obtained 
both directly from II and from benz [a] anthracene, in both cases 
employing a method analogous to that employed for preparation 
of II. With benz [a] anthracene as the starting material, 7-10 
equiv of lithium/mol of benz [a] anthracene provided optimum 
yield (Table I); greater excess led to increasing quantity of 
minor side products (detected on thin layers of trinitrobenzene 
on silica gel). These substances are suspected to arise from isom
erization of double bonds into conjugation, followed by their 
reduction, rather than from hydrogenation of the B ring.

l,2,3,4,7,8,ll,12-Octahydrobenz[a]anthracene (V).—To a 
solution of IV (1.17 g, 5 mmol) in 75 ml of THF and 150 ml of 
liquid ammonia was added lithium (694 mg, 100 g-atoms). The 
stirred solution was maintained at gentle reflux for 3 hr; then 
20 ml of ethanol in 30 ml ether was added from a dropping funnel 
over a 45-min period. After evaporation of the ammonia, the 
solution was partitioned between ether and water. The ether 
phase was dried over magnesium sulfate and evaporated to 
dryness. Recrystallization of the resulting white solid from 
ethanol gave pure V (Table I).

Reduction of IV with Lithium in Methylamine.—IV (1.17 g, 
5 mmol) was added to a solution of lithium (347 mg, 50 g-atoms) 
in 250 ml of liquid methylamine at reflux; 30 sec later 5 ml of 
¿-butyl alcohol was added as rapidly as practicable. When the

intense blue color of the solution disappeared ( 8  min), ethanol 
(5 ml) and water (10 ml) were added. Removal of the amine 
by evaporation, followed by partition of the product between 
ether and water, gave the crude product, recrystallization of 
w'hich from ethanol furnished pure VII (Table I).

The mother liquors were evaporated to dryness and chro
matographed on a column of silica gel prepared in petroleum 
ether (bp 30-60°). Elution with hexane gave the dodecahydro 
compound VI (42 mg) followed by an oily solid (445 mg), identi
fied as the isomer V III. Recrystallization from ethanol-methanol 
at 4° furnished pure VIII (Table I), a compound which appeared 
to be especially sensitive to autooxidation.

An analogous reaction in which the ¿-butyl alcohol was added 
15 min after the lithium (243 mg, 7 g-atoms) over a 5-min period 
furnished VI as the major product. Recrystallization from 
ethanol gave the analytical sample of VI (mp 113.5-114.5°, 
white needles). Thin layer chromatography of the mother liquor 
showed a major spot of higher R i  value (probably, therefore, a 
tetradecahydro derivative) w'hich -was not investigated further.

Reduction of III with Lithium in Methylamine.—Lithium (208 
mg, 6  g-atoms) was added to a solution of 3 ml of ¿-butyl alcohol 
in 250 ml of methylamine at reflux. Then 2 min later III  (1.17 
g, 5 mmol) was added, followed by 15 ml THF in order to bring 
into solution the incompletely dissolved hydrocarbon. The blue 
color disappeared within 10 min. Work-up in the usual manner 
gave an oil (1 . 1 2  g), revealed by thin layer chromatography to 
contain two principal components. Chromatography on silica 
gel with elution by hexane furnished IX  (716 mg) as a viscous oil.

Registry No.—I, 16434-59-6; II, 16434-60-9; III, 
16434-61-0; IV, 16434-62-1; V, 16434-55-2; VI, 16452-
37-2; VII, 16434-56-3; VIII, 16434-57-4; IX, 16434-
58-5.
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New and improved syntheses for dehydronorcamphor, bicyclo[2.2.2]oct-2-en-5-one, and tetracyclo[4.3.0.- 
01 2 ' 4 .03 ’,]nonan-8-one and the syntheses of tricyclo[4.2.2.02 '5]deca-3,7-dien-9-one and tricyclo[3.2.2.02 '4]non-
6 -en-8 -one are described. These syntheses consist of Diels-Alder or homo Diels-Alder addition of acrylo
nitrile, chlorination of the nitrile adduct with phosphorus pentachloride, followed by hydrolysis of the resulting 
a-chloronitrile with potassium hydroxide in aqueous dimethyl sulfoxide.

The addition of ketenes to dienes yields products 
in which a cyclobutanone moiety is produced by 
cycloaddition of the ketene to a single double bond.1 
This mode of reaction is distinguished from normal 
Diels-Alder addition in which a double bond adds
1,4 across a conjugated system. The alternative 
routes available for achieving the syntheses of ad
dition products, which conceptually are the result of 
Diels-Alder addition of ketene, have been complicated 
by two factors. Dienophiles capable of forming ad
ducts which are easily convertible to ketones, such as 
vinyl acetate, will not add easily to the less reactive 
dienes. On the other hand, dienophiles that do add 
easily to most dienes such as acrylonitrile or acrylate 
esters are not easily convertible to the corresponding 
ketone. Bartlett and Tate2 suggested an elegant so
lution to this problem in their synthesis of dehydro
norcamphor (Ic) from a-acetoxyacrylonitrile and cy- 
clopentadiene (Scheme I). This method suffers prin-

(1) J .  D . R o b e r ts  a n d  C . M . S h a rts , Org. Reactions, 12, 2 (1962).
(2) P . D . B a r t le t t  a n d  B . E . T a te , J .  A m er. Chem . Soc., 78, 2473 (1956).

cipally from the commercial unavailability of a- 
acetoxyacrylonitrile.3

In more recent studies Paasivirta and Krieger4 pre
pared dehydronorcamphor (Ic) and bicyclo [2.2.2]- 
oct-2-en-5-one (lie) from chloronitriles, which were 
obtained by adding a-chloroacrylonitrile to cyclo-

(3) R . M . N o w ak , J .  Org. Chem ., 28, 1182 (1963).
(4) J .  P a a s iv i r ta  a n d  H . K rieger, Su o m en  K em stileh ti, B , 38, 182 (1965); 

J .  P a a s iv ir ta , Suom en  K em stileh ti, A ,  39, 120 (1966); see a lso  H . K rieg er 
a n d  S. E . M asa r, ib id ., 39, 119 (1966).
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S c h e m e  II

Ic, 48% VI, 42%
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+

CO,H
¡ t r
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pentadiene and 1,3-cyclohexadiene (Scheme II). Al
though a-chloroacrylonitrile is readily available, it 
has been our experience that it gives polymeric tars 
when heated with less reactive dienes at temperatures 
exceeding 140-160°.

We have developed a more generally applicable pro
cedure for the syntheses of ketene Diels-Alder ad
dition products, based on the conversion of readily 
obtainable Diels-Alder acrylonitrile adducts to a- 
chloronitriles. Our chlorination method is adapted 
from a procedure reported by Stevens and Coffield5 
for halogenation of secondary nitriles with phosphorus 
pentachloride or phosphorus pentabromide. The chief 
differences are in the use of solvent to moderate the 
reaction and in the addition of pyridine in order that 
the chlorination can be performed in the presence of a 
double bond. In the second step of the procedure the 
a-chloronitrile adducts are converted to ketones by 
treatment with potassium hydroxide in dimethyl 
sulfoxide (DMSO). As starting dienes cyclopenta- 
diene and 1,3-cyclohexadiene were selected to il
lustrate completely standard reactions; cyclooctate- 
traene6'7 and cycloheptatriene8-16 were chosen as in
teresting examples of substrates which react and ap
parently react by way of their valence tautomers,
2,4,7-bicyclo[4.2.0]octatriene and norcaradiene; and 
norbornadiene was used to illustrate a synthesis via 
an initial homo Diels-Alder reaction. Table I lists

(5) C . L . S tev e n s  a n d  T . H . Coffield, J .  A m er. Chem . Soc., 73 , 103 (1951).
(6) R . H u isg en  a n d  F . M ie tz sch , A ngew . Chem . In te rn . E d . E ng l., 3 , 83 

(1964).
(7) R . C . C ookson , J .  H u d ec , a n d  J . M arsd en , Chem . I n d .  (L o n d o n ), 21 

(1961).
(8) E . C ig a n ek , J .  A m er. Chem . Soc., 8 9 , 1458 (1967).
(9) C . R u c h a rd t  a n d  H . S chw arzer, Chem . B er., 9 9 , 1861 (1966).
(10) H . P r in z b a c h , D . S eip , L . K n o th e , a n d  W . F a is s t ,  A n n . C h im ., 

6 9 8 , 34 (1966).
(11) M . J .  G o ld s te in  a n d  A. H . G e rv itz , Tetrahedron L ett., 4417 (1965).
(12) M . J . G o ld s te in  a n d  A. H . G erv itz , ib id ., 4413 (1965).
(13) R . C . C ookson , S. S. G ilan i, a n d  I .  D . R . S tev e n s , ib id ., 615 (1962).
(14) R . H u isg en  a n d  W . D . W irth , u n p u b lish e d  re s u lts  re fe rre d  to  in  R . 

H u isg en , R . G ra sh e y , a n d  J .  S au e r in  S . P a ta i ,  " T h e  C h e m is try  of A ik en e s ,”  
In te rsc ie n c e  P u b lish e rs , L o n d o n , 1964, p  888.

(15) K . A ld e r a n d  G . Jaco b s , Chem . B er., 86, 1528 (1953).
(16) E . P .  K o h le r, M . T ish le r, H . P o tte r , a n d  H . T h o m p so n , J .  A m er . 

Chem . Soc ., 6 1 , 1057 (1939).

the ring systems synthesized and the yields obtained. 
(Ring structure numerals are assigned letters to indi
cate substituents: a for R = H, CN; b for R = Cl, 
CN; and c for R = O.)

T a b l e  I
' S u m m a r y  o f  Y i e l d  D a t a

----------- Y ie ld ,  % ° ---------------
C h lo ro n itr ile  K e to n e
R  =  Cl, C N  R  =  O

“ Yields are based on immediate precursor. 6 Yield is based on 
nitrile I Va.

This method gives an improvement in both yield 
and simplicity over previous methods for making ke
tones Ic,2-4’17 He,4’18 and Vc.19 Structural confirma
tion for these three known ketones was provided by 
comparison of the spectral data obtained with an in
frared spectrum of Ic,17 nmr and infrared spectra of 
ketone Vc,19 and with the reported infrared absorptions 
of ketone He.18

Ketones IIIc and IVc have not previously been re
ported and their structural assignments are based on 
infrared and nmr spectra (see Experimental Section) 
and on the known proclivity of these ring systems, 
synthesized via Diels-Alder reactions, to have the 
cyclopropyl or cyclobutenyl rings syn to the double 
bond.7'11’12

It is instructive to compare the results of Paasivirta 
and Krieger4 with those presented here. The condi
tions used by these workers (aqueous potassium hy
droxide) for the conversion of a-chloronitrile to ketone 
would be expected to favor a larger Sn1/Sn2 ratio 
than under our conditions (DMSO-potassium hy
droxide), which should favor a bimolecular displace
ment of chloride by hydroxide. This argument is 
based on the known ability of DMSO to enhance the 
nucleophilicity of anions, relative to reactions in protic 
solvents,20 and is borne out by the isolation of hydroxy 
acids VI and VII by Paasivirta and Krieger and by the 
high yields obtained for ketones Ic and lie  in this 
work.

(17) P . K . F reem an , P h .D . T h esis , U n iv e rs ity  of C o lo rad o , 1957.
(18) T h e  a d d u c t  of cyc lo h ex ad ien e  a n d  n itro e th y le n e  w as  c o n v e rted  to  

l i e  in  20 .6%  o v er-a ll y ie ld  b y  W . C . W ild m a n  a n d  D . R . S a u n d e rs  [ J . Org. 
Chem ., 19, 381 (1954)] a n d  in  less th a n  2 0 %  y ie ld  b y  C . A. G rob , H . K u y , 
a n d  H . G ag n eau x  [Helv. Chem. A cta , 40 , 130 (1957) ].

(19) (a) S y n th es is  of k e to n e  Vc h as  b ee n  b rie fly  d e sc rib ed  in  a  p re l im in a ry
c o m m u n ic a tio n : P . K . F re e m a n  a n d  D . M . B alls , Tetrahedron L e tt .,
N o . 5, 437 (1967). (b) H . K . H all, J r .  [J. Org. C hem ., 25 , 42 (I9 6 0 )] , p re p a re d  
th is  k e to n e  in  less th a n  1%  y ie ld  fro m  n it r i le  V a.

(20) A . J .  P a rk e r , A d va n . Org. Chem ., 5 , 1 (1965).
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Experimental Section
Melting points are uncorrected. The nmr spectra were re

corded with a Varian Associates A-60 nmr spectrometer, using 
tetramethylsilane as an internal standard. Infrared spectra 
were recorded with a Perkin-Elmer Model 137 infrared spectro
photometer (except as noted in Table II) and were calibrated

T a b l e  II
A C o m p a r i s o n  o f  I n f r a r e d  S t r e t c h i n g  

F r e q u e n c i e s  o f  R e l a t e d  N i t r i l e s

AND a-C H L O R O N IT R IL E S

R ing N itr i le ,0 C h lo ro n itr ile ,0
system cm  -1 c m -1

I 2238.8 2240.0
II 2238.8 2240.4

III 2238.2 2244.3
IV 2239.4
V 2236.9 2242.4

“The absorption frequencies reported in this table were ob
tained by measurements with a Perkin-Elmer Model 621, 
equipped with a frequency marker, on dilute CC14  solutions, and 
are averages of two determinations. Indene was used for calibra
tion and the values reported are believed to be accurate to better 
than 0.5 cm-1.

with a polystyrene spike at 1601.4 cm-1. Vapor phase chromato
graphic analyses were performed on an F & M Model 609 chro
matograph equipped with a flame ionization detector. Two 
columns were used: column A, 14 ft X 0.25 in., 15% Carbowax 
20M on 70-80 mesh Anakrom AS; column B, 18 ft X 0.25 in., 
12% SE 30 on 110-120 mesh Anakrom AS. A Parr Instrument 
Co., Series 4500, pressure reaction apparatus was used for Diels- 
Alder reactions except as noted. Elemental analyses were per
formed by Max Bernhardt, Microanalytisches Laboratorium, 
Max-Planck Institute, Mulheim, Germany. The acrylonitrile, 
a-chloroacrylonitrile, and olefins used were all practical grade 
and were distilled just before they were used. Dimethyl sulfoxide 
was practical grade (mp 18°). Chloroform was distilled from 
phosphorus pentachloride prior to using in chlorination of the 
nitriles.

Synthesis of Dehydronorcamphor (Ic).—5-Chloro-5-cyano- 
bicyclo[2 .2 .1 ]hept-2 -ene (lb) was prepared by mixing cyclo- 
pentadiene and 2-chloroacrylonitrile at 70-80° according to the 
method of Krieger: 21 yield 89%; bp 54-56° (1.8 mm); mp 
47-48° (lit. mp 45-47°). A 6 8 .6 -g (0.446 mol) sample of a-  
chloronitrile lb  was dissolved in 400 ml of DMSO in a 1-1. flask 
fitted with mechanical stirrer and internal thermometer. A 
solution of 75 g of 85% potassium hydroxide (1.14 mol) in 25 g 
of water was prepared by mixing and heating until dissolved. 
The hot alkali was poured into the stirred DMSO-chloronitrile 
solution. After 24-36 hr the dark reaction mixture was subjected 
to steam distillation until the distillate no longer had a strong 
odor of product. The distillate was extracted three times with 
ether, and the combined ether extracts were dried. Distillation 
on an 18-in. semimicro spinning-band column gave 35.1 g (78.6%) 
of ketone Ic, bp 80-81° (45 mm), mp 22-23° (lit . 4 mp 22-23°). 
The infrared spectrum was identical with that of an authentic 
sample . 17

Preparation of 5-Chloro-5-cyanobicyclo[2.2.2]oct-2-ene (lib).
—Using the Diels-Alder addition of 1,3-cyclohexadiene and 
a-chloroacrylonitrile to prepare chloronitrile l ib 4 resulted in 
yields of only 17%. The following procedure gives a considerable 
improvement in over-all yield. 5-Cyanobicyclo[2.2.2]oet-2-ene 
(88.2 g, 0.65 mol) prepared in 88.7% yield as previously de
scribed22 was added slowly, with stirring, to a solution of pyridine 
(106 g, 1.33 mol) and phosphorous pentachloride (207 g, 0.994 
mol) in 1500 ml of dry chloroform. After refluxing for 16 hr, 
the mixture was poured onto 2 kg of ice. After the ice had melted, 
the layers were separated and the aqueous phase was washed 
twice with ether. The organic extracts were combined and 
washed once with saturated aqueous sodium chloride and once 
with 10% aqueous sodium carbonate. Removal of solvent and

(21) H . K rieg er, Su o m en  K em istileh ti, 36, B , 68 (1963).
(22) K . A lder, H . K rieger, a n d  H . W eiss, Chem . B er., 88, 144 (1955).

distillation gave 67.2 g (60.8%) of chloronitrile, mp 88-90°. 
The nmr and infrared spectra of the chloronitriles prepared by 
the two methods were essentially identical. Vapor phase 
chromatographic analyses of the chloronitriles prepared by the 
two methods on column B (180°) showed two peaks in the ratios 
74:26 for the cyclohexadiene-a-chloroacrylonitrile adduct and 
70:30 for the product obtained from chlorination of lib .

Preparation of Bicyclo[2.2.2]oct-2-en-5-one (lie).—A hot 
solution of 106 g (1.61 mol) of 85% potassium hydroxide in 30 
ml of water was added to a solution of 66.7 g (0.40 mol) of chloro
nitrile l ib  in 600 ml of DMSO. There was a gradual darkening 
of color from yellow to black and a mild increase in temperature 
to 50-60°. After 12 hr, vpc analysis (column B, 170°) revealed 
that no more chloronitrile was present and that a new peak corre
sponding to ketone lie  had appeared. The reaction mixture was 
added to 1  kg of ice-water and extracted five times with petroleum 
ether (bp 30-60°). Drying over magnesium sulfate and distilling 
off the solvent left a semisolid mass which was sublimed to give 
33.0 g (6 8 %) of ketone, mp 84-86° (lit . 4 mp 84-86°).

Preparation of 8-Cyanotricyclo[3.2.2.02 '4]non-6-ene (Ilia).— 
Cycloheptatriene (276 g, 3.00 mol), acrylonitrile ( 2 1 2  g, 4.00 
mol), and 4-f-butyleatechol were placed in a Parr, Series 4500, 
pressure reaction apparatus. The vessel was heated, with stirring 
to 180-200° for 36-40 hr. Distillation of the contents after 
cooling on an 18-in. semimicro spinning-band column gave 302.0 
g (70.2%) of nitrile, bp 70-76° (0.1-0.2 mm). The ir had pml,  
at 3070 (cyclopropyl and vinyl C—H) and 2238 cm - 1  (—C = N ). 
The 1600-1700-cm-1 region showed very weak absorptions. 
The nmr spectrum had complex patterns in the regions r  4.1-
4.45 (2 H), 6 .8-9.3 (7 H), and 9.65-10.00 (2 H).

A n a l.  Calcd for Ci0HnN: C, 82.72; H, 7.64. Found: C, 
82.58; H, 7.81.

Preparation of 8-Chloro-8-cyanotricyclo[3.2.2.02 '4]non-6-ene 
(Illb).—Nitrile I l ia  (145 g, 1.00 mol) was added to a solution 
of phosphorus pentachloride (313.1 g, 1.50 mol), pyridine (160 
g, 2.00 mol), and 1500 ml of dry chloroform. The mixture was 
refluxed with stirring for 72 hr under a nitrogen atmosphere. 
Work-up of the reaction mixture was similar to that described 
for chloronitrile l ib  except that the product distilled at 84-92° 
(0.9-1 . 0  mm), 141 g (80%). The nmr spectrum exhibited absorp
tions at t 3.9—4.6, complex multiplet (2 H); 6.50-6.88 and 6 .8 8 -  
7.22, broad multiplets (1 H each); 7.2-8.2 and 8.4-9.1, complex 
absorptions (2 H each); and 9.4-10.0, complex multiplet (2 H). 
The ir spectrum exhibited rma* 2244 (C = N  stretch) and 3040 
cm - 1  (vinyl C—H stretch). More accurate determination of the 
C = N  stretching frequencies in the infrared for each pair of 
nitriles, revealed, as in this case, that substitution of chlorine 
a  to the nitrile group causes a shift to higher frequencies of 1 .2 -
6 . 1  cm - 1  (Table II).

A n a l.  Calcd for Ci0HI0NCl: C, 6 6 .8 6 ; H, 5.61. Found: C, 
67.03; H, 5.64.

Preparation of Tricyclo[3.2.2.02 '4]non-6-en-8-one (IIIc).—
Chloronitrile I l lb  (122.4 g, 0.69 mol) and 800 ml of DMSO were 
heated to 50°. A hot solution of 120 g of 85% potassium hydrox
ide in 40 g of water was poured into the stirred reaction mixture. 
After 48 hr at this temperature, the black mixture was subjected 
to steam distillation. The distillate was extracted three times 
with ether; the ether extracts were dried over magnesium sulfate. 
Distillation of the ether extracts yielded 44.2 g (49%) of ketone 
IIIc, bp 72-74° (0.9-1.0 mm). In another experiment where 
the chloronitrile was not distilled a 52% yield was obtained based 
on nitrile I lia . The nmr spectrum showed complex patterns in 
the following ranges: r  3.90-4.55, 6.73-7.18, 7.20-8.08,
8.53-9.10, 9.38-9.75. The areas of each set of peaks were all 
equal and therefore correspond to two protons each. The ir 
showed > w  3040, 2990, 1710, 1430, 1410, 1360, 1285, 1160, 
1145, 1100, 1040, 964, 8 8 8 , 845, 812, 763, 728, and 705 cm -1.

A n a l.  Calcd for C9H 10O: C, 80.56; H, 7.51. Found: C, 
80.61; H, 7.55.

Preparation of Tricyclo[4.2.2,02 5] deca-3,7-diene-9-carbonitrile 
(IVa).—Cyclooctatetraene (60 g, 0.576 mol), acrylonitrile 
(53 g, 1.00 mol), and 0.5 g of f-butylcatechol were heated in a 
sealed glass tube to 180° for 18 hr. Distillation of the reaction 
mixture under 0.01-0.05-mm pressure until an internal flask 
temperature of 250° was reached gave 78.8 g (8 8 %) of nitrile 
whose vapor phase chromatogram (column B, 190°) showed two 
peaks of almost equal area. The ir spectrum showed vm*x at 
2245 (—C = N  stretch) and 3060 (vinyl C—H stretch) cm-1. 
The nmr spectrum had peaks at r  3.95-4.4, complex multiplet 
(4 H); 6.93, triplet (1 H); 7.1-7.7, complex multiplet (4 H);
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8.1-8.5, complex multiplet (2 H). Nitrile IVa gave n r°d 1.5240 
(lit.23 ?i25d 1.5236).

Preparation of Tricyclo[4.2.2.02'6]deca-3,7-dien-9-one (IVc).—
Pyridine (80 g, 1.0 mol) was slowly added to a solution of 121 
g (0.58 mol) of phosphorus pentachloride in 700 ml of dry chloro
form. To the resulting white suspension was added 64.8 g 
(0.388 mol) of nitrile IVa. Work-up after 36 hr of heating at 
reflux consisted of pouring onto ice, removing the aqueous layer, 
washing the aqueous phase twice with ether, washing the com
bined organic extracts with saturated sodium carbonate, and 
removing the solvent on a rotary evaporator. This treatment 
gives 88 g of dark liquid which was used without further purifica
tion. In a separate experiment, attempted distillation of the 
chloronitrile at 0.01 mm led to decomposition and loss of product. 
The 88 g of dark liquid described above was dissolved in 600 ml 
of DMSO, and to this was added a hot solution 66 g (1.0 mol) of 
85% potassium hydroxide in 22 ml of water. After 24 hr the 
mixture was worked up as described for the purification of ketone 
lie . After sublimation, 28.1 g (49.7% based on nitrile IVa) of 
ketone was obtained. The nmr spectrum exhibited bands at r  
3.80-4.42, complex multiplet (4 H); 6.9-7.5, broad absorption 
(4 H); 8.13 and 8.15, two doublets (1 H each). The ir showed 
absorptions at 1710 (C = 0  stretch) and 3060 cm-1 (vinyl C—H 
stretch)

A n a l.  Calcd for C10H10O: C, 82.16; H, 6.90. Found: C, 
82.07; H, 6.96.

8-Cyanotetracyclo[4.3.0.02’4.03'7]nonane (Va).—Nitrile Va was 
prepared from freshly dried and distilled norbornadiene [bp 
86-87° (693 mm)] and acrylonitrile [bp 74-75° (693 mm)]. 
The method of Shrauzer and Glockner24 or Shrauzer and Eichler25 
was scaled up to preparative proportions. The latter method 
is more convenient for large-scale preparations if the acrylo
nitrile is added slowly rather than all a t once as described.25 
Yields were 85-93% using centigram quantities.

8-Cyano-8-chlorotetracylo[4.3.0 .02 4,03 7]nonane (Vb).—A mix
ture of nitrile Va (494 g, 3.41 mol), 1000 ml of carbon tetra
chloride, and phosphorus pentachloride (208 g, 1.00 mol) was 
heated at reflux in a vessel fitted with a stirrer, chlorine inlet, 
reflux condenser, and a gas bubbler. The chlorine inlet was 
placed between the flask and the condenser. There was a gradual 
evolution of hydrogen chloride, which after 24 hr becomes more 
sluggish. At this time chlorine gas was passed into the solution

(23) R . E . B enson  a n d  T . L . C a irn s , J .  A m er. Chem . Soc., 72 , 5355 
(1950).

(24) G . N . S ch rau ze r a n d  P . G lockne r, Chem. Ber., 97, 2451 (1964).
(25) G . N . S ch rau ze r  a n d  S. E ich le r, ib id ., 95, 2764 (1962).

to convert phosphorus trichloride to the pentachloride. This 
process was continued until no more HC1 was evolved (about 3 
days). The completeness of reaction can be conveniently checked 
by vpc or nmr (by following the disappearance of the absorption 
corresponding to hydrogen a  to nitrile). The cooled reaction 
mixture was poured onto 2.5 kg of ice and mixed until the ice 
melted. The two phases were allowed to separate (there may be 
an emulsion at this point which requires several hours to break 
up); the aqueous layer was extracted with carbon tetrachloride. 
The combined organic phases were washed once with water and 
then with 10% aqueous sodium carbonate until no more carbon 
dioxide was evolved. Simple distillation gives 463 g (76%) of oily 
chloronitrile: bp 89-94° (0.05-0.1 mm); ir, vmax a t 3060, 2245 
cm-1; nmr, multiplets at r  7.65-7.82 (2 H), 7.82-8.0 (3 H), 
8.27-8.44 (2 H), 8.44-8.62 (1 H), 8.68-8.87 (2 H).

A n a l.  Calcd for CI0H10C1N: C, 66.85; H, 5.61; N, 7.80. 
Found: C, 66.92; H, 6.13; N, 8.16.

Preparation of Tetracyclo[4.3.0.02'4.03 7]nonan-8-one (Vc).— 
Chloronitrile Vb (463 g, 2.58 mol) was dissolved in 2 1. of DMSO 
and the solution heated to 50°. A hot solution of 400 g of 85% 
potassium hydroxide in 120 g of water was slowly added. After 
stirring for 3 days at 50-60°, the dark reaction mixture was 
subjected to steam distillation. The distillate was saturated with 
sodium chloride and extracted with ether. The ether extracts 
were dried over magnesium sulfate, concentrated, and distilled 
to give 252 g (73%) of ketone, bp 69-70° (4 mm). In another 
experiment where the chloronitrile was not isolated the yield was 
69.7% based on nitrile. The nmr spectrum showed multiplets 
centered at r  7.48 (3 H), 7.78 (2 H), 8.40 (2 H), and a broad 
multiplet from 8.50 to 8.88 (3 H); ir had vma.% a t 3060 (cyclo
propyl C—H stretch) and 1756] cm-1 (carbonyl stretch). The 
ir and nmr spectra were identical with spectra of an authentic 
sample which were kindly supplied to us by Professor Alex 
Nickon.

Registry No.—Ic, 694-98-4; lib, 6962-73-8; lie, 
2220-40-8; Ilia , 16282-02-3; Illb , 16282-03-4; IIIc, 
16282-04-5; IVc, 16282-05-6; Vb, 16282-06-7; Vc, 
16282-07-8.
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The synthesis of 4,5-dimethylene-3,3,6,6-tetramethyl-l-thiacycloheptane (IV) was accomplished v ia  a double 
Wittig reaction with 3,3,6,6-tetramethyl-l-thiacycloheptane-4,5-dione (III). The synthesis of 2,3-diisopropyl-
1,3-butadiene (VIII) from 2,3-diisopropyl-l,4-butanediol (XI) was accomplished v ia  a modification of the Chu
gaev reaction. The chemical and spectroscopic properties of 2,3-di-f-butyl-l,3-butadiene (I), of dienes IV and 
VIII, and of diketone I II  and dipivaloyl (II) are discussed. The heavily substituted butadienes I  and IV are 
shown to be unusually unreactive.

Our interest in crowded molecules led to several un
successful attempts to synthesize 3,4-di-f-butylthio- 
phene.1 Ring-closure reactions of 2,3-di-(-butyl-l,3- 
butadiene (I), 2,3-di-f-butylsuccinnic acid derivatives, 
or dipivaloyl (II) with suitable reagents were unsuc
cessful. 1 The lack of reactivity of these a,/3-di-i-butyl 
compounds in ring-closure reactions must be attributed 
to the bulky f-butyl groups. Spectroscopic evidence 
for an abnormal conformation in these a,d-di-(-butyl

compounds was found for 2,3-di-i-butyl-l,3-butadiene
(I)-2

I II
The ultraviolet absorption spectrum of the vapor of 

the butadiene I, taken at room temperature under

(1) A e. d e  G ro o t, P h .D . T h esis , G ron ingen , 1967.
(2) H . W y n b e rg , Ae. d e  G ro o t, a n d  D . W . D av ie s , Tetrahedron L ett.,

1083 (1963).
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nitrogen, shows the absence of the typical dialkyldiene 
absorption maximum at 220 (vapor) ± 5 m/x.3 In
stead the spectrum of I shows a maximum near 185 mu 
and a shoulder at 209 m/x which is characteristic of a 
substituted ethylene.4 Molecular models show that a 
normal coplanar cis or trans conformation is sterically 
unlikely for diene I. An orthogonal conformation is 
clearly the favored one in this case. Leonard and 
Mader5 studied the angle of twist about the intercar
bonyl bond of a diketones and assigned an angle 9 of
90-180° to dipivaloyl (II). An important difference 
between dipivaloyl and the butadiene I is the presence 
of the four vinyl protons in the butadiene. The hin
drance between a proton at carbon atom 1 and the 
¿-butyl group at carbon atom 3 prevents the coplanar 
trans conformation in the diene. This conformation is 
probably possible in the diketone.6

Bromination, hydrogenation, and ozonolysis reac
tions of I were investigated by Backer.7 The latter7 
showed that diene I underwent no Diels-Alder reaction 
with sulfur dioxide or maleic anhydride. Our attempts 
to prepare 3,4-di-Lbutylthiophene by heating the diene 
with sulfur were also unsuccessful. The relatively 
easy dealkylation of ¿-butylthiophene may well make 
any high-temperature route for the preparation of 3,4- 
di-Lbutylthiophene impractical.8'9 Huyser, Siegert, 
Sinnige, and Wynberg10 showed that the diene I was 
unreactive in peroxide-induced free-radical reactions.

Dipivaloyl (II) does not react in ring-closure reac
tions. A Hinsberg thiophene synthesis with diethyl- 
thiodiacetate was unsuccessful.1 In the literature un
successful ring-closure attempts of dipivaloyl to form
2,3-di-Lbutylquinoxaline5 and 4,5-di-i-butylimidazole11 
are mentioned. We developed a successful route to the 
last two o-di-Lbutyl heteroaromatics using the cyclic 
diketone III as starting material for the ring-closure 
reactions.9 In diketone III the two potential ¿-butyl 
groups are part of a ring and thus the carbonyl func
tions are kept in a favorable position for ring-closure 
reactions. However, the angle of twist 6 about the 
intercarbonyl bond in diketone III must also be about 
90°,5 as can be seen from molecular models of the dike
tone and from the longest wavelength absorption 
maximum in the ultraviolet spectrum [Amax 333 m/x (e
41.8)]. Comparison of the ultraviolet spectrum of 
diketone III with the spectra of the carbocyclic ana
logs of this diketone, prepared by Leonard and Mader,5 
shows that diketone III has the largest hypsochromic 
shift of the longest wavelength absorption maximum. 
This indicates that the interaction between the two car
bonyl functions is minimal in diketone III, and the 
angle 6 between the two carbonyl functions in III must 
be about 90°.

The successful ring-closure reactions of diketone III 
in comparison with the unreactivity of dipivaloyl in 
this type of reaction prompted us to compare the be
havior of diene IV with that of 2,3-di-f-butyl-l,3-buta

diene (I). Diene IV was prepared in 24-30% yield by 
reaction of diketone III with excess methylenetri- 
phenylphosphorane in dimethyl sulfoxide as solvent12 
(Scheme I).

S c h e m e  I

2equiv of (CtHs)aPCH2

Diene IV is a perfectly stable, clear liquid [bp 78° 
(1.9 mm), n 20D 1.5135]. The ultraviolet absorption 
spectrum of diene IV shows no maximum above 185 
m̂ i, clearly indicating that there is a complete lack of 
double-bond resonance in this diene. The angle of 
twist between the two double bonds must be about 90° 
(compare with diketone III). Thus the exocyclic 
diene IV and the open diene I show similar spectro
scopic (and chemical, see below) behavior. However, 
the virtually fixed skew2 conformation of diene I is 
clearly caused by steric interference between adjacent 
¿-butyl groups and vinyl protons. A relatively rigid 
conformation of the seven-membered ring forces the two 
adjacent exo-methylene groups into an orthogonal posi
tion in diene IV, again causing the sharp hypsochromic 
shift in the absorption spectrum. 1,2-Dimethylenecy- 
clohexane (V)13 has abnormally low absorption in the 
ultraviolet spectrum [\max 220 m¿x (e 10,050) ] and 3,6- 
dimethyl-l,2-dimethylenecyclohexane (VI) has an ab
sorption maximum below 220 m/x.14 Clearly the two

V VI

methyl groups in VI exhibit some influence on the 
coplanarity of the chromophore. The four methyl 
groups in 4,5-dimethylene-3,3,6,6-tetramethyl-l-thia- 
cycloheptane (IV) cause even greater rigidity of 
the molecule, as is shown by the nmr spectrum. 
This nmr spectrum shows two singlets at t 8.90 and
8.73 at room temperature for the methyl protons, an 
AB multiplet for the 2 and 7 methylene protons, and an 
AB multiplet for the exocyclic methylene protons.15 
When the sample was warmed, the two singlets col
lapsed at 92° and the AB multiplet for the 2 and 7

(3) S. F . M ason , Quart. Rev., 15, 287 (1961).
(4) L. C . Jo n e s  a n d  L. W . T a y lo r , A n a l. Chem ., 2 7 , 228 (1955).
(5) N . J .  L e o n ard  a n d  P . M . M ad e r , J .  A m er. Chem. Soc., 7 2 , 5388 (1950).
(6) E . L . E lie l a n d  S r. M . C . K noeber, ib id ., 88, 5347 (1966).
(7) H . J .  B acker, Rec. Trav. C h im ., 58, 643 (1939).
(8) H . W y n b e rg  a n d  U . E . W iersum , J .  Org. Chem ., 3 0 , 1058 (1965).
(9) Ae. de G ro o t a n d  H . W y n b e rg , ib id ., 3 1 , 3954 (1966).
(10) E . S. H u y se r, F . W . S iegert, H . J . W . S inn ige , a n d  H . W y n b e rg , ib id ., 

3 1 , 2437 (1966).
(11) H . B red e reck  a n d  G . T he ilig , Chem. B er., 86, 89 (1953).

(12) R . G reenw ald , M . C h ay k o v sk y , a n d  E . J .  C o rey , J .  Org. Chem ., 28, 
1128 (1963).

(13) W . J . B a iley  a n d  H . R . G olden , J .  A m er. Chem. Soc., 75 , 4780 (1953).
(14) W . J . B a iley  a n d  R . L. H u d so n , ib id ., 78 , 2806 (1956).
(15) T h e  n m r  sp e c tru m  of d ik e to n e  I I I  show s a  sin g le t fo r th e  m e th y l 

p ro to n s  a t  r  8.75 a n d  a  s in g le t fo r th e  2 a n d  7 m e th y le n e  p ro to n s  a t  r  7.43 
a t  room  te m p e ra tu re . T h e  d ifferences in  th e  n m r sp e c tra  a t  room  te m p e ra 
tu r e  also  in d ic a te  t h a t  in  th e se  cyclic co m p o u n d s I I I  a n d  IV  th e  v in y l p ro to n s  
in  d iene  IV  cau se  co n s id e rab ly  m o re  s te ric  h in d ra n c e  th a n  th e  free  e lec tro n s  
of th e  ca rb o n y l fu n c tio n s  in  d ik e to n e  I I I 6 [co m p are  d iene  I  a n d  d ip iv a lo y l
(II)].
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methylene protons did the same at 112°. Since this 
molecule (IV) gives two coalescence temperatures, it is 
very simple to calculate the flipping barrier. This 
turned out to be 8.3 kcal/mol.16

Diene IV gives no Diels-Alder adduct upon reaction 
with ethylacetylene dicarboxylate, tetracyanoethylene, 
thiofluorenone, or benzyne. Thus both dienes (I and
IV) show complete lack of reactivity in these Diels- 
Alder reactions.

A reaction of diketone III with 1.5 equiv of methyl- 
enetriphenylphosphorane gives the methylene ketone 
VII (60-70%) (Scheme I). Reaction of VII with 
more phosphorane yields diene IV. The ultraviolet 
absorption spectrum of VII shows only one maximum 
at X 300 mu (e 40), again indicating the absence of 
resonance between the methylene and the carbonyl 
group. The ultraviolet spectra of the exocyclic cyclo- 
hexanedienes V and VI indicate diminished resonance 
between the double bonds but Diels-Alder adducts of 
these dienes can be obtained.14 Since in the dienes I 
and IV there is a complete lack of resonance between the 
double bonds and no Diels-Alder adducts could be ob
tained, it appeared interesting to study the spectro
scopic and chemical properties of 2,3-diisopropyl-l,3- 
butadiene (VIII). We expected that the steric hin
drance in diene VIII would be intermediate between 
the hindrance in dienes V and VI, on the one hand, and 
dienes I and IV, on the other hand. Diene VIII was 
not known in the literature and several routes for its 
preparation were tried. A double Wittig reaction on
2,5-dimethyl-3,4-hexanedione analogous to the prep
aration of diene IV was unsuccessful.17 2,3-Diiso
propyl-1,3-butadiene (VIII) was prepared via the route 
shown in Scheme II. Kolbe electrolysis of monoester

S c h e m e  II

- U CXU OC2H5

V "
IX

LiAlH,

,e ' V °
oc2h5

2CH,I

, 2 H 3CSCH2N a

- 4 .  .CH20H 2CS2
xc 

I
/ c\—< ch2oh

XI

VIII

X

I 11—I^^CHjOC—SCH,

X s—r ch2oc—sch3

XII

IX gave 2,3-diisopropylsuccinnic acid diethyl ester
(X).18 Reduction of diester X with lithium aluminum

(16) W e th a n k  D r. S. v a n  der W erf fo r th e  p e rfo rm a n ce  of th e  n m r  experi
m e n ts  a n d  ca lcu la tio n s .

(17) 2 ,3 -D i- i-b u ty l- l  ,3 -b u ta d ie n e  (I) cou ld  n o t  b e  p re p a re d  b y  a  d o u b le  
W ittig  reac tio n  w ith  d ip iv a lo y l ( I I ) .  A d o u b le  W ittig  reac tio n  w ith  benz il 
g ave  2 ,3 -d ip h e n y l- l ,3 -b u ta d ie n e  in  15%  y ie ld . T h e  d o u b le  W ittig  rea c tio n  
is th u s  of lim ite d  use in  th e  p re p a ra tio n  of d ienes fro m  a  d ik e to n es .

hydride gave diol XI in 90% yield. The dehydration 
of this diol to diene VIII was accomplished by pyrol
ysis of the dixanthate XII (Chugaev reaction).19

The utility of the Chugaev reaction is dependent 
upon the ease of formation and purification of the 
xanthate. The most commonly encountered difficulty 
in the preparation of xanthates is formation of the metal 
salt of the alcohol.

Reaction of diol XI with potassium in xylene gave 
only 5-10% yield of the dixanthate XII in a slow, 
heterogenous reaction. A major improvement was 
made by using dimethyl sulfoxide as solvent and di
methyl sulfoxide carbanion as the stronger base. In an 
equilibrium reaction the bisalcoholate of diol XI is 
formed rapidly; the reaction remains homogeneous 
since the salt stays in solution.

Addition of carbon disulfide and methyl iodide re
sults in the formation of the dixanthate XII in 50-60% 
yield.20 The pyrolysis of dixanthate XII was per
formed in a normal distillation apparatus. At atmo
spheric pressure and 225-250° bath temperature, 2,3- 
diisopropyl-1,3-butadiene (VIII) was obtained in 60% 
yield. The ultraviolet spectrum of diene VIII shows a 
maximum at X 223 mp (e 6180); this maximum occurs 
at slightly lower wavelength than predicted for a di
alkyl-substituted butadiene (227 ±  5 mp),21 but the 
deviation is small. 2,3-Diisopropyl-1,3-butadiene
(VIII) does give a Diels-Alder adduct with acetylene- 
dicarboxylic acid dimethyl ester. These data indicate 
that the behavior of the diisopropylbutadiene VIII is 
more like that of a normal butadiene. Steric hin
drance increases rapidly when ¿-butyl groups are sub
stituted for isopropyl groups. From this work and 
from that of others22 it is clear that substantial steric 
hindrance must be present before the chemical and 
physical properties of substituted butadienes are ma
terially affected.

Experimental Section
Infrared spectra were determined in carbon tetrachloride, in 

potassium bromide disks or neat on a Perkin-Elmer Infracord 
Model 137 or on a Unicam SP 200. Ultraviolet spectra were 
recorded on a Zeiss spectrophotometer, Model P.M .Q. II, the 
solvents are indicated. Nuclear magnetic resonance (nmr) 
spectra were taken on a Varian A-60 spectrometer with tetra- 
methylsilane as internal standard and are reported in t  values 
(parts per million). The solvents used are indicated. Melting 
points and boiling points are uncorrected. Microanalyses were 
performed by the Analytical Department of this laboratory under 
the supervision of Mr. W. M. Hazenberg.

3,3,6,6-Tetram ethyl-4,5-dim ethylene-1-thiacycloheptane (IV). 
—A dispersion of 7.2 g (0.15 mol) of sodium hydride (as a 50% 
dispersion in mineral oil) was washed twice with 25 ml of sodium- 
dried pentane in a nitrogen atmosphere to remove the mineral 
oil. Then 150 ml of dimethyl sulfoxide (dried and distilled from 
calcium hydride) was added v ia  a syringe, and the mixture was 
heated at 70-75° for 45 min. The resultng solution was cooled 
to room temperature, and 54 g (0.15 mol) of methyltriphenyl- 
phosphonium bromide in 150 ml of dimethyl sulfoxide was 
added v ia  a syringe. The dark red solution of the ylide was 
stirred at room temperature for 15 min and then 10 g (0.05 mol) 
of diketone I II  in 25 ml of dimethyl sulfoxide was added over a

(18) L . E b e rso n , A cta  C him . Scand ., 13, 40 (1959).
(19) R . N ace , Org. Reactions, 12, 57 (1962).
(20) C h o le ste ro l a n d  n -o c tan o l also  g av e  th e  c o rre sp o n d in g  x a n th a te s  

ra p id ly  a n d  in  9 0 %  y ie ld . T h e  g en e ra l u sefu lness  of th is  im p ro v ed  m e th o d  
fo r m ak in g  x a n th a te s  is be in g  in v e s tig a te d  fu r th e r.

(21) H . H . Ja ffé  a n d  M . O rch in , “ T h e o ry  a n d  A p p lic a tio n s  of U ltra v io le t  
S p ec tro sc o p y ,”  J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1962, p  196.

(22) G . V ogel, Chem. In d .  (L o n d o n ) , 1954 (1964).
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period of 15 min. The reaction mixture was stirred at 45° 
for 20 hr and then poured into 300 ml of ice-water. The aqueous 
phase was filtered and extracted thoroughly with pentane. The 
pentane fractions were combined and washed with 1 0 0  ml of a 
1 : 1  water-dimethyl sulfoxide solution and then with 2 0 0  ml of a 
saturated sodium chloride solution. The pentane solution was 
dried over sodium sulfate and then concentrated to a volume of 
about 20 ml. The solution was subjected to chromatography 
using 50 g of neutral aluminum oxide (activity grade 1) to remove 
all of the triphenylphosphine oxide. Elution with pentane and 
evaporation of the solvent gave a residue. Distillation gave 
3.0 g (30%) of colorless diene IV: bp 78° (1.9 mm); n 20D
1.5135; ir spectrum (neat), absorptions at 3100 and 1620 
cm-1; nmr spectrum (2 0 % in carbon tetrachloride), two singlets 
at r  8.90 and 8.73 (methyl protons), AB multiplet centered on 
7.64 (ring methylene protons), AB multiplet at 5.35 and 5.07 
(vinyl protons).

A n a l.  Calcd for Ci2Hz„S (196.35): C, 73.40; H, 10.26; S,
16.34. Found: C, 73.7, 73.7; H, 10.2, 10.2; S, 16.1, 16.1.

3,3,6,6-Tetramethyl-4-methylene-l-thiacycloheptane-5-on 
(VII).—To 0.1 mol of methylenetriphenylphosphorane in 200 
ml of dimethyl sulfoxide was added 14.5 g (0.07 mol) of diketone 
III  in 35 ml of dimethyl sulfoxide a t room temperature (for 
details, see diene IV). The reaction mixture was stirred at 45° 
for 2.5 hr and then poured into 300 ml of ice-water. The reaction 
mixture was worked up as described for diene IV. The yield of 
methylene ketone VII was 9.2 g (63%): bp 60° (0.5 mm); mp
40.5-41°; ir spectrum (neat), absorptions at 1680 and 1610 
cm-1; nmr spectrum (1 0 % in carbon tetrachloride), two singlets 
at r  8.80 and 8.83 (methyl protons), two singlets at 7.53 and 7.47 
(ring methylene protons), two singlets at 5.28 and 4.98 (vinyl 
protons); uv spectrum (in 96% ethanol), Xmox 300 m̂ i (e 40).

A n a l.  Calcd for C„H i8OS (198.33): C, 66.61; H, 9.15; S, 
16.16. Found: C, 66.7, 66.7; H, 9.2, 9.2; S, 16.2, 16.2.

2 .3- Diphenyl-l,3-butadiene.—To 0.13 mol of methylene tri- 
phenylphosphorane in 225 ml of dimethyl sulfoxide was added
9.25 g (0.044 mol) of benzil in 30 ml of dimethyl sulfoxide in 
10 min at room temperature. The reaction mixture was stirred 
for 3 hr in a nitrogen atmosphere at room temperature and then 
poured into 300 ml of ice-water. The reaction mixture was 
worked up as described for diene IV. The yield of 2,3-diphenyl-
1,3-butadiene was 1.5 g (15%): mp 45-46° (lit . 2 3  mp 46-47°); 
nmr spectrum (2 0 % in carbon tetrachloride), two doublets at 
r  5.23 and 5.45 (vinyl protons), multiplet centered on 2.21 
(aromatic protons).

a,a'-Diisopropylsuccinnic Acid Diethyl Ester (X).—A mixture 
of d ,l and meso a,a'-diisopropylsuccinnic acid diethyl ester (X) 
was obtained as described by Eberson . 18 The yield of diester X, 
bp 134-136° (15 mm), n 20D 1.4345, was 60% [lit. bp 125-127° 
(11 mm), ra20D 1.435018].

2.3- Diisopropyl-l,4-butanediol (XI).—A solution of 60 g 
(0.23 mol) of diester X in 200 ml of dry ether was added to a 
suspension of 11.4 g (0.30 mol) of lithium aluminum hydride 
in 200 ml of dry ether. The reaction mixture was refluxed for 
1 hour after all the diester was added. The reaction products 
were hydrolyzed by careful addition of water and of a dilute solu
tion of hydrochloric acid in water. The ether layer was separated, 
and the water layer was extracted with ether. The combined 
ether fractions were washed with water and dried over potassium 
carbonate. The ether was evaporated, and the residue was dis
tilled in  vacuo. The yield of diol X I, bp 109-110° (0.4 mm), 
was 36 g (90%). Analytically pure diol XI, mp 78-83°, was 
obtained by crystallization from petroleum ether (bp 60-80°): 
ir spectrum (neat), absorption at 3350 cm-1; nmr spectrum

(23) C . F . H . A llen, C . G . E lio t, a n d  A. Bell, C an. J .  R es., 17B , 75 (1939); 
Chem. A bstr ., 33 , 6284 (1939).

(10% in deuteriomethanol), two doublets at t 9.13 and 9.03 
and at 9.07 and 8.95 (methyl protons), multiplet from 8.0 to
8 . 8  (tertiary protons), doublet at 6.38 and 6.32 (methylene 
protons).

A n a l.  Calcd for C10H22O2 (174.18): C, 68.95; H, 12.68.
Found: C, 69.2, 6 8 .8 ; H, 12.4, 12.5.

Dixanthate of 2,3-Diisopropyl-l,4-butanediol (XII).—A solu
tion of 5.3 g (0.11 mol) of methylsulfinylsodium in 150 ml o f  
dimethyl sulfoxide was obtained as described for diene IV. To 
this solution was added a t room temperature 8.7 g (0.05 mol) of 
diol XI in 25 ml of dimethyl sulfoxide. The reaction mixture 
was stirred for 1 hr and then 9.2 g (0.12 mol) of carbon disulfide 
in 25 ml of dimethyl sulfoxide was added. The temperature of 
the reaction mixture was kept below 45° by external cooling. 
After 1 hr 17 g (0.12 mol) of methyl iodide in 25 ml of dimethyl 
sulfoxide was added. The reaction mixture was stirred for 1 
hr and then poured into 300 ml of ice-water. The water solu
tion was extracted with pentane; the pentane fractions were 
washed with a small portion of water and dried over sodium 
sulfate. The pentane was evaporated, and the residue was 
crystallized from ethanol. The yield of dixanthate X II, mp 
82-84°, was 8.8-10.6 g (50-60%): nmr spectrum (10% in
carbon tetrachloride), two doublets a t t 8.90, 9.00 and 9.00,
9.10 (methyl protons), multiplet at 7.9-8.25 (tertiary protons), 
singlet at 7.45 (sulfur methyl protons), and a doublet at 5.40 
and 5.32 (methylene protons).

A n a l.  Calcd for C,4H 260 2S4 (354.63): C, 47.41; H, 7.39; 
S, 36.17. Found: C, 47.9, 47.5; H, 7.5, 7.5; S, 35.3, 35.7.

2,3-Diisopropyl-l,3-butadiene (VIII).—In a Claisen flask 4.5 g 
(0.013 mol) of dixanthate X II was slowly heated to 230° (bath 
temperature). The bath temperature was kept at 230-250° 
until no more gas evolution was observed. The distillate was 
dissolved in pentane and treated with a dilute solution of mercuric 
chloride in ethanol. The alcoholic solution was filtered, and 100 
ml of water was added. The water solution was extracted with 
pentane. The pentane solution was washed with water and dried 
over sodium sulfate. The solvent was evaporated, and the residue 
was distilled at atmospheric pressure. The yield of diene VIII, 
bp 140°, n 20d 1.4405, was 1.1 g (60%). An analytical sample 
was obtained by means of preparative glpc (F & M 810, 4 ft, 
75°): ir spectrum (neat, 0.1-mm cell), absorptions at 3080,
1625, and 1600 cm-1; nmr spectrum (10% in carbon tetrachlo
ride), doublet at t 9.00 and 8.90 (methyl protons), heptet 
centered on 7.63 (tertiary protons), two doublets at 5.08, 5.10 
and 5.17, 5.19 (vinyl protons); uv spectrum (in isooctane), 
Xmax 223 m# (« 6180).

A n a l.  Calcd for Ci0 Hi8: C, 8 6 .8 8 ; H, 13.12. Found: C,
8 6 .8 , 87.0; H, 13.0, 13.1.

1,2-Dicarbomethoxy-4,5-diisopropyl-l,4-cyclohexadiene (XIII).
■—A solution of 600 mg (4.35 mmol) of diisopropylbutadiene VIII 
and 618 mg (4.35 mmol) of acetylenedicarboxylic acid dimethyl 
ester in 10 ml of benzene was refluxed for 5 hr. The solvent was 
evaporated, and the residue was recrystallized from petroleum 
ether (bp 40-60°). The yield of adduct X III, mp 97-100° 
(Kofler blok), was 720 mg (60%): ir spectrum (KBr disk), 
absorptions at 1710 and 1650 cm-1; nmr spectrum (10% in 
deuterioacetone), doublet at t 9.05 and 8.93 (methyl protons), 
singlet at 7.07 (methylene protons), singlet a t 6.27 (ester methyl 
protons).

A n a l.  Calcd for C16H 24O4  (280.35): C, 68.55; H, 8.63.
Found: C, 68.3, 68.3; H, 8.5, 8 .6 .

Registry No.—IV, 16134-09-1; VII, 16134-10-4; 
VIII, 16134-06-8; XI, 16134-07-9; XII, 16170-26-6; 
XIII, 16134-08-0; 2,3-diphenyl-l,3-butadiene, 2548- 
47-2.
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U p o n  ir ra d ia tio n , a  n u m b e r  of p h e n y lth io e th e n e s  u n d e rg o  a  lo w -y ie ld  c y c liza tio n  re a c tio n  (u p  to  1 1 .5%  y ie ld ) 
in  a d d itio n  to  th e  fo rm a tio n  of h ig h  m o lecu la r w e ig h t p ro d u c ts . P h o to ly s is  of 1 -p h e n y l- l-p h e n y lth io e th e n e  
(la) lead s to  cy c liza tio n  to  fo rm  “ n o rm a l”  2 -p h e n y lb e n z o [6] th io p h e n e  (2a) a n d  “ a b n o rm a l”  3 -p h e n y lb e n zo [b ]- 
th io p h e n e  (3a) in  low  y ie lds. S im ila r re su lts  w ere  o b ta in e d  w ith  1 -p h e n y l- l-p h e n y lth io p ro p e n e - l  (lb) w hich  
g ave  3 -m eth y l- '2 -p h en y lb en zo  [5] th io p h e n e  (2b) a n d  2 -m eth y l-3 -p h e n y lb en z o  [6] th io p h e n e  (3b). T h e  y ie ld s of 
th e  “ n o rm a l”  cy c liza tio n  p ro d u c ts  2a a n d  2b w ere  ra ise d  in  th e  p re sen c e  of iod ine . P h o to ly s is  of la  a n d  lb d id  
n o t  y ie ld  d e te c ta b le  a m o u n ts  of th e  iso m eric  l -p h e n y l-2 -p h e n y lth io e th e n e  (4a) o r 1 -p h en y  1-2-phenyl th io p ro -  
pene-1  (4b), re sp ec tiv e ly , n o r d id  th ese  isom ers u p o n  in d e p e n d e n t p h o to ly s is  y ie ld  m o re  th a n  a  tra c e  of cy c liza tio n  
p ro d u c ts . T h e  ben zo  [6] th io p h e n e s  w ere  n o t  in te rc o n v e r te d  u p o n  p h o to ly s is . S om e o th e r  p h e n y lth io e th e n e s  
as w ell as p h e n y l su lfide  fo rm ed  “ n o rm a l”  ben zo  [6] th io p h e n e s  in  low  y ie ld s  b u t  no  d e te c ta b le  a m o u n ts  of “ a b 
n o rm a l”  cy c liza tio n  p ro d u c ts .

The currently favored interpretation of the photo- 
chemically induced valence bond isomerizations found 
in arylthiophenes involves an intermediate with an 
expanded valence shell for sulfur.1 * A study of some 
thioethenes was undertaken in order to gain information 
about the photochemical behavior of other unsaturated 
sulfur-containing systems. Phenylthioethenes proved 
to be particularly interesting and were investigated in 
some detail.

2b and 3b did not occur upon photolysis. The cycliza
tion reaction proceeded in nearly the same yield at 300 
as at 254 m,u (see Experimental Section). Attempts to 
raise the yield by using different oxidizing agents 
failed. Benzophenone did not have any effect on the 
cyclization reaction.

The photochemical reactions of some other phenyl
thioethenes (5a-h) were examined and the results of 
these experiments are shown in eq 2. In the cases

Results
Photolysis of 1-phenyl-l-phenylthioethene (la) under 

N 2 in ether solution gave 2-phenylbenzo [6 ]thiophene 
(2a) and 3-phenylbenzo [6 ]thiophene (3a) (eq 1).

la, R — H
b, R= CH3

4a, R = H . 
b, R = CH3

/ R

+o x
2a, R = H 3a,R = H
b, R = CH3 b, R = CH3

no detectable cyclization products (1 ) 
except for a trace of 3b from 4b

The yield of 2a was raised from a trace (<1%) to 5% 
in the absence and the presence of iodine, respectively, 
while the yield of 3a was about 4% either with or with
out iodine. No photochemically induced interconver
sion of 2a and 3a occurred. No l-phenyl-2-phenyl- 
thioethene (4a) could be detected in the photolysis 
mixtures nor did this sulfide give any observable 
amounts of cyclization products 2a or 3a (eq 1) thereby 
eliminating the possibility that sulfide isomerization 
precedes ring closure.

In a similar manner photolysis of 1-phenyl-l-phenyl- 
thiopropene-1 (lb) gave 3-methyl-2-phenylbenzo[5]- 
thiophene (2b) and 2-methyl-3-phenylbenzo [5 ]thio- 
phene (3b) in yields of 2 and 4%, respectively. In the 
presence of iodine the yield of 2b was raised to 8% 
while that of 3b was 3.5%. No detectable isomeriza
tion of lb to 1-pheny 1-2-phenylthiopropene-l (4b) took 
place nor did 4b upon photolysis yield any identifiable 
product other than a trace of 3b. Interconversion of

(1) F o r  a  su m m a ry  of re su lts , see H . W y n b e rg , R . M . K ellogg, H . v an
D rie l, a n d  G. E . B eekhu is , J . A m er. Chem. Soc., 89, 3501 (1967).

5

a , R i =  R» =  H  6 .5
b, Ri = CHS; R, = H
c, R i =  H ; R 2 =  C H 3
d, R i = C H 3; Rii = CH-,
e, R i =  R 2 =  — (C H 2)4—  . . .
f, R ! = R 2 = C 6H ó
g, R i = H ; R 2 = C 6H 5S
h, R i = R 2 = —( C H = C H ) 2—  O3’4

9 .5
9 . 0 2 
2 .5 2
5 . 0 2
6.02 
O.O2“4 
0.02-3 
2 . 5 4

where cyclization occurred only the “normal” products
(6) could be found (eq 2). In the case of 1-phenylthio- 
ethene (5a) it was shown that the yield of benzo [63- 
thiophene was enhanced in the presence of iodine.
l,2-Di(phenylthio)ethene (5g) and l-(l-propenylthio)- 
propene-1 (7) (eq 3) gave no detectable amounts of 
cyclization products.

no cyclization products (3)

7

The photochemical cyclization of p-tolylthioethene
(8) proceeded in the presence of iodine to give 5-methyl- 
benzo[6]thiophene (9) in 9% yield (eq 4). No other

8 9

(2) Y ie ld  d e te rm in ed  on ly  in  th e  p resen ce  of iod ine .
(3) T h is  p ro d u c t could  n o t b e  d e tec te d .
(4) O th e r  p ro d u c t(s )  w ere  a lso  iden tified .
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cyclization products were detected. The rate of 
cyclization of 8 was much slower than that of phenyl- 
thioethene (5a) (see Experimental Section).

Phenyl sulfide (5h), upon photolysis in the presence of 
iodine, gave, in addition to the reported8 phenyl disul
fide (5% yield) and biphenyl (7.5% yield), bibenzothio- 
phene (6h) in 2.5% yield. In the absence of iodine 
only biphenyl and phenyl disulfide were found, as 
previously reported.5

Photolysis of 1,2-diphenyl-l-phenylthioethene (5f) 
in the presence of iodine gave a 78% yield of 9-phenyl- 
thiophenanthrene (10) (eq 5) and no observable

(eq 6). Iodine seems to enhance the yields in these 
reactions. When the a  position is substituted with 
phenyl an “abnormal” benzo[6]thiophene is formed 
(eq 7) in addition to the “normal” product (eq 6). The

amounts of 6f or 11. The product 10 was identified by 
comparison with material prepared by an unambiguous 
synthesis. None of the cyclization product 11 was 
observed when 10 was photolyzed independently.

A number of attempts were made to characterize the 
other materials formed from photolyses of the phenyl
thioethenes. In the cases of 5b and 5c considerable 
amounts of phenyl disulfide were formed; this product 
was, however, found in no more than trace amounts in 
the photolyses of 5a and 5d-h. The crude photolysis 
mixtures consisted of a benzene- or ether-soluble oil as 
well as an undefined black or brown deposit. The 
soluble oil contained the benzo [b Jthiophene plus un- 
distillable material which resisted characterization.

No reactions were observed with any of the phenyl
thioethenes in solution in the dark. Addition of a trace 
of acid or iodine also failed to induce any dark reactions. 
The possibility that the cyclization products arise from 
ground-state free-radical reactions was examined with 
lb; reaction at 80° in cyclohexane with azobisisobuty- 
ronitrile (AIBN) as initiator led only to formation of 
high molecular weight products and no benzo[6]thio- 
phenes. The possibility that free phenylthiyl radicals 
might play a role in the photolyses was examined with 
lb; photolysis in the presence of phenyl disulfide and 
iodine led to products 2b and 3b in decreased rather 
than increased yield.

Discussion
In the photochemically induced cyclization of phenyl

thioethenes substituted in the a  position with hydrogen 
or methyl, only the “normal” products are observed

(5) W . C a rru th e rs , N a tu re , 209, 908 (1966); N . K h a ra sc h  a n d  A. I . A. 
K h o d a ir , Chem. C om m un., 98 (1967).

yields of the “abnormal” products appear to be insensi
tive to the presence of iodine. These “abnormal” 
benzo[5]thiophenes must be primary photoproducts 
derived from a photoreaction of the a-phenyl-substi- 
tuted phenylthioethenes.

The photolysis of p-tolylthioethene (8) was carried 
out in order to determine if “normal” cyclization in
volves bond formation between the terminal carbon 
atom of the vinyl group and an ortho carbon in the 
phenyl ring. The formation of 5-methylbenzo[5]- 
thiophene (9) as the exclusive product from this reac
tion supports this conclusion and argues against any 
unusual rearrangements in the phenyl ring. More 
involved labeling experiments with other systems are 
planned in order to check this possibility further.

A possible mechanistic rationalization for the forma
tion of normal product is shown in eq 8.6 The effec
tiveness of iodine in oxidizing the proposed dihydro 
intermediate has ample precedent in other systems.7

hv

12
S. Ml

oxidn

H H R'

(8)

The presence of a phenyl group in the a  position of 
the phenylthioethene appears to be essential to “abnor
mal” cyclization. This effect might arise from stabili
zation of structures such as 13 derived from interaction 
of the sulfur atom with the vinylic double bond (eq 9). 
Subsequent ring expansion followed by loss of hydrogen 
provides a rationalization for the formation of “abnor
mal” product. The failure to obtain “abnormal” 
cyclization products when the a  position is substituted 
by hydrogen or methyl could be attributed to the

(6) O ne m ay , of course, im ag in e  o th e r  v a len ce  b o n d  s tru c tu re s  fo r th e  p ro 
posed  (excited?) in te rm e d ia te  12. Som e p re c e d e n t ex ists  fo r s u lfu r  v a len ce  
shell expansion  in  p h o to c h em ica l re a c tio n s .1

(7) See, fo r exam ple, F . B. M allo ry , C . S. W ood, J . T . G o rdon , L. C. 
L in d q u is t, a n d  M . L . S av itz , J .  A m er. Chem. Soc., 84, 4361 (1962).
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inability of these substituents to stabilize effectively an 
adjacent partially charged center. The apparent 
ineffectiveness of iodine in the formation of the “abnor
mal” product suggests a spontaneous elimination of hy
drogen in the formation of the thiophene ring.

Experimental Section
A ll m e ltin g  p o in ts  a re  c o rre c te d . U ltra v io le t  sp e c tra  w ere 

ta k e n  o n  a  Zeiss P M Q  I I  sp e c tro p h o to m e te r .  In f ra re d  sp e c tra  
w ere  re co rd e d  o n  a  P e rk in -E lm e r  M o d e l 257 g ra tin g  in fra re d  
sp e c tro p h o to m e te r .  N u c le a r  m a g n e tic  re so n an c e  (n m r) sp e c tra  
w ere  t a k e n  o n  a  Y a r ia n  A -60 in s t ru m e n t  w ith  te tra m e th y ls i la n e  
(T M S ) as in te rn a l  re fe ren ce . F o r  m ass  sp e c tra  a n  A sso c ia ted  
E le c tro n ic  In d u s tr ie s  M S  9 m ass sp e c tro p h o to m e te r  w as u se d .

M ic ro an a ly ses  w ere  c a rr ied  o u t  in  th e  a n a ly tic a l  se c tio n  of 
th is  d e p a r tm e n t  u n d e r  th e  d irec tio n  o f M r . W . H a z e n b e rg .

T h e  sm a ll-sca le  p h o to ly se s  w ere  p e rfo rm e d  w ith  a  H a n a u  S 81 
h ig h  p re ssu re  m erc u ry  la m p . L a rg e r  sca le  re a c tio n s  w ere  
d o n e  u sin g  a  H a n a u  Q 700 h ig h  p re ssu re  m e rc u ry  la m p . T h e  
e q u ip m e n t h a s  b e en  d esc rib ed  p re v io u s ly .8 A  few  re a c tio n s  
w ere  c a rr ie d  o u t  in  a  R a y o n e t p h o to c h e m ic a l r e a c to r  u sin g  th e  
lig h t sou rces d esc rib ed  e lsew here  in  th is  se c tio n . A ll i r ra d ia t io n s  
w ere  p e rfo rm e d  u n d e r  n itro g e n  e ith e r  w ith  o r  w ith o u t a  tra c e  
o f io d in e  a s  n o te d . T h e  i r ra d ia t io n s  w ere  c o n tin u e d  u n t i l  th e  
s ta r t in g  m a te r ia l  h a d  d isa p p e a re d . T h e  i r r a d ia te d  so lu tio n s  
w ere  c o n c e n tra te d  b y  m ea n s  of a  r o ta to ry  e v a p o ra to r ,  checked  
b y  g lp c , a n d  th e n  c h ro m a to g ra p h e d  o v e r a lu m in iu m  o x ide  (M e rck  
a c tiv e  n e u tra l,  a c t iv i ty  I ) .  T h e  o ily  re s id u e  th u s  o b ta in e d  con
ta in e d  h ig h e r m o lecu la r w e ig h t p ro d u c ts  in  a d d it io n  to  th e  
cy c liza tio n  p ro d u c ts .  P re lim in a ry  id e n tif ic a tio n  a n d  y ie ld  
c a lcu la tio n s  w ere  d o n e  b y  g lpc  u sin g  a  F  & M  M o d e l 810 gas 
c h ro m a to g ra p h  e q u ip p e d  w ith  h y d ro g e n  flam e  d e te c to rs .  P r e 
p a ra t iv e  g lpc  w as d o n e  e ith e r  w ith  a n  F  & M  M o d e l 775 P re p -  
m a s te r  o r  w ith  a  F  & M  M o d e l 700 gas c h ro m a to g ra p h , b o th  
e q u ip p e d  w ith  th e rm a l c o n d u c tiv ity  d e te c to rs .

l -P h e n y l-2 -p h e n y lth io e th e n e  (4 a ) 9 h a d  u v  m a x im a  (9 6 %  
C 2H 5O H ) a t  304 niju (e 18 ,000); 1 -p h e n y l- l-p h e n y lth io p ro p e n e - l 
( l b ) 10 h a d  u v  m a x im a  (9 6 %  C 2H 5O H ) a t  250  m,u (e 17 ,100); 
p h e n y lth io e th e n e  (5 a ) 11 h a d  u v  m a x im a  (9 6 %  C 2H 5O H ) a t  
247 m ii (e 8300) a n d  265 (8000); 1 -p h e n y lth io p ro p e n e -l (5 c ) 12 

h a d  u v  m ax im a  (9 6 %  C 2H 5O H ) a t  248 m ^  (e 10,200) a n d  264

(8) H . W y n b e rg , H . v a n  D rie l, R . M . K ellogg, a n d  J .  B u te r , J .  A m er. 
Chem . Soc., 89, 3487 (1967).

(9) W . E . T ru c e , H . E . H ill, a n d  M . M . B o u d ak ian , ib id ., 78, 2760 (1956).
(10) E . C am p a ig n e  a n d  J . R . L eal, ib id ., 76, 1272 (1954).
(11) F . M o n ta n a r i ,  B oll. S c i. Fac. C him . In d .  Bologna, 14, 55 (1956); 

Chem. A b str ., 51 , 5723 (1957).
(12) D . S. T a rb e ll  a n d  M . A . M cC all, J .  A m er. Chem . Soc., 74 , 48 (1952).

(1 0 ,8 0 0 ); 1 -p h en y lth io cy c lo h ex en e  (5 e ) 13 h a d  u v  m a x im a  (9 6 %  
C 2H 5O H ) a t  247 m/x (e 8400) a n d  260 (7000); 1 ,2 -d ip h e n y l- l-  
p h e n y lth io e th e n e  (5 f ) 10 h a d  u v  m a x im a  (9 6 %  C 2H 5O H ) a t  263 
m /i (e 15,100) a n d  308 (12 ,300); l ,2 -d i(p h e n y l th io )e th e n e  (5 g ) 14 

h a d  u v  m a x im a  (9 6 %  C 2H 5O H ) a t  280  m/x (e 16 ,300); 1-(1- 
p ro p e n y lth io )p ro p e n e - l (7)15 h a d  u v  m a x im a  (9 6 %  C 2H 5O H ) 
a t  240 m^i (e 8 400); a n d  5 -m e th y lb e n z o [6 ] th io p h e n e  (9)16 h a d  
u v  m a x im a  (9 6 %  C 2H 5O H ) a t  230  m ^  (e 28 ,700), 258 (6300), 
286 (1800), 291 (2400), 296 (2200), a n d  303 (3200).

T h e se  co m p o u n d s w ere  p re p a re d  as d esc rib ed  in  th e  l i te r a tu r e .
l-P h e n y l-2 -p h e n y lth io p ro p e n e - l (4 b ) 17 w as p re p a re d  in  a n  

an a lo g o u s  m a n n e r  to  4 a 9 fro m  th e  a d d it io n  o f th io p h e n o l to  
m e th y l p h e n y l a c e ty le n e : b p  1 3 8 -1 4 0 °  (1 .1  m m ); n 20D 1 .6457; 
u v , Xmax (9 6 %  C 2 H 5 O H )  260 m M (e 12 ,500), 285 (1 2 ,3 0 0 ); n m r  
(C C h ), r  8 .0  (m , 3, C H 3, c i s - t r a n s  isom ers p re s e n t) ,  3 .4  (m , 1 , 
= C H ) ,  a n d  2 .8  [m , 10, (C 6H 6)2].

1- P h e n y l- l-p h e n y lth io e th e n e  ( l a )  a n d  2 -p h e n y lth io p ro p e n e - l 
(5 b ) w ere  p re p a re d  in  lo w  y ie ld  as d esc rib ed  fo r 1 -p h e n y l- l-  
p h e n y lth io p ro p e n e - l  ( l b ) 10 b y  u s in g  a c e to p h e n o n e  a n d  a c e to n e , 
re sp e c tiv e ly , in  p lac e  of p ro p io p h e n o n e . C a m p a ig n e  a n d  co
w o rk e rs 10 d id  n o t  o b ta in  l a  in  a  re a c tio n  c a rr ie d  o u t  u n d e r  
s im ila r  c o n d itio n s . 1 -P h e n y l- l-p h e n y lth io e th e n e  ( l a ) 18 h a d  
th e  fo llow ing  p ro p e rtie s : b p  9 0 -9 1 .5 °  (0 .12  m m ); n 21D 1 .6323; 
u v , sh o u ld e r  (9 6 %  C 2H 6O H ) 244 m ^  (« 11 ,000); n m r  (C C L ), 
r  4 .4 8  (s, 1 , = C H H ) ,  4 .8 2  (s, 1 , = C H H ) ,  2 .8  [m , 10, (C 6H 5)2] .
2- P h e n y lth io p ro p e n e - l  (5 b ) h a d  th e  fo llow ing  p ro p e rt ie s :  
b p  91 ° (14 m m ), w20d  1.5642 [ l i t . 19 b p  6 8 -6 9 °  ( 8  m m ), n 20D 
1 .5690]; u v  Xmax (9 6 %  C 2H 5O H ) 244 m M (e 5100) a n d  2 6 4  
(4000); n m r (CC14), r  8 .05  (q , 3, J  =  1 .2  a n d  0 .7  H z , C I I 3),
5 .15  (m , 1 , = C H H ) ,  4 .9 0  (m , 1 , = C H H ) ,  2 .7 5  (m , 5 , C 6H 5).

2- P h e n y lth io b u te n e -2  (5d) w as p re p a re d  b y  iso m e riz a tio n  o f
3- p h e n y lth io b u te n e - l20 w ith  p o ta s s iu m  f-b u to x id e  in  d im e th o x y -  
e th a n e : 16 b p  8 5 -8 6 °  (1 m m ); n n D 1.5707; u v  Xmax (9 6 %  
C 2H 5O H ) 247 m M (e 8900) a n d  261 (7000); n m r  (CC14), r  8 .1 0  
(m , 6 , (C II3)2), 4 .1 0  (m , 1, = C H ) ,  2 .8 0  (m , 5, C 6I I 5).

p -T o ly lth io e th e n e  (8 ) w as p re p a re d  b y  a  m u lt is te p  sy n th e s is  
b e g in n in g  fro m  th e  re a c tio n  o f p - to ly lth io l w ith  l-c h lo ro -2 - 
h y d ro x y e th a n e . 21 T h e  l -p - to ly lth io -2 -h y d ro x y e th a n e  o b ta in e d  
w as c o n v e rte d  in to  l -p - to ly lth io - 2 -c h lo ro e th a n e  b y  t r e a tm e n t  
w ith  th io n y l c h lo rid e . 22 R e a c tio n 11 w ith  a q u eo u s  K O H  g a v e  8 : 
b p  9 5 -9 7 °  (15 m m ); nwD 1 .5770 [ l i t . 9 b p  7 8 .0 °  (4 .0  m m ); n™d 
1 .5727]; u v  Xmax (C 6H i2) 250 m M (e 7300) a n d  267 (7000).

P h o to ly s is  of 1 -p h e n y l- l-p h e n y lth io e th e n e  ( l a )  (190 m g  in  
125 m l of e th e r )  in  th e  p re sen ce  o f a  t r a c e  o f io d in e  g a v e  tw o  
p ro d u c ts  d e te c ta b le  b y  g lpc  (6 - f t  D E C S , 190°). T h ese  w ere 
iso la te d  fro m  th e  e x it p o r t  of th e  F  & M  700 (6 - f t  D E C S , 1 7 0 °). 
T h e  ir  s p e c tra  of th e se  co m p o u n d s w ere  id e n tic a l in  a ll re sp e c ts  
w ith  th o se  o f 3 -p h en y lb en zo  [6 ] th io p h e n e  (3 a) a n d  2 -p h e n y lb e n zo - 
[6 ] th io p h e n e  (2 a ), re sp e c tiv e ly . F u r th e r  c o n firm a tio n  o f th e  
id e n t i ty  of 2 a  w as o b ta in e d  fro m  i ts  iso la tio n , in  v e ry  lo w  y ie ld , 
a s  a  p re c ip ita te  fro m  a n o th e r  re a c tio n  m ix tu re ; ir  a n d  u v  s p e c tra  
w ere  id en tic a l w ith  th o se  o f a u th e n t ic  m a te ria l  a n d  a  m ix tu re  
m e ltin g  p o in t  d e te rm in a tio n  w ith  th e  l a t t e r  sh o w ed  no d e p re s 
sio n . N o  isom eric  l -p h e n y l-2 -p h e n y lth io e th e n e  (4 a )  co u ld  be  
d e te c te d  in  gas c h ro m a to g ra m s of sa m p le s  ta k e n  d u r in g  th e  
cou rse  o f p h o to ly s is . P ro d u c t  y ie ld s  fro m  ir ra d ia t io n s  c a rr ie d  
o u t  in  th e  p re sen c e  of io d in e , c a lc u la te d  b y  g lp c  (4 -ft D E G S , 
1 9 0 °), w ere  a b o u t  5 %  2 a  a n d  4 %  3a . W ith o u t  io d in e  th e  y ie ld  
of 3 a  re m a in e d  a p p ro x im a te ly  th e  sa m e  w h ile  o n ly  a  t r a c e  o f 
2 a  w as fo rm ed .

2 -P h e n y lb e n z o  [6 ] th io p h e n e  (2 a ) 23 h a d  m p  1 7 0 -1 7 2 °; u v  
m ax im a  (C H 2C12) w ere  a t  232 m/x (e 17 ,400), 256 (9800), 299
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(13) W e a re  in d e b te d  to  P ro fesso r W . E . P a rh a m  fo r th is  p ro ced u re  ta k e n  
from  th e  M .S . T h e sis  of N . G ill, U n iv e rs ity  of M in n eso ta , M in n ea p o lis , 
M in n ., 1964.

(14) W . E . P a rh a m  a n d  J . H e b e rlin g ,<J. A m er. Chem . Soc., 7 7 , 1175 (1955).
(15) C . C . P r ic e  a n d  W . H . S n y d er, J. Org. C hem ., 2 7 , 4639 (1962).
(16) D . S. T a rb e ll, D . K . F u k u sh im a , a n d  H . D a m , J. A m er. Chem . Soc ., 

6 7 , 1643 (1945).
(17) Y .-C . L iu  a n d  T .- I .  C han g , H u a  H sueh  H sueh  P ao, 3 0 ,  197 (1964); 

Chem. A bstr ., 6 1 , 8217 (1964).
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(19) N . K . K u l’bo v sk ay a , E . P . G rach ev a , M . F . S h o stak o v sk ii, Z h .  
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(21) W . S te in k o p f, J . H ero ld , a n d  J .  S tô h r , B er., 5 3 , 1007 (1920).
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(18 ,700). I r r a d ia t io n  of th is  m a te ria l  (125 m g in  125 m l of 
e th e r )  e ith e r  w ith  o r w ith o u t io d in e  fa iled  to  g ive  a n y  3 -p h en y l- 
b e n z o [5]th io p h e n e  (3 a ). O n  o n e  o ccasio n  ir ra d ia t io n  w ith o u t 
iod ine  led  to  th e  fo rm a tio n  of a  sm all a m o u n t o f a n  e x tre m e ly  
in so lu b le  w h ite  so lid  w h ich  d e to n a te d  u p o n  a n  a t t e m p t  to  
d e te rm in e  i ts  m e ltin g  p o in t . 24 T h is  m a te ria l is lik e ly  pero x id ic  
in  n a tu re .

3 -P h e n y lb en z o  [6 ] th io p h e n e  (3 a) w as p re p a re d  b y  th e  d e 
sc rib ed  m e th o d : 25 b p  1 1 7 -118° (0 .25  m m ); n 20o  1.6823 [ l i t . 25 

b p  100-120° (0.1 m m ); n 2»-5d  1 .6792]; uv , Ama* (C H 2C12) 235 
m M (« 2 9 ,5 0 0 ), 264 (8300), 294 (6000), 303 (6200). I r r a d ia t io n  
(320 m g in  115 m l o f e th e r )  w ith  o r  w ith o u t io d in e  fa iled  to  
p ro d u ce  2 -p h e n y lb e n z o [6 ] th io p h e n e  (2 a ) o r  a n y  o th e r  id en tif ia b le  
p ro d u c ts  o th e r  th a n  reco v e red  s ta r t in g  m a te ria l.

I r ra d ia tio n  of l-p h e n y l-2 -p h e n y lth io e th e n e  (4 a) (isom er w ith  
J vinyl =  15 H z , m p  3 3 .5 -3 4 ° ;  201 m g  in  120 m l o f e th e r )  fo r 
2 h r  w ith  o r w ith o u t io d in e  g av e  a n  oil in  w h ich  no 2- o r  3- 
p h e n y lb en zo  [6 ] th io p h e n e  (2a  a n d  3 a )  cou ld  b e  d e te c te d  b y  g lpc  
(6 - f t  D E G S , 190°) o r  ir  sp e c tro sc o p y . O n ly  th e  p re sen ce  of 
s ta r t in g  m a te ria l a n d  i ts  g e o m e tric a l isom er ( / vmyi =  10 H z )  
cou ld  be  d e m o n s tra te d .

P h o to ly s is  of 1 -p h e n y l- l-p h e n y lth io p ro p e n e -l ( l b )  w as a lw ay s  
do n e  w ith  o n e  p u re  isom er (m p  4 2 .5 -4 3 ° ) .  I r r a d ia t io n  (500 
m g in  150 m l e th e r )  w ith  a n  S-81 la m p  fo r 20 m in  led  to  a  m ix 
tu re  of g eo m etrica l isom ers as sh o w n  b y  th e  n m r sp e c tru m  
w hich  g ave  a n  a d d it io n a l  d o u b le t  fo r th e  m e th y l p ro to n s  a n d  
new  v in y l sp litt in g s . V ery  sm a ll a m o u n ts  o f tw o  longer re te n tio n  
tim e  p ro d u c ts  cou ld  also  b e  seen  in  th e  gas c h ro m a to g ra m s. 
I r r a d ia t io n  fo r 5 h r  led  to  d isa p p e a ra n c e  o f th e  s ta r t in g  m a te ria l 
a n d  i ts  g eo m etric  isom er a n d  a n  in crease  in  th e  a m o u n t o f th e  
tw o  longer r e te n tio n  t im e  p ro d u c ts .  T h ese  l a t t e r  p ro d u c ts ,  
p re p a re d  o n  la rg e r  sca le  b y  p h o to ly s is  w ith  a  Q -700 la m p , w ere 
iso la ted  b y  p re p a ra tiv e  gas c h ro m a to g ra p h y  (F  & M  775, 8 - f t  
2 5 %  D E G S , 195°). In f ra re d ,  u v , a n d  n m r sp e c tra  a n d  glpc 
re te n tio n  tim e s  of th e se  tw o  p h o to p ro d u c ts  w ere id en tica l w ith  
th o se  o f a u th e n tic  2 -m e th y l-3 -p h e n y lb e n z o [6 ] th io p h e n e  (3b) 
a n d  3 -m e th y l-2 -p h e n y lb e n z o [6 ] th io p h e n e  (2 b ) . T h e  m o lecu la r 
w eigh ts d e te rm in e d  b y  m ass  sp e c tro m e try  a g ree d  w ith  th o se  
c a lcu la te d  fo r th e  a b o v e  m e n tio n e d  p ro d u c ts .  T h e  y ie lds ca lcu 
la te d  b y  glpc (4 -ft D E G S , 190°) w ere  2 %  2 b a n d  4 %  3 b . W h en  
th e  re a c tio n s  w ere  c a rr ied  o u t  in  th e  p re sen c e  o f tra c e s  o f iod ine  
th e  y ie ld s w ere 8 %  2b a n d  3 .5 %  3 b .

E x a m in a tio n  o f c ru d e  i r ra d ia t io n  m ix tu re s  b y  n m r  sp e c tro s 
copy  show ed  no  p e a k s  a ss ig n a b le  to  th e  isom ers o f th e  s ta r t in g  
su lfide, l-p h e n y l-2 -p h e n y lth io p ro p e n e - l  (4 b ) o r  2 -p h e n y l- l-  
p h e n y lth io p ro p e n e - 1 ; th is  w as also  s u b s ta n t ia te d  b y  gas c h ro 
m a to g ra p h ic  se p a ra t io n s .

T h e  sam e  re a c tio n  w as o b se rv ed , a lth o u g h  in  low er y ie ld s , in  
m e th a n o l so lu tio n . P h o to ly se s  in  e th a n o l w ith  c u p ric  ch lo rid e  
a n d  iod ine  a s  o x id a n t o r in  b en zen e  w ith  se len iu m  as o x id a n t 
fa iled  to  g ive  a n y  c y c liza tio n  p ro d u c ts .  R e ac tio n s  in  e th e r  
so lu tio n  w ith  io d in e  as o x id a n t c a rr ied  o u t  in  R a y o n e t re a c to r  
u sin g  3000-A  lam p s g av e  sim ila r y ie ld s  w ith  th o se  c a rr ied  o u t  
w ith  th e  S-81 la m p s . F u r th e r  re a c tio n s  in  th e  sa m e  re a c to r  
show ed  t h a t  e q u im o la r  a m o u n ts  o f b e n zo p h e n o n e  h a d  no  o b 
se rv ab le  e ffec t o n  th e  p h o to ly s is  (a lth o u g h  cis-trans eq u ilib riu m  
w as v e ry  ra p id ly  e s ta b lish e d  in  th e  p re sen ce  o f b e n zo p h en o n e  
u p o n  b rie f ex p o su re  to  ro o m  l ig h t) .  S ta r tin g  m a te ria l  d is
a p p e a re d  b u t  no  c y c liza tio n  p ro d u c ts  w ere  fo rm ed  w hen  b en zen e  
w as used  as so lv e n t w ith  io d in e  a s  o x id a n t. I r r a d ia t io n  w ith  
3500-A  lam p s in  b en zen e  so lu tio n  w ith  a d d e d  b en zo p h en o n e  
likew ise cau sed  d isa p p e a ra n c e  o f s ta r t in g  m a te ria l  b u t  no  benzo- 
[6 ] th io p h e n e s  w ere  fo rm ed .

3 -M e th y l-2 -p h e n y lb e n z o [6 ] th io p h e n e  (2 b ) w as p re p a re d  in  
4 5 %  y ie ld  b y  cy c liza tio n  o f l-p h e n y l- l-p h e n y lth io p ro p a n -2 -o n e  
w ith  p o ly p h o sp h o ric  a c id  as d esc rib ed  fo r 3 -p h en y lb en zo [6 J- 
th io p h e n e  (3 a ) : 25 m p  7 7 -7 8 ° ;  u v , Amax (C H 2C12) 236 m p 
(« 2 0 ,8 0 0 ), 251 (1 8 ,6 0 0 ), 293 (1 5 ,9 0 0 ); n m r  (CC14), r  7 .6 0  (s, 
3, C H 3) a n d  2 .75  (m , 9 , a ro m a tic  H ) .  I r r a d ia t io n  of 2 b  (125 
m g  in  125 m l of e th e r )  w ith  o r  w ith o u t io d in e  fa iled  to  y ie ld  a n y  
2 -m e th y l-3 -p h e n y lb en z o [5 ]th io p h e n e  (3 b ) o r a n y  o th e r  id e n tif i
a b le  p ro d u c ts  o th e r  th a n  re co v e red  s ta r t in g  m a te ria l.

Anal. C a lcd  fo r C i5H 12S: C , 8 0 .3 1 ; H , 5 .4 0 ; S, 14.29. 
F o u n d : C , 8 0 .0 ; H ,  5 .5 ; S , 14 .1 .

2 -M e th y l-3 -p h e n y lb e n z o [6 ] th io p h e n e  (3 b ) 26 w as p re p a re d  in  
7 0 %  y ie ld  b y  cy c liza tio n  o f « - (p h e n y lth io )p ro p io p h e n o n e  w ith

(24) O b se rv a tio n  b y  M r. G . E . B eekhu is of th e se  la b o ra to rie s .
(25) O. D a n n  a n d  M . K o k o ru d z , B er., 91 , 172 (1958).
(26) T . S rin iv a sa  M u r th y  a n d  B . D . T ilak , J .  S c i. I n d .  R es., 19B , 395 

(1960); Chem. A bstr ., 55, 11388 (1961).

p o ly p h o sp h o ric  ac id : b p  1 1 2 -1 1 4 °  (0 .15  m m ) [ l i t . 23 b p  14 5 - 
150 (3 m m )];  n x D 1.6630; m p  3 7 .5 -3 9 ° ;  u v , Amal (C H 2C12) 
236 m M (e 3 1 ,700), 266 (9300), 293 (4800), 302 (4600); n m r  
(CC14), r  7 .57  (s, 3 , C H 3) a n d  2 .7  (m , 9, a ro m a tic  H ) .  I r r a d i a 
tio n  o f th is  m a te ria l  (300 m g in  150 m l o f e th e r )  w ith  o r  w ith o u t  
io d in e  fa iled  to  p ro d u c e  a n y  3 -m eth y l-2 -p h en y lb en zo  [6 ] th io p h e n e  
(2 b ).

I r ra d ia tio n  of l-p h en y l-2 -p h e n y lth io p ro p e n e -l (4b) (225 m g 
in  125 m l o f e th e r )  in  th e  p re sen c e  o f  a  t r a c e  o f iod ine  g av e  a n  
oil a f te r  c h ro m a to g ra p h y  o v e r a lu m in iu m  o x ide . B y  g lpc  (4- 
f t  D E G S , 190°) a  tra c e  o f a  co m p o u n d  ( < 1 % )  w as ob se rv ed  
w h ich  h a d  a  r e te n tio n  t im e  th e  sa m e  a s  t h a t  o f 2 -m e th y l-3 - 
p h e n y lb e n z o [5] th io p h e n e  (3 b ).

Ir ra d ia tio n  of p h e n y lth io e th e n e  (5 a) (220 m g  in  150 m l of
e th e r )  in  th e  p re sen ce  o f io d in e  fo r 1  h r  g a v e  in  9 .5 %  y ie ld  as 
d e te rm in e d  b y  g lpc  (6 - f t  D E G S , 140°) b e n z o [6 ] th io p h e n e  (6 a ) .  
T h e  u v  sp e c tru m  of m a te ria l  iso la te d  b y  m ea n s  o f g lpc  (4 -ft 
SE -30 , 150°) w as id en tic a l w ith  t h a t  o f a u th e n t ic  b en zo [6]- 
th io p h e n e . I n  th e  ab se n ce  o f iod ine  th e  y ie ld  w as 6 .5 % .

I r ra d ia tio n  of 2 -p h e n y lth io p ro p e n e -l (5 b ) (400 m g in  115 m l 
o f e th e r )  in  th e  p resen ce  o f io d in e  g a v e  2 -m e th y lb en z o  [6 ] th io 
p h e n e  (6 b ) in  9 %  y ie ld  a s  d e te rm in e d  b y  g lpc  (4 -ft S E -3 0 , 180°). 
T h is  p ro d u c t w as id en tified  b y  i ts  g lp c  re te n tio n  t im e  a n d  b y  
th e  c h a ra c te ris tic  p e a k  in  th e  n m r  sp e c tru m  for th e  m e th y l 
p ro to n s : r  7 .5 0  (d , J  =  ca. 1 H z ) . N o  3-m ethylbenzo[i> ]- 
th io p h e n e  (6 c) cou ld  b e  d e te c te d  e ith e r  b y  n m r  sp e c tro sco p y  
o r  g lp c . A la rg e  a m o u n t o f p h e n y l d isu lfide  w as fo rm ed  w h ich  
w as iso la ted  b y  p re p a ra tiv e  g lpc  a n d  id en tified  b y  co m p ariso n  
w ith  a u th e n t ic  m a te ria l.

2 - M e th y lb e n zo  [6 ] th io p h e n e  (6 b ) w as p re p a re d  fo llow ing 
th e  d escrib ed  p ro c e d u re : 27 u v , Amas (C 2H 5O H ) 229 (e 
2 9 ,1 0 0 ), 260  (7900), 287 (1900), 298 (2 2 0 0 ); n m r  (C C h ), r  
7 .5 0  (d , 3, J  =  ca. 1 H z , C H 3) a n d  2 .7  (m , 5 , a ro m a tic  H ) .

3 - M e th y lb e n z o [5]th io p h e n e  (6 c) w as o b ta in e d  as re p o rte d  
in  th e  l i t e r a tu r e : 28 u v  Xma* (C 2H 5O H ) 230 m^i (e 2 9 ,3 0 0 ), 262 
(4500), 290  (2800), 299 (3300); n m r  (C C h ), T 7 .7 0  (d , 3, J  
=  ca. 1.5 H z , C H 3) a n d  2 .7  (m , 5 , a ro m a tic  H ) .

I r ra d ia tio n  of 1 -p h e n y lth io p ro p en e -l (5c) (cis-trans m ix tu re , 
400  m g in  115 m l o f e th e r )  in  th e  p re sen c e  o f io d in e  fo r 1.5 h r  
g av e  3 -m e th y lb e n z o [6 ] th io p h e n e  (6 c) in  2 .5 %  y ie ld  a s  d e te rm in e d  
b y  g lpc  (4 -ft S E -30 , 18 0 °). T h e  p ro d u c t  w as id en tified  b y  i ts  
g lpc  re te n tio n  tim e  a n d  th e  c h a ra c te ris tic  p e a k  in  th e  n m r  sp ec
t ru m  fo r th e  m e th y l p ro to n s : t 7 .7 0  (d , J  =  ca. 1.5 H z ) . 
N o  2 -m e th y lb e n z o [6 ] th io p h e n e  (6 b )  co u ld  b e  d e te c te d  b y  n m r 
sp e c tro sco p y  or g lp c . A  la rg e  a m o u n t o f  p h e n y l d isu lfide  w as 
fo rm ed  w h ich  w as iso la te d  b y  p re p a ra tiv e  g lpc.

P h o to ly s is  of 2 -p h e n y lth io b u te n e -2  (5 d ) (300 m g  in  115 m l 
o f e th e r )  in  th e  p resen ce  o f io d in e  fo r 2 .25  h r  led  to  th e  fo rm a tio n  
of 2 ,3 -d im e th y lb e n z o [6 ] th io p h e n e  (6 d ) in  5 %  y ie ld  a s  d e te rm in e d  
b y  g lpc  (4 -ft S E -30 , 165°). A  sm a ll a m o u n t o f th is  p ro d u c t w as 
t r a p p e d  fro m  th e  ex it p o r t  of th e  F  & M  700 a n d  i ts  ir  sp e c tru m  
w as sh o w n  to  b e  id en tica l w ith  t h a t  o f a u th e n t ic  6 d  p re p a re d  
a s  d esc rib ed  in  th e  l i te r a tu r e . 28

P h o to ly s is  of 1 -p h en y lth io cy c lo h ex en e  (5 e) (1 .0  g  in  550 m l
of e th e r)  in  a  Q -700 la m p  fo r 3 h r  w ith  a  tra c e  o f io d in e  g ave
l,2 ,3 ,4 -te tra h y d ro d ib e n zo [f> ]th io p h e n e  (6 e ) in  6 %  y ie ld  a s  
d e te rm in e d  b y  glpc (4 -ft S E -30 , 2 6 0 ° ) . T h is  p ro d u c t w as iso 
la te d  fro m  th e  e x it p o r t  o f th e  F  & M  700 a n d  i ts  ir  sp e c tru m  
w as sh o w n  to  b e  id en tica l w ith  t h a t  o f a u th e n t ic  6 e p re p a re d  as 
d esc rib ed  in  th e  l i te r a tu r e . 29

P h o to ly s is  of p - to ly lth io e th e n e  (8 ) (365 m g  in  125 m l o f e th e r)  
fo r 50  h r  in  th e  p re sen ce  o f io d in e  g av e , a f te r  w o rk -u p , 202 m g 
of a n  o il. T h e  ir  sp e c tru m  of th is  oil show ed  m a in ly  p eak s  
co rre sp o n d in g  to  5 -m e th y lb e n z o [6 ] th io p h e n e  (9) p lu s  a  few  
p e a k s  in  th e  a ro m a tic  reg io n . T h e  5 -m e th y lb en z o  [6 ] th io p h e n e  
w as iso la ted  b y  g lpc  s e p a ra tio n  (4 -ft S E -3 0 , 170°) a n d  its  ir  
a n d  n m r  sp e c tra  w ere  sh o w n  to  be  co m p le te ly  id e n tic a l w ith  
th o se  o f a u th e n tic  m a te ria l.  T h e  y ie ld  c a lc u la te d  b y  g lpc  w as 
9 % . T h e  b a la n c e  o f th e  oil w as u n d is til la b le  a n d  w e w ere 
u n a b le  to  c h a ra c te riz e  a n y  p ro d u c t fro m  i t .  U p o n  s ta n d in g  
in  th e  d a rk  in  e th e r  so lu tio n  c o n ta in in g  h y d ro g e n  io d id e  no 
c y c liza tio n  o ccu rred  e lim in a tin g  th e  p o ss ib ility  o f a  “ d a r k ”  
a c id -c a ta ly z e d  re a c tio n .

P h o to ly s is  of 1 ,2 -d ip h e n y l- l-p h e n y lth io e th e n e  (5f) (200 m g 
in  115 m l o f e th e r )  fo r 3 .75  h r  in  th e  p re sen ce  of io d in e  g ave ,

(27) C. H an sch  a n d  W . A. B london , J .  A m er. Chem. Soc., 70, 1561 (1948).
(28) E . E . G . W erne r, Rec. Trav . Chim . P a y s-B a s , 68, 509 (1949).
(29) K . R a b in d ra n  a n d  B . D . T ilak , Curr. S c i., 20 , 207 (1951); Chem . 

A bstr., 47, 3294 (1953).
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a f te r  w o rk -u p , 180 m g  of c ru d e  so lid , m p  1 1 0 -1 3 0 ° . T h is  
m a te ria l,  a f te r  re c ry s ta ll iz a tio n  fro m  ?i-hexane, g av e  156 m g 
(7 8 %  y ie ld )  of w h ite  c ry s ta ls ,  m p  1 4 1 -1 4 3 ° , sh o w n  b y  g lpc  (4- 
f t  S E -30 , 250°) a n d  ir , n m r , a n d  u v  sp e c tra  to  b e  9 -p h e n y lth io -  
p h e n a n th re n e  (10). N o  o th e r  re a c tio n  p ro d u c ts  cou ld  be  
d e te c te d .

9 -P h e n y lth io p h e n a n th re n e  (10) w as p re p a re d  b y  re ac tio n  
o f th e  G rig n a rd  re a g e n t of 9 -b ro m o p h e n a n th re n e 29 in  b e n z e n e -  
e th e r  w ith  p h e n y l d isu lf id e .30 1 A fte r  re p e a te d  su b lim a tio n s , 
c h ro m a to g ra p h y  o v e r a lu m in iu m  oxide, a n d  re c ry s ta ll iz a tio n  
fro m  m e th a n o l,  a  4 0 %  y ie ld  o f 10 w as o b ta in e d , m p  13 4 -1 3 6 °. 
T h e  m a te ria l a p p e a re d  to  c o n ta in  a  tra c e  of p h e n y l d isu lfide  
b u t  ir , u v , a n d  n m r sp e c tra  a g ree d  w ith  th o se  o f p h o to ly s is  
p ro d u c t 10. I r r a d ia t io n  o f 10 fo r 6 .5  h r  in  e th e r  so lu tio n  in  th e  
p resence  of io d in e  led  o n ly  to  slow  d e co m p o sitio n .

Anal. C a lc d  fo r C 20H 14S: C , 8 3 .8 7 ; H ,  4 .9 3 ; S , 11.20. 
F o u n d : C , 8 4 .2 ; H , 4 .8 ; S, 10.8.

Irradiation of phenyl sulfide (5h) (1 .5  g  in  550 m l o f e th e r )  
in  th e  Q -700  la m p  fo r 3 h r  in  th e  p re sen c e  o f io d in e  led  to  fo rm a 
t io n  of b ip h e n y l (7 .5 %  y ie ld ) , d ib e n z o th io p h e n e  (6h) (2 .5 %  
y ie ld ) ,  a n d  p h e n y l d isu lfid e  (5 %  y ie ld )  as d e te rm in e d  b y  glpc 
(4 -ft S E -3 0 , 185°). T h ese  p ro d u c ts  w ere  co llec ted  fro m  th e

(30) A. B u r to n  a n d  W . A. D av y , J . Chem. Soc., 528 (1948).

e x it p o r t  o f th e  gas c h ro m a to g ra p h  a n d  e ith e r  th e ir  u v  o r  ir 
sp e c tra  sh o w n  to  be  id en tica l w ith  th o se  o f th e  a u th e n t ic  m a te 
ria ls . W h en  p h e n y l su lfide (500 m g  in  115 m l e th e r )  w as ir r a d i
a te d  fo r 5 .3  h r  in  th e  ab sen ce  of I 2 o n ly  b ip h e n y l a n d  p h e n y l 
d isu lfide  co u ld  be  id en tified .

Photolysis of 1,2-diphenylthioethene (5g) and l-(l-propenyl- 
thio)propene-l (7) on  a  sm a ll sca le  in  th e  p re sen c e  o f io d in e  
fa iled  to  y ie ld  a n y  cy c liza tio n  p ro d u c ts .

Dark reactions w ere  n o t  o b se rv ed  w ith  th e  p h e n y lth io e th e n e s  
in  e th e r  so lu tio n . A d d itio n  o f io d in e  likew ise  fa iled  to  p ro m o te  
a  d a rk  re a c tio n . T h e  re a c tio n  o f lb  a t  80° in  th e  d a rk  in  cyclo
h ex an e  so lu tio n  w ith  A IB N  in it ia to r  w as ex am in ed ; th e  m a te ria l  
w as co n su m ed  u n d e r  th e se  co n d itio n s  b u t  no benzo  [6] th io p h e n e s  
w ere  fo rm ed . A  p h o to ch e m ic a l re a c tio n  o f lb  c a rr ie d  o u t  
w ith  a n  e q u im o la r  a m o u n t o f p h e n y l d isu lfide  g a v e  a  so m e w h a t 
low er y ie ld  o f 2b a n d  3b th a n  a  co m p ariso n  re a c tio n  r u n  w ith o u t 
p h e n y l d isu lfide .

Registry No.—la, 16336-45-1; lb, 16336-46-2; 2 b, 
10371-50-3; 5a, 1822-73-7; 5b, 7594-43-6; 5c (as), 
16336-50-8; 5c (trans), 15436-04-1; 5d, 16336-52-0; 5e, 
4922-47-8; 5f, 6052-46-6; 5h, 139-66-2; 8, 16336-54-2; 
10, 16336-55-3.
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T h e  k in e tic s  a n d  o r ie n ta t io n  in  th e  a lk y la tio n  o f k e to n e  e n o la te s  a re  e x tre m e ly  se n sitiv e  to  so lv e n t m ed ia .
A lk y la tio n  ra te s  a n d  O /C  p ro d u c t  ra tio s  a re  m a rk e d ly  in cre ased  b y  p o ly e th e r  so lv e n ts  cap a b le  o f c h e la tin g  
th e  a cc o m p a n y in g  m e ta llic  c a tio n  a n d  b y  c e r ta in  p o la r  a d d itiv e s  w h ich  e x h ib it  f irs t-o rd e r  p a r t ic ip a tio n  in  th e  
re a c tio n  k in e tics . In c re a se d  e le c tr ica l c o n d u c tan c e  o f th e  e n o la te  so lu tio n s  p a ra lle ls  th ese  chem ica l effects. I n  
a  specific so lv e n t sy s te m , O /C  p ro d u c t  ra tio s  a re  d e p e n d e n t o n  th e  s te r ic  re q u ire m e n ts  of b o th  e n o la te  a n d  a lk y l
a t in g  a g en t.

Much recent research has uncovered several factors actions, very little concerning their properties in so-
affecting the reactivity and orientation of ambident2 
anions in nucleophilic reactions.2-11 The factor pro
ducing the most significant effects is the reaction me
dium. Anions derived from phenols,3-5 pyrroles,8 
ketones,9 fluorene,7 and malonic ester6 exhibit similar 
behavior to changes in media. Two distinct effects 
are recognized: anion solvation by hydrogen bonding
in protic solvents3 4 5 and solvation of the accompanying 
cation by the bulk media,7 the reaction product,10 11 
or an additive.6

Although ketone enolates are among the simpler 
ambident ions and are widely found in synthetic re-

(1) W e g ra te fu lly  ackn o w led g e  g ra n ts  fro m  th e  N a tio n a l S cience F o u n d a 
tio n  in  s u p p o r t of th is  w o rk ; th e  D e p a r tm e n t  of C h e m is try  fo r an  A-60 
n m r  s p e c tro m e te r ; a n  E a s tm a n  K o d ak  Co. F ellow sh ip  (T . J .  R . ) ; a n d  
a n  N S F  S cience F a c u l ty  F e llo w sh ip  (E . F . F .) .

(2) A n ions  w h ich  m a y  u n d erg o  c o v a le n t b o n d  fo rm a tio n  a t  one  o r th e  
o th e r  of tw o  av a ila b le  p o s itio n s: N . K o rn b lu m , R . A. S m iley , R . K . B lack 
w ood, a n d  D . C . Iffland , J .  A m er. Chem . Soc., 77 , 6269 (1955).

(3) N . K o rn b lu m , P . J .  B e rr ig an , a n d  W . J .  L e N o b le , ibid.., 85, 1141 
(1963); N . K o rn b lu m , R . S eltzer, a n d  P . H ab e rfie ld ; ib id ., 85 , 1148 (1963).

(4) V. A. Z ag o rev sk y , J .  Gen. Chem . U S S R , 27, 3055 (1957 ); 28, 488 
(1958); Chem . A bstr ., 52, 8108, 14572 (1958).

(5) D . Y . C u r tin , R . J .  C raw fo rd , a n d  M . W ilhelm , J .  A m er . Chem . Soc., 
80, 1391 (1958); D . Y . C u r tin  a n d  R . R . F ra s e r , ib id ., 80, 6016 (1958).

(6) H . E . Zaugg , B . W . H o rro m , a n d  S. B o rg w a rd t, ib id ., 82 , 2895 (1960). 
H . E . Z augg , ib id ., 82, 2903 (1960); 83, 837 (1961).

(7) G . W . H . S ch erf a n d  R . K . B row n , C an. J .  C hem ., 38 , 2450 (1960).
(8) C . F . H o b b s, C . K . M cM illin , E . P . P ap ad o p o u lo s , a n d  C . A. V an d er- 

W erf, J .  A m er . Chem . Soc., 84, 43 (1962).
(9) H . D . Zook a n d  T . J . R u sso , ib id ., 82, 1258 (1960).
(10) H . D . Z ook  a n d  W . L . G u m b y , ib id ., 82 , 1386 (1960).
(11) J .  F . G a rs t ,  D . W a lm sley , C . H e w itt , W . R . R ic h a rd s , a n d  E . R . 

Z a b o lo tn y , ib id ., 86, 412 (1964).

lution or their orientation in the alkylation reaction 
has been reported. In this study ten dialkyl and alkyl 
aryl ketones are converted into the corresponding alkali 
metal enolates in a variety of solvent systems. In
formation on the nature of the enolates in solution is 
obtained from measurements of electrical conductivity, 
infrared and nmr spectra, boiling point elevation, 
orientation, and kinetics of alkylation.

Results and Discussion
Table I contains a summary of kinetic data for the 

alkylation of sodiodiphenylacetophenone in diglyme 
and mixed solvent systems. The alkylation of this 
ketone in these solvents occurs exclusively on oxygen 
to give enol ethers which, unlike ketonic products, do 
not compete in the solvation of the cation. Thus, 
excellent first-order dependence on enolate can be ob
served through the second and third half-lives of the 
reaction. A comparison of the alkylation of this ketone 
with that of butyrophenone in monoglyme is shown in 
Figure 1. Autocatalysis in the latter reaction causes 
the downward curvature of the line as the concentration 
of ketonic product increases.10

Most of the alkylations were carried out by a large 
excess of halide under pseudo-first-order conditions, 
although two runs made under second-order conditions 
gave linear plots (Figure 2) and rate constants in good 
agreement with those calculated from pseudo-first- 
order constants. These results are consistent with
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F ig u re  1.— C o m p ariso n  of o xygen  a lk y la tio n  o f a n  e n o la te  w ith  
a u to c a ta ly t ic  c a rb o n  a lk y la tio n : O, e th y la tio n  o f 0 .073 M
so d io d ip h e n y la c e to p h e n o n e  in  d ig ly m e  b y  1.61 M  e th y l  b ro m id e ; 
• ,  a lk y la tio n  o f 0 .260 M  so d io b u ty ro p h e n o n e  in  m o n o g ly m e 
b y  1.39 M  is o b u ty l b ro m id e .

T a b l e  I

A l k y l a t io n  o f  S o d io d ip h e n y l a c e t o p h e n o n e  
i n  D ig l y m e  a t  3 0 °

E n o la te , H alid e A d d itiv e“ k ,  X 10‘,
M {M ) (M ) s e c -1

0 .0 7 3 C 2H 5B r (1 .7 2 ) 1 .7 4
0 .0 6 9 C 2H 6B r (0 .1 9 ) 1 .8 1
0 .0 6 8 C 2H 5B r  (0 .2 8 ) D M S O  (0 .1 4 ) 4 .5
0 .0 6 7 C 2H 6B r  (0 .2 6 ) D M S O  (0 .2 7 ) 7 .1
0 .0 6 6 C 2H 6B r (0 .3 5 ) D M S O  (0 .4 3 ) 1 2 .7
0 .0 6 5 C 2H 6B r  (0 .2 7 ) D M S O  (0 .6 5 ) 1 5 .3
0 .0 6 3 n -C sH ,B r  (1 .4 1 ) 1 .2 4
0 .0 7 4 n -C 3H ,B r  (0 .2 1 ) 1 .2 2
0 .0 6 4 n-CaEBBr (0 .6 6 ) D M A  (0 .3 3 ) 3 .4
0 .0 6 1 n -C 3H ,B r  (0 .8 8 ) D E A  ( 0 .1 6 ) 1 .4
0 .0 6 2 n -C 3IÎ7B r (0 .6 6 ) D E A  (0 .2 4 ) 2 .0
0 .0 6 4 » -C 3H ,B r  (0 .6 5 ) D E A  (0 .3 3 ) 2 .6
0 .0 7 0 n -C jE M  (0 .2 0 ) 9 .4

'D M S O =  d im e th y l su lfo x id e; D M A  = N ,N -d im e th y l-
a c e ta m id e ; D E A  =  N ,N -d ie th y la c e ta m id e .

those obtained in diethyl ether where the kinetic order 
for the halide at concentrations below 1 M  was unity.10

Specific rates for alkylations of sodiobutyrophenone 
in several solvent systems are listed in Table II. The 
alkylation of butyrophenone is much faster than that of 
diphenylacetophenone; in diglyme at 30°, specific 
rates for ethylation by ethyl bromide are 91 X 10-4 
and 1.7 X 10-4 M ~l sec-1, respectively. Although 
the alkylations by low-molecular-weight bromides 
and iodides were too rapid at 30° for precise measure
ment, a comparison of solvents was made by alkyla
tions with chlorides and branched-chain bromides. 
The expected order of reactivity for the halides was 
observed. Solvents are listed in order of increasing 
effectiveness. Comparisons with four halides show

F ig u re  2.— P ro p y la tio n  o f 0 .074 M  so d io d ip h en y la ce to p h e n o n e  
in  d ig ly m e a t  3 0 ° : O , w ith  0 .214 M  n -p ro p y l b ro m id e ; • ,  w ith  
0 .197 M  n -p ro p y l iodide.

T a b l e  I I

M e d iu m  E f f e c t s  in  t h e  A l k y l a t io n  
o f  S o d i o b u t y r o p h e n o n e

------------k 2 X 104, M  1 sec
S o lv en t C 2H 6B r n-C iH gB r i-  C 4H 9B r  i-•C iH uB r n -C jH ,C l

A A 0 .0 1 0 .0 0 0 4 3

v w O.OS6

\ T “Y 1 .1 ' 2 . 9 d 0 .02«

A H D A 6 .3 2 .8

V V Y 91 38 4 .9 8 .1 0 .0 7

V
i o 7 6 .D

“ O b ta in e d  u n d e r  p se u d o -firs t-o rd e r  c o n d itio n s  fro m  0 .1 4 -0 .1 8  
M  e n o la te  a n d  excess ha lid e . b 0 .34  in  th e  p re sen c e  of 0 .43 M  
h e x am eth y lp h o sp h o ra m id e . c 2 .6  in  th e  p re sen c e  of 0 .82  M  
N ,N -d im e th y la c e ta m id e . d N o  c h an g e  in  th e  p re sen ce  of 0.54 
M  d im e th y lc y a n a m id e . * 0 .15  in  th e  p re sen c e  of 0.61 M  d im e th y l 
su lfox ide. /  U n p u b lish e d  re su lts  o f D r . J .  A. M ille r  o f th is  
la b o ra to ry .

that diglyme is three to five times as effective as mono
glyme and 104 times as effective as ethyl ether. Di
methyl sulfoxide exhibits a rate enhancement of 103 
over diglyme. The observed order among the ethers 
suggests chelation of the cation. Diglyme can form 
two five-membered chelate rings, the optimum size 
for stability.12 Two diglyme molecules could form 
six-coordinate sodium ion which has been observed 
in complexes with salicylaldehyde.13 The terminal 
ethyl groups in diethylene glycol diethyl ether hinder 
chelation. Probably the best evidence is found in a 
comparison of 1,2-dimethoxyethane and 1,3-dimethoxy- 
propane; separation of the ether functions by an ad
ditional carbon atom produces a 60-fold decrease in 
the rate of isoamylation.

This explanation of the role of the solvent ignores 
differences in dielectric properties of the media. Among

(12) J .  L . D ow n, J . Lew is, B . M oore, a n d  G . W ilk inson , J .  Chem . Soc ., 
3767 (1959).

(13) N . V. S idgw ick a n d  F . M . B rew er, ib id ., 2379 (1925).
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T a b l e  I I I

M o l a r  C o n d u c t a n c e s  o f  E n o l a t e s

S o d iu m  en o la te M
S o lv e n t sy s tem  

( M )a
Am.

c m 2 m o l-1 o h m '

A c e to p h e n o n e 0 .1 0 D ie th y l e th e r O.OOO6

D ip h e n y la c e to p h e n o n e 0 .0 1 6 1 ,2 -D im e th o x y e th an e 0 .1 2

B u ty ro p h e n o n e 0 .1 8 1 ,3 -D im e th o x y p ro p a n e 0 .0 0 2
0 .1 0 1 ,2 -D im e th o x y e th a n e 0 .0 3 5
0 .1 0 N ,N -D im e th y la c e ta m id e  (0 .98) 0 .0 8 2
0 .1 0 N -M e th y lp y rro lid o n e  (0 .95) 0 .0 8 5
0 .1 0 N ,N -D im e th y lc y a n a m id e  (0.98) 0 .2 4 4
0 .1 0 D im e th y l su lfox ide  (1 .28) 0 .2 5 0
0 .1 0 H e x a m e th y lp h o sp h o ra m id e  (0.94) 0 .2 5 5

“ M o la r  c o n c e n tra tio n  of a d d it iv e  in  d im e th o x y e th a n e . b R e fe ren ce  14, R >  2 .5  X  106 ohm s.

F ig u re  3 .— K in e tic  o rd e r  in  a d d it iv e :  e th y la tio n  of so d io d i 
p h e n y la c e to p h e n o n e  in  d ig ly m e -d im e th y l su lfox ide  a n d  p ro p y la -  
t io n  o f th is  e n o la te  in  d ig ly m e -d ie th y la c e ta m id e .

the ethers listed, the variation in dielectric constant is 
small; e.g., the value for diglyme is only 0.07 larger 
than that for diethylene glycol diethyl ether. In the 
alkylation of sodio-n-butylmalonate, monoglyme as an 
additive was six times more effective than tetrahydro- 
furan even though the two ethers have nearly identical 
dielectric constants.6’12 The small differences cannot 
account for the large variation in the ability to pro
mote alkylation.

Pronounced rate enhancement was observed when 
alkylations of diphenylacetophenone (Table I) and 
butyrophenone (Table II, footnotes b-e) were conducted 
in the presence of dimethyl sulfoxide, hexamethyl- 
phosphoramide, and N,N-dialkylacetamides. These 
additives characterized by the presence of a highly 
polar bond to an oxygen atom had proved effective 
catalysts in alkylations of benzene solutions of sodio- 
n-butylmalonate.6 Their effectiveness in relatively 
small concentrations suggests a specific solvation of the

cation. Consistent with this view is the finding that 
the rate of alkylation of sodiodiphenylacetophenone 
exhibits first-order dependence on the additives, 
N,N-diethylacetamide and dimethyl sulfoxide. The 
participation order, n, is defined by the relation = 
k / [A]” where k2 is the second-order specific rate 
(Table I) and k f  is the additive-independent specific 
rate. Plots of log fc2 vs. log A for ethylations in the 
presence of dimethyl sulfoxide and propylations in 
the presence of diethylacetamide were linear (Figure 
3) with approximately unit slopes.

Conductance Studies.—Sodium enolates of ketones 
are nonconductors in diethyl ether although sodium 
triphenylmethide has molar conductances of 0.05-0.72 
in this solvent.14 Data summarized in Table III show 
that the conductance increases with the solvating 
ability of the polyether and the polar additives. In 
Figure 4 is plotted the logarithm of molar conductance 
vs. the logarithm of enolate concentration for a so
lution of sodiobutyrophenone in monoglyme. The 
slope of the line is —0.5, a value indicative of the dis
sociation of a species A+B~ into ions. In view of the 
ebulliometric study of sodiobutyrophenone, which 
shows that the enolate is a trimer, a possible structure 
for B~ is a triple ion, Na+[Na2(enolate)3]- .

Conductances for the solutions containing the five 
polar additives are included in Figure 4. This com
parison shows the two structurally similar carboxamides, 
N-methylpyrrolidone and N,N-dimethylacetamide, to 
have an approximately equal ability to increase the 
conductivity although they are not so effective as hex- 
amethylphosphoramide, dimethyl sulfoxide, and di- 
methylcyanamide. With the exception of the last 
compound, the order of the effectiveness of these ad
ditives parallels the order in catalyzing the alkylation 
of the enolates. Triethylcnediamine and N,N,N,N- 
tetramethylethylenediamine did not increase the con
ductance. Catalytic action by these amines was not 
investigated because of their posssible alkylation. 
However, Zaugg6 has shown that pyridine is less ef
fective than monoglyme in catalyzing the alkylation 
of sodio-n-butylmalonate, and Garst11 reported that 
n-propylamine is less effective than either monoglyme 
or diglyme in lowering the tt- tt* transition of sodium 
benzophenone ketyl.

Boiling point elevations for 0.5 m solutions of sodio
butyrophenone in 1,2-dimethoxyethane correspond to 
average aggregation numbers of 2.5-2.7, values 16%

(14) D . G . H ill, J . B u rk u s , S. M . L uck , a n d  C . R . H a u se r , J .  A m e r
C h em . S o c . ,  81 , 2787 (1959).
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T a b l e  IV
Orientation in the Alkylation of E nolates

0-M  +
I

'---- CeH6C=CRR/-----' /-------------------------------------------O/C alkylation ratio®-
R R ' M  + S o lven t M e l A llyl B r E tX 5 n -P rX 6 ¿-A m B r E tT o s

H C 6H 6 N a D M E 0 . 0 0 . 0 0 . 0
c h 3 C H 3 N a E t 20 0 . 0 0 .0 0.63«

N a D M E 0 .1 9 0 .2 5 0 .3 6
N a D ig ly m e 0 . 0 0 .0 5 0 .1 6 0 .2 7 1 .2 4

c 2h 5 c h 3 N a D ig ly m e 0 .2 0 .6 1 2 .4
c 2h 6 c 6h 5 N a D ig ly m e 0 .7 6 3 .0
c 6h 6 c 6h 6 K ¿-B uO H 0 .0 4 1 .4 2 .5«

N a i-B u O H 1 .8 "
N a D ig ly m e 0 .0 9 / 18 > 1 0 0

c 6h 6 M e sity l K i-B u O H > 1 0 0 > 1 0 0
° E x c lu s iv e  of sm a ll q u a n ti t ie s  of d e h y d ro h a lo g e n a tio n  p ro d u c t.  b A lky l b ro m id es w ere  u sed  e x ce p t in  ¿ -bu ty l a lcohol w h ere  th e  a lk y la t

in g  a g e n t w as th e  iod ide . « E th y l  su lfa te  g av e  0.34. d Also fo r e th y l  su lfa te  a n d  M eT o s. « R e f 12. 1 O /C  =  1.0 in  5 0 :5 0  d ig ly m e -  
D M S O . a I n  o n e  series of e x p erim e n ts , th e  O /C  ra tio  w as d e p e n d e n t o n  th e  c o n c e n tra tio n  of e n o la te ; M  of k e to n e , M  of f-O B u, %  
a lk y la tio n , a n d  O /C  ra tio  fo r five  so lu tio n s  a re  as fo llow s: 0 .24, 0 .25 , 70, 1.8; 0.21, 0 .24, 71. 1.8; 0 .059, 0 .110, 54, 1.3 ; 0 .030, 0 .104, 
56, 1.2; 0 .011, 0 .037, 21, 0 .01.

below those measured in diethyl ether.10 These re
sults, together with the increased electrical conduc
tivities suggest that the effective cation-solvating 
media break up enolate-cation aggregates into smaller 
ions.

O /C  O rie n ta tio n .—The usual synthetic processes for 
the alkylation of acetophenone, deoxybenzoin, and 
their homologs lead to high yields of C-alkyl products. 
However, the procedures are not designed to detect 
enol ethers which are easily lost by hydrolysis. Several 
instances of O alkylation of ketones have been re
ported.15-17 To determine structural and solvent ef
fects on orientation, analyses by ir and vpc techniques 
of ¿„ samples from several of the kinetic runs were 
made, and other alkylations were conducted solely 
for this purpose. The results are listed in Table IV.

The O/C alkylation ratio is quite sensitive to changes 
in the structure of the enolate, the structure of the 
alkylating agent and the solvent. Isobutyrophenone 
and deoxybenzoin resemble the simpler n-alkyl phenyl 
ketones in that alkylation by halides in diethyl ether 
leads exclusively to C-alkyl products. In polyether 
solvents isobutyrophenone gives as much as 27% enol 
ether depending on the structure of the halide, while 
only C alkylation is observed for deoxybenzoin even 
with isopropyl iodide (see Experimental Section). As 
the size of the substituent groups at the a position 
in the enolate increases, the proportion of O alkylation 
becomes significantly larger until, in the propylation 
of diphenylacetophenone, the enol ether is the sole 
product.

Carbon alkylation results in an sp3-hydridized carbon 
atom with the three substituents at 109° whereas oxy
gen alkylation results in an sp2-hybridized carbon with 
only two groups forming a much larger angle. Thus, 
the effects of the geometry of the products on the 
transition state favor O alkylation as the substituents 
on the enolate and halide increase in size. The 
halides are listed from left to right in Table IV in order 
of increasing steric requirement, and the ketones from 
top to bottom in increasing hindrance to C alkylation. 
Steric factors in both reagents are important; O/C 
ratios increase from left to right and from top to bot-

(15) H . R in d e rk n e c h t, J .  A m er . Chem . Soc., 73, 5770 (1951).
(16) N . S perb er, R . F ric a n o , a n d  D . P a p a , ib id ., 72, 3068 (1950).
(17) G . W ash , B . S h ive, a n d  H . L . L o c h te , ib id ., 63, 2975 (1941).

F ig u re  4 .— C o n d u c ta n c e  o f so d io b u ty ro p h e n o n e  in  m onoglym e. 
E ffec t o f c o n c e n tra tio n  a n d  a d d it iv e s  (cf. T a b le  I I I ) .

tom. The high ratios observed with ethyl sulfate 
and methyl and ethyl tosylates are in accord with the 
known ability of these reagents to alkylate the atom of 
higher electronegativity in an ambident ion.18 This 
preference of a highly electrophilic reagent has been 
attributed to a gain in electrostatic stability in the 
transition state.2'19

The large decrease in O/C ratio for the ethylation of 
diphenylacetophenone as the solvent is changed from 
diglyme to ¿-butyl alcohol was reported in an earlier 
communication9 and now has been confirmed for 
methylations and propylations of this ketone. Al
though Rinderknecht16 isolated the C-propyl product, 
a,a-diphenylvalerophenone, in about 6% yield when 
the alkylation was conducted in ¿-butyl alcohol, com-

(18) K . A uw ers, Chem . B er., 45, 994 (1912), A n n . C hem ., 393, 338 (1912); 
H . S te t te r  a n d  W . D ierich s , Chem . B er., 85, 61 (1952).

(19) M . B ersohn , J .  A m er. Chem. Soc., 83, 2136 (1961).
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plete 0  propylation to 1-propoxy-l,2,2-triphenyl- 
ethylene resulted in diglyme both in the presence and 
absence of N,N-dialkylacetamides. Kornblum has 
presented convincing evidence that similar orientation 
in phenoxide ions is the result of hydrogen bonding of 
the anion in pro tic solvents.3

More effective hydrogen bonding resulting in in
creased hindrance and lower nucleophilicity at the 
oxygen atom would be expected at lower enolate con
centrations. In one series of experiments in ¿-butyl 
alcohol the O/C ratio decreased markedly as the con
centration of enolate was decreased from 0.24 to 
0.011 M  (Table IV, footnote g). In contrast, dilution 
in aprotic solvents ordinarily favors alkylation at the 
more electronegative atom.8'20

In aprotic solvents, the O/C ratio depends primarily 
on the ability of the solvent to solvate the cation. 
In ethyl ether where the enolate consists of trimeric 
species, nucleophilicity at oxygen is low and carbon 
alkylation occurs probably by a six-centered transition 
state.10'21 A solvate of sodiodeoxybenzoin isolated 
from monoglyme has been shown by nmr and equiva
lent weight determinations to contain one molecule of 
solvent per ion pair;22 yet even in this solvent the 
aggregation number is 2.7, and appreciable C alkyla
tion occurs. In the presence of molecules which can 
better solvate the cation and in this way free the anion, 
alkylation at the more nucleophilic oxygen is pre
ferred. Thus, the medium effect on the activity of the 
anion operates indirectly via the cation.

The solubilities of sodiodiphenylacetophenone in 
ether, monoglyme, and diglyme are 0.004, 0.016, and 
>0.092 M, respectively. These solubilities parallel 
the ability of the solvent to enhance electrical conduc
tivity and alkylation rate. A similar correlation 
between solubility and N alkylation of pyrrylpotassium 
has been observed.8

It is believed that the observed aprotic medium ef
fects originate through variations in the enolate-cation 
interaction. Thus, the better chelating polyethers, 
the polar amides, the very polar dimethyl sulfoxide, 
and hexamethylphosphoramide all interact with the 
sodium ion, thereby decreasing the degree of its inter
action with the enolate. Alkylation reactions are 
faster because the dissociated enolate, unencumbered 
by the cation, can better function as a nucleophile. 
Oxygen alkylation increases at the expense of carbon 
alkylation because in the dissociated enolate the charge 
density is greatest at the oxygen atom. Finally, the 
solvated cation and dissociated enolate are electrical 
conductors.

Infrared and nuclear magnetic resonance spectra of 
enolate solutions can be interpreted to show that the 
excess negative charge is localized on the oxygen atom of 
the anion as expected on the basis of electronegativity. 
The large shift in the carbonyl absorption toward 
lower frequencies and an nmr shift indicative of dia
magnetic anisotropic deshielding for the remaining 
hydrogens of an enolized methyl ketone are explainable 
on this basis.

The formation of an enolate can be followed by the

(20) P . A. S. S m ith  a n d  J . E .  R o b e rtso n , J .  A m er. Chem . Soc., 84, 1197 
(1962).

(21) A. B ra n d s tro m , A r k . K em i, 6, 155 (1954); 7, 81 (1954); 13, 51 
(1958).

(22) U n p u b lish e d  re s u lts  of D r . W . L . K e lly  of th is  la b o ra to ry .

disappearance of the carbonyl peak at 1725-1667 
cm-1 and the appearance of a peak at 1610-1560 cm-1 
corresponding to the change shown.

/ r
R R

It is interesting to note that the enolate resembles a 
carboxylate anion. The ionization of a carboxylic 
acid similarly results in the disappearance of the car
bonyl frequency and the emergence of a band between 
1610 and 1560 cm-1 attributed to the antisymmetrical 
vibrations of the -COO“ structure.23 By analogy, 
this characteristic band of enolate solutions may be 
attributed to asymmetrical stretching of the structure 
containing the delocalized negative charge. Although 
the force constant for a bond is a function of both 
bond order and polarizability, numerous linear cor
relations have been made in terms of bond order 
alone.24 By an extension of these correlations, the 
bond order for pinacolone decreases from 0.90 (yc-o 
1710 cm-1) to 0.73 (vp=o 1575 cm-1) as a result of 
enolate formation. This result implies a much reduced 
7r-bond density between carbon and oxygen. The 
frequency shift is in the same direction but greater in 
magnitude than those found when other typical elec
tron releasing groups are conjugated with the carbonyl.25 
Another spectral feature similar to that observed for 
benzoic acid is the disappearance of the out-of-plane 
bending vibrations of ring hydrogens at 687 and 755 
cm-1 when acetophenone is converted into its enolate.

The nmr spectra of pinacolone and its sodium enolate 
exhibit significant differences. The ¿-butyl hydrogens 
at 1.13 ppm are shifted upfield to 1.07 ppm as expected 
by increased electron density at oxygen. The 2.11- 
ppm peak corresponding to the methyl hydrogens is 
not present in the enolate but is replaced by a peak at
3.10 ppm representing the two remaining hydrogens. 
Estimates of relative magnitudes of the peaks are in 
accord with this assignment. The large downfield 
shift can be explained if it is assumed that the carbon 
atom to which these protons are attached cannot ro
tate freely. Although negative charge on oxygen 
should shield the hydrogen atoms, the effect is over
come by the diamagnetic anisotropic deshielding made 
possible by the rigid structure.

Sodium enolates of butyrophenone and diphenyl- 
acetophenone are cleaved by oxygen to give sodium 
benzoate and carbonyl compounds. Diphenylaceto- 
phenone gives a quantitative yield of sodium benzoate 
and benzophenone. Heretofore, only the former 
product of such cleavages has been isolated,26 for most 
enolates give enolizable aldehydes and ketones which 
are further degraded. For example, sodiobutyrophe- 
none gives propionaldéhyde which undergoes a proton 
transfer with the original enolate to produce butyro
phenone (23%) and propionaldéhyde enolate.

(23) L . J . B ellam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M o lec u le s ,” 
J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1958.

(24) A. S tre itw ie se r, J r . ,  “ M o lec u la r O rb ita l T h e o ry ,”  J o h n  W iley  a n d  
S ons, In c ., N ew  Y o rk , N . Y ., 1961, p  234.

(25) L . N . E e rg u so n , “ T h e  M o d e rn  S tru c tu ra l  T h e o ry  of O rg a n ic  C h e m is 
t r y ,”  P re n tic e -H a ll , In c ., E n g lew o o d  Cliffs, N . J .  1963, p  495.

(26) W . v o n  E . D oerin g  a n d  R . M . H ain es, J .  A m er. C hem . Soc ., 76 , 482 
(1954).
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Experimental Section
In f ra re d  s p e c tra  w ere  re co rd e d  o n  a  P e rk in -E lm e r  M o d e l 21 

sp e c tro p h o to m e te r .
Solvents.— 1 ,3 -D im e th o x y p ro p a n e  w as p re p a re d  in  8 1 %  y ie ld  

fro m  221 g o f 5 1 %  so d iu m  h y d rid e  d isp e rsio n  in  m in e ra l oil, 
152 g of E a s tm a n  tr im e th y le n e  g lyco l, a n d  613 g of m e th y l iod ide . 
T h e  h y d r id e  w as s t i r r e d  w ith  500 m l o f te t r a h y d ro fu ra n  d u r in g  
th e  d ro p w ise  a d d it io n  of a  so lu tio n  of th e  g lycol in  200  m l of 
th e  sam e so lv e n t. T h e  c o n d en ser w as th e n  cooled  to  D ry  Ic e  
te m p e ra tu re s  fo r th e  a d d it io n  of th e  m e th y l io d id e . F in a lly  th e  
m ix tu re  w as re fluxed  o v e rn ig h t, so d iu m  io d id e  filte red , a n d  w ashed  
w ith  five 100-m l p o r t io n s  o f te t r a h y d ro fu ra n ,  a n d  th e  p ro d u c t 
fra c tio n a lly  d is tilled  fro m  a  sm all p iece  of so d iu m . T h e  1,3- 
d im e th o x y p ro p a n e , b p  103 .2° (730 m m ), w as se p a ra te d  fro m  a  
sm all a m o u n t of low er b o ilin g  im p u r i ty  b y  re fra c tio n a tio n  
th ro u g h  a  sp in n in g -b a n d  co lu m n .

E a s tm a n  d ie th y le n e  g lycol d ie th y l  e th e r  w as f i r s t  c h ro m a to 
g ra p h ed  o n  a  54 X  1.5 cm  co lu m n  of a lu m in a  to  rem o v e  p ero x id es 
a n d  e ffec t p re lim in a ry  d ry in g . F ra c tio n a l  d is til la tio n  fro m  
lith iu m  a lu m in u m  h y d rid e  g av e  e th e r ,  b p  6 5 -6 6 .0 °  (6 .3  m m ).

D ie th y l e th e r , m o n o g ly m e  [bp 8 3 .7 °  (745 m m )] a n d  d ig ly m e 
[bp  5 5 .0 °  (10  m m )] w ere  f ra c tio n a lly  d is tilled  fro m  lith iu m  
a lu m in u m  h y d rid e . P re lim in a ry  d ry in g  of th e  g lym e so lv e n ts  
(A nsul C h em ical C o .)  w as acco m p lish ed  b y  s t ir r in g  a n d  h e a tin g  
o v e rn ig h t w ith  ca lc iu m  h y d rid e .

T h e  fo llow ing so lv e n ts  w ere  d is tilled  fro m  calc ium  h y d rid e  
p rio r  to  th e ir  u se : h e x a m e th y lp h o sp h o ra m id e  (A ld rich ), b p
104.9° (9 .5  m m ); N ,N ,N ,N - te tra m e th y le th y le n e d ia m in e  (R o h m  
a n d  H a a s ) ,  b p  119° (735 m m ); N -m e th y l-2 -p y rro lid o n e  (A n ta ra ) ,  
b p  8 1 .5 °  (11 m m ); d im e th y l su lfox ide  (C ro w n  Z e lle rb a ch ), 
b p  71 .5° (10 m m ); a n d  N ,N -d im e th y lc y a n a m id e  (A m erican  
C y a n a m id ) , b p  118° (217 m m ). T h e  fo llow ing  so lv e n ts  w ere  
f ra c tio n a te d  a n d  s to re d  o v e r a n h y d ro u s  m a g n e siu m  su lfa te : 
N ,N -d im e th y la c e ta m id e  (E a s tm a n ) ,  b p  165° (725 m m ); a n d  
N ,N -d ie th y la c e ta m id e  (E a s tm a n ) ,  b p  66° (10 m m ).

Ketones.— E a s tm a n  b u ty ro p h e n o n e  w as s t i r r e d  fo r sev e ra l 
d a y s  w ith  a c t iv a te d  ch arco a l a n d  a n h y d ro u s  m ag n esiu m  su lfa te . 
F ra c tio n a l  d is til la tio n  g av e  yellow  m a te ria l,  b p  55° (1 .5  m m ). 
T h e  yellow  co lor a n d  a  tra c e  o f h ig h e r bo iling  m a te ria l  (glpc 
a n a ly s is)  w ere  co m p le te ly  re m o v e d  b y  c h ro m a to g ra p h y  o n  a  
co lum n  of a lu m in a . a -M e th y lb u ty ro p h e n o n e , b p  98° (18 m m ), 
w as m a d e  fro m  p ro p io p h e n o n e , so d iu m  h y d rid e , a n d  e th y l  b ro 
m id e  in  d ig ly m e .

o :,a -D ip h en y la ce to p h e n o n e  w as p re p a re d  b y  a d d in g  in  sm all 
p o r tio n s  a  so lu tio n  o f 50 g of desy l c h lo rid e 27 in  150 m l of d ry  
b en zen e  to  a  su sp en s io n  of 32 g of a lu m in u m  c h lo rid e  in  100 m l o f 
b en zen e . T h e  m ix tu re  w as re fluxed  fo r 1 h r  a n d  p o u re d  o n to  ice. 
A  benzene  e x tra c t  of th e  p ro d u c t  w as e v a p o ra te d  to  g ive  60 g 
of c ru d e  so lid . T w o  c ry s ta lliz a tio n s  fro m  e th a n o l g ave  w h ite  
need les, m p  1 3 5 -137° ( l i t .28 m p  136°).

a ,a -D im e th y lb u ty ro p h e n o n e  a n d  l-e th o x y - l-p h e n y l-2 -m e th y l-  
p ro p e n e  w ere  p re p a re d  b y  s t ir r in g  fo r 2 d a y s  28 g o f e th y l  p- 
to lu e n e su lfo n a te  a n d  200  m l o f 0 .35  M  so d io iso b u ty ro p h en o n e . 
T h e  en o la te  w as m a d e  o v e r a  p e rio d  o f 36 h r  a t  85° b y  s t ir r in g  a  
tw ofo ld  excess of so d iu m  h y d r id e  w ith  a  d ig ly m e so lu tio n  of th e  
k e to n e . A n  in fra re d  sp e c tru m  of th e  e n o la te  so lu tio n  sh o w ed  no 
c a rb o n y l a b so rp tio n . F ra c tio n a l  d is t il la t io n  o f th e  a lk y la tio n  
m ix tu re  th ro u g h  a  sp in n in g -b a n d  co lum n  g av e  o n e  f ra c tio n , 1 .54 
g , of enol e th e r ,  b p  57° (2 m m ), w ith  c h a ra c te ris tic  v in y l  e th e r  
a b so rp tio n  a t  1126 a n d  1042 c m -1 .

Anal. C a lcd  fo r C i2H 160 :  C , 8 1 .7 7 ; H ,  9 .1 5 . F o u n d :  C , 
8 1 .88 ; H , 9 .15 .

T h e  la s t  f ra c tio n , 3 .5 6  g, w as d im e th y lb u ty ro p h e n o n e , b p  
7 9 -8 0 °  (2 m m ), w ith  s tro n g  a b so rp tio n  a t  1661, 1163, a n d  954 
c m -1 .

Anal. C a lcd  fo r C i2H 160 :  C , 8 1 .77 ; H , 9 .1 5 . F o u n d : C , 
8 1 .7 8 ; H , 9 .16 .

o i-E th y ld eo x y b en zo in  w as p re p a re d  in  8 0 %  y ie ld  b y  re flux ing  
fo r 24 h r  750 m l o f 0 .084  M  so d io d eo x y b en zo in  in  m o n o g ly m e 
a n d  10 m l o f e th y l  io d id e . T h e  e n o la te  w as o b ta in e d  b y  s t ir r in g  
fo r 5 h r  4 .0  g of so d iu m  h y d rid e  a n d  16.5 g o f d eo x y b en zo in  in  
900  m l of d ry  m o n o g ly m e . A fte r  a lk y la tio n , so lv e n t w as r e 
m o v ed  th ro u g h  a  sh o r t  co lu m n , a n d  th e  p re c ip ita te d  so d iu m  
io d id e  w-as e x tra c te d  w ith  e th e r .  R e m o v a l o f e th e r  a n d  re c ry s ta l
l iz a tio n  of th e  so lid  fro m  e th a n o l g av e  11.2 g of w h ite  c ry s ta ls ,

(27) A. M . W a rd , “ O rgan ic  S y n th e se s ,”  C oll. V ol. I I ,  Jo h n  W iley  a n d  
Sons, In c ., N ew  Y o rk , N . Y ., 1943, p  159.

(28) R . A n sc h u tz  a n d  P . F o rs te r , A n n . Chem ., 368, 92 (1909).

m p  5 3 .5 -5 5 .0 °  ( l i t .29 m p  5 8 ° ) .  a -M e s ity ld e o x y b e n z o in , m p  
1 1 3 -1 1 5 ° , w as p re p a re d  a s  d esc rib ed  p re v io u s ly .30

Alkylation of Enolate Solutions.— T h e  a p p a ra tu s  fo r th e  p re p 
a ra t io n ,  s to ra g e , a n d  a lk y la tio n  o f en o la tes  w as e s se n tia l ly  t h a t  
u sed  in  a n  ea rlie r  s tu d y .31 S o d iu m  en o la te s  in  p o ly e th e r  so lv e n ts  
w ere  m ad e  fro m  th e  k e to n e s  a n d  so d iu m  h y d rid e  a s  d e sc rib e d  
fo r so lu tio n s  in  d ie th y l e th e r .10 E n o la te  fo rm a tio n  fro m  a,a- 
d ip h e n y la c e to p h e n o n e  w as c o m p le te  w ith in  a  few  m in u te s  as 
ev id en ced  b y  v ig o ro u s e v o lu tio n  o f h y d ro g e n , im m e d ia te  fo rm a 
tio n  o f a  ye llow  co lor, a n d  th e  d isa p p e a ra n c e  o f c a rb o n y l a b so rp 
t io n  in  th e  in fra re d . W ith  b u ty ro p h e n o n e , h y d ro g e n  ev o lu tio n  
w as slow , a n d  s t ir r in g  w as c o n tin u e d  fo r 7 d a y s . C o n c e n tra t io n s  
d e te rm in e d  b y  q u e n ch in g  a liq u o ts  in  w a te r  a n d  t i t r a t i n g  w ith  
s ta n d a rd  a c id  w ere  in  e x ce llen t a g re e m e n t w ith  th o se  c a lc u la te d  
fro m  th e  a m o u n ts  o f k e to n e  a n d  so lv e n t u se d . B ecau se  p h e n o l-  
p h th a le in  g ave  p re m a tu re  en d  p o in ts  in  a q u eo u s  d ig ly m e a n d  
d ie th y le n e  g lycol d ie th y l  e th e r ,  b ro m o p h en o l b lu e  w as u se d  in  
e x p e rim e n ts  w ith  th ese  so lv e n ts . T h e  k in e tic  re a c tio n  vessel 
w as th o ro u g h ly  flam ed  in  a  s tre a m  of n itro g e n  b efo re  e ach  ru n . 
U n less  o th e rw ise  in d ic a te d , k in e tic  m e a su re m e n ts  w ere m ad e  
a t  30 .00  ±  0 .0 5 ° . S am ples a t  in  e th e r  o r m o n o g ly m e  w ere 
ta k e n  d ire c tly  w ith o u t h y d ro ly s is  fo r p ro d u c t  s tu d ie s  b y  g lpc.

Product Studies.— A ty p ic a l p ro c e d u re  fo r e th y la tio n  in  ¿ -bu ty l 
a lcohol co n sis ted  of d isso lv in g  0 .0125  g -a to m  of so d iu m  o r p o ta s 
siu m  in  50 m l of d ry  a lco h o l, a d d in g  a n  e q u iv a le n t  a m o u n t  of 
k e to n e  fo llow ed b y  a n  excess of a lk y l h a lid e , a n d  re flu x in g  o v e r
n ig h t.  S o lv e n t w as re m o v e d  u n d e r  v a c u u m  a f te r  th e  a d d it io n  of 
a  few  m illilite rs  of w a te r . T h e  re s id u e  w as t r i tu r a te d  w ith  w a te r ,  
w ash ed  free  of h a lid e  ion , d ried  in  a  d e s icc a to r , w e ig h ed , a n d  
d isso lv ed  in  c a rb o n  te tra c h lo r id e  fo r in f ra re d  a n a ly s is . 1 ,2 ,2 - 
T r ip h e n y l- l -b u ta n o n e ,  1 ,2 ,2 - tr ip h e n y l- l-e th o x y e th e n e , a n d  1 ,2,2- 
tr ip h e n y l- l-p ro p o x y e th e n e , th e  C -e th y l, O -e th y l, a n d  O -p ro p y l 
a lk y la tio n  p ro d u c ts  of a ,a -d ip h e n y la c e to p h e n o n e , w ere  p re p a re d  
as d esc rib ed 15 a n d  u sed  as re fe ren ces fo r q u a n t i ta t iv e  in fra re d  
a n a ly se s . B e e r ’s law  p lo ts  fo r a ,a -d ip h e n y la c e to p h e n o n e  a n d  
i ts  O- a n d  C -e th y l d e r iv a tiv e s  w ere  c o n s tru c te d  a t  1224, 1208, 
a n d  1092 c m -1 . T h e  re su lts  o f th e  e th y la tio n s  a re  l is te d  in  
T a b le  IV . A  p ro d u c t s tu d y  of th e  p ro p y la tio n  of th is  k e to n e  in  
d ig ly m e w as c a rried  o u t  o n  th e  tœ sa m p le  fro m  a  k in e tic  r u n .  
E x cess n -p ro p y l b ro m id e  w as re m o v e d  u n d e r  v a c u u m  a t  5 0 ° . 
T o  th e  re s id u e  w as a d d e d  300 m l o f w a te r  to  p re c ip ita te  th e  re 
a c tio n  p ro d u c t w h ich  w as th e n  f ilte red , w ash ed  w ith  w a te r ,  a n d  
d ried  in  a  d e s icc a to r . T h e  in fra re d  sp e c tru m  w as id e n tic a l w ith  
t h a t  of p u re  l-p ro p o x y - l,2 ,2 - t r ip h e n y le th e n e  e x ce p t fo r a n  ex
tre m e ly  sm all c a rb o n y l-s tre tc h in g  p e a k . I n  a  s im ila r  m a n n e r , 
p ro d u c t  s tu d ie s  w ere  c a rried  o u t  fo r th e  p ro p y la tio n  w ith  a  tw o 
fo ld  excess of n -p ro p y l b ro m id e , w ith  n -p ro p y l iod ide , w ith  
a d d e d  N ,N -d im e th y la c e ta m id e , a n d  w ith  a d d e d  N ,N -d ie th y l-  
a c e ta m id e . I n  a ll cases, o n ly  0  a lk y la tio n  re su lte d . M é th y la 
tio n  b y  m e th y l io d id e  o f th e  p o ta s s iu m  e n o la te  fo rm ed  from  5 .0  
g of th is  k e to n e  a n d  1.1 g of p o ta s s iu m  in  75 m l o f d ry  ¿-bu ty l 
a lcoho l g av e  a  p ro d u c t w hose sp e c tru m  w as c o n s is te n t w ith  
C  m é th y la tio n  e x ce p t fo r a  v e ry  sm a ll p e a k  a t  1089 c m -1. 
T h is  p e a k  d isa p p e a re d  w hen  th e  p ro d u c t  w as re fluxed  w ith  
e th a n o lic  h y d ro g en  ch lo ride .

Iso p ro p y la tio n  of d eo x y b en zo in  w as c a rr ie d  o u t  b y  reflux ing  
o v e rn ig h t a  so lu tio n  of 0 .023  g -a to m  of p o ta s s iu m , 0 .015  m ol of 
k e to n e , a n d  20  m l o f iso p ro p y l io d id e  in  100 m l of d ry  ¿ -bu ty l 
a lco h o l. T h e  so lv e n t w as re m o v e d  u n d e r  v a c u u m  to  g ive  on ly  
th e  C -a lk y l k e to n e  (9 5 % ). T h e  in fra re d  sp e c tru m  g av e  a  single  
c a rb o n y l p e a k  a n d  no  a b so rb a n c e  c h a ra c te ris tic  o f en o l e th e r . 
T h e  sp e c tru m  w as u n c h a n g e d  w h en  a  sa m p le  w as re flu x ed  fo r 
2 h r  w ith  d ilu te  h y d ro c h lo ric  a c id . O n e  re c ry s ta ll iz a tio n  fro m  
e th a n o l g av e  a -iso p ro p y ld e o x y b en z o in , m p  7 1 -7 3 °  ( l i t .32 m p
7 1 -7 2 ° ) .

G lp c  a n a ly se s  w ere  m ad e  a t  8 0 -1 6 0 °  w ith  a  sp ira l g lass  co lum n  
p a c k e d  w ith  m eth y ls ilic o n e  (G E  S F -9 6 ) on  10 0 -1 4 0  m esh  G as- 
ch ro m  Z . U n d e r  th ese  co n d itio n s  th e  enol e th e rs  d id  n o t  u n d e rg o  
d e co m p o sitio n  o r re a r ra n g e m e n t. E n o l e th e r  p e a k s  w ere  id en tified  
b y  h y d ro ly s is  o f a  second  sa m p le  w ith  1 d ro p  o f  c o n c e n tra te d  
h y d ro c h lo ric  a c id  p r io r  to  c h ro m a to g ra p h ic  a n a ly s is . T h e  enol 
e th e r  p e a k  v a n ish e d  in  th e  second  c h ro m a to g ra m , a n d  th e  
sm all p e a k  re p re se n tin g  o rig in a l k e to n e  in c re ased  p ro p o r tio n a te ly .

(29) V. M ey e r  a n d  L . O elkers, Chem . B er., 21 , 1295 (1888).
(30) R . C . F u so n , L. J .  A rm stro n g , D . H . C h ad w ic k , J .  W . K neis ley , S. 

P . R o w lan d , W . J . S henk , J r . ,  a n d  Q. F . S oper, J .  A m er. Chem . Soc ., 67, 
386 (1945).

(31) H . D . Zook a n d  W . L . R e llah a n , ibid., 79, 881 (1957).
(32) M . T iffeneau  a n d  A. O rekhoff, B u ll. Soc. C h im . F r., [4] 33, 211 

(1923).
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T h e  O /C  p ro d u c t ra tio s  w ere  c a lc u la te d  d ire c tly  fro m  p e a k  a re a s . 
T h e rm a l response  v a lu e s  re la tiv e  to  a c e to p h e n o n e  w ere  d e 
te rm in e d  fo r a  n u m b e r  o f th e  p ro d u c ts ,  b u t  th e ir  u se  w as n o t  
w a rra n te d .

Conductivity Measurements.— R e sis ta n c e s  w ere  m ea su re d  in  a  
25-m l c o n d u c t iv ity  cell su rm o u n te d  o n  th e  k in e tic  a p p a ra tu s  
in  p lac e  o f th e  a u to m a tic  sa m p lin g  b u re t .  S o lv e n ts  a n d  so lu tio n s  
w ere  fo rced  in to  th e  cell b y  in c re as in g  th e  n itro g e n  p re ssu re  in  th e  
r e a c tio n  v esse l. T h e  cell w as d ra in e d  u n d e r  a  n itro g e n  a tm o 
sp h e re  a n d  flu shed  th o ro u g h ly  w ith  d ry  so lv e n t b e fo re  a n d  a f te r  
m e a su re m e n ts  w ere  m a d e . R e s is ta n c e s  w ere  m e a su re d  w ith  a  
W h e a ts to n e  b rid g e , 5000-cps a u d io fre q u e n c y  o sc illa to r , a n d  
e a rp h o n e s  to  d e te c t  th e  n u ll p o in t.

Cleavage of Sodiodiphenylacetophenone by Oxygen.— I m 
m ed ia te  fo rm a tio n  of so lid , e v o lu tio n  o f h e a t ,  a n d  fa d in g  of ye llow  
color o c c u rre d  w h en  o x y g en  gas w as b u b b le d  th ro u g h  a  so lu tio n  
of 11.1 m m o l o f e n o la te  in  150 m l o f d ig ly m e . A fte r  12 h r  o f o x y 
g en  t r e a tm e n t ,  th e  sem iso lid  m ix tu re  w as d isso lv ed  in  100 m l of 
w a te r  to  g ive  a  c lear so lu tio n  w h ich  re q u ire d  o n ly  0 .4  m m ol of 
s ta n d a r d  a c id  fo r t i t r a t io n  to  p h e n o lp h th a le in . T h e  so lu tio n

w as s te a m  d is til le d  to  g ive  1.84 g (9 2 % ) of b e n z o p h e n o n e , m p  
4 3 -4 6 ° . T h e  in f ra re d  sp e c tru m  w as su p e rim p o sa b le  o n  t h a t  o f a n  
a u th e n t ic  sa m p le  of b en zo p h e n o n e . T h e  s te a m  d is t il la n d  w as 
m a d e  a lk a lin e  w ith  p o ta s s iu m  c a rb o n a te  so lu tio n  a n d  e x tra c te d  
w ith  th re e  100-m l p o r t io n s  o f e th e r .  E v a p o ra tio n  o f th e se  ex
t r a c ts  y ie ld e d  no  m o re  th a n  a  tra c e  o f o ily  su b s ta n c e . T h e  
a lk a lin e  la y e r  w as ac id ified  w ith  c o n c e n tra te d  h y d ro c h lo r ic  a c id  
a n d  e x tra c te d  w ith  th re e  100-m l p o r t io n s  o f e th e r .  E v a p o ra tio n  
of th e se  e x tra c ts  le f t  1.32 g  (9 9 % ) of w h ite  so lid , m p  1 2 0 -1 2 2 .5 ° . 
T h is  su b s ta n c e  d id  n o t  d ep ress th e  m e ltin g  p o in t  o f p u re  b e n zo ic  
a c id .

Registry No.—Sodiodiphenylacetophenone, 16282-
12-5; sodiobutyrophenone, 16310-84-2; a-methylbu- 
tyrophenone, 938-87-4; a,a-diphenylacetophenone, 
1733-63-7; a,a-dimethylbutyrophenone, S29-10-7; 1- 
ethoxy-l-phenyl-2-methylpropene, 16282-15-8; a-ethyl- 
deoxybenzoin, 16282-16-9; a-mesityldeoxy benzoin, 
16282-17-0.
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Io n iz a tio n s  o f m e th y l h y d ro g e n s  o f p h e n y l o- a n d  p - to ly l su lfo n es w ere  e ffec ted  b y  so d iu m  a m id e  in  liq u id  
a m m o n ia  to  fo rm  sodio  sa lts , w h ich  w ere  co n d en sed  w ith  b e n zy l ch lo rid e , 1 ,4 -d ib ro m o b u ta n e , b e n zo p h e n o n e , 
a n d  m e th y l b e n z o a te  to  g ive  c o rre sp o n d in g  d e r iv a tiv e s . Io n iz a tio n  o f th e  p h e n y l o -to ly l su lfo n e  o c cu rre d  
m o re  s low ly  th a n  t h a t  o f th e  para isom er. T h e  a d d it io n  re a c tio n s  o f th e  sodio  s a l ts  w ith  b en zo p h e n o n e  w ere  
k in e tic a lly  co n tro lled . T h e  c o n d en sa tio n s  o f th e  sod io  o -to ly l su lfo n e  w ith  th e  e le c tro p h ilic  c o m p o u n d s re p re se n t  
t r a p p in g  o f  th e  in te rm e d ia te  c a rb a n io n  in  th e  T ru c e -S m ile s  r e a r ra n g e m e n t o f th e  su lfo n e  to  fo rm  a  su lfin ic  ac id , 
w h ich  w as o b se rv ed  in  low  y ie ld  th ro u g h  th e  sod io  s a l t  in  l iq u id  a m m o n ia  a n d  in  good  y ie ld  in  re flu x in g  te t r a -  
h y d ro fu ra n . T h e  b e n zy l d e r iv a tiv e  o f th e  o -to ly l su lfo n e  u n d e rw e n t th is  ty p e  o f r e a r ra n g e m e n t w ith  n -b u ty l-  
l ith iu m . D i-p - to ly l su lfo n e  w as b e n z y la te d  a t  o n e  o f i ts  m e th y l g ro u p s  b y  m ea n s  o f so d iu m  am ide . T h e  
m e th o d  a p p e a rs  to  b e  q u ite  genera l.

Although base-catalyzed condensations at the a 
carbon of dimethyl sulfone and other sulfones with 
electrophilic compounds are well known,2 related re
actions at the methyl groups of o- and p-tolyl sulfones 
have rarely been reported. The present investigation 
was concerned with such a study of phenyl o- and p- 
tolyl sulfones; the former sulfone promised to be of 
particular interest because it can undergo the base 
induced Truce-Smiles type of rearrangement.

Results with Phenyl o-Tolyl Sulfone.-—This com
pound (1) was converted by sodium amide in liquid 
ammonia into sodio salt 1', which was condensed with 
benzyl chloride, 1,4-dibromobutane (0.5 mol equiv), 
benzophenone, and methyl benzoate to form 2, 3, 4, 
and 5, respectively (Scheme I).

The yields of the benzyl derivative 2, the bis de
rivative 3, and the addition product 4 were dependent 
on the conditions employed (see Discussion) ; the 
best yields obtained were 61, 58, and 76%, re
spectively. The yield of the benzoyl derivative 5 
was dependent on the proportions of the reactants 
since, similar to other Claisen-type acylations and 
aroylations,3 the product 5 was converted in the

(1) S u p p o r te d  b y  U . S. P u b lic  H e a lth  S erv ice  R e sea rc h  G ra n t  N o . C A  
04455 fro m  th e  N a tio n a l C a n c e r  I n s t i t u te  a n d  b y  th e  A rm y  R esea rc h  
Office (D u rh a m ) .

(2) See especia lly  L . F ie ld  a n d  E . T . B oy d , J .  Org. Chern., 26, 1787 
(1961), a n d  D . F . T a v a re s  a n d  P . F . V og t, C an. J .  Chem ., 45, 1519 (1967), 
a n d  re fe ren ces  c ite d  th e re in .

reaction mixture into its sodio salt; this last step 
was effected by either sodio sulfone 1' or sodium amide. 
When 2 mol equiv of sodio sulfone l ' / l  mol equiv of 
methyl benzoate was used (last step effected by 1'), 
the yield of 5 based on the ester was 50% ;4 when 1 
extra equiv of sodium amide was used to effect the 
last step, the yield of 5 based on sulfone 1 was 34%.

The structures of the condensation products were 
supported by analyses and absorption spectra. The 
structure of adduct 4 was confirmed by dehydration 
to form unsaturated sulfone 6 in 86% yield (eq 1).

4  p-CH,C6H4S0jH | ^ h S 0 2CcH 5

benzene (refluxing) C H = C ( C 6H 5)2 O

6

The infrared spectra of the products were similar to 
those of the starting sulfone 1 with certain significant 
differences (Table I).5 The spectrum of carbinol 
sulfone 4 showed a strong hydroxyl peak, which was 
absent in that of the dehydration product 6. The 
spectrum of the keto sulfone 5 exhibited a strong car
bonyl peak.

(3) F o r  re la te d  a ro y la tio n s  of k e to n e s  w ith  e s te rs  b y  so d iu m  a m id e , see 
Org. R eactions, 8, C h a p te r  3 (1954).

(4) T h e o re tic a lly  one-half of su lfone  1 w o u ld  b e  re g e n e ra te d ; a c tu a lly  
th e  y ie ld  of 5 b a se d  on  s ta r t in g  su lfone  1 u sed  m in u s  t h a t  reco v e red  w as 38 % .

(5) See R . T . C on ley , “ In f ra re d  S p ec tro sc o p y ,”  A llyn  a n d  B ac o n , I n c . ,  
B o s to n , M ass ., 1966.
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S 0 2CcH 5 NaNHz

CH3 liqNH^
1

S 0 2C6H 5 CeHjCHiCI 
CH2N a  

1'

S c h e m e  I

S 0 2CcH5

CH2CH2C6Hs

2
1. C6HsC02CH3 I 1 Br(CHa)4Br

2. NH4C1 1. (CtH3)2CO
2. NH<C1

f ^ S 0 2C6H 5 f ^ S O A H j r ^ S 0 2C6H 5 C6H5S 0 2|<

k ^ J c H o C O C Ä k ^ J c H 2a c 6H 5)2 CH2— (CH2)4— CH2 s

OH

T a b l e  I

A s s i g n e d  I n f r a r e d  P e a k s  o f  P h e n y l  o- T o l y l  S u l f o n e

and Condensation P roducts

(cm '- 1)
Sul- /------- SO2 stretching--------- -, ortho di- Monoaromatic
ione Asymm Symm substitution substitution“ Other

1 1305, 1280 1145 763 752, 704 13806
2 1290, 1285 1155 764 755, 698 c
3 1310, 1285 1150 760 d, 692 c
4 1300, 1285 1140 767 754, 706 3450e
5 1310, 1295, 1285 1140 762 750, 713 1675/
6 1290, 1280 1140 762 754, 695
° T h e  s p e c tra  of a ll th e se  co m p o u n d s e x cep t 3 h a d  tw o o th e r  

s tro n g  p e a k s  in  th is  reg ion  a t  730-724 a n d  a t  687-682 c m -1, 
p o ss ib ly  fro m  C -S  v ib ra tio n . T h e  sp e c tru m  of 3 h a d  o n ly  th e  
one  p e a k  a t  727 c m -1 . 6 S y m m e tr ic a l m e th y l  b e n d in g . c N o  
p e ak s  in  th e  1380 reg ion . d A b se n t o r  p e rh a p s  u n d e rn e a th  th e  
b ro a d  ortho p e a k  a t  760 c m -1 . e H y d ro x y l. /C a rb o n y l .

The nmr spectrum6 of the benzyl derivative 2 
showed a sixteen-peak multiplet centered at 2.40 ppm 
(4.0 H) for the methylene protons and a complex 
aromatic multiplet from 6.7 to 7.9 ppm (14.0 H).

Interestingly, sodio sulfone 1', which was condensed 
in good yields with electrophilic compounds in liquid 
ammonia (see Scheme I), underwent the Truce- 
Smiles rearrangement on replacing the ammonia with 
tetrahydrofuran (THF) and refluxing to form 2- 
benzylbenzenesulfinic acid (7) in good yield; even in 
liquid ammonia, 7 was obtained in about 1% yield 
in connection with the benzylation of sodio sulfone 1' 
(see Experimental Section). Sulfmic acid 7 was iso
lated as its sodio salt 7a or, preferably, as its ferric 
derivative 7b (Scheme II).

S c h e m e  I I

Oj |S 0 2“ N a+ 

^CH2C6H5

7a

K
î S 0 2H
k J cH2C6H5

7

sent trapping of the intermediate carbanion in the 
Truce-Smiles rearrangement. Although n-butyllith- 
ium effects the rearrangement of sulfone 1 in reflux
ing ether-hexane to form sulfmic acid 7 in good yield,7 
this reagent appears not very satisfactory for trap
ping the intermediate carbanion. Thus the inter
mediate lithio sulfone formed with n-butyllithium has 
been trapped as its carbonation product by Truce and 
Norman8 in only 12% yield, and as its benzophenone 
adduct 4 by us in only 13% yield, which is much less 
than that realized by us with sodio sulfone 1 ' prepared 
with sodium amide (see Experimental Section).

Moreover, certain of the condensation products 
prepared by means of sodium amide in liquid ammonia 
(see Scheme I) were found to undergo the Truce- 
Smiles rearrangement. For example, the benzyl de
rivative 2 underwent rearrangement with n-butyl
lithium, presumably through lithio sulfone 2', to form 
sulfinic acid 8 in good yield; 8 was isolated as its ferric 
derivative and characterized as its p-toluidine salt.

OS 0 2C6H 5 
C H C H A H j 
L i+
2'

s o 2h

k^JcH(C6H5)CH2C6H5

8

At least certain of the other derivatives of sodio 
sulfone 1' could probably also be rearranged under 
appropriate conditions.

Results with Phenyl p-Tolyl Sulfone and Di-p-tolyl 
Sulfone.-—The former compound (9) was converted by 
sodium amide in liquid ammonia into sodio salt 9', 
which was condensed with four types of electrophilic 
compounds (Scheme III).

The yields of derivatives 10, 11, and 12 were de
pendent on the conditions employed (see Discussion); 
the best yields obtained were 92, 82, 51%, respec
tively. The yield of the benzoyl derivative 13 was 
70% when the ratio of sodio sulfone 9' to ester was 
2:1,9 and 53% when 1 extra equiv of sodium amide 
was used.3

Similarly, di-p-tolyl sulfone (14) was converted by 
a molecular equivalent of sodium amide in liquid am
monia into the corresponding monosodio salt, which was

Therefore the condensations of sodio sulfone 1' 
with the electrophilic compounds (Scheme I) repre

(6) A ll chem ica l sh if ts  a re  re p o rte d  a s  p a r ts  p e r  m illion  (5) dow nfield
from  te tra m e th y ls ila n e . S am p les  w ere  d e te rm in e d  in  d eu te rio ch lo ro fo rm
unless o th e rw ise  n o te d .

(7) (a) W . E . T ru c e  a n d  W . J . R ay , J r . ,  J .  A m er. Chem. Soc., 81, 481 
(1959); (b) fo r o th e r  in te re s tin g  p ap e rs  on  th e  m ech an ism  of th is  re a rra n g e 
m e n t of c a rb a n io n s , see W . E . T ru c e , C . R . R o b b in s , a n d  E . M . K re id er, 
ib id ., 88, 4027 (1966), a n d  references  th e re in .

(8) O. L . N o rm a n , P h .D . D is se r ta tio n , P u rd u e  U n iv e rs ity , 1953.
(9) T h e  y ie ld  of 13 w as 5 1 %  w hen  b ased  on s ta r t in g  su lfone  9 ; see re f  4.
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CH,
S02C6H5 NaNH2 S02C6H5 c„H5CH2Ci.

S c h e m e  III

liqNHj NaCH2' C6H5CH2CH2
so2c6h5

10
1. CsHsCO,CH3 I | Br(CH2),Br
2. NH„C1 1. (C6H5)2C0

2. NH4C1

C6H5COCH2
S02C6H

13

'2M;n5 1
(C6H5)2CCH2l ij

so2c6h5 c6h5so2

OH
12

(CH2)6! 
11

so2c6H5

alkylated with benzyl chloride to form benzyl deriva
tive 15 in 67% yield.

CH;
SO-

ch2ch2c6h5
15

However, treatment of sulfone 14 with 2 mol equiv 
of sodium amide in liquid ammonia followed by 2 mol 
equiv of benzyl chloride failed to yield satisfactorily 
the corresponding dibenzyl derivative; instead there 
was obtained a mixture of the monobenzyl derivative 
15, starting sulfone 14, and stilbene which arose through 
self-condensation of the halide, a type of reaction known 
to be effected by sodium amide.10 The dibenzyl 
derivative possibly might be prepared by further ben
zylation of 15 through its monosodio salt.

The structures of the condensation products (Scheme 
III and 15) were supported by analyses and absorption 
spectra. The structure of adduct 12 was confirmed 
by dehydration to form unsaturated sulfone 16 in 
80% yield (eq 2).

12 i fflCÆSOlH > l^ ì |S 0 2C6H5 (2)
benzene (ref 1 uxmg) (C6H5)2C=CHk%̂  V

16

Infrared data (Table II) show that the spectra of 
the products were similar to those of the starting

sulfones with the expected differences for carbinol 
sulfone 12 and keto sulfone 13 which exhibited strong 
hydroxyl and carbonyl peaks, respectively. Surpris
ingly, the spectrum of the benzyl derivative 10 was 
practically identical with that of the starting sulfone 
9, both showing a peak at 1390 cm-1 which, in the case 
of 9, may be assigned to the methyl group.5 Such a 
peak was absent in the spectrum of the isomeric 0- 
benzyl derivative 2 (see Table I).

The nmr spectrum6 of the benzyl derivative 10 
showed a singlet at 2.89 ppm (4.03 H) for the methylene 
protons, and a complex aromatic multiplet from 7.2 to
8.0 ppm (14.0 H). The nmr spectrum6 of the mono
benzyl derivative 15 exhibited a singlet at 2.4 ppm 
(3.14 H) for the methyl protons, another singlet at
2.9 ppm (3.96 H) for the methylene protons, and a 
multiplet from 7.2 to 7.9 ppm (13.0 H) for the aromatic 
protons.

Discussion
The alkylations of sodio sulfones 1' and 9' (Schemes

1 and III) were effected employing various ionization 
periods of the sulfones as summarized in Table III. 
This table shows that, with equal volumes of liquid am
monia (400 ml), much longer ionization periods were 
required for satisfactory yields of alkylation products
2 and 3 from o-tolyl sulfone 1 than of 10 and 11 from

T a b l e  II
A s s i g n e d  I n f r a r e d  P e a k s  o f  P h e n y l  p - T o l y l  S u l f o n e , 

a n d  C o n d e n s a t i o n  P r o d u c t s  

(cm-1)
Sul- -------- SO2 stretching------- para  di- Monoaromatic
fone Asymm Symm substitution substitution“ Other

9 1300, 1280 1155 819 756, 702 1390»
1 0 1310, 1290 1150 826 756, 702 1390»
1 1 1290 1145 809 758, d
1 2 1290 1150 830 753, 702 3500
13 1325, 1315, 1290 1145 d 753, 716 1680
14 1315, 1295, 1285 1150 819 e
15 1310, 1290, 1280 1145 819 751, 710
16 1320, 1305 1155 827 / ,  703

a The spectra of all these compounds, except 14 and 15, showed 
two other strong peaks in this region at 730-722 and at 693-683 
cm-1, possibly from C-S stretching. b Symmetrical methyl bend
ing. c The origin of this peak is not clear. d Peak was absent. 
e This spectrum showed two peaks at 709 and 677 cm-1 which 
have been assigned to C-S stretching; see J. Cymerman and 
J. B. Willis, J .  C hem . Soc., 1332 (1951). 1 Other peaks in this 
region made assignment uncertain.

(10) See C . R . H a u se r , W . R . B rasen , P . S. S kell, S . W . K a n to r , a n d  A. E . 
B ro d h ag , J .  A m er . Chem . Soc., 78, 1653 (1956).

T a b l e  I I I

Y i e l d s  o f  A l k y l a t i o n  P r o d u c t s  o f  S u l f o n e s  
1 a n d  9 E m p l o y i n g  V a r i o u s  I o n i z a t i o n  P e r i o d s

T o ly l
su lfone

Io n iz a tio n  
period , m in

S o lv en t 
vo lum e, ml H alid e P ro d u c t

Y ield,
%

1 (ortho) 20 400 C6H6CH2C1 2 45
1 300 400 c 6h 5c h 2ci 2 61
9 (para) 5 800 c 6h 5c h 2ci 10 82
9 15 800“ c 6h 6c h 2ci 10 89
9 30 400 c6h 6c h 2ci 10 92
1 (ortho) 15 400 Br(CH2)4Br 3 26
1 60 400 Br(CH2)4Br 3 58
9 (para 15 800 Br(CH2)4Br 11 61
9 30 400 Br(CH2)4Br 11 82
“ 0.03 mol of phenyl p-tolyl sulfone used.

the p-tolyl sulfone 9. Moreover, by using 800 ml 
instead of 400 ml of liquid ammonia with p-tolyl sul
fone 9, the ionization time to give approximately the 
same yield of 10 was even less. The sodio salts of both 
1 and 9 were decolorized almost immediately by benzyl 
chloride and, since this alkylation type of reaction is 
irreversible, the yields of the benzyl derivative 2 
and 10 may be considered a rough measure of the rel-
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ative ease of ionization of the starting sulfones 1 and 9. 
Actually, the relative ease of ionization of the o- 
tolyl sulfone 1 must have been even less than indicated 
by the relative yields of the alkylation products, since 
this sulfone was more soluble in liquid ammonia than 
p-tolyl sulfone 9. The relatively slow rate of ioni
zation of the o-tolyl sulfone 1 suggests that a steric 
factor is involved. A study of a possible metallic 
cation effect employing various alkali amides is con
templated.

Incidentally, in one of the experiments on the ben- 
zylation of the o-tolyl sulfone 1 in which the yield of 
the benzyl derivative 2 was relatively low, a consid
erable amount of stilbene was detected by thin layer 
chromatography; this self-condensation product of 
the benzyl chloride was presumably produced by 
sodium amide that had not yet effected the ionization 
of l .10

The carbonyl addition reactions of sodio sulfones 1' 
and 9' (Schemes I and III) were effected employing 
various condensation periods as summarized in Table
IV. Because of possible reversion during work-up, 
the reaction mixtures were neutralized inversely with 
ammonium chloride. Table IV shows that the yields

ported in the related addition reaction of disodio- 
phenylacetamide with benzophenone, in which for
mation of the sodium amide adduct of the ketone (17) 
was established.11

It should be mentioned that p-tolyl sulfone 9 pre
viously has been condensed with certain aromatic alde
hydes by means of potassium i-butoxide in dimethyl 
sulfoxide (DMSO) to form the corresponding unsat
urated sulfones; the best yield (40%) was obtained 
with benzaldehyde (eq 3).12

1. KOC(CH,)1/DMSO) r^'''j]S02C6H5 (3)
2'C«h5cho v C6H5CH=CHktJ

All of the products listed in Schemes I and III 
(and 15) were new. The sodium amide method em
ployed in these syntheses could probably be extended, 
not only to other electrophilic compounds, but also 
to certain substituted o- and p-tolyl sulfones to afford 
various derivatives having other functional groups. 
Moreover, the condensations involving the o-tolyl 
sulfones should furnish derivatives which may be use
ful for mechanistic studies of the Truce-Smiles re
arrangement and for syntheses of resulting sulfinic 
acids.

T able IV
Y ields of Adducts from  Sodio Su lfon e  1 '  and 9 ' 

w ith  B en zo pheno n e  on I nverse  N eutralization  After  
Various C ondensation  P eriods

Sodio Io n iz a tio n C o n d en sa tio n P ro d u c t Y ield ,
su lfone period , m in period , m in %

1 ' (ortho) 120 1 4 76
1 ' 120 5 4 69
1 ' 120 30 4 a
9 ' (para) 30 1 12 51
9 ' 30 5 12 6
9 ' 30 30 12 b

° N o  p ro d u c t d e te c te d ; sh o w n  to  b e  s ta r t in g  m a te ria l  b y  tic ; 
5 8 %  s ta r t in g  su lfo n e  1 reco v e red . b N o  p ro d u c t  d e te c te d ; 
5 6 %  s ta r t in g  su lfone  9 reco v e red .

of adducts 4 and 12 were satisfactory only when the 
reaction mixtures were neutralized within a relatively 
short time. The time was less critical with the o- 
sodio sulfone 1' than with the p-sodio sulfone 9'; 
with the latter, less than 5 min appeared to be required 
for a satisfactory yield. These results are rationalized 
on the basis of a kinetic vs. thermodynamic control 
as illustrated in Scheme IV for the para case. The

Scheme IV

9 +  NaNH2 - 9 ' +  NH,

(CeH5)2CO J (CA)2co

(C6H5)2CONa | ^ j |S 0 2CcH5
NH2 (C6H5)2CCH2̂ J  

ONa
17 12'

kinetic control involves the initial addition reaction 
of sodio sulfone 9' with benzophenone to form sodio 
adduct 12', and the thermodynamic control involves 
an addition reaction of sodium amide (present in 
equilibrium) with the ketone to form sodio adduct 
17. Such competing controls have recently been re

Experimental Section13
Conversion of Phenyl o-Tolyl Sulfone (1) into Sodio Salt T .—

T o  a  s t ir re d  su sp en s io n  of 0 .02  m ol o f so d iu m  a m id e  in  4 0 0  m l of 
liq u id  a m m o n ia 14 w as a d d e d  4 .6 4  g  (0 .02  m o l) o f p h e n y l o-to ly l 
su lfo n e  ( l ) 7 to  p ro d u c e  im m e d ia te ly  a  d eep  p u rp le  so lu tio n  of 
sodio s a l t  1'. N o  u n d isso lv ed  su lfo n e  w as o b se rv ed . A fte r  
s t ir r in g  fo r a n  a p p ro p r ia te  t im e  (d e s ig n a ted  io n iz a tio n  p e r io d ) , 
th e  sodio  s a l t  1' (m ax im u m  a m o u n t 0 .02  m o l) w as con d en sed  
w ith  e lec tro p h ilic  co m p o u n d s (or re a rra n g e d )  a s  d esc rib ed  
below .

Alkylations of Sodio Salt 1 '.— I n  T a b le  I a re  su m m a riz e d  th e  
y ie ld s of p ro d u c ts  o b ta in e d  em p lo y in g  v a rio u s  io n iz a tio n  p e rio d s . 
T h e  ex p erim en ts  w h ich  a ffo rd ed  th e  b e s t  y ie ld s  a re  d escrib ed  
below .

A. With Benzyl Chloride.— T o  a  s t i r r e d  so lu tio n  of sodio  s a l t  
1' (a fte r  a n  io n iz a tio n  p e rio d  of 5 h r )  w as a d d e d  2 .79  g (0 .022 
m o l) of b e n zy l ch lo ride  in  50 m l o f d ry  e th e r .  T h e  p u rp le  co lor 
o f 1' w as im m e d ia te ly  d isc h arg e d  (to  l ig h t  ta n ) .  T h e  liq u id  
a m m o n ia  w as a llow ed  to  e v a p o ra te  a n d  m o re  (500 m l)  e th e r  w as 
a d d e d . T h e  re su ltin g  e th e rea l su sp en s io n  w as s t i r r e d  w ith  50 
m l o f w a te r  to  d isso lve  th e  in o rg an ic  s a l ts .  T h e  tw o  la y e rs  
w ere s e p a ra te d . T h e  e th e re a l so lu tio n  w as d ried  a n d  th e  so lv e n t 
re m o v e d . T h e  re s id u e  w as re c ry s ta lliz e d  fro m  a b so lu te  e th a n o l 
to  give 3 .9 7  g (6 1 % ) of th e  b e n zy l d e r iv a tiv e  2, m p  8 4 -8 7  an d  
8 6 -8 7 °  a f te r  sev e ra l a d d it io n a l  re c ry s ta lliz a tio n s .

Anal. C a lcd  fo r C 20H i8SO 2: C , 7 4 .5 0 ; H ,  5 .6 3 ; S, 9 .94 .
F o u n d : C , 7 4 .59 ; H , 5 .5 2 ; S , 9 .97 .

T h e  o rig in a l a q u eo u s  la y e r  of th e  re a c tio n  p ro d u c t (see a b o v e) 
w as n e u tra liz e d  w ith  5 0 %  h y d ro c h lo ric  a c id . T h e  re su ltin g  
so lu tio n  w as t r e a te d  w ith  excess aq u eo u s  fe rric  c h lo rid e 15 to  
p re c ip ita te  0 .05  g (ca. 1 % ) of th e  re d  fe rric  d e r iv a tiv e  o f 2- 
b en zy lb en zen esu lfin ic  a c id  (7 b ). T h e  in f ra re d  sp e c tru m  of th is

(11) E . M . K a ise r a n d  C . R . H au ser, J .  Org. Chem ., 31, 3317 (1966).
(12) G . A. R ussell, E . G . Jan z e n , H . D . B ecker, a n d  F . J .  S m en to w sk i, 

J .  A m er. Chem. Soc., 84, 2652 (1962).
(13) M e ltin g  p o in ts  w ere  ta k e n  in  o pen  ca p illa ry  tu b e s  on a  T h o m a s -  

H o o v e r m e ltin g  p o in t a p p a ra tu s  a n d  a re  u n co rrec ted . E le m e n ta l an a ly ses  
w ere  p erfo rm e d  b y  J a n sse n  P h a rm a c e u tic a , B eerse , B e lg ium , a n d  M -H -W  
L a b o ra to r ie s , G a rd en  C ity , M ich . In f ra re d  sp e c tra  w e re  d e te rm in e d  w ith  
a  P e rk in -E lm e r M od el 137 In fra c o rd  u sing  th e  p o ta ss iu m  b ro m id e  p e lle t 
m e th o d . T h e  n m r  sp e c tra  w ere  o b ta in e d  on  a  Y a ria n  A -60 sp ec tro m e te r. 
A ll chem ica l sh if ts  a re  re p o r te d  in  p a r t s  p e r  m illion  (5) dow nfield  fro m  an  
in te rn a l te tra m e th y ls ila n e  s ta n d a rd . C om m erc ia l, a n h y d ro u s  liq u id  
a m m o n ia  w as u sed ; i t  w as fu r th e r  d ried  in  th e  p re p a ra tio n  of so d iu m  am id e  
b y  a d d itio n  of sm all p ieces of sod ium  u n ti l  a  b lu e  co lo r p e rs is te d . n -B u ty l-  
l i th iu m  (ca . 1.5 M  in  hexane) w as  o b ta in e d  fro m  F o o te  M in e ra l C o. O rgan ic  
frac tio n s  w ere  d ried  ov er a n h y d ro u s  m ag n es iu m  su lfa te , a n d  th e n  concen
tr a te d  o r  rem o v ed  u n d e r  red u ce d  p re ssu re  u s ing  a  R o to -v a c  (L ab lin e).

(14) F o r  p re p a ra tio n  of sod ium  am id e , see ref 10, p  122.
(15) J . T h o m as , J .  Chem. Soc., 95, 342 (1909).
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s lig h tly  im p u re  sam p le  of 7b w as n e a r ly  su p e rim p o sab le  on  th a t  
of a n  a u th e n ie  sa m p le  o b ta in e d  fro m  th e  T ru c e -S m ile s  re a rra n g e 
m e n t u n d e r m o re  a p p ro p r ia te  c o n d itio n s  (see be low ).

B. With 1,4-Dibromobutane.— T o  a  s t i r r e d  so lu tio n  of sodio  
s a l t  1 ' (a f te r  a n  io n iz a tio n  p e rio d  of 1 h r )  w as a d d e d  d ropw ise
2 .3 7  g (0 .0 1 0  m o l) o f 1 ,4 -d ib ro m o b u ta n e  in  50  m l o f d ry  e th e r . 
T h e  p u rp le  color o f 1 ' s low ly  ch an g ed  to  b ro w n ish  g reen . T h e  
a m m o n ia  w as re p la ce d  b y  e th e r  a n d  th e  re su ltin g  su sp en sio n  
s t i r r e d  w ith  w a te r .  T h e  so lid  w as co llec ted  a n d  re c ry s ta lliz e d  
fro m  b e n z e n e -e th a n o l to  g ive  2 .99  g (5 8 % ) of th e  b is d e r iv a tiv e  
3, m p  154-157  a n d  1 5 6 -158° a f te r  f u r th e r  re c ry s ta lliz a tio n s .

Anal. C a lc d  fo r C 3oH3t,S20 4: C , 69 .47 ; H , 5 .8 3 ; S, 12.36. 
F o u n d : C , 6 9 .8 9 ; H , 5 .87 ; S, 12.36.

Addition Reaction of Sodio Salt V  with Benzophenone.— I n  
T a b le  I I  a re  su m m a riz e d  th e  y ie ld s o f p ro d u c t  o b ta in e d  em p lo y 
in g  v a r io u s  c o n d en sa tio n  p e rio d s ; th e  2 -h r  io n iz a tio n  p e rio d  
a llo w ed  is co nsidered  su ffic ien t to  fo rm  a p p ro x im a te ly  0 .02  m ol 
of sodio  s a l t  1 '.  T h e  e x p e rim e n t w h ich  g a v e  th e  b e s t  y ie ld  is 
d e sc rib e d  below .

T o  a  s t i r r e d  so lu tio n  of sodio  s a l t  1 ' w as a d d e d , d u r in g  1 m in ,
4 .0 1  g (0 .022  m o l) o f b en zo p h en o n e  in  50  m l of d ry  e th e r .  T h e  
p u rp le  color o f 1 ' c h an g e d  to  re d  d in in g  th e  1 m in , a f te r  w h ich  
th e  re a c tio n  m ix tu re  w as p o u re d  in to  a  so lu tio n  of 2 .3 6  g  (0 .044 
m o l) of a m m o n iu m  ch lo rid e  in  l iq u id  a m m o n ia . T h e  a m m o n ia  
w as re p la ce d  b y  e th e r .  T h e  re su ltin g  su sp en s io n  w as s t ir re d  
w ith  w a te r  a n d  th e  m ix tu re  f ilte red . T h e  so lid  (4 .67  g ), m p
1 6 6 -1 6 8 ° , w as c o m b in ed  w ith  m o re  (1 .65  g) o f so lid , m p  16 2 - 
165°, iso la te d  fro m  th e  f i l t ra te  to  g ive  6 .32  g (7 6 % ) of b enzo
p h e n o n e  a d d u c t  4, w h ich  m e lte d  a t  1 6 6 -1 6 7 °  a f te r  sev e ra l re 
c ry s ta lliz a tio n s  fro m  b e n z e n e -h e x a n e .

Anal. C a lc d  fo r C 26H 22S 0 3: C , 7 5 .3 3 ; H ,  5 .3 5 ; S, 7 .73 . 
F o u n d : C , 7 5 .42 ; H , 5 .3 9 ; S, 7 .68 .

Dehydration of 2 g (0 .00483 m o l) o f a d d u c t  4 w as a cco m p lish ed  
b y  re flux ing  w ith  a  c a ta ly tic  a m o u n t ( < 0 .1  g) o f p -to lu e n esu lfo n ic  
a c id  m o n o h y d ra te  in  100 m l o f b en zen e  fo r 14 h r ;  th e  a ze o tro p e  
o f  w a te r  a n d  b e n ze n e  w as re m o v e d  u s in g  a  D e a n -S ta rk  w a te r  
t r a p .  T h e  re su ltin g  so lu tio n  w as d ilu te d  w ith  e th e r ,  w ashed  
w ith  so d iu m  b ic a rb o n a te  so lu tio n , a n d  d rie d . T h e  so lv e n t w as 
re m o v e d  to  g ive  1.66 g (8 6 % ) of u n s a tu r a te d  su lfo n e  6, m p  17 0 - 
173 a n d  1 7 1 -1 7 2 .5 °  a f te r  re c ry s ta ll iz a tio n  fro m  b e n z e n e -

Anai. C a lc d  fo r C 26H 20SO 2: C , 78 .76 ; I I ,  5 .0 8 . F o u n d : C , 
7 9 .1 2 ; H , 5 .19 .

Benzoylation of Sodio Salt 1 '.— T o  a  s t i r r e d  so lu tio n  of sodio 
s a l t  1 ' ( io n iz a tio n  p e rio d  of 4 h r  to  fo rm  p re su m a b ly  0 .02  m ol of 
1 ')  w as a d d e d  1.36 g (0 .01  m o l) o f m e th y l b e n z o a te  in  50 m l of 
d ry  e th e r .  T h e  p u rp le  color of 1 ' ch an g ed  to  re d d ish  b ro w n  a n d  
f in a lly  to  y e llo w ish  g re en . A fte r  n e u tra liz a tio n  w ith  excess 
a m m o n iu m  ch lo rid e  (1 .7 7  g , 0 .033  m o l), th e  a m m o n ia  w as 
re p la ce d  b y  e th e r ,  a n d  th e  re su ltin g  e th e re a l su sp en s io n  w as 
s t i r r e d  w ith  50  m l of w a te r .  T h e  lay e rs  w ere  s e p a ra te d . T h e  
e th e re a l la y e r  w as d ried  a n d  c o n c e n tra te d . T h e  re su ltin g  p re 
c ip i ta te  (1 .94  g ), m p  1 1 7 -1 2 4 ° , w as co llec ted  b y  f ilt ra tio n  a n d  
re c ry s ta lliz e d  fro m  a b so lu te  e th a n o l to  g ive  1.69 g (5 0 % ) of k e to  
su lfo n e  5 , m p  12 8 -1 3 0 °.

Anal. C a lc d  fo r C 2oHi6S 0 3: C , 7 1 .4 1 ; H ,  4 .8 0 ; S, 9 .5 3 . 
F o u n d :  C , 7 1 .12 ; H , 4 .7 8 ; S , 9 .5 5 .

F u r th e r  c o n c e n tra tio n  o f th e  f i l t ra te  a ffo rd ed  1.59 g (3 4 % ) of 
th e  c ru d e  s ta r t in g  su lfo n e  1, m p  6 5 -7 5 ° .

W h en  0 .044  m ol of so d iu m  a m id e  in  400  m l o f liq u id  a m m o n ia  
w as t r e a te d  w ith  0 .0 2  m ol o f su lfo n e  1, fo llow ed , a f te r  5 h r ,  b y  
0 .0 3  m ol o f m e th y l b e n z o a te  in 50 m l o f d ry  e th e r ,  th e re  w as 
o b ta in e d , o n  w o rk in g  u p  th e  re a c tio n  m ix tu re  a s  d esc rib ed  a b o v e , 
th e  k e to  su lfo n e  5, m p  1 2 8 -1 3 0 ° , in  3 4 %  y ie ld  (b a sed  on  1).

Rearrangement of Sodio Salt 1'.— T o  a  s t i r r e d  su sp en s io n  of 
0 .022  m ol o f so d iu m  a m id e  in  400 m l o f l iq u id  a m m o n ia  w as 
a d d e d  0 .0 2  m ol of p h e n y l o -to ly l su lfo n e  (1) a n d  th e  a m m o n ia  
re p la c e d  b y  fre sh ly  d is tilled  te t r a h y d ro fu ra n  ( T H F ) .  T h e  re s u l t 
in g  d a rk  re d  so lu tio n  o f sodio  s a l t  1 ' w as re fluxed  fo r 7 h r ;  th e  
re d  color g ra d u a lly  fa d ed  a n d  a  t a n  so lid  p re c ip ita te d . T h e  so lid  
w as co llec ted  b y  f i l t ra tio n  to  g ive  2 .7 3  g (5 4 % ) of c ru d e  sodio 
s a l t  7a of 2 -b en zy lb en zen esu lfin ic  a c id  (7). T h e  f i l t r a te  w as 
d ilu te d  w ith  e th e r ,  a n d  w a te r  a d d e d . T h e  la y e rs  w ere  s e p a ra te d . 
T h e  a q u eo u s  la y e r  w as n e u tra liz e d  w ith  5 0 %  h y d ro c h lo ric  a c id  
a n d  t r e a te d  w ith  a q u eo u s  fe rr ic  ch lo rid e  to  p re c ip ita te  0 .82  g 
(1 6 % ) o f  th e  k n o w n 74 re d  fe rric  d e r iv a tiv e  7b.

T h e  c o m b in e d  y ie ld  o f 7a a n d  7b w as 7 0 % . T h e  sod io  s a l t  
7a w as id en tif ie d  b y  its  in fra re d  sp e c tru m : 1435, 1025 ( S 0 2) ,18

952 ( S 0 2) ,16 17 879, 757, 726, a n d  695 c m -1, a n d  b y  c o n v e rs io n  of 
a  sa m p le  in to  th e  re d  fe rric  d e r iv a tiv e  7 b . T h e  l a t t e r  d e r iv a tiv e  
w as id en tif ie d  b y  in fra re d  sp e c tru m  [1590, 1485, 1465, 1445, 
9 6 0 -9 2 0  (v e ry  b ro a d  S 0 2), 755, 728, a n d  679 c m -1], a n d  b y  
co n v ersio n  of a  1-g sam p le  in to  th e  free  su lfin ic  a c id 7 a n d  th e  
m erc u ric  ch lo rid e  d e r iv a tiv e 7'17 as d esc rib ed  p re v io u s ly . T h e  
su lfin ic  a c id  7 , iso la te d  in  4 0 %  y ie ld , m e lte d  a t  6 8 -7 6  a n d  7 4 .5 -  
76 ° a f te r  re c ry s ta ll iz a tio n  fro m  e th e r -p e tro le u m  e th e r  (b p  
3 0 -6 5 ° )  ( l i t .7 m p  7 0 -7 2 ° ) : in fra re d , 2830 O H ,16 2470  (O H ) ,16 
1480, 1465, 1445, 1435, 1120, 1080, 1070 (S 0 2) ,16 1035 ( S 0 2) ,16 
833, 763, 747, 724, a n d  697 c m -1 . T h e  m erc u ric  c h lo rid e  d e r iv a 
t iv e  m e lte d  a t  1 4 2 -144° ( lit .7 m p  1 4 7 -1 4 8 °).

W h en  th e  sod io  su lfo n e  1 ' w as p re p a re d  in  liq u id  a m m o n ia  as 
d esc rib ed  a b o v e , a n d  th e  a m m o n ia  re p la ce d  b y  e th e r  fo llow ed  
b y  10 h r  o f reflux ing , th e  re d  color of 1 ' w as s till  p re se n t  a n d , on  
w o rk in g  u p  th e  re a c tio n  m ix tu re , th e re  w as o b ta in e d  su lfin ic  a c id  
7 as i ts  fe rric  d e r iv a tiv e  7b in  12%  y ie ld ; 3 8 %  of th e  su lfo n e  1 w as 
reco v e red .

Results with Sulfone 1 and n-Butyllithium.— T h e  re a r ra n g e 
m e n t o f su lfo n e  1 w ith  th is  re a g e n t w as e ffec ted  in  e th e r -h e x a n e  
a s  d esc rib ed  b y  T ru c e  a n d  R a y 7 (refluxed  6 h r ) .  T h e re  w as 
o b ta in e d  2 -b en zy lb en zen esu lfin ic  a c id  (7 ), iso la te d  as i ts  fe rr ic  
d e r iv a tiv e  7b in  5 4 %  y ie ld . T h e  in fra re d  sp e c tru m  of a  sa m p le  
o f th is  p ro d u c t w as id en tic a l w ith  t h a t  o f 7b o b ta in e d  fro m  th e  
re a r ra n g e m e n t of su lfo n e  1 w ith  so d iu m  a m id e  a s  d e sc rib e d  
a b o v e .

T h e  in te rm e d ia te  lith io  s a l t  of su lfone  1 w as t r a p p e d  b y  t r e a t 
ing  0.01 m ol o f su lfo n e  1 in  300 m l o f d ry  e th e r  a t  —80 ° w ith  
0.011 m ol of ra -b u ty llith iu m  in  h ex an e  (7 .34  m l)  a n d ,  a f te r  6 h r ,  
a d d in g  0 .011 m ol of b en zo p h en o n e  in  e th e r .  A fte r  30 m in , th e  
e th e re a l so lu tio n  w as w ash ed  w ith  w a te r ,  d r ie d , a n d  co n cen 
t r a te d  (red u c e d  p re ssu re )  to  g ive  0 .55  g (1 3 % ) of s l ig h tly  im p u re  
b en zo p h en o n e  a d d u c t  4, m p  1 5 5 -1 6 0 ° . A d m ix tu re  w ith  a  sa m p le  
o f a u th e n t ic  4 d id  n o t  d ep ress th e  m e ltin g  p o in t;  th e  in fra re d  
sp e c tra  o f th e  tw o  sam p les  w ere  su p e rim p o sab le .

Rearrangement of Benzyl Derivative 2.— In to  a  so lu tio n  o f 0 .82  
g (0 .0025 m o l) of 2 in  100 m l of d ry  e th e r  w as sy rin g e d  2 m l 
(0 .0028  m o l) o f a p p ro x im a te ly  1.5 M  ra -b u ty llith iu m  to  fo rm  a  
d eep  re d  so lu tio n . A fte r  re flux ing  fo r 4 h r  u n d e r  n itro g e n , th e  
re a c tio n  m ix tu re  w as s t ir re d  w ith  50 m l o f iced  w a te r  u n t il  a ll th e  
so lid  d isso lv ed . T h e  tw o  la y e rs  w ere  s e p a ra te d . T h e  cooled  
a q u eo u s  la y e r  w as ac id ified  w ith  5 0 %  h y d ro c h lo ric  a c id  to  fo rm  
a n  o il, w h ich  w as ta k e n  u p  in  e th e r .  T h e  e th e re a l  so lu tio n  w as 
e x tra c te d  w ith  so d iu m  b ic a rb o n a te . T h is  b ic a rb o n a te  so lu tio n  
w as n e u tra liz e d  w ith  5 0 %  h y d ro c h lo ric  a c id  a n d  t r e a te d  w ith  
a q u eo u s  fe rric  ch lo rid e  to  p re c ip ita te  a  re d  so lid  w h ich  w as 
co llec ted  b y  f ilt ra tio n  to  g ive  0 .49  g (6 0 % ) of th e  fe rr ic  d e r iv a tiv e  
o f su lfin ic  a c id  8: in fra re d , 1620, 1510, 1460, 9 7 0 -9 4 0  (b ro a d ) , 
759, a n d  700 c m -1.

A n  a q u eo u s  su sp en s io n  of th is  fe rric  d e r iv a tiv e  w as t r e a te d  
w ith  excess c o n c e n tra te d  a m m o n iu m  h y d ro x id e  to  le a v e  a  b ro w n  
su sp en s io n  of fe rric  h y d ro x id e , w h ich  w as re m o v e d  b y  f il t ra tio n . 
T h e  coo led  a q u eo u s  f il t ra te  w as ac id ified  w ith  c o n c e n tra te d  
h y d ro c h lo ric  a c id  to  fo rm  a n  o il, w h ich  fa iled  to  c ry s ta lliz e . 
T h is  oil w as d isso lv ed  in  a b so lu te  e th a n o l, a n d  th e  so lu tio n  t r e a te d  
w ith  excess p - to lu id in e . T h e  re su ltin g  so lu tio n  w as w a rm ed  
s lig h tly  a n d  th e n  a d d e d  d ro p w ise  to  75 m l of ch illed  s t i r r e d ,  
d ry  e th e r .  T h e  so lid  w h ich  p re c ip ita te d  w as co llec ted  b y  f il t ra 
tio n  to  g ive  th e  p -to lu id in e  s a l t  o f su lfin ic  a c id  8: m p  160-163
a n d  1 6 2 -163° a f te r  tw o  re c ry s ta lliz a tio n s  fro m  e th a n o l-e th e r ;  
in fra re d , 3400, 2830, 2580, 1510, 1435, 1020 ( S 0 2) ,16 915 ( S 0 2) ,16 
808, 760 , 754, a n d  695 c m -1 .

Anal. C a lc d  fo r C 27H 27N S 0 2: C , 7 5 .49 ; H , 6 .34 ; N ,  3 .2 6 ; 
S , 7 .46 . F o u n d : C , 7 5 .33 ; I I ,  6 .27 ; N , 3 .2 8 ; S, 7 .29 .

Conversion of Phenyl p-Tolyl Sulfone (9) into Sodio Salt 9 '.— 
T o  a  s t ir re d  su sp en s io n  of 0 .022 m ol o f so d iu m  a m id e  in  4 0 0 -8 0 0  
m l o f l iq u id  a m m o n ia  w as a d d e d  0 .02  m ol of p h e n y l p - to ly l 
su lfone  9 ,18 m p  1 2 5 -127° ( l i t .19 m p  125°), to  p ro d u c e  a  d e ep  re d  
so lu tio n  o f sod io  s a l t  9 '. A ll of th e  su lfo n e  a p p e a re d  to  d isso lve  
w ith in  15 a n d  30 m in  w h en  th e  v o lu m e  of liq u id  a m m o n ia  w as 
800 a n d  400 m l, re sp e c tiv e ly . A fte r  s t i r r in g  fo r a n  a p p ro p r ia te  
t im e  (d e s ig n a ted  io n iz a tio n  p e r io d ) , th e  sod io  s a l t  9 ' w as co n 
d en sed  w ith  e le c tro p h ilic  co m p o u n d s a s  d esc rib ed  below .

(17) See F . C . W h itm a n , F . H . H a m ilto n , a n d  N . T h u rm a n , J .  A m er . 
Chem . Soc., 45, 1066 (1923).

(18) P re p a re d  in  77%  y ie ld  fro m  th io p h en e -free  b en z en e  (d ried  o v e r 
sod ium ) a n d  p -to lu en esu lfo n y l ch lo rid e  b y  m ean s  of a lu m in u m  ch lo rid e  a s  
desc rib ed  fo r s im ila r su lfones; see ref 7.

(19) J .  T . B ra u n h o ltz  a n d  F . G . M a n n , J .  Chem. Soc., 4174 (1957).(16) S. D e to n i a n d  D . H adz i, J .  Chem . Soc., 3163 (1955).
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A lk y la tio n s of Sodio Salt 9 '.— I n  T a b le  I II  a re  su m m ariz ed  
y ie ld s of p ro d u c ts  o b ta in e d  em p lo y in g  v a r io u s  io n iz a tio n  p e rio d s ; 
th e  e x p e rim e n ts  w h ich  g av e  th e  b e s t y ie ld s  a re  d esc rib ed  below .

A. With Benzyl Chloride.— T o  a  s t i r r e d  so lu tio n  of sodio  
sa lt  9 '  in  400  m l of liq u id  a m m o n ia  ( io n iz a tio n  p e rio d , 30 m in ) 
w as a d d e d  2 .79  g  (0 .022 m o l) o f b e n zy l c h lo rid e  in  50 m l o f d ry  
e th e r . T h e  color o f 9 '  w as c h an g e d  im m e d ia te ly  to  a  b r ig h te r  
red  w h ich  fa d ed  slow ly . T h e  re a c tio n  m ix tu re  w as w o rk ed  u p  as 
d escrib ed  a b o v e  fo r b e n z y la tio n  o f sod io  s a l t  1 ' to  g ive  a  w h ite  
so lid , m p  1 2 4 -1 2 8 ° , u p o n  re m o v a l o f th e  e th e r .  O ne re c ry s ta l 
liz a tio n  fro m  a b so lu te  e th a n o l a ffo rd ed  5 .8 9  g  (9 2 % ) of b en zy l 
d e riv a tiv e  10, m p  1 3 0 -1 3 2 .5  a n d  1 3 3 .5 -1 3 5 °  a f te r  sev e ra l m o re  
re c ry s ta lliz a tio n s  fro m  a b so lu te  e th a n o l.

Anal. C a lcd  fo r C 20H I8SO 2: C , 7 4 .5 1 ; H , 5 .6 3 ; S , 9 .9 4 . 
F o u n d : C , 7 4 .5 2 ; H ,  5 .7 3 ; S, 9 .95 .

B, With 1,4-Dibromobutane.— T o  a  s t i r r e d  so lu tio n  o f sodio  
s a l t  9 ' in  400  m l o f l iq u id  a m m o n ia  (io n iza tio n  pe rio d , 30  m in ) 
w as a d d e d  0.01  m ol o f 1 ,4 -d ib ro m o b u ta n e  in  d ry  e th e r .  T h e  
color ch an g ed  to  d a rk  b ro w n . T h e  re ac tio n  m ix tu re  w as w o rk ed  
u p  as d esc rib ed  a b o v e  fo r th e  co rre sp o n d in g  re a c tio n  o f th e  sodio 
s a l t  1 ' to  g ive, a f te r  t r i tu r a t io n  w ith  w a te r  a n d  b en zen e , 4 .2 4  g 
(8 2 % ) of th e  b is d e r iv a tiv e  11, m p  2 2 4 -2 2 8  a n d  2 2 9 .5 -2 3 1 °  
a f te r  fo u r re c ry s ta lliz a tio n s  fro m  la rg e  v o lu m es o f b en zen e .

Anal. C a lc d  fo r C 30H 30S2O4: C , 69 .47 ; H ,  5 .8 3 ; S, 12.36. 
F o u n d : C , 6 9 .6 2 ; H ,  5 .8 3 ; S, 12.04.

Addition Reaction of Sodio Salt 9' with Benzophenone.—In 
T a b le  IV a re  su m m a riz e d  th e  y ie ld s  o f p ro d u c ts  o b ta in e d  em 
p loy ing  v a rio u s  c o n d en sa tio n  p e rio d s ; th e  e x p e rim e n t w h ich  
gave  th e  b e s t  y ie ld  is d esc rib ed  below .

T o  a  s t i r r e d  so lu tio n  o f sodio  s a l t  9 ' in  800 m l o f liq u id  a m m o n ia  
( io n iza tio n  pe rio d , 30 m in ) w as a d d e d , d u r in g  1 m in , 4 .01  g 
(0 .022 m o l) o f b e n zo p h e n o n e  in  50 m l o f d ry  e th e r .  T h e  d a rk  
color b ecam e  l ig h te r  re d . A fte r  1 m in  th e  re a c tio n  m ix tu re  w as 
in v erse ly  n e u tra liz e d  a n d  w o rk ed  u p  a s  d esc rib ed  a b o v e  fo r th e  
a d d it io n  re a c tio n  of sod io  s a l t  1 ' to  g ive, a f te r  re c ry s ta lliz a tio n  
fro m  T H F - e th a n o l ,  4 .01  g (5 1 % ) of b en zo p h en o n e  a d d u c t  12, 
m p  2 0 3 -2 0 5  a n d  2 0 8 -2 1 0 °  a f te r  f u r th e r  re c ry s ta lliz a tio n s .

Anal. C a lcd  fo r C 26H 22S 0 3: C , 7 5 .3 3 ; H , 5 .3 5 ; S , 7 .73 . 
F o u n d : C , 75 .04 ; H , 5 .3 6 ; S , 8 .40 .

Dehydration of 2 g o f a d d u c t  12 w as e ffec ted  as d esc rib ed  fo r 
d e h y d ra tio n  of a d d u c t  4 to  g ive  (in  tw o  c ro p s) 1 .53 g (8 0 % ) of 
u n s a tu r a te d  su lfo n e  16, m p  181-184  a n d  1 8 2 .5 -1 8 4 °  a f te r  sev e ra l 
re c ry s ta lliz a tio n s  fro m  b e n z e n e -h e x a n e .

Anal. C a lcd  fo r C 26H 20SO 2: C , 78 .76 ; H , 5 .0 8 . F o u n d : C , 
7 8 .88 ; H , 5 .14 .

Benzoylation of Sodio Salt 9 '.— T o  a  s t i r r e d  so lu tio n  o f 0 .02  
m ol of sodio  s a l t  9 ' in  400  m l of liq u id  a m m o n ia  ( io n iz a tio n  p e rio d ,

30  m in ) w as a d d e d  d ro p w ise  1.36 g  (0 .01  m ol) o f  m e th y l b e n z o a te  
in  d ry  e th e r .  T h e  re d  color g ra d u a lly  ch an g ed  to  y e llo w . A fte r  
1 h r  th e  re a c tio n  m ix tu re  w as w o rk e d  u p  a s  d e sc rib e d  fo r th e  
b e n zo y la tio n  o f sod io  s a l t  1 ' to  g ive, o n  re c ry s ta ll iz a tio n  o f  th e  
p ro d u c t fro m  a c e to n itr ile , 2 .3 7  g  (7 0 %  b ased  o n  th e  e s te r )  o f  
k e to  su lfo n e  13, m p  21 3 -2 1 6  a n d  2 1 5 -2 1 7 °  a f te r  sev e ra l r e 
c ry s ta lliz a tio n s  fro m  la rg e  v o lu m es o f a c e to n itr ile .

Anal. C a lc d  fo r C 2oHi6S 0 3: C , 71 .41 ; H , 4 .8 0 ; S, 9 .53 . 
F o u n d : C , 7 1 .0 1 ; H ,  4 .8 2 ; S, 9 .30 .

T h e re  w as re co v e red  fro m  th e  o rig in a l f i l t r a te  1 .44  g  (3 0 % ) of 
th e  s ta r t in g  su lfone  9, m p  12 3 -1 2 5 °.

W h en  0 .044  m ol o f so d iu m  a m id e  in  400  m l o f liq u id  a m m o n ia  
w as t r e a te d  w ith  0 .02  m ol o f su lfo n e  9 in  a  m a n n e r  d e sc rib e d  
b efo re  fo r su lfo n e  1, 3 .59  g  (5 3 % ) of c ru d e  k e to n e  su lfo n e  13, 
m p  2 0 5 -2 1 5 ° , w as o b ta in e d . F u r th e r  p u r if ic a tio n  w as n o t  a t 
te m p te d  since  th e  y ie ld  w as low .

Monobenzylation of Di-p-tolyl Sulfone (14).— T o  a  s t ir re d  
su sp en s io n  of 0 .022  m ol o f so d iu m  a m id e  in  400  m l o f liq u id  
a m m o n ia  w as a d d e d  4 .9 4  g  (0 .02  m o l) o f co m m erc ia l su lfone  
14 to  fo rm  a  d eep  re d  so lu tio n . A fte r  30  m in , 2 .79  g (0 .022 
m o l) o f b en zy l ch lo rid e  in  50 m l o f d ry  e th e r  w as a d d e d . T h e  
re a c tio n  m ix tu re  w as w o rk ed  u p  a s  u su a l to  g iv e , a f te r  o n e  re 
c ry s ta lliz a tio n  fro m  a b so lu te  e th a n o l, 5 .91  g  (8 1 % ) of m o n o 
b en zy l d e r iv a tiv e  15, m p  1 2 0 -1 3 0 °; a  seco n d  re c ry s ta lliz a tio n  
g av e  4 .5 4  g (6 7 % ) of 15, m p  126-130  a n d  1 3 5 -136° a f te r  se v e ra l re 
c ry s ta lliz a tio n s  fro m  a b so lu te  e th a n o l.

Anal. C a lc d  fo r C 2iH 2oS02: C , 7 4 .9 7 ; H ,  5 .99 ; S , 9 .5 3 . 
F o u n d : C , 7 4 .74 ; H , 6 .0 0 ; S , 9 .6 3 .

A tte m p te d  Dibenzylation of Di-p-tolyl Sulfone (15).— T o  a 
s t ir re d  su sp en s io n  of 0 .066  m ol o f so d iu m  a m id e  in  800 m l o f 
liq u id  a m m o n ia  w as a d d e d  0 .0 3  m o l o f d i-p -to ly l su lfo n e  (15) 
w hich  g ra d u a lly  d isso lv ed . A fte r  30 m in , 0 .066  m ol o f benzy l 
ch lo rid e  w as a d d e d . T h e  p u rp le  color c h a ra c te ris tic  o f s tilb e n e  
fo rm a tio n  w as o b se rv e d .10 T h e  re a c tio n  m ix tu re  w as w orked  
u p  to  g iv e  a  m ix tu re  of so lids w h ic h  w as in d ic a te d  b y  th in  lay e r  
c h ro m a to g ra p h y  to  co n sist o f m o n o b en zy l d e r iv a tiv e  16, stilb e n e , 
s ta r t in g  su lfo n e  15, a n d  a  tra c e  o f a n  u n id en tif ie d  co m p o u n d .

Registry No.—1, 7018-84-0; 1', 16425-98-2; 2, 16425-
99-3; 3, 16426-00-9; 4, 16426-01-0; 5, 16426-02-1; 6, 
16426-03-2; 7, 16426-04-3; 8 p-toluidine salt, 16426- 
05-4; 8 ferric derivative, 16426-14-5; 9, 640-57-3; 9', 
16426-07-6; 10, 16426-08-7; 11, 16426-09-8; 12, 16426-
10-1; 13, 16426-11-2; 15, 16426-12-3; 16, 16426-13-4; 
sodium amide, 7782-92-5.
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T h e  p se u d o -firs t-o rd e r  r a te  c o n s ta n ts  fo r th e  re d u c tio n  of som e a ry l  a lk y l su lfox ides in  4 M  p e rch lo ric  acid  
0.2 M  in  io d id e  ion  w ere  d e te rm in e d  a n d  a re  m e th y l p h e n y l (22  X  1 0 -5 s e c -1 ), e th y l  p h e n y l (14  X  1 0 -5), iso p ro 
p y l p h e n y l (0 .46  X  1 0 -5 ), f-b u ty l p h e n y l (0 .012  X  1 0 -6), m e th y l p -a n isy l (27  X  1 0 -6), m e th y l p - to ly l (31 X 1 0 -6), 
m e th y l m -to ly l (26  X  10~6), m e th y l m -an isy l (15  X  1 0 -5), m e th y l p -c h lo ro p h e n y l (13 X  1 0 -6), m e th y l m -ch lo ro - 
p h e n y l (9 .4  X  1 0 -5), m e th y l m -n itro p h e n y l (3 .2  X  1 0 -6), a n d  m e th y l p -n itro p h e n y l (5 .1  X 1 0 -6). T h e  k in e tic s  
w ere  f irs t  o rd e r  in  su lfox ide  a n d  firs t o rd e r  in  io d id e  ion . A n  a n a ly s is  of th e  s u b s ti tu e n t  effec ts u s in g  th e  p ro 
c ed u re  of T a f t  in d ic a te d  t h a t  th e  p -n itro  g ro u p  w as s ta b iliz in g  th e  tr a n s it io n  s ta te  m o re  th a n  th e  g ro u n d  s ta te .  
T h is  a rg u es  a g a in s t  th e  ra te -d e te rm in in g  d e co m p o sitio n  of a n  in te rm e d ia te  su c h  a s  IS (R 2)O II o r  I S (R 2)O H 2+. 
A ssu m in g  t h a t  th e  re a c tio n  w as second  o rd e r  in  ac id  a s  in d ic a te d  b y  d a ta  in  th e  l i te ra tu re  a  m ec h an ism  w as p ro 
p o sed  in v o lv in g  ra te -d e te rm in in g  a t t a c k  of io d id e  io n  o n  th e  su lfu r  of th e  m o n o p ro to n a te d  su lfox ide  w h ile  a  h y - 
d ro n iu m  ion  a c te d  a s  a n  a c id  c a ta ly s t  a llo w in g  c o n ce rte d  d e p a r tu re  of a  w a te r  m olecu le  fro m  su lfu r  a s  th e  iod ide  
io n  a p p ro a c h e d .

Sulfoxides can be reduced by numerous reducing 
agents among which is iodide ion in acid solution3 (eq
1). To learn more about the mechanism of this

R 2SO  +  2 H + +  2 1 -  — >- R 2S +  H 20  +  I 2 (1)

reaction and the influence of structure on reactivity in 
particular, and substitution at tetravalent tricoordinate 
sulfur in general, we carried out the work described 
below. During the course of our work, several articles 
appeared on this reaction4-6 as well as some on the 
reverse reaction, the oxidation of sulfides by iodine,7 
which proved helpful in interpreting our data.

T a b l e  I

R a t e  C o n s t a n t s  f o r  t h e  R e d u c t io n  
o f  X C6H4S O C H3 (0 .0 0 5  M ) by  I o d id e  I o n  (0 .2 0  M ) 

in  P e r c h l o r ic  A c id  (4 .0 0  M ) a t  3 5 °
X k  X 10», s e c -1 “ X k X  10s, Bee 1

p-C H aO 4 2 7 .3  ±  0 .5 p - C1» 1 2 .9  ± 0 . 5
p-CHs« 3 1 .1  ±  1 .2 TO-Cl'* 9 .4 1  ±  0 .5 0
TO -C IV 2 5 .5  ±  0 .1 m -N 0 2‘ 3 .2 0  ±  0 .2 0
H e 2 2 .1  ±  0 .6 p - N 0 2> 5 .1 2  ±  0 .1 7
m -C H 30 / 1 4 .6  ±  0 .3

“ B a se d  o n  th re e  ru n s  each , a v e ra g e  d e v ia tio n  g iven . 6 R e g is 
t r y  n o .: 3517-99-5; « 934-72-5; « 131 5 0 -7 1 -5 ;•  1193-82-4; '  13150- 
72-6; » 934-73-6; h 13150-73-7; •' 3272-42-2; >' 940-12-5.

Results
The sulfoxides studied are listed in Tables I and II. 

Nine of these are meta- and para-substituted methyl 
phenyl sulfoxides chosen to study the effect of structure 
on reactivity while keeping steric effects at the reaction 
center constant; the remaining three were chosen to 
study steric effects.

The kinetics were run in aqueous perchloric acid solu
tion under nitrogen with iodide ion in excess so that 
pseudo-first-order conditions with respect to the dis
appearance of sulfoxide pertained. The kinetics were 
followed by titrating the iodine liberated with sodium 
thiosulfate. The initial sulfoxide concentrations were 
about 0.005 M, the initial iodide concentration was 0.2 
M, and the perchloric acid was 4 M. Generally, the 
reactions were followed for one half-life, although good 
first-order plots could be obtained for two half-lives. 
Beyond this point, the experimental points of first- 
order plots began to show a lot of scatter. This 
probably was caused by oxidation of iodide ion by 
oxygen not completely excluded from the reaction 
vessels. No organic products other than the sulfide

(1) T h is  research  w as su p p o rte d  in  p a r t  b y  th e  U. S. P u b lic  H e a lth  S erv ice 
u n d e r G ra n t  N o. G M -10244.

(2) T h is  a r t ic le  is b ased  on  th e  P h .D , T h e sis  of R . A. S ., U n iv e rs ity  of 
N ew  H am p sh ire , 1966.

(3) E . N . K a ra u lo v a  a n d  G . D . G a l’p ern , Z h . Obsch. K h im ., 29 , 3033 
(1959); Chem. A bstr ., 64, 12096d (1960).

(4) (a) S. A lle n m ark , A rk . K em i,  26, 37 (1966); Chem. A bstr ., 66, 103541 
(1967); (b) S. A lle n m ark  a n d  H . Jo h n sso n , A c ta  Chem. Scand ., 21 , 1672 
(1967); (c) ib id ., 19, 1 (1965), a n d  o th e r  p ap e rs  in  th is  series.

(5) (a) D . L a n d in i, F . M o n ta n a r i, H . H ogeveen , an d  G. M acca g n an i, 
T etrahedron L ett., 2691 (1964); (b) G . M od en a , G . S co rrano , D . L a n d in i, an d  
F . M o n ta n a r i ,  ib id ., 3309 (1966).

(6) J .  H . K ru eg er, Inorg . Chem ., 5, 132 (1966).
(7) (a) T . H ig u ch i a n d  K . H . G ensch , J .  A m er. Chem. Soc., 88, 5486

(1966); (b) T . H iguch i, I . H . P itm a n , a n d  K . H . G ensch , ib id ., 88, 5676 (1966).

T a b l e  I I

R a t e  C o n sta n t s  f o r  t h e  R e d u c t io n  o f  C 6H 5S O R  (0 .005 M ) 
by  I o d id e  I on  (0 .20 M ) in  P e r c h l o r ic  A c id  (4 .0  M ) a t  35°, 

f o r  t h e  R e a c t io n  o f  A l k y l t h io s u l f a t e s  w it h  S u l f it e  I o n , 
and  f o r  t h e  R e a c t io n  o f  A l k y l  B r o m id e s  w it h  B r o m id e  I on

,------------------- CeHsSOR--------------------. R S S O 3 -  a R C H aB r4
R  k  X  10s, s e c -1 1001:R //.~ c fI3 IOO/.'r / I ’CH, 1OOfcR/fcHCs

C H S 2 2 .1  ±
C H 3C H 2d 1 3 .7  ±  
(C H 3)2C H e 0 .4 5 5  ±  
(C H 3)3CP 0 .012»

0.6 100(100)« 
0 .2  6 2 (8 1 )  
0 .0 2 4  2 . 1 ( 1 . 8 )  

0 .0 5 ( 0 .0 7 )

100 100
50 65
0 .7  3 .3
0 .0 0 0 6  0 .0 0 1 5

“ R e feren ce  10. b R efe ren ce  11. « V alues in  p a re n th e s e s  a re
fro m  ref 5. d R e g is try  n o .: 4170-80-3; « 4170-69-8; t  4170-71-2. 
» E s t im a te d  fro m  a n  in itia l a n d  final p o in t  a f te r  c o rre c tin g , b y  
m ea n s  of a  b la n k , fo r io d in e  fo rm a tio n  d u e  to  oxygen.

were detected when methyl phenyl sulfoxide was 
reduced at greater than kinetic concentrations.

Several runs were carried out using methyl phenyl 
sulfoxide in which the hydrogen and iodide ions were 
kept in excess while the initial sulfoxide concentration 
was varied. The results presented in Table III indicate 
that the reaction is first order in sulfoxide in agreement 
with the results obtained by others.4'5

Table III lists the first-order rate constants which 
increased with increasing acid concentration indicating 
that the reaction is acid catalyzed. A plot of log k vs. 
H0 gave a straight line of slope 1.82. Montanari, et al., 
obtained a slope of 1.22 for the reduction of dimethyl 
sulfoxide.5b These values were obtained using the II0 
values of Paul and Long.8 Using the values of Yates 
and Wai,9 the slopes are 2.1 and 1.3, respectively. The 
effect of the sodium iodide on the H0 values is not 
known.

(8) M . A. P a u l a n d  F . A. L ong, Chem. Rev., 57, 1 (1957).
(9) K . Y a te s  a n d  H . W ai, J .  A m er. Chem. Soc., 86, 5408 (1964).



T able I I I
D ependence of R ate Constants for the R eduction 

of M ethyl P henyl Sulfoxide by I odide I on (0.20 M ) 
on P erchloric Acid Concentration and 

on Sulfoxide Concentration at 35°

Vol. 33, No. 6, June 1968

Sulfoxide, M HCIO,, M k  X 105, see"1
0.010 4 .0 21.7
0.005 4 .0 22.1
0 .0 0 1 4 .0 19.0
0.005 3 .0 2.64 ±  0.28'
0.005 3 .5 7.50 ±  0 .10‘
0.005 4 .5 58.8 ± 1 .1 »

“ T h ese  ru n s  in  tr ip l ic a te .

The effect of iodide ion concentration was also 
studied. Since the reaction appears to be reversible 
when the iodide ion concentration approaches the sul
foxide concentration,40’6 we varied the initial iodide ion 
concentration from 0.025 to 0.3 M  while keeping the 
initial methyl phenyl sulfoxide concentration at 0.005
M. The first-order rate constant was then calculated 
assuming that the reaction was first order in sulfoxide 
and zero order in iodide ion. Then the second-order 
rate constants were determined assuming that the reac
tion was first order in both sulfoxide and iodide ion. 
The results are listed in Table IV. Although both the

T a b l e  IV

D ependence of R ate C onstants for the R eduction 
of M ethyl P henyl Sulfoxide (0.005 M )  on I odide I on 

Concentration in P erchloric Acid (4.0 M ) at 35°
I-, M k a X  105, s e c -1 k a X  104 1. m o l-1 s e c “1

0.025 1.78 ±  0.00 5.79 ±  0.02
0.050 4.21 ±  0.00 7.62 ±  0.05
0.100 8.68 ±  0.25 9.18 ±  0.00
0.200 22.1 ± 0 . 6 10.73 ±  0.10
0.300 37.1 ± 0 . 4 12.49 ±  0.14

» A ll ru n s  in  d u p lic a te  e x ce p t fo r 0.2 M  in  tr ip lic a te .

first- and second-order rate constants increase with 
increasing iodide ion concentration, the first-order 
constants increase 20-fold while the second-order 
constants increase only by a factor of two over the 
0.025-0.3 M  range of iodide ion concentration. We 
conclude that the reaction is first order in iodide ion 
with the slight increase in second-order rate constants 
being a salt effect.

Discussion
Several mechanisms seem consistent with the kinetic 

evidence which requires involvement of one sulfoxide 
molecule, one iodide ion, and an unknown number of 
protons or hydronium ions in the transition state. 
These mechanisms all presuppose a preequilibrium 
protonation of the sulfoxide (eq 2). Thereafter, they

R 2SO  +  H 30 +  =¡¡=5= R 2S O H  + +  H 20  (2)

differ in certain details of one or more intermediate 
steps, but, with the exception of one, finally converge in 
agreeing to the formation of R2SI + which reacts rapidly 
with iodide ion in one or more steps to give the products 
(eq 3). The iodine reacts further to give triodide ion.

R 2S I + +  I -  — R 2S +  I 2 (3)

One possible mechanism, quite reminiscent of an 
Sn2 displacement on carbon, involves the formation of a

sulfur to iodine bond with the synchronous breakage of 
the sulfur to oxygen bond. This is depicted by eq 4 
where the transition state, with charges omitted, has 
partially formed and broken bonds are indicated by 
dotted lines.
I -  +  R 2S O H + — >■ I -  • -S (R s)- • -O H  ——>■ IS R 2+ +  O H -  (4)

The mechanism may be modified by the inclusion of 
a hydronium ion with consequent displacement of a 
water molecule rather than a hydroxide ion (eq 5).
I -  +  R 2S O H +  +  H 30 +  — >

I  - • -S (R 2)- ■ - O H  - • - H - • -O H 2 — >- IS R 2+ +  2 H 20  (5)

Diprotonation of the sulfoxide prior to iodide ion attack 
seems unlikely since a dication involving adjacent 
positive charges on sulfur and oxygen would be formed.

Alternatively, mechanisms involving tetravalent 
tetracoordinate sulfur intermediates, analogous to 
SF4 in structure, may be formulated. The first is 
given by eq 6 and 7. Either the formation or decom-

I -  +  R 2S O H +  — >- I S ( R ) 2O H  (6 )

I S ( R 2) O H  — I S R 2+  +  O H -  (7)

position of the intermediate could be rate determining. 
Again the mechanism may be modified by the inclusion 
of additional acid (eq 8-10) to avoid expulsion of a 
hydroxide ion.

I -  +  R .S O H  +  — >- I S ( R ) 2O H  (8 )

I S ( R ) 2O H  +  H 30  + — I S ( R ) 2O H 2 + +  H 20  (9)

I S ( R ) 2O H 2+ — >  I S R 2+  +  H 20  ( 1 0 )

Another possible mechanism involving a monopro- 
tonated sulfoxide is rate-determining attack by iodide 
ion on the sulfinyl oxygen rather than on sulfur (eq 11 
and 12).40’6

R 2S O H +  +  I -  — R 2S  +  H O I  (1 1 )

H O I  +  H 0 3 +  +  I "  — >- I 2 +  2 H 20  (1 2 )

Some evidence against this possibility has been 
given.6’9 We carried out the reduction of the methyl, 
ethyl, isopropyl, and ¿-butyl phenyl sulfoxides hoping to 
shed some more light on this point. Our thought was 
to plot our rate constants vs. those of Fava and 
Iliceto10 for the reaction of alkylthiosulfates with 
radioactive sulfite ion (eq 13). Our results, those of

R S S 0 3-  +  S * 0 32-  — >- R S S * 0 3-  +  S 0 32-  (1 3 )

Fava and Iliceto, and those of de la Mare11 for the 
exchange of radiobromide in a series of alkyl bromides 
are listed in Table II. The radiobromide exchange 
follows an Sn2 pathway. Fava and Iliceto argued that 
their data supported a similar pathway for nucleophilic 
substitution on divalent sulfur; i.e., the sulfite ion 
attacked the divalent sulfur of the thiosulfate from a 
direction backside to the departing sulfite ion. In 
order to make this comparison, a methylene group in 
de la Mare’s work was taken to equal the divalent sulfur 
atom in Fava and Iliceto’s work. A similar assump
tion must be made in order to compare the influence of 
steric factors on the sulfoxide reduction with the other 
two sets of data (Table II). The general trend in data 
suggests that steric effects parallel one another in these 
three reaction series. One might say that this is

(10) A. F a v a  a n d  A. I lic e to , J .  A m er. Chem. S o c .f 80 , 3478 (1958).
(11) P . B . D . d e  la  M are , J .  Chem. Soc., 3180 (1955).

R e d u c t i o n  o f  A l k y l  A r y l  S u l f o x i d e s  2 2 3 5
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F ig u re  1.— H a m m e tt  p lo t  of p se u d o -firs t-o rd e r  r a te  c o n s ta n ts .

evidence for the backside attack of iodide ion on the 
sulfoxide sulfur presumably with inversion of configura
tion.12 Unfortunately, the analogy is not so straight
forward for sulfoxides. The effect of the alkyl groups 
on the basicity of the sulfoxides has been neglected. 
If one knew the pKf s  of these sulfoxides, a more valid 
comparison of steric factors might be possible. Never
theless, the effects of differences in basicity should 
exert a minor influence on the rate constants compared 
with the steric effects. This reason taken together with 
the work in the literature makes us exclude the mecha
nism illustrated by eq 11 and 12 from further considera
tion in this article.

The remaining mechanistic possibilities differ in two 
essential points: (1) the presence or absence of a
tetracoordinate intermediate, and (2) the number of 
protons or hydronium ions involved in the transition 
state. Krueger6 found the reduction of dimethyl 
sulfoxide in dimethyl sulfoxide-water mixtures to be 
first order in iodide ion and second order in acid. De
viation from third-order kinetics occurred when the 
sulfoxide ion concentration dropped to 62.5%. Mon- 
tanari and coworkers found the reduction of methyl 
phenyl sulfoxide and dimethyl sulfoxide in 77.4% 
acetic acid to be second order in hydriodic acid.6a 
If we consider the hydriodic acid concentration to be 
equal to the acid concentration (H+) and to the iodide 
concentration, then the rate equation is first order in 
acid and first order in iodide ion. If the acetic acid is 
functioning as a general acid catalyst, then we can 
reconcile the difference in acid dependence found by 
Krueger and by Montanari and coworkers. The 
mechanisms involving either eq 5 or eq 8-10 are con

(12) In v e rs io n  of co n fig u ra tio n  a t  a  t r ic o o rd in a te  s u lfu r  a to m  u n dergo ing  
a  n u c leoph ilic  d isp la cem en t re a c tio n  h as  b ee n  e s ta b lish ed  fo r sev e ra l reac 
tio n s : ex ch an g e  of a lk o x y  g ro u p s  in' su lf in a te  es te rs  [H . P h ill ip s , J .  Chem. 
Soc., 127, 2552 (1925)]; su lf in a te  e s te rs  to  su lfoxides [P. B ic k a r t, M . A xelrod , 
J . J aco b u s , a n d  K . M islow , J .  A m er. Chem . Soc., 89, 697 (1967 )]; a lkoxy - 
su lfo n iu m  sa lts  to  su lfox ides [C. R . Jo h n so n  a n d  D . M c C a n ts , J r . ,  ib id ., 87,
5404 (1965)]; a n d  su lfox ides to  su lfilim ines [J. D a y  a n d  D . J .  C ra m , ib id ., 87,
4398 (1965)].

F ig u re  2 .— T a f t - H a m m e t t  p lo t  of p se u d o -firs t-o rd e r  r a te  con
s ta n ts .

sistent with Krueger’s data and our interpretation of 
Montanari’s results.

The effects of substituent changes on the phenyl 
group on the observed rate constants, k, were also 
measured. A Hammett plot of log (k/kti) vs. it had a 
p of —0.90, a correlation coefficient of 0.971, and a 
standard derivation of 0.08 (Figure 1). \

In addition, a search for specific resonance effects 
was made using the procedure of Taft.13 The first- 
order rate constants, fc, listed in Table I were used. 
The four meta-substituted and the unsubstituted phenyl 
methyl sulfoxide were used to define the slope of a 
Hammett plot according to Taft’s procedure (Figure 2). 
The resulting equation was log (k/k0) = —1.15 with a 
correlation coefficient of 0.998 and a standard deviation 
of 0.04. Next, the log (k/k0) values were placed on the 
plot using the para a0 values. These a values are 
based on several reaction series in which direct resonance 
interaction between the reaction center and the sub
stituted benzene ring were excluded. A deviation of a 
para value from the straight line is a measure of the 
greater resonance stabilization of the ground state, 
R2SO, relative to the transition state, or vice versa, in 
the reaction. It should be pointed out that we can 
neglect resonance effects on any intermediates.

The deviations from the line, a — <7°, where a = 
— log (fc/ft0)/1.15, are small except for the case of 
p-nitrophenyl methyl sulfoxide where it is equal to 
-0.27 <r units.14 The value of k is larger than one 
would expect. This is due to resonance stabilization 
of the transition state relative to the ground state; 
the nitro group is accepting electrons to a greater 
extent in the transition state than in the ground state.

(13) R . W . T a f t ,  J r . ,  J .  P h y s . C hem ., 64, 1805 (1960). F o r  a  s im ila r  a p 
p ro a c h , see  H . V an  B ek k u m , P . E . V erk ad e , a n d  B . M . W e p s te r , R ec. Trav. 
C him . P a y s-B a s ,  78, 815 (1959).

(14) T h e  o th e r  specific re so n an ce  effec ts  a re  P -C H 3O, 0 .04 ; P -C H 3, 0 .02 ; 
a n d  p -C l, —0.07.
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If an intermediate is formed in the reaction, its rate
determining decomposition by expulsion of a hydroxide 
ion (eq 7) or a water molecule (eq 10) is not to be 
expected. Neither of these processes is consistent with 
the specific resonance effect observed for the p-nitro 
group. Election withdrawal should not favor bond 
breakage with loss of either a hydroxide ion or a water 
molecule.

If the reaction (eq 1) is second order in acid as the 
literature evidence strongly suggests, we can narrow 
down the mechanistic possibilities to two. The first 
involves eq 5 as the rate-determining step; the second 
involves eq 8-10 with either 9 or 10 being rate de
termining. However, the analysis of our substituent 
effects argues against eq 10 as the rate-determining 
step. Equation 9 is also an unlikely rate-determining 
step. Transfer of a proton from one oxygen atom to 
another is usually very fast;15 thus eq 8 is also unac
ceptable as it involves only one proton.

We are left with one possibility (eq 5), which satisfies 
the criteria of being first order in sulfoxide and first 
order in iodide, of involving two protons, and of not 
being inconsistent with the substituent effect analysis. 
The over-all process (eq 1) would then involve a 
series of steps given by eq 2, 5, and 3 in that order.16

Experimental Section
S u lfo x id e s .— A ll o f th e  su lfox ides u sed  in  th is  w o rk  w ere  

k n o w n  co m p o u n d s . T h e  m e ltin g  p o in ts  a n d  b o ilin g  p o in ts  
of th e  a ry l  m e th y l su lfox ides u sed  in  th is  s tu d y  w ere  re p o rte d  
e a r l ie r .17 T h e  m e ltin g  p o in t  (o r b o ilin g  p o in t  w h ere  p re ssu res

(15) M . E igen , A ngew . Chem . In te rn . E d . E ng l., 3 , 1 (1964).
(16) N o t e  A d d e d  i n  P r o o f .— See D . L a n d in i, F . M o n ta n a r i ,  G . M od en a , 

a n d  G . S co rrano , Chem . C o m m u n ., 86 (1968), fo r th e  re su lts  of a  s tu d y  on 
th e  ac id  dependence  of th e  re d u c tio n  of su lfox ides  b y  h a lid e  ions w hich  
com p lem en ts  th e  in v e s tig a tio n  describ ed  above .

a re  g iv en ) o f th e  o th e r  su lfox ides a re  p h e n y l e th y l  su lfo x id e ,
9 1 -9 2 °  (0 .5  m m ) [ l it .18 19 101—102 (1 m m )];  p h e n y l iso p ro p y l 
su lfo x id e , 8 5 -8 6 °  (0 .25  m m ) [ lit .18 127° (7 m m )] ;  p h e n y l t- 
b u ty l  su lfo x id e , 5 6 .5 -5 7 .5 °  ( l i t .18 5 8 -5 9 ° ) .

P ro c e d u re  fo r K in e tic  R u n s .— B a k e r  a n d  A d am so n  re a g e n t 
g ra d e  7 0 %  p e rch lo ric  a c id  a n d  M a llin k ro d t a n a ly tic a l re a g e n t 
g ra d e  so d iu m  io d id e  d ried  a t  125° w ere  u se d  to  p re p a re  th e  ac id  
a n d  io d id e  ion  s to c k  so lu tio n s , re sp e c tiv e ly . O xygen-free , d is 
tilled  w a te r  w as p re p a re d  b y  re flu x in g  th e  w a te r  w hile  p ass in g  a  
s tr e a m  of p re p u rified  n itro g e n  th ro u g h  i t .  A ll so lu tio n s  w ere 
p re p a re d  u n d e r  n itro g e n . T ra n s fe r ra l  o f s to c k  so lu tio n s  to  th e  
re a c tio n  flasks w as d o n e  b y  sy rin g e . A ll flasks w ere  se a le d  b y  
ru b b e r  se ru m  cap s .

T h re e  s to c k  so lu tio n s  w ere  p re p a re d :  o n e  o f p e rch lo ric  a c id , 
o n e  o f su lfox ide  d isso lved  in  th e  p e rch lo ric  a c id , a n d  o n e  of 
so d iu m  iod ide .

T h e  re a c tio n  vesse ls w ere  125-m l e r le n m e y e r flask s. S od ium  
iod ide  so lu tio n  (10  m l)  w as a d d e d  to  e ac h  of th e  flasks fo llow ed 
b y  14 m l o f p e rch lo ric  a c id  so lu tio n . A fte r  re a c h in g  c o n s ta n t  
te m p e ra tu re  (35 .00  ±  0 .0 2 °) , 1 m l o f su lfo x id e  so lu tio n  w as 
a d d e d . A t th e  en d  o f  th e  a p p ro p r ia te  t im e , e ach  flask  w as 
cooled a n d  c ru sh ed  ice  w as a d d e d  to  q u e n c h  th e  re a c tio n . T h e  
io d in e  l ib e ra te d  w as t i t r a te d  w ith  s ta n d a rd  so d iu m  th io s u lfa te  
so lu tio n . T h e  a c id  c o n c e n tra tio n  o f  th e  ru n s  w as d e te rm in e d  
b y  t i t r a t io n  w ith  s ta n d a rd iz e d  so d iu m  h y d ro x id e .

T h e  a m o u n t o f io d in e  fo rm ed  b y  d isso lv ed  oxygen  w as cor
re c te d  fo r b y  ru n n in g  a  b la n k  a n d  a ssu m in g  t h a t  th e  io d in e  
fo rm a tio n  w as p ro p o rtio n a l to  tim e .

T h e  p se u d o -firs t-o rd e r  r a te  c o n s ta n ts  w ere  o b ta in e d  fro m  
th e  s lope  o f log [R 2SO ] vs. t im e  p lo ts .  A n  IB M  360 d ig ita l 
c o m p u te r  w as u se d .20 G e n era lly  se v e n  p o in ts  w ere  in c lu d e d  in  
th e se  p lo ts  ex c lu d in g  th e  in itia l c o n c e n tra tio n . A ll o f th e  d a ta  
w ere  also  p lo tte d  g ra p h ic a lly  in  o rd e r  to  see  if a n y  d e v ia tio n  
fro m  lin e a r i ty  w as p re se n t .  S e c o n d -o rd e r r a te  c o n s ta n ts  w ere 
d e te rm in e d  g ra p h ic a lly .

(17) K . K . A ndersen , W . H . E d m o n d s, J . B . B ia so t ti, a n d  R . A. S tre c k e r , 
J .  Ora. Chem ., 31, 2859 (1966).

(18) A . C ern ian i, G. M o d en a , a n d  P . Todesoo , Gazz. C him . I ta l . ,  90 , 3 
(1960).

(19) I . V. B a liah  a n d  R . V a rad ac h a ri, J .  In d ia n  Chem. Soc., 37 , 321 (1960).
(20) T h e  a u th o rs  w ish to  th a n k  P ro fesso r J .  J .  U eb e l fo r su p p ly in g  th e  

le a s t-sq u a re s  p lo t co m p u te r  p ro g ram .
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T h e  tr im e th y ls i ly l  a n d  a c e ty l d e r iv a tiv e s  of iso m eric  th io x a n th e n o l su lfox ides a n d  2 -c h lo ro th io x a n th e n o l 
su lfox ides h a v e  b e en  p re p a re d . C o n fig u ra tio n s  h a v e  b e en  a ssig n ed  to  th e se  co m p o u n d s on  th e  b as is  of th e ir  
u l tr a v io le t  sp e c tra . T h e  p a re n t  a lcohols, th e se  d e riv a tiv e s , a n d  re la te d  co m p o u n d s h a v e  b e en  assig n ed  p re 
fe rre d  c o n fo rm a tio n s  on  th e  b a s is  o f th e ir  n m r  sp e c tra . T h e  su lfin y l g ro u p  h a s  b e en  fo u n d  to  p re fe r  th e  p seu d o - 
e q u a to r ia l c o n fo rm a tio n . frares-T h ioxan theno l su lfox ide  a p p e a rs  to  ex is t in  th e  sam e  c o n fo rm a tio n  in  so lu tio n  
as in  th e  so lid  s ta te .  9 -T r im e th y ls ilo x y th io x a n th e n e  p re fe rs  t h a t  co n fo rm a tio n  in  w h ich  th e  s u b s t i tu e n t  occup ies 
th e  p se u d o -e q u a to r ia l p o sitio n .

The thioxanthene ring system serves as an excellent 
model for stereochemical studies of diaryl sulfur com
pounds because of the conformational restrictions in
herent in this heterocyclic ring system. The initial 
report of our studies in this area presented the results of 
the single crystal X-ray analysis of irans-thioxanthen-
9-ol 10-oxide (1/3).2 As part of a general study of the 
stereochemistry of this system we have investigated the 
conformational preferences in solution of a number of

(1) T o  w hom  in q u irie s  sh o u ld  b e  d ire c ted . S u p p o r t of th is  re sea rc h  b y
U. S. P u b lic  H e a lth  S erv ice  R esea rc h  G ra n t  N o . CA -10139 from  th e  N a tio n a l 
C ancer I n s t i t u te  is g ra te fu lly  acknow ledged .

(2) A. L . T e rn a y , J r . ,  D . W . C h asa r, a n d  M . Sax, J .  Org. Chem ., 32, 2465
(1967).

cis- and (rans-9-substituted thioxanthene sulfoxides. 
The purpose of this report is to present the results of an 
nmr study of the conformational preferences of some of 
these compounds. Furthermore, the surprising differ
ences2’3 in the ultraviolet spectra of 1/3 and la  (the 
corresponding cis isomer) suggested3 that ultraviolet 
spectroscopy could serve as a simple criterion for 
assigning configuration to other pairs of thioxanthene 
sulfoxides which possess a dipolar functional group in 
the 9 position. This report broadens the application 
of ultraviolet spectroscopy in assigning configurations 
to heterocyclic sulfoxides.

(3) A . L . T e rn a y , J r . ,  a n d  D . W . C h asar, ib id ., 32 , 3814 (1967).



2238 T e r n a y  a n d  C h a s a r The Journal of Organic Chemistry

T a b l e  I
C om p o u n d U ltra v io le t  spectrum ®  ”c In f ra re d  spectrum**'®

m -T h io x a n th e n -9 -o l  10-oxide ( l a y  
¿ ran s-T h io x a n th e n -9 -o l 10-oxide (1/3 y  
C T S-2-C hlorothioxanthen-9-ol 10-oxide (2 a )  
iro n s-2 -C h lo ro th io x a n th e n -9 -o l 10-oxide (2/3) 
c îs -9 -T rim e th y ls ilo x y th io x a n th e n e  10-oxide (5 a )

¿ ra n s-9 -T rim e th y ls ilo x y th io x a n th e n e  10-oxide (5/3) 
a s -2 -C h lo ro -9 - tr im e th y ls ilo x y th io x a n th e n e  

10-oxide (6 a )
ira n s-2 -C h lo ro -9 - tr im e th y ls ilo x y th io x a n th e n e  

10-oxide (6/3)
m -9 -A c e to x y th io x a n th e n e  10-oxide (7 a )

íra n s-9 -A c e to x y th io x a n th e n e  10-oxide (7/3)

d s -2 -C h lo ro -9 -a c e to x y th io x a n th e n e  10-oxide (8 a )

ira n s-2 -C h lo ro -9 -a c e to x y th io x a n th e n e  
10-oxide (8/3)

272 (866); 232 (8300); 204 (41 ,900)
285 (558); 273 (1620); 250 (4420); 233 (8060); 214 (42,000) 
253 (6350); 234 (1290); 205 (44 ,300)
283 (1100); 255 (6690); 235 (11 ,000); 215 (39,000)
272 (830); 268 (1150); 263 (1760); 234 (8280); 228 (9900); 

204 (41 ,300)
271 (1700); 263 (2700); 250 (4040); 215 (45 ,800)
279 (51 5 ); 268 (1880); 261 (3500); 252 (6400); 237 (12 ,900); 

234 (13 ,100); 209 (41 ,200); 205 (43,300)
282 (900); 271 (3100); 263 (5000); 253 (6050); 235 (10 ,700); 

216 (42 ,000)
283 (230); 272 (980); 268 (1310); 262 (2010); 233 (9200); 

227 (11 ,100); 203 (41 ,200)
276 (1110); 269 (1820); 262 (2550); 250 (3900); 231 (9250); 

215 (45 ,800)
286 (270); 261 (370); 251 (6900); ; m  (13 ,600); 209 (40 ,200); 

204 (44,000)
284 (780); 276 (1690); 269 (2800); 262 (4200), 254 (5620); 

234 (12 ,100); 216 (44 ,800)

1010, 1098 
1002, 1023, 1077 
1028, 1066, 1100 
1010, 1031, 1071, 1100 
1039

1034, 1049, 1079 
1035

1035, 1050, 1075, 1095 

1032, 1093

1012, 1043, 1095

1036, 1078

1020, 1043, 1079, 1085

° S p e c tra  in  9 5 %  e th a n o l. 6 W a v e le n g th s  a re  in  m/i, fo llow ed  b y  th e  m o le c u la r  e x tin c tio n  coefficient (e) in  p a re n th e s e s ;  m a x im a  a re  
in  ita lic s , a n d  o th e r  v a lu e s  re fe r  to  sh o u ld e rs  o r  in flec tio n s. 0 S ev e ra l p o o rly  defined  p o in ts  h a v e  b een  o m itte d ;  c o m p le te  c u rv e s  a re  
a v a ila b le  u p o n  re q u e s t. d S p e c tra  w ere  o b ta in e d  a s  N u jo l m ulls. e O n ly  th o se  b a n d s  of m o d e ra te ly  s tro n g  in te n s ity , o c c u rr in g  in  th e  
1 0 0 0 -1 1 0 0 -em “ 1 reg ion , a re  lis te d . V alues a re  in  c m -1 . f  See re f 2.

Results and Discussion
Configurational Assignments.—It was found2 that 

cis- and ¿rans-thioxanthenol sulfoxides (la  and 1/3) 
possess strikingly different short-wavelength transitions 
in the ultraviolet region of the spectrum. Thus, la  
possesses an intense (e ca. 40,000) transition at 204 
mu, whereas 1/3 possesses its intense (e ca. 40,000) 
transition, 10 m/u to longer wavelengths, at 214 m/u. 
A similar pattern was observed for the isomeric 2- 
chlorothioxanthen-9-ol 10-oxides (2a and 2/3).4

The corresponding acetyl and trimethylsilyl deriva
tives of la , 1/3, 2a, and 2/3 have now been prepared, 
starting from the appropriate alcohols. While the 
acetylation reaction is accompanied by configurational 
interconversion, the trimethylsilylation proceeds with 
little or no stereomutation. The derivatives which 
have been prepared possess the same pattern in their 
ultraviolet spectra that has been observed in the parent 
alcohols. Thus, one of each of the isomeric pairs of 
derivatives (those labeled a) exhibits an intense (e 
ca. 40,000) short-wavelength transition at ca. 10 m/i

H  R
H  R

S ' \ /
1 II II I

j 1 II 1
I1

0 o 2
l ,R = O H ; R ' =  H 3, R  = OH
2 ,R  =  O H ;R ' =  Cl 4, R  =  OSi(CH3)3
5 ,R = O S i(C H 3)3;R ' =  H 9, R  =  OCOCH,
6, R  =  OSi(CH3)3; R ' =  Cl
7 ,  R =  OCOCH3;R ' =  H
8, R  =  OCOCH3; R ' =  Cl

OSi(CH3)3

'fi-
io

(4) T h ro u g h o u t th is  p a p e r  th e  d e s ig n a tio n s  a  a n d  /3 w ill b e  ass igned  to  th e
cis a n d  trans  c o n fig u ra tio n s , resp ec tiv e ly .

below the intense short-wavelength transitions ob
served for the other member of each of the isomeric 
pairs of derivatives (those labeled ¡3). The appropriate 
data are collected in Table I.

The infrared spectra of these derivatives support the 
assignment of configuration based upon their method of 
synthesis (for the trimethylsilyl derivatives) and upon 
their ultraviolet spectra (for trimethylsilyl and acetyl 
derivatives). It had been established previously2 that 
la  and 2a display a simpler infrared absorption pattern 
in the S-0 stretching region than do the corresponding 
trans isomers (1/3 and 2/3). The data collected in 
Table I reveal that all of the isomers labeled /3 possess 
two strong absorptions in the region from 1050 to 1000 
cm-1 while all of the a isomers exhibit only a single 
strong absorption in this region.

Thus, as in the case of the isomeric sulfoxide alcohols 
(la,/3 and 2 a,/3), both infrared and ultraviolet spectra 
can be employed for configurational assignments. The 
subsequent discussion indicates that nmr spectra can 
also be used as an aid in configurational assignments.

Conformational Analysis.—Several properties of the 
nmr spectra of the compounds under discussion have 
been employed in order to assign conformational 
preference.5,6

It is instructive to begin with an analysis of the con
formational distribution within thioxanthenol sulfone
(3). This compound displays a moderately intense 
absorption at 3508 cm -1 (1.3 X 10~5 M, CC14), con
sidered to arise from an intramolecular hydrogen bond 
between the hydroxyl group and the sulfonyl group. 
The nmr spectrum of 3 offers support for the existence 
of this hydrogen bond. Thus, even in deuteriochloro- 
form it is possible to observe coupling between the 
methine proton (C-9) and the hydroxyl proton (Table 
II). Since rapid exchange would be expected to

(5) I t  seem s u n reaso n ab le  to  ass ign  to  th e se  co m pounds a  s ta t ic  co n fo rm a
tio n . R a th e r ,  th e se  re su lts  p ro b a b ly  re p re s e n t th e  p re fe rre d  c o n fo rm a tio n  
in  a  co n fo rm a tio n a lly  m o b ile  sy s tem . A  s im ila r conc lu sion  h as  b ee n  re a c h e d  
fo r th e  th ia n th r e n e  sy s te m .6

(6) (a) K . F . P u rce ll a n d  J .  R . B ersch ied , J r . ,  J. A m er . Chem . Soc., 89 , 1579 
(1967); (b) J .  C h ickos a n d  K . M islow , ib id ., 89 , 4815 (1967).
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T a b l e  I I

N m r  S p e c t r a “ '6

C om pd ¿C-H ^aromatic 6Si(CH3), ÌOCOCH3
la c-d 330 4 4 2 -4 8 0
\p c ,d 359 4 4 2 -4 6 5

474 -4 8 6
5 a 326 4 4 0 -4 8 4 21
5/3 359 440 -4 6 0

4 7 0 -4 9 0
6

6 a 325 437 -4 8 5 22
6/3 360 438 -4 6 0

469 -4 8 4
7

7 a 397 440—465
470 -4 9 2

150

7/3 413 4 3 7 -4 6 8
4 7 0 -4 9 0

116

8 a 396 4 37-467
4 6 7 -4 8 8

152

8/3 412 4 4 0 ^ /7 1
471—492

118

3 C 361e 4 4 0 -4 9 0
4 377 4 45-491 22
9 430 4 40-457

47 3 -4 9 0
140

10 317 42 6 -4 6 7 16
° S p e c tra  w ere  o b ta in e d  fro m  d e u te rio c h lo ro fo rm  so lu tio n s . 

C hem ical sh if ts  a re  re p o r te d  in  h e r tz  dow nfie ld  fro m  in te rn a l  
T M S ; v a lu e s  a re  re p o r te d  to  th e  n e a re s t  h e r tz . 6 C opies of th e  
sp e c tra  a re  a v a ila b le  u p o n  re q u e s t. c T h e  sp e c tru m  could  o n ly  
b e  o b ta in e d  b y  th e  c o m p u te r  a v e ra g in g  of t ra n s ie n ts .  d T h e  posi
tio n  o f th e  O H  reso n an ce  cou ld  n o t b e  d e te rm in e d  u n d e r  th e se  
co n d itio n s . e T h is  fre q u e n c y  re p re se n ts  th e  c e n te r  o f a  d o u b le t 
w ith  J  =  8 .0  H z . T h e  O H  p ro to n  a p p e a rs  as a  d o u b le t  (J  =  8.0 
H z )  c e n te re d  a t  197 H z.

average out this coupling, it is to be concluded that 
rapid exchange is not occurring and a hydrogen-bonded 
proton would be consistent with this interpretation.7 
The magnitude of the coupling, moreover, can be read
ily understood in light of the transoid arrangement of 
the H-O-C-H bond that would be required for the 
formation of an intramolecular hydrogen bond.8

Thus, both the infrared spectra and the nmr spectra 
indicate that thioxanthenol sulfone exists in the con
formation of structure 3.

It is suggested that the line position of the methine 
proton of thioxanthenol sulfone (361 Hz) should be 
representative of a methine proton in this series that is 
in the pseudo-equatorial position and relatively removed 
from the magnetic anisotropy of the S-0 bond.

The trimethylsilyl derivative of 3 (4) might be 
expected to prefer a conformation in which the 9 
substituent exists in the pseudo-equatorial array. 
Moreover, Carruthers’9 suggestion that 9-i-butyl-9,10- 
dihydroanthracene exists with the ¿-butyl group in

(7) W e h a v e  exam ined  th e  n m r  sp e c tra  of b en z h y d ro l, x a n th y d ro l, a n d  
th io x an th e n o l, in  a d d itio n  to  th e  d e r iv a tiv e s  of th io x a n th e n o l p re se n te d  in  
th is  p a p e r. T h io x a n th e n o l su lfone  (3) is th e  on ly  com p o u n d  of th o se  ex
am in ed  w h ich  d isp la y s  th is  coup ling  in  deu te rio ch lo ro fo rm .

(8) J . J . U ebel a n d  H . W . G oodw in , J .  Org. Chem ., 31, 2040 (1966), an d  
references c ited  th e re in .

(9) W . C a rru th e rs  a n d  G . E . H a ll, J .  Chem. Soc., Sect. B , 861 (1966).

the pseudo-equatorial position supports the availability 
of this position for the trimethylsiloxy moiety.

If this conformation is favored, one might anticipate 
a downfield shift of the methine resonance because of 
the sulfone anisotropy.10 Indeed, the line position 
(377 Hz) of this proton occurs 16 Hz downfield from the 
corresponding alcohol. Johnson-Bovey calculations 
suggest that a pseudo-axial proton should be more 
shielded than a pseudo-equatorial proton by virtue of 
the ring anisotropy.11 Thus, the 16-Hz downfield shift 
represents the composite result of the sulfonyl and the 
aryl anisotropies.

The resonance frequency (359 Hz) of the methine 
proton of ¿rans-thioxanthenol sulfoxide (1/3) is almost 
identical with that which is observed for the correspond
ing sulfone and suggests, therefore, that the preferred 
conformation of 1̂3 is that in which the methine proton 
occupies the pseudo-equatorial geometry. Thus, it 
appears that the conformation observed for 1/3 in the 
solid state2 is also the preferred conformation in so
lution.12

cfs-Thioxanthen-9-ol 10-oxide (la) can be thought of 
as existing in two possible conformations. The methine 
proton would be expected to absorb at ca. 360 Hz if 
conformer a predominates. In reality the resonance 
frequency is upfield of this value, occurring at 330 Hz. 
This increased shielding is interpreted as signifying a 
preponderance of conformer b.

The coupling that was observed in the spectrum of 3 
appears to be absent in the spectrum of la  (Table II). 
These results, however, should not be construed as in
dicating that the hydrogen bond present in 3 is stronger 
than that which might have been thought to exist in 
pseudo-diaxial la  (i.e., that the sulfonyl is a more 
powerful hydrogen-bond acceptor than is the sulfoxide 
group). Whereas it is tempting to draw such a conclu
sion, the different geometric requirements of the sul
fonyl and the sulfinyl moieties may, at least in part, 
control the preferred conformation of the hydroxyl 
group.

A similar argument, based upon the line position of 
the methine proton, also can be applied to the trimethyl
silyl derivatives of the corresponding alcohols. To wit, 
the cis isomers (5a and 6a) exhibit this absorption at ca. 
325 Hz while the corresponding trans isomers (5/3 and 
6/3) exhibit this absorption at ca. 360 Hz (Table II). 
These frequencies are consistent with the a isomers 
possessing an axial methine proton and the ¡3 isomers 
possessing an equatorial methine proton.

It is not possible to apply this procedure directly to 
the corresponding acetates of these alcohols since the 
methine resonance position has been shifted downfield 
(see Table II), presumably because of the inductive ef
fect and the anisotropy associated with the acetyl group.

(10) E . D . W eil, K . J . S m ith , a n d  R . J . G ru b er, J .  Org. Chem ., 31, 1669 
(1966), a n d  references c ited  th e re in .

(11) C . E . Jo h n so n , J r . ,  a n d  F . A. B ovey , J .  Chem. P h y s ., 29, 1012 (1958).
(12) S tr ic tly  speak ing , th e se  conclusions a re  on ly  ap p lic a b le  to  ch lo ro fo rm  

so lu tions.



However, even in this instance the methine resonance 
for the two stereoisomers (7a,ß and 8a,ß) is separated by 
16 Hz; the trans isomers exhibit a resonance farther 
downfield than the corresponding cis isomers (413 vs. 
397 Hz). On the bases of these chemical-shift data, it 
is concluded that the conformational distribution within 
the various acetates is similar to that which has been 
observed for the corresponding alcohols and their tri- 
methylsiloxy derivatives.

In the compounds under discussion the C-9-H bonds 
can assume two extreme arrays relative to the planes of 
the aromatic rings. In light of the demonstrated de
pendence of long-range coupling upon geometry,13 it 
might be anticipated that the band width of a pseudo- 
axial proton would be broadened relative to that of a 
pseudo-equatorial proton.

The trimethylsilyl derivatives of the various alcohols 
were chosen as subjects for spin-decoupling experiments. 
The results of these double irradiation experiments are 
included in Table III. These data reveal that there

T a b l e  III

2 2 4 0  T e r n a y  a n d  C h a s a r

Sp in  D e c o u p l in g  o f  T r im e t h y l s il y l  D e r iv a t iv e s “
Compd S i J WQC w irrd

10 444 5 .6 2 . 5

4 466 6 .1 2 .3
6 a 460 6 .0 2 .5
6/3 457 4 .0 2 .5

“ D e co u p lin g  e x p e rim e n ts  w ere  p e rfo rm e d  o n  d e u te rio c h lo ro 
fo rm  so lu tio n s  u sin g  a  V a r ia n  M o d e l H A -100  in  c o n ju n c tio n  w ith  
a n  H . P . M o d e l 2 0 0 C D  w id e -ra n g e  o sc illa to r  (sw eep  tim e , 250 
secs; sw eep  w id th , 250 H z ). b T h e  fre q u e n c y  of ir ra d ia t io n , cal
c u la te d  fo r 60 M H z . c B a n d  w id th  a t  h a lf -h e ig h t (m m ) b efo re  
ir ra d ia t io n . d B a n d  w id th  a t  h a lf -h e ig h t (m m ) d u r in g  ir ra d ia t io n .

are, indeed, differences in the half-band widths of the 
C-9 protons in these isomers, the cis isomer (a) possess
ing a broader absorption than the corresponding trans 
isomer. This suggests that the C-9 proton of an a 
isomer is coupled to the aromatic protons to a larger 
extent than is the C-9 proton of the corresponding /3 
isomer. Confirmation of this hypothesis was obtained 
by irradiating the region of aromatic absorption; de
coupling resulted in a considerable sharpening of the 
resonance line for the a isomer but minor sharpening 
for the fi isomer.

These decoupling experiments support the conforma
tional assignment already suggested for 4, 6a, and 6/3.

The spin-decoupling technique was also applied to 9- 
trimethylsiloxythioxanthene (10). The decrease in the 
half-band width of the methine resonance (Table III) is 
taken as evidence that the methine proton exists to a 
considerable degree in the pseudo-axial position. This 
observation suggests that the preferred conformation of 
4 may not reflect the results of interaction between a sul- 
fonyl oxygen atom and the trimethylsiloxy group but, 
rather, simply the preferred conformation of the tri
methylsiloxy group in this particular ring system. 
Thus, it may not be correct to assume, a priori, that a 
substituted 9,10-dihydroanthracene, or a heterocyclic 
analog,14 bearing a nonpolar substituent on a meso posi

(13) See, fo r exam p le , P . T . L a n sb u ry , J . F . B ie ron , a n d  A. J .  L a ch er, 
J .  A m e r . Chem . Soc., 88, 1482 (1966), a n d  references  c ited  th e re in .

(14) T h e  g eo m e trie s  of th e  fo lded  ana logs , w h ile  n o t id e n tic a l w ith  t h a t  of
9 ,1 0 -d ih y d ro a n th ra c e n e , a re , non e th e less , q u ite  s im ila r. F o r  p e r t in e n t  re
p o rts , see re f  2 a n d  c i ta t io n s  th e re in .

tion will exist with that substituent in the pseudo-axial 
conformation.15

Purcellr,a has recently demonstrated that those pro
tons peri to the sulfoxide group in thianthrene disul
foxides are deshielded relative to the remainder of the 
aryl protons. Moreover, although the conformation of 
the sulfoxide oxygen atom affects the chemical shift of 
these protons, they are always deshielded relative to the 
other aryl protons. Examination of the data in Table 
II reveals that the regions due to aromatic absorptions 
for the a and (3 stereoisomers are different, the a possess
ing a broad multiplet while the /3 exhibit two distinct 
regions of absorption. This is quite clear for the iso
mers of 1, 5, and 6. The inductive effect and/or the 
anisotropic effect of the acetyl moiety may account for 
the less clear separation observed in 7 and 8. However, 
within a given pair of isomers the low-field limit is essen
tially the same. Moreover, for all of the compounds 
that have been examined, this value is fairly constant 
(ica. 485-490 cps). This suggests that, for all of the 
compounds that have been examined, the hydrogens 
peri to the sulfoxide group are in the same environment 
and the disappearance of two distinct regions in the nmr 
is due to a change in the shielding of the hydrogens peri 
to C-9 as the substituent at C-9 changes conformation.

It appears, in summary, that in all of the sulfoxides 
which have been discussed, the sulfinyl oxygen occupies 
the pseudo-equatorial position.16

What the most significant factor is in dictating this 
conformational preference has yet to be determined. 
However, several considerations may be involved in
cluding (a) a preferred conformation for electronic inter
action between the sulfinyl group and the aryl tr system, 
(b) hydrogen bonding (or some other attractive inter
action) between the aryl peri hydrogens and the sulfinyl 
oxygen atom, or (c) a purely steric (bulk) effect, similar 
to that which probably dictates the conformation of 
10. A study of the temperature dependence of these 
and related spectra will be the subject of a future com
munication.

The nmr spectra of secondary alcohols have been 
studied in dimethyl sulfoxide (DMSO) because of the 
coupling that is exhibited between the hydroxylic pro
ton and the corresponding methine proton.8'17 The 
magnitude of the coupling constant that is observed for 
substituted cyclohexanols has been used as a conforma
tional probe.8 The spectra of cis- and ¿«ms-thiox- 
anthen-9-ol 10-oxides (and the corresponding 2-chloro 
derivatives) in rif-DMSO have been determined. The 
data presented in Table IV clearly reveal that J  is de
pendent upon configuration. Indeed, the magnitude 
of the difference between the J ’s observed for the two 
stereoisomers is much larger than the values observed8 
in the cyclohexanols. It is tempting to construe the 
large differences in J h c o h  to arise because of a favored 
cisoid rotamer for the /3 isomer (trans configuration, 
J  ~  3 Hz) and a favored transoid rotamer for the a iso
mer (cis configuration, J  ~ 6 Hz). Such a picture 
would be consistent with the structure of the ¡3 isomer in

(15) A. H . B e c k e tt  a n d  B . A. M u lley , Chem. In d .  (L o n d o n ), 146 (1955), 
a n d  s u b se q u e n t p a p e rs  in  th is  series.

(16) T h io x a n th e n e  su lfox ide  also  a p p e a rs  to  p re fe r  th a t  c o n fo rm a tio n  in  
w h ich  th e  su lfiny l oxygen  a to m  is p se u d o -e q u a to r ia l (u n p u b lish e d  re su lts , 
w ith  L . E n s ) .

(17) O. L . C h a p m a n  a n d  R . W . K ing , J .  A m er . Chem . Soc ., 86, 1256 
(1964).

The Journal of Organic Chemistry



Vol. 33, No. 6, June 1968 I s o m e r ic  T h i o x a n t h e n o l  S u l f o x i d e s  2241

T a b l e  IV

N m r  S p e c t r a  i n  d6- D M S O
Compd 5C-H6 SOH6'0 *1CHOH

l a 328 418 6.5
1/3 360 378 3.1
2 a 329 426 6.3
2/3 360 387 3.4

° V a lu es a re  re p o r te d  in  h e r tz  dow nfie ld  fro m  in te rn a l  T M S . 
b T h e  cen te r  of th e  d o u b le t. c T h e  re so n an c e  p o s itio n  of th e  h y 
d ro x y l p ro to n  w as fo u n d  to  b e  in d e p e n d e n t o f c o n c e n tra tio n  o v e r 
th e  ra n g e  ex am in ed . Id e n tif ic a tio n  o f th e  h y d ro x y l a b so rp tio n  
w as ach iev ed  b y  o b se rv in g  th e  d isa p p e a ra n c e  o f th e  s ig n a l u p o n  
a d d it io n  of D 20 .

the solid state, the H-C-O-H having been shown2 to be 
34°.

Experimental Section18
T h e  p re p a ra tio n  o f th e  fo llow ing  co m p o u n d s h a s  a lre a d y  b een  

d e sc rib e d :2'3 ds-  a n d  ira n s -th io x a n th e n -9 -o l 10-oxide ( la ,/3 ); 
ds-  a n d  ¿ ran s-2 -ch lo ro th io x an th en -9 -o l 10-oxide (2a,/3); a n d  
th io x a n th en -9 -o l 10 ,10 -d iox ide  (3 ).

9 -T rim e th y ls ilo x y th io x an th e n e  10 ,10 -D iox ide  (4 ) .— T h io x a n - 
then -9 -o l 10 ,10-d iox ide  (3) (0 .5 0  g, 0 .0020  m o l) w as d isso lved , 
w ith  sh a k in g , in  a  m ix tu re  o f p y r id in e  (10  m l) , h e x am eth y l-  
d is ilazan e  (2 m l) , a n d  tr im e th y lc h lo ro s ila n e  (1 m l) .19 A fte r  5 
m in , w a te r  (40 m l) w as a d d e d  a n d  th e  u p p e r  la y e r  w as e v ap o 
ra te d  w ith  n itro g e n . W a te r  (ca. 300 m l) w as th e n  a d d e d  a n d  
th e  re s u l ta n t  so lid  w as re m o v e d  b y  f i lt ra tio n . A ch lo ro fo rm  
so lu tio n  o f th is  so lid  w as d r ie d  (m ag n esiu m  su lfa te )  a n d  th e  
so lv en t w as re m o v e d  (s tre a m  of n itro g e n )  to  a ffo rd  0 .53  g  (0 .0017  
m ol) (8 5 %  y ie ld )  o f 4, m p  1 2 2 -1 2 4 ° . T h is  so lid  w as h o m o g en e
ous o n  t ic 20 a n d  th e  in fra re d  sp e c tru m  e x h ib ited  in te n se  a b so rp 
tio n s  a t  1305, 1250, 1200, 1163, 1135, 1108, 1052, 884, 845, a n d  
750 c m -1.

Anal. C a lcd  fo r C ,6H 180 3SSi: C , 60 .34 ; H , 5 .7 0 ; S, 10 .07; 
S i, 8 .8 2 . F o u n d : C , 6 0 .1 5 ; H , 5 .6 8 ; H , 10.07; Si, 8 .55 .

c fs-9 -T rim eth y ls ilo x y th io x an th e n e  10-O xide  (5 a ) .— T h e  genera l 
m e th o d  d esc rib ed  fo r 4 w as used  fo r 5 » . T h u s ,  1 .0  g (0 .0044 m ol) 
of l a  w as t r e a te d  w ith  a  m ix tu re  of 20  m l of p y r id in e , 4 m l of 
h e x a m e th y ld is ila z a n e , a n d  2 m l o f tr im e th y lc h lo ro s ila n e  to  
a ffo rd  0 .8 6  g (0 .0029 m o l) (6 6 %  y ie ld )  o f a  w h ite  so lid , m p  118— 
119 .5°. P u r if ic a tio n  b y  v a c u u m  su b lim a tio n  a ffo rd ed  a  m a te ria l 
w h ich  w as hom ogeneous o n  t ic , m p  1 1 9 -1 2 0 .6 ° .

Anal. C a lcd  fo r C ie H u A S S i: C , 63 .54 ; H , 6 .0 0 ; S, 10.60; 
S i, 9 .2 8 . F o u n d : C , 6 3 .3 2 ; H ,  5 .8 7 ; S , 10 .58; Si, 9 .0 6 .

Ira ra s-9 -T rim e th y ls ilo x y th io x an th en e  10-oxide (5/3) w as p re 
p a re d  in  th e  sa m e  m a n n e r , s ta r t in g  w ith  1/3. T h e  p ro d u c t,  
m p  9 9 -1 0 1 ° , w as o b ta in e d  in  a n  8 0 %  y ie ld  a n d  w as hom ogeneous 
o n  tic .

Anal. F o u n d : C , 6 3 .2 9 ; H ,  5 .9 2 ; S , 10 .35; S i, 8 .94 .
c fs-2 -C h lo ro -9 -trim e th y ls iIo x y th io x an th en e  10-O xide  (6 a ) .—  

T h e  genera l m e th o d  d esc rib ed  a b o v e  w as used  to  c o n v e r t 0 .89  
g (0 .0034 m ol) o f 2 a  in to  c ru d e  6 a  (1 .12  g , 0 .0033  m o l, 9 9 % ), 
m p  1 6 9 -1 7 0 .5 ° . R e c ry s ta ll iz a tio n  fro m  e th y l a c e ta te  a ffo rd ed  
0 .72  g  o f 6 a ,  m p  1 7 0 .5 -1 7 1 .5 ° . T h is  m a te ria l  w as h o m ogeneous 
on  tic .

Anal. C a lc d  fo r C i6H 170 2C lSS i: C , 57 .04 ; H , 5 .0 9 ; C l, 
10.52; S, 9 .5 2 ; S i, 8 .3 4 . F o u n d : C , 5 6 .9 0 ; H , 5 .1 2 ; C l, 
10.23; S , 9 .6 6 ; S i, 8 .12 .

¿ ra n s-2 -C h lo ro -9 -trim e th y ls ilo x y th io x a n th e n e  10-oxide (6/3) w as 
p re p a re d  in  th e  sa m e  m a n n e r . T h e  c ru d e  p ro d u c t,  m p  148- 
150°, w as o b ta in e d  in  a  9 2 %  y ie ld . R e c ry s ta lliz a tio n  fro m

(18) M e ltin g  p o in ts  w ere  o b ta in e d  in  a  M e l-T em p  a p p a ra tu s  a n d  a re  cor
rec ted . In f ra re d  sp e c tra  w ere  reco rd e d  on  e i th e r  a  B ec k m an  M odel IR -8  or 
a  P e rk in -E lm e r M od el 521. U ltra v io le t  sp e c tra  (320-200 m ^) w ere  reco rded  
on a  C a ry  M od el 15. N m r sp e c tra  w ere  reco rd e d  on  a  V a ria n  M od el A -60 o r 
a  V arian  M o d el H A -60A  eq u ip p ed  w ith  a  V a ria n  M odel C -1024 tim e 
av e ra g in g  c o m p u te r  ex c ep t w h ere  in d ica ted . M ic ro a n a ly se s  w ere perfo rm ed  
b y  th e  G a lb ra i th  L a b o ra to r ie s , K noxv ille , T e n n . T h in  la y e r ch ro m a to g ra 
ph ies  w ere  p erfo rm ed  em p loy ing  g lass p la te s  co a ted  w ith  silica c o n ta in in g  a 
fluo rescen t in d ic a to r . D ev e lo p m e n t w as ach iev ed  w ith  e th y l a c e ta te , ch lo ro 
fo rm  o r c h lo ro fo rm -e th y l a c e ta te  m ix tu re s  (9 :1  v /v ) .  U ltra v io le t  lig h t 
a n d /o r  iod ine  v a p o r  w ere used  fo r v isu a liza tio n .

(19) T h e  p ro ced u re  is t h a t  of C. C. Sw eeley, R . B en tley , M . M a k ita , an d  
W . W . W ells, J .  A m er. Chem. Soc., 85, 2497 (1963).

(20) S ev era l p re p a ra tio n s  a ffo rded  sm all am o u n ts  of 3. V acu u m  su b lim a
tio n  read ily  p u rified  th e se  sam ples.

e th y l a c e ta te  a ffo rd ed  a  m a te r ia l,  m p  1 5 1 -1 5 2 °  (7 4 %  y ie ld ) ,  
w h ich  w as h o m ogeneous on  tic .

Anal. F o u n d : C , 5 7 .1 8 ; H ,  5 .0 7 ; C l, 10 .46 ; S , 9 .4 9 ; 
S i, 8 .15 .

9 -A ce to x y th io x an th en e  10 ,10-D iox ide  (9 ) .— T h io x a n th e n o l su l-  
fone  (3 ) w as a c e ty la te d  acco rd in g  to  th e  p ro c ed u re  d esc rib ed  
b y  F e h n e l.21 T h u s , 0 .2 4  g (0 .00098  m o l) o f 3 a ffo rd ed  0 .2 8  g 
(0 .00097  m ol) (9 8 % ) of 9, m p  1 5 6 -1 5 7 .5 ° ( l i t .21 m p  1 5 5 .5 -5 6 ° ) . 
T h e  in fra re d  sp e c tru m  (N u jo l)  possessed  a b so rp tio n s  a t  1755, 
1300, 1160, a n d  1200 c m - 1.

(n ro s-9 -A ce to x y th io x an th en e  10-O xide  (7/3).— A  m ix tu re  (ca. 
1:1)  of l a  a n d  1/3 (3 .0 0  g, 0 .013  m o l) w as d isso lv ed  in  a c e tic  
a n h y d r id e  (15 m l) c o n ta in in g  2  d ro p s  o f 9 6 %  su lfu ric  a c id . 
T h e  re s u l ta n t  so lu tio n  w as sh a k e n  fo r 5 m in . A fte r  a n  a d d i 
tio n a l 5 m in , th e  so lu tio n  w as d ilu te d  w ith  w a te r  (30  m l)  a n d  
th e n  a llow ed  to  s ta n d  fo r 1 h r .  T h e  re su ltin g  so lid  w as re m o v e d  
b y  f i lt ra tio n , w ashed  w ith  w a te r , a n d  d ried  u n d e r v a c u u m  (sod ium  
h y d ro x id e )  to  a ffo rd  3 .37  g (0 .012 m o l, 9 5 %  y ie ld )  of c ru d e  
p ro d u c t,  m p  1 2 7 -1 4 1 ° . T h e  n m r in d ic a te d  t h a t  th is  p ro d u c t 
co n sis ted  of ca. 8 0 %  trans isom er a n d  2 0 %  d s  iso m e r .22

S ev e ra l re c ry s ta lliz a tio n s  fro m  e th y l  a c e ta te  a ffo rd ed  1.8 g 
(0 .0066  m ol, 5 1 %  y ie ld )  of 7/3, m p  1 4 9 -1 5 0 ° .

Anal. C a lcd  fo r C i5H 120 3S: C , 6 6 .16 ; H , 4 .4 4 ; S , 11 .74 . 
F o u n d : C , 6 5 .92 ; H , 4 .4 5 ; S , 11.79.

c is-9 -A ce to x y th io x an th en e  10 -O xide  (7 a ) .— T h e  e th y l  a c e ta te  
m o th e r  liq u o rs  fro m  th e  re c ry s ta lliz a tio n s  d esc rib ed  a b o v e  w ere  
c o m b in ed  a n d  c o n c e n tra te d  to  ca. o n e - th ird  th e  in it ia l  v o lu m e  
(s te am  b a th ) .  U p o n  coo ling , tw o  d iffe re n t ty p e s  o f c ry s ta ls  
w ere  d e p o site d . T h e  ye llow  c ry s ta llin e  m a te r ia l  ( th e  o th e r  
m a te ria l  w as colorless) w as fo u n d  to  b e  7/3 c o n ta m in a te d  w ith  
th io x a n th o n e . T h e  colorless c ry s ta ls  w ere  fo u n d  (ir , n m r)  to  be  
7 a  c o n ta m in a te d  w ith  7/3. T h ese  colorless c ry s ta ls  w ere  rem o v ed  
m ec h an ic a lly . T h is  o p e ra tio n  w as re p e a te d  o n  se v e ra l b a tc h e s  
o f m o th e r  liq u o rs  to  a ffo rd  ca. 0 .5  g o f c ru d e  7 a . R e c ry s ta lliz a 
tio n  (e th y l a c e ta te )  a ffo rd ed  0 .38  g (0 .0014  m o l, 1 3 % ) o f 7a , 
m p  1 4 9 .5 -1 5 1 ° . A lth o u g h  7 a  a n d  7/3 h a v e  s im ila r  m e ltin g  p o in ts , 
th e ir  sp e c tra l b e h av io r  (T ab les  I  a n d  I I )  c le a rly  in d ic a te s  t h a t  
th e se  a re  s te reo iso m ers .

Anal. F o u n d : C , 66 .05 ; H , 4 .4 9 ; S , 11.81.
ds-  a n d  irara s-2 -C h lo ro -9 -aceto x y th io x an th en e  10 -O xide  (8a,/3). 

— A m ix tu re  o f 3 a  a n d  3/3 (2 .0 0  g, 0 .0076  m o l) w as d isso lv ed  in 
a ce tic  a n h y d r id e  (8 m l) w ith  1 d ro p  of 9 6 %  su lfu ric  a c id  a n d  
th e n  w o rk ed  u p  as d esc rib ed  fo r 7/3 to  a ffo rd  2 .1 3  g  (0 .0070  m ol, 
9 2 % ) of a  l ig h t  ye llow  so lid , m p  1 3 3 -1 4 2 ° . (T h e  n m r  in d ic a te d  
t h a t  th is  m ix tu re  c o n ta in e d  b o th  s te re o iso m e rs .)

S low  c ry s ta lliz a tio n  of th is  so lid  from  e th y l a c e ta te  a ffo rd ed  
tw o  ty p e s  o f c ry s ta ls . M e c h an ica l se p a ra tio n  a ffo rd ed  0 .12  g 
o f a  ye llow  so lid  (m p  16 9 -1 8 0 °) a n d  1.51 g  o f a  w h ite , c ry s ta llin e  
so lid , m p  13 9 -1 4 8 °.

R e c ry s ta lliz a tio n  o f th e  ye llow  so lid  fro m  e th y l a c e ta te  a ffo rded  
0 .0 7  g  (0 .0002 m ol, 3 .0 %  y ie ld )  o f a  fe a th e ry , w h ite  so lid , 8 a , 
m p  18 3 -1 8 4 °.

Anal. C a lcd  fo r C u H u O sC lS : C , 5 8 .7 3 ; H , 3 .6 1 ; S , 10.45; 
C l, 11.56. F o u n d : C , 5 8 .5 5 ; H , 3 .8 1 ; S , 10 .60; C l, 11.67.

T h e  w h ite , c ry s ta llin e  so lid , m p  1 3 9 -1 4 8 ° , w as re c ry s ta lliz e d  
fro m  e th y l a c e ta te  to  a ffo rd  1.13 g  (0 .0037  m o l, 4 9 % ) of 8/3, 
m p  1 4 7 -1 4 8 .5 ° .

Anal. F o u n d : C , 5 8 .5 6 ; H , 3 .6 4 ; S, 10 .63; C l, 11 .78 .
9 -T rim e th y ls ilo x y th io x an th e n e  (1 0 ).— T h io x a n th e n -9 -o l2 (5 .0  

g , 0 .023  m o l) w as re fluxed  15 h r  in  50  m l o f h e x am e th y ld is ila z a n e  
in  th e  p re sen c e  o f 0 .5  g o f sea  sa n d  (F ish e r  ig n ite d ) .  U p o n  
coo ling , th io x a n th e n o l p re c ip ita te d  o u t .  T h e  s u p e rn a ta n t  w as 
c o n c e n tra te d  to  o n e - th ird  th e  in it ia l  v o lu m e  to  a ffo rd  m ore  
so lid . T h e  re m a in in g  so lu tio n  w as c o n c e n tra te d  to  d ry n e ss  
(s tre a m  of n itro g e n )  to  a ffo rd  4 .1  g  o f a n  o ff-w h ite  so lid , m p  
6 9 -1 0 0 ° . V acu u m  su b lim a tio n  of th is  m a te r ia l  y ie ld e d  1.5 g 
o f a  w h ite  so lid , m p  6 7 -8 0 ° . F o u r  re c ry s ta ll iz a tio n s  (9 5 %  
e th a n o l)  a ffo rd ed  0 .89  g (0 .0031 m ol, 1 3 % ) of 10, a  w h ite , 
c ry s ta llin e  so lid , m p  8 2 -8 4 . T h e  in f ra re d  sp e c tru m  of 10 ex h ib ited  
in te n se  a b so rp tio n s  a t  1254, 1200, 1105, 1060, 885, 845, a n d  745 
c m -1 .

Anal. C a lcd  fo r C i6H i8O SSi: C , 6 7 .0 9 ; H , 6 .3 3 ; S, 11 .19; 
S i, 9 .8 0 . F o u n d : C , 67 .30 ; H ,  6 .0 9 ; S , 11 .38 ; S i, 9 .55 .

(21) E . A . F eh n e l, ibid... 71, 1063 (1949).
(22) P re p a ra t io n  of all of th e  isom eric  a c e ta te s  d escribed  here in , s ta r t in g  

w ith  isom erically pure  su lfox ide  alcoho l, in e v ita b ly  led  to  m ix tu re s  co n sis tin g  
of a p p ro x im a te ly  80%  trans  isom er a n d  2 0 %  cis isom er. In d eed , w e h a v e  
ob serv ed  t h a t  th e  isom eric  a c e ta te s  do e q u ilib ra te  u n d e r  th e  reac tio n  co n d i
tio n s  (ace tic  a n h y d r id e  a n d  tra c e s  of c o n c e n tra te d  su lfu ric  ac id ). T h e  
m echan ism  of th e  e q u ilib ra tio n  is u n d e r in v e stig a tio n .
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W h e n  m erc u ric  c a rb o x y la te s  w ere  t r e a te d  w ith  b is (d ie th y lth io c a rb a m o y l)  d isu lfid e  (1 ), a c id  a n h y d rid e s  w ere  
o b ta in e d  in  good y ie ld s a lo n g  w ith  m erc u ric  d ie th y ld ith io c a rb a m a te  a n d  a n  u n id en tif ie d  o x y g e n a te d  p ro d u c t.  
F u r th e r ,  i t  w as fo u n d  t h a t  t r e a tm e n t  of m e rc u ric  c a rb o x y la te s  w ith  2 e q u iv  of b e n ze n esu lfe n y l ch lo rid e  (5 )  g ave  
a c id  a n h y d rid e s , d ip h e n y l d isu lfide , a n d  m erc u ric  ch lo rid e  in  h ig h  y ie lds. A  t r a n s ie n t  in te rm e d ia te  o f th is  re a c 
tio n , su lfen y l c a rb o x y la te , w as t r a p p e d  b y  t r e a tin g  a  m erc u ric  c a rb o x y la te  w ith  5 in  th e  p re sen ce  of a n  olefin. 
R e a c tio n s  of m erc u ric  th io la te s  w ith  th e se  o rg a n ic  su lfu r  co m p o u n d s w ere  a lso  s tu d ie d .

As part of a continuing study on the behavior of 
organic sulfur compounds in redox reaction systems, 
reactions of lead thiolates with disulfides were examined 
in our laboratory1 (eq 1). It was concluded that the

yellow precipitate. Similarly, the anhydride of carbo- 
benzyloxyglycine was also obtained from the corre
sponding mercuric salt in 72% yield as shown in Table 
I. However, when mercuric propionate or benzoate

P b (S R )2 +  R 'S S R ' — >- P b ( S R ') 2 +  R S S R  (1 )  

R , R '  =  C 6H 5, C 6H 6C , C 6H 5C, E t 2N C
II II IIO S S

oxidizing power of the disulfides increases in the 
following order: diphenyl disulfide < dibenzoyl disul
fide < bis(thiobenzoyl) disulfide < bis(diethylthiocar- 
bamoyl) disulfide. The present paper deals with the 
reactions of some mercuric salts, such as mercuric 
carboxylates and mercuric thiolates, with some sulfides 
or benzenesulfenyl chloride.

In the first place, the reaction of a metal salt having 
the metal-oxygen bond, such as lead, silver, zinc, and 
mercuric acetates, was tried with the assumption that 
an oxidative coupling product, organic diacyl peroxide, 
and a metal salt of a thiol would result by the following 
redox reaction (eq 2). Among various metal acetates

O O O
MCOCCHA + R'SSR' — M(SR0* + CH3COOCCH3 (2)

examined, mercuric and silver2 acetates were found to 
react with bis(diethylthiocarbamoyl) disulfide (1) at 
room temperature, while cadmium, lead, and zinc 
acetates did not react in boiling chloroform. In addi
tion, it was established that diphenyl disulfide and 
dibenzoyl disulfide did not react with mercuric acetate 
in boiling chloroform, and the starting materials were 
recovered quantitatively. This result suggests that 
the reactivities of the disulfides in this reaction depend 
on the oxidizing power of the disulfides.

Next, the reactions of various mercuric carboxylates 
with disulfide 1 were studied in detail. Contrary to our 
expectations, diacyl peroxides could not be obtained 
when mercuric carboxylates were treated with 1 at 
room temperature. Instead, acid anhydrides and 
mercuric diethyldithiocarbamate (2) were obtained in 
good yields together with a substantial amount of a

(1) T . M u k a iy a m a  a n d  T . E n d o , B u ll. Chem . Soc. J a p .,  40 , 2388 (1967).
(2) In  th is  case , o n ly  s ilv e r  d ie th y ld i th io c a rb a m a te  cou ld  b e  iso la ted  in  

9 4 %  y ie ld .

T a b l e  I
R e a c t i o n s  o f  M e r c u r i c  C a r b o x y l a t e s  w i t h  

B i s (d i e t h y l t h i o c a r b a m o y l ) D i s u l f i d e

M ercu ric .----------------Y ie ld , % -------------- .
c a rb o x y la te S o lv en t A n h y d rid e (E faN C S R H g

II

A c e ta te B en zen e 6 8

S

75
P ro p io n a te C H 2C12 84 50
B u ty r a te c h 2c i 2 8 6 54
B e n z o a te c h 2c i 2 67 53
S u c c in a te c h 2c i 2 8 8 76
P h th a la te B en zen e 57 76
C b o -G ly D io x an e 72 6 8

was allowed to react with 1 in the presence of water 
under the same conditions, 66 or 95% of the corre
sponding acid and 86 or 96% of 2 were obtained. Gas 
evolution was not observed in the reaction (eq 3).

(R C O )2H g  +  ( E t 2N C S )2

o
(R C )20  +  ( E t 2N C S )2I Ig  (3 )

d s

The structure of 2 was confirmed by elemental analysis 
and the infrared spectrum. In the case of mercuric 
acetate, propionate, and butyrate, the yellow precipi
tate decomposed in the reaction mixture at room 
temperature in about 20 min into a black solid. This 
may be mercuric sulfide. With mercuric succinate 
and phthalate, the yellow precipitate (3) was rather 
stable and could be isolated. Compound 3 might be an 
oxygenated product. The infrared spectrum of 3 
showed a strong band at 1700 cm-1. Recrystalliza
tion of 3 from acetonitrile gave pale yellow crystals
(4) whose infrared spectrum differed from that of 3. 
The infrared spectrum of 4 was almost identical with 
that of 2, but showed no band at 1700 cm-1. Ele
mental analysis and the infrared spectrum of 4 indi
cated a molecular formula of CioH2oN206S4Hg or Cio- 
H2oN20 4S6Hg, which corresponds formally to a combi
nation of 2 and 0 6 or of 2, S02, and 0 2, but its structure
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remains unknown. As demonstrated above, the mech
anism for this reaction has not yet been established.

Further, an anhydride was prepared by a one-step 
procedure3 from a free carboxylic acid, diarylmercury, 
and 1. When 2 equiv of benzoic acid and di-p-anisyl- 
mercury were allowed to react with 1 in boiling ben
zene for 30 min, benzoic anhydride (72%) and 2 (50%) 
were obtained along with a substantial amount of a 
black solid (eq 4).
2C 6H 5C 0 2H  +  (p -C H 3O C 6H 4)2H g  +  ( E t 2N C S )2

(C 6H 6C )20  +  2C 6H 6O C H 3 +  ( E t 2N C S )2H g  (4 )
II
S

It was also expected that the use of sulfenyl chloride 
in place of disulfide 1 in the above reaction (eq 3) 
would lead to the formation of acid anhydrides along 
with the disulfide and mercuric chloride. Indeed, 
mercuric carboxylates reacted readily with 2 equiv of 
benzenesulfenyl chloride (5) at room temperature to 
give acid anhydrides, diphenyl disulfide, and mer
curic chloride in high yields.4 However, when methyl 
benzenesulfenate or N,N-diethylbenzenesulfenamide 
was used as the sulfenyl compound in this reaction, 
no reaction occurred, and the starting materials were 
recovered almost quantitatively. No gas evolution 
was observed in the reaction with benzenesulfenyl 
chloride (eq 5). The anhydrides were obtained by a
(R C O )2H g  +  2C 6H 6SC1

(R C )20  +  C 6H 5SSC 6H 5 +  H g C l2
IIo

(5 )

simple procedure. After separating mercuric chlo
ride and acid anhydrides, diphenyl disulfide was iso
lated by chromatography over alumina using ether as 
an eluent. During this procedure an oxygenated 
product containing an organic sulfur compound might 
be adsorbed in alumina as an ether-soluble mercury 
complex. It should be noted that the yields of di
phenyl disulfide were always less than 75% as shown 
in Table II. It is interesting to note that sulfenyl

T able II
R eactions of M ercuric  C arboxylates 

w ith  B en zen esu lfen y l  C hloride

■Yield, %-
M ercu ric

c a rb o x y la te S o lv en t A n h y d rid e
CeHsSS-

C sH e H g C h

A c e ta te E th e r 69 75 80
P ro p io n a te E th e r 61 71 82
B u ty ra te E th e r 85 74 83
B e n zo a te C H 2C12

o00 66 92
S u c c in a te c h 2c i 2 91 75 92
P h th a la te c h 2c i 2 81 72 90

“ S ince b en zo ic  a n h y d r id e  cou ld  n o t  b e  se p a ra te d  fro m  d ip h en y l 
d isu lfide  b y  f ra c tio n a l d is til la tio n , th e  y ie ld  w as d e te rm in e d  fro m  
th e  w e ig h t of th e  co rre sp o n d in g  an ilid e  d e riv e d  fro m  th e  a n h y 
d rid e .

chloride 5 and disulfide 1 behaved similarly toward 
mercuric carboxylates to give acid anhydrides in high 
yields.

Furthermore, in connection with investigations of 
the mechanism of the reaction (eq 5), some attempts 
to trap a transient intermediate were made. When a 
mercuric carboxylate was allowed to react with 2 equiv 
of 5 in the presence of 2 equiv of cyclohexene at room 
temperature in methylene chloride, the addition prod
uct, 2-acyloxycyclohexyl phenyl sulfide (6), and mer
curic chloride were obtained in good yields (eq 6). The

(RCO)2Hg + 2C6H5SC1 + 2 
0

a SC6H5
+ HgCl2 (6)

OCR
0

6a, R = CH3 
b,R=C6Hs

acid anhydride and diphenyl disulfide could not be 
isolated. The formation of 6 would be explained by 
assuming that phenylthio and acyloxy moieties or 
benzenesulfenyl carboxylates5 initially formed from 
mercuric carboxylates and 5 might add faster to 
cyclohexene than sulfenyl chloride6'7 (5). Similar 
adducts (7 and 8) were obtained when styrene or

C 6H 5 C 2H 50
\  £  «  \  

c h c h 2s c 6h 5 c h c h 2s c 6h 5
/  /

R C O  C H 3C O
II IIo o

7a, R  =  C H 3 8
b, R  =  C 6H 5

ethyl vinyl ether was used as an “acceptor” in the 
above reaction (eq 6). Physical properties and 
analytical data of these adducts are listed in Table III. 
On the other hand, no addition product was formed 
with acrylonitrile and chalcone under the same condi
tions. The observed olefinic reactivity would be ex
plained by the familiar argument.

The coupling constant (J12 = 8 cps) observed for 6 
supports the trans structure of adduct 6. The struc
tural assignments of 7 and 8 are based on hydrolysis 
and spectral and analytical data. Alkaline hydrolysis 
of 7b gave the corresponding alcohol8 (9) and benzoic 
acid in 70 and 82% yields, respectively. The methy-

O H -
7b — >- C6H 5C H C H 2S C 6H 5 +  C 6H 6C 0 2H

I
O H

9

(7)

lene protons of 7 resonated as two quartets with a 
geminal coupling constant of 14 cps and vicinal J  
of 6 and 8 cps. This pattern is explained by nonequiva
lency of the methylene protons. The quartet at

(3) T . M u k a iy a m a , I . K u w a jim a , a n d  Z. S uzuk i, J .  Org. Chem ., 28, 2024 
(1963).

(4) F u r th e r  re a c tio n s  of 5 w ere  tr ie d  b y  th e  u se  of th e  o th e r  m e ta l ca r
bo x y la tes . I n  th e  case of silv e r a c e ta te  o r  b en z o a te , 69 o r 7 1 %  of th e  co rre
sp o n d in g  a n h y d rid e , 72 o r 6 8 %  of d ip h e n y l d isu lfide, a n d  95 o r 9 2 %  of silve r
ch lo ride  w ere  o b ta in ed , resp ec tiv e ly . W ith  cu p ric  b en z o a te , a  b la ck  p re 
c ip ita te  w as fo rm ed , w hich , on  fil tra tio n , ra p id ly  decom posed  to  a  p a le  b lue  
solid  p re su m a b ly  b y  m o istu re .

(5) (a) A. J .  H a v lik  a n d  N . K h a ra sch , J .  A m er. Chem . Soc., 78, 1207 
(1956); (b) R . E . P u tn a m  a n d  W . H . S h ark ey , ib id ., 79, 6526 (1957).

(6) G . W ittig  a n d  F . V idal, Chem. B er., 81, 368 (1948).
(7) (a) N . K h a ra sch  a n d  C . M . B uess, J .  A m er. Chem . Soc,t 71, 2724 (1949) ; 

(b) D . J . C ram , ib id ., 71, 3884 (1949); (c) S. J .  C ris to l, R . P . A rg an b rig h t, 
G . D . B rinde ll, a n d  R . M . H e itz , ib id ., 79, 6035 (1957).

(8) R . F . B rookes, J . E . C ra n h a m , D . G reenw ood , a n d  H . A. S tev e n so n , 
J .  S c i. Food A gr., 8, 561 (1957).
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T a b l e  III
P h y s i c a l  P r o p e r t i e s  a n d  A n a l y t i c a l  D a t a  f o r  t h e  A d d u c t s

Y ield, ,----------C alcd , % -----------. F o u n d , % -----

C om pd R % B p  (m m ), °C n 25 d F o rm u la c H C H

6a c h 3 80 119-120(0.08) 1.5890 Ci4H180 2S 67.18 7.25 66.89 6. 99

6b c 6h 6 59 168-169 (0.08) 1.5960 c 19h 2„o2s 73.06 6.45 72.89 6 . 7 3

7a c h 3 77 131-132 (0.03) 1.5819 c 16h 16o2s 70.57 5.92 70.39 6 . 2 1

7b c 6h 5 66 189-190(0.08) 1.6248 C21IÏ1802S 75.43 5.43 75.15 5 . 3 9

8 59 100-101 (0.09) Ci2H160 3S 59.99 6.71 60.14 6 . 7 4

t  3.93 assigned to the C^H proton of 7b was shifted 
high field 1.55 ppm in 9, indicating that the benzoyloxy 
group of 7b is attached to the /3 carbon.

Finally, reactions of mercuric thiolates were investi
gated. Treatment of mercuric benzenethiolate or 
thiobenzoate with 2 equiv of 5 at room temperature 
afforded 89 or 82% of mercuric chloride and 97% of 
diphenyl disulfide or 80% of benzoyl phenyl disulfide, 
respectively. In addition, it was found that mer-

(RS)2Hg +  2C6H5SC1 — HgCl2 +  2RSSC6H5 (8) 
R = C6H5, C6H5C 

0

curie benzenethiolate reacted readily with 1 at room 
temperature to give 2 (95%) and diphenyl disulfide 
(98%), as expected.
(C6H5S)2Hg +  (Et2NCS)2 

s
Hg(SCNEt2)2 +  (C6H5S)2 (9)

II
S

In conclusion, it is of special interest to note that 
there are essential differences in behavior between 
mercuric compounds containing the Hg-0 bond and 
those containing the Hg-S bond toward sulfenyl 
chloride 5 or disulfide 1.

Experimental Section9
Materials.—Cadmium, lead, mercuric, silver, and zinc ace

tates were commercial materials and used without further purifi
cation. The other mercuric carboxylates,10 cupric benzoate,11 
silver benzoate,12 and mercuric benzenethiolate13 were prepared 
as previously described. Diphenyl disulfide, dibenzoyl disulfide, 
bis(diethylthiocarbamoyl) disulfide (1), benzenesulfenyl chloride 
(5), and the related sulfenyl compounds were prepared in the 
usual manner.

Preparation of Mercuric Thiobenzoate.—This compound was 
prepared from mercuric acetate and 2 equiv of thiobenzoic acid14 
in methylene chloride and recrystallized from ethanol to give 
white needles: mp 140-141°; x™r 1625, 1610, 1200, and 900 
cm-1.

A n a l. Calcd for Ci4Hi0O2S2Hg: C, 35.41; H, 2.12. Found: 
C, 35.14; H, 2.08.

Reaction of Mercuric Acetate and Disulfide 1.—Mercuric 
acetate (6.38 g, 0.02 mol) was added to a solution of 1 (5.95 g, 
0.02 mol) in 40 ml of benzene with stirring at room temperature 
over a period of 5 min. An exothermic reaction took place im
mediately and a pale yellow precipitate was formed. This de
composed to a fine black solid in about 20 min at room tempera
ture. The black reaction mixture was concentrated, cooled at 
0°, and treated with ether. The black crystalline material was 
collected by filtration and extracted with methylene chloride.

(9) A ll m e ltin g  p o in ts  a n d  bo iling  p o in ts  w ere  u n co rrec ted .
(10) T . M u k a iy a m a , H . N a m b u , a n d  I . K u w a jim a , J .  Org. Chem ., 28 , 917 

(1963).
(11) W . W . K aed in g  a n d  A. T . S hu lg in , ib id ., 27 , 3551 (1962).
(12) R . A. Z ingaro , J . E . G oodrich , J . K le inberg , a n d  C . A. V an d erW erf, 

J .  A m er. Chem . Soc., 71 , 575 (1949).
(13) H . L echer, Chem . B er., 48 , 1425 (1915).
(14) P . N o b le , J r . ,  a n d  D . S. T a rb e ll, “ O rgan ic  S y n th e se s ,” Coll. Vol. IV , 

J o h n  W iley  a n d  S o n s, In c ., N ew  Y ork , N . Y ., 1963, p  924.

The filtrate was distilled to give acetic anhydride (1.34 g, 68%), 
bp 51-52° (25 mm), ra25d 1.3898, whose infrared spectrum was 
identical with that of an authentic sample. The residue was 
extracted with methylene chloride. The combined extracts 
were evaporated in  vacuo to give 2 (7.51 g, 75%), mp 132-134°. 
Recrystallization from acetonitrile gave an analytically pure 
yellow crystal: mp 138-139°; 1495, 1425, 1270, and 1200
cm-1.

A n a l. Calcd for CioH20N2S4Hg: C, 24.17; H, 4.05; N, 
5.64. Found: C, 24.33; H, 3.92; N, 5.81.

By a similar procedure, propionic, butyric, and benzoic anhy
drides were obtained (see Table I).

Reaction of Mercuric Phthalate with 1.—To a stirred solution 
of 1 (2.96 g, 0.01 mol) in 30 ml of benzene was added mercuric 
phthalate (3.65 g, 0.01 mol) at room temperature. After stirring 
was continued for 10 min, 1.45 g of a pale yellow precipitate (3) 
was collected by filtration. The infrared spectrum showed 
bands at 1700, 1510, 1430, and 1280 cm-1. Except for aceto
nitrile, DMF, DMSO, and pyridine, compound 3 was insoluble 
in most organic solvents. Recrystallization from acetonitrile 
gave analytically pure yellow crystals (4): mp 159-160°; y*®' 
1495, 1420, 1275, and 1200 cm-1.

A n a l. Calcd for Ci0H20N2O6S4Hg or CioH20N20 4S5Hg: C,
20.25; II, 3.39; N, 4.72. Found: C, 20.06; H, 3.22; N, 
4.73.

The filtrate was concentrated and treated with ethanol. The 
resulting crystals of 2 (3.80 g, 76%), mp 133-135°, were filtered. 
Evaporation of ethanol from the filtrate gave phthalic anhydride 
(0.85 g, 57%), mp 127-128°, whose infrared spectrum was 
identical with that of an authentic sample. The mixture melting 
point with an authentic sample showed no depression.

By a similar procedure, anhydrides of carbobenzyloxyglycine 
and succinic acid were obtained (see Table I).

Reaction of Mercuric Benzoate with 1 in the Presence of 
Water.—To a stirred mixture of mercuric benzoate (4.45 g, 0.01 
mol) and water (0.4 g, 0.02 mol) in 30 ml of methylene chloride 
was added 1 (2.96 g, 0.01 mol) at room temperature. A slightly 
exothermic reaction was observed. After stirring was continued 
for 10 min, a small amount of a pale yellow precipitate was re
moved by filtration. The filtrate was concentrated and treated 
with ether. The yellow crystals of 2 (4.81 g, 96%), mp 135- 
137°, were collected by filtration. Evaporation of ether from 
the filtrate gave benzoic acid (2.32 g, 95%), mp 112-115°, whose 
infrared spectrum was identical with that of an authentic sample.

Similarly, propionic acid (66%) and 2 (86%) were obtained by 
the reaction of mercuric propionate with 1 in the presence of 
water.

Reaction of Di-p-anisylmercury and Benzoic Acid with 1.—A
mixture of di-p-anisylmercury (4.15 g, 0.01 mol) and benzoic 
acid (2.45 g, 0.02 mol) in 20 ml of benzene was refluxed for 20 
min. To this was added a solution of 1 (2.96 g, 0.01 mol) in 10 
ml of benzene, and the mixture was refluxed for 30 min. A black 
solid precipitated. Work-up of the reaction mixture as described 
above gave benzoic anhydride (1.63 g, 72%) and 2 (2.49 g, 50%).

Reaction of Mercuric Succinate with Sulfenyl Chloride 5.—To 
a stirred suspension of mercuric succinate (3.17 g, 0.01 mol) in 20 
ml of methylene chloride was added dropwise a reddish orange 
solution of 5 (2.90 g, 0.02 mol) in 10 ml of methylene chloride over 
a period of 20 min at room temperature. An immediate reaction 
took place as indicated by decolorization of 5. A white precipi
tate of mercuric chloride (2.50 g, 92%) was collected by filtration. 
The filtrate was evaporated in  vacuo to dryness and treated with 
ether. The resulting crystals of succinic anhydride (0.91 g, 
91%), mp 117-118°, were filtered. The infrared spectrum was 
identical with that of an authentic sample. The filtrate was 
concentrated and chromatographed on alumina (80 g) to remove 
residual mercuric chloride. Elution with ether gave diphenyl 
disulfide (1.63 g, 75%), mp 59-60°.
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B y  a  s im ila r p ro c ed u re , th e  o th e r  a c id  a n h y d rid e s  w ere  o b ta in e d  
fro m  th e  c o rre sp o n d in g  m erc u ric  a n d  s ilv e r  c a rb o x y la te s  (see 
T a b le  I I ) .

G e n e ra l  P ro c e d u re  fo r th e  P re p a ra t io n  of th e  A d d u c ts  (6 -8 ) .—
T o  a  s t ir re d  m ix tu re  o f a n  o lefin  (0 .02  m o l) a n d  a  m erc u ric  car- 
b o x y la te  (0.01 m ol) in  20  m l o f m e th y le n e  ch lo ride  w as a d d e d  a  
so lu tio n  o f 5 (0 .02  m o l) in  10 m l of m e th y le n e  ch lo rid e  a t  room  
te m p e ra tu re  o v e r a  p e rio d  of 20 m in . A  s lig h tly  ex o th e rm ic  re a c 
t io n  to o k  p lace  so o n . S tir r in g  w as c o n tin u e d  fo r 20 m in  a t  room  
te m p e ra tu re . A  w h ite  p re c ip ita te  o f m erc u ric  ch lo rid e  (1 .8 -2 .2  
g, 6 7 -7 6 % ) w as co llec ted  b y  f i lt ra tio n . T h e  f i l t ra te  w as co n 
c e n tra te d  a n d  c h ro m a to g ra p h e d  on  a lu m in a  (80  g) u s in g  e th e r  
as a n  e lu e n t. A fte r  re m o v a l of e th e r ,  th e  re s id u a l oil w as d is
tilled  to  g ive  th e  c o rre sp o n d in g  a d d u c t .  Y ie ld s , p h y sica l 
p ro p e rtie s , a n d  a n a ly tic a l  d a ta  a re  lis te d  in  T a b le  I I I .  T h e  
in fra re d  sp e c tra  o f 6a , 6 b , 7a , 7 b , a n d  8 show ed  c a rb o n y l a b so rp 
tio n s  a t  1740, 1720, 1740, 1725, a n d  1740 c m -1, re sp e c tiv e ly . 
T h e  n m r15 sp e c tru m  of 6 a  show ed  p e ak s  a t  t 7 .6 -8 .9  (co m p lex ,

H1 H° Ha 
\  /  , —C—C—Hb

RCO SC6H5

0

7,8

8 H ) ,  5 .25  (se x te t, 1 H , C H ) ,16 a n d  6 .88  (se x te t, 1 H , C H ) ;16 th a t  
of 6b  show ed  p e ak s  a t  t 7 .6 -8 .9  (com plex , 8 H ) ,  5 .01  (se x te t, 1 H , 
C H ) ,16 a n d  6.71 (se x te t, 1 H , C H ) .16 T h e  n m r sp e c tru m  of 7a 
show ed  p e a k s  a t  t 6 .73  (q u a r te t ,  1 H ,  C H 2),17 6 .97  (q u a r te t ,  1 H , 
C H 2) ,17 a n d  4 .1 6  (q u a r te t ,  1 H , C H ) ;17 t h a t  o f 7b show ed  p e ak s  
a t  t 6 .5 7  (q u a r te t ,  1 H , C H 2) ,17 6 .84  (q u a r te t ,  1 H , C H 2) ,17 a n d  
3 .93  (q u a r te t ,  1 H , C H ) ;17 th a t  of 8  show ed p e ak s  a t  t 6.92 
(d o u b le t, 2 H , J  = 6  cps, C H 2) a n d  4 .1 3  ( tr ip le t,  1 H , J  =  6 cps, 
C H ) .

H y d ro ly s is  of 7 b .— A so lu tio n  o f 7b (3 .34  g , 0.01 m o l) a n d  
so d iu m  h y d ro x id e  (0 .6 0  g , 0 .015  m o l) in  25 m l o f w a te r  a n d  25 m l 
of e th a n o l w as h e a te d  o n  th e  s te a m  b a th  fo r 10 h r .  A fte r  re m o v a l

(15) T h e  n m r sp e c tra  w ere  m e asu red  a t  100 M cp s in  CCU  so lu tio n  w ith  
T M S  as  a n  in te rn a l s ta n d a rd , a n d  th e se  d a ta  w ere  o b ta in ed  b y  firs t-o rd e r 
ana ly sis .

(16) J 12 =  J 14 =  J 25 =  8 cps, J 13 =  J 26 =  4 CpS.
(17) Jab  =  14 cps, J ac an d  Jbc =  6 a n d  8 cps.

of e th a n o l, th e  re s id u e  w as d ilu te d  w ith  30 m l o f w a te r ,  e x tra c te d  
re p e a te d ly  w ith  e th e r , a n d  d ried  o v e r a n h y d ro u s  so d iu m  s u lfa te .  
A fte r  re m o v a l of e th e r , th e  re s id u a l oil w as d is tilled  to  g iv e  9 
(1 .6 0  g, 7 0 % ); b p  1 3 8-139° (0 .06  m m ) [ lit .8 b p  168° (2 m m )J ;  
vm*x 3410 (O H ) c m -1; n m r (C C h ), tw o  q u a r te ts  c e n te re d  a t  t 
7 .0 0  (1 H )  a n d  7 .06  (1 H )  w ith  / ab =  13 cps, a  s in g le t a t  6 .4 5  (1 
H , O H ), a  q u a r te t  a t  5 .48  (1 H , / ac a n d  J hc =  5 a n d  8 c p s ) ,  
a  m u lt ip le t  c e n te re d  a t  2 .88  (10 H , a ro m a tic  p ro to n s ) .

Anal. C a lc d  fo r C 14H i4O S: C , 7 3 .0 2 ; H , 6 .1 3 . F o u n d : 
C , 7 3 .26 ; H , 6 .00 .

T h e  aq u eo u s , a lk a lin e  so lu tio n  w as acid ified  w ith  d ilu te  h y d ro 
ch lo ric  a c id  to  g ive  benzo ic  a c id  (1 .0 0  g, 8 2 % ), m p  1 1 8 -1 2 0 ° .

R e a c tio n  of M e rc u r ic  T h io b e n z o a te  w ith  5 .— T o  a  s t ir re d  su s
p en sio n  of m ercu ric  th io b e n z o a te  (4 .75  g, 0.01 m o l) in  20  m l of 
m e th y le n e  ch lo rid e  w as a d d e d  a  so lu tio n  o f 5 (2 .90  g, 0 .02  m ol) 
in  10 m l o f m e th y le n e  ch lo rid e  a t  ro o m  te m p e ra tu re .  A fte r  
s t ir r in g  w as c o n tin u e d  fo r 10 m in , a  w h ite  p re c ip ita te  o f m ercu ric  
ch lo rid e  (2 .22  g, 8 2 % ) w as f ilte red  off. T h e  f i l t r a te  w as con
c e n tra te d  a n d  d is til led  to  g ive  b en zo y l p h e n y l d isu lfid e18 (3 .96  g, 
8 0 % ): b p  1 4 7 -148° (0.1 m m ); *malt 1695, 1200, 885, 690, a n d  
680 c m -1 .

Anal. C a lcd  fo r C i3H l0O S2: C , 6 3 .3 6 ; H , 4 .0 9 . F o u n d : 
C , 63 .65 ; H , 4 .18 .

S im ila rly , m erc u ric  ch lo ride  (8 9 % ) a n d  d ip h e n y l d isu lfide  
(9 7 % ) w ere o b ta in e d  fro m  th e  re a c tio n  of m erc u ric  b e n z e n e th io -  
la te  w ith  5.

R e ac tio n  of M e rcu ric  B e n z e n e th io la te  w ith  1 .— T o  a  s t ir re d  
su sp en s io n  of m erc u ric  b e n z e n e th io la te  (4 .19  g, 0 .01  m o l) in  20 
m l o f m e th y le n e  c h lo rid e  w as a d d e d  1(2 .96  g , 0 .01  m o l) a t  ro o m  
te m p e ra tu re . A  re a c tio n  to o k  p la c e  im m e d ia te ly , a n d  a  c lear 
ye llow  so lu tio n  w as fo rm ed . T h e  re a c tio n  m ix tu re  w as con
c e n tra te d  in vacuo to  d ry n ess  a n d  t r e a te d  w ith  e th e r .  T h e  ye llow  
c ry s ta l o f 2 (4 .76  g , 9 5 % ), m p  1 3 4 -1 3 6 ° , w as co llec ted  b y  f il t ra 
tio n . T h e  f i l t ra te  w as e v a p o ra te d  a n d  c h ro m a to g ra p h e d  on  
a lu m in a  (80 g) to  rem o v e  re s id u a l 2. E lu tio n  w ith  e th e r  gave  
d ip h en y l d isu lfide  (2 .1 0  g, 9 8 % ), m p  5 9 -6 0 ° .

Registry No.—1, 97-77-8; 2, 16162-55-3; 5, 931-59- 
9; 6a, 16162-54-2; 6b, 16162-48-4; 7a, 16162-49-5; 
7b, 16162-50-8; 9, 16162-51-9; benzoyl phenyl di
sulfide, 5718-98-9; mercuric thiobenzoate, 16162-53-1.

(18) H . B ohm e a n d  M . C lem en t, A n n .,  576, 61 (1952).
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N -P h e n y lb e n z im id a te s  o f 2 ,6 -d im eth y l-, 2 ,6 -d i-f-b u ty l-, 2 ,6 -d ip h en y l-, a n d  2 -m e th y l-6 -p h e n y lp h en o l h a v e  
b e en  p re p a re d  a n d  h a v e  b e en  fo u n d  to  u n d e rg o  th e  C h a p m a n  re a rra n g e m e n t to  g ive  th e  c o rre sp o n d in g  N -a ry l-  
b en zan ilid es . K in e tic  m e a su re m e n ts  h a v e  b e en  o b ta in e d  a n d  a re  d iscu ssed  in  te rm s  of th e  c o m p e titio n  b e tw ee n  
s te r ic  a cc e le ra tio n  a n d  s te r ic  d e ce le ra tio n  of th e  r a te s  of re a rra n g e m e n t.

An elegant study by Wiberg and Rowland1 indicated 
that the Chapman rearrangement2 obeyed first-order 
kinetics and that the mechanism involved an intra
molecular, nucleophilic-aromatic substitution.

(1) K . B . W iberg  a n d  B. I . R o w lan d , J .  A m er. Chem . Soc., 77, 2205 (1955).
(2) F o r  a  re c e n t rev iew , see J . W . S ch u len b erg  a n d  S. A rcher, Org. Reac

tions, 14, 1 (1965).

It was also reported1 that the ratios of the rate con
stants for corresponding ortho- and pa?-a-substituted 
compounds (Ia-d) were greater than unity. It was 
assumed that the ortho substituent hindered free ro-

Ia ,  X  =  C H (C H 3)2
b, X  =  C H 3
c, X  =  C l
d, X  =  O C H s
e, X  =  C (C H 3)3
f, X  =  H
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tation of the aromatic ring to which it was attached; 
the restriction of this mode of rotation was precisely 
that which was required for the formation of the four- 
membered ring in the transition state. That is, the 
introduction of an ortho substituent lessens the entropy 
decrease on proceeding from the reactant to the transi
tion state. Indeed, it was found that the entropies of 
activation for p-Ib and o-Ib were —9.7 and —3.6 eu, 
respectively. In the case of Ie, k0Tth0/k vara was 0.60. 
Here it was suggested that the steric requirement of 
the o-i-butyl group was large enough to overcome 
the rate-enhancing effect resulting from hindered ro
tation. The value for o-Ie was indeed about 8 eu 
more negative than that for o-Ib.

An extension of these arguments predicts that the 
rate of the Chapman rearrangement should be greater 
with two ortho substituents on the migrating aromatic 
ring than with one, provided that overriding steric 
compression is not attained. Successful Chapman 
rearrangements, in which the migrating aromatic ring 
contained two ortho substituents, have been reported2 
only in cases where the substituents were halogens, 
and no kinetic data were reported. Even if a kinetic 
study revealed that these di-o-halo compounds re
arranged faster than the corresponding mono-o-halo 
compounds, it would be difficult to separate the rate 
enhancement due to the hindrance to rotation in the 
reactant and that due to the inductive electron- 
withdrawing effect of the halogens.

A study of the Chapman rearrangement of imidates 
of some 2,6-disubstituted phenols, in which the sub
stituents were not electron-withdrawing groups, was 
expected to provide an increased understanding of the 
competition between steric acceleration and steric 
deceleration of rates. Therefore, four aryl N-phenyl- 
benzimidates (II, III, IV, V) were prepared from N- 
phenylbenzimidojd chloride and the corresponding 
phenol in the presence of base. The rearrangement of 
these imidates occurred readily at 300° and the cor
responding amides (VI, VII, VIII, IX) were obtained 
in high yield (Scheme I).

In order to compare the rates of rearrangement of
II-V with literature values1 for other imidates, sam
ples of II-V were dissolved in diphenyl ether and heated 
at 258.0°. The rearrangements of II, III, and IV 
were followed by nuclear magnetic resonance spectros
copy; the rearrangement of V was followed by an 
infrared method. The semiquantitative results are 
given in Table I.3-5 The AH * values1 for the Chapman

(3) Im p lic i t in  a  d iscussion  of th e  C h a p m a n  re a rra n g e m e n t a n d  its  k ine tic s  
is th a t ,  reg ard less  of w h ich  fo rm  (syn  o r  a n ti) of th e  im id a te  re a c ts , th e  
eq u ilib riu m  be tw een  th e se  fo rm s is ra p id  co m p ared  to  th e  r a te  of rea rra n g e 
m e n t. T h is  a s su m p tio n  is q u ite  c red ib le  s ince  X I I  a n d  X I I I  h a v e  been  
sh o w n 4-5 to  h a v e  r a te  co n s ta n ts  fo r in v e rsio n  of n itro g en  (pseudo - s y n -a n ti  
isom eriza tions) a t  60° of 10.9 a n d  ca. 1.6 X 1 0 -3 s e c -1, resp ec tiv e ly .

(4) D . Y . C u r tin  a n d  C . G . M c C a r ty , Tetrahedron Lett., 1269 (1962).
(5) N . P . M aru llo  a n d  E . H . W agener, J .  A m er. Chem . Soc., 88, 5034 

(1966).

S c h e m e  I

c6h5\ c ^ 0 ch

C(CH3)3

(ch3)3c

T a b l e  I

R a t e  C o n s t a n t s  o f  C h a p m a n  R e a r r a n g e m e n t s  a t  2 5 8 .0 °  
i n  D i p h e n y l  E t h e r

Im id a te S ubstituen t® C oncn , M h k  X 105, s e c -1

I I 2 ,6 -d i-C II3 0 .3 0 3 1 5 .1  =fc 0 .1
I I I 2 ,6 -( l-C 4H <,)2 0 .3 0 3 0 .3 8  ±  0 .0 4
IV 2 -C H 3-6 -C 6H 5 0 .3 0 1 1 9 .0  ±  2 .2
V 2 ,6 -(C 6H 5)2 0 .3 0 2 2 3 .1  ±  1 .1

“ I n  O -a ry l rin g . b C o n c e n tra tio n s  of th e  so lu tio n s  a t  25°.

rearrangement of five very different aryl N-phenyl- 
benzimidates range from 36.7 to 39.5 kcal/mol. The 
average of these values was used to calculate the rate 
constants at 255° corresponding to those given in 
Table I. These are listed in Table II together with 
some other rate constants selected from the literature1 
for comparison.

T a b l e  I I

R a t e  C o n s t a n t s  f o r  C h a p m a n  R e a r r a n g e m e n t s  a t  2 5 5 °  
i n  D i p h e n y l  E t h e r

Im id a te S ubstituen t®

I I 2 ,6 -d i-C H 3

I I I 2 ,6 -(i-C 4H 9)2

IV 2 -C H 3-6 -C 6H.
V 2 ,6 -(C 6H 5)2

I f H
o -Ib 2 -C H 3

p -Ib 4-C H s

k  X 105, s e c -1 k / k u12.3 1 .6 1
0 .3 1 0 .0 4 0

1 5 .5 2 .0 2
1 8 .8 2 .4 5

7 . 6 6 b 1 .0 0
8 . 8 7 6 1 .1 6
3 . 5 5 b 0 .4 6
2 . 3 0 6 0 .3 0
3 . 8 2 ‘ 0 .5 0

o-Ie  2 -i-C 4H 9

p - Ie  4 -Î-C 4H 9

“ I n  O -a ry l ring . 6 O b ta in e d  fro m  0.3 M  so lu tio n s  o f th e  
im id a te  in  d ip h e n y l e th e r  a t  255° b y  a  p e rc h lo ric  a c id  t i t r a t io n  
m e th o d . 1

From the rate constants for If and o-Ib, it is ap
parent that the combined polar and steric decelerating 
effects of an added o-methyl group on the rearrange-
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ment are outweighed by the steric acceleration due to 
hindered rotation (SAHR) effect. The combination 
of these factors leads to a 16% increase in k. More 
striking is the observed 61% increase in k in placing 
two o-methyl groups on the migrating aryl ring (com
pare k’s for If and II). If all substituent effects were 
additive,6 a 35% rate increase would have been ex
pected. Since all polar and steric effects, other than 
the SAHR effect, should inhibit the rearrangement 
(compare k’s for If and p-Ib), the large rate enhance
ment observed must be due to the fact that two o- 
methyl groups exhibit more of an SAHR effect than 
would be predicted from the effect of one o-methyl 
group alone. That is, two o-methyl groups hinder free 
rotation around the ether linkage of II more than 
twice as much as the methyl group in o-Ib.

On the other hand, with one o-f-butyl group (o-Ie), 
the steric compression which is introduced on pro
ceeding to the transition state is slightly more impor
tant than the SAHR effect (assuming approximately 
the same polar effect for an o- and a p-i-butyl group) 
since the rate constant for o-Ie is slightly less than that 
for p-Ie.7

From the rate constants for If and o-Ie, if all sub
stituent effects were additive, one would predict that 
the addition of another o-i-butyl group, giving III, 
would depress the rearrangement rate constant to ca. 
0.69 X 10-5 sec-1. The fact that the observed rate 
constant was 0.31 X 10-5 sec-1 indicates that the de
celerating effect of steric compression is more than 
twice as important for two o-i-butyl groups as for one. 
A possible structural explanation for this more than 
cumulative effect is that bond-angle distortion occurs 
to relieve nonbonded strain in the rearrangement of
o-Ie (see X) but cannot occur in III because of the 
presence of the second o-i-butyl group (see XI).

From the available data, it is not possible at present 
to discuss the magnitude of the SAHR effect on the 
rates of the Chapman rearrangement of IV and V. It 
can be seen, however, that the combination of reso
nance, inductive, and SAHR effects, enhancing the 
rates of rearrangement of these two compounds over 
that of If, was apparently much more than enough 
to offset the rate-depressing effect arising from steric 
compression in the transition state.

Experimental Section
N-Phenylbenzimidoyl Chloride.— A  m ix tu re  of 105 g (0 .532 

m o l) of b en zan ilid e  a n d  100 m l o f th io n y l ch lo ride  w as s t ir re d  a n d

(6) R . W . T a f t ,  J r . ,  in  “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,” M . S. 
N ew m an , E d ., J o h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1956, p p  575, 
576.

(7) I t  is possib le  t h a t  a  co n s id e rab le  S A H R  effect is o p e ra tin g  in  o-Ie  
since th e  r a te  dep ress ion , in  th e  ab sen ce  of th is  effect, w ou ld  h a v e  been  v e ry  
la rge; a  r a te  c o n s ta n t 1 /2 0 0  of t h a t  fo r I f  w ou ld  n o t  h a v e  b ee n  u n re a so n a b le .8

h e a te d  a t  re flu x  fo r 1.5 h r .  G as e v o lu tio n  b e g a n  a lm o s t  im 
m e d ia te ly . A fte r  th e  re su ltin g  b lac k  so lu tio n  h a d  b e e n  a llo w ed  
to  s ta n d  a t  ro o m  te m p e ra tu re  o v e rn ig h t, th e  excess th io n y l 
ch lo ride  w as re m o v e d  b y  d is til la tio n  a t  a tm o sp h e r ic  p re ssu re . 
F u r th e r  d is til la tio n  u n d e r re d u ce d  p re ssu re  a ffo rd ed  112.6 g 
(9 8 % ) of N -p h e n y lb en z im id o y l ch lo rid e: b p  1 1 9 -121° (0 .15  
m m ); m p  4 1 -4 2 °  [lit. bp  115-120° (0 .3  m m ) ;9 m p 4 0 ° 10].

2.6- Dimethylphenyl N-Phenylbenzimidate (II).— E x a c tly
6 .097  g (0 .0500  m o l) of 2 ,6 -xy leno l w as d isso lved  in  50 m l o f 1.02 
M  so d iu m  e th o x id e  in  e th a n o l.  T h e n , 10.774 g (0 .0500  m o l) of 
N -p h e n y lb en z im id o y l ch lo rid e  in  45 m l of e th y l  e th e r  w as a d d e d  
w ith  c o n tin u o u s  s t ir r in g . A  s lig h t e x o th e rm  w as n o te d  a n d  a  
p re c ip ita te  a p p e a re d . A fte r  th e  s y s te m  h a d  b e en  s t i r r e d  a t  ro o m  
te m p e ra tu re  fo r 5 h r ,  i t  w as m ixed  w ith  250 m l of e th y l  e th e r .  
T h is  e th e r  so lu tio n  w as e x tra c te d  th re e  tim e s  w ith  w a te r  a n d  
d ried  w ith  a n h y d ro u s  so d iu m  su lfa te . R e m o v a l o f th e  so lv e n t 
o n  a  s te a m  b a th  g ave  14.91 g of a  v isco u s, o ra n g e  oil w h ich  soon 
becam e  e n tire ly  c ry s ta llin e . T h re e  re c ry s ta lliz a tio n s  from  hex
a n e  a ffo rd ed  6 .17  g (4 1 % ) of p u re  V , m p  9 3 -9 4 .5 ° . T h e  n u c lear 
m ag n e tic  re so n an ce  (n m r)  sp e c tru m  (C C b ) c o n sisted  of a  m u lti-  
p le t  fo r th e  a ro m a tic  p ro to n s  ( r  2 .3 5 -3 .6 0 ; in te g ra l 13 .0 ) a n d  a 
single  p e a k  fo r th e  m e th y l p ro to n s  (7 .7 2 ; in te g ra l  6 .1 ) . T h e  
in fra re d  sp e c tru m 11 ( C H C I 3 ) d isp lay e d  C = N  a b so rp tio n  a t  1670 
c m -1 a n d  a ry l  e th e r  a b so rp tio n  a t  1253 c m -1 .

Anal. C a lcd  fo r C 2iH i9N O : C , 8 3 .6 9 ; H , 6 .3 5 ; N ,  4 .6 5 . 
F o u n d : C , 8 3 .9 ; H , 6 .0 ; N , 4 .6 .

N-(2,6-Dimethylphenyl)benzanilide (VI).— A  sa m p le  o f 1 .935 
g  (0 .00643 m ol) of V  w as sea led  in  a  p a r t ia l ly  e v a c u a te d  C ariu s 
tu b e  u n d e r  n itro g e n  a n d  th e n  h e a te d  a t  300° fo r 30 m in . T h e  
v e ry  s lig h tly  ye llow  m a te ria l  th u s  o b ta in e d  w as sh o w n  sp ec
tro sco p ica lly  a n d  b y  th in  lay e r  c h ro m a to g ra p h y  to  be  d ev o id  of 
a n y  s ta r t in g  m a te ria l ( I I ) .  T h e  n m r sp e c tru m  (C C b ) d isp lay ed  
a  com plex  m u lt ip le t ,  e n tire ly  d iffe re n t fro m  t h a t  of I I ,  b e tw een  
t 2 .44  a n d  3 .30  ( in te g ra l 13.0) a n d  a  sing le  sh a rp  p e a k  a t  7 .85  
( in te g ra l 5 .8 ) . T h e  in fra re d  sp e c tru m 11 ( C H C I 3 ) sh o w ed  a  
t e r t ia ry  a m id e  c a rb o n y l a b so rp tio n  a t  1645 a n d  a  te r t i a r y  p h e n y l 
a m in e  b a n d  a t  1345 c m -1 a n d  n o n e  of th e  c h a ra c te ris tic  b a n d s  
of I I .  T h e  sp e c tra  a re  c o n s is te n t w ith  th e  s t ru c tu r e  of V I. 
O ne re c ry s ta lliz a tio n  from  h ex an e  ( s ta r t in g  w ith  1.66 g) g av e  1.21 
g (7 3 % ) of p u re  V I, m p  9 5 -9 7 ° .

Anal. C a lcd  fo r C 2iH i9N O : C , 8 3 .6 9 ; H , 6 .3 5 ; N , 4 .6 5 . 
F o u n d : C ,8 3 .6 ;  H , 6 .4 ; N ,4 .5 :

Id e n tic a l  re su lts  w ere o b ta in e d  (as in d ic a te d  b y  th e  n m r 
sp e c tru m ) w hen  th e  re a c tio n  w as c a rr ied  o u t  in  a ir  o r  in  n itro g e n  
(in  C a riu s  tu b e s  sea led  a t  a tm o sp h e ric  p re ssu re ) . In te re s t in g ly , 
th e  n m r sp e c tru m  of V I w as fo u n d  to  be  te m p e ra tu re  d e p e n d e n t. 
As th e  sam p le  te m p e ra tu re  w as d e creased  below  3 8 ° , th e  p e a k  for 
th e  m e th y l p ro to n s  (Wh =  1.4 cps a t  3 8 ° )  g ra d u a lly  b ro a d en e d  
a n d  a t  ca. 7 .5 °  tw o  b ro a d  p e a k s  a p p e a re d  a n d  th e se  b ecam e  
sh a rp e r  a s  th e  te m p e ra tu re  w as lo w ered . A t —3 1 ° , th e  w id th  a t  
h a lf -h e ig h t fo r e ach  w as 1.5 cps. T h e  ra tio  of th e  a re a s  of th e  
low -field a n d  h igh-fie ld  p e ak s  w as 5 6 :4 4 . T h is  p h e n o m e n o n  is 
u n d o u b te d ly  th e  re su lt  of h in d e re d  ro ta t io n  a ro u n d  th e  C — N  
a m id e  b o n d .

2.6- Di-l-butylphenyl N-Phenylbenzimidate ( I I I ) .— E x a c tly  
10.00 g (0 .0486  m o l) of 2 ,6 -d i- l-b u ty lp h e n o l a n d  0.1 g of tr i-  
p h e n y lm e th a n e  w ere  d isso lved  in  150 m l of te t r a h y d ro fu ra n .  
W hile  th e  so lu tio n  w as s t ir re d  u n d e r  n itro g e n , ca. 31 m l of 1.6 M 
b u ty ll i th iu m  in  h ex an e  w as a d d e d  w h e reu p o n  th e  re d  color of th e  
tr ip h e n y lm e th y l c a rb a n io n  ju s t  a p p e a re d . T h e n  10.47 g 
(0 .0486  m o l) of N -p h e n y lb en z im id o y l ch lo rid e  in  75 m l o f t e t r a 
h y d ro fu ra n  w as a d d e d  a n d  th e  sy s te m  w as s t i r r e d  o v e rn ig h t a t  
ro o m  te m p e ra tu re  u n d e r n itro g e n . A fte r  th e  re a c tio n  m ix tu re  
w as co m b in ed  w ith  400 m l o f e th y l  e th e r ,  i t  w as e x tra c te d  w ith  
w a te r ,  d r ied  w ith  a n h y d ro u s  m ag n e s iu m  su lfa te ,  a n d  freed  of 
so lv e n t on  a  ro ta ry  e v a p o ra to r .  A  v isco u s, re d  oil (19 .35  g )  w as 
th u s  o b ta in e d . C h ro m a to g ra p h y  o n  400  g o f a lu m in a , u sin g  
h ex an e  as e lu tio n  so lv e n t, a ffo rd ed  som e 2 ,6 -d i- i-b u ty lp h e n o l a n d  
a n o th e r  im p u re  co m p o u n d  w h ich  e x h ib ite d  in fra re d  a b so rp tio n  
a t  1670 a n d  1270 c m -1, ty p ic a l of 2 ,6 -d is u b s titu te d  p h e n y l 
N -p h e n y lb e n z im id a te s . T w o  re c ry s ta lliz a tio n s  fro m  m e th a n o l 
a ffo rd ed  4 .2 8  g (2 3 % ) of colorless p la te s ,  m p  1 2 7 .5 -1 2 8 .5 ° . T h e  
sp e c tra  o f th is  m a te ria l  w ere c o n s is te n t w ith  th e  s t ru c tu r e  o f I I I .

(8) L. M . S to ck  a n d  H . C. B row n , A dvan . P h y s . Org. C hem ., 1, 72 (1963) 
[en try  no. 1 in  T a b le  12: p a r t ia l  r a te  fac to rs  fo r ortho a n d  para  s u b s t i tu t io n  
in  i-b u ty lb e n z e n e  (o r th o /p a ra  =  4 .9 7 :8 0 6 )].

(9) J . W . S chu lenberg  a n d  S. A rcher, J . A m er. Chem. Soc., 82, 2035 (1960).
(10) J . v o n  B ra u n  a n d  W . P in k ern e lle , Ber., 67, 1218 (1934).



2248 R e l l e s
The Journal of Organic Chemistry

In f ra re d  b a n d s  w ere  p re se n t  fo r th e  C - N  v ib ra t io n 11 (1670 
c m -1) a n d  fo r th e  a ry l  e th e r  v ib ra t io n 11 (1263 c m -1). T h e  n m r 
sp e c tru m  c o n sisted  of a  com plex  m u lt ip le t  fo r th e  a ro m a tic  p ro 
to n s  (t 2 .3 2 -3 .5 7 ; in te g ra l 12 .4 ) a n d  a  sing le  sh a rp  p e a k  fo r th e  
¿-bu ty l p ro to n s  (8 .5 6 ; in te g ra l  18 .4 ).

Anal. C a lc d  fo r C 2,H 31N O : C , 8 4 .11 ; H , 8 .1 1 ; N , 3 .63 . 
F o u n d : C , 8 4 .5 ; I I ,  7 .8 ; N , 3 .5 .

N -(2 ,6 -D i-i-b u ty lp h e n y l)b e n z a n ilid e  (VII).— A  1.00-g  sa m p le  
of I I I  w as sea led  in  a  glass tu b e  in  a ir  a n d  h e a te d  a t  305° fo r 30 
m in . T h e  re su ltin g  cooled  m ass w as sa m p le d  (rem o v ed  0 .10  g) 
a n d  e x am in ed  b y  n m r sp e c tro sco p y  (CC14). B esides com pli
c a te d  changes t h a t  h a d  o c cu rre d  in  th e  a ro m a tic  reg io n , tw o  new  
sing le  p e ak s  a p p e a re d  a t  r  8 .88  a n d  8 .67 , a n d  th e  ¿ -b u ty l-p ro to n  
p e a k  of I I I  a t  8 .56  h a d  d im in ish ed  p ro p o r tio n a te ly . T h e  n m r 
in te g ra tio n  in d ic a te d  th a t  5 5 %  of th e  s ta r t in g  m a te ria l  ( I I I )  w as 
s till p re se n t .  V ap o r p h a se  c h ro m a to g ra p h y  (v p c ) (2 f t ,  10%  
p o ly p h e n y l e th e r ; h e liu m  flow  =  72 c c /m in ;  2 7 5 ° , iso th e rm a l)  
in d ic a te d  t h a t  I I I  ( re te n tio n  tim e  =  10.0 m in ) a n d  one  o th e r  
c o m p o u n d  (re te n tio n  tim e  =  18.0 m in ) w ere  p re se n t  in  th e  a p 
p ro x im a te  r a t io  of 5 3 :4 7 .

T h e  re m a in in g  0 .90  g of th e  re a c tio n  m ix tu re  w as se a le d  in  th e  
glass tu b e  ag a in  a n d  h e a te d  a t  ca. 310° for 6 h r  m o re  a n d  th e n  
coo led  to  ro o m  te m p e ra tu re . T h e  n m r sp e c tru m  (CC14) of th is  
m a te ria l  show ed  o n ly  a  tra c e  of I I I ,  tw o  m a jo r  p e a k s  a t  t 8 .88  
a n d  8 .68 , a n d  a  m inor p e a k  a t  8 .52 . V pc show ed  t h a t  th e  p re v i
o u sly  o b se rv ed  long  re te n tio n  tim e  p e a k  now  a c c o u n te d  for 
g re a te r  th a n  9 0 %  of th e  re a c tio n  m ix tu re  w hile  less th a n  5 %  w as 
re s id u a l I I I .  T w o  im p u ritie s  w ere also  o b se rv ed  in  th e  v p c .

T h e  in fra re d  sp e c tru m  of th e  c ru d e  re a c tio n  m ix tu re  show ed  
s tro n g  a b so rp tio n s  a t  1640 a n d  1345 c m “ 1, ty p ic a l of c a rb o n y l 
a n d  t e r t ia ry  p h e n y l am in e  b a n d s , re sp e c tiv e ly , o f th e  o th e r  te r 
t ia ry  am id es re p o r te d  h e re in .

W h e n  I I I  w as h e a te d  a t  258 or 275° in  d ip h en y l e th e r  (c =  
0 .303  M  o r 0 .5  M, re sp ec tiv e ly ) , o n ly  th e  r  8 .8 8  a n d  8 .6 8  p eak s  
a p p e a re d , b esides com plex  changes in  th e  a ro m a tic  reg io n . T h e  
ra tio  of th ese  tw o  p e ak s  (ca. 2 .2 ) re m a in e d  c o n s ta n t  as th e  p e a k  
for th e  ¿ -bu ty l p ro to n s  of I I I  ( r  8 .56 ) d im in ish ed  w ith  tim e . T h is  
w as th e  sam e  ra tio  as o b se rv ed  p re v io u s ly  fo r th e se  tw o  p e ak s  
w h ich  a ro se  w hen  I I I  w as h e a te d  a t  310° w ith o u t so lv e n t.

T h e  n m r sp e c tru m  of a  d ip h en y l e th e r  so lu tio n  of I I I  (orig i
n a lly  0 .5  M ) t h a t  h a d  been  h e a te d  a t  275° fo r 11.75 h r  (on ly  2 7 %  
of I I I  le f t)  w as re co rd e d  a t  v a rio u s  te m p e ra tu re s , ra n g in g  from  
29 to  166°. O n h e a tin g , th e  r  8 .8 8  a n d  8 .68  p e ak s  (Wh =  1.3 
a n d  1.4 cps, re sp ec tiv e ly , a t  2 9 ° )  g ra d u a lly  b ro a d e n e d  a n d  o v e r
la p p e d . C oalescence  o c cu rre d  a t  138°; th e  s ing le  p e a k  becam e  
sh a rp e r  a s  th e  te m p e ra tu re  w as ra ise d ; a n d , a t  166°, th e  w id th  
a t  h a lf-h e ig h t w as 1.9 cps. O n  cooling  to  ro o m  te m p e ra tu re ,  
th e  o rig in a l sp e c tru m  w as re g e n e ra te d . T h u s ,  i t  a p p e a rs  t h a t  
th e  ex p ec ted  p ro d u c t  (V II )  is o b ta in e d  a n d  i t  ex ists a t  room  
te m p e ra tu re  as tw o  ro ta t io n a l  isom ers w h ich  in te rc o n v e r t  slow ly  
en o u g h  to  b e  d is tin g u ish e d  b y  n m r sp e c tro sco p y .

T h e  c ru d e  p ro d u c t,  o b ta in e d  b y  h e a tin g  0 .90  g of I I I  a t  310° 
(see a b o v e ) , w as c h ro m a to g ra p h e d  o n  a c t iv ity  I  W oelm  a lu m in a . 
A fte r  e lu tin g  w ith  p e n ta n e  (n o th in g  o b ta in e d )  a n d  9 5 :5  p e n ta n e -  
d ie th y l  e th e r  (reco v e red  less th a n  5 %  of I I I ) ,  6 0 :4 0  p e n ta n e -  
d ie th y l  e th e r  a ffo rd ed  0.71 g (7 9 %  iso la te d  y ie ld ) of a  colorless, 
v iscous oil w h ich  w as hom ogeneous b y  v p c . T h e  n m r sp e c tru m  
(C C h ) sh o w ed  a ro m a tic  p ro to n s  ( r  2 .2 -3 .4 ;  in te g ra l 12.6) a n d  
tw o  ¿ -bu ty l p e ak s  a t  8 .6 8  a n d  8 .89  fo r th e  tw o  d iffe ren t ro ta m e rs  
( to ta l  in te g ra l 18 .0).

A fte r  sev e ra l d a y s , th e  v iscous oil h a d  co m p le te ly  c ry s ta lliz ed ; 
th e  b ro a d  m e ltin g  p o in t, 1 2 9 -1 3 3 .5 ° , w as n o t  u n e x p e c te d  for a  
m ix tu re  of iso m ers . T h e  in fra re d  sp e c tru m  of th is  p ro d u c t 
show ed  1640- a n d  1343-cm -1 b a n d s  to  b e  ex p ec te d  fro m  th e  
c a rb o n y l a n d  t e r t ia ry  p h e n y l a m in e  b a n d s  of V I I .

Anal. C a lcd  for C ,7H 31N O : C , 8 4 .11 ; H , 8 .1 1 ; N , 3 .63 . 
F o u n d : C , 83 .9 ; H , 8 .0 ; N , 3 .4 .

2 -M e th y l-6 -p h e n y lp h e n y l N -P h e n y lb e n z im id a te  (IV).— T o  70 
m l o f 0 .76  M  so d iu m  e th o x id e  in  e th a n o l w as a d d e d  9 .203  g 
(0 .0500  m o l) of 2 -m e th y l-6 -p h e n y lp h en o l. A fte r  th e  p h en o l 
h a d  d isso lved , 10.775 g (0 .0500  m ol) of N -p h e n y lb en z im id o y l 
ch lo rid e  in  45 m l of e th y l  e th e r  w as a d d e d  w ith  c o n tin u o u s  s t i r 
r in g . A  p re c ip ita te  fo rm ed  a n d  th e  sy s te m  w a rm ed  s lig h tly . 
A fte r  15 h r  of s t ir r in g  a t  ro o m  te m p e ra tu re , th e  e n tire  sy s te m  w as 
a d d e d  to  250 m l of e th e r , e x tra c te d  w ith  w a te r ,  a n d  d ried  w ith  
a n h y d ro u s  so d iu m  su lfa te . R e m o v a l of th e  e th e r  g av e  18.082 g

(11) L . J . B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M o lec u le s ,” Jo h n  
W iley  a n d  S ons, In c .,  N ew  Y ork , N . Y ., 1958, p p  115, 205, 249, a n d  263.

of a  so lid  m a te r ia l  w h ich  w as su b s e q u e n tly  re c ry s ta lliz e d  th re e  
tim es  fro m  h ex an e  to  give 8 .14  g (4 5 % ) of IV , m p  9 0 -9 2 .5 ° .  
T h e  in fra re d  sp e c tru m  (C H C h ) show ed  C = N  a b s o rp t io n 11 
(1670 c m -1) a n d  a ry l  e th e r  a b so rp tio n 11 (1253 c m -1). T h e  n m r 
sp e c tru m  co n sis ted  of a  com plex  a ro m a tic  p ro to n  m u lt ip le t  
(t 2 .1 7 -3 .8 2 ; in te g ra l  18 .0) a n d  a  sing le  s h a rp  p e a k  fo r th e  m e th y l 
p ro to n s  (7 .6 3 ; in te g ra l 2 .9 ). O n e  m o re  re c ry s ta ll iz a tio n  fro m  
e th a n o l g av e  a n  a n a ly tic a l  sa m p le , m p  9 5 -9 7 ° .

Anal. C a lcd  fo r C 26H 2iN O :  C , 8 5 .92 ; H , 5 .8 2 ; N , 3 .8 6 . 
F o u n d : C , 8 5 .6 ; H , 5 .8 ; N , 3 .8 .

N -(2 -M e th y l-6 -p h e n y lp h e n y l)b e n z a n ilid e  (VIII).— A  sa m p le  
of IV  (1 .045 g, 0 .00288  m o l) w as sea led  in  a  n itro g e n  a tm o sp h e re  
in  a  C a riu s  tu b e  a n d  h e a te d  a t  300° fo r 30 m in . T h e  n m r  sp ec 
t ru m  ( C D C I 3 ) of th e  so lid  p ro d u c t  w as th e n  re c o rd e d . T h is  
sp e c tru m  show ed  a  b ro a d  single  p e a k  fo r th e  m e th y l  p ro to n s  
(t 7 .59 ; in te g ra l 2 .6 ) a n d  a  com plex  m u lt ip le t ,  e n tire ly  d iffe re n t 
in  co m p le x ity  fro m  t h a t  of IV , fo r th e  a ro m a tic  p ro to n s  (2 .2 1 -  
3 .86 ; in te g ra l  18 .0 ). T h e  in fra re d  sp e c tru m  of th is  u n p u rif ie d  
p ro d u c t d isp lay e d  a  te r t ia r y  a m id e  c a rb o n y l a b s o rp t io n 11 (1635 
c m -1) a n d  a  te r t i a r y  p h e n y l a m in e  a b so rp tio n 11 (1345 c m -1 ) a n d  
in d ic a te d  t h a t  IV  w as c o m p le te ly  a b se n t.

Id e n tic a l  re su lts  w ere  o b ta in e d  w h en  IV  w as h e a te d  a t  300° fo r 
30 m in  in  a ir  in  a  sea led  tu b e .

T h e  p ro d u c ts  fro m  b o th  th e  n itro g e n  a n d  th e  a ir  ru n s  (see 
a b o v e )  w ere  c o m b in ed  ( to ta l  1 .66  g ) a n d  re c ry s ta lliz e d  fro m  
e th a n o l to  a ffo rd  1.44 g (8 7 % ) of p u re  a m id e  ( V I I I ) ,  m p  1 8 7 - 
189°.

Anal. C a lc d  fo r C 26H 2iN O :  C , 8 5 .9 2 ; H , 5 .8 2 ; N , 3 .8 6 . 
F o u n d : C , 8 5 .5 ; H , 5 .6 ; N , 3 .7 .

T h e  n m r sp e c tru m  of V I I I  w as fo u n d  to  b e  te m p e ra tu re  d e 
p e n d e n t.  A t 6 0 ° , th e re  w as o n e  p e a k  fo r th e  m e th y l p ro to n s  
h a v in g  a  w id th  a t  h a lf -h e ig h t o f 2 cps; a t  3 8 ° , th is  sing le  p e a k  
h a d  a  w id th  a t  h a lf -h e ig h t of 3 .6  cps; a t  18°, tw o  b ro a d  p e a k s  
b e g an  to  a p p e a r ;  a n d  a t  —3 9 °, tw o  s h a rp  p e ak s , b o th  h a v in g  a  
w id th  a t  h a lf-h e ig h t of 1.5 cps, w ere  p re se n t .  (T h e  ra t io  o f th e  
low -field a n d  h igh-fie ld  p e ak s  w as 8 5 :1 5 .)

A g a in , as in  th e  cases of V I a n d  V I I ,  h in d e re d  ro ta t io n  a ro u n d  
th e  C — N  a m id e  b o n d  seem s e v id e n t.

2 ,6 -D ip h e n y lp h en y l N -P h e n y lb e n z im id a te  (V).— A  so lu tio n  of 
12.301 g (0 .0500  m o l) o f 2 ,6 -d ip h e n y lp h e n o l in  70 m l of 0 .76  M  
so d iu m  e th o x id e  in  e th a n o l w as p re p a re d . W hile  th is  so lu tio n  
w as s t ir re d , 10.774 g (0 .0500  m o l) of N -p h e n y lb e n z im id o y l 
ch lo rid e  in  45 m l of e th y l  e th e r  w as a d d e d , w h e reu p o n  h e a t  w as 
ev o lv ed  a n d  a  p re c ip ita te  a p p e a re d . S tir r in g  w as c o n tin u e d  for 
15 h r  a t  ro o m  te m p e ra tu re .  T h e n  th e  re a c tio n  m ix tu re  w as 
p o u re d  in to  e th e r ,  e x tra c te d  w ith  w a te r ,  a n d  d r ie d  w ith  a n 
h y d ro u s  so d iu m  su lfa te .  R e m o v a l o f th e  so lv e n t g av e  19 .90 g of 
a  v iscous re s id u e  w h ich  c ry s ta lliz ed  w h en  s t i r r e d  w ith  a  l i t t le  
h e x an e . A t te m p te d  re c ry s ta lliz a tio n  fro m  h e x an e  g av e  tw o  
d is t in c t  ty p e s  of c ry s ta ls , ir re g u la r ly  sh a p e d  w h ite  ones a n d  
o ra n g e  p rism s. A ll of th e  so lv e n t w as re m o v e d  fro m  th e  re 
c ry s ta lliz a tio n  sy s te m s , th e  re s id u e  w as d isso lv ed  in  a  m in im u m  
of c h lo ro fo rm , a n d  th e  ch lo ro fo rm  so lu tio n  w as p lac ed  o n  a  
co lu m n  of 760 g of a lu m in a  in  h e x an e . E lu t io n  w ith  5 0 :5 0  
( v /v )  h e x a n e -e th e r  g av e  15.86 g of a  w h ite  so lid . R e c ry s ta lliz a 
tio n  fro m  h e x an e  g av e  12.88 g (6 1 % ) of V , m p  1 1 7 .5 -1 2 0 .5 ° . 
T h e  in fra re d  sp e c tru m  (C H C h ) show ed  a  C = N  a b s o rp t io n 11 
(1670 c m -1) a n d  a n  a ry l  e th e r  a b so rp tio n 11 (1249 c m -1). T h e  
n m r sp e c tru m  (C D C h )  show ed  o n ly  a ro m a tic  p ro to n s  as a  com 
p lex  m u lt ip le t  ( r  2 .1 9 -3 .9 7 ) .

Anal. C a lcd  fo r C 3,H 23N O : C , 8 7 .50 ; H ,  5 .4 5 ; N , 3 .29 . 
F o u n d : C , 8 7 .3 ; H , 5 .5 ; N , 3 .2 .

N -(2 ,6 -D ip h e n y lp h e n y l)b e n z a n ilid e  (IX).— A n a m o u n t  of V 
(1 .23  g) w as h e a te d  in  a ir  in  a  sea led  C a riu s  tu b e  a t  300° fo r 30 
m in . T h e  p ro d u c t w as re c ry s ta llize d  fro m  e th a n o l to  g iv e  0 .8 9  
g (7 2 % ) of I X ,  m p  1 5 9 -1 6 0 .5 ° . T h e  in fra re d  sp e c tru m  sh o w ed  a  
te r t i a r y  a m id e  c a rb o n y l a b so rp tio n 11 (1645 c m -1) a n d  a  te r t i a r y  
p h e n y l a m in e  b a n d 11 (1350 c m -1). T h e  n m r sp e c tru m  sh o w ed  
o n ly  a  com plex  a ro m a tic  p ro to n  m u lt ip le t ,  e n tire ly  d iffe re n t in  
co m p le x ity  fro m  t h a t  of V, b e tw ee n  t 2 .4 5  a n d  4 .1 2 . T h e  u se  of 
a n  in te rn a l  s ta n d a rd  in d ic a te d  t h a t  th is  p ro d u c t ( IX )  c o n ta in e d  
th e  re q u ire d  n u m b e r of a ro m a tic  p ro to n s  {i.e., 23) p e r  m o lecu le .

Anal. C a lc d  fo r C 3lI I 23N O : C , 87 .50 ; H , 5 .4 5 ; N ,  3 .29 . 
F o u n d : C , 8 7 .8 ; H , 5 .6 ; N , 3 .1 .

K in e tic  Runs.— A p p ro x im a te ly  0 .3  M  so lu tio n s  of I I ,  I I I ,  IV , 
a n d  V in  d ip h e n y l e th e r  w ere  p re p a re d . S am p les  of I I ,  I I I ,  a n d  
IV  w ere  sea led  in  n m r tu b e s  a n d  h e a te d  in  a  re flu x in g  d ip h e n y l 
e th e r  b a th  a t  2 5 8 .0 ° . T h e  sam p les  w ere  w ith d ra w n  p e r io d i
ca lly  a n d  coo led  to  ro o m  te m p e ra tu re , a n d  th e  d im in u tio n  in  th e  
a m o u n t of s ta r t in g  m a te ria l w as d e te rm in e d  b y  n m r  sp e c tro s 



Vol. 33, No. 6, June 1968 N e w m a n - K w a r t  R e a r r a n g e m e n t  2249

copy . S ev e ra l sam p les of th e  sam e  0 .3  M  so lu tio n  of V  w ere 
sea led  in  P y re x  tu b e s , a ll of w h ich  w ere  p lac ed  in to  th e  258 .0° 
b a th  s im u lta n eo u s ly . S am ples w ere  re m o v e d  a t  v a rio u s  tim es, 
cooled to  room  te m p e ra tu re , a n d  d ilu te d  w ith  ch lo ro fo rm , a n d  th e  
a m o u n t of V  re m a in in g  w as d e te rm in e d  b y  in fra re d  sp e c tro sco p y . 
B y  th ese  s e m iq u a n tita t iv e  m e th o d s , r a te  c o n s ta n ts  for th e  re 
a rra n g e m e n ts  of th ese  im id a te s  cou ld  be  d e te rm in e d  a n d  a re  
g iv en  in  T a b le  I .

Registry No.—II, 16240-81-6; III, 16240-82-7; 
IV, 16240-83-8; V, 16240-84-9; VI, 16240-85-0; 
VII, 16240-86-1; VIII, 16240-87-2; IX, 16240-88-3.
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A series of O -a ry l d im e th y lth io c a rb a m a te s  h a v e  b e e n  p re p a re d  a n d  th e ir  ra te s  of r e a r ra n g e m e n t to  th e  c o rre 
sp o n d in g  S -a rjd  d im e th y lth io c a rb a m a te s  h a v e  b e e n  d e te rm in e d . S te ric  a c c e le ra tio n  of r a te s  d u e  to  h in d e re d  
ro ta t io n  (a s  fo u n d  also  in  th e  C h a p m a n  re a r ra n g e m e n t)  a p p e a re d  to  be  p re se n t  in  th e  o rf /io -su b s titu ted  com 
p o u n d s  in  th is  series. A  c o rre la tio n  of th e  ra te s  w ith  s u b s ti tu e n t  c o n s ta n ts  a n d  a  se p a ra tio n  of p o la r  a n d  s te r ic  
effec ts w ere  ach iev ed .

Intramolecular migration of aryl groups between 
adjacent atoms occurs quite commonly in organic 
chemistry. Much less common, however, are in
tramolecular migrations between nonadjacent atoms. 
Some examples of this latter type of reaction are the 
Chapman rearrangement1 (reaction 1), the Schonberg 
rearrangement2 (reaction 2), the Smiles rearrange
ment3 (reaction 3), and the recently reported con
version of O-aryl dialkylthiocarbamates into S-aryl 
dialkylthiocarbamates4 (reaction 4), hereinafter re
ferred to as the Newman-Kwart rearrangement. The

(1) F o r  a  re c e n t rev iew , see J .  W . S ch u len b erg  a n d  S. A rcher, Org. Reac
tions, 14, 1 (1965).

(2) H . R . A l-K az im i, D . S. T a rb e ll, a n d  D . P la n t , J . A m er. Chem. Soc., 
77 , 2479 (1955); D . H . P ow ers  a n d  D . S. T a rb e ll, ib id ., 78, 70 (1956).

(3) J . F . B u n n e t t  a n d  T . O k am o to , ib id ., 78, 5363 (1956).
(4) M . S. N ew m an  a n d  H . A. K a rn es , J . Org. Chem ., 31, 3980 (1966); 

H . K w a r t a n d  E . R . E v a n s , ib id ., 31 , 410 (1966).

present paper is concerned mainly with the Newman- 
Kwart and Chapman rearrangements.

It has been reported5 that the Chapman rearrange
ment is an intramolecular nucleophilic-aromatic sub
stitution reaction and that ortho substituents in the 
migrating aromatic ring enhance the rate5-7 (steric 
acceleration due to hindered rotation (SAHR) ef
fect6). The apparent similarity between this reaction 
and the Newman-Kwart rearrangement prompted a 
kinetic investigation of the latter in order to determine 
whether or not the postulated SAHR effect in the 
Chapman rearrangement was evident in the Newman- 
Kwart rearrangement also.

Results
The O-aryl dimethylthiocarbamates (A1-A13) used 

in the present study were prepared from the cor
responding phenols by the method of Newman and 
Karnes.4 The previously unknown materials (A2, 
A4-A10, A12, and A13) were identified by their nmr 
and infrared spectra and by their elemental analyses.

A

1, R  =  4 - 0  C H 3
2, R  =  4-C H s
3, R  =  4-i-C 4H 9
4, R  =  H
5, R  =  4 -B r
6, R  =  4 -C 6H 5
7, R  =  2 -C H 3

B

8 , R  =  2 ,6 -(C H 3)2
9, R  =  2 -Î-C 4H 9

10, R  =  2-i-C 4H 9-4 -C H 3
11, R  =  2 ,6 -(i-C 4H 9)2-4 -C H 3
12, R  =  2 -C 6H 6
13, R  =  2 ,6 -(C 6H 5)2
14, R  =  4 - N 0 2

These same previously unkown compounds were 
each heated neat at 258° for times necessary for

(5) K . B . W iberg  a n d  B . I .  R o w lan d , J .  A m er. Chem. Soc., 77 , 2205 (1955),
(6) H . M . R elles, J .  Org. Chem ., 33, 2245 (1968).
(7) C onverse ly , in  î'n ie rm olecu lar n u c le o p h ilic -a ro m a tic  s u b s t i tu t io n  reac 

tio n s , ortho s u b s t i tu e n ts  s te rica lly  cause  r a t e  d ep ress ions  (ab sen ce  of S A H R  
effec t). See, fo r exam p le , (a) A. M . P o rto , L . A ltiere , A. J . C as tro , a n d  J . A. 
B rieux , J .  Chem. Soc., Sect. B , 963 (1966); (b) N . E . S b a rb a t i, J . Org. Chem., 
30, 3365 (1965); (c) P . V an  B erk , J . O. M . V an  L angen , P . E . V erk ad e , a n d  
B . M . W e p ste r, Rec. Trav . C him . P a y s-B a s, 75 , 1137 (1956); (d) P . J .  C . 
F ie re n s  a n d  A. H alleux , B u ll. Soc. C him . Beiges, 64, 696 (1955).
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their complete rearrangement to the corresponding
S-aryl dimethylthiocarbamates (B2, B4-B10, B12, and 
B13, respectively). In every case, the product was 
found to be essentially pure by nmr spectroscopy. 
Each was recrystallized and identified by its elemental 
analysis and nmr and infrared spectra. The conver
sions of Al, A3, A ll, and A14 into Bl, B3, B ll, and 
B14, respectively, have been reported4 previously.

In agreement with the recent study of Neuman, 
Roark, and Jonas,8 it was observed that the nmr spec
trum of each A isomer displayed a well-resolved doublet 
at room temperature for the (CH3)2N group, whereas 
each corresponding B isomer showed, for this group, 
a single sharp peak shifted upfield somewhat from the 
doublet of A. This type of nmr spectral difference was 
also noted by Newman and Karnes4 for the isomeric 
pairs which they prepared. This difference provided 
a relatively simple method for following the rates of 
rearrangement of the A isomers to the corresponding 
B isomers in diphenyl ether. The observed rate con
stants are listed in Table I.

T a b l e  I
R a t e  C o n s t a n t s  f o b  t h e  N e w m a n - K w a b t  R e a r r a n g e m e n t  

i n  a  0.3 M  S o l u t i o n  o f  D i p h e n y l  E t h e r  a t  258.2°
C om pd k  X  104, s e c -1

Al 1.09 ±  0.05
A2 2.80 ±  0.10
A3 3.25 ±  0.05
A4 5.70 ±  0.20
A5 11.3 ±  0.2
A6 7.95 ±  0.15
A7 5.45 ±  0.25
A8 4.75 ±  0.05
A9 1.09 ±  0.03
A10 0.595 ±  0.005
A ll 0.0390 ±  0.0010
A12 4.80 ±  0.05
A13 4.70 ±  0.10

In one case, A9 -> B9, a fourfold increa
initial concentration gave no change in the k  value, 
thus indicating that the rearrangement was first order 
in A9. Newman and Karnes found4 that the rear
rangement of A14 was also unimolecular. It, there
fore, does not seem unreasonable to assume that the 
other A isomers studied herein rearranged by uni
molecular processes also.9

The rates of rearrangement of A2, A4, A7, and A8 
were similarly determined at 232.3°. These k values are 
similarly determined at 232.3°. These k values are 
listed in Table II along with the calculated enthalpy 
and entropy of activation.

Discussion

Evidence that (at least) A2, A4, A7, and A8 re
arrange by a common mechanism is provided by the 
excellent straight-line plot of log /c258.2° against log 
&232.3° (correlation coefficient = 0.990), which ful
fills Exner’s criterion.10

(8) R . C. N e u m a n , J r . ,  D . N . R o a rk , a n d  V. Jo n a s , J .  A m er. Chem. Soc., 
89 , 3412 (1967).

(9) P o w ers  a n d  T a rb e ll  show ed* t h a t  th e  s tru c tu ra l ly  s im ila r  S ch o n b e rg  
re a r ra n g e m e n t of b is (4 -c h lo ro p h e n y l) th io n c a rb o n a te  to  b is(4 -ch lo ro p h en y l)-  
th io lc a rb o n a te  d isp la y ed  firs t-o rd e r  k in e tic s . F u r th e rm o re , W ib erg  a n d  
R o w la n d  fo u n d 5 t h a t  th e  C h a p m a n  re a r ra n g e m e n t p ro ceed ed  b y  firs t-o rd e r 
k in e tic s .

T a b l e  II
A c t i v a t i o n  P a r a m e t e r s  a n d  R a t e  C o n s t a n t s  

FOR TH E N E W M A N -K W A R T  R EA R R A N G EM EN T IN  0.3 M  SO LU TIO N S  

o f  D i p h e n y l  E t h e r  a t  232.3°
C o m p d k X 10B, s e c -1 A / l A , k c a l/m o l A S A , eu

A2 4.35 ±  0.15 37.3 ±  1.5 - 6 .0  ±  2.5
A4 8.0 ±  0.25 39.5 ±  1.5 - 0 .4  ±  2.5
A7 7.9 ±  0.20 38.8 ±  1.5 - 1 .7  ±  2.5
A8 6.60 ±  0.10 39.7 ±  1.5 - 0 .2  ±  2.5

It is apparent from a comparison of the rate con-
stants for A2, A7, and A8 that there is a rate-en
hancing effect present in A7 and A8 which is con
siderably more important than the rate-depressing 
inductive and steric-compressive effects of methyl 
groups. This is most likely the SAHR effect pre
viously found5’6 to be of importance in the Chapman 
rearrangement. Although there is considerable un
certainty involved, the trend in the A S  + values for 
A2, A7, and A8 (Table II) indicates that the rate en
hancements of A7 and A8 arise from decreased AtS .̂ 
That is, the o-methyl substituents cause an entropy 
loss in A7 and A8, relative to A2, even before re
arrangement occurs by hindering free rotation around 
the carbon-oxygen bonds. The restriction of this 
mode of rotation is precisely that which is required for 
the formation of the four-membered ring during re
arrangement.

Also as in the Chapman rearrangement, steric com
pression apparently overrides the SAHR effect for
i-butyl groups in the Newman-Kwart rearrangement. 
Thus, A9 rearranges only one-third as fast at A3.

The above discussion serves to indicate somewhat 
qualitatively that the same sort of effects are operative 
in the Chapman and Newman-Kwart rearrangement. 
However, the separation of polar and steric contributions 
to ortho substituent constants in both rearrangements 
can be achieved by a more quantitative approach, as 
follows.

Since direct attack occurs on a ring carbon during 
the rearrangements, the use of a set of substituent 
parameters other than <r seems desirable. Indeed, 
when the logarithms of the rate constants for A1-A6 
(in which no steric effects are involved) were plotted 
against the corresponding a  values,11 a least-squares 
line was obtained which had a correlation coefficient 
of only 0.839. Similarly, in the Chapman rearrange
ment, the plot of log k ’s  for C1-C9 vs. a  gave a corre
lation coefficient of 0.925.

Intermolecular nucleophilic-aromatic substitution re
actions resemble the Chapman and Newman-Kwart 
rearrangements in that they also involve direct attack 
on a ring carbon and placing of negative charge in the 
ring. From the kinetics of four different series of 
these reactions, Brieux and coworkers7a'12 were able 
to calculate p a ra  substituent constants by using the 
p values obtained from plots of log k ’s  of meta-sub- 
stituted compounds against <r values obtained from the 
literature. Where comparisons could be made, the 
p a ra  substituent constants obtained in this way much 
more closely resembled <r~ (Hammett’s constants ob
tained from the reactions of anilines and phenols)

(10) O. E x n e r, Collect. Czech. Chem. C om m un., 29 , 1094 (1964).
(11) L . M . S to ck  a n d  H . C . B row n, A dvan . P h y s . Org. C hem ., 1, 89 (1963).
(12) W . G re ize rs te in , R . A. B onelli, a n d  J . A. B rieu x , J .  A m er . Chem . Soc ., 

84, 1026 (1962).
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than a. For the present discussion, Brieux’s series 
of substituent constants have been desginated as 
“o~"  constants.

Cl, R = 4-OCH3
2, R = 4-CH3
3, R = 4-i-C4H9
4, R = II
5, R = 4-C2H5
6, R = 4-f-C3H7
7, R = 4-C1
8, R = 4-Br

/ A
N
II

- ° \
C f t

C9, R = 3-CHs
10, R = 2-CHs
11, R = 2,6-(CH3)2
12, R = 2-i-C4H9
13, R = 2,6-(i-C4H9)2
14, R =  2,6-(C6H6)2
15, R = 2-CH3-6-C6H5
16, R = 2-f-C3H7

When these a ~  values were plotted against the log 
k ’s  for the Newman-Kwart rearrangement of A1-A6, 
the correlation coefficient was found to be 0.954 and 
p =  1.6213 (see Figure 1). For the Chapman rearrange-

Figure 1.—Least-squares plot of log k for the Newman-Kwart 
rearrangement of 4-substituted A at 258.2° vs. a~.

ment of C1-C4 and C7-C9,5,14 the correlation coefficient 
was 0.970 and p = 1.6313 15 (see Figure 2). (No im
provement in these correlations was found when log
k ’s  were plotted against linear combinations of <r~ and
a.16) From these p values, it was possible to calculate 
the substituent constants for the orf/w-substituted com
pounds in the Newman-Kwart (A7-A13) and in the 
Chapman (C10-C16) rearrangements. Furthermore, 
according to Taft16

polar _polar /C"!(fortho —— ^ para /

Using this same approximation for values, it was 
possible to calculate steric  substituent constants for the 
two rearrangements. These results are tabulated in 
Tables III, IV, and V.

(13) T h e  s im ila r ity  in  th e  p v a lu es  fu r th e r  s u p p o rts  th e  p ro p o sa l t h a t  th e  
m ech an ism s fo r th e  tw o  re a rra n g e m e n ts  a re  th e  sam e.

(14) C 5 a n d  C6 w ere o m itte d  from  th e  p lo t b ec au se  <r~ v a lu es  fo r P -C 2H 5 

a n d  p - i-C 3H 7 a re  n o t av a ilab le .
(15) T h e  use of lin ea r co m b in a tio n s  of s u b s t i tu e n t  co n s ta n ts  fo r im p ro v ed

r a t e  co rre la tio n s  has been  re p o r te d : (a) A. A. H u m ffray  a n d  J . J . R y an ,
J .  Chem . Soc., Sect. B , 468 (1967); (b) J . J . R y a n  a n d  A. A. H u m ffray , ib id ., 
842 (1966); (c) Y. T su n o , T . Ib a ta ,  a n d  Y. Y u k aw a , B u ll. Chem. Soc. Ja p ., 
32, 960 (1959); (d) Y . T su n o  a n d  Y . T u k a w a , ib id ., 32, 965, 971 (1959).

(16) R . W . T a f t ,  J r . ,  “ S te ric  E ffec ts  in  O rg an ic  C h e m is try ,’' Jo h n  W iley  
a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1956, p  556.

T a b l e  III
S e p a r a t io n  o f  P o la r  a nd  S t e r ic  E f f e c t s  

in  t h e  N e w m a n - K w a r t  R e a r r a n g e m e n t  in  0 .3  M  S o l u t io n s  
o f  D ip h e n y l  E t h e r  a t  258 .2°

C o m p d Log k O’ para° _ polar a O’ para _ ateric 
O’ para

A1 -3 .9 6 -0 .3 5 4 -0 .3 5 4 0.0
A2 -3 .5 5 -0 .2 1 6 -0 .2 1 6 0.0
A3 -3 .4 9 -0 .1 6 0 -0 .1 6 0 0.0
A4 -3 .2 4 0.0 0.0 0.0
A5 -2 .9 5 0.251 0.251 0.0
A6 - 3 .1 0 0.078 0.078 0.0

N e w m a n -K w a r t _ polar a,c 
°  ortho

N e w m a n -K w a r t
O’ ortho3 _ sterio a ortho

A7 - 3 .2 6 - 0.012 -0 .2 1 6 0.204
A8 -3 .3 2 -0 .0 4 9 -0 .4 3 2 0.383
A9 - 3 .9 6 -0 .4 4 4 -0 .1 6 0 -0 .2 8 4
A10 -4 .2 3 -0 .6 1 1 — 0.376<i -0 .2 3 5
A ll -5 .4 1 -1 .3 4 0 — 0 .536^ -0 .8 0 4
A12 -3 .3 2 -0 .0 4 9 0.078 -0 .1 2 7
A13 -3 .3 3 -0 .0 5 6 0.156 - 0.212
“ Average values for four intermolecular reactions; see ref 7a

and 12 . b Calculated from p = 1.62. c Assume that total a~ 
equals the sum of the individual <r“ 's; see ref 16; <r~^l ^  
<r~l°ar&a- d Includes < r ~ P a r a  for 4-CH3 group.

o

T a b l e  IV
S e p a r a t io n  o f  P o la r  a nd  St e r ic  E f f e c t s  

in  t h e  C h a pm a n  R e a r r a n g e m e n t  i n  0.3 M  S o l u t io n s  
o f  D ip h e n y l  E t h e r  a t  255°

C om pd Log k  ̂- a o para _ polar o C para _ steric O’ para
C l - 4 .8 0 s -0 .3 5 4 -0 .3 5 4 0.0
C2 - 4 .4 5 s -0 .2 1 6 -0 .2 1 6 0.0
C3 - 4 .4 2 s -0 .1 6 0 -0 .1 6 0 0.0
C4 -4 .1 2 s 0.0 0.0 0.0
C5 - 4 .4 3 s ( — 0 .19)c ( -0 .1 9 )8 0.0
C6 - 4 .4 2 s ( — 0.19)? ( -0 .1 9 ) ' 0.0
C7 - 3 .8 6 s 0.212 0.212 0.0
C8 - 3 .7 4 s 0.251 0.251 0.0
C9 - 4 .1 5 s -0 .0 6 9 -0 .0 6 9 0.0

C h a p m a n C h a p m a n
°  ortho ̂ O’ ortho O’ ortho

C I O - 4 .0 5 s 0.043 -0 .2 1 6 0.259
C ll - 3 . 9 1 ' 0.129 -0 .4 3 2 0.561
C 12 - 4 .6 4 s -0 .3 1 9 -0 .1 6 0 -0 .1 5 9
C13 - 5 .5 1 ' -0 .8 5 3 -0 .3 2 0 -0 .5 3 3
C14 - 3 .7 3 ' 0.239 0.156 0.083
C15 - 3 .8 1 ' 0.190 -0 .1 3 8 0.328
C16 - 4 .1 7 s -0 .0 3 1 ( -0 .1 9 ) ' (0.16)'

° Average values for four intermolecular reactions, see ref
and 12. s D ata from ref 5. '  No data reported in ref 7a and 12. 
Assumed that values would be intermediate between CH3 and 
t-C4H9 to a first approximation. d Calculated from p = 1.63. 
8 Assume that total <r~ equals the sum of the individual <r~ ’s (see 
ref 16); <r~”£  ^  '  Data from ref 6.

T a b l e  V
C o m pa r iso n  o f  St e r ic  E f f e c t s  in  t h e  N ew7m an - K w a r t  

a n d  C h a pm a n  R e a r r a n g e m e n t s

ortho N  e w m a n -K w a r t C h ap m an
s u b s t itu e n t(s ) _ sterio O’ ortho O’ ortho
2-CH3 0.204 0.259
2,6-(CH3)2 0.383 0.561
2 -Í-C 4 Ü 9 -0.284, -0.235 -0.159
2 ,6 -(£ -C 4 H g )2 -0.804 -0.533
2-C6H5 -0.127
2,6-(CeHñ)2 -0.212 0.083
2-CH3-6-C6H6 0.328
2 -Î-C3H7 (0.16)
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T a b l e  V I

O - A r y l  D i m e t h y l t h i o c a r b a m a t e s  

------------------ P ro to n  n m r  r  v a lu es  (no. of p ro tons)-
A ro m a tic N (C H 3)2 A r -C H 3 A r-C (C H 3) 3 C h a ra c te r is t ic

C o m p d M p , °C m u ltip le t D o u b le t sin g le t sin g le t i r  bands,®  c m ~ :

A2 86- 88* 2.72-3.22 (4 H) 6.63,6.74 (6 H) 7.77 (3 H) 1539,1200
A4C 170-175(0.25)d 2.47-3.1 (5 H) 6.68,6.80 (6 H) 1527, 1200
A5 84-86* 2.23-3.16 (4H) 6.60,6.74 (6 H) 1542, 1208
A6 139-141* 2.27-3.01 (9 H) 6.55, 6.67 (6 H) 1534, 1205
A7C 163-168 (0.2)-* 2.68-3.18 (4 H) 6.63,6.77 (6 H) 7.92 (3H) 1528, 1212
A8 80-82* 2.94 (3 H) 6.55,6.64 (6 H) 7.83 (6 H) 1535, 1172
A9 63-65* 2.53-3.28 (4 H) 6.60,6.67 (6 H) 8.66 (9 H) 1533, 1193
A10 72-74* 2.72-3.1 (3 H) 6.52,6.63 (6 H) 7.67 (3 H) 8.65 (9 H) 1522, 1208
A12 102-104* 2.47-2.9 (9 H) 6.72,6.94 (6 H) 1533, 1194
A13 132-133* "f 2.40-2.85 (13 H) 7.08,7.13 (6 H) 1535,1197

“ Characteristic bands were reported to be 1530-1560 and 1190-1230 cm-1 for a series of 29 compounds (see ref 4). * Recrystallized
from ethanol. c Some S-aryl compound was formed on distillation and remained as a small impurity in the O-aryl compound. Its 
presence was taken into account in the kinetic runs but did not affect the elemental analysis. i Boiling point (millimeter). e Recrys
tallized after distilling; the boiling point was 174-182° (0.13 mm). 1 Recrystallized after eluting from an alumina column with 1:3 
hexane-benzene.

Figure 2.—Least-squares plot of log k for the Chapman rear
rangement of 4-substituted C at 255° vs. u~.

Despite the approximations made above, the values 
for a - T Z 11 in both rearrangments are in agreement 
with the previously discussed {vide su p ra) competition 
between rate enhancement (SAHR effect) and rate de
pression. The rate-enhancing steric effect of a single
o-methyl group is almost the same in both rearrange
ments and, in each case, addition of a second o-methyl 
group causes further steric  rate enhancement by a 
factor of approximately two (see Table V).

Steric compression during rearrangement would be 
expected to be much more severe with i-butyl groups 
than with methyl groups and the negative sign of the 
<j ~ onno values for the ¿-butyl compounds shows that this 
rate-retarding compression overrides the SAHR effect. 
Although the values for the i-butyl compounds
are not the same in the two rearrangements, the ratio 
of the values for two i-butyl groups and one i-butyl 
group in both cases is ca. 3. This more-than-cumulative 
effect has been discussed previously6 and given a tent
ative structural interpretation.

A single isopropyl group has a value between 17

(17) I t  s h o u ld  b e  n o te d  t h a t  th e se  s te r ic  s u b s t i tu e n t  c o n s ta n ts  can  on ly  
a p p ly  to  in tram olecu lar  re a c tio n s  of th e  ty p e s  sh o w n  in  eq  1 -4  s ince  th e y  
in c lu d e  S A H R  effects. S A H R  effec ts  w ou ld  n o t b e  ex p ec ted  to  occu r in  
interm olec u la r  n u c le o p h ilic -a ro m a tic  su b s t itu t io n s .

those for methyl and i-butyl in agreement with the 
expected order of steric compression for the three 
groups (i-butyl >  ¿-propyl >  methyl). The positive 
sign of this <j ~ sf ĵio indicates that here, as in the methyl 
case, the SAHR effect is more important than steric 
compression.

It is probable that the compounds containing o- 
phenyl substituents give rise to small o'-6“,™ values be
cause of the approximate balance between steric com
pression and the SAHR effect. But the errors in
curred through the approximations used are ap
parently magnified in these cases since the sign of the 
<r~mno cannot even be stated.

There is another internal consistency which arises 
from the cr~Bfruw values for the Chapman rearrangement. 
The calculated value for 2-CH3-6-C6H5 is 0.328. This 
is very close to that which is obtained, 0.301, by 
adding the value for 2-CH3 to one-half of the value for
2,6-(C6H6)2 (see Table V).

Experim ental Section

All new compounds gave satisfactory elemental analysis and 
molecular weight determinations consistent with the assigned 
structures. Known compounds gave correct melting points and 
the expected spectral data.

Preparation of O-Aryl Dimethylthiocarbamates.—These com
pounds (A1-A13) were prepared under nitrogen from the ap
propriate phenol by the sodium hydride-DMF-dimethylthio- 
carbamoyl chloride method of Newman and Karnes.4 Their 
corrected melting points (or boiling points) and spectral data are 
given in Table VI. Infrared spectra were recorded as KBr 
pellets or in chloroform or carbon disulfide solution. Nmr 
spectra were taken in CCfi or CDCI3 using tetramethylsilane as 
an internal standard.

Preparation of S-Aryl Dimethylthiocarbamates.—These com
pounds were all obtained in high yield by heating the correspond
ing O-aryl dimethylthiocarbamate at 258° for the appropriate 
time (determined in the kinetic runs). Their physical constants 
and spectral data are given in Table VII. Infrared and nmr 
spectra were recorded as described for the O-aryl dimethylthio
carbamates.

Kinetic Runs.—A 0.3 M  solution of each A isomer in diphenyl 
ether was prepared, sealed in an nmr tube, and heated in a re
fluxing diphenyl ether bath at 258.2° (cor.). The nmr tube was 
removed at various intervals and its nmr spectrum was re
corded at room temperature. The relative amounts of A and B 
isomers present as a function of time at 258.2° were thus de
termined. Control experiments showed that no changes in the
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S -A r y l  D i m e t h y l t h i o c a r b a m a t e s

--------------------P ro to n  n m r  r  v a lu es  (no. of p ro to n s ) -

T able VII

T h io l es te r

C o m p d
A ro m atic N (C H 3)2 A r-C H a Ar-C(CH3)3 ca rb o n y l i r  1

M p , °C m u ltip le t S in g le t sin g le t sin g le t c m -1 a
B2 31-336 \ 2.50-2.96 (4 H) 6.97 (6 H) 7.65 (3 H) 1669
B4 c 2.50-2.67 (5 H) 6.98 (6 H) 1668
B5 81-83* 2.40-2.77 (4H) 6.97 (6 H) 1660
B6 136-137.5" 2.32-2.83 (9 H) 6.98 (6 II) 1665
B7 c 2.73 (4 H) 6.94 (6 H) 7.67 (3 H) 1668
B8 35-376 2.86 (3 H) 7.00 (6 II) 7.59 (6 H) 1664
B9 75-77b 2.45-3.00 (4 H) 7.07 (6 H) 8.53 (9 H) 1662
B10 70-73* 2.68-2.98 (3 H) 6.95 (6 H) 7.67 (3 H) 8.56 (9 H) 1662
B12 83-85" 2.68 (9 H) 7.19 (6 H) 1663
B13 127-129" 2.56-2.91 (13 H) 7.42 (6 H) 1660

“ Reported as occurring near 1675 cm 1 by L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” 2nd ed, John Wiley and 
Sons, Inc., New York, N. Y., 1958, p 188. b Recrystallized from 30-60° petroleum ether. c Liquid. * Recrystallized from ethanol.

T a b l e  VIII
R e a r r a n g e m e n t  o f  (2-ì-b u t y l -4-m e t h l )p h e n y l  

D im e t h y l t h io c a r b a m a t e  (AIO) at 258.2°

T im e  a t  258.2° % of AIO k  X  105“
m in rem ain in g sec -I

0 100
30 89.4 6.2
90 74.0 5.6

150 58.6 6.0
210 48.5 5.7
270 39.6 5.7
450 19.3 6 .1

1350 ca. 0 Av k = 5.9 ±  0.2

0 Calculated from the equation k = 2.303/f X log a /(a  — x)
where t = seconds, a = initial concentration, and (a — x) =
concentration at time t.

amounts of A and B isomers occurred over a period of days at 
room temperature. Duplicate runs in each case agreed within 
4% (the precision of the nmr integrator). The rearrangements 
were followed kinetically to at least 75% completion and no 
drifts in the rate constants were noted. The results are listed 
in Table I.

In every case, after many half-lives, no O-aryl compound could 
be detected by nmr.

The results of a typical kinetic run are illustrated in Table V III.

R egistry N o .— A2, 16241-02-4; B2, 7322-85-2; A4, 
16241-04-6; B4, 7304-68-9; A5, 16241-06-8; B5,
7305-13-7; A6, 16241-08-0; B6, 16241-09-1; A7, 
10345-39-8; B7, 7305-14-8; A8 , 16241-12-6; B8,
16241-13-7; A9, 16241-14-8; B9, 16241-15-9; A10, 
16214-91-8; B10, 16214-92-9; A12, 10345-41-2; B12,
16241-17-1; A13, 16241-18-2; B13, 16241-19-3.

Hydrolysis K inetics for p-D im ethylam inophenyl Isocyanate in Aqueous Solutions

P a u l  M .  M a d e r
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p-Dimethylaminophenyl isocyanate hydrolyzes, giving p-dimethylaminoaniline. The rate-limiting reaction 
at pH <9 is hydration of the isocyanate to give the carbamic acid (or carbamate ion). Rate data for the hydra
tion indicate three reaction paths which are first order in unprotonated isocyanate: (1 ) pH independent; (2) first 
order in [H+] ; (3) first order in [OH- ]. Approach of the rate to pH independence as the pH is lowered is attrib
uted to protonation of the isocyanate. The rate decreases with increasing acetate buffer concentration. In phos
phate buffers, fast reaction of the phosphate with the isocyanate competes with hydration. An interpretation 
of the yields of p-dimethylaminoaniline in phosphate buffers indicates that there is no important catalysis of 
isocyanate hydrolysis by phosphate. The yield experiments also gave the rate constant for the reaction of the 
isocyanate with p-dimethylaminoaniline to form l,3-bis(p-dimethylaminophenyl)urea. Arsenate reacts with 
the isocyanate even more rapidly than does phosphate. The product goes to p-dimethylaminoanilme very 
rapidly. Above pH 9, decarboxylation of the carbamate ion is the rate-limiting reaction in the hydrolysis of the 
isocyanate. I t is proposed that decarboxylation proceeds via protonation of the nitrogen of the carbamate 
group.

Hydrolysis kinetics for organic isocyanates in aqueous 
solution appear not to have been reported. The pres
ent communication describes the hydrolysis kinetics 
for p-dimethylaminophenyl isocyanate in aqueous solu
tions containing 1%  acetonitrile. This isocyanate gave 
a product (p-dimethylaminoaniline) that could be moni
tored conveniently at a rotating platinum anode, and 
reaction rates were not prohibitively high. Since the 
rotating electrode is a very sensitive analytical probe, 
low isocyanate concentrations could be used. It was 
thus possible to avoid almost completely the reaction 
of the isocyanate with p-dimethylaminoaniline to

give l^-bisCp-dimethylaminopheny^urea.1 Eliminat
ing this reaction simplified the kinetics.

R esu lts and D iscu ssion

Below pH 11, reactions were monitored with the ro
tating platinum electrode. At higher pH values, re
actions were slow and were best followed spectrophoto- 
metrically. Observed pseudo-first-order rate con
stants, /c0bsd, were calculated from slopes of log (A»

(1) H. Staudinger and R. Endle, B e r ., 50, 1042 (1917); C. Naegeli, A.
Tyabji, L. Conrad, and F. Litwan, H elv . C h im . A c ta , 21, 1100 (1938).
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Figure 1.—pH dependence for the hydration of p-dimethyl- 
aminophenyl isocyanate at 25° and ionic strength 0.1 M: O, 
hydrochloric acid solutions; A, acetate buffers; □, phosphate 
buffers; V, borate buffers.

Figure 2.—Pseudo-first-order rate constants for the formation 
of p-dimethylaminoaniline from p-dimethylaminophenyl iso
cyanate in acetate buffers at 25° and ionic strength 0.1 M. 
Each point gives the average value of fc0bsd for the number of 
kinetic runs indicated beneath the point. The solid lines were 
calculated with eq 2. The maximum acetate concentration at 
each pH was 0.1 M.

minus X t) vs. time plots, where X  is the experimental 
variable monitored.

Near pH 9 there was a change in the rate-limiting 
step, resulting in nonlinear induction periods in the 
first-order plots. In these cases, fcobsd values were ob
tained from the slopes of the linear portions of the plots 
following the induction periods. Below pH 9, the rate- 
limiting reaction is hydration of the isocyanate to give 
carbamic acid or carbamate ion (RNHCOOH or 
RNHCOO~). Above pH 9, decarboxylation of the 
carbamate ion is rate limiting. The accumulation of 
carbamate as an intermediate in the conversion of 
phenyl isocyanate into aniline has been described by 
Mohr.2

pH D ependence of Isocyanate H ydration.—Reac
tions were run at 25° in dilute hydrochloric acid solu
tions and in acetate, phosphate, arsenate, and borate 
buffers. Ionic strength was adjusted to a calculated 
value of 0.1 M .  The values of fc0bsd depended on the 
concentrations of the buffers. Extrapolation of /cobsd to 
zero buffer concentration gave values designated fcpH 
(for the hydrochloric acid solutions, fc0bsd is identical in 
meaning with fcpH). The log /cPH~pH profile is shown 
in Figure 1. A theoretical model that can duplicate 
this profile consists of three parallel reactions, each first- 
order in unprotonated isocyanate. The first is pH in
dependent, the second is first-order in hydrogen ion, and 
the third is first-order in hydroxide ion. The approach 
toward pH independence as pH is lowered is associated

(2) E . M o h r, J .  P ra k t. Chem ., 73, 177 (1906).

with substantial protonation of the isocyanate. This 
model leads to eq 1 where ku k2, and /c3 are the rate con-

f c p u  =  ( h  +  M 0 - ? H  +  f a A w 1 0 » H ) ( l  +  A V H 0 - p H ) - i  ( 1 )

stants for the three parallel reactions, K i  is the acid 
dissociation constant for the protonated isocyanate, and 
K w is the ion product for water. Values for the parame
ters of eq 1, determined by nonlinear regression, are 
given in Table I. The value found for K i  does not seem 
unreasonable for the acid dissociation constant of the 
protonated isocyanate. Calculated and experimental 
fcpH values agree well. The standard error of fit of log 
&ph (calcd) to log fcpH (exptl) is 0.0089 log unit. The 
maximum deviation is 0.019 log unit.

T a b l e  I
P a r a m e t e r  V a l u e s  fo r  25° a n d  I o n ic  St r e n g t h  0.1 M  

(o r  0 .5  M  as I n d ic a t e d )
E q P a ra m e te r pH® V alue6 U n its

1 hi (2 .3 1  ±  0 .0 2 )  X 10-2 s e c “ 1
1 k i (7 .3 5  d= 0 .0 8 )  X 103 M ~ l s e c -1
1 kzky/ (2 .7 8  ±  0 .0 8 )  X 1 0 " 11 M  s e c -1
1 K i (2 .1 7  ±  0 .0 9 )  X 10~ 5 M
2 a 4 .3 9 5 2 9 .3  ±  1 .5 M ~ l sec
2 a 4 .6 5 5 2 9 .6  ±  1 .8 M  -1 sec
2 a 5 .0 3 8 3 2 .0  ±  5 .9 M ~ l sec
3, 4 K i ~ 3  X 10-8 M
3, 5 Kz '—'0 .7 M - i
6 ki 0 .6 9 2  ±  0 .0 3 1 M ~ l s e c -1
6 kz (1 .2 3 1  ±  0 .0 3 9 )  X  10« M ~ 2 s e c -1
7 b 5 .8 2 3 6 3 .5  ±  1 .0
7 b 6 .8 6 0 3 2 .3  =fc 0 .6 M - '
7 b 7 .2 0 2 2 8 .8  dh 0 .4 M ~ i
7 b 7 .6 1 6 2 7 .8  ±  0 .4 A f" i
7 c 5 .8 2 3 (1 .1 2  ±  0 .0 6 )  X  103 A f- i
7 c 6 .8 6 0 (4 .8 7  =fc 0 .0 7 )  X  103 A f- i
7 c 7 .2 0 2 (6 .3 4  ±  0 .0 9 )  X  103 M -1
7 c 7 .6 1 6 (6 .5 7  =b 0 .1 3 )  X  103 i l f - i
8 ki 0 .6 5 7  dh 0 .0 1 6 M ~ l s e c -1
8 kb (0 .9 2 0  ±  0 .0 5 0 ) X 10® M ~2 s e c -1
9 k e 5 .8 2 3 3 5 .9 M ~ l s e c -1
9 k b 6 .8 6 0 118 M ~ l s e c -1
9 k b 7 .2 0 2 152 M ~ 1 s e c -1
9 k b 7 .6 1 6 161 M ~ l s e c -1

10 k i 172 M  -1 sec ~
10 K i 3 .7  X  1 0 " 7 M
14, 15 fcw[H20] (5 .1 3 4  ±  0 .0 9 6 ) X 10-5 s e c -1

(5 .1 9 8  ±  0 .1 2 5 ) X  1 0 -5 c s e c -1
14, 15 &H + (1 .5 0 1  db 0 .0 1 4 )  X lO3 M ~ l s e c -1

(1 .0 9 7  =fc 0 .0 1 6 ) X 10®c M  _1 s e c -1
14, 15 k u i C O z / K b (4 .4 9  dh 0 .2 9 )  X 108 M ~ 2 s e c -1
14, 15 &HC03- 0 .1 3 2 6  db 0 .0 0 7 8 M ~ l s e c -1
14 K b / k w 0 .8 7 5  X  lO "» d M  sec

(1 .1 3 7  ±  0 .0 4 0 )  X  10 -9  c M  sec

“ No entry means that the parameter is theoretically inde
pendent of pH. b Limits are estimates of the standard errors. 
c Ionic strength, 0.5 M. d Fixed at this value.

H ydration of the Isocyanate in  A cetate B uffers.—
Observed pseudo-first-order rate constants are plotted 
vs. acetic acid concentration in Figure 2. In the lower 
part of the pH range, there is significant inhibition of 
the reaction by the buffers. At the upper end of the 
pH range, there may be a barely perceptible catalysis. 
The inhibition can be accounted for quantitatively by 
assuming that (a) an acetic acid-isocyanate adduct 
forms in a reversible reaction; (b) equilibrium with 
respect to this reaction is maintained during the course 
of the isocyanate hydration; (c) the adduct is basic, 
i.e., it can be protonated; (d) the only reaction of the 
adduct is its dissociation to give back the isocyanate; 
and (e) there is no catalysis by acetate buffers of p-di- 
methylaminoaniline formation. The theoretical rela-
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tionship between the observed rate constants and the 
acetic acid concentration is given in eq 2. The param-

fcobscT1 = &pH—1 +  o[HOAc]. (2)

eter a  is given by eq 3 where K 3, the formation con-

a  =  K , (  1 +  +  ¿ 21 0 - ph +  feXwlOP0 ) - 1 ^
A'3( l  +  lO -pH A j-'X fci +  fe lO -pH) -1 (3 )

stant for the acetic acid-isocyanate adduct is given by 
K 3 = [unprotonated adduct] [HOAc]-1 [unprotonated 
isocyanate]-1, K 2 is the acid dissociation constant for 
the protonated adduct, and the other constants have 
the same significance and values as in eq 1. For the 
acetate buffers, the term headed by k3 in the expression 
for a  is very small and can be omitted.

Equation 2 predicts that at constant pH the recipro
cal of the observed rate constant is linearly related to 
the acetic acid concentration, a prediction in accord 
with the experimental results. Values for the param
eter a, determined by regression, are given in Table I. 
The value of a  is approximately independent of pH. 
This result is not a necessary consequence of the the
oretical model. Rather, it indicates the fortuitous re
lationship in eq 4. Substitution of approximation 4

K ,  ^  h / h  (4 )

in eq 3 and solving for K 3 give the relationship in eq 5.
K 3 ^  h a  (5 )

Values for K 2 and K s calculated with approximations 
4 and 5 and with the known values of h ,  fc2, and a  are 
given in Table I.

Consider now the structure of the proposed acetic 
acid-isocyanate adduct. Naegeli and Tyabji believed 
that the more stable of the adducts formed from iso
cyanates and carboxylic acids in inert solvents are 
mixed anhydrides, RNHCOOCOR'.3 However, they 
did not accept this structure for the adducts that 
formed reversibly. Two structures that can be con
sidered for the adduct proposed here to explain the 
kinetic data are a hydrogen-bonded complex and a 
mixed anhydride. Comparison of the values of K 2 and 
K i  indicates that the adduct is a stronger base than the 
isocyanate. This is not the result expected for a hy
drogen-bonded complex of the isocyanate with acetic 
acid. Therefore, the mixed anhydride structure is 
preferred. If the interpretation of the kinetics in the 
acetate buffers is correct, we have an example of a 
mixed carbamic carboxylic anhydride that forms rapidly 
and reversibly. Thus, Naegeli and Tyabji may not 
have been entirely justified in rejecting the mixed an
hydride structure for certain carboxylic acid-isocyanate 
adducts just on the basis of the looseness of the adducts.

Hydration of the Isocyanate in Phosphate Buffers.— 
As shown by measurements of p-dimethylaminoaniline 
yields, hydration was not the only reaction of the iso
cyanate in phosphate buffers. A competing reaction 
of the isocyanate with the phosphate gave a product 
that went only very slowly to p-dimethylaminoaniline. 
This product is presumably a mixed phosphoric car
bamic anhydride resulting from nucleophilic attack of 
phosphate at the carbon of the isocyanate group. 
Cramer and Winter have isolated such products from 
acetonitrile solution.4

(3) C . N aeg e li a n d  A. T y a b ji ,  Helv. C him . A c ta , 18, 142 (1935).
(4) F . C ram er a n d  M . W in te r, Chem . B er., 92, 2761 (1959).

F ig u re  3.— P seu d o -firs t-o rd e r  r a te  c o n s ta n ts  fo r th e  fo rm a tio n  
of p -d im e th y la m in o a n ilin e  fro m  p -d im e th y la m in o p h e n y l iso
c y a n a te  in  p h o sp h a te  bu ffers a t  25° a n d  ion ic  s t r e n g th  0.1 M .  
T h e  lines w ere c a lcu la te d  w ith  eq  6.

The observed pseudo-first-order constants, /cobsd, for 
the hydration of the isocyanate are given in Figure 3. 
These k ohsd values obey eq 6, where fcpH is given by eq 1.

ftobsd =  +  ( k i  +  &5 lO ~pH) [H P 0 4 2 - ] (6 )

The values of kt and k & are given in Table I. Inter
pretation of p-dimethylaminoaniline yields shows that 
the term containing HP042- in eq 6 can be accounted 
for on the basis of the isocyanate-phosphate reaction 
just mentioned. There is no important contribution 
to this term by catalytic reaction paths leading to p -  
dimethylaminoaniline. The form of this term shows 
that there is more than one path involved in the 
isocyanate-phosphate reaction.

Yields of p-dimethylaminoaniline, based on initial 
isocyanate, are given in Tables II and III. These yields 
were measured after the reaction of the isoc3̂ anate had 
gone essentially to completion but before noticeable 
hydrolysis of the phosphoric carbamic anhydride had 
occurred. The competitive réaction of the phosphate 
with the isocĵ anate shows itself in the decreasing yields 
with increasing buffer concentration. The analytical 
method used in these experiments dictated higher 
initial isocyanate concentrations than sufficed in the 
kinetic experiments. Consequently, there was ap
preciable reaction of p-dimethylaminoaniline with the 
isocyanate to give l,3-bis(p-dimethylaminophenyl)- 
urea. For this reason, the yields of p-dimethylamino- 
aniline do not extrapolate to 100% at zero buffer con
centration.

The yields have been interpreted on the basis of the 
model shown in Scheme I where A and P represent

S c h e m e  I
f cpH

A —

ki +  folO-P11
A +  HPO42 - ---------------->  m ixed  a n h y d rid e

ke
A +  P  -— >■ s y m m e tr ic a l u re a

the isocyanate and p-dimethylaminoaniline, respec
tively (protonated and unprotonated). This model 
leads to eq 7 where the values for b  and c are calculated 
in eq 8 and 9 and Y  is the per cent yield of p-dimethyl-

l  +  0.01 F  +
2 +  MHPOp- 

c[A]o
In 1 0 .0 1 F c [A ]» \ 

1 -  c [ P ] o /
= 0

b — (h, +  &5IO pH)/&PH 
c — ks/kpn

(7)

(8) 
(9)
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T a b l e  I I
Y i e l d s  o f  p - D i m e t h y l a m i n o a n i l i n e  f r o m

i- D i m e t h y l a m i n o p h e n y l  I s o c y a n a t e  i n  P h o s p h a t e  B u f f e r s

a t  25° AND I o n i c  S t r e n g t h  0.1 M .

I n i t i a l  C o n c e n t r a t i o n  o f  p - D i m e t h y l a m i n o a n i l i n e  =  0
10i[A]o,a lO M H P O i»-], -------- Y ield , %--------.

p H  M M F o u n d C alcd

5 .8 2 3  4 .2 3 0 .1 5 2 3 8 7 .3 8 7 .6 0
0 .2 6 6 8 1 .4 8 2 .4 6
0 .3 8 0 7 7 .8 7 7 .9 0
0 .4 9 4 7 3 .8 7 3 .8 0
0 .6 4 6 6 8 .7 6 8 .9 5

7 .4 4 0 .1 5 2 3 8 4 .6 8 5 .1 1
0 .1 5 2 3 8 5 .5 8 5 .1 1
0 .2 2 8 8 2 .0 8 1 .8 7
0 .2 6 6 8 1 .0 8 0 .3 2
0 .3 0 4 7 8 .8 7 8 .8 4
0 .3 8 0 7 6 .0 7 6 .0 2
0 .4 9 4 7 2 .1 7 2 .1 4
0 .6 4 6 6 7 .5 6 7 .5 4
0 .7 6 1 6 4 .8 6 4 .4 2

6 .8 6 0  3 .0 9 0 .2 4 8 8 0 .9 8 1 .9 5
0 .6 1 9 7 4 .3 7 4 .9 5
0 .9 9 2 6 8 .8 6 8 .9 8
1 .4 8 7 6 1 .8 6 2 .3 3
1 .9 8 5 7 .1 5 6 .8 5
2 .4 8 5 2 .7 5 2 .1 8

5 .8 6 2 .4 8 4 9 .3 4 9 .5 2
6 .4 2 0 .2 4 8 7 2 .7 7 3 .3 6

0 .6 1 8 6 7 .2 6 7 .9 0
0 .9 9 2 6 2 .8 6 3 .1 0
1 .4 8 7 5 7 .8 5 7 .6 5
1 .9 8 5 3 .2 5 3 .0 3
2 .4 8 4 9 .3 4 9 .0 2

1 2 .6 0 .2 4 8 6 1 .3 6 1 .8 6
0 .6 1 9 5 7 .3 5 8 .1 0
0 .9 9 2 5 4 .3 5 4 .7 1
1 .4 8 7 5 0 .3 5 0 .7 2
1 .9 8 4 7 .3 4 7 .2 4
2 .4 8 4 4 .7 4 4 .1 3

7 .2 0 2  2 .9 0 0 .2 8 3 8 0 .3 7 9 .9 2
0 .9 3 4 6 9 .6 6 9 .9 8
2 .8 3 5 1 .6 5 1 .1 0

5 .8 6 0 .1 4 1 5 7 2 .6 7 2 .5 8
0 .2 8 3 7 0 .9 7 0 .7 0
0 .9 3 4 6 2 .8 6 3 .0 7
1 .7 0 55.5 5 5 .8 5
2 .8 3 4 7 .6 4 7 .6 5

7 .6 1 6  4 .2 3 0 .6 2 3 7 0 .0 7 0 .4 8
1 .0 9 6 4 .6 6 4 .9 4
1 .5 5 5 5 9 .4 6 0 .1 6
2.02 5 5 .8 5 6 .0 3
2 .6 5 5 1 .1 5 1 .2 1
3 .1 1 4 8 .2 4 8 .1 7

7 .4 4 0 .6 2 3 6 2 .8 6 2 .7 0
0 .6 2 3 6 2 .9 6 2 .7 0
1 .0 9 5 8 .6 5 8 .4 1
1 .5 5 5 5 4 .7 5 4 .6 5
2 .3 3 4 9 .4 4 9 .2 7
3 .1 1 4 5 .8 4 4 .7 7

“ Initial isocyanate concentration.

aminoaniline, [A]0 is the initial isocyanate concentration, 
and [P ]o is the concentration of p-dimethylaminoaniline 
added at the beginning of the reaction. A computer 
was used to find values for the parameters b and c for 
each of the four experimental pH levels. The program 
involved solving eq 7 for F  by a reiterative procedure 
and adjusting b and c to minimize the sum of the 
squares of the differences between experimental and 
calculated F  values. The values of b and c are given

T a b l e  I I I

Y i e l d s  o f  p - D i m e t h y l a m i n o a n i l i n e  f r o m  

P - D i m e t h y l a m i n o p h e n y l  I s o c y a n a t e  (6.42 X  10-6 M )  

i n  t h e  P r e s e n c e  o f  A d d e d  p - D i m e t h y l a m i n o a n i l i n e . 

P h o s p h a t e  B u f f e r  a t  pH 6.860, 25°, 
a n d  I o n ic  S t r e n g t h  0.10 M

10‘ [P)o,a 102[HPO42-J , -Y ie ld , % --------------
M M F o u n d C alcd

2.02 0.248 65.3 62.47
0.992 56.0 54.05

3.78 0.248 53.5 53.87
0.992 45.7 46.81

6.30 0.248 43.2 42.81
0.992 37.4 37.48

“ Initial p-dimethylaminoaniline concentration.

in Table I. The F  values calculated with these param
eters and eq 7 are shown in Tables II and III, where 
they may be compared with the experimental yields.

The intercept and slope of the regression line for a 
plot of k pBb vs. 10_pH, where &pH was calculated with 
eq 1, gave values for k4 and (see eq 8). These values 
are shown in Table I. The rather good agreement 
between these constants derived partly from yield 
measurements and those obtained entirely from kinetic 
measurements supports the validity of the theoretical 
model for the yield experiments. The success of this 
model, which does not incorporate phosphate catalysis, 
is the basis for the earlier statement that phosphate 
catalysis is unimportant.

Values for k6, the second-order rate constant for the 
reaction of the isocyanate with protonated plus unpro- 
tonated p-dimethylaminoaniline, were obtained with 
eq 9, the /cph  values being calculated with eq 1. This 
rate constant decreases with decreasing pH (see Table 
I). If it is assumed that this decrease is associated 
with protonation of the p-dimethylaminoaniline and 
that the rate for the protonated amine is zero, and, if 
any effect of the small degree of protonation of the 
isocyanate in the phosphate buffers is ignored, then

is given theoretically by eq 10 where fc7 is the rate
h  = h K J iK i  +  10 -PH), ( 10)

constant for the reaction of unprotonated p-dimethyl- 
aminoaniline with the isocyanate, and K 4 is the acid 
dissociation constant for the protonated p-dimethyl- 
aminoaniline. Values for /c7 and K 4, determined from 
the fce values and eq 10 by regression, are given in 
Table I. The agreement between the value of K 4 
and the value determined independently by spectro
photometry { K i  = 3.2 X 10~7 M  at 25° and \x 0.1 M )  
indicates that the assumptions leading to eq 10 are 
valid.

As mentioned, hydrolysis of the phosphoric carbamic 
anhydride was very slow in the phosphate buffers. 
The rate was independent of buffer concentration and of 
pH in the range 6.88-7.63. The reaction is first order 
and has a half-time of 0.97 day at 25°.

The theoretical model used above in the analysis of 
the yield experiments leads to the expression given in 
eq 11 for the per cent yield, based on isocyanate, of

Yanh = 6(100 +  Y)[HP(V- ] /(2 +  6[HP042-]), (11)

the phosphoric carbamic anhydride where F  and b 
have the same significance as in eq 7. Values of F anh 
calculated with eq 11 and with F  and b values taken
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T a b l e  I V

T h e o r e t i c a l  Y i e l d s , F anh, o f  P h o s p h o r i c  C a r b a m ic  
A n h y d r i d e  i n  p H  6 .8 6  P h o s p h a t e  B u f f e r s .

Y i e l d s , F aiow, o f  p - D i m e t h y l a m i n o a n i l i n e  F o r m e d  i n  t h e  

S l o w  H y d r o l y s i s  o f  t h e  P h o s p h o r i c  C a r b a m i c  A n h y d r i d e

io«[hpo42-],
M

106[A]o,
M a Yanh, %h Yslow,

0.248 6.42 6.7 6.8
0.618 6.42 15.3 15.7
1.487 6.42 30.5 29.5
2.48 5.86 42.8 41.0

“ Initial isocyanate concentration. 6 Yields based on the initial 
isocyanate concentration.

from Table I are given in Table IV along with experi
mental yields, also based on isocyanate, of p-dimethyl- 
aminoaniline formed in the slow hydrolysis of the 
phosphoric carbamic anhydride. Comparison of the 
two sets of yield values indicates that conversion of the 
anhydride into the amine was close to quantitative.

H ydration of the Isocyanate in  A rsenate Buffers.—  
Because of an experimental difficulty apparently associ
ated with the arsenate buffers (high background current 
at the rotating platinum electrode), only one kinetic 
run was made (0.00125 M  H2As04- ; 0.0025 M  HAs042-; 
25°; m 0.1 M; pH 7.06). The formation of p-dimethyl- 
aminoaniline was close to pseudo first order (fc0bsd = 
0.0357 sec-1)- This rate constant is substantially 
larger than fcpH (0.0239 sec-1 at pH 7.06). This differ
ence is probably not due to general acid-base catalysis 
by arsenate, since such catalysis was not important in 
solutions of H2P04- -HP042-, a couple having very 
nearly the same pK a as H2As04- -HAs042-. There
fore, augmentation of f 0bsd by arsenate must result 
from a reaction of arsenate with the isocyanate, perhaps 
leading to an arsenate carbamate anhydride.

It was of interest to see if the arsenate-isocyanate 
product is as long lived as the phosphoric carbamic 
anhydride. Measurements of p-dimethylaminoaniline 
yields indicated that the arsenate-isocyanate product 
is very short lived. As in the yield experiments with 
phosphate buffers, the initial isocyanate concentration 
(6.38 X 10-5 M )  was high enough to give noticeable 
diminution of yield owing to the reaction of the p- 
dimethylaminoaniline with the isocyanate. Yields 
were measured shortly after the initial fast reaction of 
the isocyanate and then at times up to a day later. 
There was no slow increase in yield, as when phosphate 
buffers were used, and the yield increased with increas
ing arsenate buffer concentration (Table V). These

T a b l e  V

Y i e l d s  o f  p - D i m e t h y l a m i n o a n i l i n e  f r o m  
P - D i m e t h y l a m i n o p h e n y l  I s o c y a n a t e  i n  A r s e n a t e  B u f f e r s  

a t  pH 7.062, 25°, a n d  I o n i c  S t r e n g t h  0.1 M
102[A s042“ L M Y ield , %

0.125 77.7
0.25 79.9
0.50 83.3
0.825 86.7
1.50 91.0
2.50 94.0

observations show that the arsenate-isocyanate product 
had gone to p-dimethylaminoaniline prior to the earliest 
yield measurement. In the single kinetic experiment, 
there was no indication of any further formation of the

Figure 4.—Pseudo-first-order rate constants for the formation 
of p-dimethylaminoaniline from p-dimethylaminophenyl iso
cyanate in arsenate buffers at pH 7.06, 25°, and ionic strength 
0.1 M: O, observed kinetically; A, calculated from p-dimethyl- 
aminoaniline yields with eq 12 and 10 (the limits show the effect 
on the calculated rate constants of ± 1 % errors in the yields); 
□, calculated with eq 1 .

amine following the initial fast first-order reaction. 
Apparently the arsenate-isocyanate product went to 
and amine about as fast as it formed. In effect, then, 
arsenate catalyzes the conversion of the isocyanate into 
p-dimethylaminoaniline.

The yields have been interpreted on the basis of the 
model which is shown in Scheme II where A and P

S c h e m e  I I

ks
A — >-P

fee
A +  P ....>  symmetrical urea

represent the isocyanate and p-dimethylaminoaniline, 
respectively, k8 is the pH- and arsenate-dependent 
pseudo-first-order rate constant for conversion of 
A into P, and kg is given by eq 10. Equation 12
(1 +  0.01 F) [A] o =

- 2 ( V W l n  f l  -  0 .0 1 F [A ]0(feA 6 )-M  (12)

was derived for this model where Y  is the per cent yield 
of p-dimethylaminoaniline based on isocyanate, and 
[A]0 is the initial concentration of isocyanate.

Equation 12 was solved by reiteration to obtain 
values of kg/kg corresponding to the Y  values of Table
V. These kg/kg values were multiplied by k6 (eq 10 gives 
k 6 =  139 for pH 7.06) to obtained kg. A plot of kg vs. 
HAs042- concentration is shown in Figure 4. The 
plot is not linear, possibly owing to errors in Y .  As 
shown in the figure, small errors in F  can give large 
errors in kg. As expected, the plot extrapolates to a 
value close to k ph from eq 1. It also passes close to the 
observed rate constant for the single kinetic experi
ment. If one assumes that the nonlinearity of the 
plot is an artifact, kg can be expressed in a form analo
gous to eq 6 for reactions in phosphate buffers. See 
eq 13 where fc9 is the rate constant, of unknown pH

h  = fcpn +  MHAsCb2-] (13)

dependence, for the reaction of HAs042- with the iso
cyanate at pH 7.06. The value of fc9 from the slope of 
the kg vs. [HAs042-] plot is approximately 5.0 M -1 
sec-1. An idea of the relative nucleophilicities of 
arsenate and phosphate toward the isocyanate can be
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B(OH); cone x I03, M

Figure 5.—Pseudo-first-order rate constants for the formation 
of p-dimethylaminoaniline from p-dimethylaminophenyl iso
cyanate in borate buffers at 25° and ionic strength 0.1 M.

Figure 6.—Pseudo-first-order rate constants for the decar
boxylation of p-dimethylaminophenylcarbamate ion in carbonate 
buffers at 25° and ionic strength 0.1 M. Each point gives the 
average value of fcobsd f°r the number of kinetic runs indicated 
beneath the point. The lines were calculated with eq 14.

gained by comparing k s with the coefficient of [HP042-] 
in eq 6. At pH 7.06, the value of this coefficient is 
0.80 M ~ 1 sec-1. Thus, arsenate is more nucleophilic 
than phosphate. A similar difference was observed for 
the attack of arsenate and phosphate on p-nitrophenyl 
acetate.5

H ydration of the Isocyanate in  Borate Buffers.—
Very dilute buffers were used to avoid significant 
polymerization of the borate ion. Owing to this pre
caution, the maximum observed effect of buffer dilution 
on pH was only 0.025 units (for the pH 9.115 buffer). 
To obtain A;obsd, the experimental rate constants were 
corrected for the small changes in pH accompanying 
dilution. The largest correction amounted to 2.5%. 
The others were less than 1%. The positive slopes of 
the k ohsd vs. [B(OH)4- ] plots (Figure 5) may indicate a 
reaction of the borate ion with the isocyanate having a 
rate constant of about 0.6 M ~ l sec-1.

Decarboxylation of the Carbamate Ion.—Observed 
pseudo-first-order rate constants for the decarboxyla
tion in carbonate-buffered solutions and in sodium 
hydroxide solutions are given in Figures 6 and 7. 
Over much of the pH range, the reaction of the carba
mate ion is close to first order in hydrogen ion. The 
data for the carbonate-buffered solutions indicate acid 
catalysis of the reaction by H2C03 and HC03- .

(5) W . P . Jen ck s  a n d  J .  C arriu lo , J .  A m er. Chem . Soc., 82, 1778 (1960).

Figure 7.—pH dependence for the decarboxylation of p- 
dimethylaminophenylcarbamate ion at 25°. The points are 
for runs in sodium hydroxide solutions. The lines were cal
culated with eq 14.

To extend the pH to higher values than available at 
ionic strength 0.1 M ,  experiments were also run at 
ionic strength 0.5 M  in unbuffered sodium hydroxide 
solutions. The log fc0bsd- pH profile has an inflection 
at pH 12.5 (Figure 7). The rate constants measured 
by Christenson for the decarboxylation of phenyl 
carbamate ion in sodium hydroxide solutions (u not 
held constant) also give such an inflection.6 Spectro
photometry revealed no change in the molar extinction 
of the substrate throughout the experimental pH range. 
Therefore, the inflection is not associated with an acid- 
base reaction of the substrate.

The experimental results can be explained on the 
basis of the acid catalysis mechanism discussed by Bell7

k f

S " +  SfAi ^ Z flS H  +  2 ,Bi
fcr

k i o

SH — > p-dimethylaminoaniline

where S-  is the carbamate ion, SH is protonated carba
mate ion, and 2 4A 4 and 2 ¡IT represent all the acids and 
their conjugate bases, respectively. The pseudo-first- 
order constants k t and kt are given by fcf = 2 A  [Ai ] and 
k r = 2 ifci'[Bi], where fci is the rate constant for proton 
transfer from acid A, to S- , and k f  is the rate constant 
for proton transfer from SH to base B,.

If k{ «  k T, the steady-state approximation for SH 
can be used, giving eq 14 where K 5 is the acid dissocia-

1/fcobsd — l / 2 ,fci[Ai] -{- f^5/(^i010 -pH) (14)

tion constant for SH. For the kinetic experiments eq 
15 applies, where K ,  =  10-pH[HCO3- ]/[H2CO3]. Of
SifcilAi] =  A:w[H20] -)- &h +10~pH +  fc^cOalHaCOd +  

fcHC03-[H C 03-] = fcwl^O] -j- &H+10-pH +
[(fcH!co3/A6)10-pH +  fcHcm- ] [HC03-] (15)

course, the last term of eq 15 is zero for experiments in 
the unbuffered sodium hydroxide solutions. Regres
sion with a computer was used to fit eq 14 to the 13 
k ohsd values for ionic strength 0.5 M .  The resulting 
constant parameter values are given in Table I. Cal
culated and experimental fcobsd values agree closely. 
The standard error of fit of log fcobsd (ealed) to log 
fcobsd (exptl) is only 0.0069 log unit. The largest 
deviation is 0.0109 log unit. Multiple regression (both 
pH and [HC03- ] varied) was used to fit eq 14 to fcobsd 
for ionic strength 0.1 M .  All the 108 fcobsd values for

(6) I .  C h ris te n so n , A cta  Chem. Scand ., 18, 904 (1964).
(7) R . P . Bell, “ T h e  P ro to n  in  C h e m is try ,”  C o rnell U n iv e rs ity  P re s s , 

I th a c a ,  N . Y ., 1959, p p  136, 137.
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carbonate-buffered solutions and unbuffered sodium 
hydroxide solutions were included in this one regression. 
In this regression, the value of K &/ k 10 was fixed, since 
the data did not extend to high enough pH to allow 
evaluation of this parameter from the data. The 
value of K i /k io  was set equal to 0.77 times the value of 
this parameter for ionic strength 0.5 M .  The factor 
0.77 is an estimate of the salt effect for K 6/ k i0 in going 
from ionic strength 0.5 to 0.1 M .  Parameter values 
resulting from the regression are given in Table I. The 
standard error of fit of log fcobsd (calcd) to log koh3d 
(exptl) for ionic strength 0.1 M  is 0.0115 log unit. The 
maximum deviation for any k Qbsd is 0.0299 log unit. 
The deviation exceeds 2 a for only 4 out of the 108 
/bobsd values.

As expected for a reaction involving an uncharged 
reactant (H20), the value of fcw is insensitive to change 
in ionic strength. The value of k h+, on the other hand, 
decreases with increasing ionic strength, consistent with 
the reaction of oppositely charged species (carbamate 
anion and hydronium cation). The change in fcH+ is 
close to that predicted by the empirical expression8 
given below.

A log k n  + =  — A[Vm/(1 +  V m) — 0.20 m]

Bell7 has pointed out an interesting prediction based 
on the mechanism for acid catalysis described above. 
The mechanism predicts that fcobsd will not approach 
fcw [H20], the water-catalyzed rate, as the hydrogen-ion 
concentration approaches zero. Rather, the rate will 
go to zero, as is apparent from eq 14. That this 
prediction is borne out for carbamate decarboxylation 
is shown more clearly in the ftobsd”'tw. 10~pH plot of 
Figure 8 than in the logarithmic plot of Figure 7. 
Lacking data for the lower hydrogen-ion concentrations, 
as in the case of the experiments at ionic strength 0.1 
M ,  one might erroneously assume fcobsd to be given by 
the linear eq 16 which is the equation for general acid

&obsd = 7Tw[H20] +  7TH+10_pH, (16)

catalysis when water and hydrogen ion are the only 
acids present. The intercepts and slopes of straight 
lines through those fcobsd values showing near-linear 
dependence on 10_pH give 7rw[H20] and 7rH + values that 
differ from the values of /cw[H20] and fcn+ resulting 
from the fitting of eq 14 to the &obsd values. The 
proper choice of mechanism is important if correct 
values for the catalytic constants are desired.

In the mechanism leading to eq 14, the position of 
protonation in SH is not specified and is a matter of 
conjecture. In the derivation of eq 14, the conversion 
of SH into p-dimethylaminoaniline was assumed to be 
a pH-independent, irreversible reaction. Of the sites 
available for protonation in the carbamate ion, the car
bamate nitrogen is the one whose protonation would 
seem most likely to lead to such a reaction. Owing 
to the very low concentration of C02 in the experi
ments, the position of the equilibrium in Scheme III, 
part b, is assumed to lie far to the right. In effect, then, 
the reaction is considered to be irreversible.

Experim ental Section

p-Dimethylaminophenyl isocyanate was prepared by the 
method of Staudinger and Endle.1 The material distilled at

(8) C . W . D av ie s, “ P ro g ress  in  R ea c tio n  K in e tic s ,” Vol. 1, P e rg am o n  P ress  
In c ., N ew  Y ork , N . Y ., 1961, p  161.

Figure 8.—Dependence of decarboxylation rate on 10_pH 
at 25°.

S c h e m e  III

RNHC02-  +  2 ,A¡ RNH2C 02-  +  2 ,-Bi

r n h 2c o 2-

■ H O
«+ I /■

R—N • • • C
I \

H 0 , - j

RNH2 +  c o 2

(a)

(b)

100° (~ 3  mm) and solidified in the receiver, mp 35-36.5° uncor. 
Reagent grade or Acculate9 standard volumetric solutions were 
used for the buffers. The acetate and borate buffers were pre
pared from the respective acids and sodium hydroxide. The 
phosphate and carbonate buffers were prepared from the ap
propriate sodium salts, and the arsenate buffer was made with 
NaJIAsOi and hydrochloric acid. Sodium sulfate was em
ployed to maintain the ionic strength at 0.1 M  for the diluted 
buffers and for the sodium hydroxide solutions. Sodium nitrate 
was used to maintain the ionic strength for the hydrochloric 
acid solutions. Sodium hydroxide solutions were brought to 
ionic strength 0.5 M  with sodium chloride.

In the kinetic experiments, the temperature was held at 25.0 
±  0.2°. The apparatus used to follow the formation of p- 
dimethylaminoaniline eleetrochemically was designed by W. R. 
Ruby, of these laboratories. A water-jacketed beaker was 
fitted with a Teflon cover, nitrogen inlet tube and exit port, and 
the conventional configuration of rotating platinum-disk working 
electrode and platinum-disk auxiliary electrode. The external 
saturated calomel reference electrode was connected through an 
agar-saturated sodium nitrate bridge. A modified version of the 
Adams potentiostat was used to supply constant voltage to the 
cell and to amplify the current.10 The amplified current was 
recorded vs. time with a Moseley Autograf Model 2D-2 X-Y re
corder. The potential applied to the working electrode was be
tween 200 and 430 mV vs. the S. C. E. higher potential was needed 
at the lower pH values to give adequate current.

Over the course of a number of kinetic runs, there was a grad
ual downward drift in the current associated with a given con
centration of p-dimethylaminoaniline. This effect was due to a 
change in the electrode surface that could be reversed by polishing 
the electrode. The change in the electrode during a kinetic ex
periment was of no apparent consequence, provided the total 
time that voltage was applied to the cell did not exceed about 15 
min. For the slow reactions in the vicinity of pH 10.5, the 
voltage was interrupted after about two half-lives and re
established after about ten half-lives. The electrochemical 
method was not used for pH values higher than 10.78.

The buffer (75 ml) was placed in the cell and purged with nitro
gen. The working voltage was applied to the cell until the 
current was constant, and then 0.75 ml of a stock solution of the 
isocyanate (~6  X 10-4 M ) in Eastman Spectro Grade acetoni
trile was added rapidly with a syringe. The stirring of the solu
tion by the rotating electrode gave complete mixing in 2 sec or 
less. Nitrogen was passed over the surface of the solution dur
ing the reaction. Although no special precautions were taken 
to remove or exclude water from the acetonitrile stock solutions 
of the isocyanate, these solutions were surprisingly stable. There 
was no indication of change in a week.

(9) O b ta in e d  fro m  A nachem ia  C hem ica ls , L td .
(10) J .  R . A lden, J . Q. C h am b ers , a n d  R . N . A dam s, J .  E lectroanal. 

Chem ., 6, 152 (1963).
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Preliminary experiments with the acetate buffers gave results 
indicating that an impurity was oxidizing or catalyzing the 
oxidation of the p-dimethylaminoaniline. This reaction was 
prevented by adding 0.1—0.2 ml of 0.03 M  Na2EDTA to the reac
tion mixtures. The oxidation was apparently not a serious 
problem; eliminating it caused only a small decrease in the 
measured rate constants.

The increase in rate with decreasing acetate buffer concentra
tion was not associated with the use of sodium sulfate to main
tain the ionic strength. Sodium nitrate gave the same result.

The reaction product in the kinetic experiments was not iso
lated. That p-dimethylaminoaniline was formed was confirmed 
by determination of the polarographic wave at the end of the 
reaction a t pH 10.28.

Kinetic runs at pH values higher than 10.78 were monitored 
spectrophotometrically. The reaction vessel was a Teflon 
beaker with a tight-fitting Teflon cover having nitrogen inlet 
and exit tubes and a port for removing samples. The sodium 
hydroxide solution (100 ml) was purged with nitrogen that 
had been passed through 0.1 M  sodium hydroxide solution and 
0.1 M  sodium chloride solution. Reaction was started by add
ing 1 ml of a stock solution (~ 6  X 10~3 M ) of the isocyanate in 
Eastman Spectro Grade acetonitrile. Nitrogen was passed 
through the solution during the course of the reaction. Samples 
were removed and absorbances were measured at 260 and 
274 mp with the Beckman DU spectrophotometer. The ab
sorbances decreased with time, making a first-order approach to 
values very close to those of p-dimethylaminoaniline. Rate 
constants were calculated for both the 260- and 274-niM data and 
averaged. Agreement between the constants for the two wave
lengths was generally excellent.

Reactions were monitored spectrophotometrically for as long 
as 4 days. Simply passing nitrogen through the solutions did not 
suffice to protect the very labile p-dimethylaminoaniline from 
noticeable autoxidation during such a long time. Consequently, 
0.04 g of sodium sulfite was included in each reaction mixture. 
This agent very effectively inhibited the autoxidation. The p- 
dimethylaminoaniline in turn would have been expected to in
hibit the autoxidation of the sulfite, an important point, since 
this oxidation is accompanied by a change in absorbance at 260 
and 274 mp. As an extra precaution against oxidation of the 
sulfite, 0.03 g of Na4EDTA was included in the solutions.

Measurements of the pH values of the reaction mixtures were 
made at the end of each kinetic experiment. A Corning Model 
12 pH Meter was used. For pH values below 1 1 , a Beckman 
glass electrode (Cat. No. 1190-80) was employed, and the 
Corning Triple-Purpose electrode was used for higher pH values. 
A Beckman reference calomel electrode was used. The elec
trodes were calibrated with 0.01 M  sodium tetraborate, and 
their linearity was checked with Corning pH 7.00 buffer. Dilute 
sodium hydroxide solutions were protected from atmospheric C02 
during the pH measurements with nitrogen. Sodium ion cor
rections were made.

The following relationships exist between the sodium hydrox
ide concentrations and the corrected experimental pH values 
greater than 11: pH = 13.829 -f 0.979 log[NaOH] for ionic 
strength 0.1 M; pH = 13.746 +  0.994 log[NaOH] for ionic 
strength 0.5 M. The standard error of fit of the experimental 
to the calculated pH values is 0.004 pH unit. The maximum 
deviation is 0.008 pH unit. The fact that the coefficients of log 
NaOH are close to unity indicates tha t ion activity coefficients 
remained almost unchanged as sodium hydroxide concentration 
was varied at constant ionic strength.

For the experiments in which yields of p-dimethylaminoaniline 
were determined, reactions were carried out in rubber-stoppered 
glass bottles fitted with nitrogen inlet and exit tubes and a port 
for sampling. Isocyanate stock solution (Eastman Spectro 
Grade acetonitrile) (1 ml) was delivered from a calibrated vol
umetric pipet into 100 ml of nitrogen-purged buffer. Analysis 
for p-dimethylaminoaniline was carried out as follows. A 5-ml 
sample of the reaction mixture was added to a mixture of 2 ml 
of a buffer designed to give pH ~ 7  and v ml of 5 X 10-4 M  
aqueous 1-naphthol solution. Then there was added v ml of 2 
X 10~3 M  aqueous potassium ferricyanide solution, followed by 1 
ml of 15% Triton X-100 solution. Finally, the solution was 
made up to a total weight of 10.00 g with water. The volume v 
was chosen to be about 0.2 ml in excess of the volume theoretically 
required to convert the p-dimethylaminoaniline into the blue 
indoaniline dye. If v was much larger, significant amounts of 
colored 1 -naphthol oxidation products were formed. Owing 
to the Triton X-100, the dye followed Beer’s law in the solutions.11 
The amount of p-dimethylaminoaniline in the sample was cal
culated from the absorbance at 600 mp. The calculations were 
based on the results of calibration experiments. Analyses were 
generally carried out in duplicate and sometimes in triplicate. 
The values given in Tables II-V  are the averages.

In the yield experiments having the highest initial isocyanate 
concentration (1.26 X 10~4 M ), traces of crystalline solid formed 
in the reaction mixtures. The amount of this material, esti
mated visually, decreased with increasing phosphate concentra
tion, and therefore it correlated with the expected yields of 1,3- 
bis(p-dimethylaminopheny])urea. The material melted partially 
in the 250-260° range. Staudinger and Endle give 258-259° 
dec for the melting point of the urea.1

R egistry N o.—p-Dimethylaminophenyl isocyanate, 
16315-59-6; p-dimethylaminoaniline, 99-98-9.
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(11) L . K . J .  T o n g  a n d  M . C aro l G lesm ann , J .  A m er. Chem . Soc., 79 , 4305 
(1957).
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The mass spectral fragmentation patterns of several alkyl, cycloalkyl, and aryl methanesulfonates have been 
recorded and studied. Deuterium-labeling experiments have been conducted to determine the origin of the 
hydrogens involved in several interesting rearrangements to sulfonyl oxygen. The mechanistic implications of 
these data are discussed in terms of the stereochemistry of the transition state and the stability of the product ion 
formed through rearrangement.

In continuing studies on the mass spectral fragmen
tation patterns of tetracoordinated sulfur compounds, 
a series of alkyl methanesulfonates was prepared and 
examined under mass spectral conditions. It was of 
interest to determine if rearrangements analogous to 
those involving the alkane portion of the sulfonate 
esters would also occur with involvement of the alkyl 
moiety of the ester.2

The mechanisms suggested for the observed rear
rangements are supported by deuterium-labeling stud
ies. In discussing the rearrangements and fragmen
tations of these esters, the position of the atoms will be 
designated as

0

C—I—0—c —c —c
1

a  0  a '  ¡3' y '  5 f

An a  cleavage will mean cleavage of the C-S bond and 
an a  cleavage of the S-OR bond, etc. A substituent 
referred to as an a  substituent will be borne on the a  
carbon. The convention proposed by Budzikiewicz, 
Djerassi, and Williams3 for denoting electron shifts 
will be used. A fishhook (x~„) will indicate the move
ment of a single electron; an arrow will denote 
the movement of an electron pair. Table I indicates

T a b l e  I  

CH3SO3R
R R e g is try  no. B p , °C  (m m )

I CH3 66-27-3 78(10)
2 CH2CH3 62-50-0 78 (7.5)
3 c h 2c h 2c h 3 1912-31-8 120 (28)
4 CH2(CH2)2CH3 1912-32-9 96 (4.1)
5 CH2(CH2)3CH3 6968-20-3 93-94 (2.5)
6 CH2(CH2)4CH3 16156-50-6 86(1.5)
7 CH2(CH2)5CH3 16156-51-7 94-95 (1.0)
8 CH2(CH2)6CH3 16156-52-8 95-96(0.50)
9 CH(CH3)2 3409-44-7 54-55 (0.75)

10 CH2CH(CH3)2 16156-53-9 63-64(1.0)
11 CH(CH3)CH2CH3 16156-54-0 57-58(1.0)
12 CH2CH2CH(CH3)2 16156-55-1 60-61 (0.65)
13 Cyclohexyl 16156-56-2 84(0.77)
14 Cyclopentyl 16156-57-3 70-71(0.75)
IS CH2—C =C H 16156-58-4 67(1.0)
16 Phenyl 16516-59-5 Mp 59°
17 o-Tolyl 1009-01-4 80.5 (0.20)
18 m-Tolyl 1077-02-7 84 (0.55)
19 CD2CH(CH3)2 16156-60-8 76 (2.6)
20 c d 2c h 2c h 3 16156-61-9 76-77(2.6)
21 c h 2c d 2c h 3 16156-62-0 76-77 (2.6)
22 c h 2c h 2c d 3 16156-63-1 58-59(0.60)

(1) L. W . C . th e s is  con ta in s  th e  co m p le te  s p e c tra  of th o se  es te rs  n o t p re 
sen te d  here.

(2) W . E . T ru c e , R . W . C am pbell, a n d  G . D . M ad d in g , J .  Org. Chem ., 32, 
308 (1967).

the esters that have been studied and will be discussed. 
Mass spectra are given in Figures 1-7.

Results and Discussions

It has been found that, in addition to hydrogen mi
grations from the alkane portion of methyl alkanesulfo- 
nates, hydrogen is also transferred from the alkyl 
portion of both methyl and ethyl methanesulfonate to 
the sulfonyl oxygens with simultaneous a  or 8 '  
cleavage. Methyl methanesulfonate (1) and ethyl 
methanesulfonate (2) give prominent ions at m / e  80 (22) 
and m/e 97 (23), respectively. The following mecha
nisms were proposed and supported by labeling experi
ments.

-Sv

l
CH— S . - ^ C H 2

x r

Œ 3 - S ^ Î H

CCH,0 )
H'/

OH

CH3— S+ +  CH2= 0  

0
22

«

c h — s = o  +  ch= ch2

OH

23

The McLafferty rearrangement to give ion 23 is pos
tulated to go through a 3,2,1-bicyclic transition state. 
Precedence for this type of transition state can be found 
in the proposed transfer of two hydrogens in propyl and 
higher esters of aliphatic and aromatic carboxylic 
acids.4 It was of interest to determine if results sim
ilar, with regard to site specificity, to those obtained 
for double hydrogen rearrangement from the alkyl 
portion of carboxylic acid esters would be obtained for 
methanesulfonic acid esters. For one of the most 
characteristic fragmentation processes for carboxylic 
acid esters, i.e., transfer of two hydrogens from the 
alkyl portion of the ester with loss of the alkyl residue, 
it had originally been thought, as a result of work on 
sec-butyl acetate, that 6  and 7  hydrogens were ex
clusively involved.5 However, McFadden6 as well as 
Benz and Biemann7 concluded, using deuterium-

(3) H . B udzik iew icz, C . D je rass i, a n d  D . H . W illiam s, “ M ass  S p ec tro m e
t r y  of O rgan ic  C o m p o u n d s ,” H o ld en -D ay , In c .,  S an  F ran c isco , C alif., 1967, 
P 3.

(4) F . W . M c L a ffe r ty  a n d  T . S. G ohlke, A n a l. Chem ., 31, 2076 (1959).
(5) F . W . M c L a ffe rty  a n d  M . C . H am m in g , Chem . I n d .  (L ondon ), 1366 

(1958).
(6) D . R . B lack , W . H . M cF ad d en , a n d  J . W . C orse, J .  P h ys. Chem ., 68, 

1237 (1964).
(7) W . B enz a n d  K . B iem ann , J .  A m er. Chem . Soc., 86, 2375 (1964).
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Figure 1.—ra-Butyl methanesulfonate. Figure 4.—re-Propyl methanesulfonate.

a

Figure 2.—re-Pentyl methanesulfonate. Figure 5.—2-Propyl methanesulfonate.

Figure 3.'—Ethyl methanesulfonate.

labeled n-butyl and n-amyl esters, that the first proton 
in this rearrangement comes specifically from the 7  
position and the second proton is abstracted in a random 
manner from the other possible positions. Djerassi 
and Fenselau have since shown conclusively that the 
itinerant hydrogens come mostly, but not entirely, 
from C-2 and C-3 in butylcarboxylic acid esters.8

0>H5Cf +  C4H7-
X0H

C2H5C— 0—[ CH2CH2CH2CH3

(8) C . D je ra s s i a n d  C . F en se lau , J .  A m er. Chem. Soc., 87 , 5756 (1965).

Figure 6.—Cyclohexyl methanesulfonate.

In the present work it was indeed found that all of 
the unbranched primary alkyl esters (2- 8) gave the 
double hydrogen rearrangement ion 23, in relative 
abundance of 13-53%. Deuterium labeling shows 
that hydrogens from other than the /S' and y '  positions 
are involved which is similar to the conclusions reached 
by Djerassi8 for carboxylic acid esters. The deuterium- 
labeled compounds (20- 22) indicate that a different 
mechanism is operative for hydrogen transfer with the 
propyl ester compared with the ethyl ester since the 13' 
and y ’ hydrogens are not exclusively involved in the 
rearrangement. Indeed, Table II shows that in n -  
propyl methanesulfonate (3) the hydrogens involved
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m / e

Figure 7.—o-Methyl benzene methanesulfonate.

A comparison of the mass spectra of ethyl methane
sulfonate and n-propyl methanesulfonate (Figures 3 
and 4) indicates a general trend, i.e., as the alkyl group 
becomes longer in going from 2 to 8 , ion 22 (single 
hydrogen transfer, a '  cleavage) becomes less abundant 
and ion 23 (double hydrogen transfer, /3' cleavage) be
comes more abundant.

s-Alkyl methanesulfonates (9, 11) do not show abun
dant ions (<6%) at either m / e  80 (22) or m / e  97 (23) 
(Figure 5). Presumably /?' cleavage to form the sec
ondary carbonium ion becomes more favorable than 
any process involving hydrogen transfer. Indeed, 
m / e  43 from ¡3' cleavage is the base peak (R.A. = 100) 
for isopropyl methanesulfonate (9).

C o m p o u n d “

T a b l e  II
m /e  97 m /e  98 m /e  99 2

c h 3so 3c h 2c h 2c h 3 45.7 1.27 2.72 49.7
c h 3so 3c d 2c h 2c h 3 28.2 19.2 3.78 51.2
c h 3s o 3c h 2c d 2c h 3 20.7 27.4 2.79 50.9
c h 3s o 3c h 2c h 2c d 3 2.54 42.6 1.73 46.8
1 Base peak ion (25), m/e 79.

in the rearrangement to give ion 23 come approximately 
38% of the time from the (3',b' carbons, 56% of the 
time from the 7 ',5' carbons, and less than 5% of the 
time from the ¡3',7 ' carbons. The low abundance of 
the ion at m / e  99 eliminates any substantial con
tribution to ion 23 by way of transfer of two hydrogens 
from the same carbon. It can be concluded therefore 
that sulfonic acid esters like carboxylic acid esters do 
not transfer hydrogen only through five- and six- 
membered-ring transition states, but substantial con
tributions are made by hydrogen transfer through 
seven-membered-ring transition states. Molecular 
models show that the conformation for the 7 ',5'- 
hydrogen transfer through a 3,2,2-bicyclic transition 
state is neither badly eclipsed nor strained (Chart I). 
Hence, it is feasible even though it involves a seven- 
membered ring which is infrequently found in mass 
spectral literature.6'8-10

[CH3S03CHMe2]'+ — >- Me2CH (m/e 43) +  CH3S03-

Another mode of fragmentation which may give 
rise to hydrogen rearrangement is 7 ' cleavage. 13

î
CH3S— 0 — CH2— R 

0

0
II *

CH3S— 0 = C H 2 +  R. 

0

24 (m/e 109)

Ion 24, m / e  109, occurs in all primary esters, while 
in the secondary esters such as 2-butyl methanesulfo
nate (11) the largest alkyl chain is lost preferentially 
to give the corresponding ion at m / e  123.14 Ion 25 
is the base peak in the spectrum of 11. However, with

I x CH> 

CHt ^ C H , C H ,

?  * T -
CH3S— 0 = C H  +  -CH2CH3

11 25 (m/e 123)

C h a r t  I
7 ',S '-H y d r o g e n  M ig r a t io n  

via 3 ,2 ,2 -B ic y c lic  T r a n s it io n  S t a t e

a branched primary ester such as isobutyl methanesul
fonate (10), not only is ion 24 present (R.A. =  25%), 
but also an ion appears as m / e  111 (R.A. =  77%).

O'

ch3s— o c h 2ch

■c h3

0
\ 'CH,CH3

10

OK ÇH2

— c h3s — o= ch2 +  >JH
/

OH ch2

26 (m/e 111)

A difference, however, should be noted in the be
havior of ethylcarboxylic acid esters and ethyl alkane- 
sulfonates. The results of deuterium-labeling ex
periments for carboxylic ethyl esters show that almost 
complete scrambling of the ethoxyl hydrogens occurs 
for both the single and double hydrogen rearrange
ment.11 ’ 12 However, with ethyl methanesulfonate 
scrambling was not observed.2

(9) W . H . M c F ad d en , L . E . Boggs, a n d  R . G . B u tte ry , J .  P h y s . Chem ., 70, 
3516 (1966).

(10) N . C . R o l, Rev. Trav . C h im ., 84, 413 (1965).
(11) A. G . H a rr iso n  a n d  E . G . Jo n es , C an. J .  C hem ., 43, 960 (1965).
(12) E . V. G o dbo le  a n d  P . K eb a rle , T rans. F araday Soc., 58, 1897 (1962).

The mass spectrum of 19 in which the two ¡3' hydrogens 
of isobutyl methanesulfonate are replaced by deuterium 
shows that the two ¡3' hydrogens are retained in ion 
24 (Table III).

A seven-membered-ring transition state is pre
sumably involved in the rearrangement to form ion 
26. However, deuterium labeling to establish firmly 
the origin of this ion has not been carried out. 
In addition isobutyl methanesulfonate (10) gives an

(13) See, fo r exam ple, ref 3, C h a p te rs  4 a n d  6.
(14) F . W . M cL a ffe rty , A n a l. Chem ., 29, 1782 (1957).
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C o m p o u n d “

0  CH3
I /

CH3SOCH2CH
II \
0  CHs

0  CHa
1 /

CH3SOCD2CH
\

T a b l e  III
,------------------ml e~

109 110 111

25.2 15.7 77.1

1.02 1.36 33.8

112 113 2

2.63 3.71 123.4 

18.2 33.0 87.4

0  CH3
“ Base peak a t m/e 43 for each ester.

abundant ion at m / e  80 (22) but very little ion 23, 
m / e  97. Comparing isobutyl methanesulfonate (10)

f
ch3s=o

OH
23(5%)

O
22 (83%)

with its /F-deuterated analog (19) indicates, by the 
constant ratio of m/e 80 to m/e 81, that the ¡3' hydro
gens are not predominantly involved in the rearrange
ment to give ion 22 for this ester. This is in contrast

O

CH3S—0CH2CH
II \

.CHj

'CH3

10

CH3S— OCDÆH
,CH3

\
0 'CH3

19

m/e 80 
m/e 81 = 3.43

m/e 80 
m/e 81 = 3.36

to methyl methanesulfonate which gives ion 22 by 
transfer of one ¡3' hydrogen.2

One unsaturated ester was examined, propargyl 
methanesulfonate (15), which gave a m / e  80 ion (R. A. 
= 57%).

U ïkCH3S% v .CHC=CH
U o /
o

15

?H
T

o
22

II
CO=CH

H

subsequent fragmentation of the ring itself must be 
energetically favorable. The main fragmentation pat
terns then for the cycloalkyl esters arise from the 
fragmentation of the cycloalkyl ring itself.16,16

Finally, several aryl methanesulfonates were pre
pared and their mass spectra examined. These 
esters were examined for possible hydrogen transfer 
from ortho methyl substituents. This type of re
arrangement has been observed for several diaryl sul
fones, where migration occurred through a six-mem- 
bered-ring transitions state.17 However, in o-methyl-

phenyl methanesulfonate rearrangement of an o-  
methyl hydrogen would have to proceed through a 
seven-membered-ring transition state. No specific 
hydrogen rearrangements to give either an ion at m / e  
80 (hydrogen transfer with a '  cleavage) or an ion at 
m / e  96 (hydrogen transfer with ¡3' cleavage) occurred. 
An examination of Figure 7, however, reveals an ion 
at m / e  108 (R.A. = 75%) which could be the molecular 
ion of o-cresol. This ion could arise by either of the 
following mechanistic pathways, involving a four- or 
six-membered-ring transition state, respectively. Either

mode of rearrangement would involve the novel elimi
nation of a neutral molecule of sulfene.18 An analogy 
to this mode of rearrangement would be the postulated 
elimination of ketene in the following ester.19 With

O

CH,OH +  0=C=CH 2

The two cycloalkyl methanesulfonates investigated, 
13 and 14, did not show ions corresponding to hydrogen 
migration to sulfonyl oxygen. If a model is con
structed of cyclohexyl methanesulfonate (13), it 
would appear that the stereochemical requirements 
for the transfer of two hydrogens from the 2 and 6 
positions of the cyclohexyl ring are adequately met. 
However, this rearrangement does not take place to 
any appreciable extent (Figure 6). Rupture of the 
/S' bond to form the secondary cyclohexyl ion and

m/e 98

(15) R . I . R eed , “ A p p lica tio n s  of M ass  S p e c tro m e try  to  O rg an ic  C hem is
t r y ,”  A cadem ic P ress  In c .,  L ondon , 1966, C h a p te r  3.

(16) J .  H . B eynon , “ M ass  S p e c tro m e try  a n d  its  A p p lic a tio n  to  O rg an ic  
C h e m is try ,”  E lse v ie r P u b lish in g  C o ., A m ste rd a m , 1960.

(17) S. M ey erso n , H . D rew s, a n d  E . K . F ie ld s, A n a l. C hem ., 36 , 1294 
(1964).

(18) (a) G . O p itz , M . K leem an , D . B u ch e r, G . W a lz , a n d  K . R e i th , A ngew . 
Chem . In te rn . E d . E ng l., 5, 594 (1966); (b) J .  F . K in g  a n d  T . D u rs t ,  J .  A m er. 
Chem . Soc., 87, 5684 (1965); (c) W . E . T ru c e  a n d  R . W . C am p b e ll , ib id ., 88, 
3599 (1966).

(19) K . B iem an n , “ M ass  S p e c tro m e try : O rgan ic  C h em ica l A p p lic a 
tio n s ,” M cG ra w -H ill B ook  C o., In c .,  N ew  Y ork , N . Y ., 1962, p p  111, 112.



Vol. 38, No. 6, June 1968 Alkyl Methanesulfonates 2265

m-tolyl methanesulfonate (18) the corresponding m eta  
isomer at m / e  108 is the base peak in the spec
trum.

Aside from this rearrangement, the main fragmenta
tion pattern for aryl methanesulfonates arises from 
simple 6' cleavage with retention of charge on the 
aromatic moiety and subsequent fragmentation of the 
aryl ring itself.15

Experimental Section
W e a re  in d e b te d  to  P ro fe sso r F . W . M c L a ffe rty  a n d  h is s ta ff 

fo r d e te rm in in g  a n d  h e lp in g  us to  in te rp r e t  th e  m ass sp e c tra  
w h ich  w ere  reco rd ed  on a  H ita c h i  R M U -6 A  in s tru m e n t u sin g  
a  h e a te d  in le t sy s tem , io n iz a tio n  e n erg y  of 80 eV, in le t  te m 
p e ra tu re  of 1S5°. A lso , se v e ra l re p re se n ta tiv e  co m p o u n d s w ere  
ru n  a t  an  in le t te m p e ra tu re  of 50° a n d  so u rc e  te m p e ra tu re  of 00°, 
an d  th e  sp e c tra  w ere  c o m p a red  to  th o se  ta k e n  a t  th e  h ig h e r te m 
p e ra tu re s  to  d e te rm in e  if th e se  co m p o u n d s w ere  th e rm a lly  s ta b le . 
A ll of th e  e s te rs  th u s  te s te d  p ro v e d  to  b e  th e rm a lly  s ta b le . All 
es te rs  g av e  p h y s ic a l c o n s ta n ts  c o n s is te n t w ith  l i te r a tu r e  v a lu e s  
an d  w ere  p u rified  b y  v p c  th ro u g h  a  silicon  S .E . 30 (150°) co lum n  
w hen  f ra c tio n a l  d is t il la t io n  le f t p u r i ty  in  d o u b t .  N m r  sp e c tra  
w ere reco rd ed  on  a V a r ia n  A -60 sp e c tro m e te r  w ith  T M S  as in 
te rn a l  s ta n d a rd .

General Procedure for Preparation of Alkyl Methanesul
fonates.— T o  a  so lu tio n  of 0 .13  m ol of t r ie th y la m in e  (M a th e so n  
C o lem an  a n d  Bell re a g e n t) ,  a n d  0 .1 3  m ol of alcohol in  200 m l of 
benzene  (B a k e r S p e c tro p h o to m e tr ic  re a g e n t)  c o n ta in ed  in a  d ry  
500-m l th re e -n e c k  flask  e q u ip p e d  w ith  an  a d d it io n  fu n n e l, n i tro 
gen in le t, c a lc iu m  ch lo rid e  d ry in g  tu b e ,  a n d  a  m ag n e tic  s t ir re r  
w as s low ly  a d d e d  w ith  cooling a n d  s t ir r in g  a  so lu tio n  of 0 .1 0  m ol 
of m e th a n e su lfo n y l ch lo rid e  in  50 m l of b e n ze n e . T h e  m ix tu re  
w as s t ir re d  o v e rn ig h t u n d e r  n itro g e n , a n d  th e  p re c ip ita te d  t r i 
e th y la m in e  h y d ro c h lo rid e  w as f ilte red . T h e  f i l t ra te  w as w ashed  
sev e ra l t im e s  w ith  d ilu te  h y d ro c h lo ric  a c id  a n d  d ried  o v e r so d iu m  
su lfa te , a n d  th e  so lv e n t w as re m o v e d  u n d e r  red u ce d  p re ssu re . 
T h e  re su ltin g  e s te r  w as th e n  d is tilled  in vacuo th ro u g h  a  10-cm  
V igreux  co lum n .

Modification of the Above Procedure for the Preparation of 
Secondary Alkyl Methanesulfonates.— T h e  p ro c e d u re  w as id e n ti
cal ex cep t t h a t  th e  e s te rs  w ere  d is til led  u n d e r  th e  lo w est poss ib le  
p re ssu re  in  th e  p re sen c e  of 0 .5  g of C a C 0 3 to  m in im ize  d eco m p o si
tio n . T h e  e s te rs  w ere  th e n  s to re d  o v e r 1 g of N a H C 0 3 in  w h ich  
case th e y  w ere  re a so n a b ly  s ta b le .

Preparation of Propanol-1,l-cfc.— In  a th re e -n e c k  500-m l flask  
eq u ip p e d  w ith  a  reflux  co n d en ser f i tte d  w ith  a  ca lc iu m  ch lo ride  
d ry in g  tu b e ,  d ro p p in g  fu n n e l, a n d  m ec h an ic a l s t ir re r  w as m ixed 
200 m l of d ie th y l e th e r  d is tilled  fro m  L iA lH 4 a n d  3.1 g (0 .13  m o l) 
of L iA lD i. T h e  re su ltin g  s lu r ry  w as h e a te d  u n d e r  reflux  fo r 1 
h r .  T h e n  9 .63  g (0 .13  m o l) of p ro p a n o ic  ac id  in  50 m l of E t 20  
w as a d d e d  o v e r a  p e rio d  of 2 h r  w ith  coo ling . A fte r  a d d it io n  
w as co m p le te  th e  re a c tio n  w as a llow ed  to  ru n  o v e rn ig h t u n d e r  
g e n tle  reflux . T h e  re a c tio n  m ix tu re  w as cooled an d  an  excess 
(25 m l) of m e th y l c a rb ito l w as a d d e d  slo w ly . A fte r  th is  a d d itio n  
w as c o m p le te  th e  re a c tio n  m ix tu re  w as d is tilled  to  g ive  4 .3  g 
(8 1 % ) of n -C H 3C H 2C D 2O H , b p  9 9 -1 0 1 ° .

Preparation of n-Propyl-%,/3'-d2 Methanesulfonate.— T o  a  
so lu tio n  of 6 .59  g (0 .065 m o l) of tr ie th y la m in e  a n d  4 .3  g (0.069 
m ol) of p ro p a n o l-1 ,l-d 2 in  100 m l of b e n ze n e  w a s  s low ly  a d d e d  a

so lu tio n  of 5 .72  g (0 .05  m o l) of m e th a n e su lfo n y l ch lo rid e  in  25 m l 
of b en zen e . T h e  m ix tu re  w as s t ir re d  fo r 8 h r  a n d  w o rk e d  u p  in  
th e  u su a l m a n n e r  to  g ive  4 .3 7  g (6 3 % ) of p ro p y l-/3 ',0 '-d 2 m e th a n e 
su lfo n a te : b p  7 6 -7 7 °  (2 .6  m m ); n m r (C D C U ), t 9 .0 1  ( t ,  3 ) ,
8 .30  (q , 2 ) , 7 .08  (s, 3 ).

P re p a ra tio n  of P ro p an o l-2 ,2 -d 2, CH3CD2CH2OH.— A  so lu tio n  
of 25 .0  g (0 .212 m o l) of m e th y lm a lo n ic  a c id  (M a llin c k ro d t) , 20 g 
(1 .0  m o l) of d e u te r iu m  ox ide  (C o lu m b ia  O rg an ic  C h em ica ls , 
9 9 .7 % ), a n d  20 m l of d io x an e  (d istilled  fro m  so d iu m ) w as s t ir re d  
fo r 48 h r  a t  ro o m  te m p e ra tu re .  T h e  so lv e n t w as th e n  re m o v e d  a t  
ro o m  te m p e ra tu re  in vacuo, a n d  th e  re s id u e  d ried  in vacuo o v e r 
p h o sp h o ru s  p e n to x id e . T h is  p ro c e d u re  w as re p e a te d  fo r a  to ta l  
of th re e  tim e s . T h e  p ro d u c t w as th e n  d e c a rb o x y la te d  b y  h e a t
ing  w ith  s t ir r in g  a t  140° u n t il  th e  e v o lu tio n  of C 0 2 s to p p e d  (a b o u t 
24 h r ) .  T h e  c ru d e  a c id  w as d is til led  in vacuo to  g ive  15.5 g 
(0 .204  m o l) of p ro p an o ic -2 ,2 -%  ac id . T h is  a c id  (10 g , 0 .13  m ol) 
w as ta k e n  u p  in  10 m l of A n su l e th e r  141 (d istilled  fro m  L iA lH 4) 
a n d  slow ly  a d d e d  w ith  s t ir r in g  to  a  cooled s lu r ry  of 4 .9 4  g (0 .130 
m ol) of l i th iu m  a lu m in u m  h y d rid e  in  100 m l of A n su l e th e r  141. 
T h e  m ix tu re  w as s t ir re d  o v e rn ig h t, a n d  th e n  excess m e th y l 
c a rb ito l (2.5 m l) w as a d d e d . T h e  p ro d u c t  w as d is tilled  fro m  th e  
re a c tio n  m ix tu re . T h is  m a te r ia l  -was re d is tille d  to  g ive  6 .3 8  g 
(79% ,) of p ropanol-2 ,2-d> , b p  10 0 -1 0 1 °.

Preparation of Propyl-2 ,2-d2 Methanesulfonate.— T o  a  so lu 
tio n  of 4 .35  g (0 .043 m o l) of tr ie th y la m in e  a n d  2 .67  g (0 .043  m ol) 
of p ro p a n o l-2 ,2-% in  75 m l of d ry  b e n ze n e  w as s low ly  a d d e d  4 .35  
g (0 .038  m ol) of m e th a n e su lfo n y l ch lo rid e  in  10 m l of b en zen e . 
T h e  m ix tu re  wms s t ir re d  o v e rn ig h t u n d e r  n itro g e n , a n d  th e n  
w o rk ed  u p  in  th e  u su a l m a n n e r . T h e  e s te r  w as d is tilled  in vacuo 
a n d  co llected  in  th e  a m o u n t of 4 .9  g (9 2 % ): b p  84^85° (6 .0  
m m ); n m r, r  9 .05  (s, 3), 7 .10  (s, 3 ), a n d  5 .98  (s, 2 ).

Preparation of Propanol-3,3,3-d3.— A  so lu tio n  of 104 g (1 .0  
m ol) of m alo n ie  ac id  (M a llin c k ro d t) , 50 g (2 .50  m o l) of d e u te r iu m  
o x ide  (9 8 % ), a n d  100 m l of d io x an e  (d is tilled  fro m  so d iu m ) w as 
s t ir re d  fo r 4S h r  a t  ro o m  te m p e ra tu re . T h e  so lv e n t w as re 
m o v ed  a t  room  te m p e ra tu re  in vacuo a n d  th e  re s id u e  d ried  in 
vacuo o v er p h o sp h o ru s  p e n to x id e . T h is  p ro c e d u re  -was re p e a te d  
fo r a  to ta l  of th re e  tim e s . T h is  p r 'o d u c t w as th e n  d e c a rb o x y la te d  
b y  h e a tin g  a t  145° u n t il  C 0 2 e v o lu tio n  s to p p e d . T h e  c ru d e  
acetic-fh  ac id  (18.9 g, 0 .3 0  m o l) w as a d d e d  slow ly  to  44 .0  g (0 .34  
m o l) of th io n y l ch lo ride  cooled to  1 0 -1 5 ° . A fte r  th e  a d d itio n  
w as com plete , th e  re a c tio n  m ix tu re  w as h e a te d  g e n tly  fo r 0 .5  h r  
an d  th e  p ro d u c t  d is tilled . T h e  o rig in a l d is t il la te  w as red is tilled  
to  g ive  20 .3  g (8 4 % ) of C D 3 C O C I, b p  5 2 -5 3 °  (760 m m ) .“  C D 3- 
COC1 (16.3 g, 0 .2 0  m o l) w as a d d e d  slow ly  to  a  cold so lu tio n  of 
d ia z o m e th a n e  in  e th e r  (p rep a re d  fro m  b is (N -m e th y l-N -n itro so )-  
te re p h th a la m id e ) .20 21 A b r isk  e v o lu tio n  of n itro g e n  o ccu rred , a n d  
th e  so lu tio n  w as allow ed  to  s ta n d  a t  0 ° .22 T h e  e th e r  w as re 
m o v ed  fro m  th e  re a c tio n  m ix tu re  a t  5 -1 0 °  in vacuo le a v in g  a  
b r ig h t  5 'e llow  liq u id  (d iazo  k e to n e )  wdiich w as ta k e n  u p  in  200 m l 
of m e th a n o l. T o  th is  so lu tio n  w as a d d e d  a  fewT d ro p s  of a  m ix 
tu re  p re p a re d  b y  a d d in g  9 .2  g (0 .04  m o l) of s ilv e r  b e n z o a te  to  30 
m l of t r ie th y la m in e .23 N itro g e n  w as ev o lv ed  im m e d ia te ly  an d  
th e  so lu tio n  tu rn e d  b lac k . W h en  th e  n itro g e n  e v o lu tio n  slow ed 
d o w n , m ore  of th e  s ilv e r  b e n z o a te  so lu tio n  w as a d d e d . A  to ta l  
of 2 .6 5  1. of n itro g e n  w as e v o lv ed . T h e  m ix tu re  w as filte red  an d  
th e n  d is tilled  on  a  T o d d  co lu m n  to  g ive  11.6 g (0 .110  m o l) of 
m e th y l p ro p io n a te -3 ,3,3-% , b p 7 8 -7 9 °  (7 5 6 m m ). T h is e s t.e rw a s  
red u ce d  w ith  L iA lH j in  A n su l e th e r  141 to  g iv e  6 .05  g (8 7 % ) of 
p ro p a n o l-3 ,3 ,3-da, b p  1 0 0 .5 -1 0 1 .5 °  (753 m m ).

Preparation of Propyl-3,3,3-% Methanesulfonate.— T o  a  so lu 
t io n  of 5 .15  g (0.051 m o l) of tr ie th y la m in e  a n d  3 .22  g (0.051 
m ol) of p ro p a n o l-3 ,3 ,3-d3 in  100 m l of d ry  b e n ze n e  w as slow ly  
ad d ed  4.81 g (0 .042 m ol) of m e th a n e su lfo n y l ch lo rid e  in  15 m l of 
b e n ze n e . T h e  m ix tu re  w as s t ir re d  o v e rn ig h t a n d  w o rk e d  u p  in  
th e  u su a l m a n n e r . D is t i lla tio n  in vacuo g av e  3 .78  g (6 4 % ) of 
e s te r : b p  1 1 0 .5 -1 1 1 .5 °  (20 .0  m m ); n m r , r  8 .25  (q , 2 ) , 7 .10  (s, 
3 ), 5 .95  (q , 2 ).

Preparation of Isobutyl-l,l-d2 Methanesulfonate.— T o  a  s lu r ry  
of 2.1 g (0 .05  m ol) of L iA lD 4 in  50 m l of A n su l e th e r  141 (d istilled  
fro m  L iA lH 4) w as slow ly  a d d e d  4 .4  g (0 .05  m o l) of iso b u ty r ic  acid

(20) B . H elferich  a n d  W . S chae fe r, “ O rgan ic  S y n th ese s ,’’ Coll. Vol. I , 
Jo h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1964, p  147.

(21) T h . J . D eB oer an d  H . J . B ack er, “ O rgan ic  S y n th ese s ,” C oll. IV , J o h n  
W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1963, p  250.

(22) W . E . B ac h m an  a n d  W . S. S ta u re , “ O rgan ic  R e a c tio n s ,” J o h n  W iley  
a n d  S ons, In c ., N ew  Y ork , N . Y ., 1942.

(23) M . S. N ew m an  an d  P . F . B eal, I I I ,  J .  A m er. Chem. Soc., 72, 5163 
(1950).
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in 25 ml of Ansul ether 141. The reaction mixture was allowed 
to stir overnight at 70°. Excess methyl carbitol was added and 
the product distilled to give 2.3 g (61%) of isobutyl-1,l-cfe alcohol, 
bp 108-109°.

To a solution of 3.04 g (0.030 mol) of triethylamine and 2.28 g 
(0.030 mol) of isobutyl-1,1-dj alcohol in 75 ml of dry benzene 
was added 2.86 g (0.025 mol) of methanesulfonyl chloride in 10 
ml of benzene. The mixture was stirred overnight and worked up 
in the usual manner. The ester was distilled in vacuo giving 1.4

g (28%) of isobutyl-1,l-d2 methanesulfonate: bp 58-59° (0.60 
mm); nmr, r  9.00 (d, 6), 8.00 (m, 1), 7.02 (s, 3).
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In view of the importance of tetrahydropyranyl ethers as protecting groups for alcohols, there was under
taken a study of the principal modes of fragmentation subsequent to electron impact of alkyl tetrahydropyranyl 
ethers and thioethers using specifically deuterated derivatives and high resolution mass spectrometry.

Tetrahydropyranyl ethers have been used in syn
thetic organic chemistry as base-stable, acid-labile pro
tecting groups for hydroxylic functions. Although 
much research has been completed on the mass spectro
métrie fragmentation of alcohols,3 ethers,4 and thio
ethers,5 only a preliminary description6 of the processes 
following electron impact of alkyl tetrahydropyranyl 
ethers has been published. The present communica
tion records the results of a detailed study, using specif
ically deuterated analogs supplemented by high resolu
tion mass spectrometry, of the fragmentation of alkyl 
tetrahydropyranyl ethers and thioethers.

Discussion of Mass Spectra

n-Alkyl Tetrahydropyranyl Ethers.—Ethyl and 7 1- 
butyl tetrahydropyranyl ethers (I and II) were prepared

an M — 1 species. Deuterium labeling established 
that the hydrogen atom eliminated in this process must 
originate from C-2 of the pyran ring as no loss of deu
terium was observed in the analogs labeled in the alkyl 
chain or at C-3, C-4, or C-6 of the pyran ring. There
fore this ion can be represented by a.

CkkoR
a, M - l

a  cleavage relative to the aliphatic ether oxygen 
atom is responsible (Table I) for the formation of the 
low abundance ion (represented by b) at mass 115 in the 
spectrum (Figure 2) of II and a metastable peak was 
recognized to verify this decomposition of the molecular 
ion.

:O c
i , r = c2h 5

n ,R = « -C 4H9

as typical representatives of this class of compound and 
their respective mass spectra are reproduced at both 
70 and 12 eV in Figures 1, la, 2, and 2a. It was found 
necessary to use an all-glass heated inlet system in the 
determination of these spectra since we observed partial 
pyrolysis of these compounds to a mixture of dihydro- 
pyran (strong molecular ion at m / e  84) and the re
spective alcohol when using a metal heated inlet system.

The mass spectra (Figures 1 and 2) of ethyl and n- 
butyl tetrahydropyranyl ether (I and II) contain weak 
molecular ion peaks which are surpassed in intensity by

(1) F o r  p a p e r  C L I I I ,  see W . C a rp e n te r , Y. M . S he ikh , A. M . D uffield , 
a n d  C . D je rass i, Org. M ass  Spectry., 1, 3 (1968).

(2) F in a n c ia l a s s is tan c e  from  th e  N a tio n a l In s t i tu te s  of H e a lth  (G ra n ts  
N o . G M  11309 a n d  A M  04257) is g ra te fu lly  acknow ledged .

(3) F o r  a  re c e n t rev iew  of th e  m ass sp e c tro m e try  of a lcoho ls, see H . B udzi- 
kiew icz, C . D je rass i, a n d  D . H . W illiam s, “ M ass S p e c tro m e try  of O rgan ic  
C o m p o u n d s ,”  H o ld en -D ay , In c ., S an  F ranc isco , C alif., 1967, C h a p te r  2.

(4) See re f  3, C h a p te r  6.
(5) See re f  3, C h a p te r  7.
(6) See re f  3, p p  478, 479.

C X o - C w  C u .
II

■O' ^ o = ch2

b, m/e 115

A peak of low abundance at m / e  102 (M — 28) in the 
spectrum (Figure 1) of ethyl tetrahydropyranyl ether 
(I) was shown by deuterium labeling to originate from 
loss of C-3 and C-4 of the pyranyl ring (c, 80%) sup
plemented by elimination of the alkyl chain less a ter
minal hydrogen atom (d, 20%). The analogous peak 
at m / e  130 in the spectrum (Figure 2) of the n-butyl 
homolog was less intense but 50% of its ion contribution 
arose from a process similar to I — c, the remainder of

d, m/e 102 (R — H) 
d, m/e 130 (R = C2H5)

+■
i, r = c2h5 

n, r  — U-C4H9

+■
c h2- c h 2- o /C H % o r

c, m/e 102 (R =  C2H5) 
c, m/e 130 (R= ra-C4H9)
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T a b l e  I
P r i n c i p a l  M a s s  S p e c t r a l  P e a k s  i n  w- B u t y l  T e t r a h y d r o p y r a n y l  E t h e r  ( F i g u r e  2 )  a n d  D e u t e r a t e d  A n a l o g s “ 

Iso to p ic  /----------------------------------------------------------------------- R e la tiv e  a b u n d a n ce , % —------------------------------------------------------—
C o m p o u n d p u r i ty M M  -  1 M  -  28 M  -  43 M  -  55 M  -  58 M  -  73 M  -  74 M  -  91 M  -  101

Q
u  'OCH 2CH2CH2CH3 

^ o ^ o c d 2c h 2c h 2c h 3

au  OCH2CD2CH2CHj 

^ O ^ O C H jCHjCDjCHj

158 157 130 115 103 100 85 84 67 57

9 8 %  & 160 159 (q) 130 (50% ) 
132 (50% )

117 (q) 105 (q) 102 (q) 85 (q) 84 (q) 67 (q) 59 (70% )

9 8 %  di 160 159 (q) 130 (50% ) 
132 (50% )

115 (q) 105 (q) 102 (q) 85 (q) 84 (q) 67 (q) 59 (75% )

98%  di 160 159 (q) 132 (90% ) 115 (q) 105 (q) 102 (q) 85 (q) 84 (q) 67 (q) 59 (70% )

c V
U 'OCH2CH2CH2CHj 

D

^ O ^ s OCH2CH2CH2CHj

» O lD ' n  ̂ O C H 2CH2CH2CH3

9 6 %  di 160 159 (q) 130 (50% ) 
132 (50% )

117 (q) 104 (15% ) 
103 (85% )

101 (q) 87 (q) 85 (—4 5% ) 68 (50% )
69 (50% )

59 (25% )

9 6 %  di 159 158 (q) 130 (50% )
131 (50% )

116 (q) 104 (15% ) 
103 (85% )

100 (q) 86 (q) 85 ( - 9 0 % ) 67 (90% )
68 (10% )

58 (25% )

9 8 %  * 160 159 (q) 132 (q) 117 (q) 104 (25% ) 
103 (75% )

100 (q) 87 (q) 86 (q) 68 (60% ) 
69 (40% )

59 (30% )

m ^ O C H 2CH2CH2CH3
6 5 %  *  
3 0 %  *

160 159 (q) 130 (50% ) 
132 (50% )

117 (q) 103 (10% )
104 (90% )

102 (q) 87 (q) 85 (—8 0% ) 68 (—15% )
69 (—8 0 % )

59 (25% )

“ Isotopic purities were calculated from precursor compounds in the synthetic sequence whenever possible and these values checked 
against the displacement of the peak (Figures 1 and 2 ) a t m/e 85. Numerical values are considered accurate to ± 5 %  for peaks in ex
cess of 20% relative abundance. The symbol q refers to a quantitative shift (>95% ) while the absence of a value in the table indicates 
that no accurate assessment was possible.

the expelled ethylene emanating from C-l and C-2 of 
the alkyl chain'—a process which must involve an ethyl 
migration.7

Peaks of 56 and 7% relative abundance corresponding 
to the loss of 55 mass units occur in the spectra of I and 
II (m/e 75 in Figure 1; m/e 103 in Figure 2). In the 
case of the ethyl homolog (I) a high resolution mass 
measurement established the composition C3H7O2 for 
the fragment of mass 75 and it is noteworthy that at low 
ionizing voltage (12 eV) this ion attains still greater 
abundance (S40 14% vs. S40 8%). In the ethyl and 
butyl analogs (I and II) deuterium labeling showed that 
the ions at mass 75 and 103, respectively, arose from 
fragmentation of the pyran ring as demonstrated by the 
total label retention in those derivatives containing 
deuterium in the side chain. Furthermore, isotopic 
labeling of the pyran ring indicated that 25% of the 
hydrogen at C-6 in both I and II were included in the 
charged species. The compound containing deuterium 
at C-4 of the pyran ring of I was unavailable but in view 
of the significant transfer (30%, Table I) from this ring 
position in the butyl derivative XVIIb it is likely that 
some similar transfer occurs in the ethyl analog. The

e, m/e 75, R = C2ff5 
e, m/e 103, R =  n-C4H9

(7) P . B row n  a n d  C . D je rass i, Angew . C hem .t 79, 481 (1967).

Figure 1.—Mass spectrum (70 eV) of ethyl tetrahydropyranyl 
ether (I).

Figure la .—Mass spectrum (12 eV) of ethyl tetrahydropyranyl 
ether (I).

Figure 2.—Mass spectrum (70 eV) of n-butyl tetrahydropyranyl 
ether (II).

Figure 2a.—Mass spectrum (12 eV) of n-butyl tetrahydropyranyl 
ether (II).

remainder of the transferred hydrogen must embark 
from C-5 since no appreciable loss from C-3 (Tables I 
and II) was found. The general fragmentation se
quence I -*■  e (supplemented by hydrogen rearrange
ment from C-5 and C-6) is consistent with the observed 
results.

An ion equivalent to M — 58 (m/e 72, Figure 1; m/e 
100, Figure 2) is present in the mass spectra of the tetra-
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T a b l e  II
P r i n c i p a l  M a s s  S p e c t r a l  P e a k s  i n  E t h y l  T e t r a h y d r o p y r a n y l  E t h e r  ( F i g u r e  1 )  a n d  D e u t e r a t e d  A n a l o g s “

,------------------------------------------------------------------------------ R e la tiv e  a b u n d a n c e , % -----------------------------------------------------------------

Iso to p ic
C o m p o u n d p u r ity M  + M  -  1 M  -  28 M  -  55 M  -  58 M  -  45 M  -  46 M  -  63 M  - ■ 73 M  -  83

^O ^ -O C H jC H ,
130 129 102 75 72 85 84 67 57 47

C r ^ O C D 2CH3fc

^ O ^ O C H iC D j '

D

98% d2 132 131 (q) 104 (80%) 
102 (20%)

77 (q) 74 (q) 85 (q) 84 (q) ; 67 (q) 57 (q) 47 (80%)
48 (20%)

98% d3 133 132 (q) 105 (86%) 
103 (14%)

78 (q) 75 (q) 85 (q) 84 (q) 67 (q) 57 (q) 47 (30%)
48 (70%)

c Y0 ^ n 0CH2CHj

98% d2 132 131 (q) 102 (80%) 
104 (20%)

76 (20%) 
75 (80%)

73 (q) 87 (q) 85 ( -5 0 % )
86 ( -5 0 % )

68 (30%)
69 (70%)

59 ( — 40%) 47(75%) 
48 (20%)

D v j O sr % 0 / x OCHsCHJ
n

98% d2 132 131(q) 104(q) 75 (75%)
76 (25%)

72 (q) 87 (q) 86 (q) 68 (55%)
69 (45%)

59 ( ~ 70%) 47 (q)

G Y d  67% 
m - ^ o C H C H , 33% di 
“ See T a b le  I ,  footnote a.

132 131 (q)

6 Registry no

102 (85%) 75 (90%) 74 (q) 
104(15%) 76(10%)

16315-53-0. c Registry no.:

87 (q) 85 (-9 0 % ) 

: 16315-54-1.

68 ( - 20%) 
69 (-7 0 % )

59 ( - ’40%) 47 (90%) 
48(10%)

hydropyranyl ethers I and II and high resolution mass 
spectrometry identified the species in question as CiHgO 
in the case of the ethyl homolog. Deuterium labeling 
(Tables I and II) implicated the alkyl chain of both I 
and II with this ion and the rationalization depicted in 
I —►  f is consistent with the observed label retention.

I ,R = C 2H5 h,m/e 84
n ,

0G
— *- gh2= ch- or

f, m/el2iR 33C2H5 
f, m/e 100, R ** n-C(H9

The most abundant ion in the mass spectra (Figures 1 
and 2) of ethyl and n-butyl tetrahydropyranyl ether (I 
and II) at both 70 and 12 eV occurs at mass 85 (C5H9O). 
The obvious representation for this ion is g and label 
retention in all the deuterated analogs examined sup
ports this contention while the recognition of an appro
priate metastable peak in the mass spectra of I and II 
testifies to the origin of this species by a single-step 
fragmentation of the parent ion.

c x^ 0 < > O R  +•
i , r = c2h5

II, R= R-C4H9

Whereas the elimination of an alkoxy radical from the 
molecular ion of I and II is a very important process in 
the electron impact promoted decomposition of these 
compounds, this loss accompanied by hydrogen abstrac
tion from the pyranyl ring (M — ROH) assumes only 
minor importance (m/e 84, Figures 1  and 2). The ma
jor source of hydrogen in the butyl analog in this process 
is most likely C-3 of the ring (Table I) and this decom
position can be rationalized by the formation of 
dihydropyran (h, m/e 84). In view of our observation 
that alkyl tetrahydropyranyl ethers decomposed to 
dihydropyran when a metal heated inlet system was 
employed, we cannot eliminate the possibility that the 
low abundance of ion h observed actually arises from

g, m/e 85

I ,  R = C 2H5
I I ,  R=H-C4H9

pyrolytic cleavage during passage through the all-glass 
heated inlet system.

A metastable peak was present in the spectra of I and 
II corresponding to the loss of water from the ion of 
mass 85 (g) with the generation of the species of mass 
67 (C5H7). Low ionizing energy (12 eV) resulted in the 
virtually complete suppression (Figures la and 2a) of 
this ion. Label retention in the deuterated analogs 
(XII, XVIb, XVIIb, and XXb) of the butyl homolog 
implicated the hydrogen atoms attached to C-4 (90%), 
C-6 (60%), and C-3 (~15% ) of the pyranyl ring, the 
remainder possibly arising from C-5, the only position 
of the ring not tagged with deuterium. The following 
rationalization (g -> j +  j m / e  67) is consistent with 
the shifts of the peak at m / e  67 in the deuterated com
pounds examined.

+ +•
g, m/e 85

*
' '

H

t

The peaks at m / e  57 in the spectra (Figures 1  and 2) 
of ethyl and n-butyl tetrahydropyranyl ether (I and II) 
correspond to C4H9 and C3H5O, the percentage of hydro
carbon being 50% in I and 90% in II. In the butyl 
homolog approximately 70% of the C4H9 species arises
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from the alkyl chain; the remainder arises from the 
pyranyl ring plus one hydrogen atom. This latter 
explanation also accounts for the C4H9 ion in the mass 
spectrum of the ethyl derivative I.

The oxygen containing species of mass 57 in the spec
tra (Figures 1 and 2) of I and II is formed, at least in 
part (since a metastable ion was recognized), by the 
loss of 28 mass units from g (m/e 85). Deuterium 
labeling in the ethyl homolog indicated that ethylene 
is possibly lost from g by multiple pathways and in view 
of the difficulty in calculating precise percentage shifts 
in the 3,4-d2 derivative of I no accurate assessment can 
be given for this process. Loss of C-4 and C-5 as ethyl
ene formally corresponds to an electron impact spon
sored retro Diels-Alder process.8

+
g, m/e 85

c3h 5o +
m /  57

High resolution mass spectrometry showed the peak 
at m /e  56 in the spectra (Figures 1 and 2) of the tetra- 
hydropyranyl ethers I and II to be C4H8 (>90%). 
Deuterium labeling suggested that this ion arose from 
the pyranyl ring carbon atoms in ethyl tetrahydro- 
pyranyl ether (I) while in the n-butyl compound (II) 
approximately 70% arose in this fashion, the remainder 
originating from the butyl side chain.

The peak at m/e 55 in the spectra (Figures 1 and 2) of 
I and II is a doublet of composition C4H7 (80%), C3H30 
(20%); and C4H7 (85%), C3H30 (15%), respectively. 
It was impossible to calculate precise shifts in the posi
tion of this peak in the isotopically labeled compounds 
studied but as anticipated for the ethyl compound (I) 
the pyranyl ring carbon atoms are the major source of 
the C4H7 ion while in the n-butyl analog better than 
70% of this ion results from fragmentation of the alkyl 
side chain.

Because of its lack of adjacent neighbors the peak at 
m/e 47 in the mass spectra (Figures 1 and 2) of I and II 
is easily identified and high resolution mass spectrom
etry established its composition as CH302- In view 
of the presence of a metastable peak in the spectrum 
(Figure 1) of the ethyl analog I this ion must be formed, 
at least in part, by ejection of ethylene from e, (m/e 75). 
In this instance deuterium labeling was instrumental in 
determining that 20% of the hydrogen at C-l and 70% 
of that at C-2 of the alkyl chain were involved with the 
charged species at mass 47. The following process will 
rationalize the formation of 70% of the ion current at 
mass 47 in the spectrum of ethyl tetrahydropyranyl 
ether (I).

e, m/e 75

H O=C-OH
H

k, m/e 47

n-Alkyl Tetrahydropyranyl Thioethers.—Ethyl and 
n-butyl tetrahydropyranyl thioethers (III and IV) were

Figure 3.—Mass spectrum (70 eV) of ethyl tetrahydropyranyl 
thioether (III).

Figure 3a.—Mass spectrum (12 eV) of ethyl tetrahydropyranyl 
thioether (III).

Figure 4.—Mass spectrum (70 eV) of n-butyl tetrahydropyranyl 
thioether (IV).

Figure 4a.—Mass spectrum (12 eV) of n-butyl tetrahydropyranyl 
thioether (IV).

m ,R = C 2H5 
IV, R = n-C4Hi)

examined as typical examples of this class of com
pound9 and their mass spectra (Figures 3 and 4) deter
mined. Over-all these spectra show a strong general 
resemblance to their oxygenated counterparts, two ob
vious differences being the anticipated6 relative increase 
of the molecular ion in the butyl analog and especially 
the absence of an M — 1 species in both the thio com
pounds.

By far the most abundant peak in the mass spectra 
(Figures 3 and 4) of the tetrahydropyranyl thioethers 
(III and IV) examined occurs at m/e 85 and this species 
can be rationalized by g, the eliminated neutral entity 
being a thioalkyl radical. At low ionizing energy this 
ion remains as the dominant feature of the spectra 
(Figures 3a and 4a) of III and IV.

A metastable peak at m/e 53.0 in the spectra (Figures 
3 and 4) of the thioethers III and IV demonstrated that 
at least some of the charged species of mass 67 arose 
from the expulsion of water from g, m/e 85. In the 
absence of extensive isotopic labeling one would expect 
that this process proceeds in a manner analogous to that 
described for ?i-butyl tetrahydropyranyl ether (II).

The prominent ions at mass 57 in the spectra (Figures 
3 and 4) of the thioethers III and IV correspond to C4H9 
in greater than 90% yield. In the butyl thioether, 
dideuterated at C-6 of the pyran ring, 90% of the ion 
current at mass 57 is displaced to 59 thus establishing 
that this ion results from fragmentation of the pyran 
ring supplemented by a hydrogen-transfer process. 
This result conflicts with the mechanism operative in 
formation of the ion of mass 57 (C4H9) in the spectrum 
of n-butyl tetrahydropyranyl ether (II) in which 70%

(8) H . B udzik iew icz, J . I . B rau m an , a n d  C . D je rass i, Tetrahedron, 21, 1855 (9) E . L . E liel, B . N . N o w ak , a n d  R . A. D a ig n a u lt, J .  Org. Chem., 30, 2448
(1965). (1965).
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is generated from fragmentation of the butyl side chain. 
It is also noteworthy that there was no evidence of 
carbon-sulfur fission with charge retention on sulfur in 
any of the spectra, in marked contrast to the propensity 
of simple thioethers10 for this type of cleavage.

Steroid Tetrahydropyranyl E thers.—Tetrahydropy- 
ranyl ether derivatives of some steroids such as choles
terol and androstan-17/3-ol were prepared and their 
mass spectra determined. A weak molecular ion peak 
was visible (0.3% relative abundance) in the spectrum 
of androstan-17/3-ol tetrahydropyranyl ether (V) but a 
parent ion was absent in the cholesterol derivative VI. 
The only prominent ions in the mass spectra of these 
compounds corresponded to the product of elimination 
of 2-hydroxydihydropyran and the ubiquitous ion (g) 
of the tetrahydropyranyl ether at mass 85. From these 
results it would appear that tetrahydropyranyl ether 
derivatives are not the ones of choice for mass spectral 
identification of larger molecular weight hydroxylated 
compounds.

In summary it can be stated that tetrahydropyranyl 
ethers and thioethers subsequent to electron impact 
cleave preferentially a  to the ring oxygen atom (forma
tion of g, m/e 85). The occurrence of a strong peak at 
m / e  84 in the mass spectrum of a tetrahydropyranyl ether 
is indicative of thermal fragmentation of the compound 
to dihydropyran and the corresponding alcohol in the 
heated inlet system (or ion source) of the mass spec
trometer.

Synthesis of D euterated Tetrahydropyranyl E thers.—
The compounds labeled in the alkyl chain were con
veniently prepared by acid-catalyzed condensation of a 
specifically deuterated alcohol11 with dihydropyran or 
alternatively by addition of the deuterated alcohol to
2-hydroxytetrahydropyran and azeotropic distillation 
with benzene of the water produced. Introduction of 
deuterium into the pyranyl ring at positions C-3, C-4, 
and C-6 was accomplished according to Scheme I.

Experim ental Section

Low resolution mass spectra were obtained with a CEC 103-C 
mass spectrometer (ion source temperature 250°) attached to a 
heated all-glass inlet system (100°) while high resolution mass 
measurements were determined on an MS-9 instrument (inlet 
temperature 120°) by Mr. R. G. Ross and were accurate to 
within 3 ppm. Low-voltage spectra refer to nominal electron 
volt values. Samples were purified by vpc on a 15% Apiezon L 
column and isotopic purities are included in Tables I and II.

Side Chain Labeled Tetrahydropyranyl Ethers.—Ethyl and 
n-butyl tetrahydropyranyl ethers (I and II) labeled in the side 
chain with deuterium were prepared from the labeled ethanol11 or

(10) S. D . S am p le  a n d  C . D je rass i, J .  A m er. Chem. Soc., 88, 1937 (1966).
(11) F o r  th e  p re p a ra tio n  of specifically  d e u te ra te d  alcoho ls, see A. M . 

D uffield , R . B euge lm ans, H . B udzik iew icz, D . A. L ig h tn er, D . H . W illiam s,
a n d  C. D je rass i, ibid., 87, 805 (1965).

c «

S c h e m e  I

0  <
A  i. HC(OC2H5)3

DC*
• L  v  °* ,

, _ ]  i t  p-TsOH | il. H rP d -B aC 0 3'

n H+-HC(OC2H!)j

c2h5o^  > 0 C2Hs0H

v n

LiAID,-(C2Hj)20

C2H5o A  / ^ oc2h5
2 ,5 0  OC2H5

v n i

D s j l  h +- h 2o

d A  /  ■oc,h5 

HO OC2H5 

IX

+!1 1

O-n-CiEj
XII

XIII

i. Br2
ii. Ag2C03

üi ROH

Na-ROH

A

XVa, R = C2H5 
b, R = n-C4H9

H +-R 0H

XVIa, R =  C2H5 
b,R =  n-C4H9

D

C-3 a D+-D,0
OH a

x v h i

XVTIb, R = rc-QjHs

XXa, R = C2H5 
b, R =  n-C4H,

n-butyl alcohol11 by acid-catalyzed condensation with 2-hydroxy
tetrahydropyran (Aldrich).

Ethyl and n-Butyl Tetrahydropyranyl-6,6-d2 Ether (X and 
XII).—5,5-Diethoxyvaleric acid ethyl ester (VIII) was prepared 
according to the method of Schmidt and Grafen12 and 3.4 g 
(15.6 mmol) reduced with lithium aluminum hydride (0.76 g,
18.2 mmol) in refluxing anhydrous ether solution for 2 hr fol
lowed by decomposition of excess reagent with saturated sodium 
sulfate solution to give 5,5-diethoxypentanol-l,l-d2 (IX) (yield
2.4 g, 87%). Attempted hydrolysis of IX  using 1 N  aqueous 
hydrochloric acid (11 ml) a t room temperature for 2.5 hr afforded 
ethyl tetrahydropyranyl-6,6-d2 ether (X) as the major product 
which was purified by vpc. 2-Hydroxytetrahydropyran-6,6-d2 
(XI) was isolated by vpc as a minor constituent (100 mg) of the 
reaction mixture. This material (23 mg) was converted into 
n-butyl tetrahydropyranyl-6,6-d2 ether (XII) by refluxing over
night with n-butyl alcohol containing 1 drop of concentrated 
hydrochloric acid in benzene and the product (XII) (yield 21 mg, 
57%) purified by vpc.

(12) U . S c h m id t a n d  P . G rafen , A n n .,  656, 97 (1962).
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Ethyl and re-Butyl Tetrahydropyranyl-3,4-d2 Ether (XVIa and 
XVIb).—2-Ethoxy- and 2-butoxy-A3-dihydropyran (XVa and 
XVb) were prepared by the method of Woods and Sanders13 14 
and each was deuterated by homogenous catalysis11 using 
[(C6H5)3P]3RhCl (25 mg) in acetone (10 ml) at room temperature 
for 18 hr, the solvent and the labeled tetrahydropyranyl ethers 
(XVIa and XVIb) being separated by vpc.

re-Butyl tetrahydropyranyl-4-di ether (XVIIb) was prepared 
from re-butyl tetrahydropyranyl-3,4-d2 ether (XVIb) by stirring 
overnight with n-butyl alcohol containing a trace of concentrated 
hydrochloric acid. The solvent alcohol was fractionally distilled 
and XVIIb isolated by preparative vpc.

(13) G . F . W oods a n d  H . S an d ers , J .  A m er. Chem. Soc., 68, 2483 (1946).
(14) W . V o e lte r  a n d  C . D je rass i, Chem . B er., 101, 58 (1968).

Ethyl and n-Butyl Tetrahydropyranyl-3,3-d2 Ether (XXa and 
XXb).—2-Hydroxytetrahydropyran (XVIII, 0.5 g) was heated 
under reflux for 1.5 hr with deuterium oxide (15 ml) containing 
deuteriohydrochloric acid (8.8 N , 5 drops) and then continuously 
extracted with ether. Isolation by preparative vpc yielded 2- 
hydroxytetrahydropyran-3,3-d2 (XIX, 0.27 g). Condensation 
of XIX (50 mg) with an excess of ethanol-O-d and deuterium oxide 
containing 3 drops of deuteriohydrochloric acid yielded ethyl 
tetrahydropyranyl-3,3-d2 ether (XXa). Similar treatment of 
re-butanyl alcohol-O-d with 2-hydroxytetrahydropyran-3,3-da 
(XIX) afforded re-butyl tetrahydropyranyI-3,3-d2 ether (XXb).

R egistry N o .—I, 4819-83-4; II, 1927-68-0; III, 16315-
51-8; IV, 16315-52-9; X, 16315-55-2; XVIa, 16315-56-3; 
XXa, 16315-57-4.
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In view of the importance of trimethylsilyl ethers in gas chromatography, the basic fragmentation modes 
incurred upon electron bombardment of polymethylene glycol bistrimethylsilyl ethers (III, re = 2-8) were eluci
dated; in all cases (re = 2-8), there is encountered a characteristic rearrangement ion (g) of mass 147 involving 
expulsion of the central portion of the molecule. Electron bombardment of the corresponding methoxy- (XI, 
re = 2,4,5), ethoxy- (XIV), and phenoxy- (XVIII, re = 2-7) polymethylene trimethylsilyl ethers also produced 
intense rearrangement peaks analogous to g; and in all instances there was encountered a remarkable insensitivity 
toward ring size (five to eleven membered) in the cyclic transition state. Deuterium and oxygen-18 labeling 
was employed to elucidate the fragmentation patterns exhibited by XI, XIV, and XVIII. The trimethylsiloxy 
function of 2-phenoxyethyl trimethylsilyl ether (XVIII, n =  2) was replaced with the triethylsiloxy and tri- 
methylgermanyl groups in order to assess their effect upon the mass spectral behavior of XVIII (re = 2). Like
wise, the effect of substitution of nitrogen and sulfur atoms for both the phenoxy and trimethylsiloxy oxygen 
atoms was examined. Finally, deuterium labeling was employed to elucidate the electron impact induced frag
mentation modes of 2-(cyclohexyloxy)ethyl trimethylsilyl ether (XXIX).

In recent years, trimethylsilyl ethers have been ex
tensively employed to facilitate gas chromatographic 
separation of nonvolatile materials. The development4 
and widespread usage of mass spectrometers capable of 
making direct measurements of gas chromatographic 
effluents has made mass spectral investigations of tri
methylsilyl ethers particularly relevant and several 
studies concerning the mass spectra of trimethylsilyl 
derivatives of a variety of natural products have re
cently appeared.5 Interest in our laboratory initially 
focussed on the characteristic fragmentations en
countered in sterol trimethylsilyl ethers.6 During 
this work, it became evident that a thorough stud y of 
the electron impact promoted fragmentation of various 
trimethylsilyl ether types must be undertaken in order 
to permit more precise structural deductions. In a

(1) F o r  p ap e r  C L IV , see S. J . Isse r, A. M . D uffield , a n d  C. D je rass i, J .  
Org. Chem ., 33, 2266 (1968).

(2) F in an c ia l a ss is tan c e  (G ra n t N o . A M  04257) from  th e  N a tio n a l In s t i 
tu te s  of H e a lth  is g ra te fu lly  acknow ledged .

(3) (a) N a tio n a l S cience F o u n d a tio n  P re d o c to ra l F ellow  (1966 -1967 ); 
N a tio n a l I n s t i tu te s  of H e a lth  P re d o c to ra l F ellow  (1967-1968). (b) N a tio n a l 
In s t i tu te s  of H e a lth  I n te rn a tio n a l P o s td o c to ra l F ellow  (1965-1966) on leave 
from  U n iv e rs ity  C ollege, D u b lin .

(4) F o r  rev iew , see S. S ta llb e rg -S te n h ag en  a n d  E . S ten h a g en  in  “ T o p ics  
in  O rgan ic  M ass  S p e c tro m e try ,” A. L. B u rlingam e , E d ., In te rsc ie n c e  P u b 
lishers, In c ., N ew  Y o rk , N . Y ., 1968, C h a p te r  5.

(5) H . B udzik iew icz, C . D je rass i, a n d  D . H . W illiam s, “ M ass  S p ec tro m e
try  of O rgan ic  C o m p o u n d s ,” H o ld en -D ay , In c ., S an  F ranc isco , C alif., 1967, 
pp 471-477.

(6) J . D iek m an  a n d  C . D je rass i, J .  Org. Chem ., 32, 1005 (1967).

subsequent study7 the fragmentation modes of certain 
alcohol derivatives were accurately elucidated utilizing 
deuterium-labeled pentanol trimethylsilyl ethers. Also 
discussed in that report were several electron impact 
induced skeletal rearrangements of which the sequential 
loss of a methyl radical and of formaldehyde in benzyl 
ether derivatives (I -*■ a -> b) is typical (Scheme I).

S c h e m e  I

+

I, X = H, N(CH3)2, N02, F, Cl, OCH3 b

(7) J . D iek m an , J . B . T hom son , a n d  C . D je rass i, ib id ., 32 , 3904 (1967).
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Figure 1.—Mass spectrum (CEC-103C) of ethylene glycol bis- 
trimethylsilyl ether (III, n = 2).

Figure 2.—Mass spectrum (CEC-103C) of 1,8-octanediol bis- 
trimethylsilyl ether (III, n =  8).

Figure 3.—Mass spectrum (CEC-103C) of 4-methoxybutyl 
trimethylsilyl ether (XI, n = 4).

Figure 4.—Mass spectrum (CEC-103C) of 2-ethoxyethyl tri
methylsilyl ether (XIV).

Further interest in the behavior of trimethylsilyl 
ethers upon electron bombardment was stimulated by 
the mass spectrum of 1,2-propanediol bistrimethyl- 
silyl ether (II) tabulated, without specific comment, by 
Sharkey, et a U  The most intense peak in this spectrum 
occurs at m / e  73 (c) and the a-cleavage fragments d and 
e are also of appreciable abundance. By contrast with 
the normal alkyl trimethylsilyl ethers,7,8 the M — 
CH3 peak is very weak (3.5% relative abundance).

(CH3)3SiOCH2CH(CH3)OSi(CH3)3
II

S+i(CH3)a (CH3)3SiO=CH2 CH3CH=OSi(CH3)3 
c, m/e 73 d, m/e 103 e, m /e 117

The most interesting feature of the spectrum, however, 
is an abundant species (88% relative abundance) of 
mass 147 which must have the elemental composition 
CoHi5OSi2 and for which g seemed to us to be the most 
plausible representation. In view of the results pre
sented below, we propose that the mass 147 ion (g) 
is formed by collapse of the cyclic oxonium ion form (f)

(8) A. G . S h a rk ey , R . A. F riede l, a n d  S. H . L an g er, A n a l. Chem ., 2 9 ,  770 
(1957).

of an M — CH3 precursor with elimination of the ele
ments of propylene oxide (eq 1).

.CH3
/----( -/°x^

(CH3)3Si—0 N J o  CĤ  (CH3)3SiOSi(CH3)2 (1)
/ \  g, m/e 147

CH3 c h3
f, m - c h3

In light of the current interest in electron impact 
induced skeletal rearrangements8 9 10 11 and in the re- 
ported8,10,11 mass spectra of trimethylsilyl derivatives 
of polyhydroxy compounds, it was decided to examine 
the mass spectra of the bistrimethylsilyl, phenyl 
trimethylsilyl, and methyl trimethylsilyl ethers of a 
series of polymethylene glycols together with a number 
of compounds of related structure. Such a study is not 
only pertinent for practical reasons, but is especially 
justified on mechanistic grounds because of interesting 
skeletal rearrangements.

D iscu ssion

The mass spectra (Figures 1 and 2) of the trimethyl
silyl ethers (III) of all polymethylene glycols from C2 
to C8 show (Table I) an intense peak at m / e  147 having

T a b l e  I
A b u n d a n c e  o f  t h e  R e a r r a n g e m e n t  P e a k  g [m/e 147) 

i n  t h e  M a s s  S p e c t r a  (70 eV) o f  t h e  
P o l y m e t h y l e n e  G l y c o l  B i s t r i m e t h y l s i l y l  E t h e r s  

(CH3)3SiO(CH2)„OSi(CH3)3
,------------C E C -1 0 3 C “------------ ■ ,------------ A .E .I .  M S -9a-------------

% Of % of
n % 2,o base peak %2<o base peak

2 2 7 .9 100 3 1 .1 100
3 1 5 .3 100 3 0 .5 100
4 2 3 .4 100 3 3 .0 100
5 1 0 .1 72 2 1 .7 100
6 1 4 .9 100 13 .1 84
7 1 2 .6 71 1 5 .3 67
8 1 1 .8 72 1 2 .2 53

° Discussion of this rearrangement peak (g) in the text of this 
paper is based upon data obtained from spectra recorded on the 
CEC-103C mass spectrometer; the A.E.I. MS-9 data are included 
for comparison.

the elemental composition CsHisOSii.12 It is dif
ficult to envisage any reasonable structure for this 
species other than g. In every case an abundant meta-

(CH3)3SiO(CH2)„OSi(CH3)3 (CH3)3SiO(CH2)*OSi(CH3)2 

III, a  =  2-8 h,M —CH3

(CH2)„

(CH3)3SiO ^ ) 0

/  \  
c h3 c h3

i, M—CH3

(9) F o r  a  co m p le te  rev iew , see P . B row n  a n d  C . D je rass i, A ngew . Chem • 
In te rn . E d . E ng l., 6, 477 (1967).

(10) W . R ic h te r , M . V ecchi, W . V e tte r , a n d  W . W a lth e r , H elv. C h im . 
A cta, 5 0 ,  364 (1967).

(11) G . P e te rso n , O. S am uelson , K . A njou , a n d  E . S ydow , A c ta  Chem . 
S cand ., 2 1 ,  1251 (1967).

(12) T h e  com p o sitio n  of a ll f rag m en ts  d iscussed  in  th is  r e p o r t  w ere  con 
firm ed, w hen  necessa ry , b y  h ig h -re so lu tio n  m ass  m e asu rem en ts .
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Scheme II

3 i-  0 ^ } o(CH3)3Si—Ó \ \  0  - A

/ t
c h 3 ch 3 

j, m - c h 3

(CH3)3SiOSi(CH3)2 

g, m/e 14 7

(CH3)3SiO=Si(CH3)2 *— %- 
t , m ¡ e  147

J*
+Si(CH3)3 
c,m/e 73

- A  (CH3)3S i - o A  .0
Si

/ \
ch 3 c h 3

k, M -CH 3 
or

(CH3)3S i - 0 >  y 0  
S iO  

/ \
c h 3 c h 3

stable ion13 14 is observed for the formation of g from an 
M — CH3 progenitor, and it seems likely that the sili
con-oxygen bond is already formed in the precursor. 
Intuitively, it appears more probable that the re
markably small decrease in the abundance of the m/e 
147 species with increasing chain length (Table I) 
is better explained in terms of the collapse of a cy
clic oxonium ion (i) rather than a 1 , (n  +  2) shift 
of the trimethylsilyloxy group in the open-chain 
form (h) of the M — CH3 precursor. Thus, in the case 
of III (n  = 2), a 1,4 shift in j seems as likely as the 
formation and collapse of k, but for III (n =  8) a 
direct 1,10 shift is improbable. This, of course, still 
leaves unanswered the problem of the surprising ease 
of formation (albeit, with equal ease of fragmentation- 
rearrangement) of a cyclic M — CH3 ion such as 1 
(Scheme II).

McCloskey, et a l . , l i have recently developed a unique 
method of labeling the methyl groups of trimethyl
silyl ethers with deuterium atoms (IV). This process 
greatly facilitates the obtaining of structural informa
tion on fragment ions especially in cases where high- 
resolution mass measurements do not provide adequate 
data (e.g., the mechanistic fate of methyl hydrogens in 
trimethylsilyl derivatives). The utility of this label-

RO—Si—CD3
I

CD3 
IV

ing technique is illustrated by the mass spectra of 1,10- 
decanediol bistrimethylsilyl ether (V, n  =  10, R = H), 
1,22-docosane bistrimethylsilyl ether (V, n  = 22, R =  
H), and their corresponding labeled analogs (R = D). 
These compounds also exhibit abundant m/e 147 peaks; 
and on the basis of the appropriate mass shift (m/e 147 
—►  m/e 162) in the labeled species, McCloskey, et a l . ,u  
likewise postulate structure g for the ion of mass 147. 
It is interesting to note that they find no metastable 
ion for the formation of the mass 147 species from an 
M — CH3 progenitor.

Richter, et a l . ,10 encountered an intense m/e 147 
peak in the mass spectrum of the trimethylsilyl deriva-

(13) T h e  o b se rv a tio n  of a  m e ta s ta b le  ion  fo r a  g iv en  p rocess is in d ica ted  
in  th e  fra g m e n ta t io n  schem es b y  a n  a s te r isk  beside  th e  a rrow .

(14) J . A. M cC loskey , R . N . S tillw ell, a n d  A. M . Law son, A n a l. Chem ., 4 0 ,  
233 (1968). W e w ish to  express o u r a p p re c ia tio n  to  P ro fesso r M cC lo sk ey
for a  copy  of his m a n u sc r ip t p r io r  to  p u b lica tio n .

(CR3)3SiO(CH2)„SiO(CR3)3

V

tive of pyridoxine (VI), and they also postulate, with 
metastable evidence, its genesis from a cyclic oxonium 
ion M — CH3 precursor (m g) (eq 2).

Si(CH3)3

Si A
ch3̂ k . J

c h3- ^ n ^  

m, M—CH3

*-► (CH3)3SiOSKCH3)2 (2) 
g,m/e 147

A very common impurity7 often contaminating tri
methylsilyl ethers, which have been exposed to atmo
spheric moisture, is hexamethyldisiloxane (VII) (eq 
3). Unfortunately, the base peak in the mass spec-

2ROSi(CH3)3 +  H20  — >-

2ROH +  (CH3)3SiOSi(CH3)3 ------(CH3)3SiOS+i(CH3)2 (3)
VII ~ CHi' g, m/e 147

trum15 of hexamethyldisiloxane (VII) occurs at m/e 147. 
In order to ensure that every precaution was taken to 
prevent the formation of this impurity, it was decided 
to record the mass spectrum of an equimolar mixture 
of the bistrimethylsilyl (III, n  = 2) and bistriethylsilyl 
(VIII) ethers of ethylene glycol which were synthesized 
and stored in the same manner as were the polymethyl
ene glycol bistrimethylsilyl ethers (III). If any im
purity were formed, one would expect contamination 
by three compounds (VII, IX, and the mixed product 
X). Therefore, the mass spectrum of the equimolar 
mixture would be expected to exhibit, aside from the 
expected m / e  147 and m/e 261 (n) peaks which are 
found, respectively, in the mass spectra of bistrimethyl
silyl (III, n  =  2) and bistriethylsilyl (VIII) ether of 
ethylene glycol alone, peaks at m/e 175 (o, M — C2Hs) 
and m/e 189 (p, M — CH3) due to fragmentation of the 
presumed impurity (X) (eq 4). In fact, no peaks were 
encountered at m/e 175 or m/e 189, whereupon we feel 
confident that the m/e 147 peak observed in bistri-

(15) V. H . D ibeler, F . L . M oh ler, a n d  R . M . R eese , J .  Chem. P h ys., 2 1 ,  
180 (1953).
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(C2HB)3SiO(CH2)2OSi(C2H5)3 — >■
VIII

(C2HB)3SiOSi(C2HB)3 -------(C2HB)3SiOst(C2H6)2
IX — C2H1 • n, m/e 261

(C2H6 )3SiOSi (CH3 )3 -----Vx  - C H a-

(C2H6)3SiOSi(CH3)2 (4) 
p, m/e 189

Three representative examples of the trimethylsilyl 
ethers (XI, n  =  2, 4, 5) of polymethylene glycol mono
methyl ethers were examined and in each case the most 
abundant peak in the mass spectrum (see Figure 3 and 
Table II) occurs at m/e 89 (C3H9OSi). This fragment

T a b l e  I I

A b u n d a n c e  o f  R e a r r a n g e m e n t  I o n  
f r o m  RO(CH2)nOSi(CH3)3

(C2HB)2SiOSi(CH3)3 
o, m/e 175 — CiH s •

methylsilyl ethers of polymethylene glycols is due en
tirely to rearrangement processes and not to an im
purity.

The remaining features in the mass spectra of III 
(for typical examples, see Figures 1 and 2) are quite 
simple with the trimethylsilyl cation (c, m / e  73) being 
the only other common prominent peak. When the 
spectra were recorded at 12-eV ionizing energy, 
this m/e 73 peak disappeared whereas the m/e 147 
peak (g) and the m / e  103 peak (d) undergo a slight 
decrease in intensity. This observation along with the 
appropriate metastable peaks at m/e 51.7 (calcd 732/ 
103 = 51.7) and at m/e 36.6 (calcd 732/ 147 = 36.6) 
provide evidence for the genesis of c (m/e 73) from the 
rearrangement ion g (m/e 147) and the «-cleavage ion 
d (m/e 103). When n  >  5 the elimination of trimethyl- 
silanol to yield an M — 90 species becomes the primary 
fragmentation at low voltage. Hydrocarbon frag
ments become more abundant as the chain length in
creases and when n = 5 and 8 the base peak is due to 
CoH9+ (S40 =  14.0 and 16.4, respectively). For n = 7, 
C4H7 is "bh.0 most £tk)u.iicici>rit fro^mcnt (240 17.7);
and the latter ion accounts for the second most intense 
peak (240 = 12.5) in the spectrum when n = 6. In 
all cases the molecular ions are minute, M — CH3 
is very weak, and a peak at m/e 75 (q) is moderately 
strong.

(CH3)2SiOH 
q, m/e 75

Except for the case where n =  2, a common feature 
(see Figure 1 vs. Figure 2) in the mass spectra of the bis- 
trimethylsilyl ethers of polymethylene glycols is a weak 
(5-10% relative intensity) rearrangement peak at m/e 
177 [ (CeHivChSii), most plausibly represented by r. 
This species, formed from M — CH3 (i), offers an al
ternative stepwise pathway to the major rearrangement 
ion (g). McCloskey14 likewise reports this rearrange
ment peak and substantiates its composition with the 
previously mentioned labeling experiments; he also 
finds metastable support for elimination of formalde- 
Iryde from the m/e 177 species but formulates it as r' 
(eq 5).

+ (CH2)ft

(CH3)3S i - 0 ^  \
si

/ \
c h3 c h 3

i,n  =  3-8

a
-C nH 2i

(CH3)3Si0Si(CH3)2- 0 = C H 2 
r, m/e 177

-C H ,0

(CH3)2Si=0-CH-0'Si(CH3)3 ■ 
r'

(CH,)3SiOSi(CH3)2 (5) 
g, m/e 147

■ROSi(CH 3)!--------------------------
%  of

C o m p o u n d n R m /e %2<o base peak

XI 2 c h 3 89 2 3 .0 100
XI 4 CII3 89 2 5 .1 100
XI 5 CII3 89 1 5 .8 100
XIV 2 c 2h 6 103 9 .1 “ 45“

“ Corrected for the contribution of a cleavage [CH2=OSi-
(CH3)3) to m/e 103.

could be depicted either in terms of t or u but a strong 
metastable ion is observed for its formation from an 
M — CH3 precursor (s). Also, in the mass spectra of 
numerous trimethylsilyl ethers7 and esters16 examined 
in this laboratory, the m / e  89 peak has always been 
found to be of low abundance (0-20% relative intensity) 
and therefore it is unlikely that u makes any significant 
contribution in this instance (eq 6). Furthermore, in

CH30.(CH2)„0Si(CH3)3 -W  
XI,n =  2,4,5

0 —Si(CH3)3 
u, m/e 89

-CHj- -e

(CH2)„ 
+ /  \  

C H -C U  O 
\

Si
/  \

c h3 c h3

s, M-CH3

ch3o= ch2
x, m/e 45

•-(CHjigjO

CH30=Si(CH3)2 
t', m/e 89

\  (6)

c h3osT(ch3)2
t, m/e 89

CH2=OSi(CH3)3 

d, m/e 103

previous studies7 where deuterium labeling was em
ployed (e.g., XII), the m / e  89 peak could never be at
tributed to simple cleavage of the trimethylsiloxy group 
(v). Rather it was shown to result from loss of a silyl- 
methyl group followed by hydrogen transfer to the 
charge retaining species (u') with concomitant olefin 
or cycloalkane elimination. Since a metastable peak 
was observed in XI (n  =  2, 4, 5) for the formation 
of the m/e 89 species from an M — CH3 precursor (s), 
the «-labeled analog XIII was synthesized in order to 
ascertain whether a species similar to u' was involved. 
No shift in mass (m/e 89 -*■  m / e  91) was evident, where
upon one may conclude that t is indeed the most 
probable formulation for the ion of mass 89 (eq
7).

(16) J. B. Thomson, J. Diekman, and C. Djerassi, to be submitted for
publication.
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CH3(CH2)3CH2\OSi(CH3)3

XII 
H-

CH3(CH2V r C H ->OrSi(CH3)2 ■ 

M -CH 3

H
+ I

CH2= 0  —Si(CH3)2 (7) 
u', m/e 89

CH3OCH2CD2OSi(CH3)3

XIII

As in the case of the bistrimethylsilyl ethers (III), 
the formation of the rearrangement ion t is not greatly 
affected (see Table II) by ring size (in s or an equivalent 
transition state). In the mechanism shown above (s -*■  
t) it is assumed that the oxygen atom attached to the 
methyl group is retained, by analogy with the phenoxy 
series (see below), where evidence from isotope labeling 
is available.

In addition one may note that the molecular ions are 
very weak, M — CH3 is moderately abundant (240 =
7.8) when n  =  2 and weak (240 = 2.5 and 0.8, respec
tively) when n  =  4 or 5. In all three compounds, the 
trimethylsilyl cation (c, 2 40 = 10-18) and the a-  
cleavage fragment (x, 2 40 = 8-10) are prominent with 
the alternative a-cleavage ion (d, 2 40 = 3-5) being less 
abundant (see, for instance, Figure 3). When n =  
4 and 5 a species of mass 119 (240 = 8-9) appears for 
which structure w is proposed. In a manner analogous 
to the fragmentation pattern (i —*■ r —►  g) observed 
in the case of polymethylene glycol bistrimethylsilyl 
ethers (III, n  = 3-8), it is felt that w is generated from 
an M — CH3 precursor (s); and observation of a 
metastable peak at m/e 66.7 (calcd 892/ 119 = 66.6) 
supports the postulated elimination of formaldehyde 
from this species (w) to yield t (m/e 89) (eq 8).

J O H N  

CH3O+ \

/ \  
ch3 ch3

s, M-CH3

ch3

CH3OSÌ— o= ch2
I V-7'

c h3

w, m/e 119

-C H ,0

CH3OSi(CH3)2 (8) 
t, m/e 89

The two most intense peaks in the spectrum (Figure
4) of 2-ethoxyethyl trimethylsilyl ether (XIV) are at 
m / e  73 (c, 2 40 = 20.0) and m/e 75 (q, 2 40 = 17.0); 
the M — CH3 (m/e 147) peak is moderately abundant 
(240 =  8.2) The sole remaining prominent peak 
occurs at m/e 103 (240 = 15.8), 95% of which is due 
to a species of the composition C4HnOSi. This 
fragment could conceivably arise by three different frag
mentation modes.

Simple a  cleavage would produce species d, whereas 
loss of a silylmethyl group (XIV -*■ y) followed by 
skeletal rearrangement and elimination of ethylene 
oxide from y would yield the fragment ion z. A third 
alternative would be fission of the ethoxyl methyl group 
to produce the M — CH3 species aa which also could re
arrange and eliminate ethylene oxide to yield d' 
(Scheme III). Although the two ions (d and d') 
are of identical structure, they derive their methylene 
groups from a different portion of the parent molecule.

Figure 5.—Mass spectrum (Atlas CH-4) of diethylene glycol 
bistrimethylsilyl ether (XVI).

Figure 6.—Mass spectrum (Atlas CH-4) of carbitol trimethyl
silyl ether (XVII).

A firm distinction among the three pathways was 
reached by synthesis of the d5-ethoxy analog XV. In 
the mass spectrum of this compound, one would expect 
fragment d to remain at mass 103, whereas z would 
shift to m/e 108 and d' to m/e 105. In actual fact, 
the spectrum of XV revealed that 42% of the m/e 
103 peak results from a  cleavage (d) and 58% from 
the rearrangement ion (z); as might be expected, species 
d' does not contribute to the m/e 103 peak. This spec
trum also indicated that, in the formation of the di- 
methylsilanol ion (q, m/e 75), 71%  of the hydrogen 
transfer occurs from the ethoxy group (y' —►  q) (eq 9).

H- ~ > 4
CH3CH2OCH2C H y 0=Si: 

y', m/e 147

- ch3

€H3
HOSi(CH3)2 (9) 

q, m/e 75

With the intention of obtaining some information 
on the relative ease of rearrangement through a five- 
and eight-membered-ring form of an M — CH3 pre
cursor, the mass spectra of diethylene glycol bistri
methylsilyl ether (XVI, see Figure 5) and carbitol tri
methylsilyl ether (XVII, see Figure 6) were examined, 
since these compounds may yield either a five- or eight- 
membered-ring oxonium ion (bb or cc, respectively) 
by ejection of a methyl radical. The latter (cc) could 
then decompose directly to the rearrangement ion (g or 
z), while the former (bb) could yield g or z in a 
two-step process by way of k (M — CH3 from III, 
n  =  2) or y (M — CH3 from XIV). Unfortunately 
the rearrangement peaks in the spectra of both 
XVI and XVII (see Figures 5 and 6, respectively) are 
quite weak, viz. 0.4 and 0.9% 2 40 for the first rearrange
ment ion (k and y, respectively) and 4.1 and 6.4% 
2 40 for the second rearrangement ion (g and z, respec
tively). In neither case is a metastable ion observed17 
for the direct formation of g or z from M — CH3 (cc) 
but strong metastable ions are present for the two-step

(17) M e ta s ta b le  ions w ere  reco rd e d  u sing  a n  A tla s  C H -4  m ass s p e c tro m e 
te r  in  c o n ju n c tio n  w ith  th e  lo g a rith m ic  tr a n s fe r  reco rd e r d escribed  b y  R . T .  
A plin, H . B udzik iew icz, H . S. H o rn , a n d  J . L ederberg , A n a l. Chem ., 37, 776 
(1965).
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Scheme III

CRsCR2OCH2CH2OSi(CH3)3 — CR3CR20 ^ 0  
XIV, R = H - ch3' / \

- A
CR3CR20=Si(CH3)2

CR3CR2OSi(CH3)2

CH2=OSi(CH3)3 

d ,m/e 103

aa, m/e 147

Figure 7.—Mass spectrum (AEI-MS-9) of 2-phenoxyethyl 
trimethylsilyl ether (XVIII, n = 2).

Figure 8.-—Mass spectrum (AEI-MS-9) of 6-phenoxyhexyl 
trimethylsilyl ether (XVIII, n  = 6).

Figure 9.—Mass spectrum (CEC-103C) of 2-phenoxy-l,l- 
dimethylethyl trimethylsilyl ether (XX).

rearrangement (via  bb) (Scheme IV). When the ioni
zation potential is reduced, the ion yield of the first 
rearrangement ion increases to a much greater extent 
(from 0.4% at 70 eV to 2.0% at 15 eV for k and from 
0.9% at 70 eV to 3.0% at 15 eV for y) than does the 
yield of the second rearrangement fragment (from 4.1%  
70 eV to 7.9% at 15 eV for g and from 6.4% at 70 eV to 
7.0% at 15 eV for z). One may conclude, therefore, 
that in accord with expectation, a five-membered ring 
is favored over an eight-membered counterpart.

The base peak in the 70-eV spectra of both XVI and 
XVII (see Figures 5 and 6, respectively) is due to the 
trimethylsilyl cation ( m /e  73, S40 = 37.6 and 30.4, re
spectively). Only one other peak exceeds 25% relative 
intensity in each spectrum; m / e  117 (plausibly rep
resented as dd, S40 =  15.8) for XVI (Figure 5) and 
m / e  45 (the a-cleavage ion ee, 2 40 = 27.4) for XVII 
(Figure 6).

Despite the precautions taken in ensuring that the 
rearrangement ion g ( m /e  147) in the mass spectra of the 
polymethylene glycol bistrimethylsilyl ethers (III, 
n  =  2-8) was not due to impurity, it was decided to 
synthesize a series of compounds in which an analogous 
fragmentation scheme would produce a rearrangement 
ion which could not have a mass of 147. To this end, 
the spectra of the phenoxypolymethylene trimethylsilyl 
ethers (XVIII, n  = 2-7) were recorded (see, for ex
ample, Figures 7 and 8). A rearrangement pattern 
analogous to that incurred in the polymethylene glycol 
bistrimethylsilyl ethers (III) involves cleavage of a 
methyl radical from the molecular ion to yield the M — 
CH3 species (ff, n  =  2-7) which can be depicted as a 
cyclic oxonium ion (ff', n  =  2-7) (Scheme V). Loss of 
the neutral polymethylene oxide (n  = 2-7) then gives 
the rearranged fragment gg ( m /e  151, CgHnOSi), 
which is an important peak in the 70-eV spectra (see 
Table III) of all phenoxypolymethylene trimethylsilyl

T a b l e  III
A b u n d a n c e  o f  t h e  R e a r r a n g e m e n t  P e a k s  (gg) (m /e  151) 

a n d  ii (m /e 166) in  t h e  M ass  Sp e c t r a  
o f  t h e  P h e n o x y p o l y m e t h y l e n e  T r im e t h y l s il y l  E t h e r s  

C6H60(CH 2)„0Si(CH3)3 (XVIII)
------- m /e  151--------- /----------------- m /e  166--------- ■--------'

%  of 
b a se

% o f
b ase

%  of 
b a se

%  of 
base

n % 2,o p ea k % S:o p ea k %2« p ea k %2<u p ea k

2 18.1 95 2 .1 i i
3 17.6 98 3.8 13 2.3 13 6.7 23
4 1 1 .0 51 1 .2 2 4.5 21 16.2 28
5 6.7 48 0.5 2 2.4 17 8 .1 21
6 5.7 48 0.5 2 2.6 22 7.0 28
7 4.8 24 0.5 2 2.2 1 1 5.4 18

ethers (XVIII, n  =  2-7). Like the rearrangement 
peak ( m /e  147) in the mass spectra of III (see Table I), 
the m / e  151 peak decreases markedly with increasing 
chain length at 70 eV. As was mentioned previously, 
this tendency may reflect the difficulty in formation of a 
cyclic M — CH3 species (ff') as chain length increases;
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r \
RO

(CH3)3Sk
-CH,

'0
XVI,R= (CH3)3Si

x v ii,r = c2h5

Si(CH3)3 

dd, m/e 177

C2H50=CH2 
ee, m/e 45

+ r ~ \
R - 0 .  .0
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or if one assumes this process involves a 1 , (n  +  2) 
shift, the trend is to be expected.

One important labeling experiment was performed on 
the /3-phenoxyethyl trimethylsilyl ether (XVIII, n  —
2), namely, incorporation of 180 into the phenoxy 
oxygen atom to confirm the fact that the silyl oxygen 
was eliminated in the rearrangement process (XVIII 
gg). As expected the m/e 151 peak was shifted quanti
tatively to m /e  153 in the spectrum of XIX.

The molecular ion increases and the M — CH3 ion 
decreases in abundance as the polymethylene chain is 
lengthened. It was felt that the daughter-parent rela
tionship between the m /e  151 ion (gg) and the M — 
CH3 species (ff) would be indicated by observation of 
a decrease in per cent total ionization of m / e  151 and a 
corresponding increase of M — CH3 when the spectra 
are recorded at 12-eV ionizing energy (see Table III). 
In actual fact, at 12 eV the rearrangement species still 
decrease (X40 = 3.8 when n  — 2 and 0.5 when n  =  7) 
in abundance with increasing chain length but the ex
pected large increase in the abundance of the M — CH3 
precursor was not observed. This anomaly suggested 
the possibility of other more favorable fragmentation 
modes for generation of the rearrangement peak and 
subsequent analysis of the metastable ions provided the 
clue to alternative formulations.

The observation in all spectra of a metastable peak 
at m /e  137.3 (calcd 15 12/166 = 137.4) suggested the 
possible genesis of the mass 151 rearrangement ion by 
fission of a methyl radical from a species of mass 166 
(ii, C9H14OSi); although relatively weak at 70 eV 
(see Table III), this peak appears in the spectra of all 
phenoxypolymethylene trimethylsilyl ethers (XVIII). 
This odd-electron species (ii) results from rearrangement 
of the molecular ion (hh) with elimination of the central 
portion of the molecule—a transition (hh -*  ii) which

is also supported by the appropriate metastable peaks. 
It appears (see Table III) that at 70 eV this 1 , (n  +
2) shift reaches a peak when a 1,6 relationship is 
encountered, and surprisingly does not decrease 
significantly with increasing chain length (n  =  5, 6, 7 
are about equal). One must note, however, that at 
70 eV the mass 166 species fragments further to form gg 
( m /e  151) and that the data with regard to amount of 
1 ,(n +  2) shifts would be much more significant when 
obtained at 12 eV where further decomposition of ii 
would be minimized (eq 10). Indeed, at this ionizing

(CH2)„

C* % V ) °  W -  C6H5OSi(CH3)3 
Si(CH3)3 ii, m/e 166

hh, M+ +
C6H5OSi(CH3)2 (10)

gg, m/e 151

energy, there is a definite decrease (see Table III) in 
the intensity of the m / e  166 peak with increasing chain 
length after reaching its maximum when n  =  4.

Another important fragmentation to be discussed in 
the case of the phenoxypolymethylene trimethylsilyl 
ethers (XVIII, n  =  2-7) involves a series of peaks (jj) 
for which there is no analogy in the polymethylene gly
col bistrimethylsilyl (III) and the methoxypolymethyl- 
ene trimethylsilyl (XI) ether series. Fission of a 
phenoxy radical from the molecular ion (hh) generates a 
fragment ion which can be formulated as a cyclic oxon- 
ium ion (jj), but quantitative statements about preferred 
ring size should only be based on low (12 eV) voltage 
spectra (see Table IV), as there is in every case (n  =

T a b l e  IV
A b u n d a n c e  o f  P e a k  j j  i n  t h e  M a s s  S p e c t r a  

o f  t h e  P h e n o x y p o l y m e t h y l e n e  T r i m e t h y l s i l y l  E t h e r s

C,H60(CH 2)„0Si(CH3)3 (XVIII)

n m /e

-------70 eV—

%S40
% of

b a s e  p ea k %2m

-12 eV--------------
% of

b a se  p ea k

2 117 3.8 20
3 131 5.0 28 12.5 43
4 145 21.5 100 57.8 100
5 159 10.6 76 38.6 100
6 173 4.0 34 14.8 59
7 187 0.6 3 2.4 8

2-7), a large metastable peak corresponding to further 
decomposition of jj to yield the trimethylsilyl cation c 
( m /e  73) (eq 11). As is illustrated by the 12-eV spectra
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an intense peak at m/e 94 (240 = 8-9 when n >  4). 
High-resolution mass measurements indicate an ele
mental composition of C6H60 thus suggesting that m/e 
94 is generated by a hydrogen transfer process to yield 
a phenol-like odd-electron species.

As in the case of the benzyl trimethylsilyl ethers,7 the 
presence of a branched chain causes a pronounced de
crease in the amount of rearrangement species formed 
following electron bombardment, although the effect 
is not so great as in the benzyl series. In the mass spec
trum (Figure 9) of 1,1-dimethy 1-2-phenoxyethyl tri
methylsilyl ether (XX), the M — CH3 peak (11, m/e 
223) is weak (24o = 1.4), the trimethylsilyl cation (c, 
m/e 73) is abundant (2« = 1.4), and the rearrangement 
ion (gg, m/e 151) carries 6.8% of the total ion current. 
The base peak, m/e 131 (2« = 16.4), is due to the a-  
cleavage ion (mm), which is greatly favored because 
of the high degree of branching at the fission site 
(Scheme IV).

Figure 10.—Mass spectrum (CEC-103C) of 2-phenoxyethyl 
triethylsilyl ether (XXI).

Figure 11.—Mass spectrum (CEC-103C) of 2-phenoxyethyl 
trimethylgermanium oxide (XXII).

(Table IV), ring size appears to be particularly impor
tant in this fragmentation. In the case where jj exists 
as a five- and six-membered ring (jj, n  =  4, and jj, 
n  — 5, respectively) it produces the base peak; how
ever, in the less favorable eight-membered structure 
(ft. = 7, m/e 181) the peak is insignificant (8% relative 
intensity).

(CHAr (CH2)n +

« »  / >  “V *  ( - J  Si<CH->-
Si(CH3)3 -<W)- y  C, m/e 73

hh Si(CH3)3

»  (ID

Rearrangement of the M — CH3 fragment (ff) to 
yield kk (m/e 181) and subsequent loss of formaldehyde 
to yield m/e 151 (gg) (eq 12) in a manner analogous to 
the fragmentation sequence (i -*■  r -> g) in the spectra 
of III (ft = 3-8) occurs to a minor extent in XVIII when 
ft =  3-7; this peak decreases with increasing chain 
length (240 =  3.8 when n  =  3 and 1.2 when n  =  7). 
In all cases, except when n  = 7, a metastable peak is 
observed at m/e 126.0 (calcd 15 12/181 =  126.0).

C6H50(CH2)„0=Si(CH3)2 i CH2=CH- >

ff (»-3)

C6H5OSi(CH3)2— 0=CH2 C6H3OSi(CH3)2 (12)
kk, m/e 181 gg, m/e 151

Another fragment found in the spectra of XVIII is 
the intense peak at m/e 73 (c, 10-20% 2 40); meta
stable peaks indicate that jj and the «-cleavage ion d 
(m/e 103, 2 4o = 4.0 ±  1.5) are progenitors of this ion. 
This supports the conclusions made in a previous paper7 
disclaiming the postulated8 formation of c (m/e 73) 
by direct fission of the molecular ion. Also, at 70 eV, 
intense hydrocarbon peaks appear at m/e 55 (C4H7) 
when ft =  4, 6, and 7; at m/e 69 (C5H9) when n  =  5; 
and at m/e 83 (C6Hn) when n  = 6. Finally, as the 
methylene chain length increases, there is encountered

S c h e m e  VI

C6H5OCH2C(CH3)3OSi (CH3)3 —
XX -CH,-

(CH3)2C==OSi(CH3)3 
mm, m/e 131

r V
c A - ° v Si/ °
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ch3 ch3

11, m/e 223
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It was decided to record the spectrum of 2-phenoxy
ethyl triethylsilyl ether (XXI) in order to ascertain 
whether replacing the silylmethyl groups with the 
slightly bulkier silylethyl groups would inhibit the 
amount of skeletal rearrangement. The base peak 
(m/e 179) in this mass spectrum (Figure 10) is indeed 
associated with the rearrangement ion 00 (m/e 179, 
2 40 = 14.6) resulting from loss of ethylene oxide from 
the M — C2H5 precursor nn (m/e 223, 2 40 = 10.0). 
The two other prominent peaks (m/e 151 and m/e 
123) in this spectrum (Figure 10) are generated by the 
hydrogen rearrangement processes which have been 
found7 to be characteristic of all triethylsilyl ethers. 
Expulsion of two successive ethylene molecules from the 
rearrangement ion (00) yields pp (m/e 151, 240 = 11.5) 
and qq (m/e 123, 2 40 = 5.8). In this particular instance, 
the triethylsilyl moiety certainly has no retarding ef
fect upon the rearrangement process, as the ion 00 
(m/e 179) and two of its daughter ions (pp and qq) 
contribute 41.9% of the total ion current (Scheme VII).

It was also decided to ascertain what effect replacing 
the silicon atom with germanium would have upon the 
rearrangement process. The rearrangement persisted 
in the case of the trimethylgermanium oxide (XXII), 
whose spectrum (Figure 11) shows a series of rearrange
ment ions followed by successive losses of methyl 
radicals. No metastable ion was observed and it is 
not known whether tt (240 = 5.0, total isotopic species18) 
is formed by an initial loss of ethylene oxide, through rr

(18) T h e  s ta b le  iso topes  of g e rm an iu m  a re  G e70 (2 0 .5 % ), G e72 (2 7 .4 % ),
G e7» (7 .7 % ), G e7« (36 .6%  a n d  G e7« (7 .8 % ).
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Scheme VII
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(S40 = 8 .0, total isotopic species), from the molecular 
ion, or through a cyclic M — CH3 intemediate ss (240 
<0.1, total isotopic species). Including the ions uu 
(S40 =  0.5, total isotopic species) and vv ( S 4 0  = 4.0, 
total isotopic species) (Scheme VIII), the total rear
rangement yield is 17.5% of the total ion current. The 
molecular ion is extremely weak and the trimethyl- 
germanium cation [(CH3)3Ge+] accounts for the base 
peak (S40 = 36.0, total isotopic species).

S c h e m e  VIII
- c h 3-

vv uu tt

m/i

Figure 12.—Mass spectrum (AEI-MS-9) of 2-phenoxyethyl 
trimethylsilyl sulfide (XXIV).

Figure 13.—Mass spectrum (CEC-103C) of 2-N,N-dimethyl 
aminoethyl trimethylsilyl ether (XXVIII).

Figure 14.—Mass spectrum (AEI-MS-9) of 2-(cyclohexyloxy)- 
ethyl trimethylsilyl ether [XXIX, CeHnOCftCIFOSiiCHsh].

Substitution of a nitrogen atom for the oxygen atom 
in the case of the benzyl trimethylsilyl ethers7 caused 
only a small decrease in the amount of rearrangement 
species. Replacement of the trimethylsilyloxy group 
of 2-phenoxyethyl trimethylsilyl ether (XVIII, n  =  
2) (Scheme IX) by a trimethylsilylamino group results

S c h e m e  IX

C6H5lOCH2CH2NHSi(CH3)3
XXIII

c6h 5-

CH,

s„.>NH
/ S%

ch3

m ,  m/e 194

* NH
'¿ A

CH2=NHS1(CH3)3 
xx, m/e 102

C6H5OSi(CH3)2 
gg, m/e 151

in a more pronounced decrease (Table V) in the amount 
of rearrangement ion (gg), but the latter still remains a 
prominent feature (240 = 6.4) in the spectrum of 
XXIII. Two other peaks exceed the latter in in
tensity, namely, the trimethylsilyl cation c (m/e 73, 
2 40 =  15.2) and the «-cleavage ion xx (m/e 102, 2 4o =  
29.3). The molecular (240 = 0.3) and M — CH3 
(ww, 2 40 =  0.9) ions are both weak.

T a b l e  V
A b u n d a n c e  o f  R e a r r a n g e m e n t  I o n  i n  t h e  M a s s  S p e c t r a  

(70 eV) o f  C6H6XCH2CH2YSi(CH3)3
%  of

C o m p o u n d X Y m /e %24o b ase  p(
C .H tO C H iC m O S K C H m  (X V II I , n  =  2) 0 0 151 1 8 .1 95
C .H î O C H .C H îN H S K C H sU (X X I I I ) 0 N 151 6 .4 22
c .H s O c m c m s s i t c H a U  ( x x i v ) 0 s 151 1 3 .2 41
C .H iN H C m c m O S R C ttO j  (X X V ) N 0 150 1 .6 3
C i H i S c m c m o s H c m ) !  ( x x v i ) s 0 167 1 .6 7
C tH iN H C in C H .N H S H C H a )!  (X X V II) N N 150 0 0

Unlike the benzyl trimethylsilyl sulfides7 which ex
hibit very weak rearrangement peaks upon electron 
bombardment 2-phenoxyethyl trimethylsilyl sulfide 
(XXIV) shows (see Figure 12  and Table V) a very 
prominent rearrangement peak gg (m/e 151, 2 4o = 
13.2).19 There is no metastable evidence for loss of 
ethylene sulfide from an M — CH3 (m/e 2 1 1 , 2 4o = 
0.05) precursor; however, a large metastable peak is 
found at m/e 137.4 (calcd 15 12/166 = 137.4) correspond
ing to expulsion of a methyl radical from the m/e 166 
fragment (ii, 2 4o = 12.2) (Scheme X). As in the

(19) T h e  p a re n t th io l ex h ib ite d  a  s lig h t th e rm a l in s ta b ili ty ;  th e re fo re , i ts  
tr im e th y ls ily l d e riv a tiv e s  (X X IV ) w as ad so rb e d  on  a c tiv a te d  ch a rc o a l a n d  
in tro d u c e d  u sing  th e  d ire c t p ro b e  in le t in to  th e  T O -4  ion  so u rce  (h ea ted  o n ly  
b y  th e  f ilam e n t c u r re n t to  ca. 70°) of th e  A tla s  C H -4  m ass  sp e c tro m e te r . 
T h e  reco rd e d  sp e c tru m  w as p ra c tic a lly  id e n tic a l w ith  F ig u re  12 in d ic a tin g  
th a t  a ll p ea k s  re su lted  from  e lec tro n  b o m b a rd m e n t a n d  n o t th e rm a lly  
in d u ced  reac tions .
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case of the phenoxypolymethylene trimethylsilyl ethers 
(XVIII), there appears to be a significant amount of 
rearrangement of the molecular ion with expulsion of 
ethylene sulfide to yield m/e 166 (ii) which subsequently 
decomposes to m/e 151 (gg). Thus, as in the case of 
the benzyl trimethylsilyl sulfides7 there does not appear 
to be a large amount of rearrangement through an 
M — CH3 intermediate to give the m / e  151 ion (gg). 
The fact that the rearrangement peak originates al
most entirely by rearrangement of the molecular 
ion is very obvious when the spectrum is recorded at 
12 eV. Here, one finds neither an m / e  151 nor an M — 
CH3 peak, whereas m / e  166 becomes the most intense 
one (240 =  41.2).

The base peak in the spectrum (Figure 12) of 2- 
phenoxyethyl trimethylsilyl sulfide (XXIV) is due to the 
trimethylsilyl cation c (m/e 73, 2 40 = 32.2). Both low 
voltage measurements and a metastable peak show 
that c arises by loss of ethylene sulfide from an m/e 
133 precursor (yy, 2 40 = 10.6), the latter being the only 
other important peak remaining in the spectrum. High- 
resolution measurements show this fragment of mass 133 
to have an elemental composition of C5Hi3SSi, thus sug
gesting a fragmentation sequence (XXIV -*■ yy —;► c) 
analogous to that found in the case of the phenoxy
polymethylene trimethylsilyl ethers (XVIII jj —►  
c).

In order to assess further the effect of replacing oxy
gen with nitrogen and sulfur, the spectra of 2-phenyl- 
amino- (XXV) and 2-thiophenoxyethyl trimethylsilyl 
ether (XXVI) were recorded. Interestingly, unlike 2- 
phenoxyethyl trimethylsilyl amine (XXIII), a very 
small amount of rearrangement ion zz (m/e 150, 240 =
1.6) is found (see Table V) in the spectrum of XXV, 
which is completely dominated by the a-cleavage ion 
(aaa, m/e 106, S40 = 51.4). The molecular ion (240 = 
6.5), the M — CH3 peak (240 = 3.2), and the trimethyl
silyl cation (240 = 4.9) are all quite weak in this spec
trum.

C6H6NHCH2CH2OSi(CH3)3 - A  C6H6N H = C H 2 
XXV aaa, m/e 106

C6H6NHSi (CH3 )2 
zz, m/e 150

Substitution of sulfur (XXVI) for oxygen also causes 
a dramatic decrease in the amount of rearrangement 
species (see Table V); this result parallels more closely 
the behavior of the benzyl trimethylsilyl sulfides 
(Scheme XI).7 The rearrangement ion ccc ( m /e  
167) contributes only 1.6% of the ion current. The

base peak in the spectrum is at m / e  73 (c, 2 40 =  22.8) 
and the remaining prominent species are the molecular 
ion (240 = 9.1), M — CH3 (bbb, 2 40 = 11.4), ddd (m/e 
137, 2 40 = 7.5), and the a-cleavage fragment d (240 =
9.3).

As might be expected (see Table V), the spectrum of 
N'-phenyl-N-(trimethylsilyl)ethylenediamine (XXVII) 
contains no rearrangement peak (zz, m/e 150). As in 
the case of XXV, the a-cleavage fragment aaa (m/e 
106, 2 40 = 23.3) provides the base peak; the other a- 
cleavage ion (xx, m / e  102) is the second most intense 
peak (240 = 17.5). Other abundant ions include the 
trimethylsilyl cation (c, 240 = 11.2) and the phenyl 
cation (m/e 77, 2« = 6.5).

C6H3NHCH2CH2NHSi(CH3)3
XXVII

Finally, it may be noted that even in the spectrum 
(Figure 13) of the dimethylamino compound XXVIII, 
in which the a-cleavage ion (eee, m/e 58) carries 60% 
of the total ion current, the rearrangement ion (fff) is 
still observable (m/e 102, 240 =  0.6) (Scheme XII).

S c h e m e  X II

(CH3),NCH2CH2OSi(CH3)3 — (CH3)2N=CH2 
XXVIII eee, m/e 58

|"CHs

(C H /n A o  _ - A
X

C H / NCH3

-T) +
(CH3)2N==Si(CH3)2 «-*- (CH3)2NSi(CH3)2 

fff, m/e 102

The last few spectra to be discussed result from an 
attempt to bridge the gap in structure between 2- 
ethoxyethyl (XIV) and 2-phenoxyethyl (XVIII, n  =
2) trimethylsilyl ether. Consequently, the mass spec
trum of 2-(cyclohexyloxy)ethyl trimethylsilyl ether 
(XXIX) was recovered. It is interesting to note that, 
although this spectrum (Figure 14) exhibits many peaks

R' R'
V Y/ ° CH/R '/S i(C H 3)3

L x r'
XXIX, R,R ' = H
XXX, R = D; R' = H

XXXI, R = H; R' = D



V ol. 88 , N o . 6 , J u n e  1968

derived by pathways analogous to those found in the 
previous cases, a few of the most abundant peaks were 
found to be unique.

Typical of many trimethylsilyl ethers, the molecular 
ion ( m /e  216) is weak (240 =  0.1), the M — CH3 peak 
ggg (m/e 201) is surprisingly weak (24o =  0.2), the tri
methylsilyl cation c ( m / e  73) is very strong (240 = 
11.9), and the «-cleavage ion d (m / e  103, 240 = 3.9) is 
relatively abundant. Hydrocarbon peaks are also very 
intense with the cyclohexyl ion (m / e  83) accounting 
for the base peak (240 = 12.3) and m / e  55 (C4H7) 
contributing 8.4% of the total ion current. It was 
rather surprising to find that loss of propylene oxide 
from the rearranged M — CH3 species ggg ( m /e  201) 
in the usual manner to yield a rearrangement ion hhh 
( m /e  157, 240 = 0.2) hardly occurs. In fact, the 
minute metastable peak at m/e 143.3 (calcd 1572/172 =
143.3) suggests that what little hhh is forming probably 
has the m / e  172 species (iii, 240 = 0.6) as its progenitor 
(Scheme XIII).

S c h e m e  X III

a OCH2 CH20  Si(CH3)3 _ C H ,

XXIX

- A

„OSi(CH3)3

n i,m/e 172

t r r \

a ° x °
ch3 ch3

ggg, m/e 201

a “ " " '“ “  .
-CH, L J

- A

,OSi(CH3)2

hhh, m/e 157

The appearance of a moderately abundant peak at 
m / e  171 (240 = 3.3), which becomes one of the pri
mary peaks (240 = 11.6) when the spectrum is recorded 
at 12 eV, suggested a fragmentation mode which had 
not been encountered previously. High-resolution 
mass measurements showed this moiety to have the 
elemental composition CgHigOSi, and it was felt that one 
possible mode of genesis for this fragment might in
volve a two-step process (XXIX -*■  iii jjj). No 
metastable peaks could be located, however, either for 
the initial loss of the elements of ethylene oxide from 
the molecular ion or for subsequent expulsion of a hy
drogen atom from the species of mass 172; furthermore, 
the m / e  171 peak increases in intensity when the spec
trum is recorded at low voltage, making the loss of a 
hydrogen atom from the m / e  172 species an unlikely 
occurrence. An alternative formulation for the genesis 
of the mass 171 ion involves loss of formaldehyde from 
an M — CH3 precursor (ggg, m / e  201). For descrip
tive purposes this process can be visualized as occurring 
either from the open-chain species ggg" to yield kkk" 
or from the alternate resonance form ggg to yield kkk 
(Scheme XIV). Again, there is no metastable evi
dence for this transition. Two labeling experiments 
were performed which support the occurrence of either 
of these fragmentation schemes. As expected, the 
spectrum of the «-labeled analog X X X  reveals no 
shift of m / e  171, whereas the spectrum of the cyclo
hexyl-labeled analog X X X I indicates a shift in mass to 
m /e  175.
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The final fragmentation to be discussed involves the 
intense (240 = 8.4) m / e  119 peak which completely 
dominates (240 = 22.3) the 12-eV spectrum. High- 
resolution mass measurements indicate an elemental 
composition of C4Hn02Si for this species and the 
labeling experiments (see Table VI) indicate the possible 
formation of a cyclic species as well as occurrence of a 
hydrogen transfer process. A small metastable peak at 
m / e  70.5 (calcd 1192/201 = 70.4) suggested that the 
m / e  119 ion is generated by loss of cyclohexene from the 
M — CH3 ion (ggg —►  111, eq 13). This process obeys the

ggg, m/e 201

+ / A \  
U ,  H - O ^ O

/ \  
ch3 ch3

111, m/e 119

(CH3)2Si=Ô—H 
q, m/e 75

(13)

labeling results (Table VI) in that the ethylene chain 
is retained (see XXX) and the cyclohexyl group is 
lost (see XXXI). Although the hydrogen transfer 
process is indicated as occurring from the C-2 position 
of the cyclohexyl moiety, only 53% originates from the 
C-2 and C-6 positions and the remainder must come 
from the unlabeled portion of the cyclohexyl ring.

T a b l e  VI
S h if t s  o f  t h e  m/e 171, m/e 119, a n d  m /e  75 P e a k s  
i n  t h e  M a s s  S pe c t r a  o f  t h e  D e u t e r iu m -L a b e l e d  
2 -(C y c l o h e x y l o x y )e t h y l  T r im e t h y l s il y l  E t h e r s  

(XXX a n d  XXXI)
Iso to p ic

C o m p o u n d  com position , %  m /e  171“ m /e  119° m /e  75°

XXX 100 *  171 121 75
XXXI 9 2 . 3 * , 7 . 7 *  175 119 (4 2 % ) 75 (5 9 % )

120 (5 3 % ) 76 (4 1 % )
° Corrected for natural isotope abundance and calculated 

deuterium isotope composition.
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The fact that the mass 119 ion becomes the most 
abundant one (240 = 22.3) at 12 eV suggested the pos
sibility of its further fragmentation at 70 eV. Indeed 
a metastable ion at m /e  47.2 (calcd 752/119 = 47.3) 
indicates that 111 decomposes to the dimethylsilanol 
ion (q) (eq 13) of mass 75 (S44 = 10.6). This process is 
also supported by deuterium-labeling evidence (see 
Table VI).

The mass spectra of the cyclopentyloxy (XXXII) and 
isopropyl (XXXIII) analogs were also recorded. Com-

^ /N ^ O C H 2CH2OSi (CH3)3

XXXII

CH> -O C H 2CH2OSi(CH3)3
CH3

XXXIII

pound XXXII exhibited a spectrum exactly analogous 
to that of XXIX, and, although there are slight in
tensity variations, XXXIII behaves in a sufficiently 
similar fashion so as to not warrant any further dis
cussion.

S yn the s is  o f L ab e led  C om pounds

The discussion of the synthesis of labeled compounds 
needs to include only a description of the preparation of 
the parent alcohols, as in practically all cases the com
mon silylating agent, hexamethyldisilazane,6'7'20 was 
utilized to convert the alcohols, amines, and mercap- 
tans into their trimethylsilyl ether derivatives. O c
ca s io n a lly  (XXIV and XXVII) it was necessarŷ  to 
employ the stronger silylating agent bis-N,0-(trimeth- 
ylsilyl) acetamide.21

Synthesis of l,l-d2-2-methoxyethanol was accom
plished by reducing 2-methoxyacetic acid with lithium 
aluminum deuteride to yield the product in high iso
topic purity. Preparation of 2-d5-ethoxyethanol in
volved conversion of perdeuterioethanol into d5-ethyl 
bromide in a sealed-tube reaction utilizing hydrobromic 
acid and concentrated sulfuric acid. Subsequent reac
tion of the bromide with an equivalent amount of so
dium metal and a threefold excess of ethylene glycol 
yielded the desired labeled analog.

It was necessary to synthesize two deuterium labeled 
analogs (XXX and XXXI) in the 2-(cyclohexyloxy)- 
ethyl trimethylsilyl ether series. The first compound,
l,l-d2-2-(cyclohexyloxy)ethanol was prepared (eq 14)

by reaction of the sodium salt of cyclohexanol with
2-bromoethyl acetate to yield 2-(cyclohexyloxy)ethyl 
acetate; subsequent reduction with lithium aluminum 
deuteride (X = D) yielded the desired compound (R = 
H, X  = D). Utilizing this same scheme but replacing 
lithium aluminum deuteride (X = D) with lithium 
aluminum hydride (X = H) and cyclohexanol (R = 
H) with 2,2,6,6-di-cyclohexanol (R = D) yielded the

(20) S. H . L anger, S. C onnell, a n d  I .  W en d er, J .  Org. Chem ., 23 , 50 (1958).
(21) J .  F . K lebe , H . F in k b e in e r , a n d  D . M . W h ite , J .  A m er. Chem. Soc., 

88, 3390 (1966).

second analog 2,,2,,6,,6'-d4-2-(cyclohexyloxy)ethanol 
(eq 12, R = D, X  = H).

The final labeled compound to be discussed is the 
oxygen-18 analog of 2-phenoxyethanol (XXXIV). 
Reaction of the sodium salt of 180-enriched phenol 
with chlorohydrin yielded the desired product.

E x p e rim e n ta l S e c tio n 22
Trimethylsilyl Ethers and Amines.7'8 20—A mixture of 1.0 

mmol of the appropriate alcohol or amine and 0.5 mmol of hexa
methyldisilazane23 * * (1.0 mmol in the case of bistrimethylsilyl 
ethers) was heated under reflux with 1 drop of trimethylchloro- 
silane23 until evolution of ammonia ceased (1-4 hr for primary 
and secondary alcohols, 3-5 hr for primary diols, and 12-20 
hr for tertiary alcohols and for the amines). The trimethylsilyl 
derivatives were isolated from the reaction mixture by prepara
tive gas-liquid partition chromatography; Table VII indicates

T a b l e  VII
R e t e n t i o n  T i m e s  o f  T r i m e t h y l s i l y l  D e r i v a t i v e s

C o lu m n
te m p e ra tu re , R e te n tio n

C o m p o u n d “C tim e , m in .

(CH3)3SiOCH2CH2OSi(CH3)3 (III, n ■■=  2) 125 1.3
(CH3)3SiO(CH2)3OSi(CH3)3 (III, n = 3) 125 1.8
(CH3)3SiO(CH2)4OSi(CH3)3 (III, n = 4) 145 1.9
(CH3)3SiO(CH2)5OSi(CH3)3 (III, n = 5) 145 3.0
(CH3)3SiO(CH2)6OSi(CH3)3 (III, n = 6 ) 160 1.8
(CH3)3SiO(CH2)7OSi(CH3)3 (III, n = 7) 155 2.7
(CH3)3SiO(CH2)8OSi(CH3)3 (III, n = 8) 155 4.2
(C2H5)3SiO (CH2)2OSi (C2H6)3 (VIII ) 140 11.1
CH3OCH2CH2OSi(CH3)3 (XI, n =  2) 100 1.0
CH30(CH2)40Si(CH3)3 (XI, n =  4) 110 2.5
CH30(CH2)50Si(CH3)3 (XI, n =  5) 110 3.6
C2H5OCH2CH2OSi(CH3)a (XIV) 100 1.5
(CH3)3SiOCH2CH2OCH2CH2OSi(CH3)3

(XVI) 155 1.4
C2H5OCH2CH2OCH2CH2OSi(CH3)3 (XVII) 135 2.0
C6H50(CH2)20Si(CH3)3 (XVIII, n = 2) 176 11.6
C6H60(CH2)30Si(CH3)3 (XVIII, n = 3) 200 3.7
C6H50(CH2)40Si(CH3)3 (XVIII, n = 4) 190 2.4
C6Hr,0 (CH2)50Si(CH3)3 (XVIII, n = 5)“ 160 4.8
C6H50(CH2)60Si(CH3)3 (XVIII, n = 6 )o 165 4.9
C6H50 (CH2)70Si(CH3)3 (XVIII, n = 7)» 173 5.3
C6H5OCH2C(CH3)2OSi(CH3)3 (XX) 140 3.5
C6H5OCH2CH2OSi(C2H5)3 (XXI) 180 3.7
C6H5OCH2CH2OGe(CH3)3 (XXII) 155 1.8
C6H5OCH2CH2NHSi(CH3)3 (XXIII) 145 3.7
C6H5OCH2CH2SSi(CH3)3 (XXIV) 190 5.1
C6H5NHCH2CH2OSi(CH3)3 (XXV) 180 3.0
C6H5SCII2CH2OSi(CH3)3 (XXVI) 212 1.6
C6H5NHCH2CH2NHSi(CH3)3 (XXVII) 165 5.1
(CH3)2NCH2CH2OSi(CH3)3 (XXVIII) 95 1.5
C6H„OCH2CH2OSi(CH3)3 (XXIX) 110 14.0
C5H„OCH2CH2OSi(CH3)3 (XXXII) 85 12.0
C3H7OCH2CH2OSi(CH3)3 (XXXIII) 50 7.1

“ Separation was done on 1 % SE-30 on Chromosorb W with a 
He flow rate of 100 cc/min.

(22) M e ltin g  p o in ts  (u n co rrec ted ) w ere  d e te rm in e d  on  th e  K ofle r b lock  
a n d  in fra re d  a b s o rp tio n  sp e c tra  w ere  m e asu red  w ith  a  P e rk in -E lm e r  M odel 
137 In fra c o rd  sp e c tro p h o to m e te r . T h e  70-eV  m ass sp e c tra  reco rd e d  on  th e  
C E C  M o d e l 21-103C  in s tru m e n t w ere o b ta in e d  b y  M r. N . S. G a rc ia  u s ing  a  
200° h ea ted , a ll-g lass  in le t sy stem . I n  a d d itio n , th e  s p e c tra  of so m e o f th e  
co m pounds w ere  m e asu red  b y  D r. A. M . D uffield  o n  a n  A tla s  C H -4  m ass  
sp e c tro m e te r  w ith  a n  ion-source  te m p e ra tu re  of 190°. H ig h -re so lu tio n  
m e asu rem en ts  a n d  also  low -reso lu tion  sp e c tra  of m a n y  of th e  c o m p o u n d s  
w ere ca rried  o u t  b y  M r. R . G . R oss using  a n  A .E .I .  M S-9  in s tru m e n t 
eq u ip p ed  w ith  a  200° h e a te d  in le t sy stem . A ll of th e  t r im e th y ls ily l  d e r iv a 
tiv es  w ere  p re p a re d  on  a  sm all sca le  a n d  pu rified  b y  gas  c h ro m a to g ra p h y  o n  
a  6 f t  X  0.75  in . s ta in less-stee l co lum n  p ac k ed  w ith  10%  G E  S F -96  on  
C h rom oso rb  W  w ith  a  H e  flow r a te  of 150 c c /m in .

(23) H ex am e th y ld is ila z an e , tr im e th y lch lo ro s ilan e , tr ie th y lc h lo ro s ila n e ,
a n d  b is ( tr im e th y ls ily l)a c e ta m id e  w ere p u rc h a se d  from  P ie rc e  C h em ica l C o .,
R o ck fo rd , 111.
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the retention time and column temperature for each derivative. 
In most cases the yields of the colorless liquids were essentially 
quantitative. The accurate molecular weight of each compound 
was determined by mass spectrometry in order to assure identity 
of the product .

2-Phenoxyethyl Trimethylsilyl Sulfide (XXIV).—A mixture 
of 3 ml of acetonitrile, 308 mg of 2-phenoxyethyl mercaptan, 
and 450 mg of bis(trimethylsilyl)acetamide23 was heated under 
reflux for 20 hr and the trimethylsilyl derivative was isolated by 
preparative gas-liquid partition chromatography (see Table VII). 
The infrared spectrum indicated typical trimethylsilyl absorp
tions: Xmax 8.0, 11.8, and 13.3 fj (Me8Si).

Anal. Calcd for CnHi8OSSi: mol wt, 226. Found: mol wt 
(mass spectrometry), 226.

N '-Phenyl-N-(trimethylsilyl )ethylenediamine (XXVII).—Uti-
lizing 272 mg of N-phenylethylenediamine (Aldrich Chemical 
Co.) a procedure identical with that employed in the case of 
2-phenoxyethyl trimethylsilyl sulfide (XXIV) yielded the desired 
trimethylsilyl derivative (XXVII).

Anal. Calcd for CnH2oN2Si: mol wt, 208. Found: mol wt 
(mass spectrometry), 208.

Ethylene Glycol Bistriethylsilyl Ether (VIII).—To 124 mg of
ethylene glycol in 10 ml of dry benzene was added 100 mg of 
sodium metal. The mixture was heated gently under reflux 
for 24 hr, cooled, and a solution of 610 mg of triethylchloro- 
silane23 in 5 ml of dry benzene was added. The mixture was again 
gently heated under reflux for 24 hr, cooled, and filtered, and the 
benzene was removed by means of a rotary evaporator. Isolation 
by means of gas-liquid partition chromatography (see Table 
VII) gave VIII in 73% yield. The infrared spectrum exhibited 
characteristic absorptions at Xmax 8.1, 11.8, 13.4, and 9.2 n 
(SiO).

Anal. Calcd for CH^ASia: mol wt, 290. Found: mol wt 
(mass spectrometry), 290.

2-Phenoxyethyl triethylsilyl Ether (XXI).—Employing 273 mg 
of 2-phenoxyethanol, 50 mg of sodium metal, and 300 mg of 
triethylchlorosilane, a procedure identical with that utilized in 
the synthesis of VIII yielded 2-phenoxyethyl triethylsilyl ether 
(XXI).

Anal. Calcd for CiJEAiSi: mol wt, 252. Found: mol wt 
(mass spectrometry), 252.

2-Phenoxyethyltrimethylgermanium Oxide (XXII).—A mix
ture of 138 mg of 2-phenoxyethanol and 25 mg of sodium metal 
in 5 ml of anhydrous benzene was stirred under reflux for 24 
hr and cooled. Slowly, 200 mg of trimethylgermanium bromide 
(prepared by the method of Satge24) in 5 ml of dry benzene was 
added and the mixture was heated under reflux for an additional 
20 hr. After cooling, filtering, and removing the benzene on a 
rotary evaporator, the product was isolated by preparative 
gas-liquid partition chromatography (see Table VII) in approxi
mately 50% yield.

Anal. Calcd for CnHi80 2Ge: mol wt, 256.25 Found: mol
wt (mass spectrometry), 256.

l,l-d2-2-Methoxyethanol.—To a well-stirred suspension of 
400 mg of lithium aluminum deuteride in 20 ml of anhydrous 
ether at 0° was added dropwise 450 mg of 2-methoxyacetic acid 
(Eastman Organic Chemicals, Rochester, N. Y.) in 15 ml of 
anhydrous ether. After complete addition the mixture was heated 
under reflux for 3 hr and the excess lithium aluminum deuteride 
decomposed by the dropwise addition (at 10°) of a saturated 
sodium sulfate solution. The mixture was filtered, dried over 
anhydrous magnesium sulfate, and again filtered, and the ether 
was stripped on a rotary evaporator yielding 350 mg of l,l-d2-2- 
methoxyethanol whose mass spectrum showed the isotopic 
composition to be 98% d2 and 2% di.

ds-2-Ethoxyethanol.—A mixture of 1 ml of perdeuterioethanol 
(d6),26 3 ml of 48% hydrobromic acid, and 1 ml of concentrated 
sulfuric acid was placed in a sealed tube and heated on a steam 
bath for 20 hr. The tube was cooled in an ice bath and opened; 
the mixture was washed twice with water. Pure d5-ethyl bromide 
(1.5 g) was distilled at reduced (aspirator) pressure from the 
water through Indicating Drierite into a vessel cooled to —40° 
using a short-path distillation apparatus.

In a dry nitrogen atmosphere was placed 2.43 g of ethylene 
glycol and 305 mg of finely divided sodium metal; the mixture

(24) J . Satg4, A n n . C him ., 6, 519 (1961).
(25) The calculated molecular weight assumes the mass of the germanium 

atom to be 74, the mass of its most abundant isotope (see ref 18).
(26) Perdeuterioethanol was purchased from Stohler Isotope Chemicals, 

Azusa, Calif.

was stirred and gently heated. After the reaction of the sodium 
and ethylene glycol was completed, the labeled ethyl bromide 
was slowly added, and, following the initial vigorous reaction, 
the mixture was heated under reflux for 2 hr, cooled, filtered, and 
distilled at 90 (200 mm) yielding 940 mg of ds-2-ethcxyethanol 
whose mass spectrum revealed the following isotopic composition- 
98% d5 and 2% d*.

3- Phenoxypropan-l-ol. Reduction of 1 g of 3-phenoxypro- 
pionic acid with 1 g of lithium aluminum hydride utilizing the 
same procedure used in the reduction of 2-methoxyacetic acid 
yielded 750 mg of a colorless liquid after purification by prepara
tive gas-liquid partition chromatography (10% GE SF-96 on 
Chromosorb W with a He flow rate of 100 cc/min at 200°). 
The infrared spectrum showed absorptions characteristic of 3- 
phenoxypropan-1 -ol at Xm„  3.0, 8.0, 9.4, 13.2, and 14.4 M.

Anal . 27 Calcd for Ci2H2o02Si: mol wt, 224. Found: mol wt 
(mass spectrometry), 224.

4- Phenoxybutan-l-ol.—Reduction of 5.4 g of 4-phenoxybutyric 
acid with 1.7 g of lithium aluminum hydride was accomplished 
by the procedures discussed previously except that the mixture 
was heated under reflux for 12 instead of 2 hr. The product 
(4.6 g) exhibited infrared absorptions at Xmax 3.05, 8.05, 9.5
13.2, and 14.4 m (lit.28 3.15, 8.1, 9.6, 13.2, and 14.4 M).

A nal . 27 Calcd for Ci3H220 2Si: mol wt, 238. Found: mol wt 
(mass spectrometry), 238.

5- Phenoxypentan-1 -ol. A mixture of 3 g of 4-phenoxybutan-
l-ol (see above), 3 ml of concentrated sulfuric acid, and 9 ml of 
48% hydrobromic acid was heated under reflux for 24 hr. After 
cooling and washing twice with water, the mixture was extracted 
three times with ether and the ethereal extracts were dried over 
anhydrous magnesium sulfate. The solution was filtered, the 
ether removed on a rotary evaporator, and 2.8 g of 4-phenoxy- 
butyl bromide collected by distillation at 133-135° and 10 mm 
(lit.29 151-155° and 16 mm). Utilizing the procedure and ap
paratus described in previous work,7 2.0 g of 4-phenoxybutyl 
bromide was converted into its Grignard reagent with 404 
mg of magnesium. Subsequent carbonation with anhydrous 
carbon dioxide7 yielded a solid material whose infrared spectrum 
was characteristic of 5-phenoxyvaleric acid: X^i°‘ 3.3 (broad),
5.8, 8.0, 9.6, 13.3, and 14.4 ¡j . Reduction of 5-phenoxyvaleric 
acid with 475 mg of lithium aluminum hydride according to 
previously described procedures yielded 5-phenoxypentan-l-ol as 
indicated by its infrared spectrum: Xmax 3.0, 8.0, 9.6, 13.3,
and 14.4 ¡i.

A n a l 21 Calcd for Cn^ChSi: mol wt, 252. Found: mol wt 
(mass spectrometry), 252.

6- Phenoxyhexan-l-ol.—Using procedures described above 624 
mg of 6-phenoxyhexanoic acid (K & K Laboratories, Hollywood, 
Calif.) was reduced with 114 mg of lithium aluminum hydride 
to yield 6-phenoxyhexan-l-ol whose infrared spectrum exhibited 
absorptions at Xmax 3.0, 8.05, 9.7, 13.2, and 14.4 n.

A nal . 27 Calcd for Ci5H260 2Si: mol wt, 266. Found: mol wt 
(mass spectrometry), 266.

7- Phenoxyheptan-l-ol.—Applying a synthetic sequence identi
cal with that used in the synthesis of 5-phenoxypentan-l-ol,
1.7 g of 6-phenoxyhexan-l-ol was converted into 1.8 g of 6- 
phenoxyhexyl bromide. Formation of the corresponding Grignard 
reagent and subsequent carbonation yielded a solid material 
which melted at 53-55° without recrystallization (lit.30 mp 
55°). The infrared spectrum verified the identity of the com
pound as 7-phenoxyheptanoic acid: X”a(o1 3.3 (broad), 5.8, 8.0,
9.6, 13.3, and 14.4 /i. Reduction of this acid with lithium alu
minum hydride yielded 7-phenoxyheptan-l-ol which melted at
32-35° (lit.31 mp 34°) and exhibited infrared absorptions at 
X„al 3.0, 8.05, 9.6, 13.2, and 14.5 m-

A nal . 27 Calcd for Ci6H280 2Si: mol wt, 280. Foimd: mol wt 
(mass spectrometry), 280.

2-180-Phenoxyethanol.—To a solution of 46 mg of sodium 
metal in 1 ml of absolute ethanol was added slowly 186 mg of 
180-phenol32 (10% enriched) followed by the addition of 160 mg of

(27) M ass sp ec tra l an a ly sis  w as p e rfo rm e d  on  th e  tr im e th y ls ily l e th e r 
ra th e r  th a n  on th e  p a re n t com pound .

(28) E . L. E liel, B. E . N ow ak , R . A. D a ig n a u lt, a n d  V. G . B add ing , J .  
Org. Chem ., 3 0 , 2441 (1965).

(29) R . F . B row n a n d  G . H . S chm id , ib id ., 2 7 , 1289 (1962).
(30) E . D obrow o lska  a n d  Z. E c k ste in , Prvem . Chem ., 4 2 , 556 (1963).
(31) E . R . L ittm a n n  a n d  C . S. M arv e l, J .  A m er. Chem. Soc., 5 2 , 287 

(1930).
(32) O x ygen -18 en riched  p heno l w as p u rc h a se d  from  Y ed a  R esea rch  a n d  

D ev e lo p m en t C o., R eh o v o th , Is rae l.
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chlorohydrin in 0.5 ml of absolute ethanol. The mixture was 
heated under reflux for 18 hr and, after removal of the ethanol by 
distillation on a steam bath, the residue was diluted with water 
and extracted with three 10-ml portions of ether; the combined 
ethereal extracts were washed three times with 5 ml of 10% 
aqueous potassium hydroxide. After washing with water, drying 
over anhydrous magnesium sulfate, and evaporating the solvent, 
the pale yellow oil was purified by preparative gas-liquid partition 
chromatography (10% GE SF-96 on Chromosorb W with a He 
flow rate of 100 cc/min at 210°) to yield 40 mg of 180-phenoxy- 
ethanol identical in all respects with the unlabeled compound.

2-Phenxoy-l,l-dimethylethanol.—To a stirred solution of 
methylmagnesium iodide, prepared from 960 mg of magnesium 
and 5.68 g of methyl iodide, in 50 ml of anhydrous ether was 
added, over a period of 1 hr, 1.66 g of the methyl ester of 2- 
phenoxyacetic acid. The mixture was heated under reflux for 
7 hr, cooled, and treated with aqueous ammonium chloride 
followed by the addition of dilute sulfuric acid until the solution 
became clear. The ethereal layer was separated, washed with 
water and aqueous sodium bicarbonate, and dried over anhydrous 
magnesium sulfate. After filtration and removal of the ether on 
a rotary evaporator, preparative gas-liquid partition chromatog
raphy yielded 2-phenoxy-l,l-dimethylethanol as indicated by 
its infrared spectrum • Amax 2.95, 8.0, 9.5, 13.2, and 14.4

Anal . 27 Calcd for Ci3H220 2Si: mol wt, 238. Found: mol wt 
(mass spectrometry), 238.

2-Phenoxyethylamine.—Utilizing previously discussed pro
cedures, 1 g of 2-phenoxyacetamide was reduced with 1 g of 
lithium aluminum hydride to yield 2-phenoxyethylamine as 
indicated by infrared absorptions at Xmax 2.95, 3.1, 8.05, 13.2, 
and 14.4 ji.

A nal . 27 Calcd for CuHi9NOSi: mol wt, 209. Found: mol 
wt (mass spectrometry), 209.

2-Phenoxyethyl Mercaptan.—Utilizing previously discussed 
procedures, 2-phenoxyethanol was converted into 2-phenoxyethyl 
bromide which was subsequently converted into a pale yellow 
solid upon reaction with potassium ethyl xanthate according to 
Djerassi, et al . 3 3  After three recrystallizations from hexane, a 
colorless solid was obtained, mp 50-52°, and was shown to be 
homogeneous by analytical thin layer chromatography per
formed on silica gel G. The infrared spectrum indicated char
acteristic absorptions at X”“(Dl 8.0, 8.3, 9.4, 13.2, and 14.4 n.

Anal. Calcd for C„H„OS2: C, 54.55; H, 5.82; S, 26.44; 
mol wt, 242. Found: C, 54.32; H, 5.77; S, 26.76; mol wt 
(mass spectrometry), 242.

Reduction of 2-phenoxyethylethyl xanthate was accomplished 
according to the procedure of Djerassi, et al . , 3 3  with the following 
variations. The initial addition to lithium aluminum hydride 
was performed at 0° instead of room temperature, and the 
resulting mixture was not refluxed for 4 hr,33 but instead stirred 
at room temperature for 24 hr. After decomposition of the excess 
lithium aluminum hydride, the product was isolated by threefold 
extraction with ether, drying over anhydrous magnesium sulfate, 
filtration, and removing the ether on a rotary evaporator. 
Distillation yielded 2-phenoxyethyl mercaptan, bp 105-108° and 
7 mm (lit.34 bp 108-109° and 8 mm) which decomposed at high 
temperature to yield a mixture of phenol and three unidentified 
compounds. Infrared absorptions were observed at Xmal 3.9 
(weak), 8.0, 13.3, and 14.4 m-

Anal. Calcd for C8Hi0OS: mol wt, 154. Found: mol wt 
(mass spectrometry), 154.

(33) C . D je rass i, M . G o rm an , F . X . M ark le y , a n d  E . B . O ld en b u rg , J .  
A m er. Chem . Soc., 7 7 , 568 (1955).

(34) E . N . P r ile zh ak v a , N . P . P e tu k h a v a , a n d  M . F . S h o stak o v sk i, D okl.
A k a d . N a u k  S S R ,  1 5 4 , 160 (1964).

2-Thiophenoxyethanol.—According to previously described 
procedures, 2-thiophenoxyacetic acid was reduced with lithium 
aluminum hydride to yield 2-thiophenoxyethanol: Xmax 3.0,
9.5, 13.5, and 14.5

Anal . 27 Calcd for CnHisOSSi: mol wt, 226. Found: mol wt 
(mass spectrometry), 226.

2-(Cyclohexyloxy)ethanol.—In a moisture-free atmosphere 240 
mg of sodium metal was added to 1.1 g of cyclohexanol in 8 ml of 
dry ether, and the mixture stirred for 12 hr at room temperature. 
To the resulting yellow suspension was added 1.2 g of ethyl 
bromoacetate in 12 ml of dry ether and the solution again stirred 
for 12 hr. After filtration, the ethereal solution was immediately 
reduced with 520 mg of lithium aluminum hydride in the normal 
manner to produce 2-(cyclohexyloxy)ethanol after purification 
by preparative gas-liquid partition chromatography (15% 
Carbowax on Chromosorb W with a He flow rate of 80 cc/min 
at 195°). The infrared spectrum indicated characteristic ab
sorptions at Xmax 2.95, 8.95, and 9.4 ¡j..

Anal . 27 Calcd for CnH240 2Si: mol wt, 216. Found: mol wt 
(mass spectrometry), 216.

l,l-d2-2-(Cyclohexyloxy)ethanol.—Utilizing the identical pro
cedure employed in the synthesis of 2-(cyclohexyloxy)ethanol, 
except that lithium aluminum hydride was replaced by lithium 
aluminum deuteride, l,l-d2-(cyclohexyloxy)ethanol was pre
pared. Its mass spectrum indicated an isotopic composition of 
100% d2.

2',2',6',6'-d4-(Cyclohexyloxy)ethanol.—Conditions identical 
with those employed in the synthesis of 2-(cyclohexyloxy)- 
ethanol were utilized to synthesize this labeled analog except 
cyclohexanol was replaced by 2,2,6,6-d4-cyclohexanol, synthe
sized by the method of Seibl and Gaiimann.35 The mass spec
trum of 2',2',6',6'-d4-2-(cyclohexyloxy)ethanol indicated an 
isotopic composition of 92% dt and 8% d3.

2-(Cyclopentyloxy)ethanol and 2-Isopropylethanol.—These 
analogs were prepared according to the procedure used in the 
synthesis of 2-(cyclohexyloxy)ethanol except that cyclohexanol 
was replaced by cyclopentanol and isopropyl alcohol, respectively.

R e g is try  N o .—III (n = 2), 7381-30-8; III (n = 8), 
16654-42-5; VIII, 13175-68-3; XI (n = 4), 16654-44-7; 
XIV, 16654-45-8; XVI, 16654-74-3; XVII, 16654-46-9; 
XVIII {n  = 2), 16654-47-0; 3-phenoxypropan-l-ol, 
6180-61-6; XVIII (n =  3), 16654-49-2; 2-phenoxyethyl 
ethyl xanthate, 16654-50-5; XVIII (n  = 4), 16654-51-6;
5-phenoxypentan-l-ol, 16654-52-7; XVIII (n  =  5), 
16654-53-8; 6-phenoxyhexan-l-ol, 16654-54-9; XVIII 
(n =  6), 16654-55-0; 7-phenoxyheptan-l-ol, 16654-56-1; 
XVIII (n = 7), 16654-57-2; 2-phenoxy-l, 1-dimethyl- 
ethanol, 13524-74-8; XX, 16654-59-4; XXI, 16654-60-7; 
XXII, 16654-61-8; XXIV, 16654-62-9; XXVII, 16654-
63-0; XXVIII, 16654-64-1; XXIX, 16654-65-2; XXX, 
16654-66-3; XXXI, 16654-67-4; 2-phenoxyethylamine 
1758-46-9; 2-phenoxyethylamine trimethylsilyl deriva
tive, 16654-69-6; 2-thiophenoxyethanol, 699-12-7;
2-thiophenoxyethanol trimethylsilyl ether, 16654-71-0;
2-(cyclohexyloxy)ethanol, 1817-88-5; 2-(cyclohexyl- 
oxy)ethanol trimethylsilyl ether, 16654-73-2.

(35) J .  Seib l a n d  T . G a iim an n , Helv. C him . A c ta , 4 6 , 2857 (1963).



Vol. 33, No. 6, June 1968 1,3-D ipo l a r  C ycloadditions  2285

O n th e  M e c h a n ism  o f  1 ,3 -D ip o lar  C y c lo a d d itio n s

Raymond A. F irestone

Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey 07065 

Received May 9, 1967

A mechanism for 1,3-dipoIar cycloadditions is outlined in which, contrary to the four-center, “no-mechanism” 
theory, a spin-paired diradical intermediate is proposed.

The concept of 1,3-dipolar cycloadditions was first 
suggested in 1938 by Smith.1 The generality of the 
reaction was recognized by Huisgen in a brilliant series 
of researches, during which many new reactions have 
been predicted and discovered.2 The mechanism also 
has received much attention from Huisgen’s group, and 
the picture which they have drawn in a convincing 
manner3 is that of a single-step, four-center, “no-mech
anism” cycloaddition, in which the two new bonds are 
both partially formed in the transition state, although 
not necessarily to the same extent. In accord with 
this mechanism are the kinetics, the large negative 
entropy of activation (ca . — 30 eu), the general effects of 
structural variation in the dipoles and dipolarophiles, 
and, most particularly, the strictly cis  nature of the 
additions. This mechanism has received wide accep
tance, and has not been questioned, to our knowledge, 
anywhere.

The purpose of this paper is to present an alternative 
mechanism for 1,3-dipolar cycloadditions. It is true 
that the data concerning these additions are so mani
fold that no single mechanism can be written today 
that accommodates them all, but it is nevertheless 
hoped to cover the vast majority of these reactions, 
while yet recognizing that a duality of mechanism may 
exist in the field as a whole.

A. M echanism .—In place of a one-step pathway 
with a single transition state, we propose a two-step 
reaction with a discrete intermediate, a spin-paired 
diradical, with the first step rate determining. The 
stereochemical facts impose upon this mechanism the 
further restriction that the activation energies for 
both advance an d  retrograde motion along the reaction 
coordinate from this intermediate be very small, 
smaller in fact than that for rotation around a single 
bond. The energy profile can be sketched as path A.

It is a corollary of this mechanism that, for every 
successful collision between the two partners, many 
others will occur in which the first bond can form but 
the orientation is poor for the second (path B). In 
these cases the intermediate reverts to starting mate
rials, leaving no memory of itself except a reduced fre
quency factor. Low entropies of activation are thus to 
be expected.

It must be noted that the idea of diradical inter
mediates in thermal cycloaddition reactions is not a

(1) L . I. S m ith , Chem. Rev., 23, 193 (1938).
(2) R . Huisgen, Angew . Chem. In te rn . E d . E ng l., 2, 565 (1963).
(3) R . Huisgen, ib id ., 2, 633 (1963).

new one. It was proposed for the Diels-Alder reaction 
in 1937 by Kistiakowsky, et a l , ,4 and revived more 
recently by Walling and Peisach6 and it has been widely 
suggested for small-ring cycloadditions.6

B . S te reospec ific ity .— The cis nature of the reaction 
means that geometrical relationships among the sub
stituents on both the reactants are preserved in the 
product. As mentioned previously, this is required by the 
one-step theory, but fits the two-step mechanism only i f  
the activation energy for single-bond rotation in the 
intermediate is greater than that for either formation of 
the second bond or reversion to reactants. This is not 
unreasonable in view of the fact that, even in ethane, 
the least substituted carbon-carbon single bond, this 
figure is 2.9 kcal,7 and a much larger value would be 
anticipated for the comparatively encumbered inter
mediates we propose. On the other hand, the activa
tion energy for ring closure of a properly disposed spin- 
paired diradical is probably much less than 2.9 kcal/ 
mol, possibly approaching zero.8-11 As for reversion 
to reactants, we do not know how to estimate a likely 
number, but it could well be a very small one.

C. D ip o la ro p h ile  S tru c tu re .— “The most striking 
phenomenon observed here is the promoting effect that 
conjugation exerts on the dipolarophilic activity of all 
multiple bonds.” 12 This strongly supports the two- 
step theory, wherein the intermediate, be it dipolar13 or 
diradical in nature, derives some stabilization through 
conjugation. The delocalization energy in a high- 
energy intermediate, and also in its transition state for 
formation,14 might well be greater than that of the 
ground-state reactants. In a concerted cycloaddition, 
the situation is exactly reversed; whatever stabilization

(4) J . B. H ark n ess , G . B . K is tia k o w sk y , a n d  W . H . M ea rs , J .  Chem. 
P h ys., 5, 682 (1937).

(5) C . W alling  a n d  J . P e isach , J .  A m er. Chem. Soc., 80, 5819 (1958).
(6) (a) E . E . Lewis a n d  M . A. N ay lo r, ib id ., 69, 1968 (1947); (b) E . C. 

C o y n e r a n d  W . S. H illm an , ib id ., 71, 324 (1949); (c) J . D . R o b e rts  a n d  C . M . 
S h a rts , Org. Reactions, 12, 8 (1962); (d) P . D . B a r t le t t ,  L . K . M o n tg o m ery , 
a n d  B . Seidel, J . A m er. Chem. Soc., 86, 616, 622, 628 (1964); (e) W . C . Solo
m on  a n d  L. A. D ee, J .  Org. Chem ., 29, 2790 (1964); (f) A. C airncro ss  an d  
E . P . B la n ch a rd , J .  A m er. Chem. Soc., 88, 496 (1966); (g) P . S. Skell an d  
R . C . W o o dw orth , ib id ., 78, 4496 (1956); (h) P . S chem er, ib id ., 88, 4759 
(1966).

(7) J . H ine , “ P h y sica l O rgan ic  C h e m is try ,” M cG raw -H ill B ook  C o., In c ., 
N ew  Y ork , N . Y ., 1962, p  35.

(8) T h e  d im eriz a tio n s  of b o th  m e th y l9 a n d  ¿ -b u to x y 10 rad ica ls  h a v e  a c tiv a 
tio n  energ ies of a p p ro x im a te ly  zero.

(9) R . G om er a n d  G . B. K is tia k o w sk y , J .  Chem. P h ys., 19, 85 (1951)
(10) D . J . C arlsson , J . A. H ow ard , a n d  K . U . Ing o ld , J .  A m er. Chem. Soc., 

88, 4725 (1966).
(11) I t  is o fte n  alleged  th a t  a n  in te rm e d ia te  w hose fu r th e r  tra n sfo rm a tio n  

req u ire s  zero  a c tiv a t io n  ene rgy  ca n  b e  no m ore  th a n  a n  im ag in a ry  c re a tu re ; 
u n d e r such  c ircu m stan c es , th e  tw o -s tep  m ech an ism  becom es id e n tic a l w ith  
th e  one-s tep  b y  th is  c r ite r io n . T h is  n o tio n  is false , how ever, fo r even w ith  
such  an  in te rm e d ia te  th e  d is tin c tio n  m a d e  b e tw e en  th e  tw o  m echan ism s re 
g ard ing  th e  ex te n t to  w hich  fo rm a tio n  of th e  second bond  has p roceeded  in 
th e  t ra n s i t io n  s ta te  is en tire ly  p re se rv ed . T h u s  p red ic tio n s  based  on th e  tw o  
th eo ries  rem ain  d iv e rg en t.

(12) See re f  3, p  638.
(13) W . I . A w ad, S. M . A. R . O m ran , a n d  F . N ag ieb , Tetrahedron , 19, 1591 

(1963).
(14) C . W alling  in  “ F re e  R ad ica ls  in  S o lu tio n s ,” J o h n  W iley  a n d  S ons, 

In c ., N ew  Y ork , N . Y ., 1957, p  124.
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energy the dipolarophile possesses ought to diminish 
steadily along the reaction coordinate as the tt bond is 
consumed.

This question has been dealt with12-16'16 by what can 
only be described as an important departure from the 
concerted cycloaddition theory: the formation of the
two new bonds, though still simultaneous, is no longer 
held to be synchronous.

D. Solvent Effects.—Over a wide range of polari
ties, the rates of 1,3-dipolar cycloadditions show a re
markably small solvent dependence.16-23 This fact is 
not consistent with a one-step mechanism, in which the 
dipolarity of the starting compound must be partially 
discharged in the transition state. Such a mechanism 
requires an inverse relation of rate to solvent polarity, 
the magnitude depending on the amount of charge dis
persal; yet even for 1,3 dipoles of unusually high 
polarity the solvent effect is small. For the addition of 
I (ai = 6.7) to dimethylacetylenedicarboxylate,17 for 
example, the rate diminishes by a factor of only 6 as the 
solvent is changed from benzene to dimethylformamide. 
For less polar 1,3 dipoles the factor is smaller, approxi
mating 1 in many cases.

C A  + C6H4C1
I > = N <

c a  n - cn

I

It is possible to reconcile with theory24 the small sol
vent dependence of many examples, such as the one 
just cited, by postulating that the transition state is 
merely an orientation complex in which covalent 
bonding has hardly begun; a considerable part of the 
free energy of activation is accounted for by entropy 
changes. A proposal close to this postulate has been 
made for some25 (but not all16) cases. There is a con
flict, however, with a theory of orientational effects in 
which covalently bound resonance forms figure prom
inently.15 Moreover, there are other examples whose 
transition states’ dipole moments would be too low in 
any event. For instance, in the following reaction, 
the transition state must have a dipole moment of 4.6 D 
in order to have zero solvent dependence.17 Its moment

-,/N-Et02C 3 CA CA 
N r  

n .
i f
N~

H =  1.42 D

adduct 
li =  3.20 D

was estimated at 4.4 D, in good agreement with the 
required value. However, the vector sum of the two 
dipoles in the orientation complex is only ca. 3.4 
D, a good deal lower. Likewise, for the addition of

(15) A . E ckell, R . H u isgen , R . S u stm an n , G . W a llb illich , D . G rashey; 
a n d  E . S p ind le r, Chem. B er., 100, 2192 (1967).

(16) R . H u isg en , G . Szeim ines, a n d  L . M öb ius, ib id ., 100, 2494 (1967).
(17) See re f  3, p  635.
(18) P . S cheiner, J . H . S ch o m ak er, S . D em in g , W . J .  L ib b ey , a n d  G . P . 

N ow ack , J .  A m er. Chem . Soc., 87, 306 (1965).
(19) W . J .  L inn , ib id ., 87, 3665 (1965).
(20) R . H u isgen , L . M ö b ius , G . M ü lle r, H . S tang ], G . S zeim ies, a n d  J . M . 

V ernon , Chem . B er., 98, 3992 (1965).
(21) A. S. B a iley  a n d  J . E . W h ite , J .  Chem. Soc., Sect. B , 819 (1966).
(22) P . D . K a d a b a , Tetrahedron, 22, 2453 (1966).
(23) A. L e d w ith  a n d  D . P a r ry , J .  Chem. Soc., Sect. C, 1408 (1966).
(24) S. G lass to n e , K . J . L a id le r, a n d  H . E y rin g  in  “ T h e  T h e o ry  of R a te  

P ro cesse s ,’’ M cG raw -H ill B ook  C o., In c ., N ew  Y ork , N . Y ., 1941, p  419.
(25) See re f  3, p  645.

phenyl azide (p — 1.5526) to norbornene (p = 0.4027), 
whose rate is also independent of solvent polarity,18 
theory requires a dipole moment of 2.16 D for the 
transition state of a concerted pathway, but the orien
tation complex would be only in the neighborhood of
1.6 D. Other cases could be cited also.20

In a two-step mechanism, on the other hand, in which 
only one bond is partially formed in the transition state, 
this species might reasonably be expected to have 
approximately the same polarity as the orientation 
complex of the components. Consider the three prin
cipal canonical forms of a typical 1,3 dipole, II. These 
are all octet structures which have the same number of

+ -  -  + • + * '}4r
—a= b —c— —a = b = c — <—>• —a= b —c—

i i i
lia  lib  lie

bonding electrons. All other forms, such as sextet 
structures, have fewer bonding electrons and can be 
discounted. Form c is drawn according to Linnett’s 
method28 and is quantum-mechanically equivalent to 
a <—>• b. Since the dipole moments of most 1,3 dipoles 
are small compared with the theoretical values for full 
charge separation,17 the expression c may usually be 
accepted as the principal representation of II. The 
diradical attributes of II are thus made apparent, and 
if the blend of polar and diradical qualities in the transi
tion state leading to the diradical intermediate is about 
the same as that in II, solvent effects on the rate would 
be expected to be small.29

In the cycloaddition of tetracyanoethylene oxide to 
para-substituted styrenes, in which the TCNEO must 
first be activated to a 1,3 dipole, the small dependence 
of rate on either solvent or the nature of the para sub
stituent led Linn19 to propose a diradical structure for 
activated TCNEO.

O
(CN)2C— C(CN)2 — *■ 

0
(CN)2( /  NC(CN)2

+
0

(CN)2C/ \ ( C N ) 2

(CN)2C ^ C (CN)2

Ar

E. Acetylenic Dipolarophiles.—A number of 1,3 
dipoles react with acetylenes to produce aromatic 
systems directly, e.g., nitrile imines, nitrile oxides, and 
azides. In a concerted reaction, a portion of this 
aromatic stabilization should exist in the transition 
state. With these dipoles, then, greatly enhanced re
activity is expected for acetylenic dipolarophiles over 
their ethylenic counterparts in a concerted cycloaddi
tion; yet, in comparing the reaction rates of diphenyl- 
(nitrile imine), benzonitrile oxide, and phenyl azide 
with the two pairs styrene-phenylacetylene and

(26) L . G . W esson, “ T a b le s  of E le c tric  D ip o le  M o m e n ts ,”  T e chno logy  
P ress , C am b rid g e , M ass., 1948.

(27) N . L . A llinger a n d  J . A llinger, J .  Org. C hem ., 24, 1613 (1959),
(28) J . W . L in n e tt ,  “ T h e  E le c tro n ic  S tru c tu re  of M o lecu les ,” M e th u e n  an d  

C o., L ondon , 1964. See, fo r exam ple, th e  s tru c tu re s  fo r O3, p  63, a n d  N 2O, 
p 67.

(29) O r ie n ta tio n a l p h en o m en a  a n d  ene rge tic s  can  also  b e  ex p la in ed  in  
te rm s  of fo rm s like l i e .  T h is  a sp e c t of th e  m e ch an ism  w ill b e  re se rv e d  fo r a 
fu tu re  p u b lica tio n .



V ol. S3, N o . 6 , J u n e  1968 1,3-D ipo l a r  C ycloadditions  2287

acrylic-propiolic esters, no such differences in reactivity 
are found.15'16’30

This question has been treated in terms of hypo
thetical orbital changes during reaction.15'28 The thesis 
is that orbital symmetry theory31'32 requires an acety
lenic dipolarophile to approach a 1,3 dipole, such as 
diphenyl (nitrile imine), from above or below. The 
transition state is puckered and cannot profit from the 
aromatic resonance of the product. The resemblance 
of the transition state to the orientation complex 
(whose new <r bonds are still quite long), rather than 
the product, has also been stressed.25

However, we believe that a cycloaddition leading to 
an aromatic product, if it were to occur concertedly, 
would not be required to eschew the arrangement III, 
in which the five reacting atoms are coplanar. The

orbitals marked with asterisks constitute the de
veloping aromatic ir cloud; they are no less parallel in 
III than they are in the product. The implication is 
not intended that electrons are localized in the orbitals 
as shown, or that they must move according to the 
arrows. They are depicted for counting purposes 
only. Calculations show that III does not violate the 
Woodward-Hoffmann theory.33 Therefore, rate accel
erations are expected with a four-center mechanism.

The normal reactivities of acetylenic dipolarophiles 
present no difficulty for a two-step mechanism because 
the appearance of the aromatic system is substantially 
delayed until after the rate-determining step.

F. Orientation.—Unsymmetrical dipolarophiles can 
add to unsymmetrical 1,3 dipoles in two directions, of 
which one only is usually found. An understanding of 
this problem requires consideration of both steric and 
electronic factors as well as the principle of maximum 
gain in <r-bond energy.34 In addition, other forces not 
yet recognized may play a role.

Despite this complexity, many cases are known in

(30) See re f  3, p  639.
(31) R . H o ffm an n  a n d  R . B . W oodw ard , J .  A m er. Chem . Soc., 87 , 2046 

(1965).
(32) K . F u k u i, B u ll. Chem. Soc. J a p .,  39 , 498 (1966).
(33) W e a re  in d e b te d  to  D r. P . I .  P o lia k  of th e se  la b o ra to r ie s  fo r th e  

ca lcu la tions.
(34) S ee  ref 3, p  641.

which the variables seem well enough understood for 
predictions to be made. I t is our contention that the 
electronic factors, when the others are controlled, should 
direct the course of a concerted cycloaddition toward that 
orientation in which the more electrophilic end of the 
dipolarophile links with the negative end of the dipole. 
For a two-step cycloaddition with a dipolar intermedi
ate13 the prediction is the same.

If the course of the cycloaddition passes through a 
diradicai intermediate, however, the expected product 
sometimes has the opposite orientation from the one 
that would be formed through the other mechanisms. 
The method of prediction is to pick the best looking of 
the four possible diradicai intermediates (taking into 
account steric, kinetic and <7-bond energy factors).

a ^ s c.
1
A p*

and
.ar

•d 1

ar  v c.

1 *
and 1

'e-------d

The chief difficulty is that the factors governing radical 
formation and stability are so poorly understood today 
that few secure predictions can be made. A further 
complication is created by the possibility that electro
statically bound prereaction complexes may sometimes 
influence orientation even of a fundamentally non
polar reaction.

For these reasons, emphasis in the following section 
will be placed primarily on contradictions to concerted 
(and polar two-step) mechanisms. Diradical inter
mediates are drawn, not on the basis of predictions, but 
of orientational patterns whose principles of organiza
tion can be understood in terms of these intermediates.

Benzonitrile N-oxide combines with all monosub- 
stituted ethylenes or acetylenes predominantly in the 
same direction, whether the substituent be alkyl or 
aryl, electron attracting or electron donating.35

C6H5.

R 'R'

H2C=CRR'

R  = H; R ' = C6H5,38 
COOEt,37 CN, OAc,38 
CH3, n-alkyl39 

R  =  R' = CH3,39 OEt4°

C6H - C = N - 0 h c = cr

C6H5.
vj

A R
R  =  C 6H 6, O C H s, 

O E t40

For one or the other group of substituents, this ori
entation must be wrong for a concerted cycloaddition. 
Both groups, however, would stabilize a diradicai inter
mediate41 if these structures were the preferred ones.

n r  s r

(35) See re f  3, p  642.
(36) P . G rtln a n g e r, Gazz., 84, 359 (1954).
(37) See re f  2, p  574.
(38) G . S tag n o  d ’A lco n tres  a n d  P . G rtln a n g e r, Gazz. C him . H a l., 80 , 741 

(1950).
(39) G . S tag n o  d ’A lcon tres , ib id ., 82, 627 (1952).
(40) P . G rtln a n g er a n d  M . R . L angelia , ib id ., 89, 1784 (1959).
(41) I n  acco rd  w ith  th is  id e a  is th e  r e p o r t  b y  A. D o ndon i, Tetrahedron  

L ett., 2397 (1967), t h a t  in  th e  a d d itio n  of C gH bC N O  to  p -X (C eH 4)C £= C H , 
w ith  X  =  N O 2, CL, H , M e, a n d  O M e, a ll s u b s t i tu e n ts  a c ce le ra te  re la tiv e  to  H .
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The explanation given35 for this phenomenon was that 
steric factors outweighed electronic ones; yet even 
with HCNO, where steric factors are at a minimum for 
nitrile oxides, essentially no change in orientation is 
seen.42-44

Furthermore, the same situation obtains with di
phenyl^ (nitrile imine), a 1,3 dipole with analogous elec
tronic structure but which now bears phenyl groups on

C,,H. :Ns JCJH,
^  N  H2C=CRR'

R
'R'

R = H; R' = C6H6, CN, 
COOEt, CH=CH2, ra-CsHn 

R = R' = OEt, C6H5

C6H —C=N—N -C 6H5 HC=CR

r  = c6i-i5, c o o c ir ,,
CH(OPr)2

both ends.45’46 Even with cyclopentadiene and 1,3-cy- 
clohexadiene, dipolarophiles which are sterically almost 
symmetrical, the rule is not relaxed.45 The steric 
explanation is still defended,15’47 however, based on the

+
c6h5- c= n - n - c6h5

hypothesis that the phenyl group on the carbon atom in 
the 1,3 dipole, which is sp hybridized in the ground 
state, will suffer greater interference from the dipolaro- 
phile than will the phenyl group on the outer nitrogen 
atom, but the transition state for a concerted cyclo
addition is sterically impossible unless the 1,3 dipole, 
linear in the ground state, undergoes considerable rehy
bridization so that it can bend. When this is done, ac
cording to our view {vide supra) the steric influence of 
the two phenyl groups is approximately equalized. 
Furthermore, it was impossible to reverse the direction 
of addition by placing bulky substituents on the N- 
phenyl group and the Ci of the dipolarophile, as shown 
by the following adducts.46-48 “The strictness with

(42) A. Q uilico a n d  G . S tag n o  d ’A lcon tres , Gazz. C him . I ta l .,  79, 654, 703 
(1949).

(43) G . S tag n o  d ’A lco n tres  a n d  G . F en ech , ib id ., 82, 175 (1952).
(44) R . H u isg en  a n d  M . C h ris tl , Angew . Chem. In te rn . E d . E ng l., 6, 456 

(1967).
(45) R . H u isg en , M . Seidel, G . W allb illich , a n d  H . K n u p fe r, T etrahedron, 

17, 3 (1962).
(46) J . S. C lov is, A . E cke ll, R . H u isgen , R . S u stm an n , G . W a llb illich , a n d  

V. W e b ern d o rfe r, Chem . B er., 100, 1593 (1967).
(47) See re f  3, p  643.
(48) R . H u isg en , R . S u stm an n , a n d  G . W allb illich , Chem . B er., 100, 1786 

(1967).

which the same orientation rule is followed is really 
remarkable and casts doubt on a purely steric inter
pretation.” 47

However, “the unidirectional addition to monosub- 
stituted ethylenes and acetylenes can (admittedly) be 
understood in terms of the intermediate IV.” We

agree with this statement but Huisgen rejects it47 on 
the following grounds.

Diphenyl(nitrile imine) adds to propiolic and phenyl- 
propiolic esters in the opposite direction (diphenyl- 
diazomethane behaves similarly). This is said to reflect

steric control, with phenyl bulkier than carbethoxy, and 
to disprove control through diradical stability because 
carbethoxy is more activating than phenyl. The 
statement is supported by the relative rate constants 
for addition of a variety of 1,3 dipoles onto styrene vs. 
acrylic ester; the latter is more reactive in all cases by 
factors ranging from 7 to 500.12

This argument is not convincing, however, because it 
assumes that the two activating groups, conjugated 
with each other through the same multiple bond, behave 
exactly as they do in separate molecules, and do not 
interact with each other; yet the phenyl group, nor
mally electron attracting, undoubtedly is electron 
releasing toward carbethoxy in cinnamic49 and phenyl- 
propiolic esters. Furthermore, reversal of orientation 
of exactly this type is a known characteristic of radical 
addition; i.e., carbethoxy, which normally determines 
the direction of radical addition in acrylic and crotonic 
esters, yields control to phenyl in cinnamic esters;50’51 
yet cinnamic ester is strongly deactivated relative to 
styrene,52 while acrylic ester is not.53,54

The whole question of relative dipolarophile reactiv
ities is shrouded with uncertainty, as shown not only by 
the wide range of factors previously mentioned, but 
also the even wider range in other comparisons, for 
which no rational interpretation yet exists. For ex
ample, the list of relative reactivities of ethyl acrylate 
vs. norbornene toward four varied 1,3 dipoles30 ranges 
from 0.052 to 244!

(49) F . G . B ordw ell a n d  K . R o h d e , J .  A m er. Chem . Soc .t 70 , 1191 (1948).
(50) C . F . K oelsch  a n d  V. B oekelheide, ib id ., 66, 412 (1944).
(51) M . S. K h a ra sch  a n d  M . Sage, J .  Org. Chem ., 14, 537 (1949).
(52) T o w ard  a d d itio n  of ‘C C h , th e  r a te  ra t io  of e th y l c in n a m a te  to  

s ty re n e  is 0 .008.61
(53) T o w a rd  a d d itio n  of a  v a r ie ty  of rad ica ls , th e  r a te  ra t io  of m e th y l 

a c ry la te  to  s ty re n e  v aries  fro m  0.18  to  1 .9 .54
(54) See ref 14, p  123.
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A recent attempt has been made to put the con
certed mechanism on a more quantitative basis.16 In 
the addition of a large variety of dipolarophiles to di
phenyl (nitrile imine), the tendency of each of the sub
stituents methyl, isopropyl, carbalkoxy, and phenyl to 
occupy either the 4 or 5 position in the product was 
divided into a steric and an electronic component. 
These factors were different for each substituent but 
constant throughout the series for mono- and disub- 
stituted ethylenes. In keeping with the concerted 
mechanism, it was found that the electronic factor

framework, of course, steric effects are still to be antici
pated; cf. diphenyl (nitrile imine).

The group of 1,3 dipoles built similarly upon the 
nitrogen molecule consists of nitrous oxide, diazoal
kanes, and alkyl and aryl azides. The first dipole fits 
the best diradical rule, although data are sparse.56

CgHs-r^Ssi—C6H5 Diazoalkanes, however, add in the opposite sense,
1___ | although it remains true that the predicted best dirad-
4 5 ical is always of the same type (that shown below).

for each substituent was about the same in both 
positions, but not the steric factor, which was generally 
ca. 0.01 for the 4 position and unity (he., no effect at all) 
in the 5 position.

In addition to what has been said earlier about the 
steric phenomena, it may be pointed out that the con
sistency of this method rests upon^the assumption, 
which we deem unlikely, that alkyl groups exert no 
electronic effect in the transition state, but a steric one 
only. Moreover, it is difficult to see why, in a concerted 
cycloaddition, the 4 but not the 5 position should be so 
hindered (cf. Ill), although there is no problem with a 
two-step mechanism (vide infra). As for the elec
tronic aspect, not all substituents have a constant 
factor for both positions, and not all disubstituted 
ethylenes fit the additivity rule. The explanations 
have stressed the nonsynchronous nature of the reac
tion, but this (in addition to the point raisedjn section D) 
does not account for the constancy of the electronic 
factor for -COOMe in both acrylic and fumaric esters, 
or for the abnormally low rate for methyl 3-dimethyl- 
aminoacrylate. Space limitations preclude further 
discussion of this very interesting paper, whose study is 
recommended.

The 1,3 dipoles discussed above are two of the three 
members of a class of dipoles which can be imagined as 
having been built upon the nitrile group (see below).

+ —
R—C = N —O nitrile oxides

+ —
R—C = N —N—R' nitrile imines

R—C = N —CR'2 nitrile ylides

It should be noted that in some of these cases, as well as 
in the adducts shown below, the orientation is con
trary to that predicted by our interpretation of the 
one-step mechanism because diazoalkanes are polarized 
with the outer nitrogen negative.60

C6H5 CN
W  .

■N
■ / \  

n '  c6h5
c6h6

r - ^ N 61r >IN
L
r

HN
C6H5

This group as a whole shows a strong unidirectional 
pattern of orientations which, in our opinion, is not 
polar in origin, and yet is clearly electronic in nature 
rather than steric. When consideration is limited to 
dipolarophiles whose sites of favored radical addition 
can be “safely” predicted, such as acrylic esters, sty
rene, 1,3-butadiene, etc., the predicted best diradical 
intermediates look very much alike. Within this

X=-COOR, -C6H5, - ch=ch2

The addition of azides, however, cannot be fitted to 
a best diradicai rule. With dipolarophiles containing 
electron-releasing substituents they add predominantly 
in one direction, which is reversed when the substituents 
are electron attracting.

(55) See re f  2, p  580.
(56) E . M  tiller a n d  O. R oser, J .  P ra k t. Chem ., 133, 291 (1932).
(57) K . v . A uw ers a n d  O. U ngem ach , B er., 66, 1198, 1205 (1933).
(58) See re f  2, p  576.
(59) C . G . O verberger, N . W ein sh en k er, a n d  J -P .  A nselm e, J .  A m er. 

Chem. Soc., 87, 4119 (1965).
(60) See re f  2, p  575.
(61) See ref 2, p  577.
(62) D . N a s ip u ri a n d  K . K . B isw as, Tetrahedron Lett., 2963 (1966).
(63) (a) W . M . Jones , P . O. S an d erfe r, a n d  D . G . B aa rd a , J .  Org. C hem ., 

32, 1367 (1967); (b) see re f  2, p  579.
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(CH2) /
,X =  -C 6Hs,-O R ,-N R 2 n -  3,4

X
“ _ iC 3 )," 0 Et'—N0

Ar

>
EtO

SN > % N 6

Moreover, a strong pattern of “favored diradicai” 
intermediates is again discernible.70,71

Ar.
^ r % 67

o
CA.

c6H,
XN/ N ^N68a

X = -COOCH,,—Ac,—CN

S N ^ N 6

X  =  —COOH, —COOCHa

In all these cases, the orientations are not those pre
dicted for concerted cycloadditions because azides are 
polarized with the outer nitrogen negative.68b

Nitrones are another class of 1,3 dipoles whose direc
tion of addition is frequently incorrect for polar and 
one-step pathways.

(64) R . F usco , S. R ossi, a n d  S. M a io ra n a , Tetrahedron L ett., 1965 (1965).
(65) R . H u isg en , L . M öb ius , a n d  G . Szeim ies, Chem . B er., 98, 1138 (1965).
(66) R . H u isgen , R . K n o rr, L . M ö b ius , a n d  G . Szeim ies, ib id ., 98 , 4014

(1965) .
(67) S . M a io ra n a , D . P o ca r, a n d  P . D a lla  C roce, Tetrahedron L e tt ., 6043

(1966) .
(68) (a) R . H uisgen , G . Szeim ies, a n d  L . M ö b ius , Chem. B er., 99, 475 

(1966); (b) see re f  2, p  578.
(69) G . R . D e lp ie rre  a n d  M . L am chen , J .  Chem. Soc., 4963 (1963).
(70) See ref 2, p  588.

It is true that a steric explanation could also account 
for orientation with nitrones, but in most of these ex
amples the expected steric effect seems to us rather 
small.

In the preceding discussion, stress has been placed on 
the unidirectional nature of addition of many classes of 
1,3 dipoles to olefins whose activating groups can all 
stabilize radicals but not always the proper type of 
charge. Attention must therefore now be drawn to 
azomethine imines, a class that does not add unidirec- 
tionally. The orientation among their adducts cannot 
easily be rationalized by the diradical mechanism,72 and 
we must admit the likelihood of a concerted or two-step 
polar pathway. Another peculiarity of azomethine 
imines, however, is that their cycloadditions are fre
quently reversible, and perhaps the products that have 
been isolated are not always the first ones formed; this 
difficulty has cropped up in the nitrone series.69

G. Conclusion.—The extensive and rapid develop
ment of the field of 1,3-dipolar cycloadditions, for 
which Professor Huisgen’s group is almost entirely re
sponsible, has been accompanied, in our opinion, by 
insufficient debate on the part of other chemists as to 
the details of mechanism; yet even tiny differences 
among possible reaction pathways can be of great im
portance because they affect our picture of the nature of 
chemical binding, a matter of vital interest to chemists. 
The intent of this paper, therefore, is not to settle con
troversy but to arouse discussion.

(71) M . Iw a m u ra  a n d  N . In a m o to  [Bull. Chem. Soc. J a p .,  40 , 702, 703 
(1967)] re p o r t  t h a t  n itro n es  und erg o  1,3 a d d itio n  of tw o  free  rad ica ls , w ith  
th e  firs t m o s t p ro b a b ly  ad d in g  to  ca rb o n .

(72) See re f  2, p  583.
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The arguments for a diradicai intermediate proposed in the preceding paper are refuted. The available evi
dence speaks for a concerted addition. The “two-planes” orientation complex of 1,3 dipole and dipolarophile 
is experimentally well founded and with its (4 +  2) t electrons allows a concerted thermal addition. Activation 
parameters, cis stereospecificity, and solvent dependence are in accord with this mechanism. Substituent effects 
and orientation phenomena are discussed.
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Criticism and reply contribute to clarification. 
Dr. Firestone’s valuable comments are welcomed 
because they present an opportunity to discuss some 
widespread significant misinterpretations. It will be 
up to the reader to decide whether the concept of a 
single-step concerted 1,3-dipolar cycloaddition1 will be 
hardened in criticisms fire to stone or will crumble into 
dust.

Terminology.—Doering and Roth’s2 description of a 
“no-mechanism” reaction has wittily stressed the im
possibility of obtaining direct mechanistic proof. In 
the meantime, the processes with cyclic electron shifts 
have grown into a rather large class of reactions, which 
are no less understood than many other single-step 
processes. Thus the pessimism which is implied in the 
term “no-mechanism” reaction seems no longer justi
fied, especially since the principle of conservation of 
orbital symmetry3 provides a fruitful theoretical basis 
for such processes.

cis Stereospecificity.—The greatest obstacle for the 
assumption of a diradical intermediate is the stereo
specificity observed in the cycloadditions of the 1,3 
dipole with cis-trans isomeric dipolarophiles. 1,3- 
Dipolar cycloaddition shares this characteristic as well 
as others with the Diels-Alder reaction. Firestone 
overcomes this obstacle by the ingenious, but im
probable hypothesis that in the diradical 1 the energy 
barrier for rotation around single bonds is greater than 
the activation energy for ring closure or for reversion of 
1 to the reactants. Thus, all diradicals 1 which are not 
formed in the correct conformation for ring closure will 
return to starting materials.

©
<^b\ ©1 concerted ,-" b t wd — e

\

Huisgen
mechanism

Firestone
mechanism

Reversion includes a change of hybridization at a 
and d and, concomitantly, a deep-seated alteration of 
molecular geometry. The bond ad of 1 must undergo 
considerable stretching before the retrograde process 
can profit from the incipient formation of the it bonds. 
A low activation barrier for reversion is contrary to 
our chemical intuition, but also is not reconcilable with

(1) R . H u isgen , Angew . Chem . In te rn . E d . E ng l., 2 , 633 (1963).
(2) W . v . E . D o ering  a n d  W . R . R o th , Tetrahedron, 18, 67 (1962).
(3) R . B . W o o d w ard  a n d  R . H offm ann , J .  A m er. Chem . Soc., 87, 395, 

2046, 2511, 4388, 4389 (1965).

known facts. Montgomery, Schueller, and Bartlett4 
observed a high degree of stereoequilibration in the 
cycloaddition of l,l-dichloro-2,2-difluoroethylene to the 
geometrical isomers of 2,4-hexadiene. In the spin- 
paired diradicai involved (it appears to be the 1,4 analog 
of 1), the rotation competes well with the ring closure. 
Even open-chain 1,4 zwitterions, such as the one formed 
from l,2-bis(trifluoromethyl)-l,2-dicyanoethylene and 
cfs-propenyl propyl ether, do not fully retain configura
tion during ring closure6 despite electrostatic attraction.

Firestone’s hypothesis becomes the more artificial 
and the less tenable, since the strength of the bond ad 
in the intermediate 1 may vary. By linking the whole 
set of 1,3 dipoles with the dipolarophiles, the bond ad 
can be made up of nearly every combination of C, N, 
and 0. A single example of a cfs-stereospecific addi
tion would not be a convincing mechanistic argument. 
However, stereospecificity is regarded a more weighty 
criterion for concertedness, if no exception is found in 
several dozen cases with a large variety of 1,3 dipoles. 
A scrupulous search for a mutual admixture of adducts 
has disclosed stereospecificity for cycloadditions of the 
following 1,3 dipoles: diphenylnitrilimine,6,7 benzoni- 
trile N-oxide,8,9 diazomethane,10'114-nitrophenyl azide,12 
an azomethine ylide of the 1-pyrroline series,13 the 
azomethine imines 214 and 3 ,15’16 3.4-dihydroisoquino- 
line N-oxide,17 and the carbonyl ylide 4 .18

0/ C6ACL (4) 

\ XN—C = N
©

2

©
NCkc^Ox e x N  

I I
NC CN

4

In Scheme I, implied by Firestone’s mechanism, the 
reversion of 1 to reactants must be at least 30 times

(4) L . K . M o n tg o m e ry , K . S chueller, a n d  P . D . B a r t le t t ,  ib id ., 86, 622 
(1964).

(5) S. P ro skow , H . E . S im m ons, a n d  T . L . C airn s, ib id ., 88, 5254 (1966).
(6) R . H u isgen , M . Seidel, G . W a llb illich , a n d  H . K n u p fe r , T etrahedron , 

17, 3 (1962).
(7) R . H uisgen , H . K n u p fe r , R . S u s tm a n n , G . W a llb illich , a n d  V. W e b ern - 

dö rfer, Chem. B er., 100, 1580 (1967).
(8) A. Q uilico, G . S tag n o  d ’A lcon tres , a n d  P . G rü n a n g e r , Gazz. C him . 

I ta l ., 80, 479 (1950).
(9) M . C h ris ti , D ip lo m a T hesis, U n iv e rs ity  of M ü n ch en , 1966.
(10) K . v . A uw ers a n d  E . C aue r, A n n .,  470 , 284 (1929).
(11) P . E b e rh a rd , D ip lo m a T hesis, U n iv e rs ity  of M ü n ch en , 1967.
(12) R . H u isg en  a n d  G . Szeim ies, Chem. B er., 98 , 1153 (1965).
(13) R . H uisgen , H . G o tth a rd t, a n d  H . O. B ay e r, Tetrahedron L ett., 481 

(1964).
(14) A . E ckell, P h .D . T hesis, U n iv e rs ity  of M ü n ch en , 1962; see re f  1, 

p  636.
(15) R . H uisgen , R . G rashey , P . L au r, a n d  H . L e ite rm an n , Angew . C hem ., 

72 , 416 (1960); see re f  16, p  583.
(16) R . H uisgen , Angew . Chem. In te rn . E d . E ng l., 2, 565 (1963).
(17) R . H uisgen , H . Seidl, R . G rash ey , a n d  H . H au ck , Chem. B er., in 

p ress ; see ref 1, p  637.
(18) W . J .  L in n  a n d  R . E . B enson, J .  A m er. Chem. Soc., 87, 3657 (1965).
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S c h e m e  I T a b l e  I

reactants diradical 1 — >■ stereospecific product

ro ta tio n  
>L a ro u n d  d - e

isomeric
diradical — >■ nonstereospecific product

faster than rotation around d-e to account for the ob
served stereospecificity (^3%  of isomeric adduct). 
Thus, AG * of the retrograde process 1 —► reactants is at 
least 2.1 kcal smaller than the rotation barrier which is 
probably not greater than 3.4 kcal. The activation 
energy of the reversion process must therefore be 
smaller than 1.3 kcal/mol!

E nergetics of F ireston e’s Diradical Interm ediate.—
The spin-paired diradical intermediate 1 contains one 
a bond more, but two ir bonds less than the reactants. 
Furthermore, the resonance energy, which stems from 
the ir delocalization of the 1,3 dipole, has to be sacri
ficed and the stabilization energy of the diradical is 
gained. On comparing the energy balance for the for
mation of 1 with experimental values of activation 
enthalpies, one becomes aware of a discrepancy which 
precludes the possible occurrence of 1. Regrettably, 
some of the thermochemical data are unknown so that 
we must depend on “sound guesses.”

H\  © / CH3 

C6H ; C>

____ „  H\ e

5

+
c h 3

c o 2c h 3

CH,
\ 3 . 

N— 0

/
“ 6H5 \  . / C H 3

s c o zc h 3

HZC— Cx

c h 3 
I 3

CtHS'
» W -

CH,

COjCHj

\  CXH3
,N— OH

H>
C,H‘ \ = c :

/CH3

H C 0 1 CH3
8

The addition of N-methyl-C-phenylnitrone (5) to 
methyl methacrylate in toluene shows the following 
Eyring parameters : A H * = 15.7 kcal/mol, AS* = —32 
eu.19 For the formation of 6 we calculate a net loss of 
54 kcal/mol in bond energy; the activation energy has 
to be larger (Table I).

Furthermore, 0  radicals are notorious for their hy
drogen affinity. The diradicai 6 (were it formed) 
should produce the unsaturated hydroxylamine 8 via 
intramolecular disproportionation;20 this conversion is 
expected to be exothermic by ~55 kcal/mol. A side 
product of type 8 has never been isolated in cycloaddi
tions of nitrones, nor has any other 1,3-dipole +  di-

(19) P h .D . T hesis, H . S eid l, U n iv e rs ity  of M d n ch en , 1964; see re f  1, p  637.
(20) F o r  a n  exam ple , see C . G . O v e rb e rg e r a n d  J .  G . L o m b ard in o , J .  

A m er. Chem . Soc., 80, 2317 (1958).

Loss
C =C  — C—C 65 kcal/mol
C = N  — C—N° 68
CeH6C =  conjugation energy 4
Nitrone resonance6 20
CH302C(CHc)C=> conjugation _ 4

161 kcal/mol
Gain

C—C 83
Resonance energy of the diradical 6 C 24

107 kcal/mol
« A. F. Bedford, P. B. Edmondson, and C. T. Mortimer [J. 

Chem. Soc., 2927 (1962)] found 74.7 kcal/mol for C—N and 142.6 
for C =N . The more suitable data for C—N + and C = N  + are 
not known. 6 From pAa values, a resonance energy of the allyl 
anion of 9 kcal is derived: D. J. Cram, “Fundamentals of Car- 
banion Chemistry,” Academic Press Inc., New York, N. Y., 1965, 
p 19. The resonance energy of the carboxylate anion is 36 kcal: 
L. Pauling, “The Nature of the Chemical Bond,” 3rd ed, Cornell 
University Press, 1960. The resonance energy of the nitrone 
should lie in between. c Partial use of data given by C. Walling, 
“Free Radicals in Solution,” John Wiley and Sons, Inc., New 
York, N. Y., 1957, p 50.

polarophile system produced an analogous product. 
Also hydrogen transfer from the solvent to interme
diate 1 has not been observed.

For the addition of diphenyldiazomethane to ethyl 
acrylate in dimethylformamide, AH* = 8.0 kcal/mol 
and A/S  ̂ = —43 eu were measured.21 Diazomethane 
adds even faster by a factor of 102.22 An analo-

© e  
(C6H5)i C =  N = N

t
© © 

(C6H5) 2C - N  =  N

C6H5v / V
c 6h

(C6H5)zC "

h2c -.

H,C

N = N - C ( C 6H5)2_

C ----COoCoHc
H Z Z 5

C - C O zCaHs

9 a

gous crude calculation reveals that the diradicai 9 
possesses «65 kcal/mol less bond energy than the 
reactants. The other addition direction (which was 
not observed) should furnish the better diradicai 9a.

Why does the diradicai 9, according to Firestone, 
revert to reactants instead of losing nitrogen? If the 
decarboxylation of the acetoxy radical is exothermic by 
20 kcal/mol,23 should not the tendency to cleave the 
C—N bond to form a diphenylmethyl radical +  N2 be 
still higher? In fact, the known reactions of diazo
alkanes with triphenylmethyl,24'25 trichloromethyl,26’27

(21) R . H u isgen , H . S tan g l, H . J .  S tu rm , a n d  H . W ag en h o fer, A ngew . 
Chem ., 73, 170 (1961).

(22) E x p e rim e n ts  of D . Ju n g , M ü n ch en , 1963.
(23) S. W . B enson , J .  Chem . E duc ., 42 , 502 (1965).
(24) W . S ch lenk  a n d  C . B o rn h a rd t, A n n .,  394, 183 (1912).
(25) D . B . D en n ey  a n d  N . F . N ew m an , J .  A m er. Chem . Soc ., 89 , 4692 

(1967).
(26) W . H . U rry  a n d  J . R . E iszn er, ib id ., 74 , 5822 (1952).
(27) W . H . U rry  a n d  J .  W . W itt ,  ib id ., 76, 2594 (1954).
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or nitric oxide28’29 are acompanied by immediate loss of 
nitrogen.

We see a better alternative to the concerted pathway 
of 1,3-dipolar cycloaddition in the formation of a 
zwitterionic intermediate; 10 and 11 would correspond 
with 6 and 9. The zwitterions contain the same 
number of bonds as the reactants. We have discussed 
their possible intermediacy in detail elsewhere;1 re
cently, such zwitterionic intermediates in the addition 
of organic azides were abandoned on the basis of hard 
experimental facts.30

CH,
\  3
,N =  0

\  /C H 3
H,C— C 

Z \\ 9
C— 0  

/
ch3o

10

C6H5 \  /  

C6HS^ \
H ,C- -c  ~ev°

I
o c 2h5

Electronic Structure of the 1,3 Dipole.— A 1,3 dipole 
is a compound abc which undergoes 1,3 cycloadditions and 
is described by zwitterionic octet structures.

The author does not understand the significance of 
Firestone’s formula lie  for the 1,3 dipole. In the cor
responding text a “blend of dipolar and radical quali
ties” and “diradical attributes of II” are mentioned. 
A diradical is by definition a structure with two elec
trons which do not form a bond. According to clas
sical resonance theory,31 diradical resonance contribu
tions can be neglected, because they contain one bond 
less than the zwitterionic octet formulae 12 and 13 of 
the 1,3 dipole.

12 0> III cr
© e e

cr
©

II o

13
©

a  =  b-
e

— c  ■*—
e

—*• a  —

uII
©

A
3

( b =  N)

(b  =  N - R ,  0 )

The author is convinced that MO theory affords a 
superior description. All 1,3 dipoles contain four t 
electrons in three parallel p orbitals. As in the iso- 
electronic allyl anion, the four electrons occupy pair
wise the two lowest molecular orbitals. Formulae 14 
(diphenylnitrilimine) and 15 (N-methyl-C-phenyl- 
nitrone) illustrate this for one dipole of each class (with 
and without a double bond in the 1,3 sextet structure).16 33 
As pointed out below, this allyl anion structure is re
sponsible for the ability of the 1,3 dipole to undergo 
cycloadditions.32,33

A 7t e le c t r o n s

14
(28) L . H o rn er, L . H ock en b erg e r, a n d  W . K irm se, Chem . B er., 94, 290 

(1961).
(29) O. L . C h a p m a n  a n d  D . C . H eck e rt , Chem . C om m un., 242 (1966).
(30) R . H u isgen , G . Szeim ies, a n d  L . M ö b ius , Chem . B er., 100, 2494 

(1967).
(31) G . W . W h e lan d , “ T h e  T h e o ry  of R eso n a n c e ,” J o h n  W iley  a n d  S ons, 

In c ., N ew  Y ork , N . Y ., 1944, p  15.
(32) A . E cke il, R . H uisgen , R . S u stm an n , G . W allb illich , D . G rash ey , a n d  

E . S p ind le r, Chem . B er., 100, 2192 (1967).
(33) See re f  1, p  644.

cJHSk>
6n 5

The molecular orbital description of the 1,3 dipole 
leaves no room for a “spin-paired diradical structure." 
Only by promoting one electron into the next higher 
molecular orbital—higher in energy by 2\/2/334—is a 
state reached where the two electrons do not form a 
bond. However, this excited singlet state has not 
much to do with the ground state which enters into 
cycloaddition reactions.

Firestone mentioned, in this connection, that Linn36 
proposed a diradical structure for “activated” tetra- 
cyanoethylene oxide which undergoes cycloadditions; 
these, incidentally, obey all the criteria of 1,3-dipolar 
cycloadditions. Linn described the species as a zwit- 
terion-biradical hybrid which is open to the same ob
jections expressed above. Linn regarded a 1,3-dipolar 
ion as untenable, because the structure should be sym
metrical; he overlooked the fact that resonance of the 
type 13—two identical canonical structures—offers 
perfect symmetry.

Linn’s intermediate is the carbonyl ylide 4. This 
follows from the close analogy with the thermal opening 
of the aziridine ring in 16 and 17 which gives stereo- 
specifically the cis-trans isomeric azomethine ylides 18 
and 19 . 36,37 The COnrotation established here is in 
accord with the Woodward-Hoffmann prediction3 for 
the isoelectronic system cyclopropyl anion -*■ allyl 
anion.

c h 3o2 c  c o 2c h 3 c h 3o 2c  h

,S  i f i j  17

A rI A r

Hx c > x e / COlCHl

|

Hx c ® N x e / H

I i 
c h 3o2c  h

1 1
c h 3o 2c  c o 2c h

18 19

Electronic Pathway of 1,3-Dipolar Cycloaddition.—
On the first glance at the general scheme, one is tempted 
to assume that all five centers of 1,3 dipole and dipolar- 
ophile form a planar transition state. This mistake is 
repeated by Firestone in section E.

(34) A. S tre itw ie se r, “ M olecu lar O rb ita l T h e o ry  fo r O rgan ic  C h e m is ts ,” 
J o h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1961, p  40.

(35) W . J . L inn , J .  A m er. Chem. Soc., 87, 3665 (1965).
(36) R . H uisgen , W . S cheer, a n d  H . H u b e r , ib id ., 89, 1753 (1967).
(37) R . H uisgen , Helv. C him . A cta, 50, 2421 (1967).
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A closer inspection reveals paradoxical consequences. 
The linear nitrilium and diazonium betaines must bend 
to make contact with the orbitals of the dipolarophile. 
The direction of bending in diphenyldiazomethane, 
shown in 20, destroys the diazoalkane resonance. 
This kind of bending alone probably needs more energy 
than the AH =*= = 8.0 kcal/mol found for the whole acti
vation process.

The nitrone 5 as an azomethine oxide is bent in the 
ground state. However, to reach the planar transition 
state 21, twisting around the C—N bond must occur, so 
that the nitrone resonance is lost.

In contrast to Firestone’s opinion, the Woodward- 
Hoffmann rules3 cannot be applied to the transition 
states 20 and 21 for the cycloadditions.38 The elec
trons involved on the side of the 1,3 dipole are not 
arranged in a proper molecular orbital. The four 
electrons are not even ir bonded but occupy two lone- 
pair orbitals. Furthermore, in 21 the conjugation is 
damaged. A concerted cycloaddition through a low- 
energy transition state is inconceivable.

Formula 22 depicts the orientation complex pre
ceding the transition state for the addition of diphenyl
diazomethane to a dipolarophile de, according to our 
theory, first published in 1963.33 Here, the bending of 
the linear 1,3 dipole within the horizontal plane pre
serves the allyl anion orbital which makes contact with 
the t bond of the dipolarophile. The gradual rehy
bridization from p to sp3 and sp2 orbitals, which occurs 
during the reaction, is accompanied by an uplifting of 
the middle diazoalkane nitrogen until it reaches the 1- 
pyrazoline plane in the product.

The “two-planes” orientation complex 22 indicates 
that (4 +  2) 7r electrons are involved in the cycloaddi
tion process exactly as in the Diels-Alder reaction. 
The symmetry considerations39 with the correlation 
diagrams reveal that the concerted thermal cycloaddi
tion is allowed.32

We proposed the orientation complex 22 before 
Woodward and Hoffmann3 published the rules for 
conservation of orbital symmetry. This proposal was 
supported by our experimental finding that sydnones 
24 and mesoionic oxazolones 25 react as 1,3 dipoles

2 4  25

(38) P ro fesso r R . H o ffm an n , C ornell U n iv e rs ity , p e rso n a l c o m m u n ic a tio n .
(39) H . C . L o n g u e t-H ig g in s  a n d  E . W . A b rah am so n , J .  A m er. Chem . Soc., 

87, 2045 (1965).

with alkenes and alkynes.40,41 These cycloadditions 
showed all the typical features of the 1,3-dipolar type: 
moderate activation enthalpies, high negative activa
tion entropies, small solvent dependence, the usual 
activity scale of dipolarophiles.42

Sydnone 24 and ^-oxazolones 25 are planar aromatic 
structures. Since they exhibit azomethine imine or 
azomethine ylide reactivity, respectively, only an 
orientation complex like 23 is possible.43 To avoid a 
highly improbable dichotomy of mechanistic pathways, 
we postulated that all 1,3-dipolar cycloadditions follow 
the pattern shown in 22 and 23. It is quite satis
fying that the “two-planes” model strengthens the 
close relation to Diels-Alder addition in the application 
of the Woodward-Hoffmann rules.

If this model for the steric course is accepted, Fire
stone’s arguments concerning relative rates of addition 
to acetylenic and olefinic dipolarophiles become irrele
vant. The reader is referred to our earlier discussion.44

So lvent E ffects on R a tes .—Our kinetic studies dis
close that 1,3-dipolar cycloadditions are only moder
ately influenced by solvent polarity;1 spreads of rate 
constants by a factor of no less than 1/ t and no more 
than 10 with increasing polarity of the solvent were 
found.14,30 Firestone’s intuitive criticism stems from the 
false expectation that the disappearance of the 1,3 
dipole should bring about a strong inverse dependence 
on solvent polarity.

However, the term 1,3 dipole should not be mis
understood to imply a high dipole moment. The 
charge compensation by resonance of type 12 or 13 is 
often quite extensive as shown by u = 1.42 D for di
phenyldiazomethane or 1.56 D for phenyl azide. Fur
thermore, if one sums the resonance structures of 12 and 
13, the anionic charge is distributed on either side of the 
positive center, giving a “tripole.” 45 Such “tripoles” 
seem to be poorly solvated. On the other hand, the 
dipole moments of cycloadducts often approach the 
ones of the corresponding 1,3 dipoles or even exceed 
them.

We regard the magnitude of solvent effects as en
tirely adequate for the concerted pathway of 1,3- 
dipolar cycloaddition. With the supposition of zero 
solvent dependence on rate, one can calculate the 
dipole moment of the transition state from those of the 
two reactants on the basis of Kirkwood’s theory.46 
We have compared such values with dipole moments of 
the adducts. Successful estimates of solvent influences 
on rates were based on the model of a continuous transi
tion from reactants to adduct (one-step process).1,47

Even additions of those 1,3 dipoles whose dipole 
moment exceeds 5 D are slowed down only moderately 
with increasing solvent polarity. How far has bond

(40) R . H u isgen , R . G rash ey , H . G o tth a rd t ,  a n d  R . S ch m id t, A ngew . 
Chem. In te rn . E d . E ng l., 1, 48 (1962).

(41) R . H u isgen , H . G o tth a rd t ,  a n d  R . G rash ey , ib id ., 1, 49 (1962).
(42) R . H u isg en , T h e  C hem ica l S oc ie ty , S pecia l P u b lic a tio n  N o . 21, T h e  

C hem ica l S ocie ty , L o n d o n , 1967, p  51.
(43) F o r  th e  sak e  of c la r ity , lone p a ir  o rb ita ls  of th e  N  a n d  O a to m s  o f th e  

sy d n o n e  rin g  in  fo rm u la  23 h av e  been  o m itte d .
(44) See ref 1, p p  639 a n d  645.
(45) I n  a  c o rrec te r te rm in o lo g y  i t  w ou ld  b e  a  q u ad ru p o le .
(46) J .  G . K irk w o o d , J .  Chem . P h y s ., 2, 351 (1934). T h is  th e o ry  h as  

been  d eve loped  in to  a  co rre la tio n  b e tw e en  r a t e  co n s ta n ts  of b im o lec u la r 
re a c tio n s  a n d  d ie lec tric  c o n s ta n ts  of so lv en ts  b y  S . G lass to n e , K . L . L a id le r, 
a n d  H . E y rin g , “ T h e  T h e o ry  of R a te  P ro cesse s ,”  M c G ra w -H ill B ook  C o ., 
In c ., N ew  Y ork , N . Y ., 1941, p  419.

(47) R . H u isgen , L . M öbius, G . M ü lle r, H . S tan g l, G . S zeim ies, a n d  J .  M . 
V ernon , Chem . B er., 98, 3992 (1965).
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formation progressed in the transition state? If the 
orientation complex (like 22 and 23) is formed, the 
major part of the “entropy price” is paid. Our guess, 
that the formation of the two new a bonds has reached 
some 20 or 30%, should not be taken too literally. 
Nevertheless, 1,3 dipoles with large moments should 
still possess much of their polarity in the transition 
state.

In our opinion, the low solvent dependence is much 
less compatible with the formation of Firestone’s di
radical intermediate in the rate-determining step. 
According to recognized principles, the transition state 
should be close to the structure of a high-energy inter
mediate. In cases of more polar 1,3 dipoles, one 
should anticipate a sharper drop of rate constant with 
increasing solvent polarity.

C o n juga tion  and the  A c t iv ity  o f the  D ip o la ro p h ile .—
Conjugation with electron-attracting or electron-releasing 
substituents increases the dipolarophilic activity of a 
multiple bond. If one plots the electron density of an 
olefinic double bond vs. cycloaddition rates, U-shaped 
curves are obtained which are different for various
1,3 dipoles.

We have explained this phenomenon by two effects 
which might well be interrelated:1,32 (1) conjugation 
increases the polarizability of the ir bond of the dipolar
ophile ; (2) concerted formation of the two new <j bonds 
is not necessarily synchronous, i.e., a precise 
“marching-in-step.” Unequal progress of bond forma
tion in the transition state leads to partial charges, 
which can be stabilized by substituents.

Firestone regards effect 2 as “an important departure 
from the concerted cycloaddition theory.” We cannot 
agree. The idea of unequal bond formation and 
breaking has become a fruitful rationale in the inter
pretation of many mechanisms. Is it necessary to 
remind the reader of the spectrum of solvolysis reac
tions which varies in the amount of bonding by the 
nucleophile in the transition state? Has not the same 
principle been very successful in classifying E2 reac
tions?48,49 There is no theoretical reason to renounce 
this principle in the treatment of cycloadditions.

Rate increase by conjugation is one of many charac
teristics which strengthens the close mechanistic rela
tionship between 1,3-dipolar cycloaddition and the 
Diels-AIder reaction. A careful weighing of all mech
anistic criteria recently led Sauer48 49 50 to favor strongly 
the concerted mechanism for the latter reaction.51

O rie n ta tio n  P henom ena.—The largest section of 
Firestone’s paper deals with orientation. These phe
nomena constituted the starting point and the central 
argument of the diradical hypothesis. We join Fire
stone in the opinion that the addition reactions of 
azomethine imines do not fit the diradical theory, and 
the orientations followed by organic azides do not con
form to a best diradical rule. In our eyes, diazoalkanes 
also preferably show orientations which are not in 
harmony with the best diradical. By supplementing 
the examples above with unpublished data or reac
tions not considered by Firestone, one approaches a 
statistical 50:50 of orientations consonant and disso

(48) C . K . Ing o ld , Proc. Chem. Soc., 265 (1962).
(49) J . F . B u n n e tt ,  Anoew . Chem,., 74, 731 (1962).
(50) J . S auer, Angew . Chem. In te rn . E d . E ng l., 6, 16 (1967).
(51) C o m p a re  R . H uisgen , R . G rashey , a n d  J . S au e r in  “ T h e  C h em is try

of A lkenes,” S. P a ta i ,  E d ., In te rsc ien ce  P u b lish e rs , In c ., L ondon , 1964, p  739.

nant with the diradical hypothesis; only two orienta
tions are possible.

Some 1,3-dipolar cycloadditions are reversible. The 
suspicion raised by Firestone that separation of kinetic 
and thermodynamic control has not always been 
achieved is undeserved. We investigated this point 
carefully. The orientation phenomena which we pub
lished in our some 70 papers in the field are kinetically 
determined.

Instead of expanding grossly the list of discrepancies 
between observed orientations and the ones predicted 
for the diradical intermediate, we wish to emphasize a 
major point. Firestone’s assumption that many orien
tations are in conflict with the concerted mechanism is 
the result of a misconception. The widespread conten
tion that the electrophilic end of the dipolarophile should 
link with the negative end of the 1,3 dipole is built on 
sand. The formal negative charge of the 1,3 dipole is 
distributed on either side of the onium center as illus
trated by diphenyldiazomethane. In the sextet struc-

0  © © ©
(C6 Hs )2 C - N = N   ------ (C6H5)2C =  N =  N

1 1© * © © * e
(C6H5)2 C —  N =  N -«----- ►  (C6H5)2 C— N =  N

■*— ►  (C6Hs )2C = N - N

O c te t  s t r u c t u r e s

S e x t e t  s t ru c tu r e s

tures, the formal charges are interchangeable. (Nor
mally we avoid the use of sextet structures in for
mulation, because they are often misinterpreted as 
“reaction formulae.”) What is the nucleophilic end 
of diphenyldiazomethane? The direction of the small 
dipole moment indicates that the outer nitrogen bears 
a larger part of the negative charge. However, a 
carbanion is more nucleophilic than an anionic nitro
gen.52

As we have pointed out repeatedly,1,63 it is not mean
ingful to assign an electrophilic and a nucleophilic end to a
1,3 dipole. Otherwise, it would be possible to define a 
direction of the cyclic electron shift in the addition 
process-—clockwise or counterclockwise. Does the 
fact that the two ends of ozone are identical decrease 
its 1,3-dipolar activity? A consideration of the MO 
description of concerted additions reveals that it is 
only meaningful to attribute a certain electron density 
to the incipient a bonds in the transition state.

The orientation phenomena in 1,3-dipolar as well as 
Diels-AIder addition offer perhaps the biggest un
solved problem in the field. We have discussed the 
possible interplay of steric and electronic factors, but 
we never pretended to have a full understanding. 
Rate and orientation phenomena in aromatic and ali
phatic substitutions have been studied for decades; one 
knows a lot, but consistency is still lacking. Sys
tematic exploration of substituent effects in concerted 
cycloaddition is still in its infancy. Thus, the detailed 
discussion may be limited to a few examples which 
prove the concertedness of the cycloaddition in ques
tion.

1. Many additions which were described earlier as 
unidirectional turned out to give mixtures. Firestone

(52) I n  th e  d iscussion  of d iazo a lk an e  a n d  az ide  a d d itio n s , F ire s to n e  does 
n o t d is tin g u ish  p ro p e rly  be tw een  n u c leo p h ilic ity  a n d  th e  a m o u n t of n eg a tiv e  
charge .

(53) R . H uisgen , B u ll. Soc. C him . F r., 3431 (1965).
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uses benzonitrile N-oxide additions as witness no. 1 for 
the diradicai concept. This nitrile oxide combines 
with methyl propiolate to give a 72:28 mixture of the 
isoxazoles 26 and 27,64 hardly compatible with a dirad
icai intermediate. Why should the relative addition

4  t r e l j  = 1.0 7.0 2 .7

constant, measured by competition experiments,66 be 
larger for dimethyl acetylenedicarboxylate (formation 
of 28) than for methyl propiolate? The second meth- 
oxycarbonyl group cannot contribute much to the

C6H5-C

CH302C

,N— 0

, c = c —co2ch3

29

stability of 29. The acceleration by conjugating sub
stituents at either side of the acetylenic bond leaves 
no doubt that both centers participate in the rate-deter
mining step.

The same effect appears in the cycloadditions of the 
azomethine imine 2 (chlorobenzene, 80°)66 or N-methyl- 
C-phenylnitrone 5 (toluene, 85°),19 where dimethyl 
acetylenedicarboxylate adds 11 times or 29 times 
faster, respectively, than methyl propiolate. Using C- 
methyl-N-phenylsydnone (24) the following values for 
10s&2 were found : 1-tetradecyne, 6.0 ; methyl propiolate, 
823 ; dimethyl acetylenedicarboxylate, 2580 (p-cymene, 
140°).67

2. Benzonitrile N-oxide adds to methyl acrylate to 
give the methyl 5-carboxylate 30 and the 4-carboxylate 
31 in 96 and 4% yield.9 That corresponds to AAt?^ =
1.9 kcal/mol for the two directions; the energy differ
ence between the corresponding diradicals 33 and 34 
should amount to well above 12 kcal/mol. The better

CcH, *  Nn

/-H
co2ch3

W - /  X0
« i ---- %

ch3o2c

c6h5- t  y
Hf-----(~H

c4h9
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4  (rei.) 27 1 .1 = 1 . 0

s N~ °C H .-C
6 5 \  . 

H.C— CHz i

^ N - 0
c6h5- c

CH— CH2

^ N - 0
CbHs- u

\  .
H2c— CH

co2ch3 ch3o2c ¿ A
33 34 35

stabilization of 35 compared with that of 34 does not 
show up in the rate factors.

3. The quantitative evaluation of substituent effects 
is more advanced for cycloadditions of diphenylnitril-

(54) R . S u s tm a n n , P h .D . T h esis, U n iv e rs ity  of M ü n ch en , 1965.
(55) M . C h ris ti, W . M ack , a n d  K . B as t, M ü n ch en , u n p u b lish e d  experi

m e n ts .
(56) M easu rem e n ts  b y  M . V. G eorge a n d  A. S. K en d e , M ü n ch en , 1962.
(57) R . H u isg en  a n d  H . G o tth a rd t, Chem. B er., 101, 1059 (1968).

imine. The following sequence discloses the increasing 
dipolarophilic activity in the series 1-alkene, methyl 
acrylate, dimethyl fumarate.32 Substituents at either

J K

H h f H
CeH5

4  fre i.l s  1

W s Y  V q Hs

----- (—H
co2ch3

34-3

c6h5-
ch3o2c-

■\— f H
H C02CH3

2  050

end of the ethylene system contribute additively to the 
activation energy of the cycloaddition as demonstrated 
for many dipolarophiles.32 Our numerical separation 
of substituent effects into steric and electronic factors 
contains some arbitrariness, as Firestone mentions. 
However, the net effects satisfy the additivity principle 
within certain limits.

One anticipates that the rate constant of a concerted 
addition to a substituted ethylene will be the product 
of k2 (ethylene) and all substituent factors, but how 
should the Firestone diradical from diphenylnitrilimine 
and dimethyl fumarate profit from the second methoxy- 
carbonyl, located at a saturated center?

4. Also the dienophilic activity of ethylene in Diels-
Alder reactions is increased by substitution at either 
carbon atom. Rate constants for cyclopentadiene ad
ditions to cyanoethylenes58 at 20° spread over an 
impressive range (106/c2-mol-1 sec-1): H2C=CHCN
(1.0); NCCH=CHCN (81); H2C=C(CN)2 (45,500); 
NCCH=C(CN)2 (~500,000); (NC)2C=C(CN)2
(^43,000,000).

5. The methylated double bond of isoprene adds
l,l-dichloro-2,2-difluoroethylene 5.5 times faster than 
the 3,4 double bond.69 The diradical 36 is stabilized by 
the methyl group as well as the vinyl residue.

H,c

CH,
I 3

JC—CH =  CH,

F,C.
'CCI,

36

ch3
CH=CH

Z

z

In contrast, isoprene combines with diphenyldiazo- 
methane at 20° preferentially at the unmethylated 
double bond. The pyrazolines suffer nitrogen loss and 
the cyclopropanes 37 and 38 were obtained in an 88:12 
ratio.60

The phenyl group in 2-phenylbutadiene should sta
bilize an intermediate radical even better. However, 
diphenyldiazomethane and diazomethane add solely to 
the unsubstituted double bond; in the latter case, the
1-pyrazoline 39 was isolated.60

The transition state of polycentric additions is very 
sensitive to steric effects. The least substituted dipo
larophilic multiple bond is normally preferred. Thus,

(58) J .  S auer, H . W iest, a n d  A. M ie le r t, ib id ., 97 , 3183 (1964).
(59) P . D . B a r t le t t  a n d  L . K . M o n tg o m e ry , J .  A m er. Chem . Soc., 86 , 628 

(1964).
(60) U n p u b lish ed  ex p e rim en ts  b y  A . O h ta , M ü n ch en , 1966.
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2-substituted butadienes offer a sensitive probe to dis
tinguish between a diradical intermediate and a con
certed pathway. Encumbrance of the dipolarophilic 
center and diradical stabilization lead to opposite pre
dictions for the activity of substituted vs. unsubstituted 
double bonds.

Other 1,3 dipoles show analogous phenomena. Di- 
phenylnitrilimine adds to the less encumbered double 
bond of isoprene 4.0 times faster than to the one bearing 
the methyl group.61

H is to r ic a l N o te .—The cycloadditions of aliphatic 
diazo compounds were discovered62 in 1888, and those 
of organic azides63 in 1893. In a very valuable paper, 
published in 1938, Smith64 collected the available data 
on 1,3 additions without differentiating between addi
tions of bases H-B and cycloadditions. The special 
driving force for the cyclic reaction path stemming from 
a fundamentally dissimilar mechanism was not recog
nized. In 1938 (as in 1900) only cycloadditions of di
azoalkanes and azides were known.

That Staudinger’s nitrenes65 and nitrones were con
sidered in this paper64 as formally derived from ketenes 
and allenes did not contribute to a clear classification of 
dipolar reagents. Perhaps for this reason, Smith’s re
view did not attract much attention as shown by the 
small number of papers on the subject published be
tween 1938 and 1958.

(61) E x p e rim e n ts  by  W . F liege, M ü n ch en , 1967.
(62) E . B uchner, Ber. D eut. Chem. Ges., 21 , 2637 (1888).
(63) A. M ich ae l, J .  P rakt. Chem ., [2] 48, 94  (1893).
(64) L. I . S m ith , Chem. Rev., 23, 193 (1938).
(65) S ta u d in g e r’s n itren es  h a d  a n o th e r  s tru c tu re . C y c lo ad d itio n s  of azo- 

m e th in e  y lids alias  n itren es  w ere  firs t desc rib ed  by  R . H uisgen , R . G rashey , 
a n d  E . S te in g ru b e r, Tetrahedron L ett., 1441 (1963).

We have reported elsewhere the train of thought 
which led to the general concept of 1,3-dipolar cyclo
addition in 1958 ;66 the original mechanistic considera
tion concerned the addition of diazoalkanes to angle- 
strained double bonds.

Another generalization recently revealed a syn
thetic principle which makes accessible a large number 
of six-membered heterocycles.67 The term 1,4-dipolar 
cycloaddition should not be misinterpreted; there is good 
experimental evidence and theoretical reason to char
acterize this scheme as a two-step process passing 
through a zwitterionic intermediate.68 The 1,4 dipole 
combines only with those dipolarophiles which display 
pronounced electrophilic or nucleophilic reactivity. 
This limits severely the range of applicable dipolaro
philes.69

Just the opposite is observed for 1,3-dipolar cycload
dition. Here nearly every multiple-bond system includ
ing heteroatoms can act as a dipolarophile. The result 
is an amazingly wide scope of this synthetic principle16 
which is far from being exhausted. I t is a fascinating 
idea that 1,3-dipolar addition owes this wide scope to 
the concerted mechanism which avoids the necessity of 
charge separation along the reaction pathway.

The position that 1,3-dipolar cycloadditions, at least 
those studied so far, do not conform to one general 
mechanism is unfounded.

(66) R . H uisgen , Proc. Chem. Soc., 357 (1961).
(67) R . H u isgen  a n d  K . H erb ig , A n n .,  688, 98 (1965).
(68) R . H u isgen , M . M o rik aw a , K . H erb ig , a n d  E . B ru n n , Chem. B er., 100, 

1094 (1967).
(69) A  b rie f rev iew  on 1 ,4 -d ipo lar cy c lo ad d itio n  w ill be  p u b lish e d  in  th e  

P ro ceed in g s  of th e  F ir s t  In te rn a t io n a l  C ongress of H e te ro c y c lic  C h em is try , 
In te rsc ien ce  P u b lish ers , In c .,  N ew  Y ork , N . Y ., 1968.
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The photochemistry of the mercaptoles 1-4 has been investigated. The major pathway for reaction of the 
ethylene mercaptoles 1 and 2 involved elimination of the elements of ethylene sulfide to form the corresponding 
cyclic thione which was isolated as the dimer in the case of 1. The thione or its dimer underwent secondary 
photochemical reactions to form the corresponding disulfide, sulfide, and mercaptan. The major pathway for 
reaction of the propylene mercaptoles, 3 and 4, involved over-all isomerization of one of the geminal sulfur atoms 
to an adjacent carbon atom; the ratio of cis/trans product in each case was approximately 8:1.

The ultraviolet spectra of mercaptals and mercaptoles 
show an absorption band in the region of 235-250 m/z 
(e ~250-850) which has been attributed to an excited 
state involving sulfur-sulfur interaction.4’5 In view of 
this excited-state interaction, the photochemistry of 
mercaptoles has been investigated to determine the 
nature of products from excitation at this long-wave
length absorption band. The compounds selected for 
study were the ethylene and propylene mercaptoles
1-4. Mercaptole 1 was studied under a variety of 
conditions to determine those which gave optimum 
yield of the major products; these conditions were 
then applied to mercaptoles 2-4.

(1) S u p p o r te d  b y  N a tio n a l S cience  F o u n d a tio n  G ra n t  N o . G P-5761 .
(2) N a tio n a l I n s t i tu te s  of H e a lth  P re d o c to ra l Fellow .
(3) A lfred  P . S loan  Fellow , 1963-1967.
(4) E . A. F eh n e l a n d  M . C a rm ack , J .  A m er. Chem . Soc., 71 , 84 (1949).
(5) S. O ae, W . T a g ak i, a n d  A. O hno, Tetrahedron, 20 , 437 (1964).

1, x =  1; y =  0  3, X =  1; y =  1
2, x =  0; y =  0 4, x = 0; y =  1

The photolysis of l,4-dithiaspiro[4.5]decane (1) 
under various conditions yielded the product mixtures 
listed in Table I. Runs 5-7 were analyzed only for the 
maj or product (7). A thin film of brown polymer coated 
the walls of the reaction vessel when the Hanovia 
high-pressure Hg lamp was used; no such polymer 
formation was observed with the low-pressure Hg 
lamps. Cyclohexane, n-hexane, and Freon-113 were 
satisfactory solvents. The formation of a similar 
product mixture in these three solvents indicates that 
no significant amount of products arises from reaction 
with solvent. No reaction was observed in anhydrous 
methanol.
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S c h e m e  I

00* CO

hv ooo ~ 0 ss- 0 ~
8

*a-(X)
10 11

T a b l e  I
P r o d u c t s  f r o m  P h o t o l y s i s  o f  1

R ea c tio n L ig h t C oncn , T im e, -------- P ro d u c ts , %  y ie ld -------- U n re a c te d

no. source® S o lv en t M h r 5 6 7 8 9 10 11 1

l A Cyclohexane 0.112 94.5 < i l 9 11 4 2 2 66
2 B Cyclohexane 0.16 9 < i < i 14 2 2 1 1 76
3 B n-Hexane 0.12 8 < i < i 23 3 1 <1 <1 68
4 B Freon-113 0.12 12 i 2 13 <1 2 1 <1 75
5 A Cyclohexane 0.08 5 5
6 A Cyclohexane 0.034 10 4
7 A Methanol 0.20 16 0

» A means a Hanovia type A, 550-W lamp; B means Rayonet photochemical reactor, 2537-A, low-pressure Hg vapor lamps.

The major product was 7,14-dithiadispiro[5.1,5.1]- 
tetradecane (7) and it was the first product detected 
when the reaction was followed by gas chromatography. 
The yield of 7 reached its maximum value at 8-12 hr; 
continued photolysis slowly decreased the yield of 7 but 
increased the yield of 8-11. Since this behavior indi
cates 7 was undergoing further photochemical reaction, 
the photolysis of 7 was investigated. After a period of 
8 hr, 7 was converted in 8.5% yield into the disulfide 8. 
Photolysis of this disulfide (8) produced 9 (1%), 10 
(2%), 11 (1%), and 7 (2%). The remainder of the 
reaction mixture was unreacted disulfide. These 
results are in agreement with the previously reported 
photochemical studies of disulfides.6-8

It appears that photo-excited mercaptole 1 frag
ments to the diradical 12 which undergoes further 
reaction by either one of two pathways (Scheme I, A or 
B). Evidence for the intermediacy of 12 rests on the 
esr spectrum9 obtained during photolysis of pure 1 at 
liquid nitrogen temperatures. The spectrum shows 
an unsymmetrical pattern with five distinct g values: 
three are indicative of the primary sulfur radical10 
(2.0261, 2.0056, 1.9968) and the remaining (2.0168, 
1.9831) may be due to the tertiary carbon radical 
adjacent to sulfur. Although no evidence exists for the 
intermediacy of 13, it would appear to be a reasonable 
intermediate in the formation of the dithians 5 and 
6, particularly in view of the ratio of cis/trans isomers 
obtained in the photolysis of mercaptoles 3 and 4 as 
described later. Intermediate 13 could arise from 12 
through intramolecular hydrogen atom abstraction by 
the primary sulfur radical. The possibility of a con- 6 7 8 9 10

(6) C . W a llin g  a n d  R . R ab in o w itz , J .  A m er. Chem. Soc., 8 1 , 1137 (1959).
(7) K . R o sen g ren , A c ta  Chem . Scand ., 1 6 , 1401 (1962).
(8) K . R o sen g ren , ib id ., 1 6 , 2284 (1962).
(9) W e w ish  to  th a n k  P ro fesso r K . B ow ers of th is  d e p a r tm e n t  fo r m e asu r

ing  th e  sp e c tru m .
(10) J . J . W in d le , A. K . W iersem a, a n d  A. L. T a p p e l, J .  Chem. P h y s ., 4 1 ,  

1996 (1964).

certed migration of the sulfur atom or hydrogen atom 
can not be excluded by the data available.

The formation of 7 undoubtedly proceeds through 
initial formation of cyclohexanethione. Solutions of 1 
immediately turn pink on irradiation; cyclohexane 
thione is deep red in color, Amax 495 m/i (e 10) .7>11 
Products 8-11 arise from 7 as described earlier. The 
formation of 7 in the photolysis of the disulfide 8 un
doubtedly proceeds through formation of cyclohexane
thione. Rosengren8 has shown that 8 is converted into 
cyclohexanethione on photolysis in a rigid glass at 
77°K.

The conditions selected for photolysis of 2-4 were 
cyclohexane solvent and the Rayonet 2537-A low-pres
sure Hg vapor lamp source. The results are listed in 
Table II.

The photochemistry of l,4-dithiaspiro[4.4]nonane, 
2, appeared to be essentially the same as 1. The 
presence of dithians 14 and 15 was indicated by compar
ison of the mass spectra of samples collected by gas 
chromatography with authentic samples. The small 
quantities available from the photochemical reaction, 
however, were not pure and could not be separated from 
the contaminating materials.

The predominant reaction involves elimination of the 
elements of ethylene sulfide with formation of cyclopen- 
tanethione (16). Although the dimer cf thione 16 has 
been isolated from other photochemical reactions,12 
there was no evidence for its formation in this reaction. 
Either the dimer undergoes photochemical reaction as 
rapidly as it is formed or the excited thione reacts to 
form 17-19 in preference to dimerization. The major 
product in this reaction, 19, arises from reaction of 
thione 16 with solvent. Although 17 could arise from

(11) M . J .  J a n sse n , R ec. Trav . C h im . P a y s-B a s, 7 9 ,  464 (1960).
(12) M . C . P a n e k  a n d  G . A. B e rc h to ld , u n p u b lish e d  w ork  from  th e s e  

la b o ra to rie s .
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T a b l e  II
P ro d u c ts  fro m  P h o t o l y s is  o f  2 -4

C yclic M er c a pto le s  2299

C oncn , T im e,
M ercap to le M h r

2 0.121 18 14 (<3) IS (<1)
3 0.182 42.5 21 (40) 22 (6)
4 0.113 8 23 (39) 24 (5)

--------P ro d u c ts  (%  y ie ld )—— ---------------------------------—-— —

1 6 (4 )  1 7 (5 )  1 8 (3 )  1 9 (1 4 )  2 0 (1 )

U n re a c te d  s ta r t in g  
m a te r ia l (% )

2(64)
3(12)
4 (55)

CO 00 o~a
14 15 16 17

SH

[ > s< ]  0 s- 0  o
18 19 20

CO CO CO ale
21 22  2 3  24

the thione dimer, it is probably formed from dimeriza
tion of the cyclopentane thiyl radical.

l,5-Dithiaspiro[5.5]undecane, 3, undergoes photo
chemical reaction to the two isomers, 21 and 22, listed 
in Table II. These two products and unreacted mer- 
captole 3 account for 58% of the starting material. 
There are at least 13 other components in the reaction 
mixture, all of which are formed only in minor yield. 
The rate of formation of 21 and 22 leveled off after 
approximately 8 hr. In a similar fashion, the photoly
sis of l,5-dithiaspiro[5.4]decane, 4, showed little change 
after 8 hr and produced 23 and 24 as the major products 
with only slight traces of minor products.

Thus, it appears that the major pathway for reaction 
of the diradical, initially formed from the propylene 
mercaptoles, involves hydrogen atom abstraction by 
the primary thiyl radical to form the 3-mercaptopro- 
pylthiocycloalkene which then undergoes cyclization. 
The ratio of cis/trans isomers from mercaptoles 3 and 
4 are essentially that which one would expect from 
radical addition of mercaptan to the substituted olefinic 
system.13

The structures of all photochemical products except 
7 and 16 were established by comparison with authentic 
samples. The structure of 7 was unambiguous from the 
spectral data and analysis. The structure of thione 16 
was assigned on the basis of its visible spectrum,
495 m/i, and its gas chromatographic retention time. 
It rapidly polymerized on standing. The synthesis of 
all authentic samples was straightforward (see Exper
imental Section) except for the cis isomers 5, 14, 21, 
and 23. The authentic samples of 5 and 21 were pre
pared as follows. Pyrolysis of the diacetate of 1,1- 
cyclohexanedithiol produced 1-cyclohexene thiolacetate 
(25) which was converted into an 85:15 mixture of 
cis- and trans-1,2-cyclohexane bisthiolacetates by the 
light-catalyzed addition of thiolacetic acid. Reduction 
of the mixture with lithium aluminum hydride gave a 
similar mixture of cis- and irans-l,2-cyclohexanedithiols 
in quantitative yield which were separated by distilla
tion. Cyclization of the bis sodium salt of the cis

(13) N . A. L eB el a n d  A. D eB o er, J . A m er. Chem. Soc., 89, 2784 (1967), 
and  references c ited  th e re in .

isomer with 1,2-dibromoethane and with 1,3-dibromo- 
propane produced 5 and 21, respectively (Scheme I I ) .

a SV ^  aLcosH 
0  *- 

25

1. Na, liquid NH3
2. BrCH2CH2Br

S c h e m e  II

21

The authentic samples of 14 and 23 were prepared in 
a similar fashion from 1-cyclopentene thiolacetate except 
that the cis-trans isomers were separated by distillation 
as the diacetates and the pure cis- 1,2-cyclopentane 
bisthiolacetate was reduced to the as-dithiol.

E xp e rim e n ta l S e c tio n 14 15
Photolysis of l,4-Dithiaspiro[4.5]decane (1). A.—A solution 

of 11.15 g (0.064 mol) of l 16 [X*‘°H 242 mM U 316)] in 350 ml of 
reagent grade cyclohexane16 was irradiated for a period of 9 hr in 
a Rayonet photochemical reactor17 using lamps with a maximum 
output at 2537 A. A stream of oxygen-free, dry nitrogen was 
passed through the solution during the photolysis and then 
through a Dry Ice-acetone trap followed by a solution of bro
mine in carbon tetrachloride. After 30 min the solution had 
turned from colorless to bright pink; after 4 hr the solution had 
become and remained pale orange. At no time was any insoluble 
polymeric material noted. The crude photolysis solution was 
concentrated in vacuo to yield 9.94 g of an orange liquid. The 
mixture was analyzed by gas chromatography; the temperature 
was programmed from 100-230° at a rate of 2°/min. Compari
son with authentic samples showed the mixture to consist of the 
components listed with reaction no. 2 of Table I. The Dry Ice- 
acetone trap contained only solvent and a trace of white polymeric 
material. The bromine in CCI4 solution contained 1,2-di
bromoethane corresponding to an 18% yield of ethylene as de
termined by integrating the nmr spectrum of a known volume of

(14) A ll m e ltin g  p o in ts  a re  co rrec ted , a n d  a ll bo iling  p o in ts  a re  un co r
rec ted . T h e  in fra re d  sp e c tra  w ere reco rded  on  a  P e rk in -E lm e r M od el 237 or 
337 reco rd in g  sp ec tro p h o to m e te r . T h e  u ltra v io le t  sp e c tra  w ere  reco rd e d  on 
a  C a ry  M o d el 14 sp ec tro p h o to m e te r . T h e  n m r  s p e c tra  w ere  reco rd e d  on a 
V a rian  A-60 n m r  sp ec tro m e te r, a n d  ch em ica l-sh ift d a ta  a re  g iven  in  p a r ts  
p e r  m illion  (ppm ) dow nfield  from  te tra m e th y ls ila n e  as a n  in te rn a l s ta n d a rd . 
M ass  sp e c tra  w ere  reco rd e d  on a  C o n so lid a ted  E lec tro d y n a m ic s  M odel 21-130 
m ass sp ec tro m e te r  w ith  a n  ionizing  p o te n tia l  of 68 V a n d  a re  reco rded  in  
p erce n tag e s  re la tiv e  to  th e  m ost in te n se  p ea k  as  100% . E le m e n ta l ana ly ses  
w ere p erfo rm ed  b y  S can d in av ian  M ic ro a n a ly tica l L a b o ra to ry  o r G a lb ra ith  
L a b o ra to rie s , In c . G as c h ro m a to g ram s w ere  reco rd e d  on  a n  F  & M  M odel 
810 gas ch ro m a to g ra p h  a n d  w ere  c a lib ra te d  w ith  b icyc lohexy l as an  in te rn a l 
s ta n d a rd ;  th e  co lum n  used  w as a n  8 -ft 2 0 %  S E -30  o n  C h r P , 8 0 -1 0 0  m esh.

(15) H . F ü h re r  a n d  H . G iin th a rd , Helv. C him . A cta , 45 , 2036 (1962).
(16) P asse d  th ro u g h  M erck  ac id -w ashed  a lu m in a  p r io r  to  use.
(17) S o u th e rn  N ew  E n g la n d  U ltra v io le t  C o., M id d le to w n , C onn ., M odel 

R P R  100: 35 W ; re a c to r  b a rre l , 10 in . (d ia m e te r)  b y  15 in . (d ep th ).
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solution containing a known amount of p-diehlorobenzene as a 
reference standard.

The structure of 7 was established from the following data: 
mp 128-129° (lit.18 132-133°); 2955, 2945, 2930, 2855, 2845,
1450, 1435, 1425, 1270, 1255, 1245, and 1195 cm"1; X“ °H 
285 ntyi (e 34); mass spectrum, m/e 228 (11%), 185 (2%), 114 
(100%), 109 (4%), 81 (87%), and 71 (39%).

Anal. Calcd for C,2H20S2: C, 63.09; H, 8.82; S, 28.07. 
Found: C, 63.19; H, 8.81; S, 28.09.

B.—A solution of 10 g (0.056 mol) of 1 in 500 ml of cyclo
hexane16 was irradiated with a 550-W Hanovia, type A, mercury 
arc lamp contained in a water-cooled quartz immersion well. 
The solution was swept continuously with a stream of oxygen- 
free, dry nitrogen. The nitrogen stream was passed through a 
Dry Ice-acetone trap and then through a solution of bromine in 
CCU. The irradiation was continued for a period of 94.5 hr; 
it was necessary to clean the immersion well of a thin brown poly
meric film 11 times during the course of the photolysis. At the 
end of the photolysis the clear golden yellow solution was con
centrated in vacuo to yield 9.80 g of orange-brown liquid which 
was analyzed by gas chromatography as described in A. The 
results are listed with reaction 1 in Table I.

The other photolyses of 1 listed in Table I were carried out as 
described in part A or B depending on the light source used.

Photolysis of 2, 3, and 4.—The photolysis of 219 [X®'°H 245 
mM (e 274)], 320 [X“ °H 247.5 mM (e 833)], and 4 [X"“0‘“e 251 mM 
(e 732)] was carried out as described in section A for the photolysis 
of 1. The conditions and the product analyses are listed in 
Table II.

l,5-Dithiaspiro[5.4]decane (4).—To a refluxing solution of
77.7 g (0.924 mol) of cyclopentanone in 300 ml of benzene contain
ing 0.5 g of p-toluenesulfonic acid was added, dropwise with 
stirring, 100 g (0.924 mol) of 1,3-propanedithiol. The water 
formed in the reaction was removed as the benzene azeotrope by 
a Dean-Stark trap. The brownish solution was washed with 
three 25-ml portions of 10% aqueous sodium hydroxide and three 
250-ml portions of water. The organic layer was dried (Na2- 
SO4), the benzene was removed in vacuo, and the resulting yellow 
liquid was distilled to yield 132 g (82%) of clear, colorless liquid: 
bp 86-87° (0.05 mm); v ™  2955, 2910, 2880, 1450, 1430, 1310, 
1280, 1245, 1185, 1170, 1120, 1040, 1005, 950, 910, 870, and 680 
cm-1; X"°“‘“” 251 m  ̂ (e 732); nmr (CCI4), 5 2.92 (triplet with 
fine splitting, 4 H) and 2.0 ppm (multiplet, 10 II); mass spec
trum, m/e 174 (29%), 145 (18%), 141 (8%), 113 (7%), 100 
(63%), 71 (32%), 67 (100%), 45 (42%), and 41 (65%).

Anal. Calcd for C8H14S2: C, 55.10; H, 8.09; S, 36.80. 
Found: C, 55.30; H, 8.10; S, 36.85.

Photolysis of 7, 14-Dithiadispiro[5.1,5.1]tetradecane (7).—A 
solution of 400 mg (0.0031 mol) of 7 in 20 ml of n-hexane was 
irradiated for a period of 12 hr as described in section A for the 
photolysis of 1. The brown solution was concentrated in vacuo, 
dissolved in the minimum amount of methylene chloride and the 
resulting solution was analyzed by gas chromatography. The 
only material present other than starting material in a 1% yield 
was dicyclohexyl disulfide (absolute yield 8%).

Photolysis of Dicyclohexyl Disulfide (8).—A solution of 6.5 g 
(0.028 mol) of 8 in 350 ml of cyclohexane16 was irradiated for 12 
hr as described in section A for the photolysis of 1. The solvent 
was removed in vacuo, and the residue was analyzed by gas 
chromatography. The products present were 7 (2%), 9 (1%), 
10 (2%), and 11 (1%).

Dicyclohexyl disulfide (8) was prepared in 57% yield as previ
ously reported,21 bp 100° (0.05 mm).

Dicyclopentyl disulfide (17) was prepared in 54% yield as 
previously reported,22 bp 69° (0.05 mm).

Dicyclopentyl sulfide (18) was prepared in 30% yield as previ
ously reported,22 bp 164° (21mm).

Cyclohexyl cyclopentyl sulfide (19) was prepared in 84% yield 
as previously reported,22 bp 136-137° (13 mm).

Cyclopentyl mercaptan (20) was prepared in 50% yield as pre
viously reported,22 bp 130°.

traras-l,2-Cyclohexanedithiol was prepared in 80% yield from 
trans-cyclohexane-l,2-dithiol trithiocarbonate23 as previously 
reported,24 bp 94-98° (9 mm).

(18) A. R . K a tr i tz k y , et a l., J .  Chem. Soc., 5953 (1965).
(19) E . E . R e id  a n d  A. Je linek , J . Org. Chem., 1 5 , 448 (1950).
(20) H . H a u p tm a n n  an d  M . M . C am pos, J .  A m er. Chem. Soc. 72, 1405.
(21) K . R oseng ren , A c ta  Chem. Scand ., 1 6 , 1401 (1962).
(22) I. N . T its -S k v o rtso v a , A. I . L eonova, a n d  S. Y . L ev ina , Z h. Obshch.

K h im .,  22, 135 (1952); Chem. A bstr ., 49, 5330 (1955).

irans-2,5-Dithiabicyclo[4.4.0]decane (6).—Sodium metal (0.70 
g) was added to 2 g (0.0134 mol) of trans- 1,2-cyclohexanedithiol 
in 50 ml of liquid NII3. To this blue solution was added 2.63 g 
(0.014 mol) of 1,2-dibromoethane, the blue color being dis
charged immediately. The NH3 was evaporated after standing 
for 2 hr, the residue was treated with ether and water, and the 
layers were separated. The ethereal layer was washed with 
water, with 6 N  HC1, and again with water. It was dried (MgS04) 
and concentrated in vacuo to give 2 g (86%) of a white crystalline 
solid, mp 72-74°. Chromatography on alumina and sublimation 
in vacuo at room temperature gave 1.04 g (45%) of product: 
mp 76-77°; r“ 11 2940, 2915, 2860, 1450, 1420, 1335, 1295, 1280 
and 1110 cm-1; X®‘°H shoulder at 230 m/n (e 200); nmr (CCh), 5
1.50 (multiplet, 8 H) and 2.93 ppm (multiplet, 6 H); mass spec
trum, m/e 174 (56%), 146 (10%), 131 (13%), 114 (60%), 105 
(23%), 81 (100%), 67 (22%), 61 (37%), 59 (46%), 45 (47%), 
and 41 (30%).

Anal. Calcd for C8H,4S2: C, 55.12; H, 8.09; S, 36.78. 
Found: C, 54.91; H, 8.26; S, 36.90.

frans-2,6-Dithiabicyclo[5.4.0]undecane (22).—This compound 
was prepared from 2.20 g (0.015 mol) of irnns-1,2-cyclohexane- 
dithiol and 4.60 g (0.0156 mol) of 1,3-diiodopropane except that 
pentane was used in place of ether as the organic solvent. The 
pentane layer was dried (Na2S04) and concentrated in vacuo to 
give 1.01 g of white crystalline material which was chroma
tographed on alumina (hexane solvent) to give 507 mg (17%) of 
product: mp 57-58°; r™“ 2950, 2930, 2915, 2870, 2860, 1460, 
1430, 1320, 1280, 1220, 1200, 1120, 1055, 995, and 880 cm“1; 
X®*°H 225 m/i (e 309); nmr (CC14), 5 2.90 (multiplet, 6 H) and 
1.59 ppm (multiplet, 10 H); mass spectrum, m/e 188 (52%), 
146 (6%), 119 (11%), 114 (34%), 106 (100%), 81 (55%), 73 
(35%), 45 (50%), and 41 (67%).

Anal. Calcd for C9Hi6S2: C, 57.39; H, 8.56; S, 34.05. 
Found: C, 57.11; H, 8.56; S, 34.26.

trans- 1,2-Cyclopentanedithiol.—To a slurry of 2.6 g (0.068 
mol) of LiAlH4 in 50 ml of dry ether was added, dropwise with 
stirring, under an atmosphere of N2, 7.4 g (0.042 mol) of trans-
1.2- cyclopentanedithiol trithiocarbonate23 in 150 ml of dry 
dimethoxyethane. The mixture was stirred overnight at room 
temperature, the excess LiAlH4 was decomposed with water, and 
the mixture was acidified with 10% HC1. The organic layer was 
separated and the aqueous layer was extracted with 75 ml of 
pentane. The combined extracts were dried (MgS04) and con
centrated in vacuo, and the residue was distilled to give 3.13 g 
(55%) of product: bp 97-98°(21 mm); v \ 2985, 2885, 2570, 
1475, 1460, 1330, and 1235 cm-1; nmr, 5 1.93 (broad milltiplet, 
8 H), 1.78 (singlet, 1 H), and 1.72 ppm (singlet, 1 H).

Anal. Calcd for C5H10S2: C, 44.73; H, 7.50; S, 47.76. 
Found: C, 44.63; H, 7.52; S, 47.95.

irares-2,5-Dithiabicyclo[4.3.0]nonane (15).—To a solution of 
1.0 g of trans-1,2-cyclopentanedithiol in 50 ml of liquid NH3 is 
added 0.50 g (0.0218 g-atom) of Na. After hydrogen ceases to 
evolve, the blue solution is treated with 1.90 g (0.0102 mol) of
1.2- dibromoethane. The blue color disappears and a white pre
cipitate forms. The NH3 was evaporated after 2 hr and the 
residue was dissolved in H20  and hexane. The hexane layer 
was separated, dried (MgS04), filtered, and evaporated. The 
resulting colorless liquid was chromatographed on 50 g of Merck 
acid-washed alumina (elution with hexane), and the major frac
tion was distilled to give 0.26 g (21%) of 15 which solidified and 
was sublimed at 25° (0.05 mm): mp 45-46°; bp 67° (0.3 mm); 
r™r 2960, 2950, 2920, 2900, 2880, 2860, 1450, 1410, 1325, 1305, 
1295, 1255, 1220, 1160, 1060, 940, 925, 880, 870, 825, and 680 
cm“1; x£j,“i0H 225 mM (*280); nmr (CC14), 5 2.4-3.3 (multiplet, 
6 H) and 0.9-2.3 ppm (multiplet, 6 H); mass spectrum, m/e 160 
(66%), 132 (16%), 113 (7%), 100 (78%), 67 (100%), 45 (63%), 
and 41 (31%).

Anal. Calcd for C7H,2S2: C, 52.45; H, 7.54; S, 40.01. 
Found: C, 52.87; H, 7.70; S, 39.64.

¿rans-2,6-Dithiabicyclo [5.3.0] decane (24).— In a 100-ml, 
round-bottomed, three-necked flask equipped with stirrer, gas 
inlet tube, Dry Ice condenser, and rubber septum was placed
1.15 g (0.05 g-atom) of sodium metal and 0.04 g of FeCl3. Liquid 
NH3 (75 ml) was condensed in the flask. After 30 min all of the 
blue color had disappeared and a slate gray precipitate of NaNH2 
was present. To this stirred suspension was added dropwise

(23) C. C. J . C u lveno r, W . D av ie s, a n d  K . H , P a n sa c k e r , J .  Chem. Soc ., 
1050 (1946).

(24) S. M . Ig b a l a n d  L. N % O w en, ib id ., 1030 (1960).
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3.1 g (0 .023  m o l) o f ¿ ra? is - l,2 -cy c lo p en tan e d ith io l, fo llow ed  b y
10 g (0 .034 m o l) of 1 ,3 -d iio d o p ro p an e . T h e  re a c tio n  v esse l w as 
k e p t  a t  ro o m  te m p e ra tu re  u n til  th e  N I1 3 e v a p o ra te d . T h e  m ix 
tu re  w as t r e a te d  w ith  w a te r  a n d  e x tra c te d  w ith  p e n ta n e . T h e  
p e n ta n e  e x tra c t  w as w a sh e d  w ith  1 0 %  HC1 a n d  w a te r ,  d r ied , a n d  
c o n c e n tra te d  i n  vacuo. D is t i l la tio n  o f th e  re s id u e  g ave  1.54 g 
(2 5 % ) of p ro d u c t:  > w u 2975, 2935, 2880, 1465, 1425, 1315, 
1270, 1230, 1080, 1070, 855, a n d  730  c m - 1; n m r  (CC14), 8 3 .10  
(m u ltip le t, 6 H )  a n d  2 .0 0  p p m  (m u ltip le t ,  8 H ) ;  m ass sp e c tru m , 
m /e  174 (2 1 % ), 141 (2 4 % ), 100 (2 3 % ), 81 (2 1 % ), 79 (2 1 % ), 67 
(1 0 0 % ), 55 (2 5 % ), 45  (3 6 % ), a n d  41 (7 7 % ).

A n a l.  C a lcd  fo r C 8H i4S2: C , 5 5 .1 0 ; H , 8 .0 9 ; S , 36 .80 . 
F o u n d : C , 5 4 .93 ; H , 8 .0 4 ; S , 37 .01 .

1-Cyclohexene Thiolacetate (25).— T o  a  so lu tio n  of 76 g (0 .52  
m ol) o f 1 ,1 -c y c lo h e x an e d ith io l25 in  700 m l o f p y r id in e  a t  0° w as 
a d d e d  84 g (1 .07  m o l) of a c e ty l  ch lo rid e  o v e r a  p e rio d  o f 1 h r  w ith  
s tir r in g . T h e  p y r id in iu m  h y d ro c h lo rid e  p re c ip ita te d  a t  once  
a n d  th e  re a c tio n  w as v e ry  e x o th e rm ic . T h e  m ix tu re  w as s t ir re d  
4  h r  a n d  f ilte red , a n d  th e  p y r id in e  w as e v a p o ra te d  in  vacuo. 
T h e  re s id u e  w as d isso lv ed  in  500 m l of h e x an e  a n d  e x tra c te d  w ith  
200-m l p o r tio n s  of 10 %  HC1 u n til  th e  aq u eo u s  la y e r  re m a in s  
colorless. T h e  h e x an e  la y e r  w as w ash ed  w ith  w a te r ,  d ried  
(M g S O i), a n d  e v a p o ra te d  to  g ive  95 g (7 9 % ) of p a le  ye llow  
d ia c e ta te : > w  3360, 2925, 2850, 1685, 1450, 1350, 1270, 1250, 
1185, 1105, 1000, 940, 890, 875, 860, 820, a n d  750 c m “ 1. T h is
011 (95 g, 0 .41  m o l)  w as d isso lv ed  in  700  m l o f h ex an e  a n d  p a sse d  
th ro u g h  a n  8 -in . co lu m n  of g lass he lices m a in ta in e d  a t  500° w ith  
N 2 as th e  c a rr ie r  g a s . T h e  r a te  o f a d d it io n  w as a d ju s te d  to  
m a in ta in  th e  te m p e ra tu re  in  th e  tu b e  b u t  also  to  allow  th e  e ffluen t 
gases to  b e  con d en sed  in  a  t r a p  m a in ta in e d  a t  0 ° . A fte r  th ree -  
fo u r th s  o f th e  h e x an e  so lu tio n  w as p y ro ly ze d , th e  h e x an e  in  th e  
t r a p  w as e v a p o ra te d  a n d  th e  re s id u e  w as d is tilled . T h e  low - 
bo iling  f ra c tio n  (p ro d u c t)  w as se p a ra te d  fro m  th e  h ig h -b o ilin g  
s ta r t in g  m a te r ia l  w h ich  w as a d d e d  to  th e  re m a in in g  h ex an e  
so lu tio n . T h e  p y ro ly s is  w as c o n tin u e d  to  c o m p le tio n , th e  h ex an e  
w as re m o v e d  i n  vacuo, a n d  th e  re s id u e  w as d is tilled . T h e  low - 
bo iling  fra c tio n s  w ere  co m b in ed  a n d  re d is tille d  to  give 40 .5  g 
(6 2 % ) of p ro d u c t:  b p  54 ° (0 .0 5  m m ); r*1” 3375, 3020, 2930, 
2870, 2850, 2825, 1700, 1450, 1430, 1350, 1260, 1135, 1125, 1050, 
1015, 940, 920, 915, 830, 790, a n d  725 c m - 1; X^“ “  227 m P (c 
4 750); n m r (CC14), 6 6 .1 0  (m u lt ip le t ,  1 I i ) ,  2 .22  (sin g le t, 3 H ) ,
2 .15  (m u lt ip le t ,  4  H ) ,  a n d  1.68 p p m  (m u ltip le t ,  4 H ) ;  m ass 
sp e c tru m , m /e  156 (2 0 % ), 114 (1 0 0 % ), 81 (9 5 % ), 71 (1 3 % ), a n d  
43  (7 8 % ).

A n a l.  C a lcd  fo r C 8H I2O S: C , 61 .50 ; H , 7 .74 ; S, 20 .52 . 
F o u n d : C , 61 .60 ; H , 7 .8 7 ; S, 20 .46 .

cis- and t ra n s -1 ,2-Cyclohexane Bisthiolacetates.— A  so lu tio n  of
27 .7  g (0 .18  m o l) o f 25 a n d  134.5 g (1 .7 7  m o l) of th io la c e tic  acid  
in a  250-m l q u a r tz  vesse l w as i r ra d ia te d  w ith  a  500-W  G E  su n  
lam p  for 48  h r .  T h e  excess th io la c e tic  a c id  w as re m o v e d  in  
vacuo  a n d  th e  re s id u e  w as d is tilled  to  give 15 .7  g, b p  105° (0.05 
m m ), of p ro d u c t w h ich  w as sh o w n  b y  gas c h ro m a to g ra p h y  to  be 
8 4 %  cis a n d  1 6 %  tra n s  a d d u c t .  D is t i l la tio n  th ro u g h  a  36-in . 
T eflon  a n n u la r  s till g av e  13.3 g  (3 1 % ) b u t  fa iled  to  effect s e p a ra 
tion of th e  isom ers : > w  3365, 2945, 2855, 1690, 1450, 1355, 
1275, 1135, 1110, 995 , 955 , 910 , 880, 835, 755, a n d  705 c m - ';  
\ I T  233 m M (<= 9000).

A n a l.  C a lc d  fo r C J0H 16O 2S2: C , 5 1 .69 ; H ,  6 .94 ; S, 2 7 .60 . 
F o u n d : C , 5 1 .9 4 ; H ,6 .9 5 ;  S , 27 .39 .

«s-l,2-Cyclohexanedithiol.— A  so lu tio n  o f 12.2 g  (0 .05  m o l) of 
th e  m ix tu re  o f c is -  a n d  t ra n s -1 ,2-cy clo h ex an e  b is th io a c e ta te s  in 
100 m l e th e r  w as a d d e d  w ith  s t ir r in g  o v e r a  p e rio d  of 1 h r  to  a  
so lu tio n  of 4 .0  g  (0 .11 m o l) o f L iA lFE in  500  m l o f e th e r .  T h e  
m ix tu re  w as s t i r r e d  a n  a d d it io n a l  30 m in , a n d  th e  excess L iA lH 4 
w as d e s tro y e d  b y  a d d it io n  o f w a te r .  T h e  p re c ip ita te  w as d is
so lved  b y  a d d it io n  o f H C 1, a n d  th e  e th e r  la y e r  w as se p a ra te d , 
w ash ed  w ith  w a te r ,  d r ie d , a n d  e v a p o ra te d  to  g ive  7 .6  g of c ru d e  
d ith io ls . G as c h ro m a to g ra p h y  a n a ly s is  in d ic a te d  th e  m ix tu re  
to  b e  8 4 %  cis  a n d  1 6 %  fraras-d ith io l (p re p a ra tio n  of p u re  leans  
iso m er re p o rte d  a b o v e ) . D is t i l la tio n  th ro u g h  a  36-in . T eflon  
a n n u la r  s till g av e  3 .5  g o f p u re  c is  iso m er: b p  1 0 7 -1 0 8 ° (8 m m );
p i t  2950, 2900, 2860, 2555, 1450, 1350, 1330, 1290, 1275, 1225, 
1190, 1080, 1000, 930 , 880, 825, 805, 740, 715, a n d  675 c m “ 1; 
n m r (C D C 13), 8 3 .25  (m u lt ip le t ,  2 H ) ,  2 .5 0 -1 .0  (m u lt ip le t ,  8 H ) , 
a n d  1.86 p p m  (d o u b le t, J  =  7 .5  H z , 2 H ) .

A n a l.  C a lc d  fo r C 6H 12S2: C , 4 8 .5 9 ; H , 8 .16 ; S, 4 3 .25 . 
F o u n d : C , 4 8 .8 8 ; H ,  8 .2 1 ; S , 42 .89 .

(25) J . J e n tz sc h , J . F a b ia n , a n d  R . M ay e r , Chem. B er., 95, 1764 (1962).

m-2,5-Dithiabicyclo[4.4.0]decane (5).—T h is  c o m p o u n d  w as 
p re p a re d  fro m  1 .0  g  (0 .0068  m o l) of m - l,2 -e y c lo h e x a n e d ith io l ,  
0 .4  g (0 .018  g -a to m ) of so d iu m  m e ta l,  a n d  1.4 g  (0 .0075  m o l) o f
1 .2 - d ib ro m o e th a n e  in  50 m l o f  N H S a s  d esc rib ed  fo r th e  p r e p a ra 
tio n  of 6 e x cep t t h a t  h e x an e  w as u se d  a s  th e  o rg a n ic  so lv e n t in 
s te a d  of e th e r .  C h ro m a to g ra p h y  o n  50 g o f M e rc k  ac id -w ash ed  
a lu m in a  (h ex an e  so lv e n t)  a n d  su b lim a tio n  a t  2 5 °  (0 .2  m m ) g ave  
0 .5  g (4 3 % ) of 5: m p  6 1 -6 2 ° ;  p ™  2940, 2850, 1440, 1405, 1285, 
1270, 990, 924, 910, 875, 850, 825, 740, 690, a n d  680 c m '1; 
C ™  225 m^i (e 4 4 0 ); n m r (C D C 13), 8 3 .1 0  (m u ltip le t, 2 FI),
2 .8 0  (m u ltip le t, 4 H ) ,  a n d  1 .1 5 -2 .6 0  p p m  (m u ltip le t, 8 H ) ;  m ass 
sp e c tru m , m /e  174 (4 3 % ), 131 (3 % ) , 113 (3 0 % ), 105 (9 % ), 92 
(2 0 % ), 81 (1 0 0 % ), 67 (1 4 % ), 61 (1 0 % ), 45 (3 2 % ), a n d  41 
(2 4 % ).

A n a l.  C a lcd  fo r C 8H i4S2: C , 5 5 .1 2 ; FI, 8 .0 9 ; S, 36 .79 . 
F o u n d : C , 55 .26 ; H ,  8 .20 ; S, 36 .20 .

cfs-2,6-Dithiabicyclo[5.4.0]undecane (21).— T h is  c o m p o u n d  
w as p re p a re d  fro m  2 .0  g (0 .014 m o l) o f c fs - l ,2 -c y c lo h ex a n e d ith io l, 
0 .77  g  (0 .034 g -a to m ) of so d iu m  m e ta l,  a n d  2 .9  g  (0 .014  m o l) of
1 .3- d ib ro m o p ro p a n e  in  50 m l of N H 3 a s  d esc rib ed  fo r th e  p re p a ra 
tio n  of 5. T h e  p ro d u c t w'as o b ta in e d  a s  w h ite  c ry s ta ls  in  a  y ie ld  
of 0 .94  g (3 7 % ): m p  4 4 -4 5 ° ;  r “ r 2935, 2855, 1445, 1410, 1305, 
1285, 1275, 1220, 1200, 1180, 1000, 905, 880, 855, 835, 735, a n d  
680 c m - 1; X®‘°H 225 m M (« 49 0 ); n m r  (C D C 13), 5 2 .4 -3 .4  (m u lti
p le t, 6 FI) a n d  1 .2 -2 .4  p p m  (m u ltip le t, 10 F I); m ass sp e c tru m , 
m /e  188 (2 5 % ), 106 (1 0 0 % ), 81 (1 6 % ), 73 (1 2 % ), 45 (2 5 % ), a n d  
41 (3 2 % ).

A n a l.  C a lcd  fo r C 9H i6S2: C , 5 7 .3 9 ; H , 8 .56 ; S , 34 .05 . 
F o u n d : C , 57 .71 ; H , 8 .64 ; S , 33 .80 .

1-CycIopentene Thiolacetate.— T h is  co m p o u n d  w as p re p a re d  
from  110 g of 1 ,1 -c y c lo p en ta n ed ith io l25 b y  th e  sam e  p ro c ed u re  used  
to  p re p a re  25. T h e  c ru d e  d ia c e ta te ,  126 g (7 1 % ), slow ly  de
com posed  o n  s ta n d in g . T h e  y ie ld  o f  p ro d u c t  w as 41 g (53 % ): 
b p  42 ° (0.05 m m ); 3400, 3060, 2970, 2905, 2850, 1710, 
1470, 1445, 1360, 1320, 1295, 1240, 1210, 1140, 1110, 1060, 1040, 
1020, 950, 900, a n d  810 c m “ 1; X*l° H 238 m M (e 4 3 20), 224 m/z 
(e 5040); n m r (C D C 13), 8 6 .0 0  (m u ltip le t, 1 I I ) ,  2 .4 5  (m u ltip le t, 
4 H ) ,  2 .2 2  (sin g le t, 3 H ) ,  a n d  1 .98  p p m  (m u ltip le t ,  2 H ) ;  m ass 
sp e c tru m , m /e  142 (1 4 % ), 100 (3 8 % ), 71 (1 6 % ), 67 (7 7 % ), 43 
(1 0 0 % ), a n d  41 (4 0 % ).

A n a l.  C a lc d  fo r C ,H 10O S: C,' 5 9 .1 2 ; FI, 7 .0 8 ; S , 22 .55 . 
F o u n d : C , 5 9 .56 ; H ,  7 .21 ; S, 22 .01 .

c is -1 ,2-Cyclopentane Bisthiolacetate.— A  so lu tio n  of 36 .5  g 
(0 .275  m o l) of 1 -cy clo p en ten e  th io la c e ta te  a n d  56 g (0 .735  m o l) of 
fre sh ly  d is tilled  th io la c e tic  a c id  w as s t ir re d  fo r 10 h r  a n d  th e n  
i r r a d ia te d  40 m in  w ith  a  500-W  G E  su n  la m p . T h e  excess 
th io la c e tic  a c id  w as e v a p o ra te d  i n  vacuo  a n d  th e  re s id u e  w as d is
tilled  to  g ive  44 g, b p  95 ° (0 .0 5  m m ), o f p ro d u c t  w h ich  w as show n  
b y  gas c h ro m a to g ra p h y  to  be  7 9 %  cis  a n d  2 1 %  tra n s  iso m er. 
D is t i l la tio n  th ro u g h  a  3 6 -in . T eflo n  a n n u la r  s t i l l  g av e  13 g (2 2 % ) 
of p u re  cis  isom er: b p  (0 .05  m m ) 9 5 ° ; 3370, 2970, 2930,
2880, 1690, 1470, 1450, 1420, 1350, 1315, 1255, 1130, 1105, 1000, 
950 , 880 , a n d  810 c m -1 ; X®*°H 234 m # (e 8 660); n m r  (C D C ls), 
8 4 .0 8  (m u ltip le t, 4 H ) ,  2 .3 0  (sin g le t, 6 H ) ,  a n d  1.75 p p m  (m u lti
p le t,  6 IF).

A n a l.  C a lc d  for C 9H i40 2S2: C , 4 9 .5 1 ; FI, 6 .46 ; S, 29 .37 . 
F o u n d : C , 4 9 .5 2 ; H , 6 .48 ; S, 2 9 .29 .

c is-1 ,2-Cyclopentanedithiol.— T h is  c o m p o u n d  w as p re p a re d  
fro m  11 g (0 .055 m o l) o f c is -1 ,2 -c y c lo p en ta n e  b is th io la c e ta te  
a n d  3 .0  g (0 .079 m o l) of L iA lH 4 b y  th e  sam e  p ro c e d u re  u sed  to  
p re p a re  c fs - l,2 -c y c lo h ex a n e d ith io l. T h e  y ie ld  w as 5 .76  g (8 6 % ): 
b p  (0 .3  m m ) 3 7 ° ; > w  2960, 2875, 2550, 1460, 1440, 1305, 1295, 
1275, 1250, 1215, 1125, 1025, 1000, 940, 920 , 890, 840, 790, a n d  
740 c m -1 ; 219 m,u (e 42 0 ); n m r  (C D C 13), 8 3 .25  (m u lt ip le t ,
2 I I ) ,  1 .5 -2 .5  (m u ltip le t, 6 H ), a n d  1 .80  p p m  (d o u b le t, /  =  6 
H z , 2 H ) .

A n a l.  C a lcd  fo r C 5H I0S2: C , 4 4 .7 3 ; FI, 7 .5 1 ; S, 4 7 .7 6 . 
F o u n d : C , 4 4 .8 2 ; H ,  7 .4 7 ; S, 4 7 .64 .

«s-2,5-Dithiabicyclo[4.3.0]nonane (14).— T h is  co m p o u n d  w as 
p re p a re d  fro m  2 .5  g (0 .0187  m ol) o f c is -1 ,2 -cy cIo p en tan ed ith io I, 
0 .97  g  (0 .042 g -a to m ) of so d iu m  m e ta l,  a n d  3 .76  g  (0 .020  m ol) of
1 ,2 -d ib ro m o e th a n e  in  50  m l o f N H 3 a s  d esc rib ed  fo r th e  p re p a ra 
tio n  o f 5. A fte r  c h ro m a to g ra p h y  th e  p ro d u c t  w as d is tilled  to  
g ive  1.3 g  (4 4 % ): b p  71 ° (0 .25  m m ); 2980, 2940, 2910, 
2870, 2800, 1470, 1440, 1420, 1320, 1300, 1280, 1250, 1215, 
1200, 1165, 1125, 1115, 1015, 995, 940, 920, 880, 850, 800, a n d  
680 c m - 1; X®1™ 225 m /j (e 2 70); n m r (C D C 13), 8 3 .15  (m u ltip le t, 
2 H ) ,  2 .7 5  (m u lt ip le t ,  4 IF), a n d  1 .90  p p m  (m u ltip le t ,  6 H ) ;  m ass 
sp e c tru m , m/e 160 (4 5 % ), 99 (3 4 % ), 92 (2 0 % ), 67 (1 0 0 % ), a n d  
45 (3 5 % ).
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A n a l.  C a lcd  fo r C ,H I2S2: C , 5 2 .4 5 ; H ,  7 .5 4 ; S , 4 0 .01 . 
F o u n d : C , 5 2 .80 ; H ,  7 .6 4 ; S , 39 .74 .

c? 's -2 ,6 -D ith iab icy c lo [5 .3 .0 ]d ecan e  (2 3 ).— T h is  c o m p o u n d  w as 
p re p a re d  fro m  2 .5  g (0 .0187  m o l) of c is -  1 ,2 -c y c lo p e n tan e d ith io l, 
0 .92  g (0 .04  g -a to m ) of so d iu m  m e ta l,  a n d  4 .0  g (0 .0191 m o l) of
1 ,3 -d ib ro m o p ro p a n e  in  40  m l o f N H 3 as d esc rib ed  fo r th e  p re p a ra 
tio n  of 5. A fte r  c h ro m a to g ra p h y  th e  p ro d u c t w as d is til led  to  
g iv e  1 .67  g  (5 1 % ): b p  91° (0 .25  m m ); 2970, 2920, 2860, 
2800, 1465, 1445, 1410, 1330, 1310, 1265, 1240, 1215, 1140, 1070, 
1050, 1020, 1000, 965, 940, 925, 910, 880, 850, 790, 735, a n d  
680 c m -1 ; u v  en d  a b so rp tio n  o n ly ; n m r (C D C I 3 ) 8 3 .1 0 -3 .5 0  
(m u lt ip le t ,  2 H ) ,  2 .3 0 -3 .0 5  (m u lt ip le t ,  4 H ) ,  a n d  1 .5 0 -2 .2 0  p p m  
(m u ltip le ! , 8 H ) ;  m ass  sp e c tru m , m /e  174 (2 5 % ), 106 (1 0 0 % ), 
73 (1 6 % ), 67 (3 6 % ), 45 (4 0 % ), an d  41 (6 0 % ).

A n a l.  C a lcd  fo r C 8H i4S2: C, 55 .12; H , 8 .09, S, 36.79. F o u n d : 
C , 55 .35; H , 8 .10 ; S, 36.55.

R e g is try  N o . - ^ ,  15077-17-5; 5, 16214-56-5; 6, 16291-
03-5; 7, 4410-24-6; 14, 16214-58-7; 15, 16214-59-8; 21, 
16214-71-4; 22, 16214-60-1; 23, 16214-61-2; 24, 16214- 
62-3; 25, 15786-82-0; m-l,2-cyclopentanedithiol, 16214-
64-5; trans-1,2-cyclopentanedithiol, 2126-11-6; cis- 1,2- 
cyclohexene bisthiolacetate, 16214-66-7; trans-1,2-cyclo
hexane bisthiolacetate, 16214-67-8; cis-1,2-cyclohexane- 
dithiol, 2242-71-9; 1-cyelopentene thiolacetate, 16214-
69-0; cis-1,2-cyclopentane bisthiolacetate, 16214-70-3.
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H ex aflu o ro a ce to n e  g ives s tep w ise  re a c tio n s  w ith  olefins [>CHC=CH +  CF3COCF3 -*■ —C=CCHC(CF3)2OH 
I I I

+  CF3COCF3 ->- HO(CF3)2CCC=CC(CF3)2OH] som e of w h ich , su rp ris in g ly , o ccu r a t  25°. P ro d u c ts  in  a  2 :1
I

ra tio  a re  genera l, a n d  2 -m e th y lp ro p e n e  a lso  g ives a  3 :1  p ro d u c t.  T e rm in a l  olefins a re  th e  m o s t  re a c tiv e  w ith  
2 -m e th y l- l-a lk e n e s  g iv ing  fa s te r  ra te s  th a n  1-a lkenes. O th erw ise , o lefin  re a c tiv i ty  is d e creased  w ith  in c re ased  
a lk y l su b s ti tu t io n  o f th e ir  u n s a tu r a te d  c a rb o n  a to m s. W ith  su c h  tr i-  a n d  t e t r a s u b s t i tu te d  olefins o r  1 :1  p ro d u c ts , 
a c id -c a ta ly z e d  iso m eriza tio n s  (p ro d u c t fluoro  a lcohols a re  a c id ic ) o c cu r p r io r  to  fu r th e r  re a c tio n  w ith  h ex a 
flu o ro aceto n e . R e a c tio n s  g iv in g  2 :1  p ro d u c ts  a re  ste reospec ific  ow ing  to  s te r ic  effects.

The facile reactions of perfluoro ketones with 
olefins are known to give 1 :1  products;1-6 and, with
2-methylpropene,4'6 2-phenylpropene,6 and allene,6 2:1 
products have been reported. The current work shows 
that the successive reactions occur with comparable 
rates, and hence 2 :1 products are always formed. In
deed, these results suggest that further study of re
lated reactions of olefins with maleic anhydride,7’8 
maleates,8 fumarates,8 methylene malonates,8 pyru
vates,9 or azodicarboxylates7 may reveal that they also 
yield such multiple products.

With 2-methylpropene (eq 1), this reaction is unique 
in its ease and extent (all yields given below are based 
on olefin used), and the specificity common to them is 
observed. All of the hexafluoroacetone was consumed 
(over-all yields based upon it were 100%). Hence, 
higher ketone/olefin ratios gave more lie and III, and 
their yields approached equality at higher reaction 
temperatures (a ketone/olefin ratio of 2.6 at 25° for 
72 hr gave 72% lie and 8% III; a ratio of 2.0 at 180° 
for 72 hr gave 56% lie and 38% III). The reaction of
l,3-dichloro-l,l,3,3-tetrafluoropropanone (2.2 molar ex
cess) with 2-methylpropene at 120° for 72 hr gave 
products analogous to lie (54%) and III (29%). To 
indicate the reaction specificity, no lit, the trans- 1 2 3 4 5 6 7 8 9

(1) D . C . E n g la n d , J .  A m er. Chem . Soc., 83 , 2205 (1961).
(2) H . R . D av is , A b s tra c ts  of th e  140 th  N a tio n a l M ee tin g  of th e  A m erican  

C h em ica l S ocie ty , C h icago , 111., S ep t, 1961, p  25M .
(3) I . L. K n u n y a n ts  a n d  B . L . D y a tk in , Izv . A k a d . N a u k  S S S R ,  Otd. 

K h im . N a u k ,  2, 355 (E ng l, ed , 329) (1962).
(4) M . H . L i t t  a n d  G . J . S c h m itt, U . S. P a te n t  3 ,324,187 (J u n e  6, 1967); 

B r it is h  P a te n t  964,755 (J u ly  22, 1964).
(5) N . P . G a m b a rja n , E . M . R o lsh lin a , a n d  Y . V. Z e ifm an , Izv . A k a d . 

N a u k  S S S R ,  8, 1466 (E ng l, ed , 1425) (1965).
(6) H . R . D av is , U . S. P a te n t  3 ,284,516 (N o v  8, 1966).
(7) K . A lder, F . P asch e r, a n d  A . S ch m itz , Chem . B er., 76, 27 (1943).
(8) R . T . A rn o ld  a n d  J .  S. Show ell, J .  A m er. Chem . Soc., 79 , 419 (1957).
(9) R . T . A rn o ld  a n d  P . V eerav ag u , ib id ., 82 , 5411 (1960).

r / CH3
■C=C + CF3COCF3 - 25°

n ch3 78 h r

1 mol 1 mol
H

TC(CF3)2OH
HC=C +

nCH2C(CF3)2OH
ch3c +

NCH2C(CF3)2OH

1,60% lie, 18%

/ CH2C(CF3)2OH
CH2̂ C

NCH2C(CF3)2OH 
III, 2%

geometrical isomer of lie  (t or c denotes such products 
in which the fluorine-containing groups are trans or 
cis to each other), was formed in any of the above re
actions.

2-Methylpropene is the only olefin studied that gave 
a 3:1 product. I t (1 mol) with hexafluoroacetone 
(4.52 mol) at 209° for 150 hr gave 3% lie, 3% III, 
and 91% IV. A ketone/olefin ratio of 3.1 at 200° for 
60 hr gave 13% lie, 11% III, and 76% IV.

H. /CHACFahOH 
C=C

HO(CF3)2C/  nCH2C(CF3)2OH 
IV

Other 2-methyl-l-alkenes give these sequential re
actions with ease to give 2:1 products. However, 3:1 
products were not observed since in general large 
groups on the terminal olefinic carbon atoms of the 
allylic systems [C2H6-  in V, CH3(CH2)6CH2-  in VII, 
and indeed -C(CFs)2OH in lie, Vic, and VIIIc] in
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hibit this condensation reaction. Again, only the cis 
forms Vic, VIIIc, and IXc were observed (eq 2-4).

CH3

H2C=C—CH2CH2CH3 +  CF3COCF3
, 40 h r

1 mol 2.2 mol
H

/ CH2C(CF3)2OH / CC(CF3)2OH
ch3ch2ch- c(  +  ch3ch2ch2c(

NCH2C(CF3)2OH NCH2C(CF3)2OH
V, 88% Vic, 5%

(2)

ch3

H2C=C—(CHjJi-CHs +  CF3COCF3 —
1 mol 2.25 mol 40 hr

versions of X into XI (reaction 5; 0.33 mol of CF3COCF3 
remained unreacted) and XII to X III (reaction 6; 0.38 
mol of CF3COCF3 was unused) are slower than the cor
responding reactions with 2-methyl-l-alkenes. The 
latter reaction (XII —*■ XIII) is also slower than the 
former (X —► XI). Again, the reactions are selective, 
but here trans isomers are dominant. With 1-butene 
(1 mol) and hexafluoroacetone (0.53 mol) at 25° for 
72 hr, only 40% of the latter was consumed to give 
X llt (19.5%) and XIIc (1.5%). At the higher tem
peratures necessary to form 2:1 products (reaction 6), 
relatively more XIIc was found.

The 2- and 3-alkenes studied were still less reactive, 
and again trans 1:1 products (reaction 8, XVIt > 
XVIc) are favored. However, reactions giving 2:1 
products are stereoselective—only trans isomers are 
observed. cfs-2-Butene is less reactive than trans-2-

/ CH2C(CF,)2OH
CH3(CH2),CH=C

NCH2C(CF3)2OH 
VII, 74%

H
| ch3 -H

,CC(CF3)2OH +  CF3COCF3
+  CHsCCH^C H CH3

NCH2C(CF3)2OH 1 mol 0.90 mol
vine, 15%

ch3

c= ch2

(3)

1 mol

+  CF3COCF3 

2.05 mol

180
40 h r

H
I

¿CC(CF3)2OH 

it ° \I] nCH2C(CF3)2OH 

IXc, 97%

1-Alkenes, such as propene and 1-butene, are less 
reactive than the olefins above. Apparently, the con-

H2C=CHCH3 +  CF3COCF3
48 hr

1 mol 2.16 mol

/ H
ch2= cn

CHC(CF3)2OH 

ch3
XIV, ,18%

160 

48 hr

2\  /  
c - c  (7)

w  x :(cf3)2oh 
XVt, 26%

CH3CH2.  yH

1 mol

+  CF3COCF3 

3.55 mol

200JF  Q I lyr3VWIyr3
w  nch2ch3 120 hr

l3\  / Hq= C c= c  +
E /  NCHC(CF3)2OH ch3/  N CHC(CF3)2OH

C2Hs C2H5

XVIt, 33% XVIc, .17
H. .C(CF3)2OH 

C=C
HO(CF3)2CCH' nC2H5 (8 )

ch2= c
/ ,H

N CH2C(CF3)2OH 
X, 13%

HO(CF3)2CCH2

+ \ : = c
H NC(CF3)2OH
XI t, 82% 

HO(CF3)2CCH2

c=c
ft H
XIc, 4%

,C(CF3)2OH
(5)

h 2c= chch2ch3
lm ol

+  CF3COCF3 

1.65 mol

208° 
80 h r

CH3 yH
C=C

H/  n CH2C(CF3)2OH 
XHt,55%

+
CH3 / CH2C<CF3)2OH

) c = c
f t  XH

XHc;18%

+

HO(CF3)2C /H
/C=C (6)W NCHC(CF3)2OH

ch3 
x m t ,  27%

ch3
X V I I t ,  10%

butene. Even under more drastic conditions (186°, 
72 hr), cfs-2-butene (1 mol) with hexafluoroacetone 
(0.91 mol) gave only 4% XIV and 19% XVt.

In reactions 1 and 4-8, the 1:1 and 2:1 products 
are those expected from successive reactions with hex
afluoroacetone without isomerization of either the re
actant alkenes or these products. However, when 
these olefins are highly branched (RCH=CR2 or 
R2C=CR2), their greater rates of acid-catalyzed isom
erization (products are acidic; see below) and low 
reactivity with hexafluoroacetone results in their con
version into more reactive types by the former reaction 
prior to the completion of the latter. These factors 
dominate the reactions of 2-methy 1-2-butene and 2,3- 
dimethyl-2-butene, and unexpected products result. 
Apparently, these olefins are first isomerized to 2- 
methyl-l-butene or 2,3-dimethyl-l-butene, and these 
more reactive olefins (see above) then react with hex
afluoroacetone. Accordingly, the reaction of 2-methyl- 
2-butene (0.34 mol) with hexafluoroacetone (0.18 mol) 
at 165° for 30 hr gave unreacted olefins (0.154 mol)
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E q u iv a le n ts  of b ase .

Figure 1.—Potentiometrie titrations with tetrabutylammonium 
hydroxide in dimethylformamide of the products (solid lines) 
X (upper), l ie  (middle), and IV (lower), and the reference 
substances (dotted lines) phenol (upper), 1,1,3,3,3-hexafluoro- 
propanol-2 (middle), and acetic acid (lower).

(80% 2-methyl-2-butene and 20% 2-methyl-l-butene), 
a mixture of 1:1 products (0.13 mol) [the 2-alkenes, 
CH3CH=C(CH3)CH2C(CF3)2OH, 72% trans and 8% 
cis, and 20% of the 1-alkene, CH2==C(C2H5)CH2- 
C(CF3)2OH], and XVIII and XIXc (0.013 mol). 
Since only the 1-alkene can react further to give XVIII 
and XIXc, the major 2-alkene 1:1 products must also 
isomerize during reaction 9. Similar evidence was 
obtained for the role of isomerizations in both steps of 
reaction 10 (see Experimental Section). Under the
CH3. /C H 3

.C=C +  CF3COCF3
w  n ch3

1 mol 3.8 mol

186° 
70 hr

CH3 CH2C(CF3)2OH
c = c

HX nCH2C(CF3)2OH 
XVIII, 53%

„CC(CF3)2OH
ÇH3CH2— C (9)

NCH2C(CF3)2OH 
XIXc, 42%

CHn  7 CH3
c = c  +  CF3COCF3

ch/  n ch3
1 mol 4.2 mol

180°
40hr

H
H I
I ^CC(CF3)2OH CH3 / CH2C(CF3)2OH

ch3c—C +  C=C (10)
CH3 'CH2C(CF3)2OH CH3/  NCH2C(CF3)2OH

XXc, 70% XXI, 7%

above reaction conditions, no isomerization of any 
2:1 products is observed since only cis isomers, and 
no trans ones, are observed. The greater stability 
of these ultimate products is important since it pre
serves evidence of reaction specificity, and of relative 
reactivity of allylic hydrogen atoms.

Reactions where such isomerizations are necessary 
require high temperatures and long reaction times. 
One possible reason that vigorous conditions (209° 
for 150 hr) are needed to obtain IV in the mul
tiple reaction with 2-methylpropene is that the ma
jor 2:1 product lie  is unreactive. It is isomerized 
to the other such product III that reacts to give
IV. Also, with the 2-methyl-l-alkenes, reaction 1 
is much faster than reactions 2 or 3. In the former, 
a reactive 2-methyl-l-alkene I is formed first. With
2-methyl-l-pentene or 2-methyl-1-undecene, initial 
products are the unreactive 2-alkenes [trans- and cis-

RCH=C(CH3)CH2C(CF3)2OH] and the reactive 1-al- 
kenes [CH2=C (C H 2R)CH2C(CF3)2OH], The former 
must be isomerized to the latter before the observed 
reaction is completed.

The reaction products, and possibly hexafluoroace- 
tone hydrate (no special precautions were taken to 
make reaction mixtures anhydrous), probably serve 
as acidic catalysts for these isomerizations. Since
l,l,l,3,3,3-hexafluoro-2-propanol is acidic (pK a =
9.3),10 these products were expected to be. Their 
potentiometric titrations (Figure 1) show that the 1:1 
product X is slightly more acidic than phenol, the first 
dissociation constant of the 2:1 product lie  is greater 
than that of phenol but less than that of 1,1,1,3,3,3- 
hexafluoro-2-propanol, and the 3:1 product IV is 
stronger than acetic acid. Interestingly, the second 
dissociation constant of IV is approximately equal to 
the first dissociation constant of lie.

The order of olefin reactivity suggested above 
(CH3CR=CH 2 > RCH=CH2 > Irans-RCH=CHR 
> cfs-RCH=CHR > RCH=CR2 >R 2C =C R 2, R = 
alkyl) is also confirmed by an analysis of the relative 
rates of the competing reactions (A, olefin +  CF3- 
COCF3 1:1 product, vs. B, 1:1 product +  CF3- 
COCF3 2 :1 product) that is possible with those 
experiments in which neither the olefin nor the 1:1 
product was completely consumed [reactions 1, 7 
(also that with cfs-2-butene), and 8]. For example, 
the average mole fraction of 2-methylpropene (0.35, 
initial 0.50 and final 0.20) and that of I (0.30, initial 
0 and final 0.60) and the ratio of rates of formation of 
I, and of lie  and III, from the yield ratio [(I -f- lie  +
III)/(IIc +  III)] permit calculation of the approxi
mate ratio of rate constants for the two successive 
reactions (kA/k B = 3.4 at 25°). Here, therefore, the 
first reaction (A) is faster than the second (B).

With the other reactions so examined, the reverse 
is observed. The reaction (7) of hexafluoroacetone 
with the 1:1 product XIV is faster than that with 
trans-2-butene (kR/kA = 3.0 at 160°), and the cor
responding reactions from cfs-2-butene occur with a 
greater difference in rates (kB/kA = 32 at 186°). As 
expected, the 2-butenes (RCH=CHR) are less reactive 
than the product XIV (RCH=CH2). frans-2-Butene 
reacts over ten times faster than cfs-2-butene. In the 
reaction (8) of (rans-3-hexene, where both it and the 
first product XVI are the same type of olefin (RCH = 
CHR), the difference in rates is diminished (/cb//ca =
2.1). The latter ratio is probably due in part to an
other factor influencing the relative rates of these re
actions—the nature of the allylic hydrogen atom ab
stracted. A tertiary hydrogen atom is so involved in 
the reaction of XVI with hexafluoroacetone, while in 
this reaction with trans-3-hexene the hydrogen atom 
attacked is secondary (general discussion below).

The above identification of geometrical isomers 
among these products is based upon their nmr spectra. 
The absorptions due to the methylene hydrogen atoms 
of -CH2C(CF3)2OH groups cis to -C(CF3)2OH groups 
are at lower field than those in which these groups are 
trans. The magnitude of this difference in chemical 
shift is apparent in the nmr spectrum of IV (methy
lene singlets at 8 3.58 and 3.14). Evidence for the

(10) I .  L . K n u n y a n ts , M . P . G a m b a ja n , C . Y . C h en , a n d  E . M . R okh-
l i n , I z v .  A k a d . N a u k  S S S R ,  Otd. K h im . N a u k ,  684, 633 (1962).
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assignment is that the doublet due to the methylene 
group of the cis form XIc (olefinic coupling constant, 
J  = 12 cps) is at 8 3.27 and that of the trans 
form X lt (olefinic coupling constant, J  = 16 cps) is 
at 8 2.87. Indeed, the chemical shifts of these 
methylenes permit classification of the 2:1 products 
into three groups: (1) those with -CH2C(CFs)2OH 
cis to -C(CF3)2OH (He, 8 3.47; Vic, 3.18; VIIIc, 
3.27; XIXc, 3.23; XXc, 3.27; and XXIXc, 3.17);
(2) those with these groups trans (lit, 8 2.75; X lt, 
2.80; XVt, 2.85); and (3) those with geminal 
-CH2C(CF3)2OH groups (III, 8 3.01; V, 3.04; VII, 
3.07; XVIII, 3.05; XXI, 3.07). The methylene 
absorptions of the trans 2:1 products (group 2) re
semble those in 1:1 products (I, 8 2.68; X, 2.71; 
X llt, 2.67; XIIc, 2.83). The corresponding methy
lene group of IXc (8 3.87) is sufficiently downfield 
from that of the 1:1 product from 2-phenylpropene 
XXXIII (8 3.01) that IXc probably has the indicated 
cis structure (the methylene of IX t from pyrolysis 
experiments is at 8 3.10, see below). Again, the cou
pling constant between the olefinic hydrogen atoms (J  =
15.5 cps) of X H It indicates that it is the trans form. 
Although the multiplet due to the tertiary hydrogen 
atom of X H It (3.08) is different from that of XVIIt 
(8 3.34), the latter probably has the indicated trans 
structure.

The above reactions to give 2:1 products show inter
esting specificity. Products in a 1:1 ratio with hy
drogen atoms attached to the central carbon atoms of 
their allylic systems react with hexafluoroacetone to 
give predominantly trans 2:1 products (reactions 5-8) 
while those with more bulky groups (methyl or larger) 
so attached give cis isomers (reactions 1-4, 9, and 10). 
Study of the molecular models of I and X suggest 
that the specificity is a steric effect, apparent only 
when the transition state is considered in three di
mensions.

The molecular model of I (solid outline in Figure 2) 
shows that steric interaction between the -C(CF3)2OH 
group and the methyl or = C H 2 groups restricts the 
former to one side of the molecule (shown below the 
olefinic system in Figure 2). The attack of hexa
fluoroacetone can then occur only from the side of the

H2C=C=CH2 
1 mol

150°, CFjCOCFj 
90hr 2.17 mol

CF3COCF3,0.73 mol 

130°, 63 hr

H \  /H
C=C=C

HO(CF3)2C/  C(CF3)2OH
XXIII, 88%

molecule away from that of the -C(CF3)2OH group 
(from above as shown in the dotted outline in Figure 2). 
The energy of the transition state is presumably min
imized by the overlap of the ir electrons of the carbonyl 
and olefinic carbon atoms. As shown in Figure 2, 
the carbonyl oxygen atom can then more readily reach 
the methylene hydrogen atom of the -CH2C(CF3)2OH 
group whose concerted removal leads to the formation 
of the cis isomer lie.

0 H £ ( C F  ) OH

C f H c *  / C^ H

/ CR CN
H CF. O - H  

I V
H R

Figure 2.—Perspective drawing of molecular model of I (solid 
outline above, R = H below) with that of hexafluoroacetone 
(dotted outline) above it to illustrate its attack to give lie .

With an hydrogen atom on the middle carbon atom 
of the allylic system as in X (hydrogen instead of 
methyl in Figure 2), reduced steric interaction between 
it and the -C(CF3)2OH group permit them to be 
eclipsed. In this conformation, the hexafluoroacetone 
molecule has equal access to the allylic system both 
above and below it, and the methylene hydrogen atom 
of the -CH2C(CF3)2OH group in position for concerted 
attack from either direction is that whose removal 
leads to the trans 2:1 product X lt. Previous pro
posals of concerted reaction mechanisms with six- 
membered-ring transition states depicted in planar 
projection8’9 have ignored such spatial considerations.

A mechanism involving initial formation of the car
bon-carbon bond to give a zwitterion intermediate 
(see below) has been proposed.11 Such a picture is in 
keeping with the above discussion if the carbonium ion 
center preserves the planarity of the olefin-derived 
system, as it might be expected to do. In fact, this 
concept is useful in explaining the reaction (11) of allene

HC=CCH2C(CF3)2OH +  XXIII, 5% 
XXII, 34%

aCF3)2OH 

H'- C-
HO(CF3)2C - C — VH

+  I I (11)
HCXCF3)2C--C--Cs%(rH

a  I
C(CF3)2OH 

XXIV, 7.4%

with hexafluoroacetone. The structure of XXIV is 
indicated by its ultraviolet [conjugated diene: Amax 
241 m/x (e 18,000)], nmr (4 H-OH singlet, 2 H olefinic 
singlet, and 2 H singlet for ring hydrogen atoms), 
mass (molecular ion 744) spectra, and steric consid
erations. Molecular models show that the -C(CF3)2OH 
groups are too large for two of them to be cis on the

(11) R . L . A de lm an , A b s tra c ts  of th e  1 5 4 th  N a tio n a l M ee tin g  of th e
A m erican  C h em ica l S ocie ty , C h icago , 111., 1967, p  K 6.
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cyclobutene ring, and for the other two to be in the 
alternative configuration with the -C(CF3)2OH groups 
and olefinic hydrogen atoms transposed.

Obviously, the carbonyl bond of hexafluoroacetone 
is not of sufficient length to accomplish concerted 
carbon-carbon bond formation and hydrogen abstrac
tion in either step of its reaction with aliéné. How
ever, if the zwitterions XXV and XXVI are formed 
first, the next step to complete the reaction is possible.

S f V
CF^xAh2c-c+

XXV

OTV V H
C f / V - c t  N «CF,),0H

H/
XXVI

Apparently, the steric effect of the phenyl group is 
not sufficient to affect the selectivity of this reaction 
as the -C(CF3)2OH group does. The dominant 1:1 pro
duct of the reaction (12) of 2-methyl-3-phenylpropene 
(analogous to I) with hexafluoroacetone is XXVIIt 
(I gives lie). The XXVIIc formed is probably due

/C H 3

1. mol

CF3COCF3 

1 mol

25° 
65 h r

Hx / CH2C(CF3)2OH
° 'c\  ch3

XXVIIt, 54%

F *ch2c
XCH2C(CF3),OH + 

XXVIII, 19,%

Hx /CH3
c - c

'CH2C(CF3)20H +
XXVIIc, 9%

H
7/CC(CF3)2OH

( l |  NCH2C(CF3)2C 
XXIXc, 3%

(12)

to a limited steric effect of the phenyl group. The 
following reaction (13) of 3-phenylpropene gave only 
the trans product XXXt.

CH2CH= ch2
k J

lmol

+  CF3(X)CF2C1 — ± -
72 h r

1 mol

Reaction 12 provides a striking example of the in
fluence of steric effects upon the relative reactivities of 
allylic hydrogen atoms. Since acid-catalyzed isom
erization of the 1:1 products is probably limited at 
25°, their yields indicate that, in the competition be
tween the methyl and benzylic hydrogen atoms of 2- 
methyl-3-phenylpropene, the latter are more reactive 
(63% XXVIIt and XXVIIc and 22% XXVIII— 
3% then consumed to give XXIXc). However, the 
further reaction of XXVIII with hexafluoroacetone

gave only XXIXc and none of the isomeric styrene,
C6H 6C H = C (C H 2C (C F3)2O H )2.

The molecular model of XXVIII indicates the reason 
for exclusive attack upon a methylene hydrogen atom 
of its -CH2C(CF3)2OH group. The steric requirements 
of the -C(CF3)2OH and the phenyl groups are so large 
that they tend to be on opposite sides of the plane of 
the olefinic and methylene carbon atoms (phenyl in 
place of the upper hydrogen atom of the methyl group 
of Figure 2, R = C6H5). The smaller phenyl group 
permits attack by the hexafluoroacetone molecule on 
its side where one of the methylene hydrogen atoms of 
the -CH2C(CF3)2OH group is accessible (again only 
the cis isomer XXIXc is formed) while the bulky 
-C(CF3)2OH group obstructs the other side where the 
benzylic hydrogen atoms are.

Such steric effects undoubtedly play a role in other 
reactions in determining the relative yields of the two 
2:1 products formed. The secondary hydrogen atom 
of the -CH2(CF3)2OH group involved in the reaction of 
I to give lie  is more reactive than the primary ones 
of its methyl group that are attacked to give III. 
This kind of secondary hydrogen atom is less reactive 
than those of the alkyl methylenes (C2H5CH2-  or 
C8H i7CH2-) in the second steps of reactions 2 (88% 
V and 5% Vic) or 3 (74% VII and 15% VIIIc). A 
low reactivity of the tertiary hydrogen atom of the 
1:1 product, CH2=C(CH(CH3)2)CH2C(CF3)2OH, is 
indicated in its reaction (10) to give 70% XXc and 
7% XXI. Presumably, steric repulsion between its 
two methyl and -C(CF3)2OH groups again tends to 
keep that tertiary hydrogen atom on the unreactive 
side of the molecule.

Bomb tube pyrolyses of mixtures of lie  and III and 
of IXc give all of the possible products of their /3- 
hydroxy olefin degradation12 and isomerization. The 
evidence supports the above nmr indentifications of 
cis and trans isomers and indicates relative stabilities. 
A neat sample of 60% lie and 40% III at 275° for 
24 hr gave the mixture which is shown in 14 below.

lie +  Iff

28% 21%

CH3̂  ^C(CF3)2OH 
I 4  /C = C  +

ch3 xh
4% f,5%

^CH2C(CF3)2OH
CH3%  +  CF3COCF3 (14)

CH
I

c(cf3)2oh
nt,42%

Equilibrium is here approached by interconversion of 
the 2:1 products and I and by acid-catalyzed isom- 
erizations. The structure assignments of lie  and 
l i t  are confirmed since l i t  is shown to be more stable 
than lie. Further, the nmr spectrum of l i t  is that 
characteristic of all such trans isomers (methylene 
singlet at 5 2.73). Also, the rates of formation of lie, 
li t ,  and III are faster than their rates of degradation, 
and IV is unstable (none observed), under these 
conditions.

(12) R . T . A rn o ld  a n d  G . S m o lin sky , J .  A m er. Chem . Soc., 81, 6443 (1959);
82, 4918 (1960); J .  Org. C hem ., 25, 129 (1960).
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In the similar pyrolysis of IXc (250°, 72 hr) the 
mixture obtained suggests that degradation reactions 
of IX tand IXc are faster than their formation (eq 15).

+ CF3COCF3 +

3
C

C— C(CF3)2OH +  
H

XXXI, 34%

//

O ' y
C(CF3)2OH 

XXXII, 17%

+

/  2
XCH2C(CF3)2OH (15) 

XXXIII, 6%

Again, the methylene singlet of IX t (5 3.10) is at higher 
field than that of IXc (5 3.87) to confirm the isomeric 
identification. This degradation and isomerization 
are too slow to be observed at 184° for 48 hr (conditions 
of reaction 4). As further evidence for the stability 
of these 2:1 products, other methods of olefin isomeriza
tion (trifluoroacetic acid and perchloric acid at re
flux for 48 hr, and palladous chloride in boiling acetic 
acid for 48 hr) gave back unchanged IXc. Hence, 
nearly quantitative conversions into 2:1 products occur 
over a wide range of temperature before their yields 
are limited and the products multiplied by degradation 
and isomerization.

Experimental Section
Reactions of Alkenes with Hexafluoroacetone.—With gaseous 

olefins and this ketone, each of the two reactants was distilled 
from its supply tank into an evacuated 500-ml stainless steel 
bomb held at —80°. To determine the weight of each, the bomb 
was weighed before and after each addition. With liquid olefins, 
a weighed amount was added to the bomb before it was evacuated. 
Then each reaction mixture was held at the reaction temperature 
with rocking for the period specified below. All yields are 
based upon the olefin used.

2-Methylpropene.—After a reaction mixture containing 2- 
methylpropene (7.86 g, 0.14 mol) and hexafluoroacetone (23.2 
g, 0.14 mol) had been held at 25-30° for 78 hr, the bomb was 
opened and unreacted 2-methylpropene was allowed to escape. 
Distillation of the reaction product gave I (18.7 g, 0.084 mol, 
60%): bp 117°; 4H nmr in CC14 with TMS, 3 H singlet at 
S 1.91, 2 H singlet at 2.59, 1 H-OH singlet at 3.17, 1 H narrow 
multiplet at 4.98 ( /  = 1.0 cps), and 1 H narrow multiplet at
5.17 (J  =  1.3 cps).

Anal. Calcd for C,H8F60: C, 37.8; H, 3.6; F, 51.3. Found: 
C, 37.6; H, 3.5; F, 51.0.

The distillation residue solidified. Its nmr analysis indicated 
that it was a mixture of 90% lie  and 10% III (10.9 g, 20%; see 
below).

With 2-methylpropene (4.5 g, 0.08 mol) and hexafluoroacetone 
(35.0 g, 0.21 mol) similarly held at 25-30° for 72 hr, the reaction 
product contained 90% lie  and 10% III (nmr, 25.0 g, 0.064 
mol, 80%) after it had been washed with methylene chloride to 
remove I and reactants. A white solid product (72.0 g, 0.185 
mol, 94%) similarly obtained from a reaction of 2-methylpropene 
(11.0 g, 0.196 mol) and hexafluoroacetone (67.0 g, 0.404 mol) 
held at 180° for 72 hr was shown by nmr analysis to contain 60% 
l ie  and 40% III. These two products were separated by column 
chromatography (Fluorosil, Matheson, 60-200 mesh) to give pure 
III (eluted with 50:50 benzene-petroleum ether of bp 30-60°)

[mp 149-150°; *H nmr in acetone-d6 with TMS, 4 H singlet at 
S 3.01; 2 H broad singlet at 5.33, and 2 H-OH singlet at 6.95; 
mass spectrum, molecular ion 388, 0.39%; 370, 0.78%- 369' 
7.5%; 350, 3.6%; 319, 7.5%; 281, 2.8%; 261, 2.9%; 221,’ 
2.2%; 203,4.0%; 183,1.7%; 165,1.8%; 151,1.7%; 145,1.9%; 
97,2.7%; 73,1.6%; 69,7.5%; 55,4.3%; 43,2.0%; 41,1.9%; 
and 39, 2.0% all of S28; three base peaks, 369, 319, and 69; 
metastables, 331.0, 370 — 350; 315.7, 388-* 350; 262.2 388-*- 
319; 247.5, 319 -* 281; 242.5, 281 -*  261; 182.8, 221 — 201; 
and 165.0, 203 -*■ 183] and lie  (eluted with benzene and benzene- 
ethyl ether) (mp 142.8-144°; 4H nmr in acetone-d6 with TMS, 
3 H singlet at 5 2.09, 2 H singlet at 3.27, 1 H broad singlet at 
5.65, and 2 H-OH singlet at 7.33).

Anal. Calcd for Ci0H8F12O2: C, 30.9; H, 2.1; F, 58.7.
Found, lie: C, 31.2; H, 2.3; F, 59.0. Found, III: C, 31.0-
H, 2.2; F, 58.5.

With a reaction mixture containing 2-methylpropene (6.7 g, 
0.12 mol) and hexafluoroacetone (90.0 g, 0.542 mol) held at 209° 
for 150 hr, a solid product (62.8 g) was obtained. It was tri
turated with methylene chloride (100 ml), and the portion of it 
that remained undissolved (12 g) was removed on a filter. 
Evaporation of the methylene chloride solution gave IV (50.8 
g, 0.092 mol, 77%): mp 106-107° after recrystallization from 
carbon tetrachloride; HI nmr in acetone-d6 with TMS, 2 H 
singlet at 5 3.14, 2 H singlet at 3.58, 1 H singlet with fine splitting 
at 5.98; and 3 H-OH singlet at 7.27; mass spectrum, molecular 
ion 554, 0.02%; 536, 0.61%; 515, 0.58%; 498, 1.1%; 485,
I. 9%; 477, 1.3%; 468, 0.84%; 467, 6.5%; 449, 1.4%; 447, 
0.84%; 429, 3.9%; 428, 1.3%; base peak 427, 10.5%; 387, 
0.95%; 385, 1.7%; 379, 0.84%; 349, 1.7%; 347, 1.2%; 
327, 0.95%; 279, 3.4%; 147, 1.2%; 145, 1.1%; 97, 2.6%; and 
69, 7.4%, all of S28; metastables, 457.8, 497 -*- 477; 456.9, 
498-* 477; 449.7,485 ^ 4 6 7 ; 437.8, 477-*  457; 427.9,467-*  
447; 409.9, 449 -*  429; 407.9, 447 -*  427; 390.4, 467 — 427;
287.9, 427 -* 407; and 351.8, 387 -*  369.

Anal. Calcd for Ci3H8Fi803: C, 28.2; H, 1.5; F, 61.7.
Found: C, 28.3; H, 1.6; F, 61.7.

Nmr analysis of the solid that did not dissolve in methylene 
chloride showed that it contained IV (72 mol %, 9.42 g , 0.017 
mol, 14%), lie  (14.5 mol %, 1.32 g, 0.0034 mol, 2.9%), and III 
(13.5 mol %, 1.24 g, 0.032 mol, 2.7%).

The reaction of 2-methylpropene (8.4 g, 0.15 mol) with hexa
fluoroacetone (77.0 g, 0.464 mol) at 200° for 60 hr gave lie  (7.0 
g, 0.020 mol, 13%), III (6.5 g, 0.017 mol, 11%), and IV (63.6 g, 
0.115 mol, 76%).

2-Methyl-l-pentene.—Hexafluoroacetone (73 g, 0.44 mol) with 
this alkene (16.8 g, 0.20 mol) at 180° for 40 hr gave a product 
mixture (77 g, nmr analysis showed 95% V and 5% Vic) that 
crystallized when it cooled. The major product V was purified 
by five recrystallizations from carbon tetrachloride (73.2 g, 
0.176 mol, 88%): mp 101.6-103.5°; VH nmr in acetone-d6 with 
TMS, 3 H triplet at 5 0.98 (J  =  7.5 cps), 2 H quintet at 2.12 
( J  =  7.5 cps), 4 H singlet at 3.04, 1 H triplet at 5.78 (J = 7.5 
cps), and 2 H-OH singlet at 7.34.

Anal. Calcd for Ci2H12F120 2: C, 34.6; H, 2.9; F, 54.8.
Found: C, 34.5; H, 2.7; F, 54.7.

The presence of Vic (3.8 g, 0.0092 mol, 4.6%, nmr) in the 
crude product was indicated (nmr methylene singlet at 5 3.18).

2-Methyl-l-iwdecene.—This olefin (33.6 g, 0.200 mol) and 
hexafluoroacetone (74 g, 0.45 mol) were held at 180° for 40 hr, 
and the product mixture (95 g) was crystallized upon cooling. 
This crude product contained 83% VII and 17% VIIIc (nmr 
integration of methylene singlets of VII, 5 3.07, and VIIIc, 3.27). 
Recrystallization from methylene chloride gave pure VII (74.0 g, 
0.148 mol, 74%): mp 76-77.8°; HI nmr in acetone-d6 with
TMS, 3 H triplet at 5 0.92 (J  = 6.0 cps), 12 H broad envelope 
at 1.34, 2 H multiplet at 2.24, 4 H broad singlet at 3.07, 1 H 
triplet at 5.80 (J  = 7.0 cps), and 2 H-OH broad singlet at 7.08.

Anal. Calcd for C18H24Fi20 2: C, 43.2; H, 4.8; F, 45.6.
Found: C, 43.3; H, 4.7; F, 45.9.

2-Phenylpropene.—Hexafluoroacetone (68 g, 0.41 mol) and 
this styrene (23.6 g, 0.200 mol) were heated at 184° for 48 hr. 
The crystalline product was nearly pure IXc (86.8 g, 0.193 mol, 
97%): mp 141.5-142.5° after recrystallization from carbon
tetrachloride;4-5 HI nmr in acetone-A with TMS, 2 H singlet at 
6 3.87, 1 H singlet at 6.06, 5 H multiplet (two large peaks) at 
7.52, and 2 H-OH broad singlet at 7.92; mass spectrum, molecu
lar ion system 452, 0.09%; 451,0.78%; 450,4.7%; 381,1.6%; 
base peak 363, 8.6%; 345, 1.2%; 293, 1.1%; 284, 1.3%; 232, 
1.1%; 197, 3.6%; 196, 4.4%; 177, 2.1%; 147, 1.0%;
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146, 1.2%; 145, 2.1%; 117, 3.8%; 116, 1.6%; 115, 4.6%; 
103,1.6%; 97,2.4%; 91,2.2%; 78,1.4%; 77,1.9%; 69,6.2%; 
51, 1.5%; 50, 1.0%; 39, 1.2%; and 28, 2.0%, all of S28; 
metastables, 345.9, 381 363; 327.9, 363 -*■ 345; 325.1, 364 —
344 ; 324.1, 363 — 343; 322.6, 450 381; 306.2, 345 — 325;
287.4, 363 —*■ 323; 276.0, 311 293; 274.3,313-^ 393; 159.8,
196 — 177; 159.0, 197 — 177; 113.0, 117 — 115; and 94.4, 
145 ->- 117.

Propene.—-This olefin (15.5 g, 0.37 mol) with hexafluoro- 
acetone (133.0 g, 0.80 mol) was held at 170° for 48 hr. After 
this reaction mixture had cooled, the bomb valve was opened 
to allow unreacted ketone to escape. The white solid that had 
precipitated from the reaction mixture was separated on a 
filter, and it was shown to be XIc (6.0 g, 0.014 mol, 4%): 
mp 136-137° from chloroform; ‘H nmr in acetone-* with TMS, 
2 H doublet at 5 3.27 (J  = 6.8 cps), 1 H doublet at 5.68 { J  =
12.0 cps), 1 H two triplets at 6.30 ( j  = 12.0 and 6.8 cps), and 
2 H-OH singlet at 6.85. Distillation of the filtrate gave X 
(10.0 g, 0.048 mol, 13%) [bp 98°; 'H nmr in CCh with TMS, 
2 H doublet at S 2.71 ( /  = 6.8 cps), 1 H-OH singlet at 2.98 
and 3 H vinyl multiplet with 1 H doublet at 5.28 ( J  = 17.8 
cps), 1 H doublet at 5.35 (J = 9.5 cps), and 1 H multiplet at 
5.92 (J  = 17.8 and 9.5 cps apparent)] and X lt (112.5 g, 0.301 
mol, 82%) [bp 175.5-176.5°; Hi nmr in acetone-* with TMS, 
2 H doublet at 8 2.80 (J = 7.0 cps), 1 H doublet at 5.67 ( J  =
16.0 cps), 1 H two triplets at 6.33 (J =  16.0 and 7.0 cps), and
2 H-OH singlet at 5.62; mass spectrum, molecular ion 374,
0.11%; 356, 0.97%; 317, 2.6%; 315, 3.7%; base peak 305, 
16.0%; 287, 11.8%; 267, 10.9%; 235, 5.6%, 219, 1.9%; 
217, 2.6%, 205, 1.4%; 69, 2.7%; and 44, 2.7% all of Z28; 
metastables: 278.3, 317 297; 270.1, 305 — 287; 258.5,
297 — 277; 248.7, 347 — 305, 287 -*■ 267; 233.7, 305 -► 267;
228.5, 267 — 247; 214.0, 267 — 239 ; 200.6, 239 -+► 219; and
200.3, 235 217].

Anal. Calcd for C6H6F60: C, 34.6; H, 2.9; F, 54.8. Found: 
C, 34.9; H, 3.2; F, 55.2.

Anal. Calcd for C9H6F120 2: C, 28.9; H, 1.6; F, 60.9.
Found (XIc): C, 28.8; H, 1.3; F, 60.7. Found (Xlt): 0,28.7; 
H, 1.7; F, 60.8.

1-Butene.—A reaction mixture containing this olefin (24.0 g, 
0.43 mol) and hexafluoroacetone (117.0 g, 0.71 mol) was held 
at 208° for 80 hr. Distillation then gave a mixture of X llt  and 
XIIc (69.0 g, 0.311 mol, 73%) [bp 119-120.5°; >H nmr of X llt  
in CCh with TMS, 3 H doublet at 8 1.76 (J  = 5.0 cps), 2 H 
doublet at 2.67 (J  =  6.2 cps), 1 H-OH singlet at 3.10 and 2 H 
multiplet at 5.70 ( /  = 6.2 and 5.0 cps apparent); presence of 
XIIc shown by upfield peak of methyl doublet at 5 1.65; down- 
field peak of methylene doublet at 2.83; integration shows 
75% X llt  and 25% XIIc] and XIHt (45.0 g, 0.116 mol, 27%) 
[bp 186.5-187°; *H nmr in acetone-* with TMS, 3 H doublet 
at 8 1.36 (J  = 7.0 cps), 1 H quintet at 3.08 (J =  8.0 cps), 2 
H-OH singlet at 3.20, 1 H doublet at 5.78 (J = 15.5 cps), 1 H 
two doublets at 6.58 ( /  = 15.5 and 8.0 cps)].

Anal. Calcd for C7H8F60: C, 37.9; H, 3.6; F, 51.3. Found: 
C, 38.2; H, 3.7; F, 51.0.

Anal. Calcd for Ci0H8Fi2O2: C, 30.9; H, 2.1; F, 58.7.
Found: C, 31.1; H, 2.2; F, 58.4.

A reaction mixture containing 1-butene (16.0 g, 0.285 mol) 
and hexafluoroacetone (25.0 g, 0.151 mol) held at 25° for 72 hr 
gave a mixture of X llt  and XIIc (93:7, bp 119-120.5°, 13.0 g, 
0.059 mol, 40%).

trans- and cfs-2-Butenes.—irans-2-Butene (29.4 g, 0.52 mol) 
with hexafluoroacetone (78.0 g, 0.47 mol) at 160° for 48 hr gave 
XIV (21.0 g, 0.095 mol, 18%) [bp 119.5-120.5°; HI nmr in CC14 
with TMS, 3 H doublet at 8 1.32 ( J  = 7.2 cps), 1 H “quintet” 
(broad peaks) at 2.88 (J  = 7.2 cps), 1 H-OH singlet at 3.20,
3 H vinyl multiplet with 1 H doublet at 5.25 ( J  =  15.0 cps), 
1 H doublet at 5.32 (J = 10.5 cps), and 1 H multiplet at 5.93] 
and XVt (53.0 g, 0.137 mol, 26%) [bp 185°; 'H nmr in acetone-* 
with TMS, 3 II singlet at 5 1.87; 2 H doublet at 2.85 ( J  = 8.0 
cps), 1 H-OH singlet at 3.09, 1 H-OH singlet at 3.21, and 1 H 
triplet at 6.28 (J  = 8.0 cps)].

Anal. Calcd for C7H8F60: C, 37.9; H, 3.6; F, 51.3. Found: 
C, 37.9; H, 3.7; F, 51.5.

Anal. Calcd for Ci»H8Fi20 2: C, 30.9; H, 3.1; F, 58.7.
Found: C, 31.2; H, 3.3; F, 59.1.

cis-2-Butene (40 g, 0.71 mol) with hexafluoroacetone (108 g, 
0.65 mol) even under more vigorous conditions (186° for 72 hr) 
gave lower conversions to XIV (6.0 g, 0.027 mol, 4%) and XVt 
(53.5 g, 0.138 mol, 19%).

trans-3-Hexene.—This alkene (10 g, 0.12 mol) with hexafluoro
acetone (70 g, 0.42 mol) at 200° for 120 hr gave a liquid product 
(21 g). Its distillation gave a mixture of XVIt and XVIc (14.7 
g, 0.059 mol, 49%): bp 142° and 44-45° (10 mm); ‘H nmr of 
XVIt in CC14 with TMS, 3 H triplet at 8 0.94 ( /  = 8.5 cps),
2 H multiplet at 1.43 { J  = 8.5 cps), 3 H pair of doublets at 1.90 
( J  = 6.5 and 1.0 cps), 1 H multiplet at 2.61, 1 H-OH singlet at 
3.19, and 2 H multiplet at 6.05, downfield two quartets at 6.08 
{ J  =  17.0 and 6.5 cps); part due to XVIc, methyl doublet pair 
at 8 1.78 (J = 7.0 and 2.0 cps); downfield part of olefinic multi
plet shows two smaller quartets at 6.30 ( J  = 11.0 and 6.5 cps); 
integration of methyl doublet of each shows 65% XVIt and 35% 
XVIc.

Anal. Calcd for C9Hi2F60: C, 43.2; H, 4.8; F, 45.6. Found: 
C, 43.2; H, 4.7; F, 45.6.

Further distillation gave XVIIt (5.0 g, 0.012 mol, 10%): 
bp 40° at 0.08 mm; *H nmr in CCh with TMS, 3 H triplet at
5 1.08 ( J  = 7.5 cps), 3 H doublet at 1.28 ( J  =  7.8 cps), 2 H 
quartet at 2.36 (J = 7.5 cps), 2 H-OH singlets at 3.00 and 3.21,
1 H multiplet at 3.34 (two quartets) (J = 11.0 and 7.0 cps), 
and 1 H doublet at 6.13 (J = 11.0 cps).

Anal. Calcd for Ci2HI2F120 2: C, 34.6; H, 2.9; F, 54.9. 
Found: C, 34.9; H, 2.8; F, 55.2.

2-M eth y l-2-b uten e.—With this olefin (8.3 g, 0.12 mol) and 
hexafluoroacetone (76 g, 0.46 mol) at 186° for 70 hr, a white solid 
product (46 g) was obtained. The crude product contained 56% 
XVIII (25.8 g, 0.064 mol, 53%) [>H nmr in acetone-* with 
TMS, 3 H doublet at 8 1.70 (J = 7.0 cps), 4 H broad singlet at
3.05, 1 II quartet at 5.78 (J = 7.0 cps), 2 H-OH broad singlet 
at 6.70] and 44% XIXc (20.2 g, 0.050 mol, 42%) [HI nmr in 
acetone-* with TMS 3 H triplet at 8 1.09 (J  = 7.5 cps), 2 H 
quartet at 2.33 (J = 7.5 cps), 2 H singlet at 3.23, 1 H broad 
singlet at 5.67, and 2 H-OH broad singlet at 6.70]. Six re
crystallizations from carbon tetrachloride gave a mixture of 80% 
XVIII and 20% XIXc (nmr) that nevertheless melted sharply at 
126-127°.

Anal. Calcd for CnHi0F12O2: C, 32.9; H, 2.5; F, 56.7. 
Found: C, 32.9; H, 2.5; F, 56.9.

Since products XVIII and XIXc are those expected from 2- 
methyl-l-butene, such olefin isomerization was confirmed as 
follows. A reaction mixture containing pure 2-methyl-2-butene 
(24.0 g, 0.34 mol) ['H nmr in CCI4 with TMS, 3 H doublet at 
8  1.54 ( J  = 8.5 cps), 6 II singlet at 1.56, and 1 H quartet with 
fine splitting at 5.15; Varian Aerograph A-90-P, 5 ft X 0.25 in. 
column packed with 20% Dow silicone 710 on Chromosorb W, 
isothermal 70°, He flow rate 1.18 ml/sec, retention time 1.17 
min] single peak] and hexafluoroacetone (30 g, 0.18 mol) was 
held at 165° for 30 hr. Distillation gave recovered olefin (10.8 
g, 0.154 mol) [bp 38-40° (80% 2-methyl-2-butene, nmr above, 
and 20% 2-methyl-l-butene); *H nmr in CCI4 with TMS, 3 H 
triplet at 8  1.00 (J  = 7.0 cps), 3 H singlet at 1.63, 2 H quartet 
at 1.98 (J = 7.0 cps), and 2 H broad singlet, fine splitting at 
4.63; vpc as above two peaks, retention times 0.92 and 1.16 
min] and a mixture of three 1:1 products (31 g, 0.13 mol, 38%) 
(bp 133°). The latter contained 80% CH3CH=C(CH3)CH2C- 
(CF3)2OH, 90% trans and 10% cis [vpc as above, retention time
6.0 min; 'H nmr of trans isomer in CCI4 with TMS, 3 H doublet 
at 8  1.67 ( J  =  7.0 cps), 3 H singlet at 1.72, 2 H singlet at 2.67, 
1 H-OH singlet at 3.22, and 1 H quartet at 5.51 (J = 7.0 cps); 
cis form indicated by methyl doublet at 8  1.92 ( /  = 7.5 cps), 
and smaller quartet in olefin region], and 20% CH2= C (C 2H5)CH2- 
C(CF3)2OH [vpc as above, retention time 4.84 min; 'II nmr in 
CCI4 with TMS, 3 H triplet at 8  1.03 (J  = 7.3 cps), 2 H quartet 
at 2.18 (J  = 7.3 cps), 2 H singlet at 2.77, 1 H-OH singlet at 
3.22, 1 H broad singlet at 5.00, and 1 H broad singlet at 5.18].

Anal. Calcd for C8Hi„F60: C, 40.7; H, 4.3; F, 48.3.
Found: C, 40.6; H, 4.5; F, 48.1.

The distillation residue (5.0 g, 0.013 mol of XVIII, 55%, and 
XIXc, 45%; 4%) solidified when it cooled.

2 ,3-D im eth yl-2-b utene.—2,3-Dimethyl-2-butene (8.4 g, 0.10 
mol) with hexafluoroacetone (70 g, 0.42 mol) at 180° for 40 hr 
also gave a mixture of products (32 g) that solidified upon 
cooling. Nmr analysis showed that it contained 90% XXc 
(28.8 g, 0.069 mol, 69%) ['H nmr in acetone-* with TMS,
6 H doublet at 8  1.13 (j = 7.0 cps), 1 II heptet at 2.42 (J  =
7.0 cps), 2 H singlet at 3.27, 1 H singlet at 5.65, and 2 H-OH 
broad singlet at 8.28], and 10% XXI (3.2 g, 0.0077 mole, 8%) 
('H nmr in acetone-* with TMS, 6 H singlet at 8 1.75, 4 H singlet 
at 3.07, and 2 H-OH broad singlet at 8.28). Here five recrystal
lizations (CCh) gave pure XXc: mp 123.8-125.2°; mass spec-
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trum, molecular ion 416, 0.87%; 401, 0.20%; 398, 0.20%; 
397, 0.20%; 347, 0.50%; 250, 1.6%; 249, 6.2%; 235, 2.7%; 
231, 1.3%; 207, 1.7%; 147, 1.2%; 145, 1.4%; 127, 1.1%; 
97, 1.7% 85, 4.7%; 69, 1.9%; 67, 1.9%; 65, 1.9%; 55, 3.8%; 
53, 1.5%; base peak 43, 9.7%; 41, 7.4%; 39, 3.0%; and 29, 
1.4%, all of 22s; metastables, 380.8, 416 298; 289.4, 416 -*■
347, 329 -* 309; 214.3, 249 331; 200.4, 235 -*■ 217; 196.1,
249 — 221; 182.3,235 —  207; 178.8,249 —  211; 172.1,249 —  
207; and 159.0, 197 —  177.

A n a l .  Calcd for Ci2H 12Fi202: C, 34.6; H, 2.9; F, 54.8.
Found: C, 34.3; H, 2.9; F, 54.9.

With 2,3-dimethyl-2-butene (14 g, 0.17 mol) (vpc as in 2- 
methyl-2-butene experiment, one peak, retention time 3.36 
min; *H nmr in CCU with TM S, singlet at 5 1.61) and hexafluoro- 
acetone (20 g, 0.12 mol) at 170° for 24 hr, the unreacted olefin 
was isomerized, and two 1 :1 products (vpc) were observed. Distil
lation gave a mixture (7.6 g, 0.09 mol, bp 56-75°) of unreacted
2,3-dimethyl-2-butene (85%) (above retention time and nmr) 
and 2,3-dimethy 1-1-butene (15%) [vpc retention time 1.45 min;

nmr in CC14 with TM S, 6  H  doublet at S 1.00 ( J  =  6.7 cps); 
3 H singlet at 1.62, 1 H multiplet at 2.62, and 2 H broad singlet 
at 4.63], The 1:1 products [10.6 g, 0.042 mole, 25%, bp 83° 
(90 mm)] then distilled. Vpc and nmr analysis showed that this 
mixture contained 70% CH 2= C (C H (C H 3)2)CH 2C(CF3)2OH [vpc 
as above, retention time 5.9 min; 1H nmr in CCI4 with TMS, 
6  H doublet at S 1.08 (J  = 6 . 8  cps), 1 H heptet at 2.27 (J  =  6 . 8  

cps); 2 H  singlet at 2.74; 1 H -O H  singlet at 3.59; 1 H broad 
singlet at 5.01, and 1 H broad singlet at 5.22] and 30% (CH3)2- 
C = C (C H 3)CH 2C(CF3)2OH (vpc retention time 1 1 . 1  min; 1H 
nmr in CCh with TM S, 9 H singlet at 5 1.67, 2 H singlet at 2.82, 
and 1 H -O H  singlet at 3.17).

A n a l .  Calcd for C9Hi2F 60: C, 43.2; H, 4.8; F, 45.6.
Found: C, 43.1; H, 5.0; F, 45.5.

The distillation residue (90% XXc and 10% X X I, 10 g, 0.024 
mol, 14%) solidified upon cooling (see above).

Allene.— This diene (15.0 g, 0.37 mol) and hexafluoroacetone 
(45 g, 0.27 mol) were held at 130° for 63 hr, and a colorless liquid 
product (35 g) was obtained. Its distillation gave X X II  (25.9 g, 
0.126 mol, 34%): bp 94°; *H nmr in CCh with TM S, 1 H triplet 
at d 2.23 (J  = 2.5 cps), 2 H doublet at 2.88 (/ = 2.5 cps), and 
1 H -O H  singlet at 3.51.

A n a l .  Calcd for C6H 4F 60: C, 35.0; H, 2.0; F, 55.3. Found: 
C, 34.7; H, 2.0; F, 55.4.

The distillation residue (5.0 g, 0.02 mol, 5%) was the 2:1 
product X X III  described below.

In another such reaction, allene (14 g, 0.35 mol) and hexa
fluoroacetone (126.0 g, 0.76 mol) were heated at 150° for 90 hr. 
After the reaction mixture had cooled and had been evacuated, 
the white product (125 g) solidified. The solid that remained 
undissolved when benzene ( 2 0 0  ml) was added to the crude prod
uct was purified by vacuum sublimation to give X X IV  (10 g, 
0.013 mol, 7.4%): mp 228-229°; *H nmr in acetone-ch with 
TM S, 2 H singlet at 5 4.37, 2 H  singlet at 6.28, and 4 H -O H  
singlet at 7.92; uv spectrum, Xmax 241 m¿1 (e 18,600); mass spec
trum, molecular ion 744, 0.91%; 687, 1.4%; 676, 2.1%; 
675, 10.2%; 657, 2.5%; 637, 1.1%; 577, 0.62%; 559, 0.71%; 
491, 0.67%; 471, 1.3%; 421, 1.2%; 373, 0.70%; 191, 1.6%;
169, 1.0%; 167, 1.3%; 163, 1.1%; 147, 2.5%; 97, 5.5%;
base peak 69, 20.3%; and 28, 1.5%, all of 22S; metastables:
639.5, 675 —  657; 621.5, 657 —  639; 617.6, 657 —  637; and 
612.4, 744 —  675.

A n a l .  Calcd for C i8H sF 24 0 4 : C, 29.0; H, 1.1; F, 61.3.
Found: C, 28.9; H, 1 .1 ; F, 61.2.

Evaporation of the benzene solution gave a solid product that 
was also sublimed (50°) to give X X II I 6 (115 g, 0.309 mol, 8 8 % ): 
mp 70-71°; JH nmr in acetone-d6 with TM S, 2  H singlet at 5 
5.87 and 2 H -O H  singlet at 6.38; mass spectrum, molecular ion 
372, 0.72%; 354, 6.7%; 335, 4.7%; 303, 3.2%; 285, 3.3%;
253, 2.2%; 236, 2.7%; 215, 1.5%; 213, 1.7%; 191, 4.8%;
169, 4.7%; 119, 1.5%; 97, 4.7%; 89, 1.5%; base peak 69, 
16.7%; 39, 2.3%; and 28, 1.5%, all of S28; metastables, 336.9, 
372 —  354; 317.0, 354 —  335; 246.8, 372 —  303; 246.4, 285 —  
265; and 229.4, 354 —  285.

A n a l .  Calcd for C9H 4Fi202: C, 29.0; H, 1.1; F, 61.3.
Found: C, 28.8; H, 1 .1 ; F, 61.1.

The dimerization of X X III  to give X X IV  apparently is cata
lyzed by acid. Samples of X X III  (1 g) were sealed in glass 
ampoules and heated for various times. Since X X III  is soluble 
in benzene and X X IV  is not, these reaction mixtures were tri
turated with benzene; the X X IV  that remained undissolved gave

a measure of the extent of reaction. At 150 and 180° for 60 hr, 
no X X IV  was formed, while at 200° (60 hr), 3% conversion 
into X X IV  occurred. Extensive decomposition of X X II I  took 
place when it was so heated at 250° for 12  hr. When 1  drop of 
concentrated hydrochloric acid and X X III  (1 g) were heated at 
200° for 60 hr, a 10% conversion to X X IV  was observed.

2-Methyl-3-phenylpropene.— The mixture of this olefin (19 g,
0. 14 mol) and the ketone (23 g, 0.14 mol) was held at 25-30° 
in a shaking bomb for 65 hr. Some unreacted ketone escaped 
when the bomb was opened. Nmr analysis of the crude product 
(37 g, 0.12 mol, 8 6 % ) indicated 55% X X V IIt, 15% XXVIIc, 
and 30% X X V III . The distillation gave little separation of 
these three products, bp 62-63° at (0.25 mm). Nmr and vpc 
analysis (F & M 500 chromatograph, 0.25 in. X 5 ft column with 
20% Dow silicone 710 on Chromosorb W, isothermal 152°, 
He flow rate 1.2 ml/sec, retention times of X XV IIc and X X V III
4.5 min and X X V IIt 6.2 min) gave these compositions (fraction
1, 1.0 g, 20% X X V IIt, 27% XXV IIc, and 53% X X V III; 
fraction 2, 4.85 g, 45% X X V IIt, 18% XXV IIc, and 37% 
X X V III; and fraction 3, 2 1 . 1  g, 61% X X V IIt, 13% XXVIIc, 
and 26% X X V III). Fraction 4 was nearly pure X X V IIt 
(7.3 g, 98%): T I  nmr in CCI4 with TM S, 3 H singlet at S 1.98, 
2 H singlet at 2.82, 1 H -O H  singlet at 3.00, 1 H broad singlet at
6.45, and 5 H singlet at 7.24. It was further purified by prepara
tive vpc.

A n a l .  Calcd for Ci3H 12F 60: C, 52.4; H, 4.1; F, 38.2.
Found: C, 52.5; H, 4.1; F, 38.0. Found (fraction 3): C, 
52.5; H, 3.9; F, 38.3.

This study gave the nmr spectra of X XV IIc (T i  nmr in CC14 

with TMS, 3 H singlet at S 2.03, 2 H singlet at 2.93, 1 H -O H  
singlet at 3.00, 1 H broad singlet at 6 .6 8 , and 5 H singlet at 
7.22) and X X V III [‘H  nmr in CC14 with TMS, 2 H singlet at 
& 2.60, 1 H -O H  singlet at 3.00, 2 H singlet at 3.45, 2 H multiplet 
at 5.09 (J  — 1.2 cps), and 5 H singlet at 7.21]. It further gave 
the yields of X X V IIt (0.075 mol, 54%), X XV IIc (0.013 mol, 
9%), and X X V III (0.026 mol, 19%). That the major geometri
cal isomer is X X V IIt [phenyl tr a n s  to -C H 2C(CF3)2OH] and 
the minor one X XV IIc is based upon a comparison of the chemi
cal shifts of their olefinic hydrogen atoms (X XV IIt, 5 6.45; 
XXVIIc, 8 6 .6 8 ). The olefinic hydrogen absorption of l it  
[5 5.46, c is  to -C H 2C(CF3)2OH and tr a n s  to methyl as in X XV IIt] 
is at higher field than that of lie [5 5.65, c is  to methyl and tra n s  
to -C H 2C(CF3)2OH as in X X V IIc ].

The distillation residue ( 2  g) crystallized. Complete vacuum 
sublimation of it gave two fractions, both pure X X IX c: mp
75-76°; JH nmr in acetone-d6 with TM S, 2  H singlet at 6 3.17, 
2 H -O H  singlet at 3.28, 2 H singlet at 3.71, 1 H broad singlet at 
5.79, and 5 H singlet at 7.28.

A n a l .  Calcd for C,6H,2F,202: C, 41.4; H, 2.6; F, 49.1.
Found: C, 41.5; H, 2.7; F, 49.1.

The chemical shift of the olefinic hydrogen atom of X X IX c 
(5 5.79) indicates the structure given rather than that of the 
alternative substituted styrene. The a-olefinic hydrogen atoms 
of such styrenes absorb at lower field (X XV IIt, S 6.45, and 
XXVIIc, 8 6 .6 8 ).

The Reaction of 2-Methylpropene with 1,3-Dichloro-l,1,3,3- 
tetrafluoropropanone.— A reaction mixture containing this 
olefin (10.7 g, 0.19 mol) and ketone (83.2 g, 0.42 mol) was held 
at 120° for 72 hr. After the bomb and its contents had cooled, 
remaining reactants were allowed to escape, and the reaction 
product (72.0 g, 0.16 mol, 84%) solidified. Its vpc analysis 
(above chromatograph and column, isothermal 110°, He flow 
rate 1.18 ml/sec) showed that it contained two substances (65%, 
retention time 12.3 min, and 35%, retention time 13.1 min). 
The one of longer retention time, H 2C = C [C H 2(CF2C1)20 H ] 2 

(25.2 g, 0.056 mol, 29%) (mp 104.5-106°; 'H nmr in CDC13 

with TM S, 4 H singlet at S 3.11, 2 H -O H  broad singlet at 4.16, 
and 2 H singlet at 5.20) was obtained pure after five recrystal
lizations from carbon tetrachloride.

A n a l .  Calcd for C i0H 8F 8C14O2: C, 26.5; H, 1. ; F, 33.5.
Found: C, 26.3; H, 1.7; F, 33.4.

The other product, cfs-CH3C[CH 2C(CF2Cl)2O H ]= C H C (C F2- 
Cl2)OH (46.8 g, 0.103 mol, 54%) (mp 73-74°; 'H nmr in CC14 with 
TMS, 3 H singlet at 5 2.07, 2 H singlet at 3.20, 1 H  broad singlet 
at 5.62, 2 H -O H  broad singlet at 5.73) was purified by column 
chromatography of the recrystallization liquors on alumina 
wherein it was eluted with benzene. It is presumed to be the 
c is  isomer since its nmr spectrum resembles that of lie. The 
product from evaporation of the benzene solution was then sub
limed.
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Anal. Calcd for CioH8FsC140 2: C, 26.5; H, 1.8; F, 33.5; 
Cl, 31.2. Found: C, 26.3; H, 1.7; F, 33.3; Cl, 31.1.

The Reaction of 3-Phenylpropene with Chloropentafluoro- 
propanone.—A solution containing this olefin (80.7 g, 0.68 mol) 
and this ketone (124.5 g, 0.68 mol) was held at 25° for 72 hr. 
Distillation gave only X XXt (102 g, 0.36 mol, 53%); bp 63-65° 
(0.3 mm); *H nmr in CDCL with TMS, 2 H doublet at S  3.28 
( J  =  6.5 cps); 1 H-OH singlet at 3.00, 1 H pair of triplets at
6.09 (J = 16.0 and 6.5 cps), 1 H doublet at 6.58 ( J  =  16.0 cps), 
and 5 H singlet at 7.28.

Anal. Calcd for Ci2Hi„F6C10: C, 47.9; H, 3.4; F, 31.6; 
Cl, 11.8. Found: C, 48.1; H, 3.4; F, 31.7; Cl, 11.9.

Thermal Studies.—A bomb tube containing I (2 g, 0.0090 
mol) was heated at 300° for 16 hr. When this reaction mixture 
cooled, a white solid (0.89 g) precipitated. It was collected on a 
filter and was washed with methylene chloride. Nmr analysis 
showed that it contained 45% lie  and 55% III. The oil re
maining (0.90 g) after the methylene chloride had been removed 
from the filtrate contained unreacted I and l i t  (7:3 molar pro
portions, nmr analysis) and a small amount of polyisobutene. 
Major products therefore were l ie  (0.39 g, 0.0010 mol), l i t  
(0.39 g, 0.0010 mol), and III (0.50 g, 0.0013 mol). I (0.51 g,
0. 0023 mol) remained unreacted.

The product mixture (2 g, 90% lie  and 10% III) was un
changed after it was held at 150° for 24 hr in a sealed tube. How
ever, extensive reaction occurred when a mixture of 60% lie  
and 40% III (14.5 g, 0.0374 mol) was similarly heated at 275° for 
24 hr. When it cooled, part of reaction mixture crystallized. 
It was triturated with carbon tetrachloride (50 ml). Solid 
products (8.2 g) were separated on a filter, and an oil (5.7 g) 
remained after carbon tetrachloride had been distilled from the 
filtrate. Both were analyzed by nmr and vpc methods (Varian 
Aerograph temperature-programmed chromatograph; 20% SE 
30 on Chromosorb P, 0.25 in. X 5 ft; initial temperature 52° 
increased 10°/min; He flow rate 1 ml/sec; retention times—
1, 2.33 min; I', 2.53 min; l it ,  8.42 min; and lie  and III, 9.0 
min). The solid contained 49 mol % lie  (4.02 g, 0.0104 mol), 
38 mol % III (3.11 g, 0.0080 mol), and 13 mol % l i t  (1.07 g, 
0.0028 mol); the oil contained 78 mol % l i t  (4.93 g, 0.013 mol, 
total in both fractions 0.0158 mol), 10 mol % I (0.34 g, 0.0015 
mol), and 11 mol % I' (0.37 g, 0.0017 mol).

Pure l i t  (w26d  1.3598; [H nmr in CDCL with TMS, 3 H 
singlet at 5 2.15, 2 H singlet at 2.73, 2 H-OH singlet at 3.45, 
and 1 H broad singlet at 5.46; mass spectrum, molecular ion at 
388, 0.48%; 369 , 2.1%; 350, 2.8%; 319, 7.1%; 281, 3.7%; 
261, 3.7%; 145, 3.4%; 69, 11.4%; 44, 5.5%; 43, 2.1%; base 
peak at 40, 16.2% all of 239) was obtained by preparative vpc of 
the oil fraction.

Anal. Calcd for CioHsFi202: C, 30.9; H, 2.1; F, 58.7.
Found: C, 30.8; H, 2.2; F, 58.5.

Less extensive reaction was observed when a sample containing 
90% lie  and 10% III was held at 250° for 16 hr. Analysis as 
above showed l ie  (54 mol %), III (18 mol %), and l i t  (28 
mol %).

The bomb tube pyrolysis of IXc (5.0 g, 0.011 mol) contrasts 
with those above since the three possible 1:1 products are more 
important. Again, part of the reaction mixture solidified as it 
cooled, but here vigorous gas (CF3COCF3) evolution occurred 
when the bomb tube was opened. Trituration with carbon tetra
chloride (25 ml) as before gave a solid product (unreacted IXc,
1.5 g, 0.0033 mol) and an oil (2.4 g). Nmr and vpc analysis

(as above, except initial temperature 75° with 10° increase per 
min; retention times—XXXII, 10.55 min; XXXIII, 11.7 
min; XXXI, 12.1 min; IXc, 13.25 min; and IXt, 13.65 min) 
showed that the oil contained 48 mol % XXXI, 25 mol % 
XXXII, 9 mol % XXXIII, and 18 mol % IXt. Total yields 
were XXXI (1.05 g, 0.0037 mol, 34%), XXXII (0.54 g, 0.0019 
mol, 17%), XXXIII (0.20 g, 0.0007 mol, 6%), IXt (0.63 g, 
0.0014 mol, 13%), and unreacted IXc (1.5 g, 0.0033 mol, 
30%).

Pure IXt was isolated by preparative vpc ( n 25D 1.4158; ‘H 
nmr in CDC13 with TMS, 2 H singlet at S 3.10, 2 H-OH singlet 
at 4.56, 1 H broad singlet at 5.91, and 5 II singlet at 7.44; mass 
spectrum, molecular ion at 450, 2.9%; 381, 0.6%; 364, 0.5%; 
363, 3.4%; 283, 10.0%; base peak at 214, 10.7%; 197, 10.0%; 
177, 3.0%; 145, 3.1%; 129, 2.1%; 117, 3.8%; 115, 4.8%; 
91, 2.5%; 77, 3.2%; 69, 4.3%; 51, 3.1%; and 39, 3.1% all 
of 239). Nmr spectra of XXXI (2H nmr in CC14 with TMS, 
3 H methyl singlet at S 2.37, 1 H-OH singlet at 3.00, 1 H broad 
singlet at 5.69, and 5 H singlet at 7.35), XXXII ['H nmr in 
CCh with TMS, 3 H methyl doublet at 6  2.12 (J  = 1.5 cps), 
1 H-OH singlet at 3.00, 1 H broad singlet at 5.69, and 5 H 
singlet at 7.39], and XXXIII (2 H singlet at S 3.21, 1 H-OH 
singlet at 3.00, 1 H broad singlet at 5.32, 1 H broad singlet at
5.51, and 5 H singlet at 7.35) were determined from that of the 
oil and various preparative vpc fractions of it.

Acidities.—These potentiometric acid-base titrations were 
performed with a glass electrode as indicator and a saturated 
calomel electrode, see, as reference; and with a Leeds and 
Northrup pH indicator ( — 700 to 0 and 0 to 700-mV scale). 
Each sample (References: phenol, 0.27 g; 1,1,1,3,3,3-hexafluoro- 
2-propanol, 0.54 g; acetic acid, 30 ml of 0.1006 N. Products: 
X, 0.586 g; lie , 0.554 g; IV, 0.548 g) in dimethylformamide 
(100 ml) was titrated with tetrabutylammonium hydroxide 
(0.34 N ; prepared by dilution of 1 N  reagent in methanol with 
2-propanol). The results are given in Figure 1.

Registry No.—I, 665-05-4; lie, 16202-90-7; l i t ,  
16203-24-0; III, 16202-91-8; IV, 16202-92-9; V, 
16202-93-0; VII, 16202-94-1; IXc, 16202-95-2; IXt, 
16202-96-3; X, 646-97-9; XIc, 16202-98-5; X lt,
16202- 99-6; XIIc, 16223-66-8; X llt, 16203-00-2; 
XHIt, 16203-01-3; XIV, 16203-02-4; XVt, 16203-03-5; 
XVIc, 16203-04-6; XVIt, 16203-05-7; XVIIt, 16203-
06-8; XVIII, 16203-07-9; XIXc, 16203-08-0; CH3- 
CH==C(CH3)CH2C(CF3)2OH (cis), 16203-09-1; CH3- 
CH=C(CH3)CH2C(CF3)2OH (trans), 16203-10-4; 
CH2=C (C 2H5)CH2C(CF3)2OH, 16203-11-5; XXc,
16203- 12-6; CH2=C[CH(CH3)2]CH2C(CF3)2OH, 16203-
13-7; (CH3)2C=C(CH3)CH2C(CF3)2OH, 16203-14-8;
XXII, 16203-15-9; XXIII, 16203-16-0; XXIV, 16203- 
17-1; XXVIIc, 16203-18-2; XXVIIt, 16203-19-3; XX- 
VIII, 16203-20-6; XXIXc, 16203-21-7; CH2=C [C H 2C- 
(CF2C])2OH2], 4795-96-4; cfs-CH3C[CH2C(CF2Cl)2-
OH]=CHC(CF2Cl)2OH, 16203-23-9; XXXt, 16223- 
67-9; XXXI, 16204-30-1; XXXII, 16204-31-2; XXX- 
III, 16204-32-3.
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T h e Photochem istry of U nsaturated N itrogen-Containing Com pounds.
I. Irradiation of Benzalazine
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The direct irradiation of benzalazine (7) in methanol or benzene is shown to produce, after chromatographic 
separation of the irradiation mixture, frcms-stilbene, benzonitrile, and benzaldehyde. The benzaldehyde is not 
present in the reaction mixture immediately after irradiation but results from a reaction occurring during isola
tion. Evidence is presented identifying benzaldimine (8) as the photochemically produced precursor of benzal
dehyde. This observation is incorporated into a proposed reaction mechanism. The inability of triphenylene 
to sensitize this process is discussed both in terms of the excited state responsible for reaction and also in light of 
the previously determined capability of benzophenone to initiate photochemically the decomposition of 7.

During the past several years one of the active areas 
of organic photochemistry has been the study of systems 
which contain two conjugated double bonds. Within 
this general classification of compounds the three types 
of molecules which have attracted the majority of 
attention are the dienes (1), the enones (2), and 
the diones (3). Irradiation of each of these three 
types of systems has produced a different and highly 
varied set of photochemical reactions.1
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In contrast to the three types of systems mentioned 
above, the azinesj (4), the enimines (5a,b), and the 
diimines (6a,b) constitute several additional classes

here on the photochemistry of benzalazine (7) repre
sents the initial phase of such investigation.

Before describing the results of a photochemical 
study of benzalazine (7) it is necessary to note that 
previous mention of the irradiation of 7 has appeared 
twice in the literature.6'6 The first instance,6 an 
account of work done in connection with a study of the 
thermal decomposition of 7, contained the report that 
7 was unreactive when exposed to light of wavelength 
greater than 250 m/j. In the second paper,5 which 
describes an observation arising from the study of the 
reactions of phenyldiazomethane, it was recorded that 
7, upon irradiation in the presence of benzophenone, 
was decomposed to yield benzonitrile. In neither of 
these studies was the photochemistry of benzalazine
(7) the primary goal of the research conducted; there
fore, although several interesting observations were 
made, a comprehensive study of the excited-state re
actions of 7 did not ensue.
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of compounds which possess two conjugated double 
bonds but which have been the subject of little 
photochemical investigation.2-5 Since each of the 
three classifications of conjugated compounds already 
under study has produced an important series of photo
chemical processes in which the type of reaction ob
served varies considerably from one class of compounds 
to the next, a systematic consideration of the re
maining, nitrogen containing systems is a logical and 
potentially valuable undertaking. The work reported

(1) (a) O. L . C h ap m a n , A dvan . Photochem ., 1, 381 (1963); (b) K . S chaffner, 
ib id ., 4, 81 (1966); (c) R . S r in iv a sa n , ib id ., 4, 113 (1966); (d) R . O. K an , 
“ O rg an ic  P h o to c h e m is try ,”  M cG raw -H ill B ook  C o ., N ew  Y o rk , N . Y ., 
1966, p p  3 2 -57 , 9 3 -9 4 , 105-150 ; (e) W . G . D a u b e n  a n d  W . T . W ipke, P ure  
A p p l. Chem ., 9, 539 (1965).

(2) P . B ea k  a n d  J .  L . M iesel, «7. A m er. Chem . Soc., 89, 2375 (1967).
(3) R . A. M itsc h  a n d  P . M . O gden, Chem. C om m un ., 59 (1967).
(4) (a) R . K . B rin to n , J .  A m er. Chem . Soc., 77, 842 (1955); (b) J .  F . 

O gilv il, Chem . C o m m u n ., 359 (1965).
(5) J .  E . H o d g k in s  a n d  J .  A. K ing , J .  A m er. Chem. Soc., 85, 2679 (1963).

Results
Direct irradiation of a methanol solution of 7 under 

a nitrogen atmosphere produced upon removal of 
solvent a deep yellow oil. Chromatography on 
Florisil separated the reaction mixture into four 
fractions: unreacted starting material, benzonitrile 
(38%),7 benzaldehyde (39%), and ¿rans-stilbene (4%). 
The product yields remained constant for different 
low conversions; however, irradiations in which es-

1. hv  in  b en z en e  o r  m e th an o l
C6H5CH=NN=CHC6H5---------------------------------- >

7  2. ch ro m a to g ra p h ic  sep a ra tio n

C6H6C = N  +  CeHsCHO +  C6H5CH=CHC6H5

sentially all of the starting material was consumed 
resulted in lower yields, presumably owing to the photo
chemical decomposition of the products (see Table I). 
A significant change in product yield was noted when 
the relatively inert benzene was used as the reaction 
solvent.8 In this case the reaction mixture after chro - 
matography gave, in addition to unreacted starting 
material, benzonitrile (90%), benzaldehyde (90%), 
and ¿rans-stilbene (7%).

Irradiation of either a benzene or methanol solution 
of 7 with light previously passed through a Pyrex

(6) H . E . Z im m e rm an  a n d  S. S o m asek h a ra , ib id ., 82, 5865 (1960).
(7) A ll y ie lds co rrec ted  fo r u n re a c te d  s ta r t in g  m a te r ia l.  ■
(8) See fo o tn o te  d , T a b le  I . 9
(9) (a )  L. M . S tep h e n so n , D . G . W h itte n , G . F . V esley, a n d  G . S. H a m 

m ond , ib id ., 88, 3666 (1966); (b) J . S a ltie l a n d  L . M e tts , ib id ., 89, 2233 
(1967).
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T a b l e  I

I r r a d i a t i o n s  o f  B e n z a l a z i n e  ( 7 )

R eacn T im e, % —%  y ie ld  of p ro d u c ts 0-----
no. h r com p le tio n F il  te r S ensitizer S o lv en t B e n z o n itr i le  B e n z a ld eh y d e  trans -■Stilbene

l 12 21 None None Methanol 38 40 3
2 20 31 None None Methanol 38 39 4
3 75 100 None None Methanol 33 26 5
4 60 Pyrex6 None Methanol No reaction
5 41 31 Vycor“ None Methanol 36 38 3
6 40 9 None None*1 Benzene 90 90 7
7 60 Pyrex None Benzene No reaction
8 60 Pyrex Triphenylene Benzene No reaction
9“ / g Pyrex Benzophenone Cyclohexane 85 0 0

° Corrected for unreacted starting material. b Removes light of wavelength shorter than 280 mu. c Removes light of wavelength 
shorter than 210 m/x. d It is probable that the solvent was participating in energy transfer in this reaction; however, its exact role is 
unclear. See ref 9a and b. e See ref 5. 1  Time not reported; see ref 5. " Per cent completion was not given but apparently was
near 100; see ref 5.

filter (no transmittance at wavelengths shorter than 
280 ra.fi) resulted in quantitative recovery of starting 
material. When a Vycor filter (no transmittance 
at wavelengths shorter than 210 mfi) was used, the 
reaction took place in the same manner as in the un
filtered irradiation; however, the photolysis time was 
doubled in order to reach the same degree of comple
tion. For a second time no reaction was observed 
when an experiment was conducted using triphenylene 
as a triplet-state sensitizer.10

The photochemical reactions of benzalazine (7) 
are summarized in Table I.

Although benzaldehyde appeared to be one of the 
photoproducts, its characteristic absorption at 5.91 u 
(CHCI3) was absent in the ir spectrum of the crude ir
radiation mixture;11 therefore, benzaldehyde must 
have been the product of some reaction occurring during 
chromatography. Control experiments showed that 
the starting material and the chromatographically 
obtained products were not affected by the isolation 
procedure, thus suggesting the intermediacy of some 
unstable photoproduct which was being transformed 
to benzaldehyde. Although the characteristic benz
aldehyde absorption was missing, the crude ir spec
trum of the irradiation mixture showed an absorption 
band at 6.12 ¿u which was present in neither the starting 
material nor the products but could be identified in the 
spectrum of a known sample of benzaldimine12 (8). 
When the volatile products from the reaction mixture 
were distilled in vacuo at room temperature, the ir 
spectrum of the distillate appeared to be that of a 
mixture of benzonitrile and 8. Since one of the two 
established derivatives of 8 is benzaldimine hydrochlo
ride,12 several attempts were made to obtain this salt 
by saturation of the above-mentioned distillate with 
hydrogen chloride gas; however, no solid product 
could be separated from the mixture. The other 
established derivative of 8 is the corresponding alde
hyde resulting from hydrolysis. After treatment of 
the distillate with water, its ir spectrum resembled 
that of a known mixture of benzonitrile and benzalde
hyde. Reacting the hydrolysis product from the ir
radiation mixture with either semicarbazide hydro

(10) W . G . H e rk s tro e te r , A. A . L am ola , a n d  G . S . H am m o n d , J .  A m er. 
C hem . Soc ., 86. 4537 (1964).

(11) T h e  i r  s p e c tra  of kno w n  m ix tu re s  show ed  t h a t  less t h a t  2 m g of 
b e n z a ld e h y d e  w o u ld  h a v e  been  d e te c te d  u n d e r  th e se  co n d itio n s ; in  ad d itio n , 
co m b in in g  2 m g  of b en z a ld e h y d e  w ith  th e  re a c tio n  m ix tu re  a t  th is  tim e  
c a u s e d  th e  a p p e a ra n c e  of th e  ea sily  d e te c ta b le  ca rb o n y l b a n d  a t  5.91 n.

(12) T . L . T o lb e r t  a n d  B . H o u s to n , J . Org. Chem ., 28 , 695 (1963).

chloride or 2,4-dinitrophenylhydrazine resulted, re
spectively, in the precipitation of the semicarbazone 
and 2,4-dinitrophenylhydrazone of benzaldehyde; in 
this manner, the identity of the hydrolysis product 
was established to be benzaldehyde. A final but 
necessary requirement for the intermediacy of 8 in 
the proposed reaction sequence was met when 8 was 
converted into benzaldehyde during a control chro
matography run. Thus, on the basis of spectroscopic 
evidence, direct hydrolysis to benzaldehyde, and 
chromatographic behavior, the unstable intermediate 
produced upon irradiation of benzalazine (7) is identi
fied as benzaldimine (8).

Discussion
A proposed mechanism for the photochemical for

mation of benzonitrile and benzaldehyde from ben
zalazine (7) is given in Scheme I. In this process it is 
postulated that the initial step is the photochemical 
cleavage of the nitrogen-nitrogen bond in 7 to produce 
a radical pair. The reactive species resulting from this 
fission can either proceed directly via a hydrogen trans
fer to give benzonitrile and benzaldimine (8) (path A)

S c h e m e  I
F o r m a t i o n  o f  B e n z o n i t r i l e  a n d  B e n z a l d e h y d e  

f r o m  B e n z a l a z i n e  ( 7 )

C6II5CH=NN=CHC6H5

rC6H5
\

/
C=N-

H C6H5

•N=C'/
\

H

p a th  B 
sep a ra tio n  of

ra d ic a l p a i r
[C6H6C H =N -

h y d ro g en  a b s tra c tio n  
fro m  a n d  N - N  b o n d  

c leav ag e  in  second  
m olecu le of 7

path  A

h y d ro g en

tra n s fe r C
[C6H5CH=N-]

c ,h 5c = n

c 6h 5c h = n h
8

h y d ro ly s is  d u rin g  
X  c h ro m a to g ra p h y

c 6h 5c h o
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or they may react by an alternative route beginning 
with escape from the solvent cage and leading to re
action with a second molecule of 7 (path B). In re
action through path B the abstraction of a hydrogen 
atom from 7 produces 8 while the subsequent (or 
simultaneous) nitrogen-nitrogen bond cleavage in 7 
leads to benzonitrile and generates a new free-radical 
species capable of repeating the hydrogen abstraction 
process. In either paths A or B, the final step in the 
sequence is the hydrolysis of 8 to benzaldehyde during 
chromatography.

In considering the justification for the proposed 
mechanism, several factors are of importance. First, 
the formation of the radical pair shown in Scheme I 
has considerable analogy in the photochemistry of the 
related a-diketone systems where the photocleavage of 
the central (carbon-carbon) bond is one of the fre
quently occurring processes.13-17 Photochemically pro
ducing the radical pair as outlined above has the ef
fect of creating immediately adjacent to each other, 
two species either one of which can act as a hydrogen 
source or a hydrogen acceptor in a disproportionation 
reaction; therefore, the transfer of a hydrogen atom 
at this point as depicted by path A represents a logical 
subsequent step. Reaction via path A is analogous to 
the reaction pathway proposed for the gas phase ir
radiation of acetaldazine.4a The alternative or, per
haps, additional mode for understanding product for
mation, path B, merits certain consideration owing to 
its resemblence to the previously suggested mechanism 
for the photochemical decomposition of benzalazine
(7) in the presence of benzophenone6 (Scheme II).

S c h e m e  I I
P h o t o c h e m i c a l  F o r m a t i o n  o f  B e n z o n i t r i l e

f r o m  B e n z a l a z i n e  ( 7 )  i n  t h e  P r e s e n c e  o f  B e n z o p h e n o n e 5

(C6H5)2C = 0  (CsH5)2C = 0*
C6H6C H =N —N=CH C6H5 +  (C6H5)2C = 0*  ^=5=

C6H6C = N —N=CH C6H5 +  (C6H5)2COH 

C8H6C = N —N=CH C6H6 +  (C6H6)2C = 0
2C6H5C = N  +  (C6H6)2COH 

2(CeH5)2COH > benzpinacol

Since reaction by either path A or B leads to a result 
which is consistent with the experimental finding that 
benzonitrile and the precursor of benzaldehyde must 
form with equal probability (equal molar quantities 
of benzonitrile and benzaldehyde are always isolated 
when the photochemical reaction is run to different 
low conversions), a definitive statement concerning the 
relative importance of these two processes must await 
the further investigation now in progress. The va
lidity of the final portion of the proposed reaction mech
anism, namely, the existance of benzaldimine (8) as a 
photoproduct and its subsequent conversion to benz
aldehyde, rests in the demonstration given earlier 
in detail (see results) that 8, and not benzaldehyde,

(13) H . A. S ta a b  a n d  J . Ip a k tsc h i, Tetrahedron Lett., 583 (1966).
(14) H . A. S ta a b  a n d  J . Ip ta k ts c h i ,  A ngew . Chem ., In te rn . E d . E ng l., 5, 

320 (1966).
(15) P . A. L eerm ak e rs, P . C . W a rre n , a n d  G . F . V esley, J .  A m er. Chem. 

Soc., 86, 1768 (1964).
(16) N . C . Y an g  a n d  A. M o rd u ch o w itz , J .  Org. Chem ., 29, 1654 (1964).
(17) G . S. H am m o n d , P . A. L eerm ak e rs, a n d  N . J .  T u rro , J .  A m er. Chem. 

Soc., 83, 2395 (1961).

is present in the reaction mixture immediately after 
irradiation of 7 and is totally converted into benzalde
hyde during chromatography.

It is informative to compare certain portions of this 
work with the previously mentioned irradiation of benz
alazine (7) in the presence of benzophenone.6 Since 
excited benzophenone is capable not only of hydrogen 
abstraction but also of triplet energy transfer,18 ben
zonitrile could have resulted either from a hydrogen 
abstraction process such as that given in Scheme II 
or by a transfer of triplet energy from benzophenone 
to 7 followed by a different series of reactions, possibly 
similar with those shown in Scheme I. One method 
for resolving this problem consists of replacing ben
zophenone (Et = 69 kcal/mol9a) with a compound such 
as triphenylene (Et = 67 kcal/mol9a) which is capable 
of transferring triplet excitation of essentially equal 
energy but is not readily able to hydrogen abstract. 
When an experiment was run using triphenylene as a 
sensitizer, no measurable amount of photochemical re
action was observed; thus, a clear indication is pro
vided that hydrogen abstracting ability is an important 
element in the light induced formation of benzonitrile 
from benzalazine (7)-benzophenone mixtures. This 
experiment, however, provides no evidence concerning 
other aspects of the mechanism shown in Scheme II.

The identity of the excited state responsible for the 
observed photochemical reaction is as yet unknown; 
however, the existing experimental data do provide 
some information pertaining to this question. I t is 
reasonable to assume that the triplet energy for benz
alazine (7) is not considerably greater than those 
values found in the related diene-type, systems shown 
in Table II.19-23 On the basis of such a comparison

T a b l e  II
T r i p l e t  E n e r g i e s  i n  D i e n e - T y p e  S y s t e m s

N o.
------ C o m p d --------------------•

N am e
T r ip le t  energy , 

k c a l/m o l R ef

i Butadiene 59.6 a
2 Isoprene 60.0 a
3 1,3-IIexadiene 53.5 a
4 Biacetyl 57.2 b
5 Beuzil 57.3 b
6 Cyelohexenone 61 c

See ref 21 and 22. b See ref 9a. c See ref 23.

it would appear unlikely that the triplet energy of 7 
would be greater than that of triphenylene; conse
quently, in a sensitization experiment triphenylene 
should easily transfer triplet excitation to 7. Since 
no reaction was observed when triphenylene was 
used as an energy transfer agent, it seems reasonable 
to conclude that the lowest energy triplet state of 7 
is not capable of reaction. In comparison with the

(18) L . B . Jo n es  a n d  G . S. H am m o n d , ib id ., 87, 4219 (1965).
(19) A lth o u g h  i t  w o u ld  b e  of in te re s t  to  d e te rm in e  w h e th e r  th e  low est 

t r ip le t  s ta te  of b en z a laz in e  (7) is n  — I I *  o r I I  — I I *  in  n a tu re , th is  is n o t 
n ec essa rily  a  c r itic a l fe a tu re  in  co m p arin g  th e  t r ip le t  en e rg y  of 7 w ith  th o se  
of th e  co m p o u n d s  lis ted  in  T a b le  I I  s ince  th is  g ro u p  co n ta in s  t r ip le t  s ta te s  
w h ich  a re  b o th  of th e  I I  — I I *  (b u ta d ie n e , iso p ren e , a n d  1 ,3 -hexad iene) a n d  
n  — I I *  (b ia c e ty l20) v a r ie ty .

(20) H . E . Z im m e rm an , R . W . B ink ley , J . J .  M cC u llough , a n d  G . A. 
Z im m e rm an , ib id ., 89, 6589 (1967).

(21) D . F . E v a n s , J .  Chem . Soc., 1735 (1960).
(22) R . S. H . L iu , N . J .  T u rro , a n d  G . S . H am m o n d , J .  A m er. Chem . Soc ., 

87, 3406 (1965).
(23) E . Y . L am , D . V alen tin e , a n d  G . S. H am m o n d , ib id ., 89, 3482 (1967).
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lowest triplet state, the lowest energy singlet is no 
more reactive. Irradiation of 7 with light of wave
length greater than 280 m/r produced no reaction even 
though there was considerable absorption of light by 7 
due to the long wavelength absorption band (Xmax 303 
m,u (methanol)). Combining the two observations de
scribed above leads to the unusual conclusion that the 
reactivity of 7 is derived from an excited state other 
than the lowest singlet or triplet.

Although ¿rans-stilbene is a minor product resulting 
from the irradiation of 7, the mechanism for its for
mation is of interest owing to the existance of several 
possible reaction pathways each of which finds some 
precedent in the chemical literature. Work designed 
to select among these several possibilities is now in 
progress.

Experimental Section24
Direct Irradiation of Benzalazine (7) in Methanol.— In a

typical run 208.3 mg (1.000 mmol) of benzalazine25(7) in 300 ml 
of anhydrous m ethanol26 was irradiated for 20 hr at 23° w ith  
constant stirring using a 100-W H anovia high-pressure quartz 
mercury-vapor lamp which had been lowered into a water-cooled 
quartz immersion well. Prepurified nitrogen was passed through 
the solution for 1  hr prior to irradiation and a slow stream of 
nitrogen was continued during photolysis. N o filter was used.

After 20 hr, the solvent was removed by distillation in  vacuo  
below 40°, producing a distillate which was transparent in the 
uv spectrum and leaving a yellow oil. The residual oil was 
chromatographed on a 78 X 2.5 cm Florisil column slurry packed 
in 1:9 ether-hexane; 20 ml fractions were collected. The column 
was eluted as follows: 0 .5  1. of hexane; 1.0 1. of 1:99 ether- 
hexane; 0 .5  1. of 1:49 ether-hexane; 1.0 1. of 1:24 ether-hexane; 
0.51. of 1 : 1 2  ether-hexane; and 0.51. of 1 : 6  ether-hexane.

Fractions 16-30 yielded 2.4 mg (4% ) of crystalline tra n s-  
stilbene, mp 121-122° (lit . 27 mp 124°). This material was 
identical in ir spectrum and showed no mixture m elting point 
depression w ith a known sam ple. Fractions 90-120 yielded 144 
mg of benzalazine (7) as yellow crystals, mp 9 2-93°. Fractions
123-139 afforded 12.7 mg (39% ) of a slightly yellow oil which  
gave the ir spectrum of benzaldehyde. Treatm ent of these 
fractions w ith semicarbazide hydrochloride according to the 
m ethod of Shriner, Fuson, and Curtin28 produced benzaldehyde 
semicarbazone, mp 220-222° (lit . 28 mp 222°). Fractions 140-167 
gave 12.0 mg (38% ) of a clear oil identical in ir and uv spectra 
w ith a known sam ple of benzonitrile.

Irradiation of Benzalazine (7) in Methanol Using a Vycor 
Filter.— The type and amount of materials used and the irradia
tion procedure were identical w ith that described in the direct 
irradiation in m ethanol except that a vycor filter was placed be
tween the light source and the reaction mixture and the irradia
tion tim e was increased to 41 hr.

The irradiation mixture was chromatographed on a 76 X 2.5  
cm Florisil column slurry packed in 1:9 ether-hexane; 500 ml 
fractions were collected. The column was eluted as follows:
3.51. of 1:19 ether-hexane and 0 .51. of 1:9 ether-hexane.

Fraction 1  gave 2.0 mg (3% ) of crystalline frans-stilbene, mp 
120-122°. Fractions 2 and 3 gave 144 mg of benzalazine (7) as a 
yellow solid, mp 90-93°, yielding, after 1 recrystallization from 
petroleum ether (35-60°), 139 mg of benzalazine (7), mp 9 3-94°. 
Fractions 5 and 6  afforded 12.7 mg (38% ) of benzaldehyde, 
identified by ir spectroscopy. Fractions 7 and 8  yielded 11.5 mg 
(36% ) of benzonitrile, identified by ir spectroscopy.

Irradiation of Benzalazine (7) in Methanol Using a Pyrex 
Filter.— The procedure and the identity and quantity of the

(24) A lt m e ltin g  p o in ts  w ere  ta k e n  on  a  F ish e i—Jo h n s  b lo ck  a n d  a re  cor
re c te d .

(25) T . C u r tiu s  a n d  R . J a y ,  ,/. P ra k t. C hem ., 39, 45 (1889).
(26) I n  m e th a n o l b en z a laz in e  show s a b s o rp tio n  m a x im a  a t  303 (e 37,800) 

a n d  217 ( t 17,900) w ith  sh o u ld e rs  a t  324 (e 17,200) a n d  309 (« 34,000) 
m  n.

(27) A. M ic h a e lia  a n d  H . L ange, B er., 8, 1314 (1875).
(28) R . L . S h rin e r , R . C . F u so n , a n d  D . Y . C u r tin , “ T h e  S y s te m a tic  

Id e n tif ic a tio n  of O rg an ic  C o m p o u n d s ,” J o h n  W iley  a n d  S ons, In c .,  N ew  
Y ork , N . Y ., 1956, p p  218 a n d  283.

compounds used corresponded exactly to the direct irradiation in 
m ethanol except that a Pyrex filter was placed between the light 
source and the reaction mixture and the irradiation tim e was in
creased to 60 hr. The chromatographic adsorbent and elution  
scheme were the sam e as used in the direct irradiation.

Fractions 90-135 afforded 207 mg of crystalline benzalazine
(7), mp 9 2-93°.

Direct Irradiation of Benzalazine (7) in Benzene.— The type  
and am ount of compounds used and the experimental procedure 
were the sam e as in the direct irradiation in m ethanol except that 
the reaction solvent was benzene and the irradiation tim e becam e  
40 hr.

The irradiation mixture was chromatographed on a 76 X 2.5  
cm florisil column slurry packed in 1:9 ether-hexane; 20 ml 
fractions were collected. The column was eluted as follows: 
0.5 1. of hexane; 0 .5  1. of 1:99 ether-hexane; 0 .5  1. of 1:49  
ether-hexane; 0 .5  1. of 1:24 ether-hexane; and 1.0 1. of 1:12  
ether-hexane.

Fractions 15-35 yielded 1.1 mg (7% ) of crystalline tra n s -  
stilbene. Fractions 96-115 gave 190 mg of benzalazine (7) as a 
crystalline yellow' solid, mp 9 1-93°. Fractions 116-125 afforded
8 . 6  mg (90% ) of benzaldehyde which was identified by ir spec
troscopy. Fractions 126-150 yielded 8.1 mg (90% ) of benzo
nitrile, also identified by ir spectroscopy.

Irradiation of Benzalazine (7) in Benzene Using a Pyrex 
Filter.— The procedure and the identity and quantity of the  
compounds used were exactly that employed in the direct irradia
tion in methanol except that a Pyrex filter was placed between the  
light source and the reaction mixture, benzene was used as an 
irradiation solvent, and the irradiation tim e was 60 hr. The 
chromatographic adsorbent and the elution schem e were the  
sam e as used in the direct irradiation in m ethanol.

Fractions 95-130 afforded 206 mg of crystalline benzalazine
(7), mp 9 2-93°.

Irradiation of Benzalazine (7) in Benzene Using Triphenylene 
as a Sensitizer.— In a typical run 52.1 m g (0.25 m m ol) of 
benzalazine (7) and 280 mg (1.22 m m ol) of triphenylene in 300 
ml of benzene were irradiated for 60 hr. The experimental pro
cedure used, including the chromatographic separation, was the 
sam e as that used in the direct irradiation in m ethanol except 
that a Pyrex filter was placed between the light source and the 
reaction mixture.

Fractions 100-127 from the chromatography yielded 53.7 mg 
of yellow solid, m p 89-93°, producing after recrystallization from 
petroleum ether, 52.0 mg of benzalazine (7), mp 92-94°.

Test of the Stability of Benzalazine (7) under the Reaction and 
Isolation Conditions.— Benzalazine (7) (208.3 mg, 1.000 m m ol) 
was dissolved in 300 ml of anhydrous methanol and stirred for 60 
hr at 25°, and the solvent was removed by distillation in  vacu o  
below 40°. The residual solid was chromatographed on a 77 X
2.5 cm Florisil column slurry packed in 1:9 ether-hexane; 20 ml 
fractions were collected. The column was eluted as follows: 
0.5 1. of hexane; 0 .5  1. of 1:99 ether-hexane; 0 .5  1. of 1:49  
ether-hexane; 1.0 1. of 1:24 ether-hexane; 0 .5  1. of 1:12 ether-  
hexane; and 0.51. of 1 : 6  ether-hexane.

Fractions 90-135 yielded 206 mg of benzalazine (7), mp 9 3 -  
94°.

Test of the Stability of Benzonitrile during Chromatography.—
Benzonitrile (63 mg, 0.61 m m ol) was chromatographed on a 
79 X 2.5 cm column of Florisil slurry packed in 1:9 ether-hexane; 
500-ml fractions were collected. The column was eluted as 
follows: 0 .5  1. of hexane; 0 .5  1. of 1:99 ether-hexane; 0 .5  1. o f  
1:49 ether-hexane; 0 .5  1. of 1:24 ether-hexane; and 2 .0  1. of 
1 : 1 2  ether-hexane.

Fractions 7 and 8  gave 59 mg of benzonitrile identified by ir 
spectroscopy.

Test of the Stability of Benzaldehyde during Chromatogra
phy.— Benzaldehyde (52 mg, 0.49 mmol) w as chromatographed 
on a 78 X 2.5 cm column of Florisil slurry packed in 1 :9 ether- 
hexane; 500-ml fractions were collected. T he column was 
eluted as follows: 0 .5  1. of hexane; 0 .5  1. of 1:49 ether-hexane; 
0.51. of 1 :24 ether-hexane; and 2.51. of 1:12 ether-hexane.

Fraction 8  gave 52 mg of benzaldehyde identified b y  ir spec
troscopy.

Identification of Benzaldimine12 (8) as an Intermediate in the 
Photolysis of Benzalazine (7).— A 208.3-m g (1.000 m m ol) sam ple 
of benzalazine (7) in 300 ml of anhydrous m ethanol was irradiated 
according to the procedure described in the direct irradiation in 
m ethanol. After 75 hr, the solvent was removed by distillation  
in  vacuo  below 40°, giving a distillate which was transparent in



the uv spectrum and leaving a residual yellow oil. The ir spec
trum of this oil showed no absorption at 5.91 y  ( C = 0  in 
benzaldehyde) but did exhibit absorption at 6.12 ¡i [ (C = N  in 
benzaldimitie (8 )]. The volatile photoproducts were removed 
in  vacuo  from the reaction mixture at 25° leaving a solid yellow  
residue and giving as a distillate a clear oil. The ir spectrum of 
the oil was that of a mixture of benzonitrile and 8  with no benzal
dehyde present . 29 Addition of 1.0 ml of water to the distillate, 
stirring for 1 0  hr, extraction w ith ether, and evaporation of the 
ether gave a second oil whose ir spectrum appeared to be that of 
a mixture of benzaldehyde and benzonitrile. Treatm ent of this 
oil with semicarbazide hydrochloride according to the method of 
Shriner, Fuson, and Curtin28 led to the isolation of benzaldehyde 
semicarbazone, mp 2 2 0 - 2 2 2 ° (lit . 28 mp 2 2 2 °).
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(29) T h e  b en z a ld im in e  u sed  fo r co m p ariso n  w as sy n th es iz ed  acco rd ing  to  
th e  p ro ced u re  g iv en  in  re f  12.

Conversion of Benzaldimine (8) into Benzaldehyde during 
Chromatography.— Benzaldimine (8) (52.1 mg, 0.49 mmol) was 
chromatographed on a 76 X 2.5 cm column of Florisil slurry 
packed in 1:9 ether-hexane: 20-ml fractions were collected. 
The column was eluted as follows: 0.5 1. of hexane; 0.5 1. of
1:99 ether-hexane; 0.5 1. of 1:49 ether-hexane; 1.0 1. of 1:24  
ether-hexane; and 0.51. of 1 : 1 2  ether-hexane.

Fractions 120-140 afforded 45 mg of benzaldehyde, identified 
by ir spectroscopy and its semicarbazone derivative, mp 218-220°  
(lit . 28 mp 2 2 2 °).

Registry No.—7, 588-68-1; 8, 16118-22-2.
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Nitrobenzene reacts w ith toluene at 600° to give the arylation product, methylbiphenyl, in addition to biphenyl 
and the toluene dehydro dimers (bibenzyl, methyldiphenylmethane, and dim ethylbiphenyl). M ost of the-bi
phenyl contains one benzene ring from toluene and nitrobenzene each ; some consists of benzene rings solely from 
one reactant. Toluene and toluene-œ-ih, pyrolyzed at low conversion, give only the dehydro dimers. The 
total amount and distribution differ markedly from that resulting in the nitrobenzene reaction. Apparently, in 
the absence of added free radicals, toluene pyrolyzes largely by a nonradical mechanism.

Earlier papers described the reactions of nitrobenzene 
with benzene1 and with its fluorinated derivatives.2 
To extend these studies to compounds containing 
benzylic hydrogens, we examined the reactions of 
aromatic nitro compounds with a series of methylated 
benzenes and naphthalenes. This paper describes the 
reactions of nitrobenzene with toluene and toluene-a
ds and of nitrobenzene-d5 with toluene, as well as the 
pyrolysis of toluene-a-d3 alone.

Experimental Section
Materials. The reagents and standards for gas chromatog

raphy, except as noted below, were purchased from Aldrich 
Chemicals and used as received. Where purity was critical, the  
reagent was analyzed and, if necessary, purified by distillation, 
crystallization, and gas chromatography.

Table I shows the source and m elting (or boiling) points of the 
ten ChH h isomers used as gas chromatography standards. 
M ethyldiphenylm ethanes were prepared from m ethylbenzyl 
bromides rather than the chlorides as Senff described . 3 Reac
tion w ith benzene in the presence of ferric chloride was vigorous, 
and careful addition was necessary to keep the reaction under 
control.

Dim ethylbiphenyls were prepared by stirring and refluxing 
mixtures of iodotoluenes and copper at atmospheric pressure for 
24 hr, instead of in a bomb tube as described by U llm ann . 4 Un- 
symmetrical dim ethylbiphenyls were made from equimolar 
mixtures of two iodotoluenes. They were not isolated; their 
retention times were determined by comparison w ith authentic 
symmetrical dim ethylbiphenyls.

(1) E . K . F ie ld s  a n d  S. M eyerson , J .  A m er. Chem. Soc., 89, 3224 (1967).
(2) E . K . F ie ld s  a n d  S. M ey erso n , J .  Org. Chem ., 32, 3114 (1967).
(3) P . Senff, A n n .,  220, 230 (1883).
(4) F . U llm an n  a n d  G . H . M eyers , ib id ., 332, 42 (1904).

T a b l e  I
S y n th esized Y ield , ,-------M p  (b p ), °C ------- .

C om p o u n d acco rd ing  to m ol % F o u n d L it.
B ibenzy l P u rch ased ,

A ldrich
52 52

2 -M eth y l d ip h e n y lm e th an e a 54 (279-281) (279-282)
3 -M eth y ld ip h e n y lm e th a n e a 48 (265-269) ¿ 6 8 - 2 6 9 )
4 -M e th y ld ip h e n y lm e th a n e b 38 (280-282) (279-280)
2 ,2 '-D im e th y lb ip h e n y l c 33 15-17 1 7 .8
2 ,3 '-D im e th y lb ip h e n y l c (265-267)
2 ,4 /-D im e th y lb ip h e n y l c (272-260)
3 ,3 '-D im e th y lb ip h e n y l c 38 (285-287) (286-287)
3 ,4 '-D im e th y lb ip h e n y l c (288-289)
4 ,4 /-D im e th y lb ip h e n y l P u rch ased ,

A ldrich
120-121 122

“ See ref 3. 6 A. Behr and N . A. van Dorp, B er., 7, 18 (1874). 
c See ref 4.

Toluene-a-d3 was prepared in 45 mol % yield by reduction of 
benzotrichloride in D 20  w ith zinc d u st . 5 I t  had the following 
isotopic composition: 2.3%  d 2, 96.2%  d 3, 1.0% d4, 0.3%  ds, and 
0 .2 % d 6. Nitrobenzene-ds was prepared in 50 mol % yield by  
nitrating benzene-d6 w ith nitrogen pentoxide in carbon tetra
chloride according to Haines and A dkins . 6 Its isotopic com
position was 96.9%  ds and 3.1%  d4.

Procedure.— Arylations were run in a Vycor tube filled w ith  
Vycor beads in an electric furnace m aintained at 600 ±  1 ° under 
pure dry nitrogen w ith contact tim es of 9-12  sec. The vapors 
were condensed in a bulb at —60°, the condensate was distilled  
to recover unreacted material, and the residue was analyzed.

In a typical experiment, a solution of 5.011 ml (0.05 mol) of 
nitrobenzene in 26.6 ml (0.25 m ol) of toluene was passed through 
a Vycor tube at 600° under nitrogen flowing at 20 cc/m inute. 
Contact tim e was 9.5 sec. The vapors were condensed in a bulb 
at —60°; the condensate was distilled to recover 2 0  ml of toluene 
and give 6.9 g of products, the composition of which is shown in 
Table II.

(5) E . K . F ie ld s  a n d  S. M ey erso n , fo r th c o m in g  p u b lica tio n .
(6) L . B . H a in es  a n d  H . A dkins, J .  A m er. Chem . Soc., 47, 1419 (1925).
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T a b l e  II
P r o d u c t s  f r o m  t h e  R e a c t i o n  o f  N i t r o b e n z e n e  

w i t h  T o l u e n e  a n d  T o L U E N E -a -d 3“

R e la tiv e  in ten s itie s  in  low -vo ltage  spectra*'
P ro d u c t T o luene T oluene-a-da

Aniline 3 5
Phenol-do 2 2 45'

-di 26'
Biphenyl-do 42 42

-di 33
-di 1 0

Fluorene-do 7
-di 1 0

Methylbiphenyl-do and
diphenylmethane-do 1 0 0

Ci3H i0D 2, considered to be
diphenylmethane-d2 9

Ci3H 9D 3, considered to be
methylbiphenyl-d3 91

C14(H +  D ) i4 isomers 61 79
° Reaction conditions were 600°, 9.5 sec contact time, and a 

mole ratio of nitrobenzene to toluene of 0.05:0.25. The weight of 
products from nitrobenzene +  toluene was 6.9 g and that from 
nitrobenzene +  toluene-a-d3 was 7.0 g. b Normalized to a value 
of 100 for total Ci3(H +  D ) i2. ' Tentative assignments; shown
subsequently (see text) to contain contributions from deuterated 
anilines as well as phenols.

Table III  shows the composition of the dim ethylbiphenyls 
derived from mixtures of two iodotoluenes. The unsymmetrical 
isomer, as would be expected statistically , was predominant in 
each case.

T a b l e  III
D im e th y lb ip h e n y l A rea, %

From o- and p-Iodotoluenes 
2,2'- 2 9 .5
2,4'- 4 2 .7
4,4'- 19 .5

From o- and TO-Iodotoluenes 
2,2'- 2 5 .7
2,3'- 4 1 .5
3,3'- 25 .1

From m -  and p-Iodotoluenes 
3,3'-)
3,4'-1 95 .1%  of total
4,4'- ) product“

“ Overlapping peaks for the three constituents.

B est separation of C14H 14 isomers was achieved on a 20 ft X 
0.25 in. column of 10% OV- 1  on Chromosorb W . Of the 6  di
m ethylbiphenyls containing a m ethyl group in each benzene ring, 
the 2 ,2 ' isomer was cleanly resolved; the 2,3 ' and 2,4 ' overlapped 
som ewhat, and the 3 ,3 ', 3 ,4', and 4,4' isomers overlapped con
siderably.

Gas chromatograms for the Ci4IIi4 isomers from nitrobenzene 
and toluene showed identical retention tim es for 3-methyldi- 
phenylmethane and 2 ,2 '-dim ethylbiphenyl, as well as much 
overlapping of the peaks for 2,4'-dim ethylbiphenyl, bibenzyl, 2 - 
and 4-m ethyldiphenylm ethane, and 3,3'-dim ethylbiphenyl.

M ass Spectrometry and Gas Chromatography.— Analyses were 
performed with a Consolidated M odel 21-103e mass spectrometer 
w ith the inlet system  at 250 or 325°; w ith a directly coupled gas 
chromatograph-mass spectrometer combination7 also employing  
a 21-103c instrument w ith an electron multiplier in place of the 
Faraday-cup detector; and by gas chromatography on a column 
of polyethylene glycol sebacate on Chromosorb W . M ass spec

(7) R . S. G oh lke , A n a l. Chem ., 31, 535 (1959); L . P . L in d em a n  a n d  J .  L .
A nnis, ib id ., 32, 1742 (1960); J .  T . W a tso n  a n d  K . B iem an n , ib id ., 36, 1135
(1964).

tra were measured at the conventional 70 ionizing volts and at 
low voltage (7.5 V, uncor). For the low-voltage measurements, 
the repellers were maintained at an average potential of 3 V, the 
exact values being selected to give maximum sensitiv ity . Pre
cise mass measurements to distinguish among the overlapping 
phenol and aniline peaks in the spectrum of the reaction products 
from nitrobenzene and toluene-a-d3 were made b y  peak m atching 
on a Consolidated M odel 21-110 double-focusing mass spectrom
eter.

R elative intensities in the low-voltage (7.5 V, uncor) mass spec
tra of product mixtures were taken as a first approximation to 
relative concentrations. Sensitivity, i . e . ,  the proportionality 
factor between parent-peak intensity and concentration, differs 
from one compound to another. However, closely related com
pounds have roughly equal sensitivities at the ionizing voltage  
employed in our work . 8 For example, the same sam ple was 
analyzed by both low-voltage mass spectrometry and gas chro
matography, and the ratios of peak intensities and areas, respec
tively , of a series of compounds are given in Table IV . In any  
case, the use of relative intensities is perfectly valid for inter
comparison of concentration ratios of identical components in 
separate sam ples , 9 within the lim its of reproducibility of the low- 
voltage data.

T a b l e  IV
✓---------------------------- R a tio s ----------------------------- •

L ow -v o ltag e  G as
C o m p o u n d s  m ass sp e c tro m e try  c h ro m a to g ra p h y

Biphenyl/fluorene 6 . 0  6 .1 6
Ci4Hi4 isom ers/biphenyl 2 .3 9  2 .8 9
Toluene/C i4Hi4 isomers 1 .37  1 .30

Results and Discussion

Nitrobenzene and Toluene.—The major products 
from the reaction of nitrobenzene with toluene and 
toluene-CT-d-i are listed in Table II. The product formed 
in greatest concentration results from arylation by the 
phenyl radical from nitrobenzene (Scheme I). Distri-

S c h e m e  I

■'CsHs-NO, — ► C6H5- +  N02
c h 3

O ft- +  C6H6CH3 —>

I

bution (area %) of methylbiphenyl isomers, determined 
by gas chromatography, was (meta and para were only 
partially separated) as follows: ortho, 22.5%; meta 
35.3%; and para, 42.2%. This distribution differs 
considerably from that obtained by Dannley and 
Zaremsky10 (% by ir analysis) from phénylation of 
toluene by benzoyl peroxide at 75°: ortho, 65%; meta, 
19%; and para, 16%. Hey and Williams11 found an 
even higher proportion of ortho phénylation, 71%.

Our estimate of the methylbiphenyl isomer distribu
tion may differ slightly from the initial product distri-

(8) G . F . C rab le , G . L. K earn s , a n d  M . S. N o rris , ib id ., 32, 13 (1960).
(9) S. M ey erso n  a n d  E . K . F ie ld s, Chem . C om m un., 275 (1966).
(10) R . L . D a n n le y  a n d  B . Z a rem sk y , J .  A m er. Chem . Soc ., 77, 1588 

(1955).
(11) D . H . H e y  a n d  G . H . W illiam s, J .  Chem . P h y s .,  23, 757 (1955).
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bution because of thermal intramolecular dehydrogena
tion of the ortho isomer to give fiuorene (eq 1). Fluo-

rene and fluorcne-d2 are formed to about the same extent 
from toluene and toluene-a-d3, respectively. Adding 
the amount of fiuorene, determined by gas chromatog
raphy, to that of o-methyldiphenylmethane gives the 
distribution: ortho, 28.3%; meta, 32.7%; and para,
39.0%. This isomer distribution still is quite different 
from those obtained by the authors quoted.

In view of the drastically different conditions 
involved in our arylation different isomer distributions 
might be anticipated, especially in light of the induced 
decomposition of benzoyl peroxide by many reactants. 
Such decomposition is in fact invoked by Dannley

C6H6- +  C6H 6CH 3 — >- C6H 6 +  C6H 6CH2- 

C6H 6CH2- +  (C6H 6C 0 2 ) 2 — >- (C6H 6)2CH 2 +  c 6h 5c o 2- +  C 0 2

and Zaremsky to explain the presence of 15% diphenyl- 
methane among the Ci3Hi2 products on the basis that 
the rate of decomposition of benzoyl peroxide in toluene 
is higher than first order.12

Diphenylmethane was also formed, 11.4% of the 
C14H14 isomers estimated by mass spectrometry, 
9.6% estimated by gas chromatography. I t may 
result from induced decomposition of nitrobenzene by 
the benzyl radical. An alternative source may be the

C6H 6CH2- +  C6H 5N 0 2 — >- C6H 5CH 2C6H 6 +  N 0 2

reaction of the relatively stable benzyl radical with a 
phenyl radical from nitrobenzene, as in the sequence in 
Scheme II.

S c h e m e  II

C6H 5N 0 2 — ^  C6H5- +  N 0 2 

NO 2 +  C6H 5CH 3 — >  H NO 2 ~1~ CeH^CH^*

C6H5CH2 • C6H5 * ---^  C6H5CH2C6H5

The apparent proportion of aniline to phenol was 
about 1:7 and 1:14 in the toluene-do and -d3 cases, 
respectively. The discrepancy suggests that the tolu- 
ene-d3 reaction probably produced some aniline-dx and 
-d2, which were obscured by phenol-do and -<h. This 
inference was confirmed by precise mass measurements 
made at low voltage (14 V, uncor) on the high-resolution 
mass spectrometer, which indicated the isotopic anilines 
and phenols given in Table V.

due, in part at least, to differences in ionizing voltages 
employed in the high and low resolution measurements. 
In both cases, however, phenol intensity is substantially 
greater than that due to aniline.

Phenol probably arises via a nitro-nitrite rearrange
ment1 (eq 2). The formation of more phenol-do

C6H 5N 0 2 — >• C6H6ONO — >- C6H 50 -  +  NO

j RH

C6H5OH (2)

than phenol-di, despite the fivefold excess of trideuter- 
ated toluene, would seem to rule out preferential abstrac
tion of benzylic hydrogen atoms. Alternatively, by 
analogy with the preferred formation of unlabeled 
phenol in the reaction of nitrobenzene with 5 mol of 
benzene-de,1 the reaction might involve an intermediate 
derived from two molecules of nitrobenzene, in which 
the phenoxy radical as it forms has ready access to a 
source of hydrogen. The ratios of unlabeled phenol to 
phenol-di in the reactions of nitrobenzene with toluene- 
a-d3 and with benzene-de,1 both present in fivefold 
excess, were 2.4 and 1.7, respectively. The difference 
may simply reflect the additional protium atoms and 
the smaller number of deuterium atoms available in the 
former reaction.

Biphenyl constituted an appreciable amount of the 
product. In other reactions involving phenyl radical 
in the liquid phase, dimerization has been minor or 
absent in the presence of aromatic systems to which this 
highly energetic radical can add.13’14 In the present 
study, moreover, biphenyl-di from nitrobenzene and 
toluene-a-d3 was almost as plentiful as unlabeled 
biphenyl, and there was an appreciable amount of 
biphenyl-d2.

To help identify the source of so much biphenyl, we 
treated nitrobenzene-d5 with toluene under the same 
conditions as nitrobenzene with toluene-o:-d3. The 
isotopic distribution is shown in Table VI. In the 
mass region starting at 166, there was so much overlap
ping of chemical species containing varying numbers 
of deuterium atoms as to render interpretation ex
tremely difficult. Luckily, the biphenyl region, 
masses 154-164, was clear of such interference.

The most abundant species is biphenyl-d5, evidently 
iron arylation of toluene by the phenyl-d5 radical with 
subsequent loss of the methyl group (eq 3). However, 
about half as much biphenyl-ch is present; this suggests 
that either there is intramolecular exchange of protium

T able V
In te n s i ty ,

N u m b e r  of a r b i t r a ry  scale Iso to p ic
D  a to m s d iv ision d is tr ib u tio n , %

Aniline 0 1 . 0 42
l 0.9 37
2 0.5

T otal 2 .4
2 1

Phenol 0 7 .2 71
1 3 .0

T otal 10 .2
29

The aniline/phenol ratio of 1:4 is ca. twice that found 
in the unlabeled counterpart. The difference may be

(12) K . N o zak i a n d  P . D . B a r t le t t ,  J .  A m er. Chem . Soc., 68, 1680 (1946).

(13) P h e n y l rad ic a l fo rm e d  in  a  v a r ie ty  of w ay s in  th e  p resen ce  of 
benzene, p h e n a n th re n e , a n d  a n th ra c e n e  does n o t  reco m b in e  to  g iv e  b ip h e n y l, 
b u t  ad d s  to  th e  a ro m a tic  sy s tem s  in s te a d . See J .  D . B u rr , J .  M . S ca rb o ro u g h , 
J . D . S tro n g , R . I . A kaw ie, a n d  R . A. M ey er, N u c l. S c i. E ng ., 11, 218 (1961); 
G . W . T a y lo r , Can. J .  Chem ., 35, 739 (1957).

(14) T h e  e lec tro n  sp in  re so n an ce  of p h e n y l ra d ic a l a t  7 7 ° K  in d ic a te s  t h a t  
th e  u n p a ire d  e lec tro n  re m a in s  in  th e  s p 2 o rb ita l  of th e  ca rb o n  a to m  a t  w hich  
scission occu rs . T h e  a ty p e  localized  s tru c tu re  ca n  a c c o u n t fo r  th e  h igh  
r e a c tiv i ty  of th e  p h e n y l ra d ic a l: J .  E . B e n n e tt ,  B . M ile , a n d  A. T h o m as , 
Chem. C om m un., 265 (1965). In  a  d iffe re n t c o n te x t, th e  d iffe rence  be tw een  
th e  io n iza tio n  p o te n tia l  of th e  p h e n y l ra d ic a l (9 .20 eV) a n d  t h a t  o f benzene  
(9 .50 eV) ju s t  b a re ly  exceeds th e  co m b in ed  u n c e rta in t ie s  of th e  m e asu re 
m e n ts : I .  P . F ish er, T . F . P a lm er, a n d  F . P . L ossing , J .  A m er. Chem . Soc., 
86, 2741 (1964). T h e  n e a r-e q u a li ty  of th e  tw o  v a lu es  c o n s ti tu te s  fu r th e r  
ev idence  th a t  th e  o d d  e lec tro n  is n o t  co u p led  in to  th e  tv sy s te m  b u t  rem a in s  
h ig h ly  localized . In  c o n tra s t ,  th e  io n iza tio n  p o te n tia l  of th e  re so n a n c e -  
s tab iliz e d  b en z y l rad ica l (7.76 eV) [J. B . F a rm e r , I .  H . S. H e n d e rso n , C . A. 
M cD ow ell, a n d  F . P . L ossing , J .  Chem. P h ys., 22, 1948 (1954)] is  co n s id e r
a b ly  low er th a n  t h a t  of to lu en e  (9.0 eV ) [S. M ey erso n , J .  D . M cC o llum , 
a n d  P . N . R y la n d e r , J .  A m er . Chem. Soc., 83, 1401 (1961)].



2318 F ields and M eyerson The Journal of Organic Chemistry

T a b l e  VI
I s o t o p i c  C o m p o s i t i o n  o p  B i p h e n y l  

PROM  N lT R O B E N Z E N E -dä AND T O L U E N E “

M o l w t
N u m b e r  of 
D  a to m s

R e i concn, 
% b

154 0 19
155 1 2

156 2 1

157 3 3
158 4 18
159 5 34
160 6 2

161 7 1

162 8 5
163 9 1 1

164 1 0 4
“ Reaction conditions were a mole ratio of nitrobenzene-cfc to 

toluene of 1:5, 600°, and 9 sec contact time. b From relative 
intensity in the low-voltage (7.5 V, uncor) mass spectrum.

and deuterium in the intermediate cyclohexadienyl 
radical with subsequent loss of a methyl radical or 
CH2 group (eq 4), or that biphenyl-ch arises by way of a 
phenyl radical derived from toluene (eq 5). There is

C6H5CH3 C6H5- +  CH3-

CANO, -to!
C6H5C6D4NO,

- n o ,
TThT* CcH5C6D4H (5)

evidence for both eq 4 and 5. Product of molecular 
weight 172 was formed in relative concentration 35 
on the scale of Table VI; this is attributed chiefly to 
methylbiphenyl-di. Intramolecular interchange of deu
terium and protium has been demonstrated in the 
reaction of nitrobenzene with benzene-de,1 in which bi
phenyl-^ formed in about equal amount to the normal 
arylation product, biphenyl-d6. Biphenyl-d0 in Table 
II, about the same concentration as biphenyi-d4, must 
be derived solely from toluene, and is most readily 
explained by phénylation of toluene by phenyl radical 
derived from toluene, followed by loss of methyl radical 
(eq 6).
C5H5CH3

C6H5C6Hs + CH3 (6 )

The formation of three times as much biphenyl-dg 
as -dio, the expected product of dimerization of CgDs 
radical, strongly suggests its formation by eq 7.

- I D ]
C6D 5- +  C6D 6N 0 2 -------->-

— N O , C sH iC H i
C eDgC sIhNfh-------- >• Cr, 11 , ( 1 1X; ■ ------ >-

CeDsCeDiH +  C6H 6CH 2 • (or CH 3C6H4- ) (7)

Toluene Alone.-—To determine whether the products 
in Tables II and VI may be derived from toluene alone 
or require reaction with nitrobenzene, we pyrolyzed 
toluene and toluene- a-d3 alone under the identical 
conditions used in the nitrobenzene reaction. Pyrolysis 
of toluene is a well-documented reaction, and it would 
appear unnecessary to repeat it. However, there are 
discrepancies in the literature.

In 1867 Berthelot passed toluene through a glowing 
red porcelain tube and obtained hydrogen, methane, 
acetylene, benzene, and bibenzyl, as well as aromatic 
hydrocarbons with condensed rings.15 The possibility 
that isomers of bibenzyl were present was posed both 
by Berthelot and by the editors of Beilstein who ab
stracted his work.16

Since that time, some investigators have found 
bibenzyl as the only CuIIh isomer;17 others have 
evidence for the formation of dimethylbiphenyls as 
well.18 Blades, Blades, and Steacie identified a 
dimethylbiphenyl among the products from toluene at 
722°, and assumed it was a secondary product derived 
from bibenzyl.19 Blades and Steacie20 pyrolyzed im
pure toluene-a-d3 at 722° and 0.45-sec contact time and 
obtained H2, HD, and D2. They suggested that hydro
gen atoms were being abstracted from the ring. Cleav
age of ring (in competition with side chain) carbon- 
hydrogen bonds, which could most simply lead to 
dimethylbiphenyl formation, has been suggested to 
account for anomalous kinetic data18 and for labeling 
results in pyrolysis of toluenes-3-d and -4-d.21 Badger 
and Spotswood22 pyrolyzed toluene at 700° for an 
unspecified contact time and identified 23 products, 
among which was 4,4'-dimethylbiphenyl.

The last-named authors obviously employed such 
severe conditions as to cause many secondary reactions. 
In our pyrolyses of toluene and toluene- a-d% we used 
600° and a contact time of 6 sec, which gave about 0.1% 
conversion into the dehydro dimers, Ci4H14, and no 
other products. The parent ions from toluene-a-d3 
had the following isotopic composition: mass (D 
atoms, relative abundance, %), 186 (4, 80.3%), 187 (5, 
6.8%), and 188 (6, 12.9%). If deuterium atoms are 
only in benzylic or a positions and undergo no exchange 
during pyrolysis, and if species derived from isotopic 
impurities in the toluene-a-d3 are ignored, the dimers 
containing four, five, and six deuterium atoms must 
represent bibenzyl (I), methyldiphenylmethanes (II), 
and dimethylbiphenyls (III), respectively. Any ex-

(15) M . B e rth e lo t, A n n .,  142, 254 (1867).
(16) F . K . B e ils te in , “ H a n d b u c h  d e r  o rg an isch e  C h em ie ,”  Vol. 5, S p rin g er-  

V erlag , B erlin , 1922, p  283.
(17) C . G raeb e , B er., 7 , 48 (1874); P . F erk o , ib id ., 20, 622 (1887); H . 

M ey e r  a n d  A. H o fm an n , M ona tsh ., 37 , 684 (1916); L . R . H e rn d o n  a n d  E . E .  
R e id , J .  A m er. Chem . Soc., 50, 3069 (1928); M . S zw arc , J .  C hem . P h y s ., 16, 
128 (1948); Chem . Rev., 47, 75 (1950); M . S zw arc  a n d  J .  S. R o b e r ts , J .  
Chem. P h y s ., 16, 609 (1948); F . H e in  a n d  H . J .  M esee, B er., 76, 430  (1943); 
K . U . In g o ld  a n d  F . P . L ossing , C an. J .  Chem ., 31, 30 (1953); L . A . E r re d e  
a n d  J . P . C ass idy , J .  Org. Chem ., 24 , 1890 (1959).

(18) M . T a k a h a s h i, B u ll. Chem. Soc. J a p .,  33, 801 (1960).
(19) H . B lades, A. T . B lades, a n d  E . W . R . S teacie , Can. J .  C hem ., 32, 298 

(1954).
(20) H . B lad es  a n d  E . W . R . S teacie , ib id ., 32 , 1142 (1954).
(21) M . T a k a h a sh i, B u ll. Chem, Soc. J a p .,  33, 808 (1960).
(22) G . B . B ad g e r a n d  T . M . S po tsw ood , J .  Chem. Soc., 4420 (1960).
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n

CD;
m

tensive exchange is ruled out by the close agreement in 
isotopic composition of the recovered toluene (0.3% 
dh 2.5% dt, 95.9% d3, 0.9% d4, 0.3% d*, 0.1% d6) with 
that of the starting material (2.3% d3, 96.2% d3,
1.0% di, 0.3% ds, 0.2% d6).23 The dimer isotopic 
distribution found corresponds to the approximate 
isomer distribution (mol %): I, 87; II, 5; and III, 
8.24 *

The question raised by Berthelot, whether dimethyl- 
biphenyls result from the pyrolysis of toluene, thus 
appears to have been answered. We tried to determine 
bibenzyl, the three methyldiphenylmethanes, and six 
dimethylbiphenyls by gas chromatography, but over
lapping was so extensive that the value of this type of 
analysis was limited.

By contrast, the breakdown of isomers into the three 
groups, bibenzyl, methyldiphenylmethanes, and di
methylbiphenyls, by the number of deuterium atoms, as 
shown in Table VII, is clean and unambiguous. This 
analytical method is of considerable value when (a) 
extensive scrambling has not occurred and (b) position 
isomers within each group need not be determined.

T a b l e  V I I

C 14 I s o m e r s  f r o m  T o L U E N E -a - A  A l o n e  
a n d  w i t h  N i t r o b e n z e n e “ ' 6

✓—-— -----%  of to ta l  14C fra c tio n ------------
,-------- A lone---------• W ith  n itro b en zen e

M ass P ro b a b le  s tru c tu re
R ei

in te n s ity R a tio
R ei

in te n s ity R a tio

186 c 6h 6c d 2c d 2c 6h 6 80.3 11.8 44 2.4
187 C6H6CD2C6H4CD3 6.8 1 18 1
188 CDsCeHi-CeHiCDs 12.9 1.9 38 2.1
“ Reaction conditions were toluene, 0.25 mol; nitrobenzene 

0.05 mol; 600°; and 9.5-sec contact time. 6 The weight of the 
C14 fraction alone was 0.015 g and with nitrobenzene it  was 1.15 g.

CD,

The C14 isomers from toluene- a-d3 pyrolyzed alone 
and with nitrobenzene are compared in Table VII. In 
addition to the 80-fold greater weight of product in the 
nitrobenzene reaction, the proportions of the three 
groups are so markedly different as to demand different 
dominant mechanisms in the two reactions.

A free-radical mechanism for the pyrolysis of toluene 
has been generally accepted (ref 22, and references cited 
therein). We propose, instead, that in the absence of 
added free-radical precursors, toluene decomposes 
largely by way of a bimolecular complex (see Scheme
III) which can either lose hydrogen intramolecularly to 
give bibenzyl, or collapse to a benzyl- or tolylmethyl- 
cyclohexadiene. The cyclohexadiene in turn loses 
hydrogen intramolecularly to give methyldiphenyl- 
methane or dimethylbiphenyl. A similar mechanism

(23) E . K . F ie ld s  a n d  S. M ey erso n , J .  A m er. Chem . Soc., 88, 21 (1966).
(24) R e la tiv e  p a re n t-p e a k  sensitiv ities , m e asu red  a t  th e  lo w -v o ltag e  con

d itio n s  em p lo y ed  here , of som e of th e  isom ers, ta k e n  a s  re p re s e n ta tiv e  of th e
th re e  iso m e r g roups, a re  b ib en zy l, 0 .565; 2 -m e th y ld ip h e n y lm e th a n e , 0 .825;
3 ,3 '-  a n d  4 ,4 '-d im e th y lb ip h e n y ls , 1.00.

S c h e m e  III

1 J

involving a phenylcyclohexadiene intermediate was 
invoked to explain the scrambling of protium and 
deuterium in benzene-ri at 690° and 21-sec contact 
time.23

In the presence of other free radicals, as in our nitro
benzene reaction, toluene pyrolysis indeed seems to go 
by a free-radical mechanism involving benzyl and tolyl 
radicals (eq 8).

C6H5CH3 +  R- — »- CgH5CH2- +  CH3C6H4- +  RH

/  T '  \  <8)
C6H5CH2CH2C6H6 +  C6H5 CH2C6H4CH3 +  CH3C6H4C6H4CH3

The large difference in bond strengths of aromatic 
and benzylic carbon-hydrogen bonds (bond, D (kcal/ 
mol); C6H6-H, 112;26 C6H5CH2-H, 8526) would seem to 
render hydrogen abstraction from the benzene ring 
unlikely in the presence of available benzylic hydrogen. 
However, abstraction of hydrogen from aromatic 
rings by various radicals occurs via addition to give 
cyclohexadienyl radicals;27 the reported parameters 
are therefore not applicable,28 and the formation of 
almost as much dimethylbiphenyl as bibenzyl in Table 
VII seems reasonable.

Effect of Benzylic Substituents.—To see if benzylic 
substituents influence the composition of the product 
in the reaction with nitrobenzene, we compared the 
major products from benzotrifluoride and toluene 
under identical conditions, as shown in Table VIII. 
Toluene wras somewhat more reactive, as the total yield 
of products was about 50% greater than from benzo
trifluoride, and no nitro compound survived. This 
may be added evidence for induced decomposition. 
The product distributions were generally similar. 
However, in several groups of isomers the nature of 
products differed sharply.

(25) T . L . C o ttre ll , “ T h e  S tre n g th s  of C h em ica l B o n d s ,”  2 n d  ed, B u tte r -  
w o rth  a n d  Co. L td .,  L ondon , 1958, p p  270-289 .

(26) R . W alsh , D . M . G o lden , a n d  S. W . B enson, J .  A m er. Chem. Soc., 88, 
650 (1966), a n d  references  c ited  th e re in .

(27) R . D . G iles a n d  E . W h ittle , T rans. F araday Soc., 62, 128 (1966), a n d  
ea rlie r  references  th e re in ; M . L e v y  a n d  M . S zw arc, J . A m er. Chem. Soc., 77, 
1949 (1955); A. P . S te fa n i, L . H erk , a n d  M . S zw arc, ib id ., 83, 4732 (1961); 
A. P . S te fa n i a n d  M . S zw arc, ib id ., 84 , 3661 (1962).

(28) A. S. R odgers , D . M . G olden , a n d  S. W . B enson , ib id ., 89, 4578 
(1967).
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T a b l e  V III
COM PARISON OF PROD U CTS FROM T O L U E N E  

AND B e NZOTRIFLU ORID E W ITH  N IT R O B E N Z E N E “ '6

•Rel concnc-
Products, X = F or H Benzotrifluoride Toluene

Phenol 7 22
Biphenyl 25 42
Nitrobiphenyl 12
Trifluoromethylbiphenyl, Ci3H i4 100 100
X 3CC6H 4C6H,iC X 3 and isomers 42 61
Terphenyl 5 5
X 3C-Terphenyl and isomers 21 8
(X 3C)s-Terphenyl and isomers 21 7

“ Reaction conditions were 600°; contact time, 9.5 sec; and a 
mole ratio of nitrobenzene to X 3C -C 8H 5 of 1:5. b The total weight 
of products from benzotrifluoride was 4.4 g and that from toluene 
was 6.9 g. c From relative intensities in the low-voltage (7.5 
V, uncor) mass spectrum, normalized to X 3C -biphenyl =  100.

The product from benzotrifluoride containing two 
rings and one methyl group was apparently, in view of 
the retention of all three fluorine atoms, solely tri- 
fluoromethylbiphenyl, whereas that from toluene 
contained a substantial contribution from the isomeric 
diphenylmethanes. In the product containing two

rings and two methyl groups, benzotrifluoride gave only 
bis (trifluoromethyl) biphenyl; toluene gave bibenzyl 
and dimethylbiphenyl in almost equal amounts, as 
well as an appreciable amount of methyldiphenyl- 
methane (Table VI). This difference apparently 
follows as a consequence of the difference in bond 
dissociation energies of CfTRC-F and C6H6C-H,29 
which makes fluorine abstraction unlikely when hydro
gen is available in the same molecule. Only in the 
absence of hydrogen is fluorine abstracted, as in the 
reaction of nitrobenzene with hexafluorobenzene.1 2 
Even in the latter case the fluorine was retained to a 
considerable extent through intramolecular exchange 
with hydrogen, and hexafluorobiphenyl was formed in 
about the same concentration as pentafluorobiphenyl.

Registry No.—Nitrobenzene, 98-95-3; toluene, 108-
88-3; toluene-a-d3, 1124-18-1; nitrobenzene-ds, 4165- 
60-0.

Acknowledgment.—The authors are greatly indebted 
to D. K. Albert of the American Oil Co. for his as
sistance in the gas chromatographic analyses.

(29) C bH uC - F ,  D  =  120 k c a l /m o l;«  C sH sC -H , D  =  85 k c a l /m o l .«

K in e t ic s  o f  t h e  R e v e rs ib le  R e a c t io n  o f  P ip e r id in e  w i th  2 ,4 -D in i tro a n is o le
i n  M e th a n o l  S o lu t io n 1

J. F. Bunnett2 and Roger H. Garst 
D e p a r tm e n t o f  C h e m is try , B ro w n  U n iv e r s ity , P ro v id en ce , R h ode I s la n d  0 2 9 1 2  

R ece ived  N o vem b er 8 , 1 9 6 7

2,4-Dinitroanisole reacts w ith piperidine in m ethanol to form 2,4-dinitrophenyIpiperidine (eq 1). The reaction 
is reversible, and the equilibrium constant a t 67.9° is about 1001. m ol_1. The reaction rate has been determined 
in both directions as a function of NaOCH3 concentration. Catalysis by methoxide ion is strong, and the  
second-order rate coefficient (&a ) for the forward reaction is related to [NaOCH3] in a nearly linear fashion. 
The forward reaction in the absence of NaO CH 3 is catalyzed by methoxide ion generated by the basic dissoci
ation of piperidine in methanol, and probably also by piperidine. A side reaction which produces 2,4-dinitro- 
phenol, v ia  Sn2 displacement by piperidine at m ethyl carbon (eq 2), is im portant in the absence of NaO CH 3; 
its rate has been estimated.

The reaction of 2,4-dinitrodiphenyl ether with piperi
dine to form 2,4-dinitrophenylpiperidine is strongly 
catalyzed by bases.3,4 The formally similar reaction of 
ethyl formate with n-butylamine to form n-butyl- 
formamide is also very responsive to base catalysis.5 
We therefore expected that bases would catalyze the 
reaction of 2,4-dinitroanisole (I) with piperidine to 
form 2,4-dinitrophenylpiperidine (II). Accordingly, a 
kinetic investigation of this reaction in methanol solu
tion was undertaken.

Subsequent to our work, the same reaction in 10% 
dioxane-90% water was investigated by Bunnett and 
Bernasconi4 and by Bernasconi.6

Years ago, Cahn7 examined the reactions of several 
nitroanisoles with refluxing neat piperidine. He re
ported that 2,4-dinitroanisole gave 2,4-dinitrophenyl-

(1) (a) S u p p o r te d , in  p a r t ,  b y  th e  N a tio n a l S cience  F o u n d a tio n , (b) 
B ased  on  th e  P h .D . T h e sis  of R . H . G a rs t ,  B ro w n  U n iv e rs ity , J u n e , 1964; 
D isserta tion  A b str ., 25, 4404 (1965).

(2) U n iv e rs ity  of C a lifo rn ia  a t  S a n ta  C ru z , S a n ta  C ru z , C alif.
(3) J .  F . B u n n e t t  a n d  R . H . G a rs t, J .  A m er. Chem. Soc., 87, 3879 (1965).
(4) J .  F . B u n n e t t  a n d  C . B ern a sco n i, ib id ., 87, 5209 (1965).
(5) J . F . B u n n e t t  a n d  G . T . D av is , ib id ., 82, 665 (1960).
(6) C . F . B e rn a sco n i, J .  Org. Chem ., 32, 2947 (1967).
(7) R . S. C a h n , J .  Chem . Soc., 1121 (1931).

n o 2

piperidine quantitatively within 15 min on the water 
bath. This indicates piperidinodemethoxylation at 
aromatic carbon, since 2,4-dinitrophenylpiperidine was 
not formed by heating 2,4-dinitrophenol with piperidine 
at reflux. In contrast, 2,4,6-trinitroanisole was quanti
tatively converted to picric acid within 1 min under the 
same conditions. Also, 2-methyl-4-nitroanisole gave 
almost 100% of 2-methyl-4-nitrophenol within 1 hr at 
reflux. The latter two examples suggest that nucleo
philic displacement at methyl carbon occurred, although 
Cahn recognized hydrolysis due to traces of water to be
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an alternative possibility. Tertiary amines are known 
to react with 4-substituted 2,6-dinitroanisoles via dis
placement at the methyl carbon.8

Our work indicates that both types of reaction occur 
between piperidine and 2,4-dinitroanisole in methanol. 
Displacement at aromatic carbon (eq 1) predominates 
and can be made nearly quantitative by suitable ad
justment of conditions. This reaction is strongly cat
alyzed by sodium methoxide. Also, the reverse of this 
reaction can be made to occur quantitatively; it is, of 
course, also catalyzed by sodium methoxide.

Experimental Section
Materials.— M ethanol was purified by the magnesium m ethod . 9 

Piperidine was purified as we have previously described . 3 Com
mercial 2,4-dinitroanisole was recrystallized four times from  
diethyl ether containing a small amount of petroleum ether 
(bp 30-60°): mp 9 4 .8 -96 .5°. N-(2,4-Dinitrophenyl)piperidine, 
mp 9 2-94 .5° , was crystallized from absolute ethanol. Solutions 
of sodium m ethoxide in methanol were prepared and stored after 
Reinheimer, et a l . 10 "Quenching solution”  was prepared by  
mixing 1 1. each of distilled water and 95% ethanol with 200 g 
of concentrated hydrochloric acid solution. N-M ethylpiperidine, 
bp 104° (uncor), n%> 1.4373, was prepared from piperidine by 
the Leuckart reaction . 11 Proton magnetic resonance and infrared 
spectra confirmed its structure and high purity.

Spectra of Reactants and Products.— Suitably dilute solutions 
were prepared in solvents as noted below, and spectra were 
recorded by means of a Bausch and Lomb Spectronic 505 spectro
photom eter. W avelengths of maximum absorption (m^) and 
the associated molar extinction coefficients (e) were as follows:
I in CH 3OH, 254 (7190), 293 (10,700); I  in quenching solution, 
258 (8390), 297 (10,600); 2,4-dinitrophenol in CH 3OH, 355 
(14,700); 2,4-dinitrophenol in 0.1 M  NaOCH 3 in CH 3OH, 356 
(14,800); 2,4-dinitrophenol in quenching solution, 257 (10,900);
II in CH 3OH, 377 (14,700); II in quenching solution, 390 
(15,100). Neither I nor 2,4-dinitrophenol absorbs measurably 
in quenching solution at 390 m /i.

Kinetic Procedure.— Reaction solutions were prepared at room  
temperature by combination of appropriate volumes of standard 
methanolic solutions of reactants (or, in some cases, the appro
priate weight of pure piperidine), and dilution to the mark in a 
volumetric flask w ith m ethanol. Aliquots were pipetted into 
nitrogen-filled Pyrex ampoules which were then flushed with  
nitrogen and sealed with a flame. All the ampoules for a run 
were immersed in the therm ostat a t the sam e tim e. Ampoules 
were removed at recorded times and plunged into cold water. 
They were quickly opened, and the contents were transferred 
quantitatively to a volumetric flask and diluted to the mark with  
quenching solution. The absorption at 390 m/i was determined 
by means of a Beckman M odel D U  spectrophotometer. Pseudo- 
first-order kinetics were obeyed in all runs, and the pseudo-first- 
order rate coefficient (k j,)  was determined in the usual way from 
the “ infinity” absorbance and the absorbance of samples taken  
at various tim es . 12

The rate of reaction of sodium methoxide with I, to form 2,4- 
dinitrophenol, was determined in one run . 13 The technique 
was generally as described above. However, after the ampoules 
were cooled to room temperature and opened, a 5-cc portion of 
the reaction solution was diluted to 50 cc with m ethanol, and the 
absorbance at 356 m p  was measured. The spectrum of the “ in

(8) M . K o h n  a n d  F . G ra u e r , M onatsh . Chem ., 34 , 1751 (1913); E . H e r te l  
a n d  H . L tlh rm a n n , Z . E lektrochem ., 45, 405 (1939).

(9) L . F . F ieser, “ E x p e r im e n ts  in  O rgan ic  C h e m is try ,”  2 nd  ed, D . C . 
H e a th  a n d  C o ., B o s to n , M ass., 1941, p  360.

(10) J .  D . R e in h e im er, W . F . K ieffer, S. W . F re y , J .  C . C o ch ra n , a n d  E . W . 
B a rr , J .  A m er. Chem . Soc., 8 0 , 164 (1958).

(11) H . T . C la rk e , H . B . G illesp ie , a n d  S. Z. W e isshaus, ib id ., 55, 4571 
(1933).

(12) J . F . B u n n e t t  a n d  J .  J .  R a n d a ll, ib id ., 8 0 , 6020 (1958).
(13) R e c e n tly  sev era l in v e s t ig a to rs 14 h a v e  s tu d ie d  th e  k in e tic s  a n d  

eq u ilib riu m  fo r  co m b in a tio n  of sod ium  m e th o x id e  w ith  2 ,4 -d in itro an iso le  to  
fo rm  th e  u su a l J a c k s o n -M e is e n h e im e r  com plex . U n d e r  th e  co n d itio n s  of o u r  
ex p e rim en ts , th e  e q u ilib riu m  co n c e n tra t io n  of t h a t  com plex  w as v e ry  sm all.

(14) (a) C . H . R o c h e s te r , J .  Chem. Soc., 2404 (1965); J . H . F en d le r ,
J .  A m er. Chem . Soc., 88, 1237 (1966); (b) C . F . B ern asco n i, u n p u b lish e d
w ork.

fin ity”  sample between 200 and 500 m^ was recorded; it  matched 
that of 2,4-dinitrophenol in 0.1 M  NaO CH 3 in CH 3OH.

Reaction temperature for all runs was 67.9°. R ate coefficients 
are symbolized, and were reckoned, as follows: k*r =  k^  for 
the special case of reaction 1, reverse; k r =  &*r/[OCH3- ], 
second-order rate coefficient for reaction 1 , reverse; k *f =  pseudo- 
first-order rate coefficient for reaction 1 , forward, reckoned as 
(A  a / A  qua„t) ■ k j , , where A œ is the observed infinity absorbance 
and A q„ant is the infinity absorbance calculated for quantitative  
conversion of I to II; kt, =  ^ t/fC sH ioN H ], second-order rate 
coefficient for reaction 1 , forward; k*F =  pseudo-first-order 
rate coefficient for side reaction(s) to reaction 1 , forward, 
in absence of NaO CH 3, reckoned as kj, — k * i ( l  +  K e - 
[CsHioNHjyCKetCsHioNH]) ( K e is the equilibrium constant 
for reaction 1 ); kp  =  A*p/[C5Hi0N H ], second-order rate co
efficient for side reaction(s) to reaction 1 , forward.

Our method for reckoning the last four coefficients calls for 
comment. When piperidine is in large excess, eq 1 and 2 con
stitute a system  of the type

ta
A B

Aib
(3)

kc
A — > C (4)

For reaction 3 alone, it is known15 that the slope in a plot of 
In ( A „  — A ) ,  where A „  is the final (equilibrium) absorbance, 
v s . time is k .  +  k b, and that can be reckoned as A „ / A quint 
tim es said slope (if the absorbance measured is due only to B ). 
Moreover, if reactions 3, forward, and 4 are com petitive ir
reversible reactions, it  is known that the slope in a plot of In 
(Aa, — A )  v s . tim e is k a +  k c, and that k a can be reckoned as 
A mf  A q„ant times said slope . 16

The procedure we have used for evaluating k* t and k *p (above) 
represents amalgamation of these two familiar procedures. I t  
is not rigorous, for the true "infinity”  value for reactions 3 and 
4 in competition will represent complete conversion of A and B 
into product C. On the other hand, if the equilibrium concentra
tion of reactant A is small and k Q is sm all, the condition of equilib
rium between A and B will not drift rapidly toward C and a 
“ quasi-infinity” condition .will be attained after eight or ten  
half-lives of reaction 3. The chief intrusion of reaction 4 will 
then be direct competition with reaction 3 as the initial state  
progresses to the “ quasi-infinity” state. Under such conditions, 
which prevailed in m ost of our experiments concerning reaction 
1 , forward, the treatm ent we have used is approximately correct.

Detection of 2,4-Dinitrophenol as a By-product.— “ Infin ity” 
samples from reactions of I  with 0 .2 , 0 .4, and 0.6 M  piperidine 
(without piperidine hydrochloride) were examined. I t  was 
assumed that 2,4-dinitrophenol was the by-product containing
2,4-dinitrophenyl groups. On the basis of this assumption, 
solutions were prepared mimicking the “ infinity”  solutions from 
these runs; these solutions contained 2,4-dinitrophenylpiperidine 
in the concentrations indicated by the absorbance at 390 npi of 
acid-quenched “ infinity”  samples plus 2,4-dinitrophenol as 
needed to account for the rest of the starting 2,4-dinitroanisole. 
The spectra of all six solutions, the three actual “ infinity” 
solutions and the three mimics, as diluted with methanol and as 
diluted with ca . 1 M  HC1 in 47% ethanol, were determined be
tween 200 and 500 m/ji. In all six cases there was an appreciable 
difference in the spectra of the m ethanol-diluted and the acid- 
diluted samples, and each pair of actual and mimic “ infinity” 
solutions showed qualitatively and quantitatively the same 
spectra when diluted in a given way. This substantiates the 
assumption which was made.

W e now consider the possibility that 2,4-dinitrophenol was 
formed by reaction of methoxide ion with 2,4-dinitroanisole. 
M ethoxide ion is generated by the basic dissociation of piperidine 
in methanol, for which K b is 7 .3  X 10 _ 6 . 17 For the piperidine 
concentrations represented in Table II , [OCH3- ] is reckoned to 
range from 0.85 X 10 - 3  to 2.1 X 10 ~ 3 (except in the presenceof 
piperidine hydrochloride). M aking use of the probable second- 
order rate coefficient for the dinitroanisole-m ethoxide reaction

(15) C f. A . A. F ro s t  a n d  R . G . P ea rso n , “ K in e tic s  a n d  M ech an ism ,”  2nd  
ed, J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1961, p  186.

(16) J . F . B u n n e tt ,  E . W . G arb isch , J r . ,  a n d  K . M . P r u i t t ,  J .  A m er. 
Chem . Soc., 79, 385 (1957).

(17) J . R . S chaefgen , M . S. N ew m an , a n d  F . H . V erhoek , ib id ., 66, 1847 
(1944).
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determined in this research, we reckon the contribution of this 
reaction to the pseudo-first-order coefficients in Table II to be 
not greater than 2.7 X 10 - 8  sec -1. This is only about one- 
hundredth the actual m agnitude of the side reaction, tabulated  
as k*p in Table II . This is clearly not the principal side re
action.

Detection of N-M ethylpiperidine as a By-product.— A solution  
(75 m l) of I (0.0667 M ) ,  piperidine (0.4 M ) ,  and piperidine hydro
chloride (0.0667 ill)  in methanol was flushed with nitrogen gas, 
sealed in a Pyrex tube, and heated 1080 hr at 6 8 °. The tube was 
cooled to room temperature and opened, and the contents were 
acidified to pH 1 by dropwise addition of aqueous IIC1. The 
solvents were evaporated by means of a rotary vacuum  evapora
tor, distilled water was added, and the mixture was heated to 60°. 
T he lumps were crushed, and the mixture was cooled and filtered. 
The collected solids were discarded, and the filtrate was evapo
rated to dryness as above. The dry residue was treated with  
3.0 g of sodium amide in pyridine, and the resulting slurry was 
filtered under nitrogen pressure through a fritted-glass plate. 
To a sample of the filtrate, a weighed amount of acetone was 
added as internal standard, and the mixture was analyzed by 
glpc, using 10% Carbowax 4000 on 42-60  mesh Johns-M anville 
C - 2 2  Siloeel firebrick. The peak for N-m ethylpiperidine was 
sharp; the retention time was the sam e as that of an authentic  
sample. The peak area, corrected for molar response, indicated 
that 0.174 g (36% ) of N-m ethylpiperidine had been formed. 
Another sample of the pyridine filtrate was subjected to mass 
spectrometric analysis; peaks at m / e  98 (M W  — 1  for N - 
m ethylpiperidine), 84 (M W  — 1 for piperidine), and 79 (pyridine) 
were strong, and the yield of N-m ethylpiperidine was indicated 
to be slightly higher than estimated by glpc.

Concentrations of reactants as listed in the tables refer to 
room temperature. However, all the second- and third-order 
rate coefficients given in the tables and in the text have been 
corrected to take account of solvent expansion between room  
temperature and 67.9°; the correction factor used was 1.06.

R e su lts  and  D isc u ss io n

R ea ctio n  of 2 ,4 -D in itro a n iso le  w ith  N a O C H 3.—A
conceivable side reaction was nucleophilic displacement 
by methoxide ion on methyl carbon of I, forming methyl 
ether and 2,4-dinitrophenol.13 Reaction was indeed 
observed to occur at 67.9°, between 0.10 M  NaOCH3 
and 4.24 X 10-4M 2,4-dinitroanisole, and ultimately the 
ultraviolet spectrum of the solution matched that of
2,4-dinitrophenol in methanolic NaOCH3. Also, a 
sample of the “infinity” solution diluted with excess 
“quenching solution” (ca. 1 M  HC1 in 47% ethanol) 
matched that of 2,4-dinitrophenol in the same solvent.

The rate of this reaction was followed by the increase 
of absorbance at 356 my, an absorption maximum for 
the 2,4-dinitrophenoxide ion. The pseudo-first-order 
rate coefficient was 1.2 X 10-6 sec-1. The reaction 
order in sodium methoxide was not established, 
although it was found that 2,4-dinitroanisole is stable in 
methanol free of this base. If the reaction is first order 
in methoxide ion, the second-order rate coefficient is
1.2 X 10-6 M -1 sec-1.

We cannot exclude the possibility that this reaction is 
hydroxydemethoxylation at aromatic carbon, hydroxide 
ion having been formed by reaction of methoxide ion 
with traces of water in the solvent.

R ea ctio n  of 2 ,4 -D in itrop h en y lp ip er id in e  w ith  M e th 
an o l, C ata lyzed  by  S od iu m  M e th o x id e .—This tertiary 
amine was found to be stable in methanol at 67.9°. 
However, in the presence of sodium methoxide a reac
tion occurred and ultimately all the 2,4-dinitrophenyl- 
piperidine was destroyed, for the “infinity” solution 
showed no trace of the characteristic absorption of II 
at 390 m/i. The ultraviolet spectrum of this solution 
matched that of 2,4-dinitroanisole in methanol. Thus, 
the reverse of reaction 1 occurred.

Reaction rate was determined as a function of sodium 
methoxide concentration, the decrease in absorption at 
390 mp being followed. Our data are presented in 
Table I. The rate was higher at higher methoxide 
concentrations, but the second-order rate coefficient 
(fcr) diminished somewhat as the base concentration 
increased.

T a b l e  I
R eaction  o f  2,4-D in it r o ph en y lpipe r id in e  w ith  M eth a n o l , 

C atalyzed b y  Sodium  M et h o x id e“ at 67.9°
[NaOCHi], M 10»i*r, sec-1 10*kT, 1. mol-1 sec“

0.0145 3.88 2.83
0.036 8.84 2.56
0.073 16.9 2.46
0.109 24.2 2.32
0.146 30.2 2.19
0.218 40.5 1.96
0.328 54.9 1.77

“ Initial substrate concentration in all runs: 1.92 X 10 4 M .

R ea ctio n  of 2 ,4 -D in itro a n iso le  w ith  P ip er id in e  (w ith 
ou t N a O C H 3) .—The reaction velocity was determined 
as a function of piperidine concentration; results are 
presented in Table II. The kinetics are complicated by 
three factors: (i) the reaction progresses to a state of
equilibrium which, at low piperidine concentrations, 
provides an appreciable amount of unreacted 2,4-di
nitroanisole; (ii) there is a side reaction which con
sumes 2,4-dinitroanisole forming something other than
2,4-dinitrophenylpiperidine, as shown by the fact that 
“infinity” concentrations of the latter are considerably 
less than called for by the equilibrium constant; and 
(iii) the formation of 2,4-dinitrophenylpiperidine is 
catalyzed by base, certainly by methoxide ion and prob
ably also by piperidine.

The side reaction is that of piperidine with 2,4-di
nitroanisole to form N-methylpiperidine and 2,4-di
nitrophenol, via Sn2 attack of piperidine on methyl 
carbon. The formation of 2,4-dinitrophenol was dem
onstrated by the ultraviolet spectra of product mixtures, 
and N-methylpiperidine was detected as a product by 
gas-liquid partition chromatography (glpc) and by mass 
spectrometric analysis.

In a situation of competing reversible and irreversible 
reactions, as represented by eq 1 and 2, “infinity” con
ditions are attained only when all the reactants have 
been transformed into the products of the irreversible 
step. However, if the irreversible reaction is slow and 
there is but little of the common reactant present at 
equilibrium, conditions which are fulfilled in the present 
work, the system may be treated approximately as com
peting independent first-order reactions. This ques
tion is discussed in detail in the Experimental Section. 
By this treatment, pseudo-first-order coefficients (k*p) 
for the side reaction were computed, and they were con
verted into second-order coefficients (/cP) by dividing by 
the piperidine concentration.

The fcp values (Table II) differ considerably. We are 
inclined to think that the variation is not real, and that 
the proper value of this coefficient is best indicated by 
the first experiment in Table II, a run in which piperi
dine hydrochloride was present. Under the conditions 
of that run, equilibrium lay strongly on the side of 2,4- 
dinitrophenylpiperidine and the side reaction accounted 
for nearly half of the products formed. In the other
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T a b l e  II
R eaction  o f  2,4-D initroanisole  w ith  P ipe r d in e  in  M ethanol a t  67.9°

[S ubstra te jo  
X 10*. M [C iH ioN H ] Y ield , %

C or
y ie ld ,“ %

106A^,
s e c -1

106fc*f,
s e c -1

10»ifeA, 
M ~ l s e c -1

106fc*p,
s e c -1

10«fcp,
M  - i sec -1

2.87 0.6006 55.8 56.8 9.55 5.6 8.9 4.1 7.1
5.00 0.600 92.3 94.0 45.3 44 69.7 2.7 4.8
2.87 0.600 93.0 94.5 45.0 44 69.7 2.5 4.3
5.00 0.400 86.9 89.0 22.0 20 47.8 2.4 6.3
2.87 0.399 87.3 89.5 26.5 24 58.0 2.8 7.4

17.9 0.250 78.2 81.3 10.8 8.9 33.8 2.0 8.6
5.00 0.200 73.9 77.6 9.54 7.4 35.2 2.1 11.3

17.9 0.100 59.6 65.6 3.13 2.0 18.7 1.08 11.4
° “Cor yield” is the yield of 2,4-dinitrophenylpiperidine (from photometric data) plus the amount of 2,4-dinitroanisole which should 

be in equilibrium with it. 6 Piperidine hydrochloride ( 0 . 1 0 2  M )  also present.

T a b l e  III
R eaction  o f  2,4-D in itro an isole  w ith  P ip e r id in e , Catalyzed b y  Sodium  M et h o x id e , in  M ethanol  at 67.9° a

[NaOCHo], [Substratejo, 104̂ , Cor yield,6 104&A, 102W[OCH3-], K e,c
M X 104, M sec-1 Yield, % % M ~ l  sec-1 M -2 sec-1 Af-1

0.010 8.98 0.735 91 96 3.70 3.91 136
0.010 3.59 0.812 92 97 4.08 4.31 150
0.030 3.59 1.82 90 95 9.16 3.23 127
0.050 3.59 2.54 98 103 12.8 2.71 108
0.070 1.80 2.87 90 95 14.4 2.18 89
0.100 1.44 4.54 97 102 22.8 2.41 103
0.130 1.44 5.45 98 103 27.4 2.23 99
0.182 1.44 7.37 97 102 37.1 2.16 105
0.327 1.44 11.2 96 101 53.9 1.74 98

“ Piperidine 0.20 M  in all runs. 6 See footnote a , Table II. 5 Computed from kinetic data.

experiments with 0.6 M  piperidine, the side reaction was 
a very small percentage of the whole and its rate, being 
reckoned as a difference between large quantities, could 
not be estimated very precisely. In the experiments at 
low piperidine concentrations, the approximate kinetic 
analysis employed is somewhat less justified.

The pseudo-first-order coefficients for reaction 1 in 
the forward direction are given (Table II) as k * ¡, and the 
corresponding second-order coefficients (fc*f/  [CsHioNH ]) 
are tabulated as k A . It is obvious that k A in
creases with piperidine concentration, except that 
it is much lower in the presence of piperidine hydro
chloride. Since a principal effect of the latter salt is to 
repress basic dissociation of piperidine to form meth
oxide ion, we conclude that the increase in k A with 
piperidine concentration is mainly due to catalysis by 
methoxide ion. This conclusion is supported by the 
fact that one can approximate the k A  values in Table II 
by multiplying the catalytic coefficient for methoxide 
ion (see below) by the methoxide ion concentrations 
reckoned from the K h value. Reaction 1, forward, may 
also be catalyzed by piperidine, but our data are not 
suitable for estimating the magnitude of such catalysis.

It is interesting that the enhancement of k A for re
action 1, forward, by piperidine in methanol is mainly 
due to catalysis by methoxide ion. In contrast, the 
augmentation of k A  for the analogous reaction of piperi
dine with 2,4-dinitrodiphenyl ether in 60% dioxane- 
40% water, on addition of excess piperidine, is mainly 
due to catalysis by the amine itself.3 Also, reaction 1 
in 10% dioxane-90% water is strongly catalyzed by 
piperidine.6

R ea ctio n  of 2 ,4 -D in itro a n iso le  w ith  P ip er id in e , 
C atalyzed  by  N a O C H 3.—In a series of kinetic runs, 
sodium methoxide concentration was varied as piperi
dine concentration was held constant at 0.2 M. Under 
these conditions, one can estimate from the equilibrium

constant for reaction 1 (ca. 100) that the ratio of I to II 
at equilibrium should be 1:20. The observed photo
metric yields of 2,4-dinitrophenylpiperidine (Table III) 
were multiplied by 21/ 20 in order to obtain “corrected 
yields,” which represent the per cent of the starting 
dinitroanisole accounted for by photometric analysis of 
the “infinity” solutions. With but three exceptions, 
the corrected yields are 100 ±  3%. This testifies to the 
magnitude of experimental error in our product analysis. 
Yields lower than 97% tend to occur at lower methoxide 
concentrations where side reactions as discussed above 
are relatively more serious.

The kA values for reaction 1, forward, rise with in
crease in sodium methoxide concentration. The rela
tionship is plotted as Figure 1. The third-order cat
alytic coefficient, A;a / [ O C H 3 _ ] ,  diminishes as the base 
concentration augments (Table III). A similar effect 
was observed in respect to the reverse reaction; see 
Table I.

The fact that the “corrected yields” of 2,4-dinitro
phenylpiperidine in Table III are near to 100% shows 
that side reaction 2 is insignificant at higher NaOCH3 
concentrations. It does not respond, or responds very 
weakly, to catalysis by bases. Recently Gregory and 
Bruice18 have reported that the Sn 2 reactions of several 
amines with methyl iodide in water show simple second- 
order kinetics, with no evidence of base catalysis by 
the amines, and it has been known for some 
time that reactions of amines with 2,4-dinitro- 
chlorobenzene and several other aromatic substrates in 
protic solvents are not base-catalyzed.19 It appears 
that nucleophilic attack by amines in such solvents is not 
assisted by bases, and that catalysis when observed in
volves rate-limiting steps following the initial attack.

(18) M . J . G reg o ry  a n d  T . C . B ru ice, J . A m er. Chem. Soc., 89, 4400 (1967).
(19) J . F . B u n n e t t  a n d  R . H . G a rs t, ib id ., 87, 3875 (1965).
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Figure 1.— Dependence of second-order rate coefficient (G )  
for the forward reaction on NaO CH 3 concentration; data of 
Table III.

Division of the present third-order catalytic 
coefficients by kr values at corresponding NaOCH3 con
centrations should give K e, the equilibrium constant for 
reaction 1 in the forward direction. The necessary kt 
values were interpolated graphically from data in Table 
I, and the resulting K e values are presented in Table III. 
Among the last six values, the average K e is 100 ± 5  1. 
mol-1. The larger estimates of K e at lower methoxide 
concentrations possibly are due to the incursion of side 
reactions, especially in the forward rate determination.

E q u ilib r iu m  M ea su re m e n t.—The equilibrium con
stant, K e, for eq 1 was also estimated directly from 
measurement of absorption at 390 m/x after equilibrium 
had been attained. Because of the side reactions of
2,4-dinitroanisole, it was necessary that equilibrium be 
attained quickly. Also, the extent of side reactions 
could be minimized by having a rather high concentra
tion of piperidine which would drive the reaction to the 
right as written. On the other hand, if it were driven 
too far to the right, the equilibrium constant could not 
be measured accurately.

In our experiments, solutions 9.58 X 10-5 M  in 2,4- 
dinitroanisole and of various known concentrations of 
NaOCH3 and piperidine were prepared and, in sealed 
ampoules with a nitrogen gas atmosphere, were allowed 
to react at 67.9° for ten half-lives, as indicated by rate 
measurements. The ampoule contents were then di
luted to standard volume with ca. 1 M  HC1 in 47% eth
anol, and absorption at 390 m/x was measured. With 
0.1 M  piperidine, K e was 105,119, and 109, respectively, 
with [NaOCH3] 0.05, 0.10, and 0.20 M. With 0.05 M  
piperidine, K e was 83, 86, and 81, at the respective 
NaOCH3 concentrations. These estimates confirm in a 
general way the K e (1001. mol-1) of kinetic origin, which 
we consider to be more reliable.

The K e of 100 M ~1 corresponds to AG° of —3100 cal.
R e a ction  M e c h a n is m .—Several aromatic nucleophilic 

substitution reactions involving amine reagents have 
now been found to be base catalyzed.3’4’6’12,20'21 The

mechanism indicated by those studies is written in 
Chart I in the form most suitable for the present reac
tion. The second step of this mechanism is a fast pro
ton-transfer equilibrium with equilibrium constant K ¡. 
We have omitted from Chart I a step commonly in
cluded in such a mechanism, namely, the uncatalyzed 
or solvent-catalyzed transformation of intermediate 
complex III to products. It is omitted only because 
we have no evidence for it from the present study.

C h a r t  I

I +  C5HioNH 4 *

m

CHjOH

The general expression for kA in terms of rate coeffi
cients for specific steps12 is written for the mechanism 
of Chart I as eq 5. This expression calls for kA to be

. = fciAifcdOCHs-]
A + Ai^lOCHa-] {>

linearly dependent on [OCH3- ] when k-1 »  K-Jct- 
[OCH3~], independent of [OCH3- ] when Aifc4[OCH3- ] 
»  k~i, and curvilinearly dependent on [OCH3- ] 
with ever-diminishing slope when neither inequality is 
extreme.

The dependence of kA on methoxide concentration 
found in the present work (Figure 1) is nearly linear, 
but the plot is slightly curved in a sense allowed by 
eq 5. The form of the plot suggests that k-1 is larger 
than Ai/c4[OCH3- ] but not so much larger that the 
latter term may be dismissed from the denominator. 
This interpretation means that step 4 is almost wholly 
rate limiting, in either direction, at low NaOCH3 con
centrations, but that rate limitation is increasingly 
shared with step 1 as the methoxide concentration in
creases.

An alternative interpretation of the decrease in kr in 
Table I and of fcA/[OCH3~] in Table III is that sodium 
methoxide exerts a negative salt effect on the reaction 
in both directions, but this seems unlikely in view of 
Bernasconi’s discovery that the rate coefficient for 
attack of NaOCH3 on 2,4-dinitroanisole, to form the 
usual Jackson-Meisenheimer complex, increases as the 
NaOCH3 concentration increases.1415

Another mechanistic possibility is that methoxide 
ion catalyzes the first step of the intermediate complex 
mechanism, I and piperidine and CH30 -  reacting in

(20) A. J .  K irb y  a n d  W . P . Jen ck s , J .  A m er. Chem . Soc., 87 , 3217 (1965 ).
(21) F . P ie t r a  a n d  A. F a v a , Tetrahedron L e tt., 1535 (1963); C . B e rn a sco n i 

a n d  H . Z o llinger, H elv. C him . A c ta , 49 , 103 (1966).
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one concerted step to form IV and CH3OH. A linear 
dependence on methoxide ion concentration would be 
expected, except as it might be modified by salt effects. 
We cannot exclude this possibility on the basis of our 
present results, but we consider it unlikely because no 
strong catalysis of this type has been encountered in 
other aromatic nucleophilic substitutions involving 
amine reagents.

Bunnett and Bernasconi4 found reaction 1 in 10% 
dioxane-90% water to exhibit curvilinear dependence 
of kA on hydroxide ion concentration. Their study was 
conducted at constant ionic strength, and the curvature

could not be attributed to a salt effect. Comparison of 
the two studies shows that the relative rates of rever
sion of intermediate III to reactants and progression to 
products are altered by change of solvent and base.

By the principle of microscopic reversibility, the 
reverse of reaction 1 must occur by the same mech
anism, in the other direction. The reverse mech
anism in Chart I is a reasonable one.

Registry No.—I, 119-27-7; II, 839-93-0; methanol, 
67-56-1; piperidine, 110-89-4; sodium methoxide, 
124-41-4.

T h e  R e a c t io n  o f  D ip h e n y lp h o s p h in o u s  C h lo r id e  w i th  B e n z o y l P e ro x id e 1
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The reaction of equimolar quantities of diphenylphosphinous chloride, P h2PCl (1), and benzoyl peroxide in  
refluxing benzene produces a mixture of benzoyl chloride, benzoic anhydride, and diphenylphosphinic anhydride, 
Ph2P (0 )0 P (0 )P h 2 (2). In addition, a mixed anhydride, P h C (0 )0 P (0 )P h 2 (3), is detected. The first step of 
the reaction is an oxygen transfer from peroxide to 1 to form benzoic anhydride and diphenylphosphinyl chloride 
(4) In a secondary reaction 4 interacts with benzoic anhydride to give a mixture of benzoyl chloride, 3, and 
benzoic anhydride. M ixed anhydride is thus not a primary product but is formed by a m etathesis between 
benzoic anhydride and 4 or/and by an equilibration of benzoic anhydride w ith 2.

The reaction between peroxides and trivalent phos
phorus compounds may proceed by either a homolytic 
or a heterolytic route, or by a combination of the two, 
the products giving some indication of the favored 
route.2-4 Thus, the reaction of benzoyl peroxide with 
triphenyl or tri-n-butyl phosphine (eq 1, R = Ph, n-Bu)
P h C (0 )0 0 (0 )C P h  +  R 3P — >

P h C (0 )0 (0 )C P h  +  R 3P  — >  O (1)

yields the corresponding phosphine oxide and benzoic 
anhydride,5,6 the net effect being the transfer of an 
oxygen atom to phosphorus. In this case the involve
ment of ionic intermediates is established.7,8 However, 
a radical mechanism is thought to operate in the reac
tion of phosphorus trichloride with benzoyl peroxide to 
yield carbon dioxide, benzoyl chloride, and benzene 
phosphonyl dichloride9 (eq 2). Benzoyl peroxide and
P h C (0 )0 0 (0 )C P h  +  PC13 — >

P hC (0)C l +  P h P (0 )C l2 +  C 0 2 (2)

triethyl phosphite react in solution by the ionic route to 
yield benzoic anhydride and triethyl phosphate (eq 1, 
R = OEt), but the uncontrolled reaction in the absence 
of a solvent yields in addition to these products diethyl-

(1) (a) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  a  g r a n t  from  th e  P u b lic  
H e a l th  S erv ice, U . S. D e p a r tm e n t of H e a lth , E d u c a tio n , a n d  W elfa re  (G M  
14932-01). T h e  p re lim in a ry  re su lts  (b) w ere  p u b lish e d  in  Chem . I n d .  (L on
don ), 120 (1967) a n d  (c) w ere  p re s e n te d  in  p a r t  in  a  ta lk  a t  th e  In te rn a tio n a l 
S y m posium  on th e  C h e m is try  of O rgan ic  P erox ides  in  B erlin , D D R , S ep t 
1967.

(2) J . I .  G . C ad o g a n , Q uart. Rev. (L ondon ), 16, 208 (1962).
(3) R . F . H u d so n , “ S tru c tu re  a n d  M ech an ism  in  O rg an o -P h o sp h o ru s  

C h e m is try ,” A cadem ic  P re ss  In c ., N ew  Y ork , N . Y ., 1965, C h a p te rs  6 a n d  9.
(4) C . W a lling  a n d  M . S. P e a rso n  in  “ T op ics  in  P h o sp h o ru s  C h e m is try ,” 

V ol. I l l ,  M . G ray so n  a n d  E . J . G riffith , E d ., In te rsc ie n c e  P u b lish e rs , In c ., 
N ew  Y ork , N . Y ., 1966, p  18.

(5) F . C h a llen g e r a n d  V. K . W ilson , J .  Chem . Soc., 213 (1927).
(6) L . H o rn e r  a n d  W . Ju rg e le it, A n n .,  591, 138 (1955).
(7) M . A . G reen b au m , D . B . D en n ey , a n d  A . K . H o ffm ann , J .  A m er. 

Chem. Soc., 78, 2563 (1956).
(8) D . B . D en n ey  a n d  M . A. G reen b au m , ib id ., 79, 979 (1957).
(9) M . K a re lsk y  a n d  K . H . P au sa c k e r , A u s t. J .  Chem ., 11, 336 (1958).

phenyl phosphonate, PhP(0)(OEt)2, indicating, at 
least in part, a homolytic route.10

Recently, we reportedlb that the reaction of benzoyl 
peroxide with diphenylphosphinous chloride (1), al
though not homolytic, is apparently different from the 
general ionic type expressed by eq 1. There were iso
lated benzoyl chloride, and two symmetrical anhy
drides, benzoic anhydride and diphenylphosphinic 
anhydride (2) (eq 3). In addition, a mixed benzoic
Ph2PCl +  P h C (0 )0 0 (0 )C P h  — >-

1
PhC(0)Cl + V2PhC(0)0(0)CPh + 72Ph2P(0)0(0)PPh2 (3)

2

diphenylphosphinic anhydride (3) was detected but 
was not isolated in pure form. This paper outlines in

Ph2P (0 )0 (0 )C P h
3

greater detail the results of the preliminary communi
cation, and provides further information about the 
reaction path and the role of 3 in the reaction.

Results
In initial preparative-scale experiments, the reaction 

between 1 and benzoyl peroxide was carried out in re
fluxing benzene at molar concentration. Under these 
conditions and after an isolation procedure involving 
distillation and recrystallization, the final products 
were identified as benzoyl chloride, benzoic anhydride, 
and 2. The stoichiometry corresponds roughly to 
eq 3. In addition, another material with a character
istic ir absorption band in the carbonyl region at 1740 
cm-1 (which is not displayed by the other carbonyl- 
containing materials in the system) was detected in the

(10) A. J . B u rn , J .  I .  G . C ad o g an , a n d  P . J .  B u n y a n , J .  Chem. Soc., 1527
(1963).
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reaction mixture during work-up and as a contaminant 
of crops of low-melting 2 obtained from the mother 
liquor. Several attempts, using varying work-up 
procedures, to isolate a pure sample of this material 
from the peroxide reaction were unsuccessful.

The hitherto unknown anhydride 3 was prepared by 
the reaction of diphenylphosphinic acid and benzoyl 
chloride in the presence of 2,6-lutidine (lu), and its 
physical properties and chemical behavior under the

Ph2P (0 )0 H  +  P hC (0)C l +  lu — >
Ph2P (0 )0 (0 )C P h  +  lu ■ HCl 

3

conditions of the peroxide reaction were established. 
Comparison of ir spectra of pure 3 with those of samples 
of 2 from the peroxide reaction containing material 
with a band at 1740 cm-1 established that the latter 
material was 3.

In addition to identification of products, the following 
observations were made. No gas (C02, HC1) was 
evolved, and neither chlorobenzene nor biphenyl was 
detected. The product composition was identical both 
in the presence and absence of catalytic amounts of 
cupric bromide.

Ir spectra indicated that under the chosen conditions 
the reaction of benzoyl peroxide with 1 proceeded 
rapidly. No rate measurements were therefore made 
under these conditions. Immediately after the addi
tion of benzoyl peroxide, benzoic anhydride and only 
minor quantities of benzoyl chloride and 2 were pres
ent. As refluxing continued, the amounts of benzoyl 
chloride and 2 increased at the expense of the benzoic 
anhydride. Compound 3 could not be positively iden
tified until the removal of benzoyl chloride by distilla
tion.

Thus, there were clear indications that, after an 
initial rapid reaction, secondary interactions of the 
products in the reaction mixture, and possibly also 
during the isolation procedure, had occurred.

In order to clarify the reaction path, the reaction 
conditions were changed. At room temperature and in 
more dilute solution, the initial interaction of benzoyl 
peroxide and 1 was slowed down to a rate which allowed 
the study of the disappearance of the reactants, and the 
appearance of the primary products. No attempt was 
made to isolate the products, because it was by now 
known that further interaction occurs during distilla
tion and recrystallization procedures. Instead, exten
sive use was made of ir spectra in following the changes 
and identification of products.

Under these conditions the primary products are 
diphenylphosphinyl chloride (4) and benzoic anhydride, 
which do not rapidly react further. However, on re
fluxing they were converted into the final product 
mixture consisting of benzoyl chloride, benzoic anhy
dride, and 2. Thus, a clean separation was achieved 
between the initial interaction of benzoyl peroxide with 
1 (eq 4), and the further interactions of the primary 
products, benzoic anhydride and 4 (eq 5). Additional 
evidence was obtained from the reaction of 4 with

P h 2PCl +  P h C (0 )0 0 (0 )C P h  — >-
1

Ph2P0O)Cl +  P h C (0 )0 (0 )C P h  (4) 
4

benzoic anhydride. The reaction of a synthetic mix
ture of these reactants proceeded only slowly at room 
temperature, and gave products identical with those 
obtained from benzoyl peroxide at reflux.

Ph2P (0 )C l +  P h C (0 )0 (0 )C P h  — >
4

P hC (0)C l +  ‘A P h 2 P (0 )0 (0 )P P h 2 +  V  2PhC( 0 ) 0 (0 )C P h  (5) 
2

Further work at room temperature and high dilution 
showed that inhibitors, such as galvinoxyl and di- 
phenylpicrylhydrazyl (DPPH), and also catalytic 
amounts of cupric bromide, have no effect on the rate 
or products of the reaction between benzoyl peroxide 
and 1. Each of the “stable” free radicals interacted 
with 1, as evidenced by a change in color and the 
simultaneous disappearance of the esr signal of the 
radical. However, the reaction mixtures still markedly 
inhibited the otherwise rapid autoxidation of 1.

Each reaction system, with and without inhibitors or 
cupric bromide, behaved identically when the initially 
formed products at room temperature were refluxed. 
Benzoyl chloride, benzoic anhydride, and 2 were the 
products in each case. A synthetic mixture of 4 and 
benzoic anhydride at the same concentration also 
yielded the same mixture of products.

Further evidence was sought bearing on the role of
3 in the reaction. Careful examination of the ir spectra 
of samples from the reaction of benzoyl peroxide with 1 
and those of synthetic mixtures of 4 and benzoic anhy
dride after refluxing in benzene was not conclusive 
because of the close proximity of the carbonyl absorp
tions of benzoyl chloride and 3. It could only be con
cluded that 3 might be present in minor quantities. 
After removal of solvent and benzoyl chloride by dis
tillation, the carbonyl peak (1740 cm-1) of 3 was now 
clearly distinguishable. If benzoic anhydride was now 
removed by distillation, 3 remained as the only car
bonyl-containing material in the residue, but again 
only in minor quantities.

A solution of 3 in refluxing benzene rapidly trans
formed to an equilibrium mixture containing the two 
symmetrical anhydrides and an appreciable proportion 
of 3. The same equilibrium mixture was reached more 
slowly when equimolar amounts of benzoic anhydride 
and 2 were refluxed in benzene. The behavior at room 
temperature was similar, and the transformation of 3 
yielded an equilibrium mixture containing a rather 
larger proportion of 3.

In refluxing benzene, the two systems, 4-benzoic 
anhydride and 3-benzoyl chloride, are transformed to 
the same equilibrium mixture, identical with that ob
tained from the reaction of benzoyl peroxide with 1 
(eq3).

Each system after equilibration gave an identical 
mixture of products, namely benzoyl chloride, benzoic 
anhydride, 2, and traces of 3 during the isolation pro
cedure. The equilibrium does not lie completely to 
the right as shown by eq 3, since small changes occur 
when a mixture of the composition shown is refluxed in 
benzene.

Equilibrium in refluxing benzene was reached within
4 hr, except for the reaction of 3 with benzoyl chloride. 
In this case the decomposition of 3 was slower than the 
decomposition of 3 alone under the same conditions.
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Discussion
The pathway and mechanism of the reaction of ben

zoyl peroxide with 1 are of interest because of the 
apparently different behavior from the reactions of 
triphenylphosphine and phosphorus trichloride.

The detection of 3, unstable with respect to the cor
responding symmetrical anhydrides, led us initially to

Ph2P(0)0(0)CPh y2Ph2P(0)0(0)PPh2 + y2PhC(0)0(0)CPh
the conclusion that 3 might be an important interme
diate in the reaction. The formation of 3 could be 
rationalized through participation of a pentacovalent 
phosphorus addition compound, as has been discussed 
in other cases.3

Ph2PCl +  P h C (0 )0 0 (0 )C P h  • 
1

Cl
/

Ph2P— 0 (  O )CPh

P hC (0)C l +  Ph2P (0 )0 (0 )C P h  ■
0 (0 )C P h _

PhC(0)Cl + y2Ph2P(0)0(0)PPh2 + y2PhC(0)0(0)CPh 
2

This assumption was disproved by experiments at 
room temperature, which showed that successive steps 
are involved, described by eq 4 and 5.

Compound 3 is clearly not an intermediate in the 
initial interaction of 1 and benzoyl peroxide, but is 
formed at some later stage.

The first step (eq 4) is formally identical with the 
reaction path observed in the case of the reaction of 
triphenylphosphine with benzoyl peroxide, i.e., an 
oxygen transfer. The inhibition data obtained at room 
temperature seem to exclude a radical mechanism. 
This conclusion is supported also by the absence of an 
effect of copper salts, and the autoxidative data. It 
has been shown11'12 that traces of copper salts can dras
tically change the rates and products of radical reac
tions of peroxy compounds. The absence of such an 
effect in the reaction of benzoyl peroxide with 1 indi
cates that a radical path may not be operative.

Inhibition of autoxidation of 1 by galvinoxyl and 
DPPH clearly demonstrates that this autoxidation is 
a radical process. The observation that 1 is rapidly 
autoxidized independent of the presence of benzoyl 
peroxide indicates that the radical species involved in 
the autoxidation play no part in the peroxide reaction.

It is probable then that the first step (eq 4) proceeds 
through an ionic mechanism such as that established 
for the reaction of triphenylphosphine.
Ph2PCl + PhC (0)00 (O)CPh —*

+/C1Ph2P. 0(0) CPh
0(0)CPh^

Ph2P(0)Cl + PhC(0)0(0)CPh
The data obtained at low temperatures do not neces

sarily apply rigorously to the high temperature condi-
(11) G . S osnovsky  a n d  S. O. L aw esson, Angew . Chem . In te rn . E d . E ng l., 3, 

269 (1964).
(12) S. O. L aw esson  a n d  G . S osnovsky , Svensk  K em . T id skr ., 75, 343 

(1963).

tions, where a radical process could be partially oper
ative. In this case, the absence of carbon dioxide in 
the products, inertness of the solvent, and the lack of 
effect of copper salts on product composition, seem also 
to exclude a radical mechanism.

The second step (eq 5) consists of the metathesis 
between 4 and benzoic anhydride. Compound 3 was 
not conclusively identified in this process, and if pres
ent would only be in small concentration. Separate 
experiments with 3 show that it decomposes to an equi
librium mixture with the two symmetrical anhydrides. 
It is proposed that 3 is an unstable intermediate in the 
second step, for which the following reaction path

Ph2P (0 )C l +  P h C (0 )0 (0 )C P h  — >
4

P hC (0)C l +  [P h C (0 )0 (0 )P P h 2] 
3

[Ph2P (0 )0 (0 )C P h ] ^ ± ;
3

V2Ph2P(0)0(0)PPh2 + y2PhC(0)0(0)CPh 
2

might be applicable, since it is difficult otherwise to vis
ualize a simple one-step process which satisfies the over
all stoichiometry of eq 5.
Ph2P(0)Cl + y2PhC(0)0(0)CPh —>

y 2 Ph2P (0 )0 (0 )P P h 2 +  P hC (0)C l

Abundant references can be found in the literature 
supporting the generality of this type of interaction of 
acid halides with anhydrides. Thus acetic anhydride 
reacts with carboxylic acid chlorides13,14 to yield the 
corresponding carboxylic anhydride and acetyl chlo
ride. For example, the reaction of acetic anhydride 
with benzoyl chloride13 14 15 produces an almost quantitative 
yield of benzoic anhydride; the presumed intermediate, 
acetic benzoic anhydride, which is thermally unstable,16 
is not isolated. However, the reaction of acetic anhy-
M eC (0 )0 (0 )C M e  +  P hC (0)C l :±=F

M eC (0)C l +  [M eC (0 )0 (0 )C P h ]

[M eC (0 )0 (0 )C P h ]
V 2MeC( 0 ) 0 ( 0  )CM e +  l/ 2P h C (0 )0 (0 )C P h

dride with chlorides of nonmetal or metalloid chlo
rides may proceed only as far as a mixed anhydride 
which is thermally stable and can be isolated. For 
example, acetates result from the reaction of acetic an
hydride with phosphoryl chloride,16 silicon tetrachlo
ride,17 aluminum chloride,18 and chlorodiphenylboron.19
P(0)C 13 +  3 M eC (0 )0 (0 )C M e — *-

P (0 ) [0 (0 )C M e ] 3 +  3M eC (0)C l

SiCh +  4 M eC (0 )0 (0 )C M e — >- S i[0 (0 )C M e ] 4 +  4M eC (0)C l 

AlCls +  M eC (0 )0 (0 )C M e  — Al Cl 2 [0 (0 )C M e] +  M eC (0)C l 

Ph2BCl +  M eC(0 ) 0 ( 0 )C M e— >  Ph2B 0 (0 )C M e  +  M eC (0)C l

(13) F . Z e tsche , et a l., H elv. C h im . A cta , 9 , 177 (1926).
(14) N . O. V. S o n n tag , J .  R . T ro w b rid g e , a n d  I .  J .  K rens , J . A m er. Oil 

Chem . Soc., 31 , 151 (1954).
(15) W . A u te n rie th  a n d  G . T h o m ae , Chem . B er., 57, 423 (1924).
(16) C . L . W ale, Chem . I n d .  (L ondon ), 2003 (1963).
(17) V. Y. U d o venko  a n d  Y u . Y a. F ia lk o v , Z h . Obshch. K h im .,  27 , 905 

(1957); Chem . A bstr ., 52, 3712d (1958).
(18) J .  B oeseken a n d  F . M e ije r  C luw en , Rec. Trav. C him . P a ys-B a s, 31 , 

367 (1912).
(19) B . M . M ik h a ilo v  a n d  N . S. F ed o ro v , Izv . A k a d . N a u k  S S S R ,  Otd. 

K h im . N a u k , 857  (1958); Chem . A bstr ., 53, 1203 / (1959).
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The comparative ease of detection of 3 from the per
oxide reaction during work-up after removal of solvent 
may be due to a more favorable equilibrium in the ab
sence of solvent. A similar situation has been recorded 
recently20 involving the interaction of acetic anhydride 
with 2.

Experimental Section
M elting and boiling points are uncorrected. The molecular 

weight determination was carried out by R ast’s m ethod. Ele
m ental microanalyses were performed by M icroTech Laboratories, 
Skokie, 111.

Diphenylphosphinous chloride, benzoyl peroxide, benzoyl 
chloride, benzoic anhydride, 2 ,6 -lutidine, cupric bromide, 
galvinoxyl, and diphenylpicrylhydrazyl (D P P H ) were com
mercial products. Diphenylphosphinyl chloride was prepared 
by air oxidation of neat diphenylphosphinous chloride21 at 130° 
in 36 hr, followed by distillation at reduced pressure. Diphenyl- 
phosphinic acid was prepared by the reaction of diphenylphos
phinous chloride with aqueous alkaline hydrogen peroxide . 22 

Diphenylphosphinic anhydride was made by the reaction of 
diphenylphosphinic acid with diphenylphosphinyl chloride23 

in the presence of base, e .g .,  2 ,6 -lutidine.
All experiments were carried out under nitrogen where appro

priate, w ith exclusion of atmospheric moisture. N o gas evolu
tion was observed in the peroxide reactions.

Peroxide in the reaction mixtures could not be estim ated by  
direct iodometric titration after addition of sodium iodide and 
a catalyst. Instead, ir spectra were used to follow the progress 
of the reactions and to confirm the characterization of isolated  
materials. Standard spectra were prepared for comparison 
purposes. The main absorption bands for each material are 
listed in Table I, with an indication (*) (low intensity bands 
have been om itted) of those bands which were m ost useful for 
characterization. Identification of mixtures was confirmed where 
possible by comparing spectra with those of synthetic mix
tures.

T a b l e  I
C om p o u n d s I r  a b so rp tio n s , cm  -1

Ph2PCl
Ph2P (0 )C l
P h C (0 )0 0 (0 )C P h
P h C (0 )0 (0 )C P h

P h C (0 )0 (0 )P P h 2

P Ph 2(0 )0 (0 )P P h 2

P hC (0)C l

P h C (0 )0 H

1430, 1090*, 740*
1435, 1250, 1235, 1120, 750, 725 
1785*, 1765*, 1595,1450, 1220, 1175, 995 
1785, 1725, 1600, 1450, 1210, 1170, 1010*, 

995*, 775
1740*, 1450, 1435, 1260-1240 (sh), 1235, 

1205, 1165, 1125, 1070, 1020-1040, 1015, 
835*, 770, 745, 720

1440, 1245, 1130, 1110, 1000, 945*, 745, 725 
1770, 1730, 1590, 1580, 1450, 1200, 1170, 

870*, 775
2500-3200*, 1690*, 1450, 1415, 1320, 1290

Reaction of Benzoyl Peroxide with Diphenylphosphinous 
Chloride (1) A. In Refluxing B enzene, a. In the Presence  
of Cupric Brom ide.— Benzoyl peroxide (24.2 g, 0.1 mol) sus
pended in benzene (50 m l) was added drop wise during 1 hr to a 
refluxing solution of 1 (18 ml, 0 . 1  m ol) and cupric bromide (0 . 2  

g, 0.9 mmol) in benzene (50 m l). After an exothermic reac
tion, the mixture was refluxed for a further 3 hr. The solvent 
was then removed at 14 mm, and the residual oil was distilled 
and yielded benzoyl chloride (7.6 g, 0.0543 m ol), bp 100-110° 
(50 mm ); benzoic anhydride (10.0 g, 0.0442 m ol), bp 100-138° 
(0.05 m m ), mp 43-44 .5° (ether-petroleum  ether, 20-40°); and 
a residue. Successive crops of 2  were obtained by recrystalliza
tion of the residue from benzene and repeated addition of ether 
to the evaporated mother liquor to precipitate further solid ma
terial. Obtained were crop 1 (3.2 g), mp 145-148°, crop 2 (9.0 g),

(20) D . L . V enezky  a n d  C . F . P o ran sk i, J r . ,  J .  Org. Chem ., 32, 838 (1967).
(21) P . H a u k e  a n d  G . H u rs t ,  J .  A m er. Chem . Soc., 88, 2544 (1966).
(22) L . R . O cone, et al., U. S . D ept. C om m . Office Tech. Serv., A/S 262, 806 

(1961); Chem . A bstr ., 59, 2853/i (1963).
(23) R . L . D a n n le y  a n d  K . R . K ab re , J .  A m er . Chem . Soc., 87, 4805 

(1965).

mp 138-143°, and crop 3 (5.0 g), mp 137-140°, to total 17.2 g 
(0.041 m ol).

b . — Experiment a was repeated with more detailed ir m oni
toring of the reaction and a slight variation in work-up pro
cedure. After the addition period (1 hr) the characteristic 
peaks of benzoyl peroxide (1765, 1220, and 1175 cm -1) and that 
of 1 (1090 cm -1) were not observed. Instead, benzoic anhydride 
(two peaks of alm ost equal intensity a t 1010 and 995 and car
bonyl absorption at 1785 cm -1) and smaller proportions of 
benzoyl chloride (870 cm -1) and 2  (945 cm -1) could be detected. 
After refluxing for 3 hr more, the ir spectrum indicated the forma
tion of more 2  and benzoyl chloride at the expense of benzoic 
anhydride, which was, however, still present. Alkaline hy
drolysis of an aliquot followed by acidification and removal of 
insoluble diphenylphosphinic acid by filtration produced an 
aqueous solution which was then titrated against silver nitrate. 
The titration indicated that all chlorine could be converted by  
hydrolysis into chloride ion. After removal of benzoyl chloride 
(7.8 g, 0.0553 m ol), bp 75° (13 mm ), the ir spectrum of the re
sidual oil showed carbonyl absorptions of similar intensity at 
1780, 1740, and 1725 cm -1 . Crystallization of the residual oil 
from benzene yielded 2 (8.0 g, 0.0191 m ol), mp 146-146.5°. 
Ether treatm ent of the evaporated mother liquor yielded a brown
ish solid (5.5 g), mp 125.5-148°; the ir spectrum of this material 
showed that it  was 2 contaminated with anhydride 3 (only one 
absorption band in the earbonjd region at 1740 cm -1). E vap
oration of the mother liquor gave a dark residual oil (15.3 g). 
The ir spectrum of this oil indicated that it  consisted of a m ix
ture of benzoic anhydride with a small proportion of 2 , benzoyl 
chloride, and benzoic acid.

c. In the Absence of Cupric Brom ide.— Experim ent a, re
peated with the omission of cupric bromide, gave essentially  
identical results. There were isolated benzoyl chloride (8.4  
g, 0.060 m ol), bp 105-115° (35 mm); benzoic anhydride (9.9 g, 
0.0438 m ol), bp 140° (0.2 mm ), mp 44-44 .5° (ether-petroleum  
ether); 2 (successive crops totaling 19.0 g, 0.045 mol); and a 
residue.

B . The Primary Process. Formation of Diphenylphosphinyl 
Chloride (4) and Benzoic Anhydride in Benzene at Room T em 
perature. a. In the Absence of Cupric Brom ide.— A solution  
of benzoyl peroxide (2.42 g, 0.01 m ol) in benzene (25 m l) was 
added to a stirred solution of 1 (2 .0  ml, 2.44 g, 0.011 m ol) in 
benzene (25 m l) at room temperature, and samples of the reac
tion mixture were removed periodically for ir analysis. The  
reaction was conducted in an atmosphere of nitrogen, and the 
benzene used was previously purged with nitrogen. The tem 
perature of the reaction mixture rose from 29 to 36.5° during 
about 30 min; thereafter, the reaction mixture slowly cooled 
down to room temperature. During the first hour the slow dis
appearance of peroxide was followed through the decreasing 
intensity of the carbonyl peak at 1765 cm -1 . After 5 hr per
oxide was not detectable, and the spectrum was com pletely  
superimposable on that of an equimolar mixture of 4 and benzoic 
anhydride in benzene at the same dilution.

b. In the P resence of Cupric Brom ide.—The preceding 
experiment a, repeated in the presence of catalytic am ounts of 
cupric bromide (0.90 m m ol), produced no change in either rate 
or composition of products.

c. In the Presence of D PPH  and G alvinoxyl.— Stock solu
tions of D P P H  (10 - 2  M )  and galvinoxyl (5 X 10 - 3  M )  were 
made up in benzene which had been purged with nitrogen, and 
used within 12 hr. The color of D P P H  stock solution (purple) 
was unchanged over several days, but that of galvinoxyl (brown) 
faded appreciably over 24 hr. When 1 (2 .0  ml, 0.011 m ol) 
was added to the stirred benzene stock solution (25 m l) of radical, 
a rapid (about 1 m in) color change occurred, from purple to 
brown for D P P H , and from brown to yellow for galvinoxyl. 
After the color change had occurred, no esr signal was detect
able in either reaction mixture.

The preceding experiment a was now repeated. The benzene 
solution of benzoyl peroxide was added to the resulting reaction  
mixture (from addition of 1 to the benzene solution of radical), 
in which the color change was complete and no esr signal was 
detectable. The ir spectra throughout the reaction, in the case 
of each radical, were identical w ith those in the absence of these 
additives. Thus, within the lim its of the experimental m ethod, 
there was no inhibition of rate or changes of products.

Inhibition of Autoxidation of P h2PCl (1) to Ph2P (0 )C l (4 ).—  
A solution of 1 (0.01 m ol) in benzene (50 m l), which was purged 
with nitrogen, was stirred under a nitrogen atmosphere, and
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oxygen was introduced at a rate of about two bubbles per second. 
An exothermic reaction occurred, and the conversion of 1 into 4 
was completed within 2 0  min (by ir).

When the experiment was repeated w ith the addition of 
benzoyl peroxide (0 . 0 1  m ol) just before the introduction of 
oxygen, the autoxidation was completed within 15 min, while 
benzoyl peroxide remained unaffected.

The autoxidation was now attem pted w ith the reaction m ix
ture resulting from addition of 1 (0 . 0 1  m ol) to the benzene solu
tion (25 m l) of D P P H , in which the color change was complete, 
and no esr signal was detectable. N o autoxidation occurred. 
In the case of galvinoxyl (1 X  10 - 3  M ) ,  a strong retardation was 
observed.

C. The Secondary Process. Reaction of Benzoic Anhydride 
with Diphenylphosphinyl Chloride (4) in Benzene at Reflux.—
The ir spectra of the mixtures of products obtained in experi
ments B (a -c) remained unchanged over a period of a few hours 
at room temperature. On heating a t reflux for 24 hr all m ix
tures produced the following result. The ir spectra indicated 
that 2  (945 cm -1) and benzoyl chloride (870 cm -1) were formed 
at the expense of benzoic anhydride (1010 and 995 cm -1)» 
which, however, was still detectable. The spectra were iden
tical with those of an equimolar mixture of 4 and benzoic an
hydride at the same concentration which had been refluxed for 
24 hr and were also identical w ith those of a mixture of a com
position of benzoyl chloride (1.0 m ol), 2 (0.5 m ol), and benzoic 
anhydride (0.5 m ol) a t  the same concentration which had been 
refluxed for 4 hr.

Preparation of Mixed Anhydride, P hC (0 )0 (0 )P P h2 (3).— 
Benzoyl chloride (42 g, 0.3 mol) was added over 10 min to a 
stirred solution of diphenylphosphinic acid (65 g, 0.3 m ol) and
2,6-lutidine (32 g, 0.3 mol) in dry benzene (500 ml) below 25°. 
The apparatus was protected from atmospheric moisture. After
3 hr at 25°, the reaction mixture was filtered. The ir spectrum  
of the filtrate showed only one absorption peak (1740 cm -1) in 
the carbonyl region. On evaporation of benzene under reduced 
pressure, there were obtained crop 1 (29.5 g), mp 113.5-115.5°; 
crop 2 (23 g), mp 119-120°; crop 3 (12.8 g) mp 121-140°; 
and an oily residue (24.2 g). Four recrystallizations of crop 1 
from benzene at 10° yielded pure 3, mp 123.5-124°. M aterial 
obtained by recrystallization from benzene tenaciously retained 
solvent, and melted rather low (110-120°). On pumping at 
0.1 mm pressure for 12 hr the m elting point rose to 123-124°.

A n a l .  Calcd for C i9H is0 3P: C, 70.79; H , 4.69; mol wt, 
322. Found: C, 70.63; H , 4.80; Mol w t, 320.

The ir spectrum showed only one peak in the carbonyl region 
(1740 cm -1). Other strong absorption bands are a t 1450, 
1435, 1260-1240 (sh), 1235, 1205, 1165, 1125, 1070, 1020-1040, 
1015, 835, 770, 745, and 720 cm -1. Low intensity absorptions 
are at 1518 and 1105 cm -1.

When this reaction was repeated at higher temperatures a 
mixture of the three anhydrides was produced from which pure 3 
could not be readily separated.

Decomposition of 3 in Refluxing Benzene.— Compound 3 was 
generated in solution by the previously described reaction between
4 (23.6 g, 0.1 m ol), benzoic acid (12.2 g, 0.1 m ol), and 2,6- 
lutidine (10.7 g) in benzene (200 m l). The white suspension 
was refluxed for 4 hr, and 2,6-lutidine hydrochloride (13.3 g, 
0.093 m ol) was removed by filtration. Solvent was then re
m oved a t reduced pressure, and the residual oil was distilled to 
yield benzoic anhydride (6 . 8  g, 0.0301 m ol): bp 125-143° 
(0.02 mm); mp 42-43 .5° (ether-petroleum  ether). Recrys
tallization of the pot residue from benzene and precipitation 
with ether yielded 2 : crop 1 (13.2 g, 0.0316 m ol), mp 145- 
146.5°; crop 2 (4.4 g), mp 131-139.5°; crop 3 (1.2 g), mp 125- 
137°; and a residue (3.7 g ). Ir spectra of crops 2 and 3 indi
cated that they contained traces of 3.

The preceding experiment was repeated in order to follow the 
progress of the reaction by ir spectroscopy. A solution of 3 
(3.2 g, 0.01 m ol), mp 123-124°, in benzene (15 m l) was refluxed. 
After 15 hr the ir spectrum indicated the formation of a mixture 
of benzoic, diphenylphosphinic, and mixed anhydrides a t equi
librium; i . e . ,  the ir spectrum was not significantly altered on 
refluxing for a further 24 hr. The equilibrium mixture is com
posed of approximately equal molar amounts of the three an
hydrides.

Decomposition of 3 in Benzene at Room Temperature.— A
solution of 3 (3.2 g, 0.01 m ol), mp 123-124°, in benzene (15 ml) 
was left a t room temperature protected from atmospheric mois
ture, and the progress of the decomposition followed by taking

ir spectra. The rate of decomposition was slower than that in 
refluxing benzene. After 24 hr, slightly more 3 remained than  
was present in the equilibrium mixture at reflux. After 48 hr, 
a little  more decomposition had occurred, but the am ount of 3 
was still slightly greater than that a t reflux in benzene.

Reaction of Benzoic Anhydride and Diphenylphosphinic An
hydride (2) in Refluxing Benzene.— A solution of benzoic an
hydride (2.26 g, 0.01 m ol), mp 4 4-44 .5° , and 2 (4.20 g, 0.01 mol) 
in benzene (30 ml) was refluxed, and the progress of the reaction 
was followed by ir spectroscopy. After 3 hr at reflux the ir 
spectrum indicated that about 65% of the benzoic anhydride 
remained and a corresponding am ount of 3 (about 0.006 mol) 
had appeared. The spectrum was not altered by further reflux 
and corresponded to the same equilibrium mixture which was 
formed from 3 dissolved in benzene a t reflux.

The final spectra from each experiment were com pletely  
superimposable.

Reaction of 3 with Benzoyl Chloride in Refluxing Benzene.—
Compound 3 was generated in solution by the previously described 
reaction between diphenylphosphinic acid (2.18 g, 0 . 1  m ol), 
benzoyl chloride (28.2 g, 0.2 m ol), and 2,6-lutidine (10.7 g, 
0.1 mol) in benzene (125 m l). The white suspension was re
fluxed for 4 hr, and lutidine hydrochloride (13.1 g, 0.092 mol) 
was removed by filtration. Solvent was then removed at re
duced pressure, and the residual oil was distilled to yield benzoyl 
chloride (8.0 g, 0.0567 m ol), bp 73° (11 m m ), and benzoic an
hydride (5.2 g, 0.023 mol), bp 125-140° (0.03 mm), mp 46° 
(ether-petroleum  ether). Recrystallization from benzene and 
precipitation with ether yielded 2: crop 1 (9.7 g, 0.0232 m ol), 
mp 144.5-145.5°; crop 2 (1.4 g), mp 144-146°; crop 3 (3.4 g), 
mp 127-147°; and a residue (5.7 g). Ir spectra of crops 2 and 3 
indicated that they consisted of 2 contam inated w ith 3. The 
residue consisted of benzoic anhydride w ith a considerable pro
portion of 3.

The reaction of benzoyl chloride w ith 3 was repeated on a 
smaller scale in order to follow the reaction by ir spectroscopy. 
A solution of benzoyl chloride (2.81 g, 0.02 m ol) and 3 (6.44 g, 
0.02 m ol) in benzene (40 ml) was refluxed. After 4  hr, the 
benzoyl chloride (870 cm -1) concentration remained unchanged, 
but 3 had decomposed to benzoic anhydride and 2 . W ithin the 
wide lim its of the experimental m ethod, not more than 50% of 3 
had decomposed. The reaction had not come to equilibrium, 
however, since after 15 hr further decomposition of 3 had oc
curred, although a considerable proportion still remained.

Reaction between Diphenylphosphinyl Chloride (4) and Ben
zoic Anhydride.— A solution of benzoic anhydride (11.3 g, 0.05 
m ol) and 4 (11.8 g, 0.05 mol) in benzene (50 m l) was refluxed for 
4 hr. The ir spectrum indicated the appearance of benzoyl 
chloride and some 2  a t the expense of the benzoic anhydride. 
No clear conclusion could be drawn at this stage concerning the 
presence of 3 . After removal of the solvent, benzoyl chloride 
(4.4 g, 0.0312 mol), bp 70-73° (12 mm), was distilled. The ir 
spectrum of the residue indicated a mixture of the three an
hydrides. Benzoic anhydride (5.4 g, 0.0239 m ol), bp 134-136° 
(0.12 m m ), mp 4 2 ^ 5 ° ,  was then removed by distillation. Re
crystallization of the residue yielded 2 : crop 1 (5.1 g, 0.0122
m ol), mp 147.5-148°; crop 2 (2.8 g, 0.0067 m ol), mp 134-141°; 
and a residue (2.3 g). The ir spectrum indicated that crop 1 
consisted of pure 2 , crop 2  was the sam e material contaminated  
with 3 (1740-cm -1 absorption), and the residue was a mixture of 
2, 3, and benzoic anhydride.

Reaction between Benzoyl Chloride, Benzoic Anhydride, and 
Diphenylphosphinic Anhydride (2).— A mixture of benzoyl 
chloride (2.81 g, 0 . 0 2  m ol), benzoic anhydride (2.26 g, 0 . 0 1  m ol), 
and 2 (4.20 g, 0.01 m ol) dissolved in benzene (40 m l) was re
fluxed. T he progress of the reaction was followed by ir spec
troscopy. Only minor changes occurred during a 4-hr period; 
a very small decrease in concentration of each reactant occurred, 
together with appearance of small shoulders at about 1740 and 
835 cm -1 . I t  could only be concluded that 3 could not be 
present in more than very small proportions if present a t all.

Registry No.—1, 1079-66-9; 2, 5849-36-5; 3, 4693-
63-4; 4, 1499-21-4; benzoyl peroxide, 94-36-0.

Acknowledgments.—The authors wish to thank The 
Stauffer Chemical Co. and Lucidol Division, Wallace 
and Tiernan, Inc., for samples of diphenylphosphinous 
chloride and benzoyl peroxide.
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Reaction products of N 2F4 w ith halogenated olefins, tetrafluorobutadiene, and norbornadiene are described.
M ost halogenated olefins give the normal adducts, l,2-bis(difluoramino)alkanes, but tetrabromoethylene and 
dichlorohexafluorobutene give largely the products of NF3 addition. The isomeric addition products from nor
bornadiene, 2,5-dimethylfuran, and tetrafluorobutadiene were isolated and characterized.

Tetrafluorohydrazine adds readily to olefins to 
give the corresponding l,2-bis(difluoramino)ethanes.1 
A mixture of the 1,2- and l,4-bis(difluoramino) ad
ducts has been obtained from 1,3-cyclooctadiene as 
well as isomeric mixtures of 1,4 adducts from cyclo- 
octatetraene and 6 ,6-diphenylfulvene.2 Substituted 
anthracenes gave the corresponding 9,10-bis- 
(difluoramino)-9,10-dihydroanthracenes.lc'3a Dehydro- 
fluorination of these adducts to give the corresponding 
N-fluorimino compounds has also been studied.1®'3'4 
We wish to describe the products obtained from ad
dition of N2F4 to the completely halogenated olefins 
Ia-g, the highly halogentated olefins Ih-j, norbornene, 
and the dienes IV, V, and VI.

I

With a few of the olefins studied, so-called “abnor
mal” adducts were obtained. These adducts repre
sent the addition of the elements of NF3 to the ole- 
finic linkage. For example, 2,3-dichlorohexafluoro-
2-butene underwent reaction with N2F4 at 200° to 
give this “abnormal” adduct I l lf  in 13% yield. Ce
sium fluoride catalysis5'6 improved the yield in this re
action to 37%. None of the adduct II was observed. 
The remainder was starting olefin. Tetrabromoeth
ylene (Ic), on the other hand, yielded the N-fluorimino 
compound VII in 67% yield, together with 14% of a 
second N-fluorimino compound, VIII. Compound

155°
CBr2= C B r 2 +  N 2F 4 — >- 

Ic

CBr2F C (B r )= N F  +  F 2N C F (B r)C (B r)= N F  (2) 
VII V III

NF2 nf2
R,R2C-----CR3R4 +

IIa,b,d,e,g-j

n f 2 f

R,R2C-----CR3R4 (1)
Illf

a, Ri, R 2, R 3, R 4 =  F  f, Ri, R 3 =  OF3 j R2, R 4 =  Cl
b, Ri, R2, R3, R 4 =  Cl g, Ri =  CF3; R 2, R3, R 4 =  F
c, Ri, R2, R3, R4 — Br h, Ri, R3 = Fj R2, R 4 — ( '\
d, R,, R 2 =  F  ; R 3, R 4 — Cl i, Ri, R 3 =  F  ; R 2 - ( '5 115 j I i 4 =  C
e, Ri, R 3 =  Fj R 2, R 4 Cl j, Ri =  Fj R 2 =  Co 1Î5 ; R 3, 1 i i  — Cl

cf2=chch=cf2

IV
Tables I and II summarize the properties of the 

adducts obtained. With chloro and fluoro substit
uents (Ia,b,d,e,g-j) good yields of l,2-bis(difluor- 
amino)ethanes (IIa,b,d,e,g-j) are obtained at tem
peratures of 75-150°. Reaction temperatures as high 
as 200-225° may be utilized in these addition reactions, 
but above this temperature range thermal decompo
sition of N2F4 into NF3 and nitrogen becomes extensive 
and interferes with the course of addition.

(1) (a) R . C . P e t ry  a n d  J .  P . F reem an , A b s tra c ts  of th e  152nd N a tio n a l
M e e tin g  of th e  A m erican  C h em ica l S oc ie ty , N ew  Y ork , N . Y ., S ep t 1966, p 
46S; J .  Org. C hem ., 32, 4034 (1967); (b) A . J .  D ijk s tra , J .  A. K e rr , a n d  A . F . 
T ro tm a n -D ic k e n so n , J .  Chem . Soc. Sect. A ,  582 (1966), 105 (1967), 864 
(1967); (c) H . C e rfo n ta in , ib id ., 6602 (1965); (d) T . E . S tev e n s  a n d  W . H .
G ra h a m , J .  A m er. Chem . Soc., 89 , 182 (1967); (e) F . A. Jo h n so n , C . H an ey , 
a n d  T . E .  S tev e n s , J .  Org. C hem ., 32, 466 (1967).

(2) T . S . C a n tre ll ,  ib id ., 32, 911 (1967).
(3) (a) A. L . L o g o th e tis , ib id ., 31 , 3686 (1966); (b) A . L . L o g o th e tis  a n d

G . N . S ausen , ib id .,  31, 3689 (1966); (c) T . E . S tev e n s , ib id ., 32, 670 
(1967); (d) S. K . B ra u m a n  a n d  M . E . H ill, J .  A m er . Chem . Soc., 89, 2127,
2131 (1967).

(4) See a lso  G . N . S au sen  a n d  A . L . L o g o th e tis , J .  Org. Chem ., 32 , 2261 
(1967), a n d  R . C . P e try ,  C . O. P a rk e r , F . A. Jo h n so n , T . E . S tev e n s , a n d  J .  P . 
F reem an , ib id ., 32 , 1534 (1967), fo r re a c tio n  p ro d u c ts  o b ta in e d  fro m  N 2F 4 

w ith  a c e ty le n es  a n d  a lié n é .

VII may arise from “abnormal” addition of NF3 to 
tetrabromoethylene followed by elimination of BrF 
while compound VIII could arise by normal addition 
of N2F4 followed by elimination of a bromine molecule 
and internal rearrangement (see Mechanism). All 
of the eliminated bromine could be titrated with eth
ylene or 1-hexene.

Dienes react with N2F4 to give a mixture of 1,2 and
1.4 adducts as shown by Cantrell2 in the 1,3-cyclo- 
octadiene case. This was also the case with fluori- 
nated dienes. For example, with 1,1,4,4-tetrafluoro- 
butadiene (IV) the reaction proceeds nearly quanti
tatively at 38° to give a mixture consisting of 61%
1.4 and 35% 1,2 adducts.7

However, with 2,5-dimethylfuran the addition re
action took place at 78°, to give only one simple ad
duct in 43% yield, the remainder of the reaction mix
ture being a high-boiling residue. The product ap
pears to be a single stereoisomer, 2,5-dimethyl-2,5- 
bis(difluoramino)dihydrofuran (IX), as judged by a

CH3 O '
nf2 nf

DC

CH3.

broad singlet F 19 nmr peak for the NF2 group, a singlet 
for the vinyl protons at r 3.74, and a triplet at r 8.3 
for the CH3 ( . / f - i i  = 2.5 cps). Addition of N2F4

(5) R . D . D resd n e r, F . N . T lu m ac , a n d  J .  A. Y oung , J .  A m er. Chem . Soc., 
82, 5831 (1960), show ed  t h a t  ce sium  fluoride  is a  c a ta ly s t  fo r a d d itio n  of N F s  
to  h ex a flu o ro p ro p y len e  in  a  flow sy s te m  a t  320°.

(6) R . J .  S h o zd a  of th is  la b o ra to ry  o b ta in e d  a  6 8 %  y ie ld  of 2 -d ifluo r- 
am in o h e p ta f lu o ro p ro p a n e  b y  re a c tio n  of N F 3 w ith  h ex a flu o ro p ro p y len e  a t  
250° in  a  closed  sy s te m  u sing  cesium  fluo ride  as  a  c a ta ly s t .

(7) T h e  a u th o rs  a re  in d e b te d  to  D r. R . J .  S h o zd a  fo r th is  ex p e rim en t.
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to dienes like anthracene gave both cis and trans 
stereoisomers3a and one would expect that 2,5-dimethyl- 
furan should also give two addition products. The 
isolation of one stereoisomer in only 43% yield sug
gests that the other stereoisomer is probably also 
formed, but that it is unstable under the reaction condi
tions and is decomposed. Models indicate that in the 
cis isomer the two NF2 groups are very crowded, while 
in the trans isomer they are not. I t is tentatively 
proposed, therefore, that the isomer isolated is the 
more stable ¿rans-2,5-dimethyl-2,o-bis(difluoramino)- 
dihydrofuran (IX).

The N2F4 addition reaction with norbornadiene 
(VI) occurs readily at 50°, and a mixture of 1:1 ad
ducts is obtained. Gas chromatographic analysis 
indicated the presence of four components in a ratio 
of 1:1:9:1 in order of elution. These isomeric com
ponents were separated, and their structures were 
tentatively established by means of infrared and nmr 
spectroscopy.

The first eluent was assigned the structure of 2,7- 
bis(difluoramino)bicyclo[2.2.1]hept-5-ene (X) of un
known stereochemistry. I t showed unsaturation in 
the infrared at 6.1 n, proton nmr indicated two dif
ferent vinyl hydrogens, r 3.45 and 3.70, and a single 
hydrogen in the bridge methylene position (r 8.0),8 
and F 19 nmr analysis showed the presence of two dif
ferent -N F2 groups. The next isomer is a symmetrical 
molecule and could be assigned the structure of di-ezo- 
(Xla) or the di-ewdo-2,3-bis(difluoramino)bicyclo- 
[2.2.1]hept-5-ene (Xlb). The structure is supported

NF2 

■H

V H
'NF2

xm

+ (3)

by the presence of unsaturation in the infrared, 
6.1 /x, two equivalent vinyl protons, r 3.70, in 
the proton nmr spectrum, and two equivalent -N F2 
groups in the F 19 nmr spectrum. The di-exo struc
ture XIa is favored because radical attack is more 
likely to take place predominantly from the exo di-

(8) T h e  hy d ro g en s  a t  th e  h ig h e st m ag n e tic  fie ld  ( r  8 .0 -9 .0 ) in  th e  su b 
s t i tu te d  no rb o rn en es  a re  a ss igned  to  th e  b rid g e  m e th y le n e  g ro u p : H . E .
S im m ons, J r . ,  J .  A m er . Chem. Soc., 83, 1657 (1961).
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T a b l e  II
F 19 N m r  S p e c t r a  o f  D i f l u o r o a m i n o  C o m p o u n d s

l,2-Bis(difluoroamino)ethane8 Group Chemical shift, cps° Observed spin-spin coupling, cps
F 2N C F 2CF2N F 2i' n f 2 -5 0 5 7 None

c f 2 +  3332 None
F 2N C F 2CC12N F 2‘ n f 2 -6 0 6 0 None

n f 2 - 4 8 8 0 None
c f 2 +  2330 Complex m ultiplet

f 2n c c i 2c c i 2n f 2 n f 2 -6 6 0 8 None
F 2NCFC1CFC1NF2c n f 2 -6 3 1 0 , -5 6 5 0 , -5 5 4 0 , -5 0 6 5 AB type

CF +  2060, + 2 2 3 5 Badly split
CF 3C F (N F 2)CF2N F 2‘ n f 2 -5 1 8 2

n f 2 -4 8 6 5
c f 3 +  268
c f 2 +  2475
CF +5626

N F 2C F (C N )C F (C N )N F 2 n f 2 - 5 6 5 0 None
CF +  4370 Complex multiplet
CF + 44 0 5 Complex m ultiplet

C6H 5C F (N F 2)CFC1(NF2) n f 2 -3 9 6 6 , -3 9 0 3 N on e1'
n f 2 -3 7 0 7 , -3 6 6 2 None
CF +  3627, +3792 M ultiplets
CF(C1) +  1736, + 1 8 4 2 M ultiplets

C6H 6C F (N F 2)CC12(N F 2) N F 2(C -F ) v a  — 6615, p b  —6093, AB, J a =  J b  =  585— each peak is a doublet
N F 2(C-C12) va - 5 4 6 4 , i*b  —5154, J  — 580 >7f -nf2 =  1 2 )
CF +  4726 M ultiplet

C6H 5C F (N F 2)C (C 1)=N F N F -6 2 2 0
n f 2 v a  - 5 2 3 5 , PB -4 9 7 5 AB type, J  =  514

Norbornene adducts n f 2 - 7 7 5 0  to -5 8 0 0 Three sets of quadruplets, hence three
stereoisomers present, c is-ex o , c is-en d o , t r a m

a Fluorine nmr spectra were obtained from a Varian Associates high-resolution nmr spectrometer and associated electrom agnet. 
Unless otherwise indicated spectra were obtained at 56.4 M c/sec  and approximately 14,000 gauss. Spectra were calibrated in terms of 
displacements in cycles per second (cps) from the F 19 resonance of l,2-difluoro-l,l,2,2-tetraehloroethane. N egative frequency displace
ments are for resonances occurring at lower field than the reference. 6 The spectrum was obtained at 40 M c/sec  w ith reference to C F3- 
C 0 2H =  0. The chemical shift recorded in the table has been recalculated to give the value at 56.4 M c/sec  w ith reference to 1,2- 
difluoro-l,l,2-2-tetrachloroethane =  0. A value of + 6 2 5  cps for CF3C 0 2H at 56.4 M c/sec  was used. c Spectrum was determined at 
40 M c/sec with reference to l , 2 -d ifluoro-l,l,2 ,2 -tetrachloroethane =  0. The values given for chemical shifts are recalculated to 
56.4 M c/sec. d The four N F 2 peaks represent a mixture of threo  and ery th ro  isomers. The AB spectrum expected apparently approaches 
the A2 system  because of the large values ( ~ 6 0 0  cps) of the coupling constants and chemical shifts.

rection.9-12 The third and most abundant compo
nent was assigned as a mixture of di-exo- and endo-exo-
3,5-bis (difluoramino) tricyclo [2.2.1.02'6 ]heptane (Xlla

(9) D . I . D av ie s, J .  N . D one, a n d  D . H . H ey , Chem . C om m un., 725 (1966), 
re p o r t  th e  fo llow ing reac tio n .

28.2-29.2% 66.5-67% 3.8-5.3%

and b, respectively) in about 3:2 ratio. This assign
ment is supported by the absence of unsaturation in 
the infrared and absence of vinyl protons in the proton 
nmr, and the presence of one kind of -N F2 group for 
X lla  and two kinds for X llb. Elimination of 2 mol 
of hydrogen fluoride from this mixture of tricyclenes, 
by means of cesium fluoride, gave 3,5-bis(fluorimino)- 
tricyclo[2.2.1.02’6]heptane (XIV). It appears to be a 
mixture of syn and anti isomers as indicated by the

X lla +  Xllb
CaF F N = ^ N F (4)

XIV

(11) A d d itio n  of 1 -io d ope rfluo rop ropane  to  n o rb o rn a d ie n e  g a v e  a  m ix tu re  
of th e  n o rtr ic y c ly l a d d u c ts .

I t  is  co n c lu d ed  b y  th e  a u th o rs  t h a t  th e  e q u ilib r iu m  lies to w a rd  th e  tr icy -  
c ly l ra d ic a l b y  a b o u t  2 .3 :1 .

(10) T h e  fre e -ra d ica l a d d itio n  of a ry lsu lfo n y l ha lides to  n o rb o rn a d ie n e  is 
d e sc rib ed ; S. J .  C ris to l a n d  J . A . R eed er, J .  Org. Chem ., 26, 2182 (1961); S. 
J . C r is to l a n d  D . I .  D av ie s, ib id ., 29, 1282 (1964). T h e  a m o u n t of tr i -  
cyc len e  p ro d u c t w as th e  la rg es t w hen  th e  h a lid e  w as ch lo rin e  a n d  sm a lle s t 
w hen  i t  w as iod ine . T h is  in d ica te s  t h a t  as th e  c h a in - tra n s fe r  a b i li ty  of th e  
re a g e n t in c reases  ( I  >  B r >  C l) th e  in te rm e d ia te  ra d ic a l co rresp o n d in g  to  
X V II  has a  sm a lle r  ch a n ce  to  e q u ilib ra te  {kz ~  kz <  ki) a n d  m ore  a n d  m ore  
2 ,3 -d is u b s titu te d  p ro d u c ts  a re  o b ta in e d . T h e  N 2F 4 species has a  ch a in - 
tr a n s fe r  a b i l i ty  close to  ch lo rine  if one  co m p ares  th e  p ro d u c t d is tr ib u tio n  
of th e  n o rb o rn a d ie n e  re a c tio n  w ith  N 2F 4 a n d  a ry lsu lfo n y l ha lides , exc lud ing  
a n y  d ifferences in  s te r ic  req u ire m e n ts  (see ref 11).

T h e  ab sen ce  of a n y  2 ,3 -p erflu o ro p ro p y lio d o n o rb o rn en e  is ex p la in ed  b y  th e  
fa c t t h a t  b o th  iodo a n d  p e r i lu o ro p ro p y l g ro u p s  a re  b u lk y  a n d  w ill b e  v e ry  
c row ded  a d ja c e n t to  each  o th e r :  N . B race , ib id ., 27 , 3027 (1962).

(12) T h io p h en o ls  r e a c t w ith  n o rb o rn ad ien e  u n d e r  f re e -ra d ic a l c o n d itio n s  to  
g ive  th e  fo llow ing m ix tu re .

S. J .  C ris to l a n d  G . D . B rin d e ll, J .  A m er. Chem . Soc., 76, 5699 (1 9 5 4 ) ; S . J .
C ris to l, G . D . B rin d e ll, a n d  J . A. R ee d er, ib id ., 80, 635 (1958).
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presence of two N-F resonances in the F 19 nmr spec
trum.

The last component to elute contained two iso
mers. The larger isomer (>90%) was assigned the 
endo,exo- 2,3 - bis (difluoramino)bicyclo [2.2.1 ]hept - 5 - ene
(XIII) structure. It showed unsaturation in the in
frared, 6.13 ju, and two nonequivalent vinyl protons 
in the nmr spectrum, r 3.50. The F 19 nmr spectrum 
showed two different kinds of -N F2 groups. The 
minor component contained a single -N F2 group be
longing to a symmetrical structure, presumably the 
di- endo - 2,3 - bis (difluoramino) bicyclo [2.2.1 [hept - 5 - ene 
(Xlb).

Norbornene gave a normal adduct, 2,3-bis (difluor
amino) norbornane (see Tables I and II), as a mixture 
of three isomers, cis-exo (largest), trans-endo-exo, and 
cis-endo (smallest). Dehydrofluorination by means 
of cesium fluoride in acetonitrile gave 2,3-bis(fluor- 
imino) norbornane (XV) as a mixture of two stereo
isomers, anti-anti (XVa) and syn-anti (XVb). The

F 19 nmr spectrum showed two peaks, one as a quad
ruplet of AB type, cA —6735, —6570 cps (JF- F =
80 cps), and the other as a singlet at —5720 cps in a 
2:1 ratio. The spectrum does not change by raising 
or lowering the temperature between —30 and 175°, 
or by changing solvent (neat, benzene, acetone, tri- 
fluoroacetic acid). The single nmr peak is assigned 
to the symmetrical isomer XVa and the quadruplet 
to the unsymmetrical isomer XVb. The large F-F 
coupling constant (80 cps) is very surprising since the 
two atoms are so far apart and coupling through space 
is usually ~1-10 cps.3b|3d'13 It is possible that 
partial bonding between nitrogen and fluorine takes

place which brings the two fluorines in close proximity 
and accounts for the large coupling constant. For 
comparison, -N F2 groups attached on unsymmetrical 
carbon atoms give coupling constants around 600 
cps (see Table H ).le.3b,3c,4

Mechanism.'—Normal addition of N2F4 to olefins to 
give 1,2-bis (difluoramino) alkanes proceeds by a free- 
radical process involving difluoramino radicals 
(■NF2).la'b'e The “abnormal addition” which oc
curs at temperatures of 150° or higher with certain 
olefins may proceed as shown in eq 5. Transient

F  N F 2F
F -  I N 2F 1 I

r1r2C=CR3R4 — > [R1R2CCR3R4) -—>• R1R2C—CR3R4 (5) 
I H I

fluorine radicals are reasonable species arising from 
decomposition of difluoramino radicals at these ele-

(13) L o n g -ran g e  coup ling  co n s ta n ts , J  ~  7 cps, h a v e  been  re p o rte d  fo r 
b icyclo [2 .2 .1 ]hexane a n d  b ic y c lo [2.2.1 ¡h e p ta n e  d e r iv a tiv e s  b e tw e en  a n  
endo p ro to n  a n d  b rid g e  m e th y le n e  p ro to n s : J . M ein w ald  a n d  A. Lew is, J .
Am er. Chem. Soc., 83, 2769 (1961); J . M einw ald  a n d  Y . C . M e in w ald , ib id ., 
85, 2514 (1963).

vated temperatures.4 Bumgardner14 obtained the “ab
normal adducts” and substitution products when he 
irradiated mixtures of N2F4 and olefins. He pos
tulated photochemical decomposition of an activated 
• NF2* to give a fluorine atom followed by addition to 
the olefin (eq 5).

The case of tetrabromoethylene combines both 
types of addition, “normal” and “abnormal,” and 
may proceed as shown in eq 6. The intermediate 

F  N F 2 N F 2N F 2
N2F4 | l  | |

Br2C = C B r 2 — >- [Br2C— CBr2] +  [Br2C— CBr2] ( 6 )
Ic 155° IIIc  H e

I I -Y — BrF Y
n f 2n f 2

CBr2F C (B r )= N F  | |
VII [B rC =C B r]

X V I

1
F 2N C F (B r)C (B r)= N F

V III

addition products, however, are not stable and in the 
case of IIIc the elements of BrF are lost to give VII. 
In the case of He, bromine is lost to give the vinyl- 
NF2 compound XVI which rearranges to the more 
stable VIII.4 Products obtained from 9,10-dibro- 
moanthracene corresponded to the loss of bromine from 
the intermediate addition product.35 One cannot ex
clude, however, an alternate route in explaining the 
formation of VII, namely the addition of an NF2 
radical to Ic followed by expulsion of a bromine rad
ical to give a vinyl-NF2 compound which rearranges 
to VII (eq 7). A similar pathway was used by Petry, 

n f 2 n f 2

N2F4 . I - B r 
ie  — >- [Br2CCBr2] — [Br2C = C B r] — >- VII (7)

150°

et al.,4 to explain the product obtained from /3-bromo- 
styrene and N2F4. Presumably VIII could also arise 
from VII via free-radical replacement of bromine by 
•NF2.15

The addition of N2F4 to norbornadiene gives results 
typical of a radical process. The initially formed in
termediate XVII can react by chain-transfer reaction 
to give products XI and X III or can equilibrate to the 
isomeric radical intermediates XVIII and XIX which 
in turn react with N2F4 or -NF2 to give products X 
and XII (eq 8). It appears that the isomerization of

(14) For p h o to c h em ica l d ec o m p o s itio n  of N2F4 to  g ive  a  fluorine  a to m , see 
C . L. B u m g a rd n e r , Tetrahedron L ett., 3683 (1964).

(15) J . W . F ra z e r , J .  Inorg . N ucl. Chem ., 16, 63 (1960), describes th e  
u lt ra v io le t  lig h t c a ta ly z e d  re a c tio n  of a lk y l iod ides  w ith  N 2F 4 to  g iv e  d i-  
fluo ram in o a lk an es . W . H . G ra h a m  a n d  C . O . P a rk e r , J . Org. C hem ., 28 , 
850 (1963), desc rib e  th e  re a c tio n  of t r i ty l  b ro m id e  w ith  N 2F 4 to  g ive  t r i ty l -  
d if lu o ram in e .



2334 Sausen and Logothetis The Journal of Organic Chemistry

XVII and the establishment of an equilibrium takes 
place at a faster rate than the chain-termination 
process. However, the relative rates of isomerization 
(k2, k -2, h , k -s) compared with the rates of chain trans
fer (fc4) are not known. One can speculate, however, 
that, since the tricyclene XII is the predominant prod
uct, the most stable free-radical intermediate is X IX.10 
Similar results to those above were obtained when 
norbornadiene was treated under free-radical condi
tions with arylsulfonyl halides,10 thiophenols,12 and 1- 
iodoperfluoropropane.11 It is difficult to correlate 
the chain-transfer ability of various species as judged 
by the ratio of products formed, since steric crowding 
in the final product is probably also important.11'12

Experimental Section16
General Procedure.— In Table I the results of the additions of 

N 2F 4 to olefins are summarized. These reactions were carried 
out in 80-ml or 240-ml Hastelloy-C-lined shaker tubes behind a 
barricade. C a u tio n  is  e ssen tia l in  h a n d lin g  1V2F4. Reactions 
should be carried out on as small a scale as possible to minimize 
laboratory handling hazards of the products. Adequate shielding 
is essential during work-up of the products as explosions m ay oc
cur . 311

The procedure for carrying out the addition reactions was as 
follows: The olefin and solvent were charged into the shaker tube, 
and the tube was cooled ( — 80°) and placed in position behind 
the barricade. The N 2F4 was charged into the cold tube by pres
sure drop from a barricaded cylinder, and the tube was heated 
with shaking for the required tim e. The reactions were followed 
by the pressure drop observed. The tube was cooled to 25°, 
and volatile products were collected in a cooled, evacuated 
cylinder, and any residual liquid or solid products were separated 
and characterized in the usual way. In a typical reaction a mix- 
true of 16 g of l,l-d ich loro-2 ,2 -difluoroethylene (0 . 1 2  mol) and
10.8 g of N 2F 4 (0.10 mol) was heated in an 80-ml shaker tube at 
90° for 2 hr. A pressure drop from 150 to 0 psi was observed. 
The liquid product obtained (26 g, ~ 1 0 0 %  yield) was combined 
with another run and distilled to give a 65% yield of product, 
F 2N C F 2CCI2N F 2, bp 79°, n 2hd 1.3478 (see Table I for further 
characterization).

l,2,2-Tribrom o-l-fluorim ino-2-fluoroethane (VII).— A mixture 
of 34.4 g (0.1 m ol) of tetrabromoethylene and 9.4 g (0.09 mol) 
of N 2F4 was heated at 155° for 4.5 hr with shaking. The crude 
product, 36 g, was “ titrated” with 1-hexene to remove the bro
mine formed during the reaction. Gas chromatographic analysis 
of this product was carried out on a 2 -m column of 2 0 % tetra- 
fluoroethylene-propylene telomer oil on firebrick at 1 0 2 ° with a 
helium carrier gas flow of 40 m l/m in and showed the presence 
of 49% CFBr2C (B r )= N F  (V II) (retention tim e, 24 min), 9%  
C FB r(N F 2)C (B r )= N F  (V III) (retention tim e, 10 min), and 
35% 1,2-dibromohexane. Fractionation of the crude product 
through a 1 0 -in. Podbielniak column gave as a first fraction
l,2-dibromo-l-fluorimmo-2-difluoramino-2-fluoroethane (VIII), 
a colorless liquid, bp 78° (175 m m). The infrared spectrum  
(liquid) showed absorption at 6.30 (C = N F ) and 10.40, 10.95,
11-45, and 11.90 m (N -F ). F 19 nmr showed peaks at —7770 cps 
(singlet, = N F ) ,  an AB type quartet (N F 2, vA —5939, vb —5661 
cps, J f - f  =  446 cps), and a peak at + 2 0 8 0  cps (m ultiple, C -F )  
in a ratio of 1 :2 : 1 .

A n a l.  Calcd for C2Br2F4N 2: N , 9.73. Found: N , 9.71.

(16) A ll m e ltin g  p o in ts  w ere  ta k e n  on a  F ish e r-Jo h n s  b lock  a n d  a re  n o t 
co rrec ted . B o iling  p o in ts  a re  n o t c o rrec ted . In f ra re d  s p e c tra  w ere  m eas
u red  on a  P e rk in -E lm e r reco rd in g  s p e c tro p h o to m e te r , M odel 21; th e  l is t
ings of in fra re d  b an d s  in c lu d e  th o se  w hich  a re  re le v a n t to  th e  s tru c tu ra l 
a rg u m e n ts . F lu o rin e  n m r  sp e c tra  w ere  o b ta in e d  w ith  a  h ig h -re so lu tio n  
sp e c tro m e te r  a n d  a sso c ia te d  e le c tro m ag n e t, b o th  m a n u fa c tu re d  b y  V arian  
A ssocia tes, o p e ra tin g  a t  56.4 M c /se c , a p p ro x im a te ly  14,000 G . S p ec tra  
w ere  c a lib ra te d  in  te rm s  of d isp la cem en ts  in cycles p e r  second  (cps) from  
th e  F 19 re so n an ce  of l,2 -d if lu o ro - l ,l ,2 ,2 - te tra c h lo ro e th a n e  (F reon-112) as  an  
ex te rn a l s ta n d a rd .  O ne sh o u ld  a d d  + 3 8 2 6  cps in  o rd e r  to  g e t freq u en c ies  
w ith  re s p e c t to  C F C b  (F reo n -1 1 ). N e g a tiv e  freq u en c y  d isp la cem en ts  a re  
fo r reso n an ces  a t  low er field th a n  th e  re fe ren ce . P ro to n  n m r sp e c tra  w ere  
d e te rm in e d  w ith  a  V a rian  A ssocia tes A -60 sp e c tro m e te r  a n d  a re  c a lib ra te d  in  
r  v a lu es . C a rb o n -h y d ro g e n  a n a ly se s  w ere  re p e a te d ly  fo u n d  to  b e  h ig h e r 
( ~ 1 % )  n o t b ec au se  of im p u ritie s  b u t  b ecau se  of th e  co m b u stio n  d ifficu lties 
caused  b y  th e  p re sen ce  of th e  d ifluo ram ino  g roups.

The major product of the reaction, 1,2,2-tribromo-l-fluorimino- 
2-fluoroethane (V II) distilled later as a yellow liquid, bp 87° (71 
m m ), n 26D 1.5167. The infrared spectrum showed bands at 6.35 
(C = N F )  and at 10.45 and 10.65 m (N -F ), and the F 19 nmr analy
sis showed a single broad peak at —7445 cps (C = N F )  and a 
multiple split peak at —564 cps (C -F ) in approximate area ratios 
of 1 : 1 .

A n a l .  Calcd for C2Br3F2N  : F , 12.03; N , 4.44; mol wt, 316. 
Found: F, 11.34; N , 4.28; mol wt, 313 (mass spectrum, Br79).

2,3-Dichloro-2-difluoram ino-l, 1 , 1 ,3,4,4,4-heptafluorobutane 
(I llf ) .— A mixture of 12.0 g (0.05 mol) of 2,3-dichlorohexafluoro- 
2-butene (Hooker Chemical Co.), 5.1 g (0.05 mol) of N 2F 4, and 
1 . 0  g of cesium fluoride was heated with shaking at 2 0 0 ° for 6  hr 
to give a total of 1 0  g of liquid product. Gas chromatographic 
analysis of this product on a 2 -m firebrick column packed with 
20% of the ethyl ester of K el-F acid 8114 (3M  Co. trademark) at 
50° with a helium carrier gas flow of 60 m l/m in showed it to con
sist of 37% CF3C(C1)NF2CFC1CF3 (retention tim e, 10 min) with 
the remainder largely starting olefin. In the absence of cesium  
fluoride the yield dropped to 13%. The adduct was purified by  
gas chromatography to give a colorless liquid, bp 95° (D T A ).

The infrared spectrum showed bands at 11.25 (strong), 11.0, 
and 11.50 m (N F ), and F 19 nmr showed a broad N F 2 peak at  
— 5970 cps, two CF3 peaks at 0 and + 5 5 0  cps, and a C -F  peak  
at + 3 2 0 0  cps in the correct area ratios.

A n a l .  Calcd for C4C12F 9N : C, 15.80; N , 4.61; F, 56.26; 
mol wt, 304. Found: C, 15.76; N , 4.81; F , 55.92; mol w t, 302 
(vapor density).

The Reaction of N 2F4 with 1,1,4,4-Tetrafluorobutadiene .7— A
mixture of 8  g (0.06 mol) of 1,1,4,4-tetrafluorobutadiene17 * and
5.5 g (0.05 mol) of N 2F4 was heated with shaking at 38° for 4 hr. 
The crude liquid product, after removal of unchanged N 2F 4, 
amounted to 10.9 g. Gas chromatographic separation on a 6 -ft. 
column packed with 20% of the ethyl ester of K el-F  Acid 8114 
on firebrick gave l,2-bis(difluoram ino)-l,l,4 ,4-tetrafluoro-3- 
butene (35% ) and l,4-b is(difluoram ino-l,l,4,4-tetrafluoro-2- 
butene(61% ).

M ass spectrometrie analyses of the two isomers were quite  
similar, the largest m / e  peak was 178 (C4F6H2N +). Infrared 
analysis of the 1,2 isomer showed major absorption bands at 3.2  
(= C H ), 3.32 (saturated CH ), 5.7 (F2C = C H ), 7 .5 -8 .5  region 
(C -F ), 10.55, 10.7 (doublet, N -F ), and 11.75 m- Infrared analy
sis of the 1,4 isomer showed absorption at 3.2 (= C H ) , no band 
for C = C  as predicted for the tra n s  isomer, 7 .5 -9 .0  (C -F ), and
10.1, 10.7 m (N -F ). F 19 nmr analysis of the isomeric mixture
showed two major peaks of approximately the sam e area ratio, 
at —4828 (N F 2) and + 2 0 5 2  cps (CF2).

The Reaction of N 2F4 with Norbornadiene.— In a 240-ml tube 
containing 1 1  g (0 . 1 2  mol) of freshly distilled norbornadiene and 
20 g of Halocarbon oil (Halocarbon Products Corp., Series 12- 
21), 13 g (0.125 mol) of N 2F4 was condensed. The tube was 
sealed and heated at 50° for 1 hr. The products of three such 
reactions were combined and distilled to give 30 g (43% ) of a 
mixture of 1 : 1  adducts as a colorless liquid, bp 60-62° (6 . 0  m m ).

A n a l .  Calcd for C ,H 8F4N 2: C, 42.86; H , 4.11; F , 38.75;
N , 14.28. Found: C, 43.16; H , 4.34; F , 37.91; N , 15.57.

Gas chromatographic analysis on a 1 -m column packed w ith  
20% silicone 703 on firebrick at 101° with helium flow of 170 
m l/m in showed four peaks in approximate area ratio in order of 
elution of 8 :7 :7 6 :9 . The individual peaks were separated by 
preparative gas chromatography.

The first eluent (retention time, 6.2 min) was assigned as the
2,7-bis(difluoram ino)bicyclo[2.2.1]hept-5-ene (X ). The F 19 nmr 
spectrum (neat) showed the presence of two different N F 2 groups 
in 1:1 ratio, one as an AB type quadruplet, »a —7257, vb —6757 
cps, ( J f - f  =  580 cps), each peak split into doublets ( / f- h ~  30 
cps), and the other into a quadruplet centered at —6595 cps 
( / f- h ~  30 cps) . 13

A n a l .  Calcd for OrHsF4N 2: F, 38.75; N , 14.28. Found: 
F , 38.64; N , 14.23.

The second eluent (retention time, 7 .7  min) was assigned as 
the di-cxo-2,3-bis(difluoram ino)bicyclo[2.2.1]hept-5-ene (X Ia ). 
The F 19 nmr spectrum (neat) showed two relatively broad peaks 
in a 1 : 1  ratio a t —6860 and —6730 cps. These peaks are the 
“ strong” peaks of an AB-type pattern where the weak com 
ponents were too broad and weak to record their position ac
curately, indicating that the two - N F 2 groups are equivalent.

(17) J . L . A nderson , R . E . P u tn a m , a n d  W . H . S h a rk e y , «7. A m er . C hem .
Soc., 83, 382 (1961).



A n a l .  Calcd for C7H 8F4N 2: F , 3S.75; N , 14.28. Found: 
F, 38.60; N , 13.93.

The third and most abundant eluent (retention tim e, 11.5 min) 
showed in the F 19 nmr spectrum (neat) three sets of quadruplets 
(AB type) in a ratio of about 3 :1 :1  indicating a mixture of two 
isomers. The large quadruplet, va —7100, vb —6395 cps 
(Jf- f =  585 cps), split into doublets, J h- f ~  30 cps, belongs 
to a symmetrical isomer, assigned as the di-«ro-3,5-bis(difluor- 
am ino)tricyclo[2.2.1.02’6]heptane (X lla ) .  The other two quad
ruplets, va —7150, vb —6710 cps (J f- f — 5 8 5  cps) and va 
— 7130, vb —6645 cps (J f- f =  590 cps), both split into doublets 
J h- f ~  30 cps, belong to an isomer with two different -N F 2 

groups assigned as the credo-ezo-3,5-bis(difluoramino)tricyclo- 
[2 .2 .1.02'6]heptane (X llb ) .

A n a l.  Calcd for C7HSF4N 2: C, 42.86; H , 4.11; F , 38.75; 
N , 14.28. Found: C, 43.40; H , 4.12; F , 38.44; N , 14.56.

The fourth eluent (retention tim e, 14.0 min) showed in the F 19 

nmr spectrum (neat) two different N F 2 groups in 1:1 ratio, one 
as an AB-type quadruplet, va —6935, vb —6530 cps (J f- f =  
595 cps), split in doublets (J f- h =  30 cps) assigned as en do-exo-
2,3-bis(difluoramino)bicyclo[2.2.1]hept-5-ene (X III). In a very 
small amount ( < 1 0 %) there appeared another quadruplet, 
va —7465, vb —6715 cps (J f- f =  590 cps), split into doublets 
(Jf- h =  30 cps) belonging to a symmetrical isomer with two 
identical N F 2 groups, presumably the di-endo-2,3-bis(difluor- 
amino)bicyclo [2 .2 . 1  ] hept-5-ene (X lb ).

A n a l.  Calcd for C ,H 8F4N 2: C, 42.86; H , 4.11; F , 38.75; 
N , 14.28. Found: C, 43.61; H , 4.13; F , 38.32; N , 14.06.

3.5- Bis(fluorimino)tricyclo[2.2.1.02’6]heptane (XIV).— A mix
ture of 7.0 g of cesium fluoride, 20 ml of acetonitrile, and 2.0 g 
of 3,5-bis(difluoram ino)tricyclo[2.2.1.02'6]heptane (mixture of 
X l la  and b) was heated under reflux for 2 hr. The solid was re
moved by filtration, the excess acetonitrile was evaporated in  
vacuo, and the residue was dissolved in carbon tetrachloride. The 
carbon tetrachloride solution was filtered to remove insoluble 
impurities, evaporated to dryness to give a semisolid residue 
which slowly crystallized, and after two recrystallizations from 
ethanol had mp 50-53°; infrared maxima (Nujol) 5.94 (C = N ) ,
11.8-12.5 m ( = N —F , and tricyclene); only end absorption in the 
ultraviolet; and F 19 nmr (CC14) two single peaks at —5110 
(large) and —5585 cps (small peak).

A n a l.  Calcd for C,H 6F2N 2: N , 17.95; F , 24.34. Found: 
N , 17.51; F , 24.54.

2.5- Dimethyl-2,5-bis(difluoramino)dihydrofuran (IX).— In an 
80-ml tube containing 6.9 g (0.07 mol) of 2,5-dimethylfuran and
11.3 g of benzene was condensed 7.5 g (0.07 mol) of N 2F4; the tube 
was sealed, and the mixture heated to 78° for 1 hr. The product
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was distilled to give 6.0 g (43% ) of 2,5-dim ethyl-2,5-bis(di- 
fluoramino)dihydrofuran as a colorless liquid: bp 4 3 ^ 5 °  ( 4  

mm); ?i26d 1.3955; infrared maxima (neat), 3.20 (= C H ) , 3.32  
and 3.4 (CH ), 6.20 (C = C ), 10.25, 11.00, 11.25, 11.50, and 11.73 
fi (NF2); proton nmr spectrum (neat) in r values a t 3.74 (singlet, 
= C H )  and at 8.3 (triplet, J h- f =  2.5 cps, CH3); and F19 nmr, 
(neat) a single broad peak at —5234 cps (NF2).

A n a l .  Calcd for C6HsF4N 20 :  C, 36.00; H , 4.03; N , 14.00. 
Found: C, 36.02; H, 4.48; N , 14.27.

2,3-Bis(fluorimino)norbomane (XV).— A mixture of 10 g  of
2,3-bis(difluoramino)norbornane (mixture of isomers), 50 g of 
powdered cesium fluoride, and 1 0 0  ml of acetonitrile were refluxed 
for 5 hr. The solids were removed by filtration, the solvent was 
removed in  vacuo, and the residue was dissolved in ethanol. The 
solution was treated with decolorizing carbon and filtered, on 
cooling 6.1 g (77.5%  yield) of X V  was obtained as white, fluffy 
crystals, mp 89-90°. The infrared spectrum (K Br) showed 
peaks at 3.39, 3.47 (C -H ), 5.97, 6.05 (C = N ) , 11.25, 11.55,
12.00, 12.35 ii (= N F ) ,  and no absorption was observed in the 
ultraviolet.

A n a l .  Calcd for C7H 8F2N 2: C, 53.16; H , 5.10; F , 24.03; 
N , 17.71. Found: C, 53.32; H , 5.03; F , 23.81; N , 17.61.

Registry No.—Ha, 1426-41-1; lib, 16159-09-4; 
lid, 16159-10-7; He, 16159-11-8; Ilg, 16063-38-0; 
Ilh, 16203-51-3; Hi (threo), 16159-13-0; Ili (erythro), 
16159-30-1; Ilj, 16159-14-1; C6H6CF(NF2)C(C1)=NF, 
16203-52-4; IHf, 16159-15-2; VII, 16159-16-3; VIII, 
16159-17-4; IX, 16159-18-5; X, 16159-19-6; XIa, 16159-
24-3; Xlb, 16159-20-9; X lla, 16203-53-5; X llb, 16203- 
54-6; XIII, 16159-21-0; XIV, 16203-55-7; XVa, 16159-
22- 1; tetrafluorohydrazine, 10036-47-2; XVb, 16159-
23- 2; norbonene adduct, cis-exo, 16159-31-2; norbonene 
adduct, cis-endo, 16159-32-3; norbornene adduct, trans- 
endo-exo, 16159-33-4.
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C h e m is t ry  o f  T e t r a f lu o r o h y d r a z in e .  V. S y n th e s is  o f  
N -D if lu o ra m in o -  S u b s t i t u t e d  H y d ra z in e s

G. N. S a u s e n

C o n tr ib u tio n  N o . 1 3 9 4  f r o m  the C en tra l R esearch  D ep a r tm en t, E x p e r im e n ta l S ta tio n , E .  I .  d u  P o n t de N em o u rs  a n d  C o m p a n y ,
W ilm in g to n , D e la w a re  1 9 8 9 8

R eceived  D ecem ber 5 , 19 6 7

Ultraviolet irradiation of a mixture of N 2F4 and hexafluoroazomethane gives the N-difluoramino-substituted  
hydrazine, CF3N (N F 2)N FC F3. The corresponding N N F 2 compound is obtained from decafluoroazoethane. 
These adducts are thermally unstable, and their decomposition to starting materials was studied by infrared 
spectroscopy.

In reported reactions of N2F4 involving its dissocia
tion into NF2 radicals, olefins gave l,2-bis(difluor- 
amino) ethanes,1 acetylenes gave vinyldifluoramines and 
their rearrangement products,2 and sulfur- and oxygen- 
containing compounds led to the corresponding species 
with the difluoramino group attached to the sulfur 
and oxygen atoms, respectively.3 We report here the 
synthesis of N-difluoramino-substituted hydrazines.

The products were obtained by reaction of N2F4 
with perfluoroazoalkanes in the presence of ultra
violet light (eq l).4 * Irradiation of an equimolar mix
ture of hexafluoroazomethane and N2F4 at 25° gave

N F 2

R fN = N R ; +  N 2F 4 — >  RrN7 " (1)
\

N F R f

la , Rf — CF 3 
b, R f =  C2F 5

la  in ~50%  yield. The product was purified by gas 
chromatography to give la  as a colorless gas. Its 
physical properties are listed in Table I.

T a b l e  I
P h y s i c a l  P r o p e r t i e s  o f  CF3N (N F 2)N F C F 3

Bp, °C
Vapor pressure equation 
Trouton constant 
H eat of vaporization

+  19° (vapor pressure)
Log p am =  — 1267/T  +  7 .19
19.9
5797 cal/m ol

The F 19 nmr spectrum of la was obtained at —62° 
(Table II).

The infrared spectrum of la  was obtained on the 
vapor in a cell cooled at —46 to —80° (Figure lb). 
Principal absorption bands in the N-F region are lo
cated at 10.2 and 11.3-11.5 p with weaker absorptions 
at 10.8 and 11.8 p. Figure la  shows the infrared 
spectrum obtained after the cell was allowed to warm

(1) R . C . R e try  a n d  J .  P . F reem an , A b s tra c ts  of th e  152nd N a tio n a l M e e t
ing  of th e  A m erican  C hem ica l S ocie ty , N ew  Y ork , N . Y ., S ep t 1966, p  46s; 
A. J . D ijk s tra , J .  A . K e rr, a n d  A. F . T ro tm a n -D ic k e n so n , J .  Chem. Soc., A , 
582 (1966); 105 (1967); H . C e rfo n ta in , ib id ., 6602 (1965); T . E , S tevens  
a n d  W . H . G ra h a m , J .  A m er. Chem. Soc., 89, 182 (1967); F . A. Jo h n so n , C. 
K an ey , a n d  T . E . S tev en s, J .  Org. Chem ., 32, 466 (1967); G . N . S ausen  an d  
A. L . L o g o th e tis , ib id ., 33, 2330 (1968); T . S. C a n tre ll , ib id ., 32, 911 (1967);
T . E . S tevens, ib id ., 32, 670 (1967); S. K . B ra u m a n  a n d  M . E . H ill, J .  A m er. 
Chem . Soc., 89 , 2127, 2131 (1967). F o r  lead ing  re fe rences  to  p e r t in e n t 
w ork , see  p ap e rs  I  a n d  I I  in  th is  series, A. L . L ogo the tis , J .  Org. Chem ., 31, 
3686 (1966); A. L . L og o th e tis  a n d  G . N . S ausen , ib id ., 31 , 3689 (1966).

(2) G . N . S ausen  a n d  A. L . L o g o th e tis , ib id ., 32, 2261 (1967); R . C . R e try , 
C . O. P a rk e r , F . A. Jo h n so n , T . E . S tev en s, a n d  J . P . F reem an , ib id ., 32, 1534 
(1967).

(3) F o r  le ad in g  references  to  th e  sy n th es is  a n d  c h a ra c te r iz a t io n  of th e se  
co m pounds see p a p e r  I I I  in  th is  series, G . N . S ausen  a n d  A. L . L ogo thetis , 
ib id ., 32 , 2261 (1967).

(4) R . C . P e t ry  a n d  J .  P . F reem an , J .  A m er. Chem . Soc., 83, 3912 (1961),
describe  th e  reac tio n  of N 2F* w ith  a z o iso b u tan e  to  g ive  i-b u ty ld iflu o ram in e .

T a b l e  II
F 19 N m r  S p e c t r a  o f  N - D i f l u o r a m i n o -

SU BSTITU TED  H Y D RA ZIN ES 

C o m p o u n d  F 19 chem ica l sh ift, cps°-®

CF3N (N F 2)N FC F 3 (la ) -5 3 2 5  (s, N F 2)
+ 8 4 0  (s, N F )
+ 3 6 5 0  (d, CF3)d 
+  4270 (s, CF3)

C2F 6N (N F 2)N FC 2F 5 ( lb ) - 5 3 9 0  (m, N F 2)
+ 4 0 0  (s, N F )
+ 48 3 5  (d, m, CF3)« 
+ 6 2 4 5  (t, m, CF2)'

“ All spectra were run neat using an external reference of CFC13. 
h All the resonances of the fluorine attached to nitrogen are rela
tively broad peaks, owing to the quadripolar relaxation of the 
N 14 nucleus, and fine spin-spin couplings w ith other fluorines are 
obscured. c Singlets, doublets, triplets, and m ultiplets are de
noted as s, d, t, and m, respectively. d The doublet splitting was 
not well defined. ‘ The CF3 peak was split into a doublet and an 
additional m ultiplet; the spectrum was not precisely interpreted; 
/ The CF2 peak was split into a triplet and an additional m ulti
plet. The spectrum was not precisely interpreted.

to 25° (1 hr). The bands at 7.9 and 8.35 p are charac
teristic of the C-F stretching bands of hexafluoro
azomethane (Figure 2), and the 9.75-p band is charac
teristic of SiF4 arising from decomposition of N2F4 
in glass. Hence, these infrared data showed the de
composition of la  to starting material.

Mass spectrometric analysis of la showed the positive 
ion fragments expected from a mixture of hexafluo
roazomethane (70%) and N2F4 (30%), indicating the 
complete decomposition of la  in the mass spectrometer.

Similarly, irradiation of a mixture of decafluoro
azoethane and N2F4 has given the corresponding N- 
difluoramino-substituted hydrazine (lb), in 36% yield. 
This product was also purified by gas chromatography 
to give lb as a pale yellow liquid with an estimated 
boiling point of 77° (vapor pressure data).

The F 19 nmr spectrum was obtained at —80° (Ta
ble II). The relative area ratios of the peaks (2; 1:6:4) 
agree with the assigned structure.

Attempts to obtain the mass spectrum of lb were not 
successful, and only cracking patterns attributable to 
decafluoroazoethane and N2F4 were observed.

The infrared spectrum of lb was determined on the 
vapor in a cell cooled at —20° (Figure 3). Principal 
N-F absorption bands were observed at 10.2, 11.0, 
and 11.7 p with weaker bands at 10.7 and 11.3 p. The 
cell was warmed to 25° and allowed to stand for 30 min. 
The spectrum (Figure 3) now showed the characteristic 
C-F stretching bands of decafluoroazoethane (Fig
ure 4) with additional bands attributable to SiF4 
(9.75 p) and N 02 (6.2 p). The spectrum was un
changed after an additional 16 hr at 25°.



(b)

Figure 1.— Infrared spectrum of CF3N (N F 2)N FC F3: (a) 25°; 
(b) - 4 6  to - 8 0 ° .

D iscuss ion

The mechanism of this difluoramination reaction 
undoubtedly involves photolytic decomposition of 
N2F4 via an excited difluoramino radical6 to give a 
fluorine radical which subsequently adds to the azo 
bond (eq 2-4). No products corresponding to the

hv
•n f 2-— >- -NF2* -»• -F +  [NF] (2)

RfN==NR, +  F- - RfNFNRt (3)
RfNFNRt +  N2F4— I +  -n f 2 (4)

direct addition of N2F4 to the azo group have been 
observed.

Thermal cleavage of the reaction products would 
lead to starting materials as observed in both mass 
spectrometric and infrared analyses of the products.

R tN (N F 2)N F R { — >- R fN N F R f +  -NF2

I  (5)
R fN = N R , 0 .5 N 2F 4

(5) T h is  m ech an ism  w as p ro p o sed  b y  C . L . B u m g a rd n e r , Tetrahedron  
L ett., 3683 (1964), to  ex p la in  th e  re a c tio n  p ro d u c ts  o b ta in e d  fro m  ir ra d ia 
t i o n  of 2 -b u te n e  a n d  2 -b u ty n e  w ith  N 2F 4 . T h e  sam e m ech an ism  w as used  to  
ex p la in  th e  fo rm a tio n  of F S O 2N F 2 f ro m  SO 2 a n d  N 2F 4 [C. L . B u m g a rd n e r  
a n d  M . L u s tig , In o rg . C hem ., 2 , 662 (1963), a n d  F S O 3N F 2 f ro m  SO 3 (M . 
L u s tig , C . L . B u m g a rd n e r, a n d  J. K . R uff, ib id ., 3, 917 (1964 )]. See also, 
A. L . L o g o th e tis , G . N . S ausen , a n d  R . J .  S h o zd a , ib id ., 2 , 173 (1963), fo r 
th e  fo rm a tio n  of S F bN F 2 fro m  th e  p h o to c h em ica l re a c tio n  of S F 4 w ith  N 2F 4, 
an d  G . W . F ra s e r  a n d  J .  M . S h reeve , ib id ., 4 , 1497 (1965), fo r th e  p re p a ra 
tio n  of F 2N C (— 0 ) F  b y  ir ra d ia tio n  of CO  a n d  N 2F 4 .
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Figure 3.— Infrared spectrum of C2F 6N (N F 2)N FC 2F 6: ----------,
- 2 0 ° ;  ------ , 25°.

An approximately 2 ; 1 ratio of azo compound to N2F4 
would be expected, and this agrees with the mass spec
trometric results obtained on la.

The bond energy of the F2N-N bond in I  and hence 
its thermal stability might be expected to be low in 
light of the low bond dissociation energy of the N-N 
bond in N2F4 (19.8 kcal/mol)6 and nitrosodifluoramine 
(10 kcal/mol).7

E xp e rim e n ta l S ection8
General Procedure .— C a u tio n  m u s t be ex erc ised  in  the h a n d lin g  

o f  N iF i.*  Irradiations were carried out behind a shield. R em ote  
o p era tio n  d u r in g  N 2F 4 rea c tio n  i s  im p e ra tiv e , a n d  adequ a te  sh ie ld in g  
i s  e s sen tia l for work-up of the products.

2-Difluoramino-3-fluoro-2,3-diazahexafluorobutane (la).—A
150-ml quartz reactor was evacuated, charged with 0.47 g (2.8 
mmol) of hexafluoroazomethane9’10 and 0.30 g (2.9 mmol) of 
N 2F4, and irradiated at 25° for 1.25 hr. The product gases were 
transferred to a cylinder cooled at —196°. Two such runs were 
combined, and volatile products were removed by applying vac
uum at —95° (1-2  m m ). The residue, 1.0 g, analyzed by gas 
chromatography8 on a 6 -ft column at 0 °, was found to consist of 
67% la  (gc elution tim e, 3 .0  min; 50% yield ) , 11 22% unchanged 
hexafluoroazomethane, and small amounts of N F 3 and N 2F 4. 
The volatile fraction consisted m ainly of c is -  and irons-N2F2, 
N F 3, and N 20 ,  with sm a lle r  a m o u n ts  of nitrogen, unchanged 
N 2F4, CF3N = N C F 3j and la .  The product was further purified

(6) C . B . C o lb u rn , Endeavour, 24 , 138 (1965).
(7) F . A. Jo h n so n  a n d  C . B . C o lb u rn , Inorg . Chem ., 2 , 24 (1963).
(8) In f ra re d  sp e c tra  w ere  m e asu red  on  a  P e rk in -E lm e r reco rd in g  spec

tro p h o to m e te r , M o d e l 21 a n d  In fra c o rd  M od el 135. F lu o r in e  n m r sp e c tra  
w ere  o b ta in e d  w ith  a  h ig h -re so lu tio n  s p e c tro m e te r  a n d  a s so c ia ted  e lec tro 
m a g n e t (V arian  A ssociates) o p e ra tin g  a t  56.4 M c /s e c  a n d  a p p ro x im a te ly  
14,000 G . S p e c tra  w ere  ca lib ra te d  in  te rm s  of d isp la cem en ts  in  cycles 
p e r  second  (cps) fro m  th e  F 19 re so n an ce  of C F C ls. N e g a tiv e  f req u en c y  d is
p la cem e n ts  a re  fo r resonances  a t  lo w er fie ld  th a n  th e  re fe re n ce . T h e  ir
ra d ia tio n s  w ere  ca rried  o u t w ith  a  low -p ressu re  m e rc u ry  re so n an ce  la m p  con
n ec ted  to  a  60-m a, 6000-V  tra n sfo rm e r e m itt in g  m o s tly  a t  2537 A. T h e  gas 
c h ro m a to g rap h ic  an a ly se s  w ere  ca rried  o u t on  a  0 .25 -in . co lum n, p ac k ed  w ith  
2 0 %  e th y l es te r  of p e rh a lo o c ta n o ic  ac id  (K e l-F  A cid  8114, 3 M  C o. t r a d e 
m a rk ) on  fireb rick . H e liu m  ca rr ie r  gas flow w as 60 m l/m in .

(9) W . J .  C h am b ers , C . W . T u llo ck , a n d  D . D . C offm an , J .  A m er. C hem . 
Soc., 84 , 2337 (1962).

(10) J .  A . Y o u n g  a n d  R . D . D resd n e r, J .  Org. Chem ., 28 , 833 (1963), de
sc ribed  th e  th e rm a l d ecom position  of p e rf lu o ro a zo a lk an es  a t  3 50 -500° in  
th e  p resen ce  of N2F4 to  g iv e  N ,N -d iflu o ram in es .

(11) G . N . S ausen , U . S . P a te n t  3 ,149,165 (1964).



by gas chromatography to give la  as a colorless gas, which was 
conveniently stored in glass a t —78°.

3 -Difluoramino-4 -fluoro-3 ,4 -diazadecafluorohexane (lb).—A 
400-ml quartz reactor was charged with 1.63 g (6.1 mmol) of 
decafluoroazoethane9 a n d 0.74 g (7.1 m m ol)of N 2F4, and the tube 
was irradiated at 25° for 1.0 hr. The reaction tube was cooled 
at —80°, and the volatile products were removed by applying 
vacuum  (1-2  m m ). T he residual yellow liquid, analyzed by gas 
chromatography8 on a 6 -ft column at 25°, was found to consist of 
61% unchanged decafluoroazoethane (gc retention time, 1.4 
m in) and 36%  lb  (gc retention time, 5.2 m in). The product 
was purified by gas chromatography on the sam e column to give

2338 N ewman and Layton

lb  as a pale yellow liquid. The product could be stored in
definitely a t — 78°.

Registry No.—Ia, 1840-66-0; lb, 3829-29-6; CF3N =  
NCFS, 372-63-4; C2F6N =C 2H5, 756-00-3; tetrafluoro- 
hydrazine, 10036-47-2.
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bers of the Physical and Analytical Division for gas 
chromatography, infrared, mass spectral, and nmr 
analyses.
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R eceived  N ovem ber 2 9 , 1 9 6 7

(-1- )-4-Trichloromethyl-2,4,o-trimethyl-2,5-cyclohexadienone (I) produces ( +  )-l-ethoxyethynyl-4-trichloro- 
m ethyl-2 ,4 ,5 -trim ethyl-2 ,5 -cyclohexadienol (II) on treatm ent w ith ethoxyethynylm agnesium  bromide followed 
by water. Treatm ent of (-j-)-II with acid yields ( —)-ethyl 4-trichloromethyl-2,4,5-trimethyl-2,5-cyclohexadi- 
enylideneacetate (III). On pyrolysis or photolysis of active I I I  inactive ethyl a-(2,4,5-trimethylphenyl)-/3,/3,0- 
trichloropropionate (IV) is formed. Reaction of active I with ethylmagnesium bromide followed by treatm ent 
of the product w ith dilute acid and then heating affords inactive 2,4,5-trimethyl-j3,/3,/3-trichloroisopropylbenzene
(VIII). The free-radical nature of these rearrangements is demonstrated and discussed. Resolution of I  was 
accomplished by reaction w ith active a-(isopropylidenaminooxy)propionic acid (V).

In earlier studies on the behavior of trichloromethyl 
groups in 4-methyl-4-trichloromethyl-2,5-cyclohexadi- 
enones, 1,5 migrations had been observed in several 
cases.3 The work herein reported was initiated with 
the intent to find out more about the mechanism in
volved in the transformation of 4-trichloromethyl-2,4,
5-trimethyl-2,5-cyclohexadienone (I)4 to ethyl a-(2,
4,5-trimethylphenyl)-/3,/3)i8-trichloropropionate (IV) via 
the expected intermediate compounds, II and III 
(Scheme I).

S c h e m e  I

ch3

IV

Î
ch3 CC13

r y
ch3 X

HO C=COC2H5

II III

Since I and IV each had an asymmetric carbon (but 
different ones), the use of optically active I was deemed

(1) T h is  w ork  fo rm e d  p a r t  of th e  P h .D . th e s is  (1967) of R . L a y to n  
w ho w as th e  re c ip ie n t of a  N a tio n a l In s t i tu te s  of H e a lth  P re d o c to ra l F ellow 
sh ip , 1966-1967 . K in e tic  d a ta  a re  lis ted  in  th e  thesis.

(2) S u p p o r te d  in  p a r t  b y  a  g r a n t  fro m  th e  N a tio n a l S cience F o u n d a tio n .
(3) (a) K . von  A uw ers a n d  W . Jü lic h e r , Chem. B er., 55, 2167 (1922); (b)

M . S. N ew m an  a n d  R . L . T se , J .  Org. Chem ., 21, 638 (1956); (c) M . S. 
N ew m an  a n d  J .  A. E b e rw ein , ib id ., 29, 2516 (1964).

(4) M . S. N ew m an , D . P aw ellek , a n d  S. R a m a c h a n d ra n , J .  A m er. Chem. 
Soc ., 84, 995 (1962).

of interest. Accordingly I was resolved by reaction 
with active a-isopropylidenaminooxypropionic acid
(V)6 to yield a mixture of isomers of VI which was sep
arated by fractional recrystallization. On heating 
with levulinic acid,6 the pure isomer of VI was con
verted into active I. Thus the reagent, V, may prove 
of value for the resolution of other ketones (Scheme II).

S c h e m e  II
ch3

I + (CH3)2C=NOCHCOOH —v 
V

On treatment of active I with ethoxyethynylmag
nesium bromide and work-up of the reaction mixture30 
racemic IV was obtained. Since it was expected that 
active IV would be obtained, further study of the re
arrangement was undertaken. By careful treatment 
of a similar reaction mixture with cold water, II was 
obtained in optically active form when active I was 
used. Because of experimental difficulties in handling 
II, no pure isomer was obtained. Hence, it is not 
known if a single diastereoisomer of II was present or 
not.7

On treatment with acid under mild conditions II 
could be transformed into III which was also active. 
However, on warming III to about 85° in cyclohexane

(5) M . S. N ew m an  a n d  W . B . L u tz , ib id ., 78, 2469 (1956).
(6) C . H . D e P u y  a n d  B . W . P o n d e r, ib id ., 81 , 4629 (1959).
(7) M . S. N ew m an , J . E be rw ein , a n d  L . L . W ood , J r . ,  ib id ., 81, 6454 

(1959), show ed  t h a t  on ly  one  isom er w as fo rm e d  on  tr e a tm e n t  of 4 -m e th y l-4 - 
tr ich lo ro m eth y l-2 ,5 -c y c lo h e x ad ien o n e  w ith  p h en y lm ag n es iu m  b ro m id e .
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or on exposure to light III rapidly rearranged to IV 
which was racemic.

To obtain more information about the rearrangement 
of III to IV, a study of the rate was undertaken. By 
measurement of the optical activity, the rate of the 
thermal rearrangement was shown to be first order with 
respect to III. As there was an induction period, a 
free-radical mechanism was suspected. This was 
confirmed by showing that the rearrangement at 85° 
could be stopped by the addition of free-radical trapping 
agents, such as iodine, benzoquinone, and thiophenol; 
and a nitrogen-purged solution of III in cyclohexane 
containing a small amount of a,a-diphenyl-/3-picryl- 
hydrazyl8 was slowly decolorized on standing at room 
temperature. When inactive III in freshly distilled 
thiophenol was heated at 120 ±  5° and irradiated with 
350-W unfrosted light, analysis showed that most of the 
III remained after 40 hr. Since ethyl 2,4,5-trimethyl- 
phenylacetate (VII) was produced in an amount ap
proximately equivalent to the III destroyed, evidence 
in support of a radical produced by loss of a trichloro
methyl group from III was at hand. A sample of 
authentic VII was prepared from authentic 2,4,5- 
trimethylbenzyl chloride9 10 by conventional procedures.

The above results are in accordance with the reac
tion scheme indicated by eq III.

In order that the rate be first order with respect to 
III, one must assume a chain-terminating reaction 
between a trichloromethyl radical and III (see Experi
mental Section for the kinetic analysis). Because of 
the long-chain length it was not possible to isolate any 
product resulting from such a chain-terminating step.

Since IV is racemic, one must assume that the attack 
of the CC13 radical in eq II takes place with equal ease 
from either face of the plane. Models show that the 
trichloromethyl group in III does not interfere with

(8) S. G o ld sch m id t a n d  K . R en n , Chem. Ber., 55, 628 (1922).
(9) W e a re  g ra te fu l to  L a u ren  D au e rn h e im  w ho su p p lied  us w ith  th is  m a te 

ria l p re p a re d  b y  c h lo ro m e th y la tio n  of 1 ,2 ,4 -tr im eth y lb en zen e .
(10) E q u a tio n s  I I  a n d  I I I  m a y  b e  s u b s t itu te d  b y  one  e q u a tio n  in  w hich  

th e  tr ic h lo ro m e th y l rad ica l a t ta c k s  co m p o u n d  I I I  w ith  s im u ltan e o u s  expu l
sion of a  tr ic h lo ro m e th y l rad ica l. T h e  r a te  w ould  s till b e  f irs t o rd e r  in  com 
pound  I I I  w ere th is  th e  case.

approach of a CC13 radical from the same side. We 
assume that the stereochemistry of the unsaturated 
ester group in III is as shown because of steric factors. 
Although the ester II is so unstable that complete 
purification could not be accomplished, the nmr spec
trum and thin layer chromatography of the sample 
used for kinetic study (see Experimental Section) indi
cated that III has the structure shown and was quite 
pure. Since III is optically active when optically 
active I is used as starting material, it is assumed that 
there is no partial racemization during the steps leading 
to the formation of III as there is no reason to believe 
in a change in stereochemistrj^ at the 4 position in any 
of the steps pictured.

To rule out the argument that IV is formed in an 
optically active state and is racemized by enolization at 
a later stage, active I was treated with ethylmagnesium 
bromide (Scheme III). By suitable treatment the 
product was converted into l,l,l-trichloro-2(2,4,5- 
trimethylphenyl) propane (X). As the latter was also 
inactive, racemization of IV by enolization seems un
likely since X would not be able to be racemized by an 
enolization step.

S c h e m e  I I I

It had been hoped that the free acid corresponding to 
IV could be resolved, esterified to form active IV, and 
submitted to the rearrangement conditions in order to 
see if active IV would remain active. However, some 
attempts to prepare the acid failed. Hydrolysis did 
not occur under acidic conditions and under alkaline 
conditions loss of hydrogen chloride occurred along with 
hydrolysis.

When a solution of active III in benzene was exposed 
to a long-wavelength uv lamp, rearrangement to in
active IV took place. Thus the photochemical reaction 
occurs with racemization also. The rearrangement was 
zero order with respect to III. When samples of im
pure III were left in flasks exposed to the usual labo
ratory light, rearrangement slowly took place. Hence, 
the experiments leading to the isolation of pure III had 
to be done with protection from light.

Further experiments designed to elucidate the stereo
chemistry of certain 1,3 migrations of CC13 groups11 
are under study here as these may prove to be stereo
specific because of increased steric factors.

(11) M . S. N ew m an  a n d  F . B aye rle in , J .  Org. Chem ., 28 , 2804 (1963).
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Experimental Section12
Resolution of 4-Trichloromethyl-2,4,5-trimethyl-2,5-cyclohexa- 

dienone (I).— A slow current of pure nitrogen was passed through 
a refluxing solution of 63.4 g of I , 1 36.3 g of V , 6 [<*]%> + 3 1 .5  ±
0.2° (c 8.75, H 20 ) ,  and 12 g of p-toluenesulfonic acid in 275 ml of 
92% acetic acid for 6  hr, when a test w ith 2 ,+ D N P H  solution13 

showed that acetone was no longer being evolved. The black 
solution was poured on ice and the organic acidic fraction isolated 
in the usual w ay. The residue was taken up in 350 ml of petro
leum ether (bp 3 0 -60°). After standing overnight 44 g of tacky  
crystals remained after decantation of the mother liquor. After 
decolorization w ith charcoal in ether, the product was crystallized 
from benzene-hexane to yield 12.8 g (15% ) of colorless nee
dles of a-(+trichlorom ethyl-2,4,5-trim ethyl-2,5-cyclohexadienyI- 
idenaminooxy)propionic acid (VI): mp 155.0-156.5°; H 20d
— 160 ±  1° (c 9.56, benzene). Three further recrystallizations 
from benzene-hexane changed neither the m elting point nor the 
rotation.

A n a l .  Calcd for C,3H 16C13N 0 3: C, 45.8; H , 4.7; N , 4.1. 
Found: C, 45.9; H , 4.7; N , 4.0.

When the above preparation was repeated using ( —)-V, 
[ a ] 20D — 30 ±  0.2° (c 10, H 20 ) ,  the product was VI: mp 152.0- 
153.5°; [a]22d + 1 5 4  ±  1° (c 4.25, benzene). This was used 
directly for the preparation of ( — )-I (see below).

A solution of 12.0 g of the above ( —)-VI in 400 ml of 9:1  
levulinic acid-1 N  hydrochloric acid6 was refluxed for 1 2  hr. The 
black solution was poured on ice and the organic product isolated 
as usual and distilled to yield 8.1 g (90% ) of a pale yellow oil, bp 
1 1 0 - 1 1 2 ° ( 2  m m ), which soon crystallized. Recrystallization  
from hexane afforded colorless I , mp 57 .5 -59 .0°, H 25d + 2 6 .4  ±  
0 .2° (c 8.11, benzene), w ith little  loss. The same procedure ap
plied to (+ ) -V I  (see above) yielded I, mp 55 .5-57 .5°, H 20d
— 25.5 ±  0.2° (c 8.00, benzene), in high yield.

l-Ethoxyethynyl-4-trichloromethyl-2,4,5-trimethyl-2,5-cyclo- 
hexadienol (II).— To 57.9 ml of a 0.51 M  m agnetically stirred 
solution of ethylmagnesium bromide (0.0295 mol) in anhydrous 
ether was added 2.27 g (0.0325 m ol) of freshly distilled ethoxy- 
acetylene . 14 Light brown insoluble ethoxyethynylm agnesium  
bromide settled out. After refluxing for 20 m in, a solution of
5 .0  g (0.0197 m ol) of inactive I in 50 ml of anhydrous ether was 
added over a period of 5 min. After stirring 20 min the homoge
neous solution was cooled in an ice-salt mixture and decomposed 
with ice-cold water. The organic phase was separated and dried 
over anhydrous sodium carbonate, and the solvent was evap
orated under reduced pressure in the cold. An ethereal solution 
of the brownish residue was decolorized with activated charcoal. 
After removal of the ether 6.3 g of a colorless oil was obtained. 
This was undoubtedly almost pure II as it  absorbed at 2.82 
(3546 cm -1, m, OH) and 4.36 n (2294 cm -1, s, C = C ) . There 
was no absorption in the carbonyl region but, on standing, car
bonyl bands began to appear at the expense of the above bands.

Similar results were obtained when ( +  )-I was used. In a 
typical run ( + ) - I ,  [<*]25d + 26 .4 , yielded II , H 26d +36 .1  ±  
1° (c 1.5, benzene, assuming the entire product to be II ) . Be
cause of the instability of II no analytical sample was obtained, 
but the ir spectral determinations in this and other runs show that 
no I remained and, hence, essentially pure dienols (II) were pres
ent.

(12) M e ltin g  p o in ts  of all sam p les  w ere ta k e n  w ith  a  T h o m a s -H o o v e r  
6406-M  ca p illa ry  m e lting  p o in t a p p a ra tu s . T h e  th e rm o m e te r  w as co rrec ted  
b y  com parison  w ith  th e  m e ltin g  ran g e  of s ta n d a rd s . B o iling  p o in ts  a re  un
co rrec ted . M icro a n a ly ses  w ere  perfo rm ed  b y  G a lb ra i th  L a b o ra to r ie s , In c ., 
K noxv ille , T e n n . T h e  in fra re d  ab so rp tio n  sp e c tra  w ere d e te rm in e d  on a  
P e rk in -E lm e r In fra c o rd  s p ec tro p h o to m e te r , M odel 137. In f ra re d  ab so rp 
tio n s  a re  desc rib ed  as  s tro n g  (s), m ed iu m  (m ) a n d  w eak (w ). U ltra v io le t 
ab so rp tio n  sp e c tra  w ere m e asu red  -with a  C a ry  M od el 14 reco rd ing  sp ec tro 
p h o to m e te r , using  1-cm  m a tc h e d  cells. N u c le a r  m a g n e tic  re so n an ce  (nm r) 
sp e c tra  w ere d e te rm in e d  re la tiv e  to  te tra m e th y ls ila n e  a t  60 M e  w ith  th e  
V arian  A ssocia tes h igh -re so lu tio n  sp ec tro p h o to m e te r , p u rch ased  in  p a r t  w ith  
fu n d s  fro m  th e  N a tio n a l S cience F o u n d a tio n . C a rb o n  te tra c h lo r id e  solu
tio n s  w ere  used , un le ss  n o te d  o th e rw ise . A n  A ero g rap h  H y -F i M odel 600-C  
g as  c h ro m a to g ra p h  w as used  fo r  g a s - liq u id  p a r t i t io n  c h ro m a to g rap h ic  
an a ly s is . T h e  p h ra se  "w o rk ed  up  in  th e  u su a l m a n n e r"  re fe rs  w ith  m in o r 
v a r ia tio n s  to  th e  h an d lin g  of o rgan ic  so lu tio n s  in  th e  fo llow ing m a n n e r . T h e  
o rg an ic  so lu tio n  w as w ashed  successively  w ith  w a te r  a n d  s a tu ra te d  sod ium  
ch lo rid e  so lu tio n  a n d  d rie d  b y  filte ring  th ro u g h  a  b ed  of a n h y d ro u s  m a g 
nesium  su lfa te , a n d  th e  so lv en t w as rem o v ed  in  vacuo.

(13) R . S h rin er, R . F u so n , a n d  D . C u r tin , " T h e  S y s te m a tic  Id e n tif ic a tio n  
of O rgan ic  C o m p o u n d s ,"  4 th  ed , J o h n  W iley  a n d  Sons, In c ., N ew  Y ork ,
N . Y „  1962, p 111.

(14) O b ta in e d  from  C hem ica l S am p les  C o ., C o lu m b u s, O hio .

Ethyl 4-Trichloromethyl-2,4,5-trimethyl-2,5-cyclohexadienyl- 
ideneacetate (III).— In carrying out all experiments from this 
point on as much work as convenient was done in the absence of 
light since III is light sensitive.

In a typical experiment a solution at 0° of 6 .0  g of the isomers 
of II in 75 ml of 1:1 ether-benzene was shaken w ith 75 ml of iced 
3 N  hydrochloric acid, followed by a wash w ith 5% sodium bi
carbonate. After the usual work-up an almost quantitative yield  
of colorless liquid which proved to be essentially pure III  was ob
tained. N o analysis was obtained for this oil, or similar oils 
from other reactions, as it was sensitive to heat and light. I t  is 
dangerous to keep any amount of this oil neat as when rearrange
ment occurs the heat rapidly builds up. Solutions of III in hy
drocarbon solvents were stored below 0 ° for several weeks in the 
dark without appreciable change. The above oil (III) had no ir 
bands at 2.82 or 4.36 n and did have a single carbonyl band at
5.83 fi (1715 cm -1, s). The ultraviolet spectrum , Xm„  at 292 
mn  (e 21,400) in 95% ethanol, m ay be compared w ith that of di
ethyl 3-carbethoxym ethyl-2-cyclohexenylideneacetate , 15 16 298 
m¡i (e 2 1 ,0 0 0 ), as close a model compound as we could find.

The nmr spectrum of III has three singlets at r 2 .22, 3.87, and
4.37 (1 II each). W e assign the 2.22 peak to the hydrogen in the 
6  position of III  as this would be expected to be deshielded by the 
carbethoxy group . 16 If this assumption is correct, the stereo
chemistry of the carboethoxy group as shown in III is correct. 
The remaining features of the nmr spectrum were as expected  
and confirm the structure of III . Thin layer chromatography of 
III on alumina using 10% ethyl acetate in benzene as developer 
showed that the III ( R t  0.64) prepared as described above was 
essentially pure as there was only a small second spot ( R t  0.68) 
which was undoubtedly IV since IV  had the same R i  value (0 .68). 
Similar results were obtained when ( + ) -  and ( —)-I were used as 
starting materials. From ( +  )-I (see above) there was obtained 
III , [a]®D —42.0 ±  0.2° (c 10.4, benzene).

When the II prepared from ( +  )-I was converted into III as 
above described for inactive I, ( — )-III, [<x]20d —42.0 ±  0 .2 ° 
(c 10.4, benzene, assuming the entire product to be III) , was ob
tained.

Ethyl a -(2 ,4 ,5-Trimethylphenyl)-(3,/3,fl-trichloro propionate
(IV).— Pure IV 3” was obtained in every experiment starting from 
active or inactive I, II , or III . In all cases the product (IV ) was 
optically inactive when measured at the sodium d line and the  
mercury green line. One feature of the nmr spectrum of IV is of 
interest. There is an octet (2 H ) centered at r 5 .91. These 
peaks are due to the fact that the m ethylene hydrogens, normally 
a quartet (as in III), are nonequivalent because of a nonadjacent 
asymmetric center . 17

Photochemical Rearrangement of III.— When 5 m l of a 10%
solution of ( + ) - I I I ,  [a]1#D + 4 1 .2  ±  0.2° (c 10, benzene), in 
cyclohexane in a Pyrex flask was placed in direct sunlight for 6  

hr there remained no optical activity at 5893 and 4960 A . The 
product was essentially pure IV.

The rate of the photochemical rearrangement was studied as 
follows. A 3% solution of III , [a]20D —42.0 ±  0.2° (c 10.4, 
benzene), in benzene was placed in a 1-dm Pyrex polarimeter tube 
and was allowed to stand in the dark at 20° for 3 hr. N o change 
in rotation had occurred in this tim e. Beside the polarimeter 
tube was mounted a small long-wavelength uv source18 * so that 
readings could be taken without disturbing the photolysis. After 
an induction period of about 25 min after the uv light was turned 
on the rotation began to change. The data are listed in Table I. 
The observed rotation (assumed to be proportional to concentra
tion in the range in question) was plotted against tim e to give a 
line which had a slope of about —3.5 X 10~ 3 deg m in-1. The 
zero-order rate constant, k0, was calculated from eq 1 to be 2 .6  X
1 0 - 4  mol l . - 1  m in-1.

, d[III] _ — C  A ct (obsd) — C (slope) „  ,
0 di [a]l A t ~  [a]Z (1)

(Z =  tube length in decimeters [a] =  specific rotation, and C  =  
conversion factor to change concentration units from grams per 

milliliter to moles per liter)

(15) M . W . C ro n y n  a n d  J .  E . G oodrich , J .  A m er. Chem . Soc., 74, 3331 
(1952).

(16) L . M . Ja c k m a n , “ A p p lic a tio n s  of N .M .R . S p ec tro sc o p y  in  O rgan ic  
C h e m is try ,"  P e rg am o n  P ress  In c ., N ew  Y o rk , N . Y ., 1959, p  121.

(17) T h is  p h en o m en o n  h as  been  o b se rv ed  befo re, e.g., J .  J .  L ooker, J .  
Org. Chem ., 31 , 2973 (1966), a n d  ref 8 -1 0  th e re in .

(18) " M in e ra lig h t"  M od el S L  3660 (filte r  rem o v ed ), U ltra -V io le t P ro d 
u cts, In c ., P a sa d e n a , C alif.
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T a b l e  I

P h o t o c h e m i c a l  R e a r r a n g e m e n t  o f  ( — )-III t o  IV  
(ko =  2.55 X IO- 4  mol l . - 1  m in-1)

Time, mina — a  (obsd)

0 1.20 ±  0,03
45 1.00

105 0.86
165 0.60
225 0.45

“ The relative tim e was adjusted to compensate for an indefi
nite induction period.

Thermal Rearrangement of III.— Two 10% solutions of III , 
[a ]19D + 4 1 .2  ±  0.2° (c 10.0, benzene), in cyclohexane and ben
zene, respectively, were sealed into ampoules and heated in an 
oil bath at 95° in darkness for 1 hr. Neither solution showed any  
optical activity at 5893 or 4960 A. When similar solutions were 
sealed and no heating was done, the rotation was essentially un
changed after 24 hr. In a similar reaction in cyclohexane in 
which heating was at 100° for 30 min the reaction mixture was 
examined by glpc w ith a 5 ft X 0.125 in. 5% SE-30 silicone on 
60-80 mesh Chromosorb W 19 column. In addition to the solvent 
there was only one main product, IV : retention time, 14.3 min at 
165°. There was no peak corresponding to ethyl 2,4,5-tri- 
m ethylphenylacetate (V II) or hexachloroe thane, but there was a 
small peak for chloroform.

A 10% solution of inactive III  in cyclohexane was divided into 
three 4-ml portions in three vials covered with aluminum foil. To 
one was added about 3% of iodine, to another 3% of benzo- 
quinone. The three tightly stoppered vials were heated in an 
oil bath at 90-95°, and aliquots were withdrawn from time to 
tim e. The pure sample was alm ost com pletely rearranged to IV  
in 75 min as judged by ir analysis. The other two samples 
showed no change from III.

A solution of 3.5 g of III in 35 m l of freshly distilled thiophenol 
was heated at 115-125° and irradiated w ith a 350-W unfrosted 
light. After 40 hr the reaction solution was dissolved in ether- 
benzene (1 : 1 ), washed w ith sufficient 1 0 % sodium hydroxide to 
remove all of the thiophenol, and then worked up in the usual 
manner. The infrared spectrum of the residue indicated that a 
large fraction of III was still present. The residue in m ethylene 
chloride was analyzed by gas-liquid partition chromatography 
with a 5 ft X 0.125 in. 5% SE-30 silicone oil on Chromosorb W , 
analytical column at 165°. A large peak (retention tim e, 14.3 
min) appeared which was doubtlessly the regular rearrangement 
product IV  produced by the rearrangement of III on the chro
matography column. One other major peak appeared (retention 
tim e, 3.7 m in). When authentic ethyl 2,4,5-trim ethylphenyl- 
acetate (V II) which had a retention time of 3.7 min was added to 
the solution being analyzed, the peak increased in intensity and 
remained symmetrical. The areas20 under the respective peaks 
indicated a 7 :3  ratio of IV to V II.

A magnetically stirred portion of the residue in a small sublima
tion apparatus at 0 .2 -mm pressure was heated in an oil bath at 
85-90°. The small fractions that slowly condensed on the cold 
finger were examined by infrared analysis. H eating was inter
rupted while the cold finger was removed, and the cold finger 
was rinsed with acetone before the collection of another fraction. 
The infrared spectrum of the first two fractions were identical 
with that of V II.

The rate of the thermal rearrangement wras measured in a 2 - 
dm jacketed polarimeter tube at 85°. A 7% solution of III, 
[a]20» —42.0 ±  0.2° (c 10.4, benzene), in purified n-decane21 was 
introduced into the tube which was fitted by a rubber stopper 
through which a syringe needle was inserted in order to prevent 
compression. The needle was withdrawn after about 20 min 
when thermal equilibrium was established. There was an induc
tion period of about 30 min during which the rotation did not 
change. The data for change in rotation with time were plotted  
in Figure 1 to give a straight line which had a slope of —5.40 X

(19) A J o h n s-M a n  v ille P ro d u c ts  C o rp . c ru sh ed  fireb rick  p ro d u c t.
(20) T h e  a re a s  w ere  e s tim a te d  b y  ta k in g  th e  p ro d u c t of th e  h e ig h t a n d  

th e  h a lf-h e ig h t w id th , a ssu m in g  th e  p ea k s  to  b e  p e rfe c t tr ian g le s.
(21) n -D e c a n e  w as pu rified  b y  s tir r in g  w ith  c o n c e n tra te d  H rSO r fo r  2 d ay s

follow ed b y  d is ti lla tio n  ov er CaH a.

Time (minutes)
Figure 1 .— A plot of log ( — <*0bsd) os. tim e for the thermal rear

rangement of ( —)-III to IV at 85°.

log a  (obsd) =  +  constant (2 )

10 - 3  m in-1. The first-order rate constant, k i, was calculated 
from eq 2 above to be 1.24 X 10 - 2  m in-1.

First-order kinetics for the thermal rearrangement of III to IV  
can be explained by assuming a term ination reaction for CC13 

radicals which involves III . This termination reaction could be 
an abstraction, abnormal addition, or disproportionation. The 
kinetic consequences of this type of termination reaction are de
rived below. The proposed chain mechanism can be represented 
by eq i-iii.

initiation

III - H »  -CC13 +  R - (i)

propagation

III +  -CC13 ^  (III-CCI3) • IV  +  -CCb (ii)
k i

termination
k i

III +  -CC13 — >
unreactive radical ( +  other possible reactions) (iii)

Assuming the steady-state condition for the formation of 
• CCI3 and (III-CC13)- then

0 =  M i l l ]  -  fe [III][-C C l3] +  fe[(III-C C l3)-] +
M U I-C C b )-] -  M III][-C C 13] 

0 =  fc2 [III] [ CC13] -  M (III-C C 13)-] -  M (III-C C 13)-]

The sum of the last two equations is

M i l l ]  =  fcB[III][-CCG]
so

[ • CCI3] =  h / h

Assuming long chains

~ d^ II] =  [ (III-CCI3) - ] =  ^ - 2 [III][-CC 13]dt tCz
therefore

— d [III] l i t t i , , , , ,  
df k 3h  1 J

Ethyl 2,4,5-Trim ethylphenylacetate (VII).— A mixture of 10.0 
g of 2,4,5-trim ethylbenzyl chloride9 and 21.5 g of powdered 
cuprous cyanide was heated at 145-150° for 30 m in . 22 The 
cooled mixture was triturated w ith benzene. After removal of

(22) A. M o d ifica tion  of th e  p ro ced u re  of S. W aw zonek , a n d  H . H su , 
J .  A m er. Chem. Soc., 68, 2741 (1946).
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solvent, from the filtered solution there was obtained 6 . 6  g (70% ) 
of 2 ,4 ,5 -trim ethylbenzyl cyanide , 23 bp 105-115° (0.2 m m ). H y
drolysis of 5 .4  g of the cyanide in 90 ml of 60% sulfuric acid for 
15 hr, followed by a conventional work-up, afforded 4.0 g (6 6 %) 
of pure recrystallized 2,4,5-trimethylphenylacet.ic acid , 23 mp 
128-129°. Esterification by treatment of the acid chloride with  
ethanol yielded pure V II, bp 90-92° (0.2 m m ), in 75% yield.

A n a l .  Calcd for C13H 180 2: C, 75.7; H , 8 .8 . Found: C, 
75.5; H , 8 .9.

l,l,l-Trichloro-2-(2,4,5-trimethylphenyl)propane (X).— To a 
solution of 5 .94 g of I in 25 ml of ether was added dropwise with  
stirring a solution of 0.05 mol of ethylm agnesium  bromide in 50 
ml of ether. After 15 min the reaction mixture was cooled and 
treated slowly with ice. The cold ether layer was washed with  
cold sodium carbonate, and the solvent was removed under re
duced pressure in the cold. Infrared examination of the product 
(mainly V III) showed that no I was present and OH bands in 
the 2 .8 -3 .0 -m region were strong. A solution of this crude car- 
binol mixture24 in 75 ml of ether was shaken w ith cold 3 N  hydro
chloric acid, and the ether solution was then worked up in the 
usual way, keeping cool and in the dark. The nmr spectrum  
indicated that the product contained a preponderance of one 
(presumably the isomer shown) isomer of IX . No elemental 
analyses for V III or IX  were attem pted because of the sensitivity  
of these compounds to heat.

(23) L . I . S m ith  a n d  C . W . M acM u llen , J .  A m er . Chem . Soc., 58, 629 
(1936).

(24) W e assu m e  th a t  a  m ix tu re  of s tereo isom eric  ca rb in o ls  w as p re s e n t b e 
cau se  of th e  co m p lex ity  of th e  n m r  sp e c tru m . I n  a n o th e r  case7 on ly  one  iso
m er w as fo rm ed .

The nmr spectrum of IX  (which was undoubtedly' quite pure) 
had two m ultiplets for the vinyl hydrogens, one centered at t 
3.63 (1 H ) and one centered at r 4.40 (2 H ). The 4-m ethyl group 
appeared as a singlet at r 8.42 (3 H ) and the remaining m ethyl 
groups as m ultiplets centerd at r 7.90, 8.15, and 8.72 (9 H ).

A solution of the above semibenzene IX  in 5 ml of hexane was 
exposed to sunlight for several hours. The solvent was then re
moved under reduced pressure and the residue distilled to yield
4.35 g (70% ) of yellow oil, bp 81-83° (0.1 mm).

A careful fractionation afforded a pure colorless sample of X  
which had nmr peaks as follows: r 2.79, 3.20 (1 H each, aro
m atic), a quartet centered at t 5.92 (1 H, benzylic); a doublet 
centered at r 8.39 (3 H , aliphatic CH3); a singlet at t 7.91 (3 H  
aromatic CH3); and a partly resolved doublet at r 7.81 ( 6  H , 
aromatic CH3).

The structure of X  was further substantiated by mass spec
trophotom etry. Molecular ions of weights 264-270 were ob
tained, the variations being attributable to the chlorine isotopes. 
N o satisfactory elemental analyses for X  were obtained owing to 
the lack of stability . The analyses for C, H , and Cl added to 
1 0 0 %, but the chlorine values w'ere lower than required by the 
formula C i2H i5C13 owing to loss of HC1.

Registry No.—(+)-I, 16214-72-5; ( - ) - I ,  16214-
73-6; (+)-II, 16214-74-7; ( - ) - I I I , 16214-75-8; (±)-  
IV, 16214-76-9; (+)-VI, 16214-77-0; (-)-V I, 16214- 
78-1; VIII, 16214-79-2; (±)-IX , 16214-80-5; (±)-  
X, 16214-81-6.

S tu d ie s  o n  t h e  B r o m in a t io n  o f  I s o p re n e

V ictor  L. H e a s l e y , C h a r les  L. F r y e , R o b e r t  T. G o r e , Jr., and P a u l  S. W ild ay

D ep a r tm en t o f  C h em is try , P a sa d e n a  C ollege, P a sa d e n a , C a lifo r n ia  9 1 1 0 4  

R eceived  J a n u a r y  17 , 1 9 6 8

A study of the bromination of isoprene under various conditions is reported. Although previous reports stated  
that bromination of isoprene gave exclusively irans-l,4-dibrom o-2-m ethyl-2-butene (4), it has been shown that, 
depending on the conditions, varying amounts of the following dibromides are also formed : c fs-l,4 -dibromo-2 - 
m ethyl-2-butene (3), 3,4-dibrom o-3-m ethyl-l-butene (2), and 3,4-dibrom o-2-m ethyl-l-butene",(l). The forma
tion of 1,3, and 4 was confirmed by comparison w ith authentic isomers, using infrared and vpc analysis. The 
unambiguous syntheses of 3 and 4 are reported. The presence of 2 was based on infrared and vpc studies, and on 
its rearrangement to 3 and 4. The equilibration mechanism probably involves a covalent transition state in 
which the rearranging bromine atom  is attached to carbon atoms at both ends of the allylic system , as proposed 
by Hatch, et a l., for the equilibration of 3,4-dibrom o-l-butene and ¿rans-l,4-dibromo-2-butene. In the addition  
of bromine to isoprene, in nonpolar solvents, it is suggested that x  complexes (four of them  are possible from 
attack of bromine on either end of the s -c is  and s - tra n s  forms of the isoprene molecule) are initially formed that 
break down to give bromonium ions in which the charge is highly dispersed across the whole allylic system . The 
bromonium ions from the s -c is  and s- tra n s  forms of isoprene would give 3 and 4, respectively, by attack of tri
bromide ion on the terminal, vinyl carbon atom. Dibromide 2  (or 1 , depending on which end of the isoprene 
molecule was originally attacked) could be formed by opening of the three-membered ring.

Several researchers have reported that the product 
obtained from the bromination of isoprene is exclusively
l,4-dibromo-2-methyl-2-butene,1 and that it has the 
trails configuration.2'3 While studying the allylic 
diazide, prepared from isoprene dibromide, we became 
suspicious that this dibromide was not exclusively the 
trans isomer.4 In order to establish the composition 
of the dibromide product from isoprene and to begin a 
mechanistic investigation of diene bromination, of 
which little is known, we undertook a study of the 
bromination of isoprene. Theoretically four dibro
mides, whose structures are shown below, are possible 
from the addition of bromine to isoprene. The forma
tion of tetrabromide would be expected to be minimal

(1) H . S ta u d in g e r , O. M u n tw y le r , a n d  O. K u p fer, Helv. C h im . A cta , 5, 756 
(1922).

(2) A. A . P e tro v , J .  Gen. Chem . U S S R ,  13, 741 (1943).
(3) Y . M . S lobod in , ib id ., 24 , 444 (1954).
(4) C . A . V an d e rW e rf a n d  V. L . H eas ley , J .  Org. Chem ., 31 , 3534 (1966).

since butadiene is reported to give no tetrabromide5 and
2,3-dimethyl-l,3-butadiene in only small amounts.6

CH 3 H
I I

c h 2= c — c— c h 2 

I I
Br Br

1
CH 3 H

> c= c<
CH2Br C Il2Br

3

H CH 3

1 I
c h 2= c — c — c h 2

! I
Br Br

2
CH 3 CH2Br

> C = C <  
CH2Br H

4

Results and Discussion
The results of our study on the bromination of iso

prene under various conditions are shown in Table I. 
The percentages of the dibromides were determined by

(5) L . F . H a tc h , P . D . G a rd n e r , a n d  R . E . G ilb e r t, J .  A m er . C hem . Soc., 
81 , 5943 (1959).

(6) O. J .  S w ee ting  a n d  J .  R . Jo h n so n , ib id ., 68, 1057 (1946).
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vpc analysis. The identity of each isomer, with the 
exception of 2, was based on comparison of retention 
times and infrared spectra with those of authentic 
samples. The structure of 2 was confirmed by its 
infrared spectrum and by the fact that it rearranged to 
give 3 and 4. The synthesis of 1 has already been re
ported.2 The unambiguous syntheses of 3 and 4, 
reported here for the first time, are discussed in the 
Experimental Section.

T a b l e  I
A d d i t i o n  o f  B r o m i n e  t o  I s o p r e n e  

u n d e r  V a r i o u s  C o n d i t i o n s

T e m p , —D ib ro m id es , % —
S o lv en t °C 1 2 3 4

Chloroform 25 5 14 8 73
Chloroform 0 3 2 1 5 71
Chloroform - 4 5 1 2 0 3 76
n-Pentane 25 1 2 4 1 0 74
n-Pentane 0 6 9 7 78
n-Pentane - 4 5 3 14 3 80
Carbon tetrachloride 25 8 5 1 0 77
1,2-Dichloroethane 25 5 6 1 1 78

The rearrangement of 4 at 25° was studied in various 
solvents. The percentages of the dibromides at 
equilibrium are indicated in Table II.

T a b l e  I I
E q u i l i b r a t i o n  o f

imnS-l,4-DlBROMO-2-METHYL-2-BUTENE“ AT 25°

S o lv en t 1
------D ib rom ides ,

2
%—  
3 4

Carbon tetrachloride 7 Trace 23 70
Chloroform 3 Trace 4 93
7i-Pentane 1 0 Trace 2 1 69
1,2-Dichloroethane 5 Trace 2 1 74
N eat 5 Trace 2 1 74

“ Although only the equilibration of 4 was studied, all of the 
other dibromides ( 1 , 2 , and 3) were observed to rearrange under 
somewhat different conditions, and undoubtedly would have 
given the same percentages of dibromides at 25°. The rearrange
ments of 1 , 2, and 3 are discussed in greater detail in the Experi
mental Section.

It seems reasonable to assume that the transition state 
involved in the rearrangements of 1, 2, 3, and 4 is es
sentially identical with that reported by Hatch, et 
alJ (shown above) for the butadiene dibromides. 
However, we would like to suggest that an entirely 
different mechanism is involved in the addition of bro
mine to isoprene (and perhaps other dienes). In order 
to discuss this mechanism, the recent studies by 
Buckles and coworkers7 on the addition of bromine to 
an olefin (specifically cis- and frans-stilbene) must be 
considered. These authors have shown that the 
initial step in the addition of bromine to an olefin in a 
nonpolar solvent involves initial formation of a w 
complex that breaks down to give a bromonium ion, 
which is subsequently opened to give a dibromide. 
They7 also state that, in a solvent with a low dielectric 
constant, the system is most stable when the charge is 
dispersed over a large area (a three-membered bromo
nium ion), rather than when it is localized on a single 
carbon atom (a carbonium ion). Hence, cfs-stilbene 
undergoes a reaction with bromine to give exclusively 
df-a^ad-dibromobibenzyl. Formation of meso-a,a}-di- 
bromobibenzyl would have indicated the presence of a 
carbonium ion.

Perhaps isoprene (s-cis and s-trans forms), as does a 
monoolefin, undergoes reaction with bromine in a non
polar solvent (n-pentane) to form ir complexes (Scheme 
I). The resulting bromonium ions (5 and 6) should be

S c h e m e  I

CH 3

I
c h 2= c c h = c h 2

s - c is  +  s - t r a n s  
forms

Br2
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c h 3 c h 2

\  + /
c — c

B n -  /
4 —  H2C

V

Br2 
i CHS

CH2= i c H = C H 2 
ir complexes 

( s -c is  and s - lra n s  forms)

c h 3 h
\  +  /  B r j -

+  C—C — >- 3

H h 2c

Br
6

\ !
Br

CH 2

One observation that can be made from the data in 
in Tables I and II is that the frans-l,4-dibromo-2- 
methyl-2-butene mentioned in previous reports con
tained significant quantities of other isomers, the per
centages of which depended on the method of synthesis 
and isolation, and how long the dibromide was allowed 
to stand.

The results of the bromination of butadiene, re
ported by Hatch and coworkers,6 and our results on 
the bromination of isoprene differ mainly in that buta
diene gives no ci's-1,4-dibromide, neither during bromi
nation nor equilibration, and much larger quantities 
of vicinal dibromide. Hatch, et al.,b in discussing the 
mechanism of the addition of bromine to butadiene 
suggested that the transition states for addition of 
bromine to the diene and equilibration of the dibromide 
isomers are probably identical, and can be represented

H

/  \  /  \
BrCH 2 Br H

|  B r r  

2

most stable if the charges were dispersed over the whole 
allylic system. The extended tt bonding in the bromo
nium ions would prevent rotation around the 2,3-carbon 
bond. Dibromide 2 could be formed from both 5 and 6, 
by opening of the three-membered ring; 3 and 4 
would result from attack of the tribromide ion on the 
terminal vinyl carbon atom of 5 and 6, respectively.8 
If the equations in Scheme I correctly represent the 
mechanism for addition of bromine to isoprene, then 
the amount of 3 and 4 formed on bromination may re
flect the ratio of s-cis and s-trans forms of isoprene exist
ing at a particular temperature. The results in Table

(7) (a) R . E . B uck les, J .  M . B ad e r, a n d  R . J .  T h u rm a ie r , J .  Org. Chem ., 27, 
4523 (1962); (b) R . E . B uck les, J .  L . M iller, a n d  R . J . T h u rm a ie r , ib id ., 32, 
888 (1967).

(8) I t  seem s d o u b tfu l t h a t  3 a n d  4 a re  fo rm e d  b y  re a rra n g e m e n t of 2 since 
i t  is rea so n ab ly  s ta b le  u n d e r  th e  reac tio n  co n d itio n s . F o r  exam ple, a f te r  
refluxing  in  ca rb o n  te tra c h lo r id e  fo r 16 h r , 2 h a d  re a rra n g e d  on ly  6 0 % . 
S ince a  ty p ic a l b ro m in a tio n  ex p e rim en t req u ire s  a b o u t  1 h r, o f te n  a t  low  te m 
p e ra tu re s , l i t t l e  re a r ra n g e m e n t sh o u ld  h a v e  o cc u rre d . S m all am o u n ts  of 
b ro m in e  o r h y d ro g en  b ro m id e  d id  n o t seem  to  sig n ifican tly  inc rease  th e  r a t e  
of re a rra n g e m e n t.
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I seem to indicate this relationship inasmuch as the in
crease in formation of 3 from lower to higher tempera
tures is in line with an increase in concentration of the 
less stable form of the diene (s-cis) at higher tempera
tures. The work by Buckles, et al.J indicates that the 
charge should become more localized as the polarity of 
the solvent increases (n-pentane to chloroform). 
Again, the results in Table I confirm this, since the per
centage of 2 is significantly higher in chloroform than 
n-pentane at all temperatures.9

Additional evidence for this mechanism comes from 
studies on the reaction of N-bromosuccinimide with 
isoprene in water. We have determined that the 
product from this reaction is exclusively l-bromo-2- 
methyl-l-buten-2-ol.10 No 4-bromo-2-methyl-2 buten-
l-ol was detected. N-bromosuccinimide probably 
functions as a source of bromine, in low concentration, 
which attacks isoprene to give the tt complex. In the 
polar solvent (H20) the ir complex breaks down to give 
the localized carbonium ion (tertiary carbon atom) 
which subsequently bonds with water to give the bromo- 
hydrin. Bromonium ion formation seems doubtful 
since it would be opened mainly at the primary carbon 
atom to give 2-bromo-2-methyl-3-buten-l-ol, which 
undoubtedly would rearrange slowly to 4-bromo-2- 
methyl-2-buten- l-ol.

Attack by bromine at the opposite end of the isoprene 
molecule, via the same type of mechanism, would lead to 
1 and also 3 and 4. Attack seems to occur mainly on 
the double bond with the methyl group.10

Experimental Section11
M aterials.— Unless otherwise indicated the solvents and 

reagents were obtained commercially in high purity. The iso
prene, furnished by Phillips Petroleum, polymerization grade, 
was shaken with sodium bisulfite to remove peroxides, distilled 
immediately prior to use, and carefully isolated from oxygen . 12

Bromination of Isoprene. General Procedure.— To 6 . 8  g 
(0 . 1 0  m ol) of isoprene in 1 0 0  ml of solvent in a nitrogen atm o
sphere at the selected temperature was added dropwise with 
stirring 16.0 g (0.10 mol) of bromine. The solvent was removed 
at low pressure with no heat applied. The dibromides were 
analyzed without distillation. I t  was confirmed that the di
bromides were not lost during solvent removal. Although the 
total yield of dibromides was not determined, it  is probably 
quite good since little residue was observed on a few samples 
that were distilled.

Procedure for Analysis of the Dibrom ides.— The vpc analysis 
of the dibromides was done with an Aerograph 90 P-3 chromato
graph under the following conditions: flow rate (H e), 495
cc/m in; column length and diameter, 6  ft  X 0.25 in.; 
column temperature, 60°; column composition, 2.5%  SE-30  
on 60-80 mesh DM CS Chromosorb W. Under these conditions 
the retention times of 1, 2, 3, and 4 are, respectively, 100, 83, 
204, and 260 sec. A 10% solution of the dibromides in n-pentane 
gave the best analysis.

(9) O th e r  fac to rs  m a y  b e  in v o lv ed  in  th e  in c rease  of 2 in  ch lo ro fo rm , since 
b ro m in a tio n  in  d ic h lo ro e th an e , w hich  h as  a  h ig h e r d ie lec tric  c o n s ta n t th a n  
ch lo ro fo rm , does n o t le ad  to  a  sig n ifican t inc rease  in  2. A lso, 1 does n o t show  
th e  sam e  inc rease  in  go ing  from  n -p e n ta n e  to  ch lo ro fo rm .

(10) E . J .  R e is t , I . G . Ju n g a , a n d  B . R . B a k e r  [J. Org. C hem ., 25, 1673 
(I9 6 0 )] confirm ed  th a t  th e  epox ide  from  th is  b ro m o h y d rin  p ro d u c t is p r i
m a rily  3 ,4 -ep o x y -3 -m e th y l-1 -b u ten e  (9 1 % ); th e y  d id  n o t id e n tify  th e  im 
p u r ity , a lth o u g h  i t  w as like ly  3 ,4 -ep o x y -2 -m e th y l-1 -b u ten e . A. A . P e tro v  
[J . Gen. Chem . U S S R ,  13, 481 (1943) ], in  a  v e ry  s im ila r re a c tio n  (using  N - 
b ro m o a c e ta m id e  in s te a d  of N -b ro m o su cc in im id e), e s ta b lish ed  t h a t  th e  
b ro m o h y d rin  p ro d u c t is l-b ro m o -2 -m e th y l-3 -b u ten -2 -o l. N m r s tu d ie s  b y  
u s  on  th e  p ro d u c t fro m  isop rene , w a te r, a n d  N -b ro m o su cc in im id e  confirm  
th e  exc lusive  fo rm a tio n  of l-b ro m o -2 -m e th y l-3 -b u ten -2 -o l.

(11) B oiling  p o in ts  a re  u n co rrec ted .
(12) I f  th is  p ro c e d u re  w as n o t  fo llow ed rigo rously , d ra s tic a lly  d iffe ren t 

re su lts  w ere  o b ta in e d , p ro b a b ly  ow ing to  ra d ic a l re ac tio n s , c au sed  b y  p e r
oxides.

As nearly as could be determined, none of the dibromides re
arranged on the column. However, 2 rearranged approximately 
5% while passing through the considerably warmer detector.

The percentages of dibromides were based on their adjusted 
areas in the chromatograms. The adjustm ents were based on 
the following determinations: ratio of A 3/A 4 divided by W ^ /W ,  
is equal to l , 13 and the ratio A 1/A 4 divided by W , / W , is equal 
to 0.84. The area/weight ratio for dibromides 1 and 2 was 
assumed to be unity on the basis of their similar molecular 
structures.

Owing to the baseline drift, resulting from the high flow rate, 
the extreme sensitivity and other factors, the accuracy of the 
experimental results probably does not exceed ±  (percentage 
of dibromide X 0.05).

The Authentic Isom ers.— fraras-l,4-Dibromo-2-methyl-2-bu- 
tene (4) and cfs-l,4-dibrom o-2-m ethyl-2-butene (3) were syn
thesized from tra n s-  and cfs-2-m ethyl-2-butene-l,4-diol by a 
reaction with PBr3 according to the method of V alette . 14 The 
boiling points for 3 and 4 are approximately 48-50° (0 .1 -0 .2  
m m ). The boiling point of the dibromide mixture from isoprene 
is essentially identical with this. The infrared spectra of 
authentic 3 and 4 were nearly identical. B oth showed a powerful 
absorption band at 1200 and the C -Br absorption bands at 
550 and 628 cm -1, respectively . 15 The structures of 3 and 4 
were confirmed by the fact that, when they were heated at 1 0 0 ° 
in a sealed tube, each rearranged to give a mixture of approxi
m ately 26% 3 and 74% 4, with small amounts of 1 and 2.

!rares-2-M ethyl-2-butene-l,4-diol was prepared by the re
duction of diethyl m esaconate15 with aluminum hydride17 in the 
following manner. D iethyl mesaconate (24.1 g, 0.129 m ol) in 
tetrahydrofuran (130 m l) was added to 300 ml of 0.863 M  alu
minum hydride. M ethanol was added to destroy the excess 
hydride, and a 60% potassium sodium tartrate solution was 
used to decompose the addition complex. After removal of the 
solvent, distillation of the remaining liquid resulted in three 
fractions, the highest boiling of which, bp 96-98° (0.10 mm ), 
showed a powerful OH absorption band16 from 3300 to 3400 
cm - 1  with essentially no carbonyl absorption. The yield was 
approximately 15%. Treatm ent of this compound with PBr3 

as indicated above, resulted in pure 4.
cis-2-M ethyl-2-butene-l,4-diol was prepared from citraconic 

anhydride and aluminum hydride w ith the same ratio of reagents 
as described in the preparation of the tra n s  diol. The c is  diol, 
which was obtained when the addition complex was destroyed 
with potassium sodium tartrate, contained some impurities 
since the infrared spectrum showed, in addition to the OH 
absorption band, a carbonyl band which could not be removed 
by distillation. Vpc analysis on a Polypak column confirmed 
these impurities. However, when this impure c is  diol was treated 
with PBr3, 3 was obtained without contamination.

The c is  diol was obtained in much higher purity, but in very  
low yield, by decomposing the addition complex w ith 50%  
sodium hydroxide. The infrared spectrum of this diol showed 
no carbonyl absorption band, and was strikingly similar to the 
spectrum of the tra n s  diol. The boiling point of the c is  diol is 
approximately the same as for the tra n s  diol.

Dibromides 3 and 4 and c is -  and frans-2-m ethyl-2-butene-l,4- 
diol showed weak C = C  absorption bands in the neighborhood 
of 1675 cm -1. In addition to the similar OH and C = C  absorp
tion bands, the c is  and tra n s  diol showed the following principal 
bands (cm -1), respectively: 2940, 2875, 1460, 1380, 1040, and 
1009 and 2930, 2875, 1450, 1380, 1065, and 1000.

Identification of the Dibromides Isom ers Formed on the 
Bromination of Isoprene.— The chromatogram of the appro

(13) T h is  ra t io  w as d e te rm in e d  ea rly  in  th e  s tu d y  u n d e r  id e n tic a l co n d i
tio n s  excep t th e  co lum n  d id  n o t co n ta in  d ic h lo ro d im e th y ls ilan e . T h e  a ligh t 
co lum n  ch a n g e  sh o u ld  n o t  effect th is  ra tio .

(14) A. V a le tte , A n n . C him ., 3 , 644 (1948).
(15) F o r  a  d iscussion  of th e  positio n s  of a b s o rp tio n  b o n d s  in  th e  in fra re d , 

see L. J .  B ellam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M olecu les ,"  2 n d  ed, 
Jo h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1957.

(16) T h e  d ie th y l m e sa co n a te  w as p re p a re d  fro m  h ig h ly  pu rif ied  m esacon ic  
ac id , e th y l alcoho l, a n d  su lfu ric  ac id . U n d e r  th e se  ac id ic  co n d itio n s , re 
a r ra n g e m e n t a ro u n d  th e  olefinic b o n d  cou ld  occu r. H ow ever, v p c  an a ly s is  
of th e  d ie th y l m e sa co n a te  in d ic a te d  on ly  one  co m p o u n d , p re su m a b ly  d ie th y l 
m e sa co n a te .

(17) F o r  th e  p re p a ra tio n  of a lu m in u m  h y d rid e , see H . C . B ro w n  a n d  N . M . 
Y oon , J . A m er. Chem . Soc., 88, 1464 (1966). L i th iu m  a lu m in u m  h y d r id e  
w as em p loyed , u n d e r  v a rio u s  co n d itio n s , fo r th e  re d u c tio n  of d ie th y l m esa
co n a te , b u t  w ith o u t success.
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priate bromination product (example ra-pentane, 25°) showed four 
peaks. The second, third, and fourth peaks were identified as 
1, 3, and 4, respectively, on the basis that the retention time and 
infrared spectrum 18 of each was identical w ith that of the ap
propriate authentic isomer. The second and third peaks were 
further confirmed as 1 and 3 by heating samples of them at 100° 
and observing that they rearranged to essentially the same mix
tures as reported for authentic 3 and 4.

The dibromide corresponding to the first peak in the chro
matogram and assigned structure 2 was isolated from the di
bromide mixture (ra-pentane, 25°) by low temperature fractional 
distillation. I t  was assigned structure 2 on the basis that its 
infrared spectrum showed the terminal vinyl absorption bands15 
at 930 and 990 cm -1, and that it  rearranged8 on refluxing to 3 
and 4.

The Equilibration Studies.— Solutions of approximately 15% 
4 in the solvents listed in Table II were allowed to stand at 
room temperature (approximately 25°) for about 6 months. 
Analyses at the end of 3- and 6-month periods were essentially

(18) A  sm all s am p le  of each  iso m er w as iso la ted  fro m  th e  gas  c h ro m a to 
g ra p h . T h e se  sam p les  w ere  u sed  to  m a k e  th e  in fra re d  s p e c tra . T h e  sp e c tra  
w ere id e n tic a l w ith  th e  sp e c tra  of th e  a u th e n tic  isom ers, excep t fo r som e v e ry  
m ino r im p u r ity  p ea k s  in  th e  la tte r .

the same. As indicated, the equilibration of 4 without a solvent 
was studied. The essentially pure 4 used in the equilibration 
study was prepared by recrystallization of the product obtained 
from the bromination of isoprene at —45°. The recrystallization  
was carried out in n-pentane at D ry Ice temperatures. Vpc 
analysis indicated that only traces of the other dibromides 
remained. The 4 prepared in this manner was used in the 
equilibration studies without distillation since distillation 
sometimes resulted in rearrangement. We are unable to account 
for the fact that distillation of 4, purified by recrystallization, 
did not always result in rearrangement. However, equilibration 
studies in CHC13 on a sample of 4, prepared in this way and 
distilled without rearrangement, gave identical results with 
that of undistilled 4.

Registry No.—Isoprene, 78-79-5; 3, 16526-18-4; 4, 
16526-19-5.
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T h e  C h lo r in a t io n  o f  O lefin s  w i th  C u p r ic  C h lo r id e . A C o m p a ra t iv e  S tu d y  
o f  t r a n s - E th y le n e - d 2 a n d  c is-  a n d  t r a n s - 2 - B u te n e

Paul P. Nicholas and R ichard T. Carroll

B . F . G oodrich  R esearch  C en ter, B recksv ille , O hio 44141  

R eceived  D ecem ber 13 , 1 9 6 7

The chlorination of olefins a t 320° with cupric chloride does not always proceed with a high degree of tra n s  
addition. Although both c is -  and fraws-2-butene chlorinate by largely tra n s  addition, the chlorination of tra n s-  
ethylene-d2 is nearly random. The order of stereoselectivity is cis-2-butene >  irans-2-butene Irans-ethylene- 
d 2. The random chlorination of fraras-ethylene-d2 occurs during the product-forming step. N either ethylene-d2 
nor product isomerization is responsible. However, m ost of the randomly chlorinated product from c is -  and 
Iraras-2-butene can be explained by 2-butene isomerization and the interconversion of the 2,3-dichlorobutane 
diastereomers. The greater stereoselectivity in the chlorination of c is -  over frans-2-butene is mainly due to the 
isomerization of m eso-  into dl-2,3-dichlorobutane. A t 320°, this isomerization occurs approximately 1.4 times 
faster than the isomerization of d l-  into ?neso-2,3-dichlorobutane. Evidence is also presented which shows that 
cupric chloride and not chlorine is the chlorinating agent. The mechanism of this reaction is discussed in terms 
of chloronium ion and radical intermediates.

The literature contains several examples of the use 
of cupric chloride as a versatile chlorinating agent for a 
variety of organic molecules.1-4 Undoubtedly, the 
most extensive industrial application of this chemistry 
of cupric chloride is in so-called “oxychlorination” 
reactions. This is a vapor phase reaction normally 
carried out at temperatures of 220-330°.6 In this 
process, cupric chloride chlorinates the double bond of 
the olefin and in turn is reduced to cuprous chloride.
Cuprous chloride is then reoxidized with hydrogen 
chloride and oxygen, and the process is repeated many 
times.

Cl Cl
\  /  \ l  1/

2CuC12 +  / C = C \  —  ^C -C ^  +  2CuCl (1)

2CuCl +  2HC1 +  %  0 2 —  2CuC12 +  H 20  (2)

This paper deals with the mechanism of the olefin 
chlorination step (eq 1). Arganbright and Yates 
recently reported on the chlorination of cis- and trans-

(1) R . P . A rg a n b rig h t a n d  W . F . Y a te s, J . Org. Chem ., 27 , 1205 (1962).
(2) C . E . C as tro , E . J . G au g h an , a n d  D . C . O w sley , ib id ., 30, 587 (1965).
(3) J .  K . K o ch i a n d  D . M . M og , J .  A m er. Chem . Soc., 87 , 522 (1965).
(4) D . C . N onhebe l, J .  Chem . Soc., 1216 (1963).
(5) G . W . H ea rn e , U . S. P a te n t  2 ,399,488 (1946); A. J . J o h n so n  a n d  A. J .

C h ern iav sk y , U . S. P a te n t  2 ,746,844 (1956).

2-butene with cupric chloride supported on pumice.1 
They found that at 290° this reaction proceeds with a 
high degree of trans addition. In this present work, 
we have extended the study of olefin chlorination with 
cupric chloride with the objective of answering the 
following questions. (1) Do olefin substituents greatly 
influence the stereochemistry of this reaction? Spe
cifically, is the chlorination of the simplest olefin, 
ethylene, also highly stereoselective? (2) Why is the 
chlorination of m-2-butene more stereoselective than 
fra?is-2-butene? (3) Is elemental chlorine involved in 
this reaction?

Results
Both cis- and (rems-ethylene-d2 were required for this 

study. They are conveniently synthesized by the 
stereospecific reduction of acetylene-cA6 We con
firmed the stereochemistry of these reductions by 
infrared spectroscopy. The characteristic bands for 
cis- and frans-ethylene-<i2 appear at 842 and 987 cm-1, 
respectively.7'8

(6) R . S pec to r, P h .D . T h esis , U n iv e rs ity  of P en n sy lv a n ia , P h ila d e lp h ia , 
P a ., 1965.

(7) R . L. A rn e tt  a n d  B . L . C raw fo rd , J .  Chem . P h y s ., 18, 118 (1950).
(8) W . M . S ch u b e rt , B. S. R a b in o v itc h , N . R . L a rson , a n d  V. A. S im s, 

J .  A m er. Chem . Soc., 74 , 4590 (1952).
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Figure 1.— Gas cell infrared spectrum: ----------, 90% meso-1,2-
dichloroe thane-1,2-d2, 6% C2H3DC12, 4% C2H4C12; --------, 81%
dZ-l,2-dichloroethane-l,2-d2, 15% C2H3DC12, 4% C2H4C12.
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The addition chlorination of either ethyl ene-d2 can 
produce two diastereomers, meso-l,2-dichloroethane- 
l,-2-d2 (1) and d/-l,2-dichloroethane-l,2-d2 (2). We

Cl Cl

prepared these two reference compounds by the chlo
rination of c is -  and ¿rans-ethylene-d2 in acetic acid. 
Under these conditions, exclusively t r a n s  addition is 
expected.9 The fact that this reaction is indeed 
stereospecific is evident from the infrared spectra. The 
spectrum of either compound has intense bands which 
are absent in the other. The reference bands chosen 
for calibration are located at 1183 cm-1 for the m e so  
isomer and 838 cm-1 for the d l  isomer (Figure 1). 
Mass spectrometry gave the following deuterium 
distribution: m e s o  dichloride 1, 90% C2H2D2C12, 
6% C2H3DC12, 4% C2H4C12; d l  dichloride 2, 81% 
C2H2D2C12, 15% C2H3DC12, 4% C2H4C12. Hydrogen- 
deuterium exchange likely occurs during the acetylene- 
d 2 synthesis or the acetylene reduction step or both. A 
large excess of fresh calcium carbide was used in all 
acetylene-d2 syntheses. Small amounts of calcium 
hydroxide in the carbide could result in exchange with 
deuterium oxide to give some hydrogen in the acet- 
ylene-d2. Significant amounts of hydrogen in acet
ylene-do prepared in this way has been reported (3 mol 
% or as much as 6% C2H D).10 However, the infrared 
spectra clearly show that this exchange, wherever it 
occurs, is not accompanied by the isomerization of 
c is -  and ¿rans-ethylene-d2 or the m e s o  and d l  dichlorides 
1 and 2. For the purposes of this study, 81 and 90%

(9) R . F a h e y  a n d  C . S h u b e rt, J .  A m er. Chem . Soc., 87, 5172 (1965).
(10) L . C . L e itc h  a n d  A. T . M orse , C an. J .  Chem ., 30, 924 (1952).

C2H2D2C12 is sufficient. It is only important that the 
isomers are not contaminated with one another.

Now that the dichlorides 1 and 2 have been char
acterized, the stereochemistry of the chlorination of 
im?!s-ethylene-d2 with cupric chloride can be estab
lished. This reaction was conducted in an externally 
heated Vycor tube at 320° with 10% cupric chloride 
impregnated on a 8-10 mesh pumice support. The 
infrared spectrum of the purified 1,2-dichloroethane- 
l,2-c!2 mixture (preparative vpc) indicated that the 
product comprised 58% m e s o -  and 42% di-l,2-di- 
chloroethane-l,2-d2. The randomly chlorinated prod
uct is not due to the isomerization of ¿ra?is-ethylene- 
d 2 under the reaction conditions. The unreacted 
ethylene-d2 contained only 4% of the c i s  isomer. 
Neither do the products isomerize significantly. 
Under these conditions, a mixture of 90% of the 
dichloride 1 and 10% of the dichloride 2 gave a product 
whose isomer ratio changed only slightly to 84 and 16% 
of the dichlorides 1 and 2, respectively. In this later 
experiment, the copper chloride is first partially reduced 
with ethylene to make certain that both copper(I) 
and -(II) are present. Nitrogen is then passed through 
the mixture of the chlorides 1 and 2. This nitrogen 
stream, now containing dichloride vapor is passed 
through the reactor at the same temperature and con
tact time used in the chlorination of irans-ethylene-d2.

The chlorination of c is -  and frans-2-butene is much 
more stereoselective under the conditions used in the 
chlorination of trans-ethylene-d2 (Table I). Table I

T a b l e  I
T h e  C h l o r i n a t i o n  o f  cis-  a n d  trans- 2 - B u t e n e  w i t h  C u C 12 

a t  3 2 0 ° .  P r o d u c t  C o m p o s i t i o n  

2 ,3 -D ich lo ro b u tan es , %

ch3>
tkH

ch/ T * ^ T H
r 2 -H u t(înes, %

R e a c ta n ts di meso cis trans

cis-2-Butene 8 2 .5 17.5 9 0 .1 9 .9
ir(ras-2-Butene 23 .3 7 6 .7 6 .3 9 3 .7

also shows that the interconversion of isomeric 2- 
butenes occurs somewhat more extensively than the 
isomerization of ¿rans-ethylene-d2, and, as one might 
expect, cfs-2-butene isomerizes faster than t r a n s -2- 
butene. The extent of 2-butene isomerization is quite 
significant compared to the amount of random chlo
rination.

The stability of di-2,3-dichlorobutane (3) and 
meso-2,3-dichlorobutane (4) was also examined under 
the reaction conditions using partially reduced cupric 
chloride. The isomerization of these compounds is 
also significant compared to the amount of random 
chlorination of the 2-butenes. Moreover, the m e s o  
dichloride 4 isomerizes about 1.4 times faster than the 
d l  isomer 3. The dichloride 4 gave a product com
prising 86.8% of 4 and 13.2% of 3 whereas the di
chloride 3 gave 90.9% of 3 and 9.3% of 4.

The last objective of this study was to determine if 
elemental chlorine is involved in these reactions. To 
resolve this question, we chose to measure the rate of 
chlorine production from our cupric chloride-pumice 
system at 320°. We then compared this to (1) the 
rate expected for a rapid equilibrium among cupric
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chloride, cuprous chloride, and chlorine and (2) the 
rate of 1,2-dichloroethane production. Chlorine is, 
indeed, produced when the olefin is replaced by ni
trogen and can be conveniently measured iodo- 
metrically. Using a nitrogen flow rate of 9.89 mmol/ 
min, the rate of chlorine production is 0.018 ± 0.001 
mequiv every 2 hr over three successive 2-hr runs. 
This is far short of that expected if the following 
reaction were in rapid equilibrium.

2CuC12 (s) 2CuCI(s) +  Cl2(g)

The equilibrium partial pressure of chlorine at 
600°K is 4.6 X 10-4 atm.11 Considering the nitrogen 
flow through our reactor the expected rate of chlorine 
production is about 57 times greater than that observed. 
Replacing part of the nitrogen with ethylene (2.11 
mmol/min) but under otherwise identical conditions,
1,2-dichloroethane is produced at 0.45 ± 0.04 mmol/ 
min (three successive measurements) over an 8-min 
period. This reaction was carried to 24% completion 
based on cupric chloride. The zero-order dependence 
on cupric chloride is not surprising. Arganbright and 
Yates reported that the chlorination of olefins with 
cupric chloride on pumice appeared to take place at a 
constant rate.1

Discussion
Arganbright and Yates reported that the chlorination 

of cis- and ¿rans-2-butene with cupric chloride at 290° 
proceeds with a high degree of trans addition.1 They 
proposed a chloronium ion intermediate to account for 
this. In general, we concur with their observation of 
the high stereoselectivity with the 2-butenes. But 
our results also show that the chlorination of olefins 
with cupric chloride is not always a highly stereo
selective reaction. It is strongly influenced by the 
degree and geometry of olefin substitution.

The chlorination of irans-ethylene-d2 with cupric 
chloride on pumice occurs with little stereoselectivity. 
Only 16% of the reaction proceeds by a stereospecific 
trans addition while 84% is random. Our data clearly 
shows that, neither olefin nor product isomerization is 
responsible. The random chlorination must occur dur
ing the product-forming step.

In sharp contrast with ¿rans-ethylene-d2, the chlo
rination of both cis- and ¿rans-2-butene is highly 
stereoselective under the same conditions (Table I). 
In this system, however, the extent of olefin isomer
ization and interconversion of the 2,3-dichlorobutane 
diasteriomers is large compared to the relatively small 
amount of random chlorination. In fact, the 17.5% of 
the meso dichloride 4 obtained from m-2-butene can be 
conveniently accounted for in terms of olefin and 
product isomerization. The unreacted 2-butene con
tained 9.9% of the trans isomer, and under the reaction 
conditions, the (¿¿-dichloride 3 isomerized to 9.1% of 
the meso isomer 4. The same interpretation can be 
made to account for the 23.3% of dl dichloride 3 
obtained from the chlorination of irans-2-butene. 
Although cfs-2-butene isomerizes faster than trans-2- 
butene it, nevertheless, chlorinates with greater 
stereoselectivity. The explanation lies in the relative 
rates for the interconversion of products. The meso

(11) J .  A. A llen, J .  A p p l. Chem ., 1 2 , 406 (1962).

dichloride isomerizes approximately 1.4 times faster 
than the dichloride 3.

The proposal of a chlorinium ion by Arganbright and 
Yates to account for the stereochemistry of the chlorina
tion of the 2-butenes is a reasonable one. There is 
strong evidence for the existence of such intermediates. 
Among the most convincing is a recent report by Fahey 
on the dramatic stereospecific trans addition of chlorine 
to m-di-l-butylethylene.12 Fahey also observed 
rearranged products resulting from a stereospecific 
¿rans-methide shift from the ¿-butyl substituent. If 
the chloronium ion is the only intermediate in the chlo
rination of ¿rans-ethylene-d2, then the interconversion of 
rotamers, steps h  and k-i, must be faster than product 
formation, steps k2 and ¿c3 (Scheme I). If one considers 
the same mechanism for the chlorination of the 2- 
butenes, then the relative rates for the two steps must 
be reversed. Product formation must be faster than 
the interconversion of rotamers.

S c h e m e  I

However, the interconversion of chloronium ions must 
go through open-chain transition states. One would 
then expect the more highly substituted ones to isomer- 
ize more rapidly. If this ionic scheme is to be consis
tent with our observed order of stereoselectivity, the 
conversion of the chloronium ion into product must be 
much faster for the 2-butenes than for ¿raws-ethylenc-d2. 
A mechanism which more consistently accounts for our 
results is one in which the reaction partitions between a 
radical and bridged ion pathway. Poutsma has ob
served such a dual mechanism for the dark chlorination 
of several olefins with chlorine under nitrogen.13 He 
has shown that the radical route is much less stereoselec
tive. Competition between the two routes is influenced 
by olefin substitution, the ionic route being somewhat 
favored with increasing number of alkyl substituents, 
particularly at low olefin concentrations.

Since cupric chloride is the chlorinating agent in our 
system, a cupric chloride-olefin complex must form 
during the reaction. Partitioning between the radical 
and ionic pathway might occur by either chlorine atom 
or (Cl+) transfer from copper. This is similar to the 
scheme suggested by Poutsma where the two routes 
evolved from an olefin-chlorine 7r complex.18 Although 
some chlorine can be produced in our system, it is only 
6 X 10-8 times the rate of 1,2-dichloroethane produc
tion. Substantial involvement of chlorine through a 
rapid equilibrium disproportionation of cupric chloride

(12) R . C . F a h e y , J .  Artier. Chem . Soc., 88, 4681 (1966).
(13) M . P o u tsm a , ib id ., 8 7 , 2172 (1965).
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is unreasonable. The rate of chlorine production is 
kinetically controlled and only 1.8% of that expected 
for a rapid equilibrium.

Experimental Section
Acetylene-ch.— A three-necked, 50-ml flask fitted with an addi

tion funnel and a water-cooled condenser was flame dried while 
being purged w ith a stream of nitrogen. The nitrogen purge was 
continued as the apparatus cooled to room temperature. Cal
cium carbide (25 g) was transferred to the three-necked flask 
from a freshly opened container. Then 10 ml of deuterium oxide 
was added to the addition funnel. Another apparatus was now 
assembled. A 1-gal. glass bottle was filled w ith water and fitted 
with a rubber stopper containing two pieces of glass tubing. One 
piece extended only 1 in. into the bottle and the other extended 
to the very bottom . Both pieces of tubing contained a two-way 
stopcock. The nitrogen flow through the three-necked flask was 
stopped and these two apparatus were connected with Tygon  
tubing extending from the top of the condenser in the first ap
paratus to the short piece of tubing in the second. As deuterium  
oxide was slowly added to the calcium carbide, the water in the 
1-gal. bottle was displaced by aeetylene-d2. The addition of 
deuterium oxide was continued until only 500 ml of water re
mained. A t this point, the stopcocks were closed and the two 
apparatus disconnected.

irans-Ethylene-d-..— The following is a modification of the 
procedure described by Spector.6 Zinc amalgam was prepared 
by adding granulated zinc (50 g) to 10 ml of mercury followed 
by 5 ml of 1 N  sulfuric acid. The mixture was heated on a steam  
bath for 20 min. The amalgam was then washed several times 
with distilled water and placed in a 500-ml, glass-stoppered 
flask. A solution of 120 g of chromic chloride hexahydrate 
(0.45 mol) and 75 ml of concentrated hydrochloric acid in 150 
ml of water was added. The mixture was stoppered and shaken 
vigorously until the color turned from green to deep blue, 
characteristic of the hydrated chromous ion. The stopper was 
removed periodically to permit small amounts of hydrogen to 
escape.

The long section of tubing on the 1-gal. bottle containing 
acetylene-d2 was connected to an aspirator. The stopcock to 
the aspirator was opened and the remaining 500 ml of water 
was removed. The stopcock was then immediately closed. This 
created a partial vacuum in the bottle. This section of tubing 
was then inserted into the chromous chloride solution and the 
stopcock opened. The solution was transferred into the bottle 
by suction, and the mixture was shaken on a mechanical shaker 
for 2.5 hr. This reaction was repeated, and the vapor contents of 
the two bottles were transferred into a steel lecture bottle. The 
lecture bottle was cooled in liquid nitrogen. Air and hydrogen 
were then removed with a vacuum pump. The infrared spec
trum showed an intense band at 987 cm -1, characteristic of 
¿rans-ethylene-d2. There was no band at 843 cm -1 for c is-
ethylene-d2.7'8

cis-Ethylene-d2.— The following is a modification of the pro
cedure described by Spector.6 Copper-activated zinc was 
prepared by adding 150 g of zinc dust to a rapidly stirred solution 
of 36 g of cupric sulfate pentahydrate in 600 ml of water. Some 
heat was evolved in this reaction, and the blue solution was 
decolorized. The mixture was stirred for approximately 15 min 
and then filtered. The resulting copper-activated zinc was 
washed several times with water and transferred to a 1-gal. 
bottle. The bottle was filled with water, and all but 300 ml of 
water was displaced with acetylene-d2 according to the procedure 
described earlier. The final 300 ml of water was removed with 
an aspirator and replaced with a solution of 24 ml of concentrated 
hydrochloric acid in 90 ml of water. This mixture was vigorously 
shaken for 18 hr on a mechanical vibrator. After this time, the 
copper-activated zinc was coated with zinc chloride and had 
caked. Gas chromatography also showed that all of the acet
y len e-^  had not yet been reduced. Therefore, the vapor con
tents were displaced by water into a liquid nitrogen trap where 
the hydrogen was removed with a vacuum pump. The gas was 
then transferred into a 1-gal. bottle containing fresh copper- 
activated zinc and the mixture was shaken for an additional 8 
hr. The product, now essentially free of acetylene-cfc, was 
transferred to a steel lecture bottle. The infrared spectrum had 
an intense band at 842 cm -1 for cis-ethylene-d2 and no band at 
987 cm -1 for iraras-ethylene-i^.7'8

meso-2,3-Dichloroethane-1,2-ri2 (1).— A three-necked, 100-ml, 
round-bottom flask was painted black then fitted with a D ry Ice 
condenser, magnetic stirring bar, and a sintered-glass, gas- 
saturating tube. Glacial acetic acid (50 ml) was added followed 
by 8.6 g (0.121 mol) of chlorine. While the solution was rapidly 
stirred, 2 1. of iraras-ethylene-d2 (0.089 mol) was passed through 
the gas-saturating tube. I t  was introduced at such a rate that 
very little  passed through the system  unreacted. After the 
addition was completed, the D ry Ice-acetone mixture was 
removed from the condenser, and the contents frozen to the base 
of the condenser were allowed to m elt and return to the reaction 
mixture. The contents were then added to 125 ml of water. 
The organic phase was removed and washed twice w ith 10 ml of 
water. Gas chromatography showed that except for som e high 
boiling products, nearly 100% of this material had the same 
retention time as 1,2-dichloroethane. The product was further 
purified by preparative gas chromatography using a 4 ft X 0.25 
in. column packed with 20% LB 550X Ucon on Chromosorb R  
at 90°. A total of 0.34 g (4%) of pure product was obtained. 
M ass spectroscopy gave the following percentages: 90%
C2H2D 2C12, 6% C2H3DC12, and 4% C2H4C12. For infrared data, 
see Figure 1.

df-l,2-D ichloroethane-l,2-d2 (2).— This procedure is identical 
with that used in the synthesis of the m eso  isomer except c is-  
rather than frans-ethylene-d2 was used. A total yield of 0.39 g 
(4%) of pure product was obtained. M ass spectroscopy gave 
the following percentages: 81% C2H 2D 2C12, 15% C2H 3DC12,
and 4% C2ILiC12. For infrared data, see Figure 1.

The Chlorination of c is -  and tra n s -2-Butene with Cupric Chlo
ride on Pum ice.— Cupric Chloride impregnated on pumice was 
prepared by adding 107 g of 8-10  mesh pumice to a solution of
16.1 g of cupric chloride dihydrate in 60 ml of water. This mix
ture was constantly stirred over a steam  bath to remove the 
water.

The chlorination of olefins was carried out in a reactor con
sisting of a vertically mounted (24 X 330 mm) Vycor tube con
taining a coarse, sintered glass disk at its base. The tube was 
externally heated, and contained a thermocouple well which ex
tended vertically through the center such that the temperature 
could be measured at any point along its length. The pumice 
supported cupric chloride (40 g) was then introduced and 
gradually heated in a stream of nitrogen fed through the base 
of the reactor. The temperature along m ost of the reactor length  
was adjusted to 320° with a distribution ranging between 300 
and 320°. A feed comprising 2.11 mmol of 2-butene/m in and
7.18 mmol of nitrogen/m in passed through the reactor. The 
product was collected in a Dry Ice-acetone trap over a 12-min 
period. An evacuated gas sampling bottle was then connected  
to the trap, and the unreacted butenes were collected as the 
product warmed to room temperature. The butenes were then 
analyzed by gas chromatography at 48° using an 8 ft X 0.25 in. 
column packed with silver nitrate-benzyl cyanide on 60 /8 0  mesh 
Chromosorb R . The ratio of m eso- to d(-2,3-dichlorobutanes 
in the liquid product was also determined by gas chromatog
raphy. A 4 ft X 0.25 in. column packed with 20% LB 550X  
Ucon on Chromasorb R  was used with a temperature program  
from 30 to 200° at 10°/m in . Better resolution can be achieved  
with a 20 ft X 0.25 in. column operated iso thermally at 140°. 
The by-products in this reaction are c is -  and tra n s -2-chloro-2- 
butene (5-7% ).

Chlorination of frans-Ethylene-d2 with Cupric Chloride on 
Pum ice.— This reaction was identical with that described for 
the 2-butenes except that the unreacted ethylene-d2 was collected 
in a liquid nitrogen trap connected in series with the D ry I c e -  
acetone trap. A gas-sampling bottle was connected to the liquid  
nitrogen trap and both were evacuated. The unreacted ethylene- 
d 2 was then transferred to the gas-sampling bottle as it  gradually 
warmed to room temperature. The unreacted ethylene-d2 
was analyzed by infrared using the calibrated absorption for 
c is -  and fmras-ethylene-d2 at 842 and 987 cm -1, respectively.7'8

The chlorinated product in the D ry Ice-acetone trap was 
allowed to warm to room" temperature, and was washed w ith 4 
ml of water. The organic phase was separated and the 1,2- 
dichloroethane- 1,2 -(k  mixture was isolated pure by preparative 
gas chromatography using those conditions described earlier. 
The ratio of m eso- to d(-l,2-dichloroethane-l,2-d2 was determined 
by infrared spectroscopy (gas cell) using the calibrated absorption 
for the m eso  and d l  isomers at 1183 and 838 cm -1, respectively.

Isomerization of the Dichlorides with Cu(I) and Cu(II) 
Chlorides on Pum ice.— The reactor containing cupric chloride
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on pumice was assembled as described earlier and heated to 320°. 
A t this temperature, a feed comprising 2.11 mmol of ethylene/m in  
and 7.18 mmol of nitrogen/m in was passed through the reactor 
for 3 min. This reduced part of the cupric chloride so that both 
Cu(I) and C u(II) chlorides were present. The system  was 
purged w ith nitrogen for 30 min. A micro gas scrubbing bottle, 
containing 120 /d of the appropriate dichloride was connected 
between the nitrogen line and the reactor. Nitrogen was then 
passed through the scrubbing bottle at 9.29 m m ol/m in. The 
nitrogen, now containing dichloride vapor, passed through the 
reactor with the same contact time as the olefins described 
previously. The product was trapped in a D ry Ice-acetone bath 
and analyzed by gas chromatography or infrared spectroscopy in 
the usual way.

Rate of 1,2-Dichloroethane Formation from Ethylene and 
Cupric Chloride.— Ethylene was chlorinated by cupric chloride 
impregnated on pumice according to the procedures described 
earlier. Helium was introduced at the end of the reaction zone 
at 9.29 m m ol/m in. This diluted the product stream such that
1,2-dichloroethane remained in the vapor phase. The product 
was collected in gas-sampling bottles over one 2-min and two
3-min time intervals. The product was then analyzed by gas 
chromatography using calibrated response factors relative to 
nitrogen. Nitrogen is used as the internal standard because 
it is metered into the reactor at a known rate which does not

change during the reaction. Therefore, the rate of product 
formation, the rate of ethylene consumption, and the material 
balance can be determine from the integrated band areas.

Rate of Chlorine Production from Cupric Chloride on Pumice. 
— The pumice to be used in this experiment was heated in air at 
550° for 20 hr to oxidize any organic matter which m ight be 
present. I t  was then impregnated -with cupric chloride in the 
usual way. I t  was then heated to 320 in the reactor described 
earlier in a stream of nitrogen (9.89 m m ol/m in). The effluent 
was directed into two gas scrubbers containing aqueous potassium  
iodide solution. This was done for three successive 2-hr runs. 
After each run, the liberated iodine was titrated with standard 
sodium thiosulfate solution. The rate of chlorine evolution was 
nearly constant (0.018 ±  0.001 m equiv/2 hr).

Registry No.—Cupric chloride, 7447-39-4; trans- 
ethylene-d2, 1517-53-9; m-2-butene, 590-18-1; trans-2- 
butene, 624-64-6; 1, 16622-55-2; 2, 16622-56-3.
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Synthesis and Hydrolysis K inetics of Lincom ycin Acetals
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A series of para-substituted O-benzylidene acetals at the 3,4 position of the antibiotic lincomycin was synthe
sized in search of an easily cleaved acetal. The hydrolysis reactions of these acetals follow pseudo-first-order 
kinetics and appear to follow the generally accepted mechanism for simple acetal hydrolysis. The pH-rate 
profile for the acetal containing a p-phenolic substituent indicates that the hydronium ion catalysis of the 
phenolate ion form as well as the phenol form of the derivative has to be considered. The second-order rate 
constants of hydrolysis for the series of arylidene derivatives at 70° gave a correlation coefficient of 0.996 in a 
modified H am m ett o-+ plot with a p value of —1.85. From this correlation a <r+ value of —3 is estim ated for 
the p-phenolic oxy anion. The use of arylidene derivatives as protective groups is discussed.

Benzylidene acetals of polyfunctional molecules are 
commonly used as protective groups.1 In search of an 
easily cleaved acetal of lincomycin, the effect of sub
stituents on the rate of hydrolysis of arylidene acetals 
was studied since Kreevoy and Taft2 only quantitated 
the substituent effect for numerous aliphatic acetals 
and ketals. While the study was being completed, an 
article by Fife and Jao3 was published in which the 
effect of substituents on the rates of hydrolysis of cyclic 
and acyclic arylidene acetals were found to give plots 
of log k vs. a or o+ with curvature for para-substituted 
compounds. In the present study with para-sub- 
stituted 3,4-O-benzylidene acetals of lincomycin, a 
correlation coefficient of 0.996 was obtained in a modi
fied Hammett c+plot. This type of correlation is use
ful in the selection of acetals to use as protective 
groups.

The antibiotic lincomycin proved to be an ideal mole
cule in which to study the effect of substituents on the 
rates of acetal hydrolysis, since acetals are easily formed 
with the as hydroxyls on C3 and C4 of lincomycin (see 
Figure 1). In addition, the analytical problem was 
simplified by the lack of an intense uv chromophore in 
lincomycin. A range of hydrolysis rates is provided

(1) J . F . W . M cO m ie , A dvan . Org. C hem ., 191 (1963).
(2) M . M . K reev o y  a n d  R . W . T a f t ,  J r . ,  J .  A m er . Chem. Soc., 77, 5590 

(1955).
(3) T . H . F ife  a n d  L . K . Jao , J .  Org. Chem ., 30, 1492 (1965).

by the following substituents in the para position 
of 3,4-O-benzylidenelincomycin: chloro, hydrogen,
methyl, methoxy, and hydroxyl.

Results
Synthesis and Structure Determination of the 

Lincomycin Acetals.—Acetals are commonly prepared 
by catalysis with strong acids, dehydrating agents 
(ZnCl2, etc.), and in some cases with neutral amine 
salts of strong acids (NH4C1, etc.). Since lincomycin 
is somewhat unstable in strong acid media, acetal 
formation was attempted using lincomycin-HCl with 
excess aldehyde without any additional acid. Acetal 
formation was found to occur readily under these 
conditions in virtually quantitative yield when benzene 
was used to remove the water azeotropically.

The lincomycin acetals were initially isolated as the 
hydrochloride salts, but only the p-chloro-, -hydrogen-, 
and -methyl-substituted 3,4-O-benzylidene derivatives 
could be recrystallized as the hydrochloride salts. The 
less stable acetals, such as the 3,4-0-(p-hydroxybenzyl- 
idene) and the 3,4-O-anisylidene derivatives, decom
posed rapidly on attempted recrystallization from hy- 
droxylic solvents, yielding lincomycin-HCl. Recrys- 
tallization of the hydrochloride salts from nonhy- 
droxylic solvents was difficult since the lincomycin 
acetals are very insoluble in most of these solvents. 
Consequently, the 3,4-O-anisylidene and 3,4-0-(p-
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Ri R!

I, 3,4-O-isopropylidenelincomycin - c h 3 -CHi
II, 3 ,4 -0 -(p-chlorobenzylidene)- 

lincomycin
III, 3 ,4 -O-benzylidenelincomycin

hQ kci

o

-H

-H

IV, 3,4-O-p-toluylidenelincomycin -II

V, 3 ,4 -0  •anisylidenelinocmycin -^ ^ -O C H , -H
VI, 3,4-0-(p-hydroxybenzylidene)- 

lincomycin
- ^ ^ - 0 H -H

Figure 1.— Lincomyein (A) and lincom ycin acetal (B ) structures.

hydroxybenzylidene) acetals were purified by crys
tallization after conversion to the free base form.

Nmr and chemical studies were previously used to 
establish the structure of lincomycin and 3,4-O-iso- 
propylidenelincomycin (see Figure l) .4 The linco
mycin bis(N-ethylcarbamate) prepared from anisyli- 
denelincomycin and ethyl isocyanate was identical with 
the lincomycin 2,7-bis(N-ethylcarbamate)5 prepared 
from 3,4-O-isopropylidenelincomycin and ethyl iso
cyanate as shown by identical ir spectra, melting 
points, and tic Ri values. The location of the anisyli- 
dene moiety is thus at the 3,4 position of lincomycin 
(see Figure 1).

The asymmetric benzylic carbon introduces the 
possibility of forming two diastereoisomeric acetal 
derivatives. The quasi-equatorial phenyl isomer (rel
ative to the sugar ring), as shown in Figure 1, is con
sidered to be the preferred structure of the derivative, 
and this is in accord with predictions of greater thermo
dynamic stability for equatorial phenyl-1,3-dioxan 
derivatives of cyclic sugars.6 Dreiding models of the 
quasi-axial phenyl isomer show a 1,3-diaxial interaction 
and a generally greater steric hindrance than does the 
quasi-equatorial phenyl isomer.

Four out of the five para-substituted O-benzylidene 
derivatives (II, III, IV, and V) reported herein have

(4) H . H o ek sem a, B . B an n is te r , R . D . B irk e n m ey er, F . K ag an , B . J . 
M ag erle in , F . A. M acK e lla r , W . S ch roeder, G . S lom p, a n d  R . R . H e rr, J .  
A m er. Chem. Soc., 86 , 4223 (1964).

(5) D . G . M a r tin , U . S. P a te n t  3 ,271,385 (S e p t 6, 1966).
(6) A. B . F o s te r , A. H . H a ines, J .  H om er, J . L e h m an n , a n d  L . F . T h o m as ,

J .  Chem. Soc., 5005 (1961).

Figure 2.— Plots of log k (m in-1) vs. pH at 37° and m =  0.1 
for ■, 3,4-0-p-toluylidenelincom ycin; • ,  3,4-0-(p-chlorobenzyl- 
idene)lincomycin; ▲, 3,4-O-benzylidenelincomycin.

only one signal in the nmr spectrum at 367 cps for the 
benzylic proton. Since the acetal moiety of V is at the
3.4 position of lincomycin and has a single benzylic 
proton signal at 367 cps, II, III, and IV are also at the
3.4 position of lincomycin and have the same stereo
chemistry about the benzylic carbon. The last com
pound, p-hydroxybenzylidenelincomycin acetal, has a 
benzylic proton signal at 367 cps and at 352 cps besides 
additional division of other peaks, which indicates a 
two-component mixture. One component appears to 
be the same type of isomer as II, III, IV, and V. The 
second component could be a diastereoisomer, a posi
tional isomer, or a degradation product.

Differential kinetic analysis7 of the mixed isomers of 
p-hydroxybenzylidenelincomycin showed the ratio of 
fast to slow hydrolyzing isomers to be 3:2. Using this 
ratio 3:2 and the areas under the nmr benzylic proton 
signals, the slow and fast hydrolyzing isomers can be 
assigned to the signals at 367 and 352 cps, respectively. 
Since the 3,4-lincomycin acetals II, III, IV, and V have 
a benzylic proton signal at 367 cps, it is implied that the 
slowly hydrolyzing isomer is 3,4-0-(p-hydroxybenzyli- 
dene)lincomycin. This is also in agreement with the 
kinetic data (to be shown later) where the second-order 
rate constant for the slowly hydrolyzing isomer fits the 
modified Hammett tr+ correlation, whereas the fast 
hydrolyzing isomer does not.

Hydrolysis Kinetics of Lincomycin Acetals.—The 
second-order rate constants for hydrolysis at 37° are 
given in Table I and the pH-rate profiles in Figures 2 
and 3. The pseudo-first-order plots for the acetals
II-V were linear for 95% of the reaction. For VI 
(p-hydroxybenzylidenelincomycins) the initial portion 
of the kinetic plot is curved, but the plot for the last 
25% of the reaction is linear. This type of kinetic plot 
is resolved by the method of residuals7 (see Figure 4).

(7) A. A. F ro s t  a n d  R . G . P ea rso n , “ K in e tic s  a n d  M e c h a n ism ,"  J o h n
W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1961, p p  162-164.
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Figure 3.—Plots of log k  (m in-1 ) vs. pH at 70° and p  =  0.1 for
• ,  3,4-O-anisylidenelincomycin (right-hand ordinate scale); ▲, 
3,4-0-(p-hydroxybenzylidene)lincom yein (left-hand ordinate
scale; ■, fast hydrolyzing isomer of p-hydroxybenzylidene- 
lincomycin (left-hand ordinate scale).

Figure 4.—First-order plot for the hydrolysis of p-hydroxy- 
benzylidenelincomycin acetal at 37°, pH =  3.03, and p  =  0.1. 
The curve is resolved into a two-component system  by the 
method of residuals.

T a b l e  I
H y d r o l y s i s  R a t e  C o n s t a n t s  a t  37° AND p  = 0.1

S econd-
o rd er

S lope of r a te
p H -ra te co n s ta n t,

C o m p o u n d profile s e c -1 M -1

3,4-0-(p-Chlorobenzylidene)lincom ycin (II) - 1 . 0 4 0.00093
3,4-O-Benzylidenelincomycin (III) - 1 .0 3 0.0024
3,4-O-p-Toluylidenelincomycm (IV) - 1 .0 2 0.0120
3,4A)-Anisylidenelincomycm (V) 
p-Hydroxybenzylidenelincomycin (V I)

- 0 .9 8 0.0732

3,4rO-Acetal - 1 .0 0 0.127
Fast acetal (isomer of VI) - 0 .9 8 0 .813

Because of the decreased rate of reaction, the rate
constants for 3,4-0-(p-hydroxybenzylidene)lincomycin 
and 3,4-O-anisylidenelincomycin were determined at 
70° instead of 37° in the pH range 7-9. To obtain a 
log k vs. pH plot over the whole pH range 1-9, the 37° 
rate constants were extrapolated to 70° by using linear 
graphs of In k vs. 1/T  for 37, 42, 47, and 55°.

Discussion
Mechanism of Lincomycin Acetal Hydrolysis.—

The pH profiles for all the acetals are straight lines 
with slopes approximately equal to —1 in the pH 
range 1.0-3.5 at 37° and p = 0.1 (Figures 2 and 3). 
In Figure 3 the pH profile is linear over the pH range 
1-7 for 3,4-O-anisylidenelincomycin, but for the 
p-hydroxybenzylidenelincomycins the pH profiles de
viate from linearity at pH 6, indicating a change in 
reaction mechanism. The data in the pH range 1-3.5 
for the hydrolysis of all the acetals are in agreement 
with the rate law

rate =  d[a^ tal] =  fc[H+] [acetal] (1)
a t

The generally accepted mechanism for hydrolysis of 
alkylidene derivatives8'9 is a rapid, reversible protona

tion of an acetal oxygen followed by a rate-determining 
heterolysis to a carbonium ion and an alcohol molecule 
with rapid decomposition of the carbonium ion to 
products. A similar mechanism, eq 2, can be written 
for arylidene acetals. The important difference is that 
the charge on the carbonium ion is stabilized by reson
ance with the aryl groups in addition to charge stabiliza
tion by the alkoxy group.

i i V °
t y :

+  H

Ov  /O —H
.+ fast H--- C slow

z

rate
determining

T = T
CL OH 

H - C +
0 .  OH 

H— C

Z+

(2)

H—  C

I +  H ,0
fast

+ i r S  + h
+

Both the preequilibrium and the rate-determining 
step in the acetal hydrolysis mechanism 2 should be 
greatly aided by electron-releasing groups in the aide-

(8) M . M . K reev o y  a n d  R . W . T a f t ,  J r . ,  J .  A m er. Chem. Soc., 77 , 3146 
(1953).

(9) F . S ta s iu k , N . A. S h ep p a rd , a n d  A. N . B ou rns , Can. J .  Chem ., 34, 123 
(1956).
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Figure 5.— Semilogarithmic plot of pH-independent rate con
stants at 70° vs. <tp+ values for the hydrolysis of lincomycin  
acetals.

hyde portion of the acetal, which serve to increase the 
basicity of the acetal and stabilize the carbonium ion 
intermediate. Since the hydrolysis of the phenolate 
anion form of p-hydroxybenzylidenelincomycin acetal 
should be extremely rapid, it offers a simple explanation 
for the deviation from linearity in the pH-rate profiles. 
Mechanism 3 illustrates the reactions under consider-

t r
° ° ì r TH—O t . 0

r i
+ H+ T ki

rate

T
determining

OH OH

HI
+T----

products ( 3 )

—
o >

—
o r r T

H—O t/O
1 + H+ 'k2 ra te

r  ì r  ii determining

0“ 0~
ation. If [A] = concentration of acetal, [AH] =
concentration of acetal in undissociated form, [A- ] = 
[A] — [AH] = concentration of acetal as phenolate 
anion, K„, K x, and K 2 are defined as dissociation con
stants, and ki = kJ/K i and k2 = k2/K 2, then fcobsd is 
given by eq 4. Since the reversible protonations K x or

&obsd —
h[ H+]

1 + _K
[H+]

+ (4)
1 +

K 2 and the rate-determining heterolysis steps ki or k2 
are not presently separable, only rate constants ki or 
k2, which are functions of both steps, can be determined. 
Equation 4 fully describes the pH-rate profile for 
p-hydroxybenzylidenelincomycin shown in Figure 3. 
A similar mechanism was used by Bender and Silver10 
to explain the pH-rate profile for the hydrolysis of 2-p- 
hydroxypheny 1-1,3-dioxanes.

(10) M . L . B en d e r a n d  M . S. S ilver, J .  A m er. Chem. Soc., 85 , 3006 (1963 ).

The phenolic ionization constant (Ki) for 3,4-O-p- 
hydroxybenzylidenelincomycin was determined at 70°. 
in a thermostated Cary cell from spectrophotometric 
data.11 The values of kx and fc2 for p-hydroxybenzyli- 
denelincomycin were calculated using eq 4 and the 
apparent K &. They are listed in Table II. In Figure 3 
the points for the p-hydroxybenzylidenelincomycin 
acetals are experimental, and the solid line is the cal
culated curve for eq 4 using the parameters in Table II. 
In the case of the 3,4-O-anisylidene derivative, the pH- 
rate profile continues to exhibit linearity as the pH is 
increased and can be completely described by rate eq 1 
as expected for the p-methoxy group.

T a b l e  II
K i n e t i c  C o n s t a n t s  ( s e c - 1  M ~ l ) f o r  

p-HYDROXYBENZYLIDENELINCOMYCINS AT 70° AND p. — 0.1
pK a =  9.11, 9.01, 8.99; average =  9.04 

ki (3,4-O-acetal) =  1 .7 2 sec -1 M~l 
ki (fast acetal) =  9.17 sec -1 M~l

C a lc u la te d  k i --------------------------------------p H ---------------------------------- -—n

using  eq  5 6 .6 1  7 .6 9  9 .0 0  A v e rag e
k i  (3 ,4 -O -aceta l) 1 .0 1  X 104 4 .6  X  103 1 .1 1  X  104 8 .6  X  10s
k i  ( fa s t a c e ta l)  3 .1 7  X 104 3 .2 2  X  104 4 .9 0  X  104 3 .8  X 104

M odified H am m ett <r+ Correlation.—As mentioned 
previously, acetal hydrolysis mechanisms 2 and 3 
should be greatly aided by electron-releasing groups 
in the aryl portion of the acetal. To quantitate the 
effect of electron-donating substituents and support 
mechanisms 2 and 3, plots of log k vs <j+ values were 
constructed according to the modified Hammett 
equation, eq 5. The <j + values were taken from ref 12

log k  — log k 0 =  pc7+ (5)

and are given in Table III, along with the second-order 
rate constants at 70°.

T a b l e  I I I
A c t i v a t i o n  P a r a m e t e r s , <t p + V a l u e s  a n d  p H - I n d e p e n d e n t  

R a t e  C o n s t a n t s  f o r  L i n c o m y c i n  A c e t a l  H y d r o l y s i s

C om pd P h e n y l
A f f . t
kca l AS+,a

k , s e c -1 
M - i

no. s u b s t itu e n t m o l-1 eu <Tp + a t  70°
I I p -C l 1 9 .3 - 1 4 . 0 + 0 .1 1 4 0 .0 1 9 2
I I I p -H 1 8 .9 - 1 3 . 6 0 0 .0 4 6
IV p -C H 3 1 6 .6 - 1 7 . 3 - 0 .3 1 1 0 .1 6 4
V p-O CH a 1 7 .6 - 1 1 . 0 - 0 . 7 7 8 1 .1 4
V I p -O H  (fa s t ac e ta l)  

p -O H  (3 ,4 -O -aceta l) 
p -0  "  ( fa s t ac e ta l)  
p -O “  (3 ,4 -O -acetal)

1 5 .5
1 6 .4

- 1 2 . 9
- 1 2 . 8

- 0 . 9 2
- 0 . 9 2

9 .1 7
1 .7 2

3 .8  X  104 
8 .6  X  10»

° Calculated at 37° w ith rate constant units of se c -1 M ~ K

The pH-independent rate constant for the hydrolysis 
of the p-phenolate anion acetal was estimated at 70°, 
but its temperature dependence was not determined. 
Therefore, the pH-independent rate constants for the 
other para-substituent acetals were extrapolated to 
70° and used in the modified Hammett <r+ correlation 
in Figure 5. The Hammett plot at 70° has the con
stants p = —1.85 and log k0 = 0.367. With these 
parameters and the rate constant at 70°, a o>+ value of 
— 3.0 can be estimated for the phenolic oxyanion, which 
reflects its very large electron-donating ability.

The pH-independent rate constants at 70° have cor
relation coefficients of 0.962 and 0.996 for <r and <7 +

(11) D . H . R o s e n b la tt, J .  P h y s . Chem ., 58, 40 (1954).
(12) J . H in e , “ P h y sica l O rgan ic C h e m is try ,”  M cG raw -H ill B ook  C o., In c .,  

N ew  Y ork , N . Y ., 1962, p  90.
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values, respectively. At 37° the correlation coefficients 
are 0.971 and 0.994 for a and <r+, respectively. The 
higher correlation coefficient for <r+ indicates a direct 
resonance interaction between the substituent and the 
reaction center and that the transition state has car- 
bonium ion character.

The activation parameters are listed in Table III 
and were calculated by applying eq 6. The adherence 
of the data to eq 6 is shown in Figure 6. The activa

te = (6)
h

tion enthalpies are within the range obtained for other 
acetals.3 The activation entropies are negative values 
for the hydrolysis of lincomycin acetals, but comparing 
the structural effects on the entropy of activation in 
Table IV one would expect AS * to be negative and 
utilize the A-l reaction.3’13

T a b l e  IV
A c t i v a t i o n  E n t r o p i e s  f o r  H y d r o l y s i s  o f  V a r i o u s  A c e t a l s

C o m p o u n d AS+,a eu
D im ethyl acetal +  1 3 .P
D im ethyl formal + 6 . 8 il
D iethyl formal + 6 .9 *
Benzaldehyde diethyl acetal +  1 .0 '
2,2-D im ethyl-l,3-dioxolane + 7 . 9 d
2-M ethyl-1,3-dioxolane + 5 . 6 d
1,3-Dioxolane — 0 .6 d
2,4,4,5,5-Pentam ethyl-l,3-dioxolane — 3 .8 d
2-Phenyl-1,3-dioxolane - 8 . 9 '
3,4-O-Benzylidenelincomycin - 1 3 . 6

° Entropies calculated at 25, 30, or 37°. 6 J. K oshikallio and
E. W halley, T r a n s . F a r a d a y  S oc , 55, 809 (1959). ' See ref 3. 
d P. Salomaa and A. Kankaanpera, A c ta  C h em . S ca n d . 15, 
871 (1961).

Aryl Acetals as Protective Groups.—■Unsubstituted 
benzylidene acetals are occasionally unsuitable as 
protective groups owing to acid-catalyzed migration of 
esters under the conditions required to remove the 
acetal.14 The U/t of the 3,4-0-(p-hydroxybenzyli- 
dene) lincomycin acetal (VI) is approximately 50 times 
less than the unsubstituted benzylidene acetal III 
(Table V). Other workers have shown that certain

T a b l e  V
H a l f - l i v e s  ( i i / 2) o f  p o t o -S u b s t i t u t e d  

3 ,4 - B e n z y l i d e n e l i n c o m y c i n  A c e t a l s  a t  pH 1.0 a n d  37°
C o m p d  no. i i / 2, m in

II 124 + 0 .1 1 4
h i 4 8 .1 0 . 0

IV 9 .6 4 - 0 .3 1 1
V 1.58 - 0 .7 7 8
VI 0 .91 - 0 .9 2

substituted benzylidene acetals hydrolyze faster 
than the corresponding unsubstituted benzylidene 
acetal.16’16 The present observation, that <r+ values are

(13) L. L . S chaleger a n d  F . A. L ong, A dvan . P h ys. Org. Chem ., 1, 1 
(1963).

(14) M . S m ith , O. H . R am m le r, I . H . G o ldberg , a n d  H . G . K h o ra n a , J .  
A m er. Chem . Soc., 8 4 , 430 (1962).

(15) S. C h la d ek  a n d  J . S m rt, Collect. Czech. Chem. C om m un., 2 8 , 1301 
(1963).

(16) F . C ram er, W . S aenger, K . H . S ch e it, a n d  J . T e n n ig k e it, A n n . Chem., 
67 9 , 156 (1964).

Figure 6.— Arrhenius plots of the second-order pH-independent 
rate constants for the acidic hydrolysis of)A, 3,4-O-benzylidene- 
lincomycin (0.01); • ,  3,4-0-(p-chlorobenzylidene)lincom ycin  
(0.01); ■, 3,4-O-p-toluylidenelincomyin (0.1); O, 3,4-O-anisyl- 
idenelincomycin (1.0); A, 3 ,4 -0 -(p-hydroxybenzylidene)linco- 
mycin (1.0); □, fast hydrolyzing isomer of p-hydroxybenzyl-
idenelincomycin (10.0) (m ultiply ordinate scale by the numbers 
in parentheses).

directly related to the rates of hydrolysis of the acet
als, may facilitate the choice of the proper substituted 
benzylidene acetal and extend their utility as protective 
groups.

Experimental Section
Table VI records the analytical properties of the lincomycin  

acetals. The acetals were synthesized by essentially the same 
procedure as described below in the synthesis of V. Acetals II, 
III, and IV were isolated as the hydrochloride salts and recrystal
lized from m ethyl cellosolve by rapidly cooling a saturated solu
tion of the acetal prepared from hot M ethyl Cellosolve. The 
acetal IV  was converted into the free base and chromatographed 
on a column of Florisil followed by elution with m ethyl ethyl 
ketone. The solvent was removed and the compound recrystal
lized as described below.

For the p7fa determination and the kinetic studies at the 
alkaline p H ’s, the two components of p-hydroxybenzylidene- 
lincomycin acetal were partially separated by chromatography 
on a column of carboxymethylcellulose resin w ith a linear 
gradient of triethylamine acetate (pH 8) from 0.05 to 0.10 M .

3,4-O-Anisylidenelincomycin Base (V).— A solution of 47.0 g of 
lincomycin hydrochloride hemihydrate dissolved in mixture of 
125 ml of dimethylformamide, 75 ml of anisaldehyde, and 160 
ml of benzene was heated in a bath at 140°. The benzene-water  
azeotrope was allowed to distil at 105-110° and, upon collecting 
each 50 ml of distillate, an additional 50 ml of dry benzene was 
added. Crystallization slowly occurred after 100 ml of distillate 
was collected and, after an additional 250 ml of distillate was 
collected, the reaction flask was allowed to cool to room tempera
ture. The pale brown reaction mixture was treated with 200 
ml of ether, and the solids were isolated by filtration and washed 
with ether. The yield of crude white 3,4-O-anisylidenelincomy- 
cin-H C l, after drying at 40° under vacuum , was 43.0 g (82%  
of theory). Tic (silica gel, acetone-ether 8 :2 ) showed one major 
spot w ith trace contaminants of lincomycin and anisaldehyde.

A suspension of 21.0 g of 3,4-O-anisylidenelincom ycin-HCl in 
150 ml of water was shaken w ith 15 ml of 2 N  sodium hydroxide 
in a separatory funnel. The product was extracted w ith four 
400-ml portions of ether. The ether extracts were combined, 
dried well w ith sodium sulfate, and concentrated to 100 ml by
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T a b l e  VI
P r o p e r t i e s  o f  t h e  p a ra -S u B S T iT U T E D  B e n z y l i d e n e  D e r i v a t i v e s  o f  L i n c o m y c i n  

C o m p d  S u b s t it-  -------E q u iv  w t-------- ------------------------C alcd , % ------------------------- -—  ----------------- F o u n d , %■
no. uent Formula Calcd Found C
i i p - o C 25H 38N 20 6SC12 5 6 7 .6 567 5 3 .0 9
i n p -  I T C +H asl+O eS C l 531 .1 532 5 6 .5 3
IV p -C H j* C 26H « N 206SC1 545 .1 541 5 7 .2 8
V P -O C I-L c 26h 40n 2o , s 524 .6 524 5 9 .5 3
V I p - O l l C 25H 38N 207S 5 1 0 .7 498 58 .8 0

a Hydrochloride salts.

distillation. Crystallization was induced w ith seed crystals. 
After standing in the refrigerator overnight, the w hite needlelike 
crystals were removed by filtration and washed w ith ether- 
hexane 1:1 . The recovery was 13.2 g after drying at 65° under 
high vacuum . An additional 4.7 g of product was obtained by 
adding hexane to the mother liquor giving a total recovery of 17.9
g. Tic on silica gel G (acetone-ether, 8 :2) showed a single com
pound with ffi 0 .8. The compound was recrystallized by dilution  
of an acetone-ether solution of the compound with hexane.

Kinetic M easurem ents.— The hydrolysis of lincomycin acetals 
was followed by observing the appearance of aldehyde in the 
ultraviolet region of the Cary Model 11 or 15 spectrophotom
eters. Table VII shows that the progress of the hydrolysis 
reactions can be followed by observing the appearance of the 
product spectrophotometrically, since the molar absorptivity of 
reactant is small compared to that of the product.

In the acidic pH region the rates were fast enough to allow  
following the complete reaction on the Cary recording spectro
photometer. The Cary 5-cm cell was thermostated to the re
quired temperature within ± 0 .5 ° .  In the pH region 7-9 the 
reaction solutions were sealed in ampoules and thermostated in a 
70° oil bath for the required times and then assayed on the Cary. 
The values for the 70° runs were calculated from the initial

H N s Cl C H N s Cl

6 .77 4 .9 5 5 .67 12.54 52 .24 7 .1 0 4 .6 5 5 .63 11.79
7 .4 0 55 .66 7 .5 9
7 .5 8 5 .5 6 5 .88 6 .5 0 56 .03 7 .7 6 5 .5 8 5 .9 5 6 .31
7 .6 9 5 .3 4 6 .1 0 59.77 7 .6 6 5 .3 4 6 .17
7 .5 0 5 .49 6 .2 8 58 .11 7 .7 6 5.42 6 .1 6

T a b l e  M I
M o l a r  A b s o r p t i v t i e s  o f  L in c o m y c i n  A c e t a l s  

a n d  C o r r e s p o n d i n g  A l d e h y d e s  a t  t h e  W a v e l e n g t h  
o f  M a x i m u m  A b s o r b a n c e  o f  t h e  A l d e h y d e

P ro d u c t, OM ®M°
P ro d u c t ^maxi m/i (p ro d u c t) (re a c ta n t)

B en z a ld eh y d e 249 11 ,200 186
p -C h lo ro b e n za ld e h y d e 260 1 6 ,1 0 0 247
p -M eth o x y b e n z a ld e h y d e 285 16 ,8 0 0 236
p -T  o lu a ld eh y d e 262 16 ,100 275
p -H y d ro x y b e n z a ld e h y d e 284 (p H  1-5) 1 5 ,8 0 0 500  (p H  1-5)
p -H y d ro x y b e n z a ld e h y d e 330 (p H  9 -10 ) 2 7 ,0 0 0 400  (p H  9 -1 0 )

“ Molar absorptivity of the lincomycin acetal a t Xma!! of the 
corresponding aldehyde.

concentration of acetal. The buffers used were chloride for pH 
1-3, acetate for pH 3 -7 , and phosphate for pH 7 -9 . Potassium  
chloride was used to adjust the ionic strength to 0 .1 .

Registry No.—II HC1, 16315-42-7; III HC1, 16315- 
43-8; IV HC1, 16394-31-3; V, 16315-44-9; VI, 16315-
45-0.

Some Structural and Acidity Relationships in Olefinic Carboxylic Acids
E. A n n  M cC o y 1 and  L ayton  L. M cC oy

D ep a r tm en t o f  C h em is try , U n iv e r s ity  o f  M is s o u r i  a t  K a n s a s  C ity , K a n s a s  C ity , M is s o u r i  6 4 1 1 0

R eceived  F e b ru a ry  8 , 1 9 6 8

In an attem pt to resolve some contradictions between reported experimental data and arguments which relate 
acidity and structure in /3-substituted acrylic acids, the c is - lr a n s  isomer pairs of /3-methyl-, /3-ethyl-, /3-isopropyl-, 
/3-i-butyl-, and /5-phenylaerylic acids, and c is -  and ircms-2-methylcyclopropanecarboxylic acids were prepared and 
their dissociation constants were determined by potentiom etric titration. The results are shown in Table II. 
In contrast with earlier reports, the c is -  and irans-/3-methylacrylic acids (crotonic acids) have essentially the same 
dissociation constants. The results remove an inconsistency as to the effect of a as-/3-methyl group on the acidity 
of a ,13-olefinic acids, and it is suggested that replacement of a cis-)3 hydrogen by a methyl group results in a de
crease in acidity of 0.43-0.44 p K .  The general trend in difference of acidity between c is  and tra n s  isomers -with 
increasing size of /3 substituent is consistent with steric interaction between the cis-)3 substituent and the car
boxyl group resulting in an increasing twisting of the carboxyl group out of the olefinic plane.

Attempts to correlate structural features and acidity 
in carboxylic acids and then interpret the correlations 
have fascinated chemists over the years. One such 
correlation, that cis isomers of a,/3-olefinic carboxylic 
acids are more acidic than the corresponding trans iso
mers, has been explained by Ingold2 in terms of steric 
inhibition of resonance. Thus, “ On account of size 
only we expect a methyl, or a phenyl, or a chlorine sub
stituent, if cfs-related to the carboxyl group, to cause 
a twisting of the latter out of the ethylenic plane, and 
thus to strengthen the acid.”2 That is, the noncoplan
arity of the ethylenic and carboxyl groups interferes 
with the conjugation between these groups which re
sults in destabilization of the acid relative to the cor
responding anion, and consequently an increase of

(1) B ased  on  th e  M .S . T h e sis  of E . A . M cC oy .
(2) C . K . In g o ld , “ S tru c tu re  a n d  M ech an ism  in  O rgan ic  C h e m is try ,”

C ornell U n iv e rs ity  P ress, I th a c a ,  N . Y ., 1953, p  744.

acidity. Some doubts about the completeness of this 
explanation have been raised.3 Specifically, using 
published values of acidity constants,4 it is difficult to 
see why replacement of a cis-ß hydrogen by a methyl 
group should result in A p A  values of +0.15, +0.43, 
— 0.37, and +0.43 in acrylic acid, irans-crotonic acid, 
methacrylic acid, and irans-/3-ethy!acrylic acid. That 
is, steric inhibition of resonance, a cfs-/3-methyl group in
teracting with a carboxyl group, seems to be inadequate 
to explain acidity changes of different size and even 
different sign brought about by a constant change in 
structure. The present work was carried out in order 
to examine systematically acidity relationships in cis- 
trans pairs of a,j8-olefinic carboxylic acids and to use the

(3) L. L . M cC o y  a n d  G . W . N a c h tig a ll , «7. A m er . Chem . Soc ., 85 , 1321 
(1963).

(4) T a k e n  from  th e  v a lu es  com piled  in  T a b le  I I  b y  M cC o y  a n d  N a c h 
tig a ll .3
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results, if possible, to clarify the difficulties indicated 
for the “ steric inhibition of resonance” explanation.

Experimental Section
M aterials.— icaras-Cinnamic acid and ¿rans-crotonic acid were 

commercial materials recrystallized to constant m elting point. 
n's-2-M ethylcyclopropanecarboxamide which was converted into 
the corresponding acid by treatment with nitrous acid was supplied 
by Dr. D . Applequist. All of the other acids were prepared by  
methods described in the literature. The melting points and 
boiling points of the acids and references for their preparation are 
given in Table I. These physical constants were used only to 
characterize the acids. Purity and isomeric identity were estab
lished for the olefinic acids by nuclear magnetic resonance .spec
tra, and for the cyclopropane acids by infrared spectra.5 The 
spectra indicated that all of the acids were isomerically pure 
(<1%  isomeric impurity); for the c/s-alkyl substituted olefinic 
acids this is in agreement with observations by Rappe and Ades- 
trom6. Less than 1% impurity was present in all acids except 
the cfs-iS-ethyl-, c;'s-/3-isopropyl-, and as-/3-i-butylacrylic acids 
which were not distilled so as to minimize possibility of isomeriza
tion, but in these cases the only impurity (about 4-6% ) appeared 
to be residual amounts of the solvent ether used in their isolation.6 
These spectral results w ith regard to impurities were confirmed 
by the titration results.

T a b l e  I
P h y s i c a l  P r o p e r t i e s  c

A cid
as-CH3CH=CHCOOHa
¿rans-CH3CH=CHCOOH
ira7is-CH3CH!CH=CHCOOH‘i
irans-(CH3)2CHCH=CHCOOH‘i
irans-(CH3)3CCH=CHCOOHe
cis-C«H«CH=CHCOOH7
<rans-C6HiCH=CHCOOH

S e v e r a l  « ,/ 3 -O l e f i n i c  A c i d s  

M p , °C  B p , °C  (m m )
4 2 -4 2 .5  (1 .9 ) 
[80-81 (26) ]6

7 1 .4 -7 1 .8  
(7 1 .6 )c

6 4 -6 5 (1 .3 )
[105 (19) R  
71-73  ( 1 .3 -1 .4 )  
[113 (20) R

6 1 -6 3 .5
(62-63°)*

6 4 -6 7 .4  
(42, 58, 68)®

1 3 4 -1 3 4 .6  
(1 3 2 .5 -1 3 3 .5 )*

CH3

9 3 -9 5 °  (22) 
[9 1 .0 -9 1 .5 °  (14)]*

84 -85  (8) 
[90-91 (11) ]*'

0 Reference 6. b A. Dadieu, A. Pongratz, and K. W. F. Kohl- 
rausch, M o n a tsh . C h em ., 60, 211 (1932). c “The Merck Index,” 
6th ed, Merck and Co., Inc., Rahway, N . J., 1952, p 285. J A. A. 
Goldberg and R. P. Linstead, J .  C hem . S oc., 130, 2343 (1928). 
* II. T. Arnold, O. C. Elmer, and R. M. Dodson, J .  A m c r . C hem . 
S oc., 72, 4359 (1950). 1 A solution of ¿rans-cinnamic acid in
benzene was irradiated with uv light and the resulting c is - tr a n s  
mixture was separated by Faseeh’s method [P a k is ta n  J .  S e i. R es ., 
3 ,6 3  (1951)]. 0 H. Stobbe, A n n .,  402, 187 (1914). * C. Paul and 
W. Hartman, B er., 42, 3930 (1909). * Reference 5.

Titrations.— Except for minor modifications, e .g .,  change in 
volume of acid solution titrated to 10 ml and use of a smaller 
syringe buret, the titrations were carried out at 25.0° essentially  
as described in earlier work.3 D ata from these titrations were 
used to calculate thermodynamic acidity constants3 which are 
reported as pK  values in Table II .

Discussion
The values shown in Table II lead to a number of 

conclusions and suggestions. Thus, the pK  value for
(5) R ep ro d u c tio n s  of th e  in f ra re d  s p e c tra  of th e  cy c lo p ro p an e  co m pounds 

w ere s e n t to  u s  b y  D r. A p p leq u is t . A m e th o d  of isom eric  an a ly s is  using  th e  
in fra re d  s p e c tra  has  been  re p o r te d : D . E . A p p leq u is t a n d  A. H . P e te rso n , 
J . A m er. Chem . Soc., 82, 2372 (1960).

(6) C . R a p p e  a n d  R . A d es tro m , A cta  Chem . Scand ., 19, 383 (1965).

as-crotonic acid determined here is appreciably dif
ferent from that reported in the literature, but its use 
removes one of the difficulties which initiated this work. 
That is, the replacement of the c is -f i hydrogen in 
acrylic acid (pii 4.264) by a methyl group to give c is -  
crotonic acid (pK  4.70, this work) gives a ApK  of 
+  0.44, a value consistent with two of the other cases 
cited earlier. The reason for the discrepancy between 
the value reported for as-crotonic acid (pK 4.414’7) and 
the value determined in this work is not clear. The 
acid used in the previous work was converted into its 
sodium salt which was purified; the free acid was 
liberated from the sodium salt in solution by treatment 
with hydrochloric acid to obtain the as-crotonic acid 
free from isomerism in solution.7 Neither the method 
of preparation nor the means of determining the purity 
of the acid, prior to or following purification, are indi
cated by Larsson and Adell.7 In the absence of such 
information, it is suggested that the relatively low pK 
value reported could be attributed to the presence of a 
slight excess of hydrochloric acid used in treating the 
sodium salt or the presence of /3-chlorocrotonic acid, a 
possible precursor of the as-crotonic acid used. We 
suggest that the reported pK  value for angelic acid, 
also determined by Larsson and Adell,7 may be incor
rect. On the basis that in these compounds under 
consideration replacement of a c is-/3  hydrogen by a 
methyl group should produce a constant ApK  (0.43- 
0.44), we suggest that the pK  for angelic acid should 
be approximately 5.09.8

The pK  value for as-crotonic acid observed in this 
work brings into question the earlier correlation that 
c is  acids are stronger than the corresponding t r a n s  
acids. The pK  values for the c is  isomers of both 
crotonic and /3-ethylacrylic acid are, within experimen
tal error, the same as those for the t r a n s  isomers and 
it is only with the /J-isopropylacrylic acid that a sig
nificant difference in pK  is apparent. This suggests 
that in terms of steric effects, the as-/3-methyl and c is -  
/3-ethyl groups have no more effect on acidity than a 
c is -f i hydrogen. It should be noted that the present 
results for as-crotonic acid remove (invalidate) one of 
the most frequently cited examples of c is  acids being 
stronger than the isomeric t r a n s  acids.

In spite of this correction, the Apiv values in Table 
II clearly show the trend that as the size of the cis-f3  
substituent increases the c is  isomer becomes increasingly 
more acidic than the t r a n s  isomer. The ApK  values 
differ in a manner similar to the conformational free- 
energy differences between axial and equatorial orien
tation for these substituents attached to cyclohexane. 
This suggests that the substituent interaction with the 
carboxyl group in the acids is essentially the same as it

(7) E . L a rsson  a n d  B . A dell, Z . P h y s . Chem . (L e ipzig ), A159, 315 (1932).
(8) (a) W e believe th is  c o n s ta n t Apit! v a lu e  fo r a  cis-fi-m e th y l g ro u p  w ill 

ho ld  on ly  so long as th e re  is no ap p re c ia b le  s te r ic  in te ra c t io n  b etw een  
e th y len ic  s u b s t i tu e n ts  lo c a ted  trans  to  th e  ca rb o x y l g ro u p . H ow ever, w here 
su ch  in te ra c t io n  does occu r, a  b u ttre s s in g  effec t m a y  re s u lt w h ich  in  tu r n  m a y  
cau se  th e  cis-/S-m ethyl g ro u p  to  in te ra c t  m o re  s tro n g ly  w ith  th e  ca rboxy l 
g ro u p . T h u s , ApK  fo r th e  tig lic  a c id - tr im e th y la c ry l ic  ac id  p a ir  m a y  be 
a p p re c ia b ly  less th a n  th e  0 .4 3 -0 .4 4  ra n g e  in d ic a te d  b y  th e  ac id  p a irs  con
s id e re d  in  th is  w ork , (b) T h e  v a lu e  5.09 is o u r  su g g es ted  v a lu e  o n ly  if th e  
m e th ac ry lic  ac id  p K  v a lu e  of 4 .66 is c o rrec t. T h is  va lu e , d e te rm in e d  also  b y  
L a rsso n  a n d  A dell,7 used  ac id  fo r w h ich  no d a ta  con cern in g  p re p a ra tio n  or 
p u r i ty  w as c ited . F o r  re fe rence  pu rp o ses , w e feel th e  p K  of m e th ac ry lic  ac id  
a lso  sho u ld  b e  red e te rm in e d , (c) T h is  v a lu e  of 0 .4 3 -0 .4 4  is th e  sam e  as th a t  
su g g es ted  b y  B ran c h  a n d  C a lv in  (“ T h e  T h e o ry  of O rgan ic  C h e m is try ,"  
P re n tic e -H a ll C o ., In c .,  N ew  Y ork , N . Y ., 1946, p p  237-238) fo r th e  e ffec t of 
/3-alkyl g ro u p s  (cis  o r  trans)  on  a c id ity  c o n s ta n ts .
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T a b l e  II
T he Acid D issociation Constants (pX) of Several cï,/3-Olefinic Carboxylic Acids at 25.0°

N o.11 A cid P Ktrans pK cis A p K

1 c h 3c h = c h c o o h 4 .7 4  ±  0 .0 2  (4 .6 9 ,“ 4 .7 1 ,6 4 .7 1 ,“ 4 .6 9 /  4.71«) 4 .7 0  ±  0 .01  (4 .4 D ) 0 .0 4
2 c h 3c h 2c h = c h c o o h 4 .7 4  ±  0 .0 2  (4 .6 9 “) 4 .7 0  ±  0 .02 0 .0 4
3 (CH3)2CH C H =C H C O O H 4 .7 5  ±  0 .0 2  (4 .7 0 “) 4 .6 3  ±  0 .0 3 0 .1 2
4 (CH3)3C C H =C H C O O H 4 .8 8  ±  0 .0 2 4 .1 2  ±  0 .0 2 0 .7 6
5 c 6h 5c h = c h c o o h 4 .5 0  ±  0 .0 1  (4.44®) 3 .9 3  ±  0 .0 2  (3.88®) 0 .5 7

6
COOH

5 .0 0  ±  0 .0 2 5 .0 2  ±  0 .01 - 0 .0 2
^  ¿ -CH,

“ D . J. G. Ives, R. P. Linstead, and H. L. Riley, J .  C hem . S o c ., 561 (1933). b B. Saxton and G. W. Waters, / .  A m e r . C hem . S o c ., 59, 
1048 (1937). « E. Larsson and B. Adell, Z . P h y s . C hem . (Leipzig), A157, 342 (1931). d W. L. German, G. H. Jeffery, and A. I. Vogel, 
J .  C hem . S o c ., 1604 (1937). « L. Otvos and F. Sirokman, A c ta  U n ie . S zeged ., A c ta  P h y s . C h em ., 2, 118 (1956); pK  determined at 18°.
> Reference 7. ® F. F. J. D ippy and R. H. Lewis, J .  C hem . S oc., 1008 (1937). h Registry no.: 1 (tr a n s ), 107-93-7, (c i s ), 503-64-0; 2
(;tr a n s ), 13991-37-2, (c is) , 16666-42-5; 3 ( tra n s) , 16666-43-6, (c is) , 1775-44-6; 4 ( tra n s) , 16666-45-8, (c is ) , 1577-94-2; 5 ( tra n s) , 140-10-3, 
(c is ) , 102-94-3; 6 ( tra n s) , 6202-94-4, (c is ) , 6142-57-0.

is with the axial hydrogens in cyclohexane, i.e., their 
steric effectiveness is a function of their conformational 
orientation and not their gross size.9 An increased 
twisting of the carboxyl group relative to the ethylenic 
bond as the effective size of the substituent increases 
and a consequent increase in “ steric inhibition of 
resonance” is consistent with the ApA values ob
served.10

In the sense that, at a maximum, the carboxyl group 
can be twisted perpendicular to the ethylenic plane, we 
expect that the effect of substituents on the relative 
acidity of cis and trans pairs should reach a maximum 
with increasing effective size of the cis-/3 substituent. 
With further increases in size, the cis-)3 substituent

(9) E . L . E liel, N . L. A llinger, S. J .  A ngyal, an d  G . A. M orrison , “ C on
fo rm a tio n a l A n a ly s is ,’’ In te rsc ie n c e  P u b lish e rs , In c ., N ew  Y o rk , N . Y ., 1965, 
pp 44, 45.

(10) R e c e n tly  [J. S te ig m an  a n d  D . S ussm an , J .  A m er. Chem . Soc., 89, 6406 
(1967)], a n  a l te rn a t iv e  to  th e  “ s te r ic  in h ib itio n  of re so n an ce”  ex p la n a tio n  for 
th e  in c reased  a c id ity  of o ri/io -su b stitu ted  benzoic ac id s  re la tiv e  to  benzoic 
a c id  has  b ee n  p re sen ted . T h is  a l te rn a te  “ so lven t s tr u c tu r e ”  e x p lan a tio n  also 
h as  as  i ts  s ta r t in g  p o in t th e  tw is tin g  of th e  ca rb o x y l g roup  o u t of th e  p la n e  of 
th e  b enzene  ring . T o  th e  e x te n t t h a t  th e  it sy s tem  of a n  olefin can  a ffec t 
so lv en t s tru c tu re  an a lo g o u s ly  to  th e  tt sy s te m  of a  benzene ring , th is  ex p lan a
tio n  w ould  b e  ap p licab le  to  th e  p re se n t com pounds.

should begin to hinder solvation of the carboxyl group,11 
and we would expect a gradual decrease in the dif
ference of acidity between cis and trans isomers.

The cyclopropane compounds were examined with 
the initial thought that a cis-2 substituent would re
strict the carboxyl group to an orientation approaching 
perpendicular to the cyclopropane ring; such an 
orientation should enhance the conjugation of the 
cyclopropane ring and the carboxyl group, and thus 
decrease the acidity of the cis isomer relative to the 
trans. Unfortunately, the results do not permit any 
definite conclusion, i.e., the methyl group might be of 
inadequate size to restrict the carboxyl group (see 
discussion of the crotonic acids), or the carboxyl group 
might already be restricted by conjugation in the trans 
case.

A c k n o w le d g m e n t.—We wish to thank the National 
Science Foundation for support of part of this work. 
We also want to thank Mr. Bruce Smart for purifying 
the trans isomers of crotonic and cinnamic acids.

(11) G . S. H am m o n d  a n d  D . H . H ogle, ib id ., 77 , 338 (1955).
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Reaction of Certain Electrophiles w ith Som e Im ines 
Derived from  Cyclohexanone and Isobutyraldéhyde1

J o h n  P. C h u p p  a n d  E r ik a  R. W e is s

M o n sa n to  C o m p a n y , A g r ic u ltu r a l D iv is io n , R esearch  D ep a r tm en t, S t . L o u is , M is s o u r i  6 3 1 6 6

R eceived  O ctober S3, 1 9 6 7

Acid chlorides and alkyl and aryl isocyanates and isothiocyanates were allowed to react with imines derived 
from cyclohexanone and isobutyraldéhyde. A variety of N -(l-alkenyl)am ides (2, 8), N -(l-alkenyl)ureas and 
thioureas (3, S, 12), 2-enaminocarbamides (4, 6), and triazinones ( 1 1)  were formed and isolated as reaction 
products, depending upon the nature of the imine, type of electrophile, and reaction conditions. The results 
are compared w ith the reported work on the reaction of these reagents with N ,N -disubstituted enamines from 
the same carbonyl compounds. The products can be rationalized as arising from three possible modes of attack  
by the electrophile on the imine: (1) nitrogen attack, w ith a-hydrogen elimination; (2) a-earbon attack, and 
(3) C = N  attack followed by ring formation.

The imines of cyclohexanone and isobutyraldehyde 
are for the most part easily prepared2 and, unlike 
many aliphatic imines, not subject to rapid polymeriza
tion and condensation reactions. We wished therefore 
to compare the behavior of the imines of these two car
bonyl compounds toward certain electrophiles with 
those reported for the corresponding enamines. In the 
latter instance, it was shown that final substitution 
products with various acid chlorides,3 isocyanates,4 
and the like involved electrophilic substitution on the 
olefinic carbon a to the carbon bearing the enamino 
nitrogen.

It would be anticipated that the imines could 
react by at least three possible modes. Imines, 
having a reactive carbon bearing a labile hydrogen 
(enolizable imines), such as those derived from cyclo
hexanone and isobutyraldehyde, could be expected to 
form products arising from acid chloride or isocyanate 
attack at the a position in exact analogy to results re
ported for the enamines. Alternatively, these electrophi
lic reagents could irreversibly react at the imino nitrogen 
and through loss of a hydrogen give stable enamides or 
enureas. Finally, the imines could react at the C = N  
bond to form cyclic products in analogy to reaction of 
isocyanates with aromatic Schiff bases or methylene 
imines.4*3'5

The literature contains some work relative to reac
tion of these electrophiles with imines containing enoliz
able hydrogen. Thus, N-alkyl-N-alkenylamides are 
formed by the action of certain acid halides on aldi- 
mines.6 On the other hand, it is reported that keti- 
mines (from cyclohexanone) give carbon acylated 
products.7 Studies on the effect of iso thiocyanates and

(1) P re s e n te d  befo re  th e  D iv is io n  of O rgan ic  C h e m is try  a t  th e  F ir s t  
M id w es t R eg io n a l M eetin g , A m erican  C h em ica l S ocie ty , K an sas  C ity , M o., 
N o v  5, 1965, A b s tra c t N o . 440.

(2) (a) W . F . B ru ce  a n d  R . N . B lom berg , U . S. P a te n ts  2 ,700,681 a n d
2,700,682 (1955); (b) H . W e in g a rte n , J .  P . C h u p p , a n d  W . A. W h ite ,
J .  Org. Chem ., 32, 3246 (1967); (c) K . L . C am p b e ll, A. G . S om m ers, an d  
B . K . C am p b ell, J .  A m er. Chem . Soc., 66, 82 (1944).

(3) (a) A. S to rk  a n d  H . K . L a n d esm an n , ib id ., 78, 5128 (1956); (b) 
S. H u n ig , Chem . Ber., 90, 2833 (1957), a n d  succeed ing  p ap e rs .

(4) (a) S. H u n ig , Angew . Chem ., 71, 312 (1959); (b) D . C lem ens a n d
W . E m m o n s , J .  Org. Chem ., 26, 767 (1961); (c) G . B erc h to ld , ib id ., 26, 
3043 (1961); (d) M . P e re lm a n  a n d  S. A . M iza k , J .  A m er. Chem . Soc., 84, 
4988 (1962).

(5) (a) R . H u isg en , K . H e rb ig , a n d  M . M o rik g w a, Chem . B er., 100, 1107
(1967); (b) H . U lrich , “ C y c lo a d d itio n  R ea c tio n s  of H e te ro c u m u le n e s ,”
A cadem ic P ress  In c ., N ew  Y o rk , N . Y ., C h a p te rs  4 a n d  5.

(6 ) H . B ree d erv e ld , Rec. Trav . C h im ., 79, 401 (1960).
(7) R . W . L a y er, Chem . Rev., 63, 489 (1963); see also  V. E . H a rv e y , 

E l C e rrito , a n d  S. A. B a lla rd , U . S. P a te n t  2 ,418,173 (1947), a n d  B ritish  
P a te n t  638,091 (1950) [Chem. A bstr ., 41, 4510 (1947); 44, 9476 (1950)]. 
H ow ever, a t  le a s t som e N  a c y la tio n  a p p a re n tly  occurs b ecau se  N -cyclo - 
hexy lh ex an am id e  w as o b ta in e d  a f te r  h y d ro ly s is  of th e  re a c tio n  m ix tu re  from

isocyanates on acetophenone anil indicate that only 
a-carbon attack occurs. Anils of benzoylthioacetani- 
lide and benzoylmalonanilides, respectively, were iso
lated.8

It was found that when N-alkyl-N-cyclohexyliden- 
amines were allowed to react with various acid chlorides 
or isocyanates, neutral N-acylated enamides (2) and 
enureas (3) could be isolated in fair yields (Scheme I).

S c h e m e  I

0
II

RNCR'

1 2
0
II

RNCNHR'

1 +  R'NCO —* ( ^ )  R'NHCNHR

3

(See Table I for compilation and structure of com
pounds.) Anils of cyclohexanone showed no evidence 
of giving enureas with isocyanates but, rather, a-carbon 
attack occurred with formation of the 3',4'-dichloro-
2-(p-chloroanilino)-l-cyclohexene-l-carboxanilide (4). 
Structures were confirmed by elemental and spectral 
analysis with further confirmation by hydrolysis to 
known amides or ureas.9

Reaction of 1 with isothiocyanates was more com
plicated. Alkyl isothiocyanates gave cyclohexenyl- 
thioureas which on attempted distillation reverted to 1 
and isothiocyanate. Certain arylisothiocyanates ini
tially form 5, but on heating rearrange to the vinylogous 
thiourea 6, perhaps as a result of reversible thermal dis-

N -cycloh ex y lid en ecy c lo h ex y lam in e  a n d  ca p ro y l ch lo rid e . T h e  in te rm e d ia te  
ac y l en a m id e  w as n o t fu lly  ch a ra c te r iz e d . A . A . B rizzo la ra , J r . ,  “ A n In v es 
tig a tio n  of S om e R ea c tio n s  of E n a m in e s ,” C o lu m b ia  U n iv e rs ity , P h .D . 
T h esis , 1960.

(8 ) J .  M oszew , A. In a s in sk i, K . K u b iczek , a n d  J . Z a w rzy k ra j, Rocz. 
Chem ., 34, 1169 (1960); Chem . A bstr ., 55, 1533a (1961).

(9) T h u s , th e  p o ss ib ili ty  t h a t  th e  is o c y a n a te - im in e  a d d u c ts  a re  4 -am ino - 
2 -aze tid in o n es4d ra th e r  th a n  en u reas  (3, 12) is ru le d  o u t b y  co n s id e ra tio n  of 
th e  ir  6 .p g ( C = 0 ) ,  n m r  8 5.8 ( C = C H ) ,  a n d  fac ile  h y d ro ly s is  to  3 -a lk y l-  
u reas . T h e  /3-lactam s d isp la y  ir 5.7 g ( C = 0 ) ,  n m r, 5 4 .4 -5 .3  (C /j-H ) , 
a n d  h y d ro ly z e  to  ca rb o x am id es  s im ila r to  10. S p e c tra l ev idence , esp ec ia lly  
ir  6 .0  g ( C = N ,  C = 0 ) ,  a n d  n m r, 8 7 .5 -7 . 8  ( C H = N ) ,  a lso  se rv e  to  d iffe ren 
t i a te  im in o an ilid e  (9) from  th e  a l te rn a te  /3-lactam  s tru c tu re .



R
e

a
c

t
io

n
 o

f
 E

l
e

c
t

r
o

p
h

il
e

s
 w

it
h

 I
m

in
e

s
 f

r
o

m
 C

y
c

l
o

h
e

x
a

n
o

n
e

 a
n

d
 I

s
o

b
u

t
y

r
a

l
d

é
h

y
d

e

Y
ie

ld
, 

M
p 

or
 b

p
 

/--
---

---
---

---
---

---
---

---
---

---
---

--
C

al
cd

, 
%

---
---

---
---

---
---

---
---

---
---

---
---

-» 
,--

---
---

---
---

---
---

---
---

---
---

---
--

F
ou

nd
, 

%
---

---
---

---
---

---
---

---
---

---
---

---
-» 

P
er

ti
n

en
t

C
om

pd
 

R
 

R
' 

X
 

%
 

(m
m

),
 °

C
 

C
 

H
 

C
l 

N
S

 
M

ol
 w

t 
C

 
H

 
C

l 
N

 
S 

M
ol

 w
t 

n
m

r 
(C

C
U

),

2a
 

CH
S 

2,4
-C

l2C
6H

3O
CH

2 
O 

61
 

10
7-

10
8 

57
.33

 
5.

45
 

22
.57

 
4.

46
 

57
.21

 
5.

55
 

22
.64

 
4.

39
 

5.
7 

(m
, =

C
H

)

2358 C h u p p  a n d  W e i s s The Journal of Organic Chemistry

Wa
a
a
a

M 2 K 3 Q  ^ w o  a  o g o  IIO n o
«* -s ^  ^

S S rf t o  Ë S m S S

. a
_ a
a  z
a  %

o
La "„a 'La

o  
3?

6 !» S CO S
ü j » .
Ë ■o' E

O N 0 C D O 5 O 5 Q O 1 O O O
MiOiOiNNiOlNiOMH

¡3

• i i la  O _- - *
e e

¡ 3  ^
^  5 _ O H _ q
W S n W ü S a o
o  a  y  o  il c=- o  ii
Il g  I  II ¿ g  II 1
a * 2  a tT s

w  w  GO ‘ 1—1
© h  © 05 00 D N 00 1> rH 05 t>
CO rH l> HT-1 LO N H © rH rH © 1—1

COCO 1—1COo © CO05 CD 05 05 05 o CO05 COCO COCO05 CO CO

CD T* CD TH ID00 O H rH 05 rH
ID © 05 O 00 00rH rH

T}HCD CD »D tD b- 05 CO o 05 COTil O rH ID CDCO© CO CD O H 00 00 00 00 05 O 05 05 00 CD © tH LD
CD CD 05 ID l> ^ 00 00 l> CD 1> 00 00 05 © 05 00rH 1-1 r—1 H i-H
TiH ID o 00 COTil CO CO00 ID© 00 ID 05 CD ID ID ID © 05
CD CD 05 05 1> t'- 05 05 00 Tfl CO 05rH 05 05 05 05 05 r—1 05 05

CO TjH 00 CD 05 CO tH 00 O CD ID Tjl CO© Tj* 05 rH O 1rH 05 05 00 00 TH O CO CD
05 © CD Tjl ID CD ID CD ID IDCD 00 r> CD ID
T* 1> O O r̂ 05 05 CO05 00 o CD© 00 o CO IDCO CO Til ID05 CD 05 ID 05
i

© © 00 CO CD CO l> H 05 r- 05 00 O ID© CD ID © IDtD IDCD © >D© CD ID CD LD

00 © id Til CD 05CD LD rH 05 GO CO O tHrH CO CO CO CO CO 05 CO CO

l> ©tH tH 05 rH ©
CD © 00 o GO 00tH rH rH

05 LD CD CD 00 CO © T}1 05 O © Til Til © Til © COTil CD CO1 05 O TH 00 00 00 00 rH © © 00 © © i> CO 00
CD CD 05 LD Til 00 1> 00 CD 00 GO 05 © 1—1 © GOrH rH 1-1 1~l rH
TH 00 © © 05 00 Til © © Til ©Til 00 Til Til © © Til Til 00 © CO
CD CD 05 05 00 05 05 00 Til CO 05
T“1 05 05 05 05 05 rH rH 05 05

05 05 05 CO 05 O 05 © © © © © © 05 CO 05LD CO 05 CO T-! 05 tH 05 rH © CO w © CO ©
05 LD CD Til LD © LD © LD LD CD GO © ©
ID 05 CD CO CO CO CO 00 Til 05 LD 0505 r-"i o CD CO rH CO CO LD © © rH CO 00

CD i—i t> LD 1> CO rH© CO © © ©CD LD CD ID LD LD LD © © LD © LD © ID © ©
✓-s
tH

©o 05 © 00 rH Til COCO 05 © Til © © © Til © rH © Til rH 05rH
T  tCO

05 rH H © © ©

O
il rH GO 00

© t i c 1© 1 LD ¿> <i 1CO ¿> 105 i 100 é ©© 05 Til Til © © © Til © © © © rH J> GOrH © tH rH rH rH rH rH rH

05 © Til © © © © 05 1> N  CO h  oo © CO ©CO © © t'T 00 00 © © © Til © 1> 00 © ©

O O o o m m m  gq m  m  O  O o  o  o

n a COa a
q

w
q

04
6

a G
4

n o CO

CO COa  a a  a a  a
o  o<N oc q  q q  q

q  G g d
4_ 4__ 4 4̂ 4_ 4__
CO* CO CO CO eo" co"

a a a•>!' CO ^
a  o  a q toq
q  g  o G o
0  4 0 4 _ T̂
4 «  4 CO CO

ao
a II a a
q o> o> O  O q q
/ —\  n
HH co 
HH hH

B o
X
o

X
o

co
a
o

X
o

a_Tt M
q  w  
é  O

^  a

9 B
8  'C

CO 03
w  w
o o a

o

a

o
a
o

a
o

*

a
q

©  CTJ © Ü rO u  OS rO  O os © OS x i OS © O05 fO fO to Til © © © © ©  VO 00 ©  © H
rH

H
rH

05
H

M
rH

05
rH

Se
e E

xp
er

im
en

tal
 S

ec
tio

n.



Vol. S3, No. 6, June 1968 R e a c t i o n  o f  E l e c t r o p h i l e s  w i t h  I m i n e s  2359

sociation to starting isothiocyanate and imine, followed 
by irreversible formation of 6 (Scheme II).10

S c h e m e  II 
S
IIRNCNHR' H,0

S
HCNHR'

S
IIRNHCNHR'

In contrast to 1, anils of cyclohexanone with iso
thiocyanates gave only 2-anilino-l-cyclohexenthio- 
carboxamides (6). The anils thus behave similarly to 
those described in ref 8.

The structure of the imine from isobutyraldehyde 
largely determined the mode of attack of the various 
electrophiles. 7 is both an imine and enamine and its 
reaction with chloroacetyl chloride gave 8. This reac
tion represents an extension of Brederveld’s method6

(CH3)2C“CHN=CHCH(CH3)2 + C1CH2C0C1 
7

0
IIClCH2CN[CH=C(CH3)i

8

for the preparation of N,N-dialkenylamides. Reaction 
of isocyanate with 7 does not give dialkenylurea, but 
rather reaction occurs at the a carbon to produce 9a.

3,4-(Cl)2C6H3NCO + 7 —

0 CH3
II '3,4-(Cl)2C(iH3NHC—(jl—CH=NCH“Cn_/CH, HgQ

CH,
ch3
9a

? f3i4j(C1)2C6H3NHC—C—CHO
CH3

10

The amidic proton is seemingly hydrogen bonded with 
the imino nitrogen as evidenced by the unusually low 
absorption of this proton in the nmr, 5 10.3-10.6 (see 
NH, 9a, 9b).

N-Isobutylidene-N-methylamine reacts with isocya
nates at room temperature to form triazinones (11), 
in analogous fashion to that found for certain imines 
possessing no a hydrogen.4*1’6 However, further reac
tion of 11 with isocyanate gives alkenylureas (12), 
possibly through electrophilic attack of isocyanate

(10) T h e rm a l d isso c ia tio n  h as  a lso  b ee n  ob serv ed  in  c e r ta in  en u re a s  d e 
rived from  2 -p h en y lp y rro lin e  b y  S. J .  L ove a n d  J .  A. M o o re , J .  Org. C hem ., 
33, 2361 (1968).

on the basic ring nitrogen, followed by ring open
ing via a-hydrogen elimination. N-Ethyl-N-isobutyl- 
idenamine behaves similarly, although anilide (9) 
is found to some extent [determined by nmr measure
ment of the ratio (CH3)2C=C (from 12) to -C(CH3)2-  
(from 9) ]. N-Isopropylisobutylidenamine with greater 
bulk than the N-methyl or -ethyl homologs gives, with 
isocyanates on heating, a mixture of alkenylurea (12) 
and anilide (9) in a ratio of approximately 3:2. No ap
parent triazinone formation was observed. Curiously,
3,4-dichlorophenyl isothiocyanate on heating with N- 
isopropylisobutylidenamine gave only 12 and no 9. 
Finally, N-i-butylisobutylidenamine gave only 9 with 
isocyanate (Scheme III) .

S c h e m e  III

CH3
9

Experimental Section
All m elting points were taken on a Fisher-Johns block. All 

microanalytical work was performed by the Galbraith Labora
tories, Knoxville, Tenn. Ir spectra were determined on a 
Beckman IR-Va and nmr spectra on a Varian M odel A-60 
spectrometer with chemical shifts reported in parts per million 
from tetramethylsilane as an internal standard.

Imines Derived from Cyclohexanone and Isobutyraldehyde.— 
The preparation of these materials have been previously de
scribed. 2a.b.n

Materials 2a,b.— The preparation of these materials from the 
respective N-alkylcyclohexylidenam ine3“ and acid chloride 
can be illustrated by the preparation of 2a.

N-(l-Cyclohexen-l-yl)-2-(2,4-dichlorophenoxy)-N-methylacet- 
amide (2a).—2,4-Dichlorophenoxyacetyl chloride (35.0 g, 
0.146 m ol) was placed in 200 ml of benzene, cooled to 0 -5 ° , 
and N-m ethylcyclohexylidenam ine (16.7 g, 0.15 mol) contained 
in 100 ml of benzene was added dropwise, w ith cooling. After 
addition the mixture was stirred for 15 min; then triethylamine 
(15 g, 0.15 mol) was added dropwise at 0 -5 ° . After addition, 
the reaction mixture was refluxed for 1 hr. The reaction mixture 
was filtered, the salt cake was washed with benzene, and the com
bined filtrate and washings were washed twice w ith ca . 200 ml of 
water. After drying over anhydrous magnesium sulfate and 
subsequent removal of solvent under vacuum, the residue was 
recrystallized twice (charcoal) from hexane.

l-(l-Cyclohexen-l-yl)-l,3-dimethylurea (3a).— N -M ethylcy- 
clohexylidenamine (15.7 g, 0.14 m ol) was dissolved in 200 
ml of toluene, and to this solution m ethyl isocyanate (8.4 g,

(11) R . H . H asek , E . U . E la m , a n d  J .  C . M a r tin , ib id ., 26, 1822
(1961).



2360 C h u p p  a n d  W e i s s The Journal of Organic Chemistry

0.14 mol) was added at room temperature. The reaction was 
exothermic, w ith the temperature rising to 35°. After standing  
for 2 hr at ambient temperature, solvent was removed and the 
oily residue distilled at 120-130° (1 mm) to give 7 g of oil, which 
later solidified. This material was recrystallized from cold 
hexane. A second preparation afforded a 95% yield of oil, 
which solidified on seeding.

l-(Cyclohexen-l-yl)-3-(3,4-dichlorophenyl)-l-methylurea (3b).
— N-M ethylcyclohexylidenam ine and 3,4-dichlorophenyl iso
cyanate (0.1 mol each) reacted exothermally in toluene at room 
temperature to give, upon removal of solvent, 22 g of light yellow  
oil which did not crystallize.

1- (l-Cyclohexen-l-yl)-3-(2-nitrophenyl-l)methylurea (3c).— In 
similar manner to the preparation of 3a and 3b, 2-nitrophenyl 
isocyanate with N-methylcyclohexylidenamine gave yellow  
crystals from ethanol.

M aterials 5a-c .— The reactions of isothiocyanates w ith N - 
alkylcyclohexylidenamines, carried out in toluene or benzene 
at room temperature, were mildly exothermic. Several hours 
were usually required for complete disappearance of isothio
cyanate as monitored by ir. Upon removal of solvent, the residue 
was purified by suitable recrystallization. However, care was 
taken with products arising from aryl isothiocyanates not to 
expose them to heat; recrystallization from cold ( — 10°) con
centrated toluene or ether solution was found necessary to pre
vent rearrangement. The preparation of 5a and 5b are rep
resentative of the procedures used to make these materials.

l-(l-C yclohexen-l-yl)-3-ethyl-l-m ethyl-2-thiourea (5a).— N - 
M ethylcyclohexylidenam ine (11.1 g, 0.1 mol) and ethyl iso- 
thiocyanate (8.7 g, 0.1 mol) reacted at room temperature to 
give, after removal of solvent, 17 g of an oil which later crystal
lized, mp 43-44°. On distillation of some of the oil, fractions 
were collected at 45-55° (10 mm) which was shown by ir to 
contain isothiocyanate and imine. Upon standing, 5a was 
again formed from the distillate.

l-(l-C yclohexen-l-yl)-3-(3,4-dichlorophenyl)-l-m ethyl-2-thio- 
urea (5b).— N-M ethylcyclohexylidenam ine (10.3 g, 0.094
mol) was dissolved in 100 ml of toluene and at room temperature
3,4-dichlorophenyl isothiocyanate (19.1 g, 0.094 mol) was added 
dropwise. After standing several hours crystals formed, mp
107-108°. B y partial evaporation of the toluene in the cold 
( — 10°), 24.5 g of crystals, mp 107°, was obtained. 5b, upon 
m elting at 107°, resolidified and melted again at 135-140°.

M aterials 6a,b.-—These materials could be prepared directly 
from the appropriate aryl isothiocyanate and N-alkyl-N-cyclo- 
hexylidenamine by reacting equimolar amounts of these reagents 
in refluxing toluene or alcohol for several hours, followed by  
removal of solvent and recrystallization of the solid residue from 
hot alcohol. A small amount of l-aryl-3-alkyl-2-thiourea derived 
from the respective aryl isothiocyanate was found as by-product. 
Alternatively, 5 (R ' =  aryl) was dissolved in anhydrous ethanol, 
heated for several minutes at reflux, and 6 collected as crystals 
upon cooling.

3',4'-Dichlorothio-2-p-toluidino-l-cyclohexene-1-carboxanilide
(6c).— To 12 g of 3,4-dichlorophenyl isothiocyanate dissolved 
in tetrachloroethylene was added dropwise an equimolar amount 
of N-cyclohexylidene-p-toluidine. N o appreciable exotherm  
was noticed, and, to cause the isothiocyanate to react, the m a
terial was heated to 70° for 3 hr. Crystals formed, and upon 
cooling 15.7 g of solid was isolated by filtration. Recrystalliza
tion from ethanol afforded product.

3',4'-Dichloro-2-(p-chloroanilino)-l-cyclohexene-l-carboxanil- 
ide (4).— To 10.3 g of N-cyclohexylidene-p-chloroaniline 
contained in toluene was added an equimolar am ount of 3,4- 
dichlorophenyl isocyanate dissolved in toluene. To cause dis
appearance of isocyanate (as monitored by ir), the material was 
refluxed for several hours, and after removal of toluene the 
solid remaining recrystallized from ethanol.

2- Chloro-N,N-bis(2-methylpropenyl)acetamide (8).— The pro
cedure given above describing the preparation of 2a was 
used. Upon distillation the product was collected at 97-108°  
(1 m m ). The oil was recrystallized from hexane three tim es to 
give 47.5%  yield of crystals: nmr (CC14), « 1.57 (s, 6, = C C H 3), 
1.74 (d, 6, J  =  1 IIz, CCH3), 3.95 (s, 2, C1CH2), and 5.95  
(m, 2, = C H ) .

[2-(3,4-Dichlorocarbaniloyl)-2-methylpropylidene]-(2-methyl- 
propenyl)amine (9a).— 3,4-Dichlorophenyl isocyanate (18.8 g, 
0.1 m ol) and 0.1 mol of N-isobutylidene-N -(2-m ethyl-l-pro- 
penyl)am ine (7) were both dissolved in 100 ml of toluene; 0.25 
ml of triethylamine was added. The mixture was refluxed for

8 hr, after which no isocyanate remained in the mixture. Upon 
removal of solvent, the residue recrystallized from hexane twice 
(charcoal), afforded white crystals: ir (CC14) 6.0 n  ( C = 0 ) ;  
nmr (CC14), « 1.45 [s, 6, C(CH 3)2] , 1.83, 2.06 [2 s, 6, = C (C H 3)2],
7.6 (s, 1, C H = N ) , and 10.3 [s (broad), 1, C (0 )N H ],

l-(p-Chlorophenyl)tetrahydro-4,6-diisopropyl-3,5-methyl-s- 
triazin-2(lH)-one (11a).— This material was prepared by re
acting in benzene at room temperature a 2:1 mole ratio of N - 
isobutylidene-N-m ethylam ine12 with p-chlorophenyl isocyanate. 
Vacuum removal of solvent gave an oil: ir (CC14) 6.0 m ( C = 0 ) ;  
nmr (CCh), « 0.56-1.11 [4 d, 12, J  =  7 Hz, C H (CH 3)2], 2.32  
(s, 3, C2N C H 3), 2.90 (s, 3, C N C H 3 C = 0 ) ,  3.70 (d, 1, J  =  7 
H z, C H C H N ), and 4.18 (d, 1, /  =  7 H z, C H -C H N ).

l-(3,4-Dichlorophenyl)tetrahydro-4,6-diisopropyl-3,5-diethyl-s 
triazin-2(lH)one ( lib ) .— This material was prepared by adding 
0.2 mol of N-isobutylidene-N-ethylam ine in ether to 0.1 mol of
3,4-dichlorophenyl isocyanate, dissolved in ether. After stand
ing at room temperature several hours, the material was vacuum  
treated at room temperature to give 36.1 g of viscous oil which 
solidified on standing. Recrystallization was effected at room 
temperature from ether-pentane to give lib : ir (CC14) 6.0 m
( C = 0 ) ;  nmr (CC14), « 3.7 (d, 1, J  =  7 Hz, C H C H N ), 4.3  
(d, 1, J  =  7 H z, C H -C H N ), 1 .7-3 .5  [m, 4, CH3CH2N  and m, 
2 CH (CH 3)2], and 0 .5 -1 .3  [d and t, 18, J  =  7 H z, (C H 3)2CH  
and CH3CH2] .

3-(p-Chlorophenyl)-l-methyl-l-(2-methylpropenyl)urea (12a). 
— N-Isobutylidene-N-m ethylam ine (10.3 g, 0.12 m ol) was heated  
for co. 1 hr in refluxing chlorobenzene w ith an equimolar amount 
of p-chlorophenyl isocyanate until no isocyanate remained in 
the mixture (as measured by ir). The material isolated after 
evaporation of solvent was an amber oil which was further 
purified by recrystallization from cold hexane to give pure 12a: 
ir (CCh) 6.0 m ( C = 0 ) .

3-(3,4-Dichlorophenyl)-1 -isopropyl-1 - (2-methylpropenyl )urea 
(12b).— N-Isobutylidene-N-isopropylamine and 3,4-dichloro
phenyl isocyanate (0.1 mol each) were mixed together and refluxed 
in 100 ml of tetrachloroethylene for 1 hr. After evaporation of 
the solvent, residual oil remaining was shown by nmr spectros
copy to have, in addition to spectral assignments for 12b (see 
Table I), the following additional peaks for groups in compound 
[2-(carbaniloyl)-2-methylpropylidene]isopropylamine (9): nmr
(C C h),« 1.30 [d, 6 , J  =  7 H z,C H (C H 3)2] and 1.43 [s,6 , C(C H 3)2], 
The crude oil contained a ratio of 12b: 9 as determined by nmr 
of ca . 3 :2 . Hydrolysis of a portion of the crude oil with hot 
18% HC1 gave a solid which upon recrystallization from m ethyl- 
cyclohexane gave 10 (identified by mixture m elting point and 
ir). The solid remaining undissolved in hot m ethylcyclohexane 
was shown after recrystallization from aqueous ethanol to be
3-isopropyl-l-(3,4-dichlorophenyl)urea, mp 205°, as determined 
by mixture m elting point and identical ir w ith those of an authen
tic  sample. Elution of the bulk of the crude oil through a silicic 
acid column with carbon tetrachloride followed by recrystalliza
tion from cold hexane gave pure 12b: ir (CC14) 6 .0  fi ( C = 0 ) .

3- (3,4-Dichlorophenyl- 1-isopropyl-1- (2-methylpropenyl )-2-thio- 
urea (12c).— This material was obtained in analogous fashion 
to that for 12a. There was no gross contamination of the crude 
as measured by nmr, and the crude oil solidified and was easily  
recrystallized from ethanol.

[2-(3,4-Dichlorocarbaniloyl)-2-methylpropylidene]-i-butyl- 
amine (9b).-—3,4-Dichlorophenyl isocyanate (37.6 g, 0.2 m ol), 
dissolved in ca . 50 ml of chlorobenzene was added to N -(2- 
m ethy]propylidene)-N-i-butylamine (25.4 g, 0.2 m ol) contained 
in 100 ml of chlorobenzene. Reflux for ca . 30 min was necessary 
to cause complete reaction of the isocyanate. Upon removal of 
solvent, the residue (essentially all 9b as indicated by nmr spec
tra) solidified and was recrystallized from cold pentane to 
give 48.9-g yield of white crystals 9b: ir (CC14) 6 .0  m ( C = 0 ) ,
C H = N ).

Hydrolysis of Initial Reaction Products. Hydrolysis of 2- 
(2,4-Dichlorophenoxy)-N-(l-cyclohexen-l-yl)N-methylacetamide
(2a).—2a (ca. 1.0 g) was placed in 5 ml of concentrated hydro
chloric acid, heated momentarily. Solid began to dissolve, 
whereupon suddenly more solid precipitated. The mixture was 
diluted with once its volume of wTater and filtered and the solid 
washed with more water and dried, mp 112-114°. The material 
proved to be 2-(2,4^dichlorophenoxy)-N-methylacetamide as 
determined by ir and mixture m elting point w ith an authentic  
sample.

(12) R . T io lla is , B u ll. Soc. C h im . Fr„  708 (1947).
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Hydrolysis of l-(l-Cyclohexen-l-yl)-3-(3,4-dichlorophenyl)-l- 
methylurea (3b).-—3b (5 g) was placed in 20 ml of water and 
20 ml of 10% hydrochloric acid added. The material was 
permitted to stand overnight w ith occasional stirring. The 
solid which formed was filtered off, washed with water, and 
recrystallized from benzene, mp 157-159°. The material proved 
to be l-(3,4-dichlorophenyl)-3-m ethylurea as determined by ir 
and mixture m elting point w ith an authentic sample.

Hydrolysis of 3',4'-Dichloro-2-(p-chloroanilino)-l-cyclohexene- 
1-carboxanilide (4).— Approximately 2 g of 4 was heated on a 
steam bath w ith 20 ml of 18% hydrochloric acid for 2 -3  hr, 
cooled, filtered, washed w ith water, and recrystallized from 
aqueous ethanol, followed by a second recrystallization from 
m ethylcyclohexane, mp 138-140°. The structure of 3',4'-di- 
chloro-2-oxocyclohexanecarboxanilide was assigned to this 
material from consideration of the following data: ir (CCh) 3.0  
(N H ), 5.9 (ketone C = 0 ) ,  and 6.0 p (amide C = 0 ) .

A n a l .  Calcd for Ci3H 13C12N 0 2: Cl, 24.8; N , 4 .9. Found: 
Cl, 24.6; N , 4 .9.

Hydrolysis of l-(Cyclohexen-l-yl)-3-(3,4-dichlorophenyl)-l- 
methyl-2-thiourea (5b).—5b (c a . 2 g) was placed in 30 ml of 
10% hydrochloric acid, and the mixture was allowed to stand  
overnight with occasional stirring. Upon filtering, the resulting 
solid was recrystallized from chloroform, mp 150-152°. The 
material proved to be l-(3,4-dichlorophenyl)-3-m ethyl-2-thiourea  
as determined by ir and mixture m elting point comparison with 
an authentic sample.

Hydrolysis of 3',4'-Dichloro-2-(methylamino)thio-l-cyclohex- 
ene-l-carboxanilide (6a).—6a (ca . 1 g) was placed in 20 ml of
18% hydrochloric acid and heated gently on a steam  bath for
10-15 min. The aqueous portion was decanted, and the residual 
tacky solid recrystallized from aqueous ethanol to give crystals, 
mp 112-114°. The structure of 3',4'-dichloro-2-oxothiocyclo- 
hexanecarboxanilide was assigned this material from considera
tion of the following data: ir (CCh) 3.0 (N H ), and 5.95 p
( C = 0 ) ;  nmr showed nine aliphatic hydrogens, one N H , and 
three aromatic hydrogens.

A n a l .  Calcd for Ci3H i3C12NOS: Cl, 23.60; N , 4.63; S,
10.6. Found: Cl, 23.97; N , 4.70; S, 10.6.

Hydrolysis of [2-(3,4-Dichlorocarbaniloyl)-2-methylpropyl- 
idene] (2-methylpropenyl)amine (9a).—9a (ca . 5 g) was placed 
in 20 ml of 18% hydrochloric acid and heated on a steam  bath 
for 15 min. The acid was decanted, and the residue heated 
further with water on the steam  bath. The mixture was decanted 
again and the residual solid air dried, then recrystallized from 
m ethylcyclohexane, mp 102-104°. The structure of 3',4'-dichlo- 
ro-2,2-dimethylmalonaldehydanilide (10) was assigned to this 
material from consideration of the following data: ir (CC14)
3.0 (N -H ), 5.85 (aldehyde C = 0 ) ,  and 5.96 p (amide C = 0 ) ;  
nmr spectra were consistent, showing six identical methyl pro
tons, one aldehydic proton, one N H , and three aromatic protons.

A n a l .  Calcd for CuH iiC12N 0 2: Cl, 27.4; N , 5 .4. Found: 
Cl, 27.7; N , 5.5.

Hydrolysis of 2-(p-Chlorophenyl)-l-methyl-l-(2-methylpro- 
penyl)urea (12a).—12a (ca . 1 g) was placed in 20 ml of 20%  
hydrochloric acid solution, and the mixture was refluxed for 15 
min. The cooled solution was decanted and diluted w ith water. 
The resulting precipitate was separated and recrystallized from 
aqueous methanol to give 0.5 g of p-chlorophenyl-3-methylurea 
as identified by ir spectra and mixture m elting point.

Registry No.—2a, 16241-20-6; 2b, 16241-21-7; 3a, 
16240-17-8; 3b, 16240-18-9; 3c, 16240-19-0; 4,
16286-17-2; 5a, 16240-20-3; 5b, 16240-21-4; 5c,
16240-22-5; 6a, 16240-23-6; 6b, 16240-24-7; 6c,
16240-25-8; 8, 16240-26-9; 9a, 16240-27-0; 9b,
16240-28-1; 10, 16240-29-2; 11a, 16240-30-5; lib , 
16240-31-6; 12a, 2572-41-0; 12b, 16240-33-8; 12c,
16240-34-9 ; 3 ',4'-dichIoro-2-oxocyclohexanecarboxani- 
lide, 16240-35-0; 3',4'-dichloro-2-oxothiocyclohexane- 
carboxanilide, 16240-36-1 ; cyclohexanone, 108-94-1 ; iso
butyraldéhyde, 78-84-2.

T h e Reaction of 2-P h en yl-l-p yrro lin e w ith Phenyl Isocyanate

S t e v e n  J .  L o v e 1 a n d  J a m e s  A .  M o o r e  

D e p a r tm e n t o f  C h em is try , U n iv e r s ity  o f  D e la w a re , N e w a rk , D e la w a re  19711  

R eceived  O ctober 16 , 196 7

The reaction of phenyl isocyanate with 2-phenyl-l-pyrroline at 25° leads to 2-phenyl-l-phenylcarbam oyl-2- 
pyrroline (2). A t higher temperatures the 3-substituted 2-pyrroline 4 is formed, and loss of isocyanate from 4 
gives the l-pyrroline-3-carboxanilide 5. The 1-carbamoylpyrroline 2 undergoes rapid thermal elimination of 
phenyl isocyanate at 40°.

Although 2 +  2 cycloaddition reactions of isocyanates 
and olefins or of ketenes and azomethines are well- 
established preparative methods for azetidinones,2 the 
cycloaddition of isocyanates and azomethines to form 
uretidinones have been reported on only a few oc
casions,3,4 and the structural evidence for these products 
was extremely limited by contemporary standards. 
With a view to the possibility of obtaining a 1,6-diaza- 
bicyclo[3.2.0]heptane derivative by this cycloaddition 
process, we have studied the reaction of phenyl iso
cyanate with 2-phenyl-l-pyrroline (1). In previous 
work, a “well-defined” product was reported from the 
reaction of 2,5-dimethyl-l-pyrroline with phenyl iso
cyanate,6 but the composition and structure of the com
pound were not specified.

The reaction of equimolar amounts of 2-phenyl-l- 
pyrroline and phenyl isocyanate at room temperature

(1) N a tio n a l S cience F o u n d a tio n  P re d o c to ra l Fellow , 1965-1967.
(2) H . U lrich , ‘‘C y c lo ad d itio n  R ea c tio n s  of H e te ro o u m u len e s ,” A cadem ic 

P ress In c ., N ew  Y ork , N . Y ., 1967.
(3) A. S eine r a n d  F . G . S h ep h ea rd , J .  Chem. Soc., 494 (1909).
(4) W . J .  H a le  a n d  N . A. L ange, J .  A m er. Chem. Soc., 41, 379 (1919).
(5) G . G . E v a n s , ib id ., 73, 5230 (1951).

in hydrocarbon solution gave an unstable 1:1 product 
in 75% yield. The l-phenylcarbamoyl-A2-pyrroline 
structure 2 was indicated by the shift in the ultraviolet 
maximum from 243 mp in 1 to 255 mp. 2, a triplet nmr 
peak due to H-3 at 5 5.31, and acid hydrolysis to the 
ureido ketone 3. Hydrolysis of 2 resulted in a signifi
cant amount of the original pyrroline as well.

At 110°, equimolar condensation led to a different 1:1 
product and a compound containing one pyrroline and 
two isocyanate units, together with unreacted pyrroline 
and a trace of the hydrolysis product, 3. The 1:1 and 
1:2 products were obtained in a combined yield of 
about 40% (based on phenyl isocyanate), with the 
latter predominating in a ratio of about 3:1.

The minor (1:1) product was a base with ultraviolet 
absorption very similar to that of the pyrroline 1; the 
pK J  was 1.8 units lower than that of 2. Schotten- 
Baumann benzoylation of the compound gave a prod
uct whose properties were consistent with the benz- 
amido ketone 6. These data suggest the A'-pyrroline-
3-carboxanilide structure 5 for the condensation prod
uct. Dickinson and Lang quite recently reported the
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f o r m a t i o n  o f  a n o t h e r  2 - s u b s t i t u t e d  A ^ p y r r o l i n e - S -  
c a r b o x a m i d e  a n d  c o m m e n t e d  o n  t h e  p o i n t  t h a t  t h e  n o n -  
c o n j u g a t e d  t a u t o m e r  i s  t h e  s t a b l e  f o r m . 6

The 1:2 adduct, formed in larger amount at 110°, was 
a neutral compound with Xmax 316 m/x, indicative of a 
conjugated system. It was shown to be the 1-car- 
bamoyl-2-pyrroline-3-carboxanilide 4 by acid hydrolysis 
to the ureido ketoanilide 7 and cleavage of the /3-keto 
anilide system in 7 with base to benzoic acid and the 
anilide 8 (Scheme I). An authentic sample of 8 was 
prepared for comparison from y-aminobutyric acid.

S c h e m e  I

CONHC6H 5 5

^C O N H C 6H 5 M M N H C A

^ N H  o  C(JH,
n :

N H  q  C6H5

CONHC6H 5 c o c 6h 5

7 6V
^ N H

A
C O N H Q H ;

CONHC6H 5

8

At 170°, the A'-S-carboxanilide (5) was the only 
product isolated from the reaction of 1 and isocyanate. 
The product distribution at various temperatures in
dicates that the initial attack of phenyl isocyanate on 1 
occurs at N-l, and that the 3-substituted products 4 
and 5 arise sequentially at higher temperatures. The 
conversion of 4 to 5 occurred in low yield on heating the 
former at 180° under reduced pressure; a more practical 
procedure is the treatment of 4 with aniline, which led 
cleanly to an easily separable mixture of 5 and diphenyl- 
urea.

Conversion of the primary 2-pyrroline 2 or the 3- 
carboxanilide 5 to the disubstituted product 4 with ex
cess phenyl isocyanate could be demonstrated, but 
these reactions did not provide an improved preparation 
of 4 because the presence of excess isocyanate seriously 
complicated the product isolation. In the reaction of 5 
with isocyanate, it appeared from thin layer chro
matography that the amount of the disubstitution 
product increased on cooling the reaction solution from 
80° to room temperature.

(6) W . B . D ick in son  a n d  P . C . L ang , Tetrahedron Lett., 3035 (1967).

Perhaps the most significant point among these trans
formations is the exceptional facility with which the 1- 
carbamoylpyrroline 2 undergoes loss of phenyl iso
cyanate. This reaction was followed by measurement 
of the characteristic isocyanate band in the infrared at 
2250 cm-1. The dissociation of a 0.017 M  solution of 2 
in chloroform at 40° is shown in Figure 1 ; under these 
conditions about 20% of the compound dissociated in 
3 hr. On longer standing the isocyanate concentration 
eventually dropped, presumably owing to further reac
tion with 1 and/or oligomerization. The acceleration 
in rate of isocyanate release evidently reflects catalysis 
of the reaction by the product pyrroline.

The pyrroline 2 is a vinylurea, a system which seems 
not to have been described heretofore.7 The thermal 
decomposition of ureas normally requires temperatures 
above 200°, although biurets and allophanates dissociate 
smoothly at 130°,8 presumably to a cyclic elimination
(9) similar to the decarboxylation of a 13-keto acid. 
The dissociation of 2 can also be envisioned as a cyclic 
process (10), recalling the facile decarboxylation of /3,y- 
unsaturated acids.9,10 The only isocyanate elimination 
comparable with that of 2 of which we are aware 
is the dissociation of 1-phenylcarbamoylimidazole and 
-benzimidazole reported by Staab and others.11,12

C6H 5

9 10

The second stage in the reactions of 1 with phenyl iso
cyanate at higher temperatures is evidently electro
philic attack on the vinylurea system of 2 by another 
mole of isocyanate, and subsequent loss of the 1-car- 
bamoyl group by elimination as in the case of 2. The 
dissociation of 4 was not studied in detail. The com
pound does not decompose at a detectable rate at 
moderate temperatures, but, from the appearance of 5 
at 110°, dissociation must become appreciable at 80- 
100°. The greater stability of 4, compared with 2, is 
consistent with the conjugated enamide system.

Since the present work was completed, the reaction 
of phenyl isocyanate with cyclic azomethine systems 
has been reported by Huisgen and coworkers in con
nection with the general phenomenon of “ 1,4-dipolar 
cycloaddition.”13 With dihydroisoquinoline, a dipolar 
intermediate is obtained which combines with a second 
mole of the azomethine to given an oxotriazine; com
bination of the dipolar intermediate with a second mole 
of isocyanate was not observed, nor were uretidinones 
reported. In another recent related study, attack of 
phenyl isocyanate on 2-methyl-2-oxazoline has been

(7) C o m p o u n d s  of th is  ty p e  h a v e  also  been  o b ta in e d  b y  J . P . C h u p p  a n d  
E . R . W eiss, J .  Org. Chem ., 33, 2357 (1968).

(8) I. C . K ogon, ib id ., 23, 1594 (1958).
(9) R . T . A rno ld , O. C. E lm er, a n d  R . M . D odson , J .  A m er. Chem . Soc., 

72, 4359 (1950).
(10) R . B. W oodw ard  a n d  E . C . K orn fe ld , ib id ., 70, 2508 (1948).
(11) H . A. S ta a b  a n d  W . Benz, Angeiv. Chem., 73, 66 (1961); H . A. S ta a b  

a n d  G. Seel, A n n . C h im ., 612, 187 (1958).
(12) J .  D erkosch , K . Schlogl, a n d  H . W oid ich , M onatsh . C hem ., 88 , 35 

(1957).
(13) R . H uisgen , K . H erb ig , a n d  M . M o rik ^w a, Chem. B er., 100, 1107 

(1967).
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reported to occur at the exocyclic methyl group rather 
than at the annular nitrogen,14 a result which presents 
an interesting contrast to the behavior of the pyrroline 
1. 2-Phenyl-2-oxazoline was unreactive. In the pfes- 
sent work, an attempt was made to bring about reac
tion of 2-phenyl-l-p-toluenesuIfony 1-2-imidazoline with 
phenyl isocyanate; again, no reaction occurred.

The dipolar adduct 1 1 ,  corresponding to that pro
posed in 1,4-dipolar cycloadditions,13 is assumed to be 
the intermediate in the formation of the carbamoylpyr- 
roline 2. Unlike the previous cases studied, further 
addition of a second pyrroline molecule can be inter
dicted by deprotonation. The steric effect of the 
phenyl group may also be an interfering factor in the
1,4-dipolar addition reaction of 1 and the 2-phenyl- 
imidazoline or -oxazoline.

lrN
/

C6H5

11

Experimental Section15
2-Phenyl-l-pyrroline (1) was prepared by the procedure of 

Starr:16 17 bp 95-97° (0.5 mm); mp ~-30°; nmr, SCC1‘ 1.85 
(apparent quintet of triplets, 2, J  =  ~ 7 .5  and ~ 2  Hz; H4),
2.77 (triplet of quintets, 2, J  =  8 and ~ 2  Hz; H3), 3.92 (triplet 
of triplets, 2, J  =  7 and 2 Hz; H 5), 7.24 (m, 3 H; H mela and 
H„aro), 7.73 ppm (m, 2 H; H orlho)."

2-Phenyl-l-phenylcarbamoyl-2-pyrroline (2).— A solution of 
1.14 g (7.9 mmol) of 2-phenyl-l-pyrroline and 0.94 g (7.9 mmol) 
of phenyl isocyanate in 10 ml of n-decane was allowed to stand  
at 25°. A white solid began to separate after 1 hr; after 
24 hr, the mixture was diluted with hexane and the solid was 
collected; 1.55 g (75% ) of white crystals, mp 98-102° and 102- 
108°, was obtained in two crops. After recrystallization from 
methanol, the melting point was 116-117°, but analytical data 
were unsatisfactory. In a subsequent preparation, polar solvents 
were avoided; several recrystallizations from methylene chloride- 
hexane gave 2 as white needle clusters: mp 116-118°; x“ '°H 
255 m/x (e 23,000); rNujoi 3300 (w), 1650 (s), 1625 (w), 1600 
(s), 1540 (s), c m -1; SCDCl3 2 .3-3 .1  (m, 2; H4), 4.22 (t, 2 , J  =  
9 Hz; H5), 5.31 (t, 1, /  =  3 Hz; H3), 6.20 (s, br; N H ), 7 .0 -7 .4  
ppm (m, 9-10; aryl).

A n a l.  Calcd for CnHi6N20 :  C, 77.25; H , 6.10; N , 10.60. 
Found: C, 76.87; H , 5.99; N , 10.51.

Hydrolysis of 2 was carried out by warming a solution of 100 
mg of 2 in 1.5 ml of dioxane and 1.5 ml of 6 A1 HC1 for 1 hr. 
After addition of water and chilling, a pale tan solid, 25 mg, mp 
136-138°, separated. The infrared spectrum corresponded in all 
peaks with that of a specimen of the urea 3 characterized as 
described below. The acidic filtrate was ba-sified, and the ether- 
soluble base was converted into the picrate of 2-phenyl-l- 
pyrroline, 69 mg, mp 202° dec.

Dissociation of 2-Phenyl-l-phenylcarbamoyl-2-pyrroline (2).— 
The infrared measurements were recorded on a Perkin-Elmer 
M odel 337 spectrophotometer using a2 .5 -m m  cavity cell. The 
integrated absorption intensity of the isocyanate band was

(14) R . N eh rin g  a n d  W . S eeliger, A n n . C him ., 698, 167 (1966).
(15) M e ltin g  p o in ts  w ere  d e te rm in ed  w ith  a  F ish e r-Jo h n s  b lock . In f ra re d  

sp e c tra  w ere o b ta in e d , ex c ep t w here  o th e rw ise  s ta te d , w ith  a  P e rk in -E lm e r 
M odel 137 sp e c tro p h o to m e te r . N m r sp e c tra  w ere o b ta in e d  w ith  a  V arian  
A-60A in s tru m e n t.

(16) D . F . S ta r r ,  H . B u lb ro o k , a n d  R . M . H ixon, J.  A m er. Chem. Soc., 64, 
3971 (1932).

(17) In  n m r  descrip tio n s , s =  sin g le t, d  =  d o u b le t, t  =  tr ip le t ,  q  =  q u in 
te t, m  =  m u ltip le t; th e  n u m e ra l follow ing th e  m u ltip lic ity  is th e  w hole nu m b e r 
of p ro to n s  b y  in te g ra tio n .

O  4 0  Ô O  1 2 0  1 4 0  2 0 0

t i m e  . m inj.
Figure 1.— Loss of phenyl isocyanate from 2 at 40° inO. 017 M  

CHC13 solution.

obtained by cutting out and weighing the peak. A calibration 
curve with known concentrations of phenyl isocyanate (0 .5 -5 .0  
X 10 ~3 M )  was used to obtain concentrations; this curve was 
not linear (negative slope).

Reaction of 2-Phenyl-l-pyrroline and Phenyl Isocyanate at 
110°.—A solution of 5.02 g (0.035 mol) of freshly distilled 2- 
phenylpyrroline and 4.13 g (0.035 mol) of phenyl isocyanate in 
75 ml of toluene was refluxed for 21 hr. An orange color de
veloped but faded on cooling. D istillation of the toluene gave 
a semisolid residue which was dissolved in warm CC14. Addition 
of hexane gave a pale brown gum (A).

Evaporation of the hexane solution gave an oil which contained 
phenyd isocyanate (odor) and a basic substance. A methylene 
chloride solution of the oil was extracted with 5 N  HC1; basifica- 
tion of the aqueous phase gave a yellow oil which was treated 
with picric acid to give 4.0 g (0.011 mol, 31%) of 2-phenyl- 
pyrroline picrate, mp 200° dec (lit.16 198° dec).

The residue from the methylene chloride phase was partially 
crystalline; after trituration with warm ethyl acetate, the solid 
was collected to give 0.3 g, mp 138-140°. Recrystallization from 
isopropyl alcohol-hexane gave colorless crystals of l-phenyl-3- 
[l-(3-benzoyl)propyl]urea (3): mp 141-142°; rNujoi 3380, 1690, 
1650 cm “1; 8 (pyr-d s) 1.35 (q, 2, J  =  6 H z), 2.33 (t, 2 ,  J  =
6 H z), 2.83 ppm (q, 2, J  — 6 H z).

A n a l .  Calcd for Ci7H18N 20 2: C, 72.32; H, 6.43; 0, 11.33. 
Found: C, 72.71; II, 6.50; 0 ,1 1 .3 1 .

The gum (A) precipitated with hexane was crystallized by 
digesting with ether; a total of 3.6 g of crystalline solid was 
obtained. The melting point was very broad and thin layer 
chromatography showed a mixture of two compounds, with  
the less polar (faster m oving) one in larger am ount. The ratio 
of the two products was about 3:1 based on thin layer chromatog
raphy and the amounts finally isolated. The actual yields cannot 
be stated because of large losses on recrystallization.

Crystallization from m ethanol-water and then 2-propanol- 
water gave the major component, mp 168-170°. Further re- 
crystallization from benzene-hexane furnished a pure sample of
2-phenyl-l-phenylcarbamoyl-2-pyrroline-3-carboxanilide (4): mp 
170-171°; x22°" 316 mM (<= 18,000); rNujoi 3400, 1680, 1650 
cm "1; 5CDCl3 3.00 (t, 2, J  =  9 Hz; H4), 4.11 (t, 2, /  =  9 Hz; 
H 5), 6.19 (s, N H ), 6.72 (s, N H ), 7 .1 -7 .6  ppm (m, aryl).

A n a l .  Calcd for C24H 2iN 30 2: C, 75.17; H , 5.52; 0 ,  8.35. 
Found: C, 74.89; H , 5.74; O, 8.32.

The aqueous methanol mother liquors from the initial crystal
lization of 4 were concentrated to give crystals, mp 180-183°, 
corresponding to the slower moving component on thin layer 
chromatography. Further crystallization from aqueous ethanol 
gave 2-phenyl-l-pyrroline-3-carboxanilide (5): mp 183-184°;
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X l\0H 243 mM (* 28,000); rNujoi 3300, 1655; pK J  (50% MeOH) 
4 l'8 [pifa' (50% M eOH) of 2-phenyl-1-pyrroline was 5.9].

'A n a l .  Calcd for C„Hi6N20 :  C, 77.25; H, 6.10; N , 10.60. 
Found: C, 76.82; II, 5.82; N , 10.49.

2-Benzoyl-4(N'-phenylureido)butananilide (7 ).— A suspension 
of 200 mg of 4 in 6 ml of 6 A  HC1 was warmed on the steam  bath. 
After a few minutes the solid 4 became gummy and, on further 
heating and stirring, the gum crystallized. The solid was collected, 
washed w ith water, and air-dried to give 187 m g, mp 195-198°. 
Recrystallization from pyridine-water gave colorless crystals of 
7: mp 201-202°; rNujoi 3400, 1695, 1680, 1650 c m -1.

A n a l .  Calcd for C2,H 23N 30 3: C, 71.80; H , 5.78; N , 10.47. 
Found: C, 72.37; II, 5.97; N , 10.68.

4-(N'-Phenylureido)butananilide (8).— A mixture of 181 mg of 
the 2-benzoylanilide 7, 5 ml of 15% NaO H , and 4 ml of ethanol 
was stirred at 80° for 6 hr. The solid changed in appearance 
during this treatm ent from a fine powder to larger crystals. 
After addition of water the solid was collected, washed with 
water, and air-dried to give 85 mg (63% ), mp 238°. Recrystal
lization from pyridine-water gave colorless crystals of 8: mp 
240-241°; ^Nujoi 3400, 1650 cm "1.

A n a l .  Calcd for Ci,H i9N 30 2: C, 68.66; H , 6.44; N , 14.13. 
Found: C, 68.77; II, 6.74; N , 14.10.

The alkaline filtrate from above was partially neutralized 
(pH 10) and evaporated to dryness. The solid residue of sodium  
benzoate and inorganic salt was treated with thionyl chloride, 
evaporated, and treated with excess aniline. After acidification 
the solid product was collected; the melting point was 150-160°. 
Recrystallization from ethanol gave a sample of benzanilide 
whose ir spectrum corresponded to that of an authentic sample.

Synthesis of 8 from 4-Aminobutanoic Acid.— 4-(N '-Phenyl- 
ureido)butanoic acid was prepared by dropwise addition of 4.7  
ml (0.043 m ol) of phenyl isocyanate, with vigorous stirring over 
a 30-min period, to a solution of 4.10 g (0.04 m ol) of 4-amino- 
butanoic acid in 20 ml of 2 N  NaO H . After stirring for an addi
tional 12 hr, a small amount of insoluble solid was removed and 
the solution was acidified; the ureido acid was collected, washed 
with water, and dried to give 8.0 g of colorless crystals, mp
127-128° (lit.18 19 mp 126°).

To a solution of 2.2 g of this acid in 20 ml of 1,2-dim ethoxy- 
ethane (glym e) was added 0.95 ml of oxalyl chloride. After a 
transient yellow color had faded and a small am ount of solid 
separated, the mixture was stirred for 1 hr and evaporated in  
vacu o  to a white solid residue (minimal conditions were used to 
suppress cyclization of the acid chloride). A solution of 0.9 ml 
of aniline in 15 ml of glyme was then added, and after stirring 
for 30 min, the mixture was diluted with water. The resulting 
voluminous solid precipitate was collected. M uch of this solid 
was soluble in aqueous alkali and was presumably unreacted 
ureido acid. The alkali-insoluble material was collected, washed, 
and air-dried to give 250 mg of solid of indefinite m elting point. 
This solid was warmed in pyridine, some insoluble material was 
removed, and the pyridine was evaporated to give colorless 
crystals of 8, mp 238°; the infrared spectrum corresponded, in 
position and relative intensities of 17 peaks, with that of a 
sample obtained by hydrolysis of 7.

(18) W e th a n k  D r. J .  M . V an d e n b e lt a n d  M rs. C . S pu rlo ck , P a rk e , 
D a v is  a n d  C o ., fo r th e  p-K a' m e asu rem en ts .

(19) G erm an  P a te n t  929,191 (Ju n e  20, 1955); Chem . A b str ., 52, 54 5 7 /
(1958).

2-Benzoyl-4-benzamidobutananilide (6).— A mixture of 150 
mg of the l-pyrroline-3-carboxanlide (5), 0.24 g of benzoyl 
chloride, and 1 ml of 10% aqueous NaOH was shaken vigorously 
in a stoppered tube until the solid had become gum m y and then 
resolidified. The aqueous solution was decanted, and the residue 
dissolved in ethanol. The solution was treated w ith charcoal, 
filtered, and diluted with water, and the resulting poorly formed 
crystals were collected to give 73 mg of off-white solid, mp 187- 
193°; thin layer chromatography showed the presence of a 
small am ount of unreacted 5. Recrystallization from ethanol and 
then chloroform-hexane gave colorless prisms of 6: mp 198-199°; 
rNujoi 3300, 1690, 1660, 1645 c m -1; 6 (pyr) 2.73 (m, 2), 3.90  
(m, 2), 5.00 ppm (t, 1, J  =  7 Hz; H2).

A n a l.  Calcd for C24H22N 20 3: C, 74.59; H, 5.74; N , 7.25. 
Found: C, 74.78; H , 5.96; N , 6.97.

Reaction of 2-Phenyl-l-pyrroline and Phenyl Isocyanate at 
170°.— A solution of 3.68 g (25 mmol) of pyrroline and 2.74  
ml (25 mmol) of isocyanate in 25 ml of decane was refluxed with  
stirring for 2 hr. A dark oil which separated during the heating 
period solidified on cooling. Tic showed four components, 
with 5 as the major spot. The solid was slowly crystallized from 
methanol at 0 ° , giving 1.9 g of pale yellow crystals which was 
largely 5 (thin layer chromatography). Recrystallization from 
tetrahydrofuran gave 1.3 g of 5, mp 184-185°.

2-Phenyl-l-pyrroline-3-carboxanilide (5) from 4.— A solution of 
765 mg of 4 in 7 ml of xylene containing 180 mg of aniline was 
refluxed for several hours, during which time a white precipitate 
of diphenylurea separated. The hot mixture was filtered, and 
340 mg (80% ) of urea was collected; on cooling, the filtrate de
posited 436 mg (83% ) of crystals of 5, mp 173-175°; the infrared 
spectrum was identical with that of the sample of 5 described 
above.

2-Phenyl-l-p-toluenesulfonyl-2-im idazoline.— To a solution  
of 5 .0 g of 2-phenylimidazoline20 in 20 ml of pyridine containing
3.46 g of triethylam ine was added during 30 min a solution of
6.5 g of p-toluenesulfonyl chloride in 30 ml of m ethylene chloride. 
After several hours, ether was added and the precipitated tri
ethylam ine hydrochloride was collected. The filtrate was 
washed thoroughly with water, dried, and evaporated to an 
oil which crystallized at 0°. Recrystallization of the crude solid 
(9.9 g, mp 74-78°) from m ethanol-water and then carbon 
tetrachloride-hexane gave white needles, mp 8 6-87°.

A n a l .  Calcd for Ci6HieN 20 2S: C, 63.99; H , 5.37; N , 9 .33. 
Found: C, 63.80; H , 5.19; N , 9.04.

A solution of 1.5 g (5 mmol) of the tosylimidazoline and 0.6 g 
(5 mmol) of phenyl isocyanate in 5 ml of benzene was stored at 
25° overnight. Thin layer chromatography showed no indication  
of reaction. After 12-hr reflux there was still no evidence of 
reaction; after adding aniline at this point, diphenylurea and 
unchanged imidazoline were recovered in 90% yields.

Registry No.—1, 700-91-4; 2, 16054-51-6; 3, 16054-
56-1; 4, 16054-52-7; 5, 16109-69-6; 6, 16054-57-2; 7, 
16054-53-8; 8, 16054-54-9; 2-phenyl-l-p-toluenesul- 
fonyl-2-imidazoline, 16054-55-0; phenyl isocyanate, 
103-71-9.

(20) R . F o rsy th , V. K . N im k a r , a n d  F . L . P y ra a n , J .  C hem . Soc ., 800 
(1926).
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Sodium  Borohydride Reduction of Cross-Conjugated 1-Pyrrolines. 
Th e Reinvestigation of the Form ation of a l-AzabicyclofS^.O Jheptane1

A. I. M e y e r s  a n d  H. S i n g h

D e p a r tm e n t o f  C h em is try , L o u is ia n a  S ta te  U n iv e r s ity  i n  N e w  O rlean s, N e w  O rlean s, L o u is ia n a  701 2 2

R ece ived  J a n u a r y  29 , 19 6 8

The cyclization of 2-(2-chloroethyl)-3-isopropylidene-5,5-dim ethyl-l-pyrroline (1) has been reexamined and 
found to give, in addition to the previously reported 1-azabicyclo [3.2.0]heptane system  (3, n  =  2), two other 
products, 3-isopropylidene-5,o-dimethyl-2-vinylpyrrolidine (5) and 2-ethyl-3-isopropylidene-5,5-dimethylpyr- 
rolidine (4). The latter two products were formed from the intermediate 2-vinyl-l-pyrroIine derivative (7) by
1,2 and 1,4 addition of sodium borohydride. A study to determine the effect of varying conditions on the reduc
tion of 7 was made and in all cases the 3-isopropylidene group was unaffected whereas 1,4 addition was the pre
dominant path taken. Spin-decoupling experiments were performed on the 1-pyrrolines and long-range coupling 
between the isopropylidene m ethyl protons and the ring protons was observed.

In 1961, the formation of 1-azabicycloalkanes (3) 
was reported2 to occur via the sequential process shown 
in Scheme I. The bicyclic bases were obtained in good

S c h e m e  I

2 3 (n =  2,3,4)

yields without isolation of any of the intermediates, 1 
and 2. In connection with another study, the 1-azabi
cyclo [3.2.0]heptane, 3 (?i = 2), was required and upon 
examination of an 8-year-old sample by gas chroma
tography it was found to consist of a three-component 
mixture. In order to determine whether the bicyclic 
base had deteriorated in storage or whether the pre
viously reported compound was indeed a mixture, the 
synthesis was repeated in exactly the same manner. 
Although the infrared spectrum and elemental analysis 
of “pure” 3 (n = 2) were in accord with the previously 
reported results, the gas chromatogram revealed three 
distinct peaks in the ratio 2.5:1:2.4. The nmr spec
trum of the mixture confirmed the complexity of “pure” 
3 (n = 2) and exhibited signals in the vinyl region 
(4.6-6.1 ppm) as well as signals which disappeared up
on the addition of heavy water. The mixture was 
separated by collection from the gas chromatograph 
effluent and each fraction examined by nmr. The first 
fraction, which represented 42.4% of the mixture, 
possessed a well-defined triplet at 0.89 ppm (3 H, J = 
7 Hz), a quartet partially hidden at 1.2-1.6 ppm (2 H, 
J = 7 Hz), a broad signal centered at 3.78 ppm (1 H), 
two sharp singlets at 1.03 (3 H) and 1.35 ppm (3 H), a 
broad intense peak at 1.67 ppm (6 H), an AB quartet 
centered at 1.95 and 2.27 ppm (2 H, J  = 14 Hz), and a 
broadened peak at 1.75 ppm (1 H) wThich was exchange
able with deuterium oxide. The infrared spectrum 
possessed a broad band at 2.95 p as the only distinctive

(1) T h is  s tu d y  w as su p p o rte d  b y  th e  N a tio n a l I n s t i tu te s  of H e a lth  
(N IG M S -06248-08) a n d  th e  U . S. A rm y  R esea rc h  a n d  D e v e lo p m e n t C om 
m and  (D A -49 -193 -M D -2991). T h is  is  C o n tr ib u tio n  N o. 328 to  th e  A rm y  
R esearch  P ro g ra m  on M a la r ia .

(2) A. I. M ey e rs  a n d  W . Y . L ibano , J .  Org. Chern., 26, 4399 (1961).

feature. These data suggested that the initial com
ponent of the mixture was the 2-ethylpyrrolidine 
derivative, 4. The second fraction collected, repre
senting 16.9% of the mixture, possessed an exchange
able proton signal (~1.3 ppm), the characteristic 
terminal vinyl signals at 4.6-6.1 ppm (3 H), a doublet 
at 4.25 ppm (1 H, J  = 8 Hz), a broad singlet at 1.65 
ppm (6 H), two sharp singlets at 1.08 (3 H) and 1.26 
ppm (3 H), and a diffuse AB quartet centered at 2.27 
ppm. The infrared spectrum exhibited absorption at
2.95 and 6.08 p .  These data were consistent with the
2-vinylpyrrolidine, 5. The third and final component 
representing 40.7% of the mixture did not exhibit any 
change in its nmr spectrum upon the addition of heavy 
water. The spectrum contained two sharp singlets at 
0.92 (3 H) and 1.12 ppm (3 H), a broad triplet and a 
diffuse triplet (indicating long-range coupling) at 
1.56 (3 H) and 1.69 ppm (3 H), respectively, an AB 
quartet at 2.30 and 2.65 (2 H, /  = 10 Hz), a multiplet 
centered at 3.30 ppm (2 H), and a diffuse doublet at
4.35 (1 H). The infrared spectrum possessed no ab
sorption in the 3-m region. This component was con
sidered to be the 1-azabicyclo[3.2.Ojheptane, 3 (n = 2), 
originally reported.2 To confirm the structures as
signed to 4 and 5, their synthesis was accomplished 
using 2,5-dimethyl-2,5-hexanediol and propionitrile and 
acrylonitrile, respectively,3 to obtain the 1-pyrrolines, 
6 and 7 (Scheme II). The former was reduced in 94%

*—X
9,X =  Cl 

10, X=NEt2

S c h e m e  II

1,4

1,2

%tD X ', i r
H

8

H 1—NEt2 H II I

« 1

H I

(3) A. I .  M ey ers  a n d  J . J . R it te r ,  ib id ., 23, 1918 (1958).
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yield to the pyrrolidine derivative, 4, utilizing aqueous 
sodium borohydride at pH 3-5. Comparison of this 
product with that isolated from the aforementioned 
mixture showed that they were identical in every re
spect. On the other hand, reduction of the 2-vinyl- 
pyrroline, 7, under these conditions gave a 97% yield of 
a mixture which contained two components identical, 
with respect to their retention times, with 4 and 5 iso-

1.95

I (ITT
2.36 H S' 3160-1.65

H - Ï -------f ~ C H 3
CH3-JL JU-H  4.25 

1,26 CH=CH2 46_5'3 
1.083 1 ,  5 .5-6.! (ABX)

5

lated earlier. Furthermore, both products were col
lected from the effluent of a gas chromatograph and 
exhibited nmr spectra identical with 4 and 5. The 
origin of 4 (and 5) is undoubtedly due to 1,2- and 1,4- 
hydride addition upon 7 resulting in 8 and 5. The 
former, which is an enamine, is protonated to 6 in the 
acidic medium and is subsequently reduced to 4. The 
successive reduction of conjugated double bonds by 
metal hydrides has been amply discussed in a recent 
review.4 * Since 7 represented an unusual cross-con
jugated system, addition information regarding the fac
tors affecting the mode of reduction were considered to 
be of interest. Varying conditions (time, tempera
ture, and quantity of borohydride) were studied and 
the results are summarized (Table I). I t can be seen 
that support for the above mechanism (7 —► 8 -*• 6 —► 4) 
is adequately obtained by the isolation of 6 when less 
than 1.0 molar equiv of sodium borohydride is em
ployed (entry 2). The slight variation in the ratio of 4 
to 5 (2-3:1) under all conditions when sufficient boro
hydride was used (entries 1, 4, 5, 6) is a good indication 
that the vinyl derivative 7 is the intermediate during 
the concurrent formation of the 1-azabicyclo [3.2.0]- 
heptane, since 4 and 5 accompanied the latter within 
these limits (2.5:1).

The appearance of 7 as a by-product in the formation 
of 9 by the previously described route2 is to be expected 
since ^-substituted 1-pyrrolines readily eliminate hy
drogen halides or amines (10) to form the vinyl con
jugated systems. This elimination takes place merely

(4) R . E . L y le  a n d  P . S. A nderson , A dvan . Heterocycl. Chem ., 6, 45
(1966).

T a b l e  I

Sodium  B orohydride R eduction  of 
3-Isopro pylid in e-5,5-dim ethyl-2-vinyl-1-pyrro lin e  (7)“ 

M oles of
N a B H i/  T o ta l
m ole  of T im e , recove ry , /—C o m p o u n d , %-

E n try 7 T , °C h r % 4 5 6 7

1 1 . 0 0-5 1 97 66 34
2 0 .5 0-5 1 95 11 29 31 29
3 1 . 0 ( —15)—( — 20) 1 85 49 33 11 6
4 2 .0 0-5 1 95 67 33
5 1 . 0 0-5 3 98 65 35
6 2 .0 0-5 3 97 70 30
“ Product composition was determined using a gas chromato

graph containing a 12-ft column packed with 5% K OH -Chrom o- 
sorb P  coated with 20% D ow  Com ing DC-710 at 130°. All reac
tions were carried out in aqueous solutions at pH  3 -5  except 
entry 3, which was performed in the presence of added ethanol 
(1:1).

on standing or with slight warming. It was observed 
that the aminoethylpyrroline, 10, could not be distilled 
even under the mildest conditions and when attempts 
were made to determine its purity by gas chromatog
raphy only the peak characteristic of 7 was visible. 
However, if crude and freshly prepared 10 was reduced 
with sodium borohydride, it was smoothly converted 
into the pyrroline 11 which was completely stable dur
ing distillation. This fact is not surprising since the 
driving force (conjugation) for elimination has been 
removed. Of further interest is the fact, that in every 
case studied, the exocyclic double bond on the ring was 
completely unaffected by the borohydride reduction. 
I t is quite probable that, even though the isopropylidene 
group is conjugated to the C =N  link, the bulk of the 
methyl groups inhibit hydride attack. Steric effects 
upon borohydride reductions have been noted pre
viously.4

The predominance of 1,4 addition of borohydride in 
every case can be attributed to a chelation effect of the
2-vinylpyrroline with the hydride reagent giving rise 
to a complexed intermediate and a subsequent transi
tion state of similar geometry. 1,2 addition would be 
somewhat inhibited by the presence of the 2-vinyl sub
stituent. The nmr spectra of the 1-pyrrolines, 6 and 7,

and their reduced derivatives, 4 and 5, deserve some 
comment. Examination of the 60-MHz spectrum of 7 
reveals that the methyl protons of the isopropylidene 
group appear as diffuse triplets at <$ 1.79 (J w? 1 Hz) 
and 1.97 ppm (J — 2 Hz). The C-4 protons, normally 
expected to appear as a singlet (the gem-dimethyls at 
C-5 form a sharp six-proton singlet) resonate at S 2.4 
ppm as a broad singlet. When the latter signal is 
irradiated, both methyl signals are clearly decoupled 
to the expected singlets indicating homoallylic coupling 
between the protons at C-4 and the isopropylidene 
group.6 Since homoallylic coupling is known to be 
greater in transoid than in cisoid systems, the methyl

(5) N . S. B h ac ca  a n d  D . H . W illiam s, “ A p p lic a tio n s  of N M R  S p ec tro sc o p y
in O rgan ic  C h e m is try ,’’ H o ld en -D ay , In c ., S an  F ran c isc o , C alif., 1964, p  110.
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group at 1.79 ppm is assigned cis to the C-4 protons 
and the methyl group at 1.97 ppm assigned trans. 
Similar spectral properties were observed for the
2-ethyl pyrroline, 6, on the basis of decoupling experi
ments. The spectrum of 5, on the other hand, showed 
no long-range coupling between the isopropylidine 
group and the C-4 protons. Irradiation of the AB 
quartet at 2.22 and 1.36 ppm failed to alter the two 
overlapping singlets at 1.60-1.65 ppm. Similar lack 
of long-range coupling was also observed in 4. It is, 
therefore, concluded that the long-range coupling ob
served in 6 and 7 is due to the rigidity of the ring which 
contains four sp2 centers (not including the 2-substit
uents) and is absent in 4 and 5 owing to the increased 
flexibility of the five-membered ring. Since coupling 
depends upon [cos2 8 (CH2C=C) ] [cos2 6 (CH3C=C)] 
relationship of the dihedral angles of the homoallylic 
protons involved,6 the rigidity of 6 and 7 allows the C-4 
protons and the methyl protons to assume a 90° orien
tation with respect to the C=C. When the C = N  is 
reduced, the ring, with its added flexibility, may as
sume several successive conformations resulting in the 
destruction of the dihedral angles necessary to produce 
long-range coupling.

1.77 1.79

Experimental Section7
The nmr spectra were taken on a Varian A-60 spectrometer 

using deuteriochloroform as the solvent and tetramethylsilane as 
the internal standard. Spin decoupling was performed on a 
Varian V-6058 instrument. Infrared spectra were taken on a 
Perkin-Elmer 257 grating spectrophotometer. The gas chro
matography experiments were performed on a F & M 500 gas 
chromatograph equipped w ith a disk integrator. The accuracy 
of the determinations were ± 2 % .

3-Isopropylidene-5,5-dim ethyl-l-azabicyclo[3.2.0]heptane (3, 
n  =  2 ).— The previously reported2 synthesis was repeated and 
the pure azabicycloheptane derivative obtained by gas chromato
graphic separation as described earlier: bp 110° (40 mm);
n26r> 1.4785.

A n a l.  Calcd for CuH 19N : C, 80.00; H, 11.51; N , 8.48. 
Found: C, 79.98; H, 11.21; N , 8.49.

2-Ethyl-3-isopropylidene-5,5-dimethyl-l-pyrroline (6) and 3- 
isopropylidene-5,5-dimethyl-2-vinyl-l-pyrroline (7) were prepared 
as described in a previous report.

2-Ethyl-3-isopropylidene-5,5-dimethylpyrrolidme (4).— A solu
tion of 6  (16.5 g, 0.1 mol) in 1.2 M  sulfuric acid (15 m l) was 
cooled to 0° w ith stirring and the pH adjusted to 3 -4  by the 
addition of 6 M  sodium hydroxide. The reduction and isolation

(6) M . K a rp lu s , J .  Chem. P h y s ., 33, 1842 (1960).
(7) A nalyses p erfo rm e d  b y  G a lb ra i th  L a b o ra to r ie s , K noxv ille , T e n n .

was carried out in exactly the sam e manner as the typical pro
cedure for the reduction of 7 (below). There was obtained 15.8 g 
(94.5% ) of the reduced product, 4, bp 39-40° (1 m m). The spec
tral properties have been discussed in the text.

A n a l .  Calcd for C„H 2iN : C, 79.15; H, 12.57; N, 8.38 
Found: C, 79.09; H, 12.36; N, 8.29.

Reduction of 3-Isopropylidene-5,5-dimethyl-2-vinyl-l-pyrroline
(7). Typical Procedure (Entry 1, Table I).— A solution of 7 
(8.15 g, 0.05 mol) in 20 ml of 1.5 M  sulfuric acid was cooled to 
0° in an open beaker. The electrodes of a pH meter (Beckman 
Zeromatic) were inserted and 6 M  sodium hydroxide added to 
render the solution pH 3 -4 . A solution of sodium borohydride 
(1.9 g, 0.05 m ol) in 10 ml of water containing 1 drop of 35% so
dium hydroxide was added dropwise w ith m agnetic stirring to 
the above maintaining the temperature between 0 and 5° and 
the pH 3-5  by the periodic addition of 4 M  sulfuric acid. The 
addition of the reducing solution required 15 min (as in all 
cases in Table I) and then the mixture was stirred for 1 hr at 0° 
and pH 3-5 . The mixture was then made strongly alkaline with 
35% sodium hydroxide maintaining the temperature of the beaker 
contents below 15° during the neutralization. The alkaline solu
tion was extracted with ether; the latter solution was dried 
(Na2S 0 4), concentrated, and distilled giving 8.0 g (97% ) of a 
mixture of 4 and 5, bp 110-117° (40 mm ). A sample was removed 
and introduced into the gas chromatograph giving the data  
tabulated.

2-(2-Diethylaminoethyl)-3-isopropylidene-5,5-dlmethyl-l-pyr- 
roline (10).— To a cold (0°), stirred solution of 3-diethylamino- 
propionitrile (25.3 g) in 200 g of concentrated sulfuric acid was 
added, in portions through a powder funnel, 2,5-dim ethyl-2,5- 
hexanediol (29.2 g) over a 30-min period. The mixture was 
stirred at 0 -5 °  for 2 hr and poured onto 400 g of chipped ice. 
The aqueous mixture was extracted w ith chloroform until the 
latter extracts were colorless and then made alkaline with 35%  
sodium hydroxide. Care was taken to maintain the temperature 
of the solution below 25° during the neutralization. The oil 
which had separated was extracted w ith ether, dried (K2CO3), 
and concentrated to give 25.7 g of crude 10. Thin layer chro
matography (dioxane) indicated that the product was only 
slightly contaminated w ith a minor component. Attem pted  
distillation at 70° (0.1 mm) resulted in considerable elimination 
of the amine m oiety giving a mixture of 10 and the v inyl pyrro
line 7.

The crude product (10) had ir bands (neat) at 6.09 (C = C ),
6.28 m (C = N );  nmr (CDC13), 5 2.75 (s, 4, > N C H 2CH2N < ) ,
2.62 (q, 4, -C H 2CH3), 2.40 (m, 2, C,4), 2.00 (t, 3, J  =  2  Hz, 
= C C H 3), 2.81 (t, 3, J  =  0 .5  Hz, = C C H 3), 0 .9 -1 .4  [s, t, 12, 
(CH3)2, -C H 2CH3)2] .

The product was used without further attem pts at purification 
for the subsequent experiment.

2-(2-Diethylaminoethyl)-3-isopropylidene-5,5-dimethylpyrroli- 
dine (11).— A solution of 10 (11.8 g, 0.05 m ol) in 50 ml of 4 M  
sulfuric acid was cooled to 0 -5 °  in a beaker and fitted w ith elec
trodes from a pH m eter. The pH  was adjusted to 3 -5  by the 
dropwise addition of 6 M  sodium hydroxide. Sodium borohydride 
(1.9 g, 0.05 mol) dissolved in 15 ml of water containing 1 drop of 
the aforementioned pH and temperature. After stirring for 1.5 
hr, the solution was rendered alkaline (pH 9-10) and extracted 
repeatedly w ith ether. The extracts were dried (K 2C0 3 ), con
centrated, and distilled to give 5.8 g (50% ) of 11: bp 66-70°  
(0.1 mm); ir (neat), 2.96 (N H ); nmr (neat), 5 3.86 (m, 1, 
H-2)

A n a l .  Calcd for C ,5H 30N 2: C, 75.67; H, 12.60; N , 11.76. 
Found: C, 75.30; H, 12.88; N , 11.44.

Registry No.—Sodium borohydride, 1303-74-8; 3 
(n = 2), 16336-07-5; 4, 16336-08-6; 7, 16336-09-7; 10, 
16336-10-0; 11, 16336-11-1.
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7-Substituted 2,3-Diazabicyclo[2.2.1]heptane Derivatives. 
Synthesis of a Stable Ketone Hydrate

N . P. M arullo  and  J. A. A l f o r d 1

D e p a r tm e n t o f  C h em is try , C lem so n  U n iv e r s ity , C lem son , S o u th  C a ro lin a  29631  

R eceived  S ep tem b er 12 , 1 9 6 7

The synthesis of 2,3-phthalyl-7,7-diethoxy-2,3-diazabicyclo[2.2.1]hept-5-ene (4) and its saturated analog (5) 
is described. These ketals are inert toward hydrolysis. Ozonolysis of 2,3-dicarbethoxy-7-isopropylidene-2,3- 
diazabicyclo[2.2.1]heptane (10), prepared by hydrogenation of the Diels-A lder product of dim ethylfulvene and 
diethyl azodicarboxylate, results in formation of the stable ketone hydrate 2,3-dicarbethoxy-7,7-dihydroxy-2,3- 
diazabicyclo [2.2.1] heptane (13).

The work reported here is concerned with attempts 
to provide synthetic routes to 7-substituted 2,3-diazabi- 
cyclo [2.2.1 [heptanes. After completion of this work, 
Allred and Anderson2 reported the first successful 
preparation of this type of compound by the Diels- 
Alder reaction of the diethyl ketal of cyclopentadienone 
(1) and dimethyl azodicarboxylate (Scheme I). We

S c h e m e  I

OC2H5 n - co2c h3

oc2h5 n - co2ch3
1

2

expected result since 7,7-dimethoxybicyclo[2.2.1]hept-
2-ene, its saturated analog, and the dimer of the diethyl 
ketal of cyclopentadienone are readily hydrolyzed at 
room temperature by dilute mineral acids.3'4 The 
unreactivity of 4 and 5 toward hydrolysis, however, is 
in agreement with the results of Allred and Anderson.2 
They found that the ketal 2, its saturated analog, and 
the corresponding 2,3-dimethyl compound are also 
inert toward hydrolysis.

In view of the inability to generate a keto function at 
the 7 position by the above synthetic route an alternate 
procedure was examined. This procedure has as its 
starting point a Diels-Alder reaction of a fulvene with 
3 and is outlined in Scheme III. Both 6 and 7 reacted

h 5c2o. ,oc2h .

•N— C02CH3 

■N— C02CH3

had unsuccessfully attempted the same route. In the 
presence of a 1 M  excess of diethyl azodicarboxylate (3) 
we were unable to trap 1. However, the more reactive 
dienophile, 1,4-phthalazinedione, readily intercepted 1 
to give a good yield of the expected adduct 4 which gave 
the corresponding dihydro compound 5 upon hydro
genation (Scheme II). Although a variety of condi-

S c h e m e  II

1 +

4

tions were employed (see Experimental Section) ketals 
4 and 5 were inert toward hydrolysis and formation of 
the corresponding 7-keto derivatives. This was an un-

= \
S"R

6 ,  R =  CH3
7, R = C 6Hs

O

S c h e m e  III

+

V R

■N— C02C2H5 
■N—C02C2H5

8 ,  R =  CH3
9, R = C6Hs

|h2

7N—co2c2h5
■N— C02C2Hs 
12

■n - co2c2h 5 
■ co2c2h 5

10, r  =  c h3
11, r  =  c6h 5

with 3 exothermally and quantitatively, as evidenced by 
dissipation of the orange color of the reactants. The 
infrared and nmr spectra of the reaction mixture showed 
only trace amounts of residual starting materials.

The Diels-Alder adduct 8 was isolated as a pale 
yellow oil which had an infrared and nmr spectrum 
consistent with the assigned structure. Efforts to 
purify this oil by column chromatography, gas chroma
tography, molecular distillation, and crystallization 
were unsuccessful and instead resulted in its decompo
sition or conversion to other materials. This was 
evidenced by the increasing orange color of the oil, the 
appearance of N-H stretching in the infrared spectrum, 
and changes in the nmr spectrum to one of greater 
complexity. I t appears that 8 undergoes slow Diels-

(1) A b s t ra c te d  from  th e  th e s is  of J . A . A lford , s u b m it te d  in  p a r t ia l  fu lfill
m e n t of th e  M .S . deg ree  req u ire m e n ts  a t  C lem son  U n iv e rs ity , M a y  1966.

(2) E . L . A llred  a n d  C. A nderson , J .  Org. Chem ., 32 , 1874 (1967).

(3) P . G . G assm an  a n d  P . G . P o p e , ib id ., 29, 160 (1964).
(4) P . E . E a to n  a n d  R . A. H . H u d so n , J .  A m er. Chem . Soc., 87 , 2769 

(1965).
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Alder reversal at room temperature followed by an 
abstraction-addition reaction to give a substituted 
hydrazide. Similar behavior has been previously 
reported for the Diels-Alder adduct of 3,6-pyridazine- 
dione and 6.5

Freshly prepared 8 rapidly absorbed 1 molar equiv of 
hydrogen, in which the endocyclic double bond was 
preferentially reduced to give 10. Compound 10 was 
ozonized in a methanolic solution and the intermediate 
ozonide was catalytically hydrogenated6 with palla
dium. Subsequent nonaqueous work-up gave an oil 
which upon prolonged standing deposited a white 
crystalline solid. This solid was found to be very 
water soluble, a property unexpected for the presumed 
product 12. The water-soluble ozonolysis product is 
not the 7-keto compound 12 but is instead the corre
sponding gem-diol 13. The infrared, nmr, and elemental 
analysis data are all consistent with structure 13. 
The infrared spectrum showed strong O-H stretching 
and lacked carbonyl absorption at 5.6 which is charac
teristic of 7-ketobicycloheptanes.7 8 The nmr spectrum 
(CDC13) consisted of a six-proton triplet (CH8) at 1.3 
ppm, a four-proton quartet (CH2) centered at 4.3 ppm, 
a four-proton broadened quartet (ring CH2) centered at
1.95 ppm, a two-proton singlet (bridgehead C-H) at
4.12 ppm, and a two-proton broad singlet at 5.1 ppm 
(OH). Positive assignment of the O-H and its dis
tinction from that of the bridgehead protons was 
accomplished by deuterium exchange with D20  
containing a small amount of HC1. The nmr spectrum 
of deuterium exchanged 13 was exactly the same as that 
of unexchanged 13 except that the signal at 5.1 ppm 
was considerably diminished.

Subsequent preparations of 13 took advantage of its 
water solubility by extracting the ether solution of the 
reduced ozonide with water. The water extracts were 
then evaporated to give crude 13.

This same reaction sequence was tried using diphenyl- 
fulvene as the diene. The adduct 9 crystallized out of 
the reaction mixture as a stable white solid. Ozonoly
sis of 11 and work-up in a manner identical with that 
described for 10 did not give any detectable quantity of
13.

Formation of diol 13 by catalytic reduction of the 
ozonide is explained by the reaction

H,
HO OH

•n - co2c2h 5 

■N— C02C2H5 
13

•V  12

However, it is surprising that 13 does not undergo 
spontaneous dehydration to give the 7-keto compound 
12 or exchange with solvent methanol to give what is 
usually the more thermodynamically favored dimethyl 
ketal. The extraordinary and unexpected stability of 
the hydrate 13 is further evidenced by the fact that it is 
unchanged when heated at 100° at 0.005 mm as 
determined by elemental analysis.

(5) T . J . K ea ly , J .  A m er. Chem . Soc., 84, 966 (1962).
(6) P . S. B ailey , Chem. Rev., 58, 925 (1958).
(7) F . H . A llen , ib id ., 62, 653 (1962).

A s prev iously  m entioned, a  v a r ie ty  o f d im e th y l and  
d ie th y l ketals  o f 7 -ke to -2 ,3 -d iaza[2 .2 .1 ]b icyc lo h ep tan es  
are in e rt to w ard  hydrolysis. A llre d  and A nderson2 
have  suggested th a t  th e  reason fo r th e  s ta b ility  o f these 
keta ls  to w ard  hydrolysis is due to  ineffective acid  
catalysis as a result o f p re feren tia l p ro to n a tio n  o f 
nitrogen. It is d ifficu lt to  invoke th is  arg um ent to  
explain  th e  rem arkab le  s ta b ility  o f 13. U n lik e  ketals, 
ketone hydrates, in  th e  absence o f special stabilizing  
effects, suffer spontaneous deh y d ra tio n  w ith o u t th e  
necessity o f acid catalysis. F u rth erm o re , 13 undergoes 
rap id  exchange w ith  D 20  conta in ing  a sm all am ou nt of 
HC1. T h is  result suggests th a t  13 does indeed undergo  
rap id  p ro to n a tio n  a t  th e  h y d ro x y l group. I t  therefore  
appears th a t  th e  s ta b ility  o f 13 and corresponding  
keta ls  m ust be a ttr ib u te d  to  some o th e r effect.

Experimental Section
M elting points were taken by the capillary tube m ethod and 

are corrected. Nm r spectra were obtained w ith a Yarian M odel 
A-60 spectrometer using tetram ethylsilane as an internal stan
dard. Elemental analyses were performed by Galbraith Labora
tories.

2,3-Phthalyl-7,7-diethoxy-2,3-diazabicyclo [2.2.1] hept-S-ene
(4).— To a solution of 1,4-phthalazinedione5 (prepared from 29.04  
g (0.16 mol) of the sodium salt of phthalhydrazide and 0.16 mol 
of ¿-butyl hypochlorite) at —77° was added a solution of 5,5- 
diethoxycyclopentadiene (prepared from 50.56 g (0.16 m ol) of the 
dibromo ketal and 50.0 g (0.446 m ol) of potassium  i-butoxide, 
which had been precooled to —7 7°). The two phase system  was 
stirred rapidly at —70°. After 30 min a white precipitate began 
to form and the green color had com pletely disappeared. The 
reaction mixture was filtered at —70° to give 31.3 g (61.7% ) of 
4, mp 185-188°. Recrystallization from benzene afforded an 
analytical sample, mp 188-189°.

A n a l .  Calcd for Ci,H 18N 20 4: C, 64.96; H , 5.77; N , 8.91. 
Found: C, 65.02; H , 5.78; N , 9.02.

The infrared spectrum (KBr) contained absorption maxima at
6.05 and 6.17 m ( C = 0 ) .  The nmr spectrum (CC13D ) contained 
a m ultiplet centered at 1.12 ppm composed of two triplets (CH3), 
an octet centered at 3.58 ppm composed of two quartets (CH2), 
a triplet at 5.70 ppm (C -H  bridgehead), a triplet at 6.71 ppm  
(v in y l= C H ), and two m ultiplets at 7 .80 and 8 .30 ppm  (aro
m atic).

2,3-Phthalyl-7,7-diethoxy-2,3-diazabicyclo [2.2.1] heptane (5).
— A solution of 4 .0  g (0.0127 m ol) of 4 in 200 m l of ethyl 
acetate was hydrogenated over 100 m g of Adams catalyst. After 
the uptake of hydrogen ceased, the solution was filtered and the 
solvent removed under vacuum . The remaining white solid,
3.95 g (99% ), was recrystallized from benzene, mp 183-184.5°. 
The nmr spectrum was essentially the same as that for 4 w ith the 
exception that it now contained a m ultiplet centered at 2.2 ppm  
(ring CH2) and the vinyl CH at 6.71 ppm  was no longer present.

A n a l .  Calcd for C17H 2oN20 4: C, 64.54; H , 6.37; N , 8.85. 
Found: C, 64.68; H , 6.51; N , 9.10.

Attempted Hydrolysis of Ketal 5.— H ydrolysis of 1.0-g samples 
of 5 under a variety of conditions shown in Table I was unsuc
cessful. In all cases the reaction mixture was poured into ice 
water after the specified reaction tim e. The acid was neutralized 
with sodium bicarbonate and the mixture was extracted several 
tim es w ith m ethylene chloride or chloroform and dried over 
magnesium sulfate. The solution was filtered and solvent re
m oved under vacuum . In all cases except the last, a yield of 
greater than 90% of starting material was recovered. M elting  
points, mixture m elting points, and infrared spectra were all 
identical w ith that of starting m aterial. In concentrated sulfuric 
acid at 70° complete decomposition occurred and no starting 
material or product was isolated.

2,3-Dicarbethoxy-7-isopropylidene-2,3-diazabicyclo [2.2.1] hept-
S-ene (8).— To a solution of 2.12 g (0.02 m ol) of 6 s in 20 m l of 
tetrahydrofuran was added 2.92 g (0.02 m ol) of ethyl azodi- 
carboxylate. The reaction was exothermic and after 2 hr the 
orange color was com pletely dissipated. The infrared and inte-

(8) J .  T h ie le , B er., 33, 666 (1900).
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T a b l e  I
E xperimental Conditions U sed 
in Attempted H ydrolysis op 5

T im e,
Expt Reaction medium Temp, °C hr

1 25 ml of 5% H 2S 0 4-2 5  ml of 
dioxane

Room temperature 24

2 66 ml of 10% H2S 0 4-33  ml 
of dioxane

Reflux 24

3 20 ml of 47% H I-1 0  ml of 
acetic acid

Room temperature 24

4 25 ml of 90% acetic acid Reflux 24
5 25 ml of 70% perchloric acid 0 0 .2 5
6 25 ml of concentrated 

sulfuric acid
Room temperature 1

7 30 ml of 70% sulfuric acid Room temperature 1 .5
8 25 ml of m ethylene chloride 

and 1 .0  g of A1C13
Room temperature 0 .5

9 25 ml of concentrated 
sulfuric acid

70 24

grated nmr spectra taken at this time were consistent with struc
ture 8. The nmr spectrum showed a triplet at 1.18 ppm (CH3), 
a singlet at 1.68 ppm (CII3), a quartet at 4.1 ppm (CH2), a broad 
singlet at 5.22 ppm (bridgehead), and a triplet at 6.6 ppm (vinyl). 
Attem pts to crystallize the yellow oil from a variety of solvents 
were unsuccessful. Distillation resulted in decomposition and 
polymerization, whereas column chromatography on Bio-Rad  
activ ity  one neutral alumina resulted in reverse D iels-A lder reac
tion and some apparent decomposition of the azo compound as 
evidenced by the evolution of a gas. Elution with a benzene- 
ether mixture and evaporation of solvent gave an orange oil which 
appeared to be identical with that obtained by “ aging” the 
original mixture for several days.

2 ,3-Dicarbethoxy-7-isopropylidene-2,3-diazabicyclo [2.2.1] hep
tane (10).— A solution containing 0.4 mol of freshly prepared 
8 dissolved in 350 ml of tetrahydrofuran was catalytically reduced 
with 1 g of 10% palladium on charcoal. Absorption of about 1.1 
molar equiv of hydrogen proceeded very rapidly. The reaction 
mixture was filtered and the solvent was removed in  vacu o . 
D istillation of the residual oil gave an 80% yield of product, bp 
113-115° (0.04 mm).

A n a l .  Calcd for Ci4H22N 20 4: C, 59.56; H , 7.85; N , 9.92. 
Found: C, 59.45; H, 7.89; N , 10.12.

The nmr spectrum (CDC13) consisted of a triplet at 1.28 ppm  
(CH2), a singlet a t 1.75 ppm (CH3), a broad singlet at 1.82 ppm  
(ring CH2), a quartet at 4.25 ppm (CH2), and a broad singlet at
4.85 ppm (bridgehead).

2 ,3-Dicarbethoxy-7,7-dihydroxy-2,3-diazabicyclo [2.2.1] hep
tane (13).— A solution of 28.2 g (0.1 mol) of 10 in 500 ml of ab
solute methanol was ozonized at —30° in the usual way. After 
reaction was complete the reaction mixture was catalytically  
reduced with 1 g of 10% palladium on charcoal. Approximately 
70% of theoretical hydrogen was consumed very rapidly. The 
catalyst was filtered and solvent removed in  vacuo  to give a light 
yellow residual oil. The product, 13, can be crystallized from 
this residual oil by trituration with ether; however, a much more

convenient isolation procedure was to dissolve the oil in ether and 
extract w ith water. Rem oval of water in  vacuo  gave 14 g of a 
residual white solid, mp 129-133°. Recrystallization from ace
tone-cyclohexane gave 12 g (44% ) of 13, mp 131-133°. See 
discussion for spectral data.

A n a l .  Calcd for CnH18N 20 6: C, 48.17; H, 6.62; N , 10.21. 
Found: C, 48.39; H , 6.80; N , 10.18.

6,6-Diphenylfulvene (7) was prepared by a modification of the 
method of Thiele.8 To 1 1. of tetrahydrofuran, which had been 
distilled over lithium aluminum hydride, was added 24 g (1 mol) 
of sodium hydride, followed by the slow addition of 66.1 g (1 
m ol) of freshly distilled cyclopentadiene. After the evolution  
of hydrogen had ceased, a solution of 182.2 g (1 m ol) of benzo- 
phenone in 800 ml of tetrahydrofuran was added over a period of 
1 hr. The solution was stirred for 1 additional hr and poured 
into 2 1. of ice water and extracted with four 500-ml portions of 
30-60° petroleum ether. The combined extracts were washed 
with water and saturated sodium chloride solution and dried over 
magnesium sulfate. The drying agent was removed by filtration 
and the solvent was removed by evaporation. The remaining 
red solid was recrystallized from 30-60° petroleum ether to give 
199 g (86% ) of red solid, mp 81-82° (lit.8 mp 82°).

2 ,3-Dicarbethoxy-7-diphenylmethylene-2,3-diazabicyclo [2.- 
2.1]hept-5-ene (9).— To a solution of 3.31 g (0.0144 m ol) of 7 in 
40 ml of cyclohexane was added 2.50 g (0.0144 mol) of ethyl 
azodicarboxylate and the deep red solution was stirred for 24 hr 
at room temperature. The resulting white precipitate was 
filtered and washed with cold cyclohexane to give 4.74-5.51 g 
(81-95% ) of product. Recrystallization from hexane afforded 
an analytical sample, mp 76-78°.

A n a l .  Calcd for C24H240 4N 2: C, 71.27; H , 5.98; N , 6.93. 
Found: C, 71.18; H , 6.04; N , 6.75.

The infrared spectrum (liquid film) showed absorption maxima 
at 5.74 and 5.90 m ( C = 0 ) .  The nmr spectrum (CC14) showed a 
triplet at 1.1 ppm (CH3), a quartet at 4.1 ppm (CH2), a triplet at
5.34 ppm (bridgehead), a triplet at 6.75 ppm (vinyl), and a 
singlet at 7.2 ppm (aromatic).

2 ,3-Dicarbethoxy-7-diphenylmethylene-2,3-diazabicyclo [2.2.1]- 
heptane (11).— A 4.04-g (0.01 mol) sample of [9 was reduced 
over 100 mg of Adams catalyst in 100 ml of ethyl acetate at 
atmospheric pressure. The uptake of hydrogen was extremely 
slow after 1 equiv had been consumed (1.4 hr). The reaction 
mixture was filtered and concentrated under vacuum, and the 
remaining oil was crystallized from pentane. Recrystallization  
from pentane gave 3.3 g (81.5% ) of product, mp 89-90 .5°.

A n a l .  Calcd for C24H260 4N 2: C, 70.92; H , 6.45; N , 6.89. 
Found: C, 70.71; H , 6.48; N , 6.88.

The infrared spectrum (liquid film) showed absorption maxima 
at 5.74 and 5.90 m ( C = 0 ) .  The nmr spectrum (CC14) showed a 
triplet at 1.12 ppm (m ethyl), a singlet at 1.95 ppm (ring m ethyl
ene), a quartet at 4.10 ppm (m ethylene), a triplet at 4.77 ppm  
(bridgehead), and a singlet at 7.2 ppm (aromatic).

Ozonolysis of 11.— Ozonolysis of 11 and work-up of the reduced 
ozonide in a manner identical with that described for 10 gave no 
water soluble material.

Registry 16425-73-3; 5, 16462-52-5; 7, 2175-
90-8; 8, 16425-69-7; 9, 16425-70-0; 10, 16425-71-1; 11, 
16425-67-5; 13, 16425-72-2.
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Stereochem istry of Pyrrolidine Addition to Bicyclo[2.2.2]oct-2-ene-2-carbonitrile1

C h a r les  M . W y n n 2 and  W ym an  R . V a u g h a n 3

D e p a r tm e n t o f  C h em is try , T h e U n iv e r s ity  o f  M ic h ig a n , A n n  A rb o r , M ic h ig a n  

R eceived  J u l y  27 , 1 9 6 7

In the reaction of pyrrolidine with bicyclo [2.2.2] oct-2-ene-'2-carbonitrile (1) the product is shown to be exclu
sively iraris-3-pyrrolidmobicyclo [2.2.2] oetane-2-carbonitrile (2). The configuration is established by hydrolyzing 
1 to the acid hydrochloride under epimerizing conditions which afford exclusively frans-3-pyrrolidinobicyclo-
[2.2.2] octane-2-carboxylic acid hydrochloride (11) and reconverting this substance exclusively to 2 via the amide.
The configuration of 11 is established w ith the aid of nmr spectra of model compounds: inms-3-aminobicyelo-
[2.2.2] octane-2-carboxylic acid hydrochloride (15) and cis-3-ammobicyclo [2.2.2] octane-2-carboxylic acid hydro
chloride (17). The apparent coupling constants for 11 and 15 are identical and the corresponding con
stant for 2 is close to the same value, while J 2,s for 17 is almost exactly the value expected for the c is  configuration 
in which the dihedral angle is 0°.

In continuing studies directed toward synthesis of 
bicyclic acid derivatives of potential interest as anti
cancer agents,4 it became desirable to study possible 
routes to a bicyclo [2.2.2]octane-2-carbonitrile con
taining a tertiary amino group as a model for a nitrogen 
mustard derivative. An obvious means of achieving 
this end appeared to be addition of pyrrolidine to bi
cyclo [2.2.2 ]oct-2-ene-2-carbonitrile (1). Such a reaction 
is clearly analogous to cyanoethylation,6 which appears 
in general to be reversible.6’7 Kinetic data obtained by 
Ogata and Okano8 agree with addition of the amine via 
rate-determining nucleophilic attack on the /3 carbon of 
an acrylonitrile, followed by a rapid intramolecular 
proton shift. Furthermore, Michael-type additions 
afford products varying from pure trans isomer through 
mistures to pure cis isomer, with the former being the 
one generally isolated.9

These considerations suggest the possible production 
of two epimeric adducts when pyrrolidine is added to 1: 
¿rans-3-pyrrolidinobicyclo [2.2.2]octane-2-carbonitrile
(2), and cis-3-pyrrolidinobicyclo[2.2.2]octane-2-carbo- 
nitrile (3). The mechanism study cited above implies 
that 2 should be more readily produced than 3; and the 
reversible character of the addition reaction, coupled 
with implied greater thermodynamic stability of 2 
(Fisher-Hirschfelder models), likewise favors predom
inance of 2 over 3 in the product (Chart I).

Two successful syntheses were developed for prep
aration of 1 (Chart I). The over-all yields were com
parable, but the first sequence was both more econom
ical and more readily adaptable to large-scale synthesis. 
Method A begins with addition of chloromaleic anhy
dride to 1,3-cyclohexadiene to give m-2-chlorobicyclo-
[2.2.2]oct-5-ene-2,3-dicarboxylic anhydride (4),10 hy
drogenation of which afforded cfs-2-chlorobicyclo [2.2.2]- 
octane-2,3-dicarboxylic anhydride (5). This was then

(1) A b s tra c te d  in  p a r t  fro m  th e  P h .D . d is s e r ta tio n  of C . M . W y n n , T h e  
U n iv e rs ity  of M ich ig an , 1965, a n d  s u p p o r te d  in  p a r t  b y  a  g ra n t (CA 05406) 
from  th e  N a tio n a l C an c e r I n s t i t u te  to  T h e  U n iv e rs ity  of M ich ig an .

(2) U . S. P u b lic  H e a lth  S erv ice  P re d o c to ra l F ellow  (1-F1-G N -20, 168-01 
N a tio n a l I n s t i t u te  of G en era l M ed ic a l S ciences), 1963-1965, K o p p e rs  F o u n 
d a tio n  S u m m e r R esea rc h  F ellow , 1963, E . I . du  P o n t  de N em o u rs  a n d  Co. 
T e ach in g  F ellow , 1962-1963, U n io n  C a rb id e  C orp . S u m m er R esea rc h  Fellow , 
1962.

(3) T o  w hom  in qu iries  sh o u ld  b e  ad d re ssed  a t  th e  D e p a r tm e n t of C hem is
t r y ,  T h e  U n iv e rs ity  of C o n n ec tic u t, S to rrs , C on n . 06268.

(4) G . S m ith , C . L . W a rre n , a n d  W . R . V au g h an , J.  Org. Chem ., 2 8 , 3323 
(1963).

(5) H . A. B ruson , Org. Reactions, 5, 79 (1949).
(6) G . B . B ac h m an  a n d  R . L . M ay h ew , J.  Org. Chem ., 1 0 , 243 (1945).
(7) F . C . W h itm o re , J.  A m er. Chem . Soc., 66, 725 (1944).
(8) Y . O g a ta  a n d  M . O kano , ib id ., 7 8 , 5426 (1956).
(9) E . D . B erg m an n , D . G insbu rg , a n d  R . P a p p o , Org. Reactions, 1 0 , 179 

(1959).
(10) P . Scheiner, T h e  U n iv e rs ity  of M ich igan , u n p u b lish e d  resu lts .

converted into bicyclo [2.2.2]oct-2-ene-2-carboxylic acid 
(6) by a typical dehalogenative decarboxylation (frag
mentation).4’11’12 Conversion of 6 into an acid chlo
ride, which was at once treated with ammonium hy
droxide solution, afforded bicyclo [2.2.2]oct-2-ene-2- 
carboxamide (7), which was dehydrated to 1 by re
fluxing with thionyl chloride.

Method B involves initial addition of propiolaldehyde 
to 1,3-cyclohexadiene to give bicyclo [2.2.2]octa-2,5- 
diene-2-carboxaldehyde (8), selective hydrogenation of 
which gave bicyclo [2.2.2]oct-2-ene-2-carboxaldehyde 
(9). Oximation13 of 9 afforded bicyclo[2.2.2]oct-2- 
ene-2-carboxaldoxime (10), dehydration14 of which pro
duced 1.

The reaction of 1 with pyrrolidine was followed by 
glpc (at several temperatures), and only a single sharp 
peak was observed under all conditions, indicating the 
production of but one of the two possible isomers (2 and
3). Proof of configuration of this adduct as 2 was ob
tained in part by hydrolysis to a carboxylic acid hydro
chloride (11) (under conditions conducive to epimeri- 
zation,15 which was then converted into its amide (12); 
and finally 12 was dehydrated to the nitrile, which 
proved to be identical with the original 2 (nmr and 
infrared spectra, glpc). At no stage in these operations 
was it possible to detect other than one isomer, even in 
the crude reaction products. Thus either no epimeri- 
zation has taken place in the sequence, 2 —»- 11 —»- 12 —»- 
2 (Chart II), or an even number of epimerizations, which 
are necessarily total, has occurred. The probability of 
the latter happening is vanishingly small, and hence it 
may be inferred that the configuration of the nitrile (2) 
and that of the acid hydrochloride (11) are the same.

The remainder of the configuration proof for 2 comes 
from preparation of model compounds for comparative 
nmr study and is supported by the nmr spectrum of 2 
itself. By using milder conditions than given by 
Petrov16 for the addition of dimethyl fumarate to 1,3- 
cyclohexadiene more than twice the yield of trans-
2,3-dicarbomethoxybicyclo[2.2.2]octane (13) was ob
tained. Half saponification gave frans-3-carbometh-

(11) P . S cheiner, K . K . Schm iegel, G . S m ith , a n d  W . R . V au g h an , J .  Org. 
Chem ., 28, 2960 (1963).

(12) W . R . V au g h an  a n d  R . L . C rav e n , J .  A m er. Chem . Soc., 77, 4629 
(1955).

(13) N . D . C h ero n is  a n d  J .  B . E n tr ik in , “ S em im icro  Q u a lita tiv e  O rg an ic  
A n a ly s is ,”  2 n d  ed , In te rsc ie n c e  P u b lish e rs , In c .,  N ew  Y ork , N . Y ., 1958, 
p  397.

(14) J .  S. B u ck  a n d  W . S. Id e , “ O rgan ic  S y n th e se s ,”  C oll. Vol. I I ,  Jo h n  
W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1943, p  622.

(15) S. S . G . S irca r, J .  Chem . Soc., 1255 (1927).
(16) A. A. P e tro v  a n d  N . P . S opov, Sb . S ta te i Obshch. K h im .,  2, 853 

(1953); Chem. A bstr ., 49, 5830b (1955).
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C h a r t  I

S y n t h e s e s  o f  2  a n d  1

oxybicyclo [2.2.2]octane-2-carboxylic acid (14), which 
was converted via the Curtius reaction (“wet” method)17 18 19 20 21 
to ¿rcms-3-aminobicyclo[2.2.2]octanecarboxylic acid hy
drochloride (15) (Chart II).

The second model compound was prepared from 
m-bicyclo[2.2.2]octane-2,3-dicarboximide18-21 (16) via 
the Hofmann rearrangement22 which affords cis-3- 
aminobicyclo[2.2.2]octane-2-carboxylic acid hydro
chloride (17). That 15 and 17 are indeed cis-trans 
isomers is clear from the fact that they afford different 
p-toluenesulfonamides (Experimental Section) and 
display different coupling constants (,/2i3). The con

(17) P . A . S. S m ith , Org. R eactions , 3, 337 (1946).
(18) K . A lder, A n n .,  478, 149 (1930).
(19) W . A . N o y es  a n d  P . K . P o r te r , “ O rgan ic  S y n th e se s ,”  C oll. V ol. I ,  

J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1941, p  457.
(20) H . T . C la rk  a n d  L . D . B eh r, “ O rgan ic  S y n th e se s ,”  C oll. V ol. I I ,  

J o h n  W iley  a n d  S ons, N ew  Y ork , 1943, p  562.
(21) M . F u m im o to  a n d  K . O kabe, Chem . P h a rm . B u ll. (T o k y o ), 10, 714 

(1962); Chem . A b str ., 58 , 11313 / (1963).
(22) E . S . W allis  a n d  J .  F . L ane, Org. R eactions , 3, 267 (1946).

figurations must be as assigned, and involve no epimeri- 
zation (or an even number of epimerizations in the 
preparation of 15), or they are reversed (and involve 
an odd number of epimerizations in the preparations of 
both 15 and 17) (Chart II).

The conversion of 16 to 17 can admit of but one 
epimerization (cis to trans, via enolization). If this 
occurs, any common enolizations in the sequence 13 —► 
15 should favor trans products, leaving only the reaction 
of 14 with thionyl chloride as a potential reverse (trans 
to cis) epimerization. Although epimerization of this 
general type has been reported,23 the nmr spectra 
of 15 and 17 suggest over-all retention of configurations 
in both reaction sequences. Thus, while the (apparent) 
coupling constants for the trans 2,3 protons in 15 and 
the cis 2,3 protons in 17 are somewhat larger than those 
predicted by the Karplus equation,24 they agree with the 
values given by Williamson and Johnson’s revised ex
pression25 in which J  = 10 cps when the dihedral angle 
is 0° (cis in the present system) and J  = 4 cps when the 
angle is 120° (trans in the present system). Thus for 
17, J 2,3 = 10.3 ± 0.2 cps, and for 15, J 2,3 = 6.3 ± 0.2 
cps. The latter value is identical with the value for 
J 2j3 for 11, which strongly supports a trans configuration 
for 11. Since it has already been inferred that the 
configuration for 2 is the same as that for 1 1 , the value 
J 2)3 = 5.1 ±  0.2 for 2 confirms the trans configuration 
for the adduct of pyrrolidine and 1 . Thus, the only 
isomer observed in the conjugate addition of pyrrolidine 
to bicyclo [2.2.2 ]oct-2-ene-2-carbonitrile has the trans

C h a r t  I I
A m in o  A c id  S y n t h e s e s

1 . SOCI,,

2 . N H.0H

(23) A. B u rg e r a n d  W . L . Y ost, J .  A m er. Chem . Soc., 70, 2199 (1948).
(24) M . K arp lu s , J .  Chem . P h ys., 30, 11 (1959).
(25) K . L . W illiam so n  a n d  W . S. Jo h n so n , J .  A m er . Chem . Soc., 83, 4623 

(1961).
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configuration, in  keeping w ith  inferences d raw n  fro m  
kinetics o f th e  cyan o eth y la tio n  reaction8 and the  
exam ination  o f F is h e r-H irs c h fe ld e r models, th e  on ly  
unusual observation  being th e  fa ilu re  to  detect b y  any  
m eth od a m easurable am o u n t o f th e  epim eric cis 
isom er.

Experimental Section26-29
cis-2-Chlorobicyclo[2.2.2]oct-5-ene-2,3-dicarboxylic Anhydride

(4 ) .10— A solution of 58.0 g (0.73 m ol) of 1,3-cyclohexadiene and
96.0 g (0.73 m ol) of chloromaleie anhydride in 100 ml of ethyl 
acetate was refluxed overnight. The solvent and unreacted 
starting material were removed by water pump distillation  
and the product was sublimed at 100° (1 m m ) to give 114.0 g 
(73.9% ), mp 176-178°, of a colorless waxy solid, mp 187-189° 
(after five sublimations at 100° and 1 m m ).

A n a l .  Calcd for C10H 9ClO3: C, 56.49; H , 4.27; Cl, 16.66. 
Found: C, 56.82; H , 4.47; Cl, 16.53.

cis-2-Chlorobicyclo [2.2.2] octane-2,3-dicarboxylic Anhydride
(5 ) .— A solution of 59.8 g (0.28 mol) of cfs-2-chlorobicyclo-
[2.2.2]oct-5-ene-2,3-dicarboxylic anhydride (4) in 100 ml of 
ethyl acetate was hydrogenated at 3 atm  with 0.5 g of Adams 
platinum dioxide catalyst. After filtration and removal of 
ethyl acetate, sublimation at 100° (1 m m ) gave 58.0 g (96.2% ) 
of a colorless waxy solid, mp 201-203°.

A n a l .  Calcd for Ci0HnClO3: C, 55.96; H , 5.17; Cl, 16.52. 
Found: C, 56.04; H , 5.23; Cl, 16.35.

Bicyclo[2.2.2]oct-2-ene-2-carboxylic Acid (6).— A solution of
10.4 g (0.104 mol) of potassium  bicarbonate in 40 ml of water was 
added to 11.0 g (0.052 mol) of «s-2-chlorobicyclo[2.2.2]octane-
2 ,3-dicarboxylic anhydride (5). The resulting solution was 
heated at 100° for 1 hr, cooled, and acidified w ith concentrated 
hydrochloric acid, and then cooled in a refrigerator for 1 hr. 
The white solid was filtered, washed w ith water, and dried in  
va cu o . A white crystalline solid (14.80 g, 61.7% ), mp 90-91°, 
was obtained. Recrystallization from water-ethanol raised the 
melting point to 93-94°.

A n a l .  Calcd for C9H i20 2: C, 71.02; H , 7.95. Found: 
C, 70.88; H , 7.94.

Bicyclo[2.2.2]oct-2-ene-2-carboxamide (7).— A 4.6-g (0.03  
m ol) sample of bicyclo[2.2.2]oct-2-ene-carboxylic acid (6) was 
refluxed for 1 hr w ith 46 ml of thionyl chloride, the excess of 
which was distilled, and the residual acid chloride was cooled in 
ice and treated dropwise w ith 50 ml of ice-cooled 28% ammonium  
hydroxide solution. After cooling and filtration, the white 
solid was washed w ith water and dried in  vacu o , giving 1.4 g 
(31% ), mp 128-132°, of a white crystalline solid, mp 140-141° 
(after three recrystallizations from water-ethanol).

A n a l .  Calcd for C Ä sN O : C, 71.49; H , 8.67; N , 9.26. 
Found: C, 71.50; H , 8.61; N .9 .1 2 .

Bicyclo[2.2.2]oct-2-ene-2-carbonitrile (1).— A 4.6-g (0.03 mol) 
sample of bicyclo[2.2.2]oct-2-ene-2-carboxamide (7) was re
fluxed for 24 hr w ith 46 m l of thionyl chloride, the excess of which 
was removed using a water pump; distillation gave 3.4 g (84%) 
of a colorless oil, bp 40-46° (0.3 m m ). The oil darkens on 
standing and should be stored under refrigeration in a dark 
bottle.

A n a l .  Calcd for C9H nN : C, 81.15; H , 8.33; N , 10.52. 
Found: C, 80.51; H , 8.24; N , 10.28.

Bicyclo[2.2.2]octa-2,5-diene-2-carboxaldehyde (8).— A solu
tion of 39.0 g (0.490 m ol) of 1,3-cyclohexadiene and 23.5 g 
(0.435 m ol) of propiolaldehyde was stirred at room temperature 
for 1 week. Reaction progress was followed by observation 
of the decrease in triple bond absorption (2140 cm -1) in the 
infrared spectrum. D istillation of the reaction mixture gave
38.6 g (66.0% ) of a colorless liquid, bp 84-85° (20 m m ). Nmr 
analysis showed the aldehyde proton at r 0.52, the vinyl proton 26 27 28 29

(26) B o iling  a n d  m e ltin g  p o in ts  a re  u n co rrec ted .
(27) M icro an a ly ses  b y  S p an g  M ic ro a n a ly tic a l L a b o ra to ry , A nn  A rbor, 

M ich . In f ra re d  sp e c tra  o b ta in e d  fro m  N u jo l m ulls  (solids) o r liq u id  films, 
P e rk in -E lm e r M odel 21 in fra re d  sp ec tro m e te r . N m r sp e c tra  (V arian  A-60) 
w ere o b ta in e d  b y  M r. F . P a rk e r  a n d  M r. G . S c h ü tz e  of th is  d e p a rtm e n t (in
te rn a l te tra m e th y ls ila n e , 60 M e).

(28) M r. R . P ie tc h e r  of V arian  A ssocia tes, P it tsb u rg h , P a ., k in d ly  ra n  a  
sp ec tru m  of I I  u sing  a n  H A -100  V arian  s p e c tro p h o to m e te r  sy stem .

(29) T h e  fo llow ing m a te r ia ls  w ere  o b ta in e d  fro m  H i-L a b o ra to ry , W h it
m ore L ake, M ic h .: 1 ,3 -cyclohexad iene, p ro p io la ld e h y d e , a-ch lo ro acry lo n i-
trile , a n d  cts-b icyclo  [2.2.2 ]oc t-5 -ene-2 ,3 -d icarboxy lic  a n h y d rid e .

at 2.76 (quartet), two unconjugated vinyl protons at 3.68 
(triplet), bridgehead protons at 5.76 and 6.25, and the remaining 
protons in an envelope centered about 8.80 (deuteriochloroform  
solvent).

A n a l .  Calcd for C9H ioO: C, 80.54; H , 7.51. Found: 
C, 80.40; H , 7.32.

Bicyclo [2.2.2] oct-2-ene-2-carboxaldehyde (9).— Hydrogen 
(0.10 mol) was added to 13.4 g (0.1 mol) of bicyclo[2.2.2]octa-
2,5-diene-2-carboxaldehyde (8) in 100 ml of ethyl acetate with 
0.3 g of 5% palladium-on-carbon catalyst. After filtration and 
removal of ethyl acetate, distillation gave 10.1 g (74.1% ) of a 
colorless liquid, bp 86-89° (20 m m ). Nmr analysis showed the 
aldehyde proton at r 0.52, the conjugated vinyl proton at 2.76  
(quartet), bridgehead protons at 6.80 and 7.20, and the remain
ing protons in an envelope centered about 8.73 (deuteriochloro
form solvent).

Bicyclo[2.2.2]oct-2-ene-2-carboxaldoxime (10).— A solution of
1.0 g (0.0074 mol) of bicyclo[2.2.2]oct-2-ene-2-carboxaldehyde 
(9), 1.0 g (0.014 mol) of hydroxylamine hydrochloride, 6 ml of 
pyridine, and 6 ml of absolute alcohol was refluxed for 24 hr, then 
poured into an evaporating dish and the was solvent removed in a 
current of air. The residue was taken up in ether and washed 
with 5% hydrochloric acid solution. The ether solution was 
dried over magnesium sulfate; after filtration and removal of 
ether, 0.59 g (53% ), mp 88 .5-90 .0°, of a white solid, mp 89-90°  
(after three recrystallizations from ethanol), was obtained.
. A n a l .  Calcd for C9H i3NO: C, 71.49; H , 8.67; N , 9.26. 
Found: C, 71.51; H , 8.54; N .9 .3 4 .

Bicyclo[2.2.2]oct-2-ene-2-carbonitrile (1 ).—A solution of 0.64  
g (0.0042 mol) of bicyclo[2.2.2]oet-2-ene-2-carboxaldoxim e (10) 
and 4 ml of acetic anhydride was refluxed for 24 hr, then care
fully poured into 15 ml of cold water. The aqueous solution was 
extracted with ether; the ether solution was then washed with 10% 
sodium carbonate solution and dried over magnesium sulfate. 
After filtration and removal of ether, the remaining liquid was 
purified by evaporative distillation at 100° (1 mm) to give 0.30 g 
(53% ) of a colorless liquid whose infrared spectrum was super- 
imposable on that of 1 obtained by dehydration of bicyclo[2.2.2]- 
oct-2-ene-2-carboxamide (7).

i)'ari.s-3-Pyrrolidinobicyclo[2.2.2]octane-2-carbonitrile (2) and/ 
or as-3-Pyrrolidinobicyclo[2.2.2]octane-2-carbonitrile (3).— A 
7.98-g (0.06 mol) sample of bicylo[2.2.2]oct-2-ene-2-carbonitrile 
(1) was refluxed for 24 hr with 8.52 g (0.12 mol) of pyrrolidine, 
the excess of which was removed by distillation, and the residual 
dark brown liquid was dissolved in 5% hydrochloric acid solution  
and then extracted with ether. After basification with 28%  
ammonium hydroxide solution, the aqueous phase was extracted 
with ether. The ether extract was dried over magnesium sulfate 
and filtered; after removal of the ether, distillation gave 7.00 g 
(57.2% ) of a colorless liquid at 90-94° (0.1 m m ). Glpc analyses 
using a silicone oil 200 on Haloport-F column at 130 and 150° 
and a silicone gum rubber on Chromosorb P  column at 140 and 
160° each showed a single sharp peak. Glpc analysis (silicone 
gum rubber column at 140°) of the reaction mixture at room  
temperature showed peaks corresponding to starting materials 
and the isomer isolated from the refluxing reaction mixture (see 
above). There was no indication of a second isomer.

Nmr analysis showed the proton a  to the nitrile group at 
t 7.72 (a pair of quartets with unresolved fine structure, splitting 
by the proton a  to the pyrrolidino group is 5.1 ±  0.2 cps.). The  
five protons a  to the pyrrolidino nitrogen appeared in a poorly 
resolved group centered about t 7.48 (deuteriochloroform sol
vent); picrate, mp 234-235° dec.

A n a l .  Calcd for Ci3H 2oN 2: C, 76.42; H , 9.87. Found: 
C, 76.32; H .9 .9 0 .

A n a l .  Calcd for Ci9H 23N 60 7 : C, 52.65; H , 5.35; N , 16.16. 
Found: C, 52.60; H , 5.25; N , 16.30.

irans-3-Pyrrolidinobicyclo [2.2.2] octane-2-carboxylic acid 
Hydrochloride (11).— A solution of 4.90 g (0.024 mol) of tra n s -2 -  
pyrrolidinobicyclo[2.2.2]octane-2-carbonitrile (2) and/or c is -
3-pyrrolidinobicyclo[2.2.2]octane-2-carbonitrile (3) and 8 ml of 
concentrated hydrochloric acid was refluxed for 24 hr. The 
solution was evaporated to dryness and triturated with 100 ml of 
hot n-butyl alcohol. Evaporation of the butanol gave 5.95 g 
(95.4% ), mp 232-236°, of a white crystalline solid, mp 240-241° 
dec (after recrystallization from absolute alcohol). Nm r analysis 
showed the proton a  to the carboxyl group at r 7.21 (quartet, 
splitting by the proton a  to the pyrrolidino group is 6.3 ±  0.2  
cps, which is the same as that for frans-3-amino-bicyclo[2.2.2]- 
octane-2-carboxylic acid (15) and splitting by the bridgehead
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proton is 2.4 ±  0.2 cps). The five protons a  to the pyrrolidino 
nitrogen appeared downfield in a wide poorly resolved group 
centered about t 6 .60 (deuterium oxide solvent).

A n a l .  Calcd for C,3H22C1N02: C, 60.10; H , 8.54; Cl, 
13.65; N , 5.39. Found: C, 60.07; H, 8.49; Cl, 13.66; N , 
5.40.

irans-3-Pyrrolidinobicyclo[2.2.2]octane-2-carboxamide (12).—- 
A 4.60-g (0.018 mol) sample of irares-3-pyrrolidinobicyclo[2.2.2]- 
octane-2-carboxylic acid hydrochloride (11) was stirred at room 
temperature for 24 hr with 46 ml of thionyl chloride, the excess of 
which was distilled, and the residual acid chloride was cooled in 
ice and treated dropwise with 50 ml of ice-cooled 28% ammonium  
hydroxide solution. After dilution with water, the solution was 
extracted w ith ether. The ether extract was dried over mag
nesium sulfate, filtered, and, after removal of the ether, gave 
1.93 g (49.1% ) of a white solid, mp 155-159°. Two recrystalli
zations from absolute alcohol raised the melting point to 165.0- 
165.5°.

A n a l .  Calcd for C13H22N 20 :  C, 70.23; H , 9.97; N , 12.60. 
Found: C, 70.01; H , 9.92; N , 12.58.

irans-3-Pyrrolidinobicydo[2.2.2]octane-2-carbonitrile (2).—  
A 1.93-g (0.0087 mol) sample of Zrans-3-pyrrolidinobicyclo-
[2.2.2] octane-2-carboxamide (12) was heated at 45° for 38 hr 
with 20 ml of thionyl chloride, the excess of which was distilled, 
and the residual light brown liquid was added to 5% sodium  
hydroxide solution, and then this solution was extracted with 
ether. The ether extract was dried over magnesium sulfate 
and filtered; after removal of the ether, distillation gave 3.81 g 
(80.1% ) of a colorless liquid, bp 91-95° (0.1 m m ). The in
frared and nmr spectrum of this liquid are superimposable on 
those of the adduct of bicyclo[2.2.2]oct-2-ene-2-carbonitrile (1) 
and pyrrolidine. Their glpc retention times were identical using a 
silicone oil 200 on Haloport-F column at 130 and 150° and a 
silicone gum rubber on Chromosorb P column at 140 and 160°.

irans-3-Carbomethoxybicyclo[2.2.2]octane-2-carboxylic Acid
(14).— A solution of 41.0 g of potassium hydroxide pellets in 350 
ml of absolute methanol was slowly added to a well-stirred solu
tion of 125.0 g (0.553 mol) of irans-2,3-dicarbomethoxybicyclo-
[2.2.2] octane (13)30 in 350 ml of absolute methanol. T he stirring 
was continued at room temperature for 24 hr, and then 1.2 1. of 
water was added and the resulting solution extracted twice with 
600-ml portions of ether. The ether extracts were dried over 
magnesium sulfate, filtered, and, after removal of the ether, gave
3.7 g of recovered 13. The aqueous phase was acidified with 
concentrated hydrochloric acid, then extracted with ether. The 
ether extract was dried over magnesium sulfate, filtered, and, 
after removal of the ether, gave 110.5 g (94.2% ), mp 97-100°, 
of a white crystalline solid, mp 102.0-103.5° (after two re
crystallizations from water-ethanol).

A n a l.  Calcd for CnHisCh: C, 62.25; H , 7.60. Found: 
C, 62.12; H , 7.72.

fnms-3-Aminobicyclo [2.2.2] octane-2-carboxylic acid Hydro
chloride (15).— A 5.1-g (0.024 mol) sample of fraras-2-carbo- 
m ethoxybicyclo[2.2.2]octane-3-carboxylic acid (14) was refluxed 
for 1 hr with 25 ml of thionyl chloride, the excess of which was 
distilled, and the residual acid chloride was dissolved in 60 ml of 
acetone, then cooled in ice. A solution of 1.7 g of sodium azide

(30) H . K och , M onatsh ., 93, 1343 (1962).

in 4.5 ml of water was added dropwise to the ice-cooled solution  
and, after stirring for 1 hr, 120 ml of water was added and the 
resulting solution extracted with ether. The ether extract was 
dried over magnesium sulfate and filtered; after removal of the 
ether, the remaining azide was refluxed overnight in 12 ml of dry 
xylene. This solution was cooled in an ice bath and 25 ml of 
concentrated hydrochloric acid was added. After refluxing over
night, the solution was evaporated in an air stream, water was 
added, and the solution extracted with ether. The aqueous 
phase was evaporated in an air stream and dried in  vacuo  giving
3.0 g (61% ), mp 213-225°, of a creamy white solid, mp 225-230°  
dec (after recrystallization from water-ethanol). Nm r analysis 
showed the proton a  to the carboxyl group at r 7.34 (quartet; 
splitting by the proton a  to the amino group is 6.3 ±  0.2 cps and 
splitting by the bridgehead proton is 2.4 ±  0.2 cps). The 
proton a  to the amino group appeared at r 6.12 (quartet, splitting  
by the proton a  to the carboxyl group is 6 .3  ±  0.2 cps and split
ting by the bridgehead proton is 2.4 ±  0.2 cps) (deuterium oxide 
solvent); p-toluenesulfonamide, mp 176-177°.

A n a l .  Calcd for C3H i6C1N02: C, 52.55; H , 7.84; Cl, 17.24; 
N , 6.81. Found: C, 52.51; H, 7.86; Cl, 17.29; N , 6.72.

A n a l .  Calcd for Ci6H2iN 0 4S: C, 59.43; N , 6.55; N , 4.33; 
S, 9 .90. Found: C, 59.35; 11,6.58; N ,4 .4 0 ;  S ,9 .8 8 .

c?'s-3-Aminobicyclo[2.2.2]octane-2-carboxylic Acid Hydro
chloride (17).— A sample of 1.62 g (0.01 mol) of bromine was 
slowly added to an ice-cooled solution of 5.03 g of potassium  
hydroxide pellets in 45 ml of water; 1.79 g (0.01 m ol) of c is -  
bicyclo[2.2.2]octane-2-dicarboximide (1<5)21 was slowly added and 
the resulting solution heated at 60° for 2 hr. After cooling, the 
solution was acidified with concentrated hydrochloric acid and 
evaporated to dryness. The crude solid was triturated with cold 
water (leaving unreacted 16), evaporated to dryness, triturated 
with hot n-butyl alcohol (leaving inorganic salts), and then the 
butanol was evaporated to dryness. T he residual solid was 
recrystallized from absolute alcohol to give 0.51 g (24.8% ) of a 
white crystalline solid, mp 227-230°. Nmr analysis showed the 
proton a  to the carboxyl group at t 6.82 (quartet, splitting by 
the proton a  to the amino group is 10.3 ±  0.2 cps and splitting  
by the bridgehead proton is 2.4 ±  0.2 cps). T he proton a  to the 
amino group appeared at r 6.22 (quartet, splitting by the proton 
a  to the carboxyl group is 10.3 ±  0.2 cps and splitting by the 
bridgehead proton is 2.4 ±  0.2 cps) (deuterium oxide solvent); 
p-toluenesulfonamide, mp 159°.

A n a l .  Calcd for C i6H2iN 0 4S: C, 59.43; H , 6.55; N , 4.33; 
S, 9 .90. Found: 0 ,5 9 .2 7 ;  H, 6.59; N , 4.40; S, 9.94.

Registry No.—1, 14948-74-4; 2, 16317-18-3; picrate 
of 2, 16317-19-4; 4, 16317-20-7; 5, 16317-21-8; 6, 16317- 
22-9; 7, 16317-23-0; 8 , 16317-24-1; 9 ,  16317-25-2; 10, 
16317-26-3; 11, 16317-27-4; 12, 16317-28-5; 14, 16317-
29-6; 15,16317-30-9; p-toluenesulfonamide of 15,16394- 
36-8; 17,16317-32-1; p-toluenesulfonamide of 17,16317- 
31-0; pyrrolidine, 123-75-1.
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Base-Prom oted Reactions of Epoxides. V . 1-A lkylcycloalkene Oxides1

J. K. C r a n d a l l  a n d  L u a n - H o C . L i n

C o n tr ib u tio n  N o . 1 6 4 7  f r o m  the D ep a r tm en t o f  C h em is try , I n d ia n a  U n iv e r s ity , B lo o m in g to n , I n d ia n a  474 0 1

R eceived  A u g u s t 2 5 , 1 9 6 7

The lithium  diethylamide isomerizations of the (A-Cg 1-methylcycloalkene oxides result initially in formation 
of the corresponding 2-methylenecycloalkanols. Under the appropriate conditions this reaction provides a con
venient preparative source of these alcohols. However, these materials are subject to an interesting further 
isomerization which leads to 2-methylcycloalkanones and 2-methyl-2-cycloalkenols under more severe reaction 
conditions. 1-i-Butylcyclooctene oxide gives the two possible allylic alcohols derived from /3 elimination (1- and 
2-i-butyl-2-cyclooctenol) upon similar base isomerization. N one of the products encountered in this study 
requires an «-elim ination mechanism to account for its formation.

In earlier papers of this series,1-3 the reactions of a 
variety of cyclic and acyclic epoxides caused by strongly 
basic, nonnucleophilic reagents were examined. Two 
major competing reaction pathways were suggested, the 
relative efficiencies of which depend on the specific 
molecule in question. In systems where a favorable 
trans, coplanar, transition-state geometry can be readily 
attained, 6 elimination to give allylic alcohols is pre
ferred. When such is not the case, the products are 
thought to evolve from a elimination at an epoxide ring 
carbon and carbenoid insertion into a neighboring 
carbon-hydrogen bond.

The lithium diethylamide treatment of /3-diisobuty
lene oxide (1) and a-pinene oxide (2) resulted in a 
remarkably clean conversion to the respective allyl 
alcohols 3 and 4.2 Exclusive /3 elimination into the 
substituent methyl groups was rationalized as a conse
quence of the unique ability of the methyl group to 
provide a relatively unhindered version of the necessary 
/3-elimination geometry. In the present work the 1- 
methylcycloalkene oxides of ring-size five through eight 
have been examined in order to ascertain the suitability 
of base rearrangement as a synthetic route to the 
corresponding exocyclic methylene alcohols.

1 3

2 4

After considerable exploratory work, experimental 
conditions were devised which effected the predominant 
conversion of the six-, seven-, and eight-ring epoxides 
to the desired isomeric methylene alcohols in good 
yields. Thus, treatment of 1-methylcyclohexene oxide
(5) with lithium diethylamide in refluxing ether for 1 
day gave 2-methylenecyclohexanol (6) as 79% of the 
distilled product along with a minor amount (11%) of
2-methylcyclohexanone (7). Similar conditions trans
formed 1-methylcycloheptene oxide (8) to 1-methylene- 
cycloheptanol (9). However, reaction in refluxing 
benzene generated a more complex mixture which 
contained 2-methylcycloheptanone (10) and 2-methyl-

(1) P a r t  IV : J .  K . C ra n d a ll a n d  L . C . L in , J .  A m er. Chem . Soc., 89 , 4527 
(1967).

(2) J .  K . C ra n d a ll a n d  L . C h an g , J .  Org. Chem ., 32 , 435, 532 (1967).
(3) J .  K . C ra n d a ll a n d  L . C . Lin. J .  A m er. Chem . Soc.. 89, 4526 (1967).

2-cycloheptenol (11) in addition to 9. 1-Methylcyclo- 
octene oxide (12) was isomerized to 2-methylene- 
cyclooctanol (13) containing 6% of 2-methylcyclo- 
octanone (14) when reacted with diethylamide in ether 
at room temperature for 5 hr. Again, more severe 
reaction conditions resulted in a mixture of 13, 14, and
2-methyl-2-cyclooctenol (15). Finally, it should be 
mentioned that 1-methylcyclopentene oxide (16) gave 
no 2-methylenecyclopentenol (17) under even the 
mildest conditions examined; 2-methylcyclopentanone
(18) and 2-methyl-2-cyclopentenol (19) were the 
important products. Therefore, insofar as preparative 
utility is concerned, it appears that the diethylamide 
rearrangement of 1-methylcycloalkene oxides provides 
a viable and general synthetic route to the correspond
ing 2-methylenecycloalkanols, so long as careful atten
tion is devoted to experimental detail.4

° Ï C c h 2)„ +  ¿ 3 * .
+

3“ 5 6 7
4° 8 9 10 11
5“ 12 13 14 IS
2“ 16 

“ n
17 18 19

The obvious conclusion derived from the reactions 
run under more severe conditions is that the initially 
formed 2-methylenecycloalkanols are subject to further 
reaction in strongly basic media which leads to the
2-methylcycloalkanones and 2-methyl-2-cycloalkenols. 
Experimental confirmation of this deduction was 
secured by showing that the methylene alcohols 9 and 
13 did, in fact, undergo the proposed conversions. 
Similar processes appear likely for the five- and six-ring 
analogs. The absence of 2-methylenecyclopentanol
(17) in the product from 16 is notable, but the formation 
of 2-methyl-2-cyclopentenol as the sole allylic alcohol 
rather convincingly implicates the methylene compound 
as the precursor of the endocyclic allylic alcohol, since 
simple /3 elimination internal to the carbocycle would be 
expected to yield the 5-methyl derivative in addition 
to 19.

The secondary isomerizations of the methylene alco
hols appear to be best rationalized in terms of reversible 
allylic metallation of the corresponding lithium alkoxide 
and attendant double bond migration during the life
time of the resulting allyllithium species or in the

(4) P ro fesso r E . W a rnho ff h a s  k in d ly  in fo rm ed  us t h a t  ira n s-ca ry o p h y lle n e  
ox ide  is co n v e rte d  in to  th e  co rresp o n d in g  exocyclic m e th y le n e  co m p o u n d  
in  good y ie ld .
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process of its protonation.8 Bond migration into the 
ring away from the alkoxide function leads to the 
lithium alkoxide of the endocyclic allylic alcohols (or 
related organolithium intermediates), while isomeriza
tion toward the alkoxide group eventually generates 
the lithium enolates of the methylcycloalkanones. 
The first transformation is a relatively routine one, but 
the isomerization leading to ketones is not, to our 
knowledge, a recognized mode of allylic alcohol rear
rangement under strongly basic conditions. Support 
for the proposed mechanism for interconversion of the 
two allylic alcohols is found in the demonstration that 
partial isomerization of 11 and 15 to the exocyclic 
isomers 9 and 13 does occur. I t is probably significant 
that ketones 10 and 14 were not found in these experi
ments since this surprising result was checked several 
times. The last observation is consistent with the 
results of our earlier work.2'6 For example, 2-cyclohep- 
tenol has been rigorously shown not to yield cyclohep- 
tanone under isomerization conditions.2 2-Cyclohep- 
tenol is, however, converted into 1,3-cycloheptadiene 
upon such treatment, and a similar process probably 
accounts for the small amount of olefinic materials 
found in several of the above isomerizations (see 
Experimental Section). Thus, it would appear that 
there is a special feature of the exocyclic methylene 
alcohols, probably geometric in origin, which renders 
their behavior exceptional with respect to more usual 
allylic alcohols. Rational proposals accounting for the 
unusual features of ketone formation can be contrived, 
but detailed discussion seems best delayed until addi
tional experimental information is available.

In an attempt to promote transannular reactions of 
the type observed with the unsubstituted seven- and 
eight-membered cycloalkene oxides (for example, 
20 21),2'7 1-methylcycloheptene oxide was treated
with ¿-bufyllithium, a reagent which has been found to 
enhance metallation at the epoxide ring. However, 
the major products were again ketone 10 and alcohol 
9, along with a new material identified as l-f-butyl-2- 
methylcycloheptanol.

OH

O  — erf
20 21

The last part of this study involved the preparation 
of 1-i-butylcyclooctene oxide (22), a molecule which is 
not capable of elimination into the substituent group. 
For this reason, we expected that this material might 
parallel the parent cyclooctene oxide in its reactions.7 
However, the only isomeric compounds formed upon 
lithium diethylamide treatment were the two possible 
allylic alcohols, l-i-butyl-2-cyclooctenol (23) and 2-t- 
butyl-2-cyclooctenol (24). In addition, 2-i-butyl-l,3- 
cyclooctadiene (25) and a second unidentified olefin 
(probably the 1-f-butyl isomer) were found. The

(5) A g en e ra l d iscussion  of a lly lic  c a rb a n io n s  is fo u n d  in  D . J .  C ram , 
‘‘F u n d a m e n ta ls  of C a rb a n io n  C h e m is try ,”  A cadem ic  P re ss  In c ., N ew  Y ork , 
N . Y ., 1965, p p  176-210.

(6) U n p u b lish e d  re su lts  of L . C . L in  a n d  A. C . C la rk . In te re s t in g ly , 
cy c lo h e p te n e  a n d  cy c lo o c ten e  ox ides a re  co n v e rte d  b y  li th iu m  d ie th y la m id e  
in  te trahydro furan  in to  m ix tu re s  of th e  a lly lic  a lcoho ls a nd  their double bond 
isom ers  to  th e  exc lusion  of b icyclic  p ro d u c ts .2

(7) A. C . C ope, H . H . Lee, a n d  H . E . P e tre e , J .  A m er . Chem. Soc ., 80 , 2849 
(1958).

25 24 23

same two allylic alcohols were secured as the major 
products with ¿-butyllithium as the basic reagent.

These results can be explained, after the fact, on the 
basis of the steric influence of the bulky ¿-butyl substit
uent. We have suggested earlier2 that a transition- 
state conformation similar to 26 is necessary to rational
ize the stereochemistry of alcohol 21 formed from the 
parent cyclooctene oxide. In the same transition-state 
geometry for the ¿-butyl compound (27), there may be 
enough destabilization owing to nonbonded interactions 
of the substituent that decomposition occurs by more 
favorable pathways, namely /? elimination.8 Similar 
effects can be anticipated for other substituents. An 
alternate possibility for the suppression of a elimination 
is simply that the ¿-butyl group inhibits metallation at 
the epoxide ring, a process which must precede the

26, R =  H
27, R =  i-Bu

transannular insertion reaction. In any event, it is 
clear that substituted medium-ring epoxides will not 
necessarily parallel the parent compounds in their base 
rearrangements.

Experimental Section
G eneral.— AH nuclear magnetic resonance (nmr) spectra were 

recorded on a Varian A-60 spectrometer. D ata  are given in 
ppm relative to tetram ethylsilane as internal standard in carbon 
tetrachloride solution. Infrared spectra were recorded on Perkin- 
Elmer 137 and 137G spectrometers and were taken on neat 
samples unless indicated otherwise. Gas chromatography 
(glpc) was performed on a 5 ft X 0.125 in. 15% Carbowax 20M  
column on an Aerograph A-600 (analytical) instrum ent and on a 
10 ft X 0.375 in. 15% Carbowax 20M  column or a 20 ft  X 0.375  
in. 20% Carbowax 20M  column on an Aerograph A-700 (prepara
tive) instrum ent. Percentage composition data were estim ated  
by peak areas and are uncorrected. All m elting points were de
termined in capillary tubes. Microanalyses were performed by  
Midwestern Microlab, Inc., and Huffman Laboratories, Inc. 
Anhydrous magnesium sulfate was used throughout as a drying 
agent.

Preparation of Epoxides.— Epoxides were prepared by a modi
fication of the procedure of Korach, et a l . 9 To an ice-cold, 
mechanically stirred mixture of 1 equiv of olefin and 3 equiv of 
powdered, anhydrous sodium carbonate in m ethylene chloride 
was added dropwise 1.1 equiv of 40% peracetic acid which had 
been treated with a small am ount of sodium acetate. T he mix
ture was stirred at room temperature until the m ethylene chloride 
solution gave a negative test w ith m oist starch-iodide paper. 
The solid salts were removed by suction filtration and washed 
well with additional m ethylene chloride. The solvent was re-

(8) T h e  (3 e l im in a tio n  m a y  p roceed  w ith  a  cis, c o p lan a r  g e o m e try : M .
S voboda, J .  Z a v ad a , a n d  J .  S icher, Collect. Czech. Chem . C o m m u n ., 32, 2104 
(1967); J .  S iche r a n d  J . Z a v ad a , ib id ., 32 , 2122 (1967).

(9) M . K orach , D . R . N ielsen , a n d  W . H . R id e o u t, J .  A m er. Chem. Soc., 
82, 4328 (1960).



moved from the filtrate by distillation through a Vigreux column, 
and the residue was purified by distillation through a spinning 
band column. The following epoxides were prepared by this 
method: 1-methylcyclopentene oxide (16),10 yield 61%, bp
108-110°, infrared bands at 10.8, 12.0 fx, epoxide ring proton in 
the nmr spectrum at 5 3.07, m ethyl a t 1.39; 1-methylcyclohep- 
tene oxide (8), yield 65% , bp 70-75° (50 mm ), ir 11.0, 12.2 ¡x, 
nmr, a one-proton triplet at 5 2.68 (epoxide ring proton, J  =  9 
cps), m ethyl singlet a t 1.22 and the other ten protons at 2 .0 -
1.2 (A n a l. Calcd for CgHi40 :  C, 76.14; H , 11.18. Found: 
C, 76.26; H , 11.22); 1-m ethylcyclooctene oxide (12),11 yield 
63%; bp 97-100° (33 mm ), ir 10.9, 12.0 m! and 1-i-butylcyclo- 
octene oxide (22), yield 45% , bp 72-76° (6 mm), ir 10.7, 11.9 
¡i, nmr, a one-proton m ultiplet a t 5 2.75 (epoxide ring-proton), 
f-butyl singlet at 0.96 and the other twelve protons between
2.5 and 1.3 (A n a l .  Calcd for C12H 22O: C, 79.06; H , 12.16. 
Found: C, 79.06; H , 12.06).

1-Methylcyclohexene Oxide (5).— Epoxidation of 1-methyl- 
cyclohexene with peracetic acid led to 2-methylcyclohexanone; 
however, epoxidation with m-chloroperbenzoic acid gave the 
desired epoxide. To an ice-cold, mechanically stirred solution 
of 20 g of 1-methylcyclohexene in 200 ml of m ethylene chloride 
was added 44 g of 85% m-ehloroperbenzoic acid in portions. The 
mixture was stirred at room temperature until the methylene 
chloride solution gave a negative test with starch-iodide paper 
(3 days). The solid salts were removed by suction filtration 
and washed well w ith additional m ethylene chloride. The m eth
ylene chloride solution was washed w ith saturated sodium car
bonate solution and water and dried. The solvent was removed 
by distillation through a Vigreux column, and the residue was dis
tilled through a spinning band column to give 17.9 g (80%) of 
pure 1-methylcyclohexene oxide, bp 85-88° (30 m m ).12 This 
material shows bands at 7.28, 11.0, and 11.9 fx, and its nmr spec
trum displays a one-proton triplet at S 2.78 (epoxide ring proton, 
J  =  2  cps), and the other 11 protons are at 2 .0 -0 .9  w ith a 
m ethyl singlet at 1.23.

Typical Procedure for Rearrangement of Epoxides by Lithium 
Diethylamide.— To an ice-cold solution of 2.5 equiv of diethyl- 
amine in anhydrous ether was added 2.5 equiv of commercial 
15% butyllithium  in hexane under a nitrogen atmosphere. After 
10 min a solution of 1 equiv of the appropriate epoxide in an
hydrous ether was added; the mixture was heated to reflux for 
the specified period. The reaction mixture was cooled and poured 
into water; the organic layer separated. The aqueous layer 
was extracted w ith ether, and the combined organic layers were 
washed with 1 N  hydrochloric acid, saturated sodium bicarbonate 
solution, and water. After drying, the solvent was removed by  
distillation through a column, and the residue was purified by  
distillation. If the product was a mixture, further purification 
was effected by preparative glpc. Product identification was by  
comparison of spectral data w ith those of authentic samples ob
tained from commercial sources or by literature methods unless 
indicated otherwise.

Rearrangement of 1-Methylcyclopentene Oxide (16).— The
reaction was carried out w ith 4.9 g of 16 in 300 ml of ether in the 
usual fashion for 5 hr. D istillation of the product gave 3.62 g 
(74%) of a pale liquid of wide boiling range. In addition to 
several trace products it  contained 10% of 2-methylcyclopen- 
tanone and 82% of 2-m ethyl-2-cyclopentenol13 which were identi
fied by spectral data. 2-M ethylcyclopentanone shows infrared 
absorption at 5.75 and 7.3 /x. I ts nmr spectrum shows a m ethyl 
doublet ( J  =  6 cps) at 5 1.03 and a broad band at 2.03 for the 
other seven protons. 2-M ethyl-2-cyclopentenol has infrared 
bands at 3 .0, 3 .3, and 7.3 tx. Its nmr spectrum displays a one- 
proton m ultiplet at S 5.48 (C = C H ) ,  a two-proton m ultiplet at
4.3 ( C H O H ) ,  a m ethyl singlet at 1.7, and the other four protons 
at 2 .4 -1 .8 .

The aqueous portion of work-up was made basic and extracted 
with ether to give additional 2-m ethyl-2-cyclopentenol. The 
total yield of this alcohol was 65%.

Rearrangement of 1-Methylcyclohexene Oxide (5).— Rear
rangement of 5.6 g of 5 in refluxing ether for 1 day gave 3.25 g of 
distilled product. Analysis by glpc indicated the presence of 
three components in an 11:79:10  ratio. The first component was 
identified as 2-m ethylcyclohexanone.14 The second component

(10) T . W a g n e r-Ja u reg g  a n d  M . R o th , Chem. B er., 93, 3036 (1960).
(11) A. C . C ope a n d  P . E . B u rto n , J .  A m er. Chem. Soc., 82, 5439 (1960).
(12) R . F ille r, B . R . C a m a ra  a n d  S. M . N aq v i, ib id ., 81, 658 (1959).
(13) M . C . M it te r  a n d  P . C . D u tta ,  J .  In d ia n  Chem . Soc., 25, 306 (1948).
(14) S a d tle r  In d e x  In f ra re d  S p ec tra , N o . 8401.
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was identified as 2-methylenecyclohexanol16 on the basis of its 
spectra: ir, 2.98, 6.08, and 11.1 fx; nmr absorption as one-proton 
broad singlets at 5 4.85 and 4.74 (C= C H 2), a two-proton m ulti
plet at 3.97 ( C H O H ) ,  and the other protons at 2 .4 -1 .2 . The 
third component is a higher molecular weight compound believed 
to be 2-m ethyleneeyclohexyl 2-m ethyl-2-cyclohexenyl ether on 
the basis of its spectral properties: ir 3.28, 6.06, and 11.2 ix; 
nmr, a one-proton m ultiplet at S 5.40 (C = C H ) ,  two-proton 
m ultiplets at 4.74 ( C = C H 2) and 3.77 (C H O C H )  and 17 addi
tional protons at 1 .9 -1 .4 .16

Rearrangement of 1-Methylcycloheptene Oxide (8).— When 
the reaction was carried out w ith 1.26 g of 8 in 100 ml of ether at 
reflux for 1 day, there was obtained 1.30 g (102% ) of a colorless 
oil, bp 88-90° (25 m m ). Exam ination by glpc indicated the 
presence of a single compound which was identified as 2-methyl- 
enecycloheptanol on the basis of its spectral properties: ir 2.9, 
3.24, 6.12, and 11.1 ix; nmr, one-proton singlets at 5 4.97 and
4.78 ( C = C H 2), a one-proton m ultiplet at 4.16 (CH O H), a one- 
proton singlet at 3.9 (O H ) ,  a two-proton m ultiplet at 2.17 
(C = C C H 2), and the remaining eight m ethylene protons as a 
broad band at 1.5.

A n a l .  Calcd for C8H 140 :  C, 76.14; H , 11.18. Found: C, 
75.81; H , 11.15.

A second run on 3.8 g of 8 in 250 ml of ether gave about 9%  
each of two additional compounds. The first new compound 
was identified as 2-m ethylcycloheptanone17 by its spectral data: 
ir, 5.88 and 7.28 m; nmr, a broad three-proton m ultiplet at 5 2.4  
for the protons adjacent to the carbonyl group, eight m ethylene 
protons as a broad band at 1.7, and a m ethyl doublet centered at 
0.98 ( J  =  7  cps). The second new compound was assigned as 
2-m ethyl-2-cycloheptenol again on spectral grounds: ir 3 .0, 3.28, 
and 7.26 ¡x; nmr, a one-proton m ultiplet at 5 5.50 (C = C H ) ,  a 
two-proton m ultiplet at 4.10 ( C H O H ) ,  and the other 11 protons 
as a broad band at 1.72.

A n a l .  Calcd for C8Hi40 :  C, 76.14; H , 11.18. Found: C, 
75.48; H , 11.19.

A run on 4.5 g of 8 in refluxing benzene for 2 days gave 3.07 
g (68% ) of a colorless oil which contained 2-m ethylcyclohep- 
tanone, 2-m ethylenecycloheptanol, and 2-m ethyl-2-cycloheptenol 
in a 50:35:15 ratio. There was also obtained 0.35 g (8%) of a 
lower boiling fraction which consisted of two isomeric olefins. 
The infrared spectra of both compounds have bands at 3.30 and
7.30 /x. Their nmr spectra are very similar and both show three 
protons at 5 5 .4 -5 .8  and nine protons at 2 .5 -1 .6 . These com
pounds are believed to be 1- and 2-m ethyl-l,3-cycloheptadiene.

Rearrangement of 2-Methylenecycloheptanol (9).— 2-M ethyl- 
enecycloheptanol (1.01 g) was treated w ith lithium  diethylamide 
in the usual fashion using benzene as the solvent. D istillation  
of the product gave 0.57 g (57% ) of a colorless oil, bp 88-97° (16 
m m ). Examination of this material by glpc showed the presence 
of 2-m ethylcycloheptanone, 2-m ethylenecycloheptanol, and 2- 
m ethyl-2-cycloheptenol in a 45 :36:14  ratio.

Reaction of 2-Methyl-2-cycloheptenol (11) with Lithium Di
ethylamide.— The reaction was carried out with 137 m g of 11 in 
refluxing benzene for 53 hr. Rem oval of the solvent gave 114 mg 
of a crude product. Analysis by glpc showed the presence of 2- 
m ethylenecycloheptanol and 2-m ethyl-2-cycloheptenol in a 
14:86 ratio in addition to a small am ount of solvent.

Rearrangement of 1-Methylcyclooctene Oxide (12).— Re
arrangement of 1.40 g of 12 in ether at room temperature for 1 
day gave 1.32 g (94% ) of distilled product which contained two 
compounds in a 94:6 ratio. The major product was assigned the 
structure 2-m ethylenecyclooctanol12 (13) on the basis of spectral 
data and preparation of its phenylurethane: mp 98-99° (lit.11 
mp 98-100°); ir, 3 .0, 3.28, 6.10, and 11.1 tx; nmr, one-proton 
m ultiplets at 5 5.06 and 4.87 (C= C H 2), a one-proton triplet 
( /  =  6 cps) at 4.07 (CH O H), a one-proton singlet at 3.14 (O H ),  
a two-proton m ultiplet at 2.17 ( C = C C H 2), and ten additional 
protons at 1-2. The minor product was assigned as 2-methyl-2- 
cyclooctenol (15) on spectral grounds: ir, 3 .0 , 3.27, 6 .0, and 7.26 
it; nmr, a one-proton triplet ( /  =  8 cps) at 5.38 ( C = C H ) ,  a one- 
proton m ultiplet at 4.22 (CH O H), a one-proton broad band at
3 .4  (O H ) ,  and the other 13 protons at 2 .2 -1 .2  w ith a m ethyl 
singlet at 1.63.

B a se -P romoted R eactions of E poxides 2377

(15) A. S. D re id in g  a n d  J .  A. H a r tm a n , J .  A m er. Chem. Soc., 75 , 939 
(1953).

(16) 2 -C y c lo p en ten o l u ndergoes  a  s im ila r fac ile  e th e r  fo rm a tio n  upo n  s ta n d 
ing  in th e  liq u id  p h ase  o r in  th e  course  of p re p a ra tiv e  g lp c  p u rif ica tio n .

(17) R . J a c q u ie r  a n d  H . C h ris to l, B u ll. Soc. C him . F r., 600 (1957).
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A n a l . Calcd for C9H160: C, 77.09; H, 11.50. Found: C, 
76.91; H, 11.21.

An identical 1-day run at reflux temperature gave 1.22 g (87%) 
of a colorless oil, bp 108-112° (15 mm). It contained 2-methyl- 
cyclooctanone,18 2-methylenecyclooctanol, and 2-methyl-2-cyclo- 
octenol in a 10:43:47 ratio. 2-Methylcyelooctanone was identi
fied by spectral data: ir, 5.90 and 7.31 m; nmr, a three-proton 
multiplet at 5 2.2-2.8 for protons adjacent to the carbonyl group, 
ten methylene protons at 1.3-2.2, and a methyl doublet centered 
at 0.97 ( /  = 7 cps).

A 2-day run on 3.9 g of 12 in 300 ml of refluxing benzene gave
4.0 g (101%) of a pale liquid, bp 103-112° (aspirator vacuum), 
which contained the above three products in a 22:5:68 ratio in 
addition to two other trace products.

Reaction of 2-Methyl-2-cyclooctenol (15) with Lithium Di
ethylamide.—The reaction was carried out with 241 mg of 15 in 
refluxing benzene for 2 days. Removal of the solvent gave 214 
mg of a crude product. Analysis by glpc indicated the presence 
of 89% of 2-methyl-2-cyclooctenol and 10% of 2-methylene
cyclooctanol.

Reaction of 2-Methylenecyclooctanol (13) with Lithium Di
ethylamide.—The reaction on 126 mg of 13 in 20 ml of refluxing 
benzene for 1 day gave 115 mg of a crude product after removal 
of the solvent which contained 16% of 2-methylcyclooctanone, 
18% of 2-methylenecyclooctanol, and 66% of 2-methyl-2-cyclo- 
octenol.

Rearrangement of 1-f-Butylcyclooctene Oxide (22).—The re
arrangement was carried out with 1.82 g of 22 in 100 ml of reflux
ing benzene for 3 days. Distillation of the product gave 1.63 
g of a pale oil, bp 89-95° (7 mm). Examination of this material 
by glpc indicated the presence of four compounds in a 15:4:34:47 
ratio. The first compound was assigned as 2-t-butyl-l,3-cyclo- 
octadiene by spectral data: ir, 3.3, 7.2 and 7.4 nmr, a two- 
proton multiplet at S 5.87 (C H — C H ), a one-proton triplet ( J  = 
8 cps) at 5.48 (CH2C/7=C), four-proton multiplets at 2.02 
( C = C C H 2) and 1.37 (CH 2) , and a nine-proton singlet at 1.04 
for the ¿-butyl group; uv (cyclohexane), Xmax 218 m^ (e 5300).

A n a l. Calcd for C12H20: C, 87.73; H, 12.27. Found: C, 
87.64; H, 12.27.

The second compound was also an olefin as indicated by its 
infrared spectrum and is probably 1-¿-butyl-1,3-cyclooctadiene.

The third compound was assigned the structure l-t-butyl-2- 
cyclooctenol on the basis of its spectral data: ir, 2.8, 7.2, and
7.38 mJ nmr, a two-proton multiplet at S 5 .5 7  (C H = C H ), a 
nine-proton singlet at 0.94 [C(C/7s)s], and an additional 11 pro
tons at 1.2-2.4.

A n a l . Calcd for Ci2H220: C, 79.06; H, 12.16. Found: 
C, 79.21; H, 12.09.

The last compound was identified as 2-f-butyl-2-cyclooctenol 
again on the basis of spectral data: ir, 3.0, 3.3, 7.2, and 7.35 m,' 
nmr, a one-proton triplet (7 = 9 cps) at 5 5.46 (C=C H ) ,  a nine- 
proton singlet at 1.1 [CfCiLh], and 11 additional protons at
1 .2-2.8.

A n a l . Calcd for Ci2H220: C, 79.06; H, 12.16. Found: C, 
79.12; H, 12.08.

General Procedure for the Reaction of Alkyllithium Reagents 
with Epoxides.—To a solution of 3 equiv of commercial alkyl
lithium in hydrocarbon solvent was added 1 equiv of an epoxide in

(18) E . M u lle r  a n d  M . B au e r, A n n . C him ., 654, 92 (1962).

solvent under a nitrogen atmosphere. The mixture was heated 
to reflux temperature for 1 day. After cooling the reaction mix
ture was poured into water, and the layers were separated. The 
aqueous layer was extracted twice with ether, and the organic 
layers were washed with 1 N  hydrochloric acid, saturated sodium 
bicarbonate solution, water, and dried. The solvent was re
moved by distillation through a Vigreux column and the residue 
was distilled. Separation of components was effected by prepara
tive glpc. Product identification was by comparison of spectral 
data with authentic samples obtained from commercial sources 
or by literature methods, unless otherwise stated.

Reaction of 1-Methylcycloheptene Oxide (8) with ¿-Butyl- 
lithium.—The reaction was carried out with 1.26 g of 8 in pen
tane for 2 days. Distillation gave 0.92 g (84%) of a colorless 
liquid, bp 82-90° (20 mm). Three major products were present 
in a 9:62:11 ratio in addition to several trace products. The 
first two compounds were identified as 2-methylcycloheptanone 
and 2-methylenecycloheptanol. The third compound was as
signed the structure 1-i-buty 1-2-methyl cycloheptanol by com
parison of retention times and infrared spectra with an authentic 
sample obtained by treating 2-methylcycloheptanone with ¿- 
butyllithium. It has infrared bands at 2.8, 7.24, and 7.31 m, 
and the nmr spectrum shows a one-proton multiplet at 5 2.2 (CH ) ,  
an 11-proton multiplet between 1.9 and 1 (CH .,  O H ) , and a 
methyl doublet centered at 1.0 with one peak buried under the 
¿-butyl singlet at 0.91.

Reaction of 1-f-Butylcyclooctene Oxide (22) with ¿-Butyl- 
lithium.—The reaction of 1.82 g of 22 in 100 ml of pentane at 
reflux for 3 days gave 1.62 g (89%) of a colorless oil, bp 90-96° 
(2 mm). Examination of this material by glpc indicated the 
presence of three compounds in a 9:46:44 ratio. The first com
pound decomposed upon preparative glpc and was not identified. 
It is probably a ketone as indicated by a carbonyl absorption 
in the infrared spectrum of the glpc isolated material. The last 
two compounds were identified as l-f-butyl-2-cyclooctenol and 
2-t-butyl-2-cyclooctenol, respectively.

Reaction of 2-Methylenecycloheptanol (9) with ¿-Butyl- 
lithium.—The alcohol (134 mg) was treated with ¿-butyllithium 
in the usual fashion to give 187 mg of crude product. Analysis 
by glpc indicated the presence of five components in addition to 
solvent and some low-boiling material. The first component 
(4%) was 2-methylcycloheptanone, and the second compound 
(14%) was unidentified; the next three compounds were 2- 
methylenecycloheptanol (62%), 2-methyl-2-cycloheptenol (9%), 
and l-f-butyl-2-methylcycloheptanol (9%).

Registry No.—5, 1713-33-3; 8, 16240-37-2; 9,
16240-38-3; II, 16240-39-4; 12, 16240-40-7; 15,
16240-41-8; 16, 16240-42-9; 18, 1120-72-5; 19, 3718- 
58-9; 22, 16240-43-0; 23, 16240-47-4; 24, 16240-46-3; 
25,16240-44-1; l-f-butyl-2-methylcycloheptanol, 16240- 
45-2.
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U nsaturated Heterocyclic System s. X X X I X . Transannu lar Cyclizations 
in M edium -Sized U nsaturated A zalactam s1

Leo A. Paquette and Malcolm K. Scott

D e p a r tm e n t o f  C h em is try , T h e O hio S ta te  U n iv e r s ity , C o lu m bu s, O h io  4 3 2 1 0  

R eceived  J a n u a r y  19 , 1 9 6 8

Two medium-sized a,/3-unsaturated azalactams in which the tertiary nitrogen center forms a segment of the 
ring system have been prepared and their transannular cyclization in the presence of hydriodic acid was investi
gated. The synthetic route to these heteroatomic mesocycles consisted at its early stages in the Schmidt ring 
expansion of appropriate azabicyclic ketones in which the basic nitrogen atom occupies a bridgehead position. 
The consistent reactivity pattern manifested by these amino ketones toward hydrazoic acid is discussed.

In a recent paper, Paquette and Wise described a 
unique type of transannular reaction which involved 
the cyclization of an a,|3-unsaturated lactam such as 1 
in the presence of acid.2 The transannular bonding 
process was found to be strongly dependent upon the 
preferred conformational orientations of the medium
sized heterocyclic rings. For example, the N-methyl 
lactam derived from 1 merely underwent protonation 
at the basic nitrogen center when exposed to acid, pre
sumably because introduction of the methyl substituent 
effectively prevented the dimethylamino group from 
attaining a favorable bonding position with respect to 
the /3-olefinic carbon atom.

N(CH3) 2

1 2

To examine the generality of such cyclizations, we 
were led to investigate possible transannular inter
actions in unsaturated lactams such as 4. Since it had 
been established earlier that unsaturated lactam 1 
and its congeners could be readily obtained by Hofmann 
degradation of the related quaternary ammonium 
salts, e.g., 2,2-3 it followed that 3 should likewise be con
vertible into 4. From the synthetic viewpoint, there
fore, it was desirable that a method be found which 
would lead to an amide such as 3 in preference to the 
isomeric amide 5.

of 3-quinuclidone oxime (6) yielded 1,4-diazabicyclo-
[3.2.2]nonan-3-one (7, 28.3%) and A3-dehydropiperidyl-
1-acetamide (8, 56.6%).4 These same workers also

6 7 I
CH2CONH2

8
found that Schmidt ring expansion of 3-quinuclidone 
afforded a 50:50 mixture of 7 and 8 in a total yield of 
54% .4 5 Plostniecks observed that exposure of amino 
ketone 9 to hydrazoic acid produced two isomeric 
amides, both resulting from migration of the bond 
closer to the nitrogen substituent.6 On the basis of 
Plostnieck’s report and because conditions for Schmidt 
reactions on symmetrical amino ketones have been 
thoroughly investigated by earlier workers,2,3,6 this 
procedure was selected for further study.

When l-azabicyclo[3.3.0]octan-3-one (10) was 
treated with hydrazoic acid, a single azalactam was 
obtained in good yield. This product was shown to be 
11  on the basis of its lithium aluminum hydride reduc
tion to diamine 12 , an authentic sample of which was 
synthesized in an unequivocal manner from 1,4-diaza- 
bicyclo[4.3.0]nonan-5-one (14) prepared in turn by the 
condensation of ethyl prolinate (13) and ethylenemine.7

To this end, the possibility was considered that the 
requisite amides might be available by Schmidt ring 
expansion of the corresponding amino ketones or by 
Beckmann rearrangement of their ketoximes. A Rus
sian group had reported that Beckmann rearrangement

(1) F o r  p a p e r  X X X V II I  of th is  series, see L . A . P a q u e t te  a n d  M . R osen , 
J .  Org. Chem ., 33, 2130 (1968).

(2) L . A. P a q u e t te  a n d  L . D . W ise , J .  A m er. Chem . Soc., 87, 1561 (1965).
(3) L . A. P a q u e t te  a n d  L . D . W ise , J .  Org. Chem ., 30 , 228 (1965).

l-Azabicyclo [4.3.0]nonan-4-one (IS) was similarly 
found to afford a single lactam (16) which again resulted

(4) E . E . M ik h lin a  a n d  M . V. R u b ts o v , Z h . Obshch. K h im .,  33, 2167 
(1963); M . V. R u b ts o v , E . E . M ik h lin a , V. Y a . V o ro b ’eva , a n d  A. D . Y an in a , 
ib id ., 34, 2222 (1964); E . E . M ik h lin a , V. Y a . V o ro b ’eva , V. I . S h edchenko , 
a n d  M . V. R u b tso v , Z h . Org. K h im ., 1, 1336 (1965).

(5) J .  P lo s tn ieck s , J .  Org. Chem ., 31, 634 (1966).
(6) R . J . M ichaels  a n d  H . E . Z augg, ib id ., 25 , 637 (1960).
(7) M . E . F re e d  a n d  A. R . D ay , ib id ., 25 , 2108 (1960).
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exclusively from migration of the carbon-carbon bond 
most distant from the nitrogen atom. The structural 
assignment was confirmed by reduction to 17 which 
proved to be identical with an authentic sample pre
pared in a predescribed manner.7

By contrast, in the Schmidt reaction of 1 -azabicyclo-
[4.4.0]decan-4-one (18), 19 was found to predominate

23 21 22

over 20. Assignment of structure was achieved indi
rectly by conversion of each azalactam (19 and 20) into 
its methiodide (21 and 22, respectively) and subjection 
of the individual quaternary ammonium salts to Hof
mann elimination. Whereas 21 (as its methohydroxide) 
gave evidence of smooth loss of water to provide afi- 
unsaturated lactam 23, the methohydroxide of 22 
proved to be quite resistant to degradation; instead, 
reconversion of 20 via déméthylation was observed. 
This behavior was anticipated from our earlier observa
tion that pyrolysis of the methohydroxide of 16 yielded 
the original lactam (16) as the only identifiable product.

a,/3-Unsaturated amide 23 exhibited principal infra
red peaks in carbon tetrachloride solution at 3300 
(N-H) and 1665 cm-1 (amide carbonyl group). The 
ultraviolet spectrum displayed only end absorption. In 
its nmr spectrum (CDC13), the chemical shifts of the two 
vinyl protons are close and the over-all pattern looks 
like a broad doublet centered at approximately 8 5.90 
with two main peaks separated by 7 Hz ; the N-methyl 
group is seen as a singlet at 8 2.30.

In the case of the last amino ketone to be examined, 
exposure of 24 to hydrazoic acid led to the formation of 
25. Although 25 was the only amide isolated (22% 
yield), the highly hygroscopic nature of the crude reac
tion mixture served to preclude isolation of the expected 
minor isomer. The structure of 25 follows from its 
facile conversion via methiodide 26 into the medium
sized unsaturated azalactam 27. Although 27 could 
not be obtained as crystals, its spectra were totally con
sistent with the structural formulation. In this in
stance, the vinyl proton a to the carbonyl group was

24 25

clearly seen as a doublet at 8 6.21 (,/ = 7 Hz). The 
small vinyl coupling constant would seem to indicate the 
presence of a cis olefinic bond in 27,8 and its geometry 
has been assigned accordingly.

At this point, it was evident that a consistent reactiv
ity pattern was being manifested by the amino ketones 
under Schmidt conditions. Thus, in intermediates such 
as 28-30 the strong electron-attracting characteristics 
of the protonated ring-nitrogen atom are seen to reduce 
the migratory aptitude of the neighboring carbon-car
bon a- bond (labeled a) to electron-deficient azide nitro
gen. The operation of this inductive effect permits the

b
•N -N = N

Q Üdsr 
1 + 

H

H

28

alternative carbon-carbon a bond (labeled b) to rear
range preferentially. The exclusive formation of 7, 1 1 , 
and 16 gives evidence of this fact. Introduction of an 
additional methylene group between the ring nitrogen 
and the carbonyl group can be expected to diminish sub
stantially this inductive effect and in such examples the 
migratory aptitudes of the two bonds would be expected 
to be comparable and to exhibit less directional speci
ficity. This conclusion is supported by the behavior of 
9, 18, and 24.

In view of these developments, therefore, our study 
was restricted to a consideration of the behavior of a,/3- 
unsaturated azalactams 23 and 27 in acid. Addition of 
ethanolic hydriodic acid to an ethereal solution of 23 
afforded initially a gummy material which, after heat
ing for a few minutes in methanol to complete the reac
tion, gave rise to a crystalline methiodide. Evidence 
that the reaction product was indeed the bicyclic methi
odide 21 resulting from transannular ring closure was 
found in the superimposability of its infrared and nmr 
spectra upon those of 2 1 . A similar reaction readily 
transformed 27 into 26. Therefore, we conclude that 
the introduction of a tertiary nitrogen atom into the

H I 21

ring of a medium-sized a,/3-unsaturated lactam does not 
adversely effect the propensity of such systems (e.g., 1 ) 
for protium-induced transannular cyclization. Also, 
the results described herein suggest that such trans
annular interactions may be of a general nature.

Experimental Section9 * *
General Procedure for the Schmidt Reaction. 1,4-Diaza- 

bicyclo[4.3.0]nonan-3-one (11).—To a solution of 2.0 g (0.014
(8) O. h .  C h ap m an , J .  A m ur. Chem . Soc., 85, 2014 (1963); G . V. S m ith  a n d  

H . K riloff, ib id ., 85, 2016 (1963).
(9) M e ltin g  p o in ts  w ere  d e te rm in e d  w ith  a  T h o m a s -H o o v e r  m e ltin g  p o in t

a p p a ra tu s  a n d  a re  co rrec ted . In f ra re d  sp e c tra  w ere  reco rd e d  w ith  a  P e rk in -
E lm e r In f ra c o rd  M o d el 137 s p e c tro m e te r  f i t te d  w ith  so d iu m  ch lo rid e  p rism s . 
U ltra v io le t  sp e c tra  w ere  d e te rm in ed  w ith  a  C a ry  14 reco rd in g  s p e c tro m e te r . 
N u c le a r  m ag n e tic  re so n an ce  sp e c tra  w ere  o b ta in e d  w ith  a  V a ria n  A -60 sp ec
tro m e te r  p u rc h a se d  w ith  fu n d s  m a d e  a v a ila b le  th ro u g h  th e  N a tio n a l S cience  
F o u n d a tio n . T h e  m ass  sp e c tru m  w as m e a su re d  w ith  a n  A E I  M S-9 m a ss  
s p e c tro m e te r  a t  a n  ion izing  en e rg y  of 70 eV. T h e  m icro an a ly se s  w ere  p e r 
fo rm e d  b y  th e  S c a n d in a v ia n  M ic ro a n a ly tic a l L a b o ra to ry , H erlev , D e n m a rk .
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mol) of 1010 in 40 ml of chloroform was added dropwise 9 ml of 
sulfuric acid while maintaining the temperature at 0°. Sodium 
azide (2.2 g, 0.033 mol) was added portionwise with vigorous 
stirring during 1 hr, the temperature being kept below 30°. 
The mixture was subsequently heated to 50° for 0.5 hr, cooled, 
and poured onto 20 g of crushed ice. Solid potassium carbonate 
was added until the evolution of gas had ceased. Aqueous 50% 
potassium hydroxide solution (20 ml) was added and the mixture 
was filtered to remove the inorganic salts. The chloroform layer 
in the filtrate was separated and the aqueous layer was extracted 
twice with 10-ml portions of chloroform. The combined organic 
layers were dried (MgS04), filtered, and evaporated to give 1.0 
g (44%) of 11: mp 120-121.5°, after recrystallization from ethyl 
acetate and sublimation; 3300, 3100 (N-H), and 1670
cm-1 (amide carbonyl).

For the purpose of characterization, 11 was converted into its 
methiodide by refluxing in ethanol with excess methyl iodide, 
mp 280-281.5° dec (methanol).

A n a l . Calcd for C8H15IN20: C, 34.04; H, 5.36; N, 9.93. 
Found: C, 34.25; H, 5.42; N, 9.95.

1.4- Diazabicyclo[4.3.0]nonan-5-one (14).—A solution of 5.0 g 
(0.035 mol) of ethyl prolinate (13) and 1.0 g of ethyl prolinate 
hydrochloride in 45 ml of ethanol was heated to reflux and 1.55 
g (0.036 mol) of ethylenimine in 15 ml of ethanol was added dur
ing 0.5 hr. The solution was refluxed for 24 hr, cooled, and 
evaporated, whereupon a crude liquid was obtained. Distilla
tion of this material gave 1.2 g (25%) of 14: bp 110-120° (0.4 
mm); r°e*‘ 3250 cm-1 (NH) and 1670 cm-1 (amide carbonyl).

The methiodide of 14 melted at 250-252° dec (ethanol- 
methanol).

A n a l . Calcd for C8H,5IN20: C, 34.04; H, 5.36; N, 9.93. 
Found: C, 34.09; H, 5.37; N, 9.85.

1.4- Diazabicyclo[4.3.0]nonane (12). A. Reduction of 12.—
A solution of 1.0 g (7.1 mmol) of 11 in 20 ml of dry tetrahydro- 
furan was added with stirring to a slurry of 600 mg of lithium 
aluminum hydride in 20 ml of the same solvent. The mixture 
was heatd at reflux for 10 hr, cooled, and decomposed by the 
addition of water. The residue was filtered and extracted with 
dichloromethane. The combined filtrates were dried, filtered, 
and evaporated to give upon distillation 0.4 g (45%) of 12: 
bp 69-70° (10 mm); 3350 cm -1 (N-H).

The phenylthiourea of 12 melted at 122.5-124° (cyclohexane) 
(lit.7 mp 122-123°).

A n a l. Calcd for CuH19N3S: C, 64.33; H, 7.33; N, 16.08. 
Found: C, 64.33; H, 7.27; N, 16.08.

B. Reduction of 14.—From 1.0 g (0.007 mol) of 14 and 1.0 g 
of lithium aluminum hydride, there was obtained in like fashion 
0.4 g (45%) of 12 which was converted directly into its crystalline 
phenylthiourea derivative, mp 123-125° (cyclohexane).

The infrared and nmr spectra of the phenylthioureas were 
superimposable and a mixture melting point of the two com
pounds was undepressed.

1.4- Diazabicyclo[4.4.0]decan-3-one (16).—Following the pro
cedure outlined for the preparation of 11, 4.7 g (0.054 mol) of 
1511 and 4.1 g (0.055 mol) of sodium azide yielded 3.4 g (65%) 
of 16: mp 111-113°, after recrystallization from ethyl acetate 
and sublimation; 3360 (N-H) and 1670 cm-1 (amide
carbonyl).

A sample of 16 was converted into its methiodide in the afore
mentioned manner, mp 273-275° (aqueous ethanol).

A n a l . Calcd for C9H„IN20: C, 36.24; H, 5.73; N, 9.27. 
Found: C, 36.50; H, 5.78; N, 9.46.

Attempted Hofmann Elimination of 16.—An aqueous solution 
of 2.0 g of the above methiodide was passed through a column 
of Amberlite IRA-400 resin (hydroxide form) and the resulting 
aqueous solution of the methohydroxide was evaporated to a 
syrupy residue. Pyrolysis of this residue gave a solid brown mass 
which was taken up in ethyl acetate. Addition of ether to this 
solution caused brown crystals to deposit; these were collected 
and recrystallized from benzene (charcoal decolorization) to 
give a white solid which was identified as 16 by infrared compari
son and by mass spectral analysis (parent peak, m /e  154).

1.4- Diazabicyclo[4.4.0]decane (17).—A 500-mg (0.003 mol) 
sample of 16 was treated with 300 mg (0.005 mol) of lithium 
aluminum hydride in the manner described above. The resulting 
light yellow liquid (300 mg) was converted directly into its 
phenylthiourea derivative, mp 115-115.5° (cyclohexane) [lit.7

(10) G . R . C lem o a n d  T . A. M elrose , J .  Chem . Soc., 424 (1942).
(11) M . J . M a rte ll, J r . ,  a n d  T . O. S oine, J .  P harm . S c i., 52, 331 (1963).

mp 118-119° (ethanol)]. An authentic sample of this derivative 
was prepared;7 the infrared and nmr spectra of the two samples 
were superimposable and a mixture melting point showed no 
depression.12

1.4- Diazabicyclo[5.4.0]undecan-5-one (19) and 1,5-Diaza- 
bicyclo[5.4.0]undecan-4-one (20).—Following the procedure 
outlined for the preparation of 11, 10.5 g (0.067 mol) of 1813 and
9.0 g (0.16 mol) of sodium azide yielded 10.5 g of a brown 
semisolid which was recrystallized twice from ethyl acetate to 
give 1.9 g (20%) of pure 19 as white needles: mp 135-136°; 
rSS* 3200, 3050 (N-H) and 1690 cm-1 (amide carbonyl).

A n a l . Calcd for C9Hi6N20 :  C, 64.25; H, 9.59; N, 16.65. 
Found: C, 64.23; H, 9.67; N, 16.48.

The combined mother liquors were cooled and white rhomboid 
crystals, mp 95-105°, were deposited. Repeated fractional re
crystallization of this solid from hexane-ethyl acetate failed to 
sharpen or alter its melting point. This purified material (0.8 g) 
was, therefore, treated directly with ethanolic methyl iodide. 
From this reaction, there could be isolated 0.2 g of a highly 
crystalline white solid, mp 234-236° dec (methanol), which 
proved to be the methiodide of 20: r“ ' 3500, 3300 (N-H), and 
1650 cm-1 (amide carbonyl).

A n a l. Calcd for Ci9Hi9IN20: C, 38.70; H, 6.17; N, 9.03. 
Found: C, 38.73; H, 6.31; N, 9.07.

Attempted Hofmann degradation of this last methiodide by 
the procedure outlined above was found to produce 20. The 
quantity isolated was too small for elemental analysis; however, 
the material displayed a mass spectral parent peak at m / e  168.

Preparation and Hofmann Elimination of Methiodide 21.—A 
solution of 2.3 g (0.0137 mol) of 19, 3.5 g of methyl iodide, and 
40 ml of ethanol was refluxed for 1.5 hr and cooled. The result
ing crystalline solid was separated by filtration and recrystallized 
from methanol to give 3.1 g (73%) of 21, mp 263-264°.

A n a l . Calcd for C,0H19IN2O: C, 38.70; H, 6.17; N, 9.03. 
Found: C, 38.73; H, 6.31; N, 9.07.

An aqueous solution of 3.8 g (0.012 mol) of 21 was passed 
through a column of 70 g of Amberlite IRA-400 ion exchange 
resin (hydroxide form) and the solution of the methohydroxide 
that was collected was evaporated to a syrupy residue which 
slowly solidified. Pyrolysis of this solid at 107-111° (0.22 mm) 
gave a white crystalline distillate, recrystallization of which 
from hexane afforded 0.7 g (30%) of 23: mp 67-69°;
3300 (NH) and 1670 cm-1 (amide carbonyl).

The methiodide of 23, prepared in the customary manner, 
was found to melt at 229-231° (ethanol).

A n a l. Calcd for C„H21IN20: C, 40.75; H, 6.53; N, 8.64. 
Found: C, 40.54; H, 6.60; N, 8.86.

1.4- Diazabicyclo[5.3.0]decan-5-one (25).—Whena4.0-g (0.029 
mol) sample of 2414 and 3.4 g (0.052 mol) of sodium azide were 
allowed to react in the manner described above a highly hygro
scopic white solid was obtained. This material was recrystallized 
from hexane to give 1.0 g (22%) of 25, mp 65-70°. Due to the 
hygroscopic nature of this solid, its methiodide (26) was formed 
directly, mp 234.5-236° (ethanol-methanol).

A n a l . Calcd for C9H„IN20: C, 36.50; H, 5.79; N, 9.46. 
Found: C, 36.57; H, 5.67; N, 9.31.

Hofmann Elimination of 26.—An aqueous solution of 1.5 g 
(0.5 mmol) of 26 was passed through a column of Amberlite 
IRA-400 ion exchange resin (hydroxide form) and the aqueous 
eluate of the methohydroxide was evaporated to leave a syrupy 
residue. Pyrolysis of the residue at a pot temperature of 100- 
150° (0.1 mm) gave 0.4 g (20%) of 27 as a liquid: r"“‘ 3350, 
3100 (NH) and 1640 (amide carbonyl) and 1620 cm-1 (C=C);

end absorption; 6.21 (doublet, J  = 7 Hz, 1 H,
vinyl proton adjacent to carbonyl), 5.54 (overlapping doublets, 
J  =  7 and 7 Hz, 1 H, vinyl proton £ to carbonyl), 2.33 (singlet, 
3 H, N-methyl group).

Because of the limited quantity, this material was not purified 
further.

Transannular Cyclization of 23.—A solution of 0.10 g (0.6 
mmol) of 23 in 5 ml of ether was treated with a 1:1 solution of 
50% hydriodic acid in ethanol until no cloudiness persisted. 
The ether was decanted and the residue was taken up in several 
millimeters of boiling methanol. After the solution was allowed

(12) S u b se q u e n t to  th e  com p le tio n  of th is  w ork , w e b ec am e a w a re  of y e t
a n o th e r  sy n th es is  of 17: T . Y am a zak i, M . N a g a ta , K . O gaw a, a n d  F .
N o h a ra , Yakugaku, Zassh i, 87, 668 (1967); Chem . A bstr., 6 7, 90770 (1967).

(13) G . R . C lem o, T . P . M e tc a lfe , a n d  R . R a p e r , J .  Chem. Soc., 1429 
(1936).

(14) R . T . H o ld en  a n d  R . R a p e r , ib id ., 2545 (1963).
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to cool, the crystalline solid which formed was collected by filtra
tion to give 0.049 g (29%) of 21, mp 264.5-265.5°. The infrared 
and nmr spectra of this material were identical with those of 
authentic 21.

Transannular Cyclization of 27.—A solution of 0.4 g of 27 and
5 ml of ether was treated with 0.2 ml of a 1:1 solution of 50% 
hydriodic acid in ethanol. The ether was decanted and the 
residue was taken up in methanol. Because a crystalline solid 
was not deposited from the methanolic solution, the solvent was 
evaporated to leave a thick residue which was dried at 50° (1.0 
mm) over phosphorous pentoxide for 2 days. The infrared and 
nmr spectra of the dried residue (0.45 g) proved to be super
imposable on those of 26.

Registry No.—11, 16620-83-0; methiodide of 11,
16620-59-0; 12, 5654-83-1; 14, 16620-61-4; methiodide 
of 14, 16620-62-5; 16, 15932-74-8; methiodide of 16,
16620-64-7; 19, 16620-84-1; methiodide of 20, 16620- 
85-2; 21, 16620-86-3; 23, 16620-88-5; methiodide of 23,
16620-87-4; 25, 16620-89-6; 26, 16620-90-9; 27, 16620-
91-0.
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Th e Preparation of 2-H ydroxyam ino-a,a,a-trifluoro-p-tohienesulfonam ide  
by C atalytic Hydrogenation and Its Use in the Synthesis 

o f 2,3-D ihydro-4H -l,2,4-benzoth iad iazin-4-ol 1,1-D ioxides. Studies in Infrared
and Proton M agnetic Resonance Spectra

H arry  L. Y a le

T h e  S q u ib b  I n s t i tu te  f o r  M e d ic a l R esearch , N e w  B r u n sw ic k , N e w  J e r s e y  0 8 9 0 3  

R eceived  D ecem ber 5 , 196 7

The hydrogenation of 2-nitro-a,a,a-trifluoro-p-toluenesulfonamide (1) over a palladium catalyst in ethanol 
proceeded rapidly (0.5 hr) at room temperature; hydrogen uptake ceased with the absorption of 2 molar equiv to 
give a 90% yield of pure 2-hydroxyamino-a,o:,a-trifluoro-p-toluenesulfonamide (2). Reduction of 2 to the 
amine (3) required a temperature of 50-60° and about 3 hr. The acid-catalyzed cyclization of 2 with formalde
hyde and acetaldehyde led to the novel 2,3-dihydro-4H-l,2,4-benzothiadiazin-4-ol 1,1-dioxides (4a, b). The ir 
and pmr spectra of these and related reference compounds have made possible precise spectral assignments to 
the several different types of N il protons in these compounds.

A recent paper1 has described the intramolecular 
trapping of the intermediate hydroxyamino derivatives 
formed during the platinum-catalyzed reductions in 
ethanol of 2-nitro-2 '-carboxy-, 2-nitro-2 '-carbalkoxy-, 
and 2-nitro-2 '-cyanobiphenyl; in addition, these hy
drogenations formed appreciable amounts of the cy
clization products arising via the intramolecular cy
clization of the corresponding amine derivatives. The 
one exception was found in the reduction of 2,2 '-dini- 
tro-6,6'-dicyanobiphenyl; here, the 2,2 '-dihydroxy- 
amino-6,6'-dicyanobiphenyl which formed neither un
derwent intramolecular cyclization nor conversion to the 
diamino derivative during hydrogenation, but did 
cyclize during subsequent recrystallization. This re
port was noteworthy, since the literature contains but 
one earlier reference2 to the isolation of any product 
other than amines (or their derivatives) from the 
catalytic hydrogenation of nitro compounds and that 
reference also involved the intramolecular trapping of 
the hydroxyamino and amino derivatives formed dur
ing the reduction of ethyl 2-nitrophenylacetate.

We have studied the palladium-catalyzed hydro
genation of a suspension of 2-nitro-a,a,a-trifluoro-p- 
toluenesulfonamide (1 ) in ethanol. At ca. 20-25°, 
hydrogen uptake is rapid (~0.5 hr) and ceases after 
the absorption of 2 molar equiv of hydrogen. Filtra
tion of the suspended catalyst, concentration of the 
filtrate, and recrystallization of the residual solid gave a 
90% yield of pure hydroxyamino derivative (2). If, 
however, following the absorption of the 2 molar equiv 
of hydrogen, the temperature wTas raised to 50-60° a 
slow uptake of hydrogen was initiated and ca. 3.5 hr

(1) C . W . M u th , J . R . E lk in s , M . L . D e M a tte , a n d  S. T . C h ian g , J .  Org. 
C hem ., 32, 1106 (1967).

(2) F . J . D iC arlo , J .  A m er. Chem . Soc., 68, 1420 (1944).

were required to complete the reduction to the amine
(3) even though 2 was completely in solution. Finally, 
when the isolated 2 was subjected to hydrogenation 
with fresh solvent and catalyst at 50-60° a similar slow 
reduction to 3 was observed.

The acid-catalyzed cyclization reactions3 of 2 with 
formaldehyde and acetaldehyde gave the novel 2,3- 
dihydro-4H-l,2,4-benzothiadiazin-4-ol 1,1-dioxides (4a 
and b). The reaction of 4a with formic acid for 1 hr 
at 90° gave two compounds, 5, the expected dehydra
tion product, and 6a, the 4-formyl ester.

j O C l TF3C''A^ / \N"'CHR j f O  
* 1

OH H
4a,R = H 5

b, R = CH3

r ^ r - S O a ^ R i

F3CA ^ n - ch2
f Q r S°^NHR3

f 3c-'Js'- / % h r4

r2
6a, R, = H; R2 = 0 2CH
b, Ri — R.2 — H
c, R, = H; R2 = CHO
d, Ri = CHO; R2 = H
e, Ri = C2H5; R2 = H
f, Ri = H; R2 = C2H5

7a, R3 = C2H5; R4 = H 
b, R3 = H; R4 = C2H5

(3) H . L . Y ale  a n d  J . T . S heehan , J .  Org. Chem ., 26, 4315 (1961).
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The acid-catalyzed cyclization of 3 with formalde
hyde gave 6b; the same procedure with 7a gave the
2-ethyl- (6e), and with 7b the 4-ethyl- (6f) derivatives of 
6b. The reaction of 6b with formic acid for 1 hr at 90° 
gave the 4-formyl derivative (6c) as the major product; 
a careful search did not reveal the presence of any 2- 
formyl derivative (6d). When the same reactants were 
heated under reflux, a complex mixture of products 
resulted, and of these, only 6c in small yield, was iden
tified.

The ir and pmr spectra of the above compounds were 
studied in detail, and certain spectral assignments for 
the several different types of protons are discussed in the 
two sections below; the uv spectra were determined on 
only a few compounds when these uv data proved to be 
indiscriminate as to the structural details of interest in 
this study.

Infrared Spectra.—For the earlier work3'4 in the 
elucidation of the structures of 1,2,4-benzothiadiazine
1 ,1 -dioxides, low resolution spectra of the crystalline 
solids were adequate. In the present work, high- 
resolution spectra in deuteriochloroform (1 mg/ml) 
were necessary to minimize intermolecular hydrogen 
bonding.6

In 6b, the 4- and 2-NH stretch absorptions were ob
served at 3440 and 3330 cm-1, respectively; confirma
tory evidence for these assignments was found in the 
model spectra of 6e and f, where the corresponding 
maxima were seen at 3440 and 3330 cm-1. In 6c, the
2-NH absorption was found at 3340 cm-1. In 4a and b, 
two maxima were seen at 3540 and 3330 cm-1; the 
former was attributable to the unbonded 4-0H6 and the 
latter to the 2-NH stretch vibrations. The spectrum of 
1 showed two maxima at 3455 and 3350 cm-1; the 
spectrum of 2 showed four maxima at 3560,6 3440, 
3340, and 3300 cm-1 while 3 gave four maxima at 3470, 
3440, 3370, and 3340 cm -1. The several NH stretch 
assignments in 2 and 3 cannot be made unambiguously; 
however, it would appear that the asymmetrical and 
symmetrical stretch of the NH2 of R-SO2NH2 groups 
are usually found at ca. 3450 and 3350 cm-1, as seen in 
the spectra of 1, 8a-f, 9, and 10; it follows, then, that 
the 3440- and 3340-cm-1 maxima in 2 and 3 are prob-

8a, R1 = H, 3450, 3350 cm -1
b, R1 = p-CH3, 3445, 3345 cm“1
c, R1 = 0 -CH3, 3445, 3345 cm“1
d, R1 = 0-CF3, 3470, 3360 cm"1
e, R1 = m-CFs, 3450, 3350 cm"1
f, R1 = p-CFs, 3450, 3350 cm"1

S0,NI-r2
NH
c2h5

9, 3445, 3350, 3280 cm‘
CH3S02NH2 

10, 3450, 3350 cm"1

(4) H . L . Y ale , K . Losee, a n d  J .  B e rn s te in , J .  A m er . Chem . Soc., 82, 2042 
(1960).

(5) T h e  a u th o r  is in d e b te d  to  M iss  B a rb a ra  K ee le r of th is  in s t i tu te  fo r 
th e se  sp ec tra . T h e  effec ts  of c o n c e n tra tio n  on  h y d ro g en  b o n d in g  cou ld  n o t  
be ca rried  o u t  ow ing  to  th e  low  so lu b ility  of th e se  co m p o u n d s in  d eu te r io 
chloroform .

ably associated with that group in each compound; and, 
finally, that the band at 3300 cm-1 in 2 is attributable 
to the N-H vibrational mode of the hydroxvamino 
group.

Proton Magnetic Resonance Spectra.—The proton 
magnetic resonance spectra were determined in deu- 
teriodimethyl sulfoxide.7 In 6b, the 2 proton was 
seen as a doublet at r 2.10 (J = 8 cps) while the 4 pro
ton was a broad peak centered at r 2.47. Both the 2 
and 4 protons were coupled with the 3 protons, since the 
latter appeared as a quartet at r 5.28 (J a = = 2.5;
J ap = 8.3)8 which collapsed to a singlet at t 5.28 after 
equilibration with deuterium oxide. In 6c, the 2 proton 
was not coupled with the 3 protons and was seen together 
with the 5 proton as a broad, two-proton singlet centered 
at t 1.33; the deshielding by the 4-formyl group of the 
pair of 3 protons resulted in the latter being shifted 
downfield 60 cps and appearing as a singlet at r 4.68; 
after equilibration with deuterium oxide, the spectrum 
showed the broad one-proton peak of the 5 proton at 
t 1.33. In 6e, the 4 and 3 protons were seen as a broad 
peak at r 2.38 and as a doublet at r 5.03 (J = 3), re
spectively, and in 6f, the 2 and 3 protons were signals 
forming a broad peak at r 2.12 and a doublet at r 5.20 
(J  — 8), respectively; deuteration of 6e and 6f resulted 
in the appearance of two singlets at r 5.03 and 5.20, 
respectively. In 4a, the 2 proton was coupled with the 
3 protons and appeared as a triplet at t  1.07 ( J  =  8); 
the proton of the 4-hydroxyl group, not coupled with 
the 3 protons, appeared as a singlet at r —0.33; the 
3 protons formed a doublet at t 5.25 (J = 8) which col
lapsed to a singlet at r 5.23 after equilibration with 
deuterium oxide. In 4b, the protons at 2 and 4 were 
seen as broad peaks at r 2.34 and —2.28, respectively, 
while the single 3 proton appeared as a multiplet at 
t 5.08 (J = 20) ; treatment with deuterium oxide gave 
a multiplet at r 5.07 (J  = 20).

In 3, the two pairs of equivalent protons of the sul- 
fonamido and the amino groups were seen as singlets at 
r 2.52 and 3.75, respectively; both pairs were exchang- 
able.

Experimental Section9
2-Nitro-tt,a,a-trifluoro-p-tohienesulfonamide (1).—A suspen

sion of 367 g (0.82 mol) of bis(2-mtro-a,a,a!-trifluoro-p-tolyl) 
disulfide in 1800 ml of 90% acetic acid was diffused with gaseous 
chlorine at 35-40° for 6 hr. The clear solution which formed was 
concentrated in  vacu o  from a hot water bath, the residue was 
treated with 500 ml of toluene, and the toluene solution, contain
ing the sulfonyl chloride, was added dropwise at room tempera
ture to 500 ml of aqueous ammonia (d  0.9). The solution was 
heated on the steam bath for 1 hr to give crude 1; this was 
extracted with 400 ml of 20% aqueous sodium hydroxide and 
filtered, and the filtrate treated with excess 20% aqueous hydro
chloric acid. The solid was filtered, washed with cold water, and 
recrystallized from water to give 362 g (84% yield) of 1: mp 
169-170°; \ Z T  mM («) 276 (sh) (16,000), 266 (16,500).

(6) U n b o n d ed  h y d ro x y l g ro u p s  a re  n o t  v e ry  sen s itiv e  to  changes in 
m o lecu la r s tru c tu re , so t h a t  th is  g ro u p  in  2, 4 a , a n d  4 . w ould  b e  expected  to 
h a v e  s im ila r ab so rp tio n  m ax im a . Cf. R . M . S ilv e rs te in  a n d  G . C . B assler, 
“ S p ec tro m e tric  Id e n tif ic a tio n  of O rgan ic  C o m p o u n d s ,”  Jo h n  W iley  a n d  
S ons, In c ., N ew  Y o rk , N . Y ., 1966, p  61.

(7) T h e  a u th o r  is in d e b te d  to  D r. A. I .  C oh en  of th is  in s t i tu te  fo r  th e se  
sp ec tra .

(8) T h is  n o ta tio n  is t h a t  of ref 6, p  81.
(9) A ll m e ltin g  p o in ts  w ere  d e te rm in e d  in  ca p illa ry  tu b e s  in  an  e lec trica lly  

h e a te d  oil b a th  a n d  a re  u n co rrec ted . E le m e n ta l a n a ly se s  w ere  ca rr ie d  o u t 
b y  M r. J . F . A licino a n d  h is  a sso c ia te s  of th is  in s ti tu te .
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A n a l . Calod for C 7H 5F 3N 2O 4S :  C, 31.11; H, 1.86; N, 10.37. 
Found: C, 31.14; H, 1.93; N, 10.33.

2-(Hydroxyamino)-a:,Q:,o:-trifluoro-p-toluenesulfonamide (2).— 
Two identical experiments, each involving 30.0 g (0.11 mol) of 
1 , 5.0 g of 5% Pd-C, and 300 ml of absolute ethanol were shaken 
at 20-25° under 50 psi of hydrogen; approximately 0.5 hr was 
required for the uptake of 0.22 mol. Work-up of the combined 
runs gave 51.0 g (90% yield) of colorless 2: mp 184-185° dec 
after recrystallization from water; X®‘ac(H mu (e) 313 (3100), 
247 (8200), 213 (23,300).

A n a l . Calcd for C7H,F3N 20 3S: C, 32.83; H, 2.76; N, 10.93. 
Found: C, 32.74; H, 2.73; N, 10.93.

The compound was soluble in dilute aqueous sodium hydroxide 
forming an orange-yellow solution; acidification gave a colorless 
solution from which unchanged 2  precipitated; a test of 2  with 
aqueous ferric chloride was negative.

2-Amino-a,a,a-trifluoro-p-toluenesulfonamide (3). A. By 
Hydrogenation of 1.—Two identical reaction mixtures as in the 
above experiment were hydrogenated at 50-60° under 50 psi of 
hydrogen; approximately 3.5 hr were required for the absorption 
of 0.33 mol. The two runs were combined and worked up to give
54.0 g (96%yield) of colorless 3: mp 148-149° after recrystalliza
tion from water; X^°H mM («) 320 (4200), 247 (10,100), 213 
(24,100).

A n a l . Calcd for C7H7F3N2 0 2S: N, 11.66; S, 13.35. Found: 
N, 11.80; S, 13.35.

The compound was soluble in dilute aqueous sodium hydroxide 
forming a colorless solution; acidification precipitated un
changed 3.

B. By Hydrogenation of 2.—A solution of 25.6 g (0.1 mol) 
of 2 , 5.0 g of 5% Pd-C, and 300 ml of absolute ethanol was 
heated to 50-60° and shaken under 50 psi of hydrogen. Again, 
co. 3 hr were required for the theoretical uptake of hydrogen to 
occur. Work-up as above gave 21.3 g (8 8 % yield) of 3, mp 
148-149° after recrystallization from water.

2.3- Dihyro-2-ethyl-6-(trifluoromethyl)-4H-l,2,4-benzothia- 
diazine 1 , 1 -Dioxide (6 e).—A solution of 2.51 g (0.0094 mol) of 
2-amino-N-ethyl-a,Q!,a-trifluoro-p-toluenesulfonamide, 3 0.82 g 
(0.01 mol) of 37% aqueous formaldehyde, 1.0 ml of 10% aqueous 
hydrochloric acid, and 50 ml of 95% ethanol was heated under 
reflux for 24 hr and concentrated to dryness in  vacuo. The residue 
was recrystallized from hexane to give 2.20 g (84% yield) of 
6 e, mp 72-74°.

A n a l . Calcd for C10H 11F3N 2O2S: C, 42.84; H, 3.96; N,
10.00. Found: C, 42.85; H, 3.85; N, 10.27.

2,3-Dihydro-4-ethyl-6-(trifluoromethyl)-4H-l,2,4-benzothia- 
diazine 1 , 1 -Dioxide (6 f).—A solution of 2.68 g (0.01 mol) of 
2 -(ethylamino)-a!,a,a!-trifluoro-p-toluenesulfonamide, 3 0.82 g 
(0.01 mol) of 37% aqueous formaldehyde, 1.0 ml of 10% aqueous 
hydrochloric acid, and 50 ml of 95% ethanol was heated under 
reflux for 3 hr and concentrated to dryness in  vacu o . The residue 
was recrystallized from Skellysolve E to give 2.42 g (85% yield) 
of 6 f, mp 99-101°.

A n a l . Calcd for C10H 11F3N 2O2S: C, 42.84; H, 3.96; N, 1 0 .0 0 . 
Found: C, 42.72; H, 3.83; N, 10.14.

2.3- Dihydro-6-(trifluoromethyl)-4H-l,2,4-benzothiadiazin-4-ol
1.1- Dioxide (4a).—Employing the procedure used to prepare 6 f 
but with 2 gave a 95% yield of 4a: mp 164-166° after recrystal
lization from 10% 2-propanol-90% water; X®l°H m/i (t) 320 
(2600), 255 (9200), 213 (18,200).

A n a l . Calcd for C8H7F3N 2O3S: C, 35.82; H, 2.63; N, 10.44; 
S, 11.95. Found: C, 36.05; H, 2.66; N, 10.41; S, 12.17.

2.3- Dihydro-3-methyl-6-(trifluoromethyl)-4H-l,2,4-benzothia- 
diazine-4-ol 1,1-Dioxide (4b).—A solution of 2.54 g (0.01 mol) 
of 2, 0.44 g (0.01 mol) of acetaldehyde, 1.0 ml of 10% aqueous 
hydrochloric acid, and 50 ml of 95% ethanol was heated under 
reflux for 24 hr and concentrated to dryness in  va cu o . The brown 
syrupy residue was covered with 1 0 % aqueous hydrochloric acid 
and kept at room temperature until it solidified. The brown solid 
was recrystallized once from benzene and once from toluene to 
give 0.60 g (21% yield) of 4b, mp 160-162 dec.

A n a l .  Calcd for C9H9F3N 20 3S: N, 9.91; S, 11.36. Found: 
N, 9.84; S, 11.47.

2.3- Dihydro-6-(trifluoromethyl)-4H-l,2,4-benzothiadiazine
1.1- Dioxide (6 b).—The procedure employed with 6f but starting 
with 3 gave a 95% yield of 6 b: mp 163-165° after recrystalliza
tion from water; X“ °H mM (e) 327 (35,000), 253 (12,500), 213 
(22,300).

A n a l . Calcd for C8H7F3N2 0 2S: C, 38.10; H, 2.80; N, 1 1 . 1 1 . 
Found: C, 38.30; H, 2.89; N, 11.34.

The compound was soluble in dilute aqueous sodium hydroxide 
forming a colorless solution; acidification precipitated un
changed 6 b.

2,3-Dihydro-3-methyl-6-(trifluoromethyl)-4H-l,2,4-benzothia- 
diazine 1,1-Dioxide.—This compound was synthesized in view 
of the low yield obtained with 4b above. A 0.01 M  run, employ
ing the same conditions but substituting 3 for 2 gave a 74% yield 
of product, mp 195-197°.

A n a l .  Calcd for C9H9F3N 20 2S: C, 40.60; H, 3.41; N, 10.50. 
Found: C, 40.40; H, 3.40; N, 10.23.

Dehydration of 4a to 5.—A suspension of 0.5 g (0.0019 mol) 
of 4a and 5 ml of 98-100% formic acid was heated under an
hydrous conditions on the steam bath for 1  hr and concentrated 
to dryness in  vacu o . The residue was desiccated for 24 hr over 
potassium hydroxide pellets to give a sticky solid; this was ex
tracted with 1 0  ml of anhydrous ether to give 0 . 2 0  g of a colorless 
solid, mp 175-187°. The latter was extracted with 5 ml of boiling 
anhydrous toluene and the hot suspension filtered. The colorless 
crystals which separated from the cooled filtrate were filtered to 
give 0.070 g of 6 a, mp 169-171°.

A n a l . Calcd for C9H7F3N 20 4 S: C, 36.48; H, 2.38; N, 9.43; 
CHO, 10.83. Found: C, 36.43; H, 2.23; N, 9.37; CHO, 
10.91.

The toluene-insoluble material was recrystallized from water 
to give 0.050 g of 5, mp 263-265°; a mixture melting point with 
authentic 53 was 263-265°, and the ir spectra of the two samples 
were identical.

A n a l . Calcd for C8H5F3N 20 2 S: C, 38.40; H, 2.02; N, 11.20. 
Found: C, 38.45; H, 2.27; N, 11.05.

The 10-ml anhydrous ether extract (see above) was evaporated 
to dryness to give a yellow oil. The oil could be induced to 
solidify partially following extraction with hexane; this semi
solid material was only partially soluble in boiling benzene. The 
hot benzene solution was decanted from an oil and allowed to cool; 
an oil separated but scratching converted this to a solid, mp 
90-170°; its ir spectrum showed both NH and CO absorption. 
It was apparent that the formic acid reaction had led to a com
plex mixture of products.

In C D C I 3, the ir spectrum of 6 a showed the anticipated maxima 
at 3330 cm- 1  for the 2-NH proton. In d6-DMSO, the pmr spec
trum of 6 a gave the expected broad two-proton peak of the 2  

and 5 hydrogens at r 1.33; the three protons were again deshielded 
by the carbonyl oxygen and appeared as a broad singlet at t  4.67. 
The formyl proton was a singlet at r 0.87. Following equilibra
tion with deuterium oxide, the signal at r 1.33 was seen as a 
broad one-proton peak; the remainder of the spectrum was 
unchanged.

Reaction of 6 b with Formic Acid. A. 2,3-Dihydro-6-(tri- 
fluoromethyl)-4H-l,2,4-benzothiadiazine-4-carboxaldehyde 1,1- 
Dioxide (6 c).—A mixture of 2.0 g (0.0079 mol) of 6 b and 20 ml 
of 98-100% formic acid was heated for 1 hr on the steam bath 
under anhydrous conditions and then concentrated to dryness 
in  vacu o . The crystalline residue, mp 173-177°, weighed 2.05 g. 
Recrystallization from 20 ml of 2-propanol gave 1.57 g (71% 
yield) of colorless 6 c, mp 184.5-186.0°.

A n a l . Calcd for C9H-F3N 20 3S: C, 38.56; H, 2.52; N, 10.00. 
Found: C, 38.67; H, 2.37; N, 10.28.

The 2-propanol mother liquors from the recrystallization of 6c 
were evaporated to dryness. The residual oil was induced to 
crystallize by the addition of 5 ml of bezene. Filtration gave 
0.48 g of solid, mp 120-130°. The ir spectrum showed a single 
CO and two NH bands. Recrystallization from 10 ml of benzene- 
hexane (1:1) gave 0.20 g of solid, mp 126-132°, with unchanged 
ir spectrum. Elemental analyses (Found: C, 38.64; H, 2.86; 
N, 11.06) were indicative of a mixture of products.

B.—When the reactants of procedure A were heated under 
reflux for 18 hr and concentrated to dryness in  vacu o, the residual 
oil showed two strong NH and one carbonyl band in the ir. 
The oil was induced to crystallize by the addition of 50 ml of 
anhydrous ether to give 0.96 g of solid, mp 194r-196°; this solid 
had the same ir spectrum as the oil. Attempts to obtain a 
single homogenous product from this solid were unsuccess
ful.

The 50 ml of anhydrous ether (see above) was evaporated to 
dryness. The residue, 1.4 g of oil, was dissolved in 15 ml of boiling 
benzene, the solution filtered, and the filtrate cooled to give 0.15 
g of crude 6 c; recrystallization from 2-propanol gave 0.13 g of 
pure 6 c, mp 184.5-186.0°; the ir spectrum of this material and 
the 6 c described above were identical.
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Alkylation of Alkylidenebisdim ethylam ines

Charles F. Hobbs and H. Weingarten 
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Alkylation of alkylidenebisdialkylamines (enediamines) with alkyl halides gave both C and N alkylation. 
Carbon alkylation afforded the amidinium salts, 2, which were readily hydrolyzed to the amides, 3. This carbon- 
carbon bond-forming reaction thus provides a convenient new route to substituted amides. The initial products 
of N alkylation are unstable and react with the starting enediamine, in the case of 2-methylpropenylidenebisdi- 
methylamine, to yield condensation product, 6, and an N,N-dimethylalkylamine. Elimination of hydrogen 
halide from butyl halides by the strongly basic enediamines also was observed.

Alkylation of enamines has become an important 
synthetic tool for the preparation of substituted ke
tones and aldehydes.1'2 Analogously, the alkylation 
of alkylidenebisdialkylamines (enediamines), which 
have recently become conveniently accessible,3 offers a 
new route to carboxylic acids and amides. Although 
the alkylation of enediamines with methyl and ethyl 
iodides has been observed previously,4 the scope of this 
reaction and its utility for organic synthesis have not 
been elaborated.

R esu lts

Alkylation of vinylidenebisdimethylamine ( la )  and 
2-methylpropenylidenebisdimethylamine ( lb )  with 
methyl iodide, benzyl bromide or chloride, and allyl bro
mide in acetonitrile solution gave the amidinium salts 
2 c -h  in good yield. The salts were characterized by 
elemental analysis and nmr spectroscopy and in the 
case of 2c and 2e by comparison with authentic samples 
prepared by independent syntheses. The reaction of 
vinylidenebisdimethylamine with butyl bromide and of 
2-methylpropenylidenebisdimethylamine with butyl 
bromide and iodide, as well as benzyl chloride, afforded 
mixtures of salts from which the amidinium salts could 
not be isolated.

R,C=C<N(CH3)2 +  R'X 
2 ^N(CH3)2

/N(CH3)2 
R'R>C— CQ+

XN(CH3)2

X-JhO

II
R'RiC— CN(CH3)2 

3
a, R = H
b, R = CH3
c, R = H; R' = CH3
d, R = R' = CH3
e, R = H; R' = C6H5CH2
f, R = CHS; R' = C6H6CH2
g, R = H; R' = CH2=CHCH2
h, R = CH3; R' = CH2=CHCH2
i, R = H; R' = n-C4H9
j, R = CH3; R' = ra-C4H9

(1) J. Szmuszkovicz, Advan. Org. Chem., 25, 58, 4 (1963).
(2) G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz, and R. 

Terrell, J. Amer. Chem. Soc., 85, 207 (1963).
(3) H. Weingarten and W. A. White, J . Org. Chem., 31, 2874 (1966); 

J. Amer. Chem. Soc., 88, 850 (1966).
(4) D. H. Clemens, A. J. Bell, and J. L. O’Brien, J. Org. Chem., 29, 2932 

(1964).

The amidinium salts, or the crude salt mixtures in 
those cases where no amidinium salt could be isolated, 
were hydrolyzed with dilute sodium hydroxide to afford 
moderate to good yields of the N,N-dimethylamides, 
3 e - j.  The yields of amides, shown in Table I, were 
calculated on the basis of the starting alkylidenebis- 
dimethylamine and therefore represent over-all yields.

The reaction of benzyl chloride with 2-methylpro- 
penylidenebisdimethylamine also afforded 6% of N, 
N-dimethylbenzylamine in addition to the expected 
amide (3 f). Examination by nmr spectroscopy of the 
aqueous solution remaining after extraction of the 
amide indicated considerable quantities of ammonium 
or amidinium salts. These were precipitated as the 
fluorophosphates and fractionally crystallized to ob
tain 18% of dibenzyldimethylammonium fluorophos- 
phate and 13% of the condensation product 6, X = 
PF6 (Scheme I). Compound 6 was characterized by

S c h e m e  I

(CH3)2C=CC =
■N(CH3)z rx

■N(CH3)2

[(CH3)2C=C=N(CH3)2] X- +  RN(CH3)2

(CH,y>c:/ N ( C H 3)2

S N ( C H , ) s

R X

A
(CH3)2C=C—  C(CH3)2- C ^  

N(CH3)2

6

;N(CH3)2
X"

R,N+(CH3)2 X"

N(CH3)2

\ u C l ( g )

^  ^N(CH3)2
(CH3)2CHC— C(CH3)2- c1  +

(C H ,)>  N™ '
X“ c r

7

elemental analysis and nmr spectroscopy and by con
version with dry hydrogen chloride to a second salt 
whose nmr spectrum was consistent with structure 7. 
Compound 6 in the form of its iodide also was isolated
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T a b l e  I
S u b s t i t u t e d  A m i d e s  f r o m  A l k y l a t i o n  o f  A l k y l i d e n e b i s d i m e t h y l a m i n e s

R e a c ta n ts P ro d u c ts Yield,“ %
Vinylidenebisdimethylamine

Benzyl chloride N,N-Dimethylhydrocinnamamide 48
Allyl bromide N,N-Dimethyl-4-pentenamide 43
Butyl bromide N,N-Dimethylhexanamide 33

2-Methylpropenylidenebisdimethylamine
Benzyl bromide N,N,2,2-Tetramethylhydrocinnamamide 42
Benzyl chloride N,N,2,2-Tetramethylhydrocinnamamide 34
Allyl bromide N, N, 2,2-T etramethy 1-4-p entenamide 51
Butyl iodide N,N,2,2-Tetramethylhexanamide 18
Butyl bromide N,N,2,2-Tetramethylhexanamide >1

“ Over-all yield based on starting reactants.

in 5.4% yield from the reaction of butyl iodide with 2- 
methylpropenylidenebisdimethylamine.

The reaction of butyl bromide with 2-methylpro- 
penylidenebisdimethylamine gave 69% of the ami- 
dinium salt (2, R = CH3; R ' = H; X = Br) corre
sponding to abstraction of hydrogen bromide by the 
enediamine. This salt, as the iodide, also was detected 
by nmr spectroscopy in the product mixture from the 
reaction of butyl iodide with lb, and the analogous 
salt (2, R = R ' = H ;X  = Br) was detected in the 
reaction of butyl bromide with la.

Discussion
The results of this study show that the alkylation of 

enediamines is a convenient new route to substituted 
amides. Of the amides prepared, those containing a 
quaternary carbon atom, 3f, h, i, are new compounds. 
The yields obtained here (Table I) for the alkylation of 
enediamines are comparable with those reported for the 
alkylation of enamines of aldehydes5’6 7 and cyclic ke
tones.2 The data in Table I show that higher yields of 
alkylation product are obtained with the less-hindered 
enediamines and the more reactive alkyl halides. The 
effect of halide reactivity parallels that observed for 
enamine alkylations.6-7

Elimination of hydrogen halide was a major side- 
reaction in the case of the butyl halides and was the 
only reaction observed with 2-bromopropane. This 
was not entirely unexpected, since the enediamines are 
powerful bases, comparable to the amidines,8 * protona
tion giving an amidinium salt in which the positive 
charge can be delocalized over both nitrogen atoms 
and the central carbon.

A second side reaction observed was alkylation on 
nitrogen. This was demonstrated in the reaction of 
benzyl chloride and 2-methylpropenylidenebisdimeth- 
ylamine by the isolation of N,N-dimethylbenzylamine, 
the dibenzyldimethylammonium salt, and condensation 
product 6. Minor amounts of these products also were 
detected by nmr spectroscopy in the product mixture 
from the reaction of benzyl bromide with this enedi
amine. Isolation of compound 6 from the reaction of 
butyl iodide with lb  indicated that N-alkylation had 
taken place in this case as well. No direct evidence 
was found for N-alkylation in the vinylidenebisdi-

(5) G . O p itz  a n d  H . M ild e n b erg er, A n n ., 649, 26 (1961).
(6) G . O p itz , H . H e llm an n , H . M ildenberger, a n d  H . S u h r, ib id ., 649, 36 

(1961).
(7) G . O p itz , H . M ild e n b erg er, a n d  H . S u h r, ib id ., 649, 47 (1961).
(8) P . A. S. S m ith , “ T h e  C h e m is try  of O p en -C h a in  O rgan ic  N itro g e n

C o m p o u n d s ,”  Yol. 1, W . A. B en jam in , In c ., N ew  Y o rk , N . Y ., 1965, p  178.

methylamine alkylations. However, nmr spectroscopy 
revealed residual ammonium or amidinium species in 
the hydrolysate from the crude butyl bromide adduct, 
indicating that N-alkylation probably had occurred. 
Certainly some N-alkylation is to be expected with the 
unsubstituted enediamine since self-condensation is the 
major reaction observed in the alkylation of enamines 
from unhindered aldehydes.5,9

The formation of the condensation product 6 and the 
other products of N-alkylation can be rationalized in 
terms of the processes outlined in Scheme I. Nucleo
philic attack by nitrogen affords the initial ammonium 
salt 4, which can eliminate 1 mol of trialkylamine to 
give the ketenimmonium salt 5. Attack by a second 
mole of enediamine on 5 affords 6. The trialkylamine 
can attack a second mole of alkyl halide to afford the 
dialkyldimethylammonium salt. An alternate view is 
that enediamine attacks 4 displacing trialkylamine and 
giving 6 directly. In view of the steric requirements 
which would be involved in such a displacement, how
ever, the alternative process appears more attractive.

The failure of compound 6 to undergo hydrolysis 
under the same conditions as the amidinium salts, 2, 
can be explained on the basis of steric hindrance10 to 
hydrolysis. Hydrolysis can be effected under forcing 
conditions, i.e., 30 hr in refluxing 2 N  sodium hydroxide, 
but a complex mixture of products was obtained from 
which no single product could be isolated.

Experimental Section
Melting points are corrected; boiling points are uncorrected. 

Nmr data are reported in r units using tetramethylsilane as in
ternal standard. Molecular weights were determined by mass 
spectroscopy. All manipulations, reactions, and distillations, 
except those dealing with the amides, were carried out in a dry 
nitrogen atmosphere.

Materials.—Vinylidenebisdimethylamine, propenylidenebis- 
dimethylamine, and 2-methylpropenylidenebisdimethylamine 
were prepared as described previously.3 Allyl bromide, benzyl 
chloride and bromide, butyl bromide and iodide, and acetone 
were dried over magnesium sulfate and distilled before use. 
Acetonitrile (Matheson Coleman and Bell Spectroquality) was 
used as received.

N, N, N', N '-Tetramethyl-3-phenylpropionamidinium hexa- 
fluorophosphate.—A solution of 5.28 g (0.30 mol) of N,N-di- 
methylhydrocinnamamide11 (bp 111-112° (0.6 mm), n 25D 1.5300),
3.06 g (0.15 mol) of tetrakis(dimethylamino)titanium,12 and 10 
ml of dry ether was heated to reflux for 2 hr. The reaction mix
ture was filtered and the filtrate distilled to obtain 2.0 g (33%)

(8) E . E lk ik , B u ll. Soc. C him . F r., 972 (1960).
(10) M . S. N ew m an  in  “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,” M . S. 

N ew m an , E d ., J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1956, p  227.
(11) H . J . T a v e rn e , Ree. Trav. C him . P a y s  B a s , 16, 31 (1897).
(12) D . C . B ra d le y  a n d  T . M . T h o m as , J .  Chem . Soc ., 3857 (1960).
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of 3-phenylpropenylidenebisdimethylamine: bp 83-87° (0.55 
mm); nmr spectrum (in CC14), (s) 2.83, (m) ~8.50, (s) 7.32, 
(s) 7.57 (5:3:6:6).

A benzene solution of 3-phenylpropenylidenebisdimethylamine 
was treated with dry hydrogen chloride and the resulting N,N,- 
N',N'-tetramethyl-3-phenylpropionamidinium chloride was col
lected by filtration. Addition of sodium hexafluorophosphate 
solution to an aqueous solution of the amidinium chloride af
forded the corresponding hexafluorophosphate, mp 146-147.5° 
(acetone-ethyl acetate).

Alkylation of Vinylidenebisdimethylamine. With Methyl 
Iodide—To a solution of 4.56 g (0.040 mol) of vinylidenebis- 
dimethylamine in 20 ml of dry acetonitrile was added 6.24 g 
(0.044 mol) of methyl iodide with cooling. After standing over
night, the acetonitrile was evaporated under vacuum and the 
solid recrystallized from dry acetone to afford 9.11 g (84%) of 
N,N,N',N'-tetramethylpropionamidinium iodide (2c): mp 225- 
229°; nmr spectrum (in methylene chloride), (s) 6.67, (q) 7.13, 
J  = 7.5 Hz, (t) 8.74, J  =  7.5 Hz (12:2:3).

A n a l . Calcd for C,H„IN2: C, 32.81; H, 6.68; I, 49.51; 
N, 10.94. Found: C, 32.73; H, 6.80; I, 49.65; N, 10.83.

An authentic sample of the amidinium salt, mp 232-233°, pre
pared by addition of dry hydrogen iodide to propenylidenebis- 
dimethylamine, had identical nmr and infrared spectra; mmp 
230-231.5°.

With Benzyl Chloride.—A mixture of 6.4 g (0.05 mol) of 
benzyl chloride, 5.7 g (0.05 mol) of vinylidenebisdimethylamine, 
and 20 ml of acetonitrile was heated to reflux for 80 hr. The 
acetonitrile was evaporated under vacuum to give a viscous 
orange residue which was taken up in dry acetone and recrystal
lized to yield 10.6 g (86%) of N,N,N',N'-tetramethyl-3-phenyl- 
propionamidinium chloride (2e): mp 105-107°; nmr spectrum 
(methylene chloride), (s) 2.69, (s) 6.78, (m) 6.91 (5:12:4). Be
cause of the extreme hygroscopicity of the salt, a satisfactory 
analysis could not be obtained. Addition of sodium hexafluoro
phosphate to an aqueous solution of the chloride salt afforded the 
hexafluorophosphate, recrystallized from acetone: mp 146-
146.5°; mmp with authentic sample, 146.5-147.5°.

A n a l . Calcd for Ci3Ii2iF6N2P: C, 44.57; H, 6.04; N, 8.00. 
Found: C, 44.63; H, 6.08; N, 7.79.

N,N,N',N'-Tetramethyl-3-phenylpropionamidinium chloride 
(8.0 g, 0.033 mol) was dissolved in 20 ml of 2 N  sodium hy
droxide and allowed to stand overnight. Extraction of the 
aqueous solution with ether, followed by distillation, afforded 3.3 
g (56%) of N,N-dimethylhydrocinnamamide (3e): bp 102° (0.35 
mm); ?i25d 1.5303. The nmr spectrum (in CC14) was identical 
with that of an authentic sample11 with peaks at (s) 2.85, (s) 7.21, 
(m) 7.32 (5:6:4).

A n a l. Calcd for CuH15NO: C, 74.54; H, 8.53; N, 7.90; 
mol wt, 177. Found: C, 74.42; H, 8.64; N, 7.88; mol wt, 
177.

With Allyl Bromide.—A solution of 3.6 g (0.03 mol) of allyl 
bromide, 3.4 g (0.03 mol) of vinylidenebisdimethylamine, and 10 
ml of acetonitrile was heated to reflux for 24 hr. The acetonitrile 
was removed under vacuum and the resulting solid recrystallized 
from acetone to yield 5.45 g (77%) of N,N,N',N'-tetramethyl-4- 
pentenamidinium bromide (2g): mp 153-154.5°; nmr spectrum 
(in CDCla), (m) ~4.25, (m) 4.83, (s) 6.62 (m) ~6.95, (t) 7.51 
(1 :2:12:2:2).

A n a l . Calcd for CsCigBrN :̂ C, 45.96; H, 8.14; Br, 33.98; 
N, 11.91. Found: C, 46.04; H, 8.14; Br, 33.80; N, 11.73.

Hydrofysis of 10.0 g (0.042 mol) of the amidinium bromide 
with 15 ml of 2 A sodium hydroxide afforded, after extraction 
with ether and distillation, 3.1 g (57%) of N,N-dimethyl-4- 
pentenamide (3g): bp 88° (10 mm); n25d 1.4605 [lit.13 bp 88-89° 
(11 mm)]; nmr spectrum (in CC14), (m) 4.1, (m) 5.0, (s) 3.02, 
(s) 2.88, (m) 2.32 (1:2:3:3:4).

A n a l . Calcd for C,H13NO: C, 66.11; H, 10.30; N, 11.02; 
mol wt, 127. Found: C, 65.80; H, 10.27; N, 11.27; mol wt, 
127.

With Butyl Bromide.—A mixture of 5.7 g (0.05 mol) of vinyl
idenebisdimethylamine, 6.9 g (0.05 mol) of ra-butyl bromide, and 
20 ml of acetonitrile was heated to reflux for 3 days, or until the 
starting materials had disappeared as evidenced by nmr. The 
acetonitrile was evaporated under vacuum to afford 11.8 g of 
viscous residue. The viscous residue was treated overnight with 
20 ml of 2 A sodium hydroxide and the mixture extracted with

(13) H . M eerw ein , W . F lo ria n , N . S chön, a n d  G . S to p p , A n n .,  641, 1 
(1961).

ether. Distillation afforded 2.4 g (33%) of N,N-dimethyl- 
hexanamide (3i): bp 50° (0.45 mm); n26D 1.4451 (lit.14 bp 158° 
(100 mm); n25d 1.4430); nmr spectrum (in CC14), (s) 7.02 (s) 
7.14, (m) 7.80, (m) 8.1-9.3 (3:3:2:9).

A n a l . Calcd for C8HnNO: C, 67.08; H, 11.97; N, 9.78; 
mol wt, 143. Found: C, 66.98; H, 12.02; N, 9.80; mol wt, 
143.

Vapor phase chromatographic examination of the aqueous 
sodium hydroxide solution after extraction indicated consider
able quantities of N,N-dimethylacetamide along with several 
unidentified materials. It was estimated from nmr spectra that 
the aqueous mixture after hydrolysis but before extraction con
tained N,N-dimethylacetamide and N,N-dimethylhexanamide in 
the molar ratio of 1:2.

Alkylation of 2-Methylpropenylidenebisdimethylamine. With 
Methyl Iodide.—Methyl iodide, 15.6 g (0.11 mol), 2-methyl- 
propenylidenebisdimethylamine, 14.2 g (0.10 mol), and 20 ml 
of dry acetonitrile were maintained at reflux for 24 hr. The 
mixture was chilled in ice, filtered, and the adduct salt washed 
with acetone to obtain 17.6 g (62%) of N,N,N',N',2,2-hexa- 
methylpropionamidinium iodide (2d), sublimes at ~-390°: nmr 
spectrum (in CDC13), (s) 6.55, (s) 8.40 (4:3).

A n a l . Calcd for CsH2iIN2: C, 38.04; H, 7.45; I, 44.66; 
N, 9.86. Found: C, 37.83; H, 7.35; I, 44.87; N, 9.78.

With Benzyl Bromide.—A mixture of 7.1 g (0.05 mol) of 2- 
methylpropenylidenebisdimethylamine, 8.5 g (0.05 mol) of benzyl 
bromide, and 15 ml of dry acetonitrile was heated to reflux for 40 
hr. The acetonitrile was evaporated under vacuum and the 
crude adduct salt (9.9 g, 63%) was recrystallized from acetone 
to give N,N,N',N',2,2-hexamethylhydrocinnamamidinium bro
mide (2f): mp 181-183°; nmr spectrum (in CDC13), (m) 2.7, 
(s) 6.70, (s) 6.88, (s) 8.35 (5:12:2:6).

A n a l . Calcd for Ci5H25BrN2: C, 57.51; H, 8.04; Br, 25.51; 
N, 8.94. Found: C, 57.24; H, 8.16; Br, 25.72; N, 8.94.

Hydrolysis of 9.5 g (0.033 mol) of the crude adduct salt in 10 
ml of 2 A sodium hydroxide afforded 4.5 g (66%) of N,N,2,2- 
tetramethylhydrocinnamamide (3f): bp 108-110° (0.55 mm); 
?i25d 1.5257; nmr spectrum (in CC14), (s) 2.80, (s) 7.08, (s) 7.11, 
(s) 8.81 (5:6:2:6).

A n a l . Calcd for Ci3Hi9NO: -C, 76.05; H, 9.33; N, 6.82; 
mol wt, 205. Found: C, 75.94; H, 9.47; N, 6.80; mol wt, 
205.

With Benzyl Chloride.—The reaction between 11.4 g (0.08 
mol) of 2-methylpropenylidenebisdimethylamine and 11.2 g 
(0.09 mol) of benzyl chloride in 20 ml of acetonitrile required 8 
days at reflux to reach completion. Evaporation of the aceto
nitrile under vacuum yielded a viscous residue which could not 
be made to crystallize. The viscous product was hydrolyzed in 
2 A sodium hydroxide and the aqueous solution extracted with 
ether. Distillation yielded 0.6 g (6%) of N,N-dimethylbenzyl- 
amine, bp 30° (0.55 mm), identified by comparison of nmr spec
tra and vapor phase chromatographic retention times with an 
authentic sample, and 5.7 g (34%) of N,N,2,2-tetramethylhydro- 
cinnamamide. The aqueous solution remaining from the hy
drolysis was treated with sodium hexafluorophosphate to pre
cipitate soluble salts as their hexafluorophosphates. These were 
collected by filtration and fractionally crystallized from acetone- 
ethyl acetate to yield two salts, mp 214-218 and 185-186.5° dec. 
The 214-218° salt, 5.3 g (18% yield based on 2-methylpropenyl- 
idenebisdimethylamine), was identified as dibenzyldimethyl- 
ammonmm hexafluorophosphate on the basis of its nmr spectrum 
and elemental analysis: nmr spectrum (in acetone-d6), (m) 2.25, 
(s) 5.10, (s) 6.80 (5:2:3).

A n a l . Calcd for C1GH20F6NP: C, 51.76; H, 5.43; N, 3.77. 
Found: C, 51.66; H, 5.48; N, 3.67.

The 185-186.5° salt, 2.0 g (13% based on 2-meth3dpropenyli- 
denebisdimethylamine), was identified as 3-dimethylamino-N,N, 
N',N',2,2,4-heptamethyl-3-pentenamidinium hexafluorophos
phate (6, X = PF6): nmr spectrum (in CD3CN), (s) 6.78 (s) 
7.24, (s) 8.29, (s) 8.44, (s) 8.53 (4 :2 :1 :2:1).

A n a l. Calcd for Ci4H30F6N3P: C, 43.63; H, 7.85; N, 10.90. 
Found: C, 43.47; H, 7.80; N, 10.89.

A sample of the 185-186.5° salt, dissolved in chloroform, was 
treated with dry hydrogen chloride, whereupon crystals formed 
immediately. The crystals were collected by filtration: nmr 
spectrum (in CD3CN), (s) 6.06, (s) 6.43, (s +  m) 6.70, (s) 8.07, 
(d) 8.43, J  = 7.5 Hz (3:3:13:6:6).

(14) J .  R . R u ho ff a n d  E . E . R eid , J .  A m er. Chem. Soc., 59, 4012 (1937).
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With Allyl Bromide.—A solution of 11.4 g (0.08 mol) of 
2 -methylpropenylidenebisdimethylamine and 10.9 g (0.09 mol) of 
allyl bromide in 20 ml of dry acetonitrile was heated to reflux for 3 
days. The acetonitrile was evaporated under vacuum to yield
20.5 g (92%) of crude adduct. Recrystallization from acetone 
gave N,N,N',N',2,2-hexamethyl-4-pentenamidinium bromide 
(2h): mp 212-213°; nmr spectrum (in CDC13), (m) ~ 4 .2 , (m) 
4.7, (s) 6.52, (d)7.37,7 = 7 .0Hz, (s) 8.37 (1:2:12:2:6).

A n a l . Calcd for Ci,H23BrN2: C, 50.19; H, 8.81; Br, 30.26; 
N, 10.64. Found; C, 50.23; H, 8.94; Br, 30.13; N, 10.47.

Treatment of 17.1 g of the crude adduct salt with 20 ml of 2 
N  sodium hydroxide overnight yielded 5.3 g (51% based on 2- 
methylpropenylidenebisdimethylamine) of N,N,2,2-tetramethyl-
4-pentenamide (3h): bp 75-80° (4 mm); n25D 1.4641; nmr spec
trum (in CC14), (m) ~4 .2 , (m) - 5 .0 ,  (s) 6.99, (d) 7.64, J  =
7.0 Hz, (s) 8.78 (1:2:6:2:6).

A n a l . Calcd for C9H1VN 0: C, 69.63; H, 11.04; N, 9.02; 
mol wt, 155. Found: C, 69.53; H, 10.96; N, 9.16; mol wt, 
155.

With Butyl Iodide.—A mixture of 8.5 g (0.06 mol) of 2-methyl- 
propenylidenebisdimethylamine, 11.1 g (0.06 mol) of butyl 
iodide, and 20 ml of acetonitrile was heated to reflux for 11 days. 
The acetonitrile was removed under vacuum to give 15.2 g of 
yellow semisolid. Recrystallization afforded 0.5 g of crude N,N,- 
N',N',2-pentamethy]propionamidinium iodide, whose nmr spec
trum was identical with that of the bromide prepared by addition 
of dry hydrogen bromide to 2-methylpropenylidenebisdimethyl- 
amine. The bulk of the crude product could not be induced to 
crystallize. The crude product was dissolved in 15 ml of 2 N  
sodium hydroxide and allowed to stand overnight. The mixture 
was extracted with ether and the extract distilled to obtain 1.8 
g (18%) of N,N,2,2-tetramethylhexanamide (3j): bp 61-62° 
(0.7 mm); n26D 1.4512; nmr spectrum (in CC14), (s) 7.02, (s) 
8.81, (m) 8.70, (m) 9.05 (2:2:2:1).

A n a l . Calcd for C10H21NO: C, 70.12; H, 12.36; N, 8.18; 
mol wt, 171. Found: 69.92; H, 12.28; N, 8.18; mol wt, 171.

The aqueous layer remaining after ether extraction was filtered 
and the crystals so obtained were recrvstallized from acetone- 
tetrahydrofuran to yield 0.6 g (5.4% yield based on 2-methyl-

propenylidenebisdimethylamine) of material identified as 3- 
dimethylamino-N ,N ,N ',N ',2,2,4-heptamethyl - 3 - pentenamidin - 
ium iodide (6, X = I): mp 189-191° dec; nmr spectrum (in
CDCh), (s) 6.58, (s)7.27, (s)8.30, (s) 8.40, (s) 8.49 (4:2:1:2:1).

A n a l. Calcd for Ci4H30IN3: C, 45.78; H, 8.23; I, 34.55; 
N, 11.44. Found: C, 45.64; H, 8.27; I, 34.81; N, 11.28.

When butyl bromide was used in place of the iodide, 17 days 
were required for complete disappearance of the reactants. A 
total of 15.4 g (69%) of N,N,N',N',2-pentamethylpropionami- 
dinium bromide, mp 263° dec, was recovered by crystallization 
from the reaction mixture. The nmr spectrum was identical 
with that of an authentic sample of the salt, mp 267° dec, pre
pared by addition of dry hydrogen bromide to 2-methylpropenyl- 
idenebisdimethylamine: mmp 266° dec; nmr spectrum (in
CH2C12), (m) —6.4, (s) 6.58, (d) 8.53, J  = 7.2 Hz (12:6:1).

A n a l . Calcd for C8HiaBrN2: C, 43.05; H, 8.58; Br, 35.81; 
N, 12.55. Found: C, 42.94; H, 8.67; Br, 35.94; N, 12.42.

The remainder of the reaction mixture was hydrolyzed in 2 N  
sodium hydroxide. Extraction with ether, followed by distilla
tion of the extract, afforded less than 1% yield of crude N,N,2,2- 
tetramethylhexanamide.

Registry No.—N,N,N',N '-Tetr amethy 1-3-pheny lpro- 
pionamidinium hexafluorophosphate, 12260-64-9; 3- 
phenylpropenylidenebisdimethylamine, 16487-48-2; 2c, 
16487-49-3; 2d, 16520-61-9; 2e, 16487-50-6; 2f, 16487-
51-7; 2g, 16487-52-8; 2h, 16487-53-9; 3e, 5830-31-9; 3f, 
16487-55-1; 3g, 16487-56-2; 3h, 16487-57-3; 3i, 5830-
30-8; 3j, 16487-59-5; 6 (X = PF6), 12260-65-0; 6 (X = 
I), 16487-60-8; dibenzyldimethylammonium hexafluoro
phosphate, 12260-70-7; N,N,N',N',2-pentamethylpro- 
pionamidinium bromide, 16487-61-9.

Acknowledgment.—The authors thank Mrs. Nancy
K. Edelmann for nmr analyses and for preparation of 
intermediates.

Reductive Alkylation of Im ines and Esters w ith Sodium  in A m m on ia

M. Winn , D. A. D unnigan, and H. E. Zaugg

O rg a n ic  C h em is try  D ep a r tm en t, R esearch  D iv is io n , A b b o tt L a b o ra to rie s , N o r th  C h icago , I l l in o is

R eceived  D ecem ber 18 , 196 7

Diphenyl- or pyridylketimines and pyridylaldimines were alkylated at carbon by the addition of sodium metal 
in liquid ammonia, followed by an organic halide. The same products were obtained by treating the corre
sponding amine with sodamide in liquid ammonia, followed by the halide. Similar reductive alkylations of 
methyl isonicotinate with benzyl chlorides gave the corresponding 4-pyridyl ketones.

Numerous reactions in organic synthesis involve the 
alkylation of carbanions. One route to such inter
mediates is the addition of electrons from alkali metals 
to an unsaturated center. The addition of the first 
electron gives a radical anion, which in the case of most 
double bonds is so reactive that it dimerizes or reacts 
with the solvent. In some instances, however, a second 
electron can be added to give a stable dianion. 
Schlenk1 was first to show that a relatively stable di
anion can be formed by treating diaryl ketones with 
sodium in ether and that this dianion can be alkylated 
with ethyl or methyl iodides. Later workers2 showed 
that the dianions, formed from diaryl ketones with 
sodium in liquid ammonia, alkylated preferentially at

(1) W . S ch lenk  a n d  T . W eikel, Chem. B er., 44, 1182 (1911).
(2) (a) P . J . H a m ric k  a n d  C . R . H au ser, J .  A m er. Chem. Soc., 81, 493

(1959); (b) D . V. Ioffe, Z h . Obshch. K h im .,  34, 703 (1964); 35, 1851 (1965);
(c) E . L. A n d erso n  a n d  J . E . C asey , J r . ,  J .  Org. Chem ., 30, 3960 (1965); (d)
S. S e lm an  a n d  J . E a s th a m , ib id ., 30 , 3804 (1965); (e) J .  A. G au tie r , M .
M iocque , C . F a u ra n , a n d  M . D . D ’E n g en ie res , B u ll. Soc. C him . Fr., 3762
(1965).

carbon with a variety of alkylating agents, but aryl 
alkyl or dialkyl ketones would not alkylate under these 
conditions.

R
2 N a  f  e  e " l  R X

Ar2C = 0  LAr2C—OJ 2Na® — > Ar2C—0 9Na®
N H s

Kharasch3 * * * * studied the reductive alkylation of esters 
and obtained 30-35% yields of ketones from the follow
ing esters and alkyl halides.

2 N a  R 'B r
RCOOC2H6 — >■ rR C =0-|N a+  ■— >- R C = 0

NHa L 0 J
R'

R = C6H5, t-Pr, i-Bu; R' =  n-Bu, Et

However, with benzyl chloride and ethyl benzoate, 
only a 5% yield of ketone was detected.

(3) M . S. K h a ra sch , E . S te rn fe ld , a n d  F . M ay o , J .  Org. Chem ., 15, 362
(1940).
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T a b l e  I
N - M e t h y l i m i n e s

R
\

c= n c h 3
/

R'

N o. R R '
B p  (m m ) or 

m p , °C
Y ield,

%
R ea c tio n

co n d itio n s“ F o rm u la c
-C a lcd , % - 

H N c
-F o u n d , % - 

H N

2a C6H5 H6 183-185 (atm) 61 A, 15 hr, 25° c 8h 9n
2b c 6h 5 c w 206-208 (atm) 82 B, 19 hr, 120° c 9h „n
2c c 6h 5 C e W * 147-148 (3.0) 97 B, 18 hr, 125° c 14h 13n 8 6 . 1 2 6.71 7.17 86.24 6.65 7.13
2d 2 -C5H4N H 67-70 (8.0) 93 C, 2 hr, 25° c ,h 8n 2 69.97 6.71 23.32 70.22 6.83 23.61
2e 3 -C5H4N H 70-75 (10.0) 91 C, 2 hr, 25° c,h 8n 2 69.97 6.71 23.32 69.98 6.98 23.30
2f 4 -C5H4N H 70-75(10.0) 90 C, 2 hr, 25° c ,h 8n 2 69.97 6.71 23,32 70.29 6.99 23.51
2g 2 -C5H4N c h 3 108-110 (30) 86 B, 5 hr, 90° c 8h 10n 2 71.61 7.51 20.88 71.57 7.26 21.02
2h 3 -C5H4N c h 3 123-124 (20) 61 B, 24 hr, 120° c8h I0n 2 71.61 7.51 20.88 71.91 7.41 20.93
2i 4 -C5H4N CH3 123-127 (20) 85 B, 6 hr, 95° c8h 10n 2 71.61 7.51 20.88 71.15 7.55 21.08
2j 4 -C5H4N c 6h 5 120-125 (0.2) 67 B, 8 hr, 90° c13h I2n 2 e
2k 4-02NC6H4 H 105-107' 78 A, 1 hr, 60° c8h 8n 2o2
° A, aqueous methylamine; B, liquid methylamine as solvent; C, methylamine in benzene. b N. Cromwell, R. Babson, and C. Harris, 

J .  A m e r . C hem . S o c ., 65, 313 (1943). c W. Saunders and E. A. Caress, ib id . , 86, 861 (1964). d C. Hauser, R. Manyik, W. Brasen, and 
P. Bayless, J .  O rg. C h em ., 20, 1119 (1955). * Gas chromatography showed product to be 97% pure. '  A. Burawoy and J. Critchley 
[T etrah edron , 5, 340 (1959)] reported mp 106°.

In the case of carbon-nitrogen double bonds, only 
N-arylimines of type 1 have been studied to date.4 
The latest paper by Smith and Yeach establishes that 
carbon alkylation is the exclusive product with mono
halides.
Ar'

Ar

C=NAr'
2 N a

T H F

"Ar'

A r

\ e  e 
C—NAr'

R X
2N a4

Ar' R
\  /

C—NHAr'

\ = N R "
/  n h 3

R

R; e
^C -N H R

R

S c h e m e  I 

R

R

\e e 
C—NR" + 2Na+

\  /  e 
C -N R ' 

/

Ar

Gautier6 recently showed that oximes derived from 
diaryl ketones, treated with 4 mol of sodium in ammonia 
followed by an organic halide, underwent reductive 
alkylation at carbon, giving good yields of amines.

Our investigation concerned the use of alkyl and un
substituted imines in the reductive alkylation reaction 
(Scheme I).

Diaryl ketones readily give the dianion with sodium 
in liquid ammonia, but with imines one would not ex
pect 3 to predominate if R "  is not aryl. Since anions 
of secondary and primary amines are of comparable 
basicity to the NH2~ ion, the large excess of ammonia 
would insure a low concentration of 3 or 5. Whether 
the predominant species is 4 or 6 clearly depends on the 
substituents, R and R'.

Results and Discussion
Preparation of Imines.—The N-methylimines were 

conveniently prepared by the reaction of the corre
sponding carbonyl compound with an excess of anhy
drous methylamine. With aldehydes, the reaction 
was exothermic, but with aryl ketones, heating in an 
autoclave was necessary. Conditions and results are 
summarized in Table I.

(4) (a) W . S ch lenk  a n d  E . B erg m an n , A n n . Chem ., 463, 281 (1928); (b) 
B. M . M ik h a ilo v  a n d  K . K u rd iu m o v a , J .  Gen. Chem. U S S R , 25, 1687 
(1955); (c) J . G . S m ith  a n d  C . D . V each , Can. J .  Chem ., 44, 2245 (1966).

(5) J .  A. G au tie r , M . M iocque , C . F a u ra n , a n d  A. Y . C loarec, C om pt. 
Rend., 263, 1164 (1966).

R " 'C l R " 'C i

R'
—NHR"

/ |

r ;  H
.C—N—R'

R R"'

For the preparation of some of the pyridylketimines, 
the indicated reaction conditions are critical. Milder 
conditions gave unreacted ketone, and more vigorous 
conditions led to the production of the hydrotriazine 
(8) and the primary amine 7. Their formation can be 
rationalized by the following sequence.

CH3

r ’S
JNk JSk

H3C ' ch3

+ H +

< -  [CH2=N C H 3] +

c h 3n h 2

7

This side reaction is most serious in the 2-pyridyl, 
less so in the 4-pyridyl, and not detected at all in the 
3-pyridyl series. With 7 (R = CH3) the triazine 8 
distilled at the same temperature as 7, but with 7 
(R = C6H6) they were easily separated. This per-
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P r o d u c t s  f r o m  t h e  R e d u c t i v e  A l k y l a t i o n  o f  I m i n e s  w i t h  S o d iu m  a n d  A l k y l  C h l o r i d e s “

ÇcHô

RTCHCR

c6h5
„NH

c a r  ' 'ch2ch2n(c2hs)2

16 17 18 19 20
Y ield , M p  o r b p -C alcd , %- •Found , %-

N o . R , R ',  R " % (m m ), °C F o rm u la c H N C H N

16a (C2H5)2NCH2CH2, h 786 144-148(0.5)' C19H26N 2 80.80 9.28 9.92 80.67 9.16 9.98
16b (CH3)2NCH2CH2, h 71 75-84d C17H22N2 80.27 8.72 11.01 80.18 8.67 10.99
16c (C2H5)2NCH2CH2, c h 3 70 69-70 C20H28N2 81.03 9.25 9.45 81.11 9.60 9.31
16d h c = c c h 2, h 48 248-251* C16Hi6C1N 74.20 6.22 5.43 74.37 6.24 5.61
16e H, (CH3)3SF 57 105-110(0.1) C16H21NSi 75.26 8.29 5.49 75.31 8.14 5.55
17 69 155-158(0.3) C21H28N2 81.71 9.15 9.08 81.76 8.99 9.17
18a (C2H5)2NCH2CH2, c h 3, h 42 110-112 (0.3) C13H23N 3 70.54 10.47 18.98 70.58 10.68 19.19
18b H feC C H 2, CH3 H 29 200-202" C,oH14Cl2N2 51.50 6.01 12.01 51.24 6.04 11.93
18c c 6h 5c h 2, c h 3, h 50* 248-251* c 14h 18ci2n 2 59.00 6.36 9.84 58.71 6.15 9.79
18d 4-ClC6H4CH2, CH3, H 11 260-263' C14H17C13N 2 52.40 5.37 8.98 52.31 5.49 9.18
18e (C2H5)2NCH2CH2/CH3, c h 3 60 110-115(0.2) c 14h 25n 3 71.44 10.71 17.85 71.59 10.70 17.91
18f c 6h 5c h 2, c h 3, c h 3 22 235-238* Ci5H20C12N2 60.40 6.73 9.37 60.25 6.90 9.57
19a a n d  20 (C2H5)2NCH2CH2, c h 3 24; 112-115 (0.8) c 13h 23n 3 70.54 10.47 18.98 70.46 10.74 19.12
“ All reactions were conducted in liquid ammonia unless otherwise specified. b Also carried out in DME giving a 54% yield. “ Dihy

drochloride, mp 268-269° (lit.6 mp 251°). d Lit.6 mp 75°. ' Melting point of hydrochloride; free base, bp 118-123 (0.3 mm) (ref 5 
reports melting point of maleate at 190°). 1 DME solvent. 1 Melting point of hydrochloride; free base, bp 78-80 (0.1 mm). h Yield by 
glpc; yield of pure salt 33%. ’ Melting point of hydrochloride; free base, bp 120-125° (0.2 mm). ’ Melting point of hydrochloride;
free base, bp 150-160 (0.2 mm). * Melting point of hydrochloride; free base, bp 130-135° (0.2 mm). 1 Composed of 71% 20 and 29% 
19a.

mitted the isolation of 7 (2- and 4-pyridyl, R = CeH6) 
in good yield when the appropriate reaction conditions 
were used (see Experimental Section).

It is also interesting to note that while benzophenone 
gave a methylimine in excellent yield, dibenzo[a,d]cy- 
cloheptan-5-one failed to react appreciably (only 10% 
conversion) with methylamine even under more vig
orous conditions (150°, 2 days). In contrast, fluor- 
enone reacted readily, but the nmr spectrum of the 
product revealed a complex mixture of products, in
cluding the type of reaction encountered in the pyridine 
series. Ammonia, however, reacts normally to give 
fluoren-9-onimine (9) ,6

The following were prepared as starting materials by 
literature methods: 9,6 diphenylketimine (10),7 1- 
phenyl-3,4-dihydroisoquinoline (11),8 and 12.®

Reductive Alkylation.—Imines of type 2, where 
R = R ' = C6H5 or R = 4-pyridyl, R ' = H, CH3, or 
C6H5, and the cyclic imine 11 underwent reductive 
alkylation at carbon, using sodium in ammonia and 
a variety of organic chlorides. Good yields of amines 
16, 17, and 18 were obtained (see Table II). When R 
was 3-pyridyl, only polymeric material was formed with 6 7 8 9

(6) L . P in c k  a n d  G . H ilb e r t, J .  A m er. Chem. Soc., 66, 490 (1934).
(7) M o u re u  a n d  M ignonac , C om pt. R end ., 56, 1806 (1913).
(8) W . W h a ley  a n d  W . H a r tu n g , J .  Org. Chem ., 14, 650 (1949).
(9) L. H . S te rn b a c h , R . I .  F ry e r , W . M etlesics, E . R eeder, S. S ach , G. 

S ancy , a n d  A. S tem pel, ib id ., 27, 3788 (1962).

2-diethylaminoethyl chloride (13) as the alkylating 
agent. When R was 2-pyridyl, reductive alkylation 
with 13 gave tars plus a mixture of C- and N-alkylated 
amine, with N-alkylation predominating (70:30). 
With the methylimine from benzaldehyde no alkyla
tion occurred. Only N-methylbenzylamine and the 
dimer 14 were isolated (presumably from radical ion 
intermediate). From the methylimine of acetophe
none, only the reduced product resulted. Other 
starting materials which failed to give pure alkylated 
products were compounds 2h (Table I), 9, and 12 , as well 
as isoquinoline, acridine, and benzonitrile. Attempts 
to use dihalides to synthesize aziridines and azetidines 
of type 15 also were unsuccessful.

C6H5CH—CHC6H6
I I

NH NH
I I

c h 3 c h 3
14

1. N a -N H a
(C6H6)2C =N H  ------------------ >- (C6H6)2C—NH

1 0  2. X (C H i)„ X  | /
(CH2)„
15

Using sodium dispersion in 1,2-dimethoxyethane 
(DME), 10 gave the same C-alkylated product 
with 13 as it did in ammonia but in lower yield. 
Trimethylsilyl chloride (which is too reactive for 
use in ammonia) reacted with the sodium adduct 
of 10 in DME to give the N-alkylated product, pre
sumably because of steric hindrance to C-alkylation. 
Since DME is aprotic, it seems likely that the disodio 
derivative 3 (R = R ' = C6H5, R "  = H) is the predom
inant species present in this solvent. Results of all 
successful reductive alkylations are summarized in 
Table II.
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P r o d u c ts  from  A lk y l a t io n  o f  A m in e s  w it h  A l k y l  C h l o r id e s  (RC1) U sin g  S o d iu m  A m id e  in  L iq u id  A m m o n ia

Y ield, Mp or bp -C a lc d ,  % - ------------ , -F o u n d , % - —s
N o .“ R , R ',  R " % (mm), °C F o rm u la c H N C H N

16a ( C 2H 5 )2 N C H 2 C H 2, h 77 See Table II
18c c 6h 5c h 2, c h 3, h 57 See Table II
19a and ) (C2Ho)2NCH2CH2, c h 3 63" See Table II

20 J 155-158(0.1)
18g ( C 2 H 6 )2 N C H 2 C H 2, c h 3, c 6 h 5 45 56-58 C 1 9 H 27N 3 76.72 9.15 14.13 76.80 9.16 14.03
18h (C2H5)2NCH2CH2j h , h 54 205-210“ C 12H 2 4 C13N 3 45.53 7.63 13.26 43.26<J 7.75 13.17
19b ( C 2 H 3 )2 N C H 2 C H 2, h 55 120-122 (0.7) C 12H 21N 3 69.52 10.21 20.27 69.44 10.22 20.43
19c h c = c c h 2, h 12 72-75 (0.5) C 9 H 10N 2 73.94 6.89 19.16 74.16 6.99 19.36
19d c 6h 5c h 2, h 18 238-240” c 13h 16c i 2n 2 57.65 5.95 10.34 57.61 6.00 10.43
“ See Table II for structures. b Composed of 52% 20 and 48% 19a. ' Melting point of trihydrochloride; free base, bp 118-125°

(0.3 mm). d A n a l . CalcdforCl: 33.35%. Found: 33.77%. • Melting point of dihydrochloride; free base, bp 130-135° (0.8 mm).

These results indicate that reductive alkylation 
occurs with only those imines, which, upon addition of 
sodium in liquid ammonia, afford carbanions that are 
weaker bases than sodium amide. One should then be 
able to get the same intermediates by treating the re
duced imine (i.e., the amine) with sodium amide in 
liquid ammonia. Subsequent alkylation would give 
identical products. This proved to be the case. Benz- 
hydrylamine with sodium amide (1.3 mol) in liquid 
ammonia gave a dark red solution, also formed from the 
imine 10 when it was added to a sodium-ammonia 
solution. Alkylation with diethylaminoethyl chloride 
(13) gave the same product, 16a, in comparable yield. 
This comparison also was extended to 4-pyridine alde
hyde methylimine and its corresponding amine, using 
benzyl chloride as the alkylating agent. The same 
product, 18c, resulted, and gas chromatography of the 
crude product showed it was contaminated with even 
the same impurities. However, comparison of 2-pyri
dine aldehyde methylimine and the corresponding 
amine, showed significant differences in the reaction 
with 13. N-Alkylation predominated in both cases but 
the sodium amide method gave a higher yield (63 vs. 
24%) of a mixture containing a higher proportion (48 
vs. 29%) of the C-alkylated isomer. A number of 
sodium amide alkylations using 2- and 4-aminomethyl- 
pyridines were carried out and are summarized in 
Table III. With 2-aminomethylpyridine, only C- 
alkylation was observed while its N-methyl derivative 
gave 52% N-alkylation. One would have to know 
more about the relative acidities and reactivities of the 
carbanions and nitranions derived from them to ex
plain these results.

In view of our promising results with 2- and 4-pyridyl- 
imines and Kharasch’s3 fair success in the reductive 
alkylation of simple esters, extension of the reactions to 
pyridyl esters seemed to be in order. Hopefully, 
Kharasch’s supposed intermediate would acquire more 
resonance stabilization (e.g., 22) in the pyridine system.

COOCHs 2Na.
NHa

21

N,/7 V -c = o 6 NO c=c Na+ RCl

22

Reductive alkylation of 21 with benzyl- and p-chloro- 
benzyl chlorides gave 54 and 34% yields of 23 respec
tively. This is much better than Kharasch’s 5% with 
benzyl chloride and ethyl benzoate. However, ethyl 
bromide, diethylaminoethyl chloride (13), and allyl 
chloride failed to give significant yields of ketone with 
2 1 . Methyl picolinate also was used but, even with 
benzyl chloride, failed to give any benzyl 2-pyridyl 
ketone. It was suspected that benzyl sodium may be 
the reactive intermediate instead of 22 in the successful 
runs, but reversing the order of addition (adding the 
benzyl chloride to the sodium in ammonia, followed by 
the ester) gave only bibenzyl and no ketone in these 
cases.

Experimental Section
All compounds gave infrared and nmr spectra consistent with 

their assigned structures.
Preparation of N-Methylimines (2).—The conditions for the 

preparation of N-methylimines are listed in Table I. For alde
hyde imines, 3 equiv of methylamine in the solvent listed were 
used for each equivalent of aldehyde. For the other imines, 0.2 
mol of ketone was dissolved in 100 ml of liquid methylamine and 
heated in an autoclave at the temperature and for the time listed 
in the table. The methylamine was vented, and the residue was 
dissolved in ether, dried over potassium carbonate, and distilled.

4-(«-Methylaminobenzyl)pyridine (18, R = H; R' = CH3; 
R" = C6H5).—The imine 21 (82.5 g) was hydrogenated in ethanol 
at 40 psi using a 5% platinum-charcoal catalyst. Distillation 
gave 68.0 g (82%) of product, bp 130-135° (0.2 mm). A small 
amount of higher boiling material was recovered which contained 
phenyl-4-pyridylmethanol. Treatment of the base with excess 
alcoholic hydrogen chloride gave the dihydrochloride, mp 238- 
240°.

A n a l . Calcd for C13H16C12N2: C, 57.51; II, 5.91; N, 10.32. 
Found: C, 57.71; H, 6.10; N, 10.64.

4-a-Aminobenzylpyridine (18, R = C6H5; R' = R" = H).—
4-Benzoylpyridine (55.0 g) was dissolved in 300 ml of methyl- 
amine and heated for 30 hr at 150° in an autoclave. The auto
clave was cooled and vented. The residue was taken up in ether, 
dried over potassium carbonate, and distilled to give 3.40 g, bp 
50-60° (0.8 mm), and 45.8 g, bp 130-140° (0.2 mm). The low 
boiling fraction was redistilled to give 2.52 g, bp 75-80° (10 mm). 
Its nmr spectrum showed it to be the triazine 8.

A n a l . Calcd for C6H15N3: C, 55.78; H, 11.70; N, 32.52.
Found: C, 55.83; H, 11.76; N, 32.73.

Gas chromatography of the higher boiling fraction indicated 
the presence of 67% of the primary amine 18 and 24% of the N- 
methylimine 2j. (N o te : Running the reaction for a longer
period of time did not lower the percentage of 2j.) The dihydro
chloride was prepared with hydrogen chloride in 2-propanol. 
After two recrystallizations from ethanol-2-propanol, there was 
obtained 42.3 g (56%) of dihydrochloride, mp 231-234° (lit.10 
mp 234-236°). * 57

(10) C . L ovell a n d  K . R orig , U . S. P a te n t  3 ,025,302 (1962); Chem. A bstr .,
57, 111736 ,c (1962).23
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2 -a-Aminobenzylpyridine (19, R = C6H5; R' = H).—2-
Benzoylpyridine (55.0 g) was treated as in the foregoing procedure 
for 24 hr at 130°. The product [24.5 g, 45% yield, bp 135-140° 
(0.2 mm)] was at least 90% pure as indicated by nmr analysis. 
The dihydrochloride melted at 242-244° (lit.11 mp 242-244°).

Reductive Alkylation with Sodium in Ammonia.—To 300 ml 
of liquid ammonia under a nitrogen atmosphere, and cooled in a 
Dry Ice-acetone bath, was added 5.17 g of sodium (0.225 g- 
atom). After all the sodium had dissolved (blue-black solution), 
a solution of 0.10 mol of the imine in 25 ml of dry ether was added 
dropwise over a 15-min period. This was stirred for 15 min, and 
then a solution of 0.11 mol of the halide in 25 ml of ether was 
added over another 15-min period. The dark-colored solution 
was stirred for 3-4 hr at the Dry Ice bath temperature under a 
nitrogen atmosphere. Then 10 ml of water was added slowly, 
the ammonia was evaporated on a warm water bath, and the 
residue was taken up in ether and 25 ml of water. The ether 
layer was separated and dried over anhydrous potassium car
bonate. Removal of the drying agent by filtration and distilla
tion of the filtrate gave the products listed in Table II.

l,2-Diphenyl-N,N'-dimethylethylenediamine (14).—When 
benzaldehyde methylimine was subjected to the foregoing con
ditions using diethylaminoethyl chloride as the alkylating agent, 
the color of the solution changed from blue-black to light yellow 
after less than half of the halide had been added. The mixture 
was worked up in the prescribed way to give N-methylbenzyl- 
amine and a 45% yield of 14 as a mixture of m eso  and d l  isomers. 
The isomers could be partially separated into the solid m eso , mp 
115-124° (lit.12mp 135°) and the liquid di form. The nmr spectra 
indicated that the liquid contained very little m eso , and the solid 
contained about 80% m eso  form. The liquid was the major 
(80%) product in the mixture.

A n a l  (for liquid d l) . Calcd for CieHsoNi: C, 79.83; H, 8.37. 
Found: C, 79.96; H, 8.39.

Use of Dimethoxyethane (DME) Solvent. N-Trimethylsilyl- 
benzhydrylamine (16e).—To a suspension of 3.90 g of sodium 
dispersion in 110 ml of DME was added, dropwise with stirring 
in a nitrogen atmosphere, a solution of 9.0 g of diphenylketimine
(10) in 30 ml of DME. A dark blue solution formed. After 
being stirred for 0.5 hr, the solution was cooled to —30° and 7.0 
g of trimethylsilyl chloride dissolved in 30 ml of DME was added 
over a 15-min period. At the end of the addition the reaction 
mixture changed to a light pink color but on warming to room 
temperature h  became dark red. Water (10 ml) was added to 
discharge the color, the DME was removed under reduced pres
sure, and the residue was treated with ether and water. The 
ether layer was separated, dried, and distilled. See Table II for 
the results.

Benzyl 4-Pyridyl Ketone (23, R = C6H5CH2).—A solution of 
methyl isonicotinate (20.0 g) in 50 ml of ether was added over a
15-min period to a solution of 6.90 g of sodium in 250 ml of liquid 
ammonia kept under a nitrogen atmosphere and cooled in a Dry

(11) S. W in th ro p  a n d  G . G av in , J .  Org. Chem ., 2 i ,  1936 (1959).
(12) K . B auer, A rch. P harm ., 291, 248 (1958).

Ice-acetone bath. This was stirred for 5 min, and then 19.0 g 
of benzyl chloride dissolved in 40 ml of ether was added over a
20-min period. The Dry Ice-acetone bath was removed, and 
the mixture was stirred for 1.3 hr. Water (100 ml) was added 
slowly, the ammonia was evaporated on a warm water bath, and 
the residue was extracted with ether (50 ml) and then with chloro
form (250 ml). (N o te : The color of the solution changed from 
black to yellow on addition of chloroform.) Drying and re
moving the chloroform by distillation gave 15.6 g (54%) of ketone, 
mp 94-96° (chloroform-ether) (lit.13 mp 96°). From the ether 
extract no ketone was obtainable.

p-Chlorobenzyl 4-Pyridyl Ketone (23, R = 4-ClC6H,CH,).— 
Substituting p-chlorobenzyl chloride for benzyl chloride in the 
foregoing procedure gave a 42% yield of the chloro ketone, mp 
85-87° (chloroform—ether).

A n a l . Calcd for Ci3H](iC1NO: C, 67.50; H, 4.35; N, 6.06. 
Found: C, 67.30; H, 4.38; N, 6.24.

Sodium Amide Alkylations.—To a suspension of 11.5 g (0.13 
mol) of sodium amide in 300 ml of ammonia at —33° was added 
0.10 mol of the amine. After being'Stirred for 20 min, the dark 
red solution was cooled in a Dry Ice-acetone bath. Then, under 
nitrogen, 0.10 mol of the halide dissolved in 30 ml of dry ether 
was added over a 15-min period. The reaction mixture was 
treated as specified above for the reductive alkylation. An ex
ception was in the alkylation of 4-(a-methylaminobenzyl)pyri- 
dine. Here the reaction mixture was kept overnight in an auto
clave at 15° instead of for 4 hr at —60°. Data are summarized 
in Table III.

Registry No.—2d, 7032-20-4; 2e, 16273-54-4; 2f, 
16273-55-5; 2g, 16273-56-6; 2h, 16273-57-7; 2i,
16273-58-8; 2j, 16273-59-9; 16a, 16273-85-1; 16c, 
16273-60-2; 16d, 16273-61-3; 16dHCl, 16273-62-4; 
16e, 16273-86-2; 17, 16273-63-5; 18a, 16273-64-6; 
18b, 16273-65-7; 18b-HC1, 16273-66-8; 18c, 16273- 
67-9; 18c HC1, 16273-68-0; 18d, 16273-69-1; 18d- 
HC1, 16273-70-4; 18e, 16273-71-5; 18f, 16273-72-6; 
18f ■ HC1, 16273-73-7; 18g, 16273-74-8; 18h, 16273-
75-9; 18h-HCl, 16273-76-0; 18(R = H; R ' = CH3; 
R " = C6H5) • 2HC1, 16273-77-1; 19a, 16273-78-2;
19b, 16273-79-3; 19c, 16273-80-6; 19d, 16273-81-7; 
19d-2HCl, 16273-82-8; 20,16273-83-9; 23,16273-84-0; 
sodium, 7440-23-5; ammonia, 7664-41-7.

Acknowledgments.—Elemental analyses were per
formed under the direction of Orville Kolsto and Victor 
Rauschel, infrared spectra were determined by Brigitte 
Fruehwirth, and the nmr spectra were obtained by Ruth 
Stanaszek.

(13) L. K u lczynsk i, Z. M ach o n , a n d  L. W y k re t, D isserta tiones P h a rm ., 13, 
299 (1961); Chem. A bstr., 57, 8541a (1962).
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T h e Isom eric Pyridopyrazines from  the Reaction o f Som e Tetraam inopyridines
w ith  Pyruvaldehyde and B enzil1 2

Robert D. Elliott, Carroll Temple, Jr., and John A. Montgomery 
K e tte r in g -M e y e r  L a b o ra to ry , S ou th ern  R esearch  I n s ti tu te , B ir m in g h a m , A la b a m a  3 5 2 0 5

R ece ived  J a n u a r y  8 , 1 9 6 8

The major product obtained from the condensation of 2,3,4,6-tetraaminopyridine (5) with pyruvaldehyde 
under acidic conditions was identified as 6,8-diamino-3-methylpyrido[2,3-6]pyrazine (1). The condensation 
of ethyl 4,5,6-triamino-2-pyridinecarbamate (18) with benzil gave a 2:3 mixture of the pyrido[2,3-b]pyrazine (19) 
and pyrido[3,4-ft]pyrazine (20) under neutral conditions, and mainly 20 containing a small amount of 19 under 
acidic conditions. These results were confirmed by the unambiguous synthesis of 19 and the ethoxy deamination 
of 20 to give ethyl 2,3-diphenyl-5-ethoxypyrido[3,4-b]pyrazine-7-carbamate (24). The isomeric carbamate (23) 
was obtained by a reaction sequence starting with 2,6-diamino-4-ethoxy-3-nitropyridine (17).

Previously the unambiguous syntheses of deaza 
analogs of methotrexate2-4 was accomplished by modifi
cation of the multistep procedure of Boon and Leigh.6 
The successful preparation of 2,3,4,6-tetraaminopyridine
(5), and availability of 23 and 34 5 for purposes of com
parison, prompted the investigation of the more direct, 
one-step condensation of pyruvaldehyde with 5. This 
reaction could theoretically give four isomeric deaza- 
pteridines (1-4) depending upon the relative nucleo- 
philicities of the 2-, 3- and 4-amino groups of 5. The 
condensation of 5 with pyruvaldehdye and of 18 with 
benzil under acidic conditions showed that the nucleo- 
philicities of the amino groups are dependent on the 
pyridine substrate.

Reaction of diethyl 4-chloro-3-nitro-2,6-pyridine- 
dicarbamate (13)4 with methanolic ammonia in a bomb 
at 138° not only replaced the chloro group, but cleaved 
the urethan groups to give 3-nitro-2,4,6-triamino- 
pyridine (9). The latter was reduced with Raney 
nickel to give 2,3,4,6-tetraaminopyridine (5), isolated as 
the dihydrochloride. A complex reaction mixture 
resulted from the reaction of the unstable free amine of 
5 with pyruvaldehyde under neutral conditions. The 
condensation of the dihydrochloride of 5, however, with 
30% aqueous pyruvaldehyde in 0.1 N  hydrochloric acid 
under nitrogen gave a 58% yield of crude product, 
which was purified to give a 49% yield of one of the four 
possible isomers (1-4). A second fraction, which was 
obtained from this reaction in 6% yield, was shown to 
be either 3 or 4 by thin layer chromatography (see 
below). The mother liquor from the second fraction 
appeared to contain only 5 or its decomposition prod
ucts. The ultraviolet spectrum of the purified product 
was more similar to that of 2 than that of 3, and was 
tentatively assigned structure 1 . This assignment was 
substantiated by preparation of the isomeric 5,7- 
diamino-2-methylpyrido [3,4-5 jpyrazine (4). The (di- 
phenylmethyl)amino compound 6s was treated with 
10% hydrogen bromide in acetic acid to give the hydro
bromide of the 4-aminopyridine 7, which was converted 
into the free base with sodium acetate. The nitro 
group of 7 was hydrogenated in the presence of Raney

(1) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  fu n d s  from  th e  C . F . K e tte r in g  
F o u n d a tio n  a n d  th e  C an c e r C h e m o th e ra p y  N a tio n a l S erv ice  C en te r , N a 
tio n a l C e n te r  I n s t i tu te ,  N a tio n a l I n s t i tu te s  of H e a lth , C o n tra c t  N o . P H 4 3 - 
64-51.

(2) R . D . E l lio t t ,  C . T e m p le , J r . ,  a n d  J . A . M o n tg o m e ry , J .  Org. C hem ., 
33, 533 (1968).

(3) R . D . E ll io t t ,  C . T e m p le , J r . ,  a n d  J .  A . M o n tg o m e ry , ib id ., 31, 1890 
(1966).

(4) J .  A . M o n tg o m e ry  a n d  N . F . W ood , ib id ., 29, 734 (1964).
(5) W . R . B oon  a n d  T . L e igh , J .  Chem . Soc ., 1497 (1951).

nickel, and the resulting 3,4-diaminopyridine was 
condensed in situ with 30% aqueous pyruvaldehyde to 
give 8 in 56% yield. The urethan groups of 8 were 
hydrolyzed with potassium hydroxide in ethanol to give 
the 2-methylpyrido [3,4-5]pyrazine 4 in 79% yield.

A comparison of the properties of the four isomers 
(1—4) is presented in Table I. The pair of pyrido- 
[2,3-5]pyrazines 1 and 2 were easily distinguished from 
the pair of pyrido[3,4-5]pyrazines 3 and 4 by the differ
ences in their ultraviolet spectra and R{ values. In 
addition, potentiometric titrations indicated that the 
ionization constants (pAJ of 1 and 2 were near 7, while 
those of 3 and 4 were less than 5. By comparison the 
constant of 2,4-diaminopteridine is reported to be
5.32.6 The isomers of each pair, however, have very 
similar physical and chemical properties. The pyrido- 
[2,3-5]pyrazines 1 and 2 have identical R{ values on 
silica gel plates, and similar ultraviolet and infrared 
spectra. Proton magnetic resonance (pmr) spectros
copy was found to be the only unequivocal method for 
differentiating between 1 and 2 . Spectra of the two 
isomers were obtained both separately and in a mixture 
to ensure that displacements of absorption peaks were 
not due to concentration effects. The similarities and 
differences noted in 1 and 2 were also found in the py- 
rido [3,4-5 ]pyrazines 3 and 4.

In the condensation of 5, and the 3,4-diaminopyridine 
resulting from 7, with pyruvaldehyde, it is reasonable to 
assume that the initial reaction occurred between the
3-amino group and the aldehyde moiety to give the 
corresponding pyridine anil. In the anil from 5 the 
direction of cyclization is determined by the relative 
nucleophilicities of the 2- and 4-amino groups in acidic 
media. Since 1 is the major isomer formed, the 2- 
amino group must be more nucleophilic than the 4- 
amino group under the conditions employed. This 
conclusion is supported by the reaction of 2,3,4-tria- 
minopyridine with polyglyoxal to give the pyrido- 
[3,4-5 [pyrazine system under neutral conditions and 
the pyrido [2,3-5 [pyrazine system under acidic condi
tions.7

The 3,4-diaminopyridine resulting from the reduction 
of 7 as described above was also condensed with benzil 
to give the 2,3-diphenyl derivative 1 1 . Hydrolysis of 
the urethan groups of this compound gave an 84% 
yield of 5,7-diamino-2,3-diphenylpyrido [3,4-5 [pyrazine 
(12).

The isomeric 2,3-diphenylpyrido[2,3-5]pyrazine 16

(6) A . A lb e rt , D . J .  B row n, a n d  G . C h eesem an , ib id ., 4227 (1952).
(7) A. A lb e rt a n d  A . H a m p to n , ib id ., 4985 (1952).
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was prepared in three steps from the pyridine 10s. The 
nitro group of 10 was reduced in the presence of a 30% 
palladium-on-charcoal catalyst, and the resulting 2,3- 
diaminopyridine was condensed in situ with benzil to 
give 15. The diphenylmethyl group of 15 was removed 
with 15% hydrogen bromide in acetic acid to give 19, 
and the urethan group of the latter was cleaved with 
ethanolic potassium hydroxide to give 16. A compari
son of the properties of 12 and 16 is also included in 
Table I.

To examine the reaction of a 2,3,4-triaminopyridine 
with benzil, the nitro group of 143 was reduced with 
Raney nickel to give the intermediate ethyl 4,5,6- 
triamino-2-pyridinecarbamate (18). In contrast to the 
reaction of 5 with pyruvaldehyde, which gave the 
pyrido[2,3-?>]pyrazine ring system, the condensation of 
18 in situ with benzil under acidic conditions gave 20 
containing a small amount of 19. The latter was identi
fied by comparison of a thin layer chromatogram of the 
reaction product with a chromatogram of the unambigu
ously prepared sample of 19 described above. How
ever, 19 was undetected in the pmr spectrum of the re

action product in deuterated DMSO indicating that this 
sample probably contained less than 10% 19. Under 
neutral conditions the condensation of 18 with benzil 
gave a greater amount of 19. The reaction product was 
estimated from its pmr spectrum to be a 2 :3 mixture of 
19 and 20. The change in the direction of cyclization 
in the condensation of 18 with benzil, when compared 
with the reaction of 5 with pyruvaldehyde, is attributed 
to a change in the nucleophilicities of the 2- and 4- 
amino groups in the intermediate pyridine anil resulting 
from the ethoxycarbonyl group on the 2-amino group.

Although 20 was not completely freed of 19 by recrys
tallization, the ethoxy deamination8 of 20 containing 
about 30% of 19 with ethanolic isoamyl nitrite and 
hydrogen chloride in a sealed tube at 100° gave 24. 
The isomeric ethoxy compound 23 was prepared from
2,6-diamino-4-ethoxy-3-nitropyridine (17). The latter 
was obtained by treatment of 13 with ethanolic potas
sium hydroxide. Reduction of the nitro group of 
17 with Raney nickel gave 2 1 , which was condensed

(8) N . C . H in d le y  a n d  J . A . Low , B r it ish  P a te n t  588,806 (1947).
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T a b l e  I

U ltra v io le t  ab so rp tio n  sp ec tra ,

C o m p d
T ic,
R f 0.1 N  HC1

Xmax in  mjx (e X 10 
p H  7 0.1 N  N aO H

In f ra re d  a b s o rp tio n  sp ec tra , 
1700-1500  c m -1

/---------- chem ica l sh ift,
C H 3(C 6H 6) C H

r  (p p m )---------- -
N H 2

i c 0.66 221(37.0)
246(sh)(6.63) 
331(18.0)

221(36.5)
246(sh)(6.82) 
332(17.1)

259(14.3)
351(12.1)

1645, 1600, 1555, 
1517

7.34 3.87
1.37

1.95
1.83

2c,d 0.66 221(36.9) 
334(15.9)

220(33.7)
255(9.32)
341(12.1)

259(15.9)
354(9.56)

1650, 1630 (sh), 
1600 (sh), 1545

7.31 3.73
1.25

1.97
1.66

3e 0.79 244(17.9)
314(16.8)

265(22.6)
312(7.3)

266(23.3)
312(7.3)

1650, 1600, 1575 (sh), 
1535

7.48 4.03
1.46

4.20
3.23

4 0.79 248(17.7)
256 (sh)(17.1) 
320(15.7)

267(27.2)
314(6.36)

267(27.2)
314(6.36)

1650 (sh), 1608, 1590, 
1550

7.51 4.14
1.93

4.14
3.25

12 233(25.3)
338(30.2)

237(21.0)
305(24.5)

237(20.7)
305(24.5)

1650 (sh), 1605 
1580 (sh), 1555 (sh), 

1515

2.65 3.97 ca . 4.3  
c a .  2 . 6

16 222(36.0)
273(17.2)
366(22.6)

277(20.6)
371(18.6)

229(25.4)
279(24.7)
378(16.9)

1618, 1575 (sh), 
1540, 1525

2.61 3.72 1.90
1.60

“ The compounds were spotted on silica gel H (Brinkmann) plates, exposed to ammonia, and developed with ethyl acetate-methanol 
(1:1). b Spectra were obtained on DMSO-d6 solutions (2-11% w/v) with a Varian A-60 spectrometer using tetramethylsilane as an 
internal standard. 0 Hydrochloride. d See ref 3. 6 See ref 4.

in situ with benzil to give 22. Then, reaction of 22 
with ethyl chloroformate and pyridine in dioxane gave 
the corresponding urethan 23.

Experimental Section
Melting points, unless otherwise indicated, were determined on 

a Kofler Heizbank and are corrected. The ultraviolet absorption 
spectral were determined in aqueous solution with a Cary Model 
14 spectrophotometer (sh designates shoulder), whereas the 
infrared absorption spectra were determined in pressed potassium 
bromide disks with Perkin-Elmer Models 221-G and 521 spectro
photometers.

6,8-Diamino-3-methylpyrido[2,3-5]pyrazine (1).—The dihydro
chloride of 5 (500 mg, 2.36 mmol) was dissolved in a stirred solu
tion of 30% aqueous pyruvaldehyde (622 mg, 2.59 mmol) and 
0.1 N  HC1 (4.4 ml) at 0° under N2. The resulting solution re
mained at room temperature for 2 hr and at 4° for 1 hr. The 
orange crystalline precipitate of crude 1 hydrochloride (290 mg) 
was collected by filtration, washed with cold water (0.5 ml), 
and recrystallized (charcoal) from hot 0.2 N  HC1 (4 ml). The 
light tan crystals of 1 hydrochloride were collected by filtration 
and dried in  vacuo  over P20 5 to yield 245 mg (49%), mp >330° 
(Mel-Temp).

A n a l. Calcd for C8H9N5-HC1: C,45.40; H, 4.76; N, 33.09. 
Found: C, 45.45; H, 4.88; N, 32.82.

Concentration of the reaction filtrate gave 29 mg (6%) of a 
precipitate that was identified as either 3 or 4 by thin layer 
chromatography.

5,7-Diamino-2-methylpyrido[3,4-5]pyrazine (4).—A solution 
of 8 (319 mg, 1.00 mmol) and KOH (701 mg, 12.5 mmol) in 
EtOH (5 ml) was refluxed under N2 for 7 hr. The reaction 
mixture was cooled to room temperature, and the resulting orange- 
yellow precipitate was collected by filtration. A suspension 
of the precipitate in H20  (2 ml) was neutralized with 3 N  HC1 
to give an orange precipitate of 4 which was collected by filtra
tion, washed with cold H20 , and dried at 78° in  vacuo  over P20 8 
to yield 138 mg (79%), mp 237° dec (taken rapidly to melting 
point).

A n a l . Calcd for CsHgNs: C, 54.84; H, 5.18; N, 39.98.
Found: C, 54.80; H, 5.43; N, 40.09.

2,3,4,6-Tetraaminopyridine (5).—A solution of 9 (800 mg, 
4.73 mmol) in EtOH (80 ml) was hydrogenated at room tempera
ture and atmospheric pressure in the presence of Raney nickel 
(1.4 g, weighed wet with EtOH). The reaction mixture absorbed 
the theoretical amount of H2 in 80 min. The resulting solution 
was filtered under N2, treated with 6.1 N  anhydrous HC1 in 
ethanol (1.64 ml, 10 mmol), and refrigerated. The crystalline 
precipitate of 5 dihydrochloride was collected by filtration, washed 
with cold EtOH, and dried in  vacuo  over P20 5 to yield 900 mg

(90%): mp >220° with slow decomposition; Xmal in m/x
(e X 10 -3), pH 1—224 (47.1) and 293 (11.5), pH 7 (unstable)—225 
and 301, pH 13 (unstable)—288; v in cm '1, 3320 and 3190 (NH), 
2850 and 2560 (acidic H), 1670 and 1640 (NH2), 1570 and 1500 
(ring stretching).

A n a l . Calcd for C5HuC12N5: C, 28.32; H, 5.23; N, 33.02. 
Found: C, 28.50; H, 5.12; N, 32.95.

Diethyl 4-Amino-3-nitro-2,6-pyridinedicarbamate (7).—A solu
tion of 63 (48.0 g, 0.100 mol) and phenol (5 g) in 10% HBr in 
AcOH (1.44 1.) was stirred at room temperature for 18 hr and 
diluted with ether (4.80 1.). The resulting yellow crystalline 7 
hydrobromide was collected by filtration, washed with Et20 , 
and dried in  vacuo  over P20 5 to yield 33.8 g (86%): mp 153-156° 
dec; Xmax in m/x (e X 10“3), pH 1—221 (34.4), 244 (23.0), 273
(18.7) , and 325 (10.9), pH 7—219 (33.0), 246 (20.3), and 343
(13.3), pH 13—224 (26.0), 263 (16.1), and 361 (8.03); v in cm“*, 
3430 and 3270 (NH), 2980 and 2930 (CH), 1728 (C = 0), 1655 
(NH2), 1605 (ring stretching), 1230 (C-O-C).

A n a l . Calcd for CnHuNsCVHBr: C, 33.51; H, 4.09; N, 
17.77. Found: C, 33.27; H, 4.33; N, 17.47.

A mixture of the hydrobromide (30.0 g, 76.1 mmol) and NaOAc 
(6.24 g, 76.1 mmol) in H20  (400 ml) was stirred for 18 hr. The 
free base (7) was collected by filtration, washed with H20, air 
dried, recrystallized from boiling EtOH (2 1.), and dried in  vacuo  
over P20 5 at 78° to yield 18.8 g (79%): mp ca 190°; Xmax in 
mM (« X 10“3), pH 1—221 (33.8), 244 (22.9), 273 (18.9), and 324
(10.8) , pH 7—219 (32.5), 246 (20.8), and 343 (12.9), pH 13—226
(26.2), 263 (16.7), and 362 (6.92); v in cm“1, 3460, 3435, 3340, 
3315, and 3200 (NH), 3070, 2980, 2935, and 2905 (CH), 1745, 
1735, and 1713 (C = 0), 1620 (NH), 1590, 1530, and 1490 (ring 
stretching), 1200 (C-O-C).

A n a l . Calcd for CnHuNsO«: C, 42.17; H, 4.83; N, 22.36. 
Found: C, 42.08; H, 4.80; N, 22.52.

Diethyl 2-Methylpyrido[3,4-6]pyrazine-5,7-dicarbamate (8).— 
A solution of 7 (1.00 g, 319 mmol) in Me2CO (20 ml) and H20  
(1 ml) was hydrogenated at room temperature and atmospheric 
pressure in the presence of Raney nickel (1 g weighed wet with 
EtOH). The H2 uptake was complete in 2 hr. The resulting 
solution was filtered under N2 and treated with a solution of 
30% pyruvaldehyde (843 mg, 3.51 mmol) in H20  (2 ml). The 
reaction mixture (under N2) was allowed to stand at room tem
perature for 16 hr, then at 4° for 24 hr. The crystalline 8 that 
deposited was collected by filtration, washed with cold EtOH, 
and dried in  vacuo  over P20 5 at 78° to yield 570 mg (56%): 
mp 199°; Xma* in ran  (e X 10“3), pH 1—219 (19.8), 240 (29.4), 
257 (sh) (22.1), 263 (22.5), 304 (12.6), and 378 (3.16), pH 7—258
(36.5), 292 (4.88), and 366 (5.47), pH 13—262 (29.1) and 388 
(3.11); v in cm“1, 3385, 3255, and 3160 (NH), 3080, 2980, 2930, 
and 2910 (CH), 1762 (sh), 1750, 1732, and 1721 (sh) (C = 0), 
1610 (NH), 1588, 1540, and 1510 (ring stretching), 1220 and 
1200 (C-O-C).
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A n a l. Calcd for Ci4H„N50 4: C, 52.66; H, 5.37; N, 21.93. 
Found: C, 52.73; H, 5.41; N, 21.94.

3-Nitro-2,4,6,triaminopyridine (9).—A solution of 134 (3.00 g, 
9.02 mmol) in MeOH (90 ml) saturated with NH3 at 0° was heated 
in a Parr bomb at 138° for 23 hr. The residue that was obtained 
by evaporation of the reaction mixture was recrystallized from 
a boiling EtOH-H20  mixture (1:3). The product which crys
tallized as long orange needles was collected by filtration, 
washed with H20, and dried in  vacico over P20 5 to yield 1.26 g 
(83%): mp 261°; A™, in mM (e X10“3), pH 1—216 (31.4),
274 (9.50), and 347 (8.95), pH 7—212 (26.2), 257 (11.0), and 
349 (13.6), pH 13—256 (11.3) and 349 (13.9); v in cm"1, 3475, 
3440, 3395, and 3350 (NH), 3080 (CH), 1650 (NHS), 1580 and 
1550 (sh) (ring stretching).

A n a l . Calcd for C5H7N50 2: C, 35.50; H, 4.17; N, 41.41. 
Found: C, 35.50; H, 4.18; N, 41.23.

Diethyl 2,3-Diphenylpyrido[3,4-5]pyrazine-5,7-dicarbamate
(11).—A solution of 7 (2.00 g, 6.38 mmol) in Me2CO (40 ml) was 
hydrogenated at room temperature and atmospheric pressure 
in the presence of Raney nickel (1.7 g, weighed wet with EtOH). 
The theoretical quantity of H2 was absorbed in 2 hr. The catalyst 
was removed by filtration and benzil (1.48 g, 7.02 mmol) was 
added to the filtrate. After 4 days at room temperature the 
solution was evaporated to dryness, and the resulting residue was 
recrystallized from EtOH (10 ml). The yellow crystalline product 
that deposited was collected by filtration, washed with EtOH, 
and dried at 100° in  vacu o  over P20 5 to yield 2.60 g (81%): 
mp 170° with softening from 100°; Amax in m^ (e X 10-3), pH 
1 (unstable)—239 and 315, pH 7 (unstable)—257 and 312, pH
13—252 (24.9) and 307 (27.2); v in cm% 3380 and 3250 (NH), 
3060, 2977, 2930, and 2905 (CH), 1758 and 1730 (C = 0), 1610 
(NH), 1575, 1525, 1505, and 1496 (ring stretching), 1187 
(C-O-C), 740 and 694 (monosubstituted phenyl).

A n a l . Calcd for C25H23N60 4: C, 65.63; H, 5.07; N, 15.31. 
Found: C, 65.72; H, 5.13; N, 15.14.

5.7- Diamino-2,3-diphenylpyrido[3,4-6]pyrazine (12).—A mix
ture of 11 (458 mg, 1.00 mmol), KOH (1.40 g, 24.9 mmol), and 
EtOH (20 ml) was stirred at reflux under N2 for 7 hr and cooled 
in an ice bath. The resulting orange crystalline precipitate was 
collected by filtration, suspended in H20  (2 ml), and neutralized 
with 3 N  HC1. The precipitate of orange product was collected 
by filtration, washed with cold H20, and dried in  vacuo  at 100° 
over P20 5 to yield 271 mg (84%), mp ca . 131° dec.

A n a l . Calcd for C19HI5N5->/2H20: C, 70.79; H, 5.00; N, 
21.73. Found: C, 71.04; H, 4.93; N, 21.96.

Ethyl 2,3-Diphenyl-8-[(diphenylmethyl)amino]pyrido[2,3-5]- 
pyrazine-6-carbamate (15).—A suspension of 103 (1.00 g, 2.45 
mmol) in EtOH (100 ml) was stirred with 30% palladium on 
charcoal (700 mg) in the presence of H-2 at atmospheric pressure 
and room temperature for 7 hr. The catalyst was removed by 
filtration and benzil (567 mg, 2.70 mmol) was added to the filtrate. 
After standing for 18 hr at room temperature, the resulting mix
ture containing white crystals was cooled at —25° for 1 hr, and 
the product was collected by filtration and dried in  vacuo  over 
P2O5 to yield 1.24 g (92%), mp 205-215°. The analytical sample, 
mp co. 225°, was obtained by recrystallization of a portion of 
the product from EtOH: \ max in m u  (c X 10“3), pH 1—243
(31.6), 273 (20.9), and 360 (22.4), pH 7 and 13 (cloudy)—242 
(sh), 300, and 368; P in cm“1, 3428 and 3400 (NH), 3062, 
3030, 29S0, 292S, and 2910 (CH), 1745 (C = 0), 1595, 1569, 
1540, 1510, and 1490 (ring stretching), 1193 (C-O-C), 740 and 
690 (monosubstituted phenyl).

A n a l. Calcd for C35N60 2: C, 76.20; H, 5.30; N, 12.70. 
Found: C, 76.30; H- 5.23; N, 12.85.

6.8- Diamino-2,3-diphenylpyrido[2,3-6]pyrazine (16).—A solu
tion of 19 (385 mg, 1.00 mmol) and KOH (2.00 g, 35.7 mmol) in 
EtOH (30 ml) was refluxed under N2 for 7 hr. The solution was 
made slightly acidic with 6 N  HC1 and evaporated to dryness 
in  vacu o . The residue was extracted with hot EtOH, and the 
extract was diluted with Et20  to precipitate the hydrochloride 
of 16. A mixture of the hydrochloride (270 mg, 0.772 mmol) 
and 1 N  NaOH solution (0.772 ml, 0.772 mmol) in water (4 ml) 
was stirred for 1 hr and evaporated to dryness in  vacu o . The 
residue was extracted with hot EtOH (10 ml), and the extract 
was refrigerated. The yellow needles Lhat deposited were col
lected by filtration, washed with cold EtOH, and dried at 100° 
in  vacuo  over P20 5 to yield 173 mg (55%): mp ca . 148-153°
(Mel-Temp); Amal in mM (e X 10“3), pH 1—222 (36.0), 273 (17.2), 
and 366 (22.6), pH 7—277 (20.6) and 371 (18.6), pH 13—229
(25.4), 279 (24.7), and 378 (16.9); P in crn’ i, 3450, 3375, and

3160 (NH), 3050 (CH), 1618, 1575 (sh), 1540, 1525, and 1495 
(NH2, ring stretching), 739 and 693 (monosubstituted phenyl).

A n a l . Calcd for Ci9Hi6N5: C, 72.82; H, 4.83; N, 22.35. 
Found: C, 72.37; H, 4.95; N, 22.55.

2,6-Diamino-4-ethoxy-3-nitropyridme (17).—A filtered solution 
of 131 (5.00 g, 15.0 mmol) and KOH (15.0 g, 268 mmol) in EtOH 
(200 ml) was heated at reflux temperature for 3 hr. The yellow- 
orange precipitate was collected by filtration. Additional precipi
tate was obtained by concentration of the mother liquor in  vacu o . 
The crops were combined, triturated with H20  (5 ml), and dis
solved in boiling water (380 ml). The hot solution after charcoal 
treatment and refrigeration deposited pure 17 as yellow needles 
which were collected by filtration and dried in  vacuo  over P2Os to 
yield 1.18 g (40%): mp 186-189°; Ama* in m u  (e X 10~3), 
pH 1—225 (sh) (10.3), 288 (3.29), and360 (12.4), pH 7 and 13—222 
(9.10), 257 (8.08), 311 (6.15), and 386 (13.3); P in cm“1, 3441, 
3419, 3348, 3230, and 3145 (NH), 2990, 2935, 2930, and 2885 
(CH), 1650 and 1622 (NH2), 1583 and 1550 (ring stretching), 
1250 (C-O-C).

A n a l . Calcd for C,HI0N4O3: C, 42.42; H, 5.09; N, 28.27. 
Found: C, 42.46; H, 5.32; N, 28.39.

Ethyl 8-Amino-2,3-diphenylpyrido[2,3-t]pyrazine-6-carbamate
(19).—A solution of 15 (500 mg, 0.907 mmol) in 15% HBr in 
AcOH (50 ml) was stirred for 18 hr at room temperature and 
evaporated to dryness at 40° (1 mm). The gummy residue was 
triturated with C6H6 (3 ml), collected by filtration under N2, 
washed with CeHe (3 ml), and dried in  vacu o  over P2Os to yield 
316mg(68%): mp ca . 235-237° dec (Mel-Temp). The analyti
cal sample, mp ca . 245-248° dec, was obtained by two recrystal
lizations of the crude hydrobromide from EtOH-Et20: Ama* in 
m u  (e X 10-3), pH 1—222 (30.4), 240 (sh), (26.1), 271 (20.5), 
and 360 (20.1), pH 7 (unstable)—221, 289, and 362, pH 13—221
(26.4) , 288 (21.0), and 362 (11.6); P in cm“1, 3600-2400 (NH, 
CH), 1740 (C = 0), 1630 (NH2), 1590, 1560, 1543, and 1505 
(ring stretching), 1213 (C-O-C), 737 and 692 (monosubstituted 
phenyl).

A n a l . Calcd for C22Hi9N50 2-HBr: C, 56.66; H, 4.32; N,
15.02. Found: C, 56.90; H, 4.52; N, 14.72.

A suspension of the crude hydrobromide (242 mg, 0.519 mmol) 
in 1.00 N  NaOH solution (0.545 ml. 0.545 mmol) and H20  (2 ml) 
was stirred at room temperature for 4 days. The free amine 19 
was collected by filtration, washed with H20, dried in  vacuo  
over P2Os, and recrystallized twice from EtOH-H20  (3:1) to 
yield 140 mg (70%): mp >280°; Ama* in m/a (e X 10~3), pH 
1—222 (31.9), 238 (sh) (28.3), 272 (22.1), and 362 (21.3), 
pH 7 (unstable)—222, 287 and 363, pH 13—289 (24.3) and 367
(14.4) ; P in cm -1, 3470, 3430, 3280, and 3150 (NH), 3050 and 
2975 (CH), 1720 (C =0), 1620 (NH2), 1580, 1560, 1535, and 
1510 (ring stretching), 1200 (C-O-C), 738 and 693 (mono
substituted phenyl).

A n a l . Calcd for C22H19N50 2: C, 68.56; H, 4.97; N, 18.17. 
Found: C, 68.30; H, 4.89; N, 17.98.

The Preparation of 19 and 20. A.—A solution of 143 (1.43 g, 
5.93 mmol) in EtOH (35 ml) was stirred with Raney nickel (600 
mg, weighed wet with EtOH) in the presence of H2 at room 
temperature and atmospheric pressure for 4.5 hr to give 18. 
The catalyst was removed by filtration and benzil (1.25 g, 5.93 
mmol) was added to the filtrate. After standing for 18 hr at 
room temperature, the solution deposited yellow crystals, which 
were collected by filtration and dried in  vacuo  over P20 5 to yield 
1.73 g (76%), mp 162° dec. A thin layer chromatogram and 
pmr spectrum showed that this solid was a 2:3 mixture of 19 
and 20 (see discussion). Three recrystallizations of the mixture 
from EtOH afforded 650 mg (28%) of 20, which was still con
taminated with about 30% 19, mp 255° dec.

A n a l . Calcd for C22Hi9N50 2: C, 68.56; H, 4.97; N, 18.17. 
Found: C, 68.69; H, 4.89; N, 18.09.

B.—A solution of 143 (500 mg, 2.07 mmol) in ethanol (15 ml) 
was hydrogenated as above and filtered under N2 into 0.2 A HC1 
(15 ml). The resulting solution was treated with benzil (436 
mg, 2.07 mmol) and stirred for 18 hr at room temperature and 
15 min at reflux temperature. The yellow crystalline product 
which formed upon cooling the solution to room temperature 
was collected by filtration and dried in  vacuo  over P20 5 to yield 
390 mg, mp 145-147° (Mel-Temp). A thin layer chromatogram 
of this crude product showed the presence of 20 and a trace of 
19. Only isomer 20 could be detected in a pmr spectrum of the 
product. Recrystallization of the solid from ethanol did not 
eliminate the trace of 19.
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6-Amino-2,3-diphenyl-8-ethoxypyrido [2 ,3-5] pyrazine (22).—A
solution of 17 (200 mg, 1.01 mmol) in EtOH (10 ml) was stirred 
with Raney nickel (300 mg, weighed wet with ethanol) in the 
presence of H2 at atmospheric pressure and room temperature 
for 1.5 hr. The resulting colorless solution of 21 was carefully 
filtered under N2 and treated with benzil (247 mg, 1.18 mmol). 
After standing for 18 hr under N2 this solution deposited pale 
green crystals which were collected by filtration, washed with 
EtOH, and dried in  vacuo  over P20 5 to yield 318 mg (92%), 
mp 266-268° (Mel-Temp). The analytical sample, mp 268°, 
was obtained by recrystallization of a portion of the product 
from EtOH: Xmax in m y  (e X 10—3), pH 1 227 (32.1), 265 (sh)
(17.6), and 370 (24.7), pH 7—228 (26.3), 266 (sh) (22.9), and 
380 (20.6), pH 13—228 (27.7), 266 (23.8), and 380 (20.7); v in 
cm“1, 3600-2800 (NH, CH), 1630 (NH2), 1604, 1550, and 1533 
(ring stretching), 1205 (C-O-C), 740 and 696 (monosubstituted 
phenyl).

A n a l. Calcd for C2lH18N40: C, 73.66; H, 5.30; N, 16.36. 
Found: C, 73.41; H, 5.40; N ,16.15.

Ethyl 2 ,3-Diphenyl-8-ethoxypyrido [2,3-5] pyrazine-6-carbamate 
(23).—Ethyl chloroformate (1 ml) was added dropwise to a 
stirred solution of 22 (100 mg, 0.292 mmol) in pyridine (2 ml) and 
dioxane (10 ml). After the exothermic reaction had ceased, the 
solution was refluxed for 30 min. The cooled reaction mixture 
was treated dropwise with additional ethyl chloroformate (1 ml), 
refluxed for 1.5 hr, and evaporated to dryness under reduced 
pressure. The residue was triturated with H20  (5 ml), collected 
by filtration, air dried, and crystallized two times from EtOH- 
H20. The crystalline product was collected by filtration and 
dried at 100° in  vacuo  over P20 3 for 3 days to yield 63 mg (52%): 
mp 111-114° (soft at 108°, Mel-Temp); Xmax in mu (e X 10~3), 
pH 1—241 (34.2), 269 (23.8)and 373 (25.5),'pH 7—223 (sh) (24.8), 
254 (36.6), and 368 (22.9), pH 13—231 (27.2), 258 (30.0), 275 
(sh) (27.8), and 382 (22.5); P in cm“1, 3450 and 3120 (NH), 
3055, 2975, and 2930 (CH), 1739 (C =0), 1604 (sh), 1596, 1539, 
and 1508 (ring stretching), 1195 (C-O-C), 740 and 693 (mono- 
substituted phenyl).

A n a l. Calcd for C24H22N40 3: C, 69.55; H, 5.35; N, 13.52. 
Found: C, 69.46; H, 5.55; N, 13.67.

Ethyl 2,3-Diphenyl-5-ethoxypyrido[3,4-b]pyrazine-7-carbamate 
(24).—A sealed glass tube containing 20 (contaminated with 19) 
(300 mg, 0.779 mmol), isoamyl nitrite (183 mg, 1.56 mmol), 
anhydrous HC1 (28.4 mg, 0.779 mmol), and EtOH (20 ml) was 
refrigerated overnight and heated in a H20  bath at 100° for 35 
min. The solution was cooled to room temperature, filtered, and 
evaporated to dryness under reduced pressure. The residue was 
crystallized first from 1:1 EtOH-H20  (3 ml) and then from pro
panol (5 ml) to give a yellow crystalline product which was col
lected by filtration and dried in  vacu o  over P2Os to yield 70 mg 
(22%): mp 205°; Xm„  in m y  (e X 10“3), pH 1—256 (18.0), 304
(25.2), and 390 (8.0), pH 7—256 (17.S), 304 (21.3), and 391
(10.4), pH 13—256 (18.6), 305 (23.2), and 390 (9.0); p in cm"1, 
3440 and 3230 (NH), 3057, 2980, 2930, 2900, and 2860 (CH), 
1720 (C =0), 1608, 1570, 1530, and 1490 (ring stretching), 1218 
and 1195 (C-O-C), 742 and 692 (monosubstituted phenyl).

A n a l. Calcd for C24H22N40 3: C, 69.55; H, 5.35; N, 13.52. 
Found: C, 69.67; H, 5.41; N, 13.25.

Registry No.—Pyruvaldehyde, 78-98-8; benzil, 134-
81-6; 1 HC1, 16335-89-0; 4, 16335-90-3; 5, 16335-91-4; 
7, 16335-92-5; 7 HBr, 16335-93-6; 8, 16335-94-7; 9,
16335- 95-8; 11, 16335-96-9; 12, 16335-97-0; 15, 16335- 
98-1; 16, 16335-99-2; 17, 16336-00-8; 19, 16336-01-9; 
19 HBr, 16336-02-0; 20,16336-03-1; 22, 16336-04-2; 23,
16336- 05-3; 24, 16336-06-4.
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Th e Q uaternization of Isoxazoles w ith Alcohols and Perchloric Acid
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The reaction of isoxazoles and perchloric acid with alcohols which are efficient sources of carbonium ions has 
general utility as a method for the preparation of isoxazolium salts with branched quaternizing groups. The 
rate of reaction increases with the relative stability of the intermediate carbonium ion, while the equilibrium 
becomes less favorable for the formation of 3,5-dimethylisoxazolium cations as the bulk of the N-alkyl substitu-
ent is made greater.

In 1963, Eugster, Leichner, and Jenny, postulated1 
that combination of ¿-alkyl carbonium ions and unpro- 
tonated, 3-unsubstituted isoxazoles (1) gave isoxazol
ium salts (2) as reactive intermediates in sulfuric acid.

1 2

Subsequently, isolation of the perchlorate 3 from the 
reaction of 5-phenylisoxazole and mesityl oxide under 
the same conditions confirmed that this novel isoxazole 
quaternization had taken place, and it was found that
5-substituted N-f-butylisoxazolium salts (4) could con
veniently be prepared simply by mixing ¿-butyl alcohol 
and the isoxazole with 70% perchloric acid.2

(1) C . H . E u g s te r , L . L e ichner, a n d  E . Jen n y , Helv. C him . A cta , 46, 543 
1963).

(2) R . B . W o o d w ard  a n d  D . J . W oodm an , J . Org. Chem., 31, 2039 (1966).

T,, _ Me _
^ KY "0\  | Rs^ -0

|^ N ic C H 2COMe 010% [I N-CMe3 C10%
Me 4

3
A further study of the quaternization method was 

undertaken, because of the potential importance of the 
SnI process as a general synthetic route to isoxazolium 
salts with branched groups on nitrogen. Such cations 
cannot be obtained with the normal Sn2 alkylating 
agents,3 and 3-unsubstituted isoxazolium salts with 
bulky nitrogen substituents have special significance 
as reagents for the preparation of stable enol ester acyl- 
ating agents in peptide synthesis.4-6 In addition it was

(3) G. F . D uffin , Advan . Heterocycl. Chem., 3, 2 (1964).
(4) R . B . W oodw ard , R . A. O lofson, a n d  H . M ay e r , Tetrahedron S u p p l.,  8, 

321 (1966).
(5) R . B . W oodw ard , D . J . W oodm an , a n d  Y . K o b ay ash i, J . Org. Chem ., 

32, 388 (1967).
(6) R . B . W o o d w ard  an d  D . J . W oo d m an , J .  A m er. Chem. Soc., 90, 1371 

(1968).
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of interest to determine if the alkylation technique 
would be applicable to isoxazoles substituted in the 3 
position, because a substantial steric repulsion might 
be anticipated between the 3-alkyl group and bulky 
quaternizing substituent in the derived isoxazolium cat
ion. It had earlier been found that the N+-R bond of 
the relatively unhindered N-i-butyl-5-methylisoxazol- 
ium perchlorate (5) was sufficiently labile that 5 served 
as a carbonium ion donor in the catalysis of the isomeri
zation of N-i-butylacetylketenimine (6) to /3-i-butoxy- 
crotononitrile (7).7 It was considered possible, then, 
that the unfavorable steric interaction might cause 3- 
substituted N-i-butylisoxazolium salts to be still less 
stable than 5 and perhaps preclude their formation.

Me.
^N —  CMe3 cio4-

5

MeCOCH=C=NCMe3
6

OCMe3
I

MeC=CHCN
7

types of isoxazolium perchlorates are nicely crystalline 
salts and may be stored without protection from light 
or atmospheric moisture.11 However, the stability of 
12 is marginal, and it decomposes completely within a 
few days in nonnucleophilic solvents. The product nmr 
spectrum shows the isoxazole 8 and complex signals pre
sumably owing to the decomposition of a-methylstyrene 
in the acidic medium.

+  ROH +  HClOr — ►

CIOT +  H20

9, R~CH2Ph
10, R = CMe3
11, R = CHMePh
12, R = CMe2Ph
13, R = CHPh2

That ¿-butylation in fact is successful with 3-substi- 
tuted isoxazoles was established using 3,5-dimethylisox- 
azole (8). Nmr assay of a mixture of equivalents of 8, 
¿-butyl alcohol, and 70% perchloric acid revealed that 
the alkylation was 20% complete within 0.5 hr, and 
there was no change in the composition of the mixture 
after 70% conversion, achieved within 1 week.

Next the effect of alcohol structure on the quaterni- 
zation of 8 was investigated. In accord with the pro
posed1 Sn I  mechanism,8 nmr assay of neat reaction mix
tures revealed that alkylation was less rapid with benzyl 
alcohol (20% reaction within 2 months), and no re
action was observed with isopropyl alcohol. Spectral 
monitoring of neat mixtures with alcohols which pro
vide carbonium ions of greater stability was complicated 
by product precipitation, but the problem was overcome 
when it was found that the reaction proceeded equally 
well in nitromethane solution. In further spectral 
tests in nitromethane, as expected, the rates increased 
through the series ¿-butyl alcohol (7% at 5 min), a- 
methylbenzyl alcohol (19% at 5 min), and a,a-di- 
methylbenzyl alcohol and benzhydrol (both near 70% 
at 5 min). However, the only reaction observed with
1 ,1 -diphenylethanol was elimination to the stable alkene 
and the spectrum of a solution of 8 and perchloric acid 
with triphenylmethanol also showed no isoxazolium salt.

The quaternization is sufficiently rapid at room tem
perature for preparative convenience in the series of 
alcohols from ¿-butyl alcohol10 through benzhydrol, 
either neat or in nitromethane solution. The products
10-13 are readily precipitated after 1 or 2 days in 
50-90% yield, and other 3-unsubstituted isoxazoles 
have been found to give comparable results. The new

(7) R . B . W o o d w ard  a n d  D . J . W oo d m an , J . A m er. Chem. Soc., 88, 3169 
(1966).

(8) A ssum ing  t h a t  u n d e r  th e  reac tio n  cond itions  a  p h en y l g ro u p  s tab iliz e s  
a  c a rb o n iu m  ion  re la tiv e  to  th e  ca rb ino l to  a  so m ew h a t g re a te r  e x te n t th a n  
do tw o  m e th y l g ro u p s .9

(9) A. S tre itw e ise r, J r . ,  “ S o lvo ly tic  D isp lac em en t R e a c tio n s ,”  M cG raw - 
H ill B ook C o., In c ., N ew  Y ork , N . Y ., 1962, p  43.

(10) T h e  N -b en zy l s a l t  9 w as iso la ted  in  29%  y ie ld  from  th e  n e a t te s t
rea c tio n  m ix tu re  a f te r  10 m o n th s.

Although the repulsion between the 3-substituted 
isoxazole ring and N-f-butyl substituent is not so seri
ous as had been feared, the importance of steric factors 
is evident from a comparison of the equilibrium con
stants K  for the formation of the cations (assuming K  = 
[isoxazole R +] [H20  ]/ [isoxazole H +] [ROH ]). The final 
compositions from the earlier test quaternization 
reactions were checked with spectral tests of the hy
drolysis of the isoxazolium salts in nitromethane con
taining water. Immediate partial hydrolysis was ob
served with both 12 and 13, with 10 hydrolysis pro
ceeded very slowly for several days, and no change was 
observed with 11. Composition data from both ap
proaches to equilibrium indicate that K  is of the order 
of magnitude of 100 for both 13 and 10 . A smaller 
value of K  (30) was estimated12 for 12, while in the case 
of 11 K  must be considerably greater than 100. 
Although the estimates of the equilibrium constants are 
relatively crude, a qualitative trend in K  for the isoxa
zolium salts (11 > 13 —' 10 > 12) is established which 
does not correlate with the polar effects of the quater
nizing groups.13 However, these results are in accord 
with a predominant steric influence on the equilibrium. 
Increasing the bulk of the N-alkyl substituent by re
placing a methyl group with the larger phenyl group14 
makes the equilibrium less favorable for formation of 
12 relative to 10 and for 13 relative to 1 1 . The effect 
of increasing the bulk still more with 1 ,1-diphenyletha
nol cannot be assessed because of the special stability of 
the derived alkene, but the equilibrium is clearly un
favorable with the trityl group.

(11) I t  sho u ld  b e  n o te d  th a t  som e isoxazo lium  p e rch lo ra te s  h a v e  been  
found  to  b e  im p a c t sen s itiv e  exp lo sives: B . D . W ilson  a n d  D . M . B urness , 
J . Org. Chem ., 3 1 ,  1565 (1966). N o n e  of th e  sa lts  p re p a re d  to  d a te  h av e  
d e to n a te d  w hen  sm all sam p les  w ere  su b je c te d  to  m ech an ica l shock.

(12) T h e  e x te n t of irre v e rs ib le  d ec o m p o s itio n  w ith  th is  sy s te m  a t  th e  t im e  
of th e  in itia l s p e c tra l a ssay , as  ju d g e d  b y  th e  r a te  of change  in  s u b se q u e n t 
sp e c tra , is n o t g re a t enough  to  p ro d u c e  a  m a jo r  e rro r  in  th e  e s tim a te  of K .

(13) T h e  cr* v a lu e s14 fo r R  of B - R + a re  in  th e  o rd e r  1 0  ( — 0.300) >  1 2  
(e s td  0.0) >  1 1  (0.105) >  1 3  (0 .405).

(14) R . W . T a f t ,  J r . ,  “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,” M . S. N ew 
m an , E d ., J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1956, C h a p te r  13.
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Experimental Section16
Spectral Tests.—Assay of the composition of test reaction 

mixtures was based on the integration of the methyl signals of 
the isoxazolium salts v s . those of the isoxazole at 10-20 cps higher 
field. Wherever possible integration data for other strong sig
nals was checked against these results. Tests of the preparation 
of the isoxazolium salts in nitromethane (spectral quality) were 
conducted with approximately 0.5 M  concentrations of each 
reactant, as were hydrolysis tests. With 10, 11, and 12 the 
hydrolysis results were also checked with 0.25 M  solutions 
of the isoxazolium salt in nitromethane about 1.1 M  in water.

N-Benzyl-3,5-dimethylisoxazolium Perchlorate (9).—After 10 
months the benzyl alcohol spectral test reaction mixture (45% 
complete by nmr assay) gave 29% of 9 as a gummy solid 
on dilution with acetone and ether. The pure salt, mp 120- 
122°, was obtained after several precipitations. The nmr 
spectrum consisted of signals at r 7.43 (s, 3.1), 7.30 (s, 3.0),
4.28 (s, 1.9), 3.15 (s, 1.0), and 2.61 (s, 5.0). The ultraviolet 
spectrum showed absorption at x“2° 232 m/r (e 9200) and showed 
no significant change after 3 days.

A n a l . Calcd for Ci2H14ClN06: C, 50.09; H, 4.91; Cl, 
12.31; N, 4.87; O, 27.81. Found: C, 50.23; H, 4.98; Cl, 
12.34; N, 5.02; O, 27.74.

N-i-Butyl-3,5-dimethylisoxazolium Perchlorate (10).—The
standard procedure for the preparation of the isoxazolium 
salts is to add the alcohol (10% excess) and then 70% perchloric 
acid (10% excess) to the isoxazole slowly with stirring at 0°. 
On a 50-mmol scale, i-butyl alcohol gave 60% of 10 after 2 days 
upon dilution with acetone followed by a large volume of ether. 
One precipitation from acetone with ether provided 57% of the 
pure compound, mp 118-120° dec. The nmr spectrum con
sisted of signals at t  8.17 (s, 9.2), 7.38 (broad, 2.9), 7.22 (s, 
2.9), and 3.26 (broad, 1.0). The ultraviolet spectrum had an 
absorption at k“2° 231 m#x (« 9100) and showed no change within 
1 hr.

A n a l . Calcd for CgHieCINOs: C, 42.61; H, 6.36; Cl, 13.98; 
N, 5.52; O, 31.54. Found: C, 42.55; H, 6.28; Cl, 13.88; 
N, 5.50; 0 ,31.44. 15

(15) M e ltin g  p o in ts  w ere ta k e n  on a  M e l-T em p  c a p illa ry  a p p a ra tu s  an d  
a r e  u n co rrec ted . T h e  n m r  sp e c tra  (V arian  A -60 sp ec tro m e te r)  of 9 -1 2  w ere 
reco rd e d  in  deu te rio ch lo ro fo rm  so lu tio n ; chem ica l sh if ts  a re  re p o rte d  in  r  
v a lu es  re la tiv e  to  te tra m e th y ls ila n e  as  a n  in te rn a l s ta n d a rd  ( r  10.00 ppm ). 
A n aly ses  w ere  p e rfo rm ed  b y  A lfred  B e rn h a rd t , M ik ro a n a ly tisc h e s  L a b o ra - 
to r iu m  im  M ax -P lan c k  In s t i tu t ,  M iilh e im  (R u h r) , W e st G e rm an y .

Synthesis o f  2-Pyrones 2 3 9 9

N-a-Methylbenzyl-3,5-dimethylisoxazoIium Perchlorate (1 1 ).
—The standard procedure with a-methy]benzyl alcohol resulted 
in a cloudy mixture which partially solidified when stirred over
night. Dilution with acetone and ether the following day gave 
an 86% yield of 11. One precipitation provided 82% of the 
pure compound, mp 83.5-84.5°. The nmr spectrum consists 
of signals at r 7.95 (d, J  -  7 Hz, 3.1), 7.36 (s, 5.9); 3.90 (m, 
/  =  7 Hz, 0.9), 3.18 (s, 0.9), and 2.68 (s, 5.1).

A n a l .  Calcd for Ci3Hi6C1N06: C, 51.75; H, 5.35; Cl, 
11.75; N, 4.64; O, 26.51. Found: C, 51.76; H, 5.27; Cl 
11.61; N, 4.66; 0,26.72.

N-«,a-Dimethylbenzyl-3,5-dimethylisoxazolium Perchlorate
(12).—With a,a-dimethylbenzyl alcohol the standard procedure 
gave a cloudy mixture which solidified when stirred. After 2 
days addition of 1:1 acetone-nitromethane rapidly followed by 
ether gave 54% of 12. One precipitation provided 49% of the 
pure compound, mp 82-83°. The major nmr signals attribut
able to 12 in a freshly prepared solution were t  7.93 (s, 3), 7.85 
(s, 6), 7.25 (s, 3), 3.16 (s, 1), and 2.56 (s, 5). The abnormally 
high-field (r 7.93) methyl singlet is assigned to the 3 substituent, 
shielded by the benzene ring of the quaternizing group.

A n a l . Calcd for CuHi8C1N05: C, 53.25; H, 5.75; Cl, 
11.23; N, 4.44; O, 25.34. Found: C, 53.45; FI, 5.73; Cl, 
11.10; N, 4.53; 0,25.54.

N-Benzhydryl-3,5-dimethylisoxazolium Perchlorate (13).—
The standard procedure with enough nitromethane to bring the 
benzhydrol into solution gave a mixture which partially solidified 
on standing overnight, and dilution with nitromethane and 
ether gave 70% of 13. Precipitation gave 63% of the pure 
compound, mp 160° dec.

A n a l . Calcd for C,8H18C1N05: C, 59.42; H, 4.99; Cl, 9.75; 
N, 3.85; O, 21.99. Found: C, 59.17; H, 5.22; Cl, 9.76; 
N, 3.93; 0,21.72.

Registry No.—9, 16404-24-3; 10, 16315-65-4; 1 1 , 
16315-66-5; 12, 16315-67-6; 13, 16315-68-7.

Acknowledgment.—Acknowledgment is made to the 
donors of the Petroleum Research Fund, administered 
by the American Chemical Society for support of this 
research.

Synthesis o f Certain N aturally O ccurring 2-Pyrones v i a  3,5-D iketo A cid s1

T homas M. H a r r is  and  C h a r les  S. C om bs , Jr .

D ep a r tm en t o f  C h em is try , V a n d e rb ilt  U n iv e r s ity , N a sh v ille , T en n essee  3 7 2 0 3  

R eceived  A u g u s t 23 , 1 9 6 7

Two naturally occurring 4-methoxy-2-pyrones, 4-methoxyparacotoin and yangonin, were prepared by a three- 
step procedure involving carboxylation of disodio /3-diketones, cyclization of the resulting diketo acids to 4-hy- 
droxy-2-pyrones through the use of acetic anhydride, and O-methylation of the 4-hydroxy-2-pyrones at the 4 
position. A partial synthesis of the hydroxypyrone, hispidin, was achieved. The synthesis of anibine was un
successful.

A number of 4-hydroxy-2-pyrones2 and their methyl 
ethers have been isolated from natural sources.3 Early

(1) T h is  w o rk  w as s u p p o r te d  b y  th e  N a tio n a l I n s t i tu te s  of H e a lth , U . S. 
P u b lic  H e a lth  S erv ice  (R esearc h  G ra n t  G M -12848).

(2) 4 -H y d ro x y -2 -p y ro n e s  a re  in  e q u ilib riu m  w ith  th e  ta u to m e r ic  2 -hy- 
d ro xy -4 -py rones  a n d  d ih y d ro p y ra n -2 ,4 -d io n es . S pec tro scop ic  ev id en ce  in d i
ca tes  t h a t  th e  4 -h y d ro x y -2 -p y ro n e  ta u to m e r  u su a lly  p red o m in a te s ; see 
F . M . D ean , “ N a tu ra l ly  O ccu rring  O xygen  R in g  C o m p o u n d s ,”  B u tte rw o r th  
an d  Co. L td ., L o n d o n , 1963, C h a p te r  4.

interest in these compounds arose from their medicinal 
properties. In 1953, Birch and Donovan suggested 
that the 4-hydroxy-2-pyrones are biosynthesized by 
condensation of two acetate units with appropriate 
carboxylic acids to give diketo acids which subsequently 
lactonize.4 Current interest has stemmed from the

(3) F o r  lead ing  references, see (a) W . B. M ors, O. R . G o ttl ie b , a n d  C . 
D je rass i, ./. A m er. Chem. Soc., 79 , 4507 (1957); (b) O. R . G o ttl ie b  a n d  W . B. 
M ors, J .  Org. Chem ., 24, 17 (1959); (o) R . L . E d w a rd s , D . G . Lew is, a n d  
D . V. W ilson , J .  Chem. Soc., 4995 (1961); (d) A. P e n tt i la  a n d  J . S u n d m an , 
A cta  Chem . Scand ., 15, 839 (1961); (e) P . E . B renne isen , T . E . A cker, a n d
S. W . T a n e n b a u m , J .  A m er. Chem . Soc., 86, 1264 (1964); (f) A . K . G an g u ly ,
T . R . G o v in d ac h a ri, a n d  P . A. M o h am e d , Tetrahedron, 21 , 93 (1965); (g) 
T . M . H a rr is , C . M . H a rr is , a n d  R . J .  L ig h t, B ioch im . B io p h ys . A c ta , 121, 
420 (1966); (h) R . B en tley  a n d  P . M . Z w itkow its , J .  A m er. Chem . Soc., 89, 
676 (1967).

(4) A . J .  B irch  a n d  F . W . D o n o v a n , A u st. J .  Chem ., 6 , 360 (1953).
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possible relationship of the pyrones to the biosynthesis 
of fatty acids, phenols, and tropolones.5

A convenient method was described recently for the 
preparation of 4-hydroxy-2-pyrones.6 /3-Diketones were 
converted into dianions by reaction with 2 equiv of 
sodium amide in liquid ammonia. Treatment with 
carbon dioxide gave carboxylation at the 7 position. 
The 3,5-diketo acids were converted into 4-hydroxy-2- 
pyrones by treatment with anhydrous, liquid hydrogen 
fluoride. The cyclizations can also be effected by 
polyphosphoric acid.7 The application of this method 
to the synthesis of certain naturally occurring 2-pyrones 
has now been investigated (see Scheme I). The com-

RCOCH2COCH3 
Ia,R =  3,4-(CH20 2)C6H3-
b, R = 4-CH3OC6H4CH=CH—
c, R = 3,4-(CH30 2)C6H3CH=CH-
d, R = 3-C5H4N—

S c h e m e  I
1. excess NaNH2

2. C02, ether

rcoch2coch2co2h
Ha,R = 3,4<CH20 2)C6H3-

b, R = 4-CH3OC6H4CH=CH—
c, R = 3,4-(CH20 2)C6H3CH=CH—
d, R = 3 -C5H4N—

(CH3C0)20

OH

( C H , ) 2s o 4; 

k 2c o 3
0

Hla, R = 3,4<CH20 2)C6H3-
b, R = 4-CH3OC6H4CH=CH—
c, R = 3,4-(CH20 2)C6H3CH=CH—
d, R = 3-C5H4N -
e, R =  3,4-(HO)2C6H3CH=CH—

n r  v

IVa, R = 3,4-(CH20 2)C6H3— 
b, R =  4-CH3OC6H4CH=CH— 
d,R = 3-C5H4N -

pounds chosen for study were 4-methoxyparacotoin 
(IVa), yangonin (IVb), anibine (IVd), and hispidin
(me).

/3-Diketones Ia-d were synthesized by conventional 
methods. The unsaturated diketones lb and Ic were 
prepared by acylation of acetone with the phenyl esters 
of the appropriate cinnamic acids. The procedure has 
previously been demonstrated to be an excellent method 
for the preparation of similar unsaturated diketones; 
the use of phenyl esters minimizes ¡3 attack on cinna- 
mate.8

The condensation of acetone with phenyl 3-
(5) (a) G . E h re n sv a rd , E x p . Cell R es., S u p p l.,  3 , 102 (1955) ; (b) R . B ressler 

a n d  S. J . W ak il, J .  B io l. Chem ., 237 , 1441 (1962); (c) J . D . B rod ie , G . W asson , 
a n d  J .  W . P o r te r , ib id ., 239 , 1346 (1964); (d) T . E . A cker, P . E . B renne isen , 
a n d  S. W . T a n e n b a u m , J .  A m er. Chem. Soc., 88 , 834 (1966); (e) R . J .  L igh t, 
T . M . H a rr is , a n d  C . M . H arris , B iochem istry, 5, 4037 (1966); (f) D . J .  H . 
B ro c k  a n d  K . B loch, Biochem . B io p h ys . R es. C om m ., 23 , 775 (1966); (g) 
R . B e n tle y  a n d  P . M . Z w itk o w its , J .  A m er. Chem . Soc., 89, 681 (1967).

(6) T . M . H a rr is  a n d  C . M . H a rr is , J .  Org. Chem ., 31 , 1032 (1966).
(7) C . R . H a u s e r  a n d  T . M . H a rr is , J .  A m er. Chem. Soc., 80 , 6360 (1958).
(8) C . R . H a u se r , R . S. Y o st, a n d  B . I . R ing ler, J .  Org. Chem ., 14, 261 

(1949).

piperonylacrylate afforded diketone Ic having a sub
stantially lower melting point than material reported 
previously by Lampe and coworkers, which was pre
pared by acylation of ethyl acetoacetate with 3- 
piperonylacrylyl chloride followed by hydrolysis and 
decarboxylation.9 The material obtained in the present 
reaction had a sharp melting point and gave satisfactory 
elemental analyses. The infrared spectrum was consis
tent with the proposed structure; intense absorption 
at 1610 cm-1 resulted from the enolized /3-diketone. 
The nmr spectrum showed a large coupling constant 
(J = 16 cps) for the ethylenic hydrogens indicating 
that the trans isomer had been prepared.

The diketones were added to excess sodium amide 
in liquid ammonia to form the disodio salts. The 
ammonia was replaced with ether and the resulting 
suspension was treated with Dry Ice. By this pro
cedure diketo acids Ila-c were isolated in yields of 30- 
61%. The method was not suitable for the preparation 
of pyridyl acid lid. Mors and coworkers have re
ported that alkaline hydrolysis of anibine (IVd) gave 
the salt of diketo acid lid  but that spontaneous decar
boxylation occurred on neutralization.3a Amine cataly
sis of the decarboxylation of another diketo acid has 
been observed,10 and it seems probable that self-catalysis 
of decarboxylation occurred during the attempted iso
lation of diketo acid lid.

Diketo acid lie has not been reported previously. 
The material gave a satisfactory elemental analysis. 
The infrared spectrum showed the presence of a car
boxylic acid (1730 cm-1) and an enolized /3-diketone 
(1570 cm-1). The nmr spectrum indicated that the 
trans olefinic structure (Jch = c h  = 1 6  cps) had been re
tained. Diketo acids Ila-b had been prepared pre
viously by alkaline hydrolysis of the corresponding 4- 
hydroxy-2-pyrones.8a’11

The 3,5-diketo acids II existed mainly as monoenols V 
in potassium bromide pellets and in solution. This as
signment is made on the basis of the infrared spectra 
(KBr) that indicated the presence of unconjugated car
boxyl and enolized /3-dicarbonyl groups. The nmr 
spectra showed that the principal tautomer present 
in solution contained one methylene group between 
electronegative groups and one vinyl hydrogen of an 
enolized diketone.

I! ¡1
R—C w C —CH2C02H 

H
V

The use of hydrogen fluoride for cyclization of di
keto acid Ila  was unsatisfactory; none of the desired 
pyrone was obtained and at least two other products 
were formed but these were not identified. I t seems 
likely that the methylenedioxy group is attacked under 
the strongly acidic conditions. Borsche and Bodenstein 
reported that treatment of diketo acid lib  with reflux
ing acetic anhydride afforded the corresponding 2- 
acetoxy-4-pyrone, which can be hydrolyzed to give 4- 
hydroxy-2-pyrone I llb .11 In the present study the

(9) W . L am pe , Z. B uczkow ska, J . F re n k l, E . G lik sm a n -K o rn g o ld , M . 
T o k a rsk a -K o z io w sk a , R . N elk en , a n d  C . S ie ra d zk a , Rocz. Chem ., 9 , 444 
(1929); Chem . A bstr., 23 , 4210 (1929).

(10) R . F . W itte r  a n d  E . S to tz , J .  B io l. C hem ., 176, 485 (1948).
(11) W . B orsche  a n d  C . K . B o d en s te in , B er., 62, 2515 (1929).



Vol. 38, No. 6, June 1968 S y n t h e s i s  o f  2 - P y r o n e s  2401

use of acetic anhydride with Ha at ambient temperature 
was found to give cyclization directly to Ilia  without 
appreciable O-acetylation and without attack on the 
methylenedioxy group. The method was employed 
similarly with lib  and lie. Pyrones Illa-c  were ob
tained in yields of 63-79%. The piperonyl pyrones 
Ilia  and IIIc are new compounds. The mechanism of 
these cyclizations probably involves the initial forma
tion of a mixed carboxylic anhydride between the di- 
keto acid and acetic acid. Cyclization occurs by 
acylation of the enol (or keto) group at the 5 position 
(see Scheme II).12

S c h e m e  II
OH
I

n  + (CH3C0h0 —> II I + CH3C02H
R-<X0^C=0

H OCOCH3

1
m  +  ch3co2h

4-Hydroxy-2-pyrones Ilia  and Illb  were converted 
into 4-methoxyparacotoin (IVa) and yangonin (IVb), 
respectively, in yields of 69 and 89% by treatment with 
methyl sulfate and potassium carbonate. The product 
melting points were identical with ones of natural ma
terials. This procedure for methylation of 4-hydroxy-2- 
pyrones III has been reported to form selectively the 4- 
methoxy derivatives.13 Treatment of hydroxypyrones 
III with diazomethane has given mixtures of 4-meth- 
oxy-2-pyrones IV and the isomeric 2-methoxy-4-py- 
rones.13a’14

Previous syntheses of 4-methoxyparacotoin include 
(a) the condensation of diethyl phenylmercaptomalo- 
nate with 3,4-methylenedioxyacetophenone to give a 
pyrone from which thiophenol was cleaved with Raney 
nickel and (b) cyclization of l-aryl-5,5-dichloropent-
4-en-l-yn-3-one by means of hydrochloric acid.15 
Yangonin has been synthesized by two routes. One 
involves a condensation between p-methoxyci n n amoy 1 
chloride and diethyl 3-oxoglutarate11 and the other a 
condensation of p-methoxybenzaldehyde with 4-meth- 
oxy-6-methyl-2-pyrone.13a

The conversion of IIIc into hispidin (Hie) requires 
removal of the methylene bridge of the piperonyl 
system. In our hands a satisfactory procedure could 
not be found. The dioxole ring must be opened without 
disturbing the pyrone and the released formaldehyde 
must not recondense with the product. It is concluded 
that a more labile blocking group should be employed 
and preferably one that does not liberate formaldehyde.

(12) T h e  u se  of th is  m e th o d  fo r th e  se lec tiv e  la c to n iz a tio n  of 3 ,5 ,7 -tr ik e to  
ac id s w ill b e  d e sc rib ed  in  a  s u b se q u e n t p a p e r. U n d e r  s u ita b le  co n d itio n s  
t r ik e to  ac id s  can  also  b e  cyc lized  to  fo rm  7 -p y ro n es , /3-resorcylic ac ids, a n d  
ac y lph lo rog lucino ls ; see K . G . H a m p to n , T . M . H a rr is , C . M . H a rr is , a n d  
C . I t .  H a u se r , J .  Org. Chem ., 30, 4263 (1965), a n d  T . M . H a rr is  a n d  R . L . 
C arn e y , J .  A m er. Chem . Soc., 89 , 6734 (1967).

(13) (a) J . D . B u ’Lock  a n d  H . G . S m ith , J .  Chem . Soc., 502 (1960); (b) 
H . N a k a ta ,  B u ll. Chem . Soc. J a p .,  33 , 1693 (1960).

(14) D . H e rb s t, W . B . M ors, O. R . G o ttl ieb , a n d  C . D je rass i, J .  Am er. 
Chem. Soc., 81 , 2427 (1959); H . N a k a ta ,  B u ll. Chem . Soc. J a p .,  33, 1688 
(1960); I .  C hm ielew ska, J .  C ieslak , K . G o rczy n sk a , B . K o n tn ik , a n d  K . 
P ita k o w sk a , Tetrahedron, 4 , 36 (1958).

(15) A. L e feu v re  a n d  C . M en tz e r , B u ll. Soc. C him . F r ., 623 (1964); M . 
Ju lia  a n d  C . B in e t d u  Jasso n n e ix , C om pt. R end ., 253 , 872 (1961).

Edwards and Wilson have reported the successful use of 
methoxymethyl groups in a synthesis of hispidin.16

In summary, although the described method for 
synthesis of 4-hydroxy- and 4-methoxy-2-pyrones is not 
completely general, it nevertheless provides a direct 
method for the preparation of many of these compounds.

Experimental Section17
/3-Diketones I. l-(3,4-Methylenedioxyphenyl)-l,3-butane- 

dione (la).—A mixture of 9.0 g (0.05 mol) of methyl piperonylate, 
3.2 g (0.055 mol) of acetone, and 3.0 g (0.125 mol) of sodium 
hydride in 100 ml of tetrahydrofuran was refluxed for 2.5 hr. 
The solvent was removed under reduced pressure and the residue 
was dissolved in ether and water. The aqueous layer was sepa
rated, acidified, and extracted with ether. The ethereal solution 
was washed with sodium bicarbonate solution, dried, and evapo
rated to afford 3.7 g (36% yield) of diketone la, mp 89.5-91° 
(lit. 38 mp 91-92°).

6- (p-Methoxyphenyl)-5-hexene-2,4-dione (lb).—A mixture of 
2.54 g (0.010 mol) of phenyl p-methoxy cinnamate, 18 0.70 g 
(0 . 0 1 2  mol) of acetone, and 0.026 mol of sodium amide (prepared 
from 0.60 g of sodium in liquid ammonia) was refluxed in ether 
for 3 hr. The mixture was extracted with water and the aqueous 
solution was treated with carbon dioxide to precipitate the dike
tone. Recrystallization from methanol-water gave 0.44 g 
(20% yield) of diketone lb, mp 88-89° (lit. 19 mp 93°).

6-(3,4-Methylenedioxyphenyl )-5-hexene-2,4-dione (Ic).— 
Condensation of phenyl 3,4-methylenedioxycinnamate20 and 
acetone effected by sodium amide gave after recrystallization 
from methanol 24% of diketone Ic: mp 95.5-96.2° (lit. 9 mp
123-125°); . w  1640, 1610, 1450, and 1260 cm -1; 5CDC1J 2.15 
(CH3), 5.62 (4-CH), 6.00 (-OCH20 -) , 6.15 and 6.41 (2-CH), 
and 7.40 and 7.67 ppm (1 -CH).

A n a l . Calcd for C13H12O4: C, 67.23; H, 5.21. Found:
C, 67.34; H, 5.40.

l-(3-Pyridyl)-l,3-butanedione (Id) was prepared by the 
method of Kuick and Adkins. 21

3,5-Diketo Acids II.6 5-(3,4-Methylenedioxyphenyl)-3,5- 
dioxopentanoic Acid (Ha).—To a stirred suspension of 0.035 mol 
of sodium amide (prepared from 0.81 g of sodium) in 2 0 0  ml of 
liquid ammonia was added 2.06 g (0 . 0 1 0  mol) of diketone la. 
After 30 min, the ammonia was evaporated on the steam bath as 
an equal volume of ether was added. The ether was refluxed for 
several minutes to ensure complete removal of ammonia. Dry 
Ice was added to the suspension. The reaction mixture was 
poured into a mixture of ice and 30 ml of 12 N  hydrochloric 
acid. The resulting ethereal solution was extracted with cold, 
5% sodium bicarbonate solution. The aqueous extract was 
immediately acidified and extracted with ether. The ethereal 
solution was dried and evaporated under reduced pressure to 
give 0.75 g (30% yield) of diketo acid Ila, mp 128-129°. Re
crystallization from chloroform gave mp 134-135° dec (lit.3“ mp 
125-130°); r m„  1720, 1635, 1610, 1270, 1035, and 910 cm"1; 
âcetone-da 3.52 (2-CH2), 6.2 (-OCH20 - ) ,  and 6.53 ppm (4-CH).

7- (p-Methoxyphenyl)-3,5-dioxo-6-heptenoic Acid (lib).—The 
dianion of 0.436 g (0.0020 mol) of diketone lb was carboxylated 
to give 0.321 g (61% yield) of diketo acid lib , mp 125-126°. 
Recrystallization from chloroform-hexane gave mp 132-133° 
dec (lit. 1 1 mp 126-127°); vma* 1710, 1640, 1575-1610, 1270, 
1180, and 980 cm“1; 5acelone 3.50 (2-CH2), 3.88 (p-CH30),
5.95 (4-CH), 6.50 and 6.77 (6 -CH), and 7.52 and 7.78 ppm 
(7-CH).

(16) R . L . E d w a rd s  a n d  D . V. W ilson , J .  Chem . Soc., 5003 (1961).
(17) M e ltin g  p o in ts  below  200° w ere  d e te rm in e d  in  o pen  ca p illa rie s  u sing  

a  silicone  oil b a th .  H ig h e r m e ltin g  p o in ts  w ere  d e te rm in e d  w ith  a  K ofler h o t 
s ta g e . E le m e n ta l an a ly se s  w ere  p e rfo rm e d  b y  G a lb ra i th  L a b o ra to r ie s , In c ., 
K noxv ille , T e n n . In f ra re d  s p e c tra  w ere d e te rm in e d  b y  th e  p o ta ss iu m  b ro 
m id e  p e lle t m e th o d  using  a  B ec k m an  IR -1 0  sp e c tro m e te r . N m r  sp e c tra  w ere 
d e te rm in ed  w ith  a  V a rian  A -60 sp e c tro m e te r . T e tra m e th y ls ila n e  w as em 
p lo y ed  as  a n  in te rn a l s ta n d a rd .

(18) P . A. F o o te , J .  A m er. P h a rm . Soc., 17, 958 (1928).
(19) W . B orsche  a n d  C . W a lte r , B er., 60 , 2112 (1927).
(20) D . H . R . B a r to n  a n d  D . W . Jo n es , J .  Chem . Soc., 3563 (1965). T h e  

n m r  sp e c tru m  in d ic a te d  th a t  th e  e s te r  h a d  trans  co n fig u ra tio n : ¿cDCia 6 - 0 2  

(-O C H sO -) , 6.32 a n d  6 .58  (2 -C H ), a n d  7.67 a n d  7.93 p p m  (3 -C H , J c h - ch  =  
16 ops).

(21) L . F . K u ic k  a n d  H . A dk ins , J .  A m er. Chem . Soc., 67 , 143 (1935).
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7- (3,4-M ethylenedioxyphenyl )-3 ,5-dioxo-6-heptenoic Acid 
(lie).—The dianion of 0.348 g (0.0015 mol) of diketone Ic was 
carboxylated to give 0.208 g (50% yield) of diketo acid lie , mp
118-120°. Recrystallization from chloroform gave mp 122-123° 
dec; i'niii 1730, 1630, 1610, 1540 1580, and 1130 cm > âcetone-de
3.48 (2-CH2), 5.93 (4-CH), 6.10 (-OCH20 -) , 6.48 and 6.75 
(6-CH), and 7.45 and 7.72 ppm (7-CH).

A n a l . Calcd for C14Hi20 6: C, 60.87; H, 4.38. Found: C, 
60.63; H, 4.19.

5- (3-Pyridyl)-3,5-dioxopentanoic Acid (lid).—Treatment of 
the disodium salt of diketone Id with Dry Ice gave an ether- 
insoluble, tan salt. Acidification afforded only unaltered dike
tone. Moreover, addition of the salt directly to anhydrous, 
liquid hydrogen fluoride gave no apparent formation of pyrone.

6- Substituted 4-Hydroxy-2-pyrones III. 4-Hydroxy-6-(3,4- 
methylenedioxyphenyl)-2-pyrone (Ilia).—Treatment of diketo 
acid Ha with anhydrous, liquid hydrogen fluoride apparently 
affected adversely the piperonyl ring system. As an alternative, 
the diketo acid (0.100 g, 0.00040 mol) was added to 10 ml of 
acetic anhydride. Initially the mixture was homogeneous; 
however, after 1 hr white crystals began to appear. After 16 hr 
the mixture was cooled and the crystals were separated by filtra
tion, washed with water, and dried. Recrystallization from 95% 
ethanol gave 0.068 g (73% yield) of pyrone Ilia , mp 257-258° 
(lit.22 mp 255-257°).

4-Hydroxy-6-(p-methoxystyryl)-2-pyrone (Illb).—Treatment of
(22) A. R esp la n d y , B u ll. Soc. C him . F r., 1332 (1962).

0.262 g (0.0010 mol) of diketo acid lib  with acetic anhydride 
afforded after recrystallization from methanol 0.155 g (63% 
yield) of pyrone Illb , mp 235-237° (lit.11 mp 238°).

4-Hydroxy-6-(3,4-methylenedioxystyryl)-2-pyrone (IIIc).— 
Diketo acid He (0.097 g, 0.00035 mol) and acetic anhydride 
gave 0.077 g (79% yield) of the monohydrate of pyrone IIIc: 
mp 230-234°, mp 233-236° after recrystallization from ethanol; 
Pmax 1620-1670 and 3300-3500 cm-1.

A n a l . Calcd for ChHioOs-H20: C, 60.87; H, 4.38. Found: 
C, 60.68; H, 4.50.

6-Substituted 4-Methoxy-2-pyrones IV. 4-Methoxyparacotoin 
(IVa).—A mixture of 0.0348 g (0.00015 mol) of pyrone Ilia , 2 
g of potassium carbonate, and 1 ml of methyl sulfate in acetone 
was refluxed for 1.5 hr and allowed to stand at ambient tem
perature for 18 hr. Salts were removed by filtration and the 
solution was concentrated to give a partially crystalline mixture. 
The crystals were washed with ether, with 5% sodium hydroxide 
solution, and with water to give 0.0255 g (69% yield) of pyrone 
IVa, mp 221-222°. Recrystallization from methanol gave mp 
223-224° (lit.30 mp 222-224°).

Yangonin (IVb).—Methylation of 0.122 g (0.00050 mol) of 
pyrone Illb  afforded 0.115 g (89% yield) of yangonin, mp 152.5- 
154°. Recrystallization from methanol gave mp 154-155° 
(lit.11 mp 153-154°).

Registry No.—Ic, 16526-73-1; He, 16526-74-2; IIIc, 
16526-75-3; IVa, 6969-80-8; IVb, 500-62-9.

Th e Reaction of Som e Keto Acids w ith  A n th ran ilic Acid  
A nthranilam ides, O rthanilam ides, and Salicylam ide1

P a u l  A e b e r l i and  W illia m  J. H o u l ih a n

S a n d o z  P h a rm a ceu tica ls , H an over , N e w  J e r s e y  0 7 9 3 6  

R eceived  N o vem b er 2 0 , 1 9 6 7

The reaction of 2-acyl- and 2-aroylbenzoic acids and 3- and 4-oxoalkanoic acids with anthranilic acid, anthranil
amides, salicylamide, and orthanilamides has been demonstrated to be a useful technique for preparing hetero
cyclic systems containing nitrogen, oxygen, and sulfur heteroatoms.

The reaction of an aldehyde or ketone (2) with an 
anthranilic acid (la), anthranilamide (lb), salicylamide 
(lc), or orthanilamide (Id) has found general synthetic 
application in the synthesis of a variety of 1 ,2-dihydro- 
4H-3, l-benzoxazin-4-ones2 (3a), 1,2,3,4-tetrahydro- 
quinazolin-4-ones3 (3b), 2,3-dihydro-4H-l,3-benzoxa-

la, X = CO;
A = NH; B = O

b, X = CO;
A = NR; B = NR,

c, X = CO;
A = O; B = NH

d, X = S02;
A = NH; B = NR,

R, Ri = H, alkyl, etc.

2, R2, R3 = H, 3a, X = CO; 
alkyl, etc. A = NH; B = O

b, X = CO;
A = NR;
B = NR,

c, X = CO;
A = O; B = NH

d, X = S02;
A = NH;
B = NR,

(1) P o r tio n s  of th is  p a p e r  w ere  p re se n te d  a t  th e  A m erican  C hem ica l 
S o c ie ty  M e tro p o lita n  R eg io n a l M eetin g , S tev e n s  I n s t i t u te  of T echn o lo g y , 
H o b o k en , N . J . ,  F eb  1965.

(2) R . L . M c K ee  in  “ T h e  C h e m is try  of H e te ro c y c lic  C o m p o u n d s , F ive- 
a n d  S ix -M em b e red  C o m p o u n d s  w ith  N itro g e n  a n d  O xygen ,”  A . W eiss- 
b e rg e r, E d ., In te rsc ie n c e  P u b lish e rs , N ew  Y o rk , N . Y ., 1962, C h a p te r  
X IV , p p  341 -375 .

(3) F . R u sso  a n d  M . G h e la rd o n i, A n n . C him . (R o m e ), 56, 839 (1966);
K . H . H a u p tm a n n , A rzneim .-F orsch ., 15, 610 (1965); C . H . B o eh rin g er 
S ohn , N e th e r la n d s  P a te n t  A pp l. 302,479 (O ct 25, 1966) [Chem. A bstr ., 64, 
9743 (1966 )]; J . W . B o lger, U . S . P a te n t  3 ,257,397 (J u n e  21, 1966) [Chem.
A bstr ., 65, 8933 (1966 )]; E . S . S ch ip p e r, U . S. P a te n t  3 ,265,697 (A ug 9,
1966) [Chem. A bstr ., 65, 15399 (1966)].

zin-4-ones2’4 (3c), and 3,4-dihydro-l,2,4-benzothiadia- 
zine 1,1-dioxides5 (3d).

Extension of the carbonyl component (2) of this reac
tion to include u-acylcarboxylic acids (4a) and o-acyl- 
benzoic acids (4b) suggests that intermediates such as 5 
could be formed. Further cyclization of the free car- 
boxy group in 5 with an available nitrogen atom (A or 
B) could then lead to a variety of tricyclic or tetracyclic 
systems.

O 
II

R4CZCOOH

4a, Z = (CHA 
b, Z = o-C6H,

R4 = alkyl, aryl

Selleri and Caldini6 and more recently Kratzl and 
Weinstock7a have reported that the reaction of phthal- 
dehydic acids (6) with 2-aminobenzenesulfonamides
(7) gave 6,6a-dihydro-llH-isoindolo[l,2-c] [1,2,4]benzo-

(4) J . M a illa rd , M . V in cen t, P . D e la u n a y , V .-V . T ri , a n d  R . Jo lly , 
B u ll. Soc. C him . F r., 2525 (1966); U . M . T e o tin o , L . P . F r iz , A. G an d in i, 
a n d  D . D ella  B ella , J .  M ed . C hem ., 6, 248 (1966).

(5) N u m ero u s  exam ples  of th is  sy s te m  a re  re p o r te d  in  “ D iu re t ic s ,”  
G . D e-S tev en s , A cadem ic  P re s s  In c .,  N ew  Y o rk , N . Y ., 1963.

(6) R . S elleri a n d  O. C a ld in i, Boll. C h im . F arm ., 100, 323 (1961).
(7) (a) K . K ra tz l ,  R . W e in sto ck , a n d  H . R u is , Oesterr. C hem .-Z tg . 66 , 

315 (1965); (b) R . W e in s to ck  a n d  K . K ra tz l ,  M onatsh . C hem ., 96 , 1586 
(1965); K . K ra tz l , R . W e in sto ck , a n d  H . R u is , ib id ., 96 , 1592 (1965); (c) 
K . K ra tz l  a n d  H . R u is , ib id ., 96 , 1596, 1603 (1965).

la-:d
X'B

.AJ r Ri
ZCOOH
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thiadiazin-ll-one 5,5-dioxides (8). The same ring sys
tem has also been obtained by condensing 7 with 
phthalic acid7a_c or phthalic anhydride to form 9 (Y =
o-C6H4). Borohydride reduction of 9 (Y = o-C6H4) 
gave 8. From 7 and maleic,70’8 succinic,8 and glu- 
taric7c’8 anhydride the closely related ring systems 9 [Y 
= CH=CH, (CH2)2,3] were also prepared.

In the present work the authors wish to report that 
the reaction of an anthranilic acid, anthranilamide, 
salicylamide, or orthanilamide with an aromatic or 
aliphatic keto acid offers a convenient synthetic route 
for obtaining a variety of heterocyclic systems.

When anthranilic acid (10) was allowed to react with
2-acetylbenzoic acid9 (11a) in refluxing dichloroben
zene, compound 12a was obtained. This substance 
was shown to be 6a-methyl-6a,ll-dihydro-5H-isoindolo-
l2,l-a][3,l]benzoxazine-5,ll-dione by comparing it 
with an authentic sample10 obtained by treating an
thranilic acid with 3-oxo-A1,2-phthalanacetic acid in re
fluxing acetic acid. The corresponding 6a-phenyl 
analog11 (12b) was obtained by reaction of anthranilic 
acid and 2-benzoylbenzoic acid. Extension of this 
reaction to 4-oxopentanoic (13a) and 3-benzoylpro- 
pionic acid (13b) gave the related 3a-methyl- and 3a- 
phenyl - 1,2,3,3a - tetrahydro - 5H - pyrrolo [1,2 - a] [3,1 ]- 
benzoxazine-l,5-dione (14a and b). The supporting in
frared, ultraviolet, and nmr data are given in Table I.

(8) S. C . B ell, P . H . L . W ei, a n d  S. J .  C h ild ress, J .  Org. Chem ., 29 , 3206 
(1964).

(9) I t  is kn o w n  t h a t  2 -acy l- o r  2 -a roy lbenzo ic  ac id s  ca n  ex ist in  a  t a u 
to m eric  m ix tu re  of th e  o pen  fo rm  (11a  o r b )  o r a  cyclic fo rm  i. T h e  4- a n d

5 -oxoalkonaic  ac id s (13a , b ;  22a , b )  ex is t o n ly  in  th e  o pen  s tru c tu re , (a) 
W . G raf, E . G irod , E . S chm id , a n d  W . G . S to ll, H elv. Chirm. A cta , 42 , 1085 
(1959); (b) I .  S . T ru b n ik o v , R . B . T e p lin sk a y a , Y u . A . P e n tin , N . P. 
S h u sh e rin a , a n d  R . Y a . L ev ina , J .  Gen. Chem . U S S R  (E n g . T ra n s l .) ,  33, 
1186 (1963); (c) M . V . B h a t t  a n d  K , M . K a m a th , Tetrahedron Lett., 
3885 (1966).

(10) J . H onzl, Chem . L is ty ., 49 , 1671 (1955); J .  H o n z l, Collect. Czech. 
Chem . C o m m u n 2 1 , 725 (1965).

(11) A fte r  o u r  w o rk  h a d  been  co m p le ted , i t  w as re p o r te d  t h a t  a  m ix tu re  
of m e th y l a n th r a n i la te  a n d  2 -benzoy lbenzo ic  ac id  w h en  h e a te d  to  250° 
gave 12 b : E . A b ram o w itz  a n d  M . L ach en , J .  Chem . Soc., 2165 (1965).

Ila, R = CH3

b, R = C6H5

.« + | ^ E -
TOOH 

13a, R = CH3 

b,R =  C6H5

O
O

12 a, R = CH3 

b,R-,CeH5

14a, R = CH3 

b,R = QH5

The reaction of anthranilamide (15a) with 2-acetyl
benzoic acid in refluxing dichlorobenzene resulted in the 
formation of a compound analyzing for the combina
tion of 11a and 15a less 2 mol of water. From a con
sideration of the cyclization pathway this compound 
could have either of the tetracyclic structures 16a or 
17a. To distinguish these structures a dimethylform- 
amide solution of the sodium salt of 16a or 17a was

17 a, R — CH3 

b, R ~  QHr.

18a, R = CH3

bjR“

15b + 11a or b



2404 A e b e r l i and  H o u lih a n The Journal of Organic Chemistry 

0treated with methyl iodide to give a monomethyl 
derivative. The same methyl compound was obtained 
when N-methylanthranilamide (15b) was treated with
2-acetylbenzoic acid. This then established the methyl 
group on the amide nitrogen, and therefore the mono
methyl derivative is 6,6a-dimethyl-5,6,6a,ll-tetra- 
hydroisoindolo[2,l-a]quinazoline-5,ll-dione (18a) and 
6a-methyl-5,6,6a,ll-tetrahydroisoindolo [2,1 -aJquinaz- 
oline-5,ll-dione (17a) rather than 16a is the product 
from anthranilamide and 2-acetylbenzoic acid. When 
anthranilamide was treated with 2-benzoylbenzoic acid, 
the corresponding 6-phenyl analog 17b was obtained. 
The ring system in 17b was also established by forming 
the monomethyl derivative (18b) and then forming the 
same compound from N-methylanthranilamide and 2- 
benzoylbenzoic acid. Spectral and analytical data 
(Table I) were in agreement with the structural assign
ments.

The structure of 9a-phenyl-5,6,6a,ll-tetrahydroisoin- 
dolo [2,1-a ]quinazoline-5,11-dione (17b) was addition
ally established by its synthesis from the acid chloride 
of 2-benzoylbenzoic acid (19)12 and anthranilamide 
(15a) in dimethylformamide. Several unsuccessful at
tempts were made to isolate 20, the probable inter
mediate in this reaction.

Honzl10 had reported that 6a-methyl-6a,ll-dihydro- 
5H-isoindolo [2.1 -a] [3,1 ]benzoxazine-5,l 1-dione (12a)
on treatment with alcoholic ammonia at room tempera
ture gave an amide which he postulated as being either
2- (o-carbamoylphenyl) -3 - hydroxy - 3 - methylphthalimi- 
dine (21) or 2-(2-acetylbenzamido)benzamide (21a). 
Subsequent treatment of this amide in refluxing acetic 
acid gave a compound that Honzl postulated as being 
identical with 17a prepared in the present work. This 
work has been repeated here and it was found that the 
structure (17a) postulated by Honzl is correct.

0

17a

(CKX
COOH

13a, R = CH3; n  = 1 
b, R = C6H6; n  = 1 

23a, R = CH3; n  = 2 
b, R = CeEU; n  =  2

22a, R = CH3; n  = 1 
b, R = C6H5; n  = 1 

24a, R = CH3; n  =  2 
b, R = C6H5; n  =  2

The reaction of 2-methylaminobenzamide (25) with
2-acetyl- or 2-benzoylbenzoic acid gave condensation 
products analyzing for the expected cyclization prod
ucts 26a and b or the quinazolones 27a and b. The

0 0

27a,R=CH3 
b,R= C6H5

latter ring system could form by the condensation of 
the methylamino and amide nitrogen of 2-methylamino
benzamide with the carboxy group of the starting acids. 
The spectral evidence is in agreement with assigning 
these compounds as 5,5a-dimethyl- and 5-methyl-5a- 
phenyl- 5,5a, 10-12 - tetrahydroisoindolo [1,2-6 Jquinazo- 
line-10,12-dione (26a and b). The ultraviolet spectrum 
(Table I) of both compounds are almost identical and 
quite dissimilar from that reported for a quinazolone 
system.12 13 The similarity of the spectra is in accord 
with a common chromophoric system being present in 
both compounds. In the quinazolone structures 27a 
and b this does not occur since 27a contains a 2-acetyl- 
phenyl chromophore while 27b contains a 2-benzoyl- 
phenyl system. In addition lack of a characteristic 
C = N  infrared band13’14 rules out the quinazolone sys
tem.

From the reaction of salicylamide (28) with 4-oxo- 
pentanoic acid (13a) there was obtained a compound 
that agreed with the expected product 29 or the benz-

When anthranilamide (15a) was treated with the 
aliphatic acids, 4-oxopentanoic (13a), or 3-benzoylpro- 
pionic (13b), in refluxing dichlorobenzene, condensation 
occurred to give 3a-methyl- and 3a-phenyl-l,2,3,3a,4,5- 
hexahydropyrrolo[l,2-a]quinazoline-l,5-dione (22a and
b). The homologous 4a-methyl- and 4a-phenyl-l,2,-
3,4,5,6 - hexahydro - 4aH - pyrido [1,2 - a ]quinazoline -1,6- 
diones (24a and b) were obtained from anthranilamide 
and 5-oxohexanoic (23a) or 4-benzoylbutyric acids 
(23b), respectively. The structural assignment of 
these compounds is based on spectral data (Table I) 
and the cyclization pathway established above for an
thranilamide with 2-acylbenzoic acids.

(12) P h y s ic a l m e asu re m e n ts  h a v e  show n  th a t  th is  co m p o u n d  ex ists
m a in ly  in  th e  r in g  ta u to m e r  o r  p seu d o -fo rm  19 b u t  can  g iv e  rise  to  p ro d u c ts  
w hich  com e fro m  e i th e r  19 o r  th e  o p en -ch a in  fo rm  2 -ben zo y lb en zo y l ch lo ride .
See ref 9 a  fo r  som e exam ples.

(13) T h e  u lt r a v io le t  sp e c tru m  of 2 -h y d ro x y m e th y l-  a n d  2 - ( l-h y d ro x e th y l) -  
l-m e th y l-4 ( lH )q u in a z o lin o n e  a re  re p o r te d  to  h a v e  m a x im a  a t  230, 267 -269 , 
276—277, 306—307, a n d  314—317 m/z. T h e  c a rb o n y l freq u en c ies  a re  6 .04—6.05 
n, a n d  th e  C = N  b a n d s  a re  6 .23—6.24 n. M . U skokov ic , J. Iaco b e lli , Y. 
T oom e, a n d  W . W en n er, J .  Org. Chem ., 29 , 582 (1964).

(14) H . C u lb e r tso n , J . C . D eciu s, a n d  B . E . C h ris te n se n , J .  A m er. C hem . 
Soc., 74 , 4834 (1952).
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T a b l e  I

P h y s i c a l  P r o p e r t i e s  a n d  A n a l y t i c a l  D a t a 17

C om pd Y ield ,
M p , °C  
(c ry s tn /------ In fra red ^ -------• r—U ltra v io le t0—* E m p erica l

-------------------- E le m e n ta l an a ly s is
— C alcd ., % ---------------- w-------------—F o u n d , % —

no. % so lv en t)“ B an d m/i € fo rm u la c H N O C H N O

12a 50 149-151'd (A) 5 . 7 7 c o o
C O N

2 2 2

243
267
314

28,270
16,600
6,860
5,415

C is H n N C V

12b 37 184-184.5' (B) 5 . 7 7 C O O
C O N

225
316

35,330
5,450

C 2iH 13N 0 3 77.1 4.0 4.3 14.7 77.3 4 . 2 4.4 14.7

14a 53 118-120 (B) 5.69
5.78

C O O

C O N

221
250
306

24,550
8,915
3,165

C l 2 H n N ( V 66.4 5.1 6.4 22.2 66.8 5 . 3 6.4 22.1

14b 16 136-138 (B) 5.73
5.83

C O O
C O N

224
251
308

22,885
8,070
2,935

Ci,H13N 03* 73.0 4.9 5.0 17.1 72.9 5 . 0 17.0

17a 75 214-215' (A) 3.16
5.82
5.98

N H

C O N
C O N H

221
274
316

26,840
8,800
4,400

C 16H 12N 2O 2 * 72.7 4.6 10.6 12.1 72.5 4 . 5 10.7

17b 91 >300 (C) 3.17
5.82
5.98

N H

C O N
C O N H

211
276
311

36,080
7,105
4,950

C 21H 14N 2O 2 77.6 4.0 8.6 9.8 77.3 4 . 2 8.4 10.0

18a 54 185-186 (D) 5.84
6.05

C O N
C O N C H ,

225
303

20,745
5,395

C „ H h N 20 2‘ 73.4 5.1 10.1 11.5 73.6 5 . 3 10.1 11.4

18b 73 226-227 (E) 5.82
6.05

C O N
C O N C H 3

221
306

34,000
4,705

C 2 2 H „ N 20 2' 77.6 4.7 8.2 9.4 77.8 5 . 1 8.3 9.3

22a 47 179-180 (A) 3.14
5.79
5.94

N H

C O N
C O N H

232
301

26,920
2,755

C l 2 H i 2N 2 0 2 r” 66.7 5.6 13.0 14.8 66.6 5 . 8 13.3 14.9

22b 73 >290 (E) 3.14
5.78
5.96

N H

C O N
C O N H

275
310

6,490
4,635

c „h un 2o2 73.4 5.1 10.0 11.5 74.0 4 . 9 11.3

24a 27 205-206 (A) 3.12
5.91
6.03

NH
CON
CONH

221
245
294

22,910
9,775
2,140

Cl3Hi4N202n 67.8 6.1 12.2 13.9 68.0 6 . 4 11.9 13.9

24b 49 242-243 (A) 3.05
5.90
6.02

N H  

. C O N  
C O N H

215
245
295

24,975
10,370
2,190

C18H16N2O20 74.0 5.5 9.6 10.9 73.8 5 . 8 9.5 11.0

26a 59 194-195 (E) 5.70
5.99

CON (5) 
CON (6)

236
253
370

32,900
21,315

2,415

Ci7Hi4N2(V 73.4 5.1 10.1 11.5 73.2 5 . 4 9.8 11.8

26b 40 228-229 (E) 5.70
6.01

CON (5) 
CON (6)

232
254
369

30,220
20,020

1,310

C22ÎÎ16N 2 0 2 9 77.6 4.7 8.2 9.4 77.4 5 . 1 8.1 9.9

29 52 121 (A) 5.64
5.94

CON (5) 
CON (6)

250
310

12,600
3,005

C 12H 11N 0 3r 66.4 5.1 6.4 22.1 66.4 5 . 3 6.5 22.0

31a 49 169-170 (A) 5.63
5.83

CON (5) 
CON (6)

255
311

20,140
2,650

C ie H u N O , 72.4 4.2 5.3 18.0 72.5 4 . 2 5.1 17.8

31b

33a

45

6 8

214-215 (F)

>325 (E)

5.65
5.95
3.13
5.88
7.45
8.48

CON (5) 
CON (6) 
NH 
CON

■ so2

254
308
225
277

18,700
2,430

28,450
10,500

C21H13NO3

C io H u C IN a O a S »

76.9

60.5

4.2

3.3

4.3

7.1

14.6

1 2 . 0

76.9

60.1

4 . 0

3 . 0

4.7 14.7

33b 23 280-283 (E) 3.13
5.88
7.45
8.48

NH
CON

S02

228
274

26,015
11,880

Ci6H„C1N20 3S 53.8 3.3 8.4 14.3 54.1 3 . 6 8 . 2 14.5

35 30 247-248 (E) 5.80
7.47
8.52

CON 

• S02

226
280

29,770
9,550

C2iHi6C1N20 3S 60.5 3.3 7.1 1 2 .1 60.8 3 . 5 6 . 8

“ Recrystallization from the following solvents: A, isopropyl alcohol; B, ethanol; C, methanol-water; D, methanol; E, iso
propyl alcohol-dimethylformamide; F, ethanol-dimethylformamide. b The numbers 5 and 6 found next to the assignment re
fer to the ring size containing the C = 0  group. The assignments were based on values reported in ref 9a-c and L. J. Bellamy, 
“The infrared Spectra of Complex Organic Molecules,” 2nd ed, John Wiley and Sons, Inc., New York, N. Y., 1958. 0 All spectra
were determined in 95% ethanol. d Lit.10 mp 150°. • Nmr analysis showed S 1.91 (s, C-CH ). ' Lit.11 mp 181-182°. 1 Nmr analy
sis showed 0.77 (s, C-CH3), 1.81 (A2B2, 4 H, CH2CH2). h Nmr analysis showed a complex multiplet at 2.20-3.00. ’ Lit.10 mp 215°.
> Nmr analysis showed 1.81 (s, CH3). * Nmr analysis showed 0.67 (s, C-CH3), 2.22 (s, N-CH3). 1 Nmr analysis showed 3.12
(s, N-CH3). m Nmr analysis showed 0.73 (s, C-CH3), 1.69 (A2B2, 4 H, CH2CH2). n Nmr analysis showed 0.71 (s, C-CH3), 0.83-
1.53 (m, 4 H, 1.81 [t, J  — 12.0 cps, 2 H|. 0 Nmr analysis showed 1.88 (m, 2 H), 2.38 (m, 2 H), 2.78 (m, 2 H). p Nmr analysis
showed 0.85 (s, C-CH3), 2.12 (s, N-CH3). « Nmr analysis showed 2.17 (s, N-CH3). r Nmr analysis showed 0.75 (s, C-CH3), 1.68
(m, 4 H, CH2CH2). ' Calcd: Cl, 8.9; S, 8.1. Found: Cl, 8.6; S, 8.0.
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oxazinone 30. The benzoxazine system could form by 
the condensation of the amino and hydroxyl groups in 
salicylamide with the carboxyl group of 4-oxopentanoic 
acid. The nmr of the product gave a methyl singlet at 
0.75 ppm and a four-proton complex centered at 1.68 
ppm. The high-field position of the methyl signal16 and 
the complex signals for the CH2CH2 grouping agree 
with structure 29. The methyl16 signal in 30 would be 
expected in the 2.1-2.4-ppm region. The absence of a 
C = N 14 band in the infrared spectrum is also in agree
ment with 29.

The condensation of salicylamide (28) with 2-acetyl- 
or 2-benzoylbenzoic acid proceeded by the same path
way as 4-oxopentanoic acid to give the related ring 
derivatives 5a-methyl- and 5a-phenyl-ll,12-dihydro- 
5H-isoindolo [1,2-5] [l,3]benzoxazine-10,12-dione (31a 
and b). Supporting spectral data are listed in Table I.

The reaction of 2-amino-4-chlorobenzenesulfonamide 
(32a) with 2-benzoylbenzoic acid gave 2-chloro-6a- 
phenyl-6,6a-dihy dro -11H - isoindolo [1,2-c] [1,2,4 ]benzo- 
thiadiazin-ll-one 5,5-dioxide (33a). By analogy with 
the cyclization of anthranilamide and 2-benzoylbenzoic

32a, R = H; R' = Cl; R" = H 34a, R = H;R' = Cl; R" =  C6H5
b, R = Cl; R' = H; R"= H b,R = Cl;R' =  H; R" =  CH3
c ,  R = H;R' =  C1;R"=CH3

i

33a,R = H;R'=Cl;R"=C6H5 
b,R=Cl;R' =  H;R"=CH3

02
S.

N
o=L

35

lib +  32c

acid the tetracyclic system 34a has to be considered 
as an alternate structure for this compound. To distin
guish these structures the sodium salt of the condensation 
product was treated with methyl iodide to give a mono
methyl derivative. The same monomethyl derivative 
was obtained from the condensation of 2-amino-4- 
chloro-N-methylbenzenesulfonamide (32c) with 2-ben-

(15) T h e  C -C H s  g ro u p  in th e  close ly  re la te d  co m p o u n d s  14a, 22a , a n d  
24a  a lso  ex h ib it h igh-fie ld  signals  a t  0 .77, 0 .71, a n d  0.73 p p m , re sp ec tiv e ly  
(T a b le  I ) .

(16) N . S. B h ac ca  a n d  D . H . W illiam s, “ A p p lic a tio n s  of N M R  S p ec tro s
copy  in  O rgan ic  C h e m is try ,” H o ld e n -D a y  In c ., S an  F ran c isco , C alif., 1964, 
p  33.

zoylbenzoic acid. This interconversion establishes 
the methyl derivative as 2-chloro-6-methyl-6a-phenyl- 
6,6a-dihydro- llH-isoindolo [1 ,2-c] [1 ,2,4]benzothiadia- 
zin-ll-one 5,5-dioxide (35) and rules out structure 34a. 
Reaction of 2-acetylbenzoic acid with 2-amino-5-chloro- 
benzenesulfonamide (32b) gave 3-chloro-6a-methyl- 
6,6a-dihydro-11H-isoindolo [1,2-c] [1,2,4 Jbenzothiadia- 
zin-ll-one 5,5-dioxide (33b) rather than the tetracyclic 
system 34b. Supporting spectral data are given in 
Table I.

E xp e rim e n ta l S e c tio n 17
General Conditions for Cyclization.—To a flask equipped with 

a magnetic stirring and heating mantle there was added 0.05- 
0.10 mol of the anthranilic acid, anthranilamide, salicylamide, 
or orthanilamide, 0.10-0.05 mol of the oxo acid, 100-250 ml of 
technical (85%) o-dichlorobenzene, and 0.5 mol of p-toluene- 
sulfonic acid monohydrat.e. The flask was fitted with an ex
tractor packed with beryl saddles or glass chips and a reflux 
condenser. The mixture was then stirred and refluxed until 
water ceased (6-24 hr) to separate in the condensate. The 
solvent was removed in  vacuo  on a rotary evaporator, and the 
residue was crystallized from an appropriate solvent system. 
If necessary the compound was treated with charcoal during 
the crystallization procedure.

The compounds prepared by the above procedure together 
with infrared, ultraviolet, and nuclear magnetic resonance 
data are given in Table I.

6a-Methyl-5,6,6a, 11-tetrahydroisoindolo [2,1-a] quinazoline-5,-
11-dione (17a).—A mixture of 12a (1.0 g) and 25 ml of isopropyl 
alcohol saturated with anhydrous ammonia was stirred at room 
temperature for 72 hr. The resultant solid was filtered off and 
recrystallized from isopropyl alcohol to give 0.92 g of 20 as a 
solid: mp 209-210° (lit.10 mp 205°); infrared (KBr, J )  2.98
and 3.13 (NH2; OH), 5.91 and 6.03 (C = 0  for CONH, CONH2, 
and COCH3); ultraviolet, Xf"oH 257 m/x (e 5950) and 286 (2820).

A n a l . Calcd for C16HI4N 20 3 : C, 68.1; H, 5.0; N, 9.9; O,
17.0. Found: N, 9.8; O, 17.1.

A solution of 20 (0.60 g) and 10 ml of acetic acid was stirred 
and refluxed for 6 hr. The solvent was removed in  vacuo  and 
the residue crystallized from isopropyl alcohol-dimethylform- 
amide gave 0.42 g of solid, mp 213-214°. Comparison of the 
R s value and infrared and ultraviolet spectra of this compound 
with those of 17a showed them to be identical.

6a-Phenyl-5,6,6a-tetrahydroisoindolo [2,1-a] quinazoline-5,11- 
dione (17b).—A solution of 2-benzoylbenzoic acid chloride12 
(15.0 g, 0.06 mol), anthranilamide (10 g, 0.07 mol), pyridine 
(5.0 ml), and anhydrous dimethylformamide (100 ml) was 
maintained at 60° for 48 hr. The solvent was removed in  vacuo  
on a rotary evaporator and the residue crystallized from 
methanol-water. There was obtained 16.3 g (84%) of 17b, 
mp >300°. Comparison of the R [  value and the infrared and 
ultraviolet spectrum of this substance with 17b prepared from 
anthranilamide and 2-benzoylbenzoic acid showed them to be 
identical.

6,6a-Dimethyl-5,6,6a, 11-tetrahydroisoindolo [2,1-a] quinazoline-
5,11-dione (18a).—To a stirred solution of 17a (5.4 g, 0.02 mol) 
in anhydrous dimethylformamide (200 ml) there was added 
50% sodium hydride-mineral oil dispersion (1.06 g, 0.02 mol 
as NaH). The solution was maintained at 40° until hydrogen 
evolution had ceased. After cooling to room temperature the 
solution was treated with methyl iodide (2.15 g, 0.035 mol) 
and allowed to stir for about 20 hr at room temperature. The 
solvent was removed m  vacu o , and the residue was crystallized 
from methanol-methylene chloride to give 4.5 g (81%) of solid 
material, mp 184-186°. Comparison of the mixture melting 
point, R t  value, and infrared and ultraviolet spectrum with 
those of 18a showed them to be identical.

(17) M e ltin g  p o in ts  w ere  d e te rm in e d  on  a  T h o m a s -H o o v e r  ca p illa ry  
m e ltin g  p o in t a p p a ra tu s  a n d  h a v e  n o t b ee n  co rrec ted . P ro to n  n m r  sp e c tra  
w ere d e te rm in e d  as p y r id in e  so lu tio n s  on a  V a ria n  A ssocia te s  A -60 sp ec tro m 
e te r  a n d  a re  reco rd e d  in  p a r ts  p e r  m illion  (5) dow nfield  fro m  a n  in te rn a l 
te tra m e th y ls ila n e  s ta n d a rd .  In f ra re d  sp e c tra  w ere  d e te rm in e d  a s  p o ta ss iu m  
b ro m id e  p e lle ts  u s ing  a  P e rk in -E lm e r  M o d e l 421 sp e c tro m e te r  o r  a n  I n 
fraco rd . T h e  u ltra v io le t  sp e c tra  w ere  o b ta in e d  on  a  B ec k m an  M o d el D B  
sp e c tro p h o to m e te r  a t ta c h e d  to  a S a rg e n t S R L  re co rd e r o r o n  a  C a ry  M o d e l 
15 s p e c tro p h o to m e te r .
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2-Chloro-6-methyl-6,6a-dihydro-llH-isoindolo[l,2-c] [1,2,4]- 
benzothiadiazin-ll-one 5,5-Dioxide (35).—A mixture of 33a 
(3.97 g, 0.01 mol), 50% sodium hydride-mineral oil dispersion 
(0.72 g, 0.015 mol as NaH), anhydrous dimethylformamide 
(100 ml), and methyl iodide (2.85 g, 0.02 mol) was allowed to 
react as in the preparation of 18a. There was obtained 3.8 g 
of solid, mp 246-247°. Comparison of the infrared and ultra
violet spectra of this compound with those of 35 showed them 
to be identical.

Registry N o—lc, 65-45-2; 10, 118-92-3; 12a,
16240-89-4; 12b, 801-48-9; 14a, 16240-91-8; 14b,

16240-92-9; 17a, 
16240-77-0; 18b, 
16240-79-2; 24a, 
16240-95-2; 26b,
16240- 98-5; 31b,
16241- 00-2; 35, H

16240-93-0; 17b, 
16214-88-3; 22a, 
16240-80-5; 24b, 
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16240-99-6; 33a,
■ 241-01-3.

16214-87-2; 18a, 
16240-78-1; 22b, 
16240-94-1; 26a, 
16240-97-4; 31a, 
16214-90-7; 33b,
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Oxidation w ith M etal Oxides. III. Oxidation of D iam ines  
and Hydrazines w ith M anganese Dioxide

I la B hatnagar  and  M . V. G e o r g e 1 2 3

D ep a r tm en t o f  C h em is try , I n d ia n  In s t i tu te  o f  T ech n ology , K a n p u r ,  I n d ia  

R eceived  J a n u a r y  2 , 1 9 6 8

o-Phenylenediamine and p-phenylenediamine, on oxidation with manganese dioxide, gave the corresponding 
diaminoazo compounds. Under similar conditions, 2,2'-diaminobiphenyl gave dibenzopyridazine, whereas 
o,o'-diaminobiphenyl sulfide gave a linear azo compound. The oxidation of N-phenyl-p-phenylenediamine and 
N,N'-diphenyl-p-phenylenediamine gave N-phenyl-p-benzoquinone monoimine and N,N'-diphenyl-p-phenylene- 
diimine, respectively. N,N'-Dibenzenesulfonyl-p-benzoquinone imine, benzenesulfonamide, and p-benzo- 
quinone were formed from N,N'-dibenzenesulfonyl-p-phenylenediamine, whereas, both benzophenone and 
azobenzene were formed from the oxidation of benzophenone anil. Manganese dioxide oxidation of phenyl- 
hydrazine gave biphenyl and azobenzene. p-Nitrophenylhydrazine and 2,4,6-trichlorophenylhydrazine gave the 
corresponding substituted biphenyls, under similar conditions. Oxidation of N-aminopiperidine, N-aminohomo- 
piperidine, N-aminomorpholine, and N,N-diphenylhydrazine gave the corresponding tetrazenes, whereas N,N- 
dibenzylhydrazine gave mainly bibenzyl.

In previous communications2,3 we have reported the 
oxidation of several aldehyde and ketone phenylhydra- 
zones, chalcone phenylhydrazones, pyrazolines, o- 
aminobenzylidine anils, and o-hydroxybenzylidine anils, 
with manganese dioxide. Chalcone phenylhydrazones, 
for example, give rise to pyrazoles, when oxidized with 
manganese dioxide in a neutral solvent like benzene. 
Under similar conditions, o-aminobenzylidine anils and
o-hydroxybenzylidene anils give the corresponding 
benzimidazoles and benzoxazoles, respectively. The 
oxidation of aldehyde phenylhydrazones, on the other 
hand, give a mixture of several oxidative dimers, tri
azoles and biphenyl, depending on the reaction condi
tions. During the course of the present investigation, 
we have examined the oxidation of several aromatic 
diamines and hydrazines, employing active manganese 
dioxide.

The oxidation of o-phenylenediamine has been re
ported to give rise to different products, depending on 
the nature of the oxidizing agent and the reaction con
ditions. Thus, the oxidation of o-phenylenediamine 
with nickel peroxide4 5 or lead tetraacetate6 gives cis,cis-
1,4-dicyano-l,3-butadiene, whereas the oxidation with 
lead peroxide6 or silver oxide6 gives a mixture of o,o'-di- 
aminoazobenzene and 3,4-diaminophenazine. The for
mation of these products has been explained in terms of 
an o-quinone imine intermediate. We have examined 
the oxidation of o-phenylenediamine, employing man
ganese dioxide. When the reaction was carried out in 
benzene at room temperature, we were able to isolate a

(1) T o  w hom  e n q u irie s  sh o u ld  b e  ad d ressed .
(2) I .  B h a tn a g a r  a n d  M . V. G eorge , J .  Org. C hem ., 32, 2252 (1967).
(3) I .  B h a tn a g a r  a n d  M . V. G eorge, Tetrahedron, 24 , 1293 (1968).
(4) K . N a k a g a w a , H . O noue, Tetrahedron L ett., 20, 1433 (1965).
(5) K . N a k a g a w a  a n d  H . O noue, Chem . C om m un ., 16, 396 (1965).
(6) R . W ils ta t te r  a n d  A . P fa n n e n s tie l, B er., 38, 2348 (1905).

13% yield of o,o'-diaminoazobenzene. No other 
product, including 1,4-dicyano-l,3-butadiene could be 
obtained from this run. The same reaction has been 
tried both in refluxing benzene, and also in the absence 
of any solvent by heating the mixture to around 1 10 °, 
with a view to detecting the presence of other products 
which might be formed under these conditions. Con
siderable amount of ammonia was evolved during these 
reactions and, from both cases, only o,o'-diaminoazoben- 
zene was isolated, but the yields were somewhat higher, 
compared with that of the room temperature reaction. 
In a typical run, involving the reaction of o-phenylene- 
diamine with manganese dioxide in refluxing benzene, 
the amount of ammonia liberated was found to be 
around 21%. A probable mechanism for the forma
tion of o,o'-diminoazobenzene is indicated in Scheme 
I. In this scheme, we assume that manganese dioxide 
effects the cleavage of one of the N-H bond of the amine

S c h e m e  I
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to generate the radical I which dimerizes to the hydra
zine II. Oxidation of II to o,o'-diaminoazobenzene
(III) will be quite facile in presence of manganese 
dioxide. The formation of III from o-phenylenedi- 
amine is analogous to the formation of azobenzene from 
aniline.7 8 However, the evolution of ammonia and the 
poor yield of III strongly suggests that other pathways 
are also important for this oxidation. One such pos
sibility is the conversion of the intermediate radical I 
into the diradical IV which can isomerize to o-quinone 
diimine (V). The quinone diimine V will suffer ready 
hydrolysis under the experimental conditions, giving 
rise to o-quinone (VI) which is easily polymerized. 
The actual isolation of a small amount of p-benzo- 
quinone in the oxidation of p-phenylenediamine sup
ports the postulated mechanism. When p-phenylene- 
diamine was oxidized with active manganese dioxide in 
benzene at room temperature, a 30% yield of p,p'~di- 
aminoazobenzene was formed. In addition, a small 
quantity of benzoquinone (2%) and polymeric material 
could be isolated. It was not possible to detect the 
presence of any p-benzoquinone diimine; one would 
expect this compound to be easily hydrolyzed 8,9 during 
the reaction. With a view to isolating stable quinone 
imine intermediates from these reactions, we have ex
amined the oxidation of both N-phenyl-p-phenylene- 
diamine (VII) and N,N'-diphenyl-p-phenylenediamine
(VIII) . Treatment of VII with manganese dioxide gave 
a 70% yield of N-phenyl-p-benzoquinone monoimine
(IX) , whereas VIII under the same conditions gave a 
91% yield of N,N'-diphenyl-p-benzoquinone imine (X). 
Ammonia gas was evolved during the oxidation of VII, 
but not in the reaction of VIII. The isolation of such 
quinone imines as IX and X strongly supports the 
mechanism (Scheme I) that has been suggested for 
amine oxidation.

Lithium aluminium hydride reduction of 2,2'-dinitro- 
biphenyl is reported to give rise to dibenzopyridazine.10 
Under similar conditions, 2,2'-dinitrobiphenyl ether 
and 2,2 '-dinitrobiphenyl sulfide give the corresponding 
cyclic, seven-membered azo compounds.11 We have 
examined the reactions of 2,2 '-diaminobiphenyl and 
2,2 '-diaminobiphenyl sulfide with manganese dioxide, 
with a view to finding out whether these reactions 
would lead to the formation of the corresponding cyclic 
azo compounds. The oxidation of 2,2'-diaminobi- 
phenyl with manganese dioxide gave a 55% yield of 
dibenzopyridazine and a probable pathway is indicated 
in Scheme II. 2,2 '-Diaminobiphenyl sulfide, on the 
other hand, gave a 20% yield of 2,2 '-bis(o-aminothio- 
phenoxy)azobenzene (XI) and none of the cyclic azo 
compound.

N,N'-Dibenzenesulfonyl-p-phenylenediamine (XII) 
is oxidized to p-benzoquinonebenzenesulfonimide by 
reagents like silver oxide, sodium chromate, and lead 
tetraacetate.9 In the present investigation, we have 
studied the oxidation of XII using active manganese 
dioxide. When this oxidation was carried out at room 
temperature in acetone medium, a 32% yield of N,N'-

(7) (a) O. W h ee le r a n d  D . G onzalez, Tetrahedron, 2 0 ,  189 (1964); (b)
O. W heeler, Chem . I n d .  (L o n d o n ), 1769 (1965).

(8) R . W ills ta tte r ,  Ber., 37, 1499 (1904).
(9) R . A d am s a n d  A. S. N a g a rk a t t i ,  J .  A m er. Chem . Soc., 7 2 ,  4601 (1950).
(10) G . M . B ad g e r a n d  J .  H . S eid ler, J .  Chem . Soc., 3207 (1951).
(11) N . L . A llinger a n d  G . A . Y oung d a le s, J .  A m er. Chem . Soc., 84, 1020

(1962).

S c h e m e  II

dibenzenesulfonyl-p-benzoquinone imine (XIII) was iso
lated. The same reaction, in refluxing benzene gave a 
37% yield of benzenesulfonamide and a small quantity 
of benzoquinone. I t is apparent that both benzene
sulfonamide and benzoquinone are formed from XIII, 
the initial oxidation product of XII. However, a 
simple mode of hydrolysis for the conversion of X III 
into benzenesulfonamide and benzoquinone is ruled out 
since X III is reported to be quite resistant to hydrol
ysis, both under acid and basic conditions.9 A more 
probable pathway would be the hydroxylation of X III 
by manganese dioxide (which invariably contains some 
water) to give the intermediate XIV which is then 
cleaved to the products as shown in Scheme III. The

S c h e m e  I I I

:5- s o - n h - ^ ^ - nh - so2- c6h5

XII

C6H -  S O -N = < ^ ^ = N  - S 0 2-  C6H5

xm

h°x /= = V nh- s°2- C6h5i

_c6h5- so2- hnA = A 0h

XIV

ohĈ°+  QH-SOjNth

formation of similar hydroxylated intermediates have 
been postulated in the oxidation of substituted amines 
using manganese dioxide.12

If we assume that the oxidation of XII is proceeding 
through the hydroxylated intermediate XIV, then one 
would expect that anils will also be oxidized by man
ganese dioxide by a similar route. In this connection, 
we have examined the oxidation of benzophenone anil 
with manganese dioxide which led to benzophenone 
(50%) and azobenzene (55%). It is pertinent to ob
serve that benzophenone anil is not hydrolyzed by re
fluxing with water for few hours. Also, the oxidation 
of benzophenone anil could not be achieved by treat
ment with dry manganese dioxide from which all water 
has been removed. We therefore assume that the ac
tive manganese dioxide containing small amounts of 
moisture is actually responsible for this type of oxida
tion. The reported oxidation of azines to give aide-

(12) H . B . H e n b e s t a n d  A . T h o m as , J .  C hem . Soc., 3032 (1957).
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hydes and ketones13 may also be proceeding through a 
similar mechanism.

In continuation of our studies, we have examined the 
reaction of different substituted hydrazines with man
ganese dioxide. The oxidation of phenylhydrazine, 
for example, gave a 26% yield of biphenyl, when the 
reaction was carried out in benzene. Similarly, the 
oxidation of p-nitrophenylhydrazine and 2,4,6-tri- 
chlorophenylhydrazine gave p-nitrobiphenyl (50%) and
2,4,6-trichlorobiphenyl (39%), respectively. A prob
able route for this oxidation involves the stepwise re
moval of hydrogen atoms from the hydrazines by man
ganese dioxide giving rise to radical intermediates which 
finally yield aryl radicals by the loss of nitrogen. 
These aryl radicals can combine with the solvent to 
give biphenyls (Scheme IV). The formation of bi-

S c h e m e  IV

r - nh- nh2 r _ nh_ nh

R—N = N -H  R—N=N- — »

R + Nz b e n ^

phenyls in the oxidation of phenylhydrazines have also 
been observed earlier, when either silver oxide or mer
curic oxide have been employed.14

Several 1,1-disubstituted hydrazines have been 
oxidized with different oxidizing agents such as potas
sium permanganate, bromine, ferric chloride, quinone, 
and mercuric oxide15 to give tetrazenes as major prod
ucts. Report has also been made of the anomalous 
type of oxidation of 1 ,1-disubstituted hydrazines giving 
rise to symmetrical, substituted bibenzyls and nitro
gen.16 A detailed study of the oxidation of 1,1-disub
stituted hydrazine derivatives has been done by several 
workers.17 They have observed that if the oxidation is 
carried out under conditions in which the hydrazine is 
present in relatively high concentration, e.g., by rapid 
addition of hydrazine to the oxidizing agent or by the 
rapid addition of the solid oxidizing agent to the solu
tion of hydrazine, the aminoimido intermediate formed 
initially dimerizes to the tetrazene in the so-called “nor
mal” manner. If the nitrogen atom in the aminoimido 
intermediate is lost to yield a stabilized radical, then 
an alternative “abnormal” pathway is possible, giving 
rise to fragmentation and recombination of products. 
For example, the oxidation of 1,1-dibenzylhydrazine 
gives rise to mainly bibenzyl and nitrogen and an intra
molecular process has been suggested as shown in 
Scheme V. The formation of the tetrazene is explained 
in terms of the dimerization of the aminoimido inter-

(13) G . M a ir  a n d  U . H eep , A ngew . Chem . In te rn . E d . E ng l., 4, 956 (1965).
(14) L . H a rd ie  a n d  R . H . T h o m a s , J .  Chem . Soc., 2512 (1957).
(15) F o r  som e of th e se  o x id a tio n s , see, (a) E . F isch e r, A n n .,  190, 67 

(1877); (b) E . F isch e r, ib id ., 199, 281 (1879); (c) E . R enou f, B er., 13, 
2169 (1880); (d) T . C u r tiu s  a n d  H . F ra n z e r , ib id ., 34 , 552 (1901); H . 
W ieland  a n d  H . F resse l, A n n .,  392 , 133 (1912).

(16) See (a) M . B usch  a n d  B . W eiss, B er., 33 , 2701 (1900); (b) H . D u v a l, 
B ull. Soc. C him . F r., 7, 728 (1910); (c) J .  K e n n e r  a n d  J . W ilson , J .  
Chem. Soc., 1108 (1927).

(17) F o r  som e of th e se  s tu d ie s , see (a) D . M . L em al, T . W . R a v e , a n d  
S. D . M cG rego r, J .  A m er. Chem . Soc., 85, 194 (1963); (b) C . G . O verb erg er, 
Rec. Chem . Progr., 21 , 21 (1960); (c) C . G . O v e rb e rg e r  a n d  L . P . H e rin , J .  
Org. C hem ., 27 , 417 (1962); (d) C . G . O v e rb e rg e r a n d  B . S. M a rk s , J .  
Am er. Chem . Soc., 77 , 4097, 4104 (1955); (e) C . G . O verb erg er, L . C . 
P alm er, B . S. M ark s , a n d  N . R . B y rd , ib id ., 77 , 4100 (1955).

S c h e m e  V
C6H-CH2X
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/N -N = N —nC
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c6h - ch2- ch2- c6h5 + n2

mediate XV or by its reaction with another molecule of 
unchanged hydrazine to give a tetrazane which is sub
sequently oxidized to tetrazene.18 In the present 
study, the oxidation of several disubstituted hydrazines 
have been tried using manganese dioxide. Thus, the 
oxidation of N-aminopiperidine in benzene at room 
temperature gave a 76% yield of 1,4-bispentamethyl- 
enetetrazene (XVI). Similarly, N-aminohomopiperi- 
dine and N-aminomorpholine gave the corresponding 
tetrazenes XVII and XVIII in 86 and 80% yields, 
respectively. It is assumed on the basis of analogy, 
that the oxidation of these hydrazines is proceeding 
through the aminoimido intermediates which dimerize 
to the tetrazenes. The loss of nitrogen is not facile in 
view of the unstable nature of the resultant radicals.

The oxidation of N,N-diphenylhydrazine with man
ganese dioxide gave a 76% yield of 1,1,4,4-tetra- 
phenyltetrazene and a small quantity of biphenyl. 
N,N-Dibenzylhydrazine on the other hand, when 
oxidized at room temperature- in chloroform solution 
gave a 10% yield of 1,1,4,4-tetrabenzyltetrazene and a 
20% yield of bibenzyl. When the same reaction was 
carried out in refluxing ethanol and with the gradual 
addition of manganese dioxide to the hydrazine, a 40% 
yield of bibenzyl was isolated. The formation of bi
benzyl could arise from an intramolecular loss of nitro
gen from the aminoimido intermediate XV as postulated 
earlier.

Experimental Section
All melting points are uncorrected and were determined in a 

Thomas-Hoover melting point apparatus. Infrared spectra 
were determined on a Perkin-Elmer Infracord spectrometer and 
uv spectra were obtained on a Cary 14-R spectrophotometer.

Starting Materials.—Active manganese dioxide was prepared 
by using manganese sulfate dihydrate (280 g) and potassium 
permanganate (320 g) according to reported procedure.19 N,N- 
Diphenyl hydrazine20 and N-aminomorpholine21 were prepared 
by the reduction of N-nitrosodiphenylamine and N-nitroso- 
morpholine, respectively, using zinc and acetic acid. Dibenzyl- 
hydrazine22 was prepared by the lithium aluminum hydride 
reduction of N-nitrosodibenzylhydrazine, whereas N-amino- 
piperidine23 was prepared by reducing N-nitrosopiperidine 
employing aluminum amalgam in absolute ethanol. 2,2'-Di- 
aminobiphenyl24 was prepared by the reduction of the corre-

(18) See, fo r ex a m p le  (a) R . L . H in n m a n  a n d  K . L . H am m , ib id ., 81, 
-3294 (1959); (b) C . G . O v e rb e rg e r a n d  L . P . H e rin , J . Org. C hem ., 21, 
2423 (1962); (c) C . G . O verberger, J .  K esse lin , a n d  P . T . H u a n g , J . Am er. 
Chem. Soc., 81, 3779 (1959); (d) C . G . O v erb erg er, J . G . L o m b ard in o  an d  
R . G . H iske , J. A m er. Chem . Soc., 80, 6430 (1958); (e) ref 16b—d.

(19) E . F . P r a t t  a n d  T . M cG o v ern , J . Org. C hem ., 29, 1540 (1964).
(20) E . F isch er, A n n .,  190, 175 (1877).
(21) I .  V. P o d g o rn a y a  a n d  I .  Y a. P o sto v sk ii, Z h . Obshch. K h im ., 34

(1), 33 (1964); Chem . A bstr ., 60, 10676 (1964).
(22) C. G . O vergerger, J. A m er. Chem . Soc ., 77, 4100 (1955).
(23) H . G . K azm iro w sk i a n d  H . G o ld h ah n , E a s t  G e rm a n  P a te n t ,  23,001 

(1962); Chem . A bstr ., 58, 6746 (1963).
(24) P . A. S. S m ith  a n d  B . B . B row n, J . A m er. Chem . Soc., 75, 6335 

(1953).
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sp o n d in g  d in itro  co m p o u n d  u sin g  R a n e y  n ick e l as c a ta ly s t .  
2 ,2 '-D ia m in o b ip h e n y lsu lf id e ,11 on  th e  o th e r  h a n d ,  w as p re p a re d  
b y  th e  re d u c tio n  of 2 ,2 '-d in itro b ip h e n y lsu lf id e  u sin g  z inc  an d  
calcium  ch lo rid e  in  e th a n o l.  p -B e n zo q u in o n esu lfo n im id e 9 w as 
p re p a re d  b y  lea d  t e t r a a c e ta te  o x id a tio n  of ¡o -phenylened ibenzene- 
su lfo n a m id e . A ll o th e r  s ta r t in g  m a te ria ls  w ere  o b ta in e d  com 
m erc ia lly .

Oxidation of o-Phenylenediamine.—A m ix tu re  of o -p h en y len e- 
d ia m in e  (2 g, 0 .009  m o l) an d  m an g a n ese  d io x id e  (10 g) w as 
re fluxed  in  d ry  b e n ze n e  (150 m l)  fo r 4  h r .  A m m o n ia  gas w as 
ev o lv ed  d u r in g  th e  course  of th e  re a c tio n  w h ich  w as id en tified  
b y  th e  u su a l q u a li ta t iv e  te s ts .  R e m o v a l of th e  u n c h a n g e d  m a n 
ganese  d io x id e  a n d  th e  so lv e n t g ave  a  re sid u e  w h ich  w as ch ro 
m a to g ra p h e d  on  a lu m in a . E lu t io n  w ith  b en zen e  gave  0 .7  g 
(3 5 % ) of 2 ,2 '-d ia m in o a zo b e n ze n e  ( I I I )  w h ich  m e lte d  a t  134°, 
a f te r  re c ry s ta lliz a tio n  fro m  a  m ix tu re  (1 :1 )  of b en zen e  an d  
p e tro le u m  e th e r  (b p  6 0 -8 0 ° ) .  T h e  id e n t i ty  of th is  c o m p o u n d  
w as confirm ed  b y  a  m ix tu re  m e lt in g  p o in t  w ith  a n  a u th e n t ic  
sa m p le ,6 a n d  also  b y  co m p ariso n  of th e  ir  sp e c tra .  T h e  u l tra v io le t  
sp e c tru m  of th is  co m p o u n d  in  m e th a n o l show ed  th e  fo llow ing  
a b so rp tio n  m a x im a : 245 him (e 30 ,750), 312 (12 ,000), an d  442 
(1 1 ,5 0 0 ). F u r th e r  e lu tio n  of th e  a lu m in a  co lum n  w ith  a  m ix tu re  
of b en zen e  a n d  e th a n o l gave  a  d a rk  re d  p o ly m e ric  m a te r ia l,  w h ich  
on  t r e a tm e n t  w ith  d i lu te  h y d ro c h lo ric  ac id , fo llow ed b y  t r e a tm e n t  
w ith  so d iu m  h y d ro x id e , gave  a  fu r th e r  y ie ld  (0 .3  g, 1 5 % ) of 
2 ,2 '-d ia m in o a z o b e n z e n e  ( I I I ) .  N o  o th e r  id en tif ia b le  p ro d u c t 
cou ld  b e  o b ta in e d  fro m  th is  m a te ria l.

In  a  re p e a t  e x p e rim e n t, a  so lu tio n  of 2 g (0 .009  m o l) of o- 
p h e n y le n e d ia m in e  in  250 m l of b e n ze n e  w as g ra d u a lly  a d d e d  to  a  
s t i r r e d  su sp en s io n  of m an g a n ese  d io x id e  (10 g) in  b en zen e  (200 
m l) ,  o v e r a  p e rio d  of 12 h r .  R e m o v a l of th e  so lv e n t a n d  u n 
c h an g e d  m an g a n ese  d io x id e  g ave  a  d a rk  re d  p o ly m e ric  m a te r ia l  
w h ich  show ed  a  C = 0  b a n d  a b so rp tio n  a t  1675 c m -1 . W o rk -u p  
of th is  m ix tu re , e m p lo y in g  c h ro m a to g ra p h y  o v e r a lu m in a , gave  
0 .2 5  g (1 3 % ) of 2 ,2 '-d ia m in o a z o b e n z e n e , m m p  134°.

I n  a  r e p e a t  ru n , e m p lo y in g  th e  sam e  q u a n ti t ie s  of s ta r t in g  
m a te r ia ls ,  b u t  c a rry in g  o u t  th e  re ac tio n  in  re flux ing  b e n ze n e , a  
2 1 %  y ie ld  of a m m o n ia  w as e v o lv ed , as m ea su re d  b y  a b so rp tio n  
in  a  s ta n d a rd  so lu tio n  of h y d ro c h lo ric  ac id .

I n  a  d iffe re n t ru n , 2 g (0 .009  m o l) of o -p h e n y le n ed ia m in e  an d  
m an g a n ese  d iox ide  (10  g) w ere  h e a te d  a t  ca. 110° in  th e  ab sen ce  
of a n y  so lv e n t. V igo rous e v o lu tio n  of a m m o n ia  w as o b se rv ed  
d u r in g  th e  re a c tio n . W o rk -u p  of th e  m ix tu re  b y  t r e a tm e n t  w ith  
b e n ze n e  a n d  c h ro m a to g ra p h y  of th e  b en zen e  e x tr a c t  o v e r a lu m in a  
g ave  0 .45  g (2 2 % ) of 2 ,2 '-d ia m in o a z o b e n z e n e , m m p  134°.

Oxidation of p-Phenylenediamine.— A  m ix tu re  of p -p h e n y le n e - 
d ia m in e  (2 g, 0 .009 m o l) an d  m an g a n ese  d io x id e  (10 g) in  d ry  
b e n ze n e  (175 m l)  w as s t i r r e d  fo r 6 h r .  E v o lu tio n  of a m m o n ia  
cou ld  be  d e te c te d  d u r in g  th e  re a c tio n . R e m o v a l of th e  so lv e n t 
a n d  u n c h an g e d  m an g a n ese  d iox ide  g ave  a n  im p u re  p ro d u c t,  
w h ich  on  f ra c tio n a l  c ry s ta lliz a tio n  fro m  a m ix tu re  (1 :1 )  of b en zen e  
a n d  e th a n o l g ave  0 .8  g of im p u re  p ,p '-d ia m in o a z o b e n z e n e , 
m p  2 4 6 -2 5 0 ° . C h ro m a to g ra p h y  o v e r a lu m in a , e m p lo y in g  a  
m ix tu re  (1 :1 )  of b e n ze n e  a n d  e th y l  a c e ta te  g ave  a  p u re  sam p le  
(0 .6  g, 3 0 % ) of p ,p '-d ia m in o a z o b e n z e n e , m m p  2 5 0 -2 5 1 ° . 
T h e  id e n t i ty  of th is  c o m p o u n d  w as fu r th e r  confirm ed  b y  a  com 
p a r is o n  of i ts  ir  a n d  u v  s p e c tra  w ith  th o se  of an  a u th e n t ic  
s a m p le .25-26

F ro m  th e  m o th e r  liq u o r  0 .0 4  g (2 % )  of p -b e n zo q u in o n e  w as 
iso la te d  w h ich  m e lte d  a t  1 1 4 -115° (m ix tu re  m e ltin g  p o in t) .  
I t s  ir  a n d  u v  s p e c tra  w ere  id e n tic a l w ith  th o se  of a n  a u th e n t ic  
sa m p le .

I n  a  re p e a t  r u n ,  e m p lo y in g  th e  sam e  q u a n ti t ie s  of s ta r t in g  
m a te r ia ls ,  b u t  c a rry in g  o u t  th e  re a c tio n  in  re flu x in g  b e n ze n e , a  
2 5 %  (0 .5  g) y ield  of p ,p '-d ia m in o a z o b e n z e n e  w as o b ta in e d . 
V igorous e v o lu tio n  of a m m o n ia  w as o b se rv ed  d u r in g  th e  re a c tio n . 
N o  o th e r  p ro d u c t  cou ld  b e  iso la te d  fro m  th is  ru n .

Oxidation of N-Phenyl-p-phenylenediamine.— A  m ix tu re  of 
N -p h e n y l-p -p h e n y le n e d ia m in e  (V II )  (2 g, 0 .01  m o l) a n d  m a n 
g an ese  d io x id e  (8 g) w as refluxed  in  b en zen e  fo r  4 h r .  U n c h an g e d  
m a n g a n e se  d io x id e  w as re m o v e d  a n d  th e  o rg an ic  m a t te r  w as 
c h ro m a to g ra p h e d  on  a lu m in a  to  give 1 .4  g (7 0 % ) of N -p h e n y l-p -  
b e n z o q u in o n e  m o n o im in e  ( IX ) :  m p  9 9 -1 0 0 °  a f te r  re c ry s ta lliz a 
t io n  fro m  b e n ze n e ; u v  sp e c tru m  (m e th a n o l) ,  Xmax 264 m /i 
( t 18 ,0 0 0 ), 288 (1 6 ,000) a n d  450 (3100); ir  sp e c tru m  (K B r) , 
¡ w  1660 c m - 1 ( C = 0 ) .

(25) O. N . W i t t  a n d  E . K o p tsh n i, Ber. 4 5 , 1136 (1912).
(26) W . R . B ro d e  a n d  I . L . S eld in i, J .  A m er. Chem . Soc., 7 7 , 2762 

(1955).

T h e  m e lt in g  p o in t  a n d  u v  d a ta  a re  in  a g re e m e n t w ith  th o se  
re p o r te d  fo r th is  c o m p o u n d  in th e  l i te r a tu r e .27' 28

Anal. C a lcd  fo r C i2H 9N O : C , 78 .8 ; H , 4 .9 ; N , 7 .6 . F o u n d : 
C , 7 9 .3 ; H , 5 .2 ; N , 7 .6 .

Oxidation of N,N'-Diphenyl-p-phenylenediamine.— T re a tm e n t  
of a  m ix tu re  of N ,N '-d ip h e n y l-p -p h e n y le n e d ia m in e  (0 .5  g, 
0 .0018  m o l) w ith  m an g a n ese  d io x id e  (2 .5  g) in  re flux ing  b e n ze n e  
(50  m l)  fo r  3 h r  an d  w o rk -u p  in  th e  u su a l m a n n e r , em p lo y in g  
c h ro m a to g ra p h y  on  a lu m in a , g ave  0 .45  g (9 1 % ) of N ,N '-  
d ip h en y l-p -b en z o q u in o n e  ¡m ine (X ) , m p  1 8 7 ° .29

Oxidation of 2 ,2 '-Diaminobiphenyl.— A  m ix tu re  of 2 ,2 '-  
d iam in o b ip h e n y l (2 g, 0.01 m o l) a n d  m an g a n ese  d io x id e  (16 g) 
w as re fluxed  in  b e n ze n e  (125 m l) fo r  4 h r .  R e m o v a l of th e  so lv e n t 
an d  u n c h a n g e d  m an g a n ese  d iox ide  g ave  a  re d -b ro w n  v iscous 
m ass, w h ich  w as c h ro m a to g ra p h e d  on  a lu m in a . E lu t io n  w ith  
a  m ix tu re  (3 :1 )  of b en zen e  an d  p e tro le u m  e th e r  (b p  6 0 -8 0 ° )  gave  
0 .5  g of u n c h a n g e d  2 ,2 '-d ia m in o b ip h e n y l, m m p  7 8 ° . F u r th e r  
e lu tio n  of th e  co lum n  w ith  b en zen e  g ave  0 .8  g (5 5 % ) of d ib en zo - 
p y r id a z in e , w h ich  m e lted  a t  157° a f te r  re c ry s ta ll iz a tio n  fro m  
b e n ze n e . T h e  id e n t i ty  of th is  c o m p o u n d  w as e s ta b lish e d  b y  a  
m ix tu re  m e ltin g  p o in t  d e te rm in a tio n  a n d  also  b y  a  c o m p a riso n  of 
i ts  i r  sp e c tru m  w ith  t h a t  of a n  a u th e n t ic  sa m p le .10

Oxidation of 2 ,2 '-Diaminobiphenyl Sulfide.— T r e a tm e n t  of a  
m ix tu re  of 2 ,2 '-d ia m in o b ip h e n y l su lfide (1 g, 0 .0047  m o l) an d  
m an g a n ese  d iox ide  (5 g) in  reflux ing  b e n ze n e  (75 m l) fo r 6 h r  
an d  w o rk -u p  in  th e  u su a l m a n n e r  g ave  a  d eep  re d , v isco u s  m a 
te r ia l .  C h ro m a to g ra p h y  o v e r a lu m in a , e m p lo y in g  b e n ze n e  g a v e  
0 .2  g (2 0 % ) of o ,o '-b is (o -a m in o th io p h en o x y )a zo b e n z en e  ( X I ) :  
m p  202° dec  a f te r  re c ry s ta lliz a tio n  fro m  b e n ze n e ; u v  sp e c tru m  
(m e th a n o l) ,  Xm„  240 m M (e 47 ,000) a n d  315 (21 ,000) a n d  420 
(1 2 ,5 0 0 ); ir  sp e c tru m  (K B r) , 3480, 3400 c m -1 (N H 2).

Anal. C a lcd  fo r  C 24H 2„N4S2: C , 6 7 .3 ; H , 4 .6 ; N , 13 .1 .
F o u n d : C , 67 .79 ; H , 4 .6 ; N , 12.7.

Oxidation of N,N'-Dibenzenesulfonyl-p-phenylenediamine
(XII) .— A  so lu tio n  of X I I  (2 g, 0 .005 m o l) in  d ry  a c e to n e  (175 
m l)  w as s t ir re d  w ith  m an g a n ese  d iox ide  (12 g) fo r 5 h r .  R e m o v a l 
of th e  so lv e n t an d  excess of m an g a n ese  d io x id e  g ave  a  g reen ish  
yellow  v iscous m ass w h ich  show ed  th e  p re sen c e  of a  C = 0  
a b so rp tio n  b a n d  a t  1675 c m “ 1 in  th e  in fra re d  s p e c tru m . E x 
tra c tio n  w ith  h o t  b en zen e  a n d  f ra c tio n a l  c ry s ta lliz a tio n  fro m  th e  
sam e so lv e n t g ave  0 .6  g (3 2 % ) of N ,N '-d ib e n z e n e su lfo n y l-p -  
b en zo q u in o n e  im in e , m m p  178°.

I n  a  r e p e a t  e x p e r im e n t, 2 g (0 .005 m ol) of X I I  a n d  16 g of 
m an g a n ese  d io x id e  w ere refluxed  in  200 m l of b en zen e  fo r 6 h r .  
W o rk -u p  of th e  m ix tu re  as in  th e  p re v io u s  case, g ave  0.6 g (3 7 % ) 
of b en zen esu lfo n am id e , m m p  151°, a n d  0 .3  g (5 0 % ) of ben zo - 
q u in o n e , id en tified  th ro u g h  i ts  in fra re d  sp e c tru m .

Oxidation of N, N '-Dibenzenesulfonyl-'p-benzoquinone Imine
(XIII) .— R eflu x in g  a  m ix tu re  of X I I I  (0 .5  g, 0 .005  m o l) a n d  
m an g a n ese  d iox ide  (5 g) in  d ry  b en zen e  (100 m l)  fo r  4 h r  a n d  
w o rk -u p  in  th e  u su a l m a n n e r  gave  0.1 g (2 5 % ) of b e n ze n esu lfo n 
a m id e , m m p  151°. A  b ro w n  p o ly m e ric  m a te r ia l  w h ic h  show ed  
a  sh a rp  c a rb o n y l p e a k  a t  1675 c m -1 w as iso la te d  fro m  th e  m o th e r  
liq u o r.

Oxidation of Benzophenone Anil.— A  m ix tu re  of b e n zo p h e n o n e  
an il (1 g, 0 .004  m o l) an d  a c tiv e  m an g a n ese  d io x id e  (30  g) w as 
re fluxed  in  b en zen e  (150 m l) fo r 8 h r .  W a te r  fo rm ed  d u r in g  th e  
re a c tio n  w as 'co llec ted  in  a  D e a n -S ta rk  w a te r  s e p a ra to r .  R e m o v a l 
of th e  u n c h a n g e d  m an g a n ese  d iox ide  a n d  so lv e n t g ave  an  
o ran g e  red  so lid , w h ich  w as c h ro m a to g ra p h e d  o v e r a lu m in a . 
E lu tio n  w ith  p e tro le u m  e th e r  (b p  6 0 -8 0 ° )  g ave  0 .19  g (5 5 % ) of 
azo b en zen e , m m p  6 5 ° . F u r th e r  e lu tio n  w ith  b en zen e  gave  0 .3  g 
of u n c h a n g e d  b en zo p h e n o n e  an il, m m p  113°. E lu t io n  w ith  
e th a n o l g ave  a  p ro d u c t  w h ich  on  t r e a tm e n t  w ith  2 ,4 -d in itro -  
p h e n y lh y d ra z in e  g ave  0.71 g of b en zo p h e n o n e  2 ,4 -d in itro -  
p h e n y lh y d ra z o n e , m m p  2 3 0 °.

I n  a  second  e x p e r im e n t, a  m ix tu re  of b e n zo p h e n o n e  a n il (1 g, 
0 .004  m o l) a n d  d ry  m an g a n ese  d io x id e30 (30 g) w as re fluxed  in  
d ry  b en zen e  (200 m l) fo r  6 h r .  W o rk -u p  of th e  m ix tu re  g av e  
0 .9  g (9 0 % ) of u n c h an g e d  b e n zo p h e n o n e  a n il , m m p  113°.

Oxidation of Phenylhydrazines.— I n  a  ty p ic a l  ru n ,  2 g  of th e  
h y d ra z in e  a n d  5 g of a c tiv e  m an g a n ese  d io x id e  w as s t i r r e d  in  
re flux ing  b en zen e  (50 m l)  fo r  4  h r .  A fte r  re m o v a l of th e  in o rg an ic

(27) R . W ils ta t te r  a n d  C . L . M oore, Ber., 40, 668 (1907).
(28) C . J .  P o d e rsen , J .  A m er. Chem . Soc., 79, 5014 (1957).
(29) W . L . S em on , U . S. P a te n t ,  2 ,118,826 (1938); Chem . A bstr ., 32, 

5411 (1938).
(30) D ry  m an g an ese  d iox ide  w as p re p a re d  b y  reflux ing  th e  h y d ra te d  

fo rm  of a c tiv e  m a n g an ese  d iox ide  in  to lu e n e  fo r 12 h r  a n d  rem o v in g  th e  
w a te r  in  a  D e a n -S ta rk  s e p a ra to r .
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m a te r ia l  a n d  th e  so lv e n t, th e  p ro d u c t  fo rm ed  in  e ach  case  w as 
re c ry s ta lliz e d  f ro m  s u ita b le  so lv e n ts .

O x id a tio n  of p h e n y lh y d ra z in e  (2 g, 0 .019  m o l) gave  a  m ix tu re  of 
b ip h e n y l (0 .75  g, 2 6 % ), m p  7 0 ° , a n d  azo b en zen e  (40  m g , 3 % ) ,  
m p  65°.

p -N itro p h e n y lh y d ra z in e  (2 g, 0 .013 m o l) g ave  p -n itro b ip h e n y l 
(1 .3  g, 5 0 % ), m p  113°, a f te r  re c ry s ta ll iz a tio n  fro m  e th a n o l.

2 ,4 ,6 -T ric h lo ro p h e n y lh y d ra z in e  (2 g, 0 .009  m o l) on  o x id a tio n  
g ave  2 ,4 ,6 - tr ic h lo ro b ip h e n y l (0 .9  g, 3 9 % ), m m p  6 2 ° 31 a f te r  re- 
c ry s ta lliz a tio n  fro m  d i lu te  a c e tic  ac id .

Oxidation of Hydrazines.— I n  a  ty p ic a l  e x p e r im e n t a  m ix tu re  
of th e  h y d ra z in e  a n d  m an g a n ese  d io x id e  ( 1 :2 .5 )  in  75 m l of d ry  
b en zen e  w as s t i r r e d  a t  ro o m  te m p e ra tu re  fo r  1 h r .  T h e  p ro d u c ts  
w ere p u rified  b y  c h ro m a to g ra p h y  o v e r a lu m in a  u sin g  b en zen e  
a n d  b y  re c ry s ta ll iz a tio n  fro m  s u ita b le  so lv e n ts .

N -A m in o p ip e rid in e  (2 .5  g, 0 .025  m o l)  g av e  1.9 g (7 6 % ) of
1 ,4 -b is p e n ta m e th y le n e te tra z e n e  (X V I) :  m p  44° a f te r  r e c ry s ta l
liz a tio n  fro m  d ilu te  e th a n o l;  u v  sp e c tru m  of X V I  (cy c lo h ex an e ), 
V™* 288 my. (e, 11 ,630); ir  sp e c tru m  (K B r) ,  vm„  2930, 2800, 
1460, 1442, 1365, 1320, 1290, 1265, 1160, 1125, 1082, 1066, 
1030, 1025, 986, 970, 925, 868, 770 , a n d  695 c m “ * 186 1.

Anal. C alcd  fo r  C i0H 20N 4: C , 6 1 .2 ; H , 10 .2 ; N , 2 8 .5 .
F o u n d : C , 6 0 .8 ; H , 10 .6 ; N ,  2 8 .4 .

O x id a tio n  of N -a m in o h o m o p ip e rid in e  (3 g, 0 .026  m o l) gave
2 .5  g (8 6 % ) of 1 ,4 -b ish e x a m e th y le n e te tra z e n e  (X V II ) ,  w h ich  
m e lted  a t  6 2 -6 3 °  a f te r  re c ry s ta ll iz a tio n  fro m  e th a n o l:  u v
sp e c tru m  of X V I I  (cy c lo h ex an e ), Xmax 290 m,u (e 12 ,610); ir 
sp e c tru m  (K B r) , 2930, 2850 , 1460, 1442, 1365, 1280, 1240, 
1200, 1120, 1110, 1070, 1060, 1005, 986, 965, 912, 885, 865, 
820, an d  715 c m -1 .

Anal. C alcd  fo r  C i2H 24N 4: C , 6 4 .2 8 ; H , 10 .7 ; N , 2 5 .0 .
F o u n d : C , 6 4 .0 6 ; H , 10 .30 ; N ,  2 5 .14 .

N -A m in o m o rp h o lin e  (2 g, 0 .019  m o l) of o x id a tio n  g av e  1.6 g 
(8 0 % ) of l ,4 -b is (3 -o x a p e n ta m e th y le n e te tra z e n e  ( X V I I I ) :  m p
157° a f te r  re c ry s ta ll iz a tio n  fro m  e th a n o l:  u v  sp e c tru m  of
X V I I I  (c y c lo h ex a n e ), Xmax 284  m /i (e 10 ,150); ir  sp e c tru m  
(K B r) , 3000, 2910, 1460, 1400, 1380, 1275, 1220, 1190, 
1140, 1120, 1100, 1080, 1020, 990, 935, 870, a n d  779 c m - 1.

Anal. C a lc d  fo r  C 8H i60 2N 4: C , 4 8 .0 ; H ,  8 .0 ; N , 2 8 .0 .
F o u n d : C , 4 8 .0 4 ; H , 8 .2 ; N ,  2 8 .09 .

N ,N -D ip h e n y lh y d ra z in e  (0 .6  g, 0 .003  m o l) g ave  0 .45  g (7 6 % )

(31) P . J . B ain , E . J . B la ck m a n , a n d  W . C u m m in g s , Proc. Chem . Soc.,
186 (1962).

of 1 ,1 ,4 ,4 - te tra p h e n y lte tra z e n e :  m p  123° d ec  ( l i t .32 m p  1 2 3 °); 
u v  sp e c tru m  (cy c lo h ex an e ), Xraax 285 m ^  (<■ 13 ,900), 304 (15 ,140) 
a n d  360 (1 4 ,8 6 0 ); i r  sp e c tru m  (K B r) , r max 3010, 1590, 1490, 
1450, 1345, 1325, 1295, 1090, 1280, 1010, 1100, 1065, 1020, 
995, 938, a n d  890 c m - 1.

Anal. C alcd  fo r  C 24H 20N 4: C , 7 9 .1 ; H , 5 .9 ; N , 15 .3 . F o u n d : 
C , 7 9 .29 ; H , 5 .6 ; N , 15.0.

Oxidation of N,N-Dibenzylhydrazine.— N ,N -D ib e n z y lh y d ra -  
z in e  (0 .5  g, 0 .0024  m o l) w as t r e a te d  w ith  m an g a n ese  d iox ide  
(2 .2  g) in  ch lo ro fo rm  (50 m l)  a t  ro o m  te m p e ra tu re  fo r  1 h r .  
R e m o v a l of th e  u n c h a n g e d  m an g a n ese  d io x id e  g ave  a  p ro d u c t  
w h ich  w as c h ro m a to g ra p h e d  o v e r a lu m in a . E lu tio n  w ith  p e tr o 
leu m  e th e r  (bp  6 0 -8 0 ° )  a n d  re c ry s ta ll iz a tio n  fro m  e th e r  g ave  15 
m g  (1 0 % ) of 1 ,1 ,4 ,4 -te tra b e n z y lte t.ra z e n e , m m p  9 9 ° . F u r th e r  
e lu tio n  of th e  a lu m in a  co lum n  w ith  a  m ix tu re  of b e n ze n e  an d  
p e tro le u m  e th e r  g ave  85 m g  (2 0 % ) of b ib en z y l, m m p  5 2 ° .

In  a  second  e x p e r im e n t, a  m ix tu re  (0 .5  g, 0 .0024  m o l) of N ,N -  
d ib e n z y lh y d ra z in e  a n d  1.8 g of m a n g a n e se  d io x id e  w as re fluxed  
in  a b so lu te  e th a n o l (70 m l)  fo r  1 h r .  W o rk -u p  of th e  m ix tu re  in  
th e  u su a l m a n n e r  g ave  0.21 g (4 9 % ) of b ib e n z y l, m m p  5 2 ° . 
N o n e  of th e  te tra z e n e  cou ld  b e  iso la te d  fro m  th is  ru n .

Registry No.—Manganese dioxide, 1313-13-9; o-phen- 
ylenediamine, 95-54-5; p-phenylenediamine, 106-50-3; 
N-phenyl-p-phenylenediamine, 101-54-2; N,N'-diphen- 
yl-p-phenylenediamine, 74-31-7; 2,2,-diaminobiphenyl, 
1454-80-4; 2,2'-diaminobiphenyl sulfide, 5873-51-8; XI, 
16504-18-0; XII, 16504-19-1; XIII, 1050-82-4; benzo- 
phenone anil, 574-45-8; phenylhydrazine, 100-63-0; 
p-nitrophenylhydrazine, 100-16-3; 2,4,6-trichlorophen- 
ylhydrazine, 5329-12-4; N-aminopiperidine, 2213-43-6;
XVI, 2081-14-3; N-aminohomopiperidine, 5906-35-4;
XVII, 16504-24-8; N-aminomorpholine, 4319-49-7;
XVIII, 16504-26-0; N,N-diphenylhydrazine, 530-50-7;
1,1,4,4-tetraphenyltetrazene, 16504-27-1; N,N-diben- 
zylamine, 5802-60-8.
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A  c o m p a riso n  of th e  c h e m is try  of te rm in a l  a n d  in te rn a l  v in y l az ides is p re se n te d . O n  d e c o m p o sitio n , in 
te rn a l  v in y l  az id es fo rm ed  az irin es w hile  te rm in a l  v in y l  az id es  d id  n o t. T h e  n a tu r e  of th e  p ro d u c ts  fro m  th e  l a t t e r  
azides d e p en d e d  u p o n  th e  su b s ti tu e n ts  on  th e  c a rb o n  /3 to  th e  az ido  g ro u p . I n  so lv e n ts  o th e r  t h a n  e th a n o l,
9 -(az id o m e th y le n e )flu o re n e  g ave  9 -(N ,N -flu o ren y lid en e am in o m e th y le n e )flu o ren e , w hile  2 -a z id o - l, 1 -d ip h en y l- 
e th y le n e  a n d  l-az id o -2 -p h e n y lp ro p e n e  fo rm e d  in d o le  d e r iv a tiv e s . T h e  l a t t e r  tw o  co m p o u n d s w h e n  deco m p o sed  
in  e th a n o l p ro d u c e d  d ih y d ro p y ra z in e s  a t  th e  expense  of indo le  fo rm a tio n . P o ssib le  m ec h an ism s fo r th ese  
re a c tio n s  a re  co nsidered . I n  a d d itio n , th e  g em in a l v in y l  d iaz id e , 9 -d iaz id o m eth y len eflu o ren e , w as fo u n d  to  
fo rm  9 -az id o -9 -flu o ren eca rb o n itrile  w hile  th e  v ic in a l d iaz id e , 2 ,3 -d ia z id o (N -p h e n y l)m a le im id e , g av e  N ,N -b is -  
(c y an o c a rb o n y l)an ilin e .

The decomposition of vinyl azides has been the sub
ject of several recent investigations. 1 The majority of 
these studies has dealt exclusively with internal2 vinyl

(1) G . S m o lin sky , J .  Org. Chem ., 2 7 , 3557 (1962); (b) A . H a ssn e r  a n d  
F . W . F ow ler, Tetrahedron Lett., in  p ress ; (c) G . R . H a rv e y  a n d  K . W . 
R a t ts ,  J .  Org. Chem ., 3 1 , 3907 (1966); (d) S. M a io ra n a , A n n . C him . (R om e), 
5 6 , 1531 (1966); (e) J .  H . B oyer, W . E . K ru eg er, G . J .  M iko l, J .  Am er. 
Chem . Soc ., 8 9 , 5504 (1967); (f) J .  S. M eek  a n d  J .  S. F o w ler, J .  Org. Chem ., 
3 2 , 985 (1968).

(2) B y  in te rn a l, w e m e an  v in y l az id es  in  w hich  a  s u b s t i tu e n t  o th e r  th a n  
hyd ro g en  is b o n d ed  to  th e  ca rb o n  b e a rin g  th e  az id e  g ro u p . W h e n  a  h y d ro g en  
a to m  is b o n d ed  to  th e  az id e  b ea rin g  ca rb o n , w e w ill re fe r to  th e  co m p o u n d  
as a  te rm in a l v in y l az ide .

azides 1 . It was found that on photolysis or ther
molysis this type of azide consistently lost nitrogen and

RvV=C=NR
R/

3
rearranged to azirines 2 in good yield usually ac
companied by small amounts of iminoketenes 3,la-c
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The few previous studies on the decomposition of 
terminal vinyl azides indicated that the products of 
these reactions were not so easily predicted. Some 
evidence was obtained for the intermediacy of an 
azirine (2 , R = Ri = H; R2 = tosyl) in the photode
composition of /3-azidovinyl p-tosyl sulfone (4, R =  
tosyl).lf However, thermal decomposition of the three 
terminal vinyl azides 4 was reported to yield nitriles 5 
with no accompanying azirine formation. ld~f

In the present study we have prepared and thermally 
decomposed a number of terminal vinyl azides (see 
Chart I). Whenever possible we have also prepared a

C h a r t  I
A  S u m m a r y  o f  P r o d u c t s  

O b t a i n e d  f r o m  T h e r m o l y s i s  o f  V i n y l  A z i d e s

r c h = c h n 3 — r c h 2c n  *[_R = PhCO; Ph; Tosyl

4 5

© T 30)benzene

030
hr

6
SN 3 [0M01

7, .25%©Cir®benzene^ 030
C E f ® N 3

8
c h 3̂

9, 91%©L
H'
J0

^ N 3

10

1 toluene
) o r MeCN w H

1 1 ,82%

10
EtOH .

1 1  +

5 3 %

t ^ y h 2

P h 2k N0

12, 20% 
12-d* 25%

corresponding internal vinyl azide derivative for com
parison. We found, as did the other workers,1 that in
ternal vinyl azides always produced azirines. On the 
other hand, the terminal compounds did not, but instead 
a variety of products resulted depending on the consti
tution of the molecule. For example, heating 9-(azido- 
methylene)fluorene (6) in benzene for several hours pro
duced about 25% of a high melting, red crystalline ma
terial having the formula C27H17N along with a consider
able amount of tar. A high resolution mass spectro- 
metric analysis of this red material suggested to us that 
it was 9-(N,N-fluorenylidenaminomethylene)fluorene
(7) . This compound was synthesized by bromine oxida
tion of the condensation product of 9-aminofluorene and
9-fluorenecarboxaldehyde and found to be identical with 
the red reaction product. In contrast with the results 
for decomposition of the terminal azide 6, the corre
sponding internal azide, 9-(l-azidoethylidene)fluorene
(8) , produced the expected azirine, 2-2-(2 ,2 '-biphenyl- 
ene)-3-methyl-2H-azirine (9).

When the terminal azide, 2-azido-l,l-diphenylethyl- 
ene (10), the diphenylmethane analog of fluorene de
rivative 6, was decomposed in xylene or acetonitrile, ap
proximately 80% of 3-phenylindole (11) was isolated 
from the reaction. However, when the decomposition 
was carried out in ethanol, only 53% of indole 11 was 
obtained, but now 20% of 2,2,5,5-tetraphenyldihydro- 
pyrazine (12) was also isolated. The structure of the 
latter material was established by a synthesis in which
2-chloro-2 ,2-diphenylacetaldehyde was heated in an 
ammoniaca! ethanol solution. Our attempts to syn
thesize the corresponding methyl-substituted internal 
vinyl azide by methods analogous to those used in the 
preparation 10 and 13 failed.

On thermolysis, the behavior of l-azido-2-phenyl- 
propene (13) was found to be quite similar to that found 
for 10. Decomposition of 13 in boiling mesitylene 
produced an 80% yield of 3-methylindole (14) accom
panied by a small quantity of a-phenylpropionitrile
(15). Changing the solvent from mesitylene to 
ethanol caused a pronounced effect: 48% 2,5-di-
methyl-2,5-diphenyldihydropyrazine (16) was formed 
along with a trace of indole 14; no nitrile 15 was 
formed.

The results reported in this paper demonstrate that 
the substituent on the carbon atom bearing the azido 
group determines whether or not azirine is formed in 
the thermally induced reactions. However, the nature 
of nonazirine-forming reactions is very much influenced 
also by the substituents on the /3 carbon of the terminal 
vinyl azide. For example, in the series 2-azido-l,l-di- 
phenylethylene (10), l-azido-2-phenylpropene (13), 
and d-styryl azide (4, R = Ph) thermolysis leads to 0, 9, 
and 74% H-migration product accompanied by 82, 80, 
and 0% insertion into an aromatic C-H bond, respec
tively. Moreover, the fact that a-azido-frans-stilbene
(17) decomposed to 2,3-diphenyl-2H-azirine (18) in 
high yieldlb with little if any accompanying indole for
mation shows clearly that indole does not result 
merely as a consequence of a cis  relationship between 
the phenyl and azido groups. In addition, reactions 
in ethanol favored dimerization to dihydropyrazines at 
the expense of indole formation.

In considering a mechanistic rationale for vinyl azide 
chemistry one is strongly tempted to invoke a vinyl17
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nitrene intermediate. Such a species in either its 
singlet 19 or triplet state 20 could lead to all the prod-

Y .  Y .

19 20
ucts found from photolytically or thermally induced 
fragmentation reactions of vinyl azides. Starting 
from a vinyl nitrene one can write reasonable mech
anisms leading to azirine, iminoketene, indole, or di- 
hydropyrazine. Unfortunately equivalent mechanis
tic pathways can be envisioned assuming that a ther
mally excited vinyl azide undergoes rearrangement and 
loss of molecular nitrogen concertedly. However, 
neither the vinyl nitrene nor azide mechanism impli
cates the substituent on the azide-bearing carbon atom 
and at least to this extent they are both unsatisfactory. 
Neither is any mechanism satisfactory which involves 
cleavage or the a-carbon-hydrogen bond in terminal 
vinyl azides. This was established by decomposing 
deuterated terminal vinyl azide lOd in ethanol, and 
showing that all the deuterium remained bonded to 
the original nitrogen-bearing carbon atom. The ob
served increase in dihydropyrazine over indole when 10 
and 13 were decomposed in ethanol rather than in a 
hydrocarbon solvent seems to imply the intermediacy 
of a highly polar species in dihydropyrazine formation. 
However, this explanation appeared less likely when it 
was found that decomposition of 10 in acetonitrile gave 
results identical with those found for decomposition in 
xylene. It may be that dihydropyrazines result from 
extremely mild proton-catalyzed decomposition of 10 
and 13. Unfortunately addition of even trace amounts 
of acetic or toluenesulfonic acid to the solutions of 10 
in either benzene or acetonitrile gave intractable prod
uct mixtures. Similarly, decomposition of 10 in 2-pro
panol or ¿-butyl alcohol gave a tarry product from 
which it proved possible to isolate only 30-50% indole 
1 1 .

An explanation for the production of nitriles from 
terminal vinyl azides 4 is found in a mechanism analo
gous to that for the Curtius rearrangement of acid azides 
to isocyanates (Scheme I) and is consistent with the pro-

SCHEME I

Y  ^  —  >=C=NH -a* x !
h O 'N H Î j 21

M
VGN

22

yield. This result is in keeping with the findings of Hall 
and Paterson3 on the thermolysis of 1,2-diazidobenzene 
and naphthalene derivatives, in which loss of the two 
molecules of nitrogen is accompanied by ring opening 
of the aromatic nucleus with production of dinitriles.

The labile4 geminal diazide, 9-diazidomethylene- 
fluorene (25b), is presumed to be an intermediate in 
the reaction of 9-dichloromethylenefluorene (25a)

with azide ion. However, even at room temperature 
the only product isolated from this reaction was 9-azido-
9-fluorenecarbonitrile (26). This compound exhibited 
strong infrared absorption characteristic of an azide 
group but no absorption for a nitrile group. Since the 
intensity of the band for various types of nitriles ranges 
from strong to undetectable,5 additional proof of the 
structure of 26 was obtained by its thermolysis in 
chlorobenzene to 10-cyanophenanthridine (27) in 83% 
yield. This result is analogous to the conversion of 9- 
aryl-9-azidofluorenes into 10-arylphenanthridines.6

A reasonable mechanistic explanation for the forma
tion of cyanoazide 26 from diazide 25b is given in 
Scheme II. The proposed isomerization of 28 to 29 is a 
well-known type of rearrangement reaction. The re
sulting tetrazole 29 is certainly a highly strained mole
cule which finds relief in opening to 26.

Scheme II

29

Experimental Section7

duction of N-substituted iminoketenes from the de
composition of internal vinyl azides. The iminoketene 
21 first obtained is certainly more stable in its tauto
meric nitrile form 22. Unfortunately we are unable to 
explain why this Curtius-like rearrangement should 
range all the way from a principal to an insignificant 
reaction pathway in the thermolysis of terminal vinyl 
azides.

In the course of this study we prepared a vicinal and 
a geminal vinyl diazide. The thermally induced de
composition of these compounds shed no light on the 
mechanism of vinyl azide decompositions but did give 
interesting results. Vicinal vinyl diazide 2,3-diazido- 
(N-phenyl)maleimide (23), when heated in benzene, 
formed N,N-bis(cyanocarbonyl)aniline (24) in 83%

9 - ( A z i d o m e t h y l e n e ) f l u o r e n e  ( 6 ) . —Sodium azide (5.2 g, 0.08 
mol) was added to an ice-cold solution of 10 g (0.04 mol) of 9- 
bromomethylenefluorene8 in 200 ml of dimethylformamide. 
The resulting mixture was stirred under a nitrogen atmosphere 
and cooled in an ice bath for 3 hr, after which it was placed in a 
refrigerator for 70 hr and swirled occasionally. The mixture was 
poured onto ice, diluted with ice-water and extracted with 
methylene chloride. The methylene chloride phase was washed 
six times with ice-water, dried (K2C 03), and evaporated at 
reduced pressure without external heating. The orange crystal

(3) J .  H . H a ll a n d  E . P a tte r s o n , J .  A m er. Chem . Soc., 8 9 , 5856 (1967).
(4) B y  w ork ing  a t  less th a n  5° i t  w as possib le  to  iso la te  a  su b s ta n c e  

b e lieved  to  b e  2 5 b ,  b u t  th is  m a te r ia l d ecom posed  to  a  ta r r y  m ass a t  room  
te m p e ra tu re .

(5) R . E . K itso n  a n d  N . E . G riffith , A n a l. Chem ., 2 4 ,  334 (1952).
(6) L . A. P in c k  a n d  H . E . H ilb e r t, J .  A m er . Chem . Soc., 5 9 ,  8 (1937).
(7) A ll m e ltin g  p o in ts  a re  co rre c t. B o iling  p o in ts  a re  u n co rrec ted .
(8) D . F . D e T a r , E .  B ro d erick , G . F o s te r , a n d  B . D . H ilto n , J .  A m er. 

Chem . Soc., 72, 2183 (1950).
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line residue weighed 8.9 g and showed strong absorption in the 
infrared spectrum (CHC13) at 4.70 (azide) and 6.1 n (C = C ).lb

Conversion of 9-Azidomethylenefluorene (6) into 9-(N,N- 
Fluorenylidenaminomethylene)fluorene (7).—A deaerated solu
tion of 2 g (9.1 mmol) of vinyl azide 6 in 50 ml of benzene was 
maintained at reflux in a nitrogen atmosphere for 3 hr. The 
gummy red solid obtained on evaporation of the benzene was 
recrystallized from a small quantity of benzene to give 0.4 g 
(25%) of 7. Several additional recrystallizations from benzene 
gave shiny red needles of mp 324-326°. High resolution mass 
spectrometry confirmed the molecular formula of CnHnN, while 
the assigned structure was established definitively by comparison 
of melting point and infrared spectrum with that of independently 
synthesized material (see below).

9-(N,N-Fluorenylidenaminomethyl)fluorene (7).—To a de
aerated solution of 193 mg (1 mmol) of 9-fluoreneearboxalde- 
hyde9 in 30 ml of pyridine was added 217 mg (1 mmol) of 9- 
aminofluorene hydrochloride. The resulting mixture was boiled 
for 3 hr in a nitrogen atmosphere after which the solution was 
cooled, swirled over anhydrous K 2 C O 3 , filtered, and evaporated 
to dryness. The semicrystalline orange residue was warmed 
with a small volume of benzene and cooled, and the insoluble 
portion was collected. This material weighed 200 mg (55%) and 
decomposed to a red oil a t 225-230°.

To a solution of 178 mg (0.5 mmol) of the above condensation 
product in 15 ml of pyridine was added dropwise 0.5 mmol of 
bromine dissolved in pyridine (0.117 g/ml). The reaction turned 
bright red and a precipitate formed after a few minutes. After 
a half hour, the orange precipitate was collected, washed with 
benzene, and dried (NasSCh) to give 90 mg (50%) of 7, mp 
322-325°. Several additional recrystallizations from benzene 
gave shiny red needles, mp 324-326°.

Anal. Calcd for C27H„N: C, 91.24; H, 4.82; N, 3.94.
Found: C, 91.0; 11,4.8; N, 4.4.

9-(l-Bromoethylidene)fluorene.—Ethyl a-fluorenylidenepropi- 
onate [bp 188 (1.4 torr), mp 65-69°] was prepared in 70% 
yield by a Reformatsky condensation of fluorenone and ethyl 
a-bromopropionate in benzene solution following the procedure 
of Sieglitz and Jassoy10 for the preparation of ethyl fluorenylidene- 
acetate. In the present case it was found necessary to initiate 
the reaction by the addition of a small amount of magnesium 
and iodine.

The fluorenylidenepropionate was saponified by heating an 
aqueous ethanolic potassium hydroxide solution for 20 min in a 
nitrogen atmosphere. The acid was precipitated by the addition 
of hydrochloric acid, collected, and dried overnight in a vacuum 
oven at 60°. The crude acid was pulverized, suspended in 
carbon tetrachloride, and stirred 48 hr under nitrogen in the dark 
with 1 equiv of bromine. The residue remaining after evapora
tion of the solvent at reduced pressure, was boiled for 2 hr with 
a slight excess of 0.5 N  sodium hydroxide. The bromide was 
extracted from the aqueous alkaline mixture with benzene. 
The crude bromoethylidenefluorene was sublimed (yield based 
on ester was 50%) and recrystallized from cyclohexane to give 
pale yellow crystals, mp 90-91°.

Anal. Calcd for CisHuBr: C, 66.42; H, 4.09; Br, 29.49. 
Found: C, 66.3; II, 4.0; Br, 29.8.

9- (1 -Azidoethylidene )fluorene (8) .•—9-( 1-Bromoethylidene )- 
fluorene was converted into the corresponding azide 8 with 
sodium azide in cold dimethylformamide as described above for 
the preparation of 9-(azidomethylene)fluorene (6). Crude 8 
(pale yellow crystals) exhibited a strong split azide band in the 
infrared spectrum (CHC13) at 4.67 and 4.82 and C = C  absorption 
at 6.15 M-lb

Conversion of 9-(l-Azidoethylidene)fluorene (8) into 2,2-(2,2'- 
Biphenylene)-3-methyl-2H-azirine (9).—A benzene (20 ml) 
solution of 650 mg (2.8 mmol) of 8 was maintained at reflux in 
a nitrogen atmosphere for 2 hr after which the solvent was re
moved at reduced pressure and the residue transferred to a 
sublimer and heated at 100° (0.05 torr). The sublimate (590 
mg 91%) had mp 86- 88°. Recrystallization from methanol 
gave material of mp 97-99°. The infrared spectrum (C C I 4 ) 
exhibited the azirine, C = N , absorption at 5.6 m- The nmr 
spectrum (CCh) showed a singlet at 8 2.51 and a multiplet 
centered a t 7.1 in the ratio of 3:8.

(9) P re p a re d  b y  th e  m e th o d  of W . W islicenus a n d  M . W a ld m u lle r 
[Ber., 4 2 ,  785 (1909)], ex c ep t t h a t  so d iu m  h y d r id e  in  te t r a h y d ro fu ra n  w as 
s u b s t itu te d  fo r p o ta ss iu m  d isso lved  in  e th an o l.

(10) A. S ieg litz  a n d  H . Ja s so y , B er., 5 4 ,  2133 (1921).

Anal. Calcd for C15H„N: C, 87.77; H, 5.40; N, 6.82.
Found: C, 87.6; H, 5.2; N, 7.1.

2-Azido-l,l-diphenylethylene (10).—A mixture of 1.3 g (20 
mmol) of sodium azide in 75 ml of methanol containing 2 g 
(10 mmol) of dissolved 1 ,1 -diphenylethylene oxide11 was stirred 
a t reflux in a nitrogen atmosphere for 24 hr, after which the 
reaction was cooled and the solvent removed at reduced pres
sure. The residue was distributed between water and ether. 
The ether layer was dried (K 2 C O 3 ) and evaporated at reduced 
pressure. The colorless, oily residue weighed 1.75 g and ex
hibited strong infrared absorption at 4.75 (azide) and 3.25 m 
(hydroxyl).

Using the method of Hazen and Rosenburg12 2.0 g (8.4 mmol) 
of crude l,l-diphenyl-2-azidoethanol was dehydrated in dimethyl- 
formamide-pyridine solution with methanesulfonyl chloride 
containing dissolved sulfur dioxide. The work-up consisted of 
dropwise addition of 25 ml of water to the ice bath cooled re
action mixture (temperature maintained below 30°) followed by 
addition of a large excess of water. The resulting aqueous mix
ture was twice extracted with methylene chloride. The methyl
ene chloride solution was washed successively with cold dilute 
sulfuric acid, cold dilute carbonate solution, and water and 
then dried (NajSCh) and evaporated to dryness at reduced pres
sure. The yellow, oily residue was taken up in petroleum ether 
(30-60°) and chromatographed on a20-g*silica gel column. The 
l,l-diphenyl-2-azidoethylene (10) (950 mg 50%) was eluted with 
1 : 1  petroleum ether-benzene and exhibited strong absorption 
in the infrared spectrum (neat) a t 4.72 (azide) and 6.2 y. (C = C ).lb 
Nmr (CC14) absorption was as follows: multiplets a t 8 7.26 and
7.16 totaling ten protons and a singlet of one proton a t 6.48.

Thermolysis of 2-Azido- 1 ,1 -diphenylethylene (10). A. In 
Xylene.—A solution of 1.2 g (4.5 mmol) of azide 10 in 25 ml of 
xylene was maintained at reflux in a nitrogen atmosphere for 22 
hr. The residue obtained on evaporation of the xylene at reduced 
pressure was transferred to a sublimer and heated to 95° (0.001 
torr) for several hours. The sublimate weighed 970 mg (82%) 
and had mp 76-79°. One recrystallization from benzene gave 
material of mp 88-89°. The picrate melted a t 106-107°. 
Bettembourg and David13 14 reported mp 86- 88° for 3-phenylindole 
(11) and 107-109° for the picrate.

B. In Acetonitrile.—The only identifiable product was 3- 
phenylindole (11, 75%).

C. In Ethanol.—A solution of 260 mg (1.2 mmol) of azide 
10 in 25 ml of ethanol was boiled in a nitrogen atmosphere for 
16 hr during which time a slight precipitate formed. The solvent 
was removed at reduced pressure and the residue transferred to 
a sublimer and heated at 95° (0.001 torr) for several hours. 
The sublimate (53%) was identified as 3-phenylindole (10 ) by 
comparison of its infrared spectrum with tha t of authentic 
material. The residue (20%) was recrystallized several times 
from benzene-hexane to give material of mp 277-278° which 
was not depressed when admixed with authentic 2,2,5,5-tetra- 
phenyldihydropyrazine (12 ).

2 ,2 ,5,5-Tetraphenyldihydropyrazine (12 ).—2-Chloro-2,2-di- 
phenylacetaldehyde11 (1 g, 5.3 mmol) in 4 ml of ether was added 
dropwise to a stirred, ice bath cooled solution of 1 g of ammonia 
in 15 ml of ethanol. After addition was complete, the reaction 
solution was stirred at room temperature for 2 hr and then 
boiled under nitrogen overnight. Crystals began to separate 
after several hours. The cooled reaction mixture was filtered 
and the crystals were collected (0.28 g, 33%). Recrystallization 
from benzene-hexane gave 12 , mp 277-278°.

Anal. Calcd for C28II22N2: C, 87.01; H, 5.74; N, 7.25.
Found: C, 87.1; II, 5.9; N, 7.2.

A high resolution mass spectrometric analysis was in agreement 
with the above assigned structure in that the parent peak had a 
mass in agreement with the formula C28H22N2 and the major 
fragments had masses corresponding to the following formula: 
C27H21N, C2iIIi6N, C^HuN, ChHuN, C14H 10N.

2-Azido-l,l-diphenylethylene-2-di (10-d).—A solution of 50 g 
(0.78 mol) of commercially available acetic acid-A in 40 ml of 
methanol containing 1 ml of sulfuric acid was allowed to stand 
a t room temperature overnight. A fractionation of this solution

(11) S. J .  C ris to l, J .  R . D oug lass, a n d  J . S . M eek , J .  A m er. Chem . Soc., 
7 3 ,  816 (1951). I t  w as fo u n d  t h a t  a  te m p e ra tu re  of 5 -1 0 °  g a v e  b e t te r  
re su lts  th a n  0° d u rin g  b ro m o h y d rin  fo rm a tio n .

(12) G . G . H azen  a n d  D . W . R o sen b u rg , J .  Org. C hem ., 2 9 ,  1931 (1964).
(13) M . C . B e tte m b o u rg  a n d  S. D av id , B u ll. Soc. C h im . F r ., 772 (1962).
(14) D . Y . C u r ta in , J . A. K o m p m eier, a n d  B . R . O ’C o n n o r, J .  A m er. 

Chem . Soc., 8 7 ,  875 (1965).
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through a 2-ft spinning-band column gave 61 g of material boiling 
at 53.5° which was shown by an nmr analysis to consist of a 
mixture of 64 mol % methyl acetate-d3 and methanol.

The total methyl acetate-d3-methanol mixture was added to 2 
mol of phenyl magnesium bromide in ether and the resulting 
methyl-d8-benzhydrol was isolated in the usual way. Recrystal
lization from 95% ethanol gave 85 g of the benzhydrol, mp 
80-81° (lit.15 mp 81°).

To a solution of 20 g (0.1 mol) of the benzhydrol-A in 100 ml 
of warm (50-60°) 80% aqueous acetic acid was added dropwise 
16 g (0.1 mol) of bromine in 10 ml of acetic acid. After an initial 
induction period warming was discontinued and bromine was 
rapidly consumed. When addition was complete, the reaction 
was diluted with benzene, washed well with water, dried (Na2- 
S O 4 ) , and evaporated to dryness. The crystalline bromo- 
hydrin-d2 was recrystallized from hexane (mp 73-75°) and con
verted into 1 ,1 -diphenylene oxide-d2 by the method of Cristol, 
Douglass, and Meek.11 The 2-azido-l,l-diphenylethylene-2-di 
(10-d) was prepared as described above for 2-azido-l,l-di- 
phenylethene (10). The nmr spectrum of the deuterium com
pound exhibited phenyl proton absorption at 5 7.18 and 7.26 
and at most 1% vinyl proton absorption. The infrared spectrum 
(neat) showed N3 absorption at 4.7 y .

Thermolysis of 2-Azido-l,l-diphenylethylene-2-di (10-d) in 
Ethanol.—A solution of 1.8 g (0.008 mol) of the deuterated vinyl 
azide 10-d in 50 ml of ethanol was maintained at reflux in a 
nitrogen atmosphere for 16 hr. 2,2,5,5-Tetraphenyldihydro- 
pyrazine-3,6-d2 (12-d, 400 mg, 25%; mp 275-276°) was collected 
by filtration and its deuterium content was established by mass 
spectrometry (m/e 388).

The oily residue obtained on evaporation of the filtrate was 
transferred to a sublimer and heated at 90-100° (0.001 torr). 
The crystals collected on the cold finger weighed 610 mg (38%). 
Recrystallization from hexane gave 3-phenylindole-2-di (1 1 -d), 
mp 87.5-88° which was not depressed on admixture with 
authentic 3-phenylindole. The deuterated compound had an 
identical ultraviolet spectrum but different nmr and infrared 
spectra from tha t of fully protonated 3-phenylindole.

l-Azido-2-phenylpropene (13).— 1-Methyl-l-phenylethylene ox
ide11 was allowed to react with sodium azide as described above 
for the preparation of 2-azido-l,l-diphenylethylene (10). The 
almost colorless, oily, crude 2-azido-l-methyl-l-phenylethanol 
showed absorption in the infrared spectrum (neat) at 4.7 (azide) 
and 2.8 y  (hydroxyl).

The crude azidomethylphenylethanol (11 g, 0.062 mol) was 
dehydrated by the method of Hazen and Rosenburg12 as described 
above for the preparation of the azidodiphenylethylene 10 . 
In this way 2.5 g (25%) of 13 was obtained having the following 
properties: infrared spectrum (neat) showed absorption a t 4.72 
(azide) and 6.12 y  (C = C );lb the nmr spectrum (CCU) showed 
phenyl absorption at 5 7.20 with a multiplet at 6.25 (vinyl 
hydrogen) and a slightly split methyl absorption at 1.95. On 
decoupling, the methyl doublet collapsed to a singlet while the 
multiplet a t 5 6.25 became two singlets at 6.18 and 6.27 with a 
ratio of 1:7.

Thermolysis of l-Azido-2-phenylpropene (13). A. In Mesityl- 
ene.—To 20 ml of boiling mesitylene, under nitrogen, was 
added 1.2 g (76 mmol) of 13. After 14 hr, the solvent was evapo
rated at reduced pressure and the residue was transferred to a 
sublimer and heated for several hours at 80-100° (0.2 torr). 
The white, crystalline sublimate weighed 870 mg (89%) and was 
shown by glpc analysis (6 ft X 0.125 in. UCON POLAR 2000 
on 80/100 acid-washed Chromosorb W), using authentic com
pounds as standards, to consist of a 1:9 mixture of 2-phenyl- 
proprionitrile (15) and 3-methylindole (14). Pure 14 was ob
tained by recrystallization of the sublimate from benzene- 
hexane.

B. In Ethanol.—A solution of 1.4 g (0.0088 mol) of azide 13 
in 50 ml of deaerated ethanol was boiled in a nitrogen atmosphere 
for 20 hr. The solvent was removed at reduced pressure and 
the residue was heated at 50-60° (0.001 torr) in a sublimer. 
A small quantity of liquid collected on the cold finger; this 
contained some 3-methylindole (14) as shown by glpc analysis. 
Raising the bath temperature to 100-110° caused a solid to 
collect (550 mg, 48%). This was recrystallized from benzene- 
hexane and resublimed to give pure 2,5-dimethyl-2,5-diphenyl- 
dihydropyrazine (16). The mp 156° was not depressed by ad
mixture of this product with an authentic sample.

(15) A. K lages, B er., 3 6 ,  2646 (1902).

2,5-Dimethyl-2,5-diphenyldihydropyrazine (16). —2-Chloro-2- 
phenylpropionaldehyde (5.0 g, 0.03 mol), prepared from 2- 
phenylpropionaldehyde and sulfuryl chloride, 14 was dissolved in 
60 ml of ethanol saturated with ammonia. After stirring for 
0.5 hr at room temperature a white precipitate formed; the 
resulting mixture was then boiled overnight (16 hr). The residue 
obtained after evaporation of the ethanol was taken up in methyl
ene chloride. This solution was washed with water, dried 
(K2C03), and evaporated to dryness. This residue was trans
ferred to a sublimer and pumped at 0.001 torr. A colorless oil, 
which was discarded, collected on the cold finger at a pot tempera
ture of 70-95°. A white solid (2.5 g, 64%) sublimed at 100- 
120°; after four recrystallizations from benzene-hexane this 
gave 16 of mp 155-156° which exhibited an nmr spectrum 
(CDC13) with three singlets in the ratio 1:5:3 at S 8.24, 7.42, 
and 1.63.

Anal. Calcd for C18H i8N2: C, 82.40; H, 6.92; N, 10.68. 
Found: C, 82.5; H, 6.8; N, 10.9.

Conversion of 2,3-Diazido(N-phenyl)maleimide (23) into N,- 
N-Bis(cyanocarbonyl)aniline (24).—2,3-Diazido(N-phenyI)male- 
imide16 (23, 2.0 g, 0.078 mol) in 60 ml of benzene was maintained 
at reflux in a nitrogen atmosphere for 3 hr. The solvent was 
removed at reduced pressure, and the brownish residue was 
transferred to a sublimer and heated a t 70° (0.01 torr). The 
sublimate weighed 1.3 g (83%) and had mp 95-97°. Two re
crystallization from benzene followed by a second sublimation 
gave 24, mp 95-96.5°, with moderate and strong absorptions 
in the infrared at 4.45 and 5.81 y ,  respectively.

Anal. Calcd for Ci0I i5N3O2: C, 60.30; H, 2.53; N, 21.10. 
Found: C, 60.4; H, 2.7; N, 21.0.

9-Azido-9-fluorenecarbonitriIe (26).—A mixture of 5.0 g (20.5 
mmol) of 9-diehloromethylenefluorene (25a)17 and 4 g (61 mmol) 
of sodium azide in 250 ml of dimethylformamide was stirred in a 
nitrogen atmosphere at ambient temperature overnight. This 
reaction mixture was diluted with ca. 1 1. of water and extracted 
five times with benzene. The benzene extracts were washed well 
with water, dried (Na2S04), and evaporated to dryness at reduced 
pressure. The residue was chromatographed on 60 g of Woelm 
neutral alumina. Azidocyanofluorene (26, 1.6 g, 34%), mp 
77-78°, was eluted with 1:3 benzene-hexane. The analytical 
sample was recrystallized from hexane and sublimed at 70° 
(0.001 torr) and had mp 77.5-78.5°. A carbon tetrachloride 
solution infrared spectrum showed the N3 absorption at 7.74 y .  
The ultraviolet spectrum in ethanol exhibited three maxima 
(e23i 34,900; e238 33,800; e272 14,800) and three minima (i2u 
25,500; e235 30,200; €248 6700).

Anal. Calcd for Ci4H8N4: C, 72.40; H, 3.44; N, 24.13.
Found: C, 72.5; IT, 3.8; N, 23.7.

Conversion of 9-Azido-9-fluorenecarbonitrile (26) into 10- 
Cyanophenanthridine (27).—A solution of 458 mg (1.92 mmol) 
of 26 in 2 ml of chlorobenzene was maintained a t a boil in a nitro
gen atmosphere for 3 hr. The reddish colored reaction solution 
was evaporated to dryness at reduced pressure and the residue 
transferred to a small sublimer. Most of the material sublimed 
at 140° (0.005 torr). A resublimation at 80° (0.005 torr) gave 
325 mg (83%) of material having mp 138-139°. This compound 
had an identical infrared spectrum with that of authentic18
10-eyanophenanthridine (27) and did not depress the melting 
point upon mixing.

Thermolysis of Methyl Azidofumarate to 2,3-Dicarbomethoxy- 
2H-azirine.—Methyl azidofumarate19 was pyrolyzed at 230° 
in an apparatus previously described20 with the modification that 
the azide was introduced at the top of the reaction tube by suction 
through a very fine capillary. The pressure in the pyrolysis tube 
was maintained at less than 1.5 torr and the products were 
trapped at ice-acetone temperatures. The crude pyrolysate 
was Claisen distilled at 0.7 torr; the fraction collected at 70-80° 
was redistilled to give azirine boiling over a few degrees in an 
over-all yield of 35%. The azirine exhibited infrared (neat) 
absorption at 5.60 (C = N ) and 5.73 y  (C = 0 ). The ultraviolet 
spectrum (cyclohexane) consisted mainly of end absorption with

(16) A. M u sta fa , S . M . A . D . Z ayed , a n d  S. K h a tto b , J .  Am er. Chem. 
Soc., 7 8 ,  145 (1956).

(17) R . O da, Y . I to ,  a n d  M . O kano , Tetrahedron Lett., 7 (1964).
(18) W e  th a n k  M essrs . E . H a y a s h i a n d  H . O h k i fo r a  sam p le  of 10- 

c y a n o p h e n a n th r id in e  [Y a ku g a ku  Z a ssh i, 8 1 ,  1033 (1961)].
(19) V. G . O stro v e rk h o v  a n d  E . A . Sh ilov , U kr. K h im . Z h ., 23 , 615 

(1957).
(20) G . S m o lin sky , J .  Org. Chem ., 2 6 ,  4108 (1966).
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an inflection at 234 mju (e 420) tailing off to zero a t about 300 m/x. 
The nmr (CCh) spectrum consisted of three sharp peaks at 8 
2.85, 2.72, and 4.0 with area ratios of 1:3:3, respectively.

Anal. Calcd for C6H7N04: C, 45.86; H, 4.49; N, 8.92. 
Found: C, 45.7; H, 4.3; N, 8.7.

R e g is try  N o .— 7, 16504-38-4; 9-(l-bromoethylidene)- 
fluorene, 16504-39-5; 9, 16504-40-8; 12, 16504-41-9; 16, 
16504-42-0; 24, 16504-43-1 ; 26, 16520-65-3; 2,3-dicarbo- 
methoxy-2H-azirine, 16504-44-2.

R e a c t i o n s  o f  P h o s p h o r u s  C o m p o u n d s .  X V .  A  G e n e r a l  S y n t h e s i s

o f  2 H - l - B e n z o p y r a n s

E dw ard  E . S c h w e iz e r , J oachim  L ie h r , and  D onald  J . M onaco 

Department of Chemistry, University of Delaware, Newark, Delaware 19711 

Received December 1 4 , 1967

Substituted 2H-l-benzopyrans and 3H-naphtho[2,l-b]pyran (IX) have been prepared from vinyltriphenyl- 
phosphonium bromide (III), substituted salicylaldéhydes, or 2-hydroxy-l-naphthaldehyde, respectively.

In a previous communication in this series, 2H-1- 
benzopyran1 was prepared by utilizing the vinylphos- 
phonium salt (III) and salicylaldéhyde. In addition to 
2H-l-benzopyran, the following series of compounds 
have been synthesized: pyrrolizines,2 carbocyclics,3 
olefins,4a l,2-dihydroquinolines,4b and 2,5-dihydro- 
furans5 from the vinylphosphonium salt (III) and suit
able addenda. We now wish to report a general prep
aration of substituted 2H-l-benzopyrans (VI) and 
3H-naphtho[2,l-6]pyran (IX) utilizing the vinylphos
phonium salt (III) and suitable phenolic aldehydes 
as shown in Scheme I.

These types of compounds are of interest because of 
the occurrence of the benzopyran ring system in the 
active constituents of several plants used as insecticides6 
and natural dyes.7 Previous preparations have been 
accomplished in the following manners: (a) by the 
intramolecular cyclization of phenyl propargyl ether;8,9 
(b) by the slow distillation of a crude mixture of 4- and
6-bromochroman in the presence of alcoholic sodium 
ethoxide;10 (c) by dimethyl sulfoxide dehydration of 4- 
chromanol or a two-step conversion from the 4-chro- 
manol involving a Kraft pyrolysis of 4-chromanyl 
acetate.11

I n  s itu  preparation and reaction of the sodium salts of 
salicylaldéhyde (Id), 3-methoxy salicylaldéhyde (la), 
or 2-hydroxy-l-naphthaldehyde (VIII) with the vinyl
phosphonium salt (III) in an acetonitrile-ether solvent 
system afforded 2H-1-benzopyran (VId), 8-methoxy- 
2H-1-benzopyran (Via), and 3H-naphtho[2,l-6]pyran 
(IX) in 71, 57, and 14% yields respectively. 5-Chloro- 
salicylaldehyde (Ic) was treated in the same way (ex
cept that the solvent system used was a N,N-dimethyl- 
formamide (DMF)-ether mixture) to give 6-chloro-2H-
1-benzopyran (Vic) in 29% yield. Attempted prep
aration of 6-nitro-l,2-benzopyran (VIb) from 5-nitro- 
salicylaldehyde (lb) and the vinylphosphonium salt
(III) utilizing the above procedure was unsuccessful. 
However, preparation and isolation of the sodium salt

(1) E . E . S chw eizer, J .  A m er. Chem. Soc., 86, 2744 (1964).
(2) E . E . S chw eizer a n d  K . L ig h t, J .  Org. Chem ., 31, 870 (1966).
(3) E . E . S chw eizer a n d  G . O 'N eill, ib id ., 30, 2082 (1965).
(4) (a) E . E . Schw eizer, L . S m ucke r, a n d  R . V o tra l , ib id ., 31, 467 (1966); 

(b) E . E . S chw eizer a n d  L . S m u ck e r, ib id ., 31, 3146 (1966).
(5) E . E . S chw eizer a n d  J . L iehr, ib id ., 33, 583 (1968).
(6) R . L .  S h rin e r  a n d  A. G . S h a rp , ib id ., 4, 575 (1939).
(7) R . A d am s a n d  R . E . R in d fu z , J .  A m er. Chem . Soc., 41, 648 (1919).
(8) I .  Iw a i  a n d  J .  Id e , Chem . P h a rm . B u ll. (T o k y o ), 11, 1042 (1963).
(9) I .  Iw a i  a n d  J . Id e , ib id ., 10, 926 (1962).
(10) P .  M a it te ,  A n n . C him . (P a ris ) , 9, 431 (1954).
(11) W . E . P a rh a m  a n d  L . D . H u es tis , J .  A m er. Chem. Soc., 84, 813 (1962).

of 5-nitrosalicylaldehyde followed by pyrolysis with the 
vinylphosphonium salt (III) in  vacuo afforded the de
sired benzopyran (VIb) in 27% yield.

The 2H-l-benzopyrans were characterized by their 
physical constants, nmr spectra, and absorption in the 
infrared region of 1200-1260 cm-1 which is character
istic for the C-0 stretch of aromatic ethers.12,13

The nuclear magnetic resonance spectra of the syn
thesized 2H-l-benzopyrans show patterns which are 
characteristic for this type of structure. The spectra 
can be divided into three major parts. (1) The aromatic 
protons appear as a multiplet. (2) The protons asso
ciated with the substituents of the aromatic ring, i.e ., 
the methyl protons of 8-methoxy-2H-l-benzopyran 
(Via), exhibit a singlet centered at 3.72 ppm downfield 
from tetramethylsilane. (3) The protons of the pyran 
ring system exhibit an ABX2 system.

The protons of the ABX2 system exhibit the following 
splitting characteristics. The protons associated with 
the carbon a  to the oxygen atom (CH2) appear as a quad
ruplet ( J bxch2 = 3 cps; J axch : = 2 cps) centered in the 
range of 4.37-4.96 ppm downfield from tetramethyl
silane for 6-chloro-2H-l-benzopyran and 5-nitro-2H-l- 
benzopyran (VIb), respectively (with the others lying 
in between). The proton associated with the /3-carbon 
atom appears as a pair of triplets (Jab =  10 cps; J bx =  
3 cps) centered in the range of 5.30-5.83 ppm downfield 
from tetramethylsilane for 6-chloro-2H-l-benzopyran 
and 5-nitro-2H-l-benzopyran, respectively, at the ex
tremes (Table I). The proton associated with the A-

T a b l e  I
C e n t e r  o f  N m r  B a n d s  A sso c ia t ed  w it h  t h e  P y ran  R in g  

P r o to n s  o f  V a r io u s  2 H -1 -B e n z o py r a n s  
in  P a r ts  p e r  M il l io n  from  T e t r a m e t h y l s il a n e

C o m p o u n d X B A

2 H- 1-Benzopyran 4.53 5.38 6.20
8-Methoxy-2H-l-benzopyran 4.75 5.70 6.43
6-Nitro-2H-l-benzopyran 4.96 5.83 6.42
3H-Naphtho [2-1-6] pyran 4.65 5.60 6.92
6-Chloro-2H-l-benzopyran 4.37 5.30 6.88

(12) L. J . B ellam y , “ T h e  In f ra re d  S p ec tra  of C om plex  M olecu les ,” Jo h n  
W iley  a n d  S ons, In c .,  N ew  Y ork , N . Y ., 2 n d  ed , 1958, p p  45 -48 .

(13) R . L. S h rin e r, R . C . F u so n , a n d  D . Y . C u r tin , “ T h e  S y s te m a tic  
Id e n tif ic a tio n  of O rgan ic  C o m p o u n d s ,” 4 th  ed, J o h n  W iley  a n d  S ons, In c ., 
N ew  Y ork , N . Y ., p  172.



V ol. S3, N o . 6 , J u n e  1968 R e a c t io n  o f  P h o s p h o r u s  C o m p o u n d s  2417

S c h e m e  I

+ NaH

D + [CH2-CHP(C6H5)3]Br'"
m

IV

+  NaBr

+  (C JttP O

v n

V la .R - H îR r - O C H ^ - H
b, R = H;R1=iHi;R2 = N02
c, R -  H; Ri“ H; R̂— Cl
d, R = H;Rl*H;R2“'H

CHO
•CTNa+

carbon atom also appears as a pair of triplets (Jab = 
10 cps; J ax = 2 cps) centered in the range of 6.20-6.92 
ppm downfield from tetramethylsilane for 2H-l-ben- 
zopyran and 3H-naphtho[2,l-f>]pyran, respectively, 
as extremes. The above assigned splitting patterns for 
the vinyl group agree with previously reported results4 
for open-chain vinyl compounds.

The reaction of the sodium salt of o-hydroxybenzo- 
phenone with the vinyl salt (III) utilizing both solu
tion and pyrolysis techniques did not give the antici
pated product, 4-phenyl-2H-l-benzopyran, in sufficient 
yield for isolation and positive identification. How
ever, its probable formation was demonstrated by in
frared spectroscopy and the identification of trace 
amounts of triphenylphosphine oxide (VII) in the reac
tion residue. In addition to the above, triphenyl
phosphine and starting material were also isolated.

In the reaction of o-hydroxyacetophenone with the 
vinylphosphonium salt (III) utilizing both solution and

pyrolysis techniques triphenylphosphine oxide was 
isolated, indicating that a Wittig reaction had taken 
place; however, none of the anticipated product, 4- 
methyl-2H-l-benzopyran, could be isolated and only a 
trace of product could be detected by vapor phase 
chromatography. In addition to the phosphine oxide, 
starting material and triphenylphosphine were also 
isolated.

Experimental Section
Infrared spectra were obtained on a Perkin-Elmer Infracord 

137 and nmr spectra were obtained on a Varian A-60 analytical 
nmr spectrometer, using tetramethylsilane as standard. All 
melting points were uncorrected and obtained on a Fischer- 
Johns melting point apparatus. Analyses were by Micro-Analy
sis, Inc., Wilmington, Del.

The vinyltriphenylphosphonium bromide14 15 and o-hydroxy- 
benzophenone16 were prepared according to reported procedures. 
The latter may also be bought from the Aldrich Co. The 2- 
hydroxy-l-naphthaldehyde was obtained from Columbia 
Organic Chemicals Co., Inc.; the 5-nitrosalicylaldehyde, 5- 
chlorosalicylaldehyde, and 3-methoxy-2-hydroxybenzaldehyde 
were obtained from Eastman Kodak Co. Sodium hydride was 
obtained as an approximately 53% dispersion in mineral oil 
from Metal Hydrides, Inc., Beverly, Mass. Anhydrous reagent 
grade solvents were used in all cases. All reactions were carried 
out under a nitrogen blanket.

General Procedure. The Preparation of 8-Methoxy-2H-l- 
benzopyran (Via).—3-Methoxy-2-hydroxybenzaldehyde (10.0 g, 
0.072 mol) was added to a stirred mixture of 2.9 g of sodium hy
dride dispersion in mineral oil (52% NaH, 1.5 g, 0.0625 mol) and 
100 ml of ether. After the gas evolution abated, 22.8 g (0.062 
mol) of salt I II  was introduced to the mixture and 100 ml of 
acetonitrile was added dropwise. The reaction mixture was

T a b l e  II
P ro d u c t

Via

VIb

Vic

VId

IX»

I r  b an d s , cm  1 N m r d a ta , Ô

1262 (aromatic ether) 3.72 (s, 3, 0-CH3)
1570 (s) 1070 (s) 4.75 (quad, 2, 0-CH2—)
1470 (s) 1030 (s) 5.70 (m, 1 , 0-CH2-C H = )
1205 (s) 790 (s) 6.43 (m, 1 , C6H3-C H = )
1095 (s) 735 (s) 6.60-6.93 (m, 3, C6H3)
1258 (aromatic ether) 4.96 (quad, 2, 0-CH 2—)
1600 (s) 1025 (s) 5.83 (m, 1, 0-CH 2C H = )
1500 (s) 900 (s) 6.42 (m, 1 , C6H3-C H = )
1480 (s) 832 (s) 7.32--7.90 (m, 3, C„H3)
1240 (s) 794 (s)
1090 (s) 744 (s)
1235 (aromatic ether) 4.37 (quad, 2, 0-CH 2)
1480 (s) 1085 (s) 5.30 (m, 1, 0-CH 2-C H = )
1420 (s) 1030 (s) 6.88 (m, 1 , C6H3-C H = )

885 (s) 6 .21--6.92 (m, 3, C6H3—)
1200 (s) 820 (s)
1120 (m) 750 (s)
1230 (aromatic ether) 4.53 (quad, 2, 0-CH2—)
1610 (s) 1195 (s) 5.38 (m, 1, 0-CHr C H = )
1570 (s) 1110  (s) 6.20 (m, 1, C6H4-C H = )
1480 (s) 1040 (s) 6.60--7.13 (m, 4, C6H4)
1380 (s) 930 (s)
1360 (s) 750 (s)
1220 (aromatic ether) 4.65 (quad, 2, 0-CH 2)
1580 (s) 1010 (s) 5.60 (m, 1, 0-CH 2-C H = )
1510 (s) 810 (s) 6.92 (m, 1, Ci0H6-C H = )
1460 (B) 800 (s) 7.10 -7.89 (m, 6, CioHe—)
1180 (s) 742 (s)
1085 (s) 718 (s)

° The uv spectrum of IX  showed bands at 218, 261 (sh), 290 
(sh), 303, 316, and 349 m/u (lit.9 uv bands at 242, 261 (sh), 290 
(sh), 301, 314, and 347 mu).

(14) E . E . S chw eizer a n d  R . B ach , J .  Org. Chem ., 29, 1746 (1964).
(15) N . M . C u llin an e , N . M . M o rg an , a n d  C . A. P lu m m er, Rec. Trav .

C him . P a y s-B a s, 56, 629 (1937).
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N a H
Ia-d  +  I I I ------VI +  (CeH6)3PO

so lv en t

T a b l e  I I I

N a H , P ro d u c t B p, (m m ) or R e fra c tiv e .—C aled , % - , .—F o u n d , % —»
C om pd  (m ol) m ol T e m p , °C S o lv en t T im e (y ie ld , % ) m p, °C index c H C  H
l a  (0 .0721 ) 0 .0 6 2 5 R eflux A ce to n itr ile 5 d ay s V ia  (5 7 .5 ) 9 1 -9 2  (0 .8 5 )° n«D  1 .5860
l i b  (0 .0 1 6 ) 155-160  (2 .0  m m ) F  usion V Ib  (2 7 .2 ) 125-126 6 1 .0 1 3 .9 9 6 0 .7 8  4 .0 3
Ic  (0 .0 6 4 ) 0 .0 6 4 100 D M F 3 d ay s V ic  (29)6 7 9 .5 - 8 0 ( 1 .0 ) 6 4 .8 8 4 .2 3 6 4 .8 1  4 .0 7
l i d  (0 .0 6 ) R eflux A ce to n itr i le 24 h r V Id  (71)c 6 3 -6 7  ( 3 .0 ) d n 20D 1 .5886
V I I I  (0 .0 6 5 ) 0 .0 5 4 R eflux A ce to n itr i le 5 d ay s I X  (1 3 .7 ) 34-35*

a Lit.8 bp 115-118° (1.0 mm) bath temp, n 16D 1.5917. b In an unsuccessful attem pt to obtain Vic, the only product was 1.1 g (9%)
of a dimeric acetal, mp 176-178°. Analysis and ir and nmr spectra are in agreement with assigned structure for anhydro difchloro- 
salicylaldehyde) (lit.16 mp 172°). '  The acetonitrile is distilled off. Remains are distilled to yield product. d Lit.11 bp 49.5-50.0° 
(1.0 mm), re20D 1.5879. * Purification by sublimation at 60° (0.05 mm) (lit.9 mp 40-41.5°).

heated to reflux for 5 days, cooled to room temperature, poured 
into 1 1. of a 10% sodium hydroxide solution, and extracted with 
ether. The ethereal extract was dried (MgS04), concentrated, 
and distilled affording 5.75 g (57.5%) of 8-methoxy-2H-l- 
benzopyran (Via): bp 91-92° (0.85 mm); n29D 1.5860 (lit.8 bp 
115-118° (1.0 mm), bath temperature; n16D 1.5917). The ir 
and nmr data may be found in Table II; the reaction conditions 
employed and, in case the product is a new compound, the analy
ses may be found in Table III .

Fused Reaction. Preparation of 6-Nitro-2H-l-benzopyran 
(VIb).—5-Nitrosalicylaldehyde (5 g, 0.03 mol) was added 
slowly to a stirred mixture of 2.9 g of a sodium hydride dispersion 
in mineral oil (52% NaH, 1.5 g, 0.0625 ml) and 100 ml of ether. 
After the gas evolution abated, the reaction mixture was cooled 
to ice-bath temperature and filtered under a nitrogen cover. 
The precipitated sodium salt of nitrosalicylaldehyde was washed 
with cold ether and dried over night. Salt III  (6.3 g, 0.017 
mol) was intimately blended with 3.0 g (0.016 mol) of the sodium 
salt of l ib  and heated in vacuo in a sublimer. At 155-160° 
(2.0 mm), a yellow solid was collected on the cold finger of the 
sublimer which upon recrystallization from methanol afforded 
0.76 g (27.2%) of 6-nitro-2H-l-benzopyran, mp 125-126°. 
Analysis is found in Table III.

(16) W . P . B rad ley  a n d  F . B. D a in s , A m er. Chem. J . ,  14, 293 (1892).

The preparation of 4-methyl-2H-l-benzopyran and 4-phenyl- 
2H-l-benzopyran has been attempted by two workers more 
than ten times (in each case) using both the synthetic procedures 
described above.

In the case of the 4-methyl-2H-l-benzopyran, the vapor phase 
chromatogram showed a small peak of a compound boiling higher 
than DM F but lower than the starting material. The amount of 
material was too small to allow identification of this product. 
A trace amount of triphenylphosphine oxide was identified by 
melting point and ir spectrum. The presence of it indicates that 
the products are formed but only in very small yields.

In the case of 4-phenyl-2H-l-benzopyran, the vapor phase 
chromatogram also showed a peak which would be assumed to 
originate from the product, but the amount was too small to 
allow positive identification. A trace amount of isolated tri
phenylphosphine oxide hints toward a reaction in very low 
yield.

Registry No.—Via, 16336-25-7; VIb, 16336-26-8; 
Vic, 16336-27-9; VId, 254-04-6; IX, 229-80-1.
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The N-carbobenzoxy group of p-nitrophenyl esters of N-carbobenzoxyamino acids and N-carbobenzoxy pep
tides can be removed by catalytic hydrogenation in the presence of 1 equiv of hydrochloric acid without notice
able reduction of the nitro group. This method can be used for preparing oligo peptides by Goodman’s “backing- 
off” procedure and for preparing polyamino acids and sequential polypeptides when the 1-butyl ester groups are 
present.

Removal of the N-carbobenzoxy group from N-car
bobenzoxyamino acid and N-carbobenzoxy peptide p -  
nitrophenyl esters is usually achieved by treatment 
with hydrogen bromide in glacial acetic acid,1 since 
catalytic hydrogenation is expected to reduce the nitro 
group under the usual conditions. In the case of tri
functional amino acids, where, in addition to the N- 
carbobenzoxy group, an acid-sensitive group such as the 
(-butyl group2 is also present, the hydrogen bromide 
method cannot be used.

In this paper, a method is described for the selective 
removal of the N-carbobenzoxy group by catalytic 
hydrogenation from N-carbobenzoxyamino acid and N- 
carbobenzoxy peptide p-nitrophenyl esters, without

(1) D . B e n -Is h a i a n d  A. B erge r, J .  Org. C hem ., 1 7 , 1564 (1952).
(2) G . W . A n d e rso n  a n d  F . M . C a llah a n , *J. A m er. Chem . Soc., 8 2 , 3359 

(1960).

noticeable reduction of the nitro group. This method 
can be used with the “ backing-off” procedure of Good
man3 as well as for preparing C-activated peptides or 
amino acids where i-butyl containing trifunctional 
amino acids are present. These C-activated peptides 
and amino acids can, in turn, be polymerized to sequen
tial polypeptides and polyamino acids.

This selective catalytic hydrogenation procedure was 
studied on N-carbobenzoxyglycine p-nitrophenyl ester, 
N-carbobenzoxy-L-phenylalanine p-nitrophenyl ester, 
N-carbobenzoxy-a-(-butyl-L-glutamic acid p-nitro- 
phenyl ester, and N-carbobenzoxy-L-phenylalanylgly- 
cine p-nitrophenyl ester. The procedure was best il
lustrated by the preparation of a - t-h uty 1-L-aspartic 
acid p-nitrophenyl ester hydrochloride and the polym-

(3) M . G o o d m an  a n d  K . C . S te u b e n , ib id ., 8 1 , 3980 (1959).
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D C C  P d /C
Z—Asp—OBu-f------> Z—Asp—OBu-I ------------------

N P O H  ] M eO H  +  1 eq u iv  of HC1
II ONP

I II
D M F

HC1-H—Asp—OBu-f — >-
T E A

ONP 
I I I

isp—OBu-i" TFA .—7Up—OH-

„ —
IV V

erization of this active ester to the corresponding poly
amino acid derivative.

N-carbobenzoxy-L-aspartic acid p-nitrophenyl ester
(II), prepared from the corresponding free acid I by the 
carbodiimide4 5’6 method, was hydrogenated with pre
hydrogenated palladium catalyst in a methanolic sus
pension in the presence of 1 equiv of hydrogen chloride. 
The rate of removal of the N-carbobenzoxy group 
under these conditions is much faster than the rate of 
reduction of the nitro group. The reaction was usually 
complete within 5 min.6 It was important to complete 
the reaction and to isolate the active ester hydrochlo
ride within the shortest period of time to avoid side 
reactions. The hydrochloride salt III, which was ob
tained in 90% yield, analyzed correctly and showed 
strong peaks which are characteristic for p-nitrophenyl 
ester, ¿-butyl ester, and nitro groups in its infrared 
spectrum. Further evidence for structure III was pro
vided by polymerization of this compound to poly-a-f- 
butyl-L-aspartate (IV). Polypeptide IV, which has a 
molecular weight of 17,000 as determined by the sedi
mentation equilibrium7 method was converted into 
poly-/3-L-aspartic acid (V) by the usual treatment with 
trifluoroacetic acid. After extensive dialysis and lyo- 
philization, the poly-/3-L-aspartic acid was obtained as a 
white fluffy material which had an infrared spectrum 
identical with a sample prepared by another method.8’9 
The molecular weight was 8000 as determined by the 
sedimentation equilibrium7 method.

The selective removal of the N-carbobenzoxy group 
from N-carbobenzoxyglycine p-nitrophenyl ester,10 N- 
carbobenzoxy-L-phenylalanine p-nitrophenyl ester,11 
and N-carbobenzoxy-a-£-butyl-L-glutamic acid p-nitro- 
phenyl ester was carried out as described above. 
Under normal catalytic hydrogenation conditions, when 
much more than half of the theoretical amount of 
hydrogen was absorbed (see Experimental Section), 
N-carbobenzoxyglycine p-nitrophenyl ester gave gly
cine p-aminophenyl ester dihydrochloride.

(4) J .  C . S h eeh a n  a n d  G . P . H ess, J .  A m er. Chem . Soc., 77 , 1067 (1955).
(5) H . C . K h o ra n n a , Chem . I n d .  (L o n d o n ) 1087 (1955).
(6) T h e  re a c tio n  w as c o m p le te  w hen  i t  w as o b se rv ed  t h a t  o n e-h a lf  of th e  

th e o re tic a l a m o u n t of h y d ro g en  h a d  b ee n  ab so rb e d . D u rin g  th is  t im e  th e  
sam e v o lu m e  of ca rb o n  d iox ide  w as lib e ra te d ; h ow ever, i t  is p a r t ia l ly  so lub le  
in  th e  s o lv e n t sy s te m ; th e re fo re  th e  m e asu red  a m o u n t of h y d ro g e n  ab so rb e d  
is n o t  a  t r u e  in d ic a t io n  of th e  com p le ten ess  of th e  reac tio n .

(7) H . K . S ch ac h m an , “ U ltra c e n tr ifu g e  in  B io c h em istry ,”  A cadem ic 
P re ss  In c .,  N ew  Y o rk , N . Y ., 1955.

(8) J .  K ovacs , R . B allin a , a n d  R . L . R o d in , Chem . I n d .  (L o n d o n ), 1955 
(1963).

(9) J .  K ovacs , R . B a llin a , R . L . R o d in , D . B a la su b ra m a n ia n , a n d  J .  A pp le- 
q u is t, J .  A m er. Chem . Soc., 87 , 119 (1965).

(10) M . B o d an szk y , N ature , 175, 685 (1955); B . Ise lin , W . R it te l ,  P . 
S ieber, a n d  R . S chw yzer, H elv. C h im . A c ta , 40 , 373 (1957).

(11) M . B o d a n sz k y  a n d  Y . d u  V ig n eau d , J .  A m er . Chem . Soc., 81, 6072
(1959).

The dipeptide, N-carbobenzoxy-L-phenylalanylgly- 
cine p-nitrophenyl ester, prepared from N-carboben- 
zoxy-L-phenylalanine and glycine p-nitrophenyl ester 
hydrochloride or glycine p-nitrophenyl ester hydro
bromide using the mixed anhydride coupling procedure, 
gave, after the above-described catalytic hydrogenation, 
the dipeptide active ester hydrochloride in 80% yield.

Experimental Section
All melting points are uncorrected. The microanalyses were 

carried out by Schwarzkopf Microanalytical Laboratory, Wood- 
side, N. Y. Infrared spectra were determined in potassium 
bromide pellets using a Perkin-Elmer Model 137 spectrophotom
eter.

N-Carbobenzoxy-a-f-butyl-L-aspartic Acid -p-Nitrophenyl Ester
(II ) .—A suspension of 45 g (0.14 mol) of N-carbobenzoxy-a- 
f-butyl-L-aspartic acid,12 31.5 g (0.153 mol) of dicyclohexyl- 
carbodiimide, and 19.4 g (0.139 mol) of p-nitrophenol in 250 ml 
of methylene chloride was stirred a t 0° for 3 hr and overnight 
a t room temperature. Ten drops of acetic acid were added and 
the mixture was stirred for an additional 30 min. The dicyclo- 
hexylurea was filtered and the filtrate was concentrated under 
reduced pressure. The product was an oil (61 g) which solidified 
after 2 hr under high vacuum. The solid was dissolved in hot 
ethyl acetate. The solution was cooled to room temperature 
and filtered to remove additional dicyclohexylurea. The filtrate 
was concentrated under vacuum and the solid residue recrystal
lized from 90 ml of hot ethanol to yield 42 g (68%): mp 79.5-80°; 
[a]23d 30.9° (c 2, chloroform); ir peaks at 5.7 (active ester), 
6.59 and 7.4 (nitro), and 5.9 n (carbobenzoxy).

Anal. Calcd for C22H24N2O8: C, 59.45; H, 5.44; N, 6.31. 
Found: C, 59.42; H, 5.55; N, 6.54.

a-i-Butyl-L-aspartic Acid p-Nitrophenyl Ester Hydrochloride
(III) .—To a prehydrogenated suspension of 100 mg of 10% 
palladium on charcoal in 60 ml of absolute methanol, 2.3 g 
(5.18 mmol) of II  and 1.46 ml of absolute methanol containing 
190 mg (5.22 mmol) of hydrogen chloride were added. Hydro
genation was continued for 5 min, at which time the measured 
amount of hydrogen absorbed was only one half the theoretical 
amount (57 ml). The reaction mixture was filtered and the 
filtrate was concentrated to 2 ml under reduced pressure. An
hydrous ether was added to the turbidity point. After standing 
overnight at —7°, the crystalline product was filtered, washed 
with anhydrous ether, and dried under vacuum to yield 1.7 g 
(94.2%), mp 139° dec. Recrystallization from methanol-ether 
raised the melting point to 146° dec and yielded 1.6 g (90%), 
[a]23d 14° (c 1.37, dimethylformamide). The infrared spectrum 
showed peaks a t 5.7 (active ester), 6.55 and 7.4 p (nitro); the 
carbobenzoxy peak was absent at 5.9 p.

Anal. Calcd for C14H 19CIN2O6: C, 48.48; H, 5.52; Cl, 10.24; 
N, 8.09. Found: C, 48.76; H, 5.46; Cl, 10.85; N, 8.51.

Poly-a-f-butyl-L-aspartate (IV).—A mixture of 1.3 g (3.67 
mmol) of III, 3 ml of purified dimethylformamide,13 and 0.51 ml 
(3.67 mmol) of purified triethyl amine13 was shaken for 2 days 
a t room temperature. The reaction mixture was diluted with 
500 ml of ether and filtered. The solid residue was washed with 
water to remove triethylamine hydrochloride, with methanol 
to remove the low molecular weight polymer (29.3%), and finally 
with ether. The product was dried for 16 hr at 60° (0.1 mm) to 
yield 116 mg (17%). The infrared spectrum showed peaks at
6.0 (amide I), 6.5 (amide II), and 11.7 n (i-butyl). The molecu
lar weight was 17,000 as determined by the sedimentation equilib
rium method.7 Measurements were made using concentrations 
in the range of 0.2-0.5% in dimethylacetamide a t 26° and a 
Schieren angle of 75°.

Anal. Calcd for (C8Hi3N 0 3)„: C, 56.12; H, 7.65; N, 8.18. 
Found: C, 55.43; H, 7.67; N, 8.26.

(12) T h is  co m p o u n d  w as p re p a re d  in  th is  la b o ra to ry  b y  U . R . G h a ta k  a n d  
G . N . S ch m it th ro u g h  th e  e s te rif ic a tio n  of N -carbobenzoxy-/?-m ethy l-L - 
a s p a r t ic  ac id  w ith  iso b u ty le n e  in  d ic h lo ro m e th a n e  so lu tio n  in  p resen ce  of a 
c a ta ly t ic  a m o u n t of su lfu ric  ac id . S e le c tiv e  a lk a lin e  hy d ro ly s is  of th e  
m e th y l es te r  g ro u p  in  aq u e o u s  d io x an e  so lu tio n  g av e  N -carb o b en z o x y -a-i-  
b u ty l-L -a sp a rtic  ac id  (I) as  a n  oil. T h e  d icy c lo h ex y lam in e  s a lt  of I , m p  11 9 - 
120° (from  aq u e o u s  m e th an o l) , g a v e  th e  co rre c t e lem en ta l an a ly s is .

(13) D im e th y lfo rm a m id e  a n d  tr ie th y la m in e  w ere  t r e a te d  w ith  2%  N -c a r
bobenzo x y g ly c in e  p -n itro p h e n y l e s te r  o v e rn ig h t, f ilte red , a n d  d is tille d  to  r e 
m o v e  p r im a ry  a n d  seco n d a ry  am in es .
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Poly-/3-L-aspartic Acid (V).—A solution of 145 mg (0.55 mmol) 
of IV in 2.91 ml of 90% aqueous trifluoroacetic acid was allowed 
to stand at room temperature for 50 min. The reaction mixture 
was diluted with 52 ml of anhydrous ether. The precipitate 
was centrifuged and the supernatant liquid was decanted. The 
ether washing was repeated three times and the polymer was 
dried under vacuum to yield 69.3 mg (73%). The polypeptide 
was dissolved in 5 ml of water and dialyzed against 800 ml of 
water for 24 hr. The solution was lyophilized and polymer V 
(36.3 mg, 48%) was recovered. Lack of absorption at 11.7 n 
in the infrared spectrum indicated complete removal of the t- 
butyl groups. The molecular weight was 8000 as determined by 
the sedimentation equilibrium method. The concentrations 
used were in the range of 0.2-0.5% in 0.1 M  aqueous lithium 
chloride at 26° and a Schieren angle of 75°. When water was 
used as a solvent for polymer V, a molecular weight of 4500 was 
obtained. This low value was ascribed to a charge effect which 
was minimized by using 0.1 M  aqueous lithium chloride as the 
solvent.

Anal. Calcd for (C4H5N 03-'AHjO),,: C, 38.71; H, 4.87; 
N, 11.30. Found: C, 38.26; H, 5.01; N, 11.20.

Glycine p-Nitrophenyl Ester Hydrochloride.—A suspension of
1.21 g (3.67 mmol) of N-carbobenzoxyglycine p-nitrophenyl 
ester10 was hydrogenated within 2 min using the method de
scribed above to yield 0.67 g (78.7%), mp 183.5 dec. Recrystal
lization from methanol-ether did not change the melting point.

Anal. Calcd for C8H9C1N204: C, 41.31; H, 3.90; Cl, 15.24;
N, 12.04. Found: C, 41.15; H, 3.87; Cl, 15.55; N, 11.80.

Glycine p-Aminophenyl Ester Dihydrochloride.—To a pre
hydrogenated suspension of 100 mg of 10% palladium on char
coal in 2 ml of glacial acetic acid and 80 ml of absolute methanol,
O. 4 g (1.21 mmol) of N-carbobenzoxyglycine p-nitrophenyl 
ester, and 1.12 ml of absolute methanol containing 178 mg (4.87 
mmol) of hydrogen chloride were added. Hydrogenation was 
continued for 5 min, during which time an apparent volume of
81.4 ml of hydrogen was absorbed. The reaction mixture was 
filtered and the filtrate was concentrated to 2 ml under reduced 
pressure. Anhydrous ether was added to the solution until the 
turbidity point was reached. The product, which crystallized 
on standing overnight at —10°, was filtered, washed with an
hydrous ether, and dried under vacuum at 78° to yield 0.211 g 
(74%), mp 237° dec. The absorptions of the carbobenzoxy 
group at 5.9 and of the nitro group at 6.4 and 7.4 ^ were absent 
in the infrared spectrum.

Anal. Calcd for C8H 12C12N20 2: C, 40.05; H, 5.38; Cl, 29.56;
N, 11.68. Found: C, 39.86; H, 5.18; Cl, 29.60; N, 11.41.

L-Phenylalanine p-Nitrophenyl Ester Hydrochloride.—N-Car-
bobenzoxy-L-phenylalanine p-nitrophenyl ester11 (0.76 g, 1.81 
mmol) was hydrogenated in 2 min as described above to yield
O. 47 g (80%), mp 187° dec (recrystallization from methanol- 
ether did not change the melting point), [a]23D 47.0° (c 0.995, 
methanol).

Anal. Calcd for Ci6H 16C1N20 4: C, 55.82; H, 4.69; Cl, 10.99; 
N, 8.68. Found: C, 55.50; H, 4.74; Cl, 11.00; N, 8.71.

a-l-Butyl-L-glutamic Acid p-Nitrophenyl Ester Hydrochloride. 
—A methanolic suspension of 1.68 g (3.67 mmol) of N-earboben- 
zoxy-a-i-butyl-L-glutamic acid p-nitrophenyl ester was hydro
genated, as above, until half of the theoretical amount of hy
drogen had been absorbed to yield 1.04 g (77.7%), mp 128° dec.

(recrystallization from methanol-ether did not change the melting 
point), [tx]23d 2.3° (c 1.89, methanol).

Anal. Calcd for Ci6H2iC1N20 6: C, 49.93; H, 5.87; Cl, 9.83; 
N, 7.78. Found: C, 49.79; H, 5.54; Cl, 9.83; N, 7.91.

N-Carbobenzoxy-L-phenylalanylglycine p-Nitrophenyl Ester. 
—N-Carbobenzoxy-L-phenylalanine (0.597 g, 2 mmol) was dis
solved in 20 ml of ethyl acetate and the solution was cooled to 
— 20°. N-Methylmorpholine (0.22 ml, 2 mmol) and isobutyl- 
chloroformate (0.28 ml, 2.1 mmol) were added consecutively. 
The mixture was stirred at —20° for 15 min and 0.466 g (2 
mmol) of glycine p-nitrophenyl ester hydrochloride and 0.28 ml 
(2 mmol) of triethylamine were also added consecutively and 
stirring was continued for 1 hr at —20°. The mixture was stored 
for 2 hr at —10°. The reaction mixture was concentrated 
under vacuum and then distributed between 80 ml of chloroform 
and 30 ml of water. The chloroform layer was washed with 30 
ml of water, 20 ml of 0.25 N  sodium bicarbonate, 30 ml of water, 
25 ml of 0.5 N  hydrochloric acid, and three times with 30 ml of 
water. The solution was dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The product was crystal
lized from absolute ethanol to yield 0.701 g (73.5%): mp 182- 
183°; [a]23d —19.8° (c 1, dimethylformamide); ir peaks at 5.7 
(active ester), 6.0 (amide I), 6.45 (amide II), and 7.4 ju (nitro 
group).

Anal. Calcd for C25H23N30 ,: C, 62.89; H, 4.86; N, 8.80. 
Found: C, 62.80; H, 4.95; N, 8.71.

N-Carbobenzoxy-L-phenylalanylglycine p-nitrophenyl ester 
was also prepared using glycine p-nitrophenyl ester hydrobromide 
to yield 2.84 g (77.76%): mp 182-183°, [<*]23d -1 9 .2 °  (c 1.92, 
dimethylformamide).

L-Phenylalanylglycine p-Nitrophenyl Ester Hydrochloride.—
A suspension of 0.3 g (0.63 mmol) of N-carbobenzoxy-L-phenyl- 
alanylglycine p-nitrophenyl ester was hydrogenated within 2 
min using methanol as described above to yield 0.2 g (83.9%), 
mp 183.5-184.5° dec. (recrystallization from methanol-ether 
did not change the melting point), [a]23D 19.6° (c 1, methanol).

Anal. Calcd for C„H i8C1N30 5: C, 53.76; H, 4.78; Cl,
9.34; N, 11.06. Found: C, 53.66; H, 5.10; Cl, 9.23; N,
10.52.

Registry No.—II, 6997-15-5; III, 16336-34-8; glycine 
p-nitrophenyl ester hydrochloride, 16336-29-1; glycine 
p-aminophenyl ester dihydrochloride, 16336-30-4; l -  
phenylalanine p-nitrophenyl ester hydrochloride, 16336-
31-5; a-f-butyl-L-glutamic acid p-nitrophenyl ester HC1, 
16336-35-9; N-carbobenzoxy-L-phenylalanylglycine p- 
nitrophenyl ester, 16336-36-0; L-phenylalanylglycine 
p-nitrophenyl ester hydrochloride, 16336-32-6.
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C ycloserin e P ep tid es1

The synthesis of glycyl-DL-cycloserine, DD,LL-alanylcycloserine, and DL,LD-alanylcycloserine has been accom
plished. A cycloserine derivative having the isoxazolidone ring blocked by a trity l group was prepared and shown 
to be a key interm ediate in the synthesis of these compounds.

Our long-standing interest in the chemistry of cyclo
serine and its derivatives has led us to investigate the 
synthesis of cycloserine peptides. It has been estab
lished3 that D-cycloserine (1) inhibits the incorporation 
of D-alanine into the cell wall peptide of certain bacteria 
by inhibition of L-alanine racemase and D-Ala-D-Ala 
synthetase enzymes. It was our intention to synthesize 
D-Ala-D-CS (CS = cycloserine) in order to determine 
its potential as an inhibitor of the synthetase enzyme 
and the results of these efforts are reported in this 
paper.

Several attempts to acylate cycloserine with ap
propriately derivatized amino acids gave complex 
mixtures which were not resolved. This result, ap
parently, is due to the fact that cycloserine exists to a 
large extent as the zwitterion,4 2, making not only the

cyclosalicylidene) was tritylated rapidly in acetone 
with potassium carbonate as acid scavenger giving the 
trityl compound 4. An infrared band at 1710 cm-1 
in the spectrum of this product was consistent with the 
N-alkylated structure 4, since O-alkylation would re
quire the presence of an azomethine group (-N =C -)  
absorbing at lower frequency. Consistent with our 
earlier work6 on the acetylation of 3, was the finding that 
the 2-trityl compound 4 was completely racemized 
during the tritylation. Although thermal racemiza- 
tion of 3 was quite slow6 and its racemization in the 
presence of bases was somewhat faster,7 the 2-substi- 
tuted Schiff bases racemized at rates comparable to 
their rates of formation. This is apparently due to 
rapid enolization of the carbonyl group giving the 
new enol anion 6 and destroying the steric integrity

+

amino group, but also the centers of negative charge in 
the ambident cyclic hydroxamic acid anion available 
for acylation. Derivatization, then, at either of 
these two anionic sites should leave only the amino 
group available to an acylating agent. The sensitivity 
of the isoxazolidone ring to hydrogenolysis and to 
hydrolysis in acid media5 precluded the use of many 
protecting groups commonly used in peptide synthesis. 
We found, however, that the ring was stable to an
hydrous hydrogen bromide in acetic acid and to hot 50% 
aqueous acetic acid, reagents used to remove the trityl 
protecting group. The desired cycloserine derivative 
was, then, a ring-tritylated compound.

In some earlier work, we had prepared some 2- 
alkylated cycloserines; thus, a synthetic sequence, 
shown below, was already in hand for the preparation 
of a 2-trityl cycloserine. The Schiff base6 3 (R = 5-

+

C (C 6 H 5)3 C (C 6 H 5 ) 3

3 4 5

(1) T h is  w o rk  w as s u p p o r te d  b y  a  N a tio n a l A e ro n au tic s  a n d  S pace  
A d m in is tra tio n  T ra in e e sh ip  a n d  is e x tra c te d  from  th e  th e sis  of R . A. P . 
w h ich  w as s u b m it te d  in  p a r t ia l  fu lfillm en t of th e  req u ire m e n ts  fo r a  M a s te r  
of S cience degree , U n iv e rs ity  of G eo rg ia , 1967.

(2) T o  w hom  in q u irie s  sh o u ld  b e  ad d ressed .
(3) (a) J .  L . S tro m in g er, R . H . T h re n n , a n d  S. S. S o c tt , J . A m er. Chem. 

Soc., 81, 3803 (1959); (b) E .  I to  a n d  J . L . S tro m in g er, J .  B io l. Chem ., 237, 
2696 (1962).

(4) J .  B . N ie lan d s , A rch. B iochem . B io p h ys ., 62, 151 (1956).
(5) F . A . K u eh l, et al., J .  A m er. Chem. Soc., 77 , 2344 (1955); P . H . H id y , 

et al., ib id ., 2345 (1955).
(6) C . H . S ta m m e r  a n d  J .  D . M c K in n ey , J .  Org. Chem ., 30, 3436 (1965).

b a s e v -h -C H R

°SN>
I

C(C6H6)3

6

/-N =C H R

O 
7

of the asymmetric center at the 4 position.8 Enoli
zation of this type is kinetically unfavorable in 3 since 
the formation of enolate 7 is preferred; consequently, 
3 is racemized much more slowy than 4.

The racemic Schiff base 4 was then readily converted 
into the desired blocked cycloserine 5 by careful acid 
hydrolysis. The treatment of 5 with ca. 1 N  HBr in 
glacial acetic acid gave, as shown by paper chroma
tography, cycloserine as the sole product.9 With 5 in 
hand we had the blocked cycloserine necessary to the 
successful synthesis of the desired peptides.

We proceeded to couple 5, using the mixed anhydride 
procedure,10 with N-trityl-, N-f-butoxy carbonyl- and 
N-trifluoroacetylglycine. Each of the resulting blocked 
dipeptides was a crystalline, readily characterizable 
substance having acceptable elemental analyses11 and 
spectra consistent with the proposed structures 8. 
Both 8a and b were smoothly converted into the

(7) U n p u b lish ed  re su lts .
(8) T h e  a sy m m e tr ic  c e n te r  in  4  is f lan k ed  b y  c a rb o n y l a n d  a z o m e th in e  

g ro u p s as is th e  a sy m m e tr ic  ce n te r  of a z lac to n es . M . G o o d m an  a n d  co
w orkers (A b stra c ts , 154 th  N a tio n a l M ee tin g  of th e  A m erican  C hem ica l 
S ocie ty , C h icago , 111., S e p t 1967, p  345) h a v e  sh o w n  t h a t  th e se  co m p o u n d s 
v e ry  ra p id ly  racem ize  in  th e  p resen ce  of bases.

(9) I f  th e  H B r  c o n c e n tra tio n  w as to o  h ig h  o r  th e  d eb lock ing  rea c tio n  w as 
allow ed  to  p ro ceed  too  long , a  second  n in h y d r in  p o s itiv e  m a te r ia l w as fo rm ed  
w hich  h a d  th e  sam e R {  as  se rin e  am id e . S ince  i t  is difficu lt, m e ch an is tic a lly , 
to  ra tio n a liz e  th e  fo rm a tio n  of th is  p ro d u c t fro m  cyc lo serine  a n d  H B r/H O A c , 
w e a re  in v e stig a tin g  th is  fu r th e r.

(10) N . Iz u m iy a  a n d  J .  P . G reen s te in , A rch . B iochem . B io p h ys ., 52, 203 
(1954).

(11) A g re a t d ea l of d ifficu lty  w as expe rienced  in  o b ta in in g  a c c e p ta b le  
v a lu es  on  2 - tr i ty l  cyc lo serine  d e r iv a tiv e s . S ince th e  co m p le tio n  of th is  w ork , 
w e h a v e  fo u n d  t h a t  p u rif ic a tio n  of 5 th ro u g h  its  f ree  b a se  reduces th e se  p ro b 
lem s.
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0

RNHC2CNHn

I— I
O ^ -N - 0

C (C 6H 5 ) 3

8 a ,R  =  f -B 0 C
b , R = ( C 6 H 6 ) 3 C—

/ /°
c ,  R  =  C F 3 C —

crystalline dipeptide hydrobromide 9 with HBr- 
HOAc, as expected. Attempts to remove only the 
i-butoxycarbonyl (i-BOC) group from 8a using hydro
gen chloride in aprotic solvents failed to afford tractable 
products and the deblocking of 8c in basic solution 
also failed. We had hoped to prepare the 2-trityl dipep
tide by these means so that the peptide chain might be 
extended before detritylation. We did find that 9 itself 
could be benzoylated, albeit in low yield, using the 
standard Schotten-Baumann benzoylation conditions 
giving N-benzoylglycyl-DL-cycloserine. Possibly the 
peptide chain can be extended by direct acylation of 9 
at high pH using the appropriate amino acid deriva
tives.

The dipeptide hydrobromide 9 rapidly cyclized at 
room temperature to the aminoxymethyl-2,5-piperazine- 
dione (10) when neutralized with Amberlite IR-4B,

0
+ II 
N H 3 C H 2 C N H  
Br~ y — 1

H

a weakly basic resin. This rearrangement was not 
altogether unexpected, since it is known that dipeptide 
esters12 also slowly ring close to give piperazinediones.13 
The high rate at which 9 was converted14 into 10 is 
another indication of the acylating power of the isox- 
azolidone ring. The piperazine derivative 10 was 
readily characterized by spectral and analytical data 
and the presence of the aminoxy function was shown 
by its conversion into a p-nitrobenzylidene derivative.

The required “protected” cycloserine (5) now in 
hand, we attacked the problem of alanylcycloserine 
synthesis. This was, of course, complicated by the 
fact that our blocked cycloserine was racemic and would 
afford diastereomeric mixtures on coupling with both 
active and racemic amino acid derivatives.16 When 5 
was coupled with f-BOC-DL-alanine, two racemic 
diastereomers were obtained, 11a and b, each of which 
could be deblocked to give an alanylcycloserine salt, 
12a and b. Two 2,5-piperazinediones, 13a and b, were 
formed when these dipeptide salts were neutralized. 
We tentatively assigned the cis  configuration to 13a and 
the tran s  configuration to 13b based on an examination 
of Dreiding models and a comparison of melting points. 
We might expect the higher melting diastereomer (13a)

(12) J .  P . G reen s te in  a n d  M . W in itz , " C h e m is try  of A m ino  A cid s ,”  Vol. 2, 
J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1961, p  796.

(13) T h e  ra p id  fo rm a tio n  of 10 from  9 a t  n e u tra l  p H  also te n d s  to  s u p p o r t 
a n  ea rlie r  sp e c u la tio n 8 t h a t  a n  am in o x y a lan y lcy c lo se rin e  d e r iv a tiv e  is in te r 
m e d ia te  in  cy c lo se rin e  d im er fo rm a tio n .

(14) T h e  e lu a te  from  th e  res in  co lu m n  w as n in h y d rin  n e g a tiv e  a lm o s t 
im m e d ia te ly  a f te r  co llec tion .

(15) F o r  b io log ica l te s t in g  p u rp o ses , how ever, w e fe lt i t  a d v a n ta g e o u s  to  
m a k e  a ll th e  p o ss ib le  isom ers.

c h 3

i-B O C — N H C H C O N H .

O'

1 1 a , mp 164° 
b, mp 248°

y  i
•N "°
I

C (C 6 H 5 ) 3

c h 3

N H nC H C O N H . 
Br~ 1 1 O ^ N ^0 

H

12 a,b

c h 3-
H h

NN ^O

0 ’î ^ n >t ” CH2ONH2 
H H

13a, mp >300° 
b, mp 196°

to have the more symmetrical molecule. The large 
amount of double-bond character16 in the amide C-N  
bond causes the 2,5-piperazinedione ring to exist in a 
quasi-boat conformation which places the 3 and 6 
substituents in either quasi-axial or quasi-equatorial 
positions. In cis  13, then, the 3,6 substituents should 
both reside in gwasf-equatorial17 conformations giving 
a more symmetrical structure than tran s  13 which 
necessarily has one substituent quasi-equatorial and 
the other qu asi-ax ia l. Thus 13a, the high melting 
isomer, should have the cis  configuration.18 Further 
work supported this assignment.

When f-BOC-D-alanine was coupled with 2-trityl- 
DL-cycloserine (5), a mixture of diastereomeric peptides 
was again obtained. These were not separable by 
fractional crystallization and the mixture was converted 
directly through deblocking and resin treatment into 
a mixture of piperazinediones. Recrystallization of 
this mixture afforded a product melting at about 300°, 
[ a ] D  + 21.3°. The high melting point of this material 
indicates a cis  configuration and the positive optical 
rotation supported this conclusion, since the dimer 
of D-cycloserine, cis-3,6-bisaminoxymethyl-2,5-piper- 
azinedione, also has a positive rotation.19 If these 
structural assignments are correct, then the blocked 
dipeptide 11a must be the d d , l l  racemate and l i b  is 
the d l ,l d  racemate.

The recent work of Halpern and coworkers20 pro
vided confirmation for these assignments. We found 
that the methyl resonances of 11a and b  occurred at 74 
and 70 cps, respectively, indicating that 11a was the 
d d ,l l  isomer since its methyl resonance was the more 
deshielded. Thus, the three pieces of evidence used 
to deduce the configurations of the alanyl dipeptides, 
12a ( d d , l l )  and b  ( d l , l d ) ,  are consistent and constitute

(16) R . C . E ld erfie ld , "H e te ro c y c lic  C o m p o u n d s ,” Vol. 6, J o h n  W iley  a n d  
S ons, In c ., N ew  Y o rk , N .Y ., 1957, p  440.

(17) T h e  m odels show  la rg e  " fla g p o le -fla g p o le” in te ra c t io n s  w h en  th e  
s u b s t itu e n ts  a re  q u as i-a x ia l.

(18) A re c e n t re p o r t  b y  K . D . K o p p le  a n d  D . H . M a rr , J .  A m er. Chem . 
Soc., 89, 6193 (1967), in d ica te s  t h a t  in  3 -benzy l-2 ,5 -p ip eraz in ed io n es  th e  
p ip e raz in e  rin g  is f la t. T h is  m a y  b e  d u e  to  in te ra c t io n s  p ec u lia r  on ly  to  th is  
sy s te m  a n d  does n o t in v a lid a te  ou r a rg u m e n ts  in v o k in g  th e  sy m m e try  of th e  
cis  a n d  trans  isom ers, 13a a n d  b.

(19) H . B ro c k m a n n  a n d  H . M u sso  [Chem. B er., 89 , 241 (1965)] re p o r te d  a  
p o s itiv e  ro ta t io n  fo r c is-D D -3 ,6 -d im ethy l-2 ,5 -p iperazined ione  (from  D -ala- 
n ine) a n d  a  m e ltin g  p o in t (2 8 8 -2 9 0 °) g re a te r  th a n  t h a t  of th e  trans  co m p o u n d  
(27 7 -2 7 8 °).

(20) B . H a lp e rn , L . F . C hew , a n d  B . W e in s te in , J .  A m er. Chem . Soc., 89, 
5051 (1967); B . H a lp e rn , D . E . N ite ck i, a n d  B . W e in s te in , Tetrahedron L e tt., 
3075 (1967). I n  som e te n  d ip e p tid e s , th e se  w orkers  fo u n d  th e  dd,ll isom ers  
to  h a v e  th e  a la n in e  m e th y l re so n an ce  som e 5 -1 0  cp s  dow nfield  of th e  dl,ld 
co m p o u n d .
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a strong case for our assignments. We were unable 
to characterize 12a and b, other than through their 
conversions into piperazinediones 13a and b since the 
dipeptides were amorphous highly hydroscopic solids.

Experimental Section
N-(5-Chlorosalicylidene)-D-cycloserine,6 N-triphenylmethyl- 

glycine,21 N-i-butoxycarbonylglycine,22 N-f-butoxycarbonyl-DL- 
alanine,22 N-f-butoxycarbonyl-D-alanine,21 and N-trifluoroacetyl- 
glycine23 were prepared according to known methods. All 
melting points were taken on a Nalge hot stage and are corrected. 
Infrared spectra were determined either on a Perkin-Elmer Model 
137 or Model 237B spectrometer; ultraviolet spectra were 
determined on a Perkin-Elmer Model 202 ultraviolet-visible 
spectrometer; and nmr spectra were determined on a Varian 
Associates Model A-60 nmr spectrometer. All microanalyses 
were performed by Midwest Microlab, Inc., Indianapolis, Ind.

N-(5-Chlorosalicylidene)-2-triphenylmethyl-DL-cycloserine (4). 
-—To a solution of 4.82 g (20 mmol) of N-(5-chlorosalicylidene)- 
D-cycloserine in 100 ml of purified acetone24 25 in a 250-ml, round- 
bottomed flask stirred magnetically and protected with a Drierite 
tube was added 3.04 g (22 mmol) of anhydrous powdered potas
sium carbonate. The suspension was stirred at room temperature 
for 5 min, 6.14 g (22 mmol) of triphenylmethyl chloride was 
added, and stirring was continued at room temperature for 2.5 
hr. The resulting suspension was centrifuged and the super
natant liquid was concentrated to an oil in vacuo. The residual 
oil was dissolved in ca. 50 ml of anhydrous ether from which crys
tals immediately began to form. Filtration gave 7.43 g of yellow 
prisms, mp 155-167°. The filtrate afforded a second crop weigh
ing 0.75 g (87% total yield). An analytical sample was prepared 
by recrystallization from acetone-methanol: mp 166-167°; uv 
(C H C I 3 ), 246 him (e 15,090), 256 (13,140), and 339 (4702); ir (Nu- 
jol), 1710 (C = 0 ), 1625 (C =N ), 825 (C-Cl), 750-650 cm" 1 (aro
matic); nmr (CDC13), 5 4.4 (m, 3, cycloserine ring), 6.9 (d, 3), 7.3 
(m, 15, (CcHshC-), and 8.22 ppm (s, 1, -C H = ). Anal. Calcd 
for C29H2,N20,C1: C, 72.21; H, 4.77; N, 5.81; Cl, 7.31.
Found: C, 71.89; H, 4.72; N, 6.10; Cl, 7.52.

2-Triphenylmethyl-D L-cycloserine Hydrochloride (5).—To a 
solution of 4.71 g (9.78 mmol) of N-(5-chlorosaIicylidene)-2- 
triphenylmethyl-D L-cycloserine in 200 ml of dry DM E26 stirred 
magnetically was added dropwise 0.89 ml (11 mmol) of concen
trated hydrochloric acid. The solution was stirred a t ambient 
temperature for 30 min while the color changed from deep to 
light yellow and was evaporated to dryness in vacuo giving a 
yellow amorphous solid which was subsequently stirred magneti
cally in 100 ml of dry ether for 3 hr. Filtration gave 3.48 g (94% 
yield) of white amorphous solid.

An analytical sample was necessarily prepared by adding 
0.38 g (1.0 mmol) of the product to 20 ml of 1% aqueous sodium 
bicarbonate and extracting the mixture with three 20-ml portions 
of methylene chloride. The combined organic layers were 
washed with 10 ml of saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate, and filtered, and the filtrate 
was evaporated to dryness in vacuo. The residue was dissolved 
in 50 ml of dry ether. The solution was cooled in an ice bath and 
anhydrous hydrogen chloride was passed over the surface of the 
cold solution causing a white precipitate to form immediately. 
The suspension was stirred for 5 min and filtered giving 0.22 g 
(58% yield) of white amorphous solid. A sample was recrystal
lized from methanol-ether for analysis: mp 149-152°, uv (CH3- 
OH), 210 mM (« 27,280), 237 (9120), and 265 (3294); ir (Nujol), 
1700 (C = 0 ), and 800-650 cm-1 (aromatic); nmr (acetone-d6-  
D20), S 5.5 (m, 3, cycloserine ring) and 7.3 ppm (m, 15, (C6H5)3- 
C-). Anal. Calcd for C22H21N20 2C1: C, 69.37; H, 5.56;
N, 7.36; Cl, 9.31. Found: C, 69.09; H, 5.84; N, 7.21; Cl, 
9.07.

(21) L . Z ervas  a n d  D . M . T h e o d o ro p o u la s , J .  A m er. Chem . Soc ., 78, 1359 
(1956).

(22) R . S chw yzer, P . S ieber, a n d  H . K op p e le r, H elv. C him . A cta , 42 , 2622 
(1959).

(23) F . W e y g an d  a n d  R . G eiger, Chem . Ber., 89 , 647 (1956).
(24) T h e  ac e to n e  w as pu rif ied  b y  reflux ing  re a g e n t g ra d e  a c e to n e  o ver 

p o ta ss iu m  p e rm a n g a n a te  fo r 24 h r , d is tillin g  i t  fro m  th e  p o ta ss iu m  p e r
m a n g an a te , a n d  d ry in g  i t  o v e r a n h y d ro u s  p o ta ss iu m  c a rb o n a te .

(25) D M E  =  1 ,2 -d im e th o x y e th an e . T h e  D M E  w as d rie d  b y  reflux ing  i t
over a n d  d is tillin g  i t  from  sod ium .

An acceptable analysis could not be obtained by several re
crystallizations from methanol-ether of the crude hydrolysis 
product.

N-f-Butoxycarbonylglycyl-2-triphenylmethyl-D L-cycloserine 
(8a).—To a solution of 1.05 g (6.0 mmol) of f-butoxycarbonyl- 
glycine in 150 ml of dry ethyl acetate in a 250-ml, round-bottomed 
flask protected with a “ Drierite” tube, stirred magnetically 
and held a t —10°, was added 0.93 m? (6.6 mmol) of triethylamine 
and 0.87 ml (6.6 mmol) of isobutyl chloroformate. A white 
precipitate formed immediately and the suspension was stirred 
at —10° for 30 min. To this suspension was added 2.28 g (6.0 
mmol) of 2-triphenylmethyl-DL-cycloserine hydrochloride and 
0.87 ml (6.2 mmol) of triethylamine, the ice bath was removed, 
and the suspension was stirred at room temperature for 18 hr. 
The precipitated triethylamine hydrochloride (1.74 g) was 
removed by filtration. The filtrate was concentrated to an oil 
in vacuo which was dissolved in ca. 25 ml of dry ether. The 
white crystals which formed were collected by filtration (2.90 g, 
96% yield), mp 204-206°. An analytical sample was prepared 
by recrystallization from DME-petroleum ether (bp 30-60°): mp 
201-203°; ir (Nujol), 1715 (C = 0 , ring), 1695 (C = 0 , urethan), 
1670 (C = 0 , amide I), 1550 (amide II), and 775-675 cm-1 
(aromatic); nmr (acetone-d6), & 1.4 (s, 9, (CH3)3C-), 3.7-4.5 
(m, 5, cycloserine ring and -C H 2-)  and 7.3 ppm (m, 15, (C6H5)3- 
C-). Anal. Calcd for CMH31N3O5: C, 69.44; H, 6.23; N,
8.38. Found: C, 69.11; H, 6.40; N, 8.43.

N-Triphenylmethylglycyl-2-triphenylmethyl-D L-cycloserine 
(8b).—A so lu tio n  of 2 -trip h en y lm e th y l-D L -cy c lo se rin e  free  base  
in  d r y 26 e th y l  a c e ta te  w as p re p a re d  b y  a d d in g  0 .38  g (1 .0  m m o l) 
of 2 -trip h en y lm e th y l-D  L -cycloserine h y d ro c h lo rid e  to  20  m l of
1  % aqueous sodium bicarbonate and extracting the mixture with
four 20-ml portions of methylene chloride. The combined organic 
layers were dried over anhydrous magnesium sulfate and filtered, 
and the filtrate was evaporated to dryness in vacuo. The residue 
was dissolved in 20 ml of dry ethyl acetate and the solution was 
filtered before use. Simultaneously with the above procedure, 
0.32 g (1.0 mmol) of N-triphenylmethylglycine was dissolved in 
25 ml of dry ethyl acetate in a 50-ml round-bottomed flask 
protected from moisture with a Drierite tube and stirred mag
netically. This solution was cooled to —10° and 0.154 ml (1 .1  
mmol) of triethylamine and 0.145 ml (1.1 mmol) of isobutyl 
chloroformate was added. A precipitate formed immediately 
and the mixture was stirred for 20 min at —10°. The precipitated 
triethylamine hydrochloride was removed by filtration and 
washed with 15 ml of dry ethyl acetate. To the combined filtrate 
and washing in a 100-ml, round-bottomed flask protected with 
a Drierite tube and magnetically stirred was added the above 
solution of 2-triphenylmethyl-D L-cycloserine and the resulting 
solution was stirred for 20 hr a t ambient temperature during which 
time the product crystallized. Filtration afforded 0.43 g (67% 
yield) of white crystals, mp 250-253°. A second crop weighed 
0.05 g (75% yield). An analytical sample was prepared by re
crystallization from chloroform-propanol: mp 255-256°; ir
(Nujol), 1720 (C = 0 , ring), 1660 (C = 0 , amide I), 1520 (amide 
II), and 800-675 cm-1 (aromatic); nmr (CDC13), S 3.0 (s, 2, 
—CH2—), 4.6 (m, 3, cycloserine ring), and 7.3 ppm (m, 30, 
(CsHsjaC-). Anal. Calcd for C43H37N303: C, 80.22; H, 5.79; 
N, 6.53. Found: C, 78.30; H, 5.73; N, 6.80.

N-Trifluoroacetylglycyl-2-triphenylmethyl-D L-cycloserine (8c). 
—A solution of 2-triphenylmethyl-DL-cycloserine in dry methyl
ene chloride was prepared by adding 0.38 g (1.0 mmol) of 2- 
triphenylmethyl-D L-cycloserine hydrochloride to 20 ml of 1% 
aqueous sodium bicarbonate and extracting the mixture with 
four 20-ml portions of methylene chloride. The combined organic 
layers were dried over anhydrous magnesium sulfate and filtered, 
and the filtrate was evaporated to dryness in vacuo. The residue 
was dissolved in 20 ml of dry methylene chloride. To this solu
tion in a 50-ml, round-bottomed flask protected with a Drierite 
tube and stirred magnetically was added 0.17 g (1.0 mmol) of 
trifluoroacetylglycine and 0.19 g (0.92 mmol) of N,N'-dicyclo- 
hexylcarbodiimide. All the solid dissolved immediately and after
2 min a precipitate formed. Stirring was continued at room 
temperature for 4 hr and the solid, weighing 0.13 g was removed 
by filtration. The filtrate was evaporated in vacuo and 15 ml of 
ether was added to the residue. An insoluble solid (0.05 g) 
was removed by filtration and 10 ml of petroleum ether (bp 
30-60°) was added to the filtrate causing the formation of 0.38 
g (83%) of white crystals, mp 126-131°. An analytical sample

(26) T h e  e th y l a c e ta te  w as d ried  o ver m o lecu la r sieves (L in d e  T y p e  4A ).
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was prepared by recrystallization from benzene-petroleum ether: 
mp 153-156°; ir (Nujol), 1725 (C = 0 , ring) 1685 (C = 0 , 
acetyl), 1655 (C = 0 , amide I) 1555 (amide II), 1180 (C-F), 
and 750-675 cm-1 (aromatic); nmr (acetone-d6), & 3.0 (s, 2, 
-C H 2-), 4.2 (m, 3, cycloserine ring), and 7.3 ppm (m, 18, 
(C6H5)3C - and benzene). Anal. Calcd for C26H22N3O4F3■ 
y 2C,H6: C, 64.92; H, 4.70; N, 7.83. Found: C, 64.70; H, 
5.20; N, 7.93.

The elemental analysis of this compound was a function of the 
temperature and duration of drying in vacuo. Variable amounts 
of benzene (see nmr data) were apparently present in the analyti
cal samples. The analysis reported here is the most acceptable 
one obtained.

N-Glycyl-DL-cycloserine Hydrobromide (9). A.—To a stirred 
suspension of 4.00 g (6.22 mmol) of N-triphenylmethylglycyl-2- 
triphenylmethyl-DL-cycloserine in 20 ml of glacial acetic acid 
was added 20 ml of 1 V  hydrogen bromide27 in glacial acetic 
acid. All the solid dissolved within 3 min followed by the 
immediate precipitation of a granular solid. The suspension 
was stirred at room temperature for 5 min more and was poured 
slowly into 300 ml of dry ether which was magnetically stirred. 
The white suspension was stirred for 30 min at room temperature 
and filtered, affording 1.50 g (100% yield) of a white, amorphous, 
hygroscopic solid. Further purification was obtained by dissolv
ing the solid in 30 ml of dry ethanol and slowly adding 75 ml of 
dry ether, causing the precipitation of 1.25 g of amorphous solid; 
the ir spectrum (Nujol) showed bands at 1725 (C = 0 , ring), 
1690 (C = 0 , amide I), and 1555 cm-1 (amide II).

B.—To a stirred suspension of 2.00 g (4.0 mmol) of N-f- 
butoxycarbonylglycyl-2-triphenylmethyl-DL-cycloserine in 20 ml 
of glacial acetic acid in a 50-ml erlenmeyer flask was added 13 
ml of 1 A7 hydrogen bromide in glacial acetic acid. All the solid 
did not dissolve before a granular solid precipitated. The 
suspension was stirred at room temperature for 5 min and was 
poured slowly into 300 ml of dry ether magnetically stirred. 
The white suspension was stirred for 1 hr at room temperature 
and filtered, affording 1.04 g (108% yield) of slightly pink, 
amorphous, hygroscopic solid. The infrared spectrum of a sample 
obtained by dissolving the crude product in ethanol followed by 
addition of ether was identical with that of the sample from pro
cedure A.

N-Benzoylglycyl-DL-cycloserine.—To 3.4 ml (3.3 mmol) of 
0.965 N  aqueous sodium hydroxide in a round-bottomed flask 
was added 240 mg (1 mmol) of N-glycyl-DL-cycloserine hydro
bromide. To this solution was added 0.13 ml (1.1 mmol) of 
benzoyl chloride. The flask was stoppered and shaken vigorously 
for 5 min, during which time heat was evolved. The solution was 
diluted with 7 ml of water, extracted with two 15-ml portions of 
ethyl acetate, and diluted with 10 ml of ethanol. After 1 hr, 
the solvent was removed in vacuo, the residue as dissolved in 
10 ml of water, acidified to pH 4.5 with acetic acid, and extracted 
with two 10-ml portions of ethyl acetate. The combined organic 
layers were dried over anhydrous magnesium sulfate and filtered, 
and the solvent was evaporated in vacuo giving 0.11 g (42% yield) 
of a white solid, mp 173-177°. An analytical sample was pre
pared by several recrystallizations from ethanol: mp 196-198°; 
ir (Nujol), 1695 (C = 0 , ring), 1650 (C = 0 , amide I, peptide), 
1635 (C = 0 , amide I, aromatic), and 1530 cm-1 (amide II). 
Anal. Calcd for C12H13N3O4: C, 54.75; H, 4.98; N, 15.96. 
Found: C, 54.34; H, 5.26; N, 15.58.

D L-3-A m inoxym ethyl-2,5-piperazinedione (10).—A solution of 
0.32 g (1.3 mmol) of N-glycyl-DL-cycloserine hydrobromide in 
75 ml of water was passed through a neutral column of 15 ml 
(37.5 mequiv) of Amberlite IR-4B. The column was washed 
with 75 ml of water and the combined effluents were lyophilized, 
giving 0.14 g (90% yield) of white powder. An analytical 
sample was prepared by recrystallization from water-ethanol: 
mp 300°; ir (Nujol), 1670 (C = 0 ), 1335 (C-O), and 1010 cm-1 
(N-O). Anal. Calcd for CsHoNsCb: C, 37.74; H, 5.70; N, 
26.40. Found: C, 37.53; H, 5.94; N, 26.10.

DL-3-[N-(4-Nitrobenzylidene)aminoxymethyl] -2,5-piperazine- 
dione.—A suspension of 97.7 mg (0.614 mmol) of 3-DL-aminoxy- 
methyl-2,5-piperazinedione and 93.0 mg (0.615 mmol) of 4- 
nitrobenzaldehyde in 5 ml of dry methanol was stirred magneti
cally for 1 hr at room temperature. The solvent was evaporated 
in vacuo, the residue was dissolved in 6 ml of hot DMF, the

(27) T h e  1 N  h y d ro g e n  b ro m id e  in  ac e tic  ac id  w as p re p a re d  b y  d ilu tin g  60 
m l of 3 0 -3 2 %  h y d ro g e n  b ro m id e  in  ac e tic  ac id  (o b ta in ed  from  E a s te rn  
O rgan ic  C hem ica ls , C o .) to  210 m l w ith  g lacial a c e tic  ac id .

solution was centrifuged, and 4 ml of water was added to the 
supernatant liquid. The white crystals which formed were 
recrystallized several times from DMF-water: mp 243-244°; 
ir (Nujol), 1675 (C = 0 ), 1520 (C =N ), 1350 (C-O), and 1020 
cm-1 (N-O).

N -f-Butoxycarbonyl-D L-alanyl-2-triphenylm ethyl-D L-cycloserine 
( l l a ,b ) .—To a solution of 2.84 g (15 mmol) of f-butoxycarbonyl- 
DL-alanine in 250 ml of dry ethyl acetate in a 500-ml, round- 
bottomed flask protected from moisture with a Drierite tube, 
stirred magnetically and held at —10°, was added 2.35 ml (16.5 
mmol) of triethylamine and 2.20 ml (16.5 mmol) of isobutyl 
chloroformate. A white precipitate formed immediately and the 
suspension was stirred at —10° for 25 min. To this suspension 
was added 2.35 ml (16.5 mmol) of triethylamine and 5.71 g 
(15 mmol) of 2-triphenylmethyl-DL-cycloserine hydrochloride, 
the ice bath was removed, and the suspension was stirred at 
room temperature for 18.5 hr. The precipitated solid (6.46 g) 
was removed by filtration and the filtrate was concentrated to an 
oil in vacuo. The residue was dissolved in 25 ml of ether from 
which 4.60 g (60% of theory) of white crystals formed, mp 
164-166°. An analytical sample was prepared by repeated 
recrystallization from diethylene glycol-dimethyl ether- 
petroleum ether: mp 191-193°; ir (Nujol), 1755 (C = 0 , ring), 
1680 (C==0, urethan), 1665 (C = 0 , amide I), 1525 (amide II), 
and 775-700 cm-1 (aromatic); nmr (CDC13), S 1.2 (d, 3, 
-CH 3), 1.4 (s, 9, -C H 3), 3.0 (m, 1, -C H = ), 4.5 (m, 3, cycloserine 
ring), 5.3 (d, 1, urethan NH), 6.85 (broad singlet, 1, amide 
NH), 7.3 ppm (m, 15, (CeHs^C-). This racemate has been 
assigned the structure of DD,LL-N-f-butoxycarbonylalanyl-2-tri- 
phenylmethylcycloserine ( 1 1 a ) .  Anal. Calcd for C30H33N3O5: 
C, 69.88; H, 6.45; N, 8.15. Found: C, 68.86; H, 6.77;
N, 8.07.

The solid filtered from the reaction mixture was washed with 
four 50-ml portions of water to remove the triethylamine hydro
chloride and dried giving 2.78 g (36% of theory) of a white solid, 
mp 240-242°. An analytical sample was prepared by repeated 
recrystallization from DMF-ethanol-water (10:10:2): mp
247-248°; ir (Nujol), 1710 (C = 0 , ring), 1685 (C = 0 , urethan), 
1665 (C==0, amide I), 1535 (amide II), and 705 cm“ 1 (aromatic); 
nmr (dimethylsulfoxide-de), 5 1.2 (d, 3 -CH 3), 1.4 (s, 9, (CH3)3- 
C-), 4.2 (m, 3, cycloserine ring), 7.3 ppm (s, 15 H, (CsHs^C-). 
This racemate has been assigned the structure of DL,LD-N-f-bu- 
toxycarbonylalanyl-2-triphenylmethylcycloserine ( l i b ) .  Anal. 
Calcd for C30H33N3O5: C, 69.88; H, 6.45; N, 8.15. Found:
C, 69.13; H, 6.58; N, 8.51.

rac-cis-3-Aminoxymethyl-6-methyl-2,5-piperazinedione (13a).
—To a suspension of 2.06 g (4.0 mmol) of DD,LL-f-butoxy- 
carbonylalanyl-2-triphenylmethylcycloserine ( 1 1 a )  in 20 ml of 
glacial acetic acid stirred magnetically was added 15 ml of 1 A7 
hydrogen bromide in glacial acetic acid. The suspension was 
stirred at room temperature for 5 min and poured slowly into 300 
ml of dry ether magnetically stirred. The white suspension was 
stirred for 1 hr at room temperature and filtered, affording 0.58 
g (57% yield) of slightly pink, amorphous, hygroscopic solid. 
The solid was dissolved in 100 ml of water and passed through a 
column of 16 ml (40 mequiv) of Amberlite IR-4B. The column 
was washed with 100 ml of water and the combined effluents 
were lyophilized giving 0.32 g (81% yield) of a white amorphous 
solid. An analytical sample was prepared by recrystallization 
from methanol: mp >300°; ir (Nujol), 1690 (C = 0 ), 1340
(C-O), 1010 cm-1 (N-O). Anal. Calcd for C6H 11N3O3: C, 
41.62; H, 6.40; N, 24.26. Found: C, 41.90; H, 6.69; N, 
24.13.

rac-CTS-3-[N-(4-Nitrobenzylidene)aminoxymethyl] -6-me thyl-2 ,-
5-piperazinedione.—A suspension of 17.3 mg (0.10 mmol) of 
rac-c»s-3-aminoxymethyl-6-methyl-2,5-piperazinedione (13a) and
15.2 mg (0.10 mmol) of 4-nitrobenzaldehyde in 0.2 ml of water 
and 5 ml of methanol was stirred magnetically for 1 hr at room 
temperature. The solvent was evaporated in vacuo, the residue 
was dissolved in 3 ml of hot DMF and centrifuged, and 10 ml of 
water was added to the supernatant liquid. The white crystals 
which formed were recrystallized from DMF-water and washed 
with ethanol: mp 220- 222°; ir (Nujol), 1685 (C = 0 ), 1515 
(C =N ), 1340 (C-O), and 1005 cm-1 (N-O). Anal. Calcd for 
C,3H hN40 5: C, 50.98; II, 4.61; N, 18.29. Found: C, 50.45; 
H, 5.15; N, 18.35.

rac-frans-3-Aminoxymethyl-6-methyl-2,5-piperazinedione ( 13b).
— T o a suspension of 1 .6 5  g (3 .2  m m ol) of D L,LD -N -i-butoxy- 
carbonylalanyl-2-triphenylm ethylcycloserine (lib ) in 15  m l of 
glacial acetic acid stirred m agnetically  w as ad d ed  12  m l o f 1  N
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hydrogen bromide in glacial acetic acid. The suspension was 
stirred at room temperature for 4 min and poured slowly into 
225 ml of dry ether which was stirred magnetically. The white 
suspension was stirred for 1.5 hr a t room temperature and filtered, 
affording 0.55 g (68% yield) of white, amorphous, hygroscopic 
solid. The solid was dissolved in 100 ml of water and passed 
through a column of 12 ml (30 mequiv) of Amberlite IR-4B. 
The column was washed with 100 ml of water and the combined 
effluents were lyophilized, giving 0.40 g (106% yield) of a white 
amorphous solid which exhibited a negative halogen test with 
silver nitrate. An analytical sample was prepared by recrys
tallization from methanol: mp 195-196°; ir (Nujol), 1690 
(C = 0 ), 1330 (C-O), and 1080 cm-1 (N-O); nmr (dimethyl- 
sulfoxide-de), 5 1.3 (d, 3, -CH 3), 3.7 (broad multiplet), and 8.1 
ppm (broad doublet, -N H ). Anal. Calcd for C6HnN30 3: C, 
41.62; H, 6.40; N, 24.26. Found: C, 41.86; H, 6.63; N, 
23.98.

rac-trans-3- [N-(4-Nitrobenzylidene )aminoxymethyl] -6-methyl- 
2,5-piperazinedione.—A suspension of 17.5 mg (0.10 mmol) 
of rac-fra?is-3-ammoxymethyl-6-methyl-2,5-piperazinedione and
15.2 mg (0.10 mmol) of 4-nitrobenzaldehyde in 0.2 ml of water 
and 5 ml of methanol was stirred magnetically for 1.5 hr at 
room temperature. The solvent was evaporated in vacuo, the 
residue was dissolved in 2 ml of hot DMF and centrifuged, and 
water was added to the supernatant liquid until it was slightly 
turbid. The crystals which formed were recrystallized from 
DMF-water: mp 244-245°; ir (Nujol), 1680 (C = 0 ), 1665, 
(C = 0 , hydrogen bonded), 1335 (C-O), and 970 cm-1 (N-O). 
Anal. Calcd for Ci3HhN405: C, 50.98; H, 4.61; N, 18.29. 
Found: C, 50.70; H, 4.80; N, 18.24.

N-i-Butoxycarbonyl-D-alanyl-2-triphenylmethyl-DL-cycloserine. 
—To a solution of 2.84 g (15 mmol) of f-butoxycarbonyl-D-alanine 
in 250 ml of dry ethyl acetate in a 500-ml, round-bottomed 
flask protected from moisture with a Drierite tube, stirred 
magnetically and held at —10°, was added 2.35 ml (16.5 mmol) 
of triethylamine and 2.20 ml (16.5 mmol) of isobutyl chloro- 
formate. A white precipitate formed immediately and the sus
pension was stirred at —5° for 25 min. To this suspension was 
added 2.35 ml (16.5 mmol) of triethylamine and 5.71 g (15 mmol) 
of 2-triphenylmethyl-DL-cycloserine hydrochloride, the ice bath 
was removed, and the suspension was stirred at room temperature 
for 16.5 hr. The solid, weighing 4.24 g, was removed by filtra
tion, the filtrate was evaporated in vacuo, and the residue was 
dissolved in 25 ml of ether. No crystals formed and the solution 
was filtered and concentrated to an oil under a stream of an
hydrous nitrogen, and the residue was covered with 60 ml of 
petroleum ether (bp 30-60°). Upon cooling and scratching, the

oil solidified giving 7.13 g (92% yield) of a white amorphous 
solid, [a]27d +9 .4° (c 2.04, CHC13). Crystallization attem pts 
from standard solvent systems were unsuccessful.

Optically Active Mixture of d d - c i s -  and LD-frons-3-Aminoxy- 
methyl-6-methyl-2,5-piperazinediones.—To a solution of 5.15 g 
(10 mmol) of crude N-f-butoxycarbonyl-D-alanyl-2-triphenyl- 
methyl-DL-cycloserine in 50 ml of glacial acetic acid stirred 
magnetically was added 35 ml of 1 N  hydrogen bromide in glacial 
acetic acid. The solution was stirred for 5 min at room tempera
ture, during which time a precipitate formed. This suspension 
was poured into 750 ml of dry ether magnetically stirred and the 
white suspension was stirred for 1 hr at room temperature and 
filtered affording 1.75 g (69%) of amorphous, hygroscopic solid. 
The solid (1.5 g) was dissolved in 200 ml of water and passed 
through a column of 45 ml (112 mequiv) of Amberlite IR-4B. 
The column was washed with 100 ml of water, and the combined 
effluents were lyophilized, giving 0.90 g (80% yield) of a slightly 
yellow amorphous solid. A sample of 0.80 g was dissolved in 
30 ml of hot methanol from which 0.44 g (55% recovery) of 
white crystals formed: mp >300°; [a]28D +19.6° (c 1.42,
water). A second crop gave 0.08 g of white crystals, [aJ^D 
+  19.5° (c 1.53, water). The 0.4+g sample was recrystallized 
from 2.5 ml of water giving 0.30 g of white crystals which were 
recrystallized from 3 ml of water giving 0.12 g of white crystals, 
mp >300°, W 29d +21.3° (c 1.7, water); ir (Nujol), 1670 
(C = 0 ), 1340 (C-O), and 1000 cm“ 1 (N-O).

Registry N o.^4, 16561-89-0; 5, 16561-90-3; 8a, 
16561-91-4; 8b, 16561-92-5; 8c, 16561-93-6; 9, 16561-
94-7; 10, 16561-95-8; 11a, 16561-96-9; lib , 16561-97-0; 
13a, 16561-98-1; 13b, 16561-99-2; N-benzoylglycyl-DL- 
cycloserine, 16562-00-8; DL-3-[N-(4-nitrobenzylidene)- 
aminoxymethyl]-2,5-piperazinedione, 16562-01-9; rac- 
c?'.s-3-[N-(4-nitroberizylidene)aminoxymethyl]-6-methyl-
2,5-piperazinedione, 16562-02-0; ra c -tra n s-3 -[N-(4-ni- 
trobenzylidene) aminoxymethyl ] - 6 - methyl - 2,5 - piper- 
azinedione, 16562-05-3; d d  -c is  -3 -aminoxymethyl -6- 
methyl-2,5-piperazinedione, 16562-03-1; LD-ircms-3-ami- 
noxymethyl-6-methyl-2,5-piperazinedione, 16562-04-2.
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mercial Solvents Corp., Terre Haute, Ind.
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The synthesis of 5,7/3-epoxy-6-oxo-5/3-cholestanes has been investigated. These compounds, which are exam
ples of highly substituted 3-oxetanone ring systems, were prepared from C-3-substituted 7a-bromo-5/3-hydroxy-
6-oxocholestanes. When treated with methanolic potassium hydroxide in dimethyl sulfoxide, the bromo ketones 
bearing 3/3 substituents (hydroxy, acetoxy, or benzoyloxy) were converted in good yields (>70% ) into 3/S-hy- 
droxy-5,7/3-epoxy-5/3-cholestan-6-one (7a). The C-3 epimers of the bromo ketones, as well as the 3-desoxybromo 
ketone (lib ), were transformed in very poor yields into the corresponding oxetanones under these conditions. 
The use of aqueous potassium bicarbonate as the base instead of methanolic potassium hydroxide resulted in 
retention of acyloxy groups but gave lower yields of oxetanones. Speculation is raised concerning the mechanism 
of the transformation, especially regarding the nature of the conformational change in the A/B steroid ring sys
tem that occurs during the reaction. The a-bromo ketones and oxetanones were examined by nmr spectroscopy 
in order to characterize accurately the structure of starting materials and products. Although entrance into 
the 3a-substituted oxetanone series was hindred by the poor yields of these compounds that were obtained from 
the 3a-substituted a-bromo ketones, a simple method of converting the 3/5-hydroxyoxetanone (7a) into its 3a 
epimer (10a), and also to the 3-desoxyoxetanone 12, has been developed.

Compounds known as 3-oxetanones (1) are of interest 
because they possess an ether linkage and a carbonyl 
group in a strained four-membered ring. It has been

II
0
1

noted2 that 3-oxetanones undergo normal carbonyl re
actions in spite of their strained ring structure; however, 
literature examples of studies dealing with the prepara
tion and reactions of these compounds are limited in 
number and scope and generalizations concerning the 
reactivity of 3-oxetanones cannot be made at this time.

The parent member of this class, 3-oxetanone (1, 
Ri =  R2 =  R3 =  R4 =H), was first characterized as its
2,4-dinitrophenylhydrazone3a and has been recently 
isolated in the pure state.8*3 The syntheses of some al
kyl derivatives of 3-oxetanone have been given4a-e while 
earlier inadvertent preparations of substituted 3-ox- 
etanones4f’5a have been more recently verified.4*3’6*3’0 
Few reports on the chemistry of 3-oxetanones are avail
able.40’6

The sole examples of which we are aware where the
3-oxetanone ring system has been prepared as part of 
more complex structures are in steroids and in each in
stance the compound was reported to be a 17a,21-oxido- 
20-one (partial structure 3). A claim that an ox-

(1) (a) T h is  in v e s tig a tio n  w as s u p p o r te d  b y  P u b lic  H e a lth  S erv ice  R e
sea rch  G ra n t  A M -1 1190-01 fro m  th e  N a tio n a l I n s t i t u te  o f A r th r it is  an d  
M e ta b o lic  D iseases an d , in  i t s  p re lim in a ry  s tag es, b y  a  g r a n t  from  R esea rc h  
C o rp o ra tio n . P re se n te d  a t  th e  T h ird  M id d le  A tla n tic  R eg io n a l M ee tin g  of 
th e  A m erican  C h em ica l S ocie ty , P h ila d e lp h ia , P a .,  F eb  2, 1968. (b) T o
w hom  in qu iries  sh o u ld  b e  d ire c ted .

(2) R . M . A cheson, “ A n  In tro d u c tio n  to  th e  C h e m is try  of H e te ro cy c lic  
C o m p o u n d s ,” In te rsc ie n c e  P u b lish e rs , In c .,  N ew  Y o rk , N . Y ., 1960, p  46.

(3) (a) J .  R . M a rsh a ll a n d  J .  W a lk er, J .  Chem . Soc., 467 (1952); (b) G . H . 
B erezin  (E . I .  d u  P o n t  d e  N em o u rs  a n d  C o .), U . S. P a te n t  3 ,297,719 ( J a n  10, 
1967).

(4) (a) B . L . M u rr , G . B . H o ey , a n d  C. T . L este r, J .  A m er. Chem . Soc., 77, 
4430 (1955); (b) J .  L . H a rp e r  a n d  C . T .  L este r, J .  Org. Chem ., 26 , 1294 
(1961); (c) G . B . H o ey , D . O. D ean , a n d  C . T . L este r, J .  A m er . Chem . Soc., 
77 , 391 (1955); (d ) J .  K . C ra n d a ll  a n d  W . H . M ach led er, Tetrahedron Lett., 
6037 (1966 ); (e) H . R ic h e t, A n n . C h im ., 3 , 317 (1948); C hem . A bstr ., 43, 
1393a (1949); (f) D . V o rla n d e r  a n d  P . W e in s te in , B er., 56, 1122 (1923).

(5) (a) W . L a n g en b eck  a n d  H . L an g en b eck , ib id ., 61B , 938  (1928); Chem. 
A bstr ., 22 , 2746 (1928); (b) A. S chonberg  a n d  A . S ina , J .  Chem . Soc., 175 
(1947); (c) R . S. A rm stro n g  a n d  R . J .  W . L eF 6vre , A u s t. J .  Chem ., 10, 34 
(1957); Chem . A bstr ., 51 , 10443d (1957).

(6) R . M . P o w ers  a n d  R . A. D ay , J r . ,  J .  Org. Chem ., 24 , 722 (1959).

2 3

etanone of this type resulted from the acid-catalyzed 
hydrolysis of the corresponding ethylene ketal7a of par
tial structure 3 was shown to be erroneous by two 
groups7*3’0 who demonstrated that the true 17a,21- 
oxido-20-one underwent rearrangement when treated 
with acid to give a five-membered oxetanone ring (par
tial structure 4). Thus, while the ketal (of partial

4

structure 3) was represented correctly as a derivative of 
a 3-oxetanone,7a the lability toward acid of the 3-ox
etanone itself (resulting from hydrolysis) was demon
strated. All known examples7 of 17a,21-oxido-20- 
ones were synthesized by internal displacement reac
tions (2 —►  3) involving a 17a-hydroxyl and a common 
leaving group (mesylate, tosylate, iodide) at C-21, em
ploying basic catalysts (potassium fluoride, silver di
hydrogen phosphate, potassium hydroxide) in solvents 
such as dimethyl sulfoxide, ethanol, or dimethylforma- 
mide. The yields of oxetanones under these conditions 
were low (or not given) and, with the exception of the 
rearrangement 3 —►  4, little information on the reactivity 
of the oxetanones was given.

An earlier interest8 in a-bromo keto steroids has led 
us to examine the reactions of a-bromo-a'-hydroxy keto 
steroids with dimethyl sulfoxide (DMSO). Examples 
of the reactions of DMSO with steroidal a-bromo ke-

(7) (a) W . S. A llen , S . B e rn s te in , M . H elle r , a n d  R . L itte ll, J .  A m er . 
Chem . Soc., 77 , 4784 (1955); (b) J .  E . H e rz , J .  F r ie d , P . G rab o w ich , a n d  
E . F . S abo , ib id ., 78 , 4812 (1956); (c) R . H irsc h m a n n , G . A. B ailey , G . I .  
P oos, R . W a lk e r, a n d  J . M . C h em erd a , ib id ., 78 , 4814 (1956); (d) M . H elle r , 
R . H . L e n h a rd , a n d  S . B e rn s te in , Steroids, 5, 615 (1965); (e) B r it is h  P a t e n t  
869,564 (U p jo h n  C o .); Chem . A bstr ., 56 , 2490d (1962).

(8) A . T . R o w lan d , J .  Org. Chem ., 27 , 1135 (1962).
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tones bearing a 8  hydrogen atom are known9 to yield 
complex mixtures of products which include a-diketones 
(as diosphenols), a,/3-unsaturated ketones, a-hydroxy 
ketones, and saturated ketones (by reductive elimina
tion of bromide). The product composition obtained 
from a particular bromo ketone is dependent upon the 
reaction conditions employed9b as well as upon the 
stereochemistry of, and degree of substitution in, the 
reactant. To our knowledge the effect of neighboring 
groups upon the course of reaction of a-bromo ketones 
with DMSO has not been examined and we therefore 
engaged in a study of the reactivity of DMSO toward 
ring-B a-bromo-a'-hydroxy keto steroids. We have 
found that compounds of this type bearing 3/3 substitu
ents are transformed readily into oxetanones.

The starting material for the synthesis of the bromo 
ketones was 3/3-acetoxy-5-hydroxy-5/3-cholestan-6-one 
(5b).8 Bromination of this hydroxy ketone with py- 
ridinium bromide perbromide (PBP)10 in hot glacial 
acetic acid gave the 7a-bromo derivative 6b in 80% 
yield. The configuration at C-7 was determined spec
troscopically (vide in fra ) . The bromo ketone 6b was 
easily debrominated by zinc in hot acetic acid to give 
5b. In addition, 3/3,5-dihydroxy-7a-bromo-5/3-choles- 
tan-6-one (6a) and its diacetate 6c were prepared by 
PBP bromination of the hydroxy ketones 5 a8 and 
5c,11 respectively. The interrelationships of the 
three a-bromo ketones were established as follows: 
monoacetylation of the diolone bromide 6a with hot 
acetic anhydride gave the 3-acetate (6b), while diacetyl
ation11 of 6a gave 6c and acetylation11 of 6b gave 6c. 
The configuration at C-7 was therefore shown to be 
identical in 6a, b, and c.

Treatment of bromo ketone 6b with DMSO contain
ing suspended sodium bicarbonate915 at 100° led to the 
formation of 3|3-acetoxy-5,7/3-epoxy-5/3-cholestan-6-one 
(7b) in 72% yield. The product was identified readily 
by the characteristic infrared absorption of an ox- 
etanone carbonyl group715 at 1815 cm-1 (in addition to 
the acetate carbonyl at 1746 cm-1) and the substituted 
trimethylene oxide ring vibration12 at 903 cm-1. When 
6b was heated in DMSO in the absence of sodium bicar
bonate no reaction occurred. Also, treatment of the 
diacetate 6c gave no oxetanone under these conditions. 
These results seemed to indicate that a free hydroxyl 
group at C-5 must be present in order to give oxetanone 
and that the reaction presumably proceeds v ia  hydrogen 
abstraction from the hydroxyl group by" base, followed 
by an intramolecular displacement of bromine by the 
resulting oxy anion (Scheme I).

0
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In order for a displacement of this type to occur, the 
bromine atom at C-7 must be tran s  to the nucleophilic

oxy anion, as is the case in bromo ketone 6b. Inspection 
of 6b in perspective form 6b' indicates clearly that a 
conformational change in the A/B ring system must

6b'

necessarily take place prior to, or during, oxetanone for
mation in order to position the oxyanion at C-5 properly 
for the displacement. Such a change might be a minor 
one involving the B ring only in which this ring adopts 
a boat form (6b") or, at an extreme, may involve a more

drastic alteration of both rings A and B, giving a confor
mation represented by perspective formula 6b'". Con
sideration of 6b"' as a possible conformer leading to 
oxetanone formation stems from the relief of the 1,3- 
diaxial hydroxy-acetoxy interaction13 found in 6b' (and 
6b") and the minimal distance between the C-5 oxygen 
atom and C-7.

Several additional 5/3-hydroxy-6-oxo-7a-bromocholes- 
tanes with 3/3 and 3a acyloxy substituents (6b, 9a- c), 
along with the 3-desoxy compound (lib ), were synthe
sized. This was accomplished with two purposes in 
mind. (1) Examination of the nmr spectra of the 
bromo ketones would yield information regarding the 
environment of the C-3 hydrogen in these compounds. 
Since the configurations at C-3 in the substituted 5/3-ol-
6-ones (5 and 8) are known8,14 the position and W  i/, of 
the C-3 hydrogen signal would indicate whether a con
formation such as 6b' (hydrogen equatorial) or 6b'" 
(hydrogen axial) is the major contributor to the ground- 
state structure of the bromo ketones. (2) If a confor
mation similar to 6b'" is necessary for oxetanone forma
tion, then 3a-substituted bromo ketones might be ex
pected to undergo ring closure to the oxide less readily 
than the 3d isomers since the alkyl oxygen of the acyl
oxy substituent at C-3 (with hydrogen and acyloxy 
exchanged in formula 6b'") would be close to the C-6 
carbonyl oxygen, thus introducing an instability factor 
not present in the 3/3-substituted compounds. Also, 
the absence of a 1,3-diaxial acyloxy-hydroxy interac
tion in the 3a-acyloxy bromo ketones (9) would not 
provide a driving force for a conformation change as 
may occur in the 3/3-substituted compounds. If group 
size at C-3 is important in determining the relative pop-

(9) (a) W . W . E p s te in  a n d  F . W . S w ea t, Chem . Rev., 6 7 , 247 (1967). (b) 
H . R . N a c e  a n d  R . N . Ia c o n a , J .  Org. Chem ., 2 9 , 3498 (1964); R . N . la c o n a , 
A. T . R o w lan d , a n d  H . R . N ace , ib id ., 2 9 , 3495 (1964); a n d  references  c ited  
in  th e se  a rtic le s .

(10) L . F . F ieser, “ E x p e r im e n ts  in  O rgan ic  C h e m is try ,” 3 rd  ed , D . C . 
H e a th  a n d  C o., B o s to n , M ass., 1955, p  65.

(11) A . T . R o w lan d , J .  Org. Chem ., 2 9 , 222 (1964).
(12) G . M . B a rro w  a n d  S. S earles, J .  A m er. Chem . Soc., 7 6 , 1175 (1953).

(13) W h ile  i t  is  c lea r t h a t  th is  d iax ia l o r ie n ta t io n  is  s tab iliz ed  b y  h y d ro g en  
b o n d ing  in  3 /9-acetoxy-5-hydroxy-5/3-cholestane [A. N ick o n , ib id ., 7 9 , 243 
(1957)], w e h a v e  sh o w n  t h a t  in  3/3-aeetoxy-5/3-hydroxy-6-oxocholestanes th e  
h y d ro x y  g ro u p  is  h y d ro g en  b o n d ed  to  th e  C -6  ca rb o n y l oxygen  a n d  n o t to  th e  
a lk y l oxygen  of th e  C -3 es te r  [A. T . R o w lan d , Steroids, 7 ,  527 (1966)]. 
S tab iliz a tio n  b y  h y d ro g en  b o n d in g  of th e  d iax ia l in te ra c t io n  in  6b '  o r  6b ”  

sh o u ld  th e re fo re  b e  neglig ib le .
(14) B . W . S an d s  a n d  A . T . R o w lan d , ib id ., 4 , 175 (1964).
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ulation of conformers such as 6b' and 6 b '" ,  it would be 
anticipated that an increase in the size of the 3/3 sub
stituent would enhance oxetanone formation by increas
ing the amount of conformer type 6b'" whereas an in
crease in the bulk of the 3a substituent would inhibit 
oxetanone formation by increasing interaction with the 
C-6 carbonyl oxygen in conformation type 6b'".

PBP bromination of the hydroxy ketones 5d, 8b, 
and 8c gave bromo ketones 6d, 9b, and 9c, respectively. 
Bromination of 5-hydroxy-5/3-cholestan-6-one (11a)14 
gave the a-bromo ketone (lib) as an oil. Inspection of 
the uv and ir spectra of the various fractions obtained 
from column chromatography of the oil indicated that 
the bulk of the reaction product was the 7a-bromo ke
tone lib . The bromination of the 3a,5/3-diol-6-one (8a) 
gave gelatinous products or crystalline material with a 
wide melting point range. When the bromination of 
8a was conducted in pure tetrahydrofuran at 60°, py-

numerous compounds, one of which was 3/3,5-epoxy-5/3- 
cholestan-6-one (13, 16% yield).13 The fractions ob-

tained from the column whose uv spectra were in agree
ment with the anticipated bromo ketone 9a were com
bined and crystallized, but no pure product could be 
obtained.15

The spectral data (accompanied by molecular rota
tions) of the a-bromo ketones and the parent ketones 
reported here are summarized in Table I. The changes

5a,R = R '= H
b, R = Ac; R' =  H
c, R = R '=  Ac
d, R = Bz;R' =  H

7a,R = H
b, R = Ac
c, R =  Bz
d, R =  Ts1

b , R = A c ,R '= H
c, R = Bz,R' =  H

11a, R = H  
b,R = Br

6a,R = R' = H
b , R =  Ac,R' =  H
c, R =  R' = Ac
d, R =  Bz, R' = H

b , R =  Ac,R' =  H
c, R =  Bz, R' = H

10a, R = H
b, R =  Ac
c, R =  Bz
d, R = Formyl

12

ridinium bromide was deposited from the reaction mix
ture. The steroid product had a uv maximum (311 mju) 
consonant with the expected 7a-bromo derivative (9a) 
but column chromatography revealed the presence of

T able 1“
I nfrared, M olecular R otation, and U ltraviolet D ata 

of the «-H ydroxy K etones and T h eir  7«-Bromo D erivatives
-C6-0 i'max , [0]D, Xmax, m/z

5/3-C holestane cm  “1 deg («)
-5/3-ol-6-one (11a) 17066 — 696 283 (54)
-7«-bromo-5(3-ol-6-one ( lib ) 1704 ± 0 311.5(114)
-3/3,5d-diol-6-one (Sa) 17 IT - 2 1 ' 284.5(51)
-7a-bromo-3/3,5|3-diol-6-one (6a) 1706 +  55 318(110)
-3/3,5/3-diol-6-one 3-acetate (Sb) 
-7 a-bromo-3/3,5|3-diol-6-one

1712e - 10 1 ' 282.5(56)

3-acetate (6b) 1712 +49 316.5(110)
-3/3,5(3-diol-6-one 3-benzoate (5d) 
-7a-bromo-3/3,5/3-diol-6-one

1712' +  120' d

3-benzoate (6d) 1712 +235 314.5(123)
-3(3,5(S-diol-6-one diacetate (5c) 
-7 a-bromo-3)S, 5j3-diol-6-one

1730' -1 1 6 ' 291 (53)

diacetate (6c) 1724 +  128 317(90)
-3«,5/3-diol-6-one (8a) 17086 -59* 282.5(58)
-7a-bromo-3a,5/3-diol-6-one (9a) /
-3«,5/3-diol-6-one 3-acetate (8b) 
-7 «-bromo-3 a, 5j8-diol-6-one

17126 — 236 282(43)

3-acetate (9b) 1712 +  129 312(105)
-3«,5/3-diol-6-one 3-benzoate (8c) 
-7 a-bromo-3a,5/?-diol-6-one

1712 - 10 0 d

3-benzoate (9c) 1706 +  12 314(95)
° Conditions a t which measurements were taken are given in 

ref 28. 6 Reference 14. '  Reference 8. d Xmax obscured by aro
matic absorptions. e Reference 11. f Could not be prepared in 
pure state.

noted in Xmax and emax of the parent ketones upon 
bromination and the related minor alterations in the 
position of the carbonyl stretching frequencies are in full 
accord with a C-7 axial configuration of bromine in each 
of the bromo ketones.16’17

(15) T h e  p ro d u c tio n  of th e  3/3,5/3-epoxy-6-one (1 3 ) fro m  th is  re a c tio n  is 
in te re s tin g  a n d  a n  a t te m p t  w as m a d e  to  d e te rm in e  th e  m o d e  of i ts  fo rm a tio n . 
T h e  P B P  m ig h t b e  ex p ec ted  to  b re a k  dow n in to  p y r id in iu m  b ro m id e  a n d  
b ro m in e  in  te tr a h y d ro fu ra n . T h e  ox ide  fo rm a tio n  a lm o s t c e r ta in ly  in v o lv es  
a n  a t ta c k  b y  th e  C -5 h y d ro x y l on  a n  e lec tro n  d efic ien t C -3 ; th is  defic iency  
m a y  b e  b ro u g h t a b o u t  b y  th e  a c tio n  of a n  ac id  su ch  as  th e  p y r id in iu m  ion  o r 
b y  h y d ro g en  b ro m id e  w hich  is g e n e ra te d  from  th e  p y rid in iu m  b ro m id e  o r 
from  th e  b ro m in a tio n  reac tio n  itse lf. W h e n  th e  d io lone  8 a  w as h e a te d  u n d e r 
reflux w ith  h y d ro b ro m ic  ac id  in  te tr a h y d ro fu ra n  so lu tio n , o n ly  s ta r t in g  m a
te r ia l  w as reco v e red . T re a tm e n t  of 8 a  w ith  su sp e n d ed  p y r id in iu m  b ro m id e  
in  bo iling  te tr a h y d ro fu ra n  g av e  a  m ix tu re  o f a t  le a s t fo u r  c o m p o u n d s  (tic) 
b u t  n o n e  of th e  ox ide  (1 3 ) . T h e  a g e n t responsib le  fo r th e  p ro d u c tio n  of 13  
is th e re fo re  s till u n k n o w n .

(16) A. I .  S co tt, “ In te rp re ta t io n  of th e  U ltra v io le t  S p e c tra  of N a tu r a l  
P ro d u c ts ,“  T h e  M acm illan  C o., N ew  Y o rk , N . Y ., 1964, p  35.

(17) L . F . F ieser a n d  M . F ieser, “ S te ro id s ,”  R e in h o ld  P u b lish in g  C o rp ., 
N ew  Y o rk , N . Y ., 1959, p  170.
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T a b l e  I I “

Nmr D a t a  o f  t h e  B k o m o  K e t o n e s  a n d  t h e  E p i m e r i c  S -A cE T O X Y -S/ J -O L -e -O N E S6

5/3-C holestane
C-7

h y d ro g en  { J Y
C-3

h y d ro g en  (W i /! )8
H y d ro x y l
hyd ro g en

A c e ta te
m e th y l

C -4 a
h y d ro g en  (J ) C-19 C -18

-3/3,5/9-diol-6-one 3-acetate (5b) 294(8) 225.5 117.5 42 40
-3a,5/3-diol-6-one 3-acetate (8b) 295(18) 229.5 116.3 41.5 40
-7a-bromo-5/3-ol-6-one ( lib ) 257.6(4.2) 207.5 163* 43 41.7
-7<*-bromo-3ft5/3-diol-6-one (6a) 260.5(3.0) 233(8) / 176.5(15)» 46 42
-7a-bromo-3/3,5/3-diol-6-one 3-acetate (6b) 261(2.5) 295(8) 213.5 118.5 177(15.5, 3)* 46 42
-7a-bromo-3/S,5/3-diol-6-one 3-benzoate (6d) 260.3(2.5) 315(8) 218.5 187.5(16, 4)* 49.5 42
-7a-bromo-3/3,5/3-diol-6-one diacetate (6c) 257 306.5(7) 115, 123 192(26.5, 17)h 49.5 42
-7a-bromo-3a,50-diol-6-one 3-acetate (9b) 260(3.0) 296(22) 220.5 117 167(12.5, 12 )‘ 44 42
-7a-bromo-3a,5/3-diol-6-one 3-benzoate (9c) 261.5(3.0) 314.5(22) 223.5 176.5(12, 12)*' 46 42

“ Conditions at which measurements were taken are given in ref 28. b All chemical shifts are given in cycles per second (cps) down- 
field relative to tetramethylsilane used as an internal standard. c All C-7 hydrogens appeared as doublets except where no J  value is 
given, in which case a single peak was observed. d Shifts and half-band widths are approximations owing to broad signal. * Broad, low 
hump. > One hydroxyl hydrogen masked by C-3 and C-7 hydrogens each, as shown by integration of spectrum. " Doublet. h Doublet 
of doublets. * Doublet of doublets with center peaks superimposed.

The nmr spectra of the bromo ketones were obtained 
(Table II). Included with the bromo ketones are 3/3- 
acetoxy-5-hydroxy-5/3-cholestan-6-one (5b) and its C-3 
epimer 8b. The importance of the C-3 hydrogens to 
any conclusion regarding the conformations of the halo 
ketones may be seen by comparing conformation 6b', in 
which the hydrogen is equatorial, to extreme conforma
tion 6b"', where the hydrogen is axial to the A ring. 
Axial hydrogens generally are less deshielded than equa
torial hydrogens in isomeric alcohols18a and C-3 axial 
protons exhibit resonances whose half-band widths 
(W i/,)  are over twice as large as the Wi>, for the cor
responding equatorial hydrogens in epimeric com
pounds.181’ Table II shows that the axial C-3 proton 
in the 3a-acetoxy compound 8b occurs at 295 Hz which 
is almost identical with the position (294 Hz) found for 
the C-3 equatorial hydrogen in the 3/3-acetoxy steroid 
(5b). The coincidental signals are not unexpected 
since the 56  (axial) hydroxy group deshields the 3/3 
(axial) hydrogen in 8b.18 19 The half-band width for the 
C-3 hydrogens in these isomers indicate that the A ring 
probably exists in a normal chair conformation.

Inspection of the nmr data for the bromo ketones 
shows the C-3 hydrogens in the 3/3-substituted com
pounds (6a d) as broad signals with W i/, ~  8 Hz. The 
positions of the individual peaks are a reflection of the 
nature of the substituents (OAc, OBz, OH) at carbons 
3 and 5 and are in no way anomalous.18a The 3a- 
acyloxy bromo ketones 9b and 9c exhibit C-3 axial hy
drogen absorptions at expected positions and have pre
dictable half-band widths (W i/ , — 22 Hz); the C-3 
hydrogens in 5-hydroxy-7a-bromo-5/3-cholestan-6-one 
(lib ) are not deshielded enough to be shifted from 
within the methylene envelope of the steroid and can
not be detected. The equatorial C-7 hydrogens all 
(except in 6c) appear as doublets with J  from 2.5 to 4.2 
Hz, indicative of coupling with the C-8 axial proton. 
Of interest is the deshielding effect of the axial bromine 
atom at C-7 upon the 4a (axial) hydrogen in these com
pounds. In the 3/3-substituted compounds 6b-d this 
axial hydrogen appears as a doublet of doublets due to 
geminal coupling with the C-4 equatorial proton, with 
further splitting due to additional coupling with the

(18) (a) N . S. B h acca  a n d  D . H . W illiam s, “ A p p lic a tio n s  of N M R  S pec
tro sco p y  in  O rgan ic  C h e m is try ,”  H o ld e n -D a y , In c .,  S an  F ranc isco , C alif., 
1964, p  77; (b) A. H a ssn e r  a n d  C . H e a th co ck , J .  Org. Chem ., 29 , 1350 (1964).

(19) E x am p les  of d esh ie ld ing  of ax ia l p ro to n s  b y  ax ia l h y d ro x y  g ro u p s  a re
recorded; see re f  18a, p  186.

equatorial proton at C-3.20 In the 7a-bromo-3/3,5/3- 
diol-6-one (6a) the C-4 axial proton appears as a dou
blet with unresolved splitting of the legs. The reason 
for the large coupling constants in the diacetoxy bromo 
ketone 6c is not clear although it may be due to distor
tion caused by mutual repulsion of the acetoxy groups. 
The C-4 axial protons of the 3a-acyloxy bromo ketones 
9b and c give rise to three peaks (doublet of doublets 
with center peaks superimposed) with J  = 12 Hz, in
dicative of geminal splitting of the proton and further 
coupling with the C-3 axial hydrogen atom.20 In the 
case of the bromo ketone lib , the axial C-4 hydrogen 
signal appears as a broad low hump centered at about 
163 Hz. This appearance is not surprising since the 
lack of a substituent at C-3 would give rise to further 
couplings with the C-4 axial hydrogen, resulting in a 
smeared absorption. The deshielding of hydrogen by 
the halogen in a-halo ketones had been reported pre
viously,21a notably in the case of 3/3-acetoxy-7a-bromo- 
5a-cholestan-6-one, where the 5a hydrogen appears as 
a pair of doublets (J =  12 and 3.7 Hz) centered at 5 
3.28.21b

The nmr data found for a-bromo ketones 6a-d and 
9b and c and the hydroxy ketones 5b and 8b indicate that 
these compounds exist mainly in ground-state conforma
tions represented by 6b' and to no significant extent as 
6b" or 6b'".

The reactions of some of the a-bromo ketones with 
sodium bicarbonate-DMSO were investigated. When 
heated at 100-120° for 19.5 hr, the bromo ketone 9b 
gave 3a-acetoxy-5,7/3-epoxy-5/3-choIestan-6-one (10b) 
in 24% yield. Variations in time, temperature, and the 
quantity of sodium bicarbonate did not increase the 
yield of 10b. Under similar conditions l ib  gave 5,7/3- 
epoxy-5/3-cholestan-6-one (12) in 21%  yield. Saponi
fication of the 3/3- and 3a-acetoxy oxetanones (7b and 
10b) gave the free hydroxy oxetanones 7a and 10a, re
spectively. Benzoylation of each of the hydroxy ox
etanones gave the corresponding benzoates (7c and 10c).

In order to obtain a quantitative measure of the reac
tion in terms of rate and product composition data, a 
system was sought which would give oxetanone forma
tion and yet would not cause saponification of ester

(20) T h e  C -4  ax ia l (a )  p ro to n  fo rm s th e  M  p o r tio n  of a n  A M X  sy stem  in  
w h ich  X  is th e  C -3 h y d ro g en  a n d  A is th e  C -4  e q u a to r ia l (/3) h y d ro g en  (w hich  
is lo s t in  th e  m e th y le n e  enve lope).

(21) (a) S ee re f  18a, p  75 ; (b) p r iv a te  c o m m u n ic a tio n  from  P ro fesso r A lex 
N ick o n , Jo h n s  H o p k in s  U n iv e rs ity , D ec  1967.
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groups at C-3. Treatment at room temperature of a 
solution of the 3/3-substituted bromo ketones (6a, b) in 
DMSO with a standard methanolic potassium hydrox
ide solution gave ra p id  formation of the hydroxy ox- 
etanone 7a.22 The reaction was, however, accompanied 
by acetate saponification in the case of 6b; acetylation 
of the crude reaction products gave the 3/3-acetoxy ox- 
etanone (7b) as the major product (>70%). In con
trast, the 3a-acetoxy oxetanone 10b was obtained in 
extremely poor yield (~6%) [along with a low yield of 
the debrominated hydroxy ketone (8b) and a larger 
amount of an oil whose ir spectrum indicated that it 
consisted largely of the diacetoxy hydroxy ketone 15b] 
when the 7a-bromo ketone 9b was subjected to the same 
reaction procedures and the 7a-bromo-5/3-ol-G-one lib  
gave a 34% yield of the oxetanone 12.

the ir and analytical data appear to fit the proposed 
structure.

The reaction of the diacetoxy bromo ketone 6c with 
the DMSO-aqueous potassium bicarbonate is of special 
interest since it had been noted before that this com
pound did not give oxetanone when treated with sodium 
bicarbonate in DMSO. In this case, ir analysis of the 
crude product again demonstrated the lack of ox
etanone formation, while chromatography permitted 
isolation of starting material (21%), the debrominated 
diacetoxy ketone 5c (5%),23 and a bromo ketone which 
was apparently the C-7 epimer (16) of the starting 
material (6c). The ir and uv evidence fit the proposed 
structure well, as did the elemental analysis for bromine, 
but the carbon-hydrogen analysis did not correspond 
to the theoretical values.24

A third system that was employed involved the ad
dition of a calculated amount of a standard aqueous 
solution of potassium bicarbonate to a DMSO solution 
of the bromo ketone at ^ 7 5 °. This gave oxetanones 
without removal of acyl groups. Yields were reason
ably good (50-69%) from the 3/3-substituted bromo ke
tones (6a, b, d), low (22%) from the 3-desoxy compound 
(lib), and minute (4-7%) from the 3a-acyloxy bromo 
ketones (9b, c). Attempts at ascertaining relevant rate 
data in this potassium bicarbonate-DMSO medium 
were not successful since the potassium bicarbonate 
started to precipitate immediately after the addition of 
its aqueous solution to the bromo ketone-DMSO mix
ture.

The other products produced from the bromo ketone- 
potassium bicarbonate-DMSO reactions have been in
vestigated in order to determine reaction paths followed 
as alternatives to oxetanone formation. In addition to 
the oxetanone (7b) obtained from the 3/3-acetoxy bromo 
ketone 6b, a 6% yield of a compound identified as 3/3- 
acetoxy-5,7/3-dihydroxy-5/3-cholestan-6-one (14a) was 
isolated. This material is representative of hydroxy 
ketones sometimes obtained from treatment of a-halo 
ketones with base.8,9b The 3/3-benzoyloxy bromo ke
tone 6d gave the oxetanone 7c (69%) and small amounts 
of unidentified impure crystalline products. The di
hydroxy bromo ketone 6a gave (after acetylation) a 
small amount (~5% ) of the bromo ketone 6b, corre
sponding to acetylated unreacted starting material, and 
a low yield of another compound best represented 
as 3/3,7/3-diacetoxy-5-hydroxy-5/3-cholestan-6-one (14b). 
Complete characterization of this compound was im
possible owing to an insufficient quantity of material, but

(22) W h e n  a  so lu tio n  of 6 a  in  D M S O  w as t i t r a t e d  w ith  a  s ta n d a rd  m e th 
an o lic  p o ta ss iu m  h y d ro x id e -D M S O  so lu tio n  in  th e  p re sen ce  of th y m o l b lu e
in d ic a to r , n o  in d ic a to r  co lo r c h a n g e  w as n o te d  u n ti l  s lig h tly  m o re  th a n  1
equ iv  of b a s e  h a d  b ee n  ad d e d , in d ic a tin g  th e  r a p id i ty  w ith  w h ich  th e  b ro m o  
k e to n e  re a c ts . (A b la n k  ru n  g a v e  color im m e d ia te ly  u p o n  a d d itio n  of 1 d rop  
of ba.se.)

The by-products isolated from the 7a-bromo-5/3-ol-6- 
one (lib) were complex mixtures which could not be 
separated and identified. The 3a-acetoxy-7a-bromo 
ketone 9b gave ~ 6 %  of the debrominated hydroxy ke
tone 8b and ~ 1 2 %  of 3a-acetoxy-5,7/3-dihydroxy-5/3- 
cholestan-6-one (15a). The latter compound was iden
tified on the basis of ir, uv, and analytical data. The 
only identifiable product (other than the 3a-benzoyloxy 
oxetanone 10c) obtained from the 3a-benzoyloxy-7a- 
bromo ketone (9c) was the debrominated hydroxy ke
tone 8c (13%).

The inability to obtain rate data for the conversions 
of the bromo ketones into oxetanones makes specula
tion concerning the mechanism of the reactions difficult. 
The yields of oxetanones from 3/3-substituted bromo ke
tones compared with the 3-desoxy and 3a-substituted 
bromo ketones, however, may be a reflection of the 
Curtin-Hammett principle. If in 6b, for example, 
conformer 6b' is in rapid equilibrium with 6b" and 
6b'", the rate of formation of oxetanone will not depend 
upon the ground-state population of 6b'" (which must 
be extremely small, according to the nmr data pre
viously given) but only upon the differences in the 
energies of the transition states leading to products 
from 6b'" and other conformations. Presumably a 3/3 
substituent serves to raise the energy of pathways com
peting with oxetanone formation while a 3a substituent 
would exert an opposite effect, perhaps because of the 
acyl-Ce oxygen interaction in a conformer such as 6b'".

(23) E . W . W a rn h o ff a n d  D . R . M a rsh a ll [ J . Org. Chem ., 32, 2000 (1967)] 
h av e  show n  co nc lu sive ly  t h a t  a -b ro m o  k e to n es  m a y  u n d e rg o  re d u c t iv e  
d eb ro m in a tio n  w ith  a -d is u b s ti tu te d  p y rid in e s  w hen  s tr u c tu r a l  f e a tu re s  of 
th e  b rom o  k e to n e  p re v e n t o r r e ta rd  d isp la c e m e n t o r  d e h y d ro h a lo g e n a tio n  
reac tio n s . I t  a p p e a rs  t h a t  a  s im ila r p a th  is fo llow ed  b y  so m e of th e  b ro m o  
ke tones  re p o r te d  h e re . W hile  th e  iso la tio n  of d e b ro m in a te d  k e to n e s  m a y  b e  
a sc rib ed  to  th e ir  p re sen ce  as im p u ritie s  from  th e  b ro m in a tio n  re a c tio n s  (e.g 
5b —► 6b), no  u n re a c te d  h y d ro x y  k e to n es  cou ld  b e  fo u n d  in  th e  b ro m o  ke
tones, each  of w h ich  w as ex am in ed  b y  ir, n m r, uv , tic , a n d  co lu m n  c h ro m a 
to g ra p h y . W e th e re fo re  co n s id e r th o se  cases in  w h ich  th e  p a r e n t  h y d ro x y  
ke tones  h a v e  been  iso la ted  fro m  re a c tio n s  of th e  a -b ro m o  k e to n e s  w ith  
p o ta ss iu m  b ic a rb o n a te -D M S O  as  t r u e  re a c tio n  p ro d u c ts .

(24) T h is  m a y  h a v e  been  d u e  to  d ec o m p o s itio n  d u rin g  d ry in g  of th e  sa m p le  
for an a ly s is . See E x p e rim e n ta l S ection .
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T able I I I “
I n frared  and U ltraviolet  D ata o f  th e  Oxeta n on es

- ■ »'maxi cm-1-----------------
Oxetanone OH C-6 carbonyl Ester carbonyl Oxetanone ring6 Amax, niM (0

-5,7/3-epoxy-6-one (12) 1808 907, 896 286(27)
-5,7/3-epoxy-3/3-ol-6-one (7a) 3636,“ 3460* 1808 900 285(42)
-5,7/3-epoxy-3/3-ol-6-one acetate (7b) 1815 1746 903 284.5(26)
-5,7j3-epoxy-3/3-ol-6-one benzoate (7c) 1812 1727 905 e
-5,7/3-epoxy-3/3-ol-6-one tosylate (7d) 1806 903 e
-5,7/3-epoxy-3a-ol-6-one (10a) 3546 1802 904, 894 280(42)
-5,7/3-epoxy-3a:-ol-6-one acetate (10b) 1813 1739 908, 897 285.5(31)
-5,7/3-epoxy-3a-ol-6-one benzoate (10c) 1815 1718 912, 903 e

“ Conditions at which measurements were taken are given in ref 28. 6 All absorptions were 
absorption. d Broad absorption. « A mai obscured by aromatic absorptions.

T a ble  IV“
N mr D ata o f  th e  Oxeta n on es6

C-7 hydrogen C-3 hydrogen Hydroxyl

of medium to strong intensity. ‘ Weak

Acetate
Oxetanone (J)c OVi/i)d hydrogen methyl C-19 C-I8

-5,7/5-epoxy-6-one (12) 277 (1.6) 61.5 44.5
-5,7/3-epoxy-3/3-ol-6-one (7a) 281.3(1.5) 227(20) 187.5 63 44.5
-5,7/3-epoxy-3/3-ol-6-one acetate (7b) 281(1.0) 285(20) 117 62.5 43.5
-6,7/3-epoxy-3(3-ol-6-one benzoate (7c) 283.5 305(23) 66 44
-5,7(3-epoxy-3/3-ol-6-one tosylate (7d) 280 268 (23) 147* 60 42.1
-5,7/3-epoxy-3a-ol-6-one (10a) 282.7(1.4) 237.5(8) 162.5 61.5 44.5
-5,7(3-epoxy-3a-ol-6-one acetate (10b) 277.6(1.5) 295(7) 124 62.3 44
-5,7;8-epoxy-3a-ol-6-one benzoate (10c) 279.8(1.5) 316.5(8) 64 44

“ Conditions at which measurements were taken are given in ref 28. 6 All chemical shifts are given in cycles per second (cps) down-
field relative to tetramethylsilane which was the internal standard. '  All C-7 hydrogens appeared as doublets except where no J  value 
is given, in which case a single peak was observed. d Shifts and half-band widths are approximations owing to broad signal. e Aromatic 
methyl.

Although the yields of the 3a-substituted and 3- 
desoxy oxetanones from the corresponding bromo ke
tones are low,25 26 an efficient preparation of these com
pounds was found in the epimerization technique of 
Chang and Blickenstaff.26a This method involves 
the displacement, with inversion, of a tosyloxy 
group from a cyclohexane ring by dimethylformamide 
yielding a formate ester which may be converted into 
the free alcohol by saponification. The procedure has 
recently been used with success on 5,6a-epoxy-5a- 
cholestan-3/3-ol tosylate;26b the oxide ring remained in
tact during the displacement reaction. When 3/3- 
tosyloxy-5,7/3-epoxy-5/3-cholestan-6-one (7d) was heated 
under reflux in dimethylformamide containing sus
pended lithium carbonate,26b a mixture of the 3a-for- 
mate ester lOd and an unsaturated oxetanone (17) was 
obtained. The mixture was saponified and then acetyl- 
ated, giving the 3a-acetoxy oxetanone 10b (64%) and 
17 (16%) which were easily separated on alumina. The 
unsaturated oxetanone 17 may have been the 2- or 3-ene 
or a mixture of both. Catalytic hydrogenation of 17 
gave the desired saturated oxetanone 12 (78%).

The pertinent spectral data of the oxetanones are 
given in Tables III and IV. All of the oxetanones have 
ir carbonyl absorptions in the expected range (1802- 
1815 cm_1)3b,'ub,c and in addition show strong ring - 
absorption at ca. 900 cm-1.12 The latter peak 
appears as a single broad band in the 3/3-substituted ox-

(25) T h e  reaso n  fo r th is  is s till n o t  c lea r. A n y  m e ch an ism  in  o p e ra t io n  in  
b rom o  k e to n es  does n o t  in v o lv e  a  s im p le  h e te ro ly s is  of th e  C -7 to  B r b o n d  as  
th e  firs t s te p  in  o x e ta n o n e  fo rm a tio n  s ince  b ro m o  k e to n e  6 b is u n re a c tiv e  to  
h o t D M S O  in  th e  ab sen ce  of base , a s  n o te d  ea rlie r . A lso, 6b u n d e rw e n t no 
ch a n g e  w hen  h e a te d  a t  120° w ith  silv e r n i t r a te  in  D M S O  c o n ta in in g  a  sm a ll 
a m o u n t of p y r id in e  o r  w h en  t r e a te d  s im ila r ly  w ith o u t th e  a d d itio n  of silv e r 
n it ra te .

(26) (a) F . C . C h an g  a n d  R . T . B lick en sta ff, J .  A m er . Chem . Soc., 80 , 2906
(1958); (b) G . A. S e lte r  a n d  K . D . M cM ich a e l, J .  Org. C hem ., 32 , 2546 (1967).

etanones while the absorption is split into two bands in 
the 3a epimers and in 12 (Table III). The uv spectra 
are similar to those of other four-membered ring ke
tones27 and are in agreement with the only known re
corded value for a 3-oxetanone.3a Inspection of the 
nmr data (Table IV) and hydroxyl absorption in the ir 
(Table III) permits a detailed analysis of the conforma
tion of the A/B ring system in the oxetanones. In 
most of the compounds, the C-7 hydrogen appears at ca. 
280 Hz as a doublet due to coupling with the C-8 pro
ton. The position of the C-3 hydrogen varies as ex
pected according to the type of substituent at C-3;18a of 
significance is the half-band width of the signals of these 
hydrogens. For the 3/3-substituted oxetanones 7a-d, 
the half-band width (W i/2 ~  20 Hz) clearly indicates 
an axial orientation of hydrogen whereas the half-band 
width (W i/s -—' 8 Hz) for the epimeric oxetanones (10a-
c) shows the C-3 hydrogens in these compounds to be 
equatorial on the A ring. Since no configurational 
change at C-3 is possible during oxetanone formation 
from the bromo ketones, the reversal in environment of 
the C-3 hydrogen (c/. Table II) with respect to the ring 
in the oxetanones as compared with the bromohydroxy 
ketones must be accounted for by a conformational 
change; the structure of typical oxetanones may there
fore be represented by 7a' and 10a'. Confirmation

(27) Reference 16, p 29.
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comes from the ir spectra (Table III) which show 
a sharp peak for the intramolecularly bonded C-3 hy
droxyl (3546 cm-1) in 10a while the corresponding hy
droxyl absorption in 7a indicates significant inter- 
molecular association.

The ORD curves of the oxetanones all exhibited sim
ple negative Cotton effects with slight inflections on the 
peaks at lower wavelengths (ca. 250 m/i). The molecu
lar amplitudes varied from 5300 to 12,800° but, with 
the exception of the benzoates 7c and 10c, little differ
ences in the amplitudes of the epimeric pairs were noted 
(see Experimental Section).

In summary, ring-B oxetanones may be easily pre
pared from the 3/3-substituted 5/3-hydroxy-6-oxo-7a- 
bromocholestanes. The 3/3 oxetanones are readily 
convertible into their C-3 epimers and to the 3-desoxy 
compound by the inversion-elimination reaction with 
dimethylformamide. While the mechanism of ox- 
etanone formation from these a-bromo-a'-hydroxy ke
tones has not been completely identified, the importance 
of the substituent at C-3 and the action of a weak base 
have been shown. Further studies on the mechanism 
of this conversion and on the chemistry of oxetanones 
will be reported in the future.

Experimental Section28'29
3/3-Acetoxy-5-hydroxy-5/3-cholestan-6-one (Sb).—A modifica

tion of a given preparation8 was employed. A suspension of 
75 g (140 mmol) of 3/3-acetoxy-5-bromo-5a:-cholestan-6-one in 
650 ml of 1.33 N  methanolic potassium hydroxide solution30 
was magnetically stirred at room temperature for ca. 18 hr. The 
orange solution (containing precipitated inorganic salts) that 
resulted was diluted with 1.5 1. of ether and washed twice with 
saturated salt solutions. The ether layer was dried, filtered, 
and evaporated, leaving a light brown oil which was covered with 
375 ml of acetic anhydride and heated on the hot plate a t 110- 
120° for 4 hr. After remaining a t room temperature overnight, 
crushed ice and 40 ml of 2 N  hydrochloric acid were added. After 
standing overnight, the precipitate was collected, washed with 
water, and recrystallized from methanol, yielding 48 g (72%) 
of 5b, mp 138-142°. A further recrystallization from acetone- 
methanol gave large white plates with mp 142-143° (lit.8 mp
142.5-144.5°).

3a-Benzoyloxy-5-hydroxy-5/3-cholestan-6-one (8c).—A solution 
of 254 mg (0.607 mmol) of the dihydroxy ketone 8a in 4 ml of 
pyridine containing 0.75 ml of benzoyl chloride was allowed to 
remain a t room temperature for 23 hr. The standard work-up 
for benzoylations8 gave material that crystallized from acetone-

(28) M e ltin g  p o in ts  w ere  ta k e n  in  o pen  cap illa ries  o n  a  M e l-T em p  a p p a 
ra tu s  a n d  a r e  u n co rrec ted . O p tic a l r o ta tio n s  w ere  d e te rm in e d  in  ca. 1%  
ch lo ro fo rm  so lu tions  a n d  a re  a c c u ra te  to  ± 2 ° .  In f ra re d  s p e c tra  w ere  ta k e n  
on  a  P e rk in -E lm e r  M od el 21 s p e c tro m e te r  in  5 -1 0 %  ca rb o n  te tra c h lo r id e  
so lu tio n s  u s ing  a  so d iu m  ch lo rid e  p rism  a n d  0 .1 -m m  cells; s, m , a n d  w  
in d ic a te  re la tiv e  in te n s itie s  of a b s o rp tio n  b an d s , a n d  sh  d en o te s  a  shou lder. 
U ltra v io le t  sp e c tra  w ere  d e te rm in e d  w ith  a  B au sch  a n d  L om b  S p ec tro n ic  505 
s p e c tro p h o to m e te r  in  a b s o lu te  e th a n o l so lu tio n s . N m r  s p e c tra  w ere  d e te r
m ined  in  ca rb o n  te tra c h lo r id e  so lu tio n s  (T M S  in te rn a l s ta n d a rd )  on  a  V arian  
M odel A-60A s p e c tro m e te r  b y  S a d tle r  R esea rch  L a b o ra to r ie s , In c .,  P h ila 
d elph ia , P a . O R D  m e a su re m e n ts  w ere  m a d e  a t  27° o n  d io x a n e  so lu tio n s  
(c ~ 0 .1 )  using  a  C a ry  M od el 60 sp ec tro p o la r im e te r . M icro a n a ly ses  w ere  
o b ta in e d  b y  M icro -A naly sis , In c .,  W ilm in g to n , D e l. P re lim in a ry  ex a m in a 
tio n s  of c ru d e  re a c tio n  p ro d u c ts  a n d  of co lu m n  ch ro m a to g ra p h ic  frac tio n s  
w ere  ca rried  o u t  on  a  B ec k m an  M icrospec  in fra re d  sp e c tro m e te r  a n d  b y  tic  
on  G elm an  T y p e  S G  sh ee ts  using  m ix tu re s  (g en e ra lly  1 :1 ) o f b en z en e  a n d  
cy c lo h ex an e  a s  th e  ir r ig a n t, fo llow ed b y  s p ra y in g  w ith  a  100%  (w /v )  p -to lu - 
enesu lfon ic  a c id -e th a n o l so lu tio n .29 “ D ry in g ”  of so lu tio n s  w as accom plished  
w ith  a n h y d ro u s  so d iu m  s u lfa te . M erck  ac id -w ash ed  a lu m in a  w as em p loyed  
fo r all co lu m n  sep a ra tio n s . P e tro le u m  e th e r  re fe rs  to  3 0 -6 0 °  so lv en t. D i
m e th y l su lfox ide  w as B ak e r “ a n a ly z e d ”  re a g e n t a n d  w as u sed  as  p u rc h a se d  
s in ce  p re l im in a ry  e x p e rim en ts  in d ic a te d  t h a t  red istilled  m a te r ia l  h a d  no 
effec t u p o n  th e  re ac tio n s .

(29) V . V las in ich  a n d  J . B. Jo n es , Steroids, 3, 707 (1964).
(30) T h e  u se  o f m e th an o lic  p o ta ss iu m  h y d ro x id e  is fav o red  o v e r th e  

e th an o lic  p o ta ss iu m  h y d ro x id e  w h ich  w as p rev io u sly  used8 s ince  th e  la t te r  
so lu tio n  tu rn s  yellow  soon a f te r  i t s  p re p a ra tio n , w h ereas  th e  m e th an o lic  so lu
tio n  rem a in s  colorless inde fin ite ly .

methanol, yielding 245 mg (77%) of 8c as needles: mp 176-178°; 
[a]D -1 9 °  (c 1.014); ir, 3484 (w), 1727 (s), 1712 (s, sh) cm -1; 
ir (CHC13), 3497 (w), 1709 (s) cm-1. Recrystallization from 
ether did not alter the melting point.

Anal. Calcd for CMH5o04 (522.74): C, 78.12; H, 9.64.
Found: C, 78.12; H, 9.71.

Preparation of Bromo Ketones. General Procedure.— A
solution of the appropriate ketone in glacial acetic acid was 
heated to 70-80°, when slightly greater than 1 equiv of pyridinium 
bromide perbromide was added to the magnetically stirred 
solution. After 5-15 min the product was precipitated with 
water, collected, and recrystallized, except for lib  and 9c, which 
were purified by chromatography on alumina. (No homogeneous 
bromo ketone was obtained from hydroxy ketone 8a; ketone 5a 
was dissolved in tetrahydrofuran prior to addition to the acetic 
acid.) The following bromo ketones were obtained; % yield, 
melting points, solvent used for recrystallization, specific rota
tions, and analytical data were determined. Additional physical 
data are given in Tables I and II.

3j3,5-Dihydroxy-7a-bromo-5/3-cholestan-6-one (6a) was pre
pared in 63% yield: mp 148.5-150° from aqueous acetone;
[<*]d + 1 1 ° .

Anal. Calcd for C27H45B r03 (497.55): C, 65.17; H, 9.11;
Br, 16.06. Found: C, 65.35; H, 9.14; Br, 15.87.

3/J-Acetoxy-5-hydroxy-7a-bromo-5(3-cholestan-6-one (6b) was 
prepared in 80% yield: mp 137-139° from methanol; [«]d
+ 9°.

Anal. Calcd for C2<,H4,B r04 (539.59): C, 64.54; H, 8.77; 
Br, 14.81. Found: C, 64.31; H, 8.66; Br, 14.99.

3/3,5-Diacetoxy-7a-bromo-5/3-cholestan-6-one (6c) was pre
pared in 84% yield: mp 151-153° from aqueous acetone;
[<*]d + 22°.

Anal. Calcd for C+H^BrCh (581.62): C, 64.01; H, 8.40; 
Br, 13.74. Found: C, 64.18; H, 8.51; Br, 13.58.

3/3-Benzoyloxy-5-hydroxy-7«-bromo-5/3-cholestan-6-one (pd) 
was prepared in 82% yield: mp 185.5-187° from acetone;
[a]D +39°.

Anal. Calcd for C34H«BrC>4 (601.65): C, 67.87; H, 8.2 1 ; 
Br, 13.28. Found: C, 67.70; H, 8.17; Br, 13.41.

5-Hydroxy-7a-bromo-5+cholestan-6-one (lib ) was prepared 
in 83% yield as an oil, [a]D ± 0 °.

Anal. Calcd for CniRsBrCh (481.55): C, 67.34; H, 9.42;
Br, 16.60. Found: C, 67.55; H, 9.45; Br, 16.55.

3a-Acetoxy-5-hydroxy-7«-bromo-5/3-cholestan-6-one (9 b) was 
prepared in 88% yield: mp 144-146° from acetone-methanol;
[« ]d + 2 4 ° .

Anal. Calcd for C+RjBrCh (539.59): C, 64.54; H, 8.77; 
Br, 14.81. Found: C, 64.69; H, 8.75; Br, 14.92.

3a-Benzoyloxy-5-hydroxy-7a-bromo-5/3-cholestan-6-one (9c) 
was prepared in 58% yield: mp 130-131° from chloroform- 
ethanol; [a] D + 2 ° .

Anal. Calcd for C34H4i,Br0 4 (601.65): C, 67.87; H, 8.21; 
Br, 13.28. Found: C, 68.07; H, 8.37; Br, 13.50.

A 16% yield of 3/3,5-epoxy-5/3-cholestan-6-one (13)13 was the 
only identifiable product isolated from the bromination of 9a 
conducted in tetrahydrofuran.

Debromination of 3+Acetoxy-5-hydroxy-7«-bromo-5+choles-
tan-6-one (6b).—A mixture of 200 mg (0.371 mmol) of 6b and
1.0 g of zinc dust in 7 ml of glacial acetic acid was heated under 
reflux for 2 hr. The zinc was removed by filtration and the 
filtrate was diluted with water. The resulting precipitate (162 
mg, mp 140-142°) was collected and recrystallized from methanol 
to give 134 mg (78%) of 5b as white plates with mp 142.5- 
144.5°. No depression in melting point was noted upon admix
ture with authentic 5b.8

Interrelationships of the 3(¡-Substituted «-Bromo Ketones. A. 
Conversion of 3a,5-Dihydroxy-7«-bromo-5/3-cholestan-6-one (6a) 
into Its 3-Acetate (6b).—A mixture of 52 mg (0.11 mmol) of 
6a and 1 ml of acetic anhydride was heated on the steam bath 
for 1.33 hr. The hot solution was treated with crushed ice and 
the precipitated material was recrystallized from methanol, 
yielding 22 mg (39%) of 6b, mp 136-138°. Recrystallization 
from 95% ethanol sharpened the melting point to 137.5-138.5°. 
The mixture melting point with 6b prepared from 5b gave no 
depression.

B. Conversion of 3/3-Acetoxy-5-hydroxy-7a-bromo-5/3-choles- 
tan-6-one (6b) into Its Diacetate (6c).—A solution of 150 mg 
(0.278 mmol) of 6b and 40 mg of p-toluenesulfonic acid mono
hydrate in 2 ml of glacial acetic acid and 2 ml of acetic anhydride 
was allowed to remain at room temperature for 20.5 hr. The
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reaction flask was then cooled in an ice bath and treated with 
water. The precipitate was recrystallized from aqueous acetone 
to give 142 mg (87%) of 6c as white needles with mp 151.5- 
153.5°. A further recrystallization from the same solvents 
gave 125 mg of needles with mp 153-154.5°; no depression oc
curred upon admixture with 6c prepared from 5c.

C. Conversion of 3/3,5-Dihydroxy-7a-bromo-5|3-cholestan-6- 
one (6a) into Its Diacetate (6c).—A solution of 250 mg (0.502 
mmol) of 6a and 51 mg of p-toluenesulfonic acid monohydrate 
in 2.8 ml of glacial acetic acid and 2.8 ml of acetic anhydride 
was allowed to remain a t room temperature for 69 hr. Work-up 
as in B gave a precipitate which was recrystallized from acetone- 
methanol, yielding 246 mg (84%) of 6c as white needles with mp
152.5-154.5°, alone or upon admixture with 6c prepared from 5c.

Reaction of 3a,5-Dihydroxy-5/3-cholestan-6-one (8a) with 
Hydrobromic Acid.—A solution of 263 mg (0.629 mmol) of 8a 
in 15 ml of tetrahydrofuran (redistilled from lithium aluminum 
hydride) containing 0.50 ml of 48% hydrobromic acid was 
heated under reflux for 1.5 hr. The cooled solution was diluted 
with water and the precipitated product was collected, washed 
with water, and dissolved in chloroform. The dried solution was 
evaporated, giving material shown to be 8a by tic, ir spectroscopy, 
and recrystallization from acetone-water (203 mg with mp 
121-123.5°).

Reaction of 3a,5-Dihydroxy-5/3-cholestan-6-one (8a) with 
Pyridinium Bromide,—A solution of 315 mg (0.753 mmol) of 
8a in 15 ml of tetrahydrofuran containing 296 mg (1.85 mmol) 
of suspended pyridinium bromide was heated under reflux for
3.3 hr. The mixture was diluted with water and extracted twice 
with chloroform. The extracts were washed with water and dried. 
The resulting oil had an ir spectrum essentially identical with 
that of 8a but tic of the crystallized product (mp 88-115°) had 
four spots: Rt 0.52 (weak), 0.43 (weak), 0.28 (intense), and 0.13 
(intense). On the same sheet, 3/3,5-epoxy-5/3-cholestan-6-one
(13) had Ri 0.75 whereas 8a had Ri 0.06. Since the absence of 
oxide 13 was shown by the ir and tic examinations, no attem pt 
was made to isolate and characterize the components of the 
mixture.

3/J-Acetoxy-5,7/3-epoxy-5/3-cholestan-6-one (7b).—To a solution 
of 32.0 g (59.3 mmol) of 6b in 1 1. of dimethyl sulfoxide was 
added 32.0 g of anhydrous sodium bicarbonate, The mixture 
was stirred mechanically a t 100 ±  3° for 6 hr (tic indicated 
complete disappearance of starting material within 2 hr). After 
cooling to room temperture the mixture was diluted with water 
and extracted with three 700-ml portions of ether. The com
bined extracts were washed with two 800-ml portions of water 
and then dried. The orange oil isolated upon evaporation of the 
ether was crystallized from aqueous ethanol and then recrystal
lized twice (aqueous ethanol, then methanol) to give 8.55 g of 
7b as off-white needles, mp 100-102°. The solids obtained from 
the three mother liquors were combined and chromatographed 
on 350 g of alumina. Elution with benzene gave an additional
13.0 g of 7b. Recrystallization from aqueous ethanol gave 10.61 
g as white plates with mp 100.5-102°. A further crop (0.462 g, 
mp 92-96°) was obtained from the mother liquor to give a total 
yield of 19.62 g (72%) of recrystallized 7b.

Recrystallization of a sample from methanol gave mp 101- 
102°; [a ]D -4 9 °  (c 1.315); ORD, -4500° (trough),
M  290 0°, [0] 270 +  3300° (peak).

Anal. Calcd for C29H460 4 (458.66): C, 75.93; H, 10.11. 
Found: C, 75.92; H, 9.99.

3a-Acetoxy-5,7/3-epoxy-5/3-cholestan-6-one (10b).—A solution 
of 5.077 g (9.41 mmol) of bromo ketone 9b in 170 ml of DMSO 
containing 5.08 g of suspended sodium bicarbonate was stirred 
mechanically a t 120 ± 5 °  under a nitrogen atmosphere. After 
1 hr the mixture had turned a dark brown with much frothing; 
the temperature was lowered to 100° and the nitrogen stream 
was removed. After stirring a further 19.5 hr, the mixture was 
worked up as given in the previous procedure. Chromatography 
on 100 g of alumina and elution with benzene gave 1.17 g of a 
white solid. Recrystallization from acetone-methanol afforded 
1.056 g (24.5%) of the 3<*-acetoxy oxetanone (10b) as small 
white needles: mp 145-147°; [<*]d —28° (c 0.96); ORD,
[0]310 —4100° (trough), [0]291 0°, [0]267 +3750° (peak).

Anal. Calcd for C29H46O4 (458.66): C, 75.93; H, 10.11.
Found: C, 75.96; H, 9.97.

5,7/3-Epoxy-5/3-cholestan-6-one (12).—A solution of 570 mg 
(1.18 mmol) of bromo ketone lib  in 25 ml of DMSO containing
2.0 g of sodium bicarbonate was mechanically stirred a t 105 ±  3° 
for 6.5 hr. After remaining a t room temperature overnight,

the usual work-up was employed. The oil (455 mg) obtained 
was chromatographed on 10 g of alumina. The semicrystalline 
material (106 mg) eluted with 14% benzene-petroleum ether 
(bp 30-60°) mixtures was crystallized from acetone-methanol, 
giving 39 mg of the oxetanone 12 , mp 92-94°. Concentration of 
the mother liquor gave two additional crops of 12: 51 mg, mp
93-94°, and 9 mg, mp 90.5-93° (total yield, 21%). Recrystal
lization gave the oxetanone as white needles: mp 93-94°;
[« ]d -6 1 °  (c 1.077); ORD, [0]3io -3650° (trough), [0]288 0°, 
[0]270 +1650° (peak).

Anal. Calcd for C27H44O2 (400.62): C, 80.94; H, 11.07. 
Found: C, 80.84; H, 10.89.

Further elution of the column with benzene-petroleum ether 
mixtures gave mainly starting material (ir spectroscopy).

3/3-Hydroxy-5,7j3-epoxy-5/3-cholestan-6-one (7a).—A solution 
of 334 mg (0 .729 mmol) of the 3/3-acetoxy oxetanone 7b in 15 ml 
of 0 .1 3  N  methanolic potassium hydroxide containing 1 ml of 
water was boiled on the steam bath for 4 0  min. The clear, 
colorless solution was cooled and diluted with 1 ml of 2 N  hydro
chloric acid and water. The precipitate that formed was col
lected and recrystallized from aqueous ethanol to give 266 mg 
(8 8 % ) of 7a as small white needles with mp 1 1 9 -1 2 0 ° . Another 
recrystallization gave mp 1 1 9 .5 -1 2 0 .5 ° ; [a]D  —58° (c 1 .112); 
ORD, [0]310 —4500° (trough), [0]23s 0 ° , [0)270 + 2 5 0 0 °  (peak).

Anal. Calcd for C27H440 3 (416.62): C, 77.83; H, 10.64.
Found: C, 77.81; H, 10.63.

3a-Hydroxy-5,7/3-epoxy-5/3-cholestan-6-one (10a).—-A suspen
sion of 424 mg (0.925 mmol) of the 3a-acetoxy oxetanone 10b 
in 3 ml of 1.33 N  methanolic potassium hydroxide and 7 ml of 
methanol was boiled gently on the steam bath. The steroid 
dissolved completely within 5 min and the volume of the solution 
was reduced to about 5 ml over a total reaction time of 30 min. 
The solution was cooled, acidified with 2 ml of 2 N  hydrochloric 
acid, and diluted with water. The amorphous product was 
extracted twice with chloroform and the combined extracts were 
washed once with water, dried, and evaporated yielding 383 mg 
(99%) of 10a as a colorless oil that could not be crystallized 
but which was shown to be homogeneous by column chromatog
raphy; the 3a-hydroxy oxetanone (10a) had [a]D —63° (c 
1.09); ORD, [0]3O7 -4150° (trough), [0] 286 0°, [0]265 +2700° 
(peak).

Anal. Calcd for C 2 7 H 4 4 O 3  (416.62): C, 77.83; H, 10.64.
Found: C, 77.54; H, 10.55.

3/3-Benzoyloxy-5,7/3-epoxy-5/3-cholestan-6-one (7c).—A solu
tion of 400 mg (0.960 mmol) of the 3/3-hydroxy oxetanone (7a) 
and 1 ml of benzoyl chloride in 6 ml of pyridine was allowed to 
remain at room temperature for 22 hr. The usual work-up of 
benzoylations8 yielded a yellow oil that crystallized from acetone- 
methanol, giving 333 mg of 7c as needles with mp 146.5-148°. 
Recrystallization of the solid obtained from the mother liquor 
from acetone-methanol gave an additional 79 mg of 7c as needles, 
mp 146-147.5° (total yield, 82%). A sample recrystallized from 
the same solvents gave long white needles: mp 147-148°;
[a]D -3 3 °  (c 1.013); ORD, [0]31O -4100° (trough), [0 ]292 0°, 
[0]266 +4300° (peak).

Anal. Calcd for C34H480 4 (520.72): C, 78.42; H, 9.29.
Found: C, 78.26; H, 9.32.

3a-Benzoyloxy-5,7/3-epoxy-5/3-cholestan-6-one (10c).—A solu
tion of 64 mg (0.15 mmol) of the 3a-hydroxy oxetanone (10a) 
and 0.25 ml of benzoyl chloride in 2 ml of pyridine was allowed 
to remain at room temperature for 21 hr. The usual work-up,8 
followed by crystallization of the product from acetone-methanol, 
yielded 60.5 mg (76%) of 10C: mp 147.5-148.5°; [« ]d -7 3 °  (c 
0.908); ORD, [0]3 1 0  —6800° (trough), [0]288 0°, [0J28o +6000° 
(peak). Recrystallization from acetone-methanol raised the 
melting point to 148-149.5°.

Anal. Calcd for C34H4804 (520.72): C, 78.42; H, 9.29.
Found: C, 78.61; H, 9.35.

Reactions of Bromo Ketones with Methanolic Potassium 
Hydroxide in Dimethyl Sulfoxide (DMSO).—The work-up used 
in each case was as follows: after the indicated heating period the 
reaction vessel was cooled under the tap and its contents were 
then poured onto crushed ice contained in a separatory funnel. 
Sodium chloride and water were added and the mixture was 
extracted twice with ether. The combined extracts were washed 
once with water, dried, and evaporated.

A. 3fl,5-Dihydroxy-7«-bromo-5/3-cholestan-6-one (6a).— A 
suspension of 1.029 g (2.067 mmol) of 6a in 30 ml of DMSO was 
stirred magnetically at room temperature as 2.65 ml of 1.126 N  
methanolic potassium hydroxide solution was added in one por
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tion. The steroid dissolved rapidly and the resulting yellow 
solution was worked up after 9 min. The oil thus obtained was 
acetylated with 5 ml of acetic anhydride in 5 ml of pyridine 
for 18.5 hr a t room temperature. Crushed ice and 5 ml of con
centrated hydrochloric acid were added and the precipitated 
product was collected, washed with water, and taken up in chloro
form. The dried solution was evaporated and the residue was 
chromatographed on 30 g of alumina. Elution with 80% ben
zene-petroleum ether gave 822 mg of crystalline material which 
was recrystallized from aqueous ethanol, yielding 682 mg (72%) 
of the 3/3-acetoxy oxetanone 7b as white needles with mp 100- 
101.5°. Dilution of the mother liquor with water gave a further 
67 mg of less pure 7b, mp 92-97°. Three fractions totaling 49 
mg of oil were eluted from the column with 20% ether-benzene 
mixtures. Infrared analysis indicated that these oils were 
complex mixtures of oxetanone, unsaturated ketones, and other 
compounds; the oils were not investigated further.

B. 3/3-Acetoxy-5-hydroxy-7«-bromo-5/3-cholestan-6-one (6b). 
—A suspension of 1.023 g (1.899 mmol) of 6b in 30 ml 
of DMSO was stirred magnetically at room temperature as 
2.50 ml of 1.126 N  methanolic potassium hydroxide was added 
in one portion. After 5 min the deep yellow solution was worked 
up; tic indicated that the reaction oil consisted largely of the 
3(3-hydroxy oxetanone 7a. Acetylation of this product was ac
complished as in part A. Chromatography on 30 g of alumina 
and elution with 80% benzene-petroleum ether yielded 727 mg 
of oil which, when crystallized from aqueous ethanol, gave 
640 mg (73.5%) of the 3/3-acetoxy oxetanone (7b) as needles, 
mp 100.5-102°. Dilution of the mother liquor with water 
produced an additional 34 mg of 7b, mp 95-99°. Further elution 
of the column with 20% ether-benzene mixtures gave several 
fractions of oils (45 mg total) whose ir spectra indicated mixtures 
similar to those obtained in part A.

When carried out on a larger scale, 68.1 g (126 mmol) of the 
bromo ketone (6b) gave 43.5 g (75%) of the oxetanone 7b, mp
100.5-102°.

C. 3«-Acetoxy-5-hydroxy-7«-bromo-5(3-cholestan-6-one (9b).
—A suspension of 410 mg (0.760 mmol) of 9b in 13 ml of DMSO 
was magnetically stirred at room temperature as 1.00 ml of 
1.126 N  methanolic potassium hydroxide was added. After 
15 min the bright yellow solution was subjected to the usual work
up. Tic of the reaction oil showed several compounds and the 
ir spectrum exhibited intense hydroxyl absorption, a weak 
oxetanone carbonyl band, and no acetate absorptions. The oil 
was dissolved in 3 ml of pyridine and treated with 3 ml of acetic 
anhydride a t room temperature for 18 hr. Crushed ice and 3 
ml of concentrated hydrochloric acid were added. The amor
phous material that separated was extracted into ether (two 
portions) and the combined ether extracts were washed twice 
with water, dried, filtered, and evaporated. The residue was 
chromatographed on 10 g of alumina. Elution with benzene 
gave 73 mg in two initial fractions. Crystallization from acetone- 
methanol produced 23 mg (6.6%) of impure 3«-acetoxy oxetanone 
10b, mp 139-143° (softened a t 135°). Recrystallization from 
methanol gave 17 mg of 10b as white needles, mp 143-145°.

The next three benzene fractions contained 31 mg of oil which 
crystallized from methanol, yielding 1 1  mg (3.1%) of 3a- 
acetoxy-5-hydroxy-5/3-eholestan-6-one (8b) as needles with 
mp 120-122.5°. This material did not depress the melting point 
of authentic 8b upon admixture.

The bulk of the material (139 mg) was eluted from the column 
with 15-40% ether-benzene mixtures. The ir spectrum of this 
oil was consistent with the diacetoxy hydroxy ketone 15b, but 
no crystallization could be induced. Rechromatography and tic 
of the fractions indicated that this oil was a mixture of a t least 
three components, none of which could be isolated and identified.

D. 5-Hydroxy-7a-bromo-5/3-cholestan-6-one ( lib )  (379 mg, 
0.787 mmol) was covered with 45 ml of a 0.0178 N  solution of 
methanolic potassium hydroxide in DMSO. The mixture was 
stirred magnetically overnight, during which time the oily 
bromo ketone dissolved very slowly. Work-up yielded 308 mg of 
a yellow oil which was chromatographed on 8 g of alumina. The 
solid (142 mg) eluted with 20% benzene-petroleum ether was 
recrystallized from acetone-methanol, giving 107.7 mg (34%) of 
5.7/3-epoxy-5/3-cholestan-6-one (12), mp 91-93°. Recrystalliza
tion of a sample from acetone-methanol gave 12 as white needles 
with mp 93-94°.

The bulk of the remaining material (oil) eluted from the column 
was starting material, according to ir evidence and Beilstein 
tests.

Reactions of Bromo Ketones with Aqueous Potassium Bi
carbonate Solution in DMSO. General Procedure.—A suspen
sion of the bromo ketone in DMSO was heated in an oil bath 
(80-85°) until solution was complete. To the hot (ca. 1.1 X
10-2 M ) solution was added a calculated volume of 0.403 M  
aqueous potassium bicarbonate solution to give a 3 : 1  molar ratio 
of base to steroid. The reaction flask was shaken periodically 
and the cloudy solution that resulted from the bicarbonate 
addition gradually cleared, accompanied by the deposition of 
small amounts of inorganic salts. After the indicated reaction 
time the product was isolated in the same manner employed in 
the bromo ketone-methanolic potassium hydroxide-DMSO 
reations.

A. Bromo Ketone 6b.—A solution of 614 mg (1.14 mmol) of 
6b in 104 ml of DMSO was heated until the internal temperature 
reached 75°, at which time 8.50 ml of the bicarbonate solution 
was added. After a reaction time of 25 min (tic indicated re
action almost complete within 5 min) the product was isolated 
and chromatographed on 20 g of alumina. Elution with 80% 
benzene-petroleum ether gave 384 mg of the 3/3-acetoxy oxetanone 
(7b) which crystallized from aqueous ethanol as 341 mg (65%) 
of white needles with mp 101-102°. An additional 20 mg of 
impure 7b, mp 89-97°, was obtained by dilution of the mother 
liquor with water.

Elution with 25% ether-benzene gave 35 mg of an oil shown by 
tic to consist of a t least two compounds. This oil was not 
investigated further.

The 50% ether-benzene fractions yielded 39 mg of a solid that 
was recrystallized from petroleum ether giving 32.6 mg (6%) of 
a compound formulated as 3/3-acetoxy-5,7d-dihydroxy-5/3-choles- 
tan-6-one (14a): mp 150-152°; ir, 3509 (m, sharp with broad 
base), 1736 (s, acetate C = 0 ) , 1704 (s, C6= 0 )  cm-1. Recrystal
lization from petroleum ether led to the recovery of 23 mg of 
14a: mp 150-152°; uvmax 278.5 mM (i 83).

Anal. Calcd for C29H480 5 (476.67): C, 73.07; H, 10.15.
Found: C, 73.06, 73.25; H, 10.07, 9.92.

B. Bromo Ketone 6a.—A solution of 608 mg (1.22 mmol) of 
6a in 112 ml of DMSO was heated a t 73-76° (internal tempera
ture) with 9.0 ml of the bicarbonate solution for 47 min. The 
product was isolated in the usual manner and then acetylated 
with 4 ml of acetic anhydride in 4 ml of pyridine for 16.7 hr a t 
room temperature. The addition of crushed ice and 4 ml of 
concentrated hydrochloric acid gave amorphous material which 
was extracted with two portions of ether. The combined extracts 
were washed twice with water, dried, filtered, and evaporated. 
The resulting oil was chromatographed on 25 g of alumina. Elu
tion with 50% benzene-petroleum ether gave 329 mg of crystalline 
material. Recrystallization from aqueous ethanol yielded 280 
mg (50%) of the 30-aeet,oxy oxetanone (7b) as needles, mp 
10 1- 102°.

Crystalline material (49 mg) eluted with 75% benzene- 
petroleum ether and with benzene was recrystallized from 
methanol to give 36.3 mg (5.5%) of the bromo ketone 6b, mp 
137-138.5°. No depression in melting point was observed upon 
admixture with authentic 6b.

Eluted with 20% ether-benzene was 99 mg of a semicrystalline 
product. Recrystallization from methanol gave 48.8 mg (7.6%) 
of a white powder, mp 159-163° (37 mg was precipitated with 
water from the mother liquor, mp 125-145° with much previous 
softening). Recrystallization from methanol containing a 
little water afforded 27.7 mg of small white needles: mp 162- 
164°; ir, 3497 (w, i-hydroxyl), 1739 (s, with sh a t higher and 
lower frequency) cm-1; Xmal ~248 m/x (with inflection a t longer 
wavelengths) (e 178).

Anal. Calcd for C3iH5„06• VTRO (527.72): C, 70.55; H,
9.72. Found: C, 70.18, 70.48; H, 9.53, 9.53.

This compound is presumed to be 3/3,7/3-diacetoxy-5-hydroxy- 
5/3-cholestan-6-one (14b) on the basis of the ir absorptions.

C. Bromo Ketone 6d.—A suspension of 605 mg (1.01 mmol) 
of 6d in 92 ml of DMSO was heated to an internal temperature 
of 77-78°; the steroid had not dissolved at this point. An 
additional 20 ml of DMSO was added and heating was continued 
for a further 0.5 hr a t 78°. At this point some steroid remained 
undissolved; 7.50 ml of the bicarbonate solution was added to the 
mixture. After 1.5 hr of treatment with the base, the reaction 
mixture was worked up and the semicrystalline residue was 
chromatographed on 30 g of alumina. The first fraction eluted 
with 80% benzene-petroleum ether gave 384 mg of a white solid. 
Recrystallization from acetone-methanol yielded 362 mg (69%) 
of the 3/3-benzoyloxy oxetanone 7c as beautiful white needles,
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mp 147-148.5°. A second 80% benzene-petroleum ether fraction 
contained 21 mg of an oil which, when crystallized twice from 
methanol, gave an additional (impure) 7.5 mg of 7c as needles 
with mp 142-147° (soften 135°). Further fractions of the ben
zene-petroleum ether mixture gave 25 mg of an oil that crystal
lized from aqueous acetone, giving 18 mg of material with mp 
138-160°. Recrystallization from methanol produced 8 mg 
(mp 140-148°) of an unidentified mixture.

Elution with 25% ether-benzene gave 49 mg of an oil that 
crystallized from petroleum ether, giving 24 mg of tiny white 
needles which had a double melting point (79.5-81° and 163- 
165°). Recrystallization from the same solvent returned 3 mg, 
mp 88° and 164-166°. Lack of material precluded further in
vestigation.

D. Bromo Ketone 6c.—A solution of 404 mg (0.694 mmol) 
of 6c in 64 ml of DMSO was heated to 76°, when 5.10 ml of the 
bicarbonate solution was added. After 1.35 hr the product (no 
oxetanone was observed via ir spectroscopy) was isolated from 
the colorless reaction mixture and chromatographed on 20 g of 
alumina. Elution with 50-70% benzene-petroleum ether mix
tures yielded 197 mg of oil that crystallized from aqueous ace
tone: 85 mg (21%) of starting material (6c) precipitated as 
white needles, mp 151.5-153.5° (ca. 210° dec) Elution with 
benzene produced an oil (108 mg) that crystallized from metha
nol, mp 175-177.5° (dec p t 185°). Recrystallization from 
methanol afforded 56 mg (14%) of 16 (positive Beilstein test) 
with mp 176.5-178.5° (dec pt 182°); uvmaI 286 m/i (e 49); ir, 
1739 (s, with strong sh a t 1754 and 1761) cm-1. When a sample 
for analysis was recrystallized from methanol and dried a t 80° 
(1 mm) for 3.2 hr, the melting point dropped to 152-154° (dec pt 
175°).

Anal. Calcd for C3iH49Br05 (581.62): C, 64.01; H, 8.40; 
Br, 13.74. Found: C, 65.60; H, 8.83; Br, 13.42.

Finally, elution of the column with 30% ether-benzene gave 
56 mg of 3/3,5-diacetoxy-5/3-cholestan-6-one (5c) that crystallized 
from methanol (with seeding) as 17 mg (5%) of little prisms, 
mp 189-193°, some previous softening (lit.11 mp 192-193.5°).

E. Bromo Ketone l ib .—A solution of 179 mg (0.371 mmol) 
of l ib  in 10 ml of anhydrous ether was added, in portions, to 
34 ml of DMSO which had been preheated to 72°. After 10 
min 2.80 ml of the potassium bicarbonate solution was added 
and the reaction was allowed to proceed a t 75-77° for 2 hr. The 
work-up gave product containing little oxetanone (ir). Chroma
tography on 4 g of alumina gave 43 mg of oil from 20% benzene- 
petroleum ether fractions. Crystallization from acetone- 
methanol afforded 33 mg (22%) of 5,7/3-epoxy-5/3-cholestan-6-one
(12) as white needles with mp 93-94°.

The remaining oils (61 mg) eluted with increasingly polar 
solvent mixtures were examined by uv spectroscopy. The 
maxima varied from ca. 274 to 314 m/i and most showed shoulders 
indicative of complex mixtures. None of the oils was investigated 
further.

F. Bromo Ketone 9b.—A solution of 319 mg (0.592 mmol) 
of 9b in 55 ml of DMSO was heated to 81°; 4.40 ml of the bi
carbonate solution was then added. The reaction product was 
chromatographed on 8 g of alumina. Eluted with 50% benzene- 
petroleum ether was 17 mg of an oil that crystallized from metha
nol, yielding 11.6 mg (4.3%) of the 3a-acetoxy oxetanone (10b), 
mp 146-147.5°. The 70% benzene-petroleum ether and benzene 
fractions yielded 58 mg of semicrystalline material. Crystal
lization from methanol gave 17.5 mg (6.4%) of 3a-acetoxy-5- 
hydroxy-5/3-cholestan-6-one (8b) as white needles, mp 120- 
122.5°. No depression in melting point occurred upon admixture 
with authentic 8b and the ir spectra were identical.

Elution with 15-25% ether-benzene mixtures gave 86 mg of 
semicrystalline material. Crystallization from ethanol gave 33 mg 
(11.7%) of a compound formulated as 3a-acetoxy-5,7/3-di- 
hydroxy-5/3-cholestan-6-one (15a) (negative Beilstein test): 
mp 141-142.5°; ir, 3521 (m), 1744 (s), 1709 (s) cm-1; Xmax 
286 m/i (« 393).

Anal. Calcd for CfflH480 5 (476.67): C, 73.07; H, 10.15.
Found: C, 72.93, 72.78; H, 10.19, 10.20.

G. Bromo Ketone 9c.—To a solution of 217 mg (0.361 mmol) 
of 9c in 34 ml of DMSO at 76° was added 2.70 ml of the potassium 
bicarbonate solution. After 1.67 hr the product was isolated and 
chromatographed on 5 g of alumina. The 60% benzene-petro
leum ether eluates gave 16 mg of crystalline material that was 
recrystallized from methanol, giving 14 mg (7.5%) of the 3a- 
benzoyloxy oxetanone (10c) as white plates, mp 148-149°.

The 30% ether-benzene fractions gave 28 mg of an oil which

crystallized from methanol as white needles (25 mg, 13%) of 
3a-benzoyloxy-5-hydroxy-5(3-cholestan-6-one (8c), mp 173-175°.

No other fractions contained significant amounts of mate
rial.

3fl-Tosyloxy-5,7/3-epoxy-5/3-cholestan-6-one (7d).—The 30-
acetoxy oxetanone 7b (10.018 g, 21.90 mmol) was saponified with 
methanolic potassium hydroxide. The resulting 3/3-hydroxy 
oxetanone (7a) was dissolved without prior recrystallization in 
60 ml of pyridine and treated with 10.732 g (56.40 mmol) of 
recrystallized p-toluenesulfonyl chloride for 43.3 hr a t room 
temperature. Crushed ice and 60 ml of concentrated hydro
chloric acid were added to the vigorously swirled solution. 
After 2 hr, the precipitated product was collected, washed well 
with water, and dissolved in chloroform. The dried solution was 
evaporated and the residue was recrystallized from petroleum 
ether containing a small amount of chloroform, yielding 10.499 
g of tosylate 7d as a mat of white needles, mp 142.5-143.5° 
with dec a t 185°. Concentration of the mother liquor yielded 
a further 1.715 g of product with mp 142-143.5° (total yield, 
96.5%). Recrystallization of a 170-mg sample from chloroform- 
petroleum ether gave 148 mg of needles with mp 142-143.5° 
(dec 183°); [a]D —16° (c 0.857); ir, 1806 (s, oxetanone C = 0 ) , 
1600 (w, aromatic ring), 1188 and 1176 (s, tosylate), 903 (s, 
oxetanone ring) cm-1.

Anal. Calcd for C34H60O6S (570.81): C, 71.54; H, 8.83; 
S, 5.62. Found: C, 71.33; H, 8.66; S, 5.81.

Reaction of Tosylate 7d with Lithium Carbonate-Dimethyl- 
formamide.—To a solution of 7.073 g (12.39 mmol) of tosylate 
7d in 350 ml of dimethylformamide (Baker “ analyzed” ) was 
added 7.180 g of lithium carbonate.26b The mixture was heated 
under reflux for 2.25 hr, during which time moderate bumping 
occurred. The mixture was cooled to 35° under the tap, diluted 
with ether, and filtered with suction to remove suspended salts. 
The filtrate was washed three times with water, dried, and 
evaporated to yield an orange oil whose ir spectrum [3534 (w, 
OH), 1808 and 1799 (s, oxetanone C = 0 ) , 1727 (s, H—C = 0 ) , 
1189, 1186, and 1160 (m, 0 —C H = 0 ), 903 (m, oxetanone ring) 
cm-1] was consistent26b with a mixture consisting mainly of a 
formyloxy oxetanone (1 Od). A solution of the oil in 300 ml of 
0.112 N  methanolic potassium hydroxide was boiled for 20 min. 
The solution was cooled, acidified with 20 ml of 2 N  hydrochloric 
acid, diluted with water, and extracted twice with chloroform. 
The combined extracts were washed once with water, dried, and 
evaporated. The resulting oil [ir 3534 (m, OH), 1802 (s, oxeta
none C = 0 ) , 903 (m, oxetanone ring) cm-1] was dissolved in 50 
ml of pyridine and 50 ml of acetic anhydride and allowed to 
remain at room temperature for 41.5 hr. Crushed ice and 50 ml 
of cone hydrochloric acid were added and the crystalline precipi
tate that formed was collected, washed with water, and taken up 
in chloroform.

The dried solution was evaporated and the residue j ir, 1812 
(s, oxetanone C = 0 ) , 1739 (s, acetate C = 0 ) , 1650 (very w, 
C = C ), 1241 [s, O—C(CH3)= 0 ] ,  907 and 897 (m, oxetanone 
ring) cm“1} was chromatographed on 175 g of alumina. Elution 
with 20% benzene in petroleum ether gave 900 mg of a colorless 
oil that crystallized from methanol as a mat of white needles 
(330 mg) with mp 91-93° (previous softening). The mother 
liquor was evaporated to dryness and the residue was recrystal
lized from aqueous ethanol, yielding an additional 477 mg of 
needles, mp 88-90° (previous softening). The ir spectrum of this 
material was identical with that of the first crop of crystals. 
The total yield was 16.3%. The first crop was recrystallized 
from aqueous ethanol to give 277 mg of needles with mp 91.5- 
94.5°, softened a t 85°; [« ]d —91° (c 1.48); ir, 3049 (w, H—C =  
C—H), 1808 (s, oxetanone C = 0 ) , 1661 (very w, C = C ), 907 and 
895 (m, oxetanone ring) cm“1; Xmax 286 m^ (e 56). The spectral 
results, taken with the melting point behavior, indicated that 
this material was probably a mixture of 5.7;3-epoxy-6-oxo-5/3- 
cholest-2- and -3-enes (17) as the half-hydrate.

Anal. Calcd for C ^ C h • VjH jO (407.62): C, 79.55; H,
10.63. Found: C, 79.87, 80.17; H, 10.38, 10.60.

Elution of the column with 40 to 55% benzene-petroleum ether 
mixtures and with pure benzene gave 3.705 g of crystalline 
residue which, when recrystallized from acetone-methanol, gave 
3.257 g of the 3a-acetoxy oxetanone 10b, mp 145.5-147°. A 
further 214 mg of the oxetanone (mp 144-146°) was obtained 
from the mother liquor. Elution of the column with ether gave 
an additional 159 mg of 10b, which had mp 145.5-147° after 
recrystallization from methanol. The total yield of crystalline 
oxetanone 10b was 64%.
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Hydrogenation of the Unsaturated Oxetanone (17).—A solu
tion of 477 mg (1.20 mmol) of 17 in 35 ml of ethyl acetate was 
hydrogenated in the presence of a Pd-C catalyst until uptake of 
the gas ceased. The catalyst was removed by suction filtration 
through magnesium sulfate and the filtrate was evaporated to 
dryness. Crystallization of the residue from acetone-methanol 
gave 309 mg of 5,7/3-epoxy-5/3-cholestan-6-one (12 ) as long white 
needles, mp 91-93.5°. The mixture melting point with starting 
material was 76-90°. A second recrystallization from the same 
solvents yielded 248 mg with mp 92.5-94°. The ir spectrum of 
this product was identical with that of 12 prepared from the 
bromo ketone l ib  and no depression in melting point was noted 
upon admixture of the two samples.

Dilution of the first mother liquor with water gave an addi
tional 65 mg of 12, mp 92-93°, softened at 87°, which brought 
the total yield to 78%.

Registry No.—5a, 16526-63-9; 5b, 14956-13-9; 5c, 
6579-84-6; 6a, 16526-66-2; 6b, 16526-67-3; 6c, 16525-
96-5; 6d, 16525-97-6; 7a, 16525-98-7; 7b, 16525-99-8; 
7c, 16526-00-4; 7d, 16526-01-5; 8a, 6580-08-1; 8b, 6580- 
09-2; 8c, 16564-29-7; 9b, 16526-04-8; 9c, 16526-05-9;

10a, 16526-06-0; 10b, 16526-07-1; 10c, 16526-08-2; 11a, 
16526-09-3; lib, 16526-10-6; 12,16526-11-7; 14a, 16526-
12-8; 14b, 16526-13-9; 15a, 16526-14-0; 16, 16526-15-1; 
17 (2-ene), 16526-16-2; 17 (3-ene), 16526-17-3.
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The cyclic ethylene hemithioketals of saturated steroidal ketones react with p-toluenesulfonic acid and acetic 
anhydride to form enol ether dimers. The reaction proceeds through the monomer enol ether formed by prefer
ential acylative cleavage of the carbon-sulfur bond. I t  is shown that 3,3-dialkyl ketals and A1 2- and A3-enol 
ethers form similar dimers in yields of 40-90%. Hydrolysis of the enol ether dimers gives dimer ¿3,7-mono
ketones of the type obtained from cholestanone and dihydrotestosterone acetate by aldol condensation in highly 
acidic media.

It might be expected that polymers of steroidal 
ketones (or ketone derivatives) would readily be formed 
in reaction media of high acidity or basicity. There 
seems, however, to be only two instances of an aldol 
type of product having been isolated in sufficient quan
tity and purity to have merited reporting in the litera
ture. Corey and Young1 found that cholestanone is 
converted by hydrogen bromide in acetic acid into 2 a- 
(2'-cholesten-3'-yl)-3-cholestanone (Ilia). What is 
presumed to be the same dimer, in less pure form, has 
recently been isolated from the products of oxidation 
of cholestanol with chromium trioxide-acetic acid.2

This report describes a new type of steroid dimer: 
enol ethers related to the Corey-Young type of 2,3'- 
id,y-unsaturated ketone. Each of the cyclic ethylene 
hemithioketals of 5a-cholestanone3 reacted readily at 
25° with 73-toluenesulfonic acid in acetic anhydride 
(but n ot in benzene), yielding 85% of a crystalline 
product whose infrared spectrum displayed typical bands 
of an acetylthio group (5.88 and 8.79 p) and an ultra
violet absorption maximum at 230 mp. Mild acid 
hydrolysis converted this presumed diene into a ketone 
identical with the dimer of Corey and Young, which for 
comparison was resynthesized in 10 % yield by heating

(1) E . J .  C o rey  a n d  R . L . Y oung , J .  A m er. Chem. Soc., 77 , 1672 (1955).
(2) C . W . S hoppee, R . E . L a ck , S. C . S h a rm a , a n d  L . R . S m ith  J .  Chem. 

Soc., 1155 (1967).
(3) (a) E . L. E lie l, L . A. P ila to , a n d  V. G . B add ing , J .  A m er. Chem. Soc., 

84 , 2377 (1962); (b) E . L . E lie l a n d  S. K r is h n a m u r th y , J .  Org. Chem ., 
30 , 848 (1965), desc rib e  th e  s te reo isom eric  h e m ith io k e ta ls  l a  a n d  l a ' ,  (c)
A lso, fo r iso m er l a ,  see C . D je ra s s i a n d  M . G o rm an , J .  A m er. Chem. Soc., 75,
3704 (1953); (d) L. F . F iese r, ib id ., 76 , 1945 (1954); (e) C . D je rass i, M .
S h am m a, a n d  T . Y . K an , ib id ., 80, 4723 (1958).

cholestanone in a 5% solution of anhydrous 73-toluene- 
sulfonic acid in benzene. Clearly, the hemithioketals 
la and la' had been acetylatively cleaved at the car
bon-sulfur bond and dimerized to the acetylthioethyl 
enol ether of structure Ha, which was then hydrolyzed 
to dimer ketone Ilia.

For further study, the isomeric 3-ethylene hemi
thioketals (lb and lb') of 5a-dihydrotestosterone ace
tate4 * were prepared. Each of these reacted with 
toluenesulfonic acid in acetic anhydride to yield 60% 
of an acetylthioethyl enol ether (lib) which could not 
be crystallized nor adequately purified by chromatog
raphy. Acid hydrolysis afforded 40-50% (over-all 
from hemithioketals) of dimer keto diacetate M b. 
By-products of this reaction sequence were dihydro
testosterone acetate and probably Wagner-Meerwein 
rearrangement products of the D ring.6

The dimer M b was also formed in low yield on 
heating dihydrotestosterone acetate in toluenesulfonic 
acid-benzene solution, but was extremely difficult to 
purify. Its N-acetyloxime was shown to be identical 
with the same derivative of the dimer ketone from lib.

The Corey and Young structure for dimers of type 
III was supported by the nmr spectrum of M b, in 
which a one-proton quartet centered at S 2.90 ppm is

(4) F o r  m ix tu re  of h em ith io k e ta ls  l b  a n d  l b ,  see (a) J . R o m o , G . R osen - 
k ra n z , a n d  C . D je rass i, ib id ., 73 , 4961 (1951); (b) R . T . B lick en sta ff a n d  
E . L. F o s te r , J .  Org. Chem ., 26, 5029 (1961). See E x p e rim e n ta l S ection  fo r 
th e  in d iv id u a l isom ers. T h e  tr iv ia l nam e, 5 a -d ih y d ro te s to s te ro n e , is u sed  
th ro u g h o u t th is  re p o r t  in  re fe rrin g  to  5 a -an d ro s ta n -1 7 0 -o l-3 -o n e .

(5) (a) A. C ohen , J . W . C ook, a n d  C . L. H e w e tt , J .  Chem . Soc., 445 
(1935); (b) A. D . C ross, H . C arp io , a n d  H . J .  R ingo ld , J .  M ed . C hem ., 6, 
198 (1963).
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la, R =  C8H„; a-0-ß-S 
la ', R =  C8H17; ^‘0  orS
lb, R =  OAc; a -0 -ß S  

lb ', R=OAc; ß-0-a-S

Ha, R =C 8Hh; R '= A cSCH2CH2 
Hb, R =  OAc; R' =  AcSCH2CH2

Ria, R —C8H17 
nib, R=OAc

observed. This can be assigned to a 2 axial H coupled 
to the 1 equatorial H («A = 6 cps) and also to the 1 
axial H (J2 = 12 cps), with a  (equatorial) attachment 
of carbon 2 to carbon 3'.

The a  attachment at carbon 2 is also supported by the 
chemical shift (S 1.07) of the 10-CH3 of Ilia and b, 
which is precisely the value observed by Miller for the 
(2a,2'a-methylene)-bridged dimer of dihydrotestos
terone acetate.6 The previously discussed1,2 pref
erences for a A2'-5a structure, rather than A 3'-5a , 
seem most reasonable even though not yet unequiv
ocally proved.

Dimers of type II must have been formed through 
the intermediacy of monomeric enol ethers. This 
dimerization is somewhat surprising in view of the 
preparation of monocyclic enol ethers from dialkyl ketals 
with small amounts of p-toluenesulfonic acid7 and of 
cholestanone ethyl enol ether from the ketone and ethyl 
orthoformate-sulfuric acid.3b However, the validity 
of the assumption was demonstrated by treating the 
A2- and A3-methyl, or -ethyl, enol ethers of cholestanone 
and dihydro testosterone acetate with 3-7%  solutions 
of anhydrous p-toluenesulfonic acid in either acetic

anhydride or benzene. The crystalline dimer methyl 
(Ila', lib') and ethyl (lib") enol ethers (and an oily 
Ha") analogous to Ila and lib were formed in 40-60% 
yields. The formation of the same dimer enol ether 
from A3-5a monomer as from A2-5a monomer requires 
a double-bond shift to the thermodynamically favored 
A2-enol ether prior to dimerization. Evidence for such 
a transformation in steroids has been elusive, having 
been only indirectly observed in the bromination of A3- 
enol ethers.8

Acid hydrolysis of dimer enol ethers Ila', a", b', and 
b " afforded the same dimer ketones as derived from the 
cyclic ethylene hemithioketals.

The generality of the dimerization was apparent when 
it was observed that the dimethyl and diethyl ketals of 
5a-dihydrotestosterone acetate and the dimethyl ketal 
of cholestanone were also converted by 3-4% anhydrous 
toluenesulfonic acid in acetic anhydride or benzene into 
20-70% of dimer enol ethers Ila', b', and b". In ben
zene, either heating or prolonged reaction times are 
necessary to yield significant amounts of dimer, 
although the reaction proceeds readily in acetic anhy
dride. Again, it is apparent that monomer A2-enol 
ether is the intermediate for dimerization.

Mechanistically, these dimerizations obviously re
quire only a high proton concentration, except that in 
the case of ethylene hemithioketals acetic anhydride is 
needed to provide acylium cation which effects prefer
ential scisson of the carbon-sulfur bond, prior to dimer
ization. This is analogous to the acylative cleavage of 
cyclic ethylene dithioketals.9 The enol ether 3 can di
merize to 4 by attack on its protonated form 2. Subse
quent loss, addition, and loss of a proton, followed by 
loss of alcohol then leads to the dimeric enol ether 7, 
which is stable to anhydrous acid in the benzene or ace
tic anhydride medium. Other types of carbonium ion 
intermediates and other reaction paths may be postu
lated, but the proposed sequence invokes a minimum 
number of proton transfers and avoids multiply charged 
ions.

Experimental Section
Melting points are corrected (Fisher-Johns apparatus), with 

stage preheated to 10° below reported values. Ultraviolet spec
tra were taken in 95% ethanol with a Cary Model 11 spectro
photometer and infrared spectra were obtained with a Beckman

(6) T . C . M iller, J .  Org. Chem ., 30, 2922 (1965). (8) R . G a rd i, P . P . C as te lli, a n d  A. E rc o li, Tetrahedron L ett., 497 (1962).
(7) U . S c h m id t a n d  P . G rafen , A n n .,  656, 97 (1962). (9) G . K a rm a s , ib id ., 1093 (1964).
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IR-5 spectrophotometer, neat for oils, pressed KBr wafers for 
solids. Optical rotations were taken in chloroform (trace of 
pyridine) on a Rudolph Model 70 polarimeter. Nmr spectra 
were obtained on a Varian A-60 spectrophotometer in deuterio- 
ehloroform solution (ca. 1% pyridine). Chemical shifts are 
recorded as 5 values (tetramethylsilane as internal standard), 
center of signal, and d = doublet, t  = triplet, q = quartet, 
m = multiplet, with singlets not specified by abbreviation. 
Organic solutions were routinely dried with potassium carbonate 
prior to evaporation under vacuum. Elemental analyses were 
performed by Midwest Microlab, Inc., of Indianapolis, Ind.

Sa-Dihydrotestosterone Acetate 3,3-Dimethyl Ketal.10—A solu
tion of 1.5 g of dihydrotestosterone acetate and 50 mg of toluene- 
sulfonic acid11 in 20 ml of anhydrous methanol was boiled for 
5 min, then made alkaline with solid sodium methylate, diluted 
with 500 ml of water, and twice extracted with ether. After 
being washed twice with water and dried, the ether solution was 
evaporated, and the residue was recrystallized from methanol 
(pyr) to give 1.35 g of the ketal: mp 144-146° (lit.10 mp 143- 
147°); Xmax 5.74, 8.00, 9.07, 9.48, 9.68 p.

5«-Dihydrotestosterone Acetate 3,3-Diethyl Ketal.12—A solu
tion of 6 g of dihydrotestosterone acetate and 250 mg of toluene- 
sulfonic acid in 100 ml of anhydrous ethanol was refluxed for 30 
min and then made alkaline with sodium ethoxide (in ethanol). 
Work-up and recrystallization as for the dimethy ketal (above) 
gave 2.5 g of diethyl ketal: white prisms; mp 133-135°; Xmax 
5.77, 7.97, 9.42, 9.63 p.

Anal. Calcd for C2sH«04: C, 73.85; H, 10.41. Found: C, 
73.61; H, 10.50.

17/S-Acetoxy-3-methoxy-2-(5a-androstene). A.—A solution of
1.2 g of dihydrotestosterone acetate 3,3-dimethyl ketal in 20 ml 
of xylene was refluxed under nitrogen for 6 hr. Chromatography 
of the xylene residue on neutral alumina (20 g Woelm grade I; 
20-mm-i.d. column; eluted with 150 ml of methylene chloride) 
gave crude enol ether which was recrystallized from methanol and 
from acetone (pyr) to give 0.15 g of the A2-enol ether: mp 127- 
129°; Xmax 5.72, 5.93, 7.97, 8.14, 9.60, 12.67 p.

B.—When 680 mg of the dimethyl ketal was heated with 100 
mg of powdered Pyrex glass a t 220° 13 14 for 1 hr and the pyrolysis 
product purified as in A, there was obtained 70 mg of the A2-enol 
ether, mp 126-129°.

Anal. Calcd for C22H34O3: C, 76.26; H, 9.89. Found: C, 
76.11; H, 9.98.

Cholestanone 3-ethylene hemithioketal, a-0-/3-S (mp 135— 
136°, la) and cholestanone 3-ethylene hemithioketal, /3-O-a-S 
(mp 112-113°, la') were prepared essentially as described in 
ref 3a. These tentative configurations were based on nmr 
studies,3a'b but the chemical-shift values have not been noted in 
the publications. We have observed for la  S 3.02 (t, CH2S), 
4.15 (split t, CH20); for la ' 3.01 (t, CH2S), 4.17 (clean t, 
CH2O). The splitting of the CH20  triplet of the «-0-/3-S isomer 
is the most striking difference in the nmr spectra. This was also 
observed for the isomeric dihydrotestosterone 3-ethylene hemi- 
thioketals and their 17-acetates (below), and is the basis for 
their stereochemical assignments, following Eliel, Pilato, and 
Badding.3“

5«-Dihydrotestosterone Acetate 3-Ethylene Hemithioketal, 
/3-O-a-S (lb ').—A mixture of 10 g of /3-mercaptoethanol, 10 g 
of dihydrotestosterone acetate, 500 mg of toluenesulfonic acid, 
and 500 ml of benzene was refluxed for 3 hr with separation of 
water (Dean-Stark trap). After several washings with water 
the benzene solution was evaporated to a crystalline residue of 
mixed hemithioketals. Fractional crystallization from ether and 
from ethyl acetate gave numerous small portions with roughly 
10° melting point ranges, covering 140-185° over-all. All 
portions of melting point above 160° were combined and re
crystallized successively from ethyl acetate, methanol, and ethyl 
acetate to give 1.1 g of white prisms of isomer lb ':  mp 185-186°;

(10) P . E . S haw , F . W . G u b itz , K . F . J en n in g s , G . O. P o tts ,  A- L . B ey ler, 
a n d  R . C . C la rk e , J .  M ed. Chem ., 7, 555 (1964), iso la te d  th is  co m p o u n d  fro m  
a  com plex  re a c tio n  m ix tu re . T h e  d ire c t p re p a ra tio n  seem s n o t  to  h a v e  b ee n  
describ ed .

(11) I n  th is  sec tion , to lu en esu lfo n ic  ac id  a s  a  re a g e n t m e an s  p - to lu en esu l
fon ic ac id  m o n o h y d ra te . H ow ever, i t  o b v io u s ly  becom es a n h y d ro u s  ac id  in  
th e  p re se n c e  of a c e tic  a n h y d r id e  a n d  in  th o se  ex p e rim e n ts  w h e re  th e  m ono
h y d ra te  in  b en z en e  is  bo iled  do w n  to  a  sm all fina l v o lu m e.

(12) A. E rc o li a n d  P . R u g g ie ri, J .  A m er. Chem. Soc., 75, 650 (1953), de
sc rib e  th is  c o m p o u n d  a s  a n  oil.

(13) P y ro ly s is  p rocess  of J . H . F r ie d , A. N . N u tile , a n d  G . E . A r th , ib id ., 
82, 5704 (1960).

[a]D +3.5°; Xmax 5.73, 7.97, 9.34, 9.65, 10.96, 11.41, 11.66 p; 
nmr 5 0.79 (18-H3), 0.82 (19-HS), 2.01 (17/3-OAc), 3.03 (t, CH2S), 
4.12 (t, CH20).

Anal. Calcd for C+IW hS: C, 70.40; H, 9.24. Found: C, 
70.64; H, 9.30.

5a-Dihydrotestosterone 3-ethylene hemithioketal, /3-O-a-S, 
by saponification of lb ' (2% KOH-methanol, 10-min reflux), 
was obtained as white prisms from ethyl acetate: mp 207-209°; 
[a]D +10.6°; Xm»x 2.83, 9.29, 9.65, 10.90, 11.40, 11.69, 11.78 
p; nmr S 0.74 (I8-H3), 0.83 (19-H3), 3.04 (t, CH2S), 4.12 (t, 
CH2O).

Anal. Calcd for CaHsiChS: C, 72.00; H, 9.77. Found: 
C, 71.78; H, 9.92.

5ct-Dihydrotestosterone 3-Ethylene Hemithioketal, a-O-B-S.
—The hemithioketal portions of melting point below 160° 
were combined and recrystallized from methanol to give 5 g of 
prisms, mp 143-150°, which was then saponified (200 ml of 2% 
KOH-methanol, 10-min reflux). The 17/?-ol obtained by dilu
tion with water and removal of methanol under vacuum was 
recrystallized twice from ethyl acetate (few drops of water) to 
afford 3.2 g of white prisms: mp 152-153°; [<*]d + 16°; Xmax 
2.90, 9.28, 9.69, 10.40, 11.60, 11.80 p; nmr S 0.75 (I8-H3), 
0.84 (19-H3), 3.03 (t, CH2S), 4.16 (split t, CH20).

Anal. Calcd for CHH34O2S: C, 72.00; H, 9.77. Found: C, 
71.58; H, 9.90.

Acetylation of the 17/3-ol with pyridine-acetic anhydride gave 
5of-dihydrotestosterone acetate 3-ethylene hemithioketal, a-O- 
B-S (lb): mp 145-146°; [«]d +12°; Xmal 5.73, 7.97, 9.62, 
11.72 p; nmr 5 0.79 (I8-H3), 0.83 (19-H3), 2.01 (17/3-OAc), 
3.20 (t, CII2S), 4.16 (split t, CH20).

Anal. Calcd for C ^ O s S :  C, 70.40; H, 9.24. Found: C, 
70.53; H, 9.41.

2-(2 '-Cholesten-3 '-yl)-3-(/?-acetylthioethoxy )-2-cholestene 
(Ila). A.—To a stirred solution of 1.0 g of the a-O-B-S hemi
thioketal Ia3a in 4 ml of methylene chloride was added a solution 
of 1.0  g of toluenesulfonic acid in 1 1  ml of acetic anhydride. 
After 45 min, the suspension was cooled to 0°, further diluted 
with 20 ml of acetic anhydride containing 2 ml of pyridine and 
filtered. Washing on the filter with methanol (pyr) and air 
drying gave 0.9 g of pale yellow microgranules, mp 138-141°. 
Recrystallization from acetone gave the analytical sample: 
mp 140-143°; [c*]d +59°; Xmax 230 opt (e 8940); Xmal 5.88,
8.51, 8.79, 9.00 p\ nmr S 2.31 (AcS), 3.05 (t, CH2S), 3.72 (t, 
CH20 ), 5.31 (m, 2'-H).

Anal. Calcd for C58H960 2S: C, 81.23; H, 11.28; S, 3.74. 
Found: C, 81.46; H, 11.38; S, 3.64.

B.—The process of A, applied on a one-tenth scale to the 
/3-O-a-S hemithioketal l a ' afforded 85 mg of dimer enol ether 
with infrared spectrum identical with the Ila  obtained from la .

2-(2'-Cholesten-3'-yl)-3-methoxy-2-cholestene (Ila '). A.—To 
a stirred solution of 1.0 g of cholestanone dimethyl ketal14 in 6 
ml of methylene chloride was added 0.5 g of toluenesulfonic acid 
in 7 ml of acetic anhydride. After 20 min at 25° and 20 min at 
0° the crystalline solid was filtered off, washing with small 
amounts of acetic anhyride and ether (pyr) to give 0.75 g of the 
dimer methyl enol ether. Recrystallization from ether (pyr) 
afforded 0.6 g of I la ':  white flakes; mp 163-165°; Xmax 230 m/x 
(i 12,200); Xmax 8.10, 8.25, 8.73, 12.34 p; nmr S 3.42 (3-MeO),
5.30 (m, 2'-H).

Anal. Calcd for CssH^O: C, 85.84; H, 12.05. Found: C, 
86.09; H, 11.87.

When cholestanone dimethyl ketal was kept a t 25° in a 4% 
solution of anhydrous toluenesulfonic acid in benzene for 20 
min, no significant amount of dimerization occurred. Conven
tional work-up, with constant excess of pyridine, gave only re
covered ketal.

2-(2'-Cholesten-3'-yl)-3-ethoxy-2-cholestene (Ila ").—When
1.0 g of 3-ethoxy-3-cholestene8 was reacted with toluenesulfonic 
acid in acetic anhydride plus methylene chloride as described 
above for I la , a viscous oil separated from the mixture. After 
addition of 2 ml of pyridine, the mixture was hydrolyzed in ice 
and water containing 20 ml of pyridine and the oily product was 
extracted with methylene chloride. Evaporation gave the crude 
dimer ethyl enol ether I la " ,  Xmax 229 m/i, which could not be 
induced to crystallize. Acid hydrolysis as described below 
afforded 0.4 g of the dimer ketone I lia .

2a-(2'-Cholesten-3'-yl)-3-cholestanone (Ilia). A.—A solu

(14) R . M . E v a n s , G . F . H . G reen , J .  S. H u n t ,  A. G . L ong , B . M o o n ey , 
a n d  G . H . P h ill ip p s , J .  Chem . Soc., 1529 (1958).
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tion of 1.0 g of H a and 0.3 ml of concentrated HC1 in 20 ml of 
tetrahydrofuran and 10 ml of acetone was kept at 25° for 1 hr 
and then slowly diluted with 100 ml of water. The cream solid 
was filtered off, dried, and recrystallized from methylene chloride- 
ethyl acetate to give 0.75 g of I l ia :  mp 206-208°; [<*]d +40° 
(reported1 mp 209-211°, [a]D +41°); Xmajt 5.82, 8.40, 8.50, 
10.40, 12.40 ft; nmr 8 1.06 (19-H„), 2.92 (m, 2-H), 5.30 (m, 
2'-H).

B. —Acid hydrolysis of the crystalline dimer methyl enol 
ether I la ',  as in A, gave a high yield of the same dimer ketone 
I lia .

C. From Cholestanone, through Crude Hemithioketal.—A
mixture of 2 g of cholestanone, 2 ml of +mercaptoethanol, 0.2 
g of oxalic acid, and 150 ml of benzene was refluxed for 5 hr with 
water separation. Washing with water, drying, and evapora
tion of the benzene solution gave the mixed hemithioketals la +  
la '.  This crystalline mass was dissolved in 8 ml of methylene 
chloride, 2 g of toluenesulfonic acid in 22 ml of acetic anhydride 
was added, and all was stirred a t 25° for 3 hr and then hydrolyzed 
in ice and water containing 40 ml of pyridine. Methylene chlo
ride extraction and evaporation, followed by acid hydrolysis 
and recrystallization as in A, afforded 1.4 g of I l ia ,  mp 204-208°.

D. From Cholestanone, by Aldol Condensation.—A suspen
sion of 0.8 g of toluenesulfonic acid in 50 ml of benzene was 
boiled down to 10 ml to obtain a yellow solution of the an
hydrous acid. Then 1.5 g of cholestanone and 10 ml of benzene 
was added, and the solution was refluxed for 3 hr. The water- 
washed benzene solution gave a glassy residue on evaporation, 
and from this there was obtained, after several recrystallizations 
from ethyl acetate, 0.15 g of I l ia :  mp 200-204°; [<*]d +37°;
ir and nmr spectra identical with those of the dimer ketone 
obtained in A. Cholestanone (0.7 g) was recovered during the 
recrystallization. There undoubtedly were other dimer isomers 
present in the remaining 0.5 g of high-melting (185-200°) 
material, but only I l ia  could be isolated relatively pure through 
seeding with the material from A.

2- [ 17 '+Acetoxy-2 '-(5 'a-androsten )-3 '-yl] -17+acetoxy-3-me- 
thoxy-2-(5a-androstene) (lib '). A.—To a solution of 0.75 g 
of toluenesulfonic acid in 25 ml of acetic anhydride was added
3.1 g of dihydrotestosterone acetate 3,3-dimethyl ketal. The 
mixture was stirred a t 25° for 20 min; 8 ml of pyridine was 
added, and then it was hydrolyzed in ice and water containing 
70 ml of pyridine. The white solid was filtered off, stirred well 
with 50 ml of methanol, and refiltered to give 2.5 g of the dimer 
methyl enol ether. This was recrystallized from acetone (pyr) 
to afford 2.0 g of l ib ':  mp 192-199°; [a]D +46°; Xmal 228 m/x 
(« 6270); Xmax 5.75, 8.00, 9.53, 9.64 M; nmr 8 0.80 (18-H3, 
18'-H3, 19-Ha, 19'-Hj), 2.01 (17+0Ac), 3.41 (3-MeO), 5.30 
(m, 2'-H).

Anal. Calcd for C43H6405: C, 78.14; H, 9.76. Found: C, 
78.34; H, 9.90.

The methanol wash liquor from the crude dimer was acidified 
and worked up in conventional fashion to give 0.3 g of dihydro
testosterone acetate (identified by ir).

B. —On an appropriately smaller scale, 100 mg of 17+acetoxy-
3-methoxy-2-(5a-androstene) was treated with toluenesulfonic 
acid as in A to give 50 mg of dimer methyl enol ether, ir identical 
with that of l ib ' obtained in A.

C. —When dihydro testosterone acetate 3,3-dimethyl ketal was 
kept for 1.5 hr a t 25° in a 4% solution of anhydrous toluene
sulfonic acid in benzene the yield of l i b '  was 30%. Boiling of 
a similar reaction mixture for 10 min raised the yield to 45%, 
apparently as a result of more monomeric enol ether first being 
formed.

Dimer 3-Ethyl Enol Ether (lib"). A.—When 4.0 g of 17+
acetoxy-3-ethoxy-3-(5a-androstene)8 was treated with toluene
sulfonic acid and acetic anhydride as described for l ib ',  there 
was obtained 3.5 g of crude dimer enol ether, mp 145-160°. 
Recrystallization from ether (pyr) gave 3.1 g of cream prisms 
of l ib " :  mp 167-171°; [a]D +49°; Xmax 230 mu (e 5700); 
Xmax 5.73, 8.01, 8.92, 9.63 u; nmr 8 0.80 (18-H3, 18'-H3, 19-H3, 
19'-H3), 1.09 and 3.53 (t, q, 3-EtO), 2.02 (17+OAc), 5.29 (m, 
2'-H).

Anal. Calcd for CixHeeO»: C, 78.29; H, 9.86. Found: C, 
77.86; H, 9.98.

The same starting material, kept at 25° for 1.5 hr in 3% 
anhydrous toluenesulfonic acid in benzene, gave a 60% yield of 
dimer l ib " .

B.—When 1.0 g of l7+aeetoxy-3-ethoxy-2-(5a:-androstene)8 
was treated with toluenesulfonic acid in acetic anhydride as in A,

there was obtained 0.8 g of dimer whose ir and nmr spectrum 
were identical with those of l i b "  obtained in A.

C.—Reaction as in A, performed on 0.5 g of dihydrotestoster
one acetate 3,3-diethyl ketal, gave 0.3 g of dimer ethyl enol 
ether lib " .

2 a -  [ 17 '+Acetoxy-2 '-(5o:-androsten )-3 '-yl] -17+acetoxy-5«-an- 
drostan-3-one (n ib). A.—When 0.5 g of dihydrotestosterone 
acetate 3-ethylene hemithioketal a -0 -+ S  (lb) was treated with 
toluenesulfonic acid in acetic anhydride as in process A for l i b ' '  
(above), the product was a viscous oil which could not be crystal
lized. Chromatography on acidic alumina (20 g, Woelm grade 
I; 20-mm i.d. column; eluted with 300 ml of 1:1 benzene- 
hexane) gave 0.32 g of pale yellow oil whose ir spectrum was 
appropriate for the dimer +acetylthioethyl enol ether lib : 
Xma3t 5.74, 5.88, 7.99, 8.77, 9.51, 9.63 The 0.32 g of lib , in 
10 ml of acetone and 0.3 ml of concentrated HC1, was kept at 
5° for 30 min and filtered to give 0.25 g of cream prisms. Re
crystallization from acetone afforded 0.2 g of white prisms of 
I l lb : mp 258-261° dec; [«]d +21°; Xmax 5.74, 5.80, 8.00, 
9.66 u; nmr 8 ca. 0.80 (18-H3, 18'-H3, 19'-H3), 1.07 (19-H3),
2.01 (17+OAc), 2.90 (q, J i = 6, J 2 =  12, 2-H), 5.23 (m, 2'-H).

Anal. Calcd for C42H62O5: C, 77.97; H, 9.66. Found: C, 
78.06; H, 9.62.

The N-acetyloxime of Illb (standard oximation in pyridine 
followed by pyridine-acetic anhydride acetylation) was white 
flakes: mp 190-192°; [<*]d +41°; Xma* 5.73, 8.00, 9.52, 9.63,
10.80 u; nmr 8 0.81 (18-H3, 18'H3, 19'-H3), 0.97 (19-H3), 2.02 
(17+OAc), 2.16 (3-AcON=), 2.98 (q, 2-H), 5.37 (m, 
2'-H).

Anal. Calcd for C44H650 6N: C, 75.07; H, 9.31; N, 1.99. 
Found: C, 75.24; H, 9.49; N, 1.86.

B.—The reaction described in A, performed on the + 0 -a -S  
hemithioketal lb ',  gave intermediate oily dimer enol ether lib  
and final dimer ketone I llb  exactly as isolated in A.

C and D.—Acid hydrolysis, as in A, of the dimer methyl enol 
ether l ib ' and dimer ethyl enol ether l i b "  gave high yields of the 
dimer ketone I llb , with physical properties exactly as described 
in A.

E.—A solution of 3.0 g of dihydrotestosterone acetate and 1.4 
g of anhydrous toluenesulfonic acid in 20 ml of benzene was 
refluxed for 4 hr. After washing with water and evaporation of 
the benzene solution, the glassy residue was recrystallized from 
methanol and three times from acetone, seeding with I llb , 
to afford 0.5 g of white prisms, mp 250-260° dec, ir similar to 
that of I llb . Conversion of the 0.5 g to N-acetyloxime and two 
recrystallizations from methanol gave 0.25 g of white flakes: 
mp 192-192°; ir spectrum identical with that of the acetyloxime 
described in A.

Chemical Shifts of Starting Materials.—Interpretations of 
dimer nmr spectra were based on the spectra of steroid ketone, 
ketal, and enol ether starting materials. Some of these have not 
been reported and so all of the meaningful shifts (in CDC13 with 
ca. 1% pyridine) are here appended: cholestanone, 0.70
(18-H3), 1.03 (19-H3); dihydrotestosterone acetate, 0.82
(18-H3), 1.02 (19-H3), 2.02 (17+OAc); cholestanone dimethyl 
ketal, 0.68 (18-H3), 0.82 (19-H3 +  other), 3.11 and 3.16 
(3-MeO, 3-MeO); dihydrotestosterone acetate dimethyl ketal, 
0.82 (18-H3, 19-H3), 2.04 (17+OAc), 3.18 and 3.22 (3-MeO, 
3-MeO); 17+acetoxy-3~ethoxy-2-(5a-androstene), 0.80 (18-H3,
19-H3), 1.28 and 3.71 (t, q, 3-EtO), 2.03 (17+OAc), 4.54 (m, 
2-H); 3-ethoxy-3-cholestene, 0.70 (18-H3), 1.29 and 3.70 
(t, q, 3-EtO), 4.51 (m, 4-H); 17+acetoxy-3-ethoxy-3-(5a- 
androstene), 0.82 (18-H3, 19-H3), 1.28 and 3.71 (t, q, 3-EtO),
2.05 (17+OAc), 4.52 (m, 4-H).

Registry No.—la, 2760-91-0; la', 2760-93-2; lb, 
16158-92-2; lb', 16158-93-3; Ila, 16159-07-2; Ila', 
16158-94-4; lib', 16203-49-9; lib ", 16203-48-8; Ilia, 
16203-50-2; Illb, 16158-95-5; N-acetyl oxime of Illb,
16158- 96-6; 5a-dihydrotestosterone acetate 3,3-diethyl- 
ketal, 16158-97-7; 17/3-acetoxy-3-methoxy-2-(5a-an- 
drostene), 16158-98-8; 5a-dihydrotestosterone 3-eth- 
ylenehemithioketal ß-0-a-S, 16158-99-9; 5a-dihydro- 
testosterone 3-ethylenehemithioketal, a -0 -ß -S ,  16159-
00-5; 5a-dihydrotestosterone acetate 3,3-dimethyl ketal,
16159- 01-6; cholestanone, 566-88-1; dihydrotestoster-



2440 Cava and Ahmed The J o u rn a l o f O rganic C h em istry

one acetate, 1164-91-6; cholestanone dimethyl ketal, 
16159-03-8 ; 17 /3-acetoxy-3-ethoxy-2-(5a-androstene),
16159-04-9 ; 17 /3-acetoxy-3-ethoxy-3- (5 a-androstene),
16159-05-0; 3-ethoxy-3-cholestene, 16159-06-1.
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The structure of an unusual dimeric Beckmann rearrangement product (III) derived from 2-oximinocholesta-
4,6-dien-3-one (I) has been elucidated. A number of 2,3-secocholesta-4,6-dienes have been synthesized from I, 
making use of the Beckmann rearrangement as the ring-cleavage step.

The Beckmann rearrangement has been employed in 
the synthesis of a wide variety of aza steroids from 
various simple saturated and unsaturated steroidal 
ketoximines.2 The Beckmann rearrangement of steroi
dal a-oximino ketones has been much less thoroughly 
investigated. This reaction appears to have been 
examined only with 16-oximino 17-ketones3 and with
2,4-bisoximino 3-ketones;4 it serves as a useful route to
16,17-seco steroids3 and 2,3-seco-A-nor steroids,4 respec
tively. We now report the behavior of the conjugated 
a-oximino ketone, 2-oximinocholesta-4,6-dien-3-one,la 
(I) under Beckmann rearrangement conditions.

As reported previously, oximino ketone I reacts with 
acetic anhydride in pyridine to give an acetate (II) 
which can be hydrolyzed back to I without rearrange
ment or ring cleavage.la On the other hand, the reac
tion of I with tosyl chloride in pyridine afforded a 
crystalline product, mp 197-198°, which was not the 
tosylate of I. It was assigned the unusual dimeric 
structure III on the basis of the spectral and chemical 
evidence discussed below.

The dimeric formula C54H82O3N2 fitted well with the 
results of both elemental analysis and molecular weight 
determinations. The infrared spectrum of III showed 
carbonyl bands at both 5.70 and 5.97 y, as well as a 
series of bands at 6.17, 6.23, and 6.33 y attributable to 
conjugated olefinic and imine functions; significantly, 
no nitrile absorption in the 4.4-4.5-n region was ob
served.

In the course of determining whether or not the dimer 
contained a readily reduced carbonyl group, it was

(1) (a) P a r t  V I I :  M . P . C av a , E . J .  G lam kow sk i, a n d  Q. A. A hm ed , J .  
Org. Chem ., 32 , 2644 (1967). (b) T o  w hom  a ll in qu iries  sho u ld  b e  ad d ressed : 
D e p a r tm e n t of C h em is try , W a y n e  S ta te  U n iv e rs ity , D e tro i t ,  M ich . 48202.

(2) (a) T . A. J a c o b s  a n d  R . B . B row nfield  [J. A m er. Chem . Soc., 82 , 4033
(1960 ) ] co v e r th e  l i te ra tu re  u p  to  1960; (b) C . W . S hoppee  a n d  G . K ru g er, 
J .  Chem . Soc., 3641 (1961); (c) C . W . S hoppee, G . K ru g er, a n d  R . N . M ir-  
r in g to n , ib id ., 1050 (1962); (d) C . W . S hoppee, R . E .  L ack , a n d  B . C . N ew 
m a n , ib id ., 3388 (1964); (e) C . W . S hoppee, R . W . K illick , a n d  G . K ruger, 
ib id ., 2275 (1962); (f) C . W . Shoppee, R . E . L ack , a n d  S. K . R oy , ib id ., 3767 
(1963); (g) C. W . S hoppee, R . E . L ack , R . N . M irr in g to n , a n d  C . R . S m ith , 
ib id ., 5868 (1965); (h) C . W . S hoppee , M . I .  A k h ta r , a n d  R . E . L ack , ib id ., 
3392 (1964); (i) N . J .  D o o ren b o s  a n d  R . E . H av ra n e k , J .  Org. Chem ., 30, 
2474 (1965); (j) R . M azu r, ib id ., 28, 248 (1963); (k) L . K nof, A n n .,  642, 194
(1 9 6 1 ) ; (1) J .  A . Z deric  a n d  J .  I r ia r te ,  J .  Org. Chem ., 27 , 1756 (1962); (m )
P . B la d o n  a n d  W . M cM eek in , J .  Chem . Soc., 3504 (1961); (n) R . T . B licken- 
s ta ff  a n d  E . L . F o s te r , J .  Org. Chem ., 26 , 5029 (1961); (o) H . S ingh a n d  V. V. 
P a ra s h a r , Tetrahedron L ett., 983 (1966).

(3) (a) F .  L i tv a n  a n d  R . R o b in so n , J .  Chem. Soc ., 1997 (1938); a n d , m ore 
rece n tly , (b) A. H a ssn e r  a n d  I .  H . P o m era n tz , J .  Org. Chem ., 27 , 1760 (1962).

(4) (a) M . P . C av a , E . J .  G lam kow sk i, a n d  P . M . W e in tra u b , ib id ., 31, 
2755 (1966); (b ) G . O h ta , T . T akeg o sh i, K . U eno , a n d  M . S h im izu , Chem. 
P h a rm . B u ll.  (T o k y o ), 13, 1445 (1965).

allowed to react with sodium borohydride in methanol 
solution. Two crystalline products, mp 167 and 235°, 
were isolated in 41 and 37% yield, respectively, after 
preparative thin layer chromatography. It was soon 
shown that the reagent in this reaction was acting not 
as a reducing agent, but simply as a source of methoxide 
ion. The same products were obtained in approxi
mately the same yields when dimer III was treated with 
a solution of sodium methoxide in methanol.

The product, mp 235°, was identified readily as the 
original oximino ketone I. The second product, mp 
167°, analyzed for C28H43O3N; it was assigned structure 
IV on the basis of its spectral and chemical properties. 
The infrared spectrum of IV showed an ester carbonyl 
at 5.78, a cyano group at 4.40, and conjugated olefin 
bands at 6.14 and 6.25 y;  no hydroxyl absorption in the
3- y  region was observed. The nmr spectrum of IV 
showed the methoxyl of the ester function as a singlet 
at r 6.27, as well as a multiplet at 3.29-4.31 corre
sponding to three olefinic protons. Reaction of dimer 
III with sodium hydroxide yielded a mixture of oximino 
ketone I and the cyano acid V, mp 218°. Acid V was 
converted by diazomethane into the cyano ester IV.

The proposed mechanism for the conversion of 
oximino ketone I into the oxime imidate ester III, 
and fragmentation of III into I and IV by methoxide 
ion, is shown in Scheme I.

The interception of imino derivatives in the course of 
Beckmann rearrangements is well known.6 An example 
of a Beckmann rearrangement in which an equivalent 
of unrearranged oxime is incorporated into the isolated 
product has been provided by Hill, who described the 
conversion of A into B shown in Scheme II .6

A rather analogous process can be envisaged for the 
Beckmann rearrangement of oximino ketone I to give 
a dimeric product of structure Ilia. The latter struc-

(5) F o r  som e exam ples, see W . Z. H e ld t, J .  A m er . Chem . Soc., 80 , 5880 
(1958), a n d  references  c ite d  th e re in .

(6) R . K . H ill, J .  Org. C hem ., 27 , 30 (1962).
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ture for the rearrangement product would be in accord 
with its transformation into compounds IV and V by 
base cleavage. It must be discarded in favor of III, 
however, since the infrared spectrum'of the actual dimer 
unambiguously shows the absence of a cyano group in 
the molecule.

The reaction of oximino ketone I with thionyl chloride 
does not give the dimeric compound III. The product 
of second-order Beckmann cleavage, cyano acid chloride 
VI, is formed instead.7 Although compound VI was 
not isolated in a state of purity, the crude material 
showed bands at 4.43 and 5.65 u, characteristic of the 
cyano and the conjugated acid chloride functions, 
respectively. Furthermore, unpurified VI reacted with 
water and with methanol to give acid V and methyl 
ester IV, respectively, in yields based on I of well over 
50% ; no starting material was detected in these 
reactions.

Acid chloride VI was treated also with ammonia, 
aniline, phenylmagnesium bromide, and méthylmag
nésium bromide to give the corresponding 2,3-seco 
steroids (VII, VIII, IX, and X) in satisfactory yields. 
Dehydration of amide VII with refluxing thionyl 
chloride gave the dinitrile XI.

Cyano ester IV and dinitrile X I both underwent 
catalytic reduction in the presence of palladium to yield

(7) T h e  rea c tio n  o f l-n i tro s o -2 -n a p h th o l w ith  p h o sp h o ro u s  p en ta c h lo r id e  
to  g ive  o -cy an o c in n am o y l ch lo rid e  is  close ly  an a lo g o u s  to  th is  re a c tio n : 
W . B orsche a n d  W . S an d er, B er., 47, 2815 (1914).

single crystalline tetrahydro derivatives (XII and XIII) 
in good yield. These compounds were shown to have 
the 5a configuration, resulting from delivery of hydro
gen at the less hindered side of the molecule, by direct 
correlation with a cholestane derivative of known 
configuration at C-5. Thus, reaction of pure 2- 
oximinocholestan-3-one (XIV)la’8 with thionyl chloride 
gave the cyano acid chloride (XV), which was treated 
directly with sodium methoxide to give ester XII, 
identical with the reduction product of the unsaturated 
cyano ester IV. Similarly, the reaction of acid chloride 
XV with ammonia gave the saturated amide XVI; 
dehydration of XVI with thionyl chloride gave dinitrile 
XIII, identical with the reduction product of the 
unsaturated dinitrile XI.

I, R = H
n, r = ch3co

iv , r = cooch3
V, R =  COOH

VI, R = COC1 
v n , r = conh2 

v m , R =  conhcbh 5
IX, R = C(OH)(C6H5)2
X, R =  C(OH)(CH3)2

XI, R =  CN

CsHi7

x h , r = cooch3 
X m ,R  =  CN 
XV, R =  COC1

x v i , r  = c o n h 2

Experimental Section9
Reaction of 2-Oximinocholesta-4,6-dien-3-one (I) with Tosyl 

Chloride in Pyridine.—A solution of oximino ketone I1“ (3.00 g)
(8) M . P . C av a , P . M . W e in tra u b , a n d  E . J .  G lam kow sk i, J .  Org. C hem ., 

31, 2015 (1966).
(9) M e ltin g  p o in ts  w ere  d e te rm in e d  on  a  F is h e r-Jo h n s  a p p a ra tu s  a n d  a re  

u n co rrec ted . In f ra re d  sp e c tra  w ere  reco rd e d  on  a  P e rk in -E lm e r M o d el 237 
sp e c tro p h o to m e te r  (p o ta ss iu m  b ro m id e  d isk s). U ltr a v io le t  a b s o rp tio n  spec
t r a  w ere  d e te rm in e d  in  9 5 %  e th a n o l u s ing  a  P e rk in -E lm e r  M o d el 4000 S pee- 
tra c o rd . O p tic a l r o ta tio n s  w ere  m e asu red  in  ch lo ro fo rm  so lu tio n , un less 
o th e rw ise  in d ic a te d . E le m e n ta l a n a ly se s  w ere  p e rfo rm e d  b y  M id w es t 
M icro lab , In c ., In d ia n a p o lis , In d .,  a n d  b y  D r. A. B e rn h a rd t , M ttlhe im , G e r
m a n y . T h e  s ta te m e n t  t h a t  a  so lu tio n  w as w o rk ed  u p  on  th e  u su a l m a n n e r  
sh o u ld  b e  ta k e n  to  m e an  t h a t  i t  w as  w ash ed  success ively  w ith  w a te r  a n d  
a q u e o u s  so d iu m  ch lo ride , th e n  d r ie d  o v e r  a n h y d ro u s  so d iu m  su lfa te , a n d  
fina lly  e v a p o ra te d  to  d ry n ess  on  a  s te a m  b a th  w ith  th e  a id  of a  r o ta ry  ev a p o 
ra to r . T h e  id e n ti ty  of p ro d u c ts  w ith  a u th e n tic  sam p les  w as checked  b y  m ix
tu r e  m e ltin g  p o in t d e te rm in a tio n s  a n d  in fra re d  sp e c tra l com parisons .



and tosyl chloride (4.50 g) in dry pyridine (50 ml) was stirred 
for 24 hr at room temperature. The reaction mixture was 
poured into cold water (500 ml) and the precipitated product 
was extracted into two 350-ml portions of ether. The ether ex
tract was washed with aqueous sodium bicarbonate and worked 
up in the usual manner. Crystallization from ether-methanol 
gave the Beckmann dimer III (1.90 g, 63%), mp 195-197°. 
The pure dimer (1.83 g, 61%), mp 197-198°, was obtained by 
recrystallization from the same solvent mixture: [a ]25D —131° 
(c 2.62); Amax 5.70, 5.97, 6.17, 6.23, and 6.30 fi; A™,* (sh) 220 
m/i (« 20,900) and 308 m// (e 30,200).

Anal. Calcd for C54H820 3N2: C, 80.59; H, 9.95; N, 3.48; 
S, 0.00. Found: C, 80.54; H, 9.91; N, 3.42; S, 0.00.

Sodium Hydroxide Cleavage of Beckmann Dimer III. 2,3- 
Secocholesta-4,6-diene-2-nitril-3-oic Acid (V).—A solution of 
dimer III (0.100 g) in 1:1 ether-methanol (50 ml) was combined 
with 10% methanolic sodium hydroxide (15 ml), and the mixture 
was stirred for 20 hr at room temperature. The solution was 
evaporated, diluted with water (20 ml), and extracted with three
20-ml portions of ether. The ether extract was worked up in 
the usual manner to give crude oximino ketone I (0.041 g, 40%), 
mp 221-231°; recrystallization from ethanol afforded pure I 
(0.035 g, 34%), mp 235° dec, identical with an authentic sample.

Acidification (HC1) of the alkaline aqueous phase from the 
hydrolysis fraction gave crude acid V (0.040 g). Two recrystalli
zations from ethanol gave pure V (0.031 g, 31%): mp 218°; 
[<*]2Sd  —32.3° (c 1.12, tetrahydrofuran); Amax 3.80, 4.40, 5.89, 
6.10, and 6.22 Amsx 259 m/j. («16,400).

Anal. Calcd for C27H410 2N: C, 78.78; H, 10.04; N, 3.40. 
Found: C, 78.83; H, 10.15; N, 3.37.

Sodium Methoxide Cleavage of Beckmann Dimer III. Methyl 
Ester (IV) of Acid V.—A solution of dimer III (0.100 g) and 
sodium methoxide (0.013 g) in 1:1 ether-methanol (50 ml) was 
stirred under nitrogen for 20 hr at room temperature. Evapora
tion of the solvent gave a residue which was shaken with water 
and ether. Work-up of the ether extract in the usual manner gave 
a residue which was separated into two constituents by prepara
tive tic on a silica gel plate (1:1 benzene-ethyl acetate eluent). 
The slower moving band ( R i  0.59) afforded oximino ketone I 
(0.035 g, 34%), identical with an authentic sample. The faster 
moving band ( R t  0.91) gave crystals of methyl ester IV (0.045 
g, 47%): mp 166° from ether-methanol; [ a ] 26D —3.3° (c 
1.44); Amax 4.44, 5.78, 6.12, and 6.25 Amax 268 mM (e 18,600).

Anal. Calcd for C28H430 2N: C, 79.01; H, 10.18; N, 3.29. 
Found: C, 79.01; H, 10.37; N, 3.25.

When the reaction described above was run using sodium 
borohydride (0.100 g) instead of sodium methoxide, the same 
work-up yielded oximino ketone I (37%) and ester IV (41%) as 
the only products found.

Ester IV was also prepared (77% yield, recrystallized) by reac
tion of acid V with diazomethane in ether.

Cleavage of 2-Oximinocholesta-4,6-dien-3-one (I) to Acid 
Chloride VI.—Thionyl chloride (4 ml) was added to a solution of 
oximino ketone I (0.200 g) in methylene chloride (5 ml) and the 
mixture was stirred for 24 hr at room temperature. The solvent 
and excess thionyl chloride were then removed completely by 
evaporation under reduced pressure. The quantity of crude acid 
chloride VI obtained in this way was used directly in each of the 
reactions described below.

Reactions of Acid Chloride VI. A. Reaction of VI with So
dium Methoxide.—Acid chloride VI was stirred at room tem
perature for 15 min with a solution of sodium methoxide (0.10 
g) in methanol (10 ml). The mixture was then diluted with water 
(10 ml) and the resulting precipitate was crystallized from 1:1 
ether-methanol to give crude methyl ester IV (0.173 g, 96%), 
mp 157-164°. Recrystallization afforded the pure ester IV 
(0.160 g, 77%), mp 167°, identical with material prepared as 
described above.

B. Reaction of VI with Water.—Acid chloride VI was stirred 
with water for 5 hr at room temperature. Crystallization of the 
precipitate from ethanol afforded acid V, mp 218°, identical 
with material prepared from dimer III.

C. Reaction of VI with Ammonia. 2,3-Secocholesta-4,6- 
diene-2-nitril-3-amide (VII).'—Dry gaseous ammonia was bub
bled through a solution of acid chloride VI in dry ether (20 ml) 
at 0° for 10 min. The precipitate was filtered and washed well 
with ether. The combined filtrate and ether washings were 
worked up in the usual manner. The resulting crystalline resi
due (0.131 g) was recrystallized from petroleum ether (30-60°) to 
give amide VII (0.120 g, 65%): mp 209°; [«]%> —3.2° (c 3.63);
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Xmax 3.01, 3.15, 4.51, 5.94, and 6.05 m/*; Amax 249 m̂ i (< 
20,650).

Anal. Calcd for C27H42ON2: C, 78.97; H, 10.31; N, 6.82. 
Found: C, 78.78; H, 10.35; N, 6.81.

D. Reactions of VI with Aniline. N-Phenyl-2,3-seco- 
cholesta-4,6-diene-2-nitril-3-amide (VIII).—Acid chloride VI 
was stirred with redistilled aniline (2 ml) for 30 min at room tem
perature. The mixture was then heated on a steam bath for 15 
min, cooled, and diluted with water. Crystallization of the pre
cipitate from acetone afforded shining colorless crystals of VIII 
(0.130 g, 60%): mp 215°; [ « ] 25d  -11 .0°  (c 1.43); Amax 3.20,
4.45, 5.97, 6.15, 6.25, 6.51, 13.29, and 14.49 /*; Amax 225 mM 
(e 7364) and 286 mM (e 21,030).

Anal. Calcd for C33H46ON2: C, 81.43; H, 9.53; N, 5.76. 
Found: C, 81.44; H, 9.56; N, 5.78.

E. Reaction of VI with Phenylmagnesium Bromide. 3,3- 
Diphenyl-3-hydroxy-2,3-secocholesta-4,6-diene-2-nitrile (IX).— 
An ethereal solution containing phenylmagnesium bromide 
(0.265 g) was added to a solution of acid chloride VI in dry ether 
(10 ml), and the mixture was refluxed for 45 min. The reaction 
mixture was then decomposed by stirring for 2 hr at room tem
perature with saturated aqueous ammonium chloride (50 ml). 
The mixture was filtered, the precipitate being washed well with 
ether. The combined ether solutions were worked up in the usual 
manner to give, after crystallization from ether-petroleum ether, 
white rosettes of alcohol IX (0.150 g, 56%): mp 215°; [a]26n 
+70.9° (c 1.18, tetrahydrofuran); Amax 249 m;x (e 20,640).

Anal. Calcd for C33H6iON: C, 85.19; H, 9.35; N, 2.55. 
Found: C, 84.99; H, 9.09; N, 2.64.

F. Reaction of VI with Methylmagnesium Bromide. 3,3- 
Dimethyl-3-hydroxy-2,3-secocholesta-4,6-diene-2-nitrile (X).-— 
The reaction of acid chloride VI with methylmagnesium bromide 
(0.160 g) was carried out as in part E above, except that a 90-min 
reaction time was used; the work-up was similar. The crude 
product (0.070 g) was chromatographed in ether over neutral 
alumina (grade IV, 1 g) to give colorless crystals of alcohol X 
(0.056 g, 30%): mp 145°; [<*]26d  + 7.2° (c 1.42); A»»x 2.91, 
4.43, 6.06, and 6.11 n; Amax241 mM (e 16,360).

Anal. Calcd for C2dH47ON: C, 81.82; H, 11.13; N, 3.29. 
Found: C, 82.02; H, 11.19; N, 3.32.

Dehydration of Amide VII. 2,3-Secocholesta-4,6-diene-2,3- 
dinitrile (XI).—Amide VII (0.200 g) was refluxed for 1 hr with 
thionyl chloride (0.6 ml). Evaporation of the excess thionyl 
chloride left a residue which was taken up in ether and worked 
up in the usual manner. The resulting crude dinitrile was tri
turated with petroleum ether to remove a brown impurity, and 
then crystallized twice from ether-petroleum ether to give the 
pure dinitrile (0.077 g, 40%): mp 116°; [<*]26d  + 6.5° (c 0.65); 
Amax 4.43, 4.52, 6.14, and 6.33 Amax 265 mM (c 20,280).

Anal. Calcd for C27H40N2: C, 82.59; H, 10.27; N, 7.14. 
Found: C, 83.04; H, 10.15; N, 7.01.

Methyl 2-3-Secocholestane-2-nitril-3-oate (XII). A. By 
Reduction of Ester IV.—A solution of ester IV (0.195 g) in pure 
ethyl acetate (30 ml) was stirred with 10% palladium-on-char- 
coal catalyst (0.10 g) for 7 min in an atmosphere of hydrogen 
(atmospheric pressure); during this time 2 molar equiv of hydro
gen were absorbed. Work-up in the usual manner gave a prod
uct which was separated from a small amount of an oily polar 
impurity (R i  0.11) by preparative tic (silica, 1:1 benzene- 
methanol; Rs of major product = 0.85). Crystallization from 
methanol-ether gave the reduced ester XII as white rosettes 
(0.160 g, 81%): mp 91°; [« ]25d  +23.6 (c 1.90); Amax 4.42 and 
5.72 yu; no uv maxima above 210 mp.

Anal. Calcd for C28H470 2N: C, 78.27; H, 11.03; N, 3.26. 
Found: C, 78.50; H, 10.70; N, 3.14.

B. From 2-Oximinocholestan-3-one (XIV) by Beckmann 
Cleavage.—Thionyl chloride (4 ml) was added to a solution of 
oximino ketone XIVla'6 (0.200 g) in methylene chloride (5 ml), 
and the mixture was stirred for 24 hr at room temperature. The 
solution was then evaporated and kept under reduced pressure 
until all thionyl chloride was removed. A solution of sodium 
methoxide (0.10 g) in methanol (10 ml) was added. After a 
short time the neutral product was worked up in the usual manner 
to give the cyano ester XII (0.176 g, 85%), mp 91-91.5°, identi
cal with material obtained from ester IV as described above (sec
tion A).

2,3-Secocholestane-2,3-dinitrile (XIII). A. By Reduction 
of Dinitrile XI.—A solution of dinitrile XI (0.093 g) in pure ethyl 
acetate (20 ml) was stirred with 10% palladium-on-charcoal cata
lyst (0.05 g) for 23 min under hydrogen at atmospheric pressure;

The J o u rn a l o f O rgan ic C h em istri
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2 molar equiv of hydrogen were absorbed. Work-up in the usual 
manner gave a product which was separated from a small amount 
of an oily polar impurity (Rs  0.12) by preparative tic (silica, 1:1 
benzene-ethyl acetate, R , (major product) 0.90). Crystalliza
tion from petroleum ether gave nitrile XIII (0.067 g, 71%), mp 
116°. Recrystallized XIII had mp 118-119°; [a]26d +19.9° 
(c 1.00); Amax 4.42, 6.81, 6.91, 7.20, and 7.25 M.

Anal. Calcd for C27H44N2: C, 81.75; H, 11.18; N, 7.06. 
Found: C, 81.87; H, 11.25; N, 6.94.

B. From 2-Oximinocholestan-3-one (XIV) by Beckmann 
Cleavage.—Oximino ketone XIV (0.200 g) was cleaved with 
thionyl chloride exactly as described for the synthesis of cyano 
ester XII. The resulting acid chloride XV was dissolved in 
methylene chloride (20 ml) and the solution was saturated with 
gaseous ammonia at 0°. Work-up in the usual manner, followed 
by crystallization from 1 :1  chloroform-petroleum ether, gave 
brilliant colorless crystals of the cyano amide XVI (0.170 g, 
86%); mp 261°; [q:]26d +33.6° (c 1.03); no uv maxima above 
210 m^.

Anal. Calcd for C27H46ON2: C, 78.20; H, 11.18; N, 6.76 
Found: C, 78.30; H, 11.02; N, 6.80.

A solution of amide XVI (0.100 g) in thionyl chloride (3 ml) 
was refluxed for 18 hr. Evaporation of the excess thionyl chlo
ride, followed by crystallization of the residue from petroleum 
ether, afforded dinitrile XIII (0.060 g, 66%), mp 118-119°, 
identical with material obtained from dinitrile XI as described 
above (section A).

Registry N o —I, 13341-55-4; III, 16426-16-7; IV, 
16426-17-8; V, 16426-18-9; VII, 16426-19-0; VIII, 
16426-20-3; IX, 16426-21-4; X, 16426-22-5; XI, 16426-
23-6; XII, 16426-24-7; XIII, 16426-25-8; XVI, 16426- 
26-9.
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Thirteen alkaloids have been isolated from Brazilian Cassytha americana (C. filiformis L., Lauraceae). The 
structures of l,2,9,10-bismethylenedioxy-3-methoxydibenzo[de,gi]quinolin-7-one and 1,2,9,10-bismethylenedioxy- 
dibenzo [de,¡7] quinolin-7-one are suggested for the new oxoaporphine bases cassamedine and cassameridine. The 
plant also yielded ten previously known aporphine bases.

Recent investigations have shown the parasitic genus 
C assyth a  (Lauraceae) to be a rich source of aporphine 
alkaloids. Aporphines have been reported from the 
following species: C assyth a  f ilifo rm is ,2 C. m elan th a ,3 C.
g labella ,3 C. pu bescen s,4 5 and C. racem ose.3 The vine, C. 
f ilifo rm is , is a species which is widely distributed through
out the tropics. Plant material from Taiwan yielded the 
new aporphine cassyfiline (I),1'6 whereas material from 
New Guinea and Australia gave cassythidine (III).2 
We now report the results of an investigation of the 
alkaloids of C assyth a  am ericana  of Brazilian origin. 
After the study was essentially complete, we learned 
that C. am ericana  was apparently synonomous with
C. f ilifo rm is .7 Our work has resulted in the isolation of 
thirteen tertiary bases, two of which, cassamedine (IV) 
and cassameridine (V), are new oxoaporphines.

Separation of the Bases.—As described in detail in 
the Experimental Section, the bases were separated 
first into alkali-soluble and alkali-insoluble fractions. 
The latter were further fractionated by differential

(1) T h e  p la n t  m a te r ia l used  in  th is  in v e s tig a tio n  w as co llec ted  n e a r  P o rto  
Seguro  in  th e  S ta te  of B a h ia , B raz il, b y  D r. A p aric io  D u a r te  w hose as s is tan c e  
is g ra te fu lly  acknow ledged . A  re fe ren ce  specim en , R . B . 130345, h a s  been  
filed in  th e  H e rb a r iu m  of th e  B o ta n ic a l G a rd e n  a t  R io  d e  Jan e iro .

(2) (a) M . T o m ita , S. T . L u , a n d  S. J .  W ang , J .  P h a rm . Soc. J a p . ,  85 , 827 
(1965); (b) S. R . Jo h n s , J .  A. L a m b e r to n , a n d  A . A . S ioum is, A u s t. J .  Chem ., 
19, 297 (1966).

(3) S. R . Jo h n s , J . A . L a m b e rto n , a n d  A. S. S ioum is, ib id ., 19, 2339 (1966).
(4) S. R . Jo h n s , J .  A. L a m b e rto n , a n d  A . A. S ioum is, ib id ., 19, 2331 (1966).
(5) S. R . Jo h n s , J . A. L a m b e rto n , a n d  A . A . S ioum is, ib id ., in  p ress.
(6) A lka lo id  I  is n a m ed  cassyfiline  in  re f  l a  a n d  c a ss y th in e  in  re f  l b  in  

w hich  a n  in d e p e n d e n t iso la tio n  a n d  s tr u c tu r e  d e te rm in a tio n  a re  described . 
In  v iew  of th e  e a rlie r  p u b lic a tio n  of re f  l a ,  th e  n am e  cassyfiline w ill hence
fo rth  b e  used  in  th is  p ap e r.

(7) T h e  p re fe rre d  b in o m ia l is C assy tha  filifo rm is  L . w ith  C. am ericana
N ees. a n d  C. cap illa r is  F .-V ill. o ccasionally  g iven  a s  sy n o n y m s.

acid buffer extraction and chromatography. The 
yields of pure compounds were generally low, owing to 
experimental difficulties encountered in the separation 
steps. Thin layer chromatography indicated, how
ever, the absence of significant quantities of alkaloids 
other than those identified.

The Alkali-Soluble Aporphines.—The largest portion 
of the total alkaloids was alkali soluble and consisted 
of a mixture of cassyfiline (I), actinodaphnine (VI), 
and N-methylactinodaphnine (VII). Compound VI 
was the major component of the mixture, although an 
efficient procedure for its separation was not devised. 
Compound VII has been described as a transformation 
product of VI,8 but it had not been encountered as a 
naturally occurring alkaloid prior to the completion 
of our investigation. Very recently, however, it has 
been reported to be the major alkaloid of both C assytha  
m elantha  and C. glabella  and has been given the name 
eassythicine.3

The Alkali-Insoluble Aporphines.—The alkali-in
soluble alkaloids consisted mainly of a mixture of seven 
aporphines. These included the cryptophenolic bases 
launobine (VIII) and bulbocapnine (IX), as well as 
the closely related nonphenolic bases O-methylcassy- 
filine (II), cassythidine (III), dicentrine (X), neolitsine
(XI), and (-f)-nornuciferine (XII). Compound XII 
could be separated from the natural alkaloid mixture 
only in the form of (+)-nuciferine (XIII) after N- 
methylation with formaldehyde and sodium boro- 
hydride. Thin layer chromatography showed defi
nitely that no XIII was present before N-methylation.

(8) M . T o m ita , M . K o zu k a , E . N a k a g a w a , a n d  Y . M ifcsunori, J .  P h a rm .
Soc. J a p .,  83, 763 (1963).
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Compound XII has been isolated from natural sources 
previously only as ( —)-nornuciferine.9

VI, R = H 
vn, R=CH3

vm ,R =H  
K ,R  = CH3

x , r = ch3
XIX, R=R

xih, r = ch3 x v , r = och3

XVn,R = OCH3 
XVIII, R = H

The Oxoaporphine Bases.—The alkali-insoluble alka
loid mixture contained an orange compound, mp 278°, 
which was readily separable from the major bases 
because of its sparing solubility in benzene. This new 
compound, cassamedine, has been assigned the oxo
aporphine structure IV on the basis of the following 
evidence. Elemental analysis was in fair agreement 
with the composition CigHnOeN; the mass spectrum of 
IV confirmed the molecular weight (349) and indicated 
no ready skeletal fragmentation, in accord with a 
completely aromatic structure. Its infrared spectrum 
showed a highly conjugated carbonyl band at 1650 
cm-1, but no NH or OH absorption. The complex 
ultraviolet absorption spectrum of the compound in 
neutral and acidic ethanol solution was indicative of 
the oxoaporphine chromophore found in liriodenine

(9) S. M . K u p c h a n , B . D a sg u p ta , E . F u jita , a n d  M . L . K in g , Tetrahedron ,
19, 227 (1963).

(XIV) ;10 the spectrum was unchanged by the addition 
of alkali, showing the absence of a cryptophenolic 
hydroxyl.

The nmr spectrum of cassamedine IV showed signals 
due to two unsplit methylenedioxy groups at 8 6.62 and 
6.2311 and a methoxyl at 4.48, as well as five aromatic 
protons at 7.83, 8.19, and 8.85 (two protons). The 
signals at 8 6.62 and 4.48 are analogous to those (6.72 
and 4.55) observed in the spectrum of atherospermidine
(XV) ;12 consequently, they have been assigned to a
1,2-methylenedioxy group and a 3-methoxy group, 
respectively. The aromatic protons may be assigned 
by comparison with those of O-methylatheroline (XVI). 
In the latter compound, the signals at 5 7.08, 7.63, 8.76, 
7.93, and 8.65 have been attributed to the protons at 
C-3, C-4, C-5, C-8, and C-ll, respectively.13 In IV 
the two lowest field protons at 8 8.85 are therefore those 
at C-5 and C-ll; the 8.19 proton must be that at C-8; 
and the 7.83 proton must be that at C-4. The signal 
at 8 6.23 is assigned to the 9,10-methylenedioxy group.

Since IV is the aromatic oxoaporphine corresponding 
to III, it should be possible to prepare IV from III by 
oxidation. We were unable to carry out this reaction 
because of the small amount of III at our disposal 
and the poor yield of oxoaporphine to be expected in 
this reaction.14 On the other hand, oxidation of II 
afforded, in 2% yield, the corresponding orange oxoa
porphine (XVII). As expected, the ultraviolet spectra 
of IV and XVII were practically identical in both 
neutral and acid solution, thus providing further 
support for the assignment of structure IV to cassame
dine.

Cassameridine (V) was first detected as an impurity 
in IV, the mass spectrum of which showed the presence 
of a small amount of a compound of mol wt 319, 
corresponding to a demethoxycassamedine. Careful 
chromatography of IV eliminated this extraneous 319 
peak and afforded a small amount (ca . 1 mg) of V as a 
bright yellow solid. Oxidation of O-methylactinodaph- 
nine (XIX) afforded, in 2% yield, an aromatic oxoapor
phine (XVIII) having practically the same ultraviolet 
spectrum as V in both neutral and acid solution, thus 
suggesting structure V for cassameridine. We were 
unable to attempt the direct preparation of V by the 
oxidation of neolitsine (XI), owing to the small amount 
of XI at our disposal. The confirmation of structure 
IV and V for cassamedine and cassameridine by total 
synthesis is in progress.

Experimental Section
All melting points are uncorrected. Optical rotations were 

determined in chloroform at room temperature unless otherwise 
stated. Infrared spectra were measured in KBr disks. Ultra
violet absorption spectra were run in 95% ethanol. Nmr spectra 
were taken on a Varian A-60 spectrometer. Microanalyses were 
carried out by Midwest Microlab, Inc., Indianapolis, Ind. Com
parison of isolated compounds with authentic samples where 
available was made by mixture melting point determination, tic, 
and ir and uv spectroscopy.

(10) A . W . S an g s te r a n d  K . L . S tu a r t ,  Chem. Rev., 65, 69 (1965).
(11) N m r v a lu es  a re  expressed  as p a r ts  p e r  m illion  dow nfield  from  te tr a -  

m eth y ls ilan e .
(12) I. R . C . B ick  a n d  G . K . D oug las , Tetrahedron L ett., 1629 (1964).
(13) I . R . C. B ick  a n d  G. K . D ouglas, ib id ., 4655 (1965).
(14) M . T o m ita , T . H . Y ang , H . F u ru k aw a , a n d  H . M . Y ang , J .  P h a rm . 

S o c . J a p .,  82, 1574 (1962).
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Extraction of Cassytha americana and Isolation of Crude 
Bases.—The alcoholic extract from 41.8 kg of plant material 
was concentrated to a thick syrup and extracted, with stirring 
and gentle heating, with 12.1 of ammoniacal (10%) ethyl acetate. 
The ethyl acetate was decanted from the nonalkaloidal residue 
and extracted with fifteen 500-cc portions of 5% II2S04. The 
combined acid extracts were washed twice with 1-1. portions of 
benzene and the benzene extracts were discarded. The aqueous 
extracts were adjusted to pH 10 with ammonia and extracted with 
chloroform until alkaloid negative. The chloroform was dried 
over Na2S04 and concentrated to yield 80 g of total nonquaternary 
bases.

Alkali Separation of the Alkaloids.—The crude base mixture 
(80 g) was dissolved in 2 N  H2S04 and nonalkaloidal impurities 
were removed by chloroform extraction. The bases were then 
extracted with chloroform after basification with ammonia. 
Separation into alkali-insoluble (14.4 g) and alkali-soluble (30.2 
g) fractions was accomplished by distributing the bases between 
chloroform and 2% aqueous NaOH; the bases were recovered 
from the latter by saturating it with solid NH4CI and then ex
tracting with chloroform.

Alkali-Insoluble Bases.—The mixture of "nonphenolic” bases 
was triturated with benzene and the insoluble orange solid (100 
mg) {vide infra) was filtered off. The benzene solution was then 
extracted successively with Mcllvaine buffer solutions of pH 6.6,
6.0, 5.0, 4.0, 3.6, and 2.2. The base fractions were recovered 
from the buffer solutions by basification with aqueous NaOH fol
lowed by extraction with benzene. Screening of the extracts 
was done by thin layer chromatography on neutral alumina us
ing chloroform as solvent; the spots were visualized with iodine 
vapor.

Neolitsine (XI).—The pH 2.2 (0.75 g) and pH 3.6 (1 g) frac
tions were chromatographed in benzene solution over neutral Gr 
II alumina. Elution with benzene gave in the earlier fractions 
neolitsine, crystallizing from acetone as colorless needles (36 mg): 
mp 145-146°; [<*]d +55°; Xm„ 284 m/x (log 6 4.19) and 311 
(4.33); identical with an authentic sample (lit.15 16 mp 149-150°; 
[<*]d +56.5°).

Dicentrine (X).—The middle benzene eluates from the above 
fractions afforded dicentrine, crystallizing from ethanol as pale 
yellow needles (450 mg): mp 167-168°; [c*]d +55.3° (ethanol); 
X„„ 282 m/i (log c 4.19) and 306 (4.23); identical with an authen
tic sample {lit.16 mp 168-169°; [a]D +56° (ethanol)}.

Cassythidine (III).—The later benzene eluates from the above 
fractions afforded, after crystallization from ethanol, cassythidine 
as a microcrystalline solid (22 mg): melting point and mixture 
melting point with an authentic sample, 206-208°; [a]D +15.8°; 
Xm„ 235 mu (log e 4.42), 286 (4.20), and 310 (4.26) (lit.2 mp 
206-207°; [<*]d +15°).

Launobine (VIII).—The pH 5.0 fraction (1.8 g) was chro
matographed in benzene over neutral Gr IV alumina. Elution 
with benzene and crystallization of the residue from methylene 
chloride furnished a microcrystalline solid (12 mg): mp 197°; 
[a]D +228.7°; Xm„ 270 mM (log € 4.25) and 307 (3.88); identical 
with an authentic sample (lit.16 mp 214-215°; [<*]d +192.7°).

Anal. Calcd for Ci8H170 4N: C, 69.44; H, 5.50; N, 4.50. 
Found: C, 69.47; H, 5.60; N, 4.24.

Bulbocapnine (IX).—Preparative thin layer chromatography 
of pH 4.0 fraction (2.1 g) on neutral alumina with chloroform as 
developing solvent gave only partial resolution of the constit
uents. Elution of a fast-moving band afforded, after crys
tallization from ethanol, colorless needles (2 mg) of bulbocap
nine, mp 202°, identical with an authentic sample.

O-Methylcassyfiline (II).—A slow moving compound from the 
above preparative tic was obtained as a gum which was found to 
be highly soluble in the common organic solvents, but a few 
crystals, mp 150-152° (lit.1-2 150-151°, amorphous), could be 
obtained from ether: Xm„ 236 mju (log e 4.43), 283 (4.31), 302 
(4.30), and 312 (4.27). The compound was identical with an 
authentic sample of O-methylcassyfiline prepared from cassy- 
filine.

(+)-Nuciferine (XIII).—The pH 5.0 material remaining after 
the separation of VIII launobine was dissolved in methanol 
(10 ml) and stirred for 30 min with 37% formalin (0.5 ml), then 
for a further 30 min after adding sodium borohydride (50 mg). 
Buffer separation of the product and chromatography of the pH
2.2 fraction yielded ( +  )-nuciferine as colorless prisms from ace

(15) W . A. H u i, S. N . Loo, a n d  H . R . A r th u r , J . Chem. Soc., 2285 (1965).
(16) M . S h am m a a n d  W . A. S lu sa rch y k , Chem. Rev., 64, 59 (1964).

tone (15 mg): mp 164°; [«]d +159.3°; Xma( 230 mii (log e 
4.36), 272 (4.27) and 310 (3.46). It was identical in all respects 
with an authentic sample of synthetic ( +  )-nuciferine.

Cassameridine (V).—The benzene-insoluble orange solid 
(100 mg) {vide supra) was dissolved in chloroform and adsorbed 
on neutral Gr III alumina (5 g) and dried. This material was 
added to fresh alumina (10 g) and the mixture was eluted with 
chloroform-benzene (1:3; 200 ml). Evaporation of the eluent 
gave, after crystallization from ethanol, a yellow microcrystalline 
solid (1 mg), mp 300°. It formed a red solution in mineral acid 
and exhibited a green fluorescence in CHCls solution: X„„ 251
mM (log e 4.46), 274 (4.40), 323 (4.08), 353 (3.91), 388 (3.85), and 
440 (3.73); Xe“r '-HC1 261 mM (log «4.62), 290 (4.59), 385 (4.31), 
and 500 (3.62).

Cassamedine (IV).—Elution of the above column with chloro
form-benzene (1 : 1 ; 200 ml) afforded after crystallization from 
chloroform-ethanol, an orange microcrystalline solid: mp 278°; 
Xmax 252 him (log 6 4.47), 281 (4.53), 324 (4.12), 364 (3.97) and 460 
(3.76); Xlhr ‘-HC' 272 mM (log e 4.49), 286 (4.50), 408 (4.10), and 
534 (3.40); nmr (in CF3COOH), 5 7.83, 8.85 (2 H), 8.19, 4.48 
(3 H), 6.62 (2 H), and 6.23 (2 H); rmax 1650 cm -1.

Anal. Calcd for CuHuO«N: C, 65.33; H, 3.17; N, 4.01; 
mol wt., 349. Found: C, 64.61; H, 3.25; N, 4.29; mol wt 
(mass spectroscopy), 349.

Chromium Trioxide-Pyridine Oxidation of O-Methylcassy- 
filine (II).—O-Methylcassyfiline was prepared by methylation of 
cassyfiline (100 mg) in methanol (5 ml) with an excess of ethereal 
diazomethane for 2 days at 0°. A solution of the product in 
pyridine (2 ml) was treated with chromium trioxide (200 mg) in 
pyridine (3 ml) in the cold for 1 hr. Ethanol (2 ml) followed by 
water (10 ml) was added and the solution was extracted thor
oughly with chloroform. The chloroform extract was extracted 
repeatedly with 5% aqueous HC1, basified, extracted with chloro
form, and dried (K2C 03) and the solvent was removed. The 
orange residue was adsorbed on neutral Gr III alumina (5 g) and 
eluted with chloroform-benzene (1:1, 100 ml). The residue 
from the eluate was crystallized from chloroform-ethanol to 
give the orange microcrystalline XVII (2 mg), mp 274-275°. 
The mixture melting point with cassamedine IV was depressed 
and ir comparison showed that the compounds were different: 
Xm„ 252 mu (log e 4.38), 282 (4.44), 281 (4.41), 406 (3.99), and 
539 (3.39). The compound gave a red solution in mineral acid 
and its chloroform solution exhibited a green fluorescence.

Chromium Trioxide-Pyridine Oxidation of O-Methylactino- 
daphnine (XIX).—Actinodaphnine {vide infra) (100 mg) was 
methylated with excess diazomethane and the resulting O-methyl- 
actinodaphnine was oxidized with chromium trioxide-pyridine 
reagent as described for the oxidation of II. Crystallization from 
ethanol gave XVIII as a yellow microcrystalline solid (2 mg): 
mp 300°; Xmax 250 mM (log e 4.69), 272 (4.62), 313 sh (4.17), 351 
(4.22), 392 (4.39), and 438 (4.29); X̂ "°'-H01 260mM (log«4.69), 
292 (4.62), 382 (4.30), and 506 (3.64).

Alkali-Soluble Bases.—The alkali-soluble bases were dissolved 
in chloroform and the buffer separation was carried out as in the 
case of the alkali-insoluble bases. Tic screening of the extracts 
was carried out on silica gel plates with 5% methanol in chloro
form as solvent.

Cassyfiline (Cassythine) (I).—The pH 4.0 fraction (1.9 g) was 
crystallized directly from chloroform-ethanol to yield cassyfiline 
(430 mg): mp 211-213°; [«]d +28.3°; X„„ 283 m/x (log e 
4.28) and 303 (4.27); identical with an authentic sample (lit.2 
m p217-219°; [«]d +24°).

The pH 5.0 fraction (2.1 g) was dissolved in chloroform and ad
sorbed on neutral Gr IV alumina. Elution of the column with 
benzene gave cassyfiline (230 mg).

Actinodaphnine (VI).—Further elution of the above column 
with chloroform-benzene (1:4) yielded actinodaphnine, crystal
lizing from ethanol as colorless prisms (112 mg): mp 202-203°;
[a]D +37.9° (ethanol); Xmax 284 mM (log € 4.12) and 307 (4.17); 
identical with an authentic sample {lit.16 mp 210-211°; [<*]d
+  33° (ethanol)).

The pH 6.6 fraction was found to be mostly actinodaphnine 
containing a small amount of I .

Cassythicine (N-Methylactinodaphnine) (VII).—The pH 2.2
(0.7 g) and pH 3.6 (1.4 g) fractions were chromatographed in 
chloroform-benzene (1:1) solution on neutral Gr IV alumina. 
Elution of the column with benzene and crystallization of the 
residue from ethyl acetate furnished colorless prisms of cassy
thicine (395 mg): mp 204-205°; [a]D +53.1 (ethanol); Xmax 
283 m/x (log e 4.23) and 307 (4.27) {lit.8 mp 210-211°; [<*]d
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57.0° (ethanol)). The compound was identical with an authentic 
sample prepared by the N-methylation of actinodaphnine VI 
with 37% formalin and NaBH4 in methanol solution. With 
excess of ethereal diazomethane it afforded dicentrine, mp and 
mmp 166-167°.

Registry N o —IV, 16408-75-6; V, 16408-76-7; XVII, 
16408-77-8; XVIII, 16408-78-9.
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Benzoylaeetonitrile (la) and acetoacetonitrile (lb) were found to undergo carbon-carbon condensation with 
phenols providing a new route to coumarins, whereas carbon-oxygen condensation occurred with a-ethylaceto- 
acetonitrile (Ic). The aluminum chloride catalyzed reaction of meta- and para-substituted phenols with la  in the 
presence of dry hydrogen chloride yielded the corresponding iminocoumarins II and/or coumarins IV. Phenol 
as well as o-cresol gave predominantly /3-(p-hydroxyphenyl)cinnamonitriles V. In contrast, lb reacts with 
phenols in polyphosphoric acid or its ethyl ester to furnish 4-methylcoumarins in appreciable yields. The 
oxonitrile Ic on treatment with phenols in the presence of aluminum chloride and hydrogen chloride gave rise 
to both cis- and ¿rans-/3-aryloxy-a-ethylcrotononitriles V ila and b in good yields. Mechanisms to account for 
the results are proposed.

Previous papers in this series have demonstrated 
that anhydrous aluminum chloride, accompanied by 
dry hydrogen chloride, is an efficient reagent for nuclear 
addition reactions of phenols to a,/3-unsaturated ni
triles3 and to 3-butenenitrile.4 5 6 These studies have now 
been extended to /3-oxonitriles. Whereas coumarins 
may be obtained by the acid-promoted condensation of 
phenols with /3-keto esters (the von Pechmann reac
tion), little is known of a similar reaction with /3-oxo- 
nitriles. It has been shown that benzoylacetonitriles 
condense with polyhydric phenols, such as resorcinol, in 
the presence of concentrated sulfuric acid to give the 
corresponding coumarins.5,6 Mentzer and coworkers7 
have reported that the same acid-catalyzed reaction of 
resorcinol with a-aryl-/3-ketonitriles yields 3-aryl-4- 
alkyl-7-hydroxycoumarins; no yields are given. While 
the reaction of the more active phenols, such as phloro- 
glucinol, with 2-phenylacetoacetonitrile in trifluoro- 
acetic acid is claimed8 to give isoflavone in excellent 
yields, Cook and coworkers,9 more recently, have noted 
that under identical conditions resorcinol reacts with
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a-(p-methoxyphenyl)acetoacetonitrile to provide the 
corresponding coumarin, which may be also secured by 
use of hydrogen fluoride as the condensation catalyst. 
No method of preparing coumarins by the acid-cata
lyzed reaction of phenols with aliphatic /3-oxonitriles, 
such as acetoacetonitrile and its ethyl derivative, has 
yet appeared in the literature.

We have examined the condensation of phenols with 
/3-oxonitriles Ia-c using anhydrous aluminum chloride, 
polyphosphoric acid (PPA), or its ethyl ester (PPE).10

RiCCH
II s
O

la, Ri = Ph;
b, R! = CH3;
c, Ri = CH3;

CN
R2 = H 
; R2 =  H 

R2 = C2H5

When equimolar amounts of resorcinol and benzoyl- 
acetonitrile (la) were treated with 2 equiv of anhydrous 
aluminum chloride in isopropyl ether saturated with dry 
hydrogen chloride, a nitrogenous product was obtained 
in nearly quantitative yield. The analytical data 
agreed with the formula Ci5Hi2C1N02, which is in ac
cord with the structure of the coumarin derivative Ila

* 3 - 0 y ?
Ri

II IV
Ri

(10) T . A m ak a su  a n d  K . S a to , ib id ., 31, 1433 (1966).
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or the isomeric flavone III (Ri — Ph; R3 = 7-OH). 
When heated with water or dilute hydrochloric acid the 
salt Ha underwent readily hydrolysis to 4-phenyl- 
umbelliferone (IVa, R3 =  7-OH), which on treatment 
with hot acetic anhydride was quantitatively converted 
into the acetate IVi (R3 =  7-AcO). Resorcinol mono
methyl ether behaved analogously when treated with 
la under the same conditions and gave the corre
sponding coumarin IVb as well as lib.

In contrast, under such similar conditions as de
scribed above (procedure A, see Experimental Section) 
cresols failed to react with la. However, when la was 
treated with excess m-cresol without an inert solvent in 
the presence of aluminum chloride and excess dry hy
drogen chloride, the iminocoumarin salt lie was ob
tained; with p-cresol, 6-methyl-4-phenylcoumarin (IVd) 
was directly isolated in 30% yield. On the other hand, 
phenol on a similar treatment with la underwent inter- 
molecular dehydration at the p a ra  position leading to 
/3-(p-hydroxyphenyl) cinnamonitrile (Va). The reac
tion also proceeded smoothly with o-cresol to furnish Vb 
in 60% yield. The results, along with the elemental 
analysis and the infrared spectra, confirm the structure 
V for the /3-arylcinnamonitriles.

Ia

AICl̂ HCl
r = h , ch3

Va,R = H 
b, R = CH3

Although acetoacetonitrile (lb) will readily polym
erize in the cold on treatment with aluminum chloride, 
it was found to undergo such a condensation as Ia 
yielding the corresponding coumarins IV (Ri = CH3), 
when treated with phenols in PPA or PPE. Resorcinol 
and its monomethyl ether react with lb in PPE at 110- 
145° to furnish 4-methylumbelliferone (IVe) and its 
methyl ether (IVf), respectively, in good yields. Cou
marins of type IV (R = CH3) could also be prepared by 
the PPA-catalyzed condensation of cresols at 75-90°, 
but even under these conditions phenol failed to react 
with lb.

The results, summarized in Table I, suggest that the 
reactions proceed through addition of phenols to /3- 
oxonitriles as indicated below. In those cases where the

R:
^  T __Ich2cn

Ri OH 
VI

-h2q 
' HCI5 II

addition product ( i.e ., VI) is derived by ortho nuclear 
addition, dehydration of VI would be followed11 by in-

(11) (a) A. R o b e rtso n , R . B . W a te rs , a n d  E . T .  Jo n es , J .  Chem . Soc., 
1681 (1932 ); (b) S. Z. A h m ad  a n d  R . D . D esa i, Proc. In d ia n  A cad . Sc i., 
6A, 6 (1937).

tramolecular cyclization to an iminocoumarin II. The 
ultraviolet data of coumarins IV (Table I) may distin
guish12 clearly between coumarins IV and chromones.

When 5 equiv of p-creso! was warmed with ethyl- 
acetoacetonitrile (Ic) in the presence of 2.2 equiv of 
aluminum chloride and excess of dry hydrogen chloride, 
a liquid, bp 119° (3 mm), and white crystals, mp 51-52°, 
were obtained. Both of the products were shown by 
elemental analyses to have the identical formula 
Ci3Hi5NO, which is in accord with the crotononitrile 
structure Vila and Vllb (R = 4-CH3). Their infrared

Vila Vllb

spectra showed cyano and conjugated olefin absorptions, 
respectively, at 2170-2200 and 1635-1641 cm-1 in addi
tion to enolic ether bands at 1209-1255 cm-1. Neither 
one of the spectra contained absorptions attributable to 
potential hydroxyl groups (see Experimental Section). 
This definitely excludes the possibility of structures such 
as VIII and reveals that Vila and Vllb are geometrical

■ v - fC j f

Rl x n
c=c

r2
OH

vin

isomers. In addition, the ultraviolet spectrum of the 
former showed a strong absorption at 283 rn/i (e 1200) as 
well as a very weak band at 332 m/u (e 12) while that of 
the latter indicated the lack of a weak absorption in high 
region. Finally, the nmr spectra clearly distinguish be
tween the two isomers, the most significant feature being 
the appearance of the /3-methyl proton signal of Vila, at 
lower field. In the crotononitriles, as previous workers13 
have reported, the ris-methyl protons are at lower field 
by 0.15 ppm than those tran s  to”the nitrile group. The 
same situation, adequately explained on the basis of dia
magnetic anisotropic shielding13 due to the nitrile triple 
bond, exists in the present case where the /3-methyl pro
tons in the former lie 0.22 ppm below those in the latter. 
Thus, we conclude that the cfs-crotononitrile structure 
Vila must be assigned to the former and the trans 
isomer Vllb to the latter.

It is noteworthy that phenol similarly yields isomers 
Vila and Vllb (R = H), whereas only the cis com
pound Vila (R = 2-CH3) is formed from o-cresol. The 
following discussion is presented to account for the 
stereochemical course of the reaction listed in Table II.

It is suggested that the most likely pathway for the 
formation of the vinyl ethers VIIa,b involves an addi
tion-elimination mechanism. Anhydrous aluminum 
chloride is believed to coordinate not only with a cyano14

(12) (a) B . K . G a n g u ly  a n d  P . B agch i, J. Org. Chem ., 2 1 , 1415 (1956); 
(b) K . Sen a n d  P . B agch i, ib id ., 2 4 , 316 (1959); (c) L . L . W ood  a n d  J . 
S ap p , ib id ., 2 7 , 3703 (1962).

(13) G . S. R e d d y , J .  H . G o ld ste in , a n d  L. M an d e ll, J .  A m er. Chem . Soc ., 
8 3 , 1300 (1961).

(14) (a) W . G ru b e r  a n d  F . T ra u b , M onatsh ., 7 7 , 414 (1947); (b) J .  C . 
W e stfah l a n d  T . L. G resh am , J .  A m er . Chem . Soc ., 76, 1076 (1954); (c) 
A. D . G re b e n y u k  a n d  I .  P . T su k e rv a n ik , J .  Qen. Chem . U S S R ,  2 5 , 269 
(1955).
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T a b l e  I
T h e  A c i d - C a t a l y z e d  R e a c t i o n  o f  P h e n o l s  w i t h  /3-O x o n i t r i l e s  l a  a n d  l b

Oxo- P ro ce- R ea c tio n T im e, -P ro d u c t  com p o sitio n , % ---------- -
P h en o l n itr ile dure® te m p , °C h r I I IV  V

Resorcinol
Resorcinol

la A 50-60 5 94

monomethyl ether la A 60-65 5 20 10
wi-Cresol la A' 70-75 5 41
p-Cresol la A' 70-75 3 30
o-Cresol la A' 70-75 1 60
Phenol la A' 70-75 7 43
Resorcinol
Resorcinol

lb B 110-115 5 80

monomethyl ether lb B 140-145 5 70
OT-Cresol lb C 70-80 1.5 10
p-Cresol lb C 90-95 1.5 20

C o m p d b R e c ry s tn  ✓ In f ra re d , cm '_1 U ltra v io le t
IV  Ri R i solvent® O bsd L it c = o Amax m /i (e )TO

a Ph 7-OH A 249-250 245 á 1690 241 (10,500)“
256.5-257» 259 ±  3 (7,700)“ 

375 (11,500)
b Ph 7-OCHa A 110.5-111 110^ 1725 233 ±  3 (12,600)“ 

259 ±  1 (8,000) 
331 (12,900)

c Ph 7-CHs B 97 96s 1740 290 (12,000)
d Ph 6-CHa B 135 131* 1740 284 (14,700)
e CH„ 7-OH B 185 185*' 1680 222 (14,000)“'* 

254 ±  2 (2,300)“ 
326 (12,700)

f CHa 7-OCHa A 158.5-159 159¿ 1730 222 (16,400)
252 ±  2 (2,300)“ 
324 (13,900)

g CH3 7-CH, A 132 132* 1700 222 (19,500)« 
282 (10,500) 
319 (900)

h CHa 6-CHa B 151 150* 1710 218 (24,000)«
276 (11,500) 
324 (5,700)

a See Experimental Section. b See Experimental Section for the characterization data of II and V. “ A, ethanol; B, aqueous ethanol. 
d See ref 5c. » L. L. Wood and J. Sapp,./. Org. Chew.., 27, 3703 (1962). 1  R. Robinson and M. R. Turner, J .  Chem. Soc., 113, 859 (1918) 
» See ref 11a. h A. Robertson and W. F. Sandrock, ibid., 1180 (1932). 1 D. Chakravarti and C. B. Bera, J .  Indian Chem. Soc., 21, 109 
(1944). ’ H. von Pechmann and C. Duisberg, Chem. Ber., 16, 2119 (1883). k K. Fries and W. Klostermann, ibid., 39,  871 (1906). 1 K. 
Fries and W. Kostermann, Ann. Chem., 362, 1 (1908). ” The spectra were measured at concentration of 6-6.2 mg/1. of Spectrograde 
ethanol. " See ref 12c. “ Flat. v See ref 12b. « See ref 12a.

T a b l e  I I
T h e  A l u m i n u m  C h l o r i d e  C a t a l y z e d  C o n d e n s a t i o n  o f  P h e n o l s  w i t h  <*-Et h y l a c e t o a c e t o n i t r i l e  ( I c )°

T o ta l ✓----------P ro d u c t  com position , m ole f ra c t io n -------> >----- -------------------Bp (m m ), °C -------------------------
No. P h en o l y ie ld , % V i l a V l lb V i la V l lb

i Phenol 60 0 .7 5 0 .2 5 107 (1) 125 (1)
2 o-Cresol 33 1 113 (2)
3 p-Cresol 70 0 .7 5 0 .2 5 119 (3) 140 (3)

nA_
No. V ila V llb V i la V l lb C aled V i l a  V l lb C aled V i l a  V l lb

i 1 .5 3 5 5 1 .5 3 7 8 1 .0 4 3 9 1 .0 5 7 7 7 6 .9 7 7 7 .6 6  7 6 .8 4 7 .0 0 6 .6 1  6 .9 5
2 1 .5 3 6 5 1 .0 2 5 0 7 7 .5 8 7 7 .2 2 7 .5 1 7 .5 1
3 1 .5341 b 1 .0 0 6 9 b 7 7 .5 8 7 7 .7 0  7 7 .3 0 7 .5 1 7 .3 6  7 .2 4

“The reaction was carried out at 40-50° for 4 hr according to the procedure A'; see Experimental Section. k Mp 51-52°, recrystallized 
from ligroin.

group but also with the carbonyl group16 of a ketone. 
The observation that use of at least two molecular pro
portions of aluminum chloride is required in order to 
obtain good yield of VIIa,b supports this suggestion. 
The mechanism for the steric course of the reaction 
presented in Scheme I can account for the results (Table 
II).

(15) (a) C . M en tz e r , D . M olho , a n d  D . X u o n g , B u ll. Soc. C k im . Fr., 
1 5 , 263 (1948); (b) J .  C o longe a n d  L . P ic h a t, ib id ., 1 6 , 177 (1949); (c) M . 
H . D ilk e , D . D . E ley , a n d  M . G . C h ep p a rd , T rans. F araday Soc.. 4 6 , 261 
(1950); (d) J .  B ro o m e a n d  B , R . B row n, C h em .In d ., (L o n d o n ), 1307 (1956).

Treatment of Ic with aluminum chloride might pro
vide the complex IX containing two electrophilic 
centers, of which the one with less steric interference 
appears to be the carbonyl carbon rather than the 
cyano carbon. The subsequent addition reaction of 
phenol with IX may take place via  two routes a and b 
(Scheme I) where the incoming nucleophile (ArO:) is 
expected to attack preferentially on the side near the 
a  hydrogen, leading to hemiketal complex Xa rather 
than on the side adjacent to the more bulky nitrile
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S c h e m e  I 
Et

Ic 2A1C1,

r-CNAlClo

Cl2A10y

-A10C1
-HCl

H-

Me

0>
\

CNA1C1,

ArOH .

+  HCl

Et
A r C t i^ M e

c r
Xa 

-AlCIa

Vila (major product)

-AI0C1
-HCl

+  HCl

-AtCI3

Vllb (minor product)

group, which would result in the formation of the 
isomeric complex Xb. The intermediates Xa and Xb 
could then undergo “c is  elimination,” to form Vila as 
major product and Vllb as minor product. The data 
in Table II, except in the case of o-cresol, are consistent 
with this view. This exception, probably attributable 
to the presence of the methyl substituent at a position 
ortho to the hydroxyl group, suggests that steric con
straint is operative.

On the other hand, condensation of benzene with 
Ic in a similar manner readily resulted in formation of 
the saturated nitrile XI, which could arise by formation 
of X II followed by reaction with a second mole of 
benzene.

r / EtlCHj-—CCH 
OH CN 

XII

PhH
AlClj.HCl

Et
Ph2CCH

ch3
XI

CN
+  H20

The enol content of a-substituted /3-oxonitrile Ic 
was shown by means of nmr spectra to be negligible 
whereas the enol content in la and lb is about 1 1 16 and 
38%,17 respectively. In contrast with their enoliza- 
tion character, it is of potential interest to note that Ic 
may predominantly undergo the carbon-oxygen con
densation reaction with phenols to the vinyl ethers 
Vila and b while the electrophilic attack by either la or 
b on their nuclei brings about the condensation which 
can provide a new route to the synthesis of coumarins.

Experimental Section
All melting points, determined on a Shimadzu Type MM-2 

micro hot stage, and boiling points are uncorrected. Infrared 
and ultraviolet spectra were recorded, respectively, on a Hitachi 
Model EPI-S2 and a Hitachi Model EPS-3T spectrophotometers. 
The nmr spectra were taken in deuteriochloroform or carbon 
tetrachloride on a Varian A-60 and JEOL Model JNM 4H-100 
instruments with tetramethylsilane as an internal standard.

Materials.—Benzoylacetonitrile (la) was prepared from «- 
bromoacetophenone and potassium cyanide according to the 
procedure of Shriner and Fuson.18 Monoetherification of resor-

(16) F . A rn d t, L . L oew e, a n d  R . G in k o k , Rev. Fac. S c i. U niv. Is ta n b u l 
Ser. A ,  11, 147 (1946); Chem . A bstr ., 41 , 3760 (1947).

(17) H . D a h n  a n d  H . H a u th ,  H elv. C him . A c ta , 42 , 1214 (1959); 47, 
1424 (1964).

(18) R . L . S h rin e r  a n d  R . C . F u so n , “ P re p a ra t io n  of O rg an ic  I n te r 
m ed ia tes ,”  3 rd  ed, J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1958, p  98.

cinol with dimethyl sulfate was carried out by the method of 
Kinugawa and coworkers.19 a-Ethylacetoacetonitrile (Ic) was 
obtained by the sodium-induced dimerization of acetonitrile 
followed by ethylation with ethyl bromide.20 The nmr spectrum 
of Ic showed a triplet at r 8.97 (CH3 of ethyl group), a multiplet 
centered at 8.20 (CH2), and a singlet at 7.63 (CH3 of acetyl 
group), but no singlet due to an enolic proton at lower field. 
Other materials were obtained from commercial sources.

Acetoacetonitrile (lb).—This material was prepared by a 
simplification of the procedure of Dahn and Hauth” as follows. 
¿-Butyl a-cyanoacetoacetate (21.6 g, 0.118 mol), prepared by 
acetylation of ¿-butyl cyanoacetate21 anion with acetyl chloride, 
was refluxed in 260 ml of benzene for several hours. To this 
mixture was then added dropwise a solution of p-toluenesulfonic 
acid (1 g) in 75 ml of benzene. After the mixture was heated 
under refluxing until the generated crystals disappeared (about 
3 hr); removal of the solvent followed by fractional distillation 
gave 8.4 g (84%) of lb, bp 47-50° (0.5 mm), the infrared spec
trum of which was identical with that of the authentic 
sample.”

The Acid-Catalyzed Reaction of Phenols with (3-Oxonitriles. 
General Procedure A.—To a stirred suspension of anhydrous 
aluminum chloride (0.1 mol) in isopropyl ether (15 ml) was added 
dropwise at 20-30° a solution of the phenol (0.05 mol) and la  
(0.05 mol) in the solvent (60 ml). The mixture, into which dry 
hydrogen chloride was continuously passed, was gradually 
heated and kept under the conditions presented in Table I. 
Then the resulting mixture was chilled and poured over water 
containing crushed ice and concentrated hydrochloric acid. 
After it was stirred for 0.5 hr, filtration and drying gave the 
crude product II, which was purified by recrystallization from 
an appropriate solvent. Substitution of isopropyl ether for such 
an inert solvent as syro-tetrachloroethane afforded a lower yield 
of II. The alternative procedure of adding the catalyst to a 
stirred solution of the phenol and la  in the solvent provided the 
same results as have been presented above. Analytical data for 
the hitherto unknown compound II are individually described 
below. The coumarin IV22 was isolated by concentration of the 
aqueous layer followed by extraction with ether. Removal of the 
solvent from the separated organic layer resulted in recovery of 
the starting materials.

Procedure A'.—The procedure involves no use of such an 
inert solvent as described above. Finely powdered anhydrous 
aluminum chloride (0.1-0.11 mol) was added slowly to a vig
orously stirred mixture of the phenol (0.25 mol) and I (0.05 
mol) at 5-10 °. Dry hydrogen chloride was passed into the viscous 
slurry, which then was heated in a steam or oil bath and kept 
under the conditions shown in Table I. Unless otherwise speci
fied, the subsequent work-up followed the above procedure.

Coumarins lie , IVc, and IVd were isolated by means of the 
following work-up 1, while crotononitriles V ila and b were isolated 
by work-up 2.

Work-Up 1.—After treatment of the resulting mixture with 
cold water, the organic layer was separated. The aqueous layer 
was extracted with ether, which was then combined with the 
separated organic materials. Filtration gave a crystals mass, 
which was recrystallized from such a solvent as anhydrous 
ethanol-ether to provide lie . Saturation of the filtrate with dry 
hydrogen chloride afforded additional amount of lie . A small 
amount of IV was obtained by concentration of the aqueous 
layer followed by extraction with ether. p-Cresol yielded the 
corresponding crude II, mp 112-113°, the infrared spectrum of 
which showed the absorptions due to functional groups. At
tempts, however, to isolate the pure product by repeated re
crystallization were unsuccessful, leading to IVd.

Work-Up 2.—The compounds V ila and Vllb were isolated by 
this procedure. Such an extract as shown above was washed with 
dilute sodium hydroxide solution and water and dried over 
anhydrous magnesium sulfate. After removal of the solvent, the 
residual oil was fractionated by distillation to give the products 
V ila and b. Results with individual compounds are presented 
in Table II. Infrared spectra of compounds V ila and Vllb

(19) J . K in u g aw a , M . O ch ia i, a n d  H . Y a m a m o to , Y a ku g a ku  Z assh i, 79, 
931 (1959); Chem . A bstr ., 54, 497 (1960).

(20) E . M o h r, J .  P ra k t. Chem ., 90, 189 (1914).
(21) R . E . I re la n d  a n d  M . C h ay k o v sk y , Org. S y n . ,  41, p  5 (1961).
(22) T h e  fo rm a tio n  of IV  a long  w ith  I I  w ou ld  p re su m a b ly  d ep e n d  u p o n  

th e  in d iv id u a l s ta b i l i ty  of I I  to  th e  c o n ta c t t im e  w ith  aq u e o u s  so lu tio n  
d u rin g  w o rkup .
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are summarized as follows:23 V ila (R = H), 2230 (A),
1648 (B), 1596, 1490 (C), 1257, 1220 (D), and 930, 760, 700
cm -1 (E); V llb (R = H), >4« 2220 (A), 1647 (B), 1564, 1490 
(C), 1250, 1210 (D), and 940, 759, 696 cm -1 (E); V ila (R = 2- 
CH3), <w 2250 (A), 1650 (B), 1590, 1496 (C), 1262, 1237 (D), 
and 930, 780, 752 cm“1 (E); V ila (R = 4-CH,), >w 2200 (A), 
1635 (B), 1600, 1498 (C), 1255, 1223 (D), and 930, 832, 819
cm“1 (E); X®‘°H 238 mM (e 1200)23 and 322 (12); V llb (R = 4-
CH3), 2170 (A), 1641 (B), 1604, 1504 (C), 1220, 1209 (D),
and 940, 829, 820 cm-' (E); \®"H 241 mM (e 1500).

The nmr spectrum of V ila (R = 4-CH3) showed a triplet at 
r 8.83 ( /  = 7.2 cps, methyl protons of ethyl group), singlets at
7.95 (0-methyl protons) and 7.65 (aromatic methyl protons), 
and two doublets at 3.11 and 2.80 (J  = 9.0 cps, aromatic pro
tons) while that of Vllb (R = 4-CH3) exhibited the corresponding 
peaks at r 8.83 (J  =  6.6), 8.17 and 7.71, and 3.16 and 2.91 (J  =
8.4 cps).

Procedure B.—A solution of 0.05 mol of the phenol and 0.05- 
0.06 mol of acetoacetonitrile (lb) in 52 g of PPE was stirred and 
heated under the conditions shown in Table I. In the case of 
resorcinol, the resulting mixture was decomposed with cold 
water and extracted with such a solvent as ethyl acetate or 
ether. After the extract was -washed with water and dried over 
magnesium sulfate, removal of the solvent gave a mass of crystals 
(7 g, 80%). Recrystallization from aqueous ethanol afforded
4-methylumbelliferone (IVe), mp 185°. On the other hand, 
the mixture from resorcinol monomethyl ether obtained as 
described above on treatment with cold water and filtration gave 
a crude solid (11 g), mp 136-142°, which was recrystallized from 
ethanol to give 6.7 g (70%) of white crystals (IVf): mp 158.5- 
159°; 1730 (C =0), 1625, 1610, 1510 (C=C), 1287, 1265,
1213, 1070 (C-O-C), and 858 cm-1 (aromatic).

Procedure C.—A mixture of 0.05 mol of the phenol, 0.05-0.06 
mol of lb, and 60 g of PPA was heated with mechanical stirring 
under the conditions given in Table I. The mixture was poured 
onto an ice-water slurry (200-300 ml), stirred vigorously for 
0.5 hr, and filtered. Purification was effected by recryrstalliza- 
tion from an appropriate solvent. The filtrate was saturated with 
ammonium sulfate and extracted with ether. After drying, the 
ether was evaporated in vacuo and the residue was recrystallized 
from the appropriate solvent (Table I).

2 - I m i n o - 4 - p h e n y l u m b e l l i f e r o n e  H y d r o g e n  C h l o r i d e  ( I l a ) . —  

This compound was prepared by means of the procedure A. 
Recrystallization from acetic acid or ethanol gave the pure com
pound Ila: mp 222-223°; v ™  3000 (N-H), 1670 (C =N ), and 
1560 cm"1 (S N-H ).

Anal. Calcd for C15H,2C1N02: C, 65.81; H, 4.43. Found: 
C, 66.04; H, 4.46.

Methyl Ether of Ila (lib).—The compound lib  was synthesized 
together with IVb by means of the procedure A. Recrystalliza
tion from ethanol afforded the analytical sample: mp 201.5-
202°; pIZ  2900 (N-H), 1675 (C =N ), and 1550 cm”1 (5 N-H ).

Anal. Calcd for C16H14C1N02: C, 66.79; H, 4.87. Found: 
C, 66.96; H, 4.99.

2-Immo-7-methyl-4-phenylcoumarin Hydrogen Chloride (lie). 
—The crude salt l ie  was prepared, through work-up 1, by using 
the procedure A'. Attempts to isolate the analytical sample 
by repeated recrystallization from such an anhydrous solvent as 
ethanol-ether failed although the infrared spectrum showed 

2850 (N-H), 1670 (C=N), and 1550 cm-1 (5 N-H); the melt
ing point was 205-210°. Attempted recrystallization from such 
an aqueous solvent as aqueous ethanol provided quantitatively 
IVc.

0-(p-Hydroxyphenyl)cinnamonitrile (Va).—This compound 
was prepared by means of the procedure A'. The reaction was 
carried out under the conditions presented in Table I, using 28.2 g 
(0.3 mol) of phenol and 10 g (0.06 mol) of la. After the extract 
was shaken with 1 N  sodium hydroxide solution, concentration of

(23) T h e  a b so rp tio n s , A , B , C , D , a n d  E  a re  d u e  to  C N , a lk en ie  C = C  
a ro m a tic  C = C ,  c o n ju g a te d  C -O -C  b a n d s , a n d  a ro m a tic  C - H  d e fo rm a tio n s , 
re sp e c tiv e ly . T h e  u lt r a v io le t  s p e c tra  w ere  d e te rm in e d  a t  c o n c e n tra t io n  of
1.5 X  IQ “ * m ol/1 .

the separated alkaline layer followed by filtration gave 7.3 g 
of white crystals, which were presumed to be the sodium salt 
of Va. A solution of the crystals in 20 ml of water was acidified 
with hydrochloric acid. The precipitate (5.7 g, 43%) was filtered 
and washed with water. Recrystallization from aqueous ethanol 
afforded white crystals (needles): mp 162°; v ™  3350 (OH),
2250 (CN), 1620 (alkenie C=C), 1595, 1520 (aromatic C=C), 
1260 (C-O), 840, 805 (para substituted), and 775, 700 cm-1 
(aromatic).

Anal. Calcd for CisHuNO: C, 81.43; H, 5.01. Found: C, 
81.21; H, 4.97.

Compound IV was not found in the ethereal layer.
0-(4-Hydroxy-3-methylphenyl)cinnamonitrile (Vb).—The pro

cedure for the preparation of Va was followed using the same 
molar ratios of the reagents and the conditions listed in Table I . 
Acidification of the sodium salt of Vb with hydrochloric acid 
afforded crude Vb (10.8 g) which was recrystallized from aqueous 
acetic acid: mp 135°; 3380 (O-H), 2250 (CN), 1615 (alkenie
C=C), 1570, 1515 (aromatic C=C), 1280 (C-O), 1120, 830, 
805 (1,2,4 trisubstituted), and 780, 700 cm“1 (monosubstituted).

Anal. Calcd for C16H13NO: C, 81.68; H, 5.57. Found: C, 
81.96; H, 5.56.

a-Ethyl-0,0-methylphenylhydrocinnamonitrile (XI).—This com
pound was prepared according to the procedure A' using 0.5- 
0.7 mol of benzene, 0.1 mol of Ic, and 0.22 mol of anhydrous 
aluminum chloride. The reaction was carried out in the presence 
of dry hydrogen chloride at 40-50° for 5 hr. After the resulting 
mixture was treated with ice-water, the separated aqueous layer 
extracted with benzene and organic solution were combined. 
Removal of benzene followed by fractional distillation furnished
11.7 (47%) of a yellow viscous oil after recovery of Ic (40%): 
bp 159° (3 mm); re20d 1.5774; 3070, 3020 (C-H), 2260 (CN),
1609, 1500 (C=C), 1453, 1390 (C-H deformation), and 1033, 
765, 705 cm-1 (aromatic).

Anal. Calcd for Ci8Hi9N: C, 86.70; H, 7.68. Found: C, 
86.62; H, 7.59.

Conversion of II into IV.—Compound Ila (0.6 g) in 6 ml of 
water was heated on a steam bath for 3 hr. Upon cooling to 
room temperature, the solution was filtered to give 0.5 g (95%) 
of IVa, mp 246-247°. One recrystallization from ethanol gave 
pure material, mp 249-250° (lit.50 245°). Use of dilute hydro
chloric acid smoothly effected partial hydrolysis. Its methyl 
ether lib  as well as l ie  even upon heating with aqueous ethanol 
for a few minutes was converted into the corresponding coumarin 
IVb.

7-Acetoxy-4-phenylcoumarin (IVi).—A mixture of IVa (0.6 g) 
and acetic anhydride (1.2 g) was refluxed for 0.5 hr and was 
poured into cold water (10 ml). The precipitate was filtered and 
washed thoroughly with water. The crude product, 0.6 g, was 
recrystallized from aqueous ethanol to provide 0.3 g of white 
crystals: mp 120-121° (lit.24 120°); v ™  1765 (C = 0  of acetate), 
1730 (C = 0  of lactone), 1620 (C=C), 1268, 1205, 1142, 1110 
(C-O-C), and 868, 820, 780, 710 cm“1 (aromatic); X“ °H 286 
mju (e 13,300, flat).

Registry No.—Ila, 16299-16-4; lib, 16299-17-5; lie, 
16299-18-6; IVa, 2555-30-8; IVb, 2555-31-9; IVc, 7758-
71-6; IVd, 16299-22-2; IVe, 90-33-5; IVf, 2555-28-4; 
IVg, 14002-90-5; IVh, 14002-89-2; IVi, 16299-27-7; Va, 
16281-90-6; Vb, 16299-28-8; Vila (R = H), 16299-29-9; 
Vllb (R = H), 16299-30-2; Vila (R = 2-CH3), 16299- 
31-3; Vila (R = 4-CH3), 16299-32-4; Vllb (R =
4-CH3), 16299-33-5; XI, 16299-34-6.
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Urushiol, the allergenic principle of poison ivy, is an oil composed of four compounds, all having the carbon 
skeleton of 3-pentadecyclcatechol. As part of an investigation of the possible role of the unsubstituted positions 
on the catechol ring in the allergenic activity of these compounds, a series of ring-methylated homologs of 3- 
pentadecylcatechol have been synthesized and are being clinically tested. Successful synthetic routes to 4- 
methyl-, 5-methyl-, 6-methyl-, and 4,5,6-trimethyl-3-pentadecylcatechol are reported.

It has been suggested2 that a critical step in the 
biochemical mechanism of the poison ivy allergy may be 
the oxidation of the catecholic components of poison ivy 
urushiol to the corresponding o-benzoquinones. Anti
gen formation might then occur by reaction of protein 
nucleophilic groups with the o-quinones via  a 1,4-dipolar 
addition. Supporting evidence for the above view was 
obtained by the synthesis and biological testing of 
4,5-dimethyl-3-pentadecylcatechol.2 Preliminary clin
ical tests revealed that the simultaneous blocking of 
both the 4 and 5 positions, the normal sites for 1,4 
addition to the quinone, resulted in the loss of most, 
but not all activity. This result made it advisable to 
synthesize and test other ring-methylated homologs of 
3-pentadecylcatechol. Of particular interest were the 
three monomethyl homologs and the fully substituted 
compound, 4,5,6-trimethyl-3-pentadecylcatechol.

The 5-Methyl Homolog.—As previously reported,2 
the successful synthesis of 4,5-dimethyl-3-pentadecyl- 
catechol was accomplished by the preparation of 5,6- 
dimethyl-o-vanillin, followed by conversion of that 
compound into the desired catechol by established 
means. The most critical steps in this route were the 
preparation of 4,5-dimethyl guaiacol and its formyla
tion to 5,6-dimethyl-o-vanillin. Since the synthesis in 
good yield of 4-methyl guaiacol (I) from vanillin (II) 
has been reported in the literature,3 it appeared that 
5-methyl-o-vanillin (III) could also be synthesized by 
formylation and that III could be converted into 5- 
methyl-3-pentadecylcatechol (IV) by the sequence of 
reactions shown in Scheme I.

The preparation of 4-methyl guaiacol (I), as reported 
by Lock,3 was accomplished in 90% yield by the Wolff- 
Kishner reduction of vanillin (II). It was found, 
however, as part of the present investigation, that this 
reduction could be carried out on a large scale more 
easily by means of the Huang-Minlon modification of 
the Wolff-Kishner reaction,4 which led to a comparable 
yield (89%). Formylation of compound I was then 
carried out in strong acid using a mixture of hexa
methylenetetramine and paraformaldehyde as the 
formylating reagent.5 The reaction proceeded without 
difficulty to give 5-methyl-o-vanillin (III) in about 50% 
yield, which was comparable with the yield of 5,6- 
dimethyl-o-vanillin obtained in the synthesis of 4,5-

(1) T h is  in v e stig a tio n  w as s u p p o r te d  b y  C o n tra c t  P H -43 -64 -76  w ith  th e  
D iv is ion  of B iologies S ta n d a rd s  of th e  N a tio n a l In s t i tu te s  of H e a lth  a n d  by  
a  p re d o c to ra l tra in in g  g r a n t  (T l-G M -1 1 3 0 ), N a tio n a l In s t i tu te s  of G en era l 
M ed ical Sciences, U . S. P u b lic  H e a lth  S erv ice , to  J .  S. B . d u rin g  1963-1964.

(2) J .  S. B yck  a n d  C . R . D aw son , J .  Org, Chem ., 32, 1084 (1967).
(3) G . L ock , M onatsh ., 85, 802 (1954).
(4) H u an g -M in lo n , J .  A m er. Chem. Soc., 68, 2487 (1946).
(5) F a rb e n fa b rik e n  B a y e r  A .-G ., B r it ish  P a te n t  794,885 (M a y  14, 1958).
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dimethyl-3-pentadecylcatechol.2 Although there were 
three unsubstituted sites on the guaiacol ring at which 
formylation might have occurred, only the desired 
product would have been the result of formylation 
ortho to the free hydroxyl, whereas the other possible 
products would have resulted from m eta  substitution. 
Nonetheless it seemed prudent to seek confirmation 
that the formylation reaction had produced the proper 
vanillin. Since the phenolic hydroxyl of o-vanillins 
should be hydrogen bonded to the adjacent aldehyde 
carbonyl, it was predicted that the peak in the nmr 
spectrum for the hydroxyl proton would appear at 
lower field than the corresponding peaks for m eta  and 
p a ra  compounds. In the nmr spectrum of o-vanillin 
the hydroxyl peak is at r —0.52 to —0.74, depending 
on concentration, which is downfield from the aldehyde 
proton peak at t  —0.15. In vanillin (p ara ) and iso
vanillin (m eta) the hydroxyl peaks at r 1.25-1.42 and 
1.95, respectively, are upfield from the aldehyde proton. 
The spectrum of III confirmed ortho formylation as the 
hydroxyl and aldehyde proton peaks were found at 
t —0.51 and —0.02, respectively.

The methylation of the vanillin to give 5-methyl-o- 
veratraldehyde (V) was then carried out in 87% yield 
using dimethyl sulfate in aqueous potassium hydroxide. 
The over-all yield to this stage was just about 40%. 
The remainder of the synthesis was easily accomplished
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without any unusual difficulties in quite satisfactory 
yield (about 50%). The side chain was introduced by 
the reaction of V with tetradecylmagnesium bromide 
to yield the carbinol (VI), which was then directly 
hydrogenolyzed over palladium-on-charcoal catalyst, 
without complete purification, to give 5-methyl-3- 
pentadecyl veratrole (VII). The final step was 
cleavage of the veratrole (VII) by means of refluxing 
pyridine hydrochloride6 to give 5-methyl-3-pentadecyl- 
catechol (IV) in 88% yield and nearly 20% yield over
all from vanillin.

The 4-Methyl Homolog.—Since the synthesis of both
4,5-dimethyl- and 5-methyl-3-pentadecylcatechol had 
been successfully accomplished by similar routes in
volving the formylation of appropriate guaiacols to 
give o-vanillins, it was assumed that the synthesis of
4-methyl-3-pentadecylcatechol (VIII) could also be 
carried out in this fashion. Once again employing the 
Huang-Minlon modification of the Wolff-Ivishner 
reduction, 5-methyl guaiacol (IX) was readily prepared 
from isovanillin (X) in 96% yield. However, the 
direct formylation of IX using hexamethylenetetramine 
and paraformaldehyde repeatedly failed to yield the 
desired compound (XI). Only a small amount of an 
uncharacterized amorphous yellow substance could be 
isolated. Other methods of formylation7’8 also failed to 
produce the desired product (XI).

CHO CH3 CH3
x  i x  x :

The route by which 4-methyl-3-pentadecylcatechol 
was finally prepared employed a Claisen rearrangement 
as a means for introducing useful functionality into the 
appropriate position of 5-methyl guaiacol (IX).

After conversion of IX into its allyl ether (XII) had 
been readily accomplished in 92% yield according to 
the procedure of Allen and Gates,9 the thermal rear
rangement of XII was then carried out by heating the 
neat liquid to 255° under a nitrogen atmosphere9 to 
give 5-methyl-6-allyl guaiacol (XIII) in about 70% 
yield. Evidence of the successful rearrangement was 
provided by the shift upfield in the nmr spectrum of the 
allylic methylene doublet from r 5.58 to 6.60 and the 
appearance of the hydroxyl group absorption in the 
infrared spectrum at 2.80 y  and in the nmr as a sharp 
singlet at r 4.33. After méthylation of XIII to the 
corresponding veratrole XIV in 87.5% yield, isomeriza
tion of the allyl group to give 4-methyl-3-propenylvera- 
trole (XV) was accomplished by heating the allyl com
pound under nitrogen with saturated methanolic 
potassium hydroxide.10 The most significant feature 
of the nmr spectrum of the isomerized compound was 
the complete disappearance of the two-proton allylic 
methylene doublet at r 6.60, which was replaced by the

(6) E . W e n k e rt, E . M . Loesser, S. N . M a h a p te ra , F . S chenke r, a n d  E . M . 
W ilson , J .  Org. Chem., 2 9 , 438 (1964).

(7) A . R u sse ll a n d  L . H . L o c k h a rt, “ O rgan ic  S y n th e se s ,” Coll. V ol. I l l ,  
J o h n  W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1955, p  463.

(8) J .  C . D uff, J .  Chem. Soc., 547 (1941).
(9) C . F . H . A llen a n d  J . W . G ate s, J r . ,  “ O rgan ic  S y n th e se s ,”  C oll. Vol. 

I l l ,  J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1955, p  418.
(10) D . S. T a rb e ll, Org. Reactions, 2 , 1 (1944).

three-proton doublet of the new allylic methyl group at 
t  8.12. Recovery of the propenyl compound XV was 
nearly quantitative (96%). Ozonization of XV was 
carried out in methanolic solution at —30 to —40°, 
after which reductive decomposition of the ozonide 
using dimethyl sulfide yielded 6-methyl-o-veratralde- 
hyde (XVI) in 82% yield. Vapor phase chromatog
raphy of this substance confirmed the absence of any 
2',3'-dimethoxy-6'-methylphenyIacetaldehyde, the com
pound which would have been formed by ozonolysis of 
any unisomerized 3-allyl-4-methylveratrole (XIV) 
(Scheme II).

^ Y ^ choh

ch3 C14H29

XVII
OCH3

J ^ o ch 3Ve-
ch3

XVIII

'N
H C 1

The remainder of the synthesis was carried out by the 
customary route without difficulty. The reaction of 
the aldehyde (XVI) with tetradecyl Grignard reagent 
yielded the carbinol (XVII), which was converted into
4-methyl-3-pentadecylveratrole (XVIII) by hydro- 
genolysis over palladium-on-carbon catalyst. The 
combined yield for these two steps was 48%. Finally, 
pyridine hydrochloride cleavage of the methoxyls gave
4-methyl-3-pentadecylcatechol (VIII) in just over 70% 
yield. For the entire eight-step synthesis, the yield of 
VIII from isovanillin was about 15%.

The 6-Methyl Homolog.—The most direct approach 
to the synthesis of 6-methyl-3-pentadecylcatechol 
(XlXa) appeared to be the introduction, into the 6 
position of 3-pentadecylcatechol, of a functional group 
which might subsequently be converted into a methyl 
group, presumably by reduction. One such method 
was the Mannich reaction which could be used to intro
duce an N,N-dimethylaminomethylene moiety at the 
unsubstituted ring site adjacent to the phenolic hy
droxyl to yield 6-(N,N-dimethylamino)methyl-3-penta- 
decylcatechol (XXa). Hydrogenolysis of the benzylic 
amino group would then be expected to yield XIXa.
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A similar synthesis had already been achieved by 
Gulati,11 who converted 3-pentadecylphenol into 6- 
methyl-3-pentadecylphenol.

The Mannich reaction of 3-pentadecylcatechol with 
dimethylamine and formaldehyde in ethanol solution 
led to recovery of XXa in about 89% yield (Scheme
III). The structure of this compound was apparent 
from its nmr spectrum which had a typical AB-type 
quartet at t  3.65 for the two adjacent aromatic protons, 
a singlet for the aminomethylene at r 6.47, and another 
singlet at r 7.70 for the aminomethyl groups in the 
ratio 1 :1 :3 . The hydroxyls appeared far downfield at 
t  1.6, presumably because of hydrogen bonding with the 
amino nitrogen.

S c h e m e  I II

CH3w CHsy  OSi(CH3)3
L ^ k /O S i(C H 3)3

R ^ T " C i5H31
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a, R = H

XIX
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It was expected that hydrogenolysis of the Mannich 
base (XXa) would then produce 6-methyl-3-pentadecyl- 
catechol in good yield, but such was not the case. 
When hydrogenolysis was attempted at 60 psi over 
Raney nickel or platinum oxide catalysts, there was no 
observable uptake of hydrogen. When palladium-on- 
carbon catalyst was used in ethanol, some hydrogenoly
sis took place, but the yield of 6-methyl-3-pentadecyl- 
catechol was only 12%. Similar difficulties had been 
encountered by other workers who attempted the 
preparation of methyl phenols by the hydrogenolysis of 
phenolic Mannich bases.12’13 Their solution to this 
problem was to perform the hydrogenolysis over copper 
chromite catalyst at elevated temperatures and pres
sures. While use of these conditions might also have 
led to the successful preparation of 6-methyl-3-penta- 
decylcatechol, a less drastic alternative also seemed 
promising. It was observed that the failure of this 
reduction to proceed in good yield was in sharp contrast 
with the hydrogenolysis of N,N-dimethylbenzylamine 
to toluene, which is rapid with several catalysts and in a 
variety of solvents. This contrast made it appear that 
the hydrogen bonding between the amino and hydroxyl 
groups was in some way largely responsible for the 
difficulty. Therefore, it seemed that the use of some 
easily removed hydroxyl protecting group, which could 
be introduced without altering the N,N-dimethylamino 
moiety, might facilitate hydrogenolysis. This was

(11) A. S. G u la ti, P h .D . D is se r ta tio n , U n iv e rs ity  o f P o o n a , 1963.
(12) W . T . C aldw e ll a n d  T . R . T h o m p so n , J .  A m er. Chem . Soc., 6 1 , 765 

(1939).
(13) W . J .  B u rk e , J .  A. W a rb u r to n , J .  L. B ishop, a n d  J .  L . B ills, J .  Org.

Chem., 2 6 , 4669 (1961).

accomplished by converting the Mannich base into its 
bistrimethylsilyl derivative (XXIa) in 76% yield using 
hexamethyldisilizane in refluxing pyridine.14 Once the 
hydroxyls had been derivatized in this manner and 
could no longer hydrogen bond with the nitrogen atom, 
hydrogenation proceeded smoothly in absolute ethanol 
over palladium on charcoal. After completion of the 
hydrogenation and removal of the catalyst by filtration, 
hydrolysis of the protecting groups was accomplished by 
adding water to the ethanolic solution and refluxing. 
The yield of 6-methyl-3-pentadecylcatechol from the 
trimethylsilyl derivative of the Mannich base was 78% 
and the yield, over-all, from 3-pentadecylcatechol was 
53%.

The Trimethyl Homolog.—In a similar fashion to 
the work with the 6-methyl compound, the original 
plan for the synthesis of 4,5,6-trimethyl-3-pentadecyl- 
catechol (XlXb) called for the conversion of 4,5-di- 
methyl-3-pentadecylcatechol into the corresponding 6- 
(N,N-dimethylamino) methyl compound (XXb), fol
lowed by appropriate steps to bring about reduction 
of the Mannich base. Although the Mannich reaction 
with dimethylamine and formaldehyde led to isolation 
of XXb, the yield was not high (about 46%). As was 
expected, hydrogenolysis of the unprotected phenolic 
Mannich base proved impractical and the bistrimethyl
silyl derivative (XXIb) was prepared, but the yield of 
the silylation reaction was only about 62%. When the 
hydrogenolysis of this compound was carried out over 
palladium-on-carbon catalyst, even after 48 hr the 
yield of the reduction was only 26%, giving an over-all 
yield from 4,5-dimethyl-3-pentadecylcatechol (XXIIb) 
of only about 7%. This corresponds to less than a 1%  
yield from readily available starting materials since the 
yield in the synthesis of XXIIb was about 13%.

Having found that hydrogenolysis of the amine 
(XXIb) proceeded so poorly, presumably because of 
the considerable crowding around the hexasubstituted 
aromatic ring, it seemed that synthesis of 4,5,6-tri- 
methyl-3-pentadecylcatechol might be better accom
plished if it were possible to prepare a similar intermedi
ate which could be converted into XlXb by hydrogen
olysis of a more easily broken bond, such as the one be
tween carbon and sulfur. This goal was achieved by 
the reaction of 4,5-dimethyl-3-pentadecylcateehol with 
a mixture of carbon disulfide, formaldehyde, and 
dimethylamine in ethanol to give 6-(N,N-dimethyl- 
dithiocarbamoyl)methyl - 4,5 - dimethyl - 3 -pentadecyl- 
catechol (XXIII) in 82% yield.16 Successful substi-

x x m

tution for the lone aromatic proton of 4,5-dimethyl-3- 
pentadecylcatechol was indicated by the absence of a 
peak in the r 3-5 region of the nmr spectrum. Desul
furization of X X III was accomplished using a tenfold 
excess by weight of Raney nickel W-7 catalyst in reflux-

(14) S. H . L anger, P . P an ta g e s , a n d  I . W en d er, Chem . In d .  (L o n d o n ), 1664 
(1958).

(15) U . S. R u b b e r  C o ., N e th e rla n d s  P a te n t  A ppl. 6 ,408,883 (F eb  2,
(1965).
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ing dioxane16 to give 4,5,6-trimethyl-3-pentadecyl- 
catechol in over 75% yield. Evidence of complete 
desulfurization was provided by the loss of the thio- 
carbonyl absorption at 7.65 m in the infrared spectrum 
and the presence in the nmr spectrum of a peak at 
r 7.92 equivalent to three nuclear methyl groups. This 
compound was identical with the one obtained by 
hydrogenolysis of XXIb, but the yield was 62% from
4,5-dimethyl-3-pentadecylcatechol. Thus, the synthe
sis of the trimethyl homolog via  the dithiocarbamoyl 
intermediate resulted in an eightfold improvement in 
the over-all yield.

Experimental Section17
5-Methyl-o-vanillin (III).—A mixture of 183.6 g of 4-methyl- 

guaiacol (prepared from vanillin in 89% yield by the Huang- 
Minlon modification of the Wolff-Kishner reduction), 78.6 g of 
paraformaldehyde, and 78.6 g of hexamethylenetetramine was 
melted and heated to 110°. To this molten mixture was added 
300 ml of glacial acetic acid, followed by slow addition of 150 
ml of a 1:1 solution of sulfuric acid and water. Addition of the 
sulfuric acid caused rapid reflux and considerable darkening of 
the reaction mixture. The resulting solution was then heated 
at reflux for 30 min, after which it was poured into 1500 ml of 
water. This mixture was steam distilled and the product 
separated from the steam distillate as yellow plates. Recryst.al- 
lization from ligroin (bp 60-90°) gave 5-methyl-o-vanillin as 
yellow needles, mp 40.0-41.5°. The yield was 110.1 g (49.9%). 
The significant peaks in the infrared spectrum were hydroxyl at
2.84 m and carbonyl at 6.00 m. In the nmr spectrum in acetone 
solution, the hydroxyl proton produced a sharp singlet at r 
— 0.51 and the hydrogen on the carbonyl carbon produced a sharp 
singlet at r —0.02.

Anal. Calcd for C9H10O3: C, 65.05; H, 6.07. Found: C, 
64.96; H, 5.97.

5-Methyl-o-veratraldehyde (V).—To 110.1 g of melted 5- 
methyl-o-vanillin (III) were simultaneously added 80 g of potas
sium hydroxide in 175 ml of water and 100 ml of dimethyl sul
fate. The mixture was then refluxed for 2.5 hr, after which 500 
ml of water was added and the reaction vessel was cooled in an 
ice bath. The product, which separated as a tan solid, was 
filtered, washed with water, and then recrystallized from ligroin. 
The yield of 5-methyl-o-veratraldehyde was 104.2 g (87.2%). 
The hydroxyl peak at 2.84 fi was absent in the spectrum and the 
carbonyl peak was at 5.85 m-

Anal. Calcd for C10H12O3: C, 66.65; H, 6.71. Found: C, 
66.52; H, 6.55.

5-Methyl-3-(l'-hydroxy )pentadecylveratrole (VI).—To a solu
tion of tetradecylmagnesium bromide in 150 ml of anhydrous 
ether prepared in the usual manner from 3.8 g of magnesium 
metal and 41.6 g of 1-bromotetradecane was added 18.0 g of the 
above 5-methyl-o-verataldehyde in 100 ml of ether. The reac
tion mixture was heated at reflux for 18 hr under a nitrogen atmos
phere and then was cooled in an ice bath and hydrolyzed by addi
tion of 150 ml of 10% sulfuric acid. After separating the two 
phases, the aqueous layer was washed with 200 ml of ether, and 
the combined ether solutions were dried over magnesium sulfate. 
Removal of solvent gave a yellow oil which was dissolved in boil
ing 95% ethanol. On chilling of the ethanolic solution, octa- 
cosane precipitated as silvery plates and was filtered. Solvent 
was again removed to give 36 g of crude 5-methyl-3-(l'-hydroxy)- 
pentadecylveratrole as a yellow oil. This material was used in 
the next step without further purification.

5-Methyl-3-pentadecylveratrole (VII).—The crude 5-methyl-3- 
(1 '-hydroxy)pentadecylveratrole obtained in the previous step 
was dissolved in 100 ml of ethyl acetate to which was added 5

(16) G . R . P e t t i t  a n d  E . E . v a n  T a m e len , Org. Reactions, 12, 356 (1962).
(17) M e ltin g  p o in ts  w ere  ta k e n  on  a  T h o m a s -H o o v e r  ca p illa ry  m e ltin g  

p o in t a p p a ra tu s  a n d  a re  u n co rrec ted . In f ra re d  sp e c tra  w ere  d e te rm in e d  on 
a  P e rk in -E lm e r  137 In fra c o rd  a n d  w ere  m e asu red  in  ca rb o n  te tra c h lo r id e  
so lu tio n  un less  o th e rw ise  specified. T h e  n m r  sp e c tra  w ere  o b ta in e d  w ith  a 
V arian  A -60 o r  A -60A  sp e c tro m e te r  using  te tr a m e th y ls ila n e  as  a n  in te rn a l  
s ta n d a rd  a n d  c a rb o n  te tra c h lo r id e  a s  so lv en t, un less o th e rw ise  in d ic a te d . 
E le m e n ta l an a ly se s  w ere  p e rfo rm e d  b y  M icro -T ech  L a b o ra to rie s , S kok ie ,
111.

drops of sulfuric acid and 0.35 g of 10% palladium-on-charcoal 
catalyst. Hydrogenation was carried out in a Parr shaker at 
approximately 60° and at an initial hydrogen pressure of 60 psi. 
Hydrogenation was continued for 24 hr and then the solution 
was allowed to cool and was diluted with 200 ml of ether. After 
the catalyst had been removed by filtration, the solvent was 
evaporated and vacuum distillation of the residual oil was carried 
out at 0.4-mm pressure to give 20.3 g (56.2%) of 5-methyl-3- 
pentadecylveratrole as a colorless oil (bp 206-209°). On cooling, 
the oil formed a white solid which was recrystallized from an 
ethanol-acetone mixture (mp 35.2-36.2°). The nmr spectrum 
of this compound consisted of a two-proton singlet at r 3.61 
(aromatic H), a six-proton singlet at r 6.30 (-OCH3), and a three- 
proton singlet at r 7.80 (nuclear -CH3), as well as the characteris
tic peaks for the pentadecyl side chain. In the infrared, the low 
intensity peaks indicative of a 1,2,3,5-tetrasubstituted benzene 
appeared at 5.15, 5.25, and 5.80 m-

Anal. Calcd for C21H42O2: C, 79.50; H, 11.68. Found: 
C, 79.51; H, 11.44.

5-Methyl-3-pentadecylcatechol (IV).—A solution of 50 g of
5-methyl-3-pentadecylveratrole (VII) in 250 g of pyridine was 
heated at reflux, and dry hydrogen chloride gas was bubbled 
through the refluxing solution. In approximately 1 hr all of the 
pyridine had been converted into pyridine hydrochloride, and the 
temperature of the reaction mixture rose to about 220°. After 
refluxing at that temperature for 2.5 hr, the solution was allowed 
to cool and 250 ml of ether was added as well. The layers were 
then separated, the aqueous layer was extracted with two 250-ml 
portions of ether, and the combined ether solutions were washed 
with two 200-ml portions of water. After treatment with de
colorizing charcoal and drying over magnesium sulfate, the sol
vent was removed in vacuo to give a white solid. After recrystal
lization from ligroin, the yield of 5-methyl-3-pentadecylcatechol 
(mp 74.5-76.0°) was 41.2 g (89.5%). The significant peak in 
the infrared spectrum of this compound was that for the hydroxyl 
groups at 2.85 n-

Anal. Calcd for C22H3802: C.78.99; H, 11.45. Found: C, 
78.95; H, 10.98.

5-Methylguaiacol Allyl Ether (XII).—To a solution of 41.4 g 
of 5-methylguaiacol (IX) (prepared from isovanillin in 96% 
yield by the Huang-Minlon modification of the Wolff-Kishner 
reduction) in 75 ml of acetone was added 42 g of anhydrous po
tassium carbonate and 40 g of allyl bromide. The mixture was 
refluxed with rapid stirring for 8 hr, after which 200 ml of water 
was added. As soon as all solids had dissolved, the phases were 
separated and the aqueous layer was extracted with two 100-ml 
portions of ether. The organic solutions were then combined, 
washed with two 100-ml portions of 10% sodium hydroxide, and 
dried over anhydrous potassium carbonate. After evaporating 
the solvent, the residual oil was distilled at 10 mm to yield 49.2 
g (92%) of 5-methylguaiacol allyl ether as a colorless oil, bp 128- 
132°. The infrared spectrum contained no peak for hydroxyl 
and had a new peak at ~10.6 m- The following peaks appeared 
in the nmr spectrum: singlet (3) at r 3.37 (aromatic H); multi- 
plet (1 ) at r 3.7-4.3 (-CH2Cfi=CH 2); multiplet (2) at r 4.5-
5.0 (-CH2CH =C tf2); doublet (2) at r 5.58 (-Ctf2CH=CH2); 
singlet (3) at t 6.33 (-OCH3); singlet (3) at r 7.80 (nuclear -CH3).

Anal. Calcd for CnH1402: C, 74.13; H, 7.92. Found: 
C, 73.86; H, 7.92.

5-Methyl-6-allylguaiacol (XIII).—Using an oil bath set at 
235°, 48.0 g of the above 5-methylguaiacol allyl ether was heated 
under an inert atmosphere of nitrogen. When the temperature 
of the liquid reached 210°, slow evolution of bubbles began. At 
225° rapid reflux started, the internal temperature rose quickly 
to 255°, and the bath was removed. When the temperature be
gan to fall, heating was resumed and the temperature of the liquid 
was kept at 245° for 1 hr. After cooling to room temperature, 
100 ml of ether was added, and the ethereal solution was ex
tracted with three 100-ml portions of 10% sodium hydroxide. 
The alkaline solution was then acidified with hydrochloric acid 
and extracted with two 150-ml portions of ether. These were 
combined, dried over magnesium sulfate, and concentrated to 
give a clear, brown oil. Distillation of that oil at 10 mm yielded
33.4 g (69.5%) of 5-methyl-6-allyl guaiacol as a colorless oil, bp
135-142°. In the infrared, there was now a hydroxyl peak at
2.80 m and a peak at 10.4 ¡i. In the 5-6-ju region, low intensity 
peaks appeared at ~ 5 .4  and ~ 5 .8  m, with the shorter wave
length peak the more intense of the two. In the nmr, the allylic 
methylene doublet was shifted upfield to r 6.60 and there was a 
sharp singlet at r 4.33 (-OH).



Anal. Calcd for C11H14O2: C, 74.13; H, 7.92. Found: 
C, 73.83; H.7.91.

3-Allyl-4-methylveratrole (XIV).—To 31.3 g of the above 5- 
methyl-6-allylguaiacol heated to 100° were added simultaneously
11.2 g of potassium hydroxide in 25 ml of water and 25.2 g of 
dimethyl sulfate. After the addition was complete, the mixture 
was refluxed with rapid stirring for 3 hr, then cooled and the 
layers separated. The aqueous layer was extracted with two 75- 
ml portions of ether, and the combined organic fractions were 
dried over magnesium sulfate and the solvent removed in  vacuo 
to give a yellow oil. Distillation of this oil at 10 mm yielded
29.5 g (87%) of 3-allyl-4-methylveratrole as a colorless liquid, 
bp 133-140°. The hydroxyl peak at 2.80 n was no longer ap
parent in the infrared. In the nmr the singlet at r 4.33 was gone, 
and the two methoxyls appeared as sharp singlets at r 6.25 and
6.28.

Anal. Calcd for CnHuOj: C, 74.97; H, 8.39. Found: 
C, 74.76; H, 8.28.

3- Propenyl-4-methylveratrole (XV).—Methanol was distilled 
from a rapidly stirred mixture of 29.0 g of 3-alIyl-4-methyl- 
veratrole (XIV) and 90 ml of saturated methanolic potassium 
hydroxide until the temperature of the liquid reached 100°. 
Distillation was then discontinued, and the mixture was refluxed 
at 110-120° for 6 hr. It was then cooled, 100 ml of water was 
added, and the layers were separated. The aqueous phase was 
extracted with two 75-ml portions of ether, the combined ether 
extracts were dried over magnesium sulfate, and the solvent was 
evaporated. Vacuum distillation at 15 mm yielded 27.9 g 
(96%) of 3-propenyl-4-methylveratrole as a colorless liquid, bp
142-151°. In the nmr the two proton allylic doublet at r 6.60 
was replaced by a three-proton doublet at r 8.12. There were 
overlapping multiplets in the r 3-4 region.

Anal. Calcd for C12H1JO2: C, 74.97; H, 8.39. Found: 
C, 74.94; H, 8.38.

6-Methyl-o-veratraldehyde (XVI).—A solution of 26.9 g of the 
above 3-propenyl-4-methylveratrole in 500 ml of methanol was 
chilled to approximately —40°. A stream of ozone enriched 
oxygen (2%) was then bubbled through the solution at a rate of 
0.08 ft3/min for 1.5 hr, during which time the temperature of the 
solution was held at —30 to —40°. When the ozonization had 
been completed, the temperature of the solution was brought to 
0°, and the reaction mixture was decanted into an erlenmeyer 
flask cooled in an ice bath. After rinsing the ozonization vessel 
with 100 ml of methanol and adding this to the original solution, 
10 g of dimethyl sulfide was added, and the mixture was stirred 
at approximately 0° for 2 hr. Next, the solvent was stripped to 
leave a residual oil which was suspended in 200 ml of water. 
This was extracted with three 200-ml portions of ether, the com
bined ethereal fractions were dried over magnesium sulfate, and 
the solvent was removed under vacuum. Distillation of the 
residual oil at 10 mm yielded 20.7 g (82%) of 6-methyl-o-veratral- 
dehyde as a pale yellow oil (bp 127-133°). On cooling, the oil 
became a cream solid which was recrystallized from ligroin as 
white needles (mp 53.5-54.5°). The significant absorption in 
the infrared was a carbonyl peak at 5.94 ¡i. When subjected to 
vapor phase chromatography on an SE-30 column, the product 
gave a single sharp peak.

Anal. Calcd for C10H12O3: C, 66.65; H, 6.71. Found: 
C, 66.21; H, 6.62.

4- Methyl-3-(l'-hydroxy)pentadecylveratrole (XVII).—To a
solution of tetradecylmagnesium bromide in 150 ml of ether, 
prepared in the customary fashion from 2.9 g of magnesium metal 
and 30.5 g of 1-bromotetradecane, was added 18.0 g of the above
6-methyl-o-veratraldehyde in 100 ml of ether. The mixture was 
refluxed for 18 hr, after which it was cooled in an ice bath and 
then hydrolyzed by addition of 200 ml of 10% sulfuric acid. The 
layers were separated, the aqueous layer was extracted with 150 
ml of ether, and the combined ethereal solutions were dried over 
magnesium sulfate and then were concentrated to give a yellow 
liquid. This oil was dissolved in boiling ethanol which was then 
chilled to precipitate octacosane. After filtering, the solvent 
was removed to give 35 g of crude 4-methyl-3-(l'-hydroxy)- 
pentadecylveratrole, which was used in the next step without 
further purification.

4-Methyl-3-pentadecylveratrole (XVIII).—The above crude
4-methyl-3-(l'-hydroxy )pentadecylveratrole was dissolved in 
100 ml of ethyl acetate containing 5 drops of sulfuric acid to 
which was added 0.35 g of 10% palladium-on-carbon catalyst. 
This mixture was shaken at about 60° for 48 hr under an initial 
hydrogen pressure of 60 psi. After that time the solution was
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diluted with 150 ml of ether, filtered, and washed with 100 ml 
of 10% sodium bicarbonate, followed by 100 ml of water. After 
drying with magnesium sulfate, the solvent was evaporated, and 
the residual oil was distilled at 0.4 mm to yield 17.3 g (48% 
yield, based on 6-methyl-o-veratraldehyde) of 4-methyl-3-penta- 
decylveratrole as a colorless oil (bp 213-217°). On cooling 
this oil changed to a white solid, recrystallizable from ethanol- 
acetone, mp 34.0-35.0°. The significant peaks in the nmr were 
aromatic H at t 3.39, methoxyl at r 6.25, and methyl at r 7.82.

Anal. Calcd for C24H42O2: C, 79.50; H, 11.68. Found: 
C, 79.32; H, 11.53.

4-Methyl-3-pentadecylcatechol (VIII).—A solution of 17.3 g 
of the above 4-methyl-3-pentadecylveratrole in 85 g of pyridine 
was heated to reflux, and a stream of dry hydrogen chloride gas 
bubbled through the mixture. After about 1 hr the temperature 
of the liquid reached 220°. Refluxing was continued at that tem
perature for 4 hr with the passage of HC1, then the mixture was 
cooled to 120°, and 100 ml of water was added. After cooling 
further with an ice bath, 150 ml of ether was added and the layers 
were separated. The aqueous layer was extracted with 200 ml 
of ether, and the combined ether layers were treated with de
colorizing charcoal and then dried over magnesium sulfate. 
The solution was concentrated and the residual brown oil was 
distilled at 0.4 mm to yield 4-methyl-3-pentadecylcatechol as a 
pale yellow oil (bp 200-203°) which cooled to a white solid. 
After recrystallization from ligroin, the yield was 11.3 g (70.6%) 
of white solid, mp 55.0-56.5°.

Anal. Calcd for C22H3802: C, 78.99; H, 11.45. Found: 
C, 79.18; H, 11.51.

6-(N,N-Dimethylamino)methyl-3-pentadecylcatechol (XXa).—
A solution of 48 g of 3-pentadecylcatechol in 300 ml of 95% 
ethanol was chilled in an ice bath and to it was added 42 ml of 
25% dimethylamine in water, followed by 18 ml of 37% form
aldehyde. After 1 hr, the ice bath was removed and the reaction 
mixture was stirred at room temperature for 18 hr. During that 
time a deep violet color developed and considerable solid sep
arated from the solution. This solid was filtered, washed with 
ice-cold ethanol, and recrystallized from ethanol to give 50.4 g 
(89.2%) of 6-(N,N-dimethylamino)methyl-3-pentadecylcatechol 
as cream plates (mp 46.0-46.8°). The significant peaks in the 
nmr were a quartet at r 3.65 (aromatic H), a two-proton singlet 
at t 6.47 (-N-CH2), a six-proton singlet at t 7.70 (-N-CH3), and 
a broad two-proton singlet at about r 1.6 (-OH).

Anal. Calcd for C24H43N02: C, 76.34; H, 11.48; N, 3.71. 
Found: C, 75.90; H, 11.39; N, 3.69.

BistrimethyIsilyl-6-(N,N-dimethylamino)methyl-3-pentadecyl- 
catechol (XXIa).—To a solution of 37.7 g of the above 6- 
(N,N-dimethylamino)methyl-3-pentadecylcatechol in 150 ml of 
pyridine were added 40 g of hexamethyldisilizane and 10 drops 
of trimethylchlorosilane.11 The solution was heated at reflux, 
causing evolution of ammonia which continued for about 45 min. 
The solution was then refluxed an additional 1 hr, after which 
the solvent was removed on the rotary evaporator to give a 
brown oil. Vacuum distillation of the oil at 0.5 mm yielded
39.6 g (76%) of the product (XXIa) as a colorless liquid, bp 237- 
243°. The absence of a hydroxyl peak at <3.0 n in the infrared 
spectrum indicated complete conversion into the bistrimethylsilyl 
derivative.

6-Methyl-3-pentadecylcatechol (XlXa). A. By Hydrogen- 
olysis of 6-(N,N-Dimethylamino)methyl-3-pentadecylcatechol 
(XXa).—A solution of 11.4 g of XXa in 100 ml of absolute ethanol 
was shaken with 1 g of 10% palladium-on-carbon catalyst at ap
proximately 60° and under an initial hydrogen pressure of 60.2 
psi for a total of 48 hr. The solution was then cooled and filtered 
to remove the catalyst, and the solvent was evaporated to give a 
dark oil which partially solidified. Recrystallization of this 
material from ligroin, followed by vacuum sublimation, gave 1.2 
g of 6-methyl-3-pentadecylcatechol as a white solid (mp 63.5- 
64.5°). The yield was 12%. The nmr spectrum of this com
pound was composed of a sharp two-proton singlet at r 3.50 
(aromatic H), a broad two-proton singlet at t  4.45 (-OH), and a 
sharp three-proton singlet at r 7.80 (nuclear -CH3), as well as 
appropriate peaks for the pentadecyl side chain.

B. By Hydrogenolysis of Bistrimethylsilyl-6-(N,N-dimethyl- 
amino)methyl-3-pentadecylcatechol (XXIa).—To a solution of
37.7 g of XXIa in 150 ml of absolute ethanol were added 1 g of 
10% palladium-on-carbon catalyst and 5 drops of sulfuric acid. 
The mixture was then hydrogenated on a Parr shaker for 20 hr 
at approximately 60° at an initial hydrogen pressure of 60 psi. 
When no further hydrogen uptake could be observed, the reaction
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mixture was cooled and filtered. To this was added 25 ml of 
water, and the solution was refluxed with rapid stirring for 2 hr. 
The reaction mixture was then poured into 200 ml of water, and 
the resulting emulsion was extracted with three 100-ml portions 
of ether. The combined ether solutions were dried over mag
nesium sulfate, and the solvent was removed to give a dark oil. 
Vacuum distillation of this material at 0.2 mm yielded a pale 
yellow oil (bp 200-206°) which cooled to a cream solid. Re
crystallization from ligroin gave 18.9 g (78%) of a white solid 
(mp 62.5-64.5°) which was indistinguishable on the basis of 
infrared and nmr spectra from the 6-methyl-3-pentadecylcatechol 
obtained by procedure A, i.e., hydrogenolysis of the unsilylated 
Mannich base.

Anal. Calcd for C22H380 2: C, 78.99; H, 11.45. Found: 
C, 78.73; H, 11.36.

6-(N,N-Dimethylamino)methyl-4,5-dimethyl-3-pentadecyl- 
catechol (XXb).—A solution of 17.4 g of 4,5-dimethyl-3-penta- 
decylcatechol in 100 ml of 95% ethanol was chilled in an ice bath, 
and to it was added 14.1 g of dimethylamine (25% in water), 
followed by 6.3 ml of 37% formaldehyde solution. After 1 hr the 
ice bath was removed, and the solution was stirred at room tem
perature for 16 hr. The product separated as a tan solid which 
was filtered and washed with cold ethanol. After recrystalliza
tion from ethanol, 9.4 g (46.5%) of 6-(N,N-dimethylamino)- 
methyl-4,5-dimethyl-3-pentadecylcatechol was obtained (mp 
35.0-37.0°). In the nmr there was a broad two-proton singlet at 
t 1.50 (-0 11) , a two-proton singlet at t 6.40 (~N-CH2-), a six- 
proton singlet at t  7.70 (-N~CH3), and a pair of singlets corre
sponding to a total of six protons at r 7.92 and 7.96 (nuclear 
-CH3), as well as the characteristic peaks for the pentadecyl side 
chain. There was no peak in the downfield region characteristic 
of hydrogens on a benzene ring.

Anal. Calcd for C26H47N 02: C, 76.98; H, 11.68; N, 3.45. 
Found: C, 77.34; H, 11.48; N, 3.59.

Bistrimethylsilyl-6-(N,N-dimethylammo)methyl-4,5-di-methyI- 
3-pentadecylcatechol (XXIb).—To a solution of 9.4 g of the 
above 6 - (N ,N  - dimethylamino)methyl - 4,5 -dimethyl - 3 -penta- 
decylcatechol in 50 ml of pyridine were added 8 g of hexamethyl- 
disilizane and 5 drops of trimethylchlorosilane. This reaction 
mixture was refluxed for 2.5 hr, after which the solvent was re
moved under vacuum to give a brown oil. Vacuum distillation 
of this material at 0.4 mm yielded 8.5 g (62.5%) of the bistri- 
methylsilyl compound (XXIb) as a clear, colorless oil (bp 205- 
214°). The absence of a hydroxyl peak in the infrared spectrum 
at <3.0 m indicated that trimethylsilylation was complete.

6-(N,N-Dimethyldithiocarbamoyl)methyl-4,5-dimethyl-3-pen- 
tadecylcatechol (XXIII).—To a solution of 34.8 g of 4,5-di- 
methyl-3-pentadecylcatechol in 200 ml of 95% ethanol was added
8.3 g of carbon disulfide, 8.5 g of 37% formaldehyde, and 18.9 
g of 25% dimethylamine. The resulting solution was refluxed 
for 2.5 hr, during which time considerable turbidity developed, 
and was then chilled in an ice bath to precipitate 6-(N,N-di- 
methyldithiocarbamoyl )methyl- 4,5 - dimethyl - 3 - pentadecylcate- 
chol. Recrystallization from ethanol-acetone gave a cream solid, 
mp 71.0-73.0°. The yield was 39.5 g (82%). In the infrared 
there was a peak for C =S at 7.65 m- The significant peaks in the 
nmr were a two-proton singlet at r 5.50 (-S-CH2-), a pair of

singlets equal to six protons at t 6.66 and 6.84 (-N-CH3), and a 
six-proton singlet at r 7.95 (nuclear-CH3).

Anal. Calcd for C2,H4,N 02S2: C, 67.31; H, 9.83; N, 2.91; 
S, 13.31. Found: C, 67.78; H, 9.96; N, 2.72; S, 13.07.

4,5,6-Trimethyl-3-pentadecylcatechol (XlXb). A. By Hy
drogenolysis of 6-(N,N-Dimethyldithiocarbamoyl)methyl-4,5- 
dimethyl-3-pentadecyIcatechol (XXIII).—A solution of 36.1 g of 
the above XXIII in 1200 ml of anhydrous dioxane was refluxed 
for 16 hr with Raney nickel W-7 catalyst prepared from 361 g of 
Raney nickel alloy.18 The reaction mixture was then cooled 
and filtered to give a green solution to which was added 750 ml of 
ether. This solution was shaken with 750 ml of 5% aqueous 
hydrochloric acid, bleaching the organic layer to an orange color. 
The phases were then separated, and the aqueous layer was 
washed with 500 ml of ether. The organic portions were com
bined, dried over magnesium sulfate, and concentrated to give a 
red-brown oil. Vacuum distillation at 0.2-0.3-mm pressure 
yielded 20.5 g (75.7%) of 4,5,6-trimethyl-3-pentadecylcatechol 
as a colorless liquid (bp 210-223°), which rapidly gave a white 
solid (mp 78.0-79.0°) on cooling. The infrared spectrum of this 
compound lacked the thiocarbonyl peak at 7.65 m- In the nmr 
the only peaks other than those for the pentadecyl side chain 
were a broad two-proton singlet at r 6.49 (-OH) and a nine-pro
ton singlet at t 7.92 (nuclear -CH3).

Anal. Calcd for C2sH420 2: C, 79.50; H, 11.68. Found: 
C, 79.59; H, 11.71.

B. By Hydrogenolysis of Bistrimethylsilyl-6-(N,N-dimethyl- 
ammo)methyl-4,5-dimethyl-3-pentadecylcatechol (XXIb).—To
a solution of 8.5 g of (XXIb) in 100 ml of absolute ethanol were 
added 0.85 g of 10% palladium-on-carbon catalyst and 5 drops of 
sulfuric acid, and the mixture was hydrogenated at approxi
mately 60° at an initial hydrogen pressure of 60 psi. After 48 hr 
the reaction mixture was cooled and filtered and to it was added 10 
ml of water. This solution was refluxed for 2 hr and then was 
poured into 150 ml of water and 100 ml of ether. After the layers 
had been separated, the aqueous phase was washed with two 
100-ml portions of ether, and the combined ether solutions were 
dried over magnesium sulfate. Solvent was then removed, and 
the residual oil was distilled at 0.5 mm. The yellow distillate 
(bp 225-237°) solidified on cooling to give a tan solid. After 
recrystallization from ligroin 1.2 g (26%) of 4,5,6-trimethyl-3- 
pentadecylcatechol (mp 77.0-79.0°) was isolated. This material 
was identical in infrared and nmr spectra with the product ob
tained by procedure A.

Registry No.—Ill, 7452-10-0; IV, 16273-08-8; V, 
5701-86-0; VII, 16273-09-9; VIII, 16273-11-3; XII, 
16273-12-4; XIII, 16273-13-5; XIV, 16273-14-6; XV, 
16273-15-7; XVI, 16273-16-8; XVIII, 16273-17-9; 
XlXa, 16273-18-0; XlXb, 16273-19-1; XXa, 16273- 
29-3; XXb, 16273-21-5; XXIa, 16273-23-7; XXIb, 
16273-25-9; XXIII, 16273-27-1.

(18) H . R .  B illica  a n d  H . A dkins, “ O rgan ic  S y n th ese s ,”  C oll. V oi. I l l ,  
Jo h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1955, p  176.
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Department of Chemistry, A y erst Laboratories, Montreal, Quebec, Canada 
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A study of synthetic reactions leading to medium-ring lactones of substituted benzoic acids is described. 
Ketones 4a-f were converted via carbethoxylation and alkylation into the correspondingly substituted butanols 
6a-f, The alcohols were cyclized to yield enol ethers 7a-g, which were used as substrates to study the per acid 
oxidation reaction. Enol ethers 7a, c, d, e, and g on treatment with an excess of m-chloroperbenzoic acid gener
ated the corresponding benzoic acid lactones 9a-f. Similar treatment of 7b and 7f resulted in the formation of 
carbonates 8 and 16, respectively. The influence of the conformation of the transitional intermediates and the 
extent of stabilization of the onium ions involved govern the course of the per acid reaction. A mechanism for 
the pathway leading to the carbonates is suggested. Carbonate 8 and lactone 9e were transformed in alkaline 
medium via a transannular reaction into the cyclic ethers 11 and 18, respectively. A rational pathway for the 
genesis of 11 and 18 is suggested.

Macrolides constitute a large group of naturally 
occurring compounds, having a broad spectrum of 
pharmacodynamic properties. To this class belongs a 
group of acetogenins, of relatively rare natural occur
rence, biogenetically arising from the cyclization of a 
polyketo chain to a /3-resorcylie acid nucleus, to yield 
what may be generally termed “ -̂resorcylic acid 
lactones.” Radicicol1 1, zearalenone2 2, and two parent 
members lacking in the large ring found in isocoumarins3 
3a and b are the only examples known to date.

In view of the antifungal properties4 of radicicol and 
the anabolic and uterotrophic6 action of zearalenone, it 
was of interest to explore synthetic methods potentially 
applicable to the synthesis of compounds of this group.

This article describes some of our work along these 
lines. Tetralone 4a was carbethoxylated to yield the 
suitably substituted product 5a. Condensation of 5a 
with 4-bromobutyl 1-acetate6 in dry f-butyl alcohol 
containing potassium f-butoxide yielded the alkylated 
acetoxy compound. Alkaline hydrolysis led through 
concomitant decarboxylation to the alcohol 6a. Treat
ment of 6a in dry benzene containing a catalytic amount 
of p-toluenesulfonic acid generated the enol ether 7a.

(1) (a) R . N . M irr in g to n , E . R itc h ie , C . W . S hoppee, a n d  W . C . Taylor* 
Tetrahedron L ett., 365 (1964); (b ) F . M c C a p ra , A . I . S c o tt , P . D e lm o tte , a n d  
J .  D e lm o tte e -P la q u e e , ib id ., 869 (1964); (c) R . N . M irr in g to n , E . R itch ie , 
C . W . S hoppee , S . S te rn h e ll, a n d  W . C . T a y lo r , A usL J .  Chem ., 19, 1265
(1966) .

(2) (a) W . H . U rry , H . L . W e h rm e is te r , E . B . H odge, a n d  P . H . H id y , 
Tetrahedron L ett., 3109 (1966); (b ) D . T a u b , N . N . G iro tra , R . D . H offsom - 
m er, C . H . K uo , H . L . S la tes , S. W eber, a n d  N . L . W e n d le r, Chem . C om m un., 
225 (1967); (c) N . N . G iro tra  a n d  N . L . W end le r, Chem . In d .  (L o n d o n ), 1493
(1967) .

(3) (a) F .  S o n d h e im er, J .  A m er. Chem . Soc., 79 , 5036 (1957); (b ) E .  
H ard eg g er, W . R ie d e r, A . W alser, a n d  F . K ug le r, H elv. C him . A c ta , 49 , 1283 
(1966).

(4) N . H . W h ite , G . A. C h ilvers , a n d  O. E v a n s , N ature , 195, 406 (1962).
(5) M . S to b , R . S. B aldw in , J .  T u ite , F . N . A ndrew s, a n d  K . G . G ille tte , 

ibid., 196, 1318 (1962).
(6) J . B. C loke a n d  F . J .  P ilg rim , J .  A m er. Chem . Soc., 61, 2667 (1939).

a, R = H; R' = H ;n  = 2
b, R = OMe; R' = H; n =  2
c, R = OMe; R' =  H; n =  3
d, R = OMe; R' «  H; n =  1
e, R = H; R' -  OMe; n =  1
f, R = OMe; R' = OMe; n =  1
g, R =  OCOCHs; R' = H; n =  2

Reaction7 of 7a in methylene chloride with an excess 
(3 mol) of m-chloroperbenzoic acid led to the formation 
of a compound whose spectral properties were in 
complete consonance with the structure 9a.

a, R = H; R' = H; n = 2
b, R = OCOCH3; R' = H; n = 2
c, R = OH; R' = H; n = 2
d, R = OCH3;R ' = H ;n  = 3
e, R = OCHs; R' =  H; n = 1
f, R = H; R' = OCH3; n = 1

In a similar sequence of reactions, starting with 
methoxytetralone 4b, the enol ether 7b was prepared. 
The per acid oxidation of this compound generated a 
product, which showed in its infrared spectrum a car
bonyl absorption at 1755 and 1700 cm-1. The elemen
tal analysis was consistent with the formula CisHisCL 
indicating one more oxygen than that required for the 
desired lactone. The ultraviolet spectrum was charac
teristic for that of an isolated aromatic ring (276 m/i,

(7) (a) I. J .  B o row itz  a n d  G . J . W illiam s, Tetrahedron Lett., 3813 (1965);
(b) I .  J .  B o row itz , G . G onis, R . K e lsey , R . R a p p , a n d  G . J .  W illiam s, J .
Org. C hem ., 31 , 3032 (1966).
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e 2580). The structure 8 was assigned to this product 
and was corroborated by its nmr spectrum. A mecha
nism of formation of carbonate 8 is shown in Scheme I.

S c h e m e  I

The positive character on the oxygen atom of the 
per ester 10-—an intermediate in the cleavage7b reaction 
•—may be stabilized by participation of the methoxyl on 
the aromatic ring to divert the normal pathway as 
depicted above. That this indeed is the case is sub
stantiated by the fact that the reaction yields almost 
exclusively a lactone, when the lone pair of electrons 
on the aromatic methoxyl group are made unavailable 
for such participation (see below).

Treatment of the carbonate 8 with methanolic 
potassium carbonate and subsequent acidification led 
quantitatively to a transformation product, the mass 
spectrum of which exhibited a molecular ion peak at 
m/e 234. The infrared showed weak aromatic absorp
tion at 1605 cm-1, and the hydroxylic and ketonic 
bands were absent. The ultraviolet spectrum con
firmed the presence of an isolated aromatic ring (288 
my, t 2850). The nmr spectrum of the compound 
revealed signals at S 7.0-6.58 (3 H, aromatic, multiplet), 
4.15-3.35 (5 H, methoxyl singlet at 5 3.76, and two 
protons, carbinolic multiplet), 3.3-2.35 (2 II, benzylic, 
poorly resolved triplet), and 2.3-1.15 (8 H, methylenic 
multiplet). The above analytical data concur with 
the empirical formula CuHisCh, and permit the assign
ment of structure 11 to this product. Its formation 
from progenitor 8 may be rationalized as in Scheme II.

of their ubiquity in nature. An obvious detour was 
sought in the synthesis of the acetate 15 obtainable from 
methyl ether 6b. Demethylation of methyl ether 6b 
with 48% hydrobromic acid resulted in concomitant 
displacement of the terminal hydroxyl group by bro
mine to yield bromophenol 12. Treatment of 12 with 
silver acetate in acetic acid followed by hydrolysis of 
acetate 13 generated diol 14, in an over-all yield of 15%  
from ether 6b. The yield of the diol 14 was highly 
ameliorated in the one-step reaction described below. 
The methyl ether 6b when treated with potassium thio- 
phenolate anion8 in the presence of dry dimethyl sulfox
ide at 120° (bath temperature) yielded the expected 
diol in excellent yield (85%). The diol was selectively

13, R = H; R' = OCOCH-,
14, R = H; R' = OH
15, R = COCH3; R' =  OH
20, R = COCHs; R' = OCOCR

acetylated9 using 1.5 mol of acetic anhydride in a 
pyridine-acetic anhydride (50:1) mixture to yield the 
monoacetate 15. Acid-catalyzed dehydration of ace
tate 15 led to the cyclic enol ether 7g. The optimum 
yield of this reaction was 28%.

The diacetate 20 and diol 14 were detected in the 
crude reaction product. A possible explanation for 
the generation of diol 14 lies in the sensitivity of the 
phenolic acetate to the water produced in the reaction. 
The acetic acid thus generated may be instrumental in 
the production of diacetate by acetylating the starting 
alcohol.

Reaction of enol ether 7g with m-chloroperbenzoic 
acid yielded almost exclusively the lactone 9b. This 
reaction coupled with the obtention of lactone as a sole 
product from the precursor 7a clearly demonstrates 
that the presence of unshared electrons on methoxyl 
oxygen is essential for the stabilization (in formula 10) 
via  participation of the aromatic ring, to divert the 
reaction pathway from generating a lactone.

Employing the above sequence to benzocyclohepta- 
none 4c led to the synthesis of enol ether 7c. The 
per acid oxidation of this enol ether, in contrast to that 
of 7b, yielded lactone 9d. Finally the enol ethers 7d 
and 7e were synthesized from ketones 4d and 4e. It 
was noted that these enol ethers were relatively unstable 
and slowly reverted to their progenitor under normal 
handling conditions. The reason for this unstability 
lies most likely in the strain exerted by the cyclopen- 
tadiene system generated in the enol ethers. The 
per acid oxidation of 7d and 7e proceeded in the normal 
manner to generate lactones 9e and 9f. Enol ether 
7f was obtained from ketone 6f by treatment of the 
latter with p-toluenesulfonic acid in refluxing toluene- 
dimethylformamide (2:1). The per acid reaction with 
7f rather unexpectedly gave almost exclusively the 
carbonate 16.

A synthetic study leading to compounds of the type 
1 and 2 must be adaptable to yield free phenols in view

(8) G . I llu m in a ti  a n d  H . G ilm an , J . A m er. Chem. Soc., 71, 3349 (1949).
(9) O. V. D om inguez, J . R . Selly , a n d  J . G ork i, A n a l . Chem ., 35 (9), 1243 

(1963).



V oi. SS, N o . 6 , J u n e  1968 M ed iu m -R in g  B en zo ic  A cid  L actones  2459

It is noted that the products of oxidation of 7b, 7c, 
and 7d varied from predominantly carbonate in the case 
of 7b to mainly lactone with 7c, and an intermediate 
mixture of lactone and carbonate with 7d. These 
results strikingly indicate the critical spacial require
ment of the per ester group in the transitional inter
mediate 17,10 for the preferential expulsion of benzoate 
via  pathway b to generate the carbonate (vide in fr a ) 
(Scheme III). Such stereochemistry is ideally offered 
by the tetrahydronaphthalene system produced from 
7b, in contrast to its higher (from 7c) and lower (from 
7d) homologs.

S c h e m e  III

A second factor responsible for controlling the reac
tion course must involve the degree of stabilization 
resulting from the alkoxy substituents present in the 
ortho and/or -para positions. Whereas 7d reacts appar
ently by both pathways a and b to yield a mixture, in 
the case of 7f, the conformational destabilization is 
balanced by the increased stabilization of the positive 
charge as shown in 19 by two methoxyl functions.

This is apparently sufficient to divert the reaction course 
v ia  pathway b to produce carbonate 16.

Treatment of lactone 9e with sodium hydride in dry 
benzene led to a transannular reaction. The product 
18 showed a molecular ion at m /e  248, which concurred 
with its elemental analysis to evolve the formula 
C14H16O4. The ultraviolet spectrum (259 mjn, e 15,600) 
was characteristic of a p-methoxybenzoic acid ester. 
The infrared and nmr spectra were in complete con
sonance with the structure assigned which follows from 
the mechanistic arguments outlined in Scheme IV.

This type of transannular reaction has been observed 
by Shoppee10 on alkaline treatment of radicicol deriva
tives.

(10) T h is  p o s tu la te  is fu r th e r  su p p o rte d  b y  th e  fa c t th a t  no  d e te c ta b le  
am o u n t of c a rb o n a te  w as fo rm ed  from  7e . I n  th is  case, th e  s te ric  repu lsion  
exerted  b y  m e th o x y l in  th e  ortho p o s itio n  c lea rly  o v e rb a lan ce s  th e  e lec tron ic  
effect. H o w e v e r, th e  in c reased  e lec tro n ic  s ta b i liz a tio n  as  in  19 re s to re s  th e  
g en e ra tio n  of c a rb o n a te . S u ch  co m p e titio n  b e tw e en  s te ric  a n d  e lec tron ic  
effect h a s  a lso  b ee n  ob serv ed  b y  R . H u isg en  [Ber., 90 , 1946 (1957)] in  th e  
in ten s ity  v a r ia tio n  of th e  u lt r a v io le t  s p e c tra  of l,2 -b e n zo cy c l-3 -en -l-o n e .

S c h e m e  IV

Ultraviolet Spectra.—It is interesting to note that 
benzoic acid lactones when lactone is a part of a medium- 
size ring appear to follow the usual increment rule use
ful for simpler benzoic acid lactones.11 Using 230 
m/i as parent chromophore representing the electron- 
transfer (ET) band, the calculated and observed values 
of the ET bands are listed in Table I. An abnormality 
is noted in the unusually low intensity value of lactone 
9f. This marked12 depression in intensity may be 
attributed to the increased loss of coplanarity.13 14

T a b l e  I

C o m p d C alcd  m p
-ET b a n d ------------------»

O bsd  m p (c)
B enzeno id

m p (*)

9a 233 233(7,454) 279 (1,140)
9b 233 238(9,280)
9c 258 260(14,250)
9d 258 258(17,400) 295 (3,247)
9e 258 260(14,800)
9f 240 239(3,770) 292 (3,180)

Experimental Section14a
Ketones.—3,4-Dihydro-2H-naphthalen-l-one14b (4a) and 3,4- 

dihydro-6-methoxy-2H-naphthalen-l-one (4b) used were those 
available commercially. 2,3,4,5-Tetrahydro-7-methoxy-lH-ben- 
zocyclohepten-l-one (4c) was prepared as described,15 16 mp 
54.5-55.5. 5-Methoxyindan-l-one (4d), mp 97-98° (lit.16a mp 
102-103°), and 7-methoxyindan-l-one (4e), mp 107-108° (lit.16a 
mp 109-110°), were prepared by ring closure of corresponding 
propionic acids as described for phenols.16b 5,7-Dimethoxyindan- 
1-one (4f), mp 98-99° (lit.160 mp 98.5-99.5°), was prepared by 
hydrogen fluoride ring closure of the corresponding propionic 
acid.

Carbethoxylation of Ketones.—In a typical procedure, to a 
suspension of sodium hydride (10 g) washed free of oil in dry tetra-

(11) A. I . S co tt , “ In te rp re ta t io n  of th e  U ltra v io le t  S p ec tra  of N a tu r a l  
P ro d u c ts ,” P e rg am o n  P ress  L td .,  O xford , 1964, p  115.

(12) T h e  v a lu e  of th e  in te n s ity  of th e  o ri/ io -su b stitu ted  a c id s  is  u su a lly  
a b o u t  h a lf  t h a t  of th e ir  p a ra - s u b s ti tu te d  c o u n te rp a r ts  [C. M . M o se r a n d  
A. I . K o h len b e rg , J .  Chem. Soc., 804 (1951)].

(13) E . A . B ra u d e  a n d  E . S. W a ig h t, Progr. Stereochem ., 1, 144 (1954).
(14) (a) A ll m e ltin g  p o in ts  a re  u n co rrec ted . In f ra re d  s p e c t ra  w e re  re 

corded  on  a  P e rk in -E lm e r M od el 21 sp e c tro m e te r  w ith  so d iu m  ch lo rid e  
op tics . U ltra v io le t  sp e c tra  w ere  ta k e n  in  e th a n o l w ith  a  U n ica m  M o d e l S P  
800. N m r  sp e c tra  w ere  reco rd e d  o n  a  V a ria n  A -60A  sp e c tro m e te r . T h e  
m ass sp e c tra  w ere  reco rd e d  on  H ita c h i R M U -6 D . A lu m in a  (W oelm ) a n d  
silica gel (D av iso n  G ra d e  923, 100-200  m esh) w ere  u sed  fo r co lu m n  ch ro m a 
to g ra p h y . S ilica gel G  (acco rd ing  to  S tah l, E . M erck  C o., G e rm a n y ) w as 
used  fo r th in  la y e r  c h ro m a to g ra p h y . P e tro le u m  e th e r  re fe rs  to  t h a t  f ra c tio n  
w ith  b p  3 0 -6 0 ° . O rgan ic  e x tra c ts  w ere  d rie d  o v e r m a g n es iu m  su lfa te  a n d  
so lv en ts  w ere rem o v ed  u n d e r  v ac u u m . ¿-B u ty l a lcoho l w as d ried  b y  d is tillin g  
o ver sod ium , te tr a h y d ro fu ra n  w as d is tille d  o v e r l i th iu m  a lu m in iu m  h y d rid e , 
a n d  m e th y le n e  ch lo rid e  u sed  fo r o x id a tio n  w as d is ti lle d  o v e r p o ta ss iu m  c a r
b o n a te . (b) N o m e n c la tu re  fo r  a ll c o m p o u n d s  w as d eriv ed  b ased  o n  th a t  
d escribed  in  “ T h e  R in g  In d e x ,” A m erican  C hem ica l S ocie ty , W ash in g to n , 
D . C ., 1960.

(15) W . J . H o rto n  a n d  L . L . P itc h fo r th , J .  Org. C hem ., 25, 131 (1960).
(16) (a) L. D . L o u d e n  a n d  R . K . R az d an , J .  Chem . Soc., 4299 (1954); (b) 

W . S. Jo h n so n , J . M . A nderson , a n d  W . E . S helborg , J .  Am er. Chem. Soc., 
66, 218 (1944); (c) R . H u isgen , G. S iedl, a n d  I . W im m e r, A n n . C h im ., 677 , 
21 (1964).
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hydrofuran (100 ml) was added diethyl carbonate (26.8 g). The 
mixture was stirred and heated to reflux under an atmosphere of 
nitrogen. A solution of 6-methoxy-l-tetralone 4b (20 g) in dry 
tetrahydrofuran (220 ml) was added drop wise. The refluxing 
was continued for 2 days. To the cooled reaction mixture glacial 
acetic acid (18 ml) was slowly added, and the reaction mixture 
taken in ether and washed several times with saturated sodium 
chloride solution. The solution was dried, the solvent removed, 
and the residue distilled (yield 79%); 3,4-dihydro-6-methoxy- 
2-carbethoxy-2H-naphthalen-l-one (5b), bp 150-104° (0.3 mm) 
[Anal. Calcd for Ci4H160 4 (248): C, 67.63; H, 6.50. Found: 
C, 67.85; H, 6.42]; 3,4-dihydro-2-carbethoxy-2H-naphthalen-l- 
one (5a), bp 109° (0.2 mm), 85% [Anal. Calcd for Ci3Hi40 3 
(218): C, 73.02; H, 6.13. Found: C, 73.14; H, 6.40];
2.3.4.5- tetrahydro - 7 - methoxy - 2 - carbethoxy - 1H - benzocyclo-
hepten-l-one (5c), bp 154° (0.5 mm), 69% [Anal. Calcd for 
Ci5Hls0 4 (262): C, 68.68; H, 6.92. Found: C, 69.23; H, 
6.74]; 5-methoxy-2-carbethoxyindan-l-one (5d), bp 153-156° 
(0.5 mm), 49% [Anal. Calcd for C13H140 4 (222): C, 66.65; 
H, 6.02. Found: C, 66.71; H, 5.74]; 7-methoxy-2-carbethoxy-
indan-l-one (5e), bp 156-158° (0.5 mm) (lit.17 bp 165° (0.2 mm), 
55%, on keeping the compound crystallized, mp 54-57°; 5,7- 
dimethoxy-2-carbethoxyindan-l-one (5f), crystallized from ace
tone-hexane, mp 91-92°, 55% [Anal. Calcd for Ci4Hi605 (264): 
C, 63.62; H, 6.10. Found: C, 63.36; H, 6.27].

Preparation of 4-Hydroxybutyl Ketones.—A characteristic 
procedure was as follows. Potassium (3.2 g) was dissolved in 
dry ¿-butyl alcohol (200 ml). Tetralone 5a (8.16 g) dissolved 
in the same solvent (100 ml) was slowly added. The solution 
was refluxed in nitrogen atmosphere for 30 min, and cooled to 
room temperature. With stirring 4-bromobutyl 1-acetate6 was 
added, and the mixture refluxed overnight. After cooling, glacial 
acetic acid (24 ml) was added, and most of the solvent was re
moved. The residue was taken in chloroform and washed 
several times with saturated salt solution and dried; the solvent 
was removed. The excess bromobutyl acetate was removed by 
distillation (at 0.3 mm). The residue was used directly for 
saponification. The product was dissolved in ethanol (30 ml), 
a solution of potassium hydroxide (6.8 g) in water (10 ml) 
was added, and the mixture was refluxed under nitrogen over
night. The mixture was cooled, diluted with ether, washed neu
tral with saturated sodium chloride solution, and dried, and the 
solvent removed to yield crude product (7.06 g). The material 
was filtered through neutral alumina (activity II) to yield 3,4- 
dihydro-2-(4-hydroxybutyl)-2H-naphthalen-l-one (6a), homog
enous by tic: (neat) 3410 (broad, OH) 1675 (ketone),
1600 cm-1 (aromatic); nmr showed signals at 8 7.99 (1 H, orlhols 
aromatic proton, quartet), 7.65-6.92 (3 H, aromatic multiplet),
3.61 (2 H, carbionolic triplet poorly resolved), 3.14-2.8 (2 H, 
benzylic triplet).

3,4-Dihydro-2-(4-hydroxybutyl)-6-methoxy-2H-naphthalen-l-
one (6b) was similarly prepared from 5b in 96% yield and crys
tallized from ether-petroleum ether: mp 57-59°; (Nujol)
3475 (OH), 1656 (ketone), 1598 cm-1 (aromatic); nmr exhibited 
signals at 8 7.98 (1 H, /  = 8 Hz, doublet orthow aromatic proton),
7.05- 6.54 (2 H, aromatic protons), 3.9-3.5 (5 H, two carbinolic 
and three methoxyl at 3.83), 3.1-2.75 (2 H, benzylic, triplet).

Anal. Calcd for CisHsoOa (248): C, 72.53; H.8.12. Found: 
C, 72.30; H, 7.85.

2,3,4,5-Tetrahydro-2-(4-hydroxybutyl)-7-methoxy-lH-benzo- 
cyclohepten-l-one (6c) was obtained in 43% yield from 5c. 
Mass spectrum showed m/e 262 (M), m/e 244 (M — 18); 
(neat) 3430 (hydroxyl), 1670 (carbonyl), 1600 cm-1 (aromatic); 
nmr showed signals at 8 7.65 (1 H, orthow aromatic), 3.61 (2 H, 
carbinolic).

5-Methoxy-2-(4-hydroxybutyl)indan-l-one (6d) was prepared 
from the corresponding precursor and crystallized from ether- 
petroleum ether: mp 51-52° (58%); (Nujol), 3400 (hy
droxyl), 1705 (ketone), 1612, 1600 cm-1 (aromatic); nmr showed 
peaks at 8 7.6 (1 H, J  = 9 Hz, ortho18 aromatic proton), 6.95-6.66 
(2 H, aromatic protons), 3.81 (3 H, methoxyl singlet), 3.61 (2 H, 
carbinolic).

Anal. Calcd for C14H180 3 (234): C, 71.77; H, 7.74. Found: 
C, 71.96; H, 7.67.

7-Methoxy-2-(4-hydroxybutyl)indan-l-one (6e) was crystal
lized from ether-petroleum ether: mp 71-72° (30%);
(Nujol) 3500 (hydroxyl), 1700 (ketone), 1600 cm-1 (aromatic);

(17) Z. H o rn  a n d  T .  T a n a k a , Chem. In d .  (L o n d o n ), 1576 (1959).
(18) “ortho p ro to n  ” refers to  th e  p ro to n  ortho to  th e  c a rb o n y l su b s t i tu e n t.

nmr, 8 7.7-6.5 (3 H, aromatic, multiplet), 3.86 (methoxyl, 
singlet), 3.6 (2 H, carbinolic).

Anal. Calcd for Ci4Hi80 3 (234): C, 71.77; H, 7.74. Found: 
C, 71.81; H, 7.45.

5,7-Dimethoxy-2-(4-hydroxybutyl)indan-l-one (6f) was ob
tained from 5f in 50% yield. Crystallization from acetone- 
hexane gave a solid: mp 86-87°; vmax (Nujol) 3490 (hydroxyl), 
1675 (ketone), 1600 cm-1 (aromatic); nmr showed signals at 
8 6.52-6.20 (2 H, aromatic), 3.88 and 3.86 (6 H, two methoxyl, 
singlets), 3.77-3.47 (2H, carbinolic multiplet).

Anal. Calcd for Ci5H20O4 (264): C, 68.15; H, 7.63. Found: 
C, 68.10; H, 7.48.

Preparation of Enol Ethers.—Enol ethers were generally pre
pared by refluxing for 20 hr a solution of corresponding 4-hy- 
droxybutyl ketones in dry benzene in the presence of a catalytic 
amount of p-toluenesulfonic acid, and continuous removal of 
water with a Dean-Stark water separator. The work-up was 
effected by passing the reaction mixture through a 20-fold amount 
of alumina (neutral, activity II) and eluting the product with 
benzene-petroleum ether (1:1). In case of 6f the solvent had to 
be changed to toluene-dimethylformamide (2:1). In most cases 
enol ethers were purified by distillation and/or purity checked by 
thin layer plates, and the structure was confirmed by disap
pearance of hydroxyl and ketonic absorption and the presence of 
an enolic double bond in the infrared. These were immediately 
utilized for the oxidation. Their physical constants are re
corded in Table II.

T a b l e  II
Criteria of purity, Enolic band, Yield,

Compd bp (mm) or mp, °C cm-1 %
7a 98 (0.2) 1650 72
7b 134 (0.3) 1650 71
7c 141-143 (0.3) 1640 74
7d 52° 1580, 1575 31
7e Homogenous by tic 1625, 1600 41
7f Homogenous by tic 1625, 1605 21

Per Acid Oxidation.—A typical oxidation procedure for the 
above enol ethers was as follows. The rw-chloroperbenzoic acid 
(8.1 g) was suspended in methylene chloride (freshly distilled 
over potassium carbonate, 25 ml). A solution of enol ether 
(7a, 2.69 g) in methylene chloride (12 ml) was added dropwise 
with stirring. An exothermic reaction ensued. The mixture 
was kept at boiling point during addition. It was then stirred at 
room temperature overnight and filtered, and the residue washed 
with methylene chloride. The organic layer was washed with 
7% potassium carbonate, followed by saturated salt solution, 
and dried, and solvent was removed. The residue was passed 
through a 20-fold amount of alumina (neutral, activity II) in 
benzene-petroleum ether (1:1). The eluate was homogenous by 
the tic and yielded 3,4,5,6,8,9-hexahydro-2-benzoxacyclounde- 
cane-l,7-dione (9a): bp 138-144° (0.2 mm); (neat) 1710
(broad carbonyl), 1600 cm-1 (aromatic); nmr, 8 8.03 (1 H, 
orthow aromatic proton), 7.56-7.1 (3 H, aromatic proton), 4.38 
(2 H, carbinolic, multiplet), 3.5-3.16 (2 H, benzylic, multiplet), 
2.83-2.5 (4 H, a-ketomethylenes).

Anal. Calcd for Ci4H160 3 (232): C.72.39; H, 6.94. Found: 
C, 72.14; H, 6.82.

4,5,6,7,9,10-Hexahydro-12-methoxy-l,3-benzodioxacyclodo- 
decane-2,8-dione (8) was crystallized from methylene chloride- 
ether-petroleum ether to yield crystals: mp 90-91° (50%);

(Nujol) 1755 (carbonate), 1700 (ketone), 1605 cm-1 (aro
matic); nmr, 8 7.2-6.6 (3 H, aromatic), 4.3 (2 H, carbinolic, 
multiplet), 3.85 (methoxyl singlet), 3.2-2.2 (6 H, 2 benzylic, 
4 a-ketomethylenic).

Anal. Calcd for CisHigOs (278): C, 64.73; H, 6.52. Found: 
C, 64.36; H, 6.35.

3,4,5,6,9,10-Hexahydro-12-methoxy-8H-2-benzoxacyclodo- 
decane-l,7-dione (9d) was crystallized from acetone-hexane: 
mp 92-93° (40%); ym„ (Nujol) 1700, 1675 (carbonyl), 1600 
cm-1 (aromatic); nmr, 8 7.88 (1 II, orthow aromatic proton), 
6.87-6.62 (2 H, aromatic, multiplet), 4.4-4.17 (2 H, carbinolic, 
multiplet), 3.81 (3 H, methoxyl, singlet), 2.85 (2 H, benzylic, 
triplet).

Anal. Calcd for Ci6H20O4 (276): C, 69.54; H, 7.30. Found: 
C, 69.80; H, 7.35.

3,4,5,6-Tetrahydro-10-methoxy-8H-2-benzoxecin-l,7-dione
(9e) was crystallized from acetone-hexane: mp 97-98° (58%);
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>v.x (Nujol) 1710, 1700 (carbonyls), 1605 cm-1 (aromatic); 
nmr, S 8.06 (1 H, doublet, J  = 7 Hz, ortho18 aromatic proton), 
6.95-6.57 (2 H, aromatic multiplet), 4.19 (2 H, carbinolic, 
multiplet), 3.93 (2 H, benzylic, singlet), 3.83 (3 H, methoxyl, 
singlet), 2.56 (2 H, a-ketomethylenic).

Anal. Calcd for C14H16O4 (248): C, 67.73; H, 6.50. Found: 
C, 67.94; H,6.46.

3,4,5,6-Tetrahydro-12-methoxy-8H-2-benzoxecin-l,7-dione 
(9f) was crystallized from acetone-hexane: mp 123-124° 
(61%); (Nujol), 1725, 1700 (carbonyls), 1600, 1575 cm-1 
(aromatic); nmr, S 7.44-6.35 (3 H, aromatic), 4.4-4.1 (2 H, 
carbinolic poorly resolved triplets), 3.75 (3 H, methoxyl, singlet), 
3.65 (2 H, benzylic, singlet), 2.6-2.25 (2 H, a-ketomethylenic).

Anal. Calcd for Ci4H,»04 (248): C,67.73; H, 6.50. Found: 
C, 67.92; H,6.49.

4,5,6,7-Tetrahydro-ll,13-dimethoxy-9H-l,3-benzodioxacyclo- 
undecane-2,8-dione (16) was crystallized from acetone-hexane: 
mp 148-149° (54%); rm„ (Nujol) 1765 (carbonate), 1700 
(ketone), 1610,1600 cm-1 (aromatic); nmr, S 6.48 (2 H, aromatic, 
multiplet), 4.3 (2 H, carbinolic, triplet), 3.85 (6 H, methoxyls), 
3.60 (2 H, benzylic, singlet), 2.45 (2 H, a-ketomethylenic multi
plet).

Anal. Calcd for Ci5H1806 (294): C, 61.21; H, 6.17. Found: 
C, 61.31; H, 6.36.

3,4-Dihydro-2-(4-bromobutyl)-6-methoxy-2H-naphthalen-l-one
(12).— Methoxy ketone 6b (15 g) was dissolved in 48% hydro- 
bromic acid (300 ml) and the mixture was refluxed for 5 hr. The 
reaction mixture was cooled, diluted with water, and extracted 
with ether. The organic layer was washed with water and dried, 
and the solvent was removed. Residue crystallized from chloro
form-hexane to give 11 g of 12, mp 102-106°. An analytical 
sample from the same solvent mixture had mp 111-112°; v™ ™  
3600, 3270 (hydroxyl), 1670 (ketone), 1600 cm-1 (aromatic); 
ultraviolet, 275 m  ̂ (e 15,300) neutral, 328 (29,000) alkaline; 
nmr S 7 .8 8  (1 H, ortho18 aromatic proton, doublet, J  = 7 Hz),
6.78 (2 H, aromatic), 3.39 (2 H, protons of C-Br carbon, triplet), 
2.92 (2 H, benzylic, triplet).

Anal. Calcd for Ci4Hi70 2Br (297): C, 56.60; H, 5.72. 
Found: C, 56.83; H, 5.89.

3.4- Dihydro-2-(4-acetoxybutyl)-6-hydroxy-2H-naphthalen-l- 
one (13).—Bromo compound 12 (6 g) was dissolved in dry ben
zene, silver acetate (4.5 g) was added, and the mixture was re
fluxed with stirring for 6 hr. Another 4.5 g of silver acetate was 
added and refluxing continued for 16 hr. The mixture was cooled 
and filtered. The residue was washed with benzene and the 
solvent was removed. Residue was put on column of silica gel 
(180 g) in benzene. Elution with 10-20% ether-benzene yielded
1.7 g of solid, homogenous on tic. An analytical sample from 
chloroform-hexane had mp 97-98°; v™cl3 3525, 3240 (non- 
bonded and bonded OH), 1720, 1660 (acetate and ketone), 1600 
cm-1 (aromatic); ultraviolet, 275 m/t (e 14,122); nmr, S 7.88 
(1 H, ortho18 aromatic proton), 6.72 (2 H, aromatic protons),
4.03 (2 H, carbinolic, triplet), 2.88 (2 H, benzylic, triplet), 2.01 
(acetate methyl singlet).

Anal. Calcd for C16H20O4 (276): C, 69.70; H, 7.25. Found: 
C, 70.01; H, 7.03.

3.4- Dihydro-2-(4-hydroxybutyl)-6-hydroxy-2H-naphthalen-l- 
one (14). A. Hydrolysis of Acetate 13.— To a solution of 
acetate 13 (2 g) in methanol (50 ml) was added a solution of 
potassium hydroxide (1.34 g) in water (20 ml). The solution 
was stirred at room temperature for 30 min. The mixture was 
concentrated to remove most of the methanol. The residue 
was acidified with 10% hydrochloric acid and extracted with 
ethyl acetate. The usual work-up gave 1.6 g of solid. One 
crystallization from methanol-ether gave crystals: mp 171— 
172°; rmax (Nujol) 3440 (hydroxyl), 1652 (ketone), 1605, 1575 
cm-1 (aromatic); ultraviolet spectrum had maxima at 275 mu 
(e 15,000).

Anal. Calcd for C14HI80 3 (234): C, 71.77; H, 7.74. Found: 
C, 72.14; H, 7.56.

B. Demethylation of Ketone 6b.—To a solution of thio- 
phenol (21.15 g) in dry dimethyl sulfoxide under nitrogen was 
added potassium i-butoxide (24.6 g). The mixture was stirred 
until the solution was complete. To this solution was added a 
solution of methyl ether 6b (7.2 g) in dimethyl sulfoxide (35 ml). 
The reaction mixture was heated to 120° and kept at that temper
ature for 7.5 hr. It was then cooled and poured into water (400 
ml) containing acetic acid (4.4 ml). The liberated semisolid 
was extracted with ethyl acetate, washed with water, and dried; 
the solvent was removed. The residue when suspended in ice

cold ether and filtered gave diol 14: yield 4.56 g; mp 171-174°. 
The filtrate was separated into acid and the neutral fractions. 
The former gave 1.2 g more of diol 14 of the same purity as above. 
This was identical in all respects with the product obtained from 
hydrolysis of acetate described earlier.

3,4-Dihydro-2-(4-hydroxybutyl)-6-acetoxy-2H-naphthalen-l- 
one (15).—To a solution of diol 14 (4.5 g) in dry pyridine (73.5 
ml) was added a mixture of pyridine-acetic anhydride (25:1,
73.5 ml) and the solution stirred for 40 min. The reaction was 
quenched by adding water (20 ml) and most of the solvent was 
removed. The residue was stirred with 10 ml of 10% hydro
chloric acid for 5 min. The organic material was extracted with 
ether, washed with water, and dried, and the solvent evaporated. 
The residue was chromatographed on silica gel (125 g) in benzene. 
Eluate with 10-20% ether-benzene was pooled to yield mono
acetate 15 (3.5 g) homogenous by tic. An analytical sample 
crystallized from ether-hexane had mp 56-58°; >wc'3 3610, 
3470 (hydroxyl nonbonded and bonded), 1755 (phenolic acetate), 
1670 (ketone), 1600 cm-1 (aromatic); ultraviolet maxima at 252 
m  ̂ (e 13,900); nmr, S 7.98 (1 H orthow aromatic proton), 6.88 
(2 H, aromatic, protons), 3.62 (2 H, carbinolic, triplet), 2.95 
(2 H, benzylic, triplet), 2.27 (3 H, acetate methyl, singlet).

Anal. Calcd for Ci6H2o04 (276): C, 69.70; H, 7.25. Found: 
C, 70.00; H, 7.14.

2,3,4,5,6,7-Hexahydro-9-acetoxynaphth[l,2-&]oxepin14b (7g).—
A solution of monoacetate 15 (3 g) in dry benzene was refluxed to 
distill off some benzene. To this solution p-toluenesulfonic acid 
(0.15 g) was added. The solution was refluxed for 2 hr with a 
continuous water separator. The solution was cooled and diluted 
with petroleum ether and filtered through alumina (neutral, 
activity II, 50 g). The first 650 ml yielded in the eluate 1.3 g of 
enol ether 7g: homogenous by tic; jwC13 1760 (phenolic acetate), 
1655 cm-1 (enolic double bond); nmr, S 7.2 (1 H, doublet, ortho 
proton), 6.65 (3 H, aromatic), 3.87 (2 H, carbinolic, triplet),
2.1 (3 H, acetyl methyl, singlet).

3,4,5,6,8,9-Hexahydro-l l-acetoxy-2-benzoxacycoundecane-
1.7- dione (9b).—To a suspension of ra-chloroperbenzoic acid 
(2.7 g) in methylene chloride13 (4 ml) was added dropwise a 
solution of enol ether 7g (1.1 g) in methylene chloride (3.5 ml). 
An exothermic reaction ensued, and the mixture was kept at 
boiling point. The mixture was stirred for 2 hr at room tempera
ture. The methylene chloride was removed and the residue was 
suspended in dry benzene and filtered. The precipitate was 
washed with benzene and the filtrate passed through a column of 
alumina (neutral, activity II, 40 g) in benzene. The first 200 
ml of eluate yielded 1 g of crystalline solid. Crystallization from 
chloroform-hexane gave 0.6 g, mp 96-108°. An analytical 
sample had mp 109-110°; jv”c'3 1760 (phenolic acetate), 1710 
(ketone and lactone), 1605 cm“1 (aromatic); ultraviolet showed 
maxima at 238.5 mn (e 9280); nmr, $ 8.1 (1 H, ortho18 proton, 
doublet, J  — 7 Hz), 7.07 (2 H, aromatic), 4.33 (2 H, carbinolic, 
multiplet), 3.28 (2 H, benzylic, multiplet), 2.62 (4 H, a-keto- 
methylenic), 2.28 (3 H, acetyl methyl).

Anal. Calcd for Ci6Hi805 (290): C, 66.20; H, 6.25. Found: 
C, 66.09; H, 6.21.

3,4,5,6,8,9-Hexahydro-ll-hydroxy-2-benzoxacycloundecane-
1.7- dione (9c).-—To a solution of acetate 9b (0.87 g) in methanol 
(6 ml) was added a solution of sodium carbonate (0.318 g) in 
water (3 ml). The mixture was stirred at room temperature for 
10 min, then diluted with ether and washed with water. The 
aqueous layer was acidified with 3% hydrochloric acid (5 ml). 
The resulting mixture was extracted with ether, washed with 
water, and dried; the solvent was removed. Residue (0.65 g) 
crystallized from chloroform-hexane to yield 0.34 g solid, mp 
145-150°. An analytical sample had mp 154-155°;
3570, 3200 (nonbonded and bonded hydroxyl), 1692 cm-1 
(carbonyl); ultraviolet, 260 mj» (e 14,250) neutral, 300 (25,200) 
alkaline; nmr, 5 7.91 and 6.59 (3 H, aromatic), 4.33 (2 H, 
carbinolic), 3.2 (2 H, benzylic), 2.63 (4 H, a-ketomethylenic).

Anal. Calcd for C14H160 4 (248): 0,67.73; H ,6.50. Found: 
C, 67.79; H,6.55.

3,4,3' ,4' ,5' ,6'-Hexahydro-6-methoxy spiro [2H- 1-benzopyran- 
2,2'(2H)-pyran] (11).'—Carbonate 8 (0.3 g) was dissolved in 
methanol (10 ml), saturated with potassium carbonate, and left 
for 2 days at room temperature. The mixture was then diluted 
with ether and extracted with 2 N  potassium carbonate (10 ml). 
The aqueous extract was cooled in ice and acidified with 10% 
sulfuric acid. The mixture was extracted with ether, washed 
with water, and dried; the solvent was evaporated. The residue 
(0.24 g) was put through alumina (neutral, activity II, 7.2 g) and



eluted with petroleum ether-benzene 4:1 (75%). The residue 
was distilled at 0.2-mm pressure. The distillate showed a single 
spot on tic and a single peak in glpc (15% S.E. 30, 80-100 mesh, 
248°, R t  6.45 min). Mass spectrum showed a m/e 234 (M); 
v (neat) 1605 cm-1 (aromatic); ultraviolet maxima at 288 mu 
(e 2850); nmr, 8 6.68 (3 H, aromatic, multiplet), 3.75 (5 H, 
methoxy and carbinolic), 3.3-2.58 (2 H, benzylic, multiplet).

1,4,3',4',5',6 '-Hexahydro-6-methoxyspiro [3H-2-benzopyran- 
3,2'(2H)-pyran]-l-one (18).—Sodium hydride (O.l^g oil suspen
sion) was washed with hexane and suspended in tetrahydrofuran 
(15 ml). A solution of lactone 9e (0.2 g) in dry tetrahydrofuran 
(5 ml) was added to the boiling suspension of sodium hydride. 
The mixture was refluxed overnight and cooled, acetic acid (1 ml) 
was added, and the mixture was diluted with ether, washed with 
water, and dried. Residue (0.5 g) was passed through alumina 
(neutral activity II, 4.5 g). Elution with petroleum ether- 
benzene gave crystals (0.118 g). Acetone-hexane gave crystals: 
mp 150-151°; (Nujol) 1700 (carbonyl), 1600, 1575 cm-1 
(aromatic); ultraviolet, 259 m^ (e 15,600); nmr, 8 7.99 (1 H, 
aromatic ortho to carbonyl, doublet, /  =  8 Hz), 6.80 (2 H, 
aromatic), 3.81 (5 H, methoxyl, singlet and carbinolic), 3.05 
(2 H, benzylic, doublet).

2462 B lo m q u ist , H im ic s , and  M ead or

Anal. Calcd for ChHibOî (248): C, 67.73; H, 6.5. Found: 
C,67.79; H, 6.33.
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Boron trifluoride dihydrate catalysis of the camphene-formaldehyde reaction in solvent methylene chloride- 
acetic anhydride affords 8-hydroxymethyltricyclene acetate as the principal product (ca. 55%). The corre
sponding tricyclo alcohol is the main product when the reaction is carried out in solvent methylene chloride with 
stannic chloride as catalyst. In contrast to the foregoing, reaction of camphene with formaldehyde in solvent 
acetic acid, either in the absence of added catalyst or with added phosphoric acid, gives unrearranged 8-hydroxy- 
methylcamphene acetate as the principal product together with smaller amounts of the parent alcohol and its 
formate. Depending upon conditions, the latter reactions afford yields of product that vary from ca. 47 to 94%.

As part of a general program concerned with the 
obtainment of primary alcohols from certain of the 
more readily available terpenes, it was of interest to 
make a thorough study of the camphene-formaldehyde 
reaction. Appropriate derivatives of primary alcohols 
derived from camphene, such as acrylic and methacrylic 
esters, could afford interesting and useful homo- and 
copolymers.

Earlier studies of the camphene-formaldehyde re
action have been limited to those carried out under 
simple thermal “noncatalyzed” conditions and those 
catalyzed by mineral acids;3-8 there are no early reports 
on reactions effected in the presence of Lewis acid 
catalysts, conditions that afforded rather interesting 
results in the limonene-formaldehyde condensation.lb

This report supplements the preliminary account of 
observations made on the Lewis acid catalyzed cam
phene-formaldehyde reaction121 and also presents briefly

(1) F o r  two closeiy related reports from  this laboratory on terpene-
formaidehyde reactions, see (a) A. T. B lom qu ist and R, J. H im ics, Tetra
hedron Lett., 3947 (1967); (b) A . T . B lom qu ist and R. J. H im ics, J .  Org.
C hem ., 33, 1156 (1968).

(2) Abstracted from  portions of the dissertations presented b y  R . J. 
H im ics and J, D . M eador to the Graduate School of Cornell U n ive rs ity  for 
the Ph.D . degree, Feb 1967.

(3) H . J. Prins, Chem . W eekbl., 1 4 , 932 (1917); 16, 1072 (1919); 1 6 , 1510
(1919) ; Chem . Z en tr., 168 (1918); Chem . A bstr ., 1 3 , 3155 (1919); 1 4 , 1662
(1920) ; 14, 1119 (1920).

(4) G. Langlois, A n n . C h im ., 12, 265 (1919).
(5) J. P. Bain, J .  A m er . Chem . Soc ., 68, 638 (1946).
(6) Y .  W atanabe, J .  Chem . Soc. J a p . ,  8 1 , 827 (1960).
(7) S. Watanabe, S. M ik i,  T . Matsuzaki, Y .  Nagaoka, and K .  Suga, Chiba  

D a ig a ku  K ogakuba  K e n k y u  H o ko ku , 14 (26), 111 (1963); Chem . A bstr ., 6 2 ,  
7802 (1965).

(8) S. Ram aswam i, S. K .  Ram aswam i, and S. Bhattacharyya, J .  Org. 
C hem ., 29, 2245 (1964).

pertinent results obtained in reexamination of the title 
reaction effected under thermal and mineral acid cata
lyzed conditions. The isolation, purification, analysis, 
and characterization of products formed in all reactions 
studied involved extensive use of the technique of glpc 
together with the methods of ir and nmr spectroscopy.

The thermal camphene-formaldehyde reaction is 
best done under atmospheric pressure in glacial acetic 
acid at reflux temperature (ca. 120°) as described by 
Langlois.4 Under these conditions reaction for 2 days 
of a 2 :1  mol ratio of camphene to formaldehyde gives 
a 94% yield of a 1 :1  reaction product that comprises 
ca, 80% 8-hydroxymethylcamphene acetate (lb); the 
remainder consists mainly of 8-hydroxymethylcam
phene (la) and its formate. The pure alcohol la  is

£v  ,ch3 £\  ch3
A - t9.oo J r ■ \ /  t9.00

7 ^ ch3
*■—  /

7.05 H if T 6.01
CH-CH2- 0 —H t7'00 H

|  .5.42
CH—CH2—0 2C—

t  4.92 t  6.94 r4.S3 ;

la lb

readily obtained, via  preparative glpc, from the acetate 
lb by (a) lithium aluminum hydride reduction, (b) 
methanolysis, or (c) alkaline hydrolysis. Nmr and ir 
spectral data together with chemical properties support 
the structural assignments (see Experimental Section). 
Use of camphene that contains 20-25% tricyclene8 
affords an 84% yield of the 1 :1  reaction product whose 
principal component (ca. 85%) is the acetate lb. 
A reduced yield of the 1 :1  reaction product (ca. 47 vs.
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94%) is observed when the condensation is carried out 
in a sealed autoclave and solvent acetic acid at 103-105° 
for 16 hr.7 Again, little change in product yield is noted 
when camphene containing tricyclene (15%) is used 
(see Experimental Section).

The mineral acid catalyzed reaction of camphene 
with formaldehyde was best done with 85% phosphoric 
acid in solvent glacial acetic acid. Reaction at 23-29° 
for 24 hr gave 66% of a 1 :1  product mixture that con
tained 79% of the acetate lb.6

The use of Lewis acids as catalysts effects a sub
stantial change in the nature of the principal reaction 
product that results from condensation of camphene 
with formaldehyde.la Reaction of a 2 :1 mol ratio of 
camphene and formaldehyde in solvent methylene 
chloride-actic anhydride for ca. 90 min at autogenous 
temperature (25-54°) in the presence of boron tri
fluoride dihydrate catalyst gives mainly (ca. 57%) 8- 
hydroxymethyltricyclene acetate (2b). The free alco
hol, 8-hydroxymethyltricyclene (2a), is the principal 
product obtained when reaction is carried out in methyl
ene chloride (2 days at 25-27°) with fuming stannic 
chloride added as catalyst: yield, 49% of a 1 :1  reaction 
product that contained ca. 65-70% of the alcohol 2a.

2a

Nmr and ir spectra (including near-ir) together with 
elemental analyses and chemical properties support the 
assignments of structures 2a and 2b (see Experimental 
Section and also ref la). The acetate 2b was observed 
to rearrange slowly to the acetate lb when heated in 
acetic acid at reflux temperature; about a 1 :1  mol 
mixture of the isomeric acetates is formed from the 
acetate 2b after a 4-day period of heating.

Three accessory products were isolated from the 
stannic chloride catalyzed reaction in solvent methylene 
chloride: (1) the tricyclo ether 3, mp 129-130°;
(2) the spiro-m-dioxane 4, mp 44-44.5°; and (3) the 
unsymmetrical high-boiling ether 5 derived from the

5

alcohols la and 2a. The structural assignments of the 
three accessory products are supported by the ir and 
nmr data given in the Experimental Section. Hydroly
sis of the m-dioxane 4 with aqueous acetic acid produces

the acetate lb together with some of the alcohol la. 
It was noted that the dioxane 4 is the principal product 
formed in the boron trifluoride etherate catalyzed re
action of camphene with formaldehyde in methylene 
chloride at 25° for 2.5 hr.

With the pure alcohol la available in quantity it 
was of interest to examine very briefly the polymeriza
tion of 8-hydroxymethylcamphane methacrylate (7). 
Under carefully controlled conditions to avoid hydro- 
genolysis, catalytic hydrogenation of the alcohol la in 
ethanol over platinum black gave the saturated primary 
alcohol 8-hydroxymethylcamphane (6) in high yield 
(95%), as a mixture of endo and exo isomers. The 
methacrylate derivative of the alcohol 6 (7) was easily 
prepared via  transesterification with methyl meth
acrylate. Free-radical initiation of the ester 7, either 
in bulk or emulsion, gave the homopolymer in high 
yield (90-95%), mp 207-215° and intrinsic viscosity 
of 6.91 dl/g of polymer (in benzene at 30°). Similarly, 
bulk copolymerization of the methacrylate 7 with 
styrene occurred smoothly (71%) to give a polymeric 
material that showed mp 196-205° and an intrinsic 
viscosity of 3.50 dl/g (in benzene at 30°).

Experimental Section910
Materials.—Pure camphene (ca. 95%), obtained from the 

Hercules Powder Co., was used in all studies unless otherwise 
indicated. Authentic tricyclene was obtained from Chemicals 
Procurement Laboratories, Inc. Fisher “ trioxymethylene” 
(USP) was used as a formaldehyde source; the boron tri
fluoride catalysts were obtained from the General Chemical 
Division of the Allied Chemical Corp.

Thermal Reactions of Camphene with Paraformaldehyde. A. 
In a Sealed Autoclave.—A mixture of 57 g (0.42 mol) of camphene 
(purity ca. 95%), 6.6 g (0.22 mol) of paraformaldehyde, and 
57 g of glacial acetic acid was heated with shaking for 16 hr at 
103-105° in a 200-ml stainless steel bomb. After a conventional 
workup, distillation gave 28 g of camphene and two principal 
product fractions: (1) 14.4 g, bp 68-71° (0.25 mm), n l s D  1.4825, 
and (2) 7.4 g, bp 70-77° (0.30 mm), n laD 1.4850. The two frac
tions corresponded to a 47.5% yield of an acetate such as lb 
but contained some of the free alcohol la  and the formate ester 
of la.

The combined product fractions, 21 g, were heated for 2 hr 
at 100-105° with 20 g of acetic anhydride and 2 g of sodium 
acetate. Work-up of the cooled mixture gave three fractions of 
the acetate lb: (1') 1.3 g, bp 59-64° (0.20 mm), nud 1.4805; 
(2') 7.3 g, bp 66-69° (0.30 mm), ra19d 1.4823; (3') '6.2 g, bp
72-73° (0.45 mm), m19d  1.4831. Glpc analysis1011 of fractions 
2' and 3' showed one major component; the ir spectrum showed 
no hydroxyl absorption but had significant absorptions at 5.85 
(acetate), 5.97 (strained double bond), 7.27-7.35 (doublet, gem- 
dimethyl), and 8.05-8.15 /x (acetate). In the nmr the acetate 9 10

(9) M e ltin g  p o in ts  a re  u n co rrec ted . I r  sp e c tra  w ere  reco rd e d  on a  P erk in -  
E lm e r In f ra c o rd  sp e c tro p h o to m e te r . N m r sp e c tra  w ere  d e te rm in e d  b y  a  
V a ria n  A -60 sp e c tro m e te r  w ith  ca rb o n  te tr a c h lo r id e  u sed  a s  so lv en t; in te 
g ra te d  a re a  ra t io s  ag ree  w ell w ith  th e  s tru c tu re s  p re s e n te d  un less  o th e rw ise  
s ta te d . A ll im p o r ta n t  d is ti lla tio n s  w ere  p e rfo rm e d  u s in g  a  N e s te r /F a u s t  
A n n u la r  T eflon  sp in n in g -b a n d  co lum n . A n aly ses  w ere  d o n e  e i th e r  b y  
S ch w arzk o p f M ic ro a n a ly tic a l L a b o ra to ry , W oodside , N . Y ., o r  b y  G a lb ra i th  
L a b o ra to r ie s , In c ., K noxv ille , T en n .
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lb showed peaks at r 4.88 (t, >C =C H —), 5.42 (d, -C ff2OAc),
7.0 (br, s), 8.03 ( -0 2CCH,), and 9.0 (br, s, >C(CH,),).

Repetition of the above experiment with camphene that con
tained ca. 15% tricyelene gave a product acetate (43% yield) 
that had n19d 1.4835 and whose ir spectrum was identical with 
that of the crude acetate previously obtained.

B. At Atmospheric Pressure.—A mixture of 62 g (0.45 mol) 
of pure camphene {ca. 95%), 6.1 g (0.20 mol) of paraformalde
hyde, and 200 ml of glacial acetic acid was heated with stirring 
at 110-120° (gentle reflux) for 2 days. Conventional work-up 
of the mixture gave 43 g of a distilled product: bp 73-93° 
(0.50 mm), ra25D 1.4798. This corresponded to a 94% yield of 
the acetate lb. Glpc analysis,ob showed that it contained ca. 
80% of the desired acetate lb.

Repetition of the preceding experiment at 116-125° for 16 hr 
with camphene that contained 20-25% tricyelene gave an 84% 
yield of a product, bp 90-94° (0.50 mm) and n 26D 1.4865, that 
contained ca. 85% of the acetate lb (glpc analysis10b).

8-Hydroxymethylcamphene (la).—To 1.20 g (0.0316 mol, 
100% excess) of lithium aluminum hydride in 150 ml of anhydrous 
ether there was added slowly 5.90 g (0.0284 mol) of the acetate 
lb. This mixture was refluxed for 24 hr and, after a conventional 
work-up, afforded 4.5 g (96%) of distilled alcohol la that had bp 
68-72° (1.40 mm). After redistillation the alcohol la  of ca. 
90% purity (glpc analysis10“) was obtained: bp 63° (0.15 mm), 
w20d 1.5018 [lit.6 bp 109° (5.0 mm), w26d 1.5015]. Purification of 
this alcohol via preparative glpc10“ followed by a final redistilla
tion gave the alcohol la  of 98% purity (glpc analysis10d), n 20D
I. 5028. The ir spectrum of the alcohol la  had characteristic 
absorptions at 3.0 (OH), 5.95 (>C = C < ), 7.23-7.34 [(CH3)2C<], 
and 9.80 /x (primary OH).

Anal. CalcdforCnHigO: 0,79.46; H, 10.92; mol wt, 166.25. 
Found: C, 79.46, 79.60; H, 10.82, 10.97; mol wt, 163 (chloro
form).

Methanolysis of the acetate lb catalyzed by dibutyltin oxide 
gave the alcohol la, nwd 1.5025, in almost quantitative yield. 
The alcohol la was also easily obtained, ca. 95% yield, by alkaline 
hydrolysis of the acetate lb.

Several derivatives of the alcohol la were prepared by con
ventional procedures: the p-nitrobenzoate, mp 102-103° (from 
ethanol-water); the hydrogen phthalate, mp 124-125.2° from 
hexane (lit.4’6'11 mp 124-125, 127-127.5, and 127°); the 3,5- 
dinitrobenzoate, mp 81.5-82° (from methanol) (lit. mpu 89°); 
and the trimethylsilylate, bp 71-73° (0.15 mm) andre21!» 1.4680. 
Glpc analysis of the latter derivative10“ showed only one com
ponent; the ir spectrum had significant absorptions at 5.98 
(C=C), 7.23-7.32 [(CH3)2C], 8.0 (Si-CH,), 9.0-9.4 (Si-O-CHj-),
II . 1-12.1 and 13.2-13.5 /x (Si-C).

Anal. p-Nitrobenzoate. Caled for Ci8H2iN 04: C, 68.55;
H, 6.71; N, 4.44. Found: C, 68.57, 68.64; H, 6.75, 6.75; 
N, 4.38, 4.46. Hydrogen phthalate. Caled for Ci<>H220 4: 
C, 72.59; H, 7.05. Found: C, 72.49; H, 6.94. 3,5-Dinitro- 
benzoate. Caled for CI8H20N2O6: C, 59.99; H, 5.59; N, 7.77. 
Found: C, 60.06; H, 5.77; N, 7.93. Trimethylsilylate. Caled 
forCi4H26OSi: C, 70.42; H, 11.01; Si, 11.78. Found: 0,70.67; 
H, 11.08; Si, 11.54.

The Phosphoric Acid Catalyzed Reaction of Camphene with 
Formaldehyde.—To a stirred mixture of 68.3 g (0.50 mol) of 
camphene, 9.00 g (0.30 mol) of paraformaldehyde, and 89 ml of 
glacial acetic acid at room temperature there was added dropwise 
a solution of 25 g of 85% phosphoric acid in 70 ml of acetic acid 
over a 30-min period. After this addition, the mixture was 
stirred at 23-29° for ca. 24 hr. A conventional work-up of the 
reaction mixture gave, upon distillation, 20.6 g of camphene and 
two principal product fractions: (1) 4.22 g, bp 69-77° (2.0 mm), 
n25d 1.4765; (2) 40.9 g, bp 77-98° (2.0 mm), re25d 1.4810. Glpc 
analysis101 showed that fraction 1 comprised mainly a mixture of 
low-boiling components; 79% of fraction 2 was the acetate lb, 
and most of the remainder was the alcohol la. Fraction 2 corre
sponded to a 66% yield of 1:1 camphene-formaldehyde reaction 
products.

The Stannic Chloride Catalyzed Reaction of Camphene with 
Paraformaldehyde.—Fumingstannic chloride (0.30ml) was added, 
under nitrogen, to a mixture of 65 g (0.48 mol) of pure camphene 
(ca. 95%) and 8.1 g (0.27 mol) of paraformaldehyde in 250 ml of 
dry methylene chloride. The mixture was stirred for 2 days at 
25-27° and then 10 ml of dilute sodium hydroxide added. A

(11) S. W a ta n a b e , B u ll. Chem . Soc. J a p .,  38 (8), 1231 (1965) ; Chem. Abstr.,
63, 14909 (1965).

conventional work-up of this mixture gave, after sublimation of 
unreacted camphene, 39 g of a main product fraction, bp 71-79° 
(0.35 mm) and ra25d 1.4954, that corresponded to a 49% yield of 
a 1:1 reaction product. Glpc analysis10® of this crude product 
indicated that it contained ca. 65-70% of one major component, 
the alcohol 2a. The pure alcohol 2a (99% by glpc analysis1011) 
was obtained via preparative glpc:101 bp 81-82° (0.75 mm), n 25D 
1.4899. Its ir spectrum showed significant absorptions at 3.0 
(OH), 3.45 (C-H), 7.2, 7.3 [(CH3)2C], and 9.47-9.62 M (primary 
OH). In the near-ir the alcohol 2a showed absorption at 1.672 n, 
attributable to tertiary cyclopropanyl hydrogens. The nmr 
spectrum was reported earlier.1“

Anal. Caled for ChH180: C, 79.46; H, 10.92. Found: C, 
79.48; H, 10.82.

Repetition of the reaction described above on a larger scale 
(268 g of camphene and 26.4 g of paraformaldehyde) made it 
possible to isolate and characterize some of the accessory products 
of the reaction. As the first distillation of the crude reaction 
mixture was begun a volatile sublimate collected in the water- 
cooled condenser. This sublimate was resublimed at 0.2 mm, 
chromatographed over neutral alumina (petroleum ether (bp 
30-60°) eluent), and finally sublimed at 25°(0.1 mm) to give a 
white, waxy solid, mp 129-130°. Spectral data indicated that 
it was the ether 10,10-dimethyltricyclo[4.3.11’7.01’5]-4-oxadecane 
(3). In the infrared it showed significant absorptions at 3.40, 
3.50, 7.2, 7.3, 9.34, 10.19, and 11.64/x; the nmr spectrum showed 
signals at r  5.92-6.50 (m), 8.98 (s), and 9.15 (s).

Anal. Caled for CnHigO: C, 79.46; H, 10.92; mol wt, 166. 
Found: C, 79.56; H, 10.90; mol wt, 168-170 (benzene).

After removal of the ether 3, fractional distillation of the crude 
reaction mixture gave four principal fractions: (1) 2.4 g, bp
61-72° (0.35 mm), n 2 5D  1.4870; (2) 23.0 g, bp 78-88° (0.30 
mm), n 26D  1.4892; (3) 29.0 g, bp 88.5-90.5° (8.30 mm), ra26d 
1.4905; (4) 48.1 g, bp 140-175° (0.30 mm), n 2 5D  1.5078. Re
distillation of the combined fractions 2 and 3 gave the alcohol 2a 
which contained a minor impurity (glpc analysis101). The im
purity was isolated via column chromatography over neutral 
alumina (ether-benzene as eluent) and proved to be identical 
with the major product formed in the boron trifluoride etherate 
catalyzed camphene-formaldehyde reaction {vide infra) and 
shown to be the wi-dioxane derivative spiro[2,2-dimethyl- 
norbornane-3,l'-(2',4'-dioxacyclohexane)] (4). Finally, after 
several redistillations of fraction 4 there was isolated the un- 
symmetrical ether derived from alcohols la  and 2a: bp 141°
(0.30 mm); n2bd 1.5068; ir spectrum, XmaJC 6.0, 7.23, 7.32, 9.0- 
9.3, 11.25-11.4, and 12.0 ¡j.; nmr signals at r 5.0 (t, > C = C H- 
CH2-), 6.21 (d, >C =C H C #2-), 7.0 (s), 7.07 (-OCHV-), 8.98 
[d, (Cff3)2C, camphene], and 9.17 [s, (C/f3)2C-, tricyclo].

Anal. Caled for C22H340: C, 84.01; H, 10.90; mol wt, 314.49. 
Found: C, 84.02, 84.13; H, 11.02, 11.03; mol wt, 320, 316 
(benzene).

Reaction of Camphene with Paraformaldehyde Catalyzed by 
Boron Trifluoride Complexes. I. With Boron Trifluoride Ether
ate.—To a mixture of 105 g (0.773 mol) of camphene, 11.6 g 
(0.386 mol) of paraformaldehyde, and 300 ml of dry methylene 
chloride there was slowly added, with stirring under nitrogen, 1.5 
ml of boron trifluoride etherate in 60 ml of methylene chloride. 
After being stirred for 2 hr at room temperature, the reaction 
mixture was worked up in a conventional manner. Unreacted 
camphene (54.5 g) was recovered and the residue distilled to give 
four fractions: (1) 14.7 g, bp 80-86° (0.40 mm), r e 16 D  1.4940; 
(2) 2.6 g, bp 91-96° (0.40 mm), n 2 5D  1.4938; (3) 2.4 g, bp 120- 
142° (0.40 mm), to26d  1.5050; (4) 4.1 g, bp 142-150° (0.40 mm), 
w26d  1.5068. Glpc analysis10® indicated that fractions 1 and 2 
comprised a 45% yield of one major product. Fraction 2 (purity 
ca. 85%) was chromatographed over alumina. The material 
obtained with ether as eluent, bp 58-58.5° (0.15 mm), crystal
lized on standing. Sublimation at 25° (0.10 mm) gave a white 
solid, mp 44-44.5°, whose properties were in accord with the 
m-dioxane 4: ir spectrum, Xma* 8.64, 9.01-9.11, 9.65-9.74,
10.00, and 11.8 m; nmr spectrum t 5.27 (quad, 0 -C if2-0 ) ,
6.2-6.7 (m, -CH2Cif2-0 ) , 7.23 (bs, probably tertiary II), 9.07 
and 9.16 [sh s, (Ctf3)2C].

Anal. Caled for Ci2H2o02: C, 73.43; H, 10.27. Found: C, 
73.36, 73.57; H, 10.28, 10.17.

II. With Boron Trifluoride Dihydrate.—To a stirred mixture 
of 66 g (0.485 mol) of camphene, 7.29 g (0.243 mol) of paraformal
dehyde in 100 ml of methylene chloride, and 100 ml of acetic 
anhydride there was added, under nitrogen, a solution of 0.45 ml 
of boron trifluoride dihydrate in 40 ml of the mixed solvent over
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an 11-min period. Stirring was continued for another 76 min, 
during which time the reaction temperature rose to 54°. Dilute 
sodium hydroxide (20 ml) was added to the cooled mixture which 
was then worked up in a conventional way. Upon distillation 
there was obtained 9.2 g of camphene and three product frac
tions: (1) 10.1 g, bp 70-73° (0.45 mm), n 28D  1.4650; (2) 18.6 g, 
bp 73-79° (0.45 mm), n28d 1.4678; (3) 20.3 g, bp 80-148° 
(0.45 mm), »25d 1.5048. Fractions 1 and 2 represented at 57% 
yield of impure 1:1 reaction product. From two redistillations 
of fractions 1 and 2 there was obtained a center cut, bp 63° 
(0.3 mm), n 2 5D  1.4698, of the trieyclo acetate 2b, purity >96% 
via glpc analysis:1011 ir spectrum, Xmax 3.46, 5.73, 7.40, 8.14, 
and 9.66 y; nmr spectrum, r 6.07 (t, -C H 20~), 8.06 (s, 0 2C- 
CHz), and 9.12 (s, -CH,).

Anal. Calcd for Ci3H20O2: 0 , 74.96; H, 9.68; mol wt, 208.29. 
Found: C, 74.91, 74.87; H, 9.68, 9.73; mol wt, 202 (chloro
form).

Rearrangement of the Acetate 2b to the Acetate lb.—A solu
tion of 1.30 g (6.24 mmol) of the trieyclo acetate 2b in 50 ml of 
glacial acetic acid was heated at 115-117° for ca. 4 days. A 
conventional work-up gave, after distillation, a 52% recovery of 
a monoacetate fraction, bp 97-98° (5.8-6.0 mm) and w 26d  
1.4759, that contained the two acetates lb and 2b. Glpc analy
sis101 indicated that the two acetates were present in about a 
1:1 ratio. Addition of a sample of pure acetate lb enhanced the 
glpc peak representing the allylic acetate. Similarly, the glpc 
peak assigned to the trieyclo acetate was increased by the addi
tion of pure trieyclo acetate.

8-Hydroxymethylcamphane (6).—Catalytic hydrogenation, in 
a Parr apparatus, of 40.9 g (0.246 mol) of the alcohol la  in 250 
ml of absolute ethanol over 1.15 g of platnium black under 
34-39 psi of hydrogen for 44 hr at room temperature gave, after 
distillation through a Vigreux column, 39 g (95%) of the satu
rated alcohol 6: bp 107-112° (4.7 mm), w 20d  1.4895-1.4897. 
Partial resolution of the product into endo and exo isomers could 
be achieved by glpc analysis.101 Redistillation of the alcohol 
gave an analytical sample of 6: bp 86-87° (0.43 mm), m 21d  
1.4888 [lit.6 bp 104-105° (5 mm), nKd  1.4874],

Anal. Calcd for CnH20O: 78.51; H, 11.98. Found: C, 
78.50; H, 11.89.

Methacrylates of the Alcohols la and 2a. I. 8-Hydroxy- 
methylcamphene Methacrylate (8).—In an adaptation of the 
method of Burtle and Turek12 a mixture of 25 g (0.15 mol) of the 
alcohol la, 0.3 g of hydroquinone, 0.1 g of copper metal, 0.1 g 
of cupric chloride, and 17.2 g (0.20 mol) of methacrylic acid in 
300 ml of benzene was distilled cyclically, in the presence of 0.20 
g of p-toluenesulfonic acid, for ca. 7 hr; about 2.4 ml (89%) of 
water was collected. Work-up of the esterification gave, after 
distillation, 28 g (80%) of impure ester 8: bp 98-113° (0.45 
mm), r a 2 5D  1.4881. Two redistillations gave a sample of the 
methacrylate 8 of purity >91% (glpc analysis10«): bp 79-80° 
(0.25 mm); n u D  1.4908; ir spectrum, Xmax 5.89 (C = 0), 6.01 
(internal C=C), 6.15 (C=CH2), 7.37, 7.4 [doublet, (CH3)2C], 
and 7.6-7.7 y (C -0-); nmr spectrum, r 3.97 [m, (CH3)C=Ci7 <-],
4.54 (m, CH3C=CiA), 4.87 (t, -C=C tfC H 2), 5.43 [d, >C =C - 
(CA20)-], 8.10 (t, Cff3C=CH2), and 8.96 [d, (Ctf3)2C].

Anal. Calcd for Ci5H220 2: C, 76.88; H, 9.47. Found: C, 
76.91, 77.03; H, 9.34, 9.35.

(12) J .  G . B u r tle  a n d  W . N . T u re k , J .  Org. C hem ., 19, 1507 (1954).

II. 8-Hydroxymethylcamphane Methacrylate (7).—Trans- 
esterfication of 25.0 g (0.149 mol) of the alcohol 6 with 44.7 g 
(0.447 mol) of methyl methacrylate in the presence of 0.7 g of 
hydroquinone and 0.11 g of concentrated sulfuric acid was 
carried out at reflux temperature for 28 hr with slow removal of 
distillate (vapor temperature 67-80°). Work-up of the mixture 
gave, upon distillation, 21.6 g of excess methyl merthacrylate 
and two product fractions: (1) 3.71 g, bp 78-88° (0.1 mm),
n 2 1D  1.4828; (2) 27.4 g, bp 88-92° (0.1 mm), w 2 1 d  1.4822. Re
distillation of fraction 2 gave the pure methacrylate 7 (glpc 
analysis showed it to be a mixture of endo and exo isomers): 
bp 95-96° (0.3 mm), n21 d  1.4827.

Anal. Calcd for Ci3H2402: C, 76.22; H, 10.24. Found: C, 
76.42; H, 10.31.

Polymerization of the Methacrylate 7. I. Homopolymeriza- 
tion.—Polymerization of 4.12 g (17.5 mmol) of the methacrylate 
7, initiated with 0.02 g of azobisisobutyronitrile, was carried out 
at 40° for 2 days. The initially formed clear, hard, glasslike 
polymer was dissolved in benzene, filtered, and precipitated by 
dropwise addition to stirred methanol. The dried polymer 
(4.09 g) was repeatedly ground and dried at room temperature 
in vacuo to constant weight (ca. 95% yield). The polymer showed 
mp 207-215° and an intrinsic viscosity in benzene at 30° of 6.91 
dl/g of polymer.

Anal. Calcd for (Ci5H2402)n: C, 76.22; H, 10.24. Found: 
C, 75.94, 76.07; H, 10.14, 10.00.

Polymerization of the monomer 7 by the reflux emulsion tech
nique13 occurred smoothly to give the homopolymer in ca. 89% 
yield, mp 190-210°.

II. Copolymerization with Styrene.—Bulk copolymerization 
of 2.42 g (10.2 mmol) of the monomer 7 and 1.03 g (9.90 mmol) of 
styrene was effected at 40° over a period of 45 hr when initiated 
with 0.016 g of azobisisobutyronitrile. The crude copolymer was 
a soft, clear, rather rubbery material. The crude copolymer was 
dissolved in benzene filtered and precipitated with methanol. 
After successive pulverization and drying in vacuo at room tem
perature to constant weight, the copolymer (2.5 g) was obtained 
as a white powder: mp 196-205° and an intrinsic viscosity in 
benzene at 30° of 3.50 dl/g of polymer.

Anal. Found: C, 80.96, 81.19; H, 9.64, 9.78.

Registry No.—Camphene, 79-92-5; la, 2226-05-3; 
p-nitrobenzoate of la, 16159-26-5; hydrogen phthalate 
of la, 2226-06-4; 3,5-dinitrobenzoate of la, 2226-07-5; 
trimethylsilylate of la, 16159-29-8; lb, 2226-03-1; 
2a, 16162-37-1; 2b, 16162-38-2; 3, 16162-39-3; 4, 
16203-58-0; 5, 16 203-59-1 \exo 6 , 16503-26-7; endo  6, 
16423-26-0; exo 7, 16423-27-1; endo 7, 16423-28-2 ; 8 , 
16162-40-6.
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(13) S pecia l P ro d u c ts  D e p a r tm e n t  P a m p h le t,  “ E m u ls io n  P o ly m e riza tio n  
of A cry lic  M o n o m ers ,”  R o h m  a n d  H a a s  C o ., P h ila d e lp h ia , P a ., 1965, p  3.



2466 Camps The J o u rn a l o f O rganic C h em istry

M o n o cy c lic  T erp en e  A lco h o ls . V III. jp -M en th a -2 ,4 (8 )-d ien -9 -o l 
a n d  p -M e n th a -2 ,4 (8 )-d ie n -1 0 -o l1,2

F rancisco  C amps

Departamento de Química Orgánica, Centro de Investigación y Desarrollo,
Patronato “ Juan de la Cierva”  (C .S.I.C .), Zona Universitaria, Barcelona 17 , Spain

Received January 9, 1968

Dehydration of ethyl 8-hydroxy-p-menth-3-en-9-oate (I) to afford dienic esters was studied under a variety 
of conditions. It was found that ethyl p-mentha-2,4(8)-dien-9-oate (V) was formed predominantly by phos
phorus oxychloride-pyridine treatment of I, whereas pyrolysis of the acetate of I yielded ethyl p-mentha-2,4(8)- 
dien-10-oate (IV) and V in a 1:1 ratio. The same ratio was reached by thermal isomerization of V. p-Mentha- 
2,4(8)-dien-9-ol and p-mentha-2,4(8)-dien-10-ol were obtained by lithium aluminum hydride reduction of the 
corresponding esters.

In connection with our studies related to the synthe
sis of monocyclic terpene alcohols, the dehydration of 
the easily available1 2 3 ethyl 8-hydroxy-p-menth-3-en-9- 
oate (I) as a potential source of dienic intermediates 
was investigated.

Treatment of this hydroxy ester with acidic dehy
drating agents afforded complex mixtures containing 
six main components (glpc analysis), whose relative 
ratio was dependent on the conditions used. These 
products were isolated by preparative glpc and were 
submitted to spectral analyses (nmr, uv, and ir) which 
pointed to structures II-VII (Scheme I).

Structures II and III were confirmed by comparison 
with authentic specimens synthesized by an indepen
dent route.4

The stereochemical problem posed by isomers IV and 
V was settled on the basis of the well-known deshielding 
effect of an ethoxycarbonyl group,5 structure V being 
assigned to that isomer in which the C3-vinyl proton 
absorbed at lower field (IV, r 3.55; V, r 3.0).

Structure VI was based on spectral and analytical 
data.6 Ir bands characteristic of the carbonyl absorp
tion of a,/3-unsaturated 7 -lactone7 8 9 appeared at 5.67 
and 5.92 p , uv absorption was at Amax 218 m p  (e 12,700), 
and nmr absorption occurred at r 5.45, 8.25, and 8.98. 
While our work was in progress, an optically active form 
of lactone VI was isolated,8,9 and the structure and 
stereochemistry of the four diastereomeric (asymmetric 
centers Cj and C8) keto acids, resulting from its hy
drolysis, were elucidated. 10 *

The hydrolysis of our racemic lactone afforded two 
crystalline derivatives, mp 110-112° and 123-124°. 
The spectral features of the former were consistent with 
those expected for keto acid XI. Ir absorption was at
3-4.25 and 5.9 p ;  nmr absorption occurred at t  0.9,
8 .8, 8.93, and 7.2-8.7 (broad). The poor resolution of

(1) P a r ts  V -V I I  of th is  series w ere  p re se n te d  a t  th e  X I I I  M eetin g  of th e  
R e a l S ociedad  E sp a ñ o la  d e  F ís ica  y  Q uím ica, P am p lo n a -S a n  S eb a s tiá n , J u n e  
1967; A n . R ea l Soc. E sp a n . F is. Q u im ., in  p ress.

(2) S u p p o rte d  b y  G ra n t  F G -S p-135  from  th e  U . S. D e p a r tm e n t  of A gri
cu ltu re .

(3) F . C am ps, J . C aste lls , a n d  J . P ascu a l, J .  Org. C hem ., 3 1 ,  3510 (1966).
(4) F . C am p s  a n d  J .  P ascu a l, A n . R ea l Soc. E sp a n . F is . Q u im ., S er . B , 64, 

167 (1968).
(5) L. M . J a c k m a n , “ A p p lic a tio n s  of N u c le a r  M a g n e tic  R eso n an c e  S pec

tro sc o p y  in  O rg an ic  C h e m is try ,”  P e rg am o n  P re ss  L td .,  O xford , 1959, p  121.
(6) P ro je c t U R -E -25 -(50 )-36 , G ra n t  F G -S p-135 , U . S . D e p a r tm e n t  of 

A g ric u ltu re , R e p o r t  6, F e b  1 9 6 6 -Ja n  1967, p  8.
(7) L . V. B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M o lec u le s ,” 2nd 

ed , J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1958, p  185.
(8) C . S. F o o te , M . T . W uestho ff, S. W exler, I . G . B u rs ta in , R . D en n y , 

G . O. S ch en k , a n d  K . H . S ch u lte -E lte , Tetrahedron , 2 3 ,  2583 (1967).
(9) J . A . H irsch  a n d  R . H . E a s tm a n , J .  Org. Chem ., 32, 2915 (1967).
(10) C . S. F o o te , M . T . W uestho ff, a n d  I . G . B u rs ta in , Tetrahedron, 2 3 ,

2601 (1967).

the Ci-methyl protons and the broad bands observed in 
the cyclohexane protons region substantiate the 
irans-p-menthane configuration assigned. 11,12

Properties of the other crystalline compound pointed 
to the pseudo-acid (lactol) structure XII. Ir absorption 
was at 2.95 and 5.73 p ; nmr absorption occurred at 
t 4.3, 8 .8 , and 7.2-8.6 (multiplet). In this case, the 
clearer splitting in the Ci-methyl group and the more 
acute cyclohexane ring protons envelope observed are 
consistent with a cis-p-menthane configuration.11-13

In view of the particular aim of our work, no serious 
attempt was made to isolate the other possible diaster
eomeric keto acids from the hydrolysis mixture or to 
elucidate the relative configuration at the C8 center of 
our crystalline derivatives.

When lactone VI was reduced with lithium aluminum 
hydride, a liquid product was obtained with the 
features expected for diol X. This product afforded a 
crystalline bi.s-3,5-dinitrobenzoate derivative, which 
seemed to be a mixture of epimers because of the Ci- 
methyl protons’ nmr absorption at r 8.63 and 8.9. 
An optically active form of diol X  has been recently 
prepared by lithium aluminum hydride reduction of 
menthofuran photoperoxide.14

Structure VII, assigned to the last product present in 
small amounts in the mixture after treatment of hy
droxy ester I with acidic dehydrating agents, was 
substantiated by spectral data: uv, Amax 219 m  ̂
(e 8200); ir, 5.68 and 5.93 p; nmr, t 8.24 and 5.14-
5.4.

For preparative purposes, the dehydration of hydroxy 
ester I with p-toluenesulfonic acid in boiling benzene

(11) J .  A lbaig6s, J . C aste lls , a n d  J . P ascu a l, J .  Org. Chem ., 31, 3507 (1966).
(12) H . B o o th , Tetrahedron, 22, 615 (1966).
(13) F o o te  a n d  cow orkers10 iso la te d  tw o  c ry s ta llin e  ac id s , m p  143-144  a n d  

97—98 °, assu m ed  to  b e  id e n tic a l w ith  th e  k e to  ac id s , m p  146—147 a n d  97—9 8 ° , 
p rev io u sly  o b ta in e d  b y  R . B . W o o d w ard  a n d  R . H . E a s tm a n  [J. A m er. 
Chem . Soc., 72, 399 (1950)] b y  re d u c tio n  of th e  c ry s ta llin e  p seu d o -ac id  X I I I  
w ith  sod ium  am a lg am . T h e  fo rm er w ith  a  c is-p -m e n th a n e  co n fig u ra tio n , 
a p p e a rs  to  b e  m a in ly  in  th e  la c to l fo rm , w h e reas  th e  l a t te r  ex h ib its  th e  p ro p 
e rties  of a  t r u e  k e to  ac id  a n d  h a s  a  ¿ ra n s-p -m e n th an e  co n fig u ra tio n . I n  b o th  
cases th e  co n fig u ra tio n  a t  Cs ce n te r  w as e lu c id a ted . I t  is w o rth  p o in tin g  o u t  
a lso  t h a t  K . J .  C row ley  [ J .  Chem . Soc., 4254 (1964)] iso la ted  a  k e to  ac id , m p  
151°, b y  hy d ro ly s is  of a  liq u id  s te reo iso m er of X I I I  b u t  m a d e  no  s tr u c tu r a l  
a s s ig n m e n t to  it .

o
XIII

(14) K . H . S cÄ u lte -E lte  a n d  G . O hloff, Helv. C him . A c ta , 50, 153 (1967).
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S c h e m e  I

was studied more closely. The results obtained showed 
that the amount of the esters IV and V in the mixture 
reached a maximum (about 50% in a 1 :1  ratio) and 
then decreased steadily, ester II and lactone VI being 
the major components (about 75%) after prolonged 
treatment.

In a separate experiment, starting from a 1 :1  mixture 
of esters IV and V, it was found that compounds II and 
III were formed directly from these esters, whereas 
lactones VI and VII should arise from hydroxy ester I, 
through a possible intermediate hydroxy ester B 16-16 
(Scheme II).

S c h e m e  II

To improve our results, other methods of dehydration 
were investigated. Treatment of hydroxy ester I with 
phosphorus oxychloride and pyridine afforded ester V 
almost exclusively. Reduction of V with lithium alu-

(15) B y  a n  a l te rn a t iv e  e x p la n a tio n  of fo rm a tio n  of la c to n e  V I, see ref 8.
(16) T w o  o p tica lly  a c tiv e  isom ers  of p o s tu la te  in te rm e d ia te  B (as th e  ac id )

h ave been  describ ed , a lth o u g h  no s tr u c tu r a l  a s s ig n m e n ts  w ere  m a d e : R .
R obinson  a n d  G . I .  F ra y , Tetrahedron, 9 , 295 (1960).

minum hydride yielded p-mentha-2,4(8)-dien-9-ol (IX), 
that was purified via  the 3,5-dinitrobenzoate derivative, 
mp 82.5-3.5°, followed by hydrolysis on alkaline alu
minum oxide. 17

From the aqueous mother liquors of this phosphorus 
oxychloride-pyridine treatment a crystalline by-prod
uct, mp 118-120°, was isolated with the properties 
expected for a pyridinium salt and the molecular for
mula C17H26NO3CI, consistent with the addition of pyri
dine hydrochloride to hydroxy ester I. When this prod
uct was refluxed in dry pyridine, a liquid mixture was 
formed in which the presence of esters II, IV, V, and 
lactone VI was detected by glpc analysis.

Preparation of ester IV could be accomplished by 
slow pyrolysis of the acetate of hydroxy ester I at 500° 
(0.9 mm) which gave an 80-85% 1 :1  mixture of esters
IV and V. Careful distillation of this mixture afforded 
ester IV which was submitted to the same treatment 
described above to yield p-mentha-2,4(8)-dien-10-ol 
(VIII) purified also through its 3,5-dinitrobenzoate 
derivative, mp 71-72.5°.

To increase the yield of ester IV several methods of 
isomerization of ester V were attempted and although 
some promising results were obtained by photo
chemical or iodine-benzoyl peroxide isomerizations,18 
it was found that the best results were reached by ther
mal treatment. Thus, submitting fractions rich in 
isomer V to the same conditions described above for the 
pyrolysis of the acetate of I, a 1 :1  ratio of esters IV and
V was obtained; when the temperature was lower, the 
isomer V was still predominant in the mixture.

The stereospecifity observed in the phosphorus 
oxychloride treatment is not clear at this stage, but 
could be explained by some kind of interaction (polar, 
proton bonding, 7r complex) between the double bond 
and the ethoxycarbonyl group in the intermediate state 
of the dehydration, leading to the predominant forma
tion of V by a kinetically controlled process. This 
interaction would be absent in the presence of acid 
reagents that gave the 1 : 1  thermodynamic ratio of 
IV : V. However the elucidation of this point would 
deserve further work before drawing definitive conclu
sions.

Experimental Section
Melting points were taken on a Koffler hot-stage apparatus 

and are corrected. Infrared spectra were measured on Perkin- 
Elmer Infracord 137 and Infracord 137 G spectrophotometers. 
Ultraviolet spectra were run on a Perkin-Elmer 137 apparatus. 
The nmr spectra were recorded on a Perkin-Elmer R-10 at 35° 
operating at 60 Mc/sec with TMS as an internal reference. 
Bands due to hydroxyl protons in the nmr spectra have been 
routinely identified by their diamagnetic shift with increasing 
dilution. The glpc analyses and preparative separations were 
carried out on an Aerograph A-705 with flame ionization detector 
on different columns. Fractional distillation was achieved with 
a Buchi spinning-band column, Dr. H. Abegg system.

Treatment of Ethyl 8-Hydroxy-p-menth-3-en-9-oate (I) with 
p-Toluenesulfonic Acid.—Ethyl 8-hydroxy-p-menth-3-en-9-oate 
(I) (1 g) in dry benzene (10 ml) was refluxed under nitrogen in 
presence of p-toluenesulfonic acid (0.2 g). The course of the 
reaction was monitored by glpc using a 20 ft X 0.375 in. 20% SE- 
30 on Chromosorb W column at 175°. Analysis of aliquot parts 
of this mixture revealed the presence of six components besides 
the starting product, which were isolated by preparative glpc 
under the conditions above mentioned and identified as com-

(17) J . C aste lls  a n d  G . A. F le tc h e r , J . Chem . Soc., 3245 (1956).
(18) R . G rew e, E . N o lte , a n d  R . H . R o tzo ll, Chem . B er., 8 9 , 600 (1956).
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pounds II-VII by spectral means. (The spectral data are given 
in the sections dealing with the preparation of the corresponding 
products using the most convenient method found.) The rela
tive amounts of these products changed with the time of reflux
ing. Thus, after 4 hr the following relative amounts were 
found: II (14), III (2), I (14), IV (26), V (24), VI (14), VII (6). 
By increasing the reaction time, the relative amounts of esters IV 
and V diminished whereas those of esters II and III and lactones 
VI and VII increased. After 24 hr, the following ratios were de
termined: 36, 9, 3, 3.5, 2.5, 37, and 9.

Lactone VI.—Ethyl 8-hydroxy-p-menth-3-en-9-oate (I) (15 g) 
treated with p-toluenesulfonic acid (3 g) in boiling dry benzene 
(150 ml) for 30 hr under a nitrogen atmosphere afforded, after 
the usual work-up, a yellowish oil (12.7 g) having a relative ratio 
similar with that observed above. Fractional distillation in a 
spinning-band column at reduced pressure yielded already known4 
ethyl p-mentha-l,3-dien-9-oate (II) (3 g), bp 95-97° (6 mm), 
among other fractions containing mixtures of the above men
tioned products. The residue of this distillation (6 g) was frac
tionated at higher vacuum to give lactone VI (3.5 g): bp 87-89° 
(0.25 mm); w2i-5d 1.5002; X“ °H 218 (« 12,700); x“ u 5.67,
5.92, 9.13, 9.35, and 9.70 m; rcci4 5.45 (broad band, half-band 
width = 20 cps, 1 H), 8.25 (triplet, J  = 1 cps, 3 H), 8.98 (dou
blet, /  = 6 cps, 3 H), 7-9.1 (broad absorption, 7 H).

Anal. Calcd for C10H14O2: C, 72.26; II, 8.49. Found: 
C, 72.40; H, 8.84.

From the higher boiling fractions of this distillation, a small 
amount of product could be isolated by preparative glpc with the 
spectral features expected for VII: X®l„°H 219 m  ̂ (e 8200);
X°°,u 5.68, 5.93, 8.05, 9.18, and 9.70m; tcou 5.1-5.5 (broad band,
1 H), 8.24 (triplet, J  =  1 cps, 3 H), 8.84 (doublet, J  =  7 cps, 
3 H), 7.3-9 (broad absorption, 7 H).

Ethyl p-Mentha-2,4(8)-dien-9-oate (V).'—Phosphorus oxy
chloride (5 ml) was added dropwise under stirring to an ice-cooled 
solution of ethyl 8-hydroxy-p-menth-3-en-9-oate (I) (5 g) in dry 
pyridine (50 ml) under nitrogen atmosphere. The mixture was 
kept overnight in a refrigerator. Then, it was hydrolyzed with 
cool 2 N  sulfuric acid and extracted several times with ethyl ether. 
After the usual treatment, the joined organic fractions were 
evaporated at reduced pressure to yield a colorless oil (2.7 g). 
Glpc analysis of this oil, under the conditions mentioned above, 
revealed the presence of V (65-70%) and IV (10-15%) together 
with minor amounts of II (5-10%) and starting hydroxy ester I 
(8-10%). Fractional distillation of this oil (13.5 g) in a spinning- 
band column gave pure ester V (4 g): bp 124° (8 mm), 69° (0.2 
mm); ra25d 1.5068; X*l°H 267.5 mp (e 13,500); X*1™ 5.86 6.2, 
6.35, 8.1-8.3, 8.65, 8.95, 9.1-9.2, 12.2, 12.55, and 12.8 m! men
2.98 (double doublet, J  =  10 cps, J '  = 2 cps, 1 H), 4.25 (broad 
bands, doublet, J  =  10 cps, 1 H), 5.85 (quartet, J  =  7 cps, 2 H),
8.1 (singlet, 3 H), 8.7 (triplet, J  =  7 cps, 3 H), 8.95 (doublet, 
J  = 7 cps, 3 H), 7.2-8.3 (broad band, 5 H).

Anal. Calcd for Ci2Hls02: C, 74,19; H, 9.34. Found: 
C, 73.93; H, 9.40.

The mother liquors of the dehydration (from 5 g of hydroxy 
ester I) were extracted with chloroform to give after the usual 
treatment and evaporation of the organic solvent a thick brown 
oil (3.5 g), which crystallized by addition of acetone. Recrystal
lization from methylene chloride-acetone gave bright flakes, mp 
118-120°, which turned red upon heating. This product gave 
a positive halide test (Beilstein) and exhibited the spectral fea
tures consistent with a pyridinium salt: X*“J 3, 5.75, 6.15, 8, 8.7, 
9.82, 12.7, 14, and 14.55 m; men 0.52 (split doublet, J  =  6 cps,
2 H), 1.17-1.57 (multiplet, 3 H), 3.96 (broad band, 1 H), 5.62 
(quartet, /  =  6 cps, 2 H), 6.92 (broad singlet, 1 H), 7.60 (sin
glet, 1 H), 8.67 (triplet, /  = 6 cps, 3 H), 8.97 (doublet, J  — 5 
cps, 3 H), 7.4-8.5 (broad absorption).

Anal. Calcd for CnH26N 03Cl: C, 62.12; H, 7.99; N, 4.27; 
Cl, 10.79. Found: C, 62.19; 62.05; H, 7.93; 7.95; N, 4.33; 
Cl, 11.27.

When this product (0.5 g) was heated in dry pyridine (5 ml), 
a liquid (0.2 g) was recovered after the usual treatment, which 
after glpc analysis (peak enhancement) revealed the presence of 
compounds II (16%), V (41%), IV (28%), and VI (14%).

Ethyl p-Mentha-2,4(8)-dien-10-oate (IV).—A mixture of hy
droxy ester I (10.5 g) and melted sodium acetate (10.5 g) in acetic 
anhydride (105 ml) was refluxed 90 hr under nitrogen atmosphere. 
After evaporation of the solvent at reduced pressure, the residue 
was extracted several times with ethyl ether. The joined or
ganic fractions afforded after the usual treatment a brown oil (2 
g) which exhibited a single band in the glpc analysis and the

features expected for the acetate of I in the nmr spectrum: 
tccu 4.2 (broad band, 1 H), 5.9 (quartet, J  = 7 cps, 2 H), 8 
(singlet, 3 H), 8.4 (singlet, 3 H), 8.8 (triplet, J  = 7 cps, 3 H),
9.05 (doublet, /  = 6 cps, 3 H), 7.8-8.5 (broad absorption, 7 H). 
Slow distillation of this crude acetate at 0.9 mm through a 58 X
1.5 cm quartz tube, packed with glass wool, heated at 500°, col
lecting the exit gases in a cool trap, afforded a yellowish oil (6.2 
g), glpc analysis of which revealed the presence of three com
ponents: II (17%), IV (42%), and V (41%). Careful distilla
tion of the pyrolysate (21.3 g) in a spinning-band column at re
duced pressure afforded pure ester IV: bp 112-113° (5 mm); 
n23D 1.5032; X^°H 269.5 mM 0  14,900); X*1™ 5.86, 6.2, 6.33, 
8.1, 8.3, 8.65, 8.95, 9.15, 11.6, 12.25, 12.9, and 13.35; rccn
3.55 (doublet, J  = 10 cps, J '  — 1.5 cps, 1 H), 4.06 broad bands, 
(doublet, J  =  10 cps, 1 H), 5.82 (quartet, J  = 7 cps, 2 H), 8.05 
(singlet, 3 H), 8.7 (triplet, J  = 7 cps, 3 H), 8.92 (doublet, J  = 
7 cps, 3 H), 7-8.3 (broad band, 5 H).

Anal. Calcd for CuHisCh: C, 74.19; H, 9.39. Found: C, 
74.07; H, 9.56.

Thermal Rearrangement of Esters IV and V.—A mixture of 
esters IV and V (5.4 g) in a 38:62 ratio was distilled under the 
same conditions described in the preceding section for the pyroly
sis of the acetate of I. The condensed pyrolysate (4.9 g) was 
analysed by glpc which showed a 1:1 ratio of both esters. No 
other products were detected. This ratio remained unchanged 
by further distillation under the same conditions.

Treatment of Esters IV and V with p-Toluenesulfonic Acid.—A 
1:1 mixture of esters IV and V (2 g) and p-toluenesulfonic acid 
(0.2 g) in dry benzene (20 ml) was refluxed under nitrogen at
mosphere. Analysis of aliquot parts by glpc revealed its rapid 
transformation into esters II and III. After 6 hr, the following 
ratio was found: II (67%), III (18%), IV (6%), and V(9%). 
When the reaction was carried out in presence of some drops of 
water, the reaction was slower and the formation of a small 
amount of lactone VI was observed. Under these conditions 
after 36 hr, the following ratio was found: II (56%), III (13%), 
IV (7.5%), V (18%), and VI (5%).

p-Mentha-2,4(8)-dien-9-ol (IX).—To a well-stirred solution of 
ester V (95% steric purity) (1.7 g) in dry ethyl ether (20 ml), 
lithium aluminum hydride (0.25 g) was added at —40° under 
nitrogen. Stirring was maintained for 10 hr during which the 
mixture was warmed slowly to room temperature. After the 
usual treatment, a colorless oil (1.3 g) was obtained which ex
hibited no carbonyl absorption in the spectrum ir. Dinitro- 
benzoylation by the conventional procedure yielded a crude di- 
nitrobenzoate derivative (2.9 g) which, by repeated crystalliza
tion from ethanol-ethyl ether, gave yellow spheric aggregates: 
mp 83.5-84.5° (0.9 g); t C d c u  0.85 (multiplet, 3 H), 3.5 (double 
doublet, J  = 10 cps, J '  =  1.5 cps, 1 H), 4.3 (broadbands, doub
let, J  — 10 cps, 1 H), 4.98 (singlet, 2 H), 8.1 (singlet, 3 H),
8.96 (doublet, J  =  7 cps, 3 H), 7.4-8.8 (broad absorption, 5 H).

Anal. Calcd for C„Hi8N20 6: C, 58.96; H, 5.24; N, 8.09. 
Found: C, 59.03; II, 5.50; N, 7.84.

Hydrolysis of this derivative (0.9 g) on alkaline aluminum 
oxide (40 g) under nitrogen using a 2 :1 «-hexane-benzene elution 
mixture yielded p-mentha-2,4(8)-dien-9-ol (IX) (0.4 g): bp
76.5-77.5° (0.7 mm); ra23d 1.5301; X®*°H 243 mM (e 21,000); 
X*1™ 3.05, 6.15 (weak), 10, 10.5, 12.35, 13.3, and 13.6 m; men
3.58 (double doublet, J  =  10 cps, J  = 1.5 cps, 1 H), 4.47 (broad 
bands doublet, J  = 10 cps, 1 H), 5.9 (singlet, 2 II), 8.2 (singlet, 
3 H), 8.98 (doublet, J  — 0 cps, 3 H), 7.3-8.8 (broad absorption, 
5 H).

Anal. Calcd for C,0Hi6O: C, 78.90; H, 10.59. Found: 
C, 78.65; H, 10.32.

p-Mentha-2,4(8)-dien-10-ol (VIII).—A solution of ester IV 
(95% steric purity) (2.3 g) in dry ethyl ether (25 ml) was reduced 
with lithium aluminum hydride (0.35 g) under the same condi
tions described in the precedent section. After the usual proce
dure, a colorless oil (1.8 g) was isolated which was submitted to 
dinitrobenzoylation to give a crude derivative (3.5 g) which by 
repeated crystallizations from ethanol-ethyl ether yielded pure 
dinitrobenzoate of VIII: mp 71-72.5°; t0dcis 0.8 (multiplet, 3 
H), 3.6 (double doublet, J  =  10 cps, J '  = 1.5 cps 1 H), 4.23 
(broad bands doublet, /  = 10 cps, 1 H), 4.93 (singlet, 2 H), 8.08 
(singlet, 3 H), 8.95 (doublet, /  = 7 cps, 3 H), 7.2-8.7 (broad 
absorption, 5 H).

Anal. Calcd for Ci7Hi8N206: C, 58.96; H, 5.24; N, 8.09. 
Found: C, 58.71; H, 5.08; N, 7.91.

Hydrolysis of this 3,5-dinitrobenzoate (1.2 g) on alkaline 
aluminum oxide (30 g) under the same conditions described above
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afforded p-mentha-2,4(8)-dien-10-ol (VIII) (0.5 g): bp 77.5- 
79° (0.6 mm); w23d  1.5312; X®‘°H 245 mM (e 28,500); X“1” 3.05, 
6.15 (weak), 6.25 (weak), 8.8, 10, 10.5, 12.35, 13.35, and 13.65 
y; tccu 3.63 (double doublet, /  = 10 cps, J '  = 1.5 cps, 1 H),
4.36 (broad bands, doublet, J  = 10 cps, 1 H), 5.9 (singlet, 2 H),
6.2 (broad singlet, 1 H), 8.2 (singlet, 3 H), 8.98 (doublet, J  = 
7 cps, 3 H), 7.2-8.8 (broad absorption, 5 H).

Anal. Calcd for Cioll160 : C, 78.90; H, 10.59. Found: 
C, 79.14; H, 10.59.

p-Menth-4(8)-ene-3,9-diol (X).—Lithium aluminum hydride 
(0.5 g) was added to a well-stirred solution of lactone VI (2 g) 
in ethyl ether (20 ml) at 0° under nitrogen. Stirring was main
tained for 10 hr while the mixture was warmed slowly to room 
temperature. After the usual work-up procedure, a colorless, 
thick oil (1.8 g) was obtained which failed to crystallize from n- 
hexane after standing several days in the refrigerator. Features 
of the nmr spectrum of this compound pointed to structure of 
diolX: 7-ccu 5.3-6 (broadband), 8.25 (singlet), and 8.95 (dou
blet). Dinitrobenzoylation by the conventional procedure gave 
a thick brown oil (4.3 g) which upon repeated crystallization 
with acetone afforded a bis-3,5-dinitrobenzoate (0.3 g): mp 
133-134.5°; tCdci3 0.95 (multiplet), 3.55 (broad band), 4.5 
(doublet, /  = 12 cps), 4.85 (doublet, /  = 12 cps), 7.2-7.9 (broad 
band), 8.03 (singlet), 8.63 (doublet, /  = 4 cps), 8.9 (doublet, 
j  — 4 cps)

Anal. Calcd for C24H22N4Oi2: C, 51.61; H, 3.97; N, 10.03. 
Found: C, 51.44; H, 3.92; N, 9.79.

Keto Acid XI and Lactol XII.—A solution of lactone VI (3.6 
g) in 25% methanolic potassium hydroxide (36 ml) was refluxed 
2 hr under nitrogen atmosphere. The solution was diluted with 
water and extracted with ethyl ether. The aqueous layer was 
acidified with 6 N  hydrochloric acid and extracted with ethyl 
ether to give after the usual treatment a yellow oil (3.4 g) which 
crystallized upon cooling. Methylation of this product with 
diazomethane ethyl ether solution and glpc analysis on a 20 ft X 
0.375 in. 20% XF-1150 on Chromosorb W column at 190° re
vealed the presence of three main components in a 26:62:12

ratio. Recrystallization with benzene-hexane afforded a mixture 
of crystals, mp 85-105° (0.5 g), which, after three new recrystal
lizations, gave pure lactol XII (0.1 g): mp 123-124; X™( 2.95,
5.73, 9.3, 10.5, 10.65, 12.05, 12.4, and 13.65 y; tCcu 4.3 (broad 
singlet, 1 H), 8.8 (doublet, J  =  6 cps, 3 H), 9.05 (doublet, /  =  6 
cps, 3 H), 7.2-8.6 (multiplet, 7 H).

Anal. Calcd for Ci0H16O3: C, 65.18; H, 8.76. Found: C, 
65.13; H, 9.01.

From the first mother liquors a new crop of crystals (0.6 g), 
mp 75-95°, was obtained, which by repeated crystallization from 
benzene-hexane afforded keto acid XI: mp 110-112°; X“ (
3-4.25 (broad), 5.9, 7.78, 7.85, 8.03, 8.15, 8.4, and 10.65 y, 
tccu 0.9 (broad absorption, 1 H), 8.8 (doublet, J  =  7 cps, 3 H), 
8.93 (doublet, J  = 4 cps, 3 H); tccu- csh« 8.85 (doublet, J  =  
7 cps), 9.05 (doublet, /  = 4 cps), 7.2-8.7 (broadabsorption, 7 H).

Anal. Calcd for CioHi60 3: C, 65.18; H, 8.76. Found: C, 
65.15; H, 8.47.

Glpc analysis of the methylated keto acid under the conditions 
described above gave a single band identified by peak enhance
ment as the major component (62%) of the original oil. On the 
other hand, application of the same method to lactol XII gave 
puzzling results not consistent with the spectral data. Under 
the conditions described, the methylated lactol exhibited two 
bands in a similar ratio which corresponded to the two major 
products of the starting mixture (26 and 62%).

Registry No.—IV, 16434-34-7; V, 16434-35-8; VI, 
16434-36-9; VII, 16434-37-0; VIII, 16434-38-1; dinitro- 
benzoate of VIII, 16434-39-2; IX, 16452-31-6; dinitro- 
benzoate of IX, 16434-40-5; X, 16434-41-6; XI, 16434- 
42-7; XII, 16434-43-8; C16H26N03C1, 16450-58-1.
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The 2- and 4-fluoro isomers of estradiol, which were of interest in the National Institutes of Health cancer pro
gram, have been synthesized by an unambiguous route via a Schiemann type of reaction from the respective 
amino precursors; the preparation of these as well as the consecutive steps is described below. A remarkably 
easy formation of a steroid nitrite ester and its decomposition to the corresponding ketone at low temperatures 
(15-25°) is reported. A striking difference in the intensities of the ultraviolet spectra enables a facile differenti
ation of the 2- from the 4-substituted series.

The synthesis of the 2- and 4-fluoroestradiol (2- and
4-fluoro-l,3,5(10)-estratriene-3,17/3-diol, Vila and b) 
was undertaken for the cancer program of the Cancer 
Chemotherapy National Service Center of the National 
Institutes of Health. 1 -2 The 4-fluoro isomer had been 
prepared earlier by Neeman and Osawa3 via  a lengthy 
route starting with 19-nortestost,erone. This route, 
however, was inapplicable to the preparation of the 2 
isomer and for the 4 isomer the present route appears 
also to be the preferred one. Our initial attempts to

(1) S u p p o r te d  b y  C o n tra c t  N o . P H -43 -62 -479 , C a n c e r  C h e m o th e ra p y  
N a tio n a l S erv ice  C e n te r , N a tio n a l I n s t i tu te s  of H e a lth , U . S. P u b lic  H e a lth  
S erv ice.

(2) B o th  2- a n d  4 -flu o ro estrad io l w ere  fo u n d  a c tiv e  in  a n t i- im p la n ta tio n  
a n d  es tro g en  te s t s  (30 a n d  140%  of e s tra d io l, re sp ec tiv e ly ) in  th e  la b o ra to r ie s  
of D r. J .  R . B ro o k s a n d  D r. D . J .  P a ta n e ll i  of th e  M erck  I n s t i t u te  fo r T h e ra 
p eu tic  R esea rch , R ah w a y , N . J .  T h e  u te ro tro p ic  re s u lts  w ere  con firm ed  in 
th e  la b o ra to r ie s  of th e  N a tio n a l I n s t i tu te s  of H e a lth , B e th esd a , M d ., w h ile  
a t  h ighe r doses (i.e ., te n  tim es) b o th  ep im ers  ex h ib ite d  an d ro g en ic  ac tiv itie s . 
W ith  re sp e c t to  can cer, no  in fo rm a tio n  h a s  a s  y e t  b ee n  rece iv ed  b y  u s  from  
th e  N a tio n a l In s t i tu te s  of H e a lth .

(3) N . N eem an  a n d  Y . O saw a, Tetrahedron L ett., 28, 1987 (1963).

introduce the fluorine by an unpublished procedure4 
requiring ultraviolet irradiation of the pertinent di- 
azotized aminoestradiol 3-methyl ethers in a mixture of 
anhydrous hydrogen fluoride and dioxane in the pres
ence of a copper powder catalyst were unsuccessful. 
The melting points reported in this procedure, which 
were the only physical data given, differed markedly 
(30-50°) from those found in this laboratory. On the 
other hand, our physical data for the 4 isomer agree 
fully with those reported by Neeman and Osawa.

We adopted the Schiemann reaction for the intro
duction of the fluorine into the aromatic ring., i.e ., 
thermal decomposition of the solid estrone 2- and 4- 
diazonium fluoroborate salts. For reasons explained 
below estrone was used as a starting material rather 
than estradiol and was nitrated with 1 equiv of nitric

(4) T h is  p ro c e d u re  w as m a d e  a v a ila b le  to  u s  th ro u g h  th e  C an c e r C hem o
th e ra p y  N a tio n a l S erv ice  C e n te r , B e th esd a , M d . A  m ix tu re  fro m  th is  so u rce  
w as pu rif ied  b y  th in  la y e r  c h ro m a to g ra p h y  a n d  te s te d  b io log ica lly  b y  E . 
H eck e r  a n d  G . F a rth o fe r-B o e c k h , Biochem . Z .,  338, 1628 (1963).
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acid, essentially as described by Werbin and Holoway.5 
The two isomers (la and b) were easily separated owing 
to the greater solubility of the 2-nitro isomer and ob
tained in about equal yield, 40% of the 4- and 37% of 
the 2-nitro isomer, which with dimethyl sulfate and 
dilute alkali6 gave the methyl ethers (Ha and b) in 91 
and 76% yield, respectively. Nuclear magnetic res
onance spectra for these isomers showed two singlets 
at t  2.17 and 3.18 in one case (Ha) and a pair of dou
blets at r 2.55, 2.70 and 3.05, 3.20 (./ = 9 cps) in the 
other (lib), consistent with substitution of the 2 
and the 4 positions, respectively. These assignments 
agree with those of Werbin and Holoway, which were 
arrived at by means of ultraviolet and infrared spec
troscopy, as opposed to assignments by Niederl and 
Vogel7 as well as Hillmann-Elies and coworkers.8 
Hydrogenation of the nitro isomers over Raney nickel 
gave good yields, 79% in each instance, of the two 
amino derivatives (Ilia and b) having physical proper
ties similar to those reported by Kraychy, who pre
pared the same amines by another method.6'9 They 
were diazotized in aqueous fluoroboric acid to yield the 
corresponding 2- or 4-diazonium fluoroborate (IVa and 
b) as solid yellow salts in 75 and 86% yield, respectively. 
Thermal decomposition of these salts at 130-135° 
under vacuum and in the presence of copper powder, 
serving both as catalyst and heat transfer agent, per
mitted isolation of the respective fluoro derivatives 
(Va and b) as sublimates, yielding 35% in both cases 
after chromatography. Reduction with sodium boro- 
hydride in tetrahydrofuran gave the respective 17/3- 
carbinols (Via and b) in nearly quantitative yields. 
Cleavage of the methyl ethers with pyridine hydro
chloride yielded the desired 2- and the 4-fluoroestradiol 
(Vila and b) in yields of 35 and 39%, respectively.10 
The 2 isomer was contaminated with a little estradiol, 
apparently formed during one of the latter steps, re
quiring separation via  the diacetate (Villa). The pre
vious assignment of structures to the nitro derivatives 
was confirmed by the proton magnetic resonance spec
tra of the fluoroestradiols. The appearance in the 
aromatic region of one spectrum (Vila) of two doublets 
at t  2.91, 3.13 and 3.24, 3.40 (J  =  13 and 9.5 cps) in
dicated that the fluorine was located on carbon 2 , 
since the pattern is characteristic for ortho and m eta  
proton-fluorine coupling. The location of the fluorine 
at carbon 4 of the other isomer (VI lb) was arrived at by 
inference, the spectrum showing an aromatic multiplet 
centered at approximately r 3.15. All other physical 
data were in accord with these structural assignments 
for the final products as well as the intermediates.

When initially estradiol was employed as the starting 
material, in a reaction sequence equivalent to the route 
described above, the diazotization reaction on the
4-aminoestradiol 3-methyl ether gave no solid fluoro
borate salt but dark oils only. However, when a 1 mol 
excess of sodium nitrite was used, a yellow solid was

(5) H . W erb in  a n d  C . H o low ay , J .  B io l. Chem ., 223 , 651 (1956).
(6) S. K ra y c h y , J .  A m er. C hem . Soc ., 81, 1702 (1959); m e th an o l w as 

rep laced  w ith  te tr a h y d ro fu ra n  a s  so lv en t.
(7) J . B . N ied e rl a n d  H . J . V ogel, ib id ., 71 , 3566 (1949).
(8) E . A. H illm an n -E lie s , G . H illm an n , a n d  U . S ch ie d t, Z . N aturforsch ., 

B , 8 b , 436 (1953).
(9) S. K ra y c h y  a n d  T . F . G a llag h er, J .  Am er. Chem. Soc., 79, 754 (1957); 

J .  B io l. C hem ., 229 , 519 (1957).
(10) R e v e rsa l of th e  o rd e r  of th e se  tw o  la s t  s tep s  g a v e  a  lesser o ver-a ll

y ie ld  (2 0 % ); a  sm all a m o u n t of 4 -flu o ro estro n e  (V IH b ) w as th u s  p rep a re d .

rapidly formed. It was identified as the 17/3-nitrite 
ester of the diazonium fluoroborate salt of estradiol 
methyl ether (IVc), the mode of formation and its 
behavior substantiating the structure. The product 
was very unstable and decomposed to the corresponding 
17-ketone (IVb) on standing over several days at 20-

Ia,R=H  
IIa,R = CH3

CH3Cr 
IIIa,R=NH2 
TVa,R= N=N'BF4

i

Ib,R = H 
lib, R = CH3

I

iii,r = n h 2
w ,r = n = n -b f 4

1

Vb,R = CH3|X = 0  
VIb, R = CH3; X = OH 

VBb,R = H;X = OH 
VIIIb,R = H;X = 0

Va,R=CH3;X = 0  
VIa,R = CH3; X = OH 

VIIa,R = H;X = OH 
V illa, R = Ac; X = OAc

ONO

25° or at an accelerated rate at elevated temperatures. 
If left in the original reaction mixture, the product de
composed much faster; after stirring at 15-25° for 1  hr, 
the ketone was isolated directly, in yields of 60-85%. 
Heating under vacuum to 130° in the presence of 
copper powder gave the 4-fluoroestrone methyl ether 
(Vb), identical with the product obtained v ia  the above- 
described route from estrone. The general utility of 
these reactions for preparative use are presently being 
looked into, particularly with a view toward a con
venient way of preparing steroid nitrites and/or a 
mild method for oxidizing secondary alcohols, etc. 
Previously Coe and Doumani11 prepared the f-butyl 
nitrite in the presence of aqueous sulfuric acid and 
decomposed it photochemically to acetone and nitro-

(11) C . S. C oe a n d  T . F . D o u m an i, J .  A m er. Chem . Soc., 70 , 1516 (1948).
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somethane. Barton and coworkers12' 13 prepared steroid 
nitrites with nitrosyl chloride in pyridine and subjected 
them to photolysis, causing rearrangements to the cor
responding hydroxamic acids. They also briefly men
tioned pyrolysis at high temperatures (160-300°?) of 
two steroid nitrites to a mixture of the corresponding 
ketones and alcohols; few experimental details and no 
yields were given.14 In our case the ease of both the 
nitrite ester and the ketone formation was quite re
markable, the latter taking place at room temperature 
with or without isolation of the ester.15 It is not yet 
clear if this facility is due to the particular conditions 
in the reaction mixture, such as an influence of the fluoro- 
boric acid on the rate of decomposition, or due to some 
long-range effects from the diazonium fluoroborate group 
(over eight carbon atoms) or intermolecular phenom
ena, in either case interesting aspects.

It is noteworthy that in these series the ultraviolet 
absorption intensities of the 2-substituted steroids are 
considerably higher, mostly about two to four times, 
than those of the 4 isomers. This is true for all mem
bers of the two series, regardless of the electronic nature 
of the substituents, i.e ., whether they are electron-with
drawing or -donating groups. There are also minor 
variations in the wavelengths and some additional 
bands in the 2-substituted series, while in base the 
differences are largely eliminated. Table I illustrates

T a b l e  I
U l t r a v io l e t  A b s o r p t io n  I n t e n s it ie s  

o f  2- a nd  4-S tjb st it u t e d  E st r o n e s  
an d  E s t r a d io l s  ( in  M e t h a n o l )

✓-------- 4 substituted0------- * /------2 substituted6-------
I (NO,) €275 1700 (6217 11,000) €284 6800 (€216 17,200)
I in base €288 4480  (€240 15,400) €287 5100 (€233 18,700)
II (NO,) €275 1525 €275 4400 (€339 3,070)
III (NH,) 6287 2770 €296 4380 (e237 6 ,800)
V (F) €274 1410 €277 2470
VI (F) €273 1240 €277 2780
VII (F) €277 1280 €280 2810
VII in base €290 2300 (e238 9 ,700) €296 3720 (€237 9,050)
VIII (F) €277 1420 (€217 8,150)

“ b series. 6 a series.

this phenomenon and could serve to identify and dis
tinguish between 2- and 4-substituted isomers of 
l,3,5(10)-estratrienes. 16

Experimental Section
Melting points were taken on a calibrated Thomas-Hoover 

Unimelt apparatus. Ultraviolet spectra were run on a Cary 11

(12) C . H . R o b in so n , O. G n o j, A. M itc h e ll, E . P . O live to , a n d  D . I i .  R . 
B a rto n , Tetrahedron, 21, 743 (1965); see a lso  J .  A m er. Chem. Soc., 83, 1771 
(1961).

(13) D . H . R . B a r to n , J . M . B ea to n , L . E . G eller, a n d  M . M . P e c h e t, ib id ., 
83, 4076 (1961).

(14) A fte r  o u r  a r t ic le  w as f ir s t s u b m it te d  a  re p o r t  b y  D . H . R . B a rto n , 
G . C . R a m sa y , a n d  D . W ege a p p e a re d  in  J .  Chem. Soc., 1915 (1967), 
d esc rib ing  th e  use of p r im a ry  n i tr i te s , p re p a re d  acco rd in g  to  th e  m e th o d  of 
C oe a n d  D o u m a n i,11 in  p h o to ly sis  a n d  p y ro ly s is  rea c tio n s  a t  300 ±  10°. 
O ne s te ro id a l n i t r i t e  w as also  co n v e rte d  a t  132° in  so lu tio n  to  th e  co rresp o n d 
ing  k e to n e  a n d  alcoho l; no  y ie ld s  w ere  g iven .

(15) T h is  w ork  w as a c tu a lly  d o n e  in  ea rly  1965 a n d  re p o r te d  in  th e  “ Q u ar
te r ly  P ro g ress  R e p o r ts  to  th e  C a n c e r  C h e m o th e ra p y  N a tio n a l S erv ice  
C e n te r ,’’ M erck  S h a rp  & D o h m e  R e sea rc h  L a b o ra to rie s , R a h w a y , N . J ., 
N o. 30, 1965, p  11, a n d  N o . 31, 1965, p  12.

(16) T h is  in fo rm a tio n  w as used  a d v a n ta g e o u s ly  in  a  fo r th c o m in g  p u b lica 
tion  (J . Org. Chem ., in  p ress) from  th is  la b o ra to ry  on  th e  sy n th es is  of 2- a n d  
4 -b ro m o estrad io l su g g estin g  t h a t  a  p rev io u s  p re p a ra tio n  in  th e  l i te ra tu re  w as
im p u re  o r possib ly  n o t th e  desired  isom ers.

spectrophotometer, infrared spectra on a Perkin-Elmer 421 
grating spectrophotometer, and nuclear magnetic resonance 
spectra on a Yarian A-60 spectrometer. Chemical shifts are 
reported in r values relative to tetramethylsilane. Optical rota
tions were measured on a Zeiss precision polarimeter.

2-Nitroestrone (la) and 4-nitroestrone (lb) were prepared 
essentially as described by Werbin and Holoway.5 Nitration of 
estrone in acetic acid with 1 mol of concentrated nitric acid gave 
about equal amounts of each isomer, 37 and 40%, respectively. 
During the work-up the 4 isomer separated directly in nearly 
pure form whereas the more soluble 2 isomer was obtained from 
the mother liquors. Chromatography on alumina (Merck) with 
chloroform gave the pure 4 isomer (lb), mp 274-280° (lit.6-7 
270-280°, 258°), X“k°H 275 (« 1700) [lit.6 278 mM (e 1720)],
and the pure 2 isomer (la), mp 179-183° (lit.5'8 183-184°, 
155°), x r H 284 (e 6800) and 216 mM (e 17,200) [lit.5 293 mM 
(e 8220)]. The infrared spectra were as expected for both iso
mers. Nuclear magnetic resonance data on the methylated 
derivatives below supported the structural assignments of Werbin 
and Holoway5 and disagreed with those of Niederl and Vogel7 
and of Hillmann-Elies and coworkers.8

2- and 4-Nitroestrone Methyl Ether (Ha and b).—Methylation 
with dimethyl sulfate and dilute alkali in tetrahydrofuran in the 
usual manner6 gave the 2- and 4-nitroestrone methyl ethers in 
91 and 76% yields, respectively. The 2 isomer (Ila) showed 
mp 163-166° (lit.6 147°; 157-159°), x"”?H 275 (c 4400) and 339 

(e 3070) [lit.6 272.5 (<= 4510) and 336 mM (e 3130)]; the 
4 isomer (lib) showed mp 253-256° (lit.6 261-261.5°), x“'?H 
275 m,i (c 1525) [lit.6 275.5 m/, (e 1570)]. The infrared spectra 
were as expected for both epimers.

The nuclear magnetic resonance spectra (in deuterioehloro- 
form) of the two isomers showed in addition to the common 
features of peaks at r 9.08 (18-CH3) and 6.07 or 6.13 (CH30 -)  
also two singlets at t  2.17 and 3.18 in one case (Ila) and a pair 
of doublets at t  2.55, 2.70 and 3.05, 3.20 in the other (lib ) (J  = 
9 cps), consistent with substitution of the 2 position and the 4 
position, respectively..

2-Aminoestrone Methyl Ether (Ilia).—2-Nitroestrone methyl 
ether (Ila, 20 g) was hydrogenated in 2.4 1. of absolute ethanol 
over 9 g of Raney nickel (W-2) catalyst at 25° and an initial 
pressure of 40 psi, until the theoretical amount of hydrogen was 
absorbed. The catalyst was removed, the filtrate concentrated 
to dryness under vacuum and the residue recrystallized from 
methanol to yield 15 g (79%) of 2-aminoestrone methyl ether 
(Ilia), mp 170-173° (lit.6 172-174°). The product showed a 
single spot on a thin layer chromatogram (alumina-benzene), 
X liH 237 U 6800) and 296 mp. (<= 4380) [lit.6 239 (e 6980) and
295.5 mn (e 4480)]. The infrared spectrum was consistent with 
the structure Ilia  exhibiting bands at 3450, 3370 (N-H), 1725 
(17-C=0), 1610, 1585, 1580 (Ph), 1260, 1280 cm“1 (OCH3).

Estrone Methyl Ether 2-Diazonium Fluoroborate (IVa).—A 
suspension of 25 g of 2-aminoestrone methyl ether (Ilia) in a 
mixture of 100 ml of tetrahydrofuran, 20 ml of dioxane, and 125 
ml of 48% aqueous fluoroboric acid was chilled to 0° to —5°. 
A solution of 12.5 g of sodium nitrite in 40 ml of cold water was 
added dropwise over 5 min to the vigorously stirred mixture 
while maintaining the above temperature. Stirring the slurry at 
0 to 10° for 1 hr gave a reddish colored solution from which, 
upon dilution with 1.3 1. of cold water, the yellow diazonium 
fluoroborate salt precipitated. This was stirred for 1 hr at 0°, 
filtered off and washed with cold water, sucked as dry as possi
ble, washed with ether, and dried under vacuum to yield 25 g 
(75%) of estrone methyl ether 2-diazonium fluoroborate (IVa), 
mp 160-165° dec. The infrared spectrum was consistent with 
the assigned structure IVa, exhibiting bands at 2230 (N = N ), 
1735 (17-C=0), 1600, 1550, 1490 (Ph), 1280 (OCH3), and 1050- 
1080 (br) cm“1 (BF4).

Anal. Calcd for CI9H230 2N2BF4 (398.20): C, 57.40; H, 5.81; 
N, 7.03; F, 19.08. Found: C, 57.00; H, 5.70; N, 6.90; F,
18.60.17

2-Fluoroestrone Methyl Ether (Va).—A mixture of 17 g of
estrone methyl ether 2-diazonium fluoroborate (IVa) and 17 g 
of copper powder (Martin Marietta Corp.) was spread in a thin 
layer in a sublimation apparatus (diameter of the pot, 13 cm). 
The diazonium salt was decomposed under vacuum (0.2 mm) by 
increasing the oil-bath temperature slowly to 130-135° over a

(17) T h e  e lem en ta l an a ly se s  of th is  a n d  th e  tw o  fo llow ing d iazo n iu m
flu o ro b o ra te s  (IV b  a n d  c) a re  as  good  a s  can  rea so n ab ly  b e  exp ec ted  fo r a
d ire c t p re c ip ita te  t h a t  w as n o t  a t  a ll pu rified .
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period of 1 hr, kept at this temperature for 2 hr, and finally 
increased to 17 0 °  for 3  hr. During this period some white solid 
and a red by-product sublimed onto the sides of the still. After 
cooling, the solids were dissolved in chloroform and filtered, 
and the filtrate was concentrated to dryness to yield 16  g of a 
dark amorphous solid. This material was stirred for 10 min in 
12 5  ml of benzene and filtered to remove some tarry material; 
the filtrate was concentrated to dryness to yield 10 g of dark 
product. Chromatography on 300 g of acid-washed alumina 
(Merck) and elution with benzene yielded 4.5  g (3 5 % ) of 2- 
fluoroestrone methyl ether (Va), mp 1 2 5 - 12 8 ° ,  [a ]KD + 6 9 °  
(c 1, chloroform). Thin layer chromatography (alumina- 
benzene) showed a single spot; uv, x“'°H 277 m/» (e 2470). The 
infrared spectrum was consistent with the structure Va showing 
bands at 17 3 5  ( 1 7 - C = 0 ) ,  16 10 - 16 2 0 , 1 5 9 0 - 15 10  (Ph), and 12 70  
cm"1 (OCH,).

Anal. Calcd for Ci9H230 2F (302.39): C, 75.50; H, 7.65; 
F, 6.28. Found: C, 75.25; H, 7.70; F, 5.96.

2-Fluoroestradiol 3-Methyl Ether (Via).—A solution of 11 g 
of 2-fluoroestrone methyl ether (Va) in 240 ml of tetrahydrofuran 
was chilled to 0-5° and treated with a solution of 4 g of sodium 
borohydride in 50 ml of cold methanol at 0-5° for 30 min. The 
solution was acidified by the cautious addition of 40 ml of cold 
4 N  hydrochloric acid, during which time the produce precipi
tated. Most of the organic solvents were removed under vacuum 
on a water bath, 500 ml of water was added, and the mixture was 
stirred at 0-5° for 1 hr. The white 2-fluoroestradioI 3-methyl 
ether (Via) was washed to neutrality with water and recrystal
lized from methanol to yield 10 g (90%), mp 84-86°, [o/]26d 
+61° (c 1, chloroform). A thin layer chromatogram (alumina- 
benzene) showed a single spot; uv, X“°°H 277 mu (e 2780). The 
infrared spectrum was consistent with the structure Via, with 
bands at 3000-3650 (OH), 1580-1620, 1500 (Ph), and 1260 
cm ' 1 (OCH,).

Anal. Calcd for C19H25O2F (304.40): C, 75.01; H, 8.16;
F, 6.24. Found: C, 74.80; H, 7.90; F, 5.93.

2-Fluoroestradiol (Vila).—2-Fluoroestradiol 3-methyl ether 
(Via, lOg) was mixed thoroughly with 100 g of pyridine hydro
chloride in a glass vial and heated in a steel bomb to 180° for 4 hr. 
After cooling, the residue was treated with 0.1 N  hydrochloric 
acid and extracted with ether, and the combined extracts were 
washed with 0.1 i f  hydrochloric acid and water. The ether 
layer was extracted four times with 250-ml portions of 1 N  potas
sium hydroxide, the combined alkaline extracts were washed with 
ether and acidified with concentrated hydrochloric acid, and the 
organic material was extracted with chloroform. The combined 
extracts were washed to neutrality with water and concentrated 
to dryness under vacuum yielding 8 g of crude 2-fluoroestradiol. 
Recrystallization from methanol and treatment with charcoal 
gave 6.0 g of crystalline product, mp 170-173°. Phase solubility 
analysis and thin layer chromatograms on both alumina or silica 
gel (chloroform) showed a single component; however, two spots 
were visible on cellulose (ethylene glycol-benzene). The close 
physical similarities of the two components required their separa
tion as the diacetates. Thus, 3.5 g of this material was treated 
with 14 ml of pyridine and 14 ml of acetic anhydride at 25° 
overnight. Addition of 500 ml of cold water, stirring for 2 hr, 
and washing with water yielded 4 g of diacetate, mp 95-105°. 
(A thin layer chromatogram showed the impurity to be the more 
polar estradiol diacetate.) This material was chromatographed 
on 120 g of silica gel (Baker); elution with benzene yielded
2.6 g (58%) of pure 2-fluoroestradiol 3,17-diacetate (V illa), mp 
118-120°. A thin layer chromatogram (silica gel-benzene) now 
showed a single spot. The infrared spectrum (in Nujol) was 
consistent with the diacetate structure, as was a hydrolytic 
acetyl determination. The diacetate was hydrolyzed :n 25 ml 
of methanol and 8 ml of water with a solution of 1.25 g of potas
sium hydroxide in 15 ml of methanol by stirring at 25° under 
nitrogen. The steroid dissolved within 5 min while the reaction 
mixture was stirred for 8 hr to ensure complete hydrolysis, then 
was neutralized with acetic acid and concentrated under vacuum 
on a water bath to remove most of the organic solvent. Water 
(50 ml) was added, the mixture was stirred at 0-5° for 1 hr, and 
the solids were washed with water to give 2.1 g of product. 
Sublimation at 180° (50 /r) gave 1.9 g (35%) of pure 2-fluoro- 
estradiol (Vila), mp 173-175°, [<*]25d +76° (c 1, methanol). 
A thin layer chromatogram (cellulose-ethylene glycol-benzene) 
showed a single spot; uv, X“*°H 280 m/i (e 2810), in base 296 m^ (e 
3720) and 237 (9050). The infrared spectrum (in Nujol) exhibited 
bands at 3100, 3350-3400, 3550-3600 (OH), 1610, 1590, 1500

cm-1 (Ph). The nuclear magnetic resonance spectrum (in deu- 
terioacetone) was consistent with the assigned structure Vila, 
with peaks at r 9.22 (I8-CH3), 6.30 (17-OH), and two doublets 
at 2.91, 3.13 and 3.24, 3.40 (J  = 13 and 9.5 cps). The latter 
pattern is characteristic for ortho and meta proton-fluorine 
coupling respectively, indicating that the fluorine was located 
on carbon 2.

Anal. Calcd for CI8H230 2F (290.38): C, 74.45; H, 7.98; 
F, 6.54. Found: C, 74.42; H, 8.08; F, 6.32.

4-Aminoestrone Methyl Ether (lib).—4-Nitroestrone methyl 
ether (lib , 20 g) was hydrogenated as described for the 2 isomer 
(Ilia) and the residue recrystallized from methanol, yielding 15 
g (79%) of Aaminoestrone methyl ether (Illb), mp 173-175° 
(lit.6 188-191°). Thin layer chromatography (alumina-benzene) 
showed a single spot; uv, x“,'°H 287 m/i (e 2770) [lit.6 287.5 m/i (e 
2820)]. The infrared spectrum was consistent with the structure 
Illb , with bands at 3400, 3450 (N-H), 1730 (17-C =0), 1600 
(NH,), and 1560, 1480 cm“1 (Ph).

Estrone Methyl Ether 4-Diazonium Fluoroborate (IVb).—A 
suspension of 20 g of +aminoestrone methyl ether (Illb) in a 
mixture of 40 ml of dioxane and 80 ml of 48% aqueous fluoroboric 
acid was diazotized as described for the 2 isomer (IVa), yielding 
23 g (86%) of estrone methyl ether 4-diazonium fluoroborate 
(IVb), mp 160-165° dec. The infrared spectrum was consistent 
with the structure IVb, with bands at 2230 (N = N ), 1735 (17- 
C = 0 ), 1600, 1550, 1490 (Ph), 1280 (OCH3) and 1050-1080 
(br) cm-1 (BF4).

Anal. Calcd for CI9H2302N2BF4 (398.20): C, 57.40; H, 5.81; 
N, 7.03; F, 19.08. Found: C, 57.33; H, 5.81; N, 7.02; 
F, 18.50.17

4-Fluoroestrone Methyl Ether (Vb).—A mixture of 17 g of 
estrone methyl ether 4-diazonium fluoroborate (IVb) and 17 gof 
copper powder was treated in the same manner as the 2 isomer 
(Va), to yield 4.5 g (35%) of pure 4-fluoroestrone methyl ether 
(Vb), mp 160-163°, [« ]25d +132° (c 1, chloroform). Thin layer 
chromatography (alumina-benzene) showed a single spot, uv, 
x l i H 274 m/i (e 1410). The infrared spectrum was consistent 
with the structure Vb, with bands at 1730 (17-C=0), 1600- 
1620, 1590 (Ph), and 1280 cm-1 (OCH,).

Anal. Calcd for Ci9H230 2F (302.39): C, 75.50; H, 7.65; 
F, 6.28. Found: C, 75.45; H, 7.87; F, 5.95.

4-Fluoroestradiol 3-Methyl Ether (VIb).—To a solution of 8 g 
of 4-fluoroestrone methyl ether (Vb) in 160 ml of tetrahydrofuran 
chilled to 0-5° was added 4 g of sodium borohydride dissolved 
in 50 ml of cold methanol, as described for the 2-fluoro isomer 
(Via). The +fluoroestradiol 3-methyl ether (VIb) was recrystal
lized from methanol to yield 7.2 g (90%), m p 135-138°, [a )25D 
+  75° (c 1, chloroform). A thin layer chromatogram (alumina- 
benzene) showed a single spot; uv, X”J°H 273 m/i (e 1240). The 
infrared spectrum was consistent with the structure VIb, with 
bands at 3600, 3450 (OH), 1600-1620, 1500 (Ph), and 1290 
cm-1 (OCH,).

Anal. Calcd for Ci9H250 2F (304.40): C, 75.01; H, 8.16; 
F, 6.24. Found: C, 74.83; H, 8.00; F, 5.95.

4-Fluoroestradiol (Vllb).—+Fluoroest,radiol 3-methyl ether 
(VIb, 8 g) was mixed with 80 g of pyridine hydrochloride and 
treated as described for the 2-fluoro isomer (Vila), yielding 7 g 
of material. Recrystallization from methanol gave 3.0 g (39%) 
of pure 4-fluoroestradiol (Vllb), mp 189-191° (lit.3 mp 190- 
191°), [a] 25d +70.8° (c 1, methanol). A thin layer chromatogram 
(alumina-chloroform) showed a single spot; uv, X“'°H 277 m/i (e 
1280) [lit.3 274 m/i (e 1210)], in base 290 m/i (« 2300) and 238 
(9700) [lit.3 292 m/i (e 2340)]. The infrared spectrum (in Nujol) 
showed bands at 3200-3500 (OH), 1610, 1580, 1490 cm-1 (Ph). 
The nuclear magnetic resonance spectrum (in deuterioacetone) 
was consistent with the assigned structure V llb, with peaks at r 
9.23 (18-CH3), 6.30 (17-OH), and an aromatic multiplet ex
tending from 2.97 to 3.40, centered at approximately 3.15.

Anal. Calcd for Ci8H230 8F (290.38): C, 74.45; H, 7.98; 
F, 6.54; C, 74.50; H, 7.91; F, 6.54.

Estradiol 3-Methyl Ether 4-Diazonium Fluoroborate 17/3- 
Nitrite Ester (IVc).—To a solution of 5 g of 4-aminoestradiol
3-methyl ether in a chilled mixture of 8 ml of dioxane and 8 ml 
of 48% aqueous fluoroboric acid was added dropwise 2.5 g of 
sodium nitrite in 3 ml of cold water over 5 min while maintaining 
the temperature at 0-5°. The yellow precipitate -which formed 
was filtered off after stirring for 10 min at 0-5°, washed with cold 
water, sucked as dry as possible, and washed with ether. The 
product, weighing 5 g (67%), was shown to be the estradiol 3- 
methyl ether 4-diazonium fluoroborate 17/3-nitrite ester (IVc),
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as also suggested by its mode of formation and behavior. The 
infrared spectrum (in Nujol) was consistent with this structure, 
showing bands at 1650 (-0 N 0 2 or ONO), 2280 (N = N ), 1610, 
1580, 1500 (Ph), 1020-1090 cm“1 (BF4).

Anal. Calcd for C19H24O3N3BF4 (429.22): C, 49.50; H, 5.22; N, 
9.10; F, 16.45. Found: C, 50.54; H, 5.17; N, 9.47; F, 17.05.17

The product was very unstable and decomposed rapidly with
out melting at about 120°, giving off a brown gas, while standing 
at 20-25° for several days gave a pale yellow solid, identified 
as the estrone 3-methyl ether 4-diazonium fluoroborate (IVb). 
In experiments where the initial precipitate of the diazonium 
fluoroborate nitrite ester was left stirring in the original reaction 
mixture for 1 hr at 15-25°, good yields (60-85%) of the 17-ketone 
(IVb) were obtained directly.18 * * * * * * This could be converted into the

(18) Note Added i n  Proof.— Subsequently this procedure was improved
upon by  filtering off the nitrite ester (IV c ) and re-treating it w ith the original
volum es of dioxane and aqueous fluoroboric acid at about 20°. After the
evolution of gas had subsided, the estrone 3-methyl ether 4-diazonium fluoro
borate ( IV b ) crystallized from the cooled (0°) reddish solution in 9 0 %  yield.
T h is  high yield indicates that this reaction proceeds b y  a mechanism quite 
different from the one suggested b y  Barton and coworkers12-14 or authors 
cited b y  Barton, for the thermal decomposition of nitrite esters. The ir 
mechanism requires the formation of equal amounts of ketone and the corre
sponding carbinol v ia  an over-all disproportionation reaction, whereas we 
found no such alcohol. I t  is hoped that this subject can be expanded upon

2 R 2C H O — N = 0 -----R 2C = 0  +  R 2C H O H  +  2 N O

in a planned forthcoming publication on low temperature decomposition of 
n itrite esters.

4-fluoroestrone methyl ether (Vb), as described above in 33% 
yield.

4-Fluoroestrone (VUIb).—4-Fluoroestrone methyl ether (Vb, 
500 mg) was mixed thoroughly with 5 g of pyridine hydrochloride 
and treated as described for the 4-fluoroestradiol methyl ether 
(VIb), yielding 100 mg (21%) of 4-fluoroestrone (VUIb), mp 
223-225°, [a]25d +144° (c 1, chloroform). A thin layer chro
matogram (alumina-chloroform) showed a single spot; uv,
277.5 m/u (e 1420) and 217 (8150). The infrared spectrum (in 
Nujol) was consistent with the structure VUIb, with bands at 

. 3200-3500 (OH), 1610, 1580, 1490 (Ph), 1730 cm“1 (17-C =0).
Anal. Calcd for Ci8H2I0 2F (288.37): C, 75.00; H, 7.33; 

F, 6.59. Found: C, 74.90; H, 7.40; F, 6.50.

Registry No.—Ia, 5976-73-8; lb, 5976-74-9; Ha, 
16223-65-7; lib, 14846-62-9; Ilia, 13010-22-5; Illb, 
13010-21-4; I Va, 16222-59-6; IVb, 15091-55-1; IVc, 
16222-60-9; Va, 16205-28-0; Vb, 16205-29-1; Via, 
16205-30-4; VIb, 16205-31-5; Vila, 16205-32-6; Vllb, 
1881-37-4; Villa, 16205-34-8; VUIb, 1881-36-3.
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Addition of phenylmetallic reagents to 1,2-O-isopropylidene-D-glyceraldehyde leading to the formation of 
optically pure D-erythro- and D-i/jreo-l-C-phenylglycerol was investigated. Oxidation of the newly formed hy
droxyl group in the addition products by Moffatt’s reagent gave the expected ketone, which was reduced by 
LiAlD4 to yield a pair of optically active diastereomers, 2,3-0-isopropylidene-D-cryi/iro-l-C-phenylglycerol-l-di 
and 2,3-O-isopropylidene-D-iftreo-l-C-phenylglycerol-l-di. The absolute configuration of the piienylglycerols 
and their derivatives was established by conversion into compounds of known configuration and supported by 
infrared and nuclear magnetic resonance (nmr) spectrometric studies. The complex nmr splitting patterns of the 
1-C-phenylglycerols and their acyclic derivatives are interpretable by their resemblance to simple first-order 
splitting patterns.

Stereoselective addition of phenylmagnesium bromide 
to aldehydro  and keto sugars and the determination of 
absolute configuration at the benzylic center was 
reported2 recently. The steric difference between 
phenyllithium and phenylmagnesium bromide reagents 
was suggested as an explanation for the dramatic 
difference in diastereomeric product distribution, when 
these reagents added to V-benzyl-2,3-0-isopropylidene- 
D-glyceraldimine.3 Addition of phenylmagnesium bro
mide to 2,3-di-O-benzoyl-D-glyceraldehyde was re
ported to yield a single optically active product, whose 
absolute configuration was not firmly established, but 
which was identified as “dibenzoyl-a-D-phenylglycerol” 
by the authors.4 * In this Article, we shall describe the 
synthesis of optically active 1-C-phenylglycerols; their 
derivatives, including some with a deuterium atom

(1) (a) Presented at 155th N ational Meeting of the Am erican Chemical
Society, San Francisco, Calif., M a rch  1968, Abstracts, p C2. (b) National
Science Foundation  Undergraduate Research Program  Participant, G rant 
No. GY-817.

(2) T . D . Inch, R. V. Levy, and P. R ich, C h em . C o m m u n ., 865 (1967).
(3) J. Yoshim ura, Y . Ohgo, and T. Sato, J .  A m e r ,  C h em . S o c ., 86, 3860 

(1964).
(4) M . Tiffeneau, I. Neuberg-Rabinovitch, and H . Cahnm ann, B u l l .  S o c .

C h im . F r . , [v] 2, 1866 (1935).

attached to the benzylic carbon; and the assignment of 
absolute configuration to these compounds.

When phenyllithium or phenylmagnesium bromide 
was allowed to react with 2,3-O-isopropylidene-D- 
glyceraldehyde,6 the same pair of diastereomers,
2.3- O-isopropylidene-D-f/w’eo-l-C-phenylglycerol (1) and
2.3- 0-isopropylidene-D-er?/(/iro-l-C-phenylglycerol (4), 
were obtained in good yield. Product analysis by glpc 
revealed that the phenyllithium addition gives almost 
the same diastereomeric distribution (62% threo, 38% 
erythro) as the phenylmagnesium bromide addition 
(58% threo, 42% erythro). The preponderant isomer 
in each case was the one predicted by Cram’s rule of 
asymmetric induction.6 Although the stereoselec
tivity of phenylmagnesium bromide reagent appears to 
be somewhat less than that observed for phenyllithium, 
no dramatic reversal of product distribution was noted 
in the course of this work, contrary to the reversal noted 
by Yoshimura, Ohgo, and Sato3 for their work involving 
the addition of these two reagents to Y-benzyl-2,3-0-

(5) E. Baer and H. O. L . Fisher, J .  B io l. C h e m ., 128, 463 (1939).
(6) (a) D . J. C ram  and F. A. Abd. Elhafez, J .  A m e r .  C h em . Soc., 74, 5828 

(1952); (b) D . J. Cram  and D. R. W ilson, ib id ., 86, 1245 (1963).
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isopropylidene-D-glyceraldimine, which is a nitrogen 
analog of 2,3-O-isopropylidene-D-glyceraldehyde.

Assignment of structures to the two diastereomers 
was made by converting them into compounds of known 
configuration and supported by study of the intramolec
ular hydrogen bonding present in 1 and 4. The abso
lute configuration of crystalline 2,3-O-isopropylidene- 
D-^/ireo-l-C'-phenylglycerol (1, mp 74-75°) was firmly 
established by benzoylation to give a monobenzoate 
(2), which was hydrolyzed by dilute acid to give 1-0- 
benzoyl-D-i/ireo-l-O-phenylglycerol (7). Lead tetra
acetate cleavage of 7 followed by lithium aluminum 
hydride reduction of the cleavage product gave optically 
pureL-( — )-l-phenyl-l,2-ethanediol (14), [ a ] 23D  —57.8°. 
This compound with rotation of [ « ] 28d  —47.1° was 
prepared by Eliel and Delmonte7 by hydride reduction 
of d - (  — )-mandelic acid of 82% optical purity. Assum
ing that the optical purity reported by Eliel and Del
monte is correct, simple calculation indicates that the 
l - (  — )-l-phenyl-l,2-ethanediol from the degradation 
study is optically pure, which, in turn, suggests that all 
the steps in the reaction sequence from 2,3-O-iso- 
propylidene-D-glyceraldehyde to l-( —)-l-phenyl-l,2- 
ethanediol proceeded with complete retention of con
figuration. This degradation study firmly established 
the configuration of the benzylic carbon; hence, the con-
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figuration of 1 must be d-threo, since the other asym
metric carbon was of known configuration and no evi
dence of racemization was noted in the reaction se
quence.

The structural assignment for the liquid 2,3-O-iso- 
propylidene-D-er^/wo-l-C-phenylglycerol (4) was sup
ported by dilute acid hydrolysis of the isopropylidene 
group to yield D-en/i/wo-l-C-phenylglycerol (9) whose 
physical constants were identical with those reported for 
“a-D-phenylglycerol.”4 The diastereomeric relation
ship of 1 and 4 can be deduced from the fact that 
dicyclohexylcarbodiimide-dimethyl sulfoxide oxidation 
of 1 or a mixture of 1 and 4 yielded the same ketone 
(11). Also, lithium aluminum hydride reduction of the 
ketone (11) produced the diastereomers 1 and 4, 
identical in all respects with the products obtained from 
the organometallic addition reactions. On the basis of 
acid hydrolysis, oxidation, and reduction studies de
scribed, it can be concluded that 4 must have the 
erythro configuration.

Additional support for the structural assignment of 
the threo configuration to 1 and the erythro configuration 
to 4 was obtained by an infrared spectrometric study of 
their intramolecular hydrogen bond strengths; in fact, 
tentative structural assignment was made on this basis. 
The Newman representation la  and 4a of the diastere
omers, drawn in the conformation most favorable for 
hydrogen bonding between the 1-hydroxyl hydrogen 
atom and the C-2 oxygen atom, clearly shows that in 
the T>-threo isomer (la) the phenyl group is aligned with 
a hydrogen, whereas in the D-erythro isomer (4a) the 
phenyl is aligned with C-3. Since repulsion between 
hydrogen and phenyl is less than between methylene 
and phenyl, the threo isomer provides the more favorable 
spatial arrangement for intramolecular hydrogen bond
ing. Infrared spectra of very dilute solutions of 1 and 
4 in carbon tetrachloride provided A v  values for the 
threo (35 cm-1) and erythro (30 cm-1) diastereomers. 
The frequency difference, A v ,  is the distance (in cm-1) 
between the free hydroxyl band and the bonded 
hydroxyl band. Kuhn8 showed that a direct rela
tionship exists between Av and the strength of the 
hydrogen bond; e.g., he noted that a weaker hydrogen 
bond is formed in meso-butane-2,3-diol ( A v  = 39 cm-1) 
than in d-butane-2,3-diol ( A v  = 45 cm-1). Kuhn 
attributes the difference in hydrogen bond strength 
between these diastereomers to the fact that formation 
of an intramolecular hydrogen bond between the two 
hydroxyl groups requires a sterically unfavorable 
eclipsing of the two methyl groups in the meso isomer, 
whereas only hydrogen-methyl eclipsing is involved in 
the d isomer. By analogy, the crystalline diastereomer 
(1) having the larger A v  value was assigned the d-threo 
configuration, since the molecule with this configuration 
would experience the least steric repulsion when it 
assumes the most favorable conformation for hydrogen 
bonding.

Ketone 11 was prepared by dicyclohexylcarbo- 
diimide-dimethyl sulfoxide oxidation of either 1 or 4. 
The ketone (11) provides a route for introducing a 
deuterium atom to the benzylic position of 1 and 4. 
When 11 was reduced by lithium aluminum deuteride 
in anhydrous ether, 2,3-O-isopropylidene-D-i/ireo-l-C- 
phenyglycerol-l-dj (3) and 2,3-O-isopropylidene-D-

(7) E . L . E lie l a n d  D . D elm o n te , J .  Org. Chem., 21, 595 (1956). (8) L. P . K u h n , J . A m er. Chem. Soc., 74, 2492 (1952).
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T a b l e  I
C h e m ic a l  S h if t s  a n d  C o u p l in g  C o n st a n t s  1 -C -P h e n y l g l y c e r o l s  a n d  D e r iv a t iv e s

---------------C hem ical sh ifts, ppm -------------- - ------- Coupling constants, H z—
Solvent

D-f/treo-l-C-Phenylglycerol (6) D20
D-erj/iftro-l-C-Phenylglycerol (9) D20
D-en/f/iro-l-C'-Phenylglycerol-l-di (10) D20
1,2,3-tri-O-Benzoyl-D-ffereo-l-C-phenylglycerol (8) DCCI3 
(S)-a,/3-Dihydroxypropiophenone ( 12) DCC13
(•R)-a,/3-Dibenzioyloxypropiophenone (13) DCC13

Hi Ha Ha Ha' Jit J  23 J  21 ' Js3f
4 .6 6 3 .8 7 3 .4 3 3 .4 3 6 .5 3 ,5 6 .5
4 .6 3 3 .8 9 3 .7 8 3 .5 2 6 .5 3 .0 7 .0 12

3 .8 9 3 .7 8 3 .5 3 3 .0 7 .0 12
6 .5 3 6 .0 5 4 .6 7 4 .3 3 7 .0 4 .0 5 .5 12

5 .1 5 4 .0 1 3 .6 8 3 .5 5 .0 12
6 .5 7 5 .0 2 4 .7 3 4 .0 7 .0 12

en/i/wo-l-C-phenylglycerol-l-di (5) were produced in the 
ratio of 67:33, respectively. The deuterated diastereo- 
mers have identical physical constants with their hy
drogen counterparts. The nmr signals for the Hi pro
ton at 5 4.50 for the threo isomer and 4.85 for the erythro  
isomer were absent in the spectra of the deuterated iso
mers.

A benzene solution of the ketone (11) was reduced 
with lithium aluminum hydride to give the diastereo- 
mers 1 and 4 in the ratio of 60:40, respectively. Ap
parently, the product distribution is not altered drasti
cally by the nature of the solvent. It is surprising to 
find that the synthesis of 1 and 4 either via  the addition 
of phenyllithium or phenylmagnesium bromide to 2,3-
O-isopropylidene-D-glyceraldehyde or via  hydride reduc
tion of ketone 11 favors the threo isomer. Cram and 
Allinger9 demonstrated that the synthesis of 1,2- 
diphenyl-2-methyl-l-butanol v ia  the addition of phenyl
magnesium bromide to 2-methyl-2-phenylbutanal fa
vored the formation of one diastereomer, whereas 
synthesis v ia  hydride reduction of l,2-diphenyl-2- 
methyl-l-butanone favored the other, which is in 
accordance with Cram’s rule of asymmetric reduction.611

Several model transition states have been proposed 
to help predict and correlate the addition to and the 
reduction of carbonyl compounds containing hetero
atoms on the a  position: the cyclic model,6b where the 
metal ion coordinates with the carbonyl oxygen and the 
heteroatom on the a position; the dipolar model,10 
where the substrate molecule assumes a conformation 
placing the carbonyl oxygen, and the heteroatom on the 
a  position as far apart as possible; and the eclipsed 
model,11 where the double bond of the carbonyl group 
eclipses the single bond of the a  position giving the 
lowest energy transition state. After careful considera
tion of these model transition states, it was concluded 
that not one model can be chosen which could explain 
consistently the favored formation of 1 over 4 by both 
synthetic routes. Conceivably, the oxygen on C-3 
may have an undetermined influence on these reactions. 
Since hydrogen bonding study seems to suggest that the 
predominating threo isomer (1) is more stable than the 
erythro  isomer (4), perhaps, the stereoselectivity in this 
work is controlled by product stability, as proposed by 
Brown and Muzzio12 for some acyclic ketones.

Magnetic nonequivalence resulting from molecular 
asymmetry was reviewed by Martin and Martin.13 
Some additional examples of nonequivalent methylene 
protons in nonrigid molecules were reported by Sny-

(9) D. J .  Cram and J .  Allinger, J .  A m er . Chem . Soc., 76, 4516 (1954).
(10) J .  W. Cornforth, R . H . Cornforth, and K . K . Mathews, J .  Chem . 

Soc., 1 1 2  (1959).
( 11)  G. J .  Karabetsos, J .  A m er. Chem . Soc., 89, 1367 (1967).
(12) H . C. Brown and J .  Muzzio, ibid., 88, 2 8 11  (1966).
(13) L . M artin and J .  Martin, B u ll. Soc. C him . F r ., 2 1 17  (1966).

Hz’ l

H3A

Figure 1.—A partial nmr spectrum (D20 ) a t 60 MHz and the 
splitting pattern from first-order consideration of D-threo-l-C- 
phenylglycerol. The phenyl protons are not shown. Resonance 
peak at 5 4.7 is due to DOH.

Figure 2.—-A partial nmr spectrum (D20 ) at 60 MHz and the 
splitting pattern from first-order consideration of v-erythro-l-C- 
phenylglycerol. The phenyl protons are not shown.

d e r.14 T h e  1 -C -phenylg lycero ls  and th e ir  d e riv a tiv e s  
(T a b le  I )  h av ing  one o r m ore  a sym m e tric  centers, gave 
com plex s p lit t in g  pa tte rn s . I t  was su rp ris in g  to  fin d , 
how ever, th a t  th e  s p li t t in g  p a tte rn  fo r  a ll th e  acyc lic
l-C -p h e n y lg lyce ro ls  and d e riva tive s  cou ld  be id e n tif ie d  
b y  th e ir  resemblance to  f irs t-o rd e r s p lit t in g . T h e  
va lues lis te d  in  T a b le  I  were ob ta ined  b y  th e  t r ia l  and 
e rro r m e thod  suggested b y  B ib le 15 and are fo u n d  to  
m a tch  th e  spectra  ra th e r w e ll;  e.g. ,  see F igu res  1 and 2. 
C o rre c t assignm ent fo r  p ro to n  resonance was aided b y  
com paring  th e  spectra  o f th e  pheny lg lyce ro ls  and th e  
same isom ers h a v in g  a d e u te riu m  in  p lace o f a hyd rogen  
a t th e  benzy lic  carbon. T h e  absence o f th e  d o u b le t in  
th e  5 4.6 reg ion  (p ro to n  on  C - l )  and th e  d e u te riu m  
quad rupo le  b roaden ing  o f th e  m u lt ip le t  a t 8 3.8 (p ro to n  
on C -2) in  th e  spectra  o f th e  deu te ra ted  com pound as 
com pared to  th e  spectra  o f i ts  p a re n t hyd rogen  com 
pou n d  p e rm itte d  th e  assignm ent o f th e  8 4.6 reg ion  to  
th e  p ro to n  on  C - l ,  8 3.9 reg ion  to  th e  p ro to n  on C-2, 
and  5 3 .4 -3 .8  reg ion  to  th e  gem ina l p ro to n s  on C-3. 
I t  is in te re s ting  to  no te  th a t  th e  co n fig u ra tio na l d if fe r
ence a t C - l  o f th e  d iaste reom eric  pheny lg lyce ro ls  is

(14) E . I . S nyder, J .  A m er. Chem. Soc., 88 , 1155 (1966).
(15) R . H . B ible, “ Interpretation  of N M R  Spectra— A n Em pirical A p

proach,” P lenum  Press, N ew  Y ork, N . Y ., 1965.
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manifested in the nmr spectra (Figures 1 and 2). 
The methylene region (5 ^3.4-3.8) is more complex for 
d-erythro- than for the D-4/treo-phenylglycerol. Appar
ently, the chemical shifts of the geminal protons of the 
D-threo isomer are very similar, thereby giving a simpler 
splitting pattern in comparison to the erythro isomer. 
The low intensity doublets, centered at 5 3.2 and 3.6 of 
the nmr spectrum for the threo isomer (Figure 1), could 
be the remnant of the outside lines for a more complex 
splitting pattern of the geminal protons.

Experim ental Section 16

The hydrogen bonding study was carried out in CCI4 in a 
decimeter quartz cell using the Beckman IR-12 infrared spectrom
eter. Nuclear magnetic resonance spectra were obtained with 
a Varian A-60 instrument. All rotations were obtained in a 
decimeter cell in a Rudolph 80 polarimeter.

Gas chromatographic analyses were carried out using an 
Aerograph Model 328, thermal-conductivity instrument em
ploying a 10 ft X 0.25 in. o.d. copper column. Helium flow 
was kept between 80 and 100 cc/min, column temperature was 
190°, and the injection port temperature was maintained at 
270°. Samples were collected in a glass U tube.

All column chromatographic purifications were carried out 
with a 20-mm diameter column of silicic acid (100-200 mesh), 
prepared by pouring a benzene slurry of the silicic acid (80 g) 
into a 20-mm i.d. glass column and permitting the silicic acid 
to settle undisturbed for 1 hr. The sample (dissolved in the 
minimal quantity of benzene and/or chloroform, if necessary) 
was added carefully to the column and eluted with 12C-ml por
tions of solvent, which were applied to the column in order of 
increasing elution capacity. The eluent was collected in 60-ml 
fractions. The eluting solvent systems and the order of addition 
were benzene, benzene-chloroform (3:1, v /v), benzene-chloro
form (1:1 v /v), benzene-chloroform (1:3 v /v), chloroform, 
chloroform-ethyl acetate (3:1, v /v), chloroform-ethyl acetate 
(1:1 v /v), chloroform-ethyl acetate (1:3 v /v), ethyl acetate, 
ethyl acetate-acetone (3:1 v /v), ethyl acetate-acetcne (1:1 
v /v), ethyl acetate-acetone (1:3 v /v), and acetone. The solvent 
system, which is listed for a given chromatographic purification, 
is the eluting solvent passing through the column when the major 
portion of the desired compound was eluted from the column. 
The eluent fractions were examined for contents by thin layer 
chromatography (tic), which were conducted on 1 X 3 in. glass 
plates covered with a layer of Adsorbosil-317 using the solvent 
systems specified. The components were detected by iodine 
vapor.

Condensation of 2,3-O-Isopropylidene-D-glyceraldehyde6 with 
Phenyllithium.—Bromobenzene (30 ml, 0.29 mol) was added 
dropwise to an ether (300 ml) suspension of finely cut lithium 
ribbon (4.0 g, 0.57 g-atom) in a 500-ml flask, which was equipped 
with a condenser and drying tube. After all the bromobenzene 
was added, the suspension was stirred for 2 hr. 2,3-O-Isopropyl- 
idene-o-glyceraldehyde (17.0 g, 0.13 mol), dissolved in 30 ml 
of diethyl ether, was added slowly to the phenyllithium suspen
sion with vigorous stirring. After stirring for 3 hr, the reaction 
mixture was poured into ice-water. The organic layer was 
washed twice with 100-ml portions of water and dried over 
anhydrous sodium sulfate. Solvent removal under reduced 
left 27 g of an amber syrup. Gas chromatography of the syrup 
showed two major components with slightly different retention 
times. The relative ratio of the peak areas is 38:62 in favor of 
the isomer with the longer retention time. After cooling over
night, long needles formed in the syrup, which were collected on a 
sintered glass funnel and washed with «-hexane (8.4 g, mp 70- 
73°). Gas chromatography of the mother liquor again indicated 
the presence of two major components with identical retention 
times as the original syrup, but the peak area ratio (65:35) 
is now in favor of the faster moving component. The change 
in peak area ratio suggests that the isomer with the longer 
retention time is the crystalline one.

(16) Elemental Analyses were performed by Midwest Microlab, Inc., 
Indianapolis, Ind. All melting points are uncorrected.

(17) Silicic acid with 10%  binder, 10 -18  A, Applied Science Laboratories, 
Inc., State Coilege, Penn.

A pure sample of the crystalline compound (1) was obtained 
by two recrystallizations from n-hexane: mp 74-75°; [<*]23d  

— 30.0° (c 3.0, CH3OH); infrared absorption (5 X 10~3i f  CCh), 
yon 3623 and roH-.o 3588 cm-1; nmr signals (DCCI3) a t 5
1.4 (-CH3), 2.9 (-OH), 3.7 (H3), 4.2 (H2), 4.5 (Hi), 7.2 
(ArH).

Anal. Calcd for Ci2Hi60 3: C, 69.19; H, 7.74. Found:
C, 69.30; H, 7.62.

A pure sample of the liquid isomer (4) was obtained by re
peated injections of 25-/J portions of an acetone solution of the 
isomeric mixture to a column (0.25 in X 10 ft) of 10% QF-118 
on ABS-70/8019 at 190°: [ a ] 23D +4.5° (c 4.0, CH3OH); infrared 
absorption (5 X 10~3 M, CCI4), poh 3626 and j-oh- . o 3596 
cm-1; nmr signals (DCC13) at 5 1.14 (-CH3), 2.6 (-OH), 3.9 
(H3), 4.2 (H2), 4.9 (Hi), 7.3 (Ar-H).

Anal. Calcd for Ci2Hi60 3: C, 69.19; H, 7.74. Found:
C,69.29; H, 7.74.

Condensation of 2,3-O-Isopropylidene-D-glyceraldehyde with 
Phenylmagnesium Bromide.—The Grignard reagent was pre
pared by reacting magnesium metal (4.8 g, 0.19 g-atom) with 
bromobenzene (24 ml, 0.23 mol) in 300 ml of anhydrous ether. 
To the Grignard reagent was added 17.0 g of 2,3-O-isopropyli- 
dene-D-glyceraldehyde in small portions. The- same reaction 
time and procedure used for the phenyllithium reaction was 
followed. Gas chromatography showed two major components 
in a ratio of 58:42 in favor of the crystalline isomer.

Benzoylation of the Crystalline Isomer (1).—The monobenzo
ate (2) was formed by dropwise addition of 2.6 ml of benzoyl 
chloride to 4.0 g of 1 in pyridine (30 ml). After standing over
night the reaction mixture was poured into ice-water from 
which 2 crystallized to yield 5.9 g, 98%. Recrystallization 
from ethanol gave a pure sample (5.5 g, 91%): mp 71.5-72.5°; 
[ « ] 23d  +11.7° (c3.6, HCC13).

Anal. Calcd for Ci9H2o04: C, 73.06; H, 6.45. Found: 
C, 73.17; H, 6.68.

Determination of the Configuration of the Crystalline Isomer 
(1).—The isopropylidene group was hydrolyzed from 1 g of 2 
by refluxing for 20 min in ethanol (40 ml) containing 2 ml of 3 
N  HC1. After neutralizing the acid, 1 -0 -benzoyl-l-C-phenyl- 
glycerol (7) was isolated as a syrup, which was purified by Bio- 
sil A20 column chromatography, eluting with chloroform-ethyl 
acetate (3:1); tic showed one spot, Rt 0.38 (chloroform). A
10-ml benzene solution of compound 7 (0.5 g) was allowed to 
react for 10 min with lead tetraacetate (3.2 g). After the excess 
lead tetraacetate was destroyed by adding 1 ml of ethylene glycol 
to the reaction mixture, the inorganic salts were removed by 
filtration. The filtrate was diluted with 50-ml of diethyl ether, 
washed twice with 10% aqueous bicarbonate solution, dried 
over anhydrous sodium sulfate, and concentrated in vacuo to a 
syrup. The syrup, dissolved in 5 ml of ether, was added to 
0.2 g of LiAlH4 suspended in 15 ml of anhydrous ether. After 
3 hr, sufficient water was added carefully to the reaction mixture 
to destroy the excess hydride and cleave the complex, without 
forming a distinct aqueous layer. After removal of inorganic 
salts by filtration, the ethereal filtrate was concentrated in vacuo 
to a syrup. The crude syrup was chromatographed on a column 
of Bio-sil A (80 g), eluting with chloroform-ethyl acetate (1:3 
v /v) to give chromatographically pure syrup (0.14 g, 56%) which 
slowly crystallized from a small volume of ether-pentane (1:3 
v /v); tic showed one spot, Rt 0.65 (ethyl acetate). Pure crystal
line l - (  — )-l-phenyl-l,2-ethanediol (14) was obtained by re
crystallization from ether-pentane (1:3 v /v): mp 66-67°,
[a]23d  -5 7 .8 °  ( c  3.2, ether) (lit. mp 67°, H 2»d  -47 .1°  (ether), 
from hydride reduction of d - (  —)-mandelic acid of 82% optical 
purity7}.

Oxidation of Compounds 1 and 4 to 4-(fl)-Benzoyl-2,2-di- 
methyldioxolane (11).—Moffatt’s reagent21 * was prepared by 
carefully adding dicyclohexylcarbodiimide (7.5 g), pyridine (1 
ml), and trifluoroacetic acid (0.5 ml) to 30 ml of cold benzene- 
dimethyl sulfoxide (1:1 v /v). To the prepared reagent, a 10- 
ml benzene solution of compound 1 (0.55 g) was added and stored 
overnight at room temperature. After removal of the solid 
material by filtration, the filtrate was diluted by adding diethyl

(18) A fluorosilicone polymer, Analabs, Inc., Hamden, Conn.
(19) Acid- and base-washed, silanized diatomaceous earth, 70/80 mesh, 

Analabs, Inc., Hamden, Conn.
(20) Chromatographic grade silicic acid, 100-200 mesh, Bio-Rad Labora

tories, Richmond, Calif.
(21) K . E . Pfitzner and J .  G. Moffatt, J .  A m er. Chem . Soc., 87, 5670

(1965).
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ether (50 ml). The ethereal solution was washed twice with 
10% aqueous oxalic acid, followed by a 10% aqueous sodium 
bicarbonate washing, then dried over sodium sulfate. Solvent 
removal in vacuo left a residual syrup (0.50 g), which crystallized 
on adding pentane and cooling. The crystals were removed 
by filtration and washed with a little cold pentane (0.26 g, 47%; 
mp 58-60°). Some difficulty was noted in removing the de
composition by-products from 1 1 .

Using this procedure, isomeric mixtures of compounds 1 
and 4 were were oxidized to compound 11 in comparable yield.

A pure sample of compound 11 was obtained by three crystal
lizations from pentane: mp 61-62°; [<*]23d  +15.3° (c 3.6,
CH3OH); nmr signals (DCClj) a t S 1.4 (-CH,), 4.3 (H3), 5.2 
(HO, 7.4 and 8.0 (Ar-H).

Anal. Calcd for Ci2H i40 3: C, 69.88; H, 6.84. Found: 
C, 69.76; H, 6.91.

2,3-OTsopropylidene-D-ilireo-l-O-phenylglycerol-l-di (3) and
2,3-0-Isopropylidene-D-eryl/iro-l-C-phenylglycerol-l-(il (5) from 
Compound 1 1 .—An ether solution (10 ml) of compound 1 1  

(0.40 g) was added slowly to a suspension of LiAlD4 (0.15 g) 
in ether (50 ml). After 24 hr, moist ether was added to destroy 
the excess LiAlD4 and the inorganic solids were removed by 
filtration. The filtrate was concentrated in vacuo to a syrup 
(0.37 g). Gas chromatography indicated the presence of two 
components with the same retention times as 1 and 4. The 
isomeric distribution was 67:33 in favor of the crystalline isomer
(3).

On standing overnight in a little pentane, compound 3 crystal
lized from solution. The crystals (0.11 g) were isolated by 
filtration and washed with a little cold pentane. Pure 2,3-0- 
isopropylidene-D-ttreo-l-C-phenylglycerol-l-di (3) was obtained 
by sublimation at 0.05 mm (60° bath): mp 74-75°; admixture 
with compound 1 , mp 74-75°; [ « ] 23d  —28.1° (c, 3.6, CH3OH); 
nmr signals (DCCI3) a t S 1.4 (-CH,), 2.9 (-OH), 3.7 (H8),
4.2 (Hj), 7.4 (Ar-H).

Anal. Calcd for Ci2H i5D 0 3: C, 68.87; H +  D, 8.19.
Found: C, 69.09; H +  D, 8.04.

A pure sample of 2,3-O-isopropylidene-D-crj/iliro-l-C-phenyl- 
glycerol-l-di (5) was obtained by preparative glpc. Although 
chromatographically pure, the syrup could not be induced 
to crystallize: [ a ] 23D +4.3° (c 2.5, CHsOH); nmr signals
(DCCI,) at S 1.4 (-CHa), 2.5 (-OH), 3.9 (Hs), 4.3 (H2), 7.3 
(Ar-H).

Lithium Aluminum Hydride Reduction of 11 in Benzene.—A
benzene solution (1 ml) of 11 (.043 g) was added dropwise to a 
suspension of LiAlH4 (0.1 g) in benzene (10 ml). The reaction 
conditions and procedure of the previous experiment were 
followed. Product analysis by glpc indicated that the reduction 
favored the crystalline over the liquid isomer in the ratio of 
6:4. The crystalline and liquid products were identified as 
compounds 1 and 4, respectively, by glpc and ir and nmr spec
troscopy.

D-iAreo-l-C'-Phenylglycerol (6 ) from 1 .—-A solution of com
pound 1 (1.0 g) and 3 N  HC1 (1 ml) in ethanol (20 ml) was re
fluxed for 1 hr. The solution was neutralized with Ag2C03 
and the solids removed by filtration; the filtrate was concen
trated in vacuo to a syrup (0.71 g), which could not be induced 
to crystallize. The syrup (0.71 g) was applied to a column of 
Bio-sil A (80 g), eluting with ethyl acetate-acetone (3:1 v /v) 
to yield chromatographically pure D-ffa-co-l-C-phenylglyceroI 
(0.51 g, 62%): tic, one spot, R t  0.56 (ethyl acetate); [<*]23d

— 38.6° (c 3.5, CH3OH); nmr signals (D20 ) at S 3.4 (H3), 3.9 
(Ht), 4.7 (H,), 7.4 (Ar-H).

Anal. Calcd for C9H 12O3: C, 64.26; H, 7.19. Found: 
C, 64.38; H .7.27.

1,2,3-tri-O-Benzoyl-D-ZAreo-l-C-phenylglycerol (8 ) from 6 .—
Benzoyl chloride (0.7 ml) was added dropwise to a solution of 6 
(0.3 g) in pyridine (15 ml) and the mixture stored a t room 
temperature overnight. Crystalline 8 was obtained, when 
the reaction mixture was poured into water and stirred to yield 
0.8 g, 93%. Two recrystallizations from benzene-pentane gave 
pure8: mp 139-140°; [a]23D +12.2° (c4.42, HCC13); nmrsignals 
(DCCI3) at S 4.5 (H3), 6.1 (Hj), 6.5 (H4), 7.4 and 8.0 (Ar-H) 
(lit.4 mp 110 ° for dl-threo- tribenzoate).

Anal. Calcd for C3oH240 6: C, 74.98; H, 5.03. Found: 
C, 74.54; H, 5.07.

D-er+liro-l-C-Phenylglycerol (9).—The syrupy product (3.0 
g), obtained from the phenyllithium addition to 2,3-O-isopropyli- 
dene D-glyceraldehyde, 3 N  HC1 (4 ml), and ethanol (35 ml) 
were heated under reflux for 1.5 hr. After neutralization of the 
acid with Ag2C 03 and Alteration to remove the inorganic solids, 
the filtrate was concentrated in vacuo to give a syrup (2.3 g) 
which was dissolved in a small volume of chloroform. Compound 
9 crystallized from the chloroform solution and was removed 
by filtration (0.7 g, mp 97-104°). D-en/f/wo-l-C-Phenylglycerol 
was purified by two recrystallizations from acetone: mp 106-
107°; [o+ 3d +19.6° (c 6.34, H20 ); nmr signals (D20 ) at 5
3.6 (Hj), 3.8 (Hj), 4.6 (H,), 7.3 (Ar-H) [lit.4 mp 105-106°, 
[cc]d +18.4° (10% aqueous), for a-D-phenylglycerol],

D-eryttro-l-C'-Phenylglycerol-l-di (10) from 5.—A chromato
graphically pure sample of 5 (25 mg) and 3 N  HC1 (0.1 ml) were 
dissolved in ethanol (3.0 ml) and the solution was heated under 
reflux for 1 hr. The same work-up described for the preparation 
of 9 was followed to yield 16 mg of syrup, which crystallized 
upon adding acetone and cooling: mp 106-107°; admixture 
with 9, mp 106-107°; [a]23D +19.0° (c 1.6, D20 ); nmr signals 
(DjO) at S 3.5 (Hj), 3.8 (Hj), 7.3 (Ar-H).

(/£)-<*,18-Dihydroxypropiophenone (12) from 11.—An acetone 
solution (5 ml) of 11  (0.20 g) and 1 N  HC1 (0.25 ml) was heated 
under reflux for 5 min. After neutralization of the acid with 
Ag2C 03 and removal of the solids by filtration, the filtrate was 
concentrated in vacuo to give a syrup (0.12 g). A pure sample 
of 12 was obtained by chromatographing the syrup (0.12 g) 
on a column of Bio-sil A (80 g), eluting with ethyl acetate: 
tic, one spot, Ri 0.71 (ethyl acetate); [a]23D +72.1° (c 8.0, 
H2CC12) ; nmr signals (DCC13) at S 3.7 (Hg), 4.5 (-OH), 5.1 (H„),
7.4 and 7.9 (Ar-H).

(B)-a,/3-Dibenzoyloxypropiophenone (13) from 12 .—Standard 
benzoylation procedure using benzoyl chloride in methylene 
chloride-pyridine solution converted 12 (0.10 g) into the diben
zoate, which was purified by chromatographing on a Bio-sil A 
(80 g) column, eluting with benzene-chloroform (1 : 1  v /v); 
tic showed one spot, Rs 0.50 (benzene). Compound 13 could 
not be induced to crystallize: [a]23D —51.4° (c 2.7, H2CC12);
nmr signals (DCC13) at 6 4.8 (H^), 6.6 (Ha), 7.5 and 8.0 (Ar-H).

Anal. Calcd for C23H180 5: C, 73.79; H, 4.85. Found: 
C, 73.67; H, 4.72.

R egistry N o .— 1, 16354-89-5; 2, 16355-01-4; 3, 16354-
90-8; 4, 16354-91-9; 5, 16354-92-0; 6, 16354-93-1; 8, 
16354-94-2; 9, 16354-95-3; 10, 16354-96-4; 11, 16354-
97-5; 1 2 ,16354-98-6; 13, 16354-99-7; 14, 16355-00-3.
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A study of the ORD and CD curves of osotriazole derivatives of sugars having four to six carbon atoms has 
shown that the phenylosotriazole chromophore is optically anisotropic, producing Cotton effect curves which 
result in the following rule: a positive Cotton effect at 265 nm will be produced if the C-3 hydroxyl group (a to 
the aromatic ring) is at the right in a standard Fischer projection [(R ) configuration] of the phenylosotriazole 
derivative. The optical rotatory power of the osotriazoles in four solvents showed a correlation between the 
dielectric constant and the magnitude of rotation indicating the probability of intramolecular hydrogen bonding. 
The nmr spectra were consistent with a conformation (B) of the osotriazole in which a hydrogen bond 
is formed between the 3-hydroxyl group and a nitrogen of the osotriazole ring while the tetraacetyl derivatives 
appeared to have the usual zigzag conformation. A sector rule has been devised correlating the Cotton effects 
of the phenylosotriazole chromophoric system with the configuration of the sugar residue in a hydrogen-bonded 
conformation. The signs and amplitudes of the Cotton effects of all of these compounds were consistent with 
the sector rule.

The correlation of the absolute configuration of a 
molecule and its optical rotatory power has been sought 
in many systems of organic compounds, but it has been 
successful in relatively few cases. The carbohydrates 
have been especially attractive for such studies because 
of the multiplicity of structurally similar chiral centers. 
The challenge of the carbohydrates led to early consid
erations of three-dimensional structures, and the cor
relation of optical rotations with stereochemical assign
ments resulted in several useful rules, especially those of 
Hudson.1 2 One of the Hudson rules states that the 
sign of the D-line rotation reflects the absolute configura
tion of the hydroxyl group on the carbon a  to the benz
imidazole ring in these derivatives of sugars, thus per
mitting the configurational assignment at the 2 position 
of the original sugar.2b

An extension of this rule to another cyclic derivative, 
the phenylosotriazole structure, has been suggested by 
Khadem3 and Mills.4 By the conversion of a sugar into 
this derivative the configuration at C-3 of the original 
sugar may be established on the basis of the osotriazole 
rule. Khadem and El-Shafei5 have also suggested the 
general applicability of the rule to all aromatic systems 
declaring that “the sign of rotation of a heterocyclic or 
aromatic compound having more than one asymmetric 
carbon depends only on the configuration of the asym
metric carbon atom attached to the heterocyclic or ben
zene ring provided no other ring is present in the mole
cule.” The sign of rotation at the d  line is correlated 
with the configuration, below, giving a positive rotation.

Hi—!—OH 
R

benzene or aromatic heterocycle

(1) (a) P a r t  V : G . G . L y le  a n d  W . G affield , Tetrahedron, 23 , 51 (1967).
(b) T h is  s tu d y  w as s u p p o r te d  in  p a r t  b y  a  g r a n t  G M -07239  a n d  c o n tin u a t io n  
g r a n t s  f ro m  th e  N a tio n a l I n s t i tu te s  of H e a lth , (c) T a k e n  in  p a r t  fro m  th e  
th e s is  of M . J .  P . s u b m it te d  to  th e  G ra d u a te  School of th e  U n iv e rs ity  of N ew  
H a m p s h ire  in  p a r t ia l  fu lfi llm en t of th e  re q u ire m e n ts  of th e  P h .D . D eg ree , 
(d) P re s e n te d  b e fo re  th e  C a rb o h y d ra te  D iv is io n  of th e  A m erican  C hem ica l 
S o c ie ty  a t  th e  153rd  M eetin g , A pril 1967, M iam i, F la ., A b s tra c ts , p  CIO.

(2) (a) N . K . R ic h tm y e r , A dvan . Carbohyd. Chem ., 6, 175 (1951); (b) 
N . K . R ic h tm y e r  a n d  C . S. H u d so n , J .  A m er. Chem . Soc., 64, 1612 (1942).

(3) H . E l  K h a d e m , J .  Org. C hem ., 28 , 2478 (1963).
(4) J .  A . M ills , A u s t. J .  Chem ., 17, 277 (1964).
(5) H . E l  K h ad em  a n d  Z. M . E l-S h a fe i, Tetrahedron Lett., 1887 (1963).

Where R is a sugar moiety and the aromatic group is the 
osotriazole ring, the configurational designation is R .‘6

In view of the availability of spectropolarimeters for 
measurements below 300 nm, it seemed desirable to in
vestigate this correlation, which was based on D-line 
rotations, with attention to the variation of rotation 
with the wavelength of the incident polarized light. If 
the aromatic ring produced a Cotton effect curve whose 
sign was consistent with the D-line rotation, this would 
indicate the dominance of the ORD curve by this aro
matic chromophore and, perhaps, the possibility of 
designing a sector rule for this chromophore (vide infra). 
By examining a series of derivatives (1-6) of simple 
sugars (four to six carbons per sugar molecule) that 
possess almost all possible combinations of the stereo
relationships of adjacent hydroxyl groups, it should also 
be possible to determine the conformation of the sugar 
residue from nmr spectral analysis.7

Assuming that the aromatic nucleus substituted on 
the asymmetric carbon atom represented the parent 
structure, the synthesis of 4-(D-gZycero-dihydroxyethyl)-
2-phenyl-l,2,3-triazole (1) was carried out. Potato 
starch was converted into potato oxystarch and thence 
to a mixture of phenylosazones.8 A portion of this 
mixture of osazones was purified by column chromatog
raphy to yield D-erythrose phenylosazone free of gly- 
oxal phenylosazone and /3-acetylphenylhydrazine which 
were also isolated and characterized. Either pure 
erythrose osazone or the osazone mixture was converted 
into the phenylosotriazole 1 by cyclization with copper- 
(II) sulfate. The crystalline osotriazole 1 was the only 
derivative which had not been previously reported in 
this family. The properties are described in the Exper
imental Section.

The preparation of the phenylosazones of the five-

(6) R . S. C ah n , C . K . Ing o ld , a n d  V. P re log , E x p er ien tia , 12, 81 (1956); 
A ngew . Chem. In te rn . E d . E ng l., 5, 385 (1966).

(7) A fte r  th is  m a n u sc r ip t w as  s u b m it te d  to  th e  e d ito r, a  p a p e r  a p p e a re d  
[W . S. C h ilto n  a n d  R . C . K ra h n , J .  A m er . Chem . Soc., 89, 4129 (1967)] 
desc rib in g  th e  re su lts  of a n  O R D  s tu d y  of a ry l d e r iv a tiv e s  of c a rb o h y d ra te s . 
T h e  a u th o rs  co n c lu d ed  t h a t  th e  a ry l s u b s t i tu e n t  w o u ld  g ive  a  C o tto n  effec t 
w hose  sign  w as c o n s is te n t w ith  th e  co n fig u ra tio n  of th e  c h ira l g ro u p  a t ta c h e d  
to  th e  a ro m a tic  ring , a n d  th e y  in c lu d ed  o n e  ex a m p le  of a  p h en y lo so tr ia z o le  
d e r iv a tiv e . Note Added in Proof.— T w o  re c e n t p u b lic a tio n s  h a v e  de
sc rib e d  som e O R D  re su lts  [W . S . C h ilto n  an d  R . C . K ra h n , ib id ., 90, 1318 
(1968)] a n d  n m r  s tu d ie s  in  m e th y l sulfoxide-de [H . S. E l  K h ad em , D . H o r to n , 
an d  T . F . P a g e , J r . ,  J .  Org. Chem ., 33, 734 (1968)] o n  w h ich  c o n fo rm a tio n a l 
p references  h a v e  b ee n  suggested .

(8) V. C . B a rry  a n d  P . W . D . M itc h e ll, J .  Chem . Soc., 4020 (1954).
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and six-carbon sugars was effected by standard proce
dures, and they were converted into the cyclic osotri- 
azoles (2-6) by heating with CuS04. The osotriazoles 
prepared in this study are listed in the Experimental 
Section. All possible isomers except D-n&o-hexose 
phenylosotriazole were prepared and subjected to spec- 
tropolarimetric study.

Ph1
Ph
| PhI1

A h.
N

Il II

1
Ah.

N N 
Il IIHC-----C| HC------C HC-----Cy

H— —OH
|

HO— Ç— H HO— Ç— H

CH2OH H—(|:— OH HO— C— H

CH20H CH20H
I 2 3

Ph
I

Ph| Ph11
N
Il II r N>

1N
N " "N  
II

HC-----CHC-----0
| HC-----CJ

HO—<j>—H HO— Ç— H H O -Ç — H
HO— C— H | H—(J:— OH H— Ç— OH

H— C—OH | HO— C—H | H—Ç— OH

CH2OH CH2OH CH20H
4 5 6

A comparison of the rotatory power in four solvents 
between 600 and 300 nm was carried out, and the data 
were subjected to analysis by a one-term Drude equa
tion using the procedure previously described.9 The 
Drude constants showed little similarity indicating that 
the data were not amenable to a simple Drude plot. 
This is probably because of the strong, relatively long 
wavelength absorption band of the osotriazole ring 
which is optically anisotropic and dominates the ORD 
curve in the visible region.

The results showed that the optical rotatory power 
was generally the lowest in water and the highest in 
pyridine. The curves for L-zyfo-hexose phenylosotri
azole (5) in four solvents are shown in Figure 1. The 
ORD curves in methanol and acetic acid were quite 
similar except in the case of the osotriazole 3 derived 
from arabinose. In this case the ORD curve in meth
anol showed stronger rotation than in any of the other 
three solvents. There seems to be no simple explana
tion for the solvent effects except to assume a change in 
conformation depending on the solvent. The decreas
ing rotatory power with increasing dielectric constant 
suggests that in pyridine the molecules can assume the 
maximum amount of intramolecular hydrogen bonding, 
the relative conformational rigidity thus resulting in the 
larger rotatory power. This is consistent with the pat
tern which has been observed in which cyclic structures 
generally show larger D-line rotations than acyclic ana
logs. 10 In water, however, the solvation of the osotri
azole nitrogens as well as the hydroxyl groups would 
increase the random structure and produce a decrease in 
the rotatory power.

(9) G . G . L yle, J .  Org. Chem ., 26, 1779 (1960).
(10) W . J . K a u zm an n , J . E . W a lte r , a n d  H . E y rin g , Chem . Rev., 26, 339 

(1940).

Figure 1.—ORD curves of 4-(L-zÿto-tetrahydroxybutyl)-2- 
phenyl-l,2,3-osotriazole (5). The curves were obtained from the
Rudolph instrument using pyridine (------ ), methanol (------ ),
acetic acid (----------), and water (---------) as the solvents.

The ORD curves of the phenylosotriazole derivatives 
below 400 nm11 were generally characterized by having 
the same sign of rotation at 400 nm as the d  line and a 
strong Cotton effect between 250 and 300 nm of the 
same sign. The midpoints of the Cotton effects oc
curred at 259-266 nm, in excellent agreement with the 
maximal ultraviolet absorption at 265-267 nm (e
19,000-24,000) of all six compounds. An experimental 
complication was noted with these derivatives and 
should be mentioned. They showed considerable fluo
rescence above 300 nm which can lead to erroneous read
ings of the amplitudes of the Cotton effects similar to 
the errors introduced in measuring uv data of fluoresc
ing species. When the absorbance was kept below 2, 
however, the fluorescence gave no problems but, in some 
low-rotating derivatives, the quantitative values of the 
amplitudes may be of diminished reliability. The Cot
ton effects shown by the two pentose phenylosotriazoles 
(2 and 3) have the same sign, thus reflecting the config
urations at the a carbon rather than the @ carbon where 
the configurations are opposite (Figure 2). The ampli
tude of the single Cotton effect of the threo isomer 2 was 
considerably larger than the combined Cotton effects in 
the same region shown by 3. In the curves of 5 and 6 
as well as 3 the extremum at about 240 nm was split into 
two peaks (Figure 3). That this indicated more than 
one Cotton effect was verified by examination of the 
circular dichroism (CD) spectra12 of 1 and 6. The 
curve of 6 showed three negative maxima and a shoulder 
between 280 and 240 nm (Figure 4). The uv spectra 
gave no indication of fine structure in methanol solution, 
while the ORD suggested and the CD proved the oc-

(11) T h e  g e n e ro s ity  of D r. W . G affield  of th e  W e ste rn  R eg ional R esea rch  
L a b o ra to ry  of th e  D e p a r tm e n t  of A g ricu ltu re , A lbany , C a lif ., a n d  of P ro fes
so r W . K ly n e , W estfie ld  C o llege, U n iv e rs ity  of L o n d o n , E n g lan d , fo r  m e asu r
ing  th e  lo w -w aveleng th  O R D  cu rv es  is g ra te fu lly  acknow ledged .

(12) W e  a re  g ra te fu l to  M r. W . U n g e re r of th e  J o u a n  C o. fo r a r ra n g 
ing  fo r th e se  cu rv es  to  b e  o b ta in e d  o n  th e  J o u a n  D ic h ro g ra p h . M o re  re 
ce n tly , M r. N . M itc h e ll of C a ry  In s tru m e n ts  h a s  fu rn ish e d  ad d itio n a l cu rv es  
w h ich  d u p lic a te  th o se  re p o r te d  in th is  p ap e r.
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200 250 300 350
W a v e len g th , nm .

F ig u re  2.— ORD cu rv es of 4 -(D -^ ii/ce ro -d ihydroxye thy l)-2 - 
p h e n y l- l ,2 ,3 -o so tr ia z o le  (1 ), 4-(D -ifa-eo-trihydroxypropyl)-2 - 
p h en y l- l ,2 ,3 -o so tr ia z o le  (2 ), a n d  4 -(L -erj/iftro -trih y d ro x y p ro p y l)- 
2 -p h e n y l-l,2 ,3 -o so tr ia z o le  (3 ).

Figure 3.— ORD cu rv es in m e th a n o l of 4-(D-fo/xo-tetrahydroxy- 
b u ty l)-2 -p h e n y l- l ,2 ,3 -o so tr ia z o le  (4 ), 4 -(L -a :i/lo -te trahydroxy- 
b u ty l)-2 -p h e n y l- l ,2 ,3 -o so tr ia z o le  (5 ), a n d  4 -(D -aro 6 m o -te tra - 
h y d ro x y b u ty l) -2 -p h e n y l- l ,2 ,3 -o so tr ia z o le  (6 ).

currence of more than a single electronic transition in 
this region. The CD curve also showed a positive Cot
ton effect at lower wavelength which had been suggested 
by the appearance of a peak at 207 nm in the ORD 
curve of 6. The CD curve of 1 was enantiomeric to 
that of 6 above 215 nm except for the difference in inten
sity. A similar difference was noted in the ORD 
curves. Below 215 nm, both compounds gave a nega
tive direction to the curves which suggests that there is 
an electronic transition below 200 nm which may have 
the same sign.

Since the signs of the long-wavelength Cotton effects 
are the same as the D-line rotations, there is possible a 
restatement of the osotriazole rule: The sign of the 
Cotton effect at 265 nm is positive if the hydroxyl group a 
to the phenylosotriazole ring is to the right (R configura
tion) in a standard Fischer projection. The narrow 
range of values for the amplitudes of these Cotton

Figure 4.—CD curves in methanol of 4-(D-^rii/cero-dihydroxy- 
ethyl)-2-phenyl-l,2,3-osotriazole (1) and 4-(D-ara6frao-tetra- 
hydroxybutyl)-2-phenyl-l,2,3-osotriazole (6).

effects indicates the dominance of this asymmetric car
bon atom.

The ORD curve of v-lyxo-hexose phenylosotriazole 
tetraacetate (7) showed a Cotton effect centered at 278 
nm which appeared on the side of a larger Cotton effect 
at lower wavelength. The second Cotton effect prob
ably resulted from the ester bands of the acetate groups 
but the entire Cotton effect was not visible. The sign 
of the long-wavelength Cotton effect is the same as that 
of the osotriazole 4 from which 7 was prepared.

H1
- Ns

N—C6H5
H--C=N

i R—C6H5 N - O
(

/
P

1 / 
C=N I < r r

AcO—<
r H AcO--C -H AcO—C—H

AcO—(J—H | H—C— OAc l H—C—OAc
H—(s

]—OAc H--C— OAc |

j
H—O—OAc

cIH2OAc CH2OAc CH2OAc

7 8 9

A comparison of the nmr spectra of o-arabino-hexose 
phenylosotriazole (6) and its tetraacetate derivative 8 
with the analogous quinoxaline derivative 9 indicated 
that 8 possessed the zigzag conformation (A, Figure 5) 
similar with that assigned13 to 9. The coupling con
stant of the proton a to the aromatic ring in 8 was 3.9 
Hz, close to that in 9. In view of the correspondence of 
the remainder of the aliphatic proton parts of the spec
tra of 8 and 9 in both chemical shift and coupling con
stant, the zigzag conformation may be assigned to 8. 
Examination of the nmr of 7 showed that the coupling 
constants for the C-3 and C-4 hydrogens corresponded 
to those anticipated for a zigzag conformation. It is 
possible for a large number of conformations to exist, 
but these data suggest that the zigzag conformation is 
of significance. A comparison of the spectral data for 
these tetraacetate derivatives is given in the Experimen
tal Section.

(13) D . H o r to n  a n d  M . J . M iller, J .  Org. Chem ., 30, 2457 (1965).
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T a b l e  I
A p p r o x im a t e  D ih e d r a l  A n g l e s  of a- and  /3-CH B onds in  S u g a r  P h e n y l o so t r ia z o l e s  in  V a r io u s  C o n fo r m a t io n s“

•D ihedral ang le  a n d  p re d ic te d  coup ling  co n s ta n t-

C o m p d
,-------- C onfo rm a

A ngle, deg
,tion A ------- s

J c
--------- C o n fo rm â t

A ngle, deg
ion  B&- ------ -

J c
--------- C onfo rm a

A ngle, deg
tion  Cb-------

J c
a -P ro to n  

chem ica l sh ift, r J C

i d d d 4.42 5.6
Pentoses

2 60 1.8 60 1 .8  . 30 6 .1 4.17 3.6
3 180 9.2 150 6.8 150 6.8 4.23 5.9

Hexoses
4 180 9.2 150 6.8 150 6.8 4.15 7.3
5 60 1.8 40 4.7 20 8.7 4.12 5.1
6 60 1.8 60 1.8 50 3.2 3.85 < 2e

itraacetates
7 180 9.2 3.30 7.5
8 60 1.8 3.58/ 3.9
9 60 1.8 3.55/.» S.O"

“ The solvent used was pyridine-d5. 4 In both hydrogen-bonded conformations the remainder of the sugar chain was assumed to be 
in conformations which would allow the maximum amount of intramolecular hydrogen bonding and with the minimum of nonbonded 
interactions. 0 Coupling constants are given in hertz. d Two coupling constants and two angles are possible for each conformation. 
The observed J  represents the time-averaged spectrum which prohibits any selection of preferential conformation where the methylene 
protons are equivalent. e Half-band width. ! The solvent used was CDCI3. 0 Reference 13.

Three conformations of the hexose phenylosotriazole 
molecules appeared the most plausible. The zigzag 
conformation (A, Figure 5) would show no intramolec
ular hydrogen bonding and is the most probable con
formation for the tetraacetate molecules 7, 8, and 9. 
Although the monocyclic sugars may have little or no 
intramolecular hydrogen bonding in polar solvents,14 * 
the osotriazoles should show such bonding because of 
the possibility of 0 —H • • • N bonds, these being strong 
compared to the weaker 0 —H • • • 0  bonds possible in 
the sugars. Such bonding could occur between the C-3 
hydroxyl group and nitrogen to form a five-membered 
ring (B, Figure 5) or between the C-4 hydroxyl and ni
trogen resulting in a six-membered ring (C, Figure 5). 
Examination of space-filling models shows that the six- 
membered, hydrogen-bonded ring would be destabilized 
by the interference of the phenyl group. It apparently 
becomes impossible for the hydrogen bonding to remain 
in effect when the phenyl is coplanar with the triazole 
ring. If a five-membered ring is formed, however, the 
interfering nonbonded interactions are at a minimum. 
A decision as to the conformational preference of the 
hexose osotriazoles was sought via analysis of the nmr 
spectra.

The spectrum of 1 in pyridine-do showed the signal 
for the C-3 proton as a triplet at r 4.4 (J  — 5.6 Hz). 
The methylene protons appeared as a doublet at r 5.56 
(,J = 5.6 Hz). For the glucose derivative 6, the C-3 
proton was a broad singlet at r 3.83 with a half-band 
width of less than 2 Hz, while in pyridine as solvent and 
on another instrument this single peak was resolved as a 
doublet (J = 1.5 Hz). The same proton in 5 appeared 
as a doublet at r  4.10 (J  -  5.1 Hz), whereas in 4 this 
proton resonated at 4.14 (J = 7.3 Hz). The data for 
the pentose derivatives are recorded in Table I. The 
fact that the J  values represent time averages of a num
ber of conformations must be emphasized. The di
hedral angle of the a and /? protons was estimated from 
Dreiding models of the osotriazoles for each conformer 
consistent with the spatial requirements estimated from 
Fisher-Hirschfelder models. Exact measurement was 
impossible for these flexible hydrogen-bonded models.

(14) A. B . F o s te r , R . H a rriso n , J . L e h m an , a n d  J . M . W ebber, J .  Chem.
Soc., 4471 (1963).

h'~ cîîN\
H 1 > - C 

h is —  ̂ /C a t i r

■ o <  • < ,
HO "

“ on h °

zig zag, C-3 O H  h y d ro g en  b onded ,
A B

HOCH2
C-4 O H  h y d ro g en  b o n d e d ,

C

Figure 5.—Possible conformations of 4-(D-ara6mo-tetrahy- 
droxybutyl)-2-phenyl-l,2,3-osotriazole (6). The hydroxyl groups 
not hydrogen bonded to nitrogen in B and C may be hydrogen 
bonded to each other or in a zigzag conformation. The data 
calculated for Table I assumed conformations approximating 
the ones drawn based on a minimization of nonbonded inter
actions as judged from space-filling models.

Using the Karplus correlation16 the coupling constant 
was calculated for the angle between the a-CH and 
/3-CH for each conformation (Table I). The corre
spondence of the values for J ap to those for conforma
tion B in preference to A or C is evident in all three 
hexose phenylosotriazoles. The resolution of the nmr 
spectra indicates reasonable conformational homogene
ity. This, of course, does not exclude other possible 
conformers but supports a hydrogen-bonded conforma
tion over the zigzag conformation on the nmr time 
scale for the structures having free hydroxyl groups.

The remainder of the nmr spectra was consistent with 
the structural assignments for these systems. The 
proton attached to the osotriazole ring was shifted to 
low field, r 1.5-1.6 (1 H), as expected. The phenyl 
protons appeared as two multiplets, two doublets cen
tered at t 1.8 (2 H) and a split quartet at 2.7 (3 H). 
The hydroxyl protons appeared as a broad band at 
r 3.4-3.5. The methylene protons generally appeared 
as a doublet but in 5 they gave only a broad singlet at 
r 5.56. Only in the case of 2 was the signal split 
further and to such an extent that the nonequivalence

(15) M . K arp lu s , J .  Chem, P h ys., 30, 11 (1959); J .  A m er. Chem, Soc., 85, 
2870 (1963).
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Figure 6.—Orientation of 4-(D-<7?ycero-dihydroxyethyl)-2- 
phenyl-l,2,3-osotriazole (1) on an eight-sector diagram. In part 
a this structure assumes a conformation similar to B in Figure 
5, whereas the conformation in part c is analogous to C in Figure
5. The diagrams in parts b and d represent views from the -para 
position of the benzene ring bisecting the triazole ring. These 
views maintain the signs of the four pertinent rear sectors and 
orient the molecules consistent with the experimentally observed 
positive Cotton effect for 1 .

of the methylene protons was apparent. The remain
ing ¡3 and y protons showed multiplets at r 5.1-5.4.

The coupling constants of the a protons in the oso- 
triazoles were smaller (2-5 Hz) for the threo a,ft hydro
gens than those for the erythro series (6-7 Hz). The 
range of coupling constants reflects the alterations in 
dihedral angle imposed by the variety of conformations 
in the remainder of the molecule which results from the 
differences in stereochemistry. The zigzag conforma
tion for 3 would require the dihedral angle of a- and
iS-CH bonds to be 180° with J  = 9.2 Hz, whereas in 2 
the dihedral angle should be 60° ( /  = 1.8 Hz) for the 
same idealized conformation. The hydrogen-bonded 
conformations for 2 would be relatively similar to 
those for 5 or 6, whereas 3 should be similar to 4 
(Table I). The values observed indicated that 2 may 
have any of the three possible conformations, preferably 
A or B. The conformation of 3, however, is more prob
ably the hydrogen-bonded (B or C) rather than the 
zigzag structure. The data for the pentose derivatives 
are somewhat more equivocal than for the hexose 
pheny losotriazoles.

In view of the evidence from the ORD and nmr 
spectra as to the probable conformations of these sugar 
derivatives, it should be possible to construct a reason
able model by which one may predict the sign of the 
Cotton effect. Such a design would be analogous to the 
octant rule established for the carbonyl function.16 
The phenyl and triazole rings may be assumed to be co- 
planar for maximum ir orbital overlap. The symmetry 
of the phenylosotriazole rings directs one symmetry 
axis through the para position of the phenyl ring, the 
central nitrogen atom, and between the two carbons of 
the triazole ring (Figure 6a). A second nodal plane is 
in the plane of the paper. The exact locations of any 
other nodal planes are less certain, but the sector dia

(16) W . M o ffitt , R . B . W oo d w ard , A. M oscow itz , W . K ly n e , a n d  C.
D je ra ss i, J .  A m er. Chem. Soc., 83, 4013 (1961).

grams shown in Figure 6 seem most plausible. I t is 
possible that the symmetry may be of the C2v type and 
a four-sector diagram may provide a satisfactory model. 
It has been suggested that the monosubstituted benzene 
would best fit a C2y model,17 and the triazole ring is, 
fortunately, of similar symmetry.

In designing a sector rule for the aromatic chromo- 
phore attached to an acyclic side chain, the conforma
tional possibilities seem almost limitless. The number 
of possible conformations of the substituents attached 
to the asymmetric carbon atom bearing the osotriazole 
ring must be reduced to a single conformation of sub
stantial probability before such a design is feasible. 
If the aromatic ring is placed on a three-coordinate axis, 
the a carbon will have the usual six basic conformations 
with each substituent either eclipsed by or perpendicu
lar to the aromatic ring. If there is reasonably stabil
ized hydrogen bonding of the C-3 hydroxyl group to a 
nitrogen of the osotriazole ring as postulated from the 
nmr evidence above, the predominant conformation 
may be assigned to that where the groups which appear 
in the sectors are the C-3 hydrogen and the -(CHOH)„- 
CH2OH substituents (Figure 5). This situation then 
requires only the decision as to whether the aromatic 
moiety be horizontal or vertical on the three-coordinate 
diagram. Kuriyama, et al.,ls designed an octant rule 
for the 1,2,4,5-tetrasubstituted aromatic chromophore 
in alkaloids placing the aromatic ring horizontally. 
This rule is not applicable to the five-membered, hydro
gen-bonded ring of the phenylosotriazole derivatives 
since the experimental observations do not agree with 
the predicted signs of the Cotton effects. In view of 
the difference in the chromophoric system, this is not 
surprising and it would be very fortuitous if all com
pounds containing an aromatic chromophore could be 
correlated by a single sector rule.

The rule proposed herein is, therefore, based on the 
experimental observation that the configuration of the 
C-3 carbon determines the sign of the Cotton effect 
group centered at about 265 nm. The symmetry of the 
phenylosotriazole chromophore requires that one plane 
pass vertically through the para position of the aro
matic ring bisecting the C-l-C-2 bond of the osotriazole 
ring. This means that the C-3 chiral center does not 
lie at the origin but has one finite coordinate (Figure 6a). 
Viewing the substituents from the para position of 
the benzene ring, the schematic sector diagram of
4- (D-gfh/cero-dihydroxyethyl)-2-phenyl-l,2,3-osotriazole 
(1) may be represented as in Figure 6b. The striped 
area represents the phenylosotriazole chromophore and 
the C-3 carbon and hydroxyl are in the same nodal 
plane. If the signs of the sectors are the same as those 
designated by the octant rule,16 conformation a (Figure 
6) for 1 would be expected to show a positive Cotton 
effect since the CH2OH substituent will be in the lower 
right rear, a positive sector, outweighing the C-3 hydro
gen opposite it. The remainder of the molecule will lie 
in a nodal plane.

It is apparent that the sector diagram having the 
horizontal aromatic chromophore would be applicable 
to the phenylosotriazole system provided an alternate 
conformation were used. The six-membered, hydro-

(17) J . A. S chellm an , J .  Chem . P h ys., 44, 55 (1966).
(18) K . K u riy a m a , T . Iw a ta , M . M o riy am a , K . K o te ra , Y . H a m a d a , 

R . M itsu i, a n d  K . T a k e d a , J .  Chem. Soc., Sect. B , 46 (1967).
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gen-bonded ring would fit such a rule and cannot be 
discarded. The representation is shown in Figure 6c. 
Since the nmr evidence appeared to support the five- 
membered hydrogen-bonded ring, it has been used as 
the primary model. I t seems, therefore, that con
formation B (Figure 5) drawn on the sector rule of 
Figure 6a,b is plausible based on the experimental ob
servations of the osotriazole rule. In addition, this 
conformation is consistent with the data obtained from 
the nmr study. It represents, therefore, a useful 
model of this system for study of a sector rule for an 
aromatic chromophore.

E x p e rim e n ta l S e c tio n 19
Potato Oxystarch.—A colloidal suspension of 4.5 g of potato 

starch and 6.18 g of sodium metaperiodate was kept stirring in 
the dark for 48 hr. At the end of this time the insoluble oxy
starch was separated by filtration and washed with water until 
free from periodate and iodate. The gelatinous solid was washed 
with absolute alcohol until a white powder was obtained. The 
powder was washed with ether and dried by passing air through 
the filter cake. The yield was quantitative.

Phenylosazone of Potato Oxystarch.—A mixture of 2.3 g of 
potato oxystarch in 100 ml of water was heated under reflux in 
200 ml of ethanol, 25 ml of phenylhydrazine and 30 ml of glacial 
acetic acid. Solution of the oxystarch took place in about 10 
min after which the ethanol was removed under reduced pressure. 
To the remaining solution was added with rapid stirring 500 ml 
of cold water producing a golden yellow precipitate. The 
precipitate was collected by filtration and washed with 50-ml 
portions of 10% acetic acid followed by two 50-ml portions of 
cold water, yielding 3.5 g of the phenylosazone which was used 
without further purification in the following experiment.

D-Erythrose Phenylosazone.—A solution of 2 g of the crude 
potato oxystarch osazone was dissolved in 100 ml of benzene and 
absorbed on a 150-g neutral alumina column. The column was 
eluted with 1 1 . of ether or until the initial wide yellow band came 
off the column. The ether eluted the glyoxal osazone and /3- 
acetyl phenylhydrazine as one band. The column was washed 
free of the remaining solid with 95% ethanol. The ethanol solu
tion was concentrated under reduced pressure and the erythrose 
phenylosazone was precipitated by the addition of water to the 
rapidly stirring solution. The yellow precipitate was collected 
by filtration and was recrystallized from 60% ethanol-water 
yielding 0.42 g of D-erythrose phenylosazone, mp 175-177° 
(lit.20 mp 175-177°).

4-(D-ph/cero-Dihydroxyethyl)-2-phenyl-l,2,3-triazole (1).—A 
suspension of 20 g of the crude potato starch phenylosazone and 
1800 ml of water was heated to boiling and a solution of 16.7 g of 
copper sulfate pentahydrate in 100 ml of boiling water was added. 
After 30 min of heating under reflux, the solution was allowed 
to cool to room temperature and freed of decomposition products 
by filtration. Hydrogen sulfide was bubbled through the solution 
as long as a black precipitate continued to form. The black 
precipitate was separated by filtration leaving a yellow solution 
which was boiled with 20 g of barium carbonate until the solution 
was slightly basic to litmus. After cooling, the mixture was 
separated by filtration and the filtrate was concentrated to a 
syrup under reduced pressure. The syrup was extracted with two 
250-ml portions of carbon tetrachloride. The combined extracts 
of carbon tetrachloride were concentrated under reduced pressure 
and cooled for 2 hr under refrigeration. The white, voluminous 
precipitate was dried and dissolved in hot isopropyl ether and

(19) T h e  u ltra v io le t  a b s o rp tio n  sp e c tra  w ere  reco rd e d  on  a  C a ry  15 in s tru 
m e n t u s ing  9 5 %  e th a n o l a s  so lv en t. T h e  O R D  cu rv es  w ere  o b ta in e d  on  a  
R u d o lp h  reco rd in g  s p e c tro p o la r im e te r  (X 600 -3 5 0  n m ), a  C a ry  60 o r  B elling
h a m  a n d  S ta n le y  B en d ix -E ricsso n  in s tru m e n t  (X < 3 5 0  nm ) in  10-, 5-, o r  1-m m  
cells, a d ju s t in g  co n c e n tra t io n  a n d  p a th  le n g th  fo r  m a x im u m  signal. T h e  
n m r  d a ta  w ere  reco rd ed  on  a  V a ria n  A -60 (p u rch ased  w ith  th e  a s s is ta n c e  of 
a  N a tio n a l S cience  F o u n d a tio n  E q u ip m e n t  G ra n t  G 22718 to  th e  U n iv e rs ity  
of N ew  H a m p sh ire ) a n d  o n  a  P e rk in -E lm e r  in s tru m e n t  u s ing  pyrid ine-d6  a s  
th e  so lv en t. G ra te fu l a c k n o w led g m en t is  a c co rd ed  to  M rs. E . R ic h a rd s  a n d  
M r. P . C h e rry  of D y so n -P e rr in s  L a b o ra to ry , O xford , E n g la n d , fo r  d e te rm in 
ing  m a n y  of th e se  s p e c tra . M ic ro a n a ly se s  w e re  b y  S ch w artzk o p f L a b o ra 
to ry , W oodside , N . Y .

(20) R . M . H a n n  a n d  C . S. H u d so n , J . A m er. Chem . Soc ., 66, 735 (1944).

n-hexane was added until the first sign of turbidity appeared. 
The solution was allowed to cool to room temperature and then 
refrigerated overnight. The white precipitate was separated 
by filtration and washed with two 25-ml portions of ra-hexane 
yielding 2.5 g of 4-(D-ph/cero-dihydroxyethyl)-2-phenyl-l,2,3- 
triazole (1): mp 64-65°; Xraax 265 nm (e 20,147), 208 (14,117); 
nmr gave r  1.63 (1 H) for osotriazole proton, 1.75 (two doublets, 
2 H) and 2.6 (multiplet, 3 H) for the phenyl protons, a triplet 
a t 4.42 (1 H, J  = 5.6 Hz), and a doublet at 5.55 (2 H, /  =  5.6 
Hz).

Anal. Calcd for C10H 11N3O2: C, 58.53; H, 5.40; N, 20.48. 
Found: C, 59.10; H, 5.23; N, 19.83.

Preparation of Osazones.—A mixture of 10 g of the sugar, 20 
g of phenylhydrazone hydrochloride, 25 ml of a saturated solu
tion of sodium bisulfite, 30 g of crystalline sodium acetate, and 
200 ml of distilled water was heated with stirring on a steam 
bath for 0.5 hr. The precipitate was separated by filtration, 
washed with water and combined with a second crop obtained 
after heating the filtrate for several hours. Recrystallization 
yielded 56-75% of the phenylosazone whose physical constants 
agreed with those recorded in the literature.

The osazone of arabinose was prepared in methyl cellosolve 
and precipitated on contact with water. The work-up was 
comparable with that above, yielding 60% of product, mp 170- 
171° (lit.21 mp 172-172°).

Preparation of Phenylosotriazoles.—A mixture of 20 g of the
phenylosazone, 16.7 g of CuS04-5H20 , and 1200 ml of water was 
heated under reflux for 30-60 min. The color changed from a red 
to green to yellow green. A red precipitate was removed, 
hydrogen sulfide was bubbled through the solution, and the 
CuS was separated by filtration. The filtrate was boiled for 15 
min with 10 g of barium carbonate or until the solution was 
neutral to pH paper. Insoluble material was removed and the 
filtrate was concentrated to a syrup under reduced pressure. The 
syrup either deposited crystals or was extracted with ethyl 
acetate (for 5) or chloroform (for 4) which yielded the crystalline 
product. Recrystallization from ether or ether-hexane gave 
40-70% of the phenylosotriazoles which agreed in melting point 
with literature values and are listed with ORD and CD data 
below.

4-(D-ara6mo-Tetrahydroxybutyl)-2-phenyl-l,2,3-triazole (6).— 
The insolubility of the osazone from glucose required modification 
of the above procedure. A mixture of 180 ml of water, 10 ml of 
0.5 N  sulfuric acid, 2 g of the osazone, 6 g of copper sulfate penta
hydrate, and 120 ml of isopropyl alcohol was heated under 
reflux for 1 hr and separated by filtration, and the liquid was 
concentrated to 50 ml. The tan precipitate was dissolved in 
water and decolorized with Norit. After being freed from Norit, 
the crystalline osotriazole (6), 300 mg (20%), melted at 193- 
193.5° (lit.20 mp 195-196°).

Preparation of Tetraacetoxy Derivatives of Phenylosotri
azoles.—The phenylosotriazoles 4 and 6 were treated with acetic 
anhydride in pyridine at 20° for 48 hr. The product in each case 
was extracted into chloroform, dried, and crystallized from 
dioxane-water to yield (90%) the tetraacetoxy derivatives 7, 
mp 104-105° (lit.22 mp 105-106°), and 8, mp 81-82° (lit.20 
mp 81-82°).

The nmr of 8 in CDC13 showed a singlet at t 2.13 (1 H, oso
triazole ring proton), a multiplet a t 2.82 (5 H, phenyl), C (= 0 )-  
CH3 a t 7.82, 7.87, 7.89, 7.97 (3 H each), and five aliphatic 
protons of chemical shift and apparent coupling constant as 
listed under compound 8. Second-order coupling was disregarded 
for Hb.

Ar

AcO—C—Ha
I

Hb—C—OAc 
Ho—C—OAc

HdHd'OAc 
8

Ha, T 3.55 (d) (J.b = 3.9 Hz)
Hb, r  4 .1 8  (q) (A b  = 3 .9  Hz, J hc = 7 .9  Hz)
Ha, t  4.58 (m)
Hd, r  5.72 (m)

(21) W . T . H ask in s , R . M . H an n , a n d  C . S. H u d so n , ib id ., S3, 1766 (1946).
(22) W . T . H ask in s , R . M . H an n , a n d  C . S. H u d so n , ib id ., 67, 939 (1945).
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The data were compared with those obtained from the anal
ogous quinoxaline derivative 9 analyzed previously13 and which 
showed Jab = 3 . 0  Hz and /be = 8.5 Hz. The Karplus equation16 
predicts dihedral angles of 45° for two protons coupled by 3.9 
Hz and 51° for those where J  = 3.0 Hz. The coupling constants 
for / be in 8 and 9 correspond, respectively, to dihedral angles of 
158 and 164°. These data suggest that there may be slightly 
more deviation from the ideal staggered conformation in the 
triazole 8 than in the quinoxaline 9. The difference between the 
two seems relatively minor as compared with the deviation 
from ideal. The data, of course, merely reflect an average of a 
large number of conformations and suggest only that of the 
extremes possible the staggered conformation predominates.

The nmr data for the tetraacetate derivative 7 which has the 
lyxo stereochemistry (H„b erythro) instead of the arabino stereo
chemistry of 8 and 9 (H„b threo) showed in pyridine-d5 r  1.72 
(1 H, osotriazole proton), a complex aromatic region centered 
approximately at 2.24 (5 H), and four acetyl groups at 7.88 (3 H), 
7.92 (3 H), and 7.98 (6 H). The five aliphatic protons showed 
signals for Ha at r  3.30 (d) ( / ab = 7.5 Hz); Hb a t 3.76 (q) 
(Jab = 7.5 Hz, /be = 3.5 Hz); Hc a t about 4.0 (m); arid Hd at
5.40 (q). The quartet for Hd shows the nonequivalence of 
these methylene protons (/dd' =  13 Hz, / cd = 7 Hz). The 
dihedral angles for the Hab and Hbc bonds are calculated to be 
approximately 155 and 48°, respectively, which suggests the 
staggered conformation very similar to that shown by the 
oso triazole 7 and reflecting the enantiomeric configuration at C-4.

Optical rotatory dispersion data were recorded on a Cary 60 
spectropolarimeter in methanol solution.

4-(D -pf?/c«ro-D ihydroxyethyl)-2-phenyl-l, 2 ,3-osotriazole ( 1) , mp 
6 4 -6 5 °, c 0 .07, had the following O R D  va lu es: [ $ ] 35o + 4 3 5 ,
[$]282.5 + 3 2 8 0 , [db]235 —4550, [+1222 1640.

4-(D-/ireo-Trihydroxypropyl)-2-phenyl-l,2,3-osotriazcle (2), 
mp 87-88.5° (lit.22 mp 88-89°), c 0.043, had the following ORD 
values: [d+so —670, [(f ]2«r, —3240, [4+241 +3880, [db]220 0.

4-(L-erj/fliro-Trihydroxypropyl)-2-phenyl-l,2 ,3-osotriazole (3), 
mp 6 5 -6 8 .5 °  ( lit .20 6 9 -70 °), c 0.084, had the follow ing ORD 
valu es: [db]350 —296, [4]220 —1340, H ]270-265 + 8 9 4 , [db]250 + 2 3 5 0 , 
[4*] 242.5 + 16 7 0 .  [4] 227 + 2 9 0 0 , [4] 220 + 1 9 0 .

4-(D-lj/3:o-Tetrahydroxybutyl)-2 - phenyl - 1 ,2 ,3  - osotriazole (4 ) 
mp 10 8 - 10 9 °  ( lit .22 1 1 0 - 1 1 1 ° ) ,  c 0 .045, had the follow ing ORD 
valu es: [4]350 —284, [4 ]2s4 — 1 15 4 ,  [4 ]234 + 1 0 3 6 ,  [4]22o —150 8 .

4-(D -lya:a-T etraacetoxybutyl)-2-phenyl-l,2 ,3-osotriazole (7), c 
0 .085, had the follow ing ORD v a lu es: [4]33o —589, [4]2s5 —2 1 1 7 ,
[4] 270 + 16 5 0 ,  [4] 264 + 1 3 0 3 ,  [4] 236 + 5 7 8 1 ,  [4] 221 0.

4-( L-x?/to-Tetrahydroxybutyl)-2-phenyl -1,2,3 - osotriazole (5 ), 
mp 151-152° (lit.22 mp 158-159°), c 0.0045, had the following 
ORD values: [4 ]350 —559, [4]2ss —3108, [4]245 +3768, [4 ]2w
+2828, [4]235 +3676, [4 ]225 +1884.

4-(d - arabino - Tetrahydroxybutyl) - 2 - phenyl -1,2,3 - osotriazole
(6), c 0.131, had the following ORD values: [4 ]35o —910, [4 ]2«3 
-5250, [4 ]24s +6410, [4 ]24i +5830, [4 ]239 +6700, [ 4 ] ,„  0, 
[4] 207 +  12,800, [4] 205 +7860.

Circular dichroism data were recorded in methanol on a Jouan 
Dichrograph Model 18 5 . The following values were recorded: 
for compound 6, 300 nm (Ae 0), 2 77  ( - 1 . 4 3 ) ,  274  ( - 1 . 2 4 ) ,  270  
( - 1 . 8 4 ) ,  265 ( - 1 . 4 2 ) ,  258 ( - 1 . 9 3 ) ,  244 [ - 0 .9 0  (sh)], 227 (0), 
223 ( + 0 .2 7 ) ,  2 19  (0), 2 1 3  ( - 1 . 5 2 ) ;  for 1, 295 nm (Ae 0), 277  
(+ 0 .9 0 ) , 273  (+ 0 .6 6 ) , 265 ( + 1 .2 8 ) ,  262 (+ 0 .9 6 ) , 258  ( +  1 .2 6 ) , 
248 [+ 0 .6 0  (sh)], 236 (0), 222  ( - 0 .5 8 ) ,  2 1 3  (0), 2 10  (0.24).

Ultraviolet absorption spectra were recorded in 95% ethanol 
on the Cary 15 or Perkin-Elmer 4000 instrument. The Xmax 
(e) values for the osotriazole derivatives follow: 1, 265 nm
(20,150); 2, 267 (20,240); 3, 266 (19,830); 4, 266 (19,550); 5, 
266 (18,810); 6, 267 (24,450); 7, 264 (22,070).

Registry No.—1, 16336-37-1; 2, 15476-33-2; 3, 15476-
35-4; 4, 15476-32-1; 5, 15476-34-3; 6, 16346-56-8; 7, 
6341-06-6; 8, 7770-63-0; 9, 4710-99-0.

T h e Conform ation of a-D-Idopyranose Pentaacetate1  2"
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The proton nmr spectrum of a-D-idopyranose pentaacetate (1) at 220 MHz in acetone-de or chloroform-d is 
completely first order and shows that the Cl chair conformation, having the acetoxymethyl group equatorial 
and the four acetoxy groups axial, is the favored conformation. In  addition to the normal spin couplings of 
vicinal protons, long-range 4/  couplings are observed between the equatorial protons H-l and H-3, and similarly 
between H-2 and H-4. A 6/  coupling between H-l and H-4 is also observed. The alternative chair (1C) con
formation, having all groups equatorial except the acetoxymethyl group, is considerably less stable than the Cl 
form.

Conformational analysis of polysubstituted chains 
and ring systems may be studied conveniently by use of 
various types of carbohydrate derivative. Such com
pounds offer the advantage that several stereoisomers, 
and frequently complete sets of stereoisomers, are 
available in a given system. A program in this labora
tory has been concerned with determination of favored 
conformation and conformational populations at equi

(1) T h is  p a p e r  is p a r t  of a  series “ A p p lic a tio n  of 2 2 0 -M H z N m r  to  th e  
S o lu tio n  of S te reo ch em ica l P ro b le m s.” F o r  p rev io u s  p ap e rs  from  th is  la b o ra 
to ry  concerned  w ith  c o n fo rm a tio n s  o f p y ra n o id  su g a r  d e riv a tiv e s , see (a) 
D . H o r to n  a n d  W . N . T u rn e r , J .  Org. Chem ., 30, 3387 (1965); (b) C . V. 
H o lla n d , D . H o rto n , a n d  J . S. Jew ell, ib id ., 32, 1818 (1967); (c) N . S. B h acca  
a n d  D . H o rto n , Chem . C om m un., 867 (1967); (d) C. V. H o lla n d , D . H o rto n , 
M . J . M iller, a n d  N . S. B hacca , J .  Org. Chem ., 32, 3077 (1967); (e) N . S. 
B h ac ca  a n d  D . H o rto n , J .  A m er. Chem. Soc., 89, 5993 (1967).

(2) A  p re l im in a ry  re p o r t  of p a r t  of th is  w ork  h as  been  g iv en : P . L.
D u re t te ,  D . H o rto n , a n d  N . S. B hacca , A b strac ts , 155 th  N a tio n a l M eetin g  
of th e  A m erican  C h em ica l S ocie ty , S an  F ran c isco , C alif., A p ril 1968, p  C22.

(3) D e p a r tm e n t  of C h em is try , L o u isian a  S ta te  U n iv e rs ity , B a to n  R ouge, 
L a . 70803

(4) T o  w h o m  in q u iries  sh o u ld  b e  ad d ressed .
(5) I n s t i t u t  fü r  O rgan ische  C hem ie , C hem isches S ta a ts in s t i tu t ,  U n i

v e r s i tä t  H a m b u rg , G e rm an y .

librium, in highly substituted tetrahydropyran ring 
systems, as provided by pyranoid sugar derivatives,1 
and in the open-chain structures of acyclic derivatives 
of sugars.6

Polysubstituted tetrahydropyran derivatives may be 
formulated in two energetically nonequivalent chair
like conformations and in a flexible cycle of skew forms 
interconvertible through the boat forms.7’8 Con- 
formers in the flexible cycle are generally considered to 
be of higher energy than the favored chairlike con- 
former, except perhaps for certain fused-ring deriva
tives.9 A rationale for predicting the favored chair 
conformation for pyranose sugars and their derivatives

(6) D . H o r to n  a n d  M a r th a  J . M iller, J .  Org. Chem ., 30, 2457 (1965); H . S . 
E l K h ad em , D . H o rto n , a n d  T . F . P ag e , J r . ,  ib id ., 33, 734 (1968).

(7) D . H o r to n  in  “ H an d b o o k  o f B io c h em istry  a n d  B io p h y s ic s,”  H . C . 
D am m , E d ., W o rld  P u b lish in g  C o., C leveland , O hio, 1966, p p  128-131.

(8) E . L . E lie l, N . L. A llinger, S. J .  A ngyal, a n d  G . A. M o rriso n , “ C o n 
fo rm a tio n a l A n a ly s is ,” In te rsc ien ce  P u b lish ers , In c ., N ew  Y o rk , N . Y ., 1965, 
C h a p te r  6.

(9) C . C one a n d  L . H o u g h , Carbohyd. R es., 1 ,  1 (1965).
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OAc 0 Ac

Figure 1.—The low-field portion of the 220-MHz nmr spectrum of a-D-idopyranose pentaacetate (1) in acetone-d6 a t 15°. The scale 
divisions give chemical shifts in hertz upfield from the H -l signal. The H-6 signal (not shown) appears as a two-proton doublet, 
width 6.0 Hz, at 402 Hz upfield from the H -l signal.

was put forward by Reeves,10 based on summation of a 
set of conformational “instability factors.” The con
formational assignments upon which Reeves’ correla
tions were based were made from data on the for
mation or nonformation of cuprammonium-diol com
plexes. The fact that the cuprammonium reagent 
may itself influence the conformation of a sugar intro
duces complications in the interpretation of such data. 
The advent of nmr techniques for the study of con
formations in solution has removed this objection from 
conformational assignments, and it is usually possible 
to make a clear-cut assignment of one chair conformer 
or the other, based on the values of vicinal proton- 
proton spin couplings.1'11'12

In certain cases spin-coupling data suggest that the 
less-favored chair conformer is present in substantial 
proportion in equilibrium with the favored form, and 
such a conformational equilibrium has recently been 
demonstrated directly, for /3-D-ribopyranose tetraace
tate, by low-temperature nmr spectroscopy at 220 
MHz.16

One of the most significant factors to emerge from 
conformational studies on pyranose sugars and their 
derivatives is the observation that the favored con
formation is not necessarily that chairlike conformer 
having the greater number of bulky substituents 
oriented equatorially. An extreme case is tri-O-acetyl- 
/3-D-xylopyranosyl chloride (2). This tetrasubstituted, 
pyranose sugar derivative has, in various solvents, all 
four substituents axial in the favored conforma- 
tion;lb'13 the energy difference between this form and 
the all-equatorial form is sufficient that the proportion 
of the latter form statistically present is too small to be 
observed by conventional low-temperature nmr spec
troscopy.2 15 There appears to be a strong driving force 
(anomeric effect)18"14’16 for a polar group at C-l of an 
aldopyranose derivative to adopt the axial orientation.

(10) R . E . Reeves, A d va n . Carbohyd. Chem ., 6, 108 (1951).
( 1 1)  R . U. Lemieux, R . K . Kullnig, H. J .  Bernstein, and W. G. Schneider, 

J .  A m er. Chem . Soc., 80, 6098 (1958). R . U. Lemieux and J .  D. Stevens, 
C an. J .  Chem ., 43, 2059 (1965); 44, 249 (1966).

(12) L. D. Hall, A dva n . Carbohyd. C hem ., 19 , 5 1  (1964).
(13) H. Paulsen, F . Garrido Espinosa, W. P . Trautwein, and K . HeynS, 

B er., 1 0 1 ,  179 (1968); cf. L. D. Hall and J .  F . Manville, Carbohyd. R es., 4, 
5 12  (1967).

(14) J .  T . Edward, Chem . I n d .  (London), 1 10 2  (1955).
(15) R . U. Lemieux in “ Molecular Rearrangements,”  part 2, P. de Mayo,

Ed., Interscience Publishers, Inc., New York, N . Y ., 1964, pp 735—743.

Based on the principle that various conformational 
elements in a polysubstituted, six-membered ring 
system give rise to additive elements of conformational 
destabilization, relative to a hypothetical system having 
no interacitons between substituents, values have been 
estimated for the conformational free energies of sub
stituent groups in various environments in substituted, 
pyranose sugars dissolved in organic solvents16 and in 
free sugars in aqueous solution.8 These values, which 
include a term for the anomeric effect, permit calcula
tion of a predicted, relative free energy for each chair 
conformer of a given pyranose sugar or its peracetate. 
The predicted AG° value for one chair conformer is gen
erally considerably less than that of the other chair con
former. Direct observation of the favored conforma
tion by nmr spectroscopy has provided, in many in
stances, experimental verification of the conformations 
predicted.

a-D-Idopyranose is a key compound in conforma
tional studies on the six-carbon, pyranose sugars be
cause the favored chair conformation of this sugar and 
its pentaacetate can be supposed, based on algebraic 
summation of estimated values for conformational free 
energies of the ring substituents,8’10'16 to be the reverse of 
that chair conformer shown to be the stable form in the 
common D-hexopyranoses and their pentaacetates. Of 
the two possible chairlike conformations of a-D-idopy- 
ranose, the Cl (d) conformer (CA in the Isbell-Tipson16 
system of conformational nomenclature17) has the hy
droxymethyl group oriented equatorially and the four 
hydroxyl groups oriented axially. The alternative 
1C (d) conformer has the four hydroxyl groups equa
torial and the hydroxymethyl group axial. By the 
“instability factors” of Reeves,10 or by the conforma
tional free-energy values of Angyal,8 the 1C (d) con
formation is predicted to be favored strongly over the

(16) H. S. Isbell, J .  R es. N a tl. B u r . S ta n d ., 67, 17 1  (1956). H. S. Isbell and 
R . S. Tipson, Science , 130 , 793 (1959); J .  R es. N a t. B u r . S ta n d ., Sect. A , 64, 
17 1  (1960).

(17) The considerations given in this discussion for a-D-idopyranose 
pentaacetate (1) apply equally for the l  enantiomorph. The form shown 
herein to be the stable chair conformer of 1 ,  having the acetoxymethyl group 
equatorial and the four acetoxy groups axial, is C l  by the Reeves nomen
clature; the stable conformer of the l enantiomorph would be named 1C. 
B y  the Isbell-Tipson system 16 the stable conformer is named a-D- (or L-) 
idopyranose-CM. pentaacetate. The nonfavored conformer is the 1C  (d) or 
C l  (l) form [a-D- (or L-) idopyranose-CI? pentaacetate, by the Isbell-Tipson 
system].
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T a b l e  I
C h e m i c a l - S h i f t  D a t a  f o r  £z- d - I d o p y r a n o s e  P e n t a a c e t a t e  ( 1 )  i n  A c e t o n e - ^  a t  20° a n d  220 M h z

■Chemical sh if ts  of pro tons-
S o lv en t Scale H - l H -2 H -3 H -4 H-S H -6 “ C H O A c C H jO A c

11 Hz upfield from H-l 0 257 213 235 317 402
(CD3)2CO 1, Ppm upfield from H-l 0 1.17 0.97 1.07 1.45 1.83

1; r  scale 4.02 5.19 4.99 5.09 5.47 5.85 7.87,5 7.896 8 .00e
¡Hz upfield from H-l 0 260 218 248 350 412

CDC13 Ppm upfield from H -l 0 1.18 0.99 1.13 1.59 1.87
' r  scale 3.93 5.11 4.92 5.06 5.52 5.80 7.89,8 7.90s 7.94e

“ Doublet, lower-field peak approximately twice the intensity of the higher-field peak. b Integral, six protons. c Integral, three 
protons. d Integral, nine protons.

Cl (d) conformation, in aqueous solution. For the 
corresponding pentaacetate, in chloroform solution, 
the estimated conformational free energies15 would also 
indicate that the 1C (d) conformation is the stable 
form, if it can be assumed that an axial acetoxymethyl 
group exerts a steric effect at least as great as that of an 
acetoxy group.

The pentaacetate (1) of a-D-idopyranose has been 
characterized on a crystalline basis,18 and the present 
report describes conformational assignments from nmr 
spectroscopic data measured at 220 MHz. The results 
indicate that substance 1, in acetone-d6 or chloroform-d, 
adopts the Cl (d) conformation, having four axial sub
stituents and one equatorial substituent, as the favored 
form. This result is the opposite of that predicted by 
summation of conformational free-energy values.

Spectral Interpretations.—The pmr spectrum (Figure 
1) of a-D-idopyranose pentaacetate (1), at 220 MHz in 
acetone-ds, is completely first-order. Chemical-shift 
data are listed in Table I ; Table II gives coupling con-

T a b l e  I I

P r o t o n - P r o t o n  C o u p l i n g  C o n s t a n t s  f o r  q h d- I d o p y r a n o s e  
P e n t a a c e t a t e  ( 1 )  i n  A c e t o n e - ^

.— ------------V ic inal coup lings, H z------------------. *—L o n g -ran g e  coup lings , H z—.
J  1,2  J  2,3 Js , 4 J  4,5 J  5,0 J  1,3 J \  J  2,4

2 . 1  3 .6  3 . 5  2 . 1  6 .0  1 . 0  0 .6  0 .9

stants. Each of the methine protons gives rise to a
multiplet that is well separated from neighboring 
signals, so that no significant virtual coupling19 is
possible, and the couplings derived by first-order anal
ysis should be close to the absolute [J| values. The 
methylene group gives rise to a two-proton signal that 
appears as a doublet, indicating that the two C-6 pro
tons are equivalent. The spacing of this doublet gives 
the J 5,6 coupling constant. The highest field, methine 
proton signal, that of H-5, appears as a triplet of narrow 
doublets, through coupling with H-6 and with H-4, and 
the small splitting gives the d4,5 coupling constant. 
Another triplet of doublets, observed at next to lowest 
field, is assigned to H-3; the triplet structure arises 
through equal coupling of H-3 with H-2 and H-4, and 
the additional splitting arises by long-range coupling 
with H-l (W arrangement20’21 of H-l and H-3). The 
eight-peak multiplet to lower field of the H-5 signal is 
assigned to H-2, and the multiplicity arises by unequal

(18) H . P a u lse n , W . P . T ra u tw e in , F . G a rrid o  E sp in o sa , a n d  K . Heyns» 
B er., 100, 2822 (1967).

(19) J . I .  M u sh e r  a n d  E . J . C o rey , Tetrahedron , 18, 791 (1961).
(20) L . D . H a ll  a n d  L . H o u g h , Proc. Chem . Soc . (L o n d o n ), 382 (1962); 

K . H ey n s , J .  W ey er, a n d  H . P au lsen , B er., 98, 327 (1965).
(21) D . H o r to n  a n d  J .  S. Jew ell, Carbohyd. R es., 5, 149 (1967).

coupling of H-2 with three other protons. The largest 
splitting is caused by the J 2,3 coupling, and a smaller 
splitting gives J lt2; the smallest splitting is attributable 
to long-range coupling of H-2 with H-4 (W arrange
ment20’21).

Of the two remaining methine proton signals, that at 
lowest field can be assigned to H-l, and the multiplet 
between the H-3 and H-2 signals must, therefore, be 
that of H-4. On the basis of the couplings already 
assigned, the H-l signal should appear as a quartet of 
width 3.1 Hz and the H-4 signal should appear as an 
octet of width 5.6 Hz. The observed signals, however, 
indicate that there is a small, additional coupling of 
about 0.6 Hz between H-l and H-4. On this basis the 
H-l signal should appear as an octet and the H-4 signal 
as a 16-line multiplet; the small difference in magnitude 
between the long-range splittings prevented each of 
these multiplets from being resolved completely.

The acetyl-group signals appear as a high-field 
singlet, assigned to the primary acetoxy group, and a 
partially resolved group of signals at lower field that 
was assigned to the four acetoxy groups attached axially 
to the ring; the latter were not assigned individually.

Addition of a few drops of benzene-^ to the prepared 
sample caused the C-6 protons to become slightly non
equivalent, as observed in a doubling of the higher field 
peak of the H-6 signal and concomitant increase in 
complexity of the H-5 signal.

The nmr spectrum in chloroform-d is similar to 
that observed in acetone-d6 and the H-6 protons are 
still equivalent in this solvent. Some differences in 
chemical shifts are observed (Table I); notably the 
separation of the H-2 and H-4 signals is smaller.

The advantages of measurements at 220 MHz is well 
illustrated by the separation of the H-3, H-4, and H-2 
signals shown in Figure 1. Although the separation of 
the H-3 and H-2 signals is a mere 0.20 ppm, the three 
signals are completely separated and there is hardly any 
buildup in intensity of the inner portions of the H-3 and 
H-2 signals. In contrast, a comparable spectrum mea
sured at 100 MHz (Varian HA-100 spectrometer) 
showed the three multiplets almost contiguous, with 
strong intensity buildup of the inner portions of the 
H-3 and H-2 signals.

Discussion
The small magnitudes (2.1-3.6 Hz) of the vicinal 

couplings observed for 1 in acctone-d6 clearly exclude the 
1 C  ( d )  conformation which, with the axial arrangement 
of H-l, H-2, H-3, and H-4, would have given a series of 
large (8-10 Hz) vicinal couplings. The couplings ob
served are fully consistent with the Cl (d) conformation
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having H-l, H-2, H-3, and H-4 equatorial.22 The data 
are not in accord with formulation of 1 in a skew con
formation because such a structure would be expected 
to give rise to one or more large, vicinal couplings.23

1

Cl

In view  of th e  fa c t th a t  th e  m olecule of a-D -idopy- 
ran o se  p e n ta a c e ta te  in  th e  favo red  C l  (d) con fo rm ation

has the supposedly strong destabilizing influence of two 
pairs of sy n -diaxial acetoxy groups, it is difficult to 
reconcile the observed behavior with the predictions 
based on current theory.24 It does not appear prob-

(22) A sm all p ro p o rtio n  of th e  1C  (d) co n fo rm er u n d o u b te d ly  ex ists  in 
e q u ilib riu m  w ith  th e  fa v o re d  C l  (d) fo rm , b u t  th e  p ro p o rtio n  of th e  non- 
fav o red  fo rm  ca n  b e  ex p e c ted  to  b e  n o t m o re  th a n  10%  a n d  i t  m a y  b e  con
s id e ra b ly  less th a n  th is .

(23) A n o n c h a ir  co n fo rm a tio n  h as  been  p ro p o sed  [R . B en tley , J .  A m er. 
Chem. Soc., 82, 2811 (I9 6 0 )) , b a sed  on  cu p ram m o n iu m -co m p lex in g  d a ta ,  fo r 
m e th y l /3-D -idopyranoside in  aq u e o u s  so lu tio n , a n d  th e  a -n  an o m er w as con
s id ere d  to  a d o p t  th e  1C  co n fo rm a tio n .

(24) S ince  th is  m a n u sc r ip t w as  s u b m it te d  fo r p u b lic a tio n  a  p a p e r  has 
ap p e a re d  b y  P# R . S u n d a ra ja n  a n d  V. S. R . R a o  [Tetrahedron, 24, 289 
(1968)] t h a t  desc ribes  p o te n t ia l  en e rg y  c a lcu la tio n s  fo r  th e  a ld o h ex o p y ran - 
oses a n d  a ld o p en to p y ra n o se s . I f  p o la r in te ra c tio n s  a re  igno red  com p le te ly , 
a n d  K ita ig o ro d sk y -ty p e  fu n c tio n s  a re  used  to  d e te rm in e  th e  n o n b o n d ed

able that the anomeric effect is alone responsible for 
controlling the conformation of 1. It has been ob
served113 that a related example, tri-0-acetyl-/3-D-xylo- 
pyranosyl chloride (2), favors the all-axial 1 C  (d) con
formation even in rather polar solvents such as acetone 
and acetonitrile, although the anomeric effect is con
sidered8’15 to be diminished on passing from solvents of 
low polarity to solvents of high polarity. It may be 
noted that the C l  (d) conformation is also favored in 
the case of the penta-O-benzoyl analog25 of 1 and also 
with 1,2,3,6-tetra-O-acetyl-a-D-idopyranose.18

Possibly there are attractive interactions between 
axial acetoxy groups and other groups in the molecule, 
or repulsive interactions between vicinal, equatorial 
groups, that should be considered in any model for pre
dicting favored conformation. Detailed speculation 
on this point is not warranted until data on conforma
tional and configurational equilibria in a series of re
lated compounds become available.

Extensive long-range couplings through the W 
arrangement of bonds are commonly observable in 
bridged ring systems,20’21 and 6J  couplings have also 
been observed in some bridged ring systems.26 The 
present example is unusual, however, in that such 
couplings are here exhibited by a pyranoid ring-system 
that is not bridged. This observation suggests that 
the molecule of 1 may be conformationally quite rigid, 
with libration about the shape corresponding to the 
minimum energy being energetically unfavorable.

Experimental Section
Nmr spectra were measured at 220 MHz with a Variati spec

trometer equipped with a superconducting solenoid.27 The 
sample of a-D-idopyranose pentaacetate (1) had mp 94^95° and 
[a]20d +55.2° (c 0.8, chloroform), in good agreement with 
literature values.18 The concentration of sample was ^ 1 0 %  and 
tetramethylsilane (t 10 .00) was used as the internal standard for 
spectra measured in chloroform-d. Spectra were measured at 
15-20°, and coupling constants (Table II) were measured di
rectly from spectra recorded at 100-Hz sweep width. Data on 
chemical shifts are given in Table I .

Registry No.—1, 16299-15-5.
in te ra c t io n  energies, i t  can  b e  ca lc u la te d  t h a t  th e  low est en e rg y  co n fo rm er fo r 
a ll D -aldohexopyranoses w ou ld  b e  th e  C l  (d) c h a ir  fo rm . H o w ev er, s ince 
th e r e  is a b u n d a n t  ev id en ce1»8’15 th a t  p o la r  fa c to rs  a r e  s ig n ifican t in  influencing  
co n fo rm a tio n , a  c o m p le te  th e o re tic a l m o d e l fo r p red ic tin g  fa v o re d  con fo rm a
t io n  w o u ld  h a v e  to  in c lu d e  te rm s  fo r p o la r  in te ra c t io n s . T h e  q u a n t i ta t iv e  
s ign ificance of p o la r fac to rs , in  re la tio n  to  s te r ic  fac to rs , is  d ifficu lt to  assess.

(25) N . S . B hacca , D . H o rto n , a n d  H . P au lsen , u n p u b lish e d  d a ta .
(26) L . D . H a ll, J .  F . M an v ille , a n d  A . T ra c e y , Carbohyd. R es., 4, 514 

(1967); J .  C . Jo ch im s, G . L aigel, a n d  W . M e y e r  zu  R e c k en d o rf, Tetrahedron  
L ett., 3227 (1967).

(27) F . A . N elso n  a n d  H . E . W eav er, “ H ig h -R eso lu tio n  S u p e rco n d u c tin g  
S p e c tro m e te r , '’ p re se n te d  a t  th e  In te rn a t io n a l  C o n feren ce  on  M ag n e tic  
R eso n an c e  a n d  R e lax a tio n , X IV th  C o lloque A m père , L ju b lja n a , Y u g o slav ia , 
S e p t 1966.
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T h e Synthesis of 3-/3-(3'-Deoxy-D-ribofuranosyl)adenine, 
an Isom er o f Cordycepin1
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In  an application of the use of the p iva lo ylcxy m eth yl protecting group, 3-(3-(3'-deoxy-D-ribofuranosyl)adenine 
(5), an  isom er of cordycepin, has been synthesized in good yield. T h e route involves the alky lation  of 7 -p ivaloyl- 
oxym ethyladenine (1) w ith 2,5-di-0-benzoyl-3-deoxy-D -ribofuranosyl brom ide (2) to give 3-/3-(2 ',5 '-di-0-ben- 
zoyl-3 '-deoxy-D -ribofuranosyl)-7-pivaloyloxym ethyladenine (hydrobrom ide 3) and successive rem oval of the 
p iva lo ylo xym eth yl and benzoyl groups.

Interest in 3'-deoxyribofuranosyl nucleosides stems 
from the identification2’3 of the metabolite cordycepin 
from Cordyceps militaris (Linn.) Link4-6 and from the 
fermentation broth of Aspergillus nidulans (Eidam) 
Wint. as 9-/3-(3'-deoxy-D-ribofuranosyl)adenine7-12 (3'- 
deoxyadenosine). This 3'-deoxyribofuranosyl nucle
oside inhibits nucleic acid synthesis in Ehrlich as
cites cells13-18 and in Bacillus subtilis.19 Parallel 
interest has developed in the isonucleosides of adenine 
in which the sugar moiety is attached to N-3 instead of 
N-9, such as 3-/3-D-ribofuranosyladenine (3-isoadeno
sine)20 and 3-j3-(2'-deoxy-D-ribofuranosyl)adenine21 es
pecially because of the unusual biological activity 
exhibited by the former.200’22-24 Accordingly, we were

(1) This work was supported by Research Grant USPHS-GM -05829 from 
the National Institutes of Health, U. S. Public Health Service, to whom we 
are pleased to acknowledge our thanks.

(2) E . A. Kaczka, E . L . Dulaney, C. O. Gitterman, H. B. Woodruff, and 
K . Folkers, B iochem . B io p h ys . R es. C om m un., 14, 452 (1964).

(3) E . A. Kaczka, N. R . Trenner, B. Arison, R . W. Walker, and K . Folkers, 
ib id ., 14, 456 (1964).

(4) (a) K . G. Cunningham, S. A. Hutchinson, W. Manson, and F . S. 
Spring, J .  Chem . Soc., 2299 (19 51); (b) H. R . Bentley, K . G. Cunningham, 
and F . S. Spring, ib id ., 2301 (1951).

(5) N. M . Kredich and A. J .  Guarino, B io ch im . B io p h ys . A c ta , 41, 363
(1960) ; 47, 529 (1961).

(6) S. Frederiksen, H. Mailing, and H. Klenow, ib id ., 95, 189 (1965).
(7) A. Todd and T . L . V. Ulbright, J .  Chem . Soc., 3275 (1960).
(8) W. W. Lee, A. Benitez, C. D. Anderson, L . Goodman, and B. R. 

Baker, J .  A m er. Chem . Soc., 83, 1906 (1961).
(9) E . Walton, R . F . Nutt, S. R . Jenkins, and F . W. Holly, ib id ., 86, 2952 

(1964).
(10) E . Walton, F . W. Holly, G . E . Boxer, R . F . N utt, and S. R . Jenkins, 

J .  M ed . Chem ., 8, 659 (1965).
( 11)  D. H. M urray and J .  Prokop, J .  P h a rm . S c i., 54, 1468 (1965).
(12) M . Ikehara and H. Tada, Chem . P h a rm . B u ll. (Tokyo), 15, 94 (1967).
(13) (a) H. Klenow, B ioch im . B io p h ys . A c ta , 76, 347 (1953); (b) H. 

Klenow, ib id ., 76, 354 (1953); (c) H. Klenow, B iochem . B io p h ys . R es. Com
m u n ., 5, 156 (196 1); (d) H. Klenow and K . Overgaard-Hansen, B ioch im . 
B io p h ys . A cta , 80, 500 (1964).

(14) (a) S. Frederiksen and H. Klenow, B iochem . B io p h ys . Res. C om m un ., 
17, 165 (1964); (b) H. Klenow and S. Frederiksen, B ioch im . B io p h ys . A cta , 
87, 495 (1964).

(15) H. T . Shigeura and C. N . Gordon, J .  B io l. C hem ., 240, 806 (1965).
(16) H. T . Shigeura, G . E . Boxer, M. L . Meloni, and S. D. Sampson, 

B iochem istry , 5, 994 (1966).
(17) C. O. Gitterman, R . W. Burg, G. E . Boxer, D. Meltz, and J .  Hitt, 

J .  M ed . C hem ., 8, 664 (1965).
(18) D. V. Jagger, N . M . Kredich, and A. J .  Guarino, Cancer R es., 21, 216

(19 6 1) .
(19) F . Rottman and A. J .  Guarino, B ioch im . B io p h ys . A c ta , 80, 632 

(1964).
(20) (a) N . J .  Leonard and R . A. Laursen, J .  A m er . Chem . Soc., 35, 2026 

(1963); (b) N . J .  Leonard and R . A. Laursen, B iochem istry, 4, 354 (1965); 
(c) N . J .  Leonard and R . A. Laursen, ib id ., 4, 365 (1965).

(21) M . Rasmussen and N. J .  Leonard, J .  A m er. Chem . Soc., 89, 5439 
(1967).

(22) A. M . Michelson, C . Monny, R . A. Laursen, and N. J .  Leonard, 
B io ch im . B io p h ys . A c ta , 119, 258 (1966).

(23) K . Gerzon, I. S. Johnson, G. B. Boder, J .  C . Cline, P. J .  Simpson, 
and C. Speth, ib id ., 119, 445 (1966).

(24) K . Gerzon, Annual Meeting, American Association for Cancer Re
search, Denver, Colo., M ay 28, 1966; see K . Gerzon, G. B. Boder, C . R . 
Speth, P. J .  Simpson, and I. S. Johnson, Proc. A m er. Assoc. Cancer R es. 7, 
23 (1966).

encouraged to prepare 3-/3-(3'-deoxy-D-ribofuranosyl)- 
adenine (5) (3'-deoxy-3-isoadenosine or 3-isocordy- 
cepin), which contains the characteristic structural 
features of both cordycepin and 3-isoadenosine.

The mild synthetic route to 3-substituted adenine 
derivatives employing the pivaloyloxymethyl (Pom) 
protecting group21 seemed eminently suited for the 
preparation of 5. Of the several synthetic procedures 
developed for providing a 3-deoxypentose moiety on 
purine or pyrimidine bases,7-12’25-31 that involving 
alkylation by a preformed 3-deoxyribofuranosyl ha
lide10’26 appeared simplest. 7-Pivaloyloxymethylade- 
nine (1), obtained from sodium adenide and chloro- 
methyl pivalate,21 was treated with 2,5-di-0-benzoyl-3- 
deoxy-D-ribofuranosyl bromide (2)10 in acetonitrile at 
about 60°. The reaction was essentially complete 
within 5 min, and crude product (3) was obtained in

NHü ÇH200CC(CHj>3

tü > so» n:
CHjCN I v i

N K  "SN‘
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C O
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yields up to 95%. Characterization of the product 
as 3-/3-(2',5'-di-0-benzoyl-3'-deoxy-D-ribofuranosyl)-7- 
pivaloyloxymethyladenine hydrobromide (3) followed 
from the ultraviolet32 and nmr spectra. Since the 
compound showed instability in solution, it was not 
purified further but was subjected directly to reaction 
with methanolic ammonia at room temperature. This 
treatment led to rapid removal of the 7-pivaloyloxy- 
methyl group but gave, in place of the expected nucleo-

(25) D. M . Brown, D. B. Parihar, A. Todd, and S. Varadarajan, J .  
Chem . Soc., 3028 (1958).

(26) E . Walton, F . Holly, G . E . Boxer, and R . F . Nutt, J .  Org. C hem ., 31 
1 16 3  (1966).

(27) D. M . Brown and G. H. Jones, J .  Chem . Soc., 249, 252 (1967).
(28) P. Szabô and L. Szab6, ib id ., 2944 (1965).
(29) S. R . Jenkins, F . W. Holly, and E . Walton, J .  Org. C hem ., 30 , 2851 

(1965).
(30) J .  Prokop and D. H. M urray, J .  P harm . S c i., 54, 359 (1965).
(31) A. P. Martinez, W. W. Lee, and L. Goodman, J .  Org. C hem ., 3 1 ,  3263 

(1963).
(32) N. J .  Leonard, K . L . Carraway, and J .  P . Helgeson, J .  Heterocycl. 

Chem ., 2 , 291 (1965).



side 5, a mixture of 3-/3-(2',5'-di-0-benzoyl-3'-deoxy- 
D-ribofuranosyl)adenine (4) and 3-/3-(2',5'-di-0-ben- 
zoyl-3'-deoxy-D-ribofuranosyl)-IV6-pivaloyladenine (Ne- 
pivaloyl derivative of 4) in a ratio of about 4:1. The 
latter, minor component, formed by intermolecular 
rearrangement of the pivaloyl group,21 was readily 
separated from the sparingly soluble 4 and was identi
fied by its spectroscopic characteristics. The deben- 
zoylation of 4, isolated in 59% yield from the ammonia- 
methanol treatment, was accomplished with sodium 
methoxide in dimethyl sulfoxide-methanol at room 
temperature in 79% yield.

The structure of the debenzoylated product, mp
224.5- 225°, homogeneous by tic, was indicated as
3-/3- (3 '-deoxy-D-ribofuranosyl) adenine (5) by micro
analysis and the route of synthesis. The position of 
attachment of the sugar to adenine was confirmed as 3 
by the nmr and uv spectral data.33’34 The assignment 
of the /3 configuration required further inspection. 
Participation of the 2'-O-benzoyl group during the alkyl
ation reaction (1 +  2) should have given prepon
derantly the /3 anomer, following the trans rule.35’36 
Similar use of 2,5-di-0-benzoyl-3-deoxy-D-ribofuran- 
osyl bromide (2) had produced the /3-ribofuranoside 
cordycepin,10 and direct alkylation of adenine with
2.3.5- tri-O-benzoylribofuranosyl bromide had given two 
/3-ribofuranosides, precursors of adenosine and 3-iso- 
adenosine.20b In the light of the synthetic precedents, 
the fairly high over-all yield from 7-pivaloyloxymethyl- 
adenine of pure 5 (43%), with its sharp melting point 
and homogeneity indicated by tic, was suggestive of the 
/3 configuration. The ORD curve for 5 was difficult to 
measure owing to the high e/[M] ratios in the region of 
the absorption maximum but indicated a negative 
Cotton effect. Application of Hudson’s rules of isoro
tation38 is not secure for a new, single example as 
represented by 5, and anomeric assignments by ORD 
have been limited mainly to cyclo nucleosides, pyrimi
dine nucleosides, purine N-9 nucleosides,39’40 and series 
of nucleosides containing unnatural sugar moieties.41 
From our experience with 3-substituted adenines.20b’21 
we consider the optical rotation data to be further sug
gestive of the ¡3 configuration in 5.

Further support for the assignments of anomeric 
configuration emerges from the nmr spectrum through 
judicious application of the Karplus equations42’43 to 
the relation between the coupling constant J y y  and the 
dihedral angle between the intersecting planes defined 
by H-l '-C-C and H-2'-C-C and empirically by analogy. 
In the nmr spectra of several anomeric pairs of 3'-de- 
oxyribofuranosylpyrimidine nucleosides26 there appears

(33) N . J. L e o n ard  a n d  J. A . D ey ru p , J .  A m er . Chem . Soc., 84, 2148 
(1962).

(34) L . B . T ow n sen d , R . K . R ob in s , R . N . L oeppky , a n d  N . J .  L eo n ard , 
ib id ., 86, 5320 (1964), a n d  references  th e re in .

(35) B . R . B ak e r, in  “ C ib a  F o u n d a tio n  S y m posium , C h e m is try  a n d  
B io logy  of P u r in e s ,”  G . E . W . W o lsten h o lm e a n d  C . M . O ’C o n n o r, E d . ,  J. 
a n d  A . C h u rch ill L td .,  L on d o n , 1957, p  120.

(36) T h e  tra n s /c is  (P /a  fo r  ribosides) ra t io  m a y  b e  low er w hen  th e  2-O- 
ac y l g ro u p  is a c e ty l o r  w hen  i t  is  ben zo y l s u b s t i tu te d  w ith  e le c tro n -w ith d ra w 
ing  g ro u p s .26’37

(37) M . P ry s ta s  a n d  F . S o rm , Collect. Czech. Chem . C om m un ., 29 , 2956 
(1964).

(38) C . S. H u d so n , J .  A m er. Chem . Soc., 31, 66 (1909).
(39) T .  R . E m erso n , R . J .  S w an , a n d  T . L . V. U lb ric h t, B iochem . B io p h ys . 

Res. C om m un ., 22, 505 (1966).
(40) P . C rab b y  a n d  W . K ly n e , Tetrahedron, 23, 3449 (1967).
(41) D r. I .  Iw a i, S an k y o  C o., L td ., T o k y o , p r iv a te  c o m m u n ic a tio n .
(42) M . K arp lu s , J .  Chem . P h y s ., 30, 11 (1959).
(43) M . K arp lu s , J .  A m er . Chem . Soc., 85, 2870 (1963).
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to be a small but distinct difference between the trans 
J i’,r coupling, 1.3-1.8 cps, of the /3 anomers and the cis 
J i',2' coupling, 3.5-3.9 cps, of the a anomers. The 
related 9-/3-(3'-deoxy-D-ribofuranosyl)adenine (cordy
cepin) in D20  has been noted44 45 to have a low J y y  
coupling, 2.2 cps, relative to that of adenosine, 6.1 cps. 
The value of J X’y  which we observed for 3'-deoxy-3- 
isoadenosine (5) in hexadeuteriodimethyl sulfoxide was
3.2 ± 0.5 cps, which did not permit a firm conclusion 
concerning the anomeric configuration. However, the 
observed J v y  coupling was solvent dependent, and the 
addition of a few drops of deuterium oxide to the 
DMSO-d6 solution of 5 caused J y y  to decrease to 2.7 
cps. Moreover, the signal for the anomeric C -l' proton 
of 5 in D20  acidified with deuteriosulfuric acid occurred 
as a broadened singlet with half-height width of 2.2 
cps.46 Supportive nmr evidence was also available 
from the signal for the C-l' proton in the precursors4 
(singlet) and 3 (broad singlet). Further, the chemical 
shift of H -l' appears in the region to be expected for a 
proton cis to the C-2' hydroxyl group.21-44’46 The chemi
cal shift and coupling constant are consistent with a /3 
configuration for 5, but no final correlation between nmr 
spectra and configuration can be made in the absence of 
the a anomer. In conclusion, the structural formulas 3, 
4, and 5 indicate the most probable stereochemistry of 
the products synthesized in this sequence, which, by the 
use of the Pom protecting group, provides a good yield 
of 3-/3-(3 '-deoxy-D-ribofuranosyl) adenine.47

Experimental Section48
2,5-Di-0-benzoyl-3-deoxy-D-ribofuranosyl bromide (2) was

obtained as a pale brown oil by following the ten-step procedure 
of Walton, Holly, Boxer, N utt, and Jenkins10 (4.6% over-all 
yield from D-xylose).

3-/3-(2 ',5 '-Di-O-benzoyl-3 '-deoxy-D-ribofuranosyl)-7-pivaloyl- 
oxymethyladenine Hydrobromide (3).—To a solution of 0.611 g 
(2.46 mmol) of 7-pivaloyloxymethyladenine ( l )21 in 100 ml of 
anhydrous acetonitrile at 57° was added 1.8 g (4.4 mmol) of
2,5-di-0-benzoyl-3-deoxy-D-ribofuranosyl bromide10 in 10 ml of 
acetonitrile. After 10 min at 57-60°, the solution was cooled and 
then evaporated in vacuo (below 30°). The residual foam was 
dissolved in 10 ml of acetonitrile, and the solution was diluted 
with ca. 100 ml of ether. After trituration, the crude product was 
collected by filtration as fawn-colored microcrystals, yield 1.488 
g (94%), which softened at 115°, gradually decomposed above 
ca. 150°, and melted with evolution of a gas and extensive de
composition at ca. 206° (rapid heating): Xmax 228, 279, and 288 
(sh) m î, Xmin 250, Xmax (pH 1) 229, 277, and 288 (sh), Xmin 250, 
Xmax (pH 13) (unstable) ca. 275 (sh), 281, and 326, Xmin 258 and

3-d- (3 '-D eo x y -d-r ib o fu r a n o sy l ) a d e n in e  2489

(44) A. D. Broom, M. P. Schweizer, and P. O. P . T s’o, ib id ., 89, 3612 
(1967).

(45) (a) R . U. Lemieux and J .  W. Lown, C an. J .  Chem ., 41, 889 (1963); 
(b) L . Goldman and J .  W. Marsico, J .  M ed . Chem ., 6, 4 13  (1963).

(46) L . Gatlin and J .  C. Davis, J .  A m er . Chem. Soc., 84, 4464 (1962).
(47) This compound has been mentioned by H. T . Shigeura and S. D. 

Sampson, N ature, 215, 419 (1967), in the summary of their study on the 
structural basis for phosphorylation of adenosine congeners.

(48) All melting points are corrected. The ir spectra were recorded as 
Nujol mulls on a Perkin-Elmer 337 grating infrared spectrophotometer at 
slow scan. The uv spectra were recorded on a C ary Model 15  spectro
photometer on samples dissolved in 95%  aqueous ethanol and 0.1 M  hydro
chloric acid in 95%  aqueous ethanol (pH l ) .32 The pinr spectra were deter
mined with a Varian A-60A spectrometer. Chemical shifts are reported in 
8 units (ppm downfield from internal tetramethylsilane) and coupling con
stants in cps with estimated error ± 0 .5  cps. The following conventions for 
abbreviations are used: m =  multiplet, e == envelope, t =  triplet, d =  
doublet, 3 =  singlet, b =  broad, p =  pseudo, D =  signal disappears on ex
change with D 2O, sh =  shoulder, st =  strong, med =  medium, v  =  very. 
Thin layer chromatography (tic) was performed on Eastm an silica gel 
strips (with fluorescent indicator) routinely using 1 : 1 9  to 1 : 4  methanol- 
chloroform solvent systems.
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ca. 290; nmr (CDCU) 8 1.16 [9H, s, (CH3)3CCOO], 2 .1-3.4 
(2H, vbm, 3'-CH2), 4.80 [3H, e, 5'-CH2 and 4'-CH(?)], 6.04 
[1H, e, 2'-CH(?)], 6.57 (1H, bs, l'-C H ), 6.88 (2H, bs, COOCH2- 
N), 7.23-7.67 (6H, m, m- and p-C6H6COO), 7.88-8.20 (4H, 
m, o-C6H5COO), 8.48 and 9.20 (1H each, s,s, purine H ’s),
9.05 (2H, be, NH2). The resolution of the nmr spectrum was 
low owing to slow decomposition and precipitation of solid from 
the solution. Compound 3 was essentially pure as judged by tic 
and was used directly in the next reaction.

3-/3-(2 ',5 '-D i-0-benzoyl-3 '-deoxy-D -ribofuranosyl)adenm e (4). 
—Compound 3 (4.26 g, 6.51 mmol) was dissolved in 12 ml of 
methanol saturated with ammonia. After 40 min a t room tem
perature, the reaction mixture was filtered, giving 2.31 g of 
almost colorless microcrystals. Nmr spectroscopy (trifluoro- 
acetic acid solution) established this material to be a mixture of
3-/3-(2' ,5 '-di-O-benzoyl-3'-deoxy-D-ribofuranosyl)adenine (4) and 
its Ae-pivaloyl derivative in a ratio of about 4:1. The crude 
product was triturated with 30 ml of boiling chloroform, and this 
mixture was evaporated on a water bath with periodic addition 
of methanol until most of the chloroform had been replaced by 
methanol. Filtration of the cooled mixture then gave 1.775 g 
(59%) of 3-/3-(2',5'-di-O-benzoyl-3'-deoxy-D-ribofuranosylfade- 
nine (4) as colorless microcrystals: mp 244-246° dec; Km„  
3220 cm“ 1 (b, NIT), 1724 (sh), 1716, 1272, and 1261 (st, ester) 
1686 and 1621 (med, purine); Xma* 230 mp (e X 10-3 33.8), 
274-282 (13.5), ca. 293 (sh, 10.7), Xmin 251 (5.6), Xmal (pH 1) 
229 (33.8) and 277 (20.2), Xmi„ 250 (8.7); nmr (CF3COOH) S 
2.70 (2H, m, 3'-CH2), 4.78 (2H, m, 5'-CH2), 5.13 (1H, e, l '-  
CH), 5.86 [1 H, bps, 2'-CH(?)], 6.75 (0.8H, s, l'-C H ), 7.35-
7.80 (6H, m, m- and p-C6H5COO), 8.00-8.28 (4H, m, o-CeH6- 
COO), 8.87 and 9.24 (1H each, s,s, purine H ’s).

Anal. Calcd for C24H21N50 5: C, 62.74; H, 4.61; N, 15.24. 
Found: C, 62.53; H, 4.64; N, 15.34.

From the original chloroform-methanol mother liquors long 
needles (0.166 g) deposited on standing. Recrystallizaticn from 
acetonitrile gave glistening colorless needles of nearly pure
3-/3-(2',5 '-di-O-benzoyl-3'-deoxy-D-ribofuranosyl)-iV6-pivaloylade- 
nine: softens and melts indistinctly at 113°; Xmax 229, 283 (sh), 
and 295 mp, Xmm 255, Xmax (pH 1) 228, 283 (sh), 293, and 302 
(sh), Xmia 251, Xmax (pH 13) 228, 273 (sh), 282 and 329, Xmia 
263 and 288; nmr (CDC13) 5 1.46 (9H, s, (CH3)3CCON),

2.22-3.22 (2H, m, 3'-CH2), 4.72 (2H, ps and d, J  =  ~  4.2 cps 
av, 5'-CHs), 4.68-5.22 (1H, m, 4'-CH), 6.02 and 6.11 (1H, d 
of bpt, J  = 5.2, 1.5 cps, 2'-CII), 6.48 (1H, bs half-height width
2.5 cps, l'-C H ), 6.87-7.22 (1H, e, NH), 7.22-7.63 (6H, m, m- 
and p-C6H5COO), 7.92-8.13 (4H, m, o-C6H5COO), 8.14 and
8.81 (1H each, s,s, purine H’s).

3-/3-(3'-D eoxy-D -ribofuranosyl)adenine (5).—Sodium methoxide 
(0.206 g, 3.81 mmol) in 15 ml of methanol was added to a stirred 
suspension of 0.372 g (0.81 mmol) of 3-/3-(2',5'-di-0-benzoyl-3'- 
deoxy-D-ribofuranosyl)adenine (4) in 5 ml of dimethyl sulfoxide. 
The reaction mixture became homogeneous after being stirred 
for 40 min at room temperature and was treated with 7 drops of 
glacial acetic acid. The resulting solution was concentrated in 
vacuo (30°) to a translucent gel. This crude product was sus
pended in 50 ml of 19:1 chloroform-methanol, and the suspension 
was applied to a column of silica gel (70 g). Elution with 1:4- 
3:7 methanol-chloroform gave 0.185 g (91%) of pale cream 
crystals. Recrystallization from absolute ethanol gave 0.132 g 
of 3-/3-(3'-deoxy-D -ribofuranosyl)adenine (5) as analytically pure, 
glistening, colorless plates: mp 222-223° dec (further recrystal
lization raised the melting point to 224.5-225°); 2300-3500
cm-1 (b, st, NH2 and OH); X„„ 214 m/i (< X 10~316.1) and 277
(12.9), Xmia 244 (2.9), Xmax (pH 1) 219 (sh, 11.4) and 276 (17.6), 
Xmia 237 (3.2); nmr (DMSO-de) « 1.67-2.50 (2H, m, 3'-CH2), 
3.27—4.07 (2H, m, 5'-CH2), 4.32-5.00 (2H, m, 2'-CH and 
4'-CH), 5.84 and 6.12 [ca. 0.8H each, e (D), e (D), 2'-COII and 
5'-COH], 5.96 (1H, d, J  = 3.2 cps, l'-CH), 8.21 [1.4H, e (D), 
NH2], 7.85 and 9.05 (1H each, s,s, purine H ’s).

Anal. Calcd for Ci„Hi3N50 3: C, 47.80; H, 5.22; N, 27.88. 
Found: C, 47.98; H, 5.25; N, 27.98.

Increased yields of the nucleoside 5 could be obtained by using 
small solvent/solute ratios. Under these more concentrated 
conditions the reaction mixture would not become homogeneous 
but, after 2 hr or less, substantially pure nucleoside 5 could be 
obtained directly by filtration. Work-up of the filtrate would 
then give additional amounts of 5.

Registry No.—3, 16136-37-1; 4, 16136-34-8; 5, 
16136-35-9; 3-/3-(2',5'-di-0-benzoyl-3'-deoxy-D-ribofu- 
ranosy l-lW-pivaloy laden i ne, 16136-36-0.
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The synthesis of 2'-C-methyladenosine is described. The required derivative of the previously unknown 
2-C-methyl-D-ribofuranose was prepared starting with 2-C-methyl-D-ribono-7-lactone. The lactone was com
pletely benzoylated and the benzoyl derivative was reduced with bis(3-methyl-2-butylborane) which produced 
a mixture of 2,3,5-tri-0-benzoyl-2-C-methyI-a- (and -0-) D-ribofuranose and 3,5-di-0-benzoyl-2-C-methyl-o:- 
(and -0-) D-ribofuranose. This mixture was benzoylated to give a mixture of a and 0 tetrabenzoates which was 
converted into 2,3,5-tri~0-benzoyl-2-C-methyl-/3-D-ribofuranosyl chloride. The chloro sugar reacted with 
chloromercuri-6-benzamidopurine to give the completely acylated nucleoside. Catalytic removal of the benzoyl 
blocking groups with sodium methoxide in methanol led to the isolation of crystalline 2'-C-methyladenosine. 
From nmr spectral measurements and consideration of steric interactions, it is suggested that 2'-C-methyl- 
adenosine exists in a 2'-exo,‘i'-endo (T23) conformation and is, therefore, conformationally unrelated to adenosine.

In a preliminary communication,1 we reported the 
synthesis of 2'-C-methyladenosine (13), the second of a 
series of branched-chain sugar nucleosides. We now 
wish to describe the synthesis of 13 in detail.

Our interest in 2'-(7-methyladenosme stemmed from 
the biological activity evinced by 3'-C-methyladeno- 
sine,1 the first compound of this series. Our objective 
in the synthesis of a 2'-C'-methyl nucleoside was to 
produce a compound which might mimic a 2'-deoxy 
nucleoside, either through the lowered chemical 
activity of the tertiary 2'-hydroxyl or because confor

(1) (a) E . W a lto n , S. R . Jen k in s , R . F . N u t t ,  M . Z im m erm an , a n d  F . W .
H olly , J .  A m er. Chem. Soc., 88, 4524 (1966).

mational changes produced by the steric interaction of 
the 2'-C-methyl group with the purine moiety might 
move the 2'-hydroxyl group to a location where it 
would no longer be recognized enzymically as the 2'- 
hydroxyl group of a normal nucleoside. There is 
evidence that a tertiary alcohol in a nucleoside is not a 
satisfactory substrate for enzymic reactions in the find
ing that 5',5'-di-(7-methyladenosine,2 a branched-chain 
sugar nucleoside having a tertiary C-5' hydroxyl, is 
not phosphorylated by Ehrlich ascites cells.3 It 
seemed possible that a nucleoside possessing a non-

(2) R . F . N u t t  a n d  E . W a lto n , J . M ed. Chem ., 11, 151 (1958).
(3) H . T. S h ig eu ra  a n d  S. D . S am pson , N a tu re , 215, 419 (1967).
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functioning 2'-hydroxyl group might indeed resemble 
a 2'-deoxy nucleoside in biological systems.

For the synthesis of 2'-C'-methyladenosine, a source 
of the previously undescribed 2-C'-methyl-D-ribofura- 
nose was required. Aldoses branched at C-2 are not 
completely unknown. The naturally-occurring sugar 
hamamelose, 2-C'-hydroxymethyl-D-ribose, has been 
available for some time and its synthesis in the pyranoid 
form was described by two groups4a’b of workers.

More recently the synthesis of methyl 3,4-O-isopro- 
pyliderie-2-C’-methyl-/3-L-ribopyranoside was reported.40 
The method of introducing branching at C-2 used by 
these workers involved addition of suitable reagents to 
a 2-keto aldopyranose. This approach might have 
been useful in the synthesis of 2'-C'-methyl-D-ribofura- 
nose, but what appeared to be a more attractive starting 
point was found in 2-C'-methyl-D-ribono-7-lactone (1) 
(a-glucosaccharinic acid lactone). This lactone, easily 
prepared4 5 6“ in low yield by an alkaline rearrangement of 
invert sugar, has been known for about 90 years5b 
although its exact structure was finally proven only 
recently.60 Reaction of 1 in pyridine with benzoyl 
chloride gave the 2,3,5-tri-0-benzoyl-2-C-methyl-D- 
ribono-y-lactone (2). Although benzoylation of the 
primary C-5 hydroxyl and the secondary C-3 hydroxyl 
proceeded at 25°, acylation of the tertiary C-2 hydroxyl 
required heating at 70° for several hours. The tri-O- 
benzoyllactone (2) was then reduced to the correspond
ing aldose using disiamylborane (bis-3-methyl-2-butyl- 
borane). This reagent had been used previously6 in 
the reduction of several straight-chain poly-O-acyl-

RO OR
1, R = H
2, R = Bz

BzO OBz
9, X =  OCOCH3

10,  X=C 1

RO OR'
3, R = R' = Bz;R" = H
4, R = Bz;R' = R" = H
5, R = R' = Bz; R" = pNBz
6, R = Bz;R' = R" =pNBz 
8,R  =  R' =  R" = Bz

NHR

12, R = Bz
13, R = H

(4) (a) W . G . O v eren d  a n d  N . R . W illiam s, J .  Chem . Soc., 3446 (1965); 
(b) J .  J . K . N o v a k  a n d  F . S örm , Collect. Czech. Chem. C om m un., 30, 3303 
(1965); (c) A. A. J . F e a s t, W . G . O verend , a n d  N . R . W illiam s, J .  Chem. 
Soc., 303 (1966).

(5) (a) R . L . W h is tle r  a n d  J . N . B eM iller, M ethods Carbohyd. Chem ., 2, 
484 (1963); (b) E . P e lig o t, Com pt. R end ., 89, 918 (1879); (o) J . C . Sow den 
a n d  D . R . S tro b ac h , J .  A m er. Chem. Soc., 82 , 3707 (1960).

(6) P . K o h n , R . H . S a m a rita n o , a n d  L. M . L erner, ib id ., 86 , 1457 (1964);
P . K o h n  a n d  L . M . L e rn e r, J .  Org. Chem ., 31, 1503 (1966).

hexono-7 -lactones. The reduction of 2 yielded, along 
with the expected 2,3,5-tri-0-benzoyl-2-(7-methyl-a- 
(and -,8-) D-ribofuranose (3), a considerable amount of
3.5- di-0-benzoyl-2-C-methyl-o!- (and ~/3-) D-ribofuranose
(4). Not all of the di-O-benzoyl derivative (4) resulted 
from hydrolysis of the 2-O-benzoyl group but was 
produced in great measure by reductive cleavage as 
demonstrated by the isolation of benzyl benzoate fol
lowing rebenzoylation of the crude reduction mixture. 
The 2,3,5-tri-O-benzoyl and 3,5-di-O-benzoyl deriva
tives (3 and 4) could be separated by chromatography 
on silica gel from which the a  and J  anomeric mixtures 
3 and 4 were isolated as oils. For further characteriza
tion, both 3 and 4 were completely acylated with p -  
nitrobenzoyl chloride and crystalline 2,3,5-tri-O-benzoyl-
l-0-p-nitrobenzoyl-2-0-methyl-/3-D- ribofuranose (5) 
and 3,5-di-O -benzoyl-l,2-di-0-p-nitrobenzoyl-2-0- 
methyl-/3-D-ribofuranose (6) were obtained, respectively. 
For preparative purposes, the mixture of 3 and 4 
was benzoylated in pyridine at 70° to produce a mixture 
of a -  and /3-l,2,3,5-tetra-0-benzoyl-2-0-methyl-D-ribo- 
furanose (8) from which most of the 3  anomer (8 8) 
was separated by crystallization from ether. The pure 
a  anomer (a 8) was obtained by chromatography of the 
residue obtained from the filtrate from the crystalliza
tion. In an attempt to separate the a  and 3  anomers of
2.3.5- tri-0-benzoyl-2-0-methyl-D-ribofuranose (3) by 
chromatography on acid-washed alumina, a rearrange
ment occurred and practically all of the product was 
converted into l,3,5-tri-0-benzoyl-2-C'-methyl-a-D-ribo- 
furanose (7) by a migration of the 2-O-benzoyl group to 
the anomeric position. Only one anomer was obtained 
and, as the migration undoubtedly occurred through a 
cyclic intermediate, it must be the a  anomer.

Both anomers of 8 were convertable into 2,3,5-tri-O- 
benzoyl-2-0-methyl-/?-D-ribofuranosyl chloride (10); 
however, the reaction conditions required for the con
version of a 8 were quite different from those used for ¡3 8. 
In the case of 3  8, 10 was obtained in good yield by 
treatment with ethereal hydrogen chloride at 25° 
for about 2 hr. Under the same conditions, a  8 
remained virtually unchanged after 5 days. Even 
when hydrogen chloride in acetic acid was used, 24 hr 
at 25° was required for complete conversion of a 8 into 
a mixture of 10 and l-0-acetyl-2,3,5-tri-0-benzoyl-2-C- 
methyl-)3-D-ribofuranose (9). Retreatment of this mix
ture with ethereal hydrogen chloride at 25° for 2 hr 
resulted in complete conversion into 10.7

From both a  8 and 3  8 only one anomer, 2,3,5-tri-O- 
benzoyl-2-C-methyl-/3-D-ribofuranosyl chloride, is ob
tained. This is also true of the 1-O-acetyl intermediate
(9) formed during the first stage of conversion of a 8 
into 10. Ness and Fletcher8 have reported that the 
reaction of 2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide 
with water in acetone leads to the formation of approxi-

(7) T ic  of th e  acetic acid, hydrogen chloride reaction  so lu tion  in th e  con
version of a  8 in to  10 show ed a sizab le zon e for 10 a t  R f 0 .3  and  a m oderate  
zone for 9 a t R f 0 .5 . H ow ever, tic  of th e  product obtained  a fter concentration  
of th e reaction  so lu tion  indicated  th a t a lm ost a ll of th e  isolated  product was 
9 and very  litt le  was 10. T h is w as confirm ed b y  th e  nmr spectra, w hich  
ind icated  a ratio of 9 to  10 of ab out 9 :1 . T h is reversion of 10 to 9 during  
work-up is reasonable if one assum es th a t th e  reaction  m ixture is a m obile  
equilibrium . D uring concentration  C l- , as v o la tile  hydrogen chloride, is 
rem oved faster than AcO -  th ereb y driving th e  reaction  in  th e  direction  of 9. 
In  th e  reaction  carried ou t in ether solu tion , th ere is no com peting an ion , 
and 10 is th e so le  product isolated  a fter concentration  of th e  reaction  so lu tion .

(8) R . K . N ess and H . G. F letcher, Jr., J . Amer. Chem. Soc., 78, 4710  
(1956).
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mately equal amounts of 2,3,5-tri-O-benzoyl-D-ribo- 
furanose and 1,3,5-tri-O-benzoyl-a-D-ribofuranose. We 
have repeated this reaction using the chloro sugar in 
place of the bromo sugar and have obtained a similar 
result. However, when 10 was subjected to the same 
conditions, l,3,5-tri-0-benzoyl-2-C-methyl-a-D-ribofura- 
nose was the only product. In the case of 2,3,5-tri-
O-benzoyl-D-ribofuranosyl chloride and bromide, the 
rearranged product 1,3,5-tri-O-benzoyl-a-D-ribofura- 
nose arises from the /3-glycosyl halide via a cyclic car
bonium ion whereas the 2,3,5-tri-O-benzoyl-D-ribofura- 
nose comes from unassisted hydrolysis of the a anomer 
of the chloro sugar. The quantitative recovery of 
rearranged product 7 from 10 indicates that 10 is 
entirely in the 0  form.

The assignment of anomeric configurations to 0 5, 0 6, 
a  8, 0 8, and 10 is based in part on the obvious a  config
uration of the rearrangement product 7. The nmr 
spectrum of 7 shows the C-3 proton resonance as a 
broad singlet; the C-3 proton resonance of a 8 is also a 
broad singlet. On the other hand, all of the 0 anomers 
show the C-3 proton resonance as a doublet (</3>4 = 7.3-
7.5 cps). The resonance for the C-l proton of both a 
and 0 anomers appears as a singlet because of the 
absence of vicinal protons at C-2. I t was noted that 
the resonances for H-l of the 0 anomers were about 0.2 
ppm downfield relative to the resonances for H-l of the 
related a  anomers.

Benzoylation of 7 in pyridine with benzoyl chloride 
produced mainly a  8 ; however, this does not constitute 
an unambiguous proof of the configuration of a 8 
because a sizable amount of 0 8  was also recovered from 
the reaction products. It is assumed that 0 8 was 
obtained from 2,3,5-tri-0-benzoyl-2-C-methyl-D-ribo- 
furanose (3) produced by reconversion of 7 into 3 during 
the essentially basic (pyridine) conditions of the benzo
ylation reaction. It has been reported8 that 1,3,5-tri-
O-benzoyl-a-D-ribofuranose is rearranged to 2,3,5-tri-
O-benzoyl-D-ribofuranose under basic conditions.

Additional confirmation of the anomeric configura
tional assignments of a  and 0 8 is obtained from the 
difference in the ease of conversion of these two com
pounds into the halo sugar 10. Neighboring-group 
assistance in the 0 trans anomer of 8 would be expected 
to result in easy conversion into 10, whereas the unas
sisted reaction in the case of the a  anomer would be 
expected to require more strenuous conditions. The 
quite different experimental conditions required for 
the preparation of 10 from a  and 0 8 are in keeping with 
the configurational assignments.

Reaction of 10 in boiling xylene with chloromercuri-
6-benzamidopurine ( l l ) 9 gave 6-benzamido-9-(2,3,5- 
tri-0-benzoyl-2-(7-methyl-/3-D-ribofuranosyl)purine (12) 
which was purified by chromatography on silica gel. 
Attempts to purify 12 on acid-washed alumina led to 
extensive decomposition into 6-benzamidopurine and a 
carbohydrate fragment whose physical properties indi
cated that it was l,3,5-tri-0-benzoyl-2-C-methyl-a- 
D-ribofuranose (7).

Following purification, 12 was deblocked in methanol 
with a catalytic amount of sodium methoxide and 
2'-(7-methyladenosine (13) was isolated and crystallized 
from water.

Configurational A ssignm ent.—The assignment of the
(9) J .  D av o ll a n d  B . A . L ow y, J .  A m er. Chem . Soc., 73, 1650 (1951).

0 configuration to 2'-C-methyladenosine (13) was based 
on the following: (1) the trans rule;10 (2) the negative
Cotton effect shown by ORD measurements is consis
tent with the proposals advanced11 for purine /3-d- 
nucleosides; (3) the facile decomposition of the 
polyacylated nucleoside (12) on acid-washed alumina 
giving 11 and 7, which undoubtedly requires the 
anchimeric assistance of the neighboring 2'-acyloxy 
moiety, is in keeping with a trans configuration of 
the functional groups at C-l' and C-2'. Although nmr 
measurements were of little direct value toward estab
lishing the anomeric configuration of 13, the magnitude 
of J y y  (8.8 cps) is of interest. In the case of 5',5'-di- 
C-methyladenosine (15)2 J y y  was found to be about
7.0 cps whereas J y y  was about 1.5 cps. On the other 
hand, 3'-C-methyladenosine (16)12 showed Jy,y ^
8.2 cps. The rather large value for J x y  in both 15 
and 16 indicated a rather large dihedral angle for the 
trans protons on C-l' and C-2', and led to the proposal 
that C-2' in these compounds, is in an endou conforma
tion. In 2'-C-methyladenosine (13), however, the 
dihedral angle H-3'-H-4', is large, ^155°,14 and is in 
keeping with a C-3' endou conformation. The poten
tial steric interaction of the C-2' methyl group with the 
purine moiety at C-l ' would be maximumly relieved if 
C-2' were exo.15 For these reasons, and examination of 
molecular models, it is proposed that 13 exists in a 
twist conformation wherein C-2' is exo and C-3' is 
endo (T28),16 which would make 2'-C-methyladenosine 
the “conformational mirror image” of 3'-C-methyladen- 
osine, and is, therefore, not related to adenosine confor- 
mationally.

2'-C-Methyladenosine (13) was converted, by a modi
fication of the method of Hampton,17 into its 2',3'-0- 
isopropylidene derivative (14). As in the synthesis of 
2',3'-0-isopropylidene-3'-C-methyladenosine,12 the con
version was very slow and gave a low yield of product. 
The nmr spectrum of 14 showed that J 3v  was 2.1 cps, 
a considerable reduction from the value of 8.8 cps shown 
by 13, and indicates a reduction in the dihedral angle 
H-3'-H-4' from 155° in 13 to ^115° in 14. As was 
proposed in the case of 3'-C-methyladenosine,12 this 
would be accompanied by a reduction in the dihedral 
angle 0-C-2'-C-3'-0 to a size which would accommo
date a dioxolane ring. The resultant flattening of the 
furanose ring would increase steric contacts between the

(10) B. R . Baker, Ciba Foundation Symposium, Chemistry and Biology of 
Purines; Little, Brown and Co., Boston, Mass., 1957, p 120.

( 1 1)  T. R . Emerson, R. J .  Swan, and T. L. V. Ulbricht, Biochem . B io p h ys . 
Res. C om m un ., 22, 505 (1966).

(12) R . F. Nutt, M. J .  Dickinson, F . W. Holly, and E. Walton, J .  Org. 
Chem ., 33, 1789 (1968).

(13) C. D. Jardetsky, J .  A m er. Chem. Soc., 84, 62 (1960).
(14) Calculated using Js',4' in the equation given by R . J . Abraham, L . D. 

Hall, L. Hough, and K . A. McLauchlan, J .  Chem . Soc., 3699 (1962).
(15) See A. E . V. Haschemeyer and A. Rich, J .  M ol. B io l., 27, (1967), for 

data concerning steric interactions of the purine with parts of the carbohy
drate moiety in nucleosides.

(16) Notation of L. D. Hall, Chem. In d .  (London), 950 (1963).
(17) A. Hampton, J .  A m er. Chem. Soc., 83, 3640 (1961).
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p u r in e  and sugar m o ie ties18 w h ic h  impedes th e  conver
s ion  o f 13 in to  14.

Experimental Section18
2.3.5- Tri-0-benzoyl-2-C,-methyl-D-ribono-7-lactone (2).—A 

solution of 5 g  (30.8 mmol) of l6 in 100 ml of dry pyridine was 
cooled, stirred, and treated with 17 ml of benzoyl chloride. The 
mixture was heated at 65-70° for 4 hr, then cooled, and stirred 
while 20 ml of water was added. After 25 min, the mixture was 
concentrated to a thick semisolid which was dissolved in 100 ml 
of chloroform and washed with three 50-ml portions of 10% hy
drochloric acid, two 50-ml portions of 1 N  sodium hydrogen car
bonate, and two 50-ml portions of water. The dried chloroform 
layer was concentrated and the residue was crystallized from 
ether. The yield of 2 was 10.8 g (74%): mp 141-142°; [<x]d 
— 79° (c 1, chloroform); A™i°'5.57 (lactone) and 5.70 and 5.78 m 
(ester); r CDCl3 4.48 (d, C-3 H, / 3l4 = 6.0 cps), 4.82 (m, C-4 H), 5.25 
(m, C-5 H2), 8.06 ppm (s, C-2 CH3).

Anal. Calcd for C27H22Os: C, 68.35; H, 4.67. Found: 
C, 68.26; H, 4.76.

2,3,5-Tri-0-benzoyl-2-C-methyl-a- (and -/3-) D-ribofuranose (3) 
and3,5-Di-0-benzoyl-2-C-methyl-a- (and -0-) D-ribofuranose (4). 
—To a stirred solution of 30 g (63 mmol) of 2 in 125 ml of dry te- 
trahydrofuran at 0° under a nitrogen atmosphere was added drop- 
wise 175 ml of 1 M  bis(3-methyl-2-butyl)borane. After 16 hr 
at 25°, the reaction solution was cooled to 0° and 26 ml of water 
was carefully added. After the evolution of gas had subsided, 
the mixture was refluxed for 30 min and concentrated and the 
residual oil was dissolved in 250 ml of acetone and 75 ml of water. 
The solution was cooled (0-5°) and stirred during the drop wise 
addition of 33 ml of 30% H2O2 while the pH was maintained be
tween 7 and 8 by the addition of 3 N  NaOH. The excess H20 2 
was decomposed at 25° by the cautious addition of 500 mg of 5% 
platinum on carbon. Stirring was continued until the evolution 
of gas was complete. The catalyst was removed and the filtrate 
was extracted with four 200-ml portions of chloroform. The 
chloroform solution was concentrated to a residual oil (42 g). Tic 
in chloroform-ethyl acetate (19:1) showed zones at Ri 0.7 (by
product), 0.5 (3), 0.4 (4), 0.2, and 0.1 (by-products).

The residue was chromatographed on 650 g of silica gel in 
chloroform-ethyl acetate (99:1). Fractions containing materials 
of R 1 (tic) 0.7, 0.5, and 0.4 were combined and concentrated to 
an oil (32 g). Rechromatography of the oil on 650 g of silica gel 
in benzene-ethyl acetate (19:1) gave 15 g of a mixture of 3 and 4 
which was satisfactory for use in the preparation of 8.

A similar reduction of 5.5 g (11 mmol) of 2 gave 6 g of crude 
product which showed tic zones at Rt 0.0, 0.18, 0.33, 0.45, and 
0.65, on silica plates in benzene-ethyl acetate (4:1). I t  was 
chromatographed on 300 g of silica gel in the same solvent system 
which yielded 1.9 g of 3 (Ri 0.65) and 0.5 g of 4 (Rt 0.33) as oils 
which were further characterized by the synthesis of crystalline 
p-nitrobenzoyl derivatives 5 and 6 described below.

2.3.5- Tri-O-benzoyl- l-0-p-nitrobenzoyl-2-C-methyl-/3-D-ribo- 
furanose (5).—A solution of 0.5 g (1 mmol) of 3 in 8 ml of py
ridine was treated with 370 mg (2 mmol) of p-nitrobenzoyl chlo
ride. After being kept at 25° for 16 hr, the reaction was worked 
up in the usual manner. Crystallization of the crude product 
from ether gave 200 mg of 0 5: mp 211-212°; [<*]d  +  70°; 
[a]578 +  74° (c 1, CHC13); x£«cl3 5.77 n (C = 0 ); Ri 0.55, tic in 
benzene-ethyl acetate (19:1); TCDCl3 2.90 (s, C-l H), 4.00 (d, 
C-3 H, 1/ 3,4 =  7.5 cps), 5.20 (m, C-4 H and C-5 H2), 8.04 ppm (s, 
C-2 CH3).

Anal. Calcd for C34H27NOn: C, 65.28; H, 4.35; N, 2.24. 
Found: C, 65.30; H, 4.38; N ,2.37.

The filtrates from the crystallization of /3 5 were concentrated

(18) M icro a n a ly se s  w ere p erfo rm e d  b y  M r. R . N . B oos a n d  his associa tes, 
a n d  th e  u lt ra v io le t  s p e c tra l m e asu re m e n ts  w ere  d o n e  b y  M r. E . A . M ac- 
M u llin  a n d  h is  asso c ia tes . T h e  O R D  c u rv e  w as d e te rm in e d  b y  D r . J . J . 
W ittic k . A ll m e ltin g  p o in ts  w ere  d e te rm in ed  on  a  m icro  h o t s ta g e  a n d  a re  
co rrec ted . E x c e p t w h ere  n o te d , s ilica  gel w as used  fo r  t ic  a n d  th e  zones w ere 
m a d e  v is ib le  w ith  Is v a p o r . T h e  n a p h th a len e -1 ,2 -d io l sp ra y  used  p re v i
o usly2 w as n o t usefu l w ith  th e  2 -C -m e th y l su g a rs  in  t h a t  th e  colors w ere  slow  
to  deve lop  a n d  v e ry  w eak . F r itte d -g la ss  B ü ch n e r fu n n e ls  of m e d iu m  p o ro s ity  
w ere u sed  fo r co lum n  ch ro m a to g rap h ic  sep a ra tio n s . T h e  s ilica  gel (J . T . 
B ak e r, 100 -200  m esh) p ac k in g  h a d  a  h e ig h t to  d ia m e te r  ra t io  of a b o u t  1 :1 . 
U nless n o te d  o the rw ise , a ll co n c en tra tio n s  w ere  ca rried  o u t  in  a  r o ta ry  
ev a p o ra to r  a t  red u ced  p ressu re . T h e  n m r  values  w ere  d e te rm in e d  w ith  a  
V a ria n  A ssocia te s  M od el A -60 sp ec tro m e te r .

and the residue (400 mg) was chromatographed on 20 g of silica 
gel in benzene-ethyl acetate (9:1). Fractions were obtained 
from which 100 mg of a 5 was obtained as an oil: R i  0.6, tic in 
benzene-ethyl acetate (19:1); \ CDCa 3 .08 (s, C-l H), 4.30 (broad 
s, C-3 H, Wh = 4.5 cps), 5.16 (s, C-4 H and C-5 H2), 8.01 ppm 
(s, C-2 CH3).

3,5-Di-0-benzoyl-l,2-di-0-/)-nitrobenzoyl-2-C-methyl-/3-n- 
ribofuranose (0 6).—A solution of 290 mg (0.78 mmol) of 4 in 10 
ml of dry pyridine was treated with 445 mg (2.4 mmol) of p-nitro
benzoyl chloride. After being heated at 45° for 3 hr the mixture 
was worked up in the usual manner. The crude product, as a 
residual oil, crystallized on the addition of ether. The solid was 
recrystallized from benzene-petroleum ether (30-60°) which 
gave 102 mg (20%) of 0 6: mp 207-208°; [<x]d +80°, [a]678 
+85° (c 1, CHC13); r CD01s 2.97 (s, C-l H), 4.02 ppm (d, C-3 H, 
/ 3M, = 7.5 cps).

Anal. Calcd for C34H26N2Oi3: C, 60.89; H, 3.91; N, 4.18. 
Found: C, 61.09; H, 3.69; N, 4.12.

1.2.3.5- Tetra-0-benzoyl-2-C-methyl-a- (and -S-)D-ribofuranose
(8).—A mixture of 15 g (~ 32  mmol) of 3 and 4 in 250 ml of dry 
pyridine was treated with 15.2 ml of benzoyl chloride. The 
mixture was heated for 5 hr at 80°, and the product was worked 
up as in the preparation of 2. The chloroform solution of the 
product was concentrated and the residue (18 g) was dissolved in 
55 ml of ether and kept a t 5° for several hours. The precipitated 
0 8 (8.25 g, 23%) was removed by filtration: mp 156.5-157.5°; 
[a]D +68°, [0+78 +72° (c 1, CHC13); Fit 0.8, tic in chloroform- 
ethyl acetate (19:1); r CDC,32.90(s, C-l H), 4.02 (d, C-3 H; J 3A =
7.3 cps), 5.14 (m, C-4 H), 5.33 (m, C-5 H2), 8.04 ppm (s, C-2 
CH3); A l t '  5.72 and 5.80 m (C = 0 ).

Anal. Calcd for C34H2809: C, 70.34; H, 4.86. Found: 
C, 70.22; H, 4.84.

The combined filtrates were concentrated to a residual oil 
(10 g) containing mostly a 8 and a small amount of the 0 8. 
Chromatography of the oil on 650 g of silica gel in chloroform- 
ethyl acetate (19:1) gave 9 g (25%) of pure a 8: [«]d +68°,
[a]578 +71° (c 1, CHC13); R i  0.65, tic in chloroform-ethyl 
acetate (19:1); TCDCl3 3.12  (s, C-l H),. 4.30 (broad s, wt, =  4.5 
cps), 5.17 (s, C-4 H and C-5 H2), 8.02 ppm (s, C-2 CH3); A™0’3 
5.78 m (C = 0 ).

Anal. Found: C, 69.90; H, 4.98.
Rearrangement of 2,3,5-Tri-O-benzoyl-2-(7-methyl-«- (and - 0 - )  

D-ribofuranose (3) to l,3,5-Tri-0-benzoyl-2-C-methyl-a-D-ribo- 
furanose (7).-—A 3.1-g sample of 3 (R i  0.5, tic on alumina in 
chloroform) was chromatographed on 120 g of acid-washed alu
mina (Merck) in chloroform. All of the material obtained from 
the column had R 1 0.7. The column fractions were combined 
and concentrated and gave 2.9 g (95%) of 7 as an oil: [a]D
+  92°, [of]578 +96° (c 1, CHC13); rCDCl3 3.68 (s, C-l H), 4.78 
(broad s, C-3 H, wt, = 4.5 cps), 5.28 (s, C-4 H and C-5 H2), 8.34 
ppm (s, C-2 CH3).

Anal. Calcd for C27H240 8: C, 68.06; H, 5.08. Found: 
C, 68.00; H, 5.16.

1.2.3.5- Tetra-0-benzoyl-2-C-methyl-o:- (and -/?-) D-ribofuranose
(8) from l,2,5-Tri-0-benzoyl-2-C-methyl-a-D-ribofuranose (7).— 
A solution of 1.9 g (4.0 mmol) of 7 in 32 ml of pyridine was treated 
with 1.5 ml of benzoyl chloride and heated at 80° for 5 hr. The 
reaction mixture was worked up in the usual manner and the 
crude product (2.2 g) was dissolved in a small amount of ether 
and cooled. Crystalline 0 8 { [«]d +66°, [a]s78 +70° (c 0.65, 
CHC13), R i  0.8, tic on silica in chloroform-ethyl acetate (19:1) 
(400 mg, mp 155-156°)} was obtained. The filtrate was con
centrated and the residue was chromatographed on 100 g of silica 
gel in chloroform-ethyl acetate (19:1) and fractions were ob
tained which on concentration yielded 800 mg of a 8: [ck] d
+  67°, [a] 57a +71° (c 1, CHC13); R i  0.65, tic on silica gel in 
chloroform-ethyl acetate (19:1).

2,3,5-Tri-0-benzoyl-2-C-methyl-/3-D-ribofuranosyl Chloride
(10). From 1,2,3,5-Tetra-0-benzoyl-2-C'-methyl-f3-D-ribofura- 
nose (0 8).—To 300 ml of dry ether saturated at 0° with hydro
gen chloride in a round-bottomed flask was added 12 ml of acetyl 
chloride and 6 g (10 mmol) of 0 8. The flask was tightly stop
pered and kept at 25° for 2.5 hr. The tetra benzoate dissolved 
during the first hour. The solvent was removed and 75 ml of 
dry toluene distilled from the residue. The residue was dissolved 
in 300 ml of dry ether and rapidly extracted with three 120-ml 
portions of cold, saturated NaHC03 and two 120-ml portions of 
cold water. The ether layer was dried (MgS04) and concentrated 
and the product (10, 5.0 g) was obtained as an oil: tic on 
alumina in benzene-chloroform (1:1), R i  0.3; TCDCla 3.13 (s, C-l
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H), 3.92 (d, C-3 H, / 3l4 = 7.5 cps), 5.27 (m, C-4 H and C-5 H2),
8.02 ppm (s, C-2 CH3).

2,3,5-Tri-0-benzoyl-2-C-methyl-/3-D-ribofuranosyl Chloride 
(10). From l,2,3,5-Tetra-0-benzoyl-2-C-methyl-a-D-ribofnra- 
nose (a 8).—A solution of 5.9 g (10 mmol) of a  8 in 105 ml of 
acetic acid containing 5 ml of acetyl chloride was added to 260 
ml of ether containing 4 ml of acetyl chloride saturated with hy
drogen chloride at 0° in a round-bottomed flask. The flask was 
tightly stoppered and kept at 25° for 48 hr. The solvents were 
removed and the residue was dissolved in 150 ml of ether and was 
extracted with three 75-ml portions of cold, saturated NaHC03 
and three 75-ml portions of cold water. The ether layer was 
dried (MgS04) and concentrated. The residue (5.8 g) which 
consisted of a mixture of 10 and l-0-acetyl-2,3,5-tri-0-benzoyl-2- 
C-methyl-/3-D-ribofuranose (9) [7-CDCl3 3.14 (s, C-l H), 4.15 (d, 
C-3 H, J 3A =  7.0 cps), 5.30 (m, C-4 H and C-5 H2), 7.98 (s, C-l 
CH3COO), 8.16 ppm (s, C-2 CH3)] was dissolved in 250 ml of 
ether containing 0.5 ml of acetyl chloride and saturated with 
hydrogen chloride. After being kept at 25° for 2.5 hr, the solu
tion was concentrated. Three 50-ml portions of dry toluene were 
distilled from the residue a t reduced pressure. The residual 10 
(5.5 g) had the same physical properties as the product obtained 
from p 8.

l,3,5-Tri-0-benzoyl-2-C'-methyl-«-D-ribofuranose (7) from
2,3,5-Tri-0-benzoyl-2-C-methyl-j3-D-ribofuranosyl Chloride (10).
■—A solution of 200 mg of 10 in 0.5 ml of acetone was treated 
with 0.03 ml of water. Tic on alumina in benzene-chloroform 
(1:1) indicated that the reaction was essentially complete in 10 
min. The reaction solution was diluted with 25 ml of chloroform 
and washed with cold dilute HC1, NaHC03, and water. Con
centration of the chloroform solution gave 175 mg of essentially 
pure 7 with physical properties identical with those of an au
thentic sample of 7.

6-B enzamido-9- (2,3,5-tri-0-benzoyl-2-C-methyl-/3-D-ribof uran- 
osyl)purine (12).—About 400 ml of xylene was distilled, at 
atmospheric pressure, from a suspension of 4.86 g (10.3 mmol) of 
finely powdered chloromercuri-6-benzamidopurine (11). The 
last 90 ml of xylene distilled was used to dissolve 5.5 g of chloro 
sugar 10, and the solution of 10 was added to the stirred xylene 
suspension of 11 at 60-80°. The mixture was heated to the re
flux temperature and refluxing was continued for 1.25 hr. The 
mixture was concentrated to 150 ml and partially cooled, and 
500 ml of petroleum ether was added. After being kept at 5° 
several hours, the precipitate was removed and added to 200 ml 
of chloroform. A small amount of chloroform-insoluble material 
was removed and the filtrate was washed with three 150-ml por
tions of 30% KI and two 150-ml portions of water. Concentra
tion of the dried (MgS04) chloroform layer gave a residual glass 
(5.7 g). Tic in chloroform-ethyl acetate (9:1) showed a large 
zone for 12 at Ri 0.3 and faint zones due to impurities at Ri 0.0,
0 . 1, 0.5, and 0.9. The crude product was chromatographed on
200 g of silica gel in chloroform-ethyl acetate (4:1) and 4.4 g 
(61%) of purified 12 was obtained: [a]D —66°, [o+vg —66° (c
1, CHC13); X“ e°H mM (e X 10“3), 278 (12.5), 262 (8.0), 231 (27); 
r CDC,J 3.13 (s, C-l H), 3.22 ppm (d, C-3 H, J,,,,, = 6.0 cps).

Anal. Calcd for C3oH3iN50 8: C, 67.14; H, 4.48; N, 10.04. 
Found: C, 67.42; H, 4.71; N, 9.74.

Decomposition of 12 on Acid-Washed Alumina.—A 1.37-g

sample of 12 was chromatographed on 50 g of acid-washed 
alumina (Merck) in chloroform-ethyl acetate (9:1). Several 
fractions were obtained which contained only the desired product
(12), Ri 0.6 — tic on alumina. These fractions were concen
trated and gave a total of 580 mg (24%) of 12. All of the re
maining fractions from the column showed three distinct tic 
zones when the plates were viewed in ultraviolet light. These 
zones were scraped from the tic plates and eluted with methanol. 
The ultraviolet and infrared spectra as well as R i  values indicated 
that the zone at R t  0.1 was 6-benzamidopurine, that at R i  0.6 
was 25, and that at R i  0.8 was 7.

2'-C-Methyladenosine (13).—To a suspension of 4.4 g (6.3 
mmol) of 11 in dry methanol was added a solution prepared from 
240 mg (10.5 mg-atom) of sodium and 50 ml of dry methanol. 
The solution was refluxed for 30 min and concentrated, and the 
residue was dissolved in 66 ml of water. The pH was adjusted 
to 7 with acetic acid and the water solution was extracted with 
four 100-ml portions of ether. The water layer was concentrated 
to ~ 2 0  ml during which process the product precipitated. After 
the mixture was kept at 5° for several hours, the product (1.35 g) 
was removed and recrystallized from 30 ml of hot water. The 
cooled mixture was filtered and 1.3 g (74%) of 13 was obtained: 
mp 256-258°; [« ]d  —21°, [o+ ts —22° (c 0.5, water); [<f>] (X, 
mM), -1000° (292), -2250° tr (278), 0° (267), +8900° pk 
(248), 6950° tr (235) (c 0.0516, H20); x"!„° mp (e X 10~3), pH 
1 258 (15.1), pH 7 260 (15.1), pH 13 260 (14.9);
3.10 (s, C -l' H), 4.93 (d, C-3' H, J 3li, = 8.8 cps), 5.22 (d, C-4 
H), 5.52 (s, C-5 H2), 8.65 ppm (s, C-2 CH3).

Anal. Calcd for C„H15N50 4: C, 46.97; H, 5.38; N, 24.90. 
Found: C, 46.77; H, 5.26; N, 25.20.

2',3'-0-Isopropylidene-2'-C'-methyladenosine (14).—A sus
pension of 150 mg (0.52 mmol) of 13 in 12 ml of dry acetone, 0.7 
ml of 2,2-dimethoxypropane and 436 mg (1.28 mmol) of di-p- 
nitrophenylphosphoric acid was stirred at 25° for 3.5 days at 
which time a small amount of 13 [ih  0.33, tic on silica gel in 
ethyl acetate-ethanol (4:1)] remained unreacted. Complete 
solution was obtained in 1 hr. The reaction mixture was neu
tralized with 20 ml of 0.1 N  NaHC03, and the acetone was re
moved at reduced pressure. The aqueous solution was extracted 
with three 40-ml portions of chloroform which were combined 
and washed with 40 ml of water. The chloroform was removed 
and the residue was dissolved in 8 ml of methanol, concentrated 
to 3 ml and kept at 5° for 20 hr. The crystalline product (88 
mg) was removed and recrystallized from 1.5 ml of methanol, 
which yielded 77 mg (45%) of 14: mp 291-292°; [<*]d  —89° 
[a]578 - 9 4 °  (c 0.5, CHjOH); x“„e°H mM (e X 10~3), 0.1 N  HC1 
211 (20.0), 257.5 (14.8), neutral 260 (15.1), 0.1 N  NaOH 259
(14.9); Tdeuteriopyridine 3,20 (s, C -l' H), 5.02 (d), C-3' Ii, =
2.1 cps), 5.33 (m, C-4' H), 5.84 (m, C-5' H2), 8.31 (s, C-2' 
CHa), 8.55 ppm [s, >C (CH3)2],

Anal. Calcd for C14H19N50 4: C, 52.33; H, 5.96; N, 21.80. 
Found: C, 52.77; H, 5.87; N, 22.14.

Registry No.—2, 7392-74-7; a 5, 16434-45-0; 0 5, 
16434-46-1; 0 6, 16434-47-2; 7, 16434-48-3; a  8, 15397-
16-7; 13 8, 15397-15-6; 10, 16434-51-8; 12, 16434-52-9; 
13, 15397-12-3; 14, 16434-54-1.
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Photochem ical Addition of Phosphines to 

5,6-D ideoxy-l,2-0-isopropylidene-a-D -a:jio-hex-5-enofuranose

Roy L. Whistler, Chih-Cheng Wang, and Saburo Inokawa

Department of Biochemistry, Purdue University, West Lafayette, Indiana 47907 
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Photochem ical addition of phosphine to 5,6-dideoxy-l,2-0-isopropylidene-a-D -a;j/to-hex-5-enofuranose pro
duces, presum ably, a  m ixture of 5,6-dideoxy-l,2-0-isopropylidene-6-phosphine-a-D -a:j/io-hexofuranose and bis-6- 
(5,6-dideoxy-l,2-0-isopropylidene-a-D -3;!//o-hexofuranose)phosphine. T h e y  are characterized as the cyclohexyl- 
am ine sa lt of the corresponding phosphonous acid and phosphine oxide, respectively . Phenylphosphine also adds 
photochem ically to produce phenyl-6-(5,6-dideoxy-l,2-0-isopropylidene-o:-D-a;i/fo-hexofuranose)phosphine which 
is converted into its oxide for isolation.

Synthesis of sugars containing a carbon-phosphorus 
bond in various positions of hexose and pentose sugars 
by the addition of phosphines to carbon-carbon double 
bonds has not been reported. However, addition of 
phosphines to olefin hydrocarbons has been accom
plished in the presence of radical initiators1-3 or under 
the influence of acid catalysts.4’6 Carbohydrate phos
phines would possess phosphorus in its lowest oxidation 
state and could be used as starting materials for the 
synthesis of a variety of phosphorus containing sugar 
derivatives by modification of either the phosphorus 
group or the sugar moiety. Consequently, an investi
gation of the addition of phosphines to the 5,6-unsatu- 
rated bond in a hexose was undertaken and the results 
are reported here.

5,6-Dideoxy-l, 2-0-isopropylidene-a-D-a;?/Zo-hex - 5 - en- 
furanose (I) was used as the olefinic substrate be
cause it has an exposed terminal exocyclic double bond 
which would aid the addition.

When compound I is exposed to ultraviolet radiation 
in the presence of phosphine a reaction takes place with 
the formation of two major products, as indicated by 
thin layer chromatography. With ethyl ether as the 
irrigant they had approximate R[ values of 0.25 (com
ponent A) and 0.02 (component B), respectively. A 
minor amount of material remained stationary (compo
nent C). Addition of ether to the reaction product 
caused precipitation of component B. After recrystal
lization fromf ethanol, it was identified as bis(5,6- 
dideoxy-l,2-0-isopropylidene-a-D-zi/Zo-hexofuranose-6)- 
phosphine oxide (V). The isolation of V suggests that 
phosphine adds to I, producing the secondary phos
phine, III, which during isolation takes up an oxygen 
atom to form the oxide. I t is known that secondary 
phosphines readily undergo air oxidation to their cor
responding secondary phosphine oxides.6

An attempt to separate component A from compo
nent C by fractionation on silica gel yielded no pure 
fractions. Passage of air or oxygen through the alco
holic solution slowly converts component A into an 
oxidized product (component C) which causes the solu
tion to become acidic. After application to an anion- 
exchange column, component C is eluted with ammonia

(1) N . V . d e  B a ta a fsc h e  P e tro le u m  M a a te h o p p ij ,  B r it ish  P a te n t  673,451 
(1950); Chem. A bstr ., 47, 5426 (1953).

(2) A . R . S tiles , F . E . R u s t, a n d  W . E . V au g h an , J .  A m er. Chem. Soc., 74, 
3282 (1952).

(3) M . M . R a u h u t , H . A . C u rrie r , A. M . Sem esel, a n d  V. P . W y s tra c h , 
J .  Org. Chem ., 26, 5138 (1961).

(4) H . C. B row n, U . S. P a te n t  2 ,584,112 (1952); Chem. A bstr ., 46, 9580 
(1952).

(5) M . C . H off a n d  P . H ill, J .  Org. Chem ., 24, 356 (1959).
(6) M . M . R a u h u t  a n d  H . A. C u rr ie r , ib id ., 26, 4626 (1961).

and converted into a crystalline cyclohexylamine salt. 
The isolation and identification of this material suggests 
that component A and C are the corresponding primary 
phosphine (II) and phosphonous acid (IV), respectively. 
Primary phosphines have been shown to undergo air 
oxidation readily to the corresponding phosphonous 
acid.7

Reaction conditions and yields of the phosphine ad
dition are shown in Table I. Higher yields of the pri
mary phosphine (II) result when a high ratio of phos
phine to compound I is employed.

T a b l e  I

P h o t o c h e m ic a l  A d d it io n  o f  P h o s p h in e  to  5 ,6 -D id e o x y - 
l,2-0-ISOPROPYLIDENE-a-D-Z?/Zo-HEX-5-ENOFURANOSE

Compound I, Phosphine, Irradiation *---------Yield, %-
mol mol time, hr IV a V

0 .0 1 0 .0 1 u i 15
0 .0 1 0 .0 6 40 24 6

°  B ased  on the isolated cyclohexylam ine salt.

Phenylphosphine behaves similarly with phosphine 
when treated with compound I in the presence of ultra
violet light to produce an unstable syrupy material 
which was not characterized. An attempt to crystal
lize it from benzene and Skellysolve B slowly produced 
crystalline material which was identified as the secon
dary phosphine oxide (VII), obtained in 75% over-all 
yield. Although phenylphosphine has been shown to 
be readily added to various olefinic compounds in the 
presence of peroxides and/or at high temperatures,8-11 
its addition by photochemical irradiation has not been 
reported.

The infrared spectra of all three isolated phosphine 
derivatives exhibits an absorption maximum between 
2300 and 2340 cm-1, which is attributed to the P-H 
stretching vibration.12 The infrared spectra qf com
pound VII has a phosphoryl absorption at 1210 cm-1, 
in agreement with absorptions shown by Bellamy.12 
However, the phosphoryl absorptions of compound V 
and the cyclohexylamine salt of IV are observed at 
1630 and 1635 cm-1, respectively. 5-Deoxy-5-(diethyl

(7) K . S asse in  H o u b len -W e y l’s “ M e th o d e n  der o rg an isch en  C h em ie ,”  
Vol. X I I ,  p a r t  2, E . M iller, E d ., G eo rg  T h ie m e  V erlog , S tu t tg a r t ,  1963, 
p  297.

(8) G . W . P a rsh a ll , D . C . E n g la n d , an d  R . V. L indsey , J r . ,  J .  Am er. 
Chem. Soc., 81, 4801 (1959).

(9) F . G . M a n n  a n d  I .  T . M iller, J .  Chem. Soc., 4453 (1952).
(10) J . P e llon , J .  A m er. Chem . Soc., 83, 1915 (1961).
(11) B . A. A rbuzov , G . M . V in oku rova , a n d  I . A. P erfileeva , D okl. A ka d . 

N a u k  S S S R ,  127, 1217 (1959).
(12) L . J .  B ellam y , “ T h e  In f ra -re d  S p e c tra  of C om plex  M olecu les ,"  J o h n  

W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1958.
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phosphonate) -1,2-0-isopropylidene-3-0-methyl- e-o - xy- 
lofuranose and 5,6-dideoxy-6-(diethyl phosphonate)-
1,2-O-isopropylidene-a-D-xÿfo-hexofuranose,13 14 15 recently 
synthesized in this laboratory, also exhibit phos- 
phoryl absorptions in the region of 1630-1640 cm-1. 
Other deviations of the phosphoryl absorption from 
those shown by Bellamy are reported by Rauhut and 
Currier,6 17 who showed that the phosphoryl absorptions 
appear at 1655 to 1670 cm-1.

None of these isolated phosphine derivatives shows an 
nmr signal in the region r 8.9, where a doublet for a ter
minal methyl group would be expected14-17 had the 
addition produced a 6-deoxy-5-phosphino stricture. 
Thus, the addition takes place in anti-Markownikoff 
fashion as has been observed by others examining phos
phine addition to terminal olefins.2'3

Experimental Section
Analytical Methods.—Melting points measured on a calibrated 

Fisher-Johns melting point apparatus were corrected. Infra
red spectra were obtained on a Perkin-Elmer Model 521 and nmr 
spectra on a Varian A-60 spectrometer. Chemical-shift values

(13) C .-C . W a n g  a n d  R . L . W h is tle r , u n p u b lish e d  re su lts .
(14) T . H . S idda ll, I I I ,  a n d  C . A. P ro h a sk a , J .  A m er. Chem . Soc., 84, 3467 

(1962).
(15) T . H . S idda ll, I I I ,  a n d  C . A. P ro h a sk a , ib id ., 84 , 2502 (1962).
(16) T . H . S idda ll, I I I ,  J .  P h y s . Chem ., 70, 2249 (1966).
(17) M . L . W olfrom , K . M a ts u d a , F . K o m itsk y , J r . ,  a n d  T . E . W h ite ley ,

J .  Org. C hem ., 28 , 3551 (1963).

are given on the t scale, and correspond to the midpoint of each 
singlet or symmetrical multiplet. For unsymmetrical multi- 
plets, the chemical shifts are given as weighted mean values. 
Purity of products was determined by thin layer chromatog
raphy on silica gel G18 after activation of plates for 1 hr at 105°. 
Phosphorus compounds were detected by spraying the plates 
with cobalt chloride solution19 and heating.

Materials.—Phenylphosphine was prepared as described by 
Mann and Millar20 and stored in sealed weighed ampoules. 
Liquid phosphine, obtained from the Matheson Co., Inc., was 
used without additional purification.

5,6-Dideoxy-l ,2-0-isopropylidene-a-D-a:i/fo-hex-5-enofuranose
(1) was prepared by a modification of the procedure of Hall, 
Hough, and Pritchard.21 5,6-Di-0-p-tolylsulfonyl-l,2-0-isopro- 
pylidene-a-D-glucofuranose (1.70 g) and sodium iodide (8.0 g) 
were refluxed for 3 hr with constant stirring in ethyl methyl 
ketone (50 ml) which was previously dried over calcium sulfate. 
Sodium tosylate was filtered off and the filtrate was concentrated 
to a brown residue which was partitioned between a 10% aqueous 
solution of sodium thiosulfate (50 ml) and chloroform (30’ ml). 
The aqueous layer was extracted twice with 30-ml portions of 
chloroform and the combined chloroform extracts were washed 
twice with water and dried over calcium sulfate. Concentration 
produced a yellow syrup. Methanol (20 ml) was added and 
the insoluble material removed by filtration. The filtrate was 
evaporated to a dry solid (0.55 g, 93% yield), mp 58-62°. 
Sublimation a t 60° (bath) (0.3 mm) produced needles (0.5 g, 
85%), mp 62-66°. Resublimation gave compound I: mp
65-66°, [a]25D —56.4° (c 1.7, chloroform).

Literature values reported for I  are as follows: mp 61-65°,

(18) B rin k m a n  In s tru m e n ts , In c ., G re a t  N eck , N . Y.
(19) R . D o n n e r  a n d  K . L ohs, J .  Chrom atog., 17, 349 (1965).
(20) F . A. M a n n  a n d  I .  T . M illa r , J . Chem . Soc., 3039 (1952).
(21) L . D . H a ll, L. H o u g h , a n d  R . A . P r i tc h a rd ,  ib id ., 1537 (1961).
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[<*]d —51.5° (c 11., chloroform);21 mp 64°, [<x]25d —60.5° 
(c2.0, water);22 mp 70-71°, [c*]22d —57.3° (c2.8, chloroform).23

Reaction of Phosphine with 5,6-Dideoxy-l,2-0-isopropylidene- 
a-D-xj/fo-hex-5-enofuranose.—Reactions involving phosphine 
were conducted in a closed glass system. Measured amounts 
of compound I and phosphine were introduced together in a 
small Vycor tube cooled in liquid nitrogen, cyclohexanol (5 ml) 
being used as the solvent. After sealing, the tubes were allowed 
to warm to 25° in an iron pipe containing a 2 X 10 cm slit and 
irradiated from a 200-W Hanovia S 654A-36 lamp at a distance 
of about 15 cm. At the end of irradiation, the unreacted phos
phine was evacuated and cyclohexanol was distilled off. Addi
tion of four volumes of ethyl ether precipitated a crude amor
phous compound (V). The ether soluble portion was filtered and 
the filtrates were combined with the washings and evaporated 
to a yellow syrup which was dissolved in ethanol and oxidized 
by passing air or oxygen through the solution for 4-6 hr. The 
solution was then flowed through an Amberlite IR-45 column, 
eluted with 5 %  ammonium hydroxide solution and finally washed 
with water to neutrality. Redistilled cyclohexylamine was 
added to the collected effluent which was concentrated to a 
crystalline solid, and was recrystallized from an ethanol-acetone 
mixture to yield the pure cyclohexylammonium salt of 5,6- 
dideoxy-l,2-0-isopropylidene-a-D-xyio-hexofuranose-6-phosphon- 
ous acid (IV): mp 166°, [c*]25d —10.9° (c 1.46, methanol).

Anal. Calcd for Ci5H3oN06P: C, 51.25; H, 8.55; N, 3.99; 
P, 8.83. Found: C, 51.03; H, 8.47; N, 4.12; P, 8.47.

The infrared spectrum of the compound (potassium bromide 
pellet) showed absorption maxima at v  3230 (OH), 2300 (P—H), 
1635 (P = 0 ) , 1382, 1370 (CMe2) cm-1. Nmr data in deuterium 
oxide gave signals at r  4.09 (one-proton doublet, J \,2 = 3.6 Hz, 
H -l), 5.44 (one-proton doublet overlapping with OD peak),
5.91 (two-proton multiplet, H-3,4), 8.35 (15-proton multiplet, 
H-5,5', H-6,6', Cfjfii), 8.58, 8.75 (three-proton singlet, CMe2), 
and 2.76 (one-proton doublet, J p- h = 550Hz, P-H ).

T h e ether-insoluble m aterial was recrystallized from  hot 
ethanol to y ie ld  bis(5,6-dideoxy-l,2-O-isopropylidene-a:-D-:E2/?0- 
hexofuranose-6)phosphine oxide (V): m p 19 0 °, [a]25D —2 2 .5 °  
(c 1 .7 0  in w ater).

Anal. Calcd for Ci8H310 9P: C, 51.18; H, 7.35; P, 7.35;

(22) R . E . G ram era . T . R . In g le , a n d  R . L. W h is tle r , J .  Org. C hem ., 29, 
1083 (1964).

(23) D . H o r to n  a n d  W . N . T u rn e r, Carbohyd. R es., 1, 444 (1966).

mol wt, 422. Found: C, 51.60; H, 7.46; P, 6.91; mol wt 
412.

The infrared spectrum of the compound (potassium bromide 
pellet) exhibited absorption maxima at v 3350 (OH), 2340 (P—H), 
1630 (P = 0 ) , 1368, 1380 (CMe2) cm“1.

Reaction of Phenylphosphine with 5,6-Dideoxy-l,2-0-iso- 
propylidene-a-D-22/Zo-hex-5-enofuranose.—A 10-ml quartz tube 
was charged with 1.2 g of I, 6 g of phenylphosphine, and 0.5 ml 
of methanol and sealed with a rubber cap. The tube was irradi
ated with uv light from a 200-W Hanovia S 654-36 lamp at a 
distance of about 10 cm. After 48 hr, 50 ml of methanol was 
added and the azeotropic mixture of phenylphosphine and 
methanol was removed under reduced pressure (6 mm, 50°) to 
give a syrupy residue which was dissolved in benzene, and Skelly- 
solve B was added to near turbidity. Compound VII slowly 
crystallized in the refrigerator to yield 1.56 g (75%). I t  was 
recrystallized from methanol-benzene-Skellysolve B: mp 145- 
147°, [a]“D -13 .2°  (c 0.64, methanol).

Anal. Calcd for C15H2i06P: C, 57.70; H, 6.73; P, 10.06. 
Found: C, 57.74; H, 6.69; P, 9.58.

The infrared spectrum of the compound (potassium bromide 
pellet) exhibited absorption maxima at v  3190 (OH), 2330 (P—H), 
1590 (C6H5), 1382, 1370 (CMe2), 1210 (P = 0 ) c m - 1.

The nmr spectra in methanol showed one peak at r  —1.68, 
which is due to the phosphorus-bonded hydrogen. H -l was 
observed at r  4.08 as a doublet ( / i ,2 =  3.05 Hz); isopropylidene 
protons were observed a t r  8.43 and 8.58. The rest of protons 
were obscured by the solvent peaks. Yields were not changed 
in several other runs using one-fourth the amount of reactants 
without the addition of methanol.

Preparations on a smaller scale, with irradiation from an ultra
violet handlamp, gave comparable yields of VII after longer 
periods of irradiation.

Registry No.—I, 7284-07-3; IV cyclohexylamine, 
16355-03-6; V, 16355-04-7; VII, 16355-05-8.
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T h e Pyrolysis and Stru ctu re of Jesaconitine
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The structure of jesaconitine has been determined by an examination of the nmr spectrum of this alkaloid and
its pyrolysis products. The pyrolysis was carried out in 
troscopy to provide evidence for the elimination product, 
venient way of establishing the presence of certain C-8 
amounts of material.

Jesaconitine (Aconitum fischeri Reich,2 A. subcun- 
latum,3’4 A. sachalinense,3’4 A. yesoense,3 and A. 
mitakense5) on hydrolysis affords acetic acid, anisic 
acid, and the amino alcohol aconine (I).4 Since the 
absolute stereochemistry of aconine (Figure 1) is 
known from X-ray crystallographic studies,6 the struc
ture of jesaconitine follows once the placement of the

(1) T o  w hom  co rresp o n d en ce  reg a rd in g  th is  p a p e r  sh o u ld  b e  ad d re ssed .
(2) K . M ak o sh i, A rch . P h a rm . (W ein h e im ), 247, 243 (1909); Chem , A bstr .,

3, 2707 (1909); 5, 674  (1911).
(3) H . S ug inom a a n d  S. Im a to , J .  Fac. S c i. H okka ido  U niv., Ser. I l l ,  4,

33 (1950); Chem. A bstr ., 46 , 1008 (1952).
(4) R . M a jim a , H . S ug inom e, a n d  S. M orio , B er., 57B , 1486 (1924); 

Chem . A bstr ., 19, 291 (1925).
(5) E . O ch ia i, T . O kom oto , a n d  S. S ash i, J .  P harm . Soc. J a p ,  76 , 545 

(1955); Chem . A bstr ., 50, 5695 (1956).
(6) M . P rz y b y lsk a  a n d  L . M ario n , C an. J .  Chem ., 37, 1843 (1959).

an nmr tube and continuously monitored by nmr spec- 
This method of pyrolysis constitutes a rapid and con- 

ester groups in these diterpene alkaloids using small

two ester groups on the aconine skeleton is determined.
Jesaconitine has been reported to undergo pyrolysis 

to form pyrojesaconitine.4 Pyrolysis is a well-charac
terized reaction for aconitine-type alkaloids bearing an 
ester functional group at C-8.7’8 When a C-16 hy
droxyl is present, the pyrolytic product exists in the 
keto form.9’10 Unfortunately, early workers did not 
report whether acetic acid or anisic acid was the elimi
nation product of the pyrolysis. However, as a

(7) K . W iesner, F . B ic k e lh a u p t, a n d  Z. V a le n ta , Tetrahedron, 4 , 418
(1958 ) .

(8) K . W iesner, F . B ic k e lh a u p t, a n d  D . R . B ab in , E xperien tia , 15 , 93
(1959 ) .

(9) K . W iesner, M . G o tz , D . C . S im m ons, a n d  L . R . F ow ler, Collect. Czech. 
Chem . C om m un., 28, 2462 (1963).

(10) D . J .  M cC a ld in  a n d  L . M ario n , C an. J .  Chem ., 37, 1071 (1959).
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Figure 1.—The structure of aconine.

OMe

Figure 2.—The conformations of ring A.

working hypothesis it was assumed that one of the two 
ester moieties is located at C-8.

It then became apparent that the second site of 
esterification should be relatively easily deduced from 
the nmr spectrum of jesaconitine itself, for, based 
on the data gathered from the nmr spectra of other di- 
terpene alkaloids of this type, some rather accu
rate predictions can be made as to the chemical 
shift, signal pattern, and coupling constants of the 
proton geminal to the ester moiety at each of the four 
possible remaining sites in aconine (C-3, C-10, C-ll, 
C-16). If the second ester group is at C-3, the gem
inal proton of that position would be expected to ex
hibit a signal at r 5.1-5.4 which should be either a 
quartet, triplet, or a broad multiplet, depending upon 
the conformation of ring A. If ring A exists in the 
chair conformation (Figure 2), the dihedral angles 
between the geminal C-3 proton and the adjacent 
C-2 equitorial and axial protons are quite different 
and the signal should be split into a quartet with 
coupling constants of about 7 and 10 Hz. If ring A is 
in the boat conformation where the two dihedral 
angles in question are nearly the same (50-60°), the 
signal would be expected to be a triplet with a coupling 
constant of about 3 Hz, and, if ring A is in a rapid 
equilibrium between the two conformations, the signal 
of the C-3 geminal proton would be a multiplet. The 
basis for the above predictions can be discerned from 
molecular models and is substantiated by a study of 
the nmr spectra of some ring-A acetate and benzoate 
esters of condelphine (II) and isotalatizidine (III).11'12

II/. —* R3 — H; R2 -  Ac 
ill/  R] = R2 = R3 = H 
IV/ Ri = R2 = R3 = Ac

(11) S. W . P e lle tie r , L . H . K e ith , a n d  P . C . P a r th a s a ra th y ,  Tetrahedron  
Lett., 36, 4217 (1966).

(12) S . W . P e lle tie r , L. H . K e ith , a n d  P . C . P a r th a s a ra th y ,  J .  Am er.
Chem. Soc., 89, 4146 (1967).

Although the later alkaloids bear no C-3-hydroxyl 
group, their corresponding geminal C-l hydrogen is 
(1, as is the geminal C-3 hydrogen of jesaconitine, and 
models show that the dihedral angles involved, as well 
as the magnetic environments, are the same between 
the C-3 proton and the C-2 protons of jesaconitine as 
between the C-l proton and the C-2 protons of 
condelphine and isotalatizidine. Actually, if the 
C-3 hydroxyl of jesaconitine were esterified, the ex
pected conformation of ring A would be the chair form 
for there would then be no possible intramolecular 
hydrogen bonding to help offset the higher energy of 
the boat conformation.12

If the second ester is substituted at C-10, the signal 
of the geminal proton should be split into a doublet, 
coupling with the C-9 bridgehead proton, with a cou
pling constant of about 4.5 Hz. The basis of this pre
diction is the correlation of the signals of the C-10 
geminal protons of a number of diterpene alkaloids 
which are esterified at C-10.12’13 In each case, a 
doublet or triplet was observed (depending on whether 
C-ll is substituted with a hydroxyl group or a hy
drogen) with a coupling constant of 4.5 Hz.

If the second ester is located at C-ll, there would be 
no signal arising from a geminal proton since there is 
none present.

If the C-16 hydroxyl is the second site of esterifi
cation, the signal of the geminal proton should be a 
very close doublet with a coupling constant of only 
about 1.0 Hz since the dihedral angle between this 
proton and the C-15 proton is about 70°. However, 
esterification of this hydroxyl might also be expected 
to interfere with the pyrolysis reaction.

An examination of the nmr spectrum of jesaconitine 
(Figure 3) immediately revealed the position of the 
second ester moiety as C-10; the signal of the geminal 
proton appears as a doublet (J  = 4.5 Hz) at r  5.38. 
Also evident are the two low field doublets of the aro
matic protons, the doublet at r  2.11 (J  = 9 Hz) being 
attributed to the two protons (Ha) flanking the car
bonyl group and the doublet at r 3.15 (J = 9 Hz) arising 
from the two protons (Hb) flanking the methoxyl. 
The five singlets at r 6.19, 6.28, 6.76, 6.78, and 6.87 
are assigned to the five methoxyl groups, the one at 
lowest field being the aromatic methoxyl. The triplet 
at r 8.91 (J = 7 Hz) is characteristic of an N-ethyl 
group and close to it at 8.64 is the highly shielded signal 
of the acetoxy protons. This highly shielded signal 
is further confirmation of a C-8-C-10-diester substitu
tion. Analogous shielding has been observed in all 
diterpene alkaloids examined which contain a C-10- 
benzoyloxy-C-8-acetoxy substitution pattern. This 
phenomenon was first noted by Tsuda and Marion13 
who explained that the upheld shift is caused by the 
diamagnetic anisotropy of the aromatic ring which 
can easily come in close proximity to the acetoxy pro
tons. The normal signal of the C-8-acetoxy protons 
of triacetylisotalatizidine (diacetylcondelphine) (IV) 
appears at r  8.07.12

At this point there was still no rigorous proof that 
the aromatic and aliphatic ester moieties of jesaconitine 
were not switched from their usual deployment in other 
alkaloids of this type, for a C-8-p-methoxybenzoyloxy 
group and a C-10-acetoxy would be expected to show

(13) Y . T s u d a  a n d  L. M ario n , C an. J .  Chem ., 41, 1634 (1963).
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Figure 3.—The 100-MHz spectrum of jesaconitine in carbon tetrachloride at 28°.

the same highly shielded acetoxy signal as a C-8-ace- 
toxy and a C-10-p-methoxybenzoyloxy substitution.

Accordingly, in order to determine the exact de
ployment of the two ester moieties between C-8 and 
C-10, 10 mg of jesaconitine was pyrolyzed in an nmr 
tube and the reaction was continuously monitored by 
nmr over a 2-hr period.14 The shielded acetoxy signal 
at r 8.46 was observed to slowly disappear while 
another signal at 7.98 correspondingly appeared and 
grew to the approximate height of the former signal 
(Figure 4). There was no change in the signals of the 
aromatic protons. Acetic acid under conditions iden
tical with those described above exhibited a signal at 
r 7.98 thus confirming the elimination of acetic acid 
during the pyrolysis as well as confirming the site of 
the acetoxy group at C-8. The p-methoxybenzoyloxy 
group is then at C-10. The structures of jesaconitine 
and pyrojesaconitine are thus V and VI, respectively.

The applicability of this method for the determina
tion of similar C-8-C-10 aliphatic-aromatic ester sub
stitutions in aconitine-type alkaloids was confirmed 
by subjecting 10-mg samples of aconitine (VII) and 
mesaconitine (VIII) to the pyrolytic conditions de
scribed above and monitoring the pyrolysis by nmr 
spectroscopy. The acetoxy signals at r 8.48 and 8.49

(14) L. H . K e ith  a n d  S . W . P e lle tie r , C h em . C o m m u n .,  993 (1967).

« » io f
Figure 4.—(A) The nmr spectrum of jesaconitine during 

pyrolysis (after 45 min); (B) the nmr spectrum of acetic acid 
under the identical conditions of pyrolysis.

in aconitine and mesaconitine, respectively, were ob
served to slowly disappear while the corresponding 
signal of acetic acid at 7.98 appeared and grew to the 
approximate size of the former signals. This method of 
monitoring the pyrolysis by nmr presents a rapid and 
convenient way of establishing the presence of certain 
C-8-ester groups in the aconitine-type skeleton without 
sacrificing relatively large amounts of material as re
quired for conventional studies of the pyrolytic prod
ucts of these alkaloids.

E xp e rim e n ta l S ection
The spectra were obtained with a Varian HA-100 spectrometer. 

The samples (10 mg) were dissolved in 0.4 cc of glycerol contain
ing a trace of D 2S04 and 2-3 mg of the sodium salt of 3-(tri- 
methylsilyl)propanesulfonic acid as an internal standard. The 
methylene proton signal of the solvent supplied the lock signal. 
Pyrolysis was carried out by maintaining the sample temperature 
at 185° over a 2-hr period.

R e g is try  N o .— V, 16298-90-1; VI, 16298-91-2.
A ckno w le dg m e n t.—This work was supported in 

part by a grant from the National Institutes of Health,
U. S. Public Health Service.
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A total synthesis of petaline is described.

The quaternary benzylisoquinoline alkaloid petaline 
had attracted our attention because of its 7,8-oxygena
tion pattern which is unusual for benzylisoquinoline 
alkaloids. The alkaloid in the form of its chloride or 
reineckate was isolated2 from extracts made from the 
fresh tuberous roots of Leontice leontopetalum Linn., a 
plant which grows wild in Lebanon. The extracts are 
used there as a folk remedy for grand mal epilepsy. 
The structure of petaline (12a) was elucidated by 
McCorkindale and coworkers3 and its absolute con
figuration (R) was recently established by Craig and 
coworkers4 using ORD techniques.

The total synthesis of petaline iodide (12a) has been 
achieved by the sequence of reactions in Schemes I 
and II.

S c h e m e  I

OC7H7
3

1. NaOCÆ
2. C,H7C1 *  

DMF

1. PAH
2 . HC1

OC7H7

1. NHjOH
2. HgpAch'
3. HC10,

4

H3CO
cior

Formylation of the readily available 7-methoxy-8- 
hydroxy-l,2,3,4-tetrahydroisoquinoline l5’6 with a mix-

(1) P re s e n te d  in  p a r t  a t  th e  N a tu r a l  P ro d u c ts  S y m p o siu m  in  K in g s to n ,
J a m a ic a , J a n  1966, b y  A . B . a n d  a t  th e  F ir s t  I n te rn a t io n a l  C ong ress  of 
H e te ro c y c lic  C h em is try , A lb u q u e rq u e , N . M ., J u n e  1967, b y  G . G ., A b strac ts , 
p  101. T h e  sy n th e s is  of rae -p e ta lin e  io d id e  w as s u b je c t of a  s h o r t  co m m u n ica
tio n : G . G re th e , M . U skokov ic  a n d  A . B rossi, Tetrahedron L ett., 1599,
(1966).

(2) J .  M cS h effe rty , P .  F .  N e lson , J .  L . P a te rso n , J .  B . S te n la k e , a n d  J .  P . 
T o d d , J .  P h a rm . P harm acol., 8, 1117 (1956).

(3) N . J .  M cC o rk in d a le , D . S. M agrill, M . M a r tin -S m ith , S . J .  S m ith , a n d  
J .  B . S te n la k e , Tetrahedron L e tt., 3841 (1964).

(4) J .  C . C ra ig , M . M a r tin -S m ith , S . K . R o y , a n d  J .  B . S ten lak e , Tetra
hedron, 22 , 1335 (1966).

(5) J .  M . B o b b it t ,  J .  M cN ew  K iely , K . L . K h a n n a , a n d  R . E b e rm a n n , 
J .  Org. Chem ., 30 , 2247 (1965).

(6) G . G re th e , Y. T oom e, H . L . Lee, M . U skokov ic , a n d  A . B rossi, ib id ., 
33, 504 (1968).

ture of formic acid and triethylamine7 gave the crystal
line N-formyl derivative 2, the sodium salt of which was 
benzylated with benzyl chloride in dimethylformamide. 
The crude O-benzyl derivative 3, upon reduction with 
lithium aluminum hydride in tetrahydrofuran, afforded
8-benzyloxy - 7 - methoxy - 2 - methyl -1,2,3,4 - tetrahydro- 
isoquinoline, characterized as the crystalline hydro
chloride 4. Mercuric acetate dehydrogenation of the 
free base of 4 in 10% aqueous acetic acid at 75° led to 
the 3,4-dihydroisoquinolinium salt 5, isolated as the 
crystalline perchlorate. The subsequent Grignard 
reaction was carried out by adding the solid perchlorate 
5 in small portions to an excess of p-methoxybenzyl- 
magnesium chloride8 in ether. The resulting 1-benzyl- 
tetrahydroisoquinoline was isolated in the form of its 
hydrochloride 6 and hydrogenated in glacial acetic acid 
over palladium on carbon to give the debenzylated 
product 7a. For its characterization the maleate 7b 
was prepared. The crude free base 7a yielded upon 
methylation with methyl iodide in methanol rac-peta- 
line iodide, which after crystallization from acetone was 
isolated as hemiacetonate, mp 134-138°. The acetone 
content was determined spectroscopically by nmr 
(methyl group at 2.17 ppm, integrating for three pro
tons) and ir (carbonyl stretching vibration at 1710 
cm-1) spectra and by glpc (calcd 5.99%, found 4.7%). 
All of the spectroscopical data (compare Experimental 
Section) were in accord with structure 8a. In the low 
resolution mass spectrum the base peak appears at 
m/e 327 which can be assigned to a charged fragment of 
structure 9 which is formed formally by Hofmann 
degradation. The rac-petaline iodide was converted 
into rac-petaline reineckate (8b), a pink amorphous 
compound, mp 178-181° dec, the infrared and ultra
violet spectra of which were superimposable with those 
of authentic optically active material.9 Further proof 
that the synthetic product represents rac-petaline iodide 
(8a) was provided by Hofmann degradation to petaline 
methine 9 on a column of Amberlite anion-exchange 
resin IRA-400 (OH).3 The crystalline product ob
tained showed mp 119-120° and it was identical in all 
respects with authentic material.9 The fragmentation 
pattern of the low resolution mass spectrum was very 
similar to that of petaline iodide; the molecular ion 
peak appears at m/e 327. The trans-stilbene configura
tion was ascertained by spectroscopic data: the ir 
spectrum (CHC13) showed bands at 1610 and 973 cm-1 
and the nmr spectrum (CDC13) exhibited an AB 
pattern at 7.07 and 7.37 ppm {J = 16.5 cps) with 
integration for two protons.

For the synthesis of petaline the free base 7a was 
resolved into its enantiomers by use of dibenzoyl-d-

(7) S. D u ra n d , X . L usinch i, a n d  R . C . M o reau , B u ll. Soc. C him . Fr., 270 
(1961).

(8) R . C. E ld erfie ld  a n d  V. B . M ey er, J .  A m er. Chem . Soc ., 76, 1886 
(1954).

(9) W e a re  g ra te fu l to  P ro fesso r M c C o rk in d a le  fo r  p ro v id in g  u s  w ith  
a u th e n tic  sam p les  of p e ta lin e  re in e c k a te  a n d  p e ta lin e  m e th in e .
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b,X =  [Cr(NH3)2(SCN)4]

NaOCA  jlRA-400(OH)

b, X = [Cr(NH3)2(SCN)4]

tartaric acid. The desired diastereoisomer 10 was 
obtained optically pure after repeated crystallization 
from methanol: mp 191-192°, [ a ] 24-4D  —62.8° (c
0.258, MeOH). The absolute configuration was estab
lished by ORD measurements. The ORD curve of 10 
(Figure 1) showed three negative Cotton effects at 218, 
242, and 293 npt. This according to Craig and cowork
ers4 indicated that 10 possesses the R configuration at 
C-l. The small distortion of the curve in the 280-290- 
myu region may be attributed to superposition of the 
ORD curve of the tertiary amine with the one of diben- 
zoyl-d-tartaric acid which showed a strong negative 
Cotton effect at 241 my.

The dibenzoyl tartrate 10 was carefully converted 
into the free base 11 by treatment with 2 equiv of 
sodium ethoxide. The yellow oil thus obtained, 
[ a ] 24-9D —32.2° (c 0.165, C H C I 3 ) ,  also exhibited in its 
ORD curve three negative Cotton effects at 216, 244, 
and 292 my (Figure 2). An ethereal solution of 11, 
upon treatment with excess methyl iodide, gave the 
desired petaline iodide as a yellow, amorphous com
pound, [<*]23d  —4.4° (c 0.455, 95% ethanol). The 
melting ranges of synthetic and natural petaline iodide 
were identical, 127-131° vs. 126-130°, and a mixture 
melting point showed no depression.10 Identity was 
also confirmed by thin layer chromatography on silica

Figure 1.—ORD (—) and CD ( — ) curve of 10 (c 0.0848, 
CH3OH).

gel G with methanol-chloroform (4:1) as the mobile 
phase. In this system both compounds have R{ 0.64.10

(10) J .  C . C raig , Schoo l of P h a rm a c y , D e p a r tm e n t of P h a rm a c e u tic a l 
C h em is try , U n iv e rs ity  of C alifo rn ia , S a n  F ran c isc o  M ed ic a l C e n te r , S an  
F ran c isco , C alif., p e rso n a l c o m m u n ic a tio n , 1967. W e a re  th a n k fu l to  P ro 
fesso r C ra ig  fo r check ing  th e  id e n ti ty  of s y n th e t ic  w ith  n a tu r a l  p e ta lin e  
iod ide .
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Figure 2.—ORD curves of 11 (■••) (c 0.0464, ethanol), 10 
(—) (c 0.0848, methanol), and 12a (— ) (c 0.455, 95% ethanol).

Furthermore, the ORD spectrum of 12a was in good 
agreement with the published one4 (Figure 3). The 
spectrum again showed three negative Cotton effects in 
the 200-300-m/i region. A comparison of the ORD 
curves of 10, 11, and 12a (Figure 2) confirmed the 
findings of Craig and coworkers4 that the absolute 
configuration at C-l of l-benzyl-l,2,3,4-tetrahydro- 
isoquinolines can be deduced from the ORD curves of 
either the free base, its salt, or its methiodide.

Optically active petaline iodide finally was con
verted into the reineckate 12b, a pink, amorphous com
pound. Its infrared spectrum was superimposable 
with that of natural material.9

E xp e rim e n ta l S e c tio n 11
2-Formyl, 1,2,3,4-tetrahydro-7-methoxy-8-isoquinolinol (2 ).—

To a mixture of formic acid and triethylamine prepared by the 
dropwise addition of 145 ml (3.84 mol) of formic acid (98-100%) 
to 1 1 1  ml (0.8 mol) of ice-cold triethylamine was added in small 
portions 66.3 g (0.375 mol) of 1. After complete addition, the 
mixture was refluxed for 18 hr. Upon cooling to room tempera
ture a crystalline precipitate was obtained, collected by filtration, 
and washed with acetone and subsequently with ether to give 68.3 
g (89%) of the N-formyl derivative 2, mp 174-177°. A sample 
after recrystallization from methanol afforded analytically pure 
2 : mp 177-179°; r“ cl3 3545 (OH), 1670 (C = 0 ), and 1285 and 
1240 cm" 1 (OCHs and OH); x Z r Py“ '°°h’“ 230 mM (e 6800) 
(sh), 280 (2300); X°m( " K0H 246 mM (e 7200), 292 (4500); nmr 
(CDCI3),12 5 2.82 (2 H, rough triplet, J  = 6 cps, CH2-4), 3.63

(11) M e ltin g  p o in ts  w ere  ta k e n  in  cap illa ries  w ith  a  T h o m a s -H o o v e r  m e lt
ing  p o in t a p p a ra tu s  a n d  a re  u n co rrec ted . In f ra re d  s p e c tra  w ere  d e te rm in e d  
w ith  a  B eck m an  in f ra re d  sp e c tro p h o to m e te r , M odel IR -9 . T h e  u v  s p e c t ra  
w ere  reco rd e d  on  a  C a ry  R eco rd in g  s p e c tro p h o to m e te r , M o d el 14 M . R o ta 
to r y  d isp ers io n  cu rv es  w ere  m e asu red  a t  23° w ith  a  D u rru m -Ja sc o  sp ec tro 
p h o to m e te r , M od el 5, u s ing  1-em , 0 .1 -cm , o r  0 .1 -m m  cells . Specific r o ta 
tio n s  a re  g iv e n  fo r th e  h ig h e s t a n d  low est w av e len g th  m e asu red , fo r in te r 
sec tions , a n d  fo r p e a k s  a n d  tro u g h s . C irc u la r  d ich ro ism  c u rv es  w ere  m e a
su red  on th e  sam e in s tru m e n t  a n d  th e y  a re  reco rd e d  in  m o lecu la r e llip tic ity  
u n its  [0 ] . O p tic a l r o ta tio n s  w ere  m e asu red  on  a P e rk in -E lm e r p o la r im e te r , 
M o d el 141. N u c le a r  m a g n e tic  re so n an ce  s p e c tra  w ere  o b ta in e d  on a  V a rian  
A ssocia te s  sp e c tro p h o to m e te r , M odel A -60 o r  H A -100 , a n d  chem ica l sh if ts  
a re  re p o r te d  in  5 u s ing  te tra m e th y ls ila n e  as  in te rn a l re fe re n ce  (5 0). T h e  
fo llow ing a b b re v ia tio n s  a re  u sed  in  c o n n e c tio n  w ith  th e  n m r  d a ta :  (s)
s in g le t, (d) d o u b le t, ( t)  t r ip le t ,  (q) q u a r te t ,  (b) b ro a d  fea tu re le ss  p ea k , (cp) 
com p lex  b a n d  p a t te rn ,  (m ) m u ltip le t.  T h e  m ass  sp e c tra  w ere  ta k e n  w ith  a  
C E C  21-110  m ass  s p e c tro m e te r  a t  70 eV u sing  a  d ire c t in se r tio n  p ro b e .

(12) T h e  n m r  sp e c tru m  in d ica te s  t h a t  in  so lu tio n  2 ex ists  in  tw o  isom eric  
fo rm s in  a b o u t  a  1 :1  ra tio . S om e of th e  co rresp o n d in g  s ig n a ls  o v e rlap  each 
o th e r  a n d  th e  in te g ra t io n  is th e re fo re  g iv en  of th e  to ta l  p ro to n s  of each  g ro u p .

The J o u rn a l o f O rganic C h em istry

Figure 3.—ORD curves of synthetic (—) and natural ( — ) 
petaline iodide in 95% ethanol.

and 3.78 (2 H, 2 t ,  /  =  6 cps, CH2-3), 3.88 (3 H, s, OCH3),
4.55 and 4.68 (2 H, 2 s, CH2-1), 5.72 (1 H, exchange, s, OH),
6.70 (2 H, barely resolved AB pattern, CH-5 and CH-6), 8.22 
and 8.28 (1 H, 2 s, CHO).

Anal. Calcd for CnH13N 0 3 (207.23): C, 63.76; H, 6.32;
N, 6.76. Found: C, 63.93; H, 6.49; N, 6.61.

8-Benzyloxy-7-methoxy-2-methyl-l,2,3,4-tetrahydroisoquino- 
line Hydrochloride (4).—To a solution of 68.3 g (0.33 mol) of 
2 in 2.5 1. of methanol was added 17.8 g (0.33 mol) of sodium 
methoxide. The mixture was kept at room temperature for 1 
hr followed by removal of the solvent under reduced pressure. 
In order to assure dryness of the solid sodium salt ca. 500 ml of 
benzene was added to the residue and then removed under re
duced pressure. This procedure was repeated twice. The residue 
then was suspended in 1.8 1 . of freshly distilled dimethylforma- 
mide, 37.9 ml of benzyl chloride was added, and the mixture was 
stirred at 100° for 70 hr. After removing the solvent a t 45° under 
a pressure of 1 mm, 500 ml of benzene was added to the residue 
and the insoluble parts were removed by filtration. The filtrate 
was evaporated to dryness under vacuum to give 104 g of crude 
oily 3. This was dissolved in 3.21. of anhydrous tetrahydrofuran, 
and to the cooled solution was added cautiously 26.3 g of lithium 
aluminum hydride in small portions. After complete addition 
the stirred mixture was refluxed overnight in a nitrogen atmo
sphere. Stirring was continued while the mixture was cooled in 
an ice bath and a saturated aqueous solution of sodium sulfate 
was added cautiously until the hydrogen evolution ceased. The 
mixture then was filtered, and the filtrate was evaporated to 
dryness under reduced pressure. The residue was dissolved in 
200 ml of methanol and excess isopropyl alcoholic hydrogen chlo
ride was added. Upon addition of ether to the solution a crystal
line precipitate was formed which when filtered gave 56 g (53%) 
of 4, mp 187-189°. An analytical sample after recrystallization 
from methanol showed the following properties: mp 191.5-
192.5°; ;w 0l! 2350 (broad, ¿-amine salt), 1500 (phenyl), and 
1285 and 1245 cm" 1 (OCH3 and OC,H,); x"0a°r“ y“ looh°1 230 mM 
(e 8210) (sh), 282 (2220); nmr (CDC13), S 2.71 (3 H, d, J  = 5 
cps, +N-CH3), 2.8-3.7 (4 H, m, CH2-3 and CH2-4), 3.87 (3 H, 
s, OCH3), 3.70 and 4.37 (2 H, AB part of ABX pattern, J a b  = 15 
cps, J a x .b x  = 3 cps, CH2-1), 5.01 and 5.12 (2 H, AB pattern, 
J  = 11 cps, 0 -C H 2), 6.88 (2 H, s, CH-5 and CH-6), 7.35 (5 H, 
s, phenyl), 12.68 (1 H, b, +NH).

Anal. Calcd for Ci8H2iN 0 2-HC1 (319.84): C, 67.61; H,
6.93; N, 4.38. Found: C, 67.37; H, 7.23; N, 4.36.

8-Benzyloxy-7-methoxy-2-methyl-3,4-dihydroisoquinolinium 
Perchlorate (5).—To a methanolic solution of 13.4 g (0.42 mol) 
of 4 was added 95 ml of ethanol containing 2.84 g (0.42 mol) of 
sodium ethoxide. The solvent was removed under reduced 
pressure and the residue was treated with methylene chloride. 
The mixture was filtered and the filtrate was evaporated to dry
ness under reduced pressure. The oily residue was dissolved in 
240 ml of 10% acetic acid, a solution of 53.5 g (0.168 mol) of 
mercuric acetate in 240 ml of 10% acetic acid was added, and the
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mixture was stirred in a nitrogen atmosphere a t 75° for 40 hr. 
The precipitated mercurous acetate was removed by filtration, 
and hydrogen sulfide was passed into the filtrate. The black 
precipitate was removed by filtration, and the filtrate was 
concentrated under reduced pressure. The oily residue was 
dissolved in methanol, excess isopropyl alcoholic hydrogen chlo
ride and acetone was added, and the mixture was kept a t 5° 
overnight. The solution was decanted from the small amounts of 
precipitate formed and evaporated to dryness under reduced 
pressure, and the residue was dissolved in water. Upon addition 
of excess 60% perchloric acid an oil was precipitated which slowly 
crystallized on standing at room temperature. The precipitate 
was collected by filtration and recrystallization from methanol 
gave 8.3 g (52%) of 5, mp 178-180°. For analysis a sample was 
recrystallized from methanol: mp 181-183°; I*™' 1665 (C = +N), 
1605, 1580 and 1500 (phenyl), and 1285 and 1258 cm-1 (OCH3 
and OC7H,); 239 m/i (<■ 13,200), 301 (11,760), 379 (2700);
nmr (DMSO-d6), S 3.07 ( 2H,  t, J  = 8 cps, CH2-4), 3.76 (3 H, 
s, +N-CH3), 3.93 (3 H, s, OCH3), ~ 3 .9  (2 H, t, J  = 8 cps, par
tially hidden by the +N -CH 3 and OCH3 signals, CH2-3), 5.22 
(2 H, s, OCH2-C 6H5), 7.13 and 7.47 (2 H, AB pattern, .7 = 8 
cps, CH-5 and CH-6), 7.43 (5 H, s, phenyl).

Anal. Calcd for Ci8H20C1NO6 (381.83): C, 56.62; H, 5.28; 
N, 3.67. Found: C, 56.87; H, 5.39; N, 3.44.

l-(4-Methoxybenzyl)-8-benzyloxy-7-methoxy-2-methyl-l,2,3,4- 
tetrahydroisoquinoline Hydrochloride (6).-—To 56.5 g (2.32 
g-atoms) of magnesium turnings covered with 250 ml of anhy
drous ether was added 0.5 g of iodine and 4 g of p-methoxybenzyl 
chloride.13 The reaction started immediately. Without stirring 
the mixture was refluxed for 10 min and then 14.2 g of the chloride 
(total 0.116 mol) in 110 ml of dry ether was added over 30 min 
with vigorous stirring. After stirring and refluxing for an addi
tional 40 min the mixture was allowed to settle. The clear solu
tion was carefully decanted from the residue and filtered through 
a Buchner funnel (fritted disk) under slight nitrogen pressure. 
To the stirred filtrate was added within 15 min 10 g (26.2 mmol) of 
5 under nitrogen atmosphere. With continued stirring the mix
ture was then refluxed for 1 hr and cooled to room tempera
ture. After 20 ml of methanol was added cautiously the ethereal 
solution was decanted and treated with excess isopropyl alcoholic 
hydrogen chloride. Oily material precipitated which slowly 
crystallized to give 6.3 g of 6, mp 170-180°. The residue was 
treated with chloroform, and the organic layer was washed 
successively with 3 N  hydrochloric acid and water, dried, filtered, 
and evaporated to dryness under reduced pressure. The oily 
residue was dissolved in methanol, the solution was treated with 
isopropyl alcoholic hydrogen chloride and on addition of ether 
another 3.1 g of crystalline hydrochloride 6, mp 186-192°, 
was obtained. The two crystalline fractions were combined and 
recrystallized from methanol-ether to furnish in two crops (6.2 
g with mp 191-193° and 2.9 g with mp 185-190°) a total of 9.1 g 
(79%) of 6. An analytical sample recrystallized from methanol- 
ether showed the following properties: mp 191-193°;
2420 (broad, ¿-amine salt), 1613, 1580 and 1510 (phenyl), and 
1285 and 1255 cm" 1 (OCH3 and OC7H7); X|Zr°Dy' “lc‘,h°1 229 mM 
(t 25,200), 278 (4560), 283-284 (4490); nmr (CDC1,), 5 2.2-5.0 
(5 H, cp, CH-1, CH2-3, and CH2-4), 3.43 (3 H, d, J  = 5 cps, 
+N-CH,), 3.74 (3 H, s, OCH3-4), 3.96 (3 H, s, OCH3-7), 5.08 
(2 H, s, OCU2-C 5II5), 6.6-7.5 (6 H, cp, aromatic protons), 7.30 
(5 H, s, phenyl), 12.4 (1 H, b, +NH).

Anal. Calcd for C26H29N 0 3 HC1 (440.00): C, 70.97; H, 
6.87; N, 3.18. Found: C, 70.71; H, 6.82; N, 3.17.

l-(4-Methoxybenzyl)-l,2,3,4-tetrahy dro-7-methoxy-2-methy 1- 
8-isoquinolinol Maleate (7b).—A solution of 12.8 g of 6 in 650 ml 
of glacial acetic acid was hydrogenated over 3 g of 10% palladium 
on carbon at atmospheric pressure and at an initial temperature 
of 70°. During the hydrogenation the mixture was allowed to 
cool to room temperature. After the hydrogen uptake ceased 
(~6  hr), the catalyst was removed by filtration, and the filtrate 
was evaporated to dryness under reduced pressure. The oily 
residue was taken up in 100 ml of water, 100 ml of chloroform 
was added, and the vigorously stirred suspension was treated 
with an excess of sodium bicarbonate. The chloroform layer 
was separated, and the aqueous phase was washed with three 
100-ml portions of chloroform. The combined organic solution 
was washed with water, dried over sodium sulfate, filtered, and 
evaporated to dryness under reduced pressure to give 10.7 g

(13) J .  Lee, A . Z iering , L . B erge r, a n d  S. D . H e in e m an , Festschr . E m il  
Barrel, 264 (1946); Chem . A bstr ., 41 , 6252 (1947).

of the free base 7a as a brown oil. This material could be used 
for the next step without further purification. For characteriza
tion the maleate 7b was prepared. To a solution of 1.72 g of the 
oil in ether was added a solution of 700 mg of maleic acid in 
50 ml of ether. The precipitated solid material was collected 
by filtration and crystallized from ethanol-ether to give 2 g of 
7b, mp 152-155° with softening at 80°. After two recrystalliza
tions from ethanol-ether analytically pure 7b showed two 
melting points at 77-79 and 155°; v™xcl3 3540 (OH), 2450 
(broad, ¿-amine salt), 1710 (COOH), 1620 (COO- ), 1610, 1580 
and 1510 (phenyl), and 1285 and 1255 cm-1 (OCH3 and OH); 
X™s0H 225 mn (<= 26,000) (sh), 278 (4000), 284 (3800); X̂ 1,"  K0H 
250 mM (« 8000) (sh), 275 (4200) (sh), 283 (4700), 293 (4400) (sh).

Anal. Calcd for CisIEjNOrOiHAh (429.47): C, 64.33; H, 
6.34; N, 3.26. Found: C, 64.28; H, 6.66; N, 3.46.

Racemic Petaline Iodide Hemiacetonate (8a).—A solution of 
1.375 g of the crude free base 7a and 3.5 ml of freshly distilled 
methyl iodide in 50 ml of methanol was refluxed overnight. 
The solvent was removed under reduced pressure and the oily 
residue was triturated with 5 ml of acetone to give 1.555 g 
(78%) of crystalline 8a, mp 134-138° dec. The volume of a 
solution of 250 mg of this material in 250 ml of acetone was 
reduced to 100 ml by evaporation under reduced pressure at 
room temperature. The crystalline material obtained on stand
ing was collected by filtration and dried for 50 hr at 50° under 
vacuum to give analytically pure 8a: mp 134-138° dec;
3530 (OH), 1710 (acetone, C = 0 ) , 1610, 1510 and 1500 (phenyl), 
and 1285 and 1250 cm-1 (OCH3 and OH); X™ " " 1“ ” 1"1 223 rnM 
( e  28,200), 279-280 (3980), 284-285 (3980); nmr (CDC1,), S

2.17 (3 H, s, acetone), 3.35 and 3.50 (3 H each, s, +N-CH3), 
3.77 and 3.92 (3 H each, s, OCH3), 2.9-4.4 (4 H, cp, partially 
buried, CH2-3 and CH2-4), 5.07 (1 H, b, CH-1 ), 6.23 (1 H, s, 
OH), 6.5-7.4 (6 H, cp, aromatic protons); mass spectrum, 
fragments at m /e 327 (base peak), 206, 192, 177, 142, 121, and 
58; acetone determination by glpc (calcd 5.9% w/w), found 
4.7% w/w.

Anal. Calcd for C2oH26N 0 3I y 2CH3COCH3 (484.39): C,
53.31; H, 6.04; N, 2.89, Found: C, 53.47; H, 6.14; N, 2.93.

Racemic Petaline Reineckate (8b).—Treatment of an aqueous 
solution of 8a with a saturated aqueous solution of ammonium 
reineckate afforded a pink amorphous solid which was further 
purified by precipitation from an aqueous solution with acetone. 
The racemic petaline reineckate (8b) thus obtained showed the 
following properties: mp 178-181° dec; 3500 (OH), 2080 
(SCN), 1610, 1520 and 1500 (phenyl), and 1288, 1255, and 1242 
cm-1 (OCH3 and OH); Xmax (isopropyl alcohol +  10% Methyl 
Cellosolve) 233 mM (« 35,800), 280 (12,000), 284 (12,100), 311 
(17,600).

Petaline Methine (9).—A solution of 7.5 g of racemic petaline 
iodide in 75 ml of 80% ethanol was applied to a column of 1000 
ml of Amberlite anion exchange resin IRA-400 (OH) and left 
there for 15 hr. Elution with 900 ml of 80% ethanol a t a rate of 
3 ml/min and evaporation of the eluate under reduced pressure 
gave an oily residue. Trituration of the residue with 50 ml of 
ethanol afforded 4 g (79%) of crystalline petaline methine (9), 
mp 120-122°. An analytical sample was recrystallized twice 
from methanol-water and showed the following properties: 
mp 119-120°; 3530 (OH), 1610 and 973 (C =C , trans-
stilbene), 1605, 1580 and 1515 (phenyl), and 1285 and 1255 
cm-1 (OCH3 and OH); x™ 0!" M  214 mM (« 30,500), 240 
(11,900) (sh), 300 (24,900), 321 (21,000) (sh); K0H 251 
mii (e 19,600), 290 (16,700), 357 (8200) (sh); nmr (CDC13), 
S  2.32 [6 H, s, N(CH,),], 2.75 (4 H, m, CH2-C H 2), 3.83 and 3.88 
(3 H each, s, OCH3), 6.42 (1 H, s, OH), 6.72 (2 H, s, CH-5 
and CH-6), 6.88 and 7.37 (4 H, A2B2 pattern, J  = 9 cps, CH-2', 
CH-3', CH-5' and CH-6'), 7.07 and 7.37 (2 H, AB pattern, 
J  = 16.5 cps, trans C H =C H ); mass spectrum, fragments at 
wi/e 327 (molecular ion), 206, 177, 121, and 58.

Anal. Calcd for C2„H25N 03 (327.43): C, 73.37; H, 7.70; 
N, 4.28. Found: C, 73.36; H, 7.43; N, 4.31.

)-l-(4-Methoxybenzyl)-l,2,3,4-tetrahydro-7-methoxy-2- 
methyl-8-isoqumolinol Dibenzoyl-d-tartrate ( 1 0 ) .—The oily free 
base 7a, obtained from 3.7 g of 6 as previously described, was 
dissolved in 100 ml of ether. Addition of 3.3 g of dibenzoyl-d- 
tartaric acid in 50 ml of ether gave a solid precipitate which, 
recrystallized from hot methanol, afforded 1.414 g of dibenzoyl- 
d-tartrate 1 0 , [<*]25d  —60.4° (c 0.262, MeOH). Several recrystal
lizations to constant rotation yielded analytically pure material: 
mp 191-192°; [«]**-4D -6 2 .8 °  (c 0.258, MeOH), [«]” ;? -326° 
(c 0.258, MeOH); ORD and CD curve, see Figure 1; X“'?H
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227-228 m/i (<= 68,500), 278 (9500), 284 (8800) (sh); AV J  K0H 
225 m il  (e 67,500) (sh), 276 (11,100) (sh), 282-283 (11,800), 
296 (9000) (sh); 2550 (broad, ¿-amine salt), 1720 (ester
0 = 0 ) ,  1625 and 1615 (COO- ), 1617, 1585 and 1505 (phenyl), 
and 1280 cm-1 (broad, ester, OCH3, and OH).

Anal. Caled for C38H46N20 6• Ci8H 140 8 (985.12): C, 68.28; 
H, 6.14; N, 2.84. Found: C, 68.47; H, 6.08; N, 3.02.

(R)-( — )-l-(4-Methoxybenzyl)-l,2,3,4-tetrahydro-7-methoxy-2- 
methyl-8-isoquinolinol (11).—To a solution of 281.5 mg (0.285 
mmol) of 10 in 200 ml of methanol was added 5.15 ml of ethanol 
containing 38.85 mg (0.572 mmol) of sodium ethoxide. The 
solvent was removed under reduced pressure and the residue was 
extracted with ether to give 162 mg of 11 as a yellow oil: [a]24'9D 
-3 2 .2 °  (c 0.165, CHCI3), W f659 -3 26° (c 0.165, CHCI3); for 
the ORD curve see Figure 2; CD (c 0.0464, ethanol), [©]300 0, [0]278 
-2829, [e]255 -1338, [9]® -19,624, [e]230 -9366; y“ ci> 3545 
(OH), 1610, 1588, 1515 and 1495 (phenyl), and 1280 and 1250 
cm“ 1 (OCH3 and OH); X™,0H 226 mM (e 21,300), 278 (3900), 
284 (3600); nmr (CDC13), S 2.31 (3 H, s, N -CH3), 2.2-3.3 (6 
H, cp, methylene protons), 3.72 and 3.81 (3 H each, s, OCH3-4 
and OCHs-7), 4.00 (1 H, q, /  = 4.5 cps, CH-1), 5.82 (1 H, b, 
OH), 6.55 and 6.68 (2 H, AB pattern, J  = 8.5 cps, CH-5 and 
CH-6), 6.77 and 7.17 (4 H, A2B2 pattern, J  = 8 cps, CH-2', 
CH-3', CH-5' and CH-6'); mass spectrum, fragments at m/e 
313, 312, 192 (base peak), 177.

Petaline Iodide (12a).—To the oily free base 11 (150 mg) in 
20 ml of anhydrous ether was added within 20 min a solution of 
1 ml of freshly distilled methyl iodide in 3 ml of anhydrous ether. 
The mixture was left a t room temperature overnight, and the 
amorphous yellow precipitate was collected by filtration and 
washed thoroughly with ether to give 168 mg of 12a melting 
between 107 and 116° after drying a t 40° for 3 days under re
duced pressure: for the optical rotatory dispersion curve see
Figures 2 and 3; [a]23r> —4.4° (c 0.455, 95% ethanol); CD (c 
0.455, 95% ethanol), [©]310 0, [©]288 —9108, [0]253 —528, [0]® 
-21,120, [0]225 -5280, [0]242 -84,480, [0]2O5 0.

Petaline Reineckate (12b).—To 25 ml of an aqueous solution 
of 12a (140 mg) was added a saturated aqueous solution of

ammonium reineckate until no more material was precipitated. 
The amorphous pink precipitate was collected by filtration and 
dried 3 days at 50° under reduced pressure to give 128 mg of 
12b, melting between 135 and 145° dec; a mixture melting point 
with authentic material9 showed no depression and the infrared 
spectra (KBr) were superimposable. Reprecipitation from an 
aqueous solution with acetone afforded, after drying at room 
temperature for 80 hr under reduced pressure, 12b which melted 
between 126 and 134°: [a ]23D —1.5° (c 0.647, ethanol); ORD
(c 0.647, ethanol), [a+20 —386°, [a]292 —850° (tr), [a]284 0°, 
[or]27o +540° (pk), [a]® 0°, [a]244 —540° (tr), [a]® 0°, [a]228 
+  1620° (pk), [a]2i6 -1390° (tr), [a]212 -773°; CD (c 0.647, 
ethanol), [0)305 0, [0]288 —7920, [©]268 0, [9]235 —23,100, [0]223 
-1320, [6] j« -42,900.

By paper chromatography (descending, pyridine-water 1:4, 
Whatman No. 1 paper), 12b was identical with authentic ma
terial,9 Rt 0.83. The spots were developed with modified Dragen- 
dorff reagent.14

Registry No.—2, 6068-43-5; 4, 6077-99-2; 5, 5890-
46-0; 6, 5890-47-1; 7b, 16336-16-6; 8a, 16350-27-9; 8b, 
15612-34-7; 9, 2609-29-2; 10, 16346-57-9; 11, 16336-
17-7; 12a, 6392-37-6; 12b, 16351-46-5.
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Sodium ethoxide-catalyzed condensation of 6-methoxyquinoline-4-carboxaldehyde with 3-quinuclidinone 
produces 6'-methoxy-7-oxo-8-rubene in high yield. Of the two possible geometrical isomers, only that with the 
ketone function trans to the quinoline ring is formed. Reduction of the ketone affords an allylic alcohol whose 
p-nitrobenzoate is completely isomerized to the opposite geometrical isomer in refluxing acetic acid. The ke
tone is not ketalized by 1 ,2-ethanedithiol in refluxing trifluoroacetic acid but instead undergoes a remarkable 
condensation reaction involving one molecule of ketone, two of 1 ,2-ethanedithiol, and one of trifluoroacetic acid. 
A by-product of the reaction results from the condensation of three molecules of 1,2-ethanedithiol with two of 
trifluoroacetic acid. Pyrazoline derivatives of the ketone resulting from 1,3-dipolar addition of diazomethane 
and condensation with hydrazine are described.

As a sequel to their brilliant degradative studies 
which elucidated the structure of quinine,3 Rabe and 
his coworkers undertook its synthesis in the 1920’s.4 5 
While this substance constituted a rather ambitious 
synthetic objective for the time, a general route to the 
quinine skeleton was developed by which total syn
theses of dihydroquinine and dihydroquinidine were 
accomplished in 1931.6 In its basic form [Claisen 
condensation of a /3-(4-piperidyl) propionate with ethyl

(1) P re s e n te d  a t  th e  155 th  N a tio n a l M eetin g  of th e  A m erican  C hem ica l 
S o c ie ty , S an  F ran c isc o , C alif., A pril 1968.

(2) N a tio n a l  S cience  F o u n d a tio n  U n d e rg ra d u a te  R esea rc h  P a r t ic ip a n t .
(3) P . R a b e , B er., 41, 62 (1908).
(4) P . R a b e , K . K in d le r, a n d  O. W ag n er, ib id ., 55, 532 (1922).
(5) P . R a b e , W . H u n te n b u rg , A . S ch u ltze , a n d  G . V olger, ib id ., 64, 2487

(1931).

quininate followed by decarboxylation, bromination, 
and cyclization], the Rabe route formed the corner
stone of most of the subsequent synthetic work in the 
area. Both Rabe6 and Prelog,7 et al., used this route 
extensively for the preparation of synthetic quinine 
analogs and, in the hands of Woodward and Doering,8 
it was utilized to effect the total synthesis of quinine 
itself.

Much of the more recent synthetic work on the

(6) (a) P . R a b e  a n d  G . H ag en , ib id ., 74, 636 (1941); (b) P . R a b e  a n d  W . 
S chu le r, ib id ,, 76, 318 (1943).

(7) (a) V. P re lo g , P . S te rn , R . S ew erth , a n d  S. H e im b a c h -Ju h a sz , N a tu r 
w issenschaften, 28, 750 (1940); (b) V. P re log , P . S te rn , R . S ew erth , a n d  
S . H e im b ach -Ju h asz , B er,, 74, 647 (1941).

(8) R . B . W o o d w ard  a n d  W . E . D oering , J . A m er. Chem . Soc., 66, 849 
(1944); 67, 860 (1945).
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cinchona alkaloids has been directed toward the 
indole group. The transformation of members of the 
quinoline group to the indole group9 and a total syn
thesis of cinchonamine,10 the parent alkaloid of the 
latter, have been described.

Interest in synthetic routes to quinine and its 
analogs disappeared as its importance in the chem
otherapy of malaria declined.11 However, by 1963 it 
was clearly recognized that drug resistant strains of 
Plasmodium falciparum had evolved. While malarial 
infections with these microorganisms responded to 
treatment with quinine, the snythetic antimalarials 
which had largely replaced quinine during the two 
previous decades were quite ineffective.12 As a result, 
quinine once again assumed a position of central 
importance in malaria chemotherapy. At the same 
time, the search for new synthetic antimalarials was 
taken up again and has already yielded the highly 
effective diaminodiphenyl sulfones.13

We have recently undertaken the development of 
new synthetic routes to the basic quinine skeleton with 
the twofold objective of synthesizing racemic quinine 
and of providing general synthetic methods for the 
preparation of quinine analogs. Enzymic oxidation 
to a carbostyril14 seriously curtails the activity of 
quinine whence antipodal and racemic quinines might 
conceivably be far superior antimalarials to the natural 
product. Results from the investigation of one syn
thetic approach and the partial realization of the second 
objective are described in this paper.

Discussion
3-Quinuclidinone (2), because of its ready avail

ability,16 represents an attractive precursor to the 
alicyclic portion of the quinine molecule. Its active 
methylene group is known to condense readily with 
aldehydes16 and moreover the condensation, in modest 
yield, with quinoline-4-carboxaldehyde has been de
scribed.17 6-Methoxyquinoline-4-carboxaldehyde (1)

(9) E . O chia i, H . K a ta o k a , T . D odo , a n d  M . T a k a h a sh i, Chem. P harm . 
B u ll. (T okyo ), 10, 76 (1962).

(10) C .-B . C h en , R . P . E v s tig n e e v a , a n d  N . A. P reo b razh e n sk ii, D okl. 
A k a d . N a u k  S S S R ,  123, 707 (1958); Chem . A bstr., 53, 7919 (1959).

(11) P . B . R u sse l in  “ M ed ic in a l C h e m is try ,” A. B u rg er, E d ., In te rsc ie n c e  
P ub lish ers , In c ., N ew  Y ork , N . Y ., 1960, p  814.

(12) E . H . S ad u n , A m er. J .  T ro p . M ed . H yg ., 13, 145 (1964).
(13) See E . F . E ls lag er a n d  D . F . W o rth , N ature , 206, 630 (1965), fo r le ad 

ing  references.
(14) K . L ang  a n d  H . K eu er, B iochem . Z .,  329 , 277 (1957).
(15) H . U . D aen ik e r  a n d  C . A . G ro b , Org. S y n .,  44, 86 (1964); A ld rich  

C hem ica l C o ., In c ., M ilw aukee, W is.
(16) (a) C . A . G ro b  a n d  A . K a ise r, H elv. C h im . A cta , 46 , 2646 (1963); (b) 

A. T . N ielsen , J .  Org. Chem ., 31, 1053 (1966).
(17) G . R . C lem o a n d  E . H o g g a rth , J .  Chem . Soc., 1241 (1939).

was obtained by selenium dioxide oxidation of 6- 
methoxylepidine18 which in turn was synthesized from 
p-anisidine and ethyl acetoacetate as first described by 
Rabe6 and later modified by Elderfield and coworkers.19 
The aldehyde 1 and ketone 2 condense, in 90% yield, 
with sodium ethoxide as catalyst giving 6'-methoxy-7- 
oxo-8-rubene (3).

Under acid catalysis, the a,/3-unsaturated ketone 3 
can be transformed into an equilibrium mixture of the 
two possible geometric isomers. However, under the 
conditions of the condensation reaction, only the in
dicated isomer (vide infra) of 3 is formed.

3
h3o+

4

Samples of isomer 4, isolated by preparative layer 
chromatography, slowly rearranged to isomer 3 on 
standing. The assignment of structures 3 and 4 to the 
two ketones can be made on the basis of their ultra
violet absorption spectra. There are no serious steric 
interactions to inhibit coplanarity of the a,d-un- 
saturated ketone function and quinoline ring in ketone 
3 and the resulting conjugation is reflected in an ultra
violet absorption maximum at 362 mp. However, 
ketone 4 suffers severe steric interactions when these 
functions are coplanar and the resulting steric inhi
bition of resonance manifests itself in the absence of an 
absorption maximum above 337 mp, the longest 
wavelength absorption maximum of 6-methoxy- 
quinolines (compounds 6, 8, 13, 16, and 18 as well as 4 
all show maxima between 335 and 340 mp). The 
maximum at 337 mp in compound 4 shows sufficient 
tailing into the visible to impart its yellow color.

5 R“ 0H
6, R =  p-nitrobenzoyloxy

10, R -C l
11, R = acetoxy

7 ,  R = H
8, R=p-nitrobenzoyloxy

The a,/J-unsaturated ketone 3 possesses a plane of 
symmetry whereby its sodium borohydride reduction 
produces a single (racemic) alcohol (5). The utiliza
tion of this alcohol as a precursor of quinine has been 
explored to some extent. In principle the hydroxy 
group can be used as a “handle” for the function
alization of C3 (required for the introduction of a 
vinyl group) and can then be migrated to Cg via an 
allylic rearrangement. Treatment with p-nitrobenzoyl 
chloride in pyridine transforms the alcohol 5 into its

(18) (a) C . E . K w a rtle r  a n d  H. G . L indw a ll, J .  A m er. Chem . Soc., 69, 524 
(1937); (b) M . L ev itz  a n d  M . T . B ogert, J .  Org. C hem ., 10, 341 (1945).

(19) K . N . C am p b ell, R .  S. T ip so n , R . C . E lderfie ld , B . K . C am p b ell, 
M . A. C la p p , W . J . G ensler, D . M o rriso n , a n d  W . J .  M o ran , ib id ., 11, 803 
(1946).
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p-nitrobenzoate 6. When this derivative was exposed 
to sodium acetate in refluxing acetic acid for 6 hr, it 
failed to yield any detectable amount of a rearranged 
acetate; indeed, it failed to yield any acetate. The 
product, compound 8, is that resulting from isomer
ization of the olefinic linkage. Assignment of struc
tures 6 and 8 to the starting material and product, 
respectively, is based on the nmr spectra of the two 
esters. Whereas the four protons of the p-nitrobenzoyl 
group appear as a singlet at 8.25 ppm in ester 6, they 
give rise to a multiplet superimposed on the multiplet 
arising from the quinoline protons (centered at ca.
7.5 ppm) in the isomeric ester 8. This is interpreted 
as a consequence of the close proximity of the quinoline 
ring and p-nitrobenzoyl group in ester 8.

Both hydrolysis of p-nitrobenzoate 8 and sodium 
borohydride reduction of ketone 4 gave the same al
cohol, compound 7.

The SnF reaction of allylic alcohols with thionyl 
chloride20 suggested a second method of transposing the 
oxygen function at C7 in alcohol 5 to C9. Treatment 
with thionyl chloride did in fact give some of the re
arranged chloride 9, but as a minor product. The 
major product was the chloride 10 . The two chlorides 
9 and 10 form partially overlapping spots on thin layer 
chromatography and were therefore not amenable to 
separation. The nmr spectrum of the mixture showed 
signals at 3.96, 4.90, and 6.98 ppm which can be 
assigned to the methoxyl, C7, and vinyl protons, 
respectively, of compound 10 and signals at 3.89, 6.11, 
and 6.48 ppm which can be assigned to the methoxyl, 
C9, and vinyl protons, respectively, of compound 9. 
The integration ratio of the first set of signals to the 
second set (4:1 ) indicates that the mixture consists of 
80% of compound 10 and 20% of compound 9. The 
alternative interpretation of the nmr spectrum as 
arising from a mixture of cis-trans isomers is not 
consistent with the chemical shifts observed for the 
C7 and C9 protons of compound 9: the two isomeric 
alcohols 5 and 7 show vinylic proton signals at 6.92 
and 6.98, respectively, and C7 proton signals at 4.45 in 
each. Similarly the isomeric p-nitrobenzoates show 
vinylic proton signals at 6.95 and 7.12, respectively, 
and C7 proton signals at 5.88 and 5.83, respectively.

The mixture of chlorides reacted very slowly with 
silver acetate in refluxing acetic acid to give, as the only 
products isolated, the alcohol 5 and the acetate 11. 
This acetate was identical with that obtained from the 
reaction of alcohol 5 with acetic anhydride.

Catalytic hydrogenation of the mixture of chlorides 
9 and 10 in alcoholic potassium hydroxide solution gave 
a mixture of products from which 6'-methoxyrubane
(12) was isolated in low yield. The two antipodal forms

(20) E . S . G ou ld , "M e c h a n ism  a n d  S tru c tu re  in  O rgan ic  C h e m is t ry / ’
H o lt-D ry d e n , N ew  Y o rk , N . Y ., 1959, p  296.
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of this compound have been synthesized previously by 
Rabe.6b

A more direct route to 6'-methoxyrubane (12) was 
anticipated in the thioketalization of the a,/3-un- 
saturated ketone 3 followed by simultaneous hydro- 
genolysis and hydrogenation over Raney nickel. 
However, the ketone resisted all attempts to transform 
it into a thioketal. A reaction with 1,2-ethanedithiol 
takes place in refluxing trifluoroacetic acid, however the 
product, compound 13, derives from sequential con
densation with the dithiol, the solvent, and a second 
molecule of the dithiol.

3 +  HSCH2CH2SH +  CF3C00H. —*■ 
excess solvent

A by-product of the reaction, compound 14, was 
shown to result from a still more complex condensation 
in which five molecules in the reacting system combine 
into one.

The structure of the by-product 14 gave an essential 
hint in elucidating the structure of the main product 
13; hence the determination of this structure will be 
discussed first. The compound was obtained in 89% 
yield when 1 ,2-ethanedithiol and excess trifluoroacetic 
acid were heated under reflux. I t is a colorless solid, 
readily recrystallized from ethanol without decompo
sition. The compound shows C-F bands at 1200 cm-1 
in its infrared spectrum, two singlets at 3.19 and 3.52 
ppm (ratio 1 :2) in its proton nmr spectrum, and 
intense peaks at m/e 173 and 265 in its mass spectrum. 
These data, together with the analysis and observed 
molecular weight, can only be accommodated by 
structure 14.21 This direct condensation of a mer
captan with a carboxylic acid to form an ortho thiol 
ester is without precedent and is more or less unique 
for these two reactants. Acetic and formic acids do 
not condense with ethanedithiol in this manner al
though 1,3-propanedithiol gives, in much lower yield, 
the analogous product 15 with trifluoroacetic acid.22

Skeletal rearrangements attending the transfor
mation of ketone 3 into compound 13 are precluded by 
the facile regeneration of 3 under a variety of conditions 
(heat, alumina, acetic anhydride). Compound 13 
crystallizes as an ethanol solvate and this fact, com
bined with the thermal instability, required reduction 
to the alcohol 16 for molecular weight determination. 
The mass spectrum of compound 13 is that of the ketone

(21) A  p re lim in a ry  d esc rip tio n  of th is  re a c tio n  h as  b ee n  p u b lish e d : D . L . 
C offen, Chem . C om m un ., 1089 (1967).

(22) C o m p o u n d  15 w as firs t sy n th es iz ed  b y  M iss P a tr ic ia  G a r r e t t  of o u r  
la b o ra to ry .
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3. An infrared absorption band at 1730 cm-1 dem
onstrates that the ketone function is still present but 
no longer conjugated; new bands at 1150, 1175, and 
1240 cm- 1  are consistent with a compound containing 
C-F bonds. The nmr spectrum of a sample re
crystallized from ethanol shows by a triplet at 1.20 and 
a quartet at 3.69 ppm {J — 7 cps) that crystalline 
compound 13 is a monoethanol solvate. A sample 
obtained by evaporating a benzene solution of 13 no 
longer contained these nmr bands nor an infrared band 
at 3300 cm-1. The 100-Mc nmr spectrum of the 
ethanol-free sample, in comparison with the spectrum of 
its precursor 3, shows the following changes: the 
vinyl proton singlet at 7.66 ppm has vanished; two 
new one-proton doublets appear at 3.71 and 5.02 ppm 
( /  = 8 cps) and are assigned to protons at C8 and C9 

(confirmed by spin decoupling); in addition to the 
methoxyl singlet at 3.89 ppm, a four-proton singlet 
appears at 3.20 which can be ascribed to the 1,3- 
dithiolane ring protons; signals from the exocyclic 
ethanedithiol residue are superimposed on the qui- 
nuclidine multiplets but probably give rise to triplets 
observed at 2.45 and 2.85ppm (J = 8 cps).

Although compounds 13 and 16 have two and three 
centers of asymmetry, respectively, each of them is 
nevertheless obtained as a single racemate. Although 
it is not possible to assign stereochemistry to C9 

relative to C8 in these compounds, the configuration 
indicated for C7 in 16 can be assigned with confidence 
when the steric hindrance to borohydride ion attack 
from the upper side of 13 is considered.

The myriad products available from 1,3-dipolar 
addition reactions23 suggested that numerous syn
thetic quinine analogs might be derivable from ketone 
3 if 1,3-dipolar additions can be effected across the 
C8-C 9 double bond. This possibility has been realized 
and demonstrated in the nearly quantitative formation 
of pyrazoline 17 in the reaction of ketone 3 with di
azomethane. The spectroscopic properties of the 
adduct are in accord with structure 17.

16 17

A second pyrazoline derivative, 18, was obtained by 
warming the ketone 3 with alcoholic hydrazine. 
Mercuric acetate oxidation of compound 18 gave the 
corresponding pyrazole 19. Structure 18, rather than

18 19

(23) R . H u isg en , A ngew . Chem . In te rn . E d . E n g l., 2 , 565 (1963).

that of an a,/3-unsaturated hydrazone, is assigned on 
the basis of the compound’s nmr spectrum. The 
spectrum contains no vinyl proton singlet but does 
have two one-proton doublets at 3.11 and 4.75 ppm 
{J8.9 = 4 cps). These two doublets vanish with the 
oxidation to pyrazole 19. The low value of J s ,9 

suggests the trans relationship24 indicated for the 
protons at C8 and C9.

Experimental Section25
6'-Methoxy-7-oxo-8-rubene.— Sodium (1.56 g, 0.068 g-atom) 

was dissolved in absolute ethanol (60 m l) and to the resulting 
solution 6-methoxyquinoline-4-carboxaldehyde18 (9.64 g, 0.0515  
mol) and 3-quinuclidinone hydrochloride15 (8.35 g, 0.0515 mol) 
were added. The mixture was warmed to 35°, swirled for ca .  5 
min, and then kept at room temperature for 2 hr. Crystallization 
of the product was completed by slowly adding water (150 ml). 
The product was filtered, washed w ith water, and dried in air 
giving 14.13 g (91% ) of yellow crystals. An analytical sample, 
recrystallized from ethanol, had mp 155-156°; rma>i 1710, 1620, 
1510, 1230, 1095, 1035, 928, 858, and 731 cm "1; Amal 228 
(e  43,000), 250 (sh, 17,000), 337, (7300) and 362 (7200); nmr 
(CDCls), 2.10 (4 H , m ultiplet, H 3 and H 5), 2.70 (1 H, 
m ultiplet, H 4), 3.10 (4 H , m ultiplet H2 and H 6), 3.96 (3 H, 
singlet, m ethoxyl), 7.32 (2 H , m ultiplet, H 5- and H r), 7.66  
(1 H , singlet, H9), 8.04 (2 H , two doublets, three lines, H 3. and 
Hg-), and 8.80 (1 H , doublet, H2/, / 2.3. =  5 cps); and mol wt 
294 (mass spectrum).

A n a l .  Calcd for Ci8H J8N 20 2: C, 73.65; H , 6.16; N , 9.52. 
Found: C, 73.62; H , 6.13; N , 9.29.

Equilibration of Ketone 3 with Ketone 4.— A sample of ketone 3 
(200 mg) dissolved in 6 A1 sulfuric acid was kept at room tem 
perature for 18 hr. The solution was neutralized w ith aqueous 
sodium bicarbonate and the ketones were extracted w ith m ethyl
ene chloride. The product showed two yellow spots on a silica 
gel thin-layer chromatogram (CHC13-C H 30 H  10:1), the starting  
material and a new spot w ith a lower R i  value. W hen material 
from the lower spot was eluted directly into an ultraviolet cell 
with ethanol, it  showed a maximum at 337 m^. The remaining 
product was separated by preparative layer chromatography. 
The ketone from the lower yellow band (68 m g) was crystallized 
from ethanol. This material, mp 121-123°, showed by tic and 
nmr that partial conversion back to ketone 3 had occured during 
purification. The infrared spectrum of this material showed 
only minor differences from that of pure ketone 3. The nmr 
spectra were also very similar with slight differences in some chemi
cal shifts: m ethoxyl protons at 3.89, vinyl proton at 7.17, and
H2- at 8.76 ppm in ketone 4.

6'-Methoxy-7-hydroxy-8-rubene (5).— K etone 3 (4.57 g,
0.0153 mol) was partially dissolved in methanol (50 m l) with 
warming, then treated with sodium borohydride (1.00 g, 0.026 
mol) in portions while swirling. The ketone dissolved com pletely  
and the yellow color disappeared. The solution was slowly 
diluted with cold water (250 m l) and stored in the cold overnight. 
The product was filtered, washed with water, and dried in air, 
giving 4.51 g (98% ) of colorless, crystalline alcohol, mp 153-155°. 
The compound had ir bands at rmax 3200, 1640, 1620, 1580, 1510, 
1230, 1090, 1030, 845, and 720 cm -1; the nmr spectrum (CDCI3) 
showed peaks at 1 .1 -3 .3  (9 H , m ultiplets, quinuclidine H),
3.78 (3 H , singlet, m ethoxyl), 4.49 (1 H , broad singlet, H7), 
4.60 (1 H , broad singlet, vanished when solution was shaken with 
D 20 ,  hydroxyl), 6.92 (1 H , doublet, H 9, / 7,9 =  1.5 cps), 7.25 
(2 H , m ultiplet, H 5. and H7>), 7.83 (1 H , doublet, H 3-, / 2.3< =  4.5 
cps), 8.00 (1 H , doublet, HS/, J v v  =  10 cps), and 8 .64 (1 H, 
doublet, H20; and the molecular w eight was 296 (mass spectrum).

6'-Methoxy-7-(jo-nitrobenzoyloxy)-8-rubene (6).— A solution

(24) A. H assn e r  a n d  M . J .  M iche lson , J .  Org. C hem ., 27 , 3974 (1962).
(25) M e ltin g  p o in ts  a re  u n co rrec ted . I n f ra re d  sp e c tra  w ere  m e asu red  as 

N u jo l m ulls  on  a  P e rk in -E lm e r In fra c o rd  M od el 137. S tro n g  b an d s  a n d  those  
c h a ra c te r is tic  of th e  fu n c tio n a l g ro u p s  p re s e n t a re  lis ted . U ltra v io le t  sp e c tra  
(in  9 5 %  e th an o l)  a n d  m ass  sp e c tra  w ere  reco rd e d  on  C a ry  14 a n d  C E C  
21-103 in s tru m e n ts , resp ec tiv e ly . N m r sp e c tra  (ppm ) w ere m e asu red  on 
V aria n  A-60A a n d  H A -100  in s tru m e n ts  using  so lv en ts  in d ic a te d  a n d  te tr a -  
m e th y ls ilan e  as  a n  in te rn a l s ta n d a rd . A n aly ses  a n d  m o lecu la r w eigh t d e 
te rm in a tio n s  w ere  c a rried  o u t b y  G a lb ra i th  L a b o ra to rie s , In c .,  K noxv ille , 
T e n n . S om e of th e  co m p o u n d s w ith  s tro n g  m o lecu la r ion  p eak s  in  th e ir  m ass 
sp e c tra  w ere  n o t an a ly zed .
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of alcohol 5 (400 m g, 1.35 mmol) and p-nitrobenzoyl chloride 
(500 mg, 2.70 mmol) in pyridine (5 ml) was kept overnight at 
room temperature. The resulting mixture was diluted with  
methylene chloride, washed w ith aqueous sodium bicarbonate, 
dried, and evaporated. The crude product (543 mg, 91% ) was 
recrystallized from ethanol giving colorless crystals w ith mp 
142-145° and ir bands at Pmax 1720, 1625, 1580, 1525, 1500, 
1350, 1320, 1265, 1225, 1105, 1025, 850, and 724 cm "1. The 
nmr spectrum (CD Ch) was essentially the same as that of the 
alcohol between 1 and 4 ppm . H 7 appears as a poorly resolved 
doublet at 5.88 and a new, four-proton singlet appears at 8.26 
(p-nitrobenzoyl group). The quinoline and vinyl proton signals 
are essentially unchanged.

A n a l .  Calcd for C25H23N 30 5: C, 67.41; H , 5.20; N , 9.43. 
Found: C, 66.19; H , 5.17; N , 9.18.

Isomerization of p-Nitrobenzoate 6 to p-Nitrobenzoate 8.— A
solution of p-nitrobenzoate 6 (200 m g) and sodium acetate (800 
m g) in acetic acid (8 ml) was heated under reflux for 6 hr. The 
solution was then diluted with water, neutralized with aqueous 
sodium bicarbonate, and extracted with m ethylene chloride. 
The dried extract was evaporated leaving 164 m g of partly crys
talline, crude product, Recrystallization from ethanol gave 70 
mg (35% ) of pure, colorless crystals with mp 162-163° and 
ir bands at 1720, 1620, 1580, 1525, 1345, 1320, 1260, 
1225, 1115, 1105, 1030, and 720 cm -1. The nmr spectrum  
(CDC13) shows the quinuclidine protons as three m ultiplets 
between 1.0 and 3.6, the m ethoxyl singlet at 3.94, and H7 
at 5.83. The 7.0-8.6-ppm  region of the spectrum contains at 
least 20 lines (10 H ) of which only the H2- doublet a t 8.48 can be 
assigned w ith confidence. The R t  value of ester 8 on tic  is dis
tinctly  lower than that of ester 6.

A n a l .  Calcd for C25H23N 30 5: C, 67.41; H , 5.20; N , 9.43. 
Found: C, 66.35; H , 5.34; N , 9.21.

Alcohol 7. A. By Hydrolysis of p-Nitrobenzoate 8.—p-Nitro- 
benzoate 8 (65 m g) was taken up in methanolic KOH (two pellets 
in 2 ml) andkept at room temperature for 2 hr. The solution  
was diluted w ith water and extracted w ith m ethylene chloride. 
The extracts were dried and evaporated leaving 36 mg (82% ) of 
crystalline residue. Recrystallization from ethanol gave colorless 
crystals: mp 166-167°; 3150, 1640, 1620, 1580, 1505,
1230, 1045, 1035, 905, 822, and 715 cm "1; nmr (CDC13), 1 .1 -
3.4 (9 H , m ultiplets, quinuclidine H ), 3.6 (1 H , broad singlet, 
hydroxyl), 3.87 (3 H, singlet, m ethoxyl), 4.45 (1 H , broad singlet, 
H7), 6.98 (1 H , singlet, H9), 7.25 (2 H , m ultiplet, H 5< and H 7<),
7.58 (1 H , doublet, H3>, / 2.,3/ =  4.5 cps), 7.36 (1 H , doublet, 
H 8,, J v ,s' =  9 cps), and 8.43 (1 H , doublet, H 2'). The molecu
lar weight was 296 (mass spectrum); the mass spectra of alcohols 
5 and 7 are nearly identical. Alcohol 7 has a distinctly lower 
R s  value on tic than alcohol 5.

B. By Reduction of Ketone 4 .— The sample of ketone 4 from 
preparative layer chromatography (60 mg, contaminated with  
3) was repurified in the same manner. The lower yellow band 
was removed from the plate and added directly to a stirred solu
tion of sodium borohydride (100 mg) in methanol (5 m l). The 
reaction mixture was diluted with m ethylene chloride, filtered 
through Celite to remove the silica gel, dried, and evaporated 
leaving 42 mg of colorless residue. The product was purified by  
preparative layer chromatography and recrystallization from 
ethanol giving 20 m g of colorless crystals, mp 163-165° (mmp 
164-167°). The infrared spectrum and tic behavior of this 
material are identical w ith those of the alcohol from method A.

6'-Methoxy-7-chloro-8-rubene ( 10) and 6 '-Methoxy-9-chloro-
7-rubene (9).— Alcohol 5 (200 m g, 0.66 mmol) was dissolved in 
thionyl chloride (5 m l) and the solution was refluxed for 45 min 
then kept at room temperature for 17 hr. Excess thionyl chlo
ride was evaporated in a nitrogen stream. The residue was taken  
up in m ethylene chloride, washed with aqueous sodium bicarbo
nate, dried, and evaporated leaving 232 mg of viscous yellow oil. 
The product is a mixture of two compounds (tic), crystalline in 
the cold but an oil at room temperature; ir bands were at 
(film) 1620, 1580, 1500, 1230, 1030, 845, 775 and 715 cm "1. 
The nmr spectrum (CDC]S) shows the quinuclidine and quinoline 
m ultiplets in the 1-3 .3- and 7,2-8.8-ppm  regions, respectively. 
Signals at 3.96 (singlet), 4.90 (quartet, / 4,7 =  3.5 cps and J i .9 =
1.5 cps), and 6.98 (doublet, / 7,9 =  1.5 cps) in the ratio 3 :1 :1  
are assigned to the m ethoxyl protons, H 7, and H 9 of chloride 10. 
Signals w ith one-fourt.h of the intensity a t 3.89 (singlet), 6.11 
(broad singlet), and 6.48 (doublet, , /4,7 =  7 cps) in the ratio 
3 :1 :1  are assigned to the m ethoxyl protons, H9, and H7 of chlo
ride 9.

6'-Methoxy-7-acetoxy-8-rubene (1 1 ). A. From Chlorides 9
and 10.— The crude chloride mixture from alcohol 5 (200 m g) was 
stirred w ith silver acetate (300 mg) in acetic acid (10 ml) for 
3 days at room temperature. The mixture was diluted with 
aqueous sodium chloride, filtered, neutralized w ith aqueous 
sodium bicarbonate, and extracted w ith m ethylene chloride. 
The dried extracts were evaporated leaving 179 mg of yellow  
gum. Separation of the crude products by preparative layer 
chromatography afforded 29 m g (14% ) of alcohol 5 (infrared, 
tic) and 75 m g (33% ) of acetate 11. The acetate formed colorless 
crystals from ether: mp 136-137°; i/mai  1730, 1660, 1620,
1580, 1500, 1245, 1230, 1035, 870, 840, and 718 cm "1. The 
nmr (CDC13) spectrum contains signals for the quinuclidine and 
methoxyquinoline protons similar to those in the spectrum of the 
alcohol 5. There is a new three-proton singlet at 2.16 (acetyl), 
H7 appears as a poorly resolved quartet at 5.58, and H 9 appears 
as a broad singlet at 6.80 ppm.

A n a l .  Calcd for C29H 22N 20 3: C, 70.98; II, 6.55; N , 8.28. 
Found: 0 ,7 1 .1 3 ;  H , 6.37; N , 8.47.

B. From Alcohol 5.—Alcohol 5 (500 mg, 1.69 m m ol) was 
taken up in acetic anhydride and the solution was kept overnight 
at room temperature. The solution was then slowly poured into 
cold, aqueous sodium bicarbonate. The product was extracted 
with m ethylene chloride and, after drying and evaporating, 
recrystallized from ether to give 470 mg (82% ) of colorless 
crystals, identical (melting point, tic, infrared) with that obtained 
by method A.

6'-Methoxyrubane (12).—The crude chloride mixture from 
alcohol 5 (300 m g) was taken up in a solution of potassium  
hydroxide (2 g) in ethanol (15 ml) and shaken with Raney nickel 
(0.5 g) under hydrogen at 50 psi for 16 hr. The catalyst was 
filtered out and washed with ethanol. The filtrate and washings 
were poured into water and extracted w ith m ethylene chloride 
giving, when dried and evaporated, 260 m g of brown oil. The  
most polar component of this mixture was isolated by preparative 
layer chromatography (silica gel) and the dihydrochloride was 
recrystallized twice from methylene chloride-ether giving 16 mg 
of colorless crystals: mp 162-164°; rmax 1670, 1620, 1590, 1510, 
1225, 1125, 1030, 800, and 720 cm -1; molecular weight of the 
free base, 282 (mass spectrum).

A n a l .  Calcd for C i8H 22N 20-2H C1: C, 60.84; H , 6.80; N ,
7.88. Found: C, 60.62; H , 6.40; N , 7.92.

Compound 13.— Ketone 3 (500 mg) and 1,2-ethanedithiol 
(1 m l) in trifluoroacetic acid (10 m l) were heated under reflux 
for 16 hr. Excess trifluoroacetic acid was evaporated off and 
the residue was taken up in methylene chloride. This solution  
was washed with aqueous sodium bicarbonate, dried, and evapo
rated. The residue was dissolved in ethanol (4 m l) and stored 
in the cold for 1 week. The crystals were filtered, washed with 
cold ethanol, and air dried giving 750 mg (73% ) of crude crystal
line 13 as an ethanol (mono) solvate. Two subsequent crops of 
crystals were nearly pure compound 14. Recrystallization of 
the main product from ethanol gave 570 mg of pure 13 in large, 
colorless crystals: mp 89-92° dec; rma!t 3250 (ethanol), 1730, 
1625, 1580, 1505, 1240, 1180, 1150, 1030, 845, and 720 c m -1. 
The nmr spectrum (CDCls, ethanol-free sam ple) shows three 
multiplets at 2.00, 2.45, and 4.00 (13 H ) assigned to the quinucli
dine and exocyclic ethanedithiol m oiety protons, 3 .20 (4 H, 
singlet, dithiolane ring), 3.71 (1 H , doublet, H s, / 8,9 =  8 cps), 
3.89 (3 H , singlet, m ethoxyl), 5.02 (1 H, doublet, H 9), 7.35, 
(2 H, m ultiplet, Hs- and H7-), 7.60 (1 H , doublet, H 3<, / 2<3< =  5 
cps), 8.01 (1 H , doublet, H 8', J v . v  =  9.5 cps), and 8.72 (1 H, 
doublet, H 2')-

A n a l .  Calcd for C26H33F3N 20 3S4: C, 51.46; H , 5.48; N ,
4.62; S, 21.14. Found: C, 51.40; H , 5.59; N , 4.45; S, 21.26.

Alcohol 16.— Compound 13 (50 mg) in methanol (1 m l) was 
treated with excess sodium borohydride and kept a t room tem 
perature for 1 hr. The solution was diluted with water and 
chilled and the product (42 mg, 84% ) was filtered out. R e
crystallization from methylene chloride-ether gave fine, colorless 
needles: m p l9 8 °;  rma*3200, 1620, 1580, 1240, 1170, 1145, 1070, 
1030, and 829 cm “1. The nmr spectrum (CDC13) shows a com
plex m ultiplet pattern in the 1.1-4.1-ppm  region -in which 
the dithiolane and methoxyl singlets appear at 3.28 and 4.00  
ppm, and H 9 appears as a doublet at 5.34 ( / 8>9 =  11 cps). T he  
quinoline proton signals show only slight differences from those 
of compound 14; H8- appears a t 7.70 and H2. appears a t 8.48  
ppm.
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A n a l .  Calcd for CS4H29F3N 20 2S4: C , 51.22; H , 5.19; N ,  
4.98; S, 22.79; mol w t, 562.78. Found: C, 51.39; H , 5.05; 
N , 4.60; S, 22.39; mol w t (CHC13), 564.

1.2- Bis-2(2-trifluoromethyl-l,3-dithiolanyl)thioethane (14).— 
A solution of 1,2-ethanedithiol (3 g, 32 mmol) in trifluoroacetic 
acid (20 m l) was heated under reflux for 20 hr. A second phase 
began to form after 3 hr. The mixture was chilled and the solid 
product was filtered and dried giving 4.12 g (89% ) of colorless; 
crystals. A sample was recrystallized from ethanol: mp 85°; 
fmax 1420, 1370, 1280, 1225, 1160, 980, 960, 890, 860, 835, 820, 
708, and 693 cm -1; nmr (CC14), 3.19 (4 H , singlet) and 3.52 
ppm (8 H , singlet); mass spectrum, m /e 173 and 265 (no M + at 
70 eV or at 14 eV).

A n a l .  Calcd for Ci0H 12F 6S6: C, 27.38; H , 2.76; S, 43.87; 
mol wt, 438.6. Found: C, 27.33; H, 2.72; S, 44.06; mol wt 
(CHCU), 429.

1.3- Bis-2(2-trifluoromethyl-l,3-dithianyl)thiopropane (15).— 
A solution of 1,3-propanedithiol (4 g, 37 mmol) in trifluoroacetic 
acid (20 ml) was heated under reflux for 20 hr. The solution was 
cooled and excess trifluoroacetic acid was evaporated under 
reduced pressure (0.5 mm at 60°) leaving a colorless oil which 
exhibits carbonyl absorption at 1710 cm -1. This oil was taken 
up in ethanol (25 m l), seeded with a crystal of product (isolated 
by alumina chromatography), and stored in the cold for 2 weeks. 
The crystals were filtered and washed with cold ethanol giving
1.86 g (32% ) of product. A  sample was recrystallized from etha
nol: mp 54-55°; j w  1420, 1400, 1275, 1225, 1170, 1010, 884, 
858, 810, 770 and 703 cm -1; nmr (CC14), 2 .0  (6 H , m ultiplet) 
and 2.94 ppm (12 H , unsymmetrical triplet); mass spectrum, 
m / e  187 and 293 (no M + peak).

A n a l .  Calcd for Ci3H i8F6S6: C, 32.48; H , 3.77; S, 40.03. 
Found: C, 32.69; H , 3.64; S, 40.08.

Spiro-4'-(6-methoxy-4-quinolyl)-l-pyrazoline[3'.2] quinuclidin-
3-one (17).— A solution of ketone 3 (500 mg) in m ethylene chlo
ride (10 m l) was treated w ith ca.  0.2 M  diazomethane in 
ether (50 m l). Colorless needles began to separate after 10 
min. The mixture was kept in the cold for 2 days and at room  
temperature for 2 days, then concentrated to ca .  10 ml, chilled, 
and filtered giving 500 m g (88% ) of colorless needles, mp 235-  
245° dec. A sample recrystallized from m ethylene chloride- 
ether had the same m elting point; ir bands were at iw x  1725, 
1625, 1580, 1505, 1230, 1140, 1030, 850, and 820 cm “1. The 
nmr spectrum (CD Cb) contains quinuclidine proton m ultiplets 
from 1.8 to 3.2 ppm  and the m ethoxy singlet at 3.89. H s ap
pears as a quartet (1 H )  at 4.21. The m ethylene protons of the 
pyrazoline ring give a cleanly resolved eight-line pattern at
4.2 arising from the splitting of an AB quartet by H 9 ( / ab =  18 
cps, J A9 =  8 cps, and J B9 =  4 cps, confirmed by spin decoupling). 
The five quinoline protons appear as doublets a t 6.97 (H 3/),
8.00 (H 8.), and 8.62 (H 20 , and a two-proton m ultiplet at 7.30  
ppm.

A n a l .  Calcd for C i9H 20N 4O2: C , 67.84; H , 5.99; N , 16.66. 
Found: C, 67.79; H , 6.09; N , 16.47.

5-(6-Methoxy-4-quinolyl)-3,4-(l,4-piperidylidene)-2-pyrazoline
(18) .— K etone 3 (250 mg) was dissolved in ethanol (5 m l) w ith  
warming and treated with 95% hydrazine (0.5 m l). The yellow  
color faded w ith additional warming. Evaporation left 275 
mg (100% ) of crystalline white solid. The product crystallizes 
as a monohydrate. Crystals from dim ethyl sulfoxide had mp 
205-207° and ir bands at 3300, 1620, 1580, 1505, 1225, 
1025, 852, and 718 cm -1. The nmr spectrum (ds-DM SO ) 
differed from that of ketone 3 by the absence of a v inyl proton  
signal and the appearance of one-proton doublets a t 3.11 (Hs) 
and 4.75 ppm (H9, / 8.9 =  4 cps). The product had uv absorptions 
at Xmax 207 m/A (e 34,000), 237 (43,000), and 335 (6400), and a 
molecular weight of 308 (mass spectrum ).

A n a l .  Calcd for Ci8H a,N10 - H 20 :  C, 66.23; H , 6.79; N ,  
17.16. Found: C, 66.83; H , 6.63; N , 17.06.

5-(6-Methoxy-4-quinolyl)-3,4-(l,4-piperidylidene)pyrazole
(19) .— The crude pyrazoline 18 from 1 mmol of ketone 3 (294 
mg) in acetic acid (5 m l) was treated w ith a warm solution of 
mercuric acietate (350 m g, 1.10 mmol) in acetic acid (10 m l). 
The resulting mixture was stirred at room temperature for 2 
days, then poured into dilute aqueous ammonia, and extracted 
with methylene chloride. The crude product from evaporating 
the dried extracts was purified by chromatography on alumina 
and recrystallized from m ethylene chloride-ether. The pure 
product (179 mg, 58% ) was obtained as small, colorless crystals: 
mp 239-243°; rma3t 3100, 1620, 1575, 1550, 1500, 1240, 1155, 
1135, 850, and 720 cm "1; Xma5E 206 m,u (<= 26,000), 233 (34,000), 
302 (7000), and 338 (7400). The nmr spectrum (CD Cl3-d6- 
DM SO ) shows quinuclidine proton signals from 1.2 to 3.0, 
m ethoxyl at 3.94, and peaks at 7.41 (1 H , quartet, IK , J v . s '  =  
10 cps and / 7/,6, =  3 cps), 7.65 (1 H , doublet, H 3., J 2,,3. =  4 
cps), 8.04 (2 H , two doublets, H 5/ and H 8')> and 8.82 ppm (1 H , 
doublet, H 2O.

A n a l .  Calcd for Ci8H 18N 40 :  C, 70.57; H , 5.92; N , 18.29; 
mol wt, 306. Found: C, 69.61; H , 6.10; N , 17.85; mol wt 
306 (mass spectrum).

Registry No.—3,16526-29-7; 4,16526-45-7; 5,16526-
30-0; 6, 16526-31-1; 7, 16526-32-2; 8, 16526-33-3; 9, 
16526-34-4; 10, 16526-35-5; 11, 16526-36-6; 12, 16526-
44-6; 13,16526-37-7; 14,16526-38-8; 15,16526-39-9; 16, 
16526-40-2; 17, 16526-41-3; 18, 16526-42-4; 19, 16526- 
43-5.
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D eam ination of 5-Am inodecahydroisoquinolines. A n  Im proved Synthesis 
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T he stereochemistry of some previously unreported 5-amino-2-methyldecahydroisoquinolines, and their deriva
tives, has been elucidated by relation to the 5-hydroxy-2-methyldecahydroisoquinolines (la and 2a). The iso
meric 5-amino-2-methyldecahydroisoquinolines were prepared by a one-step reduction of 5-nitro-2-methyliso- 
quinolinium p-toluenesulfonate and converted into their acetamide derivatives which allowed convenient separa
tion of the cis-9,10 (lc) and iraras-9,10 (2c) isomers. Acid hydrolysis of these separated acetamides subsequently  
yielded pure cis-5,9,10-H- (lb) and fra«s-9,10-£ra«s-5-H-5-amino-2-methyldecahydroisoquinolines (2b). T he  
hydrolysis of lc proceeded at a faster rate than 2c. Conversion of lb and 2b by deamination with nitrous acid 
into the corresponding alcohols in high yield supports the equatorial nature of the 5 substituents. A small 
am ount (2% ) of inversion was observed during the deamination of 2b.

An investigation of the effects on the cardiovascular 
system induced by various stereoisomers of substituted 
decahydroisoquinolines led us to develop an improved 
method of producing reduced isoquinolines of known 
stereochemistry at the ring junction, i .e . ,  cis-9,10 and 
¿rans-9,10. The stereochemistry of decahydroiso- 
quinoline1 and 5-hydroxy-2-methyldecahydroisoquino- 
lines2,3 has previously been studied. No previous work 
has been reported on the 5-amino-2-alkyldecahydro- 
isoquinolines and their derivatives, the stereochemistry 
of which we have now related to the hydroxy analogs.

a , R = 0H
b, R=NH2
c,  R = NHC0CH3

Witkop1 showed that direct, low pressure, platinum- 
catalyzed hydrogenation of isoquinoline in acidic media 
produced a 2 :1  mixture of c is -  and (rans-decahydro- 
isoquinolines. We have found, under similar condi
tions, the addition of a 5-hydroxy substituent to the 
isoquinoline nucleus does not significantly alter the 2 :1  
c is  to tr a n s  ratio of 5-hydroxydecahydroisoquinolines 
produced, as demonstrated by vapor phase chroma
tography of the crude reaction products. Quaterniza- 
tion of 5-hydroxyisoquinoline with methyl p-toluenesul- 
fonate and hydrogenation of the resulting product under 
identical acidic conditions to those previously reported4 
yielded 5-hydroxy-2-methyldecahydroisoquinolines; the 
c i s / t r a n s  ratio is unaltered from that reported by 
Witkop1 for isoquinoline. The yield, in our hands, 
approximated 25% alcohols [cis and tr a n s , predomi
nantly as the acetate ester(s) as shown by infrared 
spectra] and 25% decahydroisoquinolines, c is  and tra n s  
in a 2 :1  ratio, as shown by vapor phase chroma
tography.5 Kimoto and Okamoto2 report only m-9,10-
5-acetoxy-2-methyldecahydroisoquinoline and Ci‘s-9,10-

(1)  B . W itk o p , J .  A m er . Chem . Soc., 7 0 ,  2617 (1948).
(2) S. K im o to  a n d  M . O k am o to , Y a ku g a ku  Z assh i, 8 5 ,  371 (1965).
(3) S. D u ra n d -H e n c h o z  a n d  i t .  C . M o reau , B u ll. Soc. C him . F r., 3424 

(1966).
(4) I .  W . M a th iso n , J .  Org. C hem ., 3 0 , 3558 (1965).
(5) T h e  s te re o c h e m is try  in  th is  h y d ro g e n a tio n  is d eve loped  a t  th e  sam e 

p o in t as  h y d ro g e n a tio n s  o u tlin e d  b y  K im o to  a n d  O k a m o to 2 a n d  D u ra n d -  
H en ch o z  a n d  M o re a u ;3 th e  e x p e rim en ta l d e ta ils  a re  th e re fo re  n o t re p o r te d  in
th is  p a p e r.

2-methyldecahydroisoquinoline from the platinum- 
catalyzed reduction of 5-hydroxy-2-methyl-l,2,3,4- 
tetrahydroisoquinoline. A similar reduction3 of 5- 
hydroxy-2-methyl- 1 ,2,3,4-tetrahydroisoquinoline did 
not produce the acetate (although the work-up may 
have obscured its presence) nor any hydrogenolysis 
products, but did yield two alcohols, the c is  alcohol 
being the predominant isomer.

We have been able to avoid or minimize the problems 
of hydrogenolysis and ester formation and to improve 
the yield during hydrogenation, by reducing 5-nitro-2- 
methylisoquinolinium p-toluenesulfate, under the same 
acidic conditions, to the previously unreported c is -5,9,-
10-H- ( lb )  and i?-ons-9-10-h’aws-5-H-5-amino-2-methyl- 
decahydroisoquinolines (2b). Vapor phase chromatog
raphy of the crude reaction products indicated 85-90%
5-amino-2-methyldecahydroisoquinolines lb - 2 b  (2:1) 
and only 10-12% hydrogenolysis products. The lower 
boiling hydrogenolysis products were separated from 
the 5-amino isomers by distillation, and vapor phase 
chromatography of the 5-amino isomers showed only 
two components. Efficient separation of these isomers 
was not possible by distillation on spinning-band 
columns. The 5-amino isomeric mixture was con
verted into a mixture of the corresponding acetamides. 
It is possible by differences in water solubility to sepa
rate the cfs-5,9,10-H- (lc) and ¿rans-9,10-£rans-5-H-5 
acetamido (2c) derivatives. Hydrolysis of the amides af
forded pure ct's-5,9,10-H- ( lb )  and pure tr a n s -9 ,1 0 - tr a n s -
5-H-5-amino-2-methyldecahydroisoquinolines (2b) in 
quantitative yield. Hydrolysis of the pure acetamide 
isomers proceeded at markedly different rates. The c is  
acetamide hydrolyzed readily on refluxing with 15% 
w/v sulfuric acid over 1 day; the tr a n s  isomer, however, 
required up to 6 days refluxing with 20% w/v sulfuric 
acid before complete hydrolysis was achieved—a rate 
difference of approximately six to ten. Examination of 
Dreiding molecular models of the equatorial isomers 
reveals little hindrance to the water molecule attacking 
the protonated amide function. We speculatively 
suggest that this marked difference in hydrolytic rates 
between the isomers to be due to the flexibility of the 
c is  isomer as opposed to the rigidity of the tr a n s  isomer. 
The formation of the tetrahedral carbon intermediate 
required by the hydrolytic mechanism6 may be more 
readily accommodated by the flexible c is  ring system. 
We are unaware of any studies of comparable hydrol-

(6) E . S. G ou ld , “ M ech an ism  a n d  S tru c tu re  in  O rg an ic  C h e m is t r y / '
H e n ry  H o lt  a n d  C o ., N ew  Y o rk , N , Y ., 1959, p p  328, 329.
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ysis differences in similar cyclic systems. These dif
ferences suggest the possibility of separating the 
cis and trans isomers by selective hydrolysis.

We have demonstrated the equatorial conformation 
of the 5-amino substituent of the separated 5-amino-2- 
methyldecahydroisoquinolines (and therefore their ace- 
amides) by deamination with nitrous acid in high yield 
to the corresponding alcohols (see Experimental Sec
tion). These conclusions are based upon the work of 
Dauben, et al.,7 who reported that in the decalylamines 
high conversions (100%) were obtained only with the 
equatorial conformers; axial amino substituents on 
deamination with nitrous acid yielded small amounts of 
alcohol (27%) and large amounts of olefins. The 
stereochemical assignments for the alcohols produced 
during our deaminations are based on the work of 
Durand-Henchoz and Moreau,3 who related spectrally 
the decahydroisoquinolinols with the corresponding 
known decalols.7

Additionally, we observed some inversion during the 
deamination of the ¿rans-9,10-Aaiis-5-H-5-amino (2b) 
isomer. A small quantity of ¿rans-9,10-cfs-5-H-5-hy- 
droxy-2-methyldecahydroisoquinoline (2%) was iso
lated from the deamination of trans-9,10-trans-5-VL-5- 
amino-2-methyldecahydroisoquinoline (2b). Dauben 
did not report any evidence for this type of inversion in 
the corresponding decalylamines. Hiickel,8 however, 
demonstrated the production of 13% inverted product 
from the deamination of the equatorial amino grouping 
in 4-f-butylcyclohexylamine.

The advantages of our above-noted procedure for the 
synthesis of the decahydroisoquinolinols are twofold, 
namely, increased over-all yield over previously re
ported procedures2-4 and the elimination of time-con
suming chromatographic techniques for purification of 
the various isomers, especially the trans isomer.

Experimental Section
All melting points were determined using a Swissco melting 

point apparatus and are corrected. Ir spectra were recorded 
on a Perkin-Elmer Model 137 B Infracord spectrophotometer 
and a Perkin-Elmer Model 421 infrared spectrophotometer. 
Vapor phase chromatograms were recorded on a Varian Aerograph 
Model 700 Autoprep chromatograph. Nmr spectra were re
corded on a Varian A-60 spectrometer. Elemental analyses 
were carried out by Drs. G. Weiler and F. B. Strauss, Oxford, 
England.

S-Nitro-2-methylisoquinolinium p-Toluenesulfonate .—Methyl 
p-toluenesulfonate (49.5 g) and 5-nitroisoquinoline9 (46.1 g) 
were mixed in dimethylformamide (130 ml). After warming to 
get all the 5-nitroisoquinoline in solution, the mixture was allowed 
to stand 48 hr. The dimethylformamide was decanted and the 
crystalline cake was washed with EtAc. A second crop of crystals 
was obtained when the dimethylformamide decantate was diluted 
with EtAc. The two combined crops recrystallized from EtAc- 
EtOH gave 76.6 g, mp 145-146°. An analytical sample melted 
a t 146.5-147.5°.

Anal. Calcd for Ci,H16N20 5S: C, 56.65; H, 4.48; N, 7.78; 
S, 8.90. Found: C, 56.58; H, 4.62; N, 7.92; S, 8.98.

5-Amino-2-methyldecahydroisoquinoline.—5-Nitro-2-methyl- 
isoquinolinium p-toluenesulfonate (25 g) was dissolved in glacial 
acetic acid (150 ml), concentrated H2S04 (0.6 ml) was added, and

(7) W . G . D a u b e n , R . C . T w e it, a n d  C . M a n n e rs k a n tz , J .  A m er. Chem. 
Soc., 76, 4420 (1954).

(8) W . H tlck e l a n d  K . H ey d e r , Chem . B er., 96, 220 (1963).
(9) T h e  5 -n itro isoqu ino line , m p  109 .5 -110 .5° (from  E tO H -H a O ), w as 

p re p a re d  b y  th e  m e th o d  of C la u s  a n d  H o ffm an  [./. P ra k t. C hem ., 47, 252 
(1893)] as  m odified  b y  C . Lé F e v re  a n d  R . Lé F e v re  [./. Chem . Soc., 1475 
(1935)]. M a te r ia l  fro m  A ld rich  C h em ica l C o., m p  1 0 6 -109°, g av e  s im ila r 
resu lts.

the mixture was hydrogenated over platinum oxide (4 g) at 
50 psi. In 25 min the color changed from yellow-brown to 
colorless, and the rate of hydrogen uptake dropped markedly; 
during this stage the temperature rose to approximately 60-70°. 
After 120 hr, the uptake of hydrogen was very slow though only 
90-95% of the theoretical amount had been absorbed. After 
removal, in vacuo, of most of the acetic acid, the residue was 
made alkaline with aqueous base and the free amine extracted 
with ether. The weight of recovered material after removal of 
the ether was 95% of the calculated amount based on 5-amino-2- 
methyldecahydroisoquinoline. Vapor phase chromatography 
(column, 20 ft, 30% SE-30 on Chromosorb W) showed two 5- 
amino products, 29% trans 9,10-irans-5-H- (2b) and 59% cis-
5.9.10- H (lb) (shown by hydrolysis of acetamides), and two 
products of shorter retention time, presumably (see Okomato 
and Kimoto2) trans- and cis-2-methyldecahydroisoquinoline, 4% 
and 8%, respectively. The 5-amino-2-methyldecahydroiso- 
quinoline isomeric mixture distils at 50-57° (0.2 mm). Exposure 
of this amine to air causes rapid formation of a solid carbonate.

cfs-5,9,10-H- and ira?is-9,10-irons-5-H-5-Acetamido-2-methyI- 
decahydroisoquinoline.—Freshly distilled 5-amino-2-methyldeca- 
hydroisoquinoline (29.7 g) was dissolved in dried, distilled di
methylformamide (240 ml). To this solution, cooled to 0°, was 
added acetic anhydride (18.0 g) in benzene (75 ml) during 1.5 hr. 
The mixture was allowed to warm and stand at room temperature 
overnight. The benzene and dimethylformamide were removed 
at reduced pressure by rotary evaporation. The residue was 
dissolved in water (55 ml), cooled, and made basic (solution A). 
Scratching and stirring caused the insoluble viscous oil to crystal
lize. The crystalline product (1) was collected by filtration, 
washed with cold water, and allowed to dry over CaCfi in a 
vacuum desiccator (weight 16.0 g), mp 163-165°. When 1 was 
recrystallized from EtOH (30 ml) and H20  (60 ml), and dried,
12.3 g of c7s-5,9,10-H-5-acetamido-2-methyldecahydroisoquino- 
line (lc) was obtained, mp 168-169°. An analytical sample 
melted at 169-170°.

Anal. Calcd for Ci2H22N20 : C, 68.52; H, 10.55; N, 13.32. 
Found: C, 68.69; H, 10.65; N, 13.00.

The basic filtrate (solution A) was extracted with eight 100- 
ml portions of ether. The ether solution was dried over Na2S04 
overnight. A light precipitate was decanted and collected by 
filtration to yield 1.0 g of II, mp 199.3-200.3°. The filtrate was 
concentrated to a residue of 9.4 g (II) which was recrystallized 
from EtAc-benzene several times to yield 1.0 g of product, mp
197.3-198.3°. The basic, aqueous solution A (after ether extrac
tion) was then concentrated to a slightly tacky solid. This solid 
was extracted four times with EtAc to yield 4.7 g solid when dry. 
Two recrystallizations from EtAc-benzene afforded 2.5 g, white 
crystals of analytical fraras-9,10-ircms-5-H-5-acetamido-2-methyl- 
decahydroisoquinoline (2c), mp 199.5-200.5°. Further work-up 
of the various mother liquors provided more 2c.

Anal. Calcd for Ci2H22N20 : C, 68.52; H, 10.55; N, 13.32. 
Found: C, 68.48; H, 10.50; N, 13.20.

Hydrolysis of cis-5,9,10-H-5-Acetamido-2-methyldecahydroiso- 
quinoline to ci's-5,9,10-H-5-Amino-2-methyldecahydroisoquino- 
line.—A solution of cis-5,9,10-H-5-acetamido-2-methyldecahy- 
droisoquinoline (lc, 8.0 g), and concentrated H2S04 (8 ml) in water 
(100 ml) was refluxed 20 hr. The acid solution was concentrated 
in vacuo to a small volume and made basic with NaOH pellets. 
The basic solution was extracted with ether. The ether solution 
was dried over K2CC>3 and concentrated to yield 6.14 g of a straw- 
colored oil. The product was shown to be a single component by 
gas chromatography (column, 20 ft, 30% SE-30 on Chromosorb 
W) and corresponded in retention time to the larger peak of the 
gas chromatogram for the mixture produced by the hydrogenation 
of 5-nitro-2-methylisoquinolinium p-toluenesulfonate, i.e., cis-
5.9.10- H-5-amino-2-methyldecahydroisoquinoline (lb). A di- 
picrate of the amine melted a t 237.8-238.8°.

Anal. Calcd for C22H26N8Oi4: C, 42.17; H, 4.18; N, 17.89. 
Found: C, 42.24; H, 4.30; N, 18.11.

Hydrolysis of ¿rans-9,10-irans-5-H-5-Acetamido-2-methyldeca- 
hydroisoquinoline to ¿rans-9,10-irares-5-H-5-Ammo-2-methyldeca- 
hydroisoquinoline.—A solution of £rans-9,10-ira»s-5-H-5-aceta- 
mido-2-methyldecahydroisoquinoline (2c, 8.7 g) and concentrated 
H2S04 (22 ml) in water (200 ml) was refluxed for 144 hr. The 
solution was concentrated and made alkaline with NaOH pellets, 
extracted with ether, dried over K 2C03, and concentrated to yield
6.3 g of oily product. A vapor phase chromatogram showed a 
single component having the same retention time as the smaller 
peak for the chromatogram of the mixture produced from the
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hydrogenation of 5-nitro-2-methylisoquinolinium p-toluene- 
sulfonate, i.e., trans-9,10-ira»s-5-H-5-amino-2-methyldecahydro- 
isoquinoline (2b). A dipicrate of the amine melted at 261.8- 
263.8°.

Anal. Calcd for C22H26N80 ,4: C, 42.17; H, 4.18; N, 17.89. 
Found: C, 42.23; H, 4.34; N, 17.90.

Deamination with Nitrous Acid10 of cis-5,9,10-H-5-Amino-2- 
methyldecahydroisoquinoline to cis-5,9,10-H-5-Hydroxy-2-methyl 
decahydroisoquinoline.—To a solution of sodium nitrite (5.0 
g) in water (4.0 ml) was added ci's-5,9,10-H-5-amino-2-methyl- 
decahydroisoquinoline (lb, 6.1 g) and acetic acid (8.0 g). 
The mixture was heated with stirring to 60° and acetic acid (0.87 
g) in water (4 ml) was added over a period of 30 min. The mix
ture was heated with stirring for 13 hr a t 55-65°. Then NaOH 
pellets (5.0 g) were added; the mixture was heated near reflux 
for 4 hr. More NaOH pellets were added, and the mixture was 
cooled and extracted with ether in a continuous extractor for 
48 hr. The ether solution was dried over K2CO3 and concentrated 
to yield 5.5 g of viscous oil. Vapor phase chromatography 
(column, 20 ft, 30% SE-30 on Chromosorb W) of the crude oily 
product prior to distillation showed 2% olefins, 92% cis-5,9,10- 
H-5-hydroxy-2-methyldecahydroisoquinoline (la), and 6% un
identified product. This oil crystallized on standing and was 
distilled to yield cis-5,9,10-H-5-hydroxy-2-methyldeeahydroiso- 
quinoline (la, 4.4 g), mp 94-95°. Examination of the ir and 
nmr spectra of this alcohol showed them to be consistent with 
the proposed structure. An nmr (CDCh) peak appeared at 3.75 
ppm (half-band width of 15 cps), >CH-OH.

Deamination with Nitrous Acid10 of fr<ms-9,10-ircms-5-H-5- 
Amino-2-methyldecahydroisoquinoline to trans-9 JO-transS-HS-

(10) W . H tlck e l a n d  M . H an ack , A ngew . Chem . In te rn . E d . E n g l., 6, 534
(1967).

Hydroxy-2-methyldecahydroisoquinoline. — Irans-9, lO-iraras-5-H-
5-Amino-2-methyldecahydroisoquinoline (2b, 6 g) was deami- 
nated in a procedure identical with that described above for 
the cis isomer. A viscous oil (5.8 g) was recovered from the 
continuous ether extraction and was shown by vapor phase 
chromatography to contain 87% ¿raras-9,10-irares-5-H-5-hydroxy-
2-methyldecahydroisoquinoline (2a), 7% olefins, and 6% un
identified product. Distillation of this material yielded 4.7 g 
of 2a, bp 120-124° (0.3 mm). The ir and nmr spectra of this 
alcohol were consistent with the proposed structure. An nmr 
(CDCh) peak appeared at 3.75 ppm (half-band width of 16 cps), 
>CH-OH.

I t  was found that seeding of the above oil with a crystal of 
trans-9,10-cis- 5 - H - 5 - hydroxy - 2 - methyldecahydroisoquinoline11 
caused crystallization of 90 mg (2%) of this isomer, mp 131— 
132°. An nmr (CDCh) peak appeared at 3.8 ppm (half-band 
width of 6 cps), >CH-OH.

Registry No.—lb, 16336-19-9; dipicrate of lb, 16336- 
20-2; lc, 16336-21-3; 2b, 16336-22-4; dipicrate of 2b, 
16336-23-5; 2c, 16336-24-6.
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(11) P re p a re d  from  5 -h y d ro x y -2 -m eth y liso q u in o lin iu m  p -to lu e n e su lfo n a te  
a n d  iso la ted  b y  th e  c h ro m a to g rap h ic  p ro ced u re  of K im o to  a n d  O k a m o to .2
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Photolysis of p-benzoquinones with various side chains have been studied in alcoholic solution. The identical 
ether was obtained by the photorearrangement of ¿-butyl- and isobutyl-p-benzoquinone. The rearranged side 
chain was the same from n-propyl- and isopropyl-substituted p-benzoquinones. Since light of wavelength longer 
than 400 my. is capable of initiating the photolysis, it is assumed that the n -*■ v* transition of the quinone system 
is involved. A spirocyclopropyl intermediate has been postulated to account for the observations on the photo
rearrangement of the side chain.

Previous investigations1 in our laboratories have 
uncovered the photorearrangement of the side chain 
of mono- and di-i-butyl-p-benzoquinones (I) in various

(1) F o r  p a r t  IV , see  C . M . O rlan d o , H . M a rk , A. K . Bose, a n d  M . S. 
M a n h a s , J .  A m er. Chem. Soc., 89, 6527 (1967).

(2) (a) K a y -F r ie s  C hem ica ls , In c .;  (b) G en era l E le c tric  R e sea rc h  a n d  
D e v e lo p m e n t C en te r , S ch en e c tad y , N . Y . 12301; (c) S tev e n s  I n s t i t u te  of 
T echn o lo g y .

solvents. In nonalcoholic media, the f-butyl group 
undergoes rearrangement to generate the 2,2-dimethyI-
5-hydroxycoumaran system (II), while in alcoholic 
solvents an analogous rearrangement leads to the 
formation of the 2-alkoxy-2-methyl-l-propyl side 
chain (III). We have now examined the effect of the 
side chain on the course of the photorearrangement 
and attempted to formulate a mechanism to account 
for the observations.

Results
The photolysis of dilute solutions of various alkyl- 

substituted p-benzoquinones (IV) was carried out 
under a sun lamp. For completeness of sequence, the 
following side chains were studied: methyl, ethyl, 
isopropyl, n-propyl, and isobutyl. The reaction mix
tures were treated with alkaline dimethyl sulfate to 
convert the phenolic components into methyl ethers 
which were easily separated by gas chromatography. 
In general, spectral data (nmr, mass, ir, uv) were ade-
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d, R i =  ¿-C4H 9; R 2 = R 3 = H
e, R i =  R 2 = w-C3H7; R 3 = H
f, R i = ¿-C3H7; R 2 = CH3; R, =  H

quate for deducing the structure of the products. 
Advantage was taken of the earlier observation1'3 
that the benzylic methylene protons in a hydroquinone 
derivative of type V resonate at about r  7.1 and the 
major mode of fragmentation of V under electron 
impact leads to the ion VI. The phenolic products

from the photolysis of substituted quinones are listed 
in Table I. No information was collected at this 
stage on the nonphenolic products.

All the photolyses in this and the previous1 study 
were carried out in Pyrex vessels using either a 275-W
G.E. sun lamp or sunlight. Therefore, in these ex
periments light of wavelength greater than 295 m/i 
was responsible for the phototransformations. In

(3) C . M . O rlando , J r . ,  H . M a rk , A . K . Bose, a n d  M . S. M a n h a s , Chem . 
C o m m u n 714 (1966).

one experiment a filter4 was employed to eliminate 
wavelengths lower than 40Q myu while irradiating an 
ethanol solution of 2,6-di-i-butyl-p-benzoquinone (I, 
R/ = i-Bu; R ' ' — H). Even under these conditions 
the usual photorearrangement product III (R/ = ¿-Bu ; 
R " = H; R = C 2H 5)  was obtained.

Discussion

The ultraviolet spectra of benzoquinone and alkyl- 
p-benzoquinones5 possess four distinct absorption 
regions: Xmi„, m/i («), 540 (0.2), 400-500 (20-30), 
300 (320), 250 (20,000). The higher intensity ab
sorptions at 300 and 250 m/i have been ascribed to 
7r -*■ 71-* transitions.6*3 Further analyses of the weak 
absorptions at 400-500 and 540 mp. have established 
them as n —► tt* transitions.6a'6 The former transition 
has been attributed to a n -*■ it* singlet6*5'7 and the 
latter to an n —► 7r* triplet.6-7 The ultraviolet spectra 
of all the alkyl-p-benzoquinones employed in our study 
displayed the characteristic p-benzoquinone absorp
tions as discussed above (see Experimental Section).

Since photorearrangement was observed using wave
lengths longer than 400 m/x, the n —► ir* excitation of 
the quinone system appears to be involved. We have 
not established whether the singlet state is formed 
initially; however, it has been reported8 that, for 
quinones, the singlet-triplet intersystem crossing is re
latively frequent. If n —► x* carbonyl excitation is the

(4) T h e  f ilte r  so lu tio n  em p loyed  w as a n  aq u e o u s  so d iu m  h y d ro g en  p h th a -  
la te -s o d iu m  n it r i te  so lu tio n  w h ich  d id  n o t t r a n s m it  lig h t below  400 m/i. 
In fo rm a tio n  describ ing  th e  p re p a ra tio n  of th is  f ilte r  so lu tion  w as k in d ly  su p 
p lied  b y  P ro fesso r A. G ilb e r t of th e  U n iv e rs ity  of R ea d in g , U. K .

(5) (a) A. K u b o y a m a , B u ll. Chem. Soc. J a p .,  35, 295 (1962); (b) J .  W . 
S id m a n , J .  A m er. Chem. Soc., 78, 2363 (1956).

(6) H . M cC onnell, J . Chem . P h y s ., 20, 700 (1952).
(7) J .  A. B a r l tro p  a n d  B . H esp , J .  Chem . Soc ., 5182 (1965).
(8) J .  W . S idm an , Chem . Rev., 58, 689 (1958).



2 5 1 4  Orlando, Mark, Bose, and Manhas The Journal of Organic Chemistry

C hart I

first step in the photolysis of quinones, some of the sub
sequent steps should be analogous to those postulated 
by Zimmerman and Schuster9 for dienone photochemis
try. The presence of a suitable 2-alkyl group could 
easily lead to intramolecular hydrogen abstraction. An 
examination of Table I reveals that a six-membered 
transition state appears to be essential for such hydrogen 
abstraction. For example, in thymoquinone the methyl 
group is unaffected while the isopropyl group partici
pates in hydrogen abstraction.

The intramolecular hydrogen abstraction leads to 
the diradical VII and its resonance forms (see Chart 
I). All the data in Table I can be rationalized by 
postulating that a spirocyclopropyl intermediate10 
VIII is formed at this stage. Electron demotion would 
then afford an ionic intermediate XI which would have 
a strong tendency for aromatization. Interaction of 
the spirocyclopropyl group with an alcohol would 
cleave the three-membered ring and bond isomeriza
tion will eventually yield a rearranged hydroquinone
(XII) . Alternatively, one of the cyclopropyl bonds 
could also be ruptured by intramolecular interaction 
with the adjacent oxygen and lead to a coumaran
(XIII) . Of the two alternative modes of cleavage 
of the spirocyclopropyl group, the one leading to the

(9) H . E .  Z im m e rm an  a n d  D . I .  S ch u s te r, J .  A m er. Chem . Soc., 83, 4486 
(1961), a n d  o th e r  p a p e rs  in  th is  series.

(10) T h e  ana lo g o u s com p o u n d , sp iro [2 .5 ]o c ta -2 ,5 -d ien -l-o n e  ( IX ) , has 
been  s y n th e s iz e d .11 E v id en ce  has been  p re s e n te d 12 fo r th e  in te rm e d ia c y  of 
th e  isom eric  sp iro  com p o u n d  X  in  th e  a b n o rm a l C la isen  re a r ra n g e m e n t.

ix x
(11) R . B a ird  a n d  S . W in ste in , J .  A m er. Chem . Soc., 85, 567 (1963); 

79, 4238 (1957).
(12) E .  N . M a rv e ll a n d  B . S ch a tz , Tetrahedron L ett., 67 (1967).

more substituted ether will be favored because this 
involves the formation of more stable tertiary carbo
nium ion as the intermediate. This postulate fully 
accounts for the same photoproduct from isobutyl-p- 
benzoquinone (IVc) and ¿-butyl-p-benzoquinone (I, 
R ' =  R " = H) as the same cyclopropyl intermediate
(XIV) would be involved in both cases. This post
ulate also explains why there is no rearrangement of 
the side chain when u-propyl-p-benzoquinone is photo- 
lyzed. The lack of rearrangement13 of the side chain 
during the photolysis of XV can be explained by in
voking the formation of a spiroaziridine intermediate,
XVI, which undergoes selective cleavage (®CH2-N - 
favored over CH3N®-CH2-) leading to the formation of
XVII.

(13) D . W . C am ero n  a n d  R . G . F . G iles, Chem . C o m m u n ., 573 (1965).
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It is desirable to have more direct evidence for the 
spirocyclopropyl intermediate postulated above. Work 
is in progress for gathering further information on this 
type of photorearrangement.

E xp e rim e n ta l S ection
Infrared, nmr, and mass spectra were recorded on a Perkin- 

Elmer Model 21 spectrometer, a Varían A-60A spectrometer and 
a C.E.C. 21-103 mass spectrometer, respectively. Ultraviolet 
absorption spectra were determined in methanol using a Cary 
Model 14 spectrophotometer. Gas chromatographic analyses 
were carried out on an F & M Model 500 vapor fractometer with 
a 2-ft silicone rubber column (10% on Chromosorb W). Melting 
points were determined on a Thomas-Hoover capillary melting 
point apparatus and were corrected. Elemental analyses were 
performed by Schwarzkopf Microanalytical Laboratory, Wood- 
side, N. Y. Photolyses were carried out in water-cooled Pyrex 
reactors equipped with magnetic stirring. Sunlight or a G.E. 
275-W sun lamp were used as light sources. For nmr signals dhe 
following data are reported in sequence: chemical shift of the 
center of the signal, the multiplicity (s, singlet; d, doublet; 
t, triplet; q, quadruplet; m, multiplet) of the signal, the area 
under the peaks, and coupling constant (J). The ultraviolet 
absorption data were recorded in methyl alcohol unless otherwise 
stated and are reported in the form Xmax, m^ («).

Materials.—Thymoquinone [mp 43-45°; Amax 253 (18,687), 
260 sh (17,187), 312 (287), 428 (27)] and 2,5-dimethyl p-benzo- 
quinone [mp 124-125°; 253 (15,789), 260 sh (14,474), 313
(244), 425 (24.2)] were obtained from City Chemical Corp., New 
York, N. Y. Ethyl-p-benzoquinone [mp 34-37°, lit.14 mp 38.5- 
39.5°; A™ 246 (13,953), 308 (531), 425 (50.6), 447 (50.9)] and 
isobutyl-p-benzoquinone [mp 35-36°;15 16 Xmax 248 (16,235), 313 
(692), 425 (65.9), 447 (82.3)] were prepared by silver oxide oxida
tion of the corresponding ethyl-16a and isobutylhydroquinone.16b

Preparation of 2,5-Di-»-propyl-p-benzoquinone (IVe).—2,5- 
Diallyl-p-benzoquinone17 was catalytically hydrogenated (5% 
Pd-C) to 2,5-di-n-propylhydroquinone (mp 150-152°). A solu
tion of 2,5-di-«.-propylhydroquinone (3.0 g, 0.015 mol) in 100 ml 
of ether was stirred for 4 hr at 25° with silver oxide (10 g, 0.043 
mol). The solid was filtered and the filtrate evaporated to an 
orange liquid, 2.2 g (76%), which was the title compound: 
Xmax 255 (18,367), 315 (363), 431 (39).

Anal. Caled, for Ci2Hi60 2: C, 75.00; H, 8.33. Found: 
C, 75.80; H, 8.3.

Preparation of the Filter Solution.4—A saturated solution (250 
ml) of sodium nitrite in distilled water was added to a solution of 5 
g of sodium hydrogen phthalate in 1 1 . of distilled water with uni
form stirring. This solution was brought to pH 12 by dilute 
sodium hydroxide and then used as a filter for all light below 400 
my.

Photolysis of 2,5-Dimethyl-p-benzoquinone (IVa) in Ethanol.—
A solution of 2.0 g (0.015 mol) of 2,5-dimethyl-p-benzoquinone 
in 200 ml of absolute ethanol was irradiated for 49 hr with a 
275-W G.E. sun lamp. Evaporation of the solvent gave a solid 
which upon crystallization from ethyl acetate-benzene gave 0.56 
g (29%) of 2,5-dimethylhydroquinone, mp 212-217°.

Photolysis of Ethyl-p-benzoquinone (IVb) in Methanol.—A 
solution of 1.6 g of IVb in 160 ml of methanol was irradiated 19 hr 
at 25° with a 275-W G.E. sun lamp. After solvent evaporation
2.08 g of an oil was isolated. This reaction product was meth
ylated with 3.15 g of dimethyl sulfate in 10 ml of water contain
ing 1 g of sodium hydroxide for 1 hr at 25°. Extraction of this 
reaction mixture with ether provided 2.32 g of product. Vacuum 
distillation of this liquid at 140° (0.1 mm) gave 0.683 g of a yellow 
distillate. Gas chromatographic separation of the distillate on 
a silicone rubber column at 150° gave two products: (1) ethyl- 
hydroquinone dimethyl ether [0.549 g (30%); mass spectrum, 
molecular ion m/e 166 (M, caled for CioHmQ2); uv X™F 290 my 
(e 3520); nmr (CDC13) r  8.8 (t, 3 H), 7.4 (q, 2 H), 6.27 (s, 3 H), 
3.27 (m, 3 II)] and (2) fl-methoxyethylhydroquinone dimethyl

(14) R . K . L ad isch , Chem. A bstr ., *2, 20061d  (1958); U . S. P a te n t  2 ,840,- 
571.

(15) M . F .  H a w th o rn e  a n d  M . R e in tje s , J .  A m er. C h em , Soc., 8 6 , 951 
(1964).

(16) (a) P re p a re d  ac co rd in g  to  th e  m e th o d  d escrib ed  b y  T . B . Jo h n so n  
an d  W . W . H o d g e , ib id ,, 35 , 1014 (1913); (b) P re p a re d  b y  th e  c a ta ly t ic  
red u c tio n  of /3 -m etha lly lhyd roqu inone.

(17) L . F . F iese r, W .  P . C am p b ell, a n d  E . M . F ry , ib id ., 61 , 2206 (1939).

ether [6 .134 g (6 .2 % ); mass spectrum, molecular ion m/e 196 
( M ,  ealed for C n H i6Os) ; X™F 291 m y  (e 3100); nmr (C D C 13) r
7.12 (t, 2 H ) ,  6 .67 (s, 3 H ) ,  6.41 (t, 2 H ) ,  6.25 (s, 3 H ) ,  3 .25 (s, 
3H )].

Photolysis of Isobutyl-p-benzoquinone (IVc) in Ethanol.—A
solution of 1.0 g of isobutyl-p-benzoquinone in 100 ml of absolute 
ethanol was irradiated with a 275-W G.E. sun lamp for 25 hr. 
The solvent was evaporated to 1.14 g of dark brown oil. Tritura
tion of this oil with hexane gave 0.293 g (23%) of 2-ethoxy-2- 
methyl-n-propylhydroquinone, mp 142-145°, identical with the 
product isolated from the irradiation of 1-butyl-p-benzoquinone 
in ethanol.

Photolysis of 2,5-Di-n-propyl-p-benzoquinone (IVe) in Meth
anol.—A solution of 1 g of 2,5-di-n-propyl-p-benzoquinone in 100 
ml of methanol was irradiated with a G.E. sunlamp for 75 hr. 
Evaporation of the solvent gave 1 g of an oil. Methylation of 
this oil with 1.26 g of dimethyl sulfate and 0.5 g of sodium hy
droxide in 10 ml of water gave 0.226 g of distilled product. Gas 
chromatographic separation of this reaction product on a 2-ft 
silicone rubber column (10% on Chromosorb W) at 160° gave 
three products: (1) dimethyl-2-(2-methoxy-l-propyl)-5-»-propyl- 
hydroquinone [0.105 g (8.0%); nmr (CDC13) r  8.75 (m), 8.20 
(m), 7.20 (m), 6.55 (s), 6.05 (s), 3.15 (broad s)], (2) dimethyl- 
bis-2,5-(2-methoxy-l-propyl)hydroquinone [0.045 g (3.0%); nmr 
(CDC13) r  8.88 (d, 6 H), 7.30 (m, 4 H), 6.50 (s, 6 H ), 5.50 (m,
2 H), 6.22 (s, 6 H), 3.35 (s, 2 H)]> and (3) methyl-2-(2-methoxy- 
l-propyl)-5-n-propylhydroquinone [0.045 g (3.6%); nmr (CDC13) 
r  9.00 (m), 7.4 (m), 6.65 (s), 6.25 (s), 3.55 (s), 3.32 (s), 2.15 (s)].

Photolysis of Thymoquinone (IVf) in Methanol. A. Gas 
Chromatographic Product Isolation.—A solution of 11.5 g of 
thymoquinone in 1150 ml of anhydrous methanol was irradiated 
in sunlight for 12 days.18 Evaporation of the solvent provided
14.7 g of a crude oil. A suspension of 14.7 g of this oil in 100 ml 
of water containing 23.2 g of dimethyl sulfate and 7.4 g of sodium 
hydroxide was stirred at room temperature for 24 hr. The reac
tion mixture was extracted with 150 ml of ethyl acetate, and the 
extract was dried over anhydrous magnesium sulfate after wash
ing with water to neutrality. Removal of the solvent and 
vacuum distillation of the product afforded 7.4 g of distillate. 
Gas chromatographic separation of this distillate on a 2-ft silicone 
rubber column at 150° gave four components: (1) dimethyl-2- 
(2-methoxy-l-propyl)-5-methylhydroquinone [3.83 g (20%); 
mass spectrum, molecular ion m/e 224 (M, ealed for Ci3H20O3), 
base peak, m/e 165 [M -  CH(OCH3)CH3]®; nmr (CDC13) r
8.91 (d, 3 H), 7.88 (s, 3 H), 7.38 (m, 2 H), 6.78 (s, 3 H), 6.52 
(m, 1 H), 6.35 (s, 6 H), 3.55 (s, 2 H)], (2) methyl-2-(2-methoxy- 
l-propyl)-5-methylhydroquinone [0.154 g (10%); mass spectrum, 
molecular ion m/e 209 (M, ealed for Ci2H i80 3); nmr pattern simi
lar to that for other derivatives in this series], (3) 2,6-dimethyl-5- 
methoxybenzofuran [1.58 g (13%); mass spectrum, molecular 
ion m/e 176 (M, ealed for CnHi20 2); nmr19 (CDC13) r  7.70 (s,
3 H), 7.55 (s, 3 H), 6.18 (s, 3 H), 3.75 (s, 1 H), 2.85, s.14 (d, 
2H )[, and (4) dimethylthymohydroquinone [2.01 g (15%), identi
cal with an authentic sample].

B. Column Chromatographic Product Isolation.—A solution 
of 4.0 g of thymoquinone in 400 ml of methanol was irradiated 
for 53 hr with a 275-W G.E. sun lamp. Evaporation of the sol
vent gave an oil (5.5 g) which upon chromatography on 150 g of 
silica gel (100-200 mesh) gave three products (eluted with 1 : 1  
carbon tetrachloride-chloroform): (1) 2-(2-methoxy-l-propyl)-5- 
methylhydroquinone [0.36 g (7.8%); mp 97.9-98.3° (hexane- 
benzene); Xmax 294 my (e 4500); nmr (CD3COCD3) r  8.90 (d, 
3 H), 7.85 (s, 3 H), 7.35 (m, 2 H), 6.67 (s, 3 H), 6.35 (m, 1 H), 
3.67 (s, 2 H) {Anal. Caled for CuHi60 3: C, 67.34; H, 8.16. 
Found: C, 67.38; H, 8.02)], (2) 2,6-dimethyl-5-hydroxybenzo- 
furan [0.091 g (2.1%); mp 98-99.6° (hexane); X™F 250 my (e 
10,634), 257 sh (8730), 297 (5238), 305 (4603); nmr (CD3- 
COCD3) r  7.75 (s, 3 H), 7.65 (s, 3 H), 3.75 (s, 1 H), 3.15 (s, 1 
H), 2.90 (s, 1 H), 2.2 (s, 1 H) {Anal. Caled for Ci0H i0O2: C, 
74.02; H, 6.17. Found: C,74.20; H, 5.80)], and (3) thymo- 
hydroquinone [0.096 g (2.4%); mp 141-144° (hexane-benzene); 
lit.20 mp 142-142.5°; Xmax 293 my (e 4357)].

Photolysis of 2,6-Di-i-butyl-p-benzoquinone in Ethanol Using

(18) C o m p a rab le  re su lts  w ere  o b ta in e d  w hen  a  1%  so lu tio n  of th y m o 
q u in o n e  in  m e th an o l w as i r ra d ia te d  w ith  a  275-W  G .E . su n  lam p  fo r 53 h r.

(19) F o r  th e  chem ica l sh if ts  of p ro to n s  in  th e  fu ra n  r in g  sy stem , see  
A . R . K a tr i tz k y , “ P h y s ic a l M e th o d  of H e te ro c y c lic  C h e m is try ,”  V ol. I I ,  
A cadem ic P re s s  In c ., N ew  Y ork , N . Y ., 1963, p  124.

(20) E . Z a va r in  a n d  A .  B . A nderson , J .  Org. C hem ., 20, 82 (1955),
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Sodium Nitrite-Sodium Hydrogen Phthalate Filter Solution.—A
solution of 1 g of 2 ,6-di-t-butyl-p-benzoquinone in 100 ml of 
ethanol was irradiated through a sodium nitrite-sodium hydrogen 
phthalate filter solution (X >400 m<u) for 48 hr with a 275-W G.E. 
sunlamp. Evaporation of the solvent gave an orange oil which 
when triturated with hexane afforded a solid. This solid upon 
recrystallization from benzene-hexane gave 2-(2-ethoxy-2- 
methyl-l-propyll-O-i-butylhydroquinone,1 0.277 g (23%), mp 
125-127°.

Registry No.—IVa, 137-18-8; IVb, 4754-26-1; 
ethylhydroquinone dimethyl ether, 1199-08-2; 0-

methoxyhydroquinone dimethyl ether, 16162-59-7; 
IVc, 4197-79-9; IYe, 16162-61-1; dimethyl-2-(2-
methoxy-l-propyl)-5-n-propylhydroquinone, 16162-62- 
2 ; dimethylbis-2,5-(2-methoxy-l-propylhydroquinone, 
16203-63-7; IVf, 490-91-5; dimethyl-2-(2-methoxy-l- 
propyl)-5-methylhydroquinone, 14753-10-7; 2,6-di-
methyl-5-methoxybenzofuran, 14753-09-4; 2-(2-meth- 
oxy-l-propyl)5-methylhydroquinone, 16162-65-5; 2,6- 
dimethyl-5-hydroxybenzofuran, 16162-66-6; 2,6-di-i-
butyl-p-benzoquinone, 719-22-2.

N o t e s .

The Cuprous Chloride-Amine Catalyzed 
Oxidation of 2,6-Di-t-butyl-p- 

cresol with Oxygen

C. M. Orlando , J r.

General Electric Research and Development Center, 
Schenectady, New York

Received February 2, 1968

Recently, the air oxidation of 2,6-di-(-butyl-p- 
cresol (I) in alkaline ethanol was reported to give the 
demethylated dimers 2,6-di-(-butyl-4-(4-hydroxy-3,5- 
di-l-butylbenzylidene)-2,5-cyclohexadien-l-one (II) and 
3,5,3',5'-tetra-f-butyldiphenoquinone (III) (Chart I).1 
We now describe the formation of III and a different 
demethylated dimer, 2,6-di-l-butyl-4-methyl-4-(3,5- 
di-i-butyl-4-hydroxyphenyl) - 2,5 - cyclohexadien-1 - one 
(VIII), among six identifiable products in the cuprous 
chloride-amine catalyzed reaction of I with oxygen.2“ 
Based upon the earlier work of Kharasch and Joshi2b 
and the data obtained in the present investigation, a 
reasonable mechanism has been proposed to account 
for the over-all oxidation reaction.

The oxygenation of I in methanol solution using a 
cuprous chloride-amine catalyst gave six identifiable 
products which constituted 73% (weight) of the total 
reaction mixture. These products were (1) 3,5,3',5'- 
tetra-i-butyldiphenoquinone (III, 5%); (2) 2,6-di-
f-butyl-p-benzoquinone (IV, 27%); (3) 2,6-di-i-bu-
tyl-4-methyl-4-hydroxy-2,5-cyclohexadien- 1-one (V, 
14%); (4) 3,5-di-f-butyl-4-hydroxybenzylmethyl ether
(VI, 14%); (5) 3,5-di-i-butyl-4-hydroxybenzaldehyde 
(VII, 12%); (6) 2,6-di-(-butyl-4-methyl-4-(3,5-di-i- 
butyl-4-hydroxyphenyl)-2,5-cyclohexadien-l-one (VIII, 
2%) (see Chart I). All of these compounds have 
been previously described as low-yield oxidation prod
ucts of I under varied conditions.1’3 The hydroperox-

(1) C . H . B riesko rn  a n d  K . U llm an n , Chem . B er., 100, 618 (1967).
(2) (a) F o r  a  re c e n t rev iew  of th e  cu p ro u s  c h lo r id e -am in e -o x y g e n  sy stem  

in  p h e n o l o x id a tio n  see, A . S. H a y , A d v . P olym er S c i., 4, 496 (1967); (b) 
M . S. K h a ra s c h  a n d  B . S. Jo sh i, J .  Org. Chem ., 22, 1439 (1957).

(3) (a) L . V. G o rb u n o v a , N . S. V asile iskaya , M . L . K h id ek e l, a n d  B. A. 
R az u v a e v , J .  Org. Chem . U S S R ,  2 , N o . 7, 1227 (1967); (b) J . I .  W asson

C h a r t  I

V III IX

ide IX which was isolated in the reaction of I with 
oxygen in ethanolic potassium hydroxide was ob
served to decompose to V (45%) and an unknown 
compound, mp 159-160° (20%).2 This latter com
pound was identical with the product VIII (mp 154- 
156°) isolated from the oxygenation described herein, 
based upon the identity of the infrared, ultraviolet, 
and nmr spectra.

Conclusive evidence for the structural assignment 
VIII to the compound, mp 154-156°, was provided 
by several spectroscopic methods. The dimeric struc
ture of VIII was evident on the basis of molecular 
weight determination [Calcd for C29H4402: mol
wt, 424. Found: mol wt, 424 (mass spectrometry)]. 
The infrared spectrum possessed both a nonbonded 
hydroxyl absorption at 3640 cm-1 and a cross-conju
gated dienone absorption at 1660 and 1640 cm-1. 
The ultraviolet spectrum had absorption maxima at 
237 mg (e 21,188) and 274 (2510) and is consistent

a n d  W . M . S m ith , I n d .  E ng . Chem ., 46, 197 (1953); (c) S. J .  M e tro , J .  A m er. 
Chem . Soc., 77, 2901 (1955); (d) E . M u lle r, A. R ie k e r , K . L ey , R . M a y e r , 
a n d  K . Scheffler, B er., 92, 2278 (1959); (e) J .  S u g ita , N ip p o n  K ag a ku  Z a ssh i, 
87, 1082 (1966) [Chem. A bstr., 66, 9477w  (1967)].
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C h a r t  II

with a 4,4-arylalkylcyclohexadienone structure.4 The 
evidence thus far indicates the compound to be a 
dimeric phenol-substituted cyclohexadienone. More 
conclusive data which indicated VIII to be the correct 
structure was obtained from nmr analysis36 (CDC13, 
r): 8.77 (18 H, ¿-Bu quinoid ring), 8.60 (18 H, ¿-Bu 
aromatic ring), 8.41 (3 H, CH3), 4.88 (1 H, -OH), 
3.45 (2 H, quinoid ring H), and 2.95 (2 H, aromatic H).

The mechanism of the reactions of oxygen and hy
droperoxides with I have been examined by several 
groups.2,6'6 The products formed in these reactions 
have been explained on the basis of the intermediacy 
of corresponding resonance stabilized phenoxycyclo- 
hexadienone radical (X)2’6'7 of I. The phenoxy radi
cal of I has been demonstrated to decay to I and the 
corresponding quinone methide XI and the latter in 
turn formed the l,2-bis(3,5-di-i-butyl-4-hydroxyphe^ 
nyl)ethane and 3,3',5,5'~tetra-i-butyl-4-4'-stilbene- 
quinone.7

Formation of the products that we have obtained 
can be explained via the intermediacy of both the 
quinone methide XI and the cyclohexadienone radical
(X) (see Chart II). The initially formed phenoxy 
radical could produce the quinone methide XI which 
in methanolic solution would lead to the benzyl 
methyl ether (VI) by a rapid 1,6 addition. Further 
oxidation of VI to the methoxyquinone methide XII 
and methanol addition to the latter would give the 
acetal (XIII).8 The conditions under which the re-

(4) N . P . N e u re ite r , J .  Org. C hem ., 28, 3486 (1963).
(5) C . D . C ook, ib id ., 18, 261 (1953).
(6) T . W . C am p b e ll a n d  G . M . C o p p in g e r, J .  A m er . Chem . Soc., 7 4 ,  1469 

(1952).
(7) R . H . B au e r  a n d  G . M . C o p p in g e r, Tetrahedron L e tt., 1 9 ,  1201 (1963).

action was quenched would hydrolytically convert the 
acetal into the aldehyde VII. The absence of the stil- 
benequinone-type dimer in this reaction does not pre
clude the intermediacy of the quinone methide XI 
since the latter has been observed to undergo 1 ,6-type 
additions more rapidly than dimerization.9

The initially formed phenoxy radical can also react 
as the cyclohexadienone radical leading to the forma
tion of the hydroperoxide IX. This hydroperoxide 
has been established as the source of the other products 
isolated. When IX was oxygenated under the same 
conditions as I, the following products were observed: 
(1) III, 5%; (2), IV, 2%; (3) V, 58%; (4) VIII, 
2%. While a small yield of the p-benzoquinone IV was 
obtained from the oxygenation of the hydroperoxide, 
we have found that the quinone was also formed from 
the dimer VIII upon oxygenation with the cu
prous chloride-amine system (22%). There was no 
evidence for the formation of the diphenoquinone III 
in the latter reaction. The oxygenation of V under the 
standard conditions resulted in a quantitative re
covery of starting material. The déméthylation of I 
to produce the dimers III and VIII presumably oc
curred via the loss of formaldehyde as has been ob
served previously in this system.1

Experimental Section

Melting points were taken on a Mel-Temp apparatus and were 
uncorrected. Infrared, ultraviolet, nmr, and mass spectra were

(8) R e c e n t in v e stig a tio n s  in th is  la b o ra to ry  h a v e  estab lish ed  th e  ox id a
t iv e  m é th o x y la tio n  of I  u n d e r  a  v a r ie ty  of co n d itio n s  to  in v o lv e  q u inone  
m e th id e  in te rm e d ia te s . S ee a lso  H . D . B ecker, J .  Org. Chem ., 30, 982 (1965).

(9) L . J .  F ila r  a n d  S . W in ste in , Tetrahedron L ett., 2 5 ,  9 (1960).
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recorded on a Perkin-Elmer Model 337 spectrophotometer, a 
Cary Model 14 spectrophotometer, a Yarian Model A-60 spec
trometer, and a GE Monopole mass spectrometer (mass range 
600), respectively. Gas chromatographic analyses were carried 
out on an F & M Model 700 vapor fractometer with a T ft 10% 
Apiezon L on Chromosorb W column.

Oxidation of 2,6-Di-f-butyl-p-cresol (I) in Methanol with Cu
prous Chloride-Amine Catalyst. A. Conditions for the Isola
tion of III, IV, VII, and VIII.—A suspension of 0.544 g (0.0055 
mol) of cuprous chloride and 6 g of anhydrous magnesium sulfate 
in a solution of 0.646 g (0.0055 mol) of tetramethylethylenedi- 
amine (TMEDA) and 0.59 g (0.01 mol, 7.5 ml of a solution of tri- 
methylamine in toluene —0.078 g/ml) of trimethylamine in 125 
ml of anhydrous methanol was prepared. A stream of oxygen 
(flow rate, 1 ft3/hr) was bubbled through the stirred suspension 
for 10 min. While oxygen was continuously bubbled through 
the blue suspension, a solution of 22 g (0.1 mol) of I in 125 ml 
of methanol was then added to this mixture over a 0.5-hr period. 
The temperature of the reaction mixture was kept at 25° with 
cold-water bath. The reaction was continued for an additional 
3.83 hr. The yellow-green reaction mixture was filtered and the 
filtrate evaporated to an oil. The oil was extracted with 200 ml of 
hot hexane and the hexane extract decanted from the residue. The 
volume of the extract was reduced to 50 ml and refrigeration of 
the resulting solution at 0° for 12 hr provided 0.66 g (3%) of 
VIII: mp 154-156°; (cm“1), 3640, 1660, and 1640; x2L“40H
(mM) 237 (e 21,188), 274 (2150); nmr, r  (CCL,) 8.77 (18 H), 8.60 
(18 H), 8.41 (3 H), 4.88 (1 H, exchanged in D20 ), 3.45 (2 H), and 
2.95 (2 H); mass spectrum, m/e 424 (M)+.

A second crop of crystals was obtained upon cooling the filtrate, 
0.012 g (0.05%) of III , mp 246° (lit.2b mp 246°). The infrared 
spectrum of this product was identical with tha t of authentic 
3,5,3',5'-tetra-i-butyl-4,4'-diphenoquinone.

Preparative thin layer chromatography of the filtrate from III 
on 1-mm thickness silica gel (Stahl GF 254) 8 X 8 in. plates using 
benzene-carbon tetrachloride (1.7:1) as solvent provided two 
isolable crystalline fractions: (1 ) 2 ,6-di-i-butyl-p-benzoquinone
(IV), mp 55-58° (lit.2b mp 67°), and (2) 3,5-di-i-butyl-4-hydroxy- 
benzaldehyde (VII), mp 180-183° (lit.2b mp 187°). The infra
red spectra of both of these products were identical with those of 
authentic samples.

B. Conditions for Quantitative Analysis of Products.—A sus
pension of 0.544 g (0.0054 mol) of cuprous chloride and 6 g of 
magnesium sulfate in 125 ml of methanol containing 0.646 g 
(0.0055 mol) of TMEDA and 0.59 g (0.01 mol) of trimethyl
amine (7.5 ml of a solution of trimethylamine in toluene, 0.078 
g/ml) was stirred at 25° while a stream of oxygen was bubbled 
through the mixture (flow rate, 1 f t3/hr) for 10 min. A solution 
of 22 g (0.1 mol) of I in 125 ml of methanol was then added 
dropwise during a 0.5-hr period to the blue reaction mixture main
taining the same oxygen flow rate. After the addition was com
plete, the mixture was oxygenated for an additional 3.83 hr. 
During the reaction, the temperature rose to 45° and gradually 
returned to 25°. The yellow-green reaction mixture was filtered 
and evaporated to a dark oil. This oil was dissolved in 250 ml 
of ethyl acetate and this solution was washed with 150 ml of cold 
3% aqueous hydrochloric acid. The ethyl acetate layer, was 
washed with water several times until the washings were neutral. 
The organic layer was dried (MgSOfl, filtered, and evaporated to 
a liquid which contained some solid. Filtration of the mixture 
gave 1.79 g of a solid, mp 180-183°, which was identical with 3,5- 
di-i-butyl-4-hydroxybenzaldehyde. The filtrate (21.2 g) was 
then analyzed by gas chromatography. This analysis provided 
the following percentage composition of this mixture: (1) III  
(5%); (2) IV (27%); (3) V (14%); (4) VI (14%); (5) VII 
(12%);“ and (6) VIII (2%).

Oxidation of VIII in Methanol with Cuprous Chloride-Amine 
Catalyst.—A mixture of 0.490 g (0.0011 mol) of VIII, 0.0059 
g (5.9 X 10-5 mol) of cuprous chloride, 0.0071 g (6 X 10-6 mol) 
of TMEDA, 0.0065 g (1.1 X 10-4 mol) of trimethylamine, and 
0.066 g of magnesium sulfate in 12  ml of methanol was oxygenated 
for 4.5 hr and worked up as previously described for I (part B). 
Gas chromatographic analysis of the reaction product (0.383 g) 
showed the following components: (1) VIII, 0.333 g (67% re
covered); (2) 2,6-di-t-butyl-p-benzoquinone, (IV, 22%);u (3)
2,6-di-i-butyl-4-methyl-4-hydroxy-2,5-cyclohexadien-l-one (V, 
Q-9% ).10 11

(10) T h is  p e r  c e n t y ie ld  inc ludes th e  1.79 g of V I I  w hich  waa iso la ted .
(11) Y ie ld  b ased  upo n  th e  n u m b e r of m oles of V I I I  w hich  re a c te d  (3 .7  X

1 0 - 9 .

Oxidation of IX12 in Methanol with Cuprous Chloride-Amine 
Catalyst.—A mixture of 1.0 g (0.004 mol) of IX , 0.022 g (2.2 X
10-4 mol) of cuprous chloride, 0.24 g of magnesium sulfate, 
0.025 g (2.2 X 10~4 mol) of TMEDA, and 0.0236 g (4 X 10“ 4 
mol) of trimethylamine was oxygenated for 4.5 hr and worked up 
as previously described. Gas chromatographic analysis of the 
reaction product (0.743 g) indicated the following components: 
(1)111,5%; (2) IV, 2%; (3)V ,58% ; (4) V III, 2%.

Oxidation of V in Methanol with Cuprous Chloride-Amine Cata
lyst.—A mixture of 2.0 g (0.0084 mol) of V, 0.045 g (4.5 X 10~4 
mol) of cuprous chloride, 0.054 g (4.6 X 10~4 mol) of TMEDA, 
and 0.049 g (8 X 10“ 4 mol) of trimethylamine in 21 ml of meth
anol was oxygenated for 4.5 hr and worked up as previously 
described. A quantitative recovery of V was obtained.

Registry No.—I, 128-37-0; VIII, 14387-13-4; oxygen, 
7782-44-7.

(12) P re p a re d  acco rd in g  to  th e  m e th o d  d escrib ed  in  re f  2.
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The generation of the difluoromethylenimino radical 
from the photolysis of perfluoKe2,3-diazabuta-l,'3- 
diene has been reported recently.1 The apparent 
stability of this radical and the ease with which it adds 
to fluoro olefins2 suggested that the photolysis of 
perfluoro-2,3-diazabuta-l,3-diene in the presence of 
photolytic sources of fluoroalkyl radicals would be a 
convenient route to the synthesis of azomethines. 
Heretofore, the only method of preparing these com
pounds was from the pyrolysis of oxazetidines3 since 
it has recently been shown that the pyrolysis of tertiary 
perfluoroamines produces isomers of azomethines.4,5

Although several photolytic sources of fluoroalkyl 
radicals are available it was decided to use perfluoroacyl 
fluorides in this study. These materials were readily 
available and have been shown to produce both fluoro
alkyl and fluoroformyl radicals upon photolysis.6 
Few reactions of the fluoroformyl radical have been 
described previously although the formation of difluor- 
amino carbonyl fluoride, NF2C(0)F, from the photoly
sis of tetrafluorohydrazine and carbon monoxide, is 
thought to involve a combination of difluoramino and 
fluoroformyl radicals.7

Results and Discussion
The photolysis of monofunctional perfluoroacyl 

fluorides in the presence of perfluoro-2,3-diazabuta-l,3-

(1) R . A. M itsc h  a n d  P . H . O gden, Chem . C om m un., 59 (1967).
(2) P . H . O gden  a n d  R . A. M itsch , J .  A m er. Chem . Soc., 89, 3868 (1967).
(3) D . A. B a rr  a n d  R . N . H aszeld ine , J .  Chem . Soc ., 1881 (1955); 

3461 (1955). D . A. B a rr, R . N . H aszeld ine , a n d  C . J . W illis, ib id ., 1351 
(1961).

(4) W . H . P ea rlso n  a n d  L . J . H als, U . S. P a te n t  2 ,643,267.
(5) R . E . B an k s , M . G . B arlow , R . N . H asze ld in e , a n d  M . K . M c- 

C re a th , J .  Chem , Soc., 7203 (1965).
(6) J .  F . H a rris , J .  Org. Chem ., 30, 2182 (1965).
(7) G . W . F ra s e r  a n d  J .  M . S h reeve , Inorg . C hem ., 4, 1497 (1965).
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diene produces trifluoromethyl isocyanate and the 
predicted azomethine together with carbonyl fluoride 
and some noncondensable material. The noncondens
able, which was not characterized, is presumably 
carbon monoxide and/or nitrogen, since these are known 
products from the photolytic decomposition of the 
above compounds.1-6

The products obtained may be rationalized using the 
reaction scheme in eq 1-5.

c f 2= n n = c f 2
hv

— >  2CF2= N  • (1 )

RfC(0)F —— R f - +  FC(O)- (2)

r f . +  CF2= N  • — 4- R fN = C F 2 (3)

CF2= N  • +  FC(O)- — CF2= N C (0 )F (4)

CF2= N C (0 )F — >- c f 3n = c = o (5)

That N-difluoromethylene carbamyl fluoride, CF2=  
NC(0)F, should rearrange is not surprising since such 
compounds have been postulated as intermediates 
which isomerize in the presence of fluoride ion. Faw
cett and his coworkers8 suggest that the formation of 
pentafluoroethyl isocyanate from the addition of 
carbonyl fluoride to trifluoroacetonitrile involves such 
a rearrangement (eq 6).
COF2 +  CF3C = N  — [CF3C F=N C (0)F] — >

CF3CF2N = C = 0  (6)

In addition, Banks and his coworkers5 suggest that 
isomerization of this type of intermediate is responsible 
for the formation of pentafluoropropionitrile and car
bonyl fluoride from heptafluoro-n-propyl isocyanate 
during the pyrolysis of trisheptailuoro-n-propylhy drox- 
ylamine (eq 7).
C2F5CF2N = C = 0  — »- [C2F5C F=N C (0)F] — >

C2F5Ch=N +  COF2 (7)

The mechanism of isomerization (eq 5) has not been 
investigated but it is probably initiated by nucleophilic 
attack at the terminal azomethine group by fluoride ion 
(eq 8), trace quantities of which could be generated by

F "^C F 2̂ lC(0)-£F ^  CF3N = C = 0  (8)

the presence of adventitious moisture on the glass. 
That the carbamyl fluoride should isomerize under 
conditions which do not cause the azomethine to isom
erize also is not surprising since the nature of the 
groups adjacent to the azomethine moiety affects the 
ease with which isomerization of the C =N  bond occurs, 
as will be shown later.

Yields of azomethine and trifluoromethyl isocyanate 
after purification by gas-liquid partition chromatog
raphy are summarized in Table I.

The data contained in Table I indicates that the 
photolysis of perfluoro-2,3-diazabuta-l,3-diene in the 
presence of a photolytic source of fluoroalkyl radicals is 
a potentially useful route to azomethines. The detri
mental affect on the yield of azomethine caused by the 
formation of isocyanate could be avoided by using an 
alternative source of fluoroalkyl radicals, i.e., azo 
compounds, etc.

(8) F . S. F a w c e t t ,  C . W . T u llo ck , a n d  D . D . C offm an , J .  A m er. Chem .
S o c ., 8« , 4275 (19 6 2 ).

T a b l e  I
Y i e l d  o f  P r o d u c t s  f r o m  t h e  P h o t o l y s i s  o f  CF2= N N = C F 2 

w i t h  V a r i o u s  P e r f l u o r o a c y l  F l u o r i d e s

R a t io  of 
ac y l fluoride %

A cyl fluoride to  az in e P ro d u c t y ie ld T ra

C3F7C(0)F 5:1 c f 3n = c = o 36
c 3f ,n = c f 2 24 46

(CF3)2CFC(0)F 5:1 c f 3n = c = o 20
(CF3)2C F N =C F 2 35 40

C4F9C(0)F 3:1 c f 3n = c = o 25
c 4f 9n = c f 2 25 145

“ T t = relative retention time = (Tcompd — PairVCTcFCli ~  
Pair) X 100.

Isomerization of Azomethines.—Perfluoro-2-aza- 
pentene-1 has been shown to isomerize at 250° in the 
presence of anhydrous potassium fluoride producing 
perfluoro-2-azapentene-2 in 55% yield.6 In the pres
ence of cesium fluoride, both perfluoro-2-azapentene-l 
(C3F7N =C F2) and perfluoro-2-azahexene-l (C4F9N =  
CF2) isomerize quantitatively at room temperature; 
however, the isomeric azomethine, perfluoro-3-methyl-
2-azabutene-l [ (CF.-i)2C KN = C 1 /  ] did not, even when 
heated to 200°. This observation is in agreement with 
the relative rates with which the CF2= N  moiety isom- 
erizes in perfluoro a, co-bisazomethines.9

Spectral Properties.—The spectral properties of the 
materials described above are summarized in Table II.

T a b l e  II
S p e c t r a l  D a t a

In f ra re d ,
R e g is try  p F19 n m r ---------------- -

C o m p d no. ( > C = N — ) * * « G roup
(C F3)jC F N = C F 2 16200-40-1 5 .5 1 3 3 .7 C F 2 = N b

4 2 .7
8 0 .7 C F SC

2 1 15 5 .5 C F d
C F sC F Æ F îN ^ C F ï 378-00-7 5 . 55e 2 8 .9 C F ^ N '

4 4 .7
9 3 .7 C F îd ) - '

1 2 9 .7 C F !(2 )<i
8 1 .5 G F î"

3 2 1
C F ìC F !C F 2C F 2N = C F ! 424-32-8 5 .5 6 2 8 .4 C F 2= N ä

4 4 .5
9 2 .7 C F 2( l ) d

ca .  126 .2 C F !(2 )'i
ca.  126 .4 C F 2(3)<i

8 1 .8 CFj*'
C F jC F !C F = N C F 3 680-23-9 5 .6 1 2 .6 4 C F d

5 7 .7 C F î N '
121 .4 C F 2*

8 3 .5 C F jC 1
2 1

C F 3 C F 2 C F !C F = N C F j 559-93-3 5.63™ 2 3 .0 C F 4
5 7 .8 CFa— N "

1 1 9 .0 C F 2(1)"
1 2 7 .0 C F 2(2)"
8 1 .7 CFa— C n

“ G. Filipovich and G. V. D. Tiers, J. Phys. Chem., 63, 761 
(1959). b Broad AB. c Doublet ( /  =  4.1 ops) of triplets ( /  = 
1.5 eps). d Complex. * Lit.3a 5.51. 1 AB pattern (J = 80 cps).
» Triplet (J  = 8.9 cps). h AB pattern (J = 86 cps). *' Triplet 
(,J  = 9.0 cps) of triplets (J = 1.8 cps). ’ Doublet (J  =  13.4 
cps). k Doublet (J = 13.3 cps). 1 Doublet (J = 5.0 cps). 
m R. E. Banks, W. M. Cheng, and R. N. Haszeldine [/. Chem. 
Soc., 3407 (1962)] report 5.63. n For J  values see ref m.

All of the azomethines show a characteristic infrared 
absorption at about 5.5 p corresponding to the C =N  
bond. Isomerization to the internal azaalkene causes 
a small shift to longer wavelength; however, the shift is

(9) P . H . O gden  a n d  R . A. M itsch , ibid., 8 7 ,  5007 (1967).
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Figure 1.—F 19 nmr spectrum of (CF3)2C F N = C F 2 a t +78, +25, 
and —63°.

0 Ï - 6 3 *

J=84.7

J=24.6 J=4.4

t
COMPLEX

b) 2 5 * 1 II ;
R.

C = N -C F '
F/  X CF,

Î_____I
J“ l,5

Figure 2.-—Structures assigned to (CF3)2C FN =C F2 a t —63 and
+25°

not so large as that observed previously when perfluoro- 
bisazomethines isomerize.9

The F 19 nmr spectra show an AB pattern charac
teristic of the CFi=N— group. In the case of 
(CF3)2CFN=CF2, the pattern is broadened into two 
humps. F 19 nmr measurements at various tempera
tures show that this effect, which appears to be charac
teristic of the CF2= N —• group when adjacent to a 
branched fluorocarbon chain, i. e., CF2=N CF(CF3)2, 
CF2=N CF(CF3)CF2N =C F2, or CF2=N (CFCF3)2N =  
CF2,2 is caused by stereoisomerization about the C =N  
bond.10 The F 19 nmr spectrum of (CF3)2CFN=CF2 at 
different temperatures is summarized in Figures 1 and 2.

Experimental Section

Infrared spectra were measured on a Perkin-Elmer Model 21 
double-beam instrument using a 2.5-cm gas cell fitted with NaCl 
windows. Nuclear magnetic resonance measurements were 
made with a Varian V-4300-2 instrument operating at 40.0 Me 
and utilizing an internal standard of CFC13 for the determination 
of chemical shifts. The values reported are <t>* values11 a t a dilu
tion of 10-25%. Trifluoroacetic acid is <t>* 76.5 on this scale. 
Mass spectra were measured utilizing a C.E.C. 21-103c instru
ment with an inlet temperature of 30°, ion chamber temperature 
of 250°, ion voltage of 70 V, and ion current of 10 /¿A. Molecular 
weights where quoted were determined by effusion. Peaks re
ported are the most significant ones and are described by m/e

(relative intensity) assigned ion. Vapor phase chromatographic 
separations were made using a 2 m X 0.5 in. Kel-F 8126 column, 
and by condensing the products from the effluent gas a t —196° in 
a trap filled with glass beads. The recovery of products from 
the vpc apparatus was unfortunately rather low and the actual 
yields obtained are probably considerably higher.

Perfluorobutyryl Fluoride.—Perfluoro-2,3-diazabuta-l,3-diene 
(5.5 mmol) and perfluorobutyryl fluoride (22.0 mmol, 4 molar 
excess) were condensed at —196° into a silica tube of 200-cc 
capacity fitted with a Fischer & Porter polytetrafluoroethylene 
valve. After warming to room temperature, the tube was irradi
ated with ultraviolet light from a water-cooled Hanovia 450-W 
lamp for 24 hr. Trifluoromethylisocyanate (4.0 mmol, 36% 
conversion of CF2= N N = C F 2) and perfluoro-2-azapentene-l 
(2.7 mmol, 24% conversion of CF2=NN==CF2) were then sepa
rated from unreacted starting material and by-products by vapor 
phase chromatography. They were identified by comparison of 
their infrared spectra with those of authentic samples. The 
spectral properties of C3F7N = C F 2 are summarized in Table II. 
The mass spectral pattern is summarized as follows: 31(29.9)
CF, 43(2.4) C2F, 50(19.7) CF2, 69(91.2) CF3, 76(5.2) C2F2N, 
95(4.6) C2F3N, 100(6.7) C2F4, 114(100) C,F4N, 119(6.3) C2F5, 
164(16.7) C3F6N, 169(5.9) C3F7, and 214(13.7) C4FSN.

Calcd for C4F9N : mol wt, 233. Found: mol wt, 232.
Perfluorovaleryl fluoride was prepared from perfluorovaleric 

acid by treatment with phosphorus pentachloride followed by 
potassium fluoride. Tetrafluoro-2,3-diazabuta-l,3-diene (3.1 
mmol) and perfluorovaleryl fluoride (9.0 mmol, 3 molar excess) 
were photolyzed together in the manner described previously. 
Trifluoromethyl isocyanate (1.6 mmol, 25% conversion of 
CF2= N N = C F 2) and perfluoro-2-azahexene-l (1.6 mmol, 25% 
conversion of CF2= N N = C F 2) were isolated by vapor phase 
chromatography. Perfluoro-2-azahexene-l, CF3CF2CF2CF2N =  
CF2, was characterized by its molecular weight and infrared, 
F 19 nmr, (see Table II), and mass spectra. The mass spectrum 
is summarized as follows: 31(20.3) CF, 50(12.6) CF2, 69(100) 
CF3, 76(3.7) C2F2N, 95(3.9) C2F3N, 100(9.5) C2F4, 114(67.9) 
C2F4N, 119(9.9) C2F5, 126(2.5) C3F4N, 131(3.3) C3F5, 145(3.0) 
C3FsN, 164(4.3) C3F„N, 176(3.1) C4F6N, 214(5.8) C4FSN, and 
264(9.9) C5F 10N.

Calcd for C 5F uN : mol w t, 283 . Found: mol wt, 289.
Perfluoroisobutyryl Fluoride.—Tetrafluoro-2,3-diazabuta-l,3- 

diene (5.5 mmol) and perfluoroisobutyryl fluoride (25 mmol, 4.5 
molar excess) were photolyzed together in the manner described 
previously. Trifluoromethyl isocyanate (2.2 mmol, 20% con
version of CF2= N N = C F 2) and periluoro-3-methyl-2-azabutene-l 
(3.8 mmol, 35% conversion of CF2= N N = C F 2) were isolated by 
vapor phase chromatography. Perfluoro-3-methyl-2-azabutene- 
1, (CF3)2C FN =C F 2, was characterized by its infrared, mass, 
and F 19 nmr spectra. The mass spectrum is summarized as fol
lows: 31(34.1) CF, 50(26.0) CF2, 69(95.0) CF3, 76(12.6) C2F2N, 
95(7.8) C2F3N, 100(4.4) C2F4, 114(84.0) C2F4N, 119(3.6) C2F 5, 
164(100) C3F6N, and 214(22.6) C4FSN. The F 19 nmr spectrum 
is described in Figures 1 and 2.

Anal. Calcd for C4F9N: C, 20.6; N, 6.0; F, 71.4; mol wt, 
233. Found: C, 20.6; N, 5.8; F, 72.3; mol wt, 232.

Isomerization of Azomethines.—Perfluoro-2-azapentene-l (2.0 
mmol) and trichlorofluoromethane (8.0 mmol) were condensed 
under vacuum at —196° into an nmr tube containing dried cesium 
fluoride (0.2 g). The cesium fluoride was dried immediately 
before use by heating it a t 250° for 5 min under vacuum. The 
F 19 nmr spectrum of the sample, which is summarized in Table II, 
indicated that isomerization was complete almost immediately. 
After removal of CFC13, the infrared spectrum of the product, 
perfluoro-2-azapentene-2, was shown to be identical with that of 
the major product from the pyrolysis of perfluoro tertiary n- 
propylamine.4

Periluoro-2-azahexene-l (2.0 mmol) and trichlorofluoromethane 
(8.0 mmol) were condensed under vacuum into a tube containing 
dried ferric fluoride (0.1 g). After heating at 100° for 30 min, 
no evidence of isomerization was observed from infrared measure
ments. The volatile material was then transferred to an nmr 
tube containing dried cesium fluoride (0.1 g). Infrared and F 19 
nmr spectral observations indicated that isomerization occurred 
almost immediately. The F19 nmr spectrum was shown to be 
identical with that reported by Banks, et al.,n  for perfluoro-2- 
azahexene-2, CF3CF2CF2C F=N C F 3. After removal of CFC13,

(10) P . H . O gden  a n d  G . V. D . T ie rs , Chem. C om m un., 5217 (1967).
(11) See T a b le  I I ,  re f  a. (12) See T a b le  I I ,  fo o tn o te  m.
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the infrared spectrum was also shown to be identical with that of 
an authentic sample of CF3CF2CF2C F = N C F 3.

Perfluoro-3-methyl-2-azabutene-l did not isomerize when 
heated at 200° in the presence of dried cesium fluoride for 12 hr.

Registry No.—Perfluoro-2,3-diazabuta-l,3-diene, 692- 
73-9.
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In recent years, the syntheses of a variety of organic 
compounds containing the difluoramino grouping have 
been reported. Included are acyl difluoramines,1 
alkyl difluoramines,2 perfluoroalkyldifluoramines,3 and 
difluorourea.4 5 In addition, the properties of a vie-di
fluoramino compound, l,2-bisdifluoramino-4-methyl- 
pentane,6 have been reported. Several review articles6 
emphasizing inorganic difluoramino compounds have 
also appeared.

For the most part the synthesis of difluoramino-con- 
taining molecules had been accomplished via fluorina- 
tion of amines and thermal or photochemical reactions 
of tetrafluorohydrazine. A more recent publication7 
has disclosed the alkylation of difluoramine by various 
carbonium ions. As one of several reactions, Graham 
and Freeman reported the preparation of a-difluor- 
aminopyran by reaction of dihydropyran and HNF2 at 
room temperature. This appears to be the first indica
tion that HNF2 had any synthetically useful nucleo
philic properties.

We now wish to report an additional synthetic 
utility of difluoramine. Thé reaction of acetals with 
HNF2 now provides a new method for preparing 
a-difluoramino ethers. This reaction probably re
presents a fairly general mode of attack in that it oc
curs with saturated and unsaturated mono- and diace
tals such as dimethyl acetal, acrolein acetal, tetra-

RCH(OR)2 +  HNF2 — > RCH(OR)NF2 +  ROH

methoxypropane, tetramethoxybutene-2, and tetra- 
ethoxybutyne-2.8 The only acetals tried that failed to 
react were two ketene acetals, specifically, the parent 
compound and dicyano ketene acetal. In all other

(1) R. P e try  a n d  J. F re e m a n , J .  A m er . Chem . Soc., 83, 3912 (1961).
(2) J .  F ra z e r , J .  In o rg . N u c l. Chem ., 16, 63 (1960).
(3) R . H asze ld in e , J .  A m er. Chem . Soc., 72, 1638 (1950); R . P ea rso n  a n d  

R . D resd n e r, ib id ., 84, 4743 (1962).
(4) E .  L a w to n  a n d  J . W eb er, ib id ., 81, 4755 (1959).
(5) W . G ood , D . D ouslin , a n d  J .  M cC u llo u g h , J .  P h y s . Chem ., 67, 1312 

(1963).
(6) A . V. P a n k ra to v , R u ss , Chem . Rev., 32, 157 (1963); C . H o ffm an  an d  

R . N ev ille , Chem . Rev., 62, 1 (1962).
(7) W . G ra h a m  a n d  J .  F re e m a n , J .  A m er. Chem . Soc., 89 , 716 (1967).
(8) D . D . R osen fe ld , J .  Org. Chem ., 28, 2900 (1963).

examples, one alkoxide from each acetal grouping was 
replaced by -N F2.

The reaction conditions varied according to the 
starting material used. All reactions were carried out 
under an excess pressure of HNF2 at temperatures 
ranging from ambient to 100° using standard vacuum 
line techniques. The appropriate alcohol (1 molar 
equiv) was isolated in each case and identified via in
frared and gc. Tetramethoxypropane and tetra- 
ethoxybutyne-2 reacted similarly in that under the 
milder reaction conditions a mixture of the mono- and 
bisdifluoramino ether was isolated. On recycling this 
material with additional HNF2 at a higher temperature 
the corresponding 1,3 or 1,4 product formed. On the 
other hand, tetramethoxybutene-2 reacted at room 
temperature in CC14 to give a nearly quantitative yield 
of high purity (92%) 1,4-bisdifluoramino ether. The
C H 30  OCHa

\  H  H  /
H C -C =C -C H  +  2HNF2 — >
/  \

CH30  OCHa

CHjO OCHa
\  H  H  /

H C -C = C —CH +  2CH2OH
/  \

f 2n  n f 2

integrated area ratio of 3:1:1 for methoxy, vinyl, and 
tertiary hydrogens and the nmr results listed in Table 
I are consistent with the proposed difluoramino ether. 
The reaction was also run in the absence of solvent (ex
cess NHF2) without affecting either the yield or purity 
of the bis ether. The work-up of the reaction mixture 
was greatly facilitated in the latter case.

T a b l e  I
Fis hi

0 -25 .5  (d) [-CH(OR)NF2] t  3.91 (m) (-C H =C )
J sf ~  18.5 cps r  5.21 (dt) (tertiary H)

/ hf ~  18.5 cps 
r  6.43 (s) (-OCHa)

Experimental Section

Caution: Difluoramine should be handled with care. Ex
plosions have occurred when HNF2 was condensed at. —196°.

Apparatus.—A heavy-wall glass pressure reactor9 (15-ml 
capacity) fitted with a Teflon10 valve was used in this experiment.

1,4-Bisdifluoramino-1,4-dimethoxybutene-2 .—Tetramethoxy
butene-2 (0.5 g, 0.0029 mol) was dissolved in 0.5 ml of CCI4 and 
charged via a drawn-out medicine dropper to the bulb of the re
actor. The reactor was then degassed three times and 0.700 g 
(0.013 mol) of HNF2 was condensed in using a —126° bath 
(Freon-21 and liquid N2). The reactor was allowed to warm to 
room temperature. Stirring (via magnetic stirrer) was continued 
for 24 hr. The volatile products were passed through a —78° 
(trichloroethylene-Dry Ice) and a —126° trap. The desired 
product remained behind as a colorless liquid. Bulb-to-bulb 
distillation of this liquid at 75° (0.5 mm) gave 0.607 g (98%) of the 
bis-a-difluoramino ether.

Anal. Calcd for C6H10O2N2F4: C, 33.0; N, 12.85; F , 34.9; 
mol wt, 218. Found: C, 32.85; N, 13.02; F , 34.6; mol wt, 
214.

1 ,4-Bisdifluoramino-1 ,4-diethoxybutyne-2.—The tetraethoxy- 
butyne-2 (0.59 g, 0.0026 mol) was charged neat into a glass 
pressure reactor. The reactor was then degassed three times. 
The HNF2 (0.50 g, 0.009 mol) was condensed in using a —126° 
bath. After reaching room temperature the reaction was stirred 
for 24 hr. Work-up in the usual manner (see reaction above)

(9) R . P . R h o d es , J .  Chem . E duc ., 40 , 423 (1963).
(10) A v a ilab le  from  F isch e r  & P o r te r ,  W a rm in s te r , P a .,  C a ta lo g  N o . 

795-609.
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gave 0.61 g of a product which was composed of 70% mono- and 
30% bisdifluoramino ether via nmr spectroscopy. Fresh HNF2 
was condensed into the reactor, and it was heated (oil bath) to 
70° for 16 hr. Work-up gave 0.61 g of the bisdifluoramino ether 
as a colorless liquid.

Anal. Calcd for C8H120 2N2F4: C, 39.67; N, 11.57; F, 31.40. 
Found: 0 ,39 .4 ; N, 11.37; F, 30.8.

1,3-Bisdifiuoramino-1,3-dimethoxypropane.—Tetramethoxy- 
propane (0.500 g, 0.003 mol) was allowed to react with 0.420 g 
(0.008 mol) of HNF2 in a glass pressure reactor at 50° for 3 days. 
The resulting liquid product was fractionated to give 0 53 g of a 
colorless liquid product.

Anal. Calcd for CsH,o02N2F4: C, 29.12; N, 13.6; F, 36.9. 
Found: C, 29.3; N, 14.0; F, 36.6.

3-Ethoxy-3-difluoraminopropene-l.—Acrolein diethyl acetal 
(0.34 g, 0.0026 mol) and 0.35 g (0.006 mol) of HNF2 were allowed 
to react in a glass pressure vessel and worked up as above to give 
0.3 g of the title compound.

Anal. Calcd for C6H,ONF,: C, 45.11; N, 10.2; F, 27.7. 
Found: C, 45.5; N, 10.13; F, 27.9.

Registry No.—1,4-Bisdifluoramino-l ,4-dimethoxy- 
butene-2, 16452-20-3; l,4-bisdifluoramino-l,4-dieth- 
oxybutene-2, 16452-21-4; l,3-bisdifluoramino-l,3-di- 
methoxypropane, 16462-48-9; 3-ethoxy-3-diflucramino-
1 -propene, 16452-22-5-
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Ruff and Giese1 have reported that silver cyanide 
when diluted with fluorspar could be fluorinated with 
elemental fluorine to yield numerous products. Sub
sequently, we found that by using alkali me~al fluo
rides as the diluent in place of fluorspar, guanidine 
could be fluorinated to pentafluoroguanidine.2 In 
this Note, we report the extension of this technique to 
the direct fluorination of sodium dicyanamide and 
cy anoguanidi ne.

Sodium dicyanamide, NaN(CN)2, mixed with a 
large amount of magnesium fluoride as diluent was 
fluorinated with 50% fluorine diluted with nitrogen. 
The low boiling product was collected in a Dry Ice 
trap. Fractionation of the light yellow liquid using 
codistillation indicated that it contained about 20 
minor impurity components and a major component, 
F2NCF2N FC=N  (I), representing about 90-95% 
of the over-all material.

The molecular weight of I determined by gas density 
measurements was 157 and 159 (calcd 161). The 
boiling point was 18.4° determined from vapor pres
sure-temperature measurements.

The infrared absorption spectrum of I in the gas 
phase showed a sharp, weak intensity band at 4.45 y

(1) O . R u ff a n d  M . G iese, B er., 69, 598, 604 (1936).
(2) R . A. D av is , J .  L . K roon , a n d  D . A. R au sch , J ,  Org. C hem ., 32, 1662 

(1967).

assigned to Cs=N stretch, strong bands at 6.7, 8.1, 
and 8.3/i assigned to the CF2 group, a strong broad 
band at 10.4-10.8 y assigned to the NF bands, a me
dium strong band at 9.85 y, and medium weak bands at
9.2, 12.45, and 14.2 y.

The 19F nmr spectrum (CFC13 as reference) showed a 
CF2 doublet at 101.0 ppm due to coupling (J = 22.8 
cps) with the -N F group, resulting in a NF triplet 
at 54.1 ppm and a NF2 broad single peak at —20.55 
ppm.

The fluorination of 5 g of cyanoguanidine diluted 
with a large amount of sodium fluoride resulted in 1.5 
ml of material collected in a Dry Ice-acetone cooled 
trap. This crude liquid product contained five 
major components, three of which were identified by 
infrared and mass spectroscopy as the previously re
ported compounds (F2N)2C = N F2, (F2N)3CF3, and 
F2NCF2N FC =N . The two higher boiling products 
were identified as F2NC(=NF)NFCF2NF2 and (F2N)2- 
CFNFCF2NF2, both of which have the skeletal 
cyanoguanidine structure intact. Thus, the over
all reaction and the relative amounts of products 
obtained from the fluorination of cyanoguanidine may 
be illustrated as in Table I. l-[(Difluoramino)-

T a b l e  I
R e la tiv e
am o u n ts

NH
|| F2/N2

H2N CN H C=N  — 9- (F2N)2C = N F  1
N a F

(F2N)3CF 4.7
F2NCF2N F C = N  Trace
F2N C (=N F)N FC F2NF2 3.5
(F2N)2CFNFCF2NF2 7

difluoromethyl]-l,2,3,3-tetrafluoroguanidine, F2NC- 
(=NF)NFCF2NF2, is an explosive, colorless liquid 
below its boiling point, 55°, obtained by extrapolation 
from vapor pressure-temperature measurements. The 
molecular weight found by gas density measurements 
was 229 (calcd 232). The mass spectrum showed no 
parent peak, which is common for many nitrogen- 
fluorine compounds. The largest mass peak at m/e 
180 was assigned to C2N3F6+ which results from loss 
of NF2 from the parent molecule. Other major peaks 
were at m/e of 161, 142, 128, 114, 109, 102, 97, 90, 83, 
78, 69, and 64.

The infrared absorption spectrum of F2NC(=NF)- 
NFCF2NF2 in the gas phase showed a weak intensity 
band at 6.15 y assigned to C = N  stretch, strong bands 
in the CF region at 7.70, 7.95, 8.15, and 8.50 y, and 
strong bands in the NF region at 10.00, 10.50, and
11.20 y. The 10.00-/t band had shoulders at 9.6 and
9.85 y. In addition, a medium strong band at 11.65 y 
and medium bands at 12.55 and 14.00 y were observed. 
The I9F nmr spectrum (CFC13 as reference) showed a 
NF2 band at —41.0 ppm and the = N F  band at —33.8 
ppm. These are reasonable for the -C (=N F)N F2 
portion of the molecule since it has been previously 
shown1 that in the compound (F2N)2C==NF the NF2 
groups came at —42.3 and —46.9 ppm and the = N F  at 
— 20.2 ppm. The NF2 band at —19.7 ppm and the

(3) R . J . K o sh a r, D . R . H u s te d , a n d  C . D . W rig h t, 4 th  I n te rn a tio n a l S y m 
po siu m  on  F lu o rin e  C h em is try , E s te s  P a rk , C olo ., J u ly , 1967.
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—CF2-  doublet at +100.5 ppm coupled by 22.8 cps 
to the -N F- at +48.4 ppm are very reasonable for the 
F2NCF2NF- portion of the molecule and in good 
agreement for the same assignments made for F2NCF2- 
NFCN.

The highest boiling product obtained from the fluo- 
rination, N [(difluoroamino)difluoromethyl]-N,N',N',- 
N",N"-l-hexafluoromethanetriamine, (F2N)2CFNFC- 
F2NF2, is an explosive, colorless liquid boiling at 
60°, extrapolated from vapor pressure-temperature 
measurements. The molecular weight found by gas 
density measurements was 267 (calcd 270).

The infrared absorption spectrum in the gas phase 
showed strong intensity bands in the CF region at 
7.85, 8.10, and 8.32 p. The 7.85-/r band had a shoulder 
at 7.65 p. Strong bands at 10.45 and 10.95 p, usually 
attributed to NF bonds, and weak bands at 9.45, 9.70,
9.95, 11.50, 11.75, 12.60, and 13.20 p were also ob
served. The mass spectrum of (F2N)2CFNFCF2NF2 
showed no parent peak. A peak observed at m/e of 
218 was assigned to C2N3F8+ which results from loss 
of NF2 from the parent molecule. Other major peaks 
observed which can be accounted for by the structure 
were at m/e of 147, 128, 135, 116, 102, 83, 69, and 64. 
The 19F nmr spectrum (CFC13 as reference) showed 
five lines consistent with the structure as follows (peak, 
assignment, relation area): —23.5 ppm, C(NF2)2, 4;
— 19.2 ppm, CNF2, 2; +90.0 ppm, -N F-, 1; +100.4 
ppm, -CF2-, 2; and 131.2 ppm, CF, 1.

Experimental Section

Caution! The products and various unidentified by-products 
from the fluorination of sodium dicyanamide and cyanoguanidine 
are extremely explosive in the gas, liquid, and solid state. They 
have been manipulated routinely in a mercury-free vacuum line 
with CF2CI2 slush baths at —130 to —145°. I t  was standard 
practice to use adequate shielding and protective equipment and 
to keep the sample size below 0.5 g.

Fluorination of Cyanoguanidine.—Cyanoguanidine (5 g, 60 
mmol) was mixed with 50 g of sodium fluoride which had been 
dried at 110°. The mixture was charged into a three-necked, 
1 -1. monel flask fitted with a stirrer and gas inlet and outlet. 
The flask was immersed in an ice bath and stirred while 20-40% 
fluorine diluted with nitrogen was introduced into the flask at a 
total gas flow rate of 200-400 ml/min for 60 min. The crude 
product was collected from the effluent stream in a glass TJ-trap 
cooled in a Dry Ice bath. When approximately 0.5 ml of crude 
product was collected in the U-trap, the trap was removed and 
additional product was collected in a second and third trap, etc.

Purification of the products was achieved by repeated codistil
lation4 using a 10-mm copper column packed with fluorine- 
treated 40-60 mesh magnesium beads.

Fluorination of NaN(CN)2.—Sodium dicyanamide (2 g, 20 
mmol) and 20 g of magnesium fluoride were put into a 500-ml 
flask fitted with a stirrer, a fluorine inlet, and a gas outlet con
nected to a Dry Ice cooled trap. The rapidly stirred mixture 
was cooled in an ice bath and a 50:50 mixture of F2-N 2 was passed 
through the flask at 200 cc/min for 60 min. During this time, 
about 1 cc of liquid was collected in the Dry Ice trap. The 
product was purified by codistillation.

The infrared data were obtained with a Perkin-Elmer Model 
137B spectrophotometer. The cell had a 2.5-cm path length 
and NaCl windows. The vapor pressure was measured in a 
mercury-free system from —80 to —2°. The nuclear magnetic 
resonance spectrum was obtained on an instrument described by 
Baker and Burd .6

Registry No.—Sodium dicyanamide, 4615-74-1; cy
anoguanidine, 461-58-5; (F2N)2CFNFCF2NF2, 16408-

(4) G . H . C a d y  a n d  D . P . S iegvvorth, A n a l. Chem ., 31 , 618 (1959).
(5) E . B . B ak e r a n d  L. W . B u rd , Rev. S c i. In s tr ., S i ,  238 (1963); 28 , 313 

(1957).

92-7; F2NC(=NF)NFCF2NF2, 16408-93-8; I, 16408-
94-9.
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Considerable interest has been shown recently in the 
type II photolytic process in ketones. Wagner and 
Hammond1 and Dougherty2 have shown that both ex
cited singlet and triplet species can be involved in solu
tion while the work of Coulson and Yang3 and Wagner4 
indicates that biradical species may also play a role. 
Earlier, it had been shown by Srinivasan,5 by means of 
deuterium substitution, that the 7 hydrogen is trans
ferred to the carbonyl oxygen. The over-all process 
may be represented as

O OH'
[| H ' hv  I

RCCH2CH2CHR' — >- CH2= C H R ' +  r c = c h 2 — >
o

RCJCHiH'

Nicol and Calvert6 have carried out an extensive study 
of the effect of alkyl substitution on the vapor phase 
photolysis of a series of »-propyl ketones. Under these 
conditions the type I process is also important. Es-

O
II Hr

RC R ' — =- R +  R'CO +  R ' +  RCO

sentially no work has been carried out on the effect of 
substituents other than alkyl at the 7-carbon atom. 
For this reason we examined the effect of fluorine on the 
photolysis of 4,6,8,8,8-pentafluoro-3-octanone, CF3- 
CH2CHFCH2CHFC (= 0 ) CH2CH3.

When irradiated either neat or in hydrocarbon sol
vents (0.2 M) four products could be detected by glpc. 
Only two of these could be separated in sufficient 
amount and purity for identification. l-Fluoro-2- 
butanone was identified by comparison with a sample 
prepared independently from fluoroacetonitrile (Ex
perimental Section). Glpc retention times, infrared, 
and H 1 and F 19 nmr spectra were identical. 1,1,1,3,5- 
Pentafluoropentane was identified by comparison with a 
sample prepared from the 2 :1  telomer of vinyl fluoride 
and trifluoromethyl iodide (Experimental Section).

(1) P . J .  W a g n e r a n d  G . S . H am m o n d , J .  A m er. Chem . Soc., 88, 1245 
(1966).

(2) T . J .  D o u g h e rty , ib id ., 87, 4011 (1965).
(3) D . R . C ou lson  a n d  N . C . Y ang, ib id ., 88, 4511 (1966).
(4) P . J .  W agner, Tetrahedron Lett., 18, 1753 (1967).
(5) R . S rin iv asan , J .  A m er. Chem . Soc., 81, 5061 (1959).
(6) C . H . N ico l a n d  J .  G. C a lv e r t, ib id ., 89, 1790 (1967).
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Chromatographic and spectral characteristics were iden
tical for the samples. A third material, trapped as a 
gas from the chromatograph and analyzed by infrared 
spectroscopy, showed it to contain a fluoro-substituted 
double bond (1690 cm-1) and a trifluoromethyl group 
(1280 cm-1). Vinyl-type fluorine was also detected in 
the photolyzed solution of the fluoro ketone by F 19 nmr 
spectroscopy. This compound is tentatively identified 
as l,l,l,3-tetrafluoro-3-butene. Its rate of formation 
by glpc is identical with that of l-fluoro-2-butanone. 
The fourth product which could not be separated 
completely from the starting ketone exhibited a strong 
OH absorption in the infrared spectrum at 3200 cm-1. 
This material could be a cyclobutanol derivative, 
compounds which are often found in low yields in these 
reactions or a reduction product of the starting material. 
Yields as measured by glpc are l-fluoro-2-butanone,
l,l,l,3-tetrafluoro-3-butene, 32%; 1,1,1,3,5,-pentaflu- 
oropentane, 16%; alcohol, 21.4%. The material 
balance leaves 31.6% unaccounted for. That hydro
gen fluoride is produced during photolysis is evident by 
the slow etching of the quartz photolysis cells. It is 
not known if this derives from starting material or 
products or both.

The quantum yield at 2537 A for disappearance of 
fluoro ketone in heptane solution was determined to be 
0.39 by comparison with 2-hexanone which is reportedo t
to have a quantum yield of 0.327 at 3130 A in pentane.3 
An indication of the amount of singlet and triplet 
reaction involved in the type II process producing
l-fluoro-2-butanone and l,l,l,3-tetrafluoro-3-butene 
was obtained by carrying out quenching experiments 
with piperylene and as-dichloroethylene.1'2 In each 
case only 93% of the reaction to form type II products 
could be quenched, indicating this fraction of triplet 
reaction. Both pieces of quantitative data are sub
ject to the uncertainties of less than total material 
balance. This amount of triplet reaction, however, 
may be compared with 60% for 2-hexanone and 2- 
octanone under similar conditions. The larger fraction 
of triplet reaction may be due to the increased energy 
required for abstraction, by the excited carbonyl 
group, of a 7 hydrogen at a position of low electron 
density thus allowing for intersystem crossing from 
excited singlet to excited triplet to compete more 
effectively. Formation of the type I product, 1,1,1,3,5- 
pentafluoropentane, in 16% yield is unusual in solution 
photolyses. In unsubstituted ketones, e.g., 2-hexanone 
this product generally accounts for less than 3% of the 
total.7 (In vapor phase photolysis, on the other hand, 
type I products generally run well over 50% of the 
total.) The increased tendency for type I reactions 
may simply reflect the slower rate of type II reactions 
with which they compete. However, some increased 
stability of the intermediate fluoro-substituted radical 
is also to be expected, i.e.

;c f 3c h 2c h f c h 2c h f  c f 2c h 2c h f c h 2c h = f -

Experimental Section

Synthesis of 4,6,8,8,8-Pentafluoro-3-octanone.—3,5,7,7,7-Pen- 
tafluoro-2-heptene available from a previous study8 was oxidized 
in a typical experiment as follows. To a slurry of olefin (5.0

(7) P . A usloos a n d  R . E . Rebberfc, J .  A m er. Chem Soc., 83, 4897 (1961).
(8) T .  J .  D o u g h e rty , ib id ., 86 , 460 (1964).

g, 0.024 mol) in 100 ml of water was added dropwise a solution 
of potassium permanganate (17 g) and sodium hydroxide (2.0 g) 
in water (400 ml). After stirring overnight, sodium bisulfite and 
dilute sulfuric acid were added alternately until the solution be
came clear. The mixture was then extracted with three 100-ml 
portions of ether which were dried (MgSO,i) and evaporated to 
yield a white solid (3.8 g, 75%). Separation into two isomers, 
mp 88-91 and 68-71°, could be achieved by fractional crystal
lization from a chloroform-petroleum ether (bp 30-50°) solu
tion . Each gave the same average analysis (samples from several 
runs) and neutral equivalent.

Anal. Calcd for C6HiF60 2: C, 34.9; H, 3.4; F , 46.1; neut 
equiv, 206. Found: C, 35.3; H, 3.5; F, 45.8; neut equiv, 210.

The mixture of diastereoisomeric acids was converted into the 
acid chlorides, bp 73-79° (22 mm), in 70% yield by thionyl 
chloride. The ketone was prepared typically as follows. Di- 
ethylcadmium was prepared from ethylmagnesium bromide [from
3.56 g (0.149 g-atom) of Mg, 17.6 g (0.161 mol) of ethyl bromide, 
and 125 ml of dry ether] and cadmium chloride (13.4 g, 0.073 
mol) at ice-bath temperature. After refluxing about 1 hr the 
slurry was cooled in an ice-salt bath to about —10 ° and the acid 
chlorides (20 g, 0.096 mol) in ether (15 ml) were added dropwise 
over 30 min. The reaction mixture was stirred overnight and 
cooled and 10% sulfuric acid added slowly until clear. The 
ether layer was washed with dilute sodium carbonate solution 
and dried. Evaporation of the ether yielded 14.6 g (92%) of 
crude product. The oily residue was distilled under reduced 
pressure, 29-34° (0.05 mm), and purified as follows. The dis
tilled mixture was solidified by cooling in Dry Ice and then par
tially melted by slowly warming to room temperature. When 
about one-half of the material had melted, the slurry was rapidly 
filtered under suction and the solid sucked dry with a rubber dam. 
The material which remained solid at room temperature was 
further purified by a combination of recrystallization (ethanol- 
water) and sublimation, mp 40-41°. The mother liquor could 
be recycled several times to obtain more solid material. Separa
tion into a liquid and solid form could also be carried out by 
preparative gas chromatography. These materials had identical 
infrared spectra (carbonyl at 1730 cm-1) with the exception of 
the intensity of a peak at 943 cm-1. The fluorine nmr spectrum 
(60 Me) showed CF3 as a complex multiplet a t 65.0 ppm (relative 
to CC13F), relative area = 3; -C H F - as a broad unresolved peak 
centered at 186.3 ppm, relative area = 1; and -C (= 0 )C H F - as 
a septet a t 193 ppm, relative area = 1. The proton nmr spec
trum indicated CH3 as a triplet (J = 7 cps) at r  8.96, relative 
area = 3; the -C H 2 group of the ethyl group as a quartet (J  = 
7 cps) centered at t  7.46 on top of the remaining methylene groups 
which occur as a broad unresolved peak centered at approxi
mately t  7.5, total relative area = 6; and -C H F - as two broad, 
unresolved doublets (J =  53.4 cps) at t  5.1, relative area =  2. 
The ultraviolet spectrum of the solid isomer showed a maximum 
at 2825 A (e 26.9) and formed a 2,4-dinitrophenylhydrazone, mp 
85-87.5°. Elemental analyses tended to be erratic even with 
a single sample.

Synthesis of l-Fluoro-2-butanone.—Fluoroacetamide (Pen- 
ninsular ChemResearch) was converted in 65% yield into fluoro- 
acetonitrile by reaction with phosphorous pentoxide.9 To a cold 
(—15°) ethereal solution of ethylmagnesium bromide prepared 
from 9.8 g (0.42 g-atom) of magnesium, 45.8 g (0.42 mol) of 
ethyl bromide, and 125 ml of ether, was added dropwise a solu
tion of fluoroacetonitrile (24,8 g, 0.42 mol) in ether (125 ml). 
The mixture was stirred overnight and cooled and 10% sulfuric 
acid slowly added. The ether layer was dried and evaporated to 
yield a dark oil which was distilled at atmospheric pressure result
ing in extensive decomposition. A fraction boiling at 60-120° 
was purified by gas chromatography. The proton nmr spectrum 
showed the ethyl group and a fluoromethylene group in 1 : 1  ratio. 
The fluorine nmr spectrum indicated a single CH2F type of 
fluorine at 228.5 ppm (relative to CC13F). The ketone formed a
2,4-dinitrophenylhydrazone, mp 89-90.5°.

Anal. (2,4-DNPh). Calcd for C w H uN ^F : C, 44.5; H, 
4.07; N, 20.8. Found: C, 43.5; H, 4.3; N, 20.7.

Preparation of 1,1,1,3,5-Pentafluoropentane.—1,1,1,3,5-
Pentafluoroamyl iodide10 (55.7 g, 0.193 mol) dissolved in ethanol 
(100 ml) was added over 6 hr to a mixture of zinc (38.6 g, 0.59 
g-atom) in absolute ethanol (900 ml) saturated with hydrogen

(9) R . E . K e n t a n d  S. M . M cE Ivain , “ O rgan ic  S y n th e se s ,” Coll. Vol. I l l ,  
Jo h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1955, p  493.

(10) T . J .  D o u g h e rty , J .  A m er. Chem . Soc., 86 , 2236 (1964),
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chloride at 70-80°. Hydrogen chloride was added periodically 
to maintain saturation. After standing overnight, the mixture 
was filtered and mixed with water (3000 ml) containing NaHCOa 
and extracted with four 100-ml portions of ether. The ether 
solution was separated, dried (MgS04), and distilled. After 
removal of ether and a low-boiling (54-103°) fraction, the penta- 
fluoropentane was collected at 103-105° to yield 6.3 g (19%). 
The infrared spectrum showed the CH stretch a t 2960 cm-1 and 
C-F at 1265 and 1170 cm“1. Unsaturation was absent. The 
proton nmr spectrum showed the -C H ;- groups as a complex 
multiplet centered at t 5.4, relative area = 4; -C H F - as two 
quintets (J = 6.0 cps) separated by 50 cps, relative area =  1; 
and -CH 2F a t t 4.5 as two triplets (J  = 5.8 cps) separated by 48 
cps, relative area = 2 .

Anal. Calcd for C6F5H7: C, 37.1; F, 58.6; H, 4.3. Found: 
C, 37.3; F, 58.6; H, 4.4.

Photolysis Procedure.—Photolysis cells of approximately 1.8- 
ml capacity (1.5 cm long) were filled with a 0.2 M  solution of the 
ketone in heptane (spectroquality), immersed in a quartz cir
culating water bath at 35 ±  0.5° and exposed to either a low- 
pressure mercury lamp (>90% uv output at 2537 A) or a medium- 
pressure mercury lamp (25% uv output at 3100-3300 A, 75% at 
3300-3700 A). Degassing (freeze-thaw technique) had no effect 
on quantum yields. Distilled quencher was added directly from 
a microliter syringe. Samples of 1 or 2 yl were taken every 20-60 
min, depending on the lamp employed, over a period of several 
hours and analyzed by gas chromatography on a Carbowax 1500 
column operated at 140° with a helium flow of 50 cc/min. Runs 
were carried to approximately 5-25% completion in the case of 
the quenching experiments utilizing the medium-pressure lamp 
and up to 75% completion when the 2537-À lamp was used.

Four photolysis products were detected at retention times of
1.0, 2.2, 3.0, and 15.5 min. The first of these products was 
gaseous and was collected from the chromatograph in an evacu
ated infrared gas cell. The infrared spectrum bore a strong 
resemblance to that of 2,3,5,7,7,7-hexafluoro-l-heptene10 ex
hibiting a = C F  absorption at 1690 cm-1 and a C F 3 absorption at 
1280 cm-1. Insufficient material was obtained for further ex
amination. The second eluted product had a retention time 
and ir spectrum identical with those ofl, 1 ,1 ,3,5-pen tail uoropen- 
tane obtained by reduction of the corresponding iodide (see 
above). The product eluted at 3.0 min proved to be l-fluoro-2- 
butanone by comparison with the sample prepared as described 
above. These materials agreed in retention times as well as 
infrared and nmr spectra (H1 and F 19). The last eluted product 
was obtained in only trace amounts and highly contaminated 
with the starting ketone. However, the presence of a hydroxyl 
group was apparent in the infrared spectrum at 3200 cm-1.

Registry No.—4,6,8,8,8 - Pentafluoro - 3 - odanone, 
16408-87-0; 4,6,8,8,8-pentafiuoro-3-octanone 2,4-dini- 
trophenylhydrazone, 16408-88-1; l-fluoro-2-butanone, 
453-10-1; l-fluoro-2-butanone 2,4-dinitrophenylhydra- 
zone, 580-05-2; 1,1,1,3,5-pentafluoropentane, 16408-
89-2; fluorine, 7782-41-4.
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The Caro acid (peroxymonosulfuric acid) has often 
been used as a characteristic oxidizing agent in the field 
of organic synthesis. I t was early observed that the

Baeyer-Villiger reaction occurred in the oxidation of 
carbonyl compounds with this oxidant as follows.1
R—CO—R ' +  H2S05 ------- - R — O—CO—R ' +  H20  +  H2S 04

Oxidation of acrolein in alcoholic media with hydro
gen peroxide in the presence of selenium dioxide as 
catalyst was reported to give acrylates in 15-40% 
yield.2 This method was investigated further in oxi
dation of other aldehydes in methanol or ethanol.8 
Methyl methacrylate was obtained also by the oxidation 
of methacrolein in methanol with (-butyl hydroperoxide 
in the presence of metal salt catalysts, such as FeCb 
and FeCh.4

We wish to report that when aldehydes were oxidized 
with the Caro acid in the presence of alcohols the esters 
of corresponding acids could be obtained in high yield 
according to the equation

R " O H
R—CHO +  H2SOs ------- - RCOOR" +  H20  +  H2S04

The results of these oxidations are summarized in 
Table I.

T a b l e  I
O x id a t io n  o f  A l d e h y d e s  in  A lc o h o ls  w it h  t h e  C aro  A cid

C o n v e r- Selectiv-
A ldehyde A lcohol P ro d u c t sion , % a i ty , % 6

M eth a c ro le in M e th a n o l M e th y l m e th a c ry la te 94 9 Ie
M e th a c ro le in M e th a n o l M e th y l m e th a c ry la te 90 9 7 d
M eth a c ro le in e M e th a c ry lic  ac id 65 29 d
M eth a c ro le in E th a n o l E th y l  m e th a c ry la te 100 88d
M eth a c ro le in Iso p ro p y l

a lcoho l
Is o p ro p y l m e th a c ry la te 83 55d

A cro lein M eth a n o l M e th y l a c ry la te 100 85d
C ro to n a ld e h y d e M e th a n o l M e th y l c ro to n a te 100 63d
P ro p io n a ld e h y d e M e th a n o l M e th y l p ro p io n a te 90 97d
B e n z a ld eh y d e ’ M e th a n o l M e th y l b e n z o a te 100 100d

a Conversion (%) = 100 (moles of aldehyde reacted/moles of 
aldehyde charged). b Selectivity (%) = 100 (moles of product/ 
moles of aldehyde reacted). c The Caro acid was prepared from 
(NH4)2S20 8. d The Caro acid was prepared from H20 2 and H2S04. 
e Ethyl ether was used instead of alcohol.

Mechanistically, it seems plausible that the Baeyer- 
Villiger reaction occurs first and esterification follows. 
Thus, the aldehyde is oxidized with the Caro acid to the 
corresponding carboxylic acid, which is esterified im
mediately with alcohol. However, when methacrolein 
was oxidized in ethyl ether instead of in methanol, the 
conversion of methacrolein and the selectivity of the 
main oxidation product (methacrylic acid) decreased 
remarkably. On the other hand, the rate of esterifica
tion of methacrylic acid with methanol in the presence 
of H2SO4 is much slower than that of oxidation of metha
crolein in methanol with the Caro acid under the same 
condition of reaction (Figure 1). From these results, 
the above-mentioned mechanism involving intermediate 
formation of methacrylic acid followed by esterification 
could be excluded.

The direct formation of esters by the oxidation of 
primary alcohols with chromic acid was reported to 
occur by the reaction sequence, alcohol —̂ aldehyde ^  
hemiacetal ester, rather than by the commonly ac-

(1) C . H . H assa ll, Org. Reactions, 9, 73 (1959).
(2) C . \V. S m ith  a n d  R . T . H o lm , J .  Org. Chem ., 22, 746 (1957).
(3) M . K ita h a ra , T . M its u i, a n d  T . H ira y a m a , R ik a  G aku K enkyusho  

H okoku , 38, 81 (1962); Chem . A bstr ., 58, 13788a (1963).
(4) H a lc o n  In te rn a t io n a l ,  In c . ,  N e th e r la n d s  P a t e n t  A p p lic a tio n , 6 ,412,904 

(1965); Chem . A b str ., 63, 130856 (1965).
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Reaction Time (hrs.)
Figure 1 .—Variation of yield of methyl methacrylate with 

reaction time in oxidation of methacrolein with the Caro acid in 
methanol (O) and in esterification of methacrylic acid with 
methanol in the presence of sulfuric acid (•); yield (%) = 
100(moles of product/moles of aldehyde charged).

cepted path, alcohol —* aldehyde —>• acid —>■ ester.5 6 7 It 
is most probable that this oxidation of aldehyde in 
alcoholic medium proceeds also through a hemiacetal 
peroxymonosulfate as Hey wood, et ah, suggested in the 
oxidation of acetals with peracetic acid (Scheme I).6

S c h e m e  I 
H +

R—CHO +  R"OH — -  RCH—OR"
I

OH
I

I +  H2S05 ----- - R—CH—O R " +  H20
I

0 0 S 0 20H
II

I I ----- - R—COOR" +  H2S04

Experimental Section

Materials.—Methacrolein was prepared from propionaldehyde 
and paraformaldehyde in the manner described by Mitsui, et a l.,’’ 
and purified by distillation (bp 66- 68°). Propionaldehyde, 
acrolein, crotonaldehyde, and benzaldehyde were obtained com
mercially and used after distillation [bp 48-49, 52-53, 104- 
105, 74-76° (20 mm), respectively], Methacrolein, crotonalde
hyde, and acrolein were kept under refrigeration after the addi
tion of 0.5 wt % hydroquinone. Other reagents were commercial 
materials used without further purification.

Preparation of the Caro Acid. A.—Ammonium persulfate 
(23.0 g) was added in small portions to 29.0 g of 85% H2S04 
maintained below 15° with stirring.

B.—H20 2 (3.9 g, 90%) was added dropwise to 25.0 g of con
centrated H2S04 maintained below 15° with stirring. The mix
ture was kept at room temperature for 2 hr.

Oxidation of Methacrolein in Methanol. A.—To a well- 
stirred mixture of 0.76 g of methacrolein and 12.9 g of methanol 
cooled to 10°, 5.6 g of the Caro acid prepared according to pro
cedure A was added dropwise over a period of 2 min. During 
this addition, the internal temperature was kept below 10°. 
After stirring for 4 hr a t 15°, the reaction mixture was diluted 
with water and extracted with ether. Methacrolein and methyl 
methacrylate in the combined ether extracts were analyzed 
quantitatively by gas chromatography. Benzene was used as 
the internal standard. The analysis was performed on a Yanagi- 
moto GCG-220 at 80° with a helium flow rate of 50 ml/min and 
a 2.5-m column packed with 30% dioctyl phthalate on Celite 
545. The conversion of methacrolein was 94% and the selectivity 
of methyl methacrylate was 91%. The gas chromatographic

(5) J . C y m e rm a n  C ra ig  a n d  E . C . H o rn in g , J .  Org. Chem ., 25 , 2098 (1960).
(6) D . L . H ey w o o d  a n d  B . P h illip s , ib id ., 25 , 1699 (1960).
(7) T . M its u i, M . K ita h a ra , a n d  Y . M iy a ta k e , R ik a  G aku K enkyusho  

H okoku , 38, 205 (1962); Chem. A bstr ., 59, 3762d (1963).

retention time of the methyl methacrylate agreed with that of an 
authentic sample.

B.—To a stirred mixture of 3.04 g of methacrolein and 79.5 g 
of methanol cooled to 15°, 12.2 g (equimolar to methacrolein) of 
the Caro acid prepared according to procedure B was added 
over a period of 10 min. During this addition, the internal 
temperature was kept below 15°. Stirring was continued a t 
15° and a 15-ml portion of the solution was sampled out at 
intervals. The aliquot parts were treated as described above 
and analyzed quantitatively by gas chromatography.. The 
conversion of methacrolein after 3 hr was 90% and the selectivity 
of methyl methacrylate was 97%. The results obtained are shown 
in Figure 1 together with the results in the esterification reaction 
of methacrylic acid described below.

Methyl methacrylate isolated by gas chromatography with a 
Variali Aerograph 1525-B was identified by comparison of its 
infrared spectrum with that of an authentic sample, n wd 1.414.

Anal. Calcd for C5H80 2: C, 59.98; H, 8.05. Found: C, 
59.70; H, 8.02.

The other oxidations were carried out virtually as described 
above.

Esterification of Methacrylic Acid with Methanol.—To a
stirred solution of 3.74 g of methacrylic acid and 79.5 g of 
methanol cooled to 15°, 10.6 g of concentrated H2S04 was added 
over a period of 10 min. During the addition, the internal tem
perature was kept below 15°. Stirring was continued a t 15° and 
a 15-ml portion of the solution was sampled out at intervals. 
The aliquot parts were treated as in the preceding experiment 
and yield of methyl methacrylate were determined by gas 
chromatographic analysis.

Oxidation of Methacrolein in Ethyl Ether.—A stirred mixture 
of 0.78 g of methacrolein and 21.6 g of ethyl ether was treated a t 
15° with 3.10 g of the Caro acid (prepared from H20 2 and H2S 04) 
over 3 hr. The solution was subjected to ether extraction and 
methacrylic acid in the ether extract was gas chromatographed 
at 135° on a 3-m eolurpn packed with 10% dioctyl sebacate on 
Diasolid S. Cyclohexanol was used as the internal standard. 
The conversion of methacrolein was 65% and the selectivity of 
methacrylic acid was 29.%. Other products were not identified.

Oxidation of Benzaldehyde in Methanol.—To a stirred mixture 
of 10.6 g of benzaldehyde and 155 g of methanol cooled to 15°,
28.1 g of the Caro acid (equimolar to aldehyde) prepared accord
ing to procedure B was added dropwise over a period of 10 min. 
During the addition, the internal temperature was kept below 
15°. After stirring for 3 hr at 15°, the mixture was treated as 
usual. The ethereal solution was analyzed by gas chromatog
raphy at 150° on a 3-m column packed with 10% dioctyl sebacate 
on Diasolid S. Cyclohexanol was used as the internal standard. 
The yield of methyl benzoate was quantitative. Methyl benzoate 
collected by gas chromatography was identified by comparison 
of its infrared spectrum with that of an authentic sample.

Anal. Calcd for C8H80 2: C, 70.57; H, 5.92. Found: C, 
70.78; H, 5.98.

Registry No.—Peroxymonosulfuric acid, 7722-86-3; 
methacrolein, 78-85-3; acrolein, 107-02-8; crotonalde
hyde, 123-73-9; propionaldehyde, 123-38-6; benzalde
hyde, 100-52-7.
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Since Schmid and Karrer1 performed the first re
duction of some cyclic ammonium salts with lithium

(1) H . S ch m id  a n d  P . K a rre r , H elv. C h im . A cta , 32 , 960 (1949).
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aluminum hydride, the reductions of phosphonium,2 3 
aliphatic ammonium,8 and stibonium salts4 have also 
been reported. Surprisingly enough, sulfonium salts 
have not been investigated. We previously observed5 
that a liquid reduction product mixture obtained by 
the reduction of 2-phenylethyldimethylsulfonium bro
mide with lithium aluminum hydride contained mainly 
methyl-2-phenylethyl sulfide.

A more thorough investigation of lithium aluminum 
hydride reductions of some sulfonium salts is now re
ported.

Reduction of Trimethylsulfonium Bromide.—The
sulfonium salt suspended in diethylene glycol diethyl 
ether was reduced with lithium aluminum hydride at 
45° for 2.5 hr, and at 60° for 4.5 hr, respectively. The 
analysis of the gaseous products by gas chromatography 
and the analysis of the reaction solution showed 
methane and dimethyl sulfide to be the only reduction 
products.

The deuterated sulfonium salt was also reduced with 
LiAlH4. From the gaseous products, methane was 
isolated and analyzed by mass spectrometry. The 
mass spectrum contained an intensive mass of 19 mass 
units corresponding to CHD8. The undeuterated 
sulfonium salt was also reduced with LiAlD4. The 
methane had the main mass of 17 mass units, cor
responding to CH3D. N o  methane of the formula 
CH2D2 with mass 18 could be detected. This suggests 
that a simple displacement takes place, e.g., in case of 
the deuterated salt

a w i A t r V  -
H3A1 +  CHD3 +  S(CD3)2 

(in the equation H3A1 is written only formally)

I t is known6 that sulfonium salts exchange hydrogens 
very rapidly, while ammonium salts exchange hydrogens 
extremely slowly, which has been explained in terms of 
d-orbital resonance occurring at the sulfonium salts. 
Since sulfonium salts are more easily reduced with 
lithium aluminum hydride than are ammonium salts, 
one could assume that the reduction occurs at the inter
mediate zwitterion in which a partial neutralization of 
charge by electron drift from the carbon atom into the 
d-orbital of the sulfur atom takes place, giving the 
carbon-sulfur bond considerable double-bond character. 
If it were so, the reduction of deuterated trimethyl
sulfonium salt would most probably yield methane of 
the formula CH2D2 with simultaneous evolution of an 
equivalent quantity of hydrogen (HD). This is not 
the case.

Reduction of 2-Phenylethyldimethylsulfonium Bro
mide.—The reductions were carried out in diethyl ether 
at 35° for 2.5 hr and overnight at room temperature, 
and also in tetrahydrofuran at 65° for 2.5 hr. The

(2) W . J .  B ailey  a n d  S. A . B u ck le r, J .  A m er . Chem . Soc., 79 , 3567 
U 957).

(3) A. C . C ope, E . C iganek , L . J .  F lec k en s te in , a n d  M . A . P . M eisinger, 
ib id ., 82, 4651 (1960).

(4) E . W ib erg  a n d  K . M o d ritz e r , Z . N a tu rfo rsch ., l i b ,  750 (1956).
(5) S. A sp e rg e r, D . P av lo v ic , L . K las in c , D . S te fa n o v ic , a n d  I .  M u ra ti ,  

Croat. Chem . A c ta , 36, 209 (1964).
(6) W . v o n  E . D o erin g  a n d  A. K . H o ffm an n , J .  A m er. Chem. Soc., 77 , 521

1955).

salt was again in suspension. The main reduction 
products were methyl-2-phenylethyl sulfide and 
methane. Small quantities of ethylbenzene and di
methyl sulfide (less than 5%) were also detected by gas 
chromatography and by mass spectrometry. The 
products are most probably formed by analogous hy
dride ion attack as suggested above.

In solvents dried with no special precautions, con
taining the usual amount of moisture of about 0.05%, 
the base-catalyzed elimination occurred during re
duction, which yielded up to 40% of styrene. When 
the solvent was very carefully dried by several distilla
tions over sodium and subsequently dried over Molec
ular Sieves 4A, no styrene could be detected in the re
duction products.

In order to check the drying procedure, water con
taining tritium was added to the dry solvent and the 
drying procedure repeated. The specific activity of 
the solvent indicated that it contained about 0.0001% 
of water.

Cram found7 that the reduction of p-toluenesulfonate 
of 3-phenyl-2-butanol with lithium aluminum hydride 
in diethyl ether yielded 2-phenylbutane, but elimina
tion also occurred giving 2-phenyl-2-butene. We have 
carried out the same reaction applying the drying pro
cedure of the solvent mentioned above (which prac
tically excludes the base catalysis) and have found 
that the elimination still takes place. Gas chroma
tography shows that the ratio of 2-phenylbutane to
2-phenyl-2-butene is 3 :1 .

On the other hand, in the reduction of 2-phenylethyl 
p-toluenesulfonate (primary a carbon) with lithium 
aluminum hydride in dry diethyl ether, we could not 
find any elimination products.

I t was interesting to see whether sulfonium salts of a 
similar type, having sulfur bonded to the secondary 
a-carbon atom, would also undergo elimination during 
the reduction with lithium aluminum hydride. I t was 
found that the only products of the reduction of 3- 
phenyl-2-butyldimethylsulfonium bromide were meth
ane and the corresponding sulfide. 2-Phenyl-2-butene 
was not detected.8

Cram suggested7 that, in the reaction of 3-phenyl-2- 
butyl p-toluenesulfonate with lithium aluminum hy
dride, olefin is formed by a bimolecular mechanism. 
However, the fact that the mentioned tosylate yields 
olefin with lithium aluminum hydride and the cor
responding sulfonium salt does not could be better ex
plained by assuming that p-toluenesulfonate reacts via 
a salt-promoted ionization9 and olefin is formed via a 
carbonium ion process, while sulfonium salt reacts by a 
displacement process.

2-Phenylethyltrimethylammonium iodide was also 
reduced with lithium aluminum hydride in tetrahydro
furan at 65° for 60 hr. Dimethyl-2-phenylethylamine 
and methane were the main products (about 95%). 
Ethylbenzene and trimethylamine were also detected 
(about 5%). Again, in very dry tetrahydrofuran, no 
elimination could be observed, but, in tetrahydrofuran 
containing about 0.05% of water, 23% of styrene was 
found.

(7) D . J .  C ram , ib id ., 74, 2149 (1952).
(8) D . S te fan o v ic , p r iv a te  co m m u n ic a tio n  fro m  th is  la b o ra to ry .
(9) S . W inste in , S . S m ith , a n d  D . D a rw ish , J .  A m er. Chem . Soc., 81, 5511 

(1959).
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Experimental Section

A Nier-type mass spectrometer with a resolution of 1:300, pro
duced a t the Institute “ Jozef Stefan,” Ljubljana, Yugoslavia, 
was used. Gas-liquid partition chromatographic analyses were 
performed using a Perkin-Elmer 154D instrument, and a Wilkens 
Instrument and Research A-90-C machine, respectively.

Materials.—Trimethylsulfonium bromide was prepared as 
described by Cooper, Hughes, Ingold, and Mac N ulty ,10 2-phenyl- 
ethyldimethylsulfonium bromide by the procedure of Saunders 
and Asperger,11 2-phenylethyltrimethylammonium iodide by the 
procedure of von Braun and Neumann,12 2-phenylethyl-p-toluene- 
sulfonate as described by Klamann,13 and 2-phenyl-3-butyl-p- 
toluenesulfonat-e and 2-phenyl-2-butene by the procedures of 
Cram .7.14 2-Phenylbutane was prepared from 2-phenyl-2- 
butene by catalytic hydrogenation using palladium on activated 
charcoal (10%) as catalyst.

Deuterated Materials.—Deuterated trimethylsulfonium bro
mide was prepared by direct hydrogen exchange in 7.5 M  sodium 
deuteroxide solution, following the procedure of Doering and 
Hoffmann.6 The exchange is practically complete.

Drying of the Solvent.—Diethyl ether and tetrahydrofuran 
were dried over sodium, distilled, dried over Molecular Sieves 
4A (activated during 8 hr a t 300° and 1-torr pressure), and dis
tilled. Drying over molecular sieves was repeated several times. 
This drying procedure was tested by the addition of known 
amount of water containing tritium (200 mCi/ml) to the dry 
solvent. After the drying procedure was repeated, the specific 
activity of the solvent showed tha t there was only about 0 .0001% 
of water in the solvent.

Reduction with Lithium Aluminum Hydride.—The solution of 
lithium aluminum hydride was prepared by shaking of 6.0 g of 
LiAlH4 with 50 ml of dry solvent for 4 hr. The solid was allowed 
to settle and the liquid was decanted. The concentration of 
lithium aluminum hydride in ethereal solution was estimated by 
the method of Felkin.15

A mixture consisting of lithium aluminum hydride in large 
excess to the substance was stirred in dry solvent a t the appro
priate temperature. Aqueous sodium hydroxide solution (10%) 
was then added. The products of the reduction were isolated by 
extraction with pentane and the organic layer was washed, dried, 
and concentrated.

Analysis of Products.—The gaseous products of the reduction 
were collected in a liquid air trap, purified on a vacuum line, and 
analyzed by mass spectrometry. By this method the following 
reaction products were estimated: methane, deuterated methane
(CH3D), dimethyl sulfide, and trimethylamine.

Gas-liquid partition chromatography wras used for the analysis 
of concentrated pentane extract. The following reaction prod
ucts were estimated (by comparison with the pure substances): 
methane (on 0.25 in. X 2 m stainless steel column packed with 
silica gel +  2% di-2-ethylhexyl sebacate using flame ionization 
detector), dimethyl sulfide, ethylbenzene, styrene, methyl-2- 
phenylethyl sulfide, 2-phenylbutane, and 2-phenyl-2-butene (on 
0.25 in. X 1.5 m stainless steel column packed with 15% silicone 
GE SF-96 on 60-80 mesh firebrick using thermal conductivity 
detector), trimethylamine, and dimethyl-2-phenylethylamine 
(on 0.25 in. X 2 m stainless steel column packed with 10% sili
cone oil DC-200 on 60-80 mesh Chromosorb W using thermal 
conductivity detector).

Registry No.—Lithium aluminum hydride, 1302-
30-3; trimethylsulfonium bromide, 676-84-6; 2-phenyl- 
ethyldimethylsulfonium bromide, 16315-48-3.
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Recently Leermakers and James1 described the use of 
a solid, polyvinylphenyl ketone, to photosensitize 
piperylene, norbornadiene, and myrcene in the liquid 
phase. As pointed out by these authors, liquid-solid or 
gas-solid cross phase photosensitization has the particu
lar advantage that there are no problems of separation 
of the sensitizer from the products or reactants.

We have been investigating the cross phase photo
sensitization of the piperylenes and 1,3-cyclohexadiene 
in the vapor phase by thin polymeric films deposited 
on the walls of quartz or Pyrex photolysis reactors.

The photosensitizer films are produced by the in situ 
photolysis of suitable monomers in the gas or vapor 
phase. For example, the photolysis of 5 torr of ben- 
zaldehyde in a Pyrex reactor with the filtered light (0.5 
cm of 1 M  CuSO j  of a Philips HP 125 medium-pressure 
Hg lamp for 30 min produces a polymeric film which was 
still active as a photosensitizer after more than 50 hr of 
service. This film does not have the same photo
chemical properties as benzaldehyde {vide infra) in 
sharp contrast to the polyvinylphenyl ketone sensitizer 
described by Leermakers and James1 which seems to 
have approximately the same photochemical properties 
as the parent phenylvinyl ketone.

Control experiments performed before deposition of 
the polymeric film in the reactor showed that the 
dienes were totally unaffected by the light entering the 
cell; further blank experiments at 50° in the presence 
of the film for 24 hr indicated the total absence of dark 
reactions. Photodimerization of 1,3-cyclohexadiene, 
slower photodimerization of piperylene, and rapid cis- 
trans isomerization of the piperylenes were observed in 
the presence of the polymeric film. With either cis- or 
fr<ms-l,3-pentadiene as starting material a photosta- 
tionary trans/cis ratio of 4:1 was obtained after several 
hours irradiation. This ratio, much larger than that 
obtained in the liquid phase photosensitization of 
piperylene by benzaldehyde (triplet energy = 72 kcal/ 
mol, ratio = 1.23),2 suggests from the correlation of 
Hammond, Turro, and Leermakers2 that the triplet 
energy of the polymeric films is 55 ±  5 kcal/mol. 
This latter result is substantiated by the fact that the 
polymeric film does not sensitize dimerization of cis- 
trans isomerization of 1 ,2-dichloroethylene8 where the 
triplet energy is ~70  kcal/mol.4

The present results clearly indicate the practicability 
of photosensitization of molecules in the vapor phase

(1) P . A . L e e rm ak e rs  a n d  F . C . J a m e s , J .  Org. C hem ., 32 , 2898 (1967).
(2) G . S. H a m m o n d , N . J .  T u rro , a n d  P . A . L eerm ak e rs, J .  P h y s . Chem ., 

66, 1144 (1962).
(3) T w o  s e ts  of ex p e rim en ts  w ere  ca rr ie d  o u t  w ith  in i t ia l  c is / tr a n s  ra t io s  

o f 2 .5 :1  a n d  7 :1 ,  re sp ec tiv e ly . T h e se  s ta r t in g  ra t io s  a re  s im ila r to  th e  
p h o to s ta tio n a ry  s ta te s  fo u n d  b y  H am m o n d , et a l.,2 fo r a c e to p h e n o n e  (E  
t r ip le t  =  74 k c a l/m o l, c is / tr a n s  r a t io  =  3 .1 :1 )  a n d  fo r  b e n z o p h en o n e  (E  
t r ip le t  =  70 k c a l/m o l, c is /tra n s  r a t io  =  4 .5 :1 )  p h o to s e n s it iz a tio n s  of th e  
d ic h lo ro e th y len es  in  th e  liq u id  p h ase . T h e  u se  of tw o  d iffe re n t c is / tr a n s  
ra t io s  e lim in a te s  th e  p o ss ib ili ty  t h a t  o n e  m a y  b e  th e  p h o to s ta t io n a ry  s ta te .

(4) G . N . Lew is a n d  M . K a s h a , J .  A m er . C hem . Soc., 66 , 2100 (1944).
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by thin polymeric films. The formation and properties 
of such films are under investigation.6

Registry No.—1,3-Cyclohexadiene, 592-57-4; as-1,3- 
pentadiene, 1574-41-0; trans- 1,3-pentadiene, 2004-70-8.
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During the course of work directed toward the syn
thesis of pentalene derivatives, we undertook the in
vestigation of dibenzopentalenoquinone, 1. Brand2 
has previously described attempts to prepare 1 via 
hydrolysis of the derivatives 2 and 3, oxidation of 4 
with selenium dioxide, and dehydrobromination of 5 
(Scheme I). In each case a good yield of the red 
trione 6 was obtained. This multicyclic trione.appears 
to arise from a self-condensation (Diels-Alder) of 1 
followed by aromatization by ejection of carbon mon
oxide, a product identified by Brand.2 This sequence of 
steps is typical of the self-condensation reactions which 
cyclopentadienones undergo.3

Of special interest is the dehydrobromination of the 
bromodione 5 with pyridine. In this reaction a tran
sient violet color is observed2 which we find is due to a 
broad visible absorption peak centering at 550-560 
m/i. This absorption is replaced in about 10 min by 
that of 6 at 457 m /i. If the absorption at 550-560 
m¡x is due to the presence of 1 then it should be pos
sible to prevent its buildup by trapping 1 with a re
active diene before the formation of the self-Diels- 
Alder product. This has proven to be the case. No 
violet color was observed when the dehydrobromination 
of 5 was carried out in the presence of excess furan. 
From the pale yellow reaction mixture was isolated a 
new compound, C20H12O3, plus a trace of the trione 6. 
To C20H 12O3 the structure 7, a Diels-Alder adduct of 1 
and furan, has been assigned on the basis of elemental 
analysis, molecular weight, and spectroscopic prop
erties. The infrared spectrum of 7 exhibits a conju
gated carbonyl at 1701 cm-1 and an aromatic C=C 
at 1592 cm“ 1. The nmr spectrum consists of a com
plex multiplet at r 1.9-2.8 (8 H, aromatic), an AB 
quartet centered at r 3.71 (./ = 6 cps), each member of

(1) T o  w hom  in q u ire s  m a y  b e  a d d re sse d : D e p a r tm e n t of C h em is try ,
M ich ig an  S ta te  U n iv e rs ity .

(2) K . B ra n d , Chem . B er., 69, 2504 (1936).
(3) C . F . H . A llen, C hem . Rev., 62, 653 (1962); M . A . O glia ruso , M . G . 

R om anelli, a n d  E . I .  B ecker, ib id ., 65, 261 (1965).

S c h e m e  i

1, R =0
2 ,0  equals NOH

which is further split by 1.8 cps (2 H, olefinic), and 
two singlets at t 4.85 and 4.55, each member being split 
into an unsymmetrical quartet (J  = 1.8 and 0.3 cps).

A few degrees above its melting point 7 undergoes 
rapid decomposition accompanied by vigorous evolu
tion of gases to form pure trione 6. Presumably, a 
retro-Diels-Alder reaction takes place with the for
mation of gaseous furan and 1 . The latter instantly 
dimerizes cleaving carbon monoxide to form 6. The 
generation of 1 in the presence of thiophene gave only 
high yields of 6.

Although dibenzopentalenoquinone itself cannot be 
isolated, two simple derivatives of it, the bisoxime, 2, 
and the bis(dimethylaminoanil), 3, have been reported.2 
We have now found that the tetracyanodimethan de
rivative, 8, is also stable showing no tendency to undergo 
either dimerization or polymerization. The prep
aration of 8 involves first the formation of the dihydro 
derivative 9 by condensing the readily prepared dione 
4 with malononitrile (Scheme II). Then oxidation of 
9 with N-bromosuccinimide afforded 8, a nearly black, 
sparsely soluble crystalline solid. The infrared spec
trum of 8 verified the presence of C =N  (2225 cm-1), 
aromatic C=C  (1592 cm-1), conjugated C =C  (1570 
cm-1), and 1,2-disubstituted benzene (768 cm“ 1). 
The electronic absorption spectrum has two bands 
in the visible, one at 705 m/i which tails extensively 
into the near-infrared region, and one at 420 m /i.
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S c h e m e  II

C ^ C N  CN^CN

1L

In addition there are four absorption bands in the 
ultraviolet region at 343, 302, 291, and 273 m,u. Polaro- 
graphic reduction of 8 in acetonitrile showed three 
half-wave potentials at +0.099, and —0.3 V corre
sponding to two one-electron reductions and +0.9 V 
corresponding to a two-electron reduction. The first 
step apparently gives a radical anion, while the second 
step gives the dianion. The third step requires the 
uptake of four electrons to give the tetraanion. This 
tetraanion would be somewhat more stable than ex
pected for a molecule containing four extra electrons 
since two electrons would be delocalized in the two 
dicyanomethyl substituents and the other two elec
trons would convert the dibenzopentalene moiety into 
an IS 7r-electron aromatic system. If the first reduc
tion potential is a measure of ir acidity, then 8 is a 
slightly weaker 7r acid then tetracyanoquinodimethan 
(+0.127 V).4

As anticipated from its high oxidation-reduction 
potential, 8 readily undergoes chemical reduction by 
mild reducing agents such as iodide to given radical- 
anionic salts. These reactions are quite like those 
found for a large number of dicyanomethylene com
pounds.5 While these radical-anionic salts can be 
made in solution the limited solubility of 8 has pre
vented isolation of pure salts using procedures previ
ously described.6 However, it has been possible to 
prepare a tetrabutylammonium radical-anionic salt 
11 by fusing together w-Bu4N+I~ and 8. The re
sulting purple-black solid analyzes for (Bu4N)2(C22H8- 
N4)3.6 The esr spectrum of solid 11 show a single 
sharp line (g = 2.00357) indicating the radical nature 
of the anion in this salt. The solution esr spectra 
have been somewhat anomolous and thus a detailed 
structural assignment cannot yet be made.

The infrared spectrum of 11  showed a weak C =N  
at 2180 cm-1, an aromatic C=C at 1942 cm-1, and
I, 2-disubstituted benzene at 736 cm“ 1. However, the 
most unusual aspect of the infrared spectrum of 11

(4) D . S. A cker a n d  W . R . H e r tle r ,  J .  A m er. C hem . Soc ., 84, 3370 
(1962).

(5) (a) L . R . M e lb y , R . J . H a rd e r , W . R . H e rtle r , W . M ah le r, R . E .
B enson , a n d  W . E . M ochel, ib id ., 84 , 3374 (1962); (b) J .  D iek m an , W . R . 
H e r t l e r / a n d  R . E . B enson , J .  Org. Chem ., 28, 2719 (1963); (c) T . K . 
M u k h e r je e  a n d  L . A. L ev asseu r, ib id ., 30, 644 (1965); (d) S. C h a tte r je e ,
J .  Chem . Soc., Sect. B , 1170 (1967).

(6) T h is  sam e  s to ic h io m e try  (ca tio n )a (ra d ica l a n io n ) 2 - (n e u tra l  m olecule) 
w as p rev io u sly  o b se rv ed  in  th e  ce sium  a n d  m o rp h o lin iu m  ra d ic a l s a lts  of
te tra c y a n o q u in o d im e th a n .5b

is the rather strong, broad band with a maximum 
centering at about 3.5 y. This appears to be a very 
low energy electronic absorption. Electronic absorption 
bands in this region of the spectrum have previously 
been observed for the complex tetracyanoquinodi
methan salt of the type (M)2+ (TCNQ •- )2(TCNQ).5b 
The remaining electronic absorptions occur at 1130 and 
820 m/i in the near-infrared region, at 740, 594, 553, 
433, and 409 my in the visible region, and at 340, 327, 
292, and 274 niyu in the ultraviolet region. Such low- 
energy electronic transitions suggest that 11 may 
possess some unusual properties such as semiconduc
tivity. However, the very limited quantities of 11 
have so far prevented investigations along these lines.

Experimental Section

Melting points were made with a calibrated thermometer. 
Analyses were carried out by Mellon Institu te’s microanalytical 
laboratory and various commercial laboratories. Infrared spectra 
were obtained on a PE-21 or PE-237, electronic spectra on a Cary 
14, and nmr spectra on an A-60 spectrometer using DCC13 as sol
vent and TMS as internal standard.

4b-Bromo-4b,5,9b,10-tetrahydroindeno[2.1-a]indenedione
(5).—A mixture of 7.0 g of 4 ,7 5.4 g of N-bromosuceinimide, and 
180 ml of CCU was refluxed for 2 hr. A catalytic amount of 
benzoyl peroxide was then added and refluxing continued for 20 
hr. The succinimide was filtered off and the CCI4 evaporated. 
The residue was crystallized from methanol, affording 6.1 g (65%) 
of 5, a white crystalline solid, mp 139-141°. Recrystallization 
from methanol gave a purer product, mp 142-144° (lit.2mp 147°).

Adduct of I and Furan (7).—To a stirred mixture of 3.0 g of 
5, 13 ml of furan, and 25 ml of absolute ethanol was added, over 
75 min, 2 g of pyridine. After 3 hr the reaction mixture was 
freed of excess furan (rotary evaporator). The remaining solu
tion deposited 2.43 g of a white solid, mp 163-165°. Ilecrystal- 
lization from 95% ethanol gave 2.15 g (84%) of 7: mp 166-167°; 
ir (KBr) 1701 cm“ 1 (C = 0 ), 1592 (C =C ).

Anal. Calcd for C.0H 12O3: C, 79.99; H, 4.03. Found: C,
79.92; H, 3.95.

From reaction mixture mother liquor, 40 mg (1.7%) of a bright 
red crystalline solid was isolated. This material is identical with 
the red crystalline product obtained in 74% yield from the Se02 
oxidation of 4 and in 86% yield from the dehydrobromination 
of 5 with pyridine using Brand’s2 procedure. Recrystallization 
gave large, deep red prisms: mp 294-295° (lit.2 mp 284°); uv 
and visible Xma* (95% ETOH) 252 mM (<■ 3160), 270 (2690), 279 
(2510), 457 (145); ir (HCC13) 1715 cm“ 1 (C = 0 ), 1600 (C =C ).

Anal. Calcd for C3iH160 3: C, 85.31; II, 3.70; O, 11.00; 
mol wt, 436.4. Found: C, 85.23; H, 3.76; O, 11.50 mol wt, 
438 (osmometric).

5,10-Bis(dicyanomethylene)-4b,5,9b,10-tetrahydroindeno- 
[2 ,l-o]indene (9).-—A powdered mixture of 1 g of 4, 1 g of malono- 
nitrile, and 25 mg of (J-alanine was heated at 140° for 1 hr. The 
resulting semisolid was washed twice with water and twice with 
ether. The residue was dissolved in acetone and clarified with 
charcoal. Addition of water to this solution induced 0.325 g 
(28%) of crude 9 (mp 310-315°) to crystallize out. Recrystal
lization from acetone-water gave a white, analytical sample: 
mp 318-320°; uv Xmax (dioxane) shoulder 337 m^ (e 12,600), 
324 (15,900), shoulder 316 (15,500), shoulder 297 (12,100), 234
(11,000), shoulder 230 (10,600); ir (KBr) 2220 cm“ 1 (C = N ), 
1560 (C =C ), 765 (o-benzo).

Anal. Calcd for C22H 10N4: C, 79.99; H, 3.05; N, 16.96. 
Found: C, 80.17; H, 2.98; N, 17.02.

5,10-Bis(dicyanomethylene)-5,10-dihydroindeno [2 , l-o] indene
(8).—To a chilled ( — 20°) mixture of 500 mg of 9 and 670 mg of 
N-bromosuccinimide in 10 ml of acetonitrile was added over 0.5 
hr a solution of 320 mg of pyridine in 5 ml of ether. After stirring 
for 72 hr at 25° the mixture was filtered, affording 360 mg (72%) 
of crude 8, mp 317-320°. Recrystallization from chlorobenzene 
results in the recovery of about 60% of analytically pure 8 as 
nearly black crystals: mp 333-335° (evacuated tube); electronic 
spectrum Xmax (dichloroethane) 273 m/i (e 68,600), 291 (23,400),

(7) A . C . C ope a n d  S. W . F e n to n , J .  A m er . Chem . Soc ., 73, 1672 (1951).
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302 (2 4 ,4 0 0 ), 343 (1 5 ,9 0 0 ), 420 (1 7 ,2 0 0 ), 706 (61); ir  (N u jo l)  
2230 c m " 1 ( C = N ) ,  1595, 1572 ( C = C ) ,  760 (o -benzo).

A n a l.  C a lc d  fo r  C 22H SN 4: C , 80 .48 ; I I ,  2 .4 6 ; N , 17 .05 . 
F o u n d : C , 8 0 .33 ; H , 2 .4 3 ; N ,  17 .03 .

T h e  p o la ra g ra p h  w as c a rried  o u t  in  a  0.1 M  LiClCfi so lu tio n  of 
a ce to n itr ile  a n d  w as m ea su re d  a g a in s t  a  s a tu r a te d  calom el e lec
tro d e .

Synthesis of the Radical Salt 11.— U n d e r  a n  a tm o sp h e re  of N 2 
a  m ix tu re  of 50 m g  of 8 a n d  250 m g  of te t r a -n -b u ty la m m o n iu m  
iod ide  w ere  fused  a t  115°. A f te r  10 m in  th e  m e lt w as cooled  an d  
w as e x tra c te d  w ith  fo u r  15-m l p o r t io n s  of b e n ze n e . T h e  re s id u e  
w as d isso lved  in  te t r a h y d ro fu ra n .  A fte r  f ilte r in g  of th is  so lu tio n , 
e th e r  w as a d d ed  g iv in g  40 m g  of a  p u rp lish  b la c k  p re c ip ita te .  
T h is  p re c ip ita te  w as re c ry s ta lliz e d  fro m  te t r a h y d r o f u r a n - e th e r  
affo rd in g  7 m g  of a n a ly tic a lly  p u re  p u rp le -b la c k  p o w d e r, 11, m p 
19 7 -1 9 9 °. T h e  o rig in a l b en zen e  e x tra c t  a ffo rd ed , a f te r  co n cen 
t r a t io n  a n d  f ra c tio n a l  c ry s ta l l iz a tio n , a n o th e r  8 m g  of less p u re  
11: m p  1 9 6 -2 0 0 °; e le c tro n ic  sp e c tru m , Xmax (ch lo ro fo rm ) 274 
my. (e 134 ,200), 292 (1 0 9 ,200), 328 (3 7 ,5 0 0 ), 341 (3 9 ,2 6 0 ), 409 
(2 2 ,3 8 0 ), 433 (1 9 ,8 2 0 ), 553 (2 8 ,1 5 0 ), 594 (5 5 ,2 0 0 ), 740 (1 5 ,5 2 0 ), 
820 (22 ,500), 1130 (2520), a n d  a b o u t  3 .5  n  (in  K B r ) ;  ir  (K B r)  
2180 ( C = N ) ,  1580 ( C = C ) ,  736 c m - 1.

A n a l.  C a lcd  fo r  C mH qsN u : C , 80 .08 ; H , 6 .58 ; N ,  13.34. 
F o u n d : C , 7 9 .62 ; H , 6 .3 1 ; N , 13 .58 .

Registry No.—1, 16408-95-0; 6, 16408-96-1; 7, 16408-
97-2; 8 ,16408-98-3; 9 ,16408-99-4; 11, 12259-94-8.

Acknowledgment.—We wish to thank Dr. R. Nichol
son (Michigan State University) for the polarographic 
determination and Dr. P. Manoharan (Michigan State 
University) for the esr results.
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The occurrence of a 1,2-alkyl shift in a hydrocarbon 
monoradical has not been demonstrated.1 We have 
unsuccessfully approached this problem by attempting 
to use the relief of ring strain accompanying ring ex
pansion of the cyclobutylcarbinyl to the cyclopentyl 
radical as a driving force for such a rearrangement. 
The exothermicity of this reaction, estimated2 to be 
about 25 kcal/mol, is very much larger than the 7 kcal/ 
mol available in previously studied neopentyl systems. 
Also, if products resulting from reaction of the cyclo
pentyl radical4 5 had been observed, it would have been 
unlikely that they formed by fragmentation to the 4- 
penten-l-yl radical followed by cyclization to the 
cyclopentyl radical6’6 since reaction of CH2=C H -

(1) F o r  rev iew s, see  C . W a llin g  in  “ M o lecu la r R e a rra n g e m e n ts ,” P . de 
M ay o , E d ., In te rsc ie n c e  P u b lish e rs , In c .,  N ew  Y ork , N . Y ., 1963, p  407, 
a n d  R . K h . F re id l in a  in  “ A d v an ces  in  F re e -R a d ic a l C h e m is try ,”  Vol. I , 
G . H . W illiam s, E d ., A cadem ic  P ress  In c .,  N ew  Y ork , N . Y ., 1965, p  211.

(2) C a lcu la ted  a ssu m in g  t h a t  D (c y c lo b u ty lc a rb in y l-H )  =  D (C H 3- 
C H 2C H 2- H )  a n d  using  k n o w n 3 v a lu es  of th e  h e a t of fo rm a tio n  o f c y c lo b u tan e , 
c y c lo p en ta n e , H  •, a n d  th e  cy c lo p e n ty l a n d  n -p ro p y l rad ica ls .

(3) S. W . B enson , J .  Chem . E duc., 42 , 502 (1965).
(4) L . K a p la n , J .  Org. Chem ., 32 , 4059 (1967).
(5) I n  th e  co u rse  of a  s tu d y  of r ing -s ize  effec ts in  th e  n eo p h y l re a rra n g e 

m e n t, W ilt  o b se rv ed  th e  fo rm a tio n  of som e p h en y lc y c lo p e n ta n e  a n d  1- 
p h en y lcy c lo p e n ten e  in  th e  d ec a rb o n y la tio n  o f ( l-p h e n y lc y c lo b u ty l)a c e ta l-  
d eh y d e  a n d  p re se n te d  a rg u m e n ts  w h ich  he fe lt s u p p o r te d  a n  e l im in a tio n -  
a d d itio n  m e ch an ism .6

(6) J .  W . W ilt, L . L . M a ra v e tz , a n d  J .  F . Z aw ad zk i, J .  Org. Chem ., 31 , 3018
(1966).

(CH2)3I with benzoyl or di-(-butyl peroxide in benzene 
does not yield any detectable cyclopentane, cyclo- 
pentene, cyclopentyl benzoate, or cyclopentylbenzene, 
all of which are formed to a significant extent when 
cyclopentyl iodide is allowed to react under the same 
conditions.4

Reaction of cyclobutylcarbinyl iodide (I) at room 
temperature and cyclobutylcarbinyl chloride (II)7 7 8 9 10 11 12 13 
at 148° with triphenyltin hydride in benzene resulted 
in formation of methylcyclobutane (III) with no de
tectable cyclopentane.

Reaction of I, which is thermally stable at all 
temperatures used, with approximately equimolar 
amounts of benzoyl peroxide (114 and 76°) or di-i- 
butyl peroxide (167 and 133°) in benzene yielded com
plex mixtures of products which contained no detect
able cyclopentane or cyclopentene. Use of only 5 
mol % peroxide revealed the reason for the failure of 
our approach. With both peroxides, a 2 :1  mixture of
5-iodo-l-pentene and I resulted. Thus, I apparently 
opened to 5-iodo-l-pentene in a radical-chain process 
by way of the cyclobutylcarbinyl and 4-penten-l-yl 
radicals. We estimate8 the cyclobutylcarbinyl radical

4-penten-l-yl radical fragmentation to be less 
favorable than rearrangement to cyclopentyl radical 
by about 19 kcal/mol in AH and about 15 kcal/mol in 
A F .

The complete trapping, before fragmentation, of 
the cyclobutylcarbinyl radical by Ph3SnH is in accord 
with our earlier conclusion that Ph3SnH is a very 
good radical-trapping agent.9

Experimental Section

B en zen e , c y c lo p en ta n e , c y c lo p e n te n e , b en zo y l p e ro x id e , di- 
/ -b u ty l p e ro x id e , 5 -c h lo ro - l-p e n te n e , c y c lo p e n ty l c h lo rid e , an d  
c y c lo p en ty l iod ide  w ere  co m m erc ia l m a te r ia ls .

C y c lo b u ty lc a rb in y l c h lo rid e ,10 tr ip h e n y l t in  h y d r id e ,11 a n d  5- 
io d o - l-p e n te n e 12 w ere  p re p a re d  b y  use  of l i te ra tu re  p ro c ed u re s .

C y c lo b u ty lc a rb in y l iod ide  w as p re p a re d  b y  use  of a  p ro c e d u re  
r e p o rte d  fo r  cy c lo p ro p y lc a rb in y l io d id e .13 C y c lo b u ty lc a rb in y l 
ch lo rid e  (1 .06  g, 0 .010  m o l) a n d  1.5 g (0 .010  m o l) of so d iu m  
iod ide  w ere refluxed  in  7 .5  m l of a c e to n e  fo r 17 h r .  T h e  re s u l t 
in g  m ix tu re  w as filte red  a n d  th e  so lv e n t re m o v e d  fro m  th e  f i lt ra te .  
E th e r  w as a d d e d  to  th e  h e te ro g en e o u s  re s id u e  a n d  th e n  rem o v ed  
fro m  th e  re su ltin g  liq u id  p h a se . C y c lo b u ty lc a rb in y l io d id e  w as 
o b ta in e d  fro m  th e  liq u id  re s id u e  b y  se p a ra tio n  fro m  u n re a c te d  
ch lo ride  b y  use of p re p a ra tiv e  gas c h ro m a to g ra p h y . I t ,  as d id  
th e  c y c lo b u ty lc a rb in y l ch lo ride  p re p a re d  as in d ic a te d  a b o v e , con
ta in e d  no  d e te c ta b le  a m o u n t of th e  c y c lo p en ty l iso m er. I t s  n m r 
sp e c tru m  (CC14) c o n sisted  of a  m u lt ip le t  a t  r  6 .8  (2 H )  an d  com 
p lex  a b so rp tio n  b e tw ee n  r  7 .0  a n d  8 .6  (7 H ) .

A n a l.  C a lcd  fo r  C 5I I 9I :  C , 3 0 .6 4 ; I I ,  4 .6 3 ; I ,  6 4 .73 . 
F o u n d : C , 30 .72; H , 4 .56 ; 1 ,6 4 .8 9 .

(7) R e a c tio n  of I I  w ith  P h sS n H  a t  148° re s u lte d  in  th e  g ra d u a l ac c u m u la 
t io n  of I I I  ov er a  p e rio d  of a b o u t  28 h r. A t th is  p o in t th e  re m a in in g  I I  w as 
v e ry  ra p id ly  co n v e rte d  in to  cy c lo p en ten e . W hen  th e  re a c tio n  w as ru n  fo r 
20 m in  a t  205°, th e  e ssen tia lly  exc lusive  p ro d u c t  w as cy c lo p en te n e . 5- 
C h lo ro - l-p e n te n e  d id  n o t g ive  cy c lo p en te n e  u n d e r  th e se  co n d itio n s . A t 
b o th  te m p e ra tu re s , th e  fina l re a c tio n  m ix tu re  w as hete ro g en eo u s. T h e  
p re c ip ita te d  g ra y  so lid  w as fo u n d  to  c o n v e rt  I I  in to  a  m ix tu re  o f cy c lo p en ten e  
a n d  cy c lo p en ty l ch lo rid e  u n d e r  th e  re a c tio n  co n d itio n s .

(8) C a lc u la te d  a ssu m in g  t h a t  D (C H 2= :C H C H 2C H 2C H 2- H )  =  D (C H 3- 
C H 2C H 2- H )  a n d  u sing  k n o w n 3 v a lu es  of th e  th e rm o d y n a m ic  p a ra m e te rs  of 
c y c lo p en ta n e , 1 -pen tene , H  •, a n d  th e  cy c lo p e n ty l a n d  n -p ro p y l rad ica ls .

(9) L . K ap la n , J .  A m er. Chem . Soc., 88, 4531 (1966).
(10) I i .  G . R ich ey , J r . ,  a n d  E . A . H ill, J .  Org. C hem ., 29 , 421 (1964).
(11) H . G._ K u iv ila  a n d  O. F . B eum el, J r . ,  J .  A m er. Chem . Soc., 83 , 1246 

(1961).
(12) T . D . P e rrin e , J .  Org. Chem ., 18, 1356 (1953).
(13) P . T . L a n sb u ry , V. A . P a tt is o n , W . A . C le m en t, a n d  J .  D . S id le r, 

J .  A m er. Chem . Soc., 86 , 2247 (1964).
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Registry No.—Cyclobutylcarbinyl radical, 16447-
31-7; cyclobutylcarbinyl iodide, 16408-62-1.
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In the synthesis of triethyl trans-1,2,3-tricyanocyclo- 
propane-l,2,3-tricarboxylate (I) by reaction of ethyl 
sodiocyanoacetate and ethyl bromocyanoacetate ac
cording to the general procedure of Felton,lb we ob
tained, in addition to I, two other compounds, so
dium l,2,3-tricyano-l,3-dicarbethoxypropenide (II) and 
diethyl 1,2,3 - tricyanocyclopropane-1,2 - dicarboxylate 
(Illa-c) (21 and 6% yield, respectively) (Chart I).

C h a r t  I
C02C2H5 C02C2H5 C02C2Hs CN 

1 1
-

f \  CN/i c— c = c Na+CN\j/ CN
1 1 1

co2c2h5 CN CN C02C2H5
I n

and 1.45 ppm (six protons, triplet). The two low-field 
signals are attributed to the ester methylene protons, 
the 3.58-ppm signal to the cyclopropyl proton,4 and the 
1.45-ppm triplet to the ester methyl protons. Ab
sorption bands in the infrared spectrum at 3.29 (cy
clopropyl C—H),6 5.73 (0 = 0 ), and 4.44 p (C=N) and 
elemental analysis also indicate structures Illa-c. The 
spectra are compatible with the structures Illa-c  for 
the cyclopropane derivative.

Regan6 has observed propenide formation in the 
reaction of diethyl 2,2,3,3-tetracyanocyclopropane-l,l- 
dicarboxylate with ammonia. It would appear that 
formation of compound II results from base-catalyzed 
ring opening of I and that this type of ring opening could 
be general for highly negatively substituted cyclopro
pane derivatives with at least one carbalkoxy group. 
These results are consistent with the initial involvement 
of a Haller-Bauer7 type of cleavage reaction. The 
transformations involved in the derivation of II and 
Illa-c  might be rationalized by initial formation of 
pentasubstituted cyclopropyl carbanion (V), which is 
formed by the elimination of diethyl cyanomalonate 
from intermediate IV, which, in turn, results from the 
nucleophilic addition of ethyl cyanoacetate anion to an 
electron-deficient ester carbonyl of I. Rearrangement 
of V would lead to the propenide (II) while proton 
capture would give Illa-c. This rationalization is sup-

IV

V + H+ —► ma-c

Compounds II and Illa-c  were characterized and 
identified as follows. The yellow salt II gave the cor
rect elemental analysis and was soluble in water and 
insoluble in nonpolar solvents. The infrared spectrum 
showed the presence of conjugated nitrile,2 exhibiting a 
strong, sharp absorption peak at 4.51 p and a less in
tense peak at 4.47 p. The absorption bands at 5.88 and 
6.78 p are assigned to C = 0  and C=C  stretching vibra
tions, respectively. The ultraviolet spectrum of II 
showed x££‘0H 425 mp (e 22,203) and 218 (13,192). 
These ultraviolet absorption features are similar to 
those reported for pentacyanopropenides.3

Assignment of structures Illa-c  is based primarily on 
analysis of spectral data. The proton nmr spectrum 
exhibited signals centered at S 4.55 (two protons, 
quartet), 4.54 (two protons, quartet), 3.58 (one proton),

ported by the fact that compound II and its potassium 
salt were formed upon treatment of I with ethyl sodio
cyanoacetate and potassium acetate in anhydrous 1 ,2- 
dimethoxyethane in 78 and 51% yield, respectively. 
Moreover, reaction of I with ethyl sodiocyanoacetate 
gave Illa-c  in 4-8% yield. On the other hand, the 
strongly basic sodium hydride gave an 11% yield of II 
and no cyclopropane product could be detected after 
1 week at room temperature. These products are 
identical with those isolated in the original reaction 
as evidenced by comparison of infrared and ultraviolet 
absorption spectra and mixture melting point determi
nations.

That the cyclopropane derivative (Illa-c) did not 
arise from a mechanism involving protonation of II was 
demonstrated by treating II with p-toluenesulfonic 
acid in ethanol. Only l,2,3-tricyano-l,3-dicarbethoxy-

(1) (a) A d d ress  c o rre sp o n d en c e  to  th e  a u th o r  a t  th e  U n io n  C a rb id e  
C o rp ., R e se a rc h  a n d  D e v e lo p m e n t D e p a r tm e n t, S o u th  C h a rle s to n , W . V a. 
(b ) D . G . I .  F e lto n , J .  Chem . Soc., 515 (1955).

(2) C . E .  L o o n e y  a n d  J .  R . D o w ning , J .  A m e r . Chem . Soc ., 80 , 2840 (1958).
(3) W . J .  M id d le to n , E . L . L i tt le , D . D . C o ffm an , a n d  V . A . E n g e lh a rd t,

ibid., 80, 2795 (1958).

(4) H . H a r t  a n d  F . F re e m a n , J .  Org. Chem ., 28 , 1220 (1963).
(5) L . J .  B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M o lecu les ,”  2 n d  

ed , J o h n  W iley  a n d  S ons, In e .,  N ew  Y o rk , N . Y ., 1958, p  18.
(6) T . H . R eg a n , J .  Org. Chem ., 27, 2236 (1962).
(7) F . J .  Im p a s ta to  a n d  H . M . W a lb o rsk y , J . A m er . C hem ., Soc ., 84 , 

4838 (1962).
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0 --H
H A O - c "  )c(CN)COAH5

> CN
NC CN

VI

propene (VI) was obtained. The structure of the acid
(VI) was confirmed by carbon and hydrogen analysis, 
molecular weight, and infrared and nmr spectral 
data. The nmr spectrum supports a cis configura
tion for VI which showed an extremely low-field 
absorption for the acidic proton at 8 14.65 ppm, char
acteristic for a hydrogen-bonded proton. Also, Drei- 
ding models indicated a steric preference for this cis 
configuration and a normal hydrogen-bond distance of
2.6 A for the C-H -0 bond in VI.8

The stability of Illa-c  under the alkaline conditions 
of the reaction is interesting and deserves comment. 
The yields of cyclic product from treatment of I with 
various bases indicate the formation of V and proton 
abstraction by V to be a function of the nucleophilicity 
and structure of the attacking reagent. A rationale 
for ring-strain relief and product resonance stabilization 
is provided by propenide formation. Probably the 
latter accounts for the irreversibility of the cyclopro
pane forming reaction. Dreiding stereo models suggest 
no driving force for the rearrangement of V owing to 
steric interaction of the carbethoxy groups. In con
trast to the reported6 steric interference existing in 
ammonium l,l,3,3-tetracyano-2-carbethoxypropenide 
no steric effects were observed in models of II. In 
view of the known double-bond character of cyclopro
panes9 the stability of V must be attributed to its simi
larity to a carbanion formed at a trigonal carbon atom 
through delocalization of its charge by interaction with 
the a-cyano group.10

On mechanistic grounds it appears reasonable that 
the cyclopropane product be assigned the configuration 
as shown by Ilia . This would be expected from attack 
by base on the least hindered carbethoxy group of I 
followed by proton capture. On the other hand, isom
erization of the intermediate carbanion V would be 
expected to lead to the thermodynamically stable 
isomer, Illb. Indeed, Walborsky10 has shown that the 
energy barrier for the inversion of a a-cyano cyclo
propane carbanion in aprotic solvents is lower than ex
pected and that racemization occurs readily.

The nmr spectrum agrees with the proposed structure 
Illb . In addition to the cyclopropyl proton, the nmr 
spectrum showed two equivalent carbethoxy methyl 
groups and a quartet due to the methylenic protons of 
the ester which under resolution were discernible as two 
quadruplets. On the other hand, the nonequivalency 
of the ester groups of starting trails I is clearly shown by 
its nmr spectrum which exhibited two overlapping 
quadruplets centered at 5 4.47 and 4.54 ppm and two 
overlapping triplets centered at 8 1.40 and 1.45 ppm, 
each in a 2 :1  proton ratio, respectively. The assign
ment of configuration to Illa-c  with certainty must 
await the synthesis of all three isomers.

(8) G . C . P im e n te l a n d  A. L . M cC le llan , “ T h e  H y d ro g en  B o n d ,”  W . H . 
F re e m a n  a n d  C o., S an  F ran c isc o , C alif., 1960, p  283.

(9) M . Y u . L u k in a , R uss . Chem. Rev., 31 , 419 (1962).
(10) H . M . W a lb o rsk y  a n d  F . M . H o rn y a k , J .  A m er . Chem . Soc., 78 , 872 

(1956), a n d  re fe rences  th e re in .

In the course of investigating the reactions of I, forma
tion of the stable anion radical VII was observed. Treat-

ment of I with potassium iodide in acetone solution under 
an inert atmosphere proceeded with the liberation of 
iodine and gave an orange solution. Likewise, colored 
solutions were obtained when potassium cyanide and 
triethylamine were used in the reaction. Anion radical 
formation in these reactions was substantiated by ex
amination of an esr spectrum of the electrolytic reduc
tion product of I with n-Bu4N +C104~ as the electrolyte 
in acetonitrile. A spectrum consistent with the cyclo
propane structure VII was obtained with aN = 0.70, 
an = 1.48 Oe, and g = 2.0033. In contrast to I, cis- 
and fr<ros-l,2,3-tricyanocyclopropanes failed to oxidize 
potassium iodide, cyanide ion, and triethylamine and to 
undergo electrolytic reduction under the conditions 
described for I.

The observed influence of substituents on anion rad
ical formation of cyclopropane derivatives is of signifi
cance in view of the current confusion that exists in the 
literature concerning anion radical existence of the 
parent cyclopropane.11

Experimental Section12

Reaction of Ethyl Sodiocyanoacetate and Ethyl Bromocyano- 
acetate.—The reaction was carried out by a modification of the 
procedure of Fenton.lb To a suspension of 2.0 mol of ethyl sodio
cyanoacetate [prepared by adding 226 g (2.0 mol) of ethyl cyano- 
acetate in 500 ml of anhydrous 1,2-dimethoxyethane (glyme) to a 
suspension of 90 g (2.0 mol) of 50% sodium hydride disper
sion in mineral oil in 1 1 . of anhydrous glyme a t 5°] was added 
160 g (1.0 mol) of liquid bromine a t —60 to —70° during 1.5 hr. 
When the addition was complete, the reaction mixture was held 
a t room temperature overnight. The reaction mixture was 
filtered to remove sodium bromide, and the filtrate was concen
trated under reduced pressure to a yellow oil. The oil was 
washed with two 50-ml portions of petroleum ether (bp 35-60°) 
and the solvent discarded. The semisolid was filtered to give
57.0 g (51%) of crude colorless triethyl frares-l,2,3-tricyanocyclo- 
propane-l,2,3-tricarboxylate (I). Recrystallization from ethanol 
afforded 45.7 g (41%) of pure product, mp 119-120° (lit.lb mp 
122-123°). A mixture melting point with an authentic sample of 
I prepared by the reaction of ethyl bromocyanoacetate and potas
sium acetate in anhydrous glyme13'14 showed no depression,
119-120°.

Anal. Calcd for C15H 15N3O6: C, 54.05; H, 4.54; N, 12.61. 
Found: C, 54.19; H, 4.64; N, 12.72.

The infrared absorption spectrum was consistent with that 
reported for I .15 There is a very weak absorption a t 4.43 
attributable to nitrile and a t 5.68 ¿1 for carbonyl.

The filtrate, a yellow oil, was extracted with two 50-ml por
tions of water. The combined water layers were evaporated to 
dryness to give 20 g (2 1%) of crude yellow product. Recrystal

(11) (a) F . G erson , E . H e ilb ro n n ers , a n d  J . H e in zer, Tetrahedron Lett., 
2095 (1966); (b) K . W . B ow ers, G . J .  N olfi, J r . ,  T . H . L ow ry , a n d  F . D . 
G reene, ib id ., 4063 (1966).

(12) M e ltin g  p o in ts  a r e  u n co rrec ted . I n f ra re d  sp e c tra  w ere  o b ta in e d  on 
a  P e rk in -E lm e r M o d el 21, u lt ra v io le t  on  a  C a ry  M o d el 14, a n d  n m r  sp ec tra  
on  a  V a ria n  A ssocia te s  60 -M c h ig h -re so lu tio n  s p e c tro m e te r . N m r sp e c tra  
w ere  o b ta in e d  in  d eu te rio ch lo ro fo rm  u sing  te tr a m e th y ls ila n e  as  in te rn a l 
s ta n d a rd .

(13) G . W . G riffin  a n d  L. I. P e te rso n , J .  Org. Chem ., 28 , 3219 (1963).
(14) T . S ad eh  a n d  A. B erge r, B u ll. R es. Council Israe l, 7A ,  98 (1958).
(15) D . G . I .  F e lto n  a n d  S. F . D . O rr, J .  Chem. Soc ., 2170 (1955).
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lization from ethanol-ether gave 8.0 g (9%) of bright yellow 
salt, sodium l,2,3~tricyano-l,3-dicarbethoxypropenide (II), mp 
241-246° dec. An analytic sample was prepared by recrystalliza
tion from ethanol, mp 299-300° dec.

Anal. Calcd for C12HI0NaN3O4: C, 50.89; H, 3.56; N,
14.84. Found: C, 50.71; H, 3.80; N, 14.51.

The water-insoluble oil crystallized on standing 1 week. The 
solid was washed with ether and dried: yield 5.0 g (6%) of 
crude, colorless diethyl l,2,3-tricyanocyclopropane-l,2-dicarbox- 
ylate (Illa-c), mp 109-111°. Recrystallization from ethanol 
gave 4.1 g (5%) of pure I lla -c , mp 118-119°. A mixture melting 
point with I  was depressed, 100-104°.

Anal. Calcd for Ci2H„N30 4: C, 55.17; H, 4.24; N, 16.09. 
Found: C, 55.15; H, 4.48; N, 15.78.

Reaction of Triethyl ira?is-l,2,3-Tricyanocyclopropar.e-l,2,3- 
tricarboxylate (I) with Potassium Acetate.—Powdered anhydrous 
potassium acetate (3.0 g, 0.03 mol) was added to a solution of 
triethyl ir<ms-l,2,3-tricyanocyclopropane-l,2,3-tricarboxylate in 
300 ml of anhydrous glyme a t 23°. The mixture was stirred for 
2 days a t room temperature and then evaporated to dryness under 
reduced pressure. The residue was recrystallized from 95% 
ethanol to give 4.6 g (51%) of yellow potassium 1,2,3-tricyano-
1,3-dicarbethoxypropenide, mp 244-246° dec.

Anal. Calcd for C12H10KN3O4: C, 48.15; H, 3.37; K, 13.06; 
N, 14.04. Found: C, 47.96; H, 3.65; K, 13.30; N, 13.90.

The infrared absorption spectrum revealed bands a t 4.54 
(s) and 4.49 (w) attributable to conjugated nitrile, 5.87 (C = 0 ), 
and 6.78 y (C =C ). The ultraviolet spectrum showed absorption 
a t A“  425 mM {<■ 22,806) and 218 (13,678).

Reaction of Triethyl fra»s-l,2,3-Tricyanocyclopropane-l,2,3- 
tricarboxylate (I) with Ethyl Sodiocyanoacetate.—A suspension 
of ethyl sodiocyanoacetate (0.03 mol) in anhydrous glyme was 
prepared by adding 3.4 g (0.03 mol) of ethyl cyanoacetate to a 
mixture of 1.4 g (0.03 mol) of sodium hydride (as a 50% disper
sion in mineral oil) in 200 ml of anhydrous glyme a t 10°. The 
mixture was stirred and warmed at 30° until the theoretical 
amount of hydrogen gas had evolved. Triethyl ¿rcms-1,2,3- 
tricyanocyclopropane-l,2,3-tricarboxylate (I, 10.0 g, 0.03 mol) 
in 150 ml of anhydrous glyme was added at 5-10° during 40 min. 
After stirring overnight at room temperature, the solvent was 
evaporated under reduced pressure, and the red oil (approxi
mately 30 ml) was shaken with three 100-ml portions of ether and 
the combined ether washings were saved. The precipitated 
solid, from treatment with ether, was dissolved in warm water 
and filtered (in several experiments some unreacted I was re
covered at this point) and the filtrate evaporated to dryness. 
Recrystallization of the residue from ethanol gave sodium 1,2,3- 
tricyano-l,3-dicarbethoxypropenide (II): yield 6.6 g (78%), 
mp 295° dec. A mixture melting point and comparison of in
frared spectra with authentic II  showed them to be identical.

The ether washings were evaporated to give a mixture of 
orange oil and solid. The solid was collected by filtration, washed 
with cold ethanol and ether, and dried: yield 1.1-g (11%) recovery 
of starting cyclopropane I, mp 120-122°; mixture melting point 
with authentic I, 120.5-122°. (I was recovered in yields up to 
14% in one experiment.)

The red oily filtrate was washed with water and then allowed 
to stand a t room temperature for 1 week. During this time a 
white solid crystallized. The product solid was separated from 
the mineral oil by filtration, washed with cold ethanol and 
ether, and dried: yield 0.6 g (8%) of diethyl 1,2,3-tricyanocyclo- 
propane-l,2-dicarboxylate (Illa-c), mp 114-116°. Recrystal
lization from ethanol raised the melting point to 117-119°. 
Mixture melting point with starting cyclopropane I was depressed,
99.5-104°. Mixture melting point with authentic I l la -c  was 
not depressed, 118-119°. An infrared spectrum was identical 
with that of authentic I lla -c . In three experiments yields of 
I l la -c  ranged from 4 to 8%.

Reaction of Sodium l,2,3-Tricyano-l,3-dicarbethoxypropenide 
(II) with p-Toluenesulfonic Acid.—A solution of 2.68 g (0.014 
mol) of p-toluenesulfonic acid in 150 ml of absolute ethanol was 
added to 4.0 g (0.014 mol) of sodium l,2,3-tricyano-l,3-dicarb- 
ethoxypropenide (II) in 100 ml of absolute ethanol all a t one 
time, with swirling, and the mixture was allowed to stand for 
2 days. The red mixture was concentrated to a total volume of 
about 15 ml and filtered. The white solid which had been col
lected by filtration was washed with a small portion of cold 
ethanol and dried, yield 2.4 g. The solid product was then washed 
thoroughly with water to remove sodium p-toluenesuffonate 
and dried: yield 0.40 g (11%) of as-l,2,3-tricyano-l,3-di-

carbethoxypropene (VI). Recrystallization from ethanol gave 
0.30 g (8.2%) of white product, mp 149.5-151°.

Anal. Calcd for Ci2H„N30 4: C, 55.17; H, 4.24; N, 16.09; 
mol wt, 261. Found: C, 55.05; H, 4.24; N, 15.98; mol wt 
(cryoscopic method in DMSO), 245.

An infrared spectrum had absorption bands at 3.20 (C-II),
4.48 (CN), 5.95 (C = 0 ), and 6.05 /x (C =C ). The nmr spectrum 
showed two overlapping quadruplets (5 4.63 and 4.60 ppm, 
four protons) and two overlapping triplets (6 1.53 and 1.49 
ppm, six protons), in addition to acidic proton (5 14.65 ppm).

The filtrate from the original reaction mixture was evaporated 
to dryness to give an orange tacky residue. Various attem pts at 
isolating other reaction products were unsuccessful.

R e g is try  N o — I ,  16408-63-2; II, 12259-90-4; Ilia , 
16408-64-3; Illb , 16408-65-4; IIIc, 16408-66-5; VI, 
16408-67-6; potassium l,2,3-tricyano-l,3-dicarbethoxy- 
propenide, 12259-91-5.

A ckn o w le d g m e n t.—The author is deeply indebted to 
Dr. M. T. Jones of the Central Research Department 
for obtaining and interpreting the esr spectra.

Kinetics of Neutral and Alkaline Hydrolyses 
of Trimethylsulfonium and 

Benzylmethylphenylsulfonium Salts1 ■2

C . G a r d n e r  S w a i n , W .  D i c k i n s o n  B u r r o w s , 
a n d  B a r b a r a  J. S c h o w e n

Department of Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139
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N e u tra l H y d ro ly s e s .—The decomposition of neutral 
trimethylsulfonium halides in aqueous acetone3 or 
absolute ethanol4 is a second-order process involving 
nucleophilic displacement of dimethyl sulfide by the 
anion. In contrast, trimethylsulfonium salts incor
porating such relatively inert anions as perchlorate, 
picrate, and arenesulfonate have now been found to 
decompose in water solution by a first-order process. 
Seven different salts liberate acid at the same rate at 
158°, with no important change in rate accompanying 
a tenfold increase in anion concentration (Table I).

T a b l e  I
H y d r o l y s i s  o f  ( C H 3)3S X

C oncn , C oncn , T e m p , 105fcw,
X M  a t  25° A ddend M  a t  25° °C s e c “ 1

C104 0.0100 None 157.8 0.37
C104 0.0100 NaClOi 0.100 157.8 0.37
C104 0.0100 HC104 0.0100 157.8 0.39
o3s c 6h 5 0.0100 None 157.8 0.41
0 3SC6H4-p-CH3 0.0100 None 157.8 0.38
0 3SC6H4-p-Br 0.0100 None 157.8 0.36
0 3SC6H4-p-N02 0.0100 None 157.8 0.37
O3S-/3-C10H 9 0.0100 None 157.8 0.37
0C6H2-2,4,6-(N02)3 0.0100 None 157.8 0.37
C104 0.0100 None 138.0 0.055

(1) S u p p o rte d  in  p a r t  b y  th e  N a tio n a l S cience F o u n d a tio n  a n d  b y  th e  
N a tio n a l In s t i tu te s  of H ea lth .

(2) F o r  fu r th e r  d e ta ils  on  b e n z y lm e th y lp h en y lsu lfo n iu m  s a lts , see th e  
P h .D . T h esis  of B . J . Schow en , M a s sa c h u s e tts  I n s t i t u te  of T echn o lo g y , 
C am b rid g e , M ass., 1964.

(3) C . G . S w ain  a n d  L . E . K a ise r, J .  A m er. C hem . Soc., 80, 4089 (1958).
(4) E . D . H ughes , C . K . In g o ld , a n d  Y . P o ck e r, Chem . In d .  (L o n d o n ) , 

1282 (1959).
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The decomposition of trimethylsulfonium perchlorate 
or fluoroborate in 100% ethanol at 100° is likewise in
dependent of anion concentration.4 The simplest 
mechanism consistent with these results involves a 
nucleophilic attack on carbon by a solvent molecule, 
displacing dimethyl sulfide.

Ethanolysis is more rapid than hydrolysis. The rate 
constant for solvolysis of trimethylsulfonium per
chlorate in absolute ethanol solution at 100° is 17.8 X
10-8 sec- 1 ,3 compared to a hydrolysis constant /cw of 
0.81 X 10~8 sec-1 extrapolated to 100° by the Ar
rhenius equation. This 20-fold increase in rate of 
solvolysis contrasts with the 20,000-fold increase in 
rate of decomposition of trimethylsulfonium hydroxide 
on changing from water to ethanol.5 6

Hydrolytic rate constants for three benzylmethyl- 
phenylsulfonium tosylates are included in Table II.

T a b l e  II
N e u t r a l  a n d  A l k a l i n e  H y d r o l y s e s

o f  B e n z y l m e t h y l p h e n y l s u l f o n i u m  T o s y l a t e s  a t  60°
B enzylic

s u b s t itu e n t HDfcmo, se c -1
104fcOH. 

M ~ l  s e c -1 r* , A

p-CII3 2 .0 0  ±  0 .02 3 8 .8  ± 3 . 0 1 .1
H 0.2169  ±  0.0002 2 1 .9  ±  0 .2 0 .9
TO-C1 0 .1 4 0  ±  0.001 176 ±  3 0 .7

Alkaline Hydrolyses.—The decomposition of tri
methylsulfonium hydroxide, also studied at 158°, 
exhibits second-order kinetics and the strong negative 
salt effect typical of a reaction proceeding with charge 
destruction (Table III). An approximate value for

T a b l e  III
D e c o m p o s i t i o n  o f  (C H 3)jSOH

(C H 3) sS O H
conen , C onen , T e m p , kz, M  1

M  a t  25° A d d en d M  a t  25° °C sec - 1  a

0.0104 None 158.0 0.0117
0.00858 NaC104 0.100 158.0 0.0077
0.00846 NaCICh 0.082 158.0 0.0078

0.00840
NaOH
NaCICb

0.0175
0.082 158.0 0.0070

0.00957
(CH3)3SC104
None

0.0174
138.0 0.0014

“ Second-order rate constants are corrected by 9 and 7% for 
the thermal expansion of water a t 158 and 138°, respectively.

k2°, the second-order rate constant at zero ionic strength, 
may be calculated by means of the limiting Brpnsted- 
Debye equation

log k2 = log fe° — 2A Vi“

by substituting for k2 the value for the run without 
added inert salt and for p the average ionic strength, 
0.0060, throughout the measured course of the reac
tion.6 The derived fc2° of 0.015 M ~x sec-1 may be 
compared with the second-order hydrolysis constant 
(¿w2 = W50.5) of 0.73 X 10- 7 M ~l sec“ 1 at 158°. 
The drastic, but still useful, assumption that hydroxide

(5) J . L . G leave, E . D . H u g h es , a n d  C . K . In g o ld , J .  Chem. Soc., 236 (1955).
(6 ) A  <= 0 .67 a t  158° a n d  0 .63  a t  138°. T h e  d ie lec tric  c o n s ta n t of w a te r,

in te rp o la te d  from  th e  d a ta  of G . C. A kerlo f a n d  H . I .  O sh ry  [J . A m er. Chem.
Soc., 72, 2844 (1950)] is 42 .3  a t  158° a n d  46.4 a t  138°. F o r  d iscuss ion  of th e
lim itin g  B r 0 n s te d -D e b y e  e q u a tio n , cf. S. G lass to n e , K . J . L a id le r, a n d  H .
E y rin g , “ T h e  T h e o ry  of R a te  P rocesses ,”  M cG raw -H ill B ook  C o., In c .,  N ew
Y ork , N . Y ., 1941, p p  427 -430 .

ion and water differ in nucleophilicity only because the 
ion is charged7 leads to the relation

A F^ei =  AAF^ = - R T h i ~ -  =  —10.5 kcalfC w2

where AF%i is the electronic free energy of activation 
for the hydroxide reaction. From the coulomb law 
expression8

the value of 0.7 A is derived for r % the transition- 
state charge separation,9 if the dielectric constant 
of the bulk solvent at the reaction temperature is used.

Effect of Substituents on Transition-State Charge 
Separation.—The neutral and alkaline hydrolyses of 
benzyl-, p-methylbenzyl-, and m-chlorobcnzylmethyl- 
phenylsulfonium tosylates at 60° proceed with nearly 
exclusive cleavage of the benzyl-sulfur bond. The 
transition-state charge separation, r+, calculated the 
same way as above (except with [H20] = 54.6 M  and 
D = 63 for 60°) and tabulated in Table II, decreases 
when electron-withdrawing substituents are present 
in the benzyl portion that is undergoing displacement. 
This is in qualitative accord with both the reacting bond 
rule10 and the more generally applicable perturbation 
method of Thornton,11 7 8 9 10 11 12 which predict that, in the transi
tion states for these reactions, electron withdrawal at 
the benzyl group should result in contraction of the 
reacting O-C and C-S bonds, and thereby reduce the 
charge separation.

Experimental Section

Trimethylsulfonium Salts (Table IV).—Trimethylsulfonium 
perchlorate, p-bromobenzenesulfonate, and p-nitrobenzenesulfo- 
nate were prepared from trimethylsulfonium iodide and the sil
ver salt of the appropriate acid. The benzenesulfonate, p -  
toluenesulfonate, /3-naphthalenesulfonate, and picrate were pre
pared by adding a stoichiometric volume of the acid to an 
aqueous solution of trimethylsulfonium hydroxide prepared from 
trimethylsulfonium iodide and silver oxide. In each case the 
water solution of the sulfonium salt was filtered and lyophilized. 
The dried salt was recrystallized using methanol for the perchlo
rate, ethanol for the picrate, and isopropyl alcohol for arenesul- 
fonates.

Benzylmethylphenylsulfonium Tosylates (Table IV).—Sub
stituted benzyl tosylates were prepared from the alcohol and 
p-toluenesulfonyl chloride by the general procedure of Gilman 
and Beaber.2’12 Freshly prepared benzyl tosylate was dissolved 
in a twofold excess of thioanisole and allowed to stand for 18 hr 
at room temperature. The crystalline material was removed by 
filtration and washed with ether. m-Chlorobenzyl tosylate 
was treated for 3 weeks with thioanisole and enough acetone to 
effect solution, and the product was washed with acetone and 
ether. Yields were 75-85%.

(7) I t  is a lso  assum ed  th a t  th e  gross m e ch an is tic  fe a tu re s  a re  th e  sam e  fo r 
b o th  reac tio n s , a n d  th a t  th e  deco m p o sitio n  of tr im e th y lsu lfo n iu m  h y d ro x id e  
does n o t  p roceed  via  th e  y lid e  in te rm e d ia te .

(8 ) A. A. F ro s t a n d  R . G . P ea rso n , “ K in e tic s  a n d  M e c h a n is m ,”  Jo h n  
W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1961, p  144.

(9) T h e  e lec tron ic  e n tro p y  of a c tiv a t io n  m a y  b e  c a lcu la ted  fro m  th e  re la 
tio n

A iS ^ e l =  — {d A F ’̂ =e \ /d T )p  =  A F ^ e l  (d  In D /d T )p  =  49 eu

Cf. L . P . H a m m e tt ,  “ P h y sica l O rg an ic  C h e m is try ,”  M cG raw -H ill B ook C o ., 
In c ., N ew  Y o rk , N . Y ., 1940, p p  8 0 -8 7 . A c tiv a tio n  p a ra m e te rs  w ere  n o t 
o b ta in e d  w ith  ac c u ra c y  su ffic ien t to  p ro v id e  a  te s t  o f th e se  e q u a tio n s , b u t  th e  
m e asu red  v a lu e  of AAS  4=, 35 ±  10 eu, in d ica te s  t h a t  th e  m a jo r  d ifference in 
th e  ra te s  of th e  tw o  reac tio n s  is ind eed  a n  e n tro p y  effect.

(10) C. G . S w ain  a n d  E . R . T h o rn to n , J .  A m er. Chem . Soc., 84, 817 (1962).
(11) E . R . T h o rn to n , ib id ., 89, 2915 (1967).
(12) H . G ilm an  a n d  N . J . B ea b er, ib id ., 47, 518 (1925).
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T a b l e  IV
P r o p e r t i e s  o f  T r i m e t h y l s u l f o n i u m  S a l t s  a n d  B e n z y l m e t h y l p h e n y l s u l f o n i u m  T o s y l a t e s

— C aled , % — — F o u n d , % —
F o rm u la R e g is try  no. M p , °C  (cor) C H s C H s

(CH3)3SC104 295 dec"
(CH3)3SC6H5S03 166.5-168.56
(CH3)3S-p-CH3C6H1S03 3084-73-9 173.5-175 48.55 6.49 48.53 6.37
(CII3)3S-p-BrC6H4S03 16317-16-1 170-172 34.51 4.18 34.62 3.94
(CH3)3S-p-N0,C6H4S03 16317-12-7 195-196.5 38.70 4.69 38.33 4.55
(CH3)3SC10H,SO3
(CH3)3SC6H2N30 7
c 6h 5c h 2

\
c h 3—s c 7h 7s o 3

14343-63-6 187-188.5
198-199»

54.90 5.67 55.22 5.81

16317-13-8 104.5-105.5 65.25 5.74 16.59 65.43 5.87 16.56
/

c 6h 5
p-CHaCelLCH,

c h 3̂ s c 7h 7so 3
/

c 6h 5
to-C1C6H4CH2

c h 3—s c ,h 7s o 3
/

16317-14-9 107-108 65.97 6.04 16.01 65.43 5.95 15.72

16317-15-0 129-131 59.92 5.03 15.23 60.56 5.48 14.92

c 6k 5/
“ K. Lohmann (Ph.D. Thesis, Massachusetts Institute of Technology, Cambridge, Mass., Jan 1959, p 67) reports mp 292°. 6 D. 

Vorländer [Ber., 64B, 1736 (1931)] reports mp 164-166°. » T. R. Lewis and S. Archer [/. Amer. Chem. Soc., 73, 2109 (1951)] report 
mp 164-166°.

Kinetics of Hydrolysis of Trimethylsulfonium Salts.—Solutions 
were prepared quantitatively under nitrogen atmosphere using 
carbonate-free water, and 7-ml samples were sealed in Pyrex 
ampoules. Measurements were begun after the ampoules had 
been in the constant temperature bath for about 30 min, and 
reactions were followed through two half-lives. Accurate 5-ml 
aliquots were titrated with 0.01 M  sodium hydroxide to the brom- 
thymol blue end point. Because the acid generated in the reac
tion was consumed by the Pyrex ampoules over long periods (up to 
5% consumed after 8 days at 158°), “ infinite time” points were 
calculated, not measured. Rate constants were evaluated by 
conventional first-order plots.

Kinetics of Trimethylsulfonium Hydroxide Decomposition.—-
Solutions containing added sodium perchlorate were prepared 
quantitatively under nitrogen from trimethylsulfonium per
chlorate, sodium perchlorate, 0.1 M  sodium hydroxide, and car
bonate-free water. Solutions containing only sulfonium hy
droxide were prepared by agitating a solution of trimethylsul
fonium iodide and fresh silver oxide, filtered under nitrogen 
pressure, and diluted to volume. Measurements were begun 
after the ampoules had been in the bath for about 10 min, and 
the reactions were followed to 80% completion. Accurate 5-ml 
aliquots were treated with barium chloride and titrated with 0.01 
M  hydrochloric acid to the bromthymol blue end point. Rate 
constants were evaluated by conventional second-order plots.

Kinetics of Hydrolysis of Benzylmethylphenylsulfonium 
Tosylates.—Sufficient salt to prepare a 0.1 M  solution (0.07 M  
in the case of the m-chloro derivative) was dissolved in carbonate- 
free water, and samples were sealed in Pyrex ampoules. Because 
of the limited solubility of the p-methyl and m-chloro derivatives 
it was necessary to maintain the solution at 60° while preparing 
samples. Ampoules were withdrawn periodically from the con
stant temperature bath, and accurate 3- or 4-ml aliquots were 
titrated with standard 0.1 M  sodium hydroxide to the phenol- 
phthalein or bromocresol green-methyl red end point. Reactions 
were followed through a t least two half-lives. The first-order 
rate constants for these hydrolyses were evaluated by a computer 
program.13

Kinetics of Benzylmethylphenylsulfonium Hydroxide Decom
position.—Solutions 0.1 M  in sulfonium salt and 0.2 M  in sodium 
hydroxide in carbonate-free water were prepared under nitrogen, 
and samples were sealed in Pyrex ampoules. At intervals the 
tubes were removed from the constant temperature bath, and
3-ml aliquots were added to excess standard 0.1 M  hydrochloric 
acid and back titrated with standard 0.1 M  sodium hydroxide to 
the phenolphthalein end point. With the p-methyl and to-

(13) T h e  p ro g ra m  used  w as d eve loped  b y  K . G . H a rb iso n  from  a  g enera l 
o n lin e a r  le a s t sq u a re s  cu rv e  fittin g  F o r tr a n  su b ro u tin e , ID  code O R -N L L S , 

b y  D r .  P . D . W ood , O ak  R id g e  N a tio n a l L a b o ra to ry , T e n n . A ll c o m p u ta 
tio n s  w ere  p e rfo rm e d  on a n  IB M  7090 e lec tron ic  d ig ita l c o m p u te r  a t  th e  
M IT  C o m p u ta tio n  C en te r.

chloro derivatives the reaction was rapid enough that sealed 
ampoules were not used. Sufficient salt to prepare 50 ml of a 
solution 0.1 M  in the methyl derivative or 0.07 M  in the chloro 
derivative was dissolved in carbonate-free water at 60°. Enough 
aqueous sodium hydroxide to make the final solution 0.2 M  in 
base was quickly added, and the entire flask was immersed in 
the constant temperature bath. At intervals 3-ml aliquots were 
withdrawn and treated as above.

All reactions were followed to at least 70% completion, and 
“ infinite time” points were measured after at least ten half-lives. 
Rate constants were evaluated by means of a conventional 
second-order plot. Because hydrolysis of the p-methyl com
pound was a significant side reaction, a special graphic method 
was devised to calculate the second-order rate constant for that 
reaction.2

Products of Benzylmethylphenylsulfonium Hydroxide Decom
position.—Solutions prepared as above for the kinetic runs and 
allowed to stand ten half-lives at 60° were neutralized with hy
drochloric acid and treated with a molarity of anisóle equal to the 
calculated benzyl alcohol or thioanisole present. A solution for 
comparison, prepared by combining in aqueous sodium hydroxide 
the precise quantities of benzyl alcohol or TO-chlorobenzyl alcohol 
and thioanisole predicted to be present in the reaction mixture, 
was treated in the same manner with hydrochloric acid and 
anisóle. The dried, concentrated ether extracts of the mixtures 
were analyzed by glpc, using 12-ft columns of Carbowax on 
Chromosorb P for benzyl alcohol and silicone rubber on Chromo- 
sorb P for TO-chlorobenzyl alcohol. The ratios of peak areas were 
identical with ± 3 %  for both extracts and, after correction for rela
tive peak sensitivity, the molar ratio of anisole/thioanisole/benzyl 
alcohol or m-chlorobenzyl alcohol was 1.0:1.0:1.0. No addi
tional products were detected.

Reaction of Carbenes with Hexafluorobenzene

D a v id  M. G a l e

Contribution No. 1899 from the Central Research Department, 
Experimelal Station, E. I. du Pont de Nemours and Company, 

Wilmington, Delaware 19898

Received November 6, 1967

The addition of carbenes to aromatics has been well 
documented.1 However, it has been suggested that

(1) See, e.g., J .  H in e , “ D iv a le n t C a rb o n ,” T h e  R o n a ld  P re s s  C o ., N ew  
Y o rk , N . Y .f 1964.
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hexafluorobenzene may serve as an inert solvent for the 
singlet-triplet interconversion of fluorenylidene.2 We 
wish to report that certain carbenes generated from 
diazo compounds react with hexafluorobenzene; there
fore, the latter should not generally be used as an inert 
solvent for carbene reactions.

Thermolysis of bis(trifluoromethyl) diazomethane3 in 
excess hexafluorobenzene gave perfluoro-7,7 dimethyl-
1,3,5-cycloheptatriene (la) in 20% yield. The tropyli-

F
F r i ^ F
f LsJ J f  +  (CFa)2C - N 2 

F

dene4 5 constitution of the product was suggested by 
spectral data. The ultraviolet spectrum of la [AmaXno1 
262 m/i (e 6000) and 222 mu (e 7700)] excludes per- 
fluoro-7,7-dimethylbicyclo [2.2.1 ]hepta-2,5-diene as a 
possible alternate structure, and is consistent with a 
cycloheptatriene chromophore. Another alternate 
structure, perfluoro-7,7-dimethylnorcaradiene (lb), is 
more difficult to exclude. The tropylidene formulation 
is preferred, however, for the following reasons. (1 ) 
The trifluoromethyl groups are equivalent in the F 19 
nmr spectrum (triplet at +65.4 ppm from internal 
FCC13, J  = 17 Hz; each line split further into triplets, 
J  =  1.5 Hz; coupling constants assigned to CF3-F yy' 
and CF3-F XX', respectively) at room temperature to 
— 99°.6 (2) By analogy with 7,7-bis(trifluoromethyl)-
1,3,5-cycloheptatriene for which the geminal trifluoro
methyl groups show no tendency to force the ring into a 
norcaradiene form and, in fact, are believed to cause the 
triene ring to be more planar than usual.3a (3) Photo
isomerization of la  to bicyclic diene II in high yield 
parallels the behavior of 7,7-bis(trifluoromethyl)-l,3,5- 
cycloheptatriene3a and not that of 7,7-dicyanonor- 
caradiene.6 (4) Fluorine atoms y and y' do not appear 
at high enough field to be on a cyclopropane ring.7

Cycloheptatriene III was prepared in fair yield by the 
photolytic decomposition of ethyl diazoacetate in excess

(2) M . Jo n es , J r . ,  a n d  K . R . R e ttig , J .  A m er. Chem . Soc., 87, 4013, 4015
(1965) .

(3) (a) D . M . G ale , W . J . M id d le to n , a n d  C . G . K resp an , ib id ., 88, 3617
(1966) . (b) W e a re  in d e b te d  to  D r. M . L . E rn sb e rg e r  fo r su ggesting
th is  in v e stig a tio n .

(4) F o r  a  rev iew  of th e  n o rc a ra d ie n e - tro p y lid e n e  p ro b lem , see G . M aie r, 
A ngew . Chem . In te rn . E d . E n g l., 6 , 402 (1967).

(5) I f  th e  n o rc a ra d ie n e  fo rm u la tio n  ( lb )  w ere  c o rrec t, th e  C F 3 g ro u p s  
w ou ld  b e  exp ec ted  to  h a v e  d iffe re n t chem ica l sh if ts  b ec au se  of th e ir  m a rk ed ly  
d iffe ren t en v iro n m en ts , a n d  th e re b y  le ad  to  a  m ore  co m p lic a ted  s p e c tru m . 
T h e  p o ss ib ility  of a  r a p id  eq u ilib riu m  b e tw e en  l a  a n d  lb ,  causing  th e  CFa 
g ro u p s to  b ecom e e q u iv a le n t to  th e  n m r  tim e  scale, is n o t exc luded . A t
te m p ts  to  “ freeze o u t’’ l b  a t  low  te m p e ra tu re s  w ere  unsuccessfu l.

(6) E . C ig an ek , J .  A m er . Chem . Soc., 89 , 1458 (1967). A  p ro b le m  w ith  
th is  a rg u m e n t is t h a t  th e  m u ltip l ic i ty  of th e  ex c ited  s ta t e  fo r each  reac tio n  
m ay  n o t  be th e  sam e.

(7) P . B . S a rg en t, to  b e  s u b m it te d . T h is  a rg u m e n t is w eak en ed  b y  a  la ck
of closely an a lo g o u s m odel com p o u n d s.

hexafluorobenzene. The tropylidene formulation is 
preferred over that of the isomeric norcaradiene because 
(1 ) a close correlation of vinylfluorine chemical shifts 
(see Experimental Section) with those of la  was ob
served, (2) only one isomer was found (there are two 
norcaradienes), (3) neither the 7-carbethoxy group8 nor 
ring fluorine atoms (see above) are known to cause the 
norcaradiene form to be stabilized, and (4) the methyne 
proton (r 5.7) seems at too low a field to be on a cyclo
propane ring.9

Experimental Section

Perfluoro-7,7-dimethyl-l,3,5-cycloheptatriene (I).—A 7-g sam
ple of bis (trifluoromethyl )diazomethane and 18 g of hexafluoro
benzene (excess) were heated at 150° for 8 hr in an autoclave. 
Distillation (spinning band) afforded 3.9 g of product, bp 98- 
100° (not refluxing). Gas chromatographic analysis at 75° on 
a diglyceride column revealed a t least 36 compounds in this 
fraction; a major product (68.8% of the area, 20% yield), how
ever, was clearly present. The major “peak” was collected and 
shown to be perfluoro-7,7-dimethyl-l,3,5-cycloheptatriene on the 
basis of spectral data. Repetition of the experiment on a larger 
scale showed the product to have bp ~125°.

The F 10 nmr spectrum (in CC14 with internal CFC13) showed a 
triplet (area 6) at +65.4 ppm (J = 17 Hz; split further into trip
lets of J  ^  1.5 Hz) assigned to the equivalent trifluoromethyl 
groups and a symmetrical “ septet” (area 2) at +126 ppm ( /  = 
17 Hz; split further) assigned to the yy ' fluorine atoms. The 
remaining absorption (area 4) was a “ weak-strong-strong-weak” 
pattern (with the weak and strong lines nearly equal in intensity, 
however) with “ weak-strong” and “ strong-weak” halves (con
siderable further splitting) centered at +143.5 and +149.5 ppm, 
assigned to the aa ' and xx' fluorines, respectively, on the basis of 
complexity of the splitting and their chemical shift. The spec
trum was essentially unchanged at —99° (in CFC13 solvent). 
The infrared spectrum showed > C = C <  bands a t 1700 and 1650 
cm-1. The mass spectrum10 showed a parent ion at m/e 336, 
a base peak at m/e 267 (P — CF3), and a large fragment at m/e 
217 (C,F,+).

Anal. Calcd for C9Fi2: C, 32.16; F, 67.84. Found: C, 
32.50; F, 68.51.

Perfluoro-2,2-dimethylbicyclo [3.2.0] hepta-3,6-diene (II).—A
1.5-g sample of the perfluorocycloheptatriene la  was sealed in a 
Pyrex tube and irradiated for 2 weeks with a G. E. H85A3 lamp. 
The reaction was followed by nmr and uv analysis; the conversion 
was about 99%. The nmr spectrum (neat) clearly showed the 
product to be diene II  (n “ D 1.3332): C(CF3)2 as an A3B3 pat
tern split further, centered a t +68.5; > C F — at +178 and 
+  180; vinyl-F at +120 (a quartet, J  = 10 Hz; split further), 
+  126, +143, and +148 (chemical shifts given in parts per million 
from external FCC13). The ultraviolet spectrum showed end 
absorption. The infrared spectrum showed double bonds at 1776 
and 1745 cm-1. The mass spectrum10 showed a parent ion at 
m/e 336, a base peak at m/e 267 (P — CF3), and a large fragment 
at m/e 217 (C,F,+).

Anal. Calcd for CDF,2: C, 32.16; F, 67.84. Found: C, 
32.48; F, 67.70.

Ethyl 2,3,4,5,6,7-Hexafluoro-2,4,6-cycloheptatrienecarboxyl- 
ate (III).—A 2-g sample of ethyl diazoacetate (Aldrich Chem. 
Co.) dissolved in 200 g of hexafluorobenzene was irradiated for 96 
hr with a sunlamp through Pyrex. Copper powder (0.5 g) was 
added and the suspension was stirred and refluxed for 6 hr. (In 
another experiment, the copper powder and refluxing were 
omitted and a comparable result was obtained.) The copper 
powder was filtered off, most of the hexafluorobenzene was re
moved at 40° (100 mm), and the remaining material was distilled 
through a spinning-band column. The product, bp 55° (2.5 
mm), 0.5 g (16%), was shown to be fluorinated cycloheptatriene
I I I . The mass spectrum showed the parent ion at m/e 272, peaks 
at m/e 244 (P — ethylene) and m/e 227 (P — OCH2CH3), and a

(8) E . C iganek , J .  A m er. Chem. Soc., 87, 1149 (1965).
(9) T h e  re a c tio n  of a  c a rb e n e  w ith  h exa fluo robenzene  w as d iscovered  

in d e p e n d e n tly  b y  P ro fesso r M . Jo n es , J r .  W e a re  in d e b te d  to  P ro fesso r 
Jo n es  fo r in fo rm in g  u s  of th is  w o rk  p r io r  to  p u b lic a tio n .

(10) P a r t ly  f lu o rin a ted  an a lo g s  show  a  s im ila r c rac k in g  p a t te rn :  D . M .
G ale , Tetrahedron, 24 , 1811 (1968).
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base peak at m / e  199 (C7F6H+). The H 1 2 3 4 5 nmr spectrum (CC14) 
showed a triplet (J  — 7{Hz) at r 8.70 (—(Ills) and a quartet at 5.71 
(CO2CH2-)  superimposed on a m ultiplet for the m ethyne proton. 
The F 19 nmr spectrum showed three m ultiplets of equal area (in 
CCh from external fluorotrichloromethane). The following as
signments were made using F -F  and F -H  spin-spin decoupling: 
J hfaa' =  22.5 Hz; 5a HO ppm, 5B 149 ppm, and 5c 155 ppm. 
When the BB'C C ' portion of the spectrum (A decoupled) was 
assigned J bb' — 19, J bc — J b 'g' — 3.5, J b 'g ' =  J bc' — 26.5, 
and J cc' =  1  or 2 Hz, reasonable (but not exact) fits were ob
tained when observed, and computer-calculated spectra were 
compared. The spectrum remained essentially unchanged to 
— 99° (in CFCI3 solvent).

A n a l .  Calcd for CioHeFeCb: C, 44.13; H , 2.22. Found: 
C, 44.17; H , 2.77.

Registry No.—la, 16021-14-0; II, 16021-15-1; III, 
16021-16-2; hexafluorobenzene, 392-56-3.

The Addition of Cyclopentadienylidene 
to Hexafluorobenzene1

M a i t l a n d  J o n e s , J r . 2

D e p a r tm e n t o f  C h em is try , P r in c e to n  U n iv e r s ity , 
P rin c e to n , N e w  J e r s e y  0854-0

R eceived  N o vem b er 2 0 , 1 9 6 7

In the course of our investigations of reactions of 
carbenes in hexafluorobenzene we chanced to observe 
that, whereas fluorenylidene3 does not react with hexa
fluorobenzene, the more reactive cyclopentadienyli
dene4 does. The caveat of Gale6 should therefore cer
tainly be heeded: hexafluorobenzene is by no means
always inert toward divalent carbon.

Irradiation of a solution of diazocyclopentadiene in 
hexafluorobenzene with a medium-pressure Hanovia 
mercury arc gave, after removal of the hexafluoroben
zene and bulb-to-bulb distillation, a yellow oil in ca. 
30% yield. The high resolution mass spectrum estab
lishes the composition as CnF6H4. The infrared spec
trum shows evidence of carbon-fluorine bonds by sev
eral strong bands in the 1000-1400-cm_1 region and of 
fluorinated double bonds by a strong band at 1682 
cm-1.6 The pmr spectrum shows a single symmetrical 
signal centered at t 3.59; the 19F nmr7 spectrum shows 
three multiplets of equal intensity centered at 110, 
145, and 151 ppm upfield from internal fluorotrichlo
romethane. The ultraviolet spectrum exhibits maxima 
at 221 and 266 m/x (e 7300 and 3600).

In considering the structure of the adduct, attention

(1) W e th a n k  th e  N a tio n a l S cience F o u n d a tio n  fo r s u p p o r t of th is  w ork  
in  th e  fo rm  of G P -5257 . G ra n ts  G P-6803  a n d  G P -5200  to  P r in c e to n  
U n iv e rs ity  fo r th e  p u rc h a s e  o f h ig h  reso lu tio n  m ass  a n d  n u c le a r  m ag n e tic  
re so n an ce  sp e c tro m e te rs  a re  also  g ra te fu lly  ack n o w led g ed . W e  fu r th e r  
th a n k  th e  L illy  R e sea rc h  L a b o ra to r ie s  fo r a  g en e ro u s  u n re s tr ic te d  g ra n t .

(2) A lfred  P . S loan  R esea rc h  Fellow , 1967-1968.
(3) M . Jo n e s , J r . ,  a n d  K . R . R e t t ig ,  J .  A m er. Chem . Soc., 87, 4013, 4015 

(1965).
(4) R . A . M oss, .7. Org. Chem ., 31 , 3296 (1966).
(5) D . M . G ale , ib id ., 33, 2536 (1968). W e th a n k  D r. G ale  fo r ad v is in g  

us of h is  w o rk  a n d  fo r  g rac io u s ly  su g g es tin g  s im u lta n e o u s  p u b lic a tio n .
(6) L . J .  B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M olecu les ,”  2 nd  

ed , J o h n  W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1958, p p  42 a n d  
329.

(7) W e a r e  m o s t g ra te fu l to  D rs . B . S te w a r t of th e  A llied  C h em ica l C o .,
M o rr is to w n , N . J ., a n d  L . A . W ilso n  of V a ria n  A ssocia tes, L inden , N . J .
for m e asu rin g  th e  fluorine  n m r s p e c tra .

is inevitably focused on I and II. While the products 
of additions of carbenes to benzenes are usually (but not 
always8 *) tropilidenes, it might be expected that the 
notorious9,10 preference of fluorine for saturated over 
unsaturated carbon would lead to the norcaradiene being 
favored. Two facts argue strongly against structure II. 
First, one would not expect a symmetrical pmr pattern

for II, and, second, there appears to be no signal in the 
19F nmr spectrum at high enough field to be reconcilable 
with a tertiary cyclopropyl fluorine.11_13a Accordingly 
we prefer structure I. The question arises as to why the 
tropilidene is favored over the norcaradiene which has 
two fewer fluorines on double bonds. Conceivably 
the aversion of fluorine for double bonds is an effect of 
hybridization14 and fluorine feels little difference between 
a carbon-carbon double bond and a cyclopropane 
ring. This would also explain why the fluorine in 
fluorobullvalene prefers the triallylic rather than cy
clopropyl position.10 Other structures which fit the 
nmr data and which contain exocyclic double bonds 
can be constructed, but these suffer a variety of 
deficiencies including the lack of an appropriate in
frared stretching frequency and extreme mechanistic 
improbability.

On heating, either in a flow system or on incautious 
gas chromatography, I rearranges cleanly to III. The 
infrared spectrum is qualitatively similar to that of I, 
but the ultraviolet spectrum shows a maximum at 250 
m y  («6 040) and a shoulder at 290 m/x (e 2200) and the pmr 
spectrum has undergone a striking change. There are 
now two signals of equal area at r 3.25 (symmetrical 
multiplet) and 6.54 (multiplet). These are thought to 
correspond to two vinyl protons and to two protons 
adjacent to an extensively conjugated system. Indene 
is a good model and shows, in addition to peaks for 
aromatic protons, a symmetrical multiplet at r 3.35 and

(8) E . C ig a n ek , J .  A m er. Chem . Soc., 89, 1454 (1967).
(9) E . W . S ch lag  a n d  W . B . P e a tm a n , ib id ., 86, 1676 (1964).
(10) G . S ch ro d e r a n d  J .  F . M . O th , A ngew . Chem . In te rn . E d . E ng l., 

6, 414  (1967).
(11) T h is  is n o t  a n  e a sy  as s ig n m e n t to  m a k e . I f  o n e  ta k e s  142 p p m  

as  th e  s h if t  o f g e m in a te  cy c lo p ro p y l flu o rin es ,12 th e n  th e  u su a l sh if t  to  h ig h e r 
fie ld  o f ca. 5 0 -6 0  p p m  in  go ing  to  th e  te r t i a ry  sy s te m  lead s  to  a n  e s tim a te  
of 190-200  p p m . A d d itio n  of a  d o u b le  b o n d , th u s  m a k in g  th e  fluo rine  
ally lic , sh o u ld  le a d  to  a  dow nfield  s h if t  of 7 -1 5  p p m .12»13 T h e  fina l e s tim a te  
of 180—190 p p m  fo r  s tr u c tu r e  I I  seem s s ig n ifican tly  h ig h e r  th a n  a n y  s ig n a l 
in  th e  s p e c tru m . A s im ila r t r e a tm e n t  fo r  c y c lo b u te n y l flu o rin e  lead s  to  
a  p re d ic tio n  of 175 p p m  in  good  ag re e m e n t w ith  th e  s h if ts  of 178 a n d  180 
p p m  o b se rv ed  b y  G ale .6

(12) R . A . M itsc h , J .  A m er. Chem . Soc., 87 , 758 (1965).
(13) J .  W . E m sley , J . F een ey , a n d  L . M . S u tcliffe , “ H ig h  R eso lu tio n  

N u c le a r  M ag n e tic  R eso n an c e  S p ec tro sc o p y ,”  P e rg a m o n  P re ss  L td . ,  L ondon , 
1966, C h a p te r  11.

(13a) N ote Added in  P roof.— 1,2 ,3 ,4 ,5 ,6 -H ex aflu o ro tro p ilid en e  h a s  re 
c e n tly  b ee n  sy n th es iz ed . H e re  th e  d is tin c tio n  b e tw e en  tro p ilid e n e  a n d  n o r
c a ra d ie n e  is  easy . T h e  12F  n m r  o f th is  co m p o u n d  (signals  a t  113, 146, a n d  
156 p p m  u p fie ld  of f lu o ro trich lo ro m e th a n e ) is v e ry  s im ila r to  t h a t  of I . Ac
co rd in g ly  th e  as s ig n m e n t of s tru c tu re  I  seem s secu re : L . S . K o b rin a , G . G . 
Y ak o b so n , a n d  N . N . V oro zh tso v , Z h . Vses. K h im . O bshchest,, 12, 597
(1967).

(14) D . P e te rs , J .  Chem . P h ys., 38, 561 (1963).
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a triplet at r 6.67.15 The fluorine nmr spectrum of III 
shows peaks for six different fluorines grouped roughly 
in pairs at 107, 113, 120, 122, 131, and 133 ppm upfield 
from internal fluorotricbloromethane.

These chemical shifts seem inconsistent with any 
structure containing the valence-tautomeric bicyclo-
[4.2.0] system11 17 and III is preferred, although the 
structure cannot be regarded as unequivocably proved.

A mechanism for the conversion of I into III can be 
constructed and involves a carbon-carbon bond shift 
(possibly in the norcaradiene form II) followed by a 
hydrogen shift. These steps have rather good analogy, 
albeit in much more simple systems.16-18

Experimental Section

Spiro[4.6]-6,7,8,9,10,ll-hexafluoroundeca-l,3 ,6 ,8 ,10-pen- 
taene (I).— A solution of 1 ml of diazocyclopentadiene19' 20 21 in 122 
g of hexafluorobenzene was irradiated through a Pyrex filter with  
a 450-W H anovia medium-pressure mercury arc for 14 hr. The 
hexafluorobenzene was removed by distillation at 0 . 1  mm leaving 
a dark brown, thick oil. This was distilled in a bulb-to-bulb 
apparatus at room temperature and 0.025 mm to yield 500 mg of 
a yellow oil. Spectral analysis revealed this to be I  contaminated 
with traces of dicyclopentadiene.

A n a l .11 Calcd for C11H 4F 0: C, 52.82; H , 1.61. Found: 
C .53 .01; H, 1.72.

Pyrolysis of I. A. Flow System .— A solution of 10 mg of I in
0.5 ml of cyclohexane was dropped slowly into a 12-in. Pyrex tube 
packed w ith glass helices under nitrogen at 220°. Residence 
time was ca . 1 sec. Under these conditions I is converted into a 
mixture of 40% I and 60% III with ca . 90% recovery. In 
creasing the temperature to 255° resulted in 90-95%  conversion 
into III with somewhat reduced recovery.

B . Gas Chromatography.— Compound I is easily converted 
into III  in the injector or detector-collector of a gas chromato
graph. The peak corresponding to I is sim ply collected and re
injected. Injection on a 5-ft SE 30 silicone oil column operated 
at 95° (injector, 130°, and detector, 210°) with a flow rate of 
1 0 0  cc of helium /m in results, as revealed by reinjection, in ca. 
25% I (retention time 2 2  min) and 75% III  (retention time 
42 min, mp 50-52°).

A n a l.  Found: C, 52.71; H , 1.66.

Registry No.—I, 16033-88-8; III, 16021-17-3; diazo
cyclopentadiene, 1192-27-4; hexafluorobenzene, 392-
56-3.

(15) N . S. B hacca , L . F . Jo h n so n , a n d  J . N . S hoo lery , “ V a ria n  N M R  
S p ec tra  C a ta lo g ,” V a ria n  A ssocia tes, P a lo  A lto , C alif., 1962, N o . 227.

(16) J . W . D e  H a a n  a n d  H . K looste rz ie l, Rec. Trav. C him . P a y s-B a s, 84, 
1594 (1965), a n d  references  th e re in .

(17) W . R . R o th , Tetrahedron L ett., 1009 (1964).
(18) S. M cL e an  a n d  R . H ay n es , ib id ., 2385 (1964).
(19) W . v o n  E . D o erin g  a n d  C . H . D e P u y , J .  A m er. Chem . Soc ., 75, 

5955 (1953).
(20) T .  W eil, J .  Org. Chem ., 28 , 2472 (1963).
(21) A lth o u g h  ac c e p ta b le  ca rb o n  a n d  h y d ro g en  an a ly ses  cou ld  b e  o b ta in ed  

on I ,  fluorine  an a ly s is  w as poo r. W e do n o t know  th e  p rec ise  cau se  of th is  
b u t can  p o in t o u t  t h a t  I  is m o s t u n s ta b le . E x p o su re  to  a ir  re su lts  in  ra p id  
dark en in g  a n d  e v e n tu a l d ep o s itio n  of a  b ro w n -b lack  so lid .

Electron-Transfer Polymers. XXXIII.
Compounds Related to Tocopherol

N o b u o  N a k a b a y a s h i , G e r h a b d  W e g n e r , 
a n d  H a r o l d  G . C a s s i d y

S te r lin g  C h e m is try  L a b o ra to ry , Y a le  U n iv e r s ity ,
N e w  H a ven , C o n n ec ticu t 065B 0

R eceived  J a n u a r y  4, 1 9 6 8

Redox polymers18- have been prepared by polycon
densation of 2,5-disubstituted benzoquinones.lb In 
the resulting linear polymers the redox group is part of 
the chain. In this paper we report the preparation of 
redox monomer from a quinonyl glycol. In this poly
mer the redox groups are pendant from the chain.2 
In the course of preparing this monomer several in
teresting new compounds, analogs of tocopherol deriva
tives, were prepared, and new behaviors were ob
served.

Trimethylhydroquinone (1,3,4- trimethyl -2,5 - dihy- 
droxybenzene) was converted into 3-hydroxy-6-meth- 
oxy-2,4,5-trimethylbenzyl chloride (I).3 Treatment 
with sodioethyl malonate produced ethyl (3-hydroxy-
6-methoxy-2,4,5-trimethylbenzyl)malonate (II). Re
duction of II with lithium aluminum hydride yielded
2-(3 '-hydroxy-6'-methoxy^'A'-S'-trimethylbenzyl)pro- 
pane-l,3-diol (III). (See Chart I.) Oxidative cleav
age of the methoxy group in III with lead tetra
acetate suspended in 50% aqueous tetrahydrofuran 
(THF) produces the desired monomer, 2-(duroquinon- 
yl)propane-l,3-diol (V), as yellow crystalline material. 
If, however, III is oxidized with lead tetraacetate 
suspended in dry THF there is produced a white, crystal
line material with a carbonyl band at 1683 cm-1, and 
no hydroxyl band in the ir spectrum and Xmax at 244 m,u 
(e 1.09 X 104) in the uv spectrum. The uv spectrum 
closely resembles that of 9-substituted a-tocopherol.4 
This new substance appeared to be 8a,3-epoxymethano-
5,7,8-trimethyl - 6H,8aH -dihydrochroman- 6-one (IV). 
Then IV, shaken with cation exchange resin in the acid 
form in 50% aqueous THF, gives V in good yield. 
Reduction of IV in the presence of palladium charcoal 
yields 3 - hydroxymethyl - 5,7,8 - trimethylchroman- 6 - ol
(VII) quantitatively. Reoxidation of VII produces IV 
by using ceric ammonium nitrate or silver oxide in dry 
THF quantitatively. When yellow V is reduced in 
an attempt to obtain 2-(durohydroquinyl)propane-
1,3-diol (VI), a white crystalline material could be iso
lated but in air it quickly oxidizes to red (quinhydrone!) 
then yellow quinone V. If the reduction is carried out 
in acid, there is obtained stable VII, presumably via
VI. When the methoxy group of III is cleaved with 
HC1, there is formed VII, presumably v ia  the VI path
way (Chart I). These behaviors bear strong analogy to 
those of the tocopherols. Structure VII differs from 
a-tocopherol only in the substituents on the oxygen 
ring. When the corresponding ring is opened there is

(1) (a) H . G . C ass id y  a n d  K . A. K u n , “ O x id a t io n -R e d u c tio n  P o ly m e rs ,” 
In te rsc ie n c e  P u b lish e rs , In c . ,  N ew  Y o rk , N . Y ., 1965; (b) G . W egner, N . 
N a k a b a y a sh i, a n d  H . G . C assidy , J .  Org. Chem ., 32, 3155 (1967).

(2) S y n th eses  a n d  p ro p e rtie s  of th e  p o ly m ers  w ill b e  p u b lish e d  elsew here .
(3) W . J o h n  a n d  F . H . R a th m a n n , B er., 74 , 890 (1941).
(4) W . H . H a rr iso n , J .  E . G an d e r , E . R . B lak ley , a n d  P . D . B oyer, 

B ioch im . B io p h ys . A c ta , 21 , 150 (1956).
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C h a r t  I

v n IV

v m

4 f;

obtained the unstable hydroquinone which is readily 
oxidized to a-tocopherolquinone (IX).5’6

The intriguing correspondence of IV, V, VI, and VII 
to 9-substituted-a-tocopherone, a-tocopherolquinone 
(IX), a-tocopherolhydroquinone, and a-tocopherol
(VIII)4'6 leads us to point out the important role of the 
y-hydroxyl. The redox potential of durohydroquinone 
is low; the hydroquinone form is very easily oxidized. 
By building into the molecule a suitably placed hy
droxyl we provide automatic stabilization of the 
reduced form (VII) through ring closure.

Experimental Section

Preparation of II.— To a sodium ethylate solution [6.10 g 
(0.265 g-atom ) of sodium in 135 m l absolute ethanol] was added
23.2 g (0.145 m ol) of ethyl malonate in 40 ml of absolute ethanol, 
dropwise w ith cooling. After 15 m in, 28.2 g (0.131 m ol) of 
I in 100 ml of dry T H F was added slowly. The reaction mixture 
was refluxed 1.5 hr. Refluxing longer than 2 hr decreased 
the yield. After neutralization w ith acetic acid, the solvent was

(5) J .  B u n y a n , D . M cH a le , a n d  J .  G reen , B r it . J .  N u t r 17, 391 (1963).
(6) J .  G re e n  a n d  D . M c H a le  in  “ B io c h em istry  of Q u inones ,”  R . A.

M o rto n , E d .,  A cadem ic  P re s s  In c .,  N ew  Y ork , N . Y ., 1965, C h a p te r  8.

removed and the residue was suspended in water and extracted  
with ether. The ether solution was dried w ith magnesium sulfate, 
the solvent was removed, and the residue was crystallized from  
carbon tetrachloride (refrigerator) to yield 13.9 g (31.4% ) of 
white crystals: mp 118-119°; ir spectrum, OH (3475), C = 0  
(1750, 1725), -C O - (1250 c m -1); nmr , 7 CH 3 (ring) and CII at 
r 7.90 and 7.84 (10) and a-CH , at 6.80 (2), C2H 5 (ester) at 8.81
(6 ) and 5.88 (4) CH 3- 0 -  at 6.38 (3).

A n a l .  Calcd for C,8H 2606: C, 63.88; H , 7 .75 . Found: C, 
63.90; H , 7.68.

When the synthesis was carried out with 1.20 g (0.052 g-atom) 
of sodium, 8.0 g (0.050 m ol) of ethyl m alonate, and 10.7 g 
(0.050 m ol) of I, a yield of 5 .3  g (31% ) of II  was obtained.

Preparation of III.— To a stirred suspension of 1.2 g of lithium  
aluminum hydride in 50 ml of dry T H F, cooled in ice, was added 
dropwise 50 ml of T H F containing 5.5 g (0.0162 m ol) of II. 
After the vigorous reaction had subsided the mixture was re
fluxed for 2  hr. Excess hydride was removed by careful addition  
of water, and the mixture was neutralized w ith acetic acid. 
Saturated aqueous ammonium chloride solution was added, and 
the upper, organic layer was decanted. The water layer was 
washed w ith ether, and the washings and organic layer were 
combined and dried w ith magnesium sulfate. The solvent was 
removed by evaporation from the dried mixture, and the residue

(7) N m r d a ta  w ere  o b ta in e d  w ith  a  V a ria n  A ssocia te s  M o d el A -60 sp ec
tro m e te r . T h e  ch em ica l sh if ts  a re  g iv en  in  r  v a lu e s ; th e  n u m b e rs  w ith in
p a re n th e se s  in d ic a te  th e  n u m b e r of p ro to n s .
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was recrystallized from methanol to give 2.55 g (61.5% ) of 
white crystals: mp 173-175°; ir, OH (3415, 3308), -C -O
(1240, 1167, and 1036 cm -1); nmr , 7 CH 3 (ring) and CH at r
8.03, 7 .88, 7.71 (total 10), <*-CH2 at 7.23 (2), CH30  at 6.63 (3), 
-C H 20 -  at 6.17 (4).

A n a l .  Calcd for Ci4H 220 4: C, 66.11; H , 8.72. Found: C, 
65.72; H , 8.57.

Preparation of IV and V. A.— To a stirred solution of 0.62 g 
(0.0024 m ol) of III  in 20 m l of dry T H F  was added 1.2 g (0.0027  
mol) of lead tetraacetate. The suspension was refluxed 15 min. 
Aqueous sodium hydroxide was added and the mixture was 
extracted w ith ether. On evaporation of the solvent from the 
dried ether solution there was obtained a red-yellow oily residue. 
This was dissolved in a small amount of acetonitrile and re
frigerated. W hite plates crystallized in a yield of 0.15 g (28% ), 
mp 159-160°. From the m other liquor, by recryst.allization 
from THF-ra-heptane a further yield of 0.13 g (23% ) of white 
crystals, mp 159-160°, was obtained, and 0.07 g (12% ) of yellow  
crystals m elting at 79-79 .5° were also obtained. The white 
crystalline material is IV  and the yellow is V.

A n a l .  Calcd for Ci3H 160 3 (IV): C, 70.89; H , 7.32. Found: 
C, 71.02; H , 7.28.

Calcd for Ci3H 180 4 (V): C, 65.53; II, 7.61. Found: C, 
65.46; H , 7.58.

The ir spectrum of IV  showed C = 0  at 1683, 1644, and 1633 
(C = C ) and -C -O -  at 1260, 1197, 1099, and 1040. That for 
V showed -O H  at 3285; C = 0  (quinone) at 1630; and -C O - at 
1303, 1260, and 1070 cm -1. The nmr spectra7 of IV  showed 
CH 3 (ring) and CH 2 at 8.00 (3), 8.14 (6 ), and 7.77 (1); a-C H 2 

at 7.24 (2 ); -C H 2- 0  at 6.06, 5.91, 5.72, and 5.58 (total 4).
B .— To 22.0 g (0.0866 m ol) of III  in 700 ml of TH F was added 

700 ml of water, then 44.0 g (0.995 m ol) of lead tetraacetate. 
The suspension was stirred and refluxed for 30 m in. After 
addition of sodium hydroxide, extraction w ith ether, and drying 
and evaporation of the ether, there was obtained a red-yellow  
residue. This was dissolved in a small am ount of T H F, and 
re-heptane was added. Compound V crystallized. The crude 
material was recrystallized from THF-re-heptane to yield 11.0 g 
(63.4% ), mp 79 .0 -7 9 .5 ° . From the mother liquor there was 
obtained 2.0 g (10.5% ) of IV .

Preparation of VII. A.— A suspension of 1.0 g (0.0039 mol) 
of III  in 30 m l of water and 30 ml of concentrated hydrochloric 
acid was refluxed, w ith  stirring, for 9.5 hr. On cooling, the 
product crystallized. Recrystallization from acetonitrile gave 
0.62 g (72% ) of V II as white crystals: mp 171-172°; ir spectrum, 
OH [3300, 3150, (chromanol, 1610)] and -C -O -  (1255, 1241, 
1125 cm -1); nm r , 7 CH 3 (ring) and CH at 8.29, 8.25, 8.17, 
(total 10), CH 2 at 7.92 (2), -C H 20 -  at 6.69 (2), and 6.43 (2).

A n a l .  Calcd for Ci3HI80 3: C, 70.23; H , 8.16. Found: C, 
70.06; H , 8.09.

B . — A solution of 0.50 g (0.0023 mol) of IV  in 20 m l of TH F  
was shaken in an atmosphere of hydrogen w ith a catalytic 
amount of 10% palladium charcoal at room temperature. W ithin 
10 min 60 cc of hydrogen was absorbed (theory, 51 cc; probably 
the excess went to the solvent.) From the filtered solution there 
was obtained a pale yellow  powder which on recrystallization 
from acetonitrile, yielded 0.40 g (80% ) of white crytals, mp 
171-172°. N o depression was observed in mixture m elting point 
with V II.

C. —A solution of 0.5 g (0 . 0 0 2 1  m ol) of V in 5 ml of glacial 
acetic acid and 15 ml of water was refluxed w ith 0.5 g of zinc 
powder for 0.5 hr. The mixture was neutralized w ith sodium  
hydroxide, extracted w ith ether, and the extract was dried and 
evaporated. The reddish residue was recrystallized from aceto
nitrile to give 0.28 g (60% ) of V II, mp 171-172°.

Oxidative titration of V II w ith ceric ammonium nitrate in 90%  
aqueous acetic acid at 25° gave an equivalent weight of 114.5  
(calcd, 111). The midpoint potential was about 0.657 V.

Ultraviolet Spectra.— The solvent, Xmax in dim, and the molar 
extinction coefficient are given in that order: IV  (CH 2C12,
244, 1.09 X 104); V (CH 2C12, 272, 1.65 X 104; CH3OH, 269,
1.99 X 104); VI (CH 3OH, 289, 3.9 X 103); V II (CH 2C12, 296,
2.29 X 103).

Registry No.—II, 16526-47-9; III, 16526-48-0; IV, 
16526-49-1; V, 16526-50-4; VII, 16526-51-5; VIII, 
16526-52-6.
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Reaction of Pseudoxazolones 
and Hydrazoic Acid

Y o s h io  I w a k t j e a , F itjio  T o d  a , a n d  Y o s h i n o r i  T o b i i

D e p a r tm e n t o f  S y n th e tic  C h em is try , F a c u lty  o f  E n g in eer in g , 
T h e U n iv e r s ity  o f  T o k yo , B u n k y o -k u , T o k yo , J a p a n

R eceived  D ecem ber 5 , 1 9 6 7

The reaction of 4-arylidene-5-oxazolones with hydra- 
zoic acid was reported by Awad, et a lN 2 to produce 
tetrazolylacrylic acid derivatives in good yields. In 
examining the reactivity of 2-isopropylidene-4-methyl-
3-oxazolin-5-one3 (la, pseudooxazolone) with more than 
2 mol of hydrazoic acid, we obtained white crystalline 
materials in 38% yield by their reaction condition as 
shown in Table I.

ArCH=0------N
I II

0 = C \ / C —R
N aN aÆ O  

AcOH >

COOH 
I N = N  

ArCH=C-N' I

R

T a b l e  I
E l e m e n t a l  A n a l y s e s  o f  IV  

C ru d e
M p, y ie ld , --------- C alcd , % ---------s >-------- F o u n d , % ---------.

R °C % C H N C H N
M e 210° 38 4 2 .4 0 6 .5 6 3 8 .1 0 4 2 .7 7 6 .6 1 37 .8 1
i-  P r 216® 71 4 8 .1 0 7 .6 0 3 3 . Ó0 4 8 .5 9 7 .5 5 3 2 .1 8
i-B u 216° 96 5 0 .5 0 8 .0 1 3 0 .9 0 5 0 .7 1 7 .9 4 3 0 .9 5
° M elted w ith decomposition.

That this product was a urea derivative was estab
lished by several spectral methods. The infrared spec
trum showed strong absorptions at 3310, 2140,4 and 
1660 cm-1 arising from amide and urea N-H stretching, 
azide asymmetric stretching, and amide and urea car
bonyl stretching vibrations, respectively. The nmr 
spectrum of the product displayed a 12-proton singlet 
at S 1.44 due to four gem-methyl groups, a 6-proton 
doublet centered at 1.47; a 2-proton quartet centered at
5.65 (./ =  6 cps); and a broad NH proton singlet at 3.66 
in pyridine.

Mass spectra of IV offered a good indication of the 
presence of azide linkages and of the structure of IV. 
Each peak corresponded well to fragments formed from 
the molecular ion peak by cleavage at positions as shown 
in Chart I. In addition, elimination of methyl and 
isobutyl radicals gave rise to m /e  353 and 395 in IVa 
and IVc, respectively.

The first step in this transformation is postulated to 
be 1,4 addition of hydrazoic acid to I forming a satu-

(1) W . I .  A w ad , A . F . M . F a h m y , a n d  A . M . A. S am m o u r, J .  Org. C hem ., 
30, 2222 (1965).

(2) H . B eh rin g e r  a n d  W . G rim m e, Chem . B er., 92, 2967 (1959).
(3) Y . Iw a k u ra , F . T o d a , a n d  Y . T o rii, Tetrahedron, 22, 3363 (1967).
(4) C . N . R . R ao , T . S . C h ao , a n d  C . W . W . H o ffm an , A n a l. C hem ., 29, 

916 (1957).
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M — ï0=(X0 Ĉ=C/M e
x Me

hn3
H20

la , R  — Me
b, R =  ¿-Pr
c, R  =  i-B u

R -C -----N ¥ e
I II I _  HNj

O-C^o^C L N3 H2q
Me

Ila , R =  M e 
b, R  =  i-Pr 
e, R  =  i-Bu

Î
Me
INaOCCHNHCOCN3

Me

I lia ,  R  =  M e
b, R  =  i-Pr
c, R  =  i-B u

isocyanate

Me R R Me

N3CCONHCHNHCONHCHNHCOCN3

Me
I

Me
IVa, R  — M e

b, R  =  i-Pr
c, R  =  i-B u

rated 5-oxazolone (II) containing an alkyl azide 
group.5 6’6 The acyclic intermediate (III) can then 
undergo Curtius rearrangement to the azido isocyanate 
which would immediately produce a symmetrical urea 
(IV) in the presence of water. For an example of the 
similar type of reaction, an oxadiazinone compound 
(VI) is prepared from hydrazoic acid and the 5-oxazo
lone (V) of 2-formylbenzofuran derivative via  an 
isocyanate intermediate.7 8 9

0=C ^Q X Ph

V

VI

C h a r t  I
F r a g m e n t  Ion P e a k s  o f  IV

Me
I 

I
Me

CONH-

Me
I

-CHNHCONH-

-326-
-284-

-241-

Me Me
I I

-CHNHCOCNj P =  368

Me
------155---------

N3

Me
I

i-Pr
I

■ C -fCONH-j- CHNHCONH- 

Me

-297-

i-Pr Me
I I

-CHNHCOCN, P=424
I

Me
-183-

-382-
-340-

N3- -  C -  CONH- -CHNHCONH- -CHNHCOCN, P -  452

Me

I
Me

i-Bu i-Bu Me
I

Me

-410-
-368-

-325-
-197-

Although we tried to make IVb react with two dipo- 
larophiles, N-phenylmaleimide and N-morpholino-1- 
cyclohexene, to see whether triazoline derivatives could 
be obtained, IVb was recovered unchanged by the 
procedure reported in the literature8,9 presumably 
owing to its steric hindrance. In fact, ¿-butyl azide 
does not satisfactorily form such derivatives as men
tioned above.10

Experimental Section

A solution of sodium  azide (10 g in 20 ml of water) was added 
to a solution of lb  (10 g in 20 ml of acetic acid) and the mixture

(5) Y . Iw a k u ra , F . T o d a , a n d  Y . T o ril, Tetrahedron L e tt., 5461 (1966).
(6) W . S teg lich , H . T a n n e r , a n d  R . H u rn a u s , Chem , Ber., 100, 1824 (1967).
(7) D . S. D e o rh a  a n d  P . G u p ta , J .  In d ia n  Chem . Soc., 42 , 199 (1965).
(8) R . H u isg en , R . G rash ey , a n d  J .  S au er, in  “ T h e  C h e m is try  of A lk en e ,” 

S. P a ta i ,  E d ., In te rsc ie n c e  P u b lish ers , In c .,  N ew  Y o rk , N . Y ., 1964, p  739.
(9) R . F u sco , G . B ia n c h e tti, a n d  D . P o ca r, Gazz. C him . I ta l . ,  91 , 849 

(1961); Chem . A bstr ., 56 , 1 4 0 1 9 /(1 9 6 2 ).
(10) P . A . S. S m ith , J .  M . C legg, a n d  J . L a k ritz , J .  Org. C hem ., 23, 1595 

(1958).

was heated on a water bath for 1 hr. (In the case of la , a violent 
exothermic reaction occurred suddenly on heating). The resulting 
reaction slurry was then poured on crushed ice and the precipitate 
was collected, washed with water, and dried. The yield of the 
crude crystals of IVb was 71% . The crystals were recrystallized 
from a large am ount of ethanol.

Major peaks in mass spectra were as follows: IV a, m /e  368, 
353, 326, 284, 241, 225, 155, 113, 70, 56, 44, 42; IVb, 382, 340, 
297, 253, 183, 169, 156, 125, 98, 72, 56, 43, 42; IV c, 410, 395, 
368, 325, 267, 197, 86, 70, 69, 56, 44, 43, 42.

Nmr measurements. Nm r spectra were recorded on a Japan  
Electron Optics Lab. Co., Ltd.( M odel 4H-100, as an c a . 1 0 %  
solution in CCL with tetramethylsilane as an internal standard  
at 90°.

Registry No.—IVa, 16012-04-7; IVb, 16012-05-8; 
IVc, 16012-06-9; hydrazoic acid, 7782-79-8.
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The Synthesis of Fused Azolones from  
oriho-Substituted Arenecarbohydroxamic Acids
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It has been observed that sulfonyl halides convert 
benzohydroxamic acid into O-phenylcarbamoyl benzo- 
hydroxamate,2 the product of O-acylation of the hy- 
droxamic acid by the expected degradation product, 
v iz., phenyl isocyanate. A cognate reaction on phthalo- 
hydroxamic acid (1, XH = CONHOH) proved to be 
somewhat different: one of the hydroxamic acid groups 
was degraded to an isocyanate, which then N-acylated 
the neighboring hydroxamic acid to form 3-hydroxy-2,
4-quinazolinedione [4, X  =  CON(OH)].3

of either anthranilohydroxamic acid at 150-170° for 7 
min7 or sodium anthranilohydroxamate “until evidence 
of sublimation was noted.” 6 It should be noted that 
the 2-benzimidazolone was the product of the related 
Hofmann rearrangements of anthranilamide (34%)8 and 
the Curtius rearrangement of anthraniloyl azide (45%)

Salicylohydroxamic acid (1, X  =  OH) reacted 
quickly with benzenesulfonyl chloride to furnish 2-benz- 
oxazolone (4, X  = 0), in excellent yield. This prep
aration of 2-benzoxazolone represents an improvement 
over the one utilizing the “standard” Lossen rearrange
ment, via  O-benzoyl salicylohydroxamate,9 or by the 
more unusual reaction of salicylohydroxamic acid with 
thionyl chloride.10

In view of the successful application of this modified 
Lossen rearrangement using sulfonyl halides, the be
havior of two heteroaromatic amino hydroxamic acids 
was examined. The only Lossen type of reaction 
hitherto reported for 2-aminonicotinohydroxamic acid
(5) was its pyrolysis at 210-220° for 5 min to give, 
among other products, a minute quantity of the fused 
imidazolone, 6.7 However, benzenesulfonyl chloride

In the present study, anthranilo- and salicohydrox- 
amic acids were subjected to benzenesulfonyl chloride in 
dilute aqueous sodium hydroxide solution at 25°. In 
these systems (1, XH = NH2 or OH), it is predictable 
that the excellent nucleophilicity of the hydroxamate 
ion4 5 would dictate preferential reaction with the acid 
halide to form an O-sulfonyl hydroxamate (2) faster 
than the sulfonamide or aryl sulfonate. On such a 
premise and the known rapid degradation2’6 of 2 to 3, 
the reaction sequence took place as anticipated, the final 
step being the cyclization of 3 to 4. It was found that 
benzenesulfonyl chloride converted anthranilohy
droxamic acid into 2-benzimidazolone (4, X  = NH) 
quantitatively. This synthesis represents a consider
able improvement over the Lossen rearrangement of O- 
benzoyl anthranilohydroxamate previously reported 
(in unspecified yield).6 2-Benzimidazolone was also 
produced in apparently negligible yield from two less 
conventional Lossen degradations, from the pyrolyses

(1) N a tio n a l S cience  F o u n d a tio n  T ra in ee .
(2) D . S am u e l a n d  B . L . S ilver, J .  Aimer. Chem . Soc., 86 , 1197 (1963), a n d  

references  q u o te d  th e re in .
(3) F o r  a  rev iew  of th e se  re ac tio n s , see L . B au e r  a n d  C . S. M a h a ja n s h e tti ,  

J .  Heterocycl. Chem ., 4, 325 (1967).
(4) T h e  “ a  e ffec t”  w ould  m a k e  th e  - C O N H O "  g ro u p  a  m o s t effec tive 

n u c leo p h ile : J . D . E d w a rd s  a n d  R . G . P earso n , J .  A m er. Chem. Soc., 84, 
16 (1962).

(5) I t  is n o t su rp r is in g  t h a t  th e  r e a r ra n g e m e n t of O -benzenesu lfony l 
b e n z o h y d ro x a m a te s  occu r a lm o s t sp o n ta n e o u sly  s ince  i t  h ad  been  dem o n 
s tra te d  b y  R . D . B r ig h t a n d  C . R . H a u s e r  [ibid., 61, 618 (1939)] th a t  
th e  r a t e  of th e  L ossen  re a c tio n  in c reases  w ith  th e  p i f a o f th e  ac id  co rre 
spond ing  to  th e  d e p a rt in g  an ion .

(6) A. W . S c o tt a n d  B . L . W ood , J .  Org. Chem ., 7 , 508 (1942).

transformed 5 into 6 in excellent yield. It is of interest 
to note that the related Hofmann rearrangement on 2- 
aminonicotinamide8’11 and the Curtius rearrangement 
on 2-aminonicotinoyl azide7’11 afforded 6 in 34%8 and 
96%7 yield, respectively.

H
7 8

The other example described in this work involved
2-aminopyrazinecarbohydroxamic acid, 7.12 Rear
rangement of 7 with benzenesulfonyl chloride readily 
made 8 available in 60-70% yield. Although 8 can be 
obtained in good yield from the fusion of 2,3-diamino- 
pyrazine with urea at 160° for 2 hr,13 the synthesis of 
the diamine is quite tedious whereas the starting 
material for the present synthesis, 2-amino-3-pyrazine- 
carboxylic acid is commercially available.14

(7) D . H a rriso n  a n d  A. C . B . S m ith , J .  Chem. Soc., 3157 (1959).
(8) A . D ornow  a n d  O. H a h m a n n , A rch . P h a rm . (W einheim ), 290, 20 

(1957).
(9) A . W . S c o tt  a n d  J .  H . M o te , J .  A m er. Chem. Soc., 49, 2545 (1927).
(10) R . M arq u is , Com-pt. R end ., 143, 1164 (1906).
(11) A. D ornow , G e rm a n  P a te n t  1 ,024,974 (1958); Chem . A bstr ., 64, 7748 

(1960).
(12) W . B . W rig h t a n d  J . M , S m ith , J .  A m e r . Chem . Soc., 77, 3927 (1955).
(13) F . L . M u e h lm an n  a n d  A. R . D a y , ib id ., 78, 242 (1956).
(14) A ld rich  C h em ica l C o., M ilw au k ee , W is.
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Experimental Section15 16 17

Anthranilohydroxamic Acid.—This procedure consistently 
gave good results in the synthesis of the hydroxamic acid from 
ethyl anthranilate. When the published conversion of methyl 
anthranilate into anthranilohydroxamic acid16 was applied to 
ethyl anthranilate in hot ethanol, little hydroxamic acid was 
isolated.

Sodium ethoxide, prepared from 4.6 g (0.2 g-atom) of sodium 
in 50 ml of ethanol, was added to a stirred solution of dried 
hydroxylamine hydrochloride (14.0 g, 0.2 mol) in ethanol (130 
ml). After 1 hr the solution was filtered and to the filtrate was 
added ethyl anthranilate (16.5 g, 0.1 mol) followed by sodium 
ethoxide,^prepared from 2.3 g (0.1 g-atom) of sodium in 50 ml of 
ethanol. The reaction mixture was stirred at 25° for 2 days. 
The solid was collected, washed with petroleum ether (bp 30- 
60°), dissolved in the minimum amount of water, filtered, and 
acidified with acetic acid. Recrystallization from water yielded 
the hydroxamic acid in 60% yield, mp 144-145° (lit. mp 142- 
143°,14149°6).

2-Benzimidazolone.—Benzenesulfonyl chloride (14.13 g, 0.08 
mol) was added drop wise to a stirred solution of anthranilo
hydroxamic acid (6.1 g, 0.04 mol) in freshly prepared 5% NaOH 
solution (64 ml). The reaction mixture' was stirred at 25°, 
maintaining the pH at 8 or above by the addition of 10% NaOH 
as required. After 2 hr, the presence of the hydroxamic acid 
group could not be detected by means of the ferric chloride test. 
The solution was cooled in an ice-water bath and acidified with 
dilute HC1 (1:1) to pH 4. The crystalline product was collected, 
washed with petroleum ether (bp 30-60°), dried in vacuo, and 
recrystallized from 95% ethanol to give the product (5.09 g, 
95%), mp 309-310°, (lit. mp 300°,«•"•18 307-308°,19 310°,20'21 
313-316°7). Its ir spectrum, melting point, and mixture melting 
point were identical with that of an authentic sample:14 ir, 
3120 (NH) and 1725 cm '1 (C = 0); nmr (DMSO), S 7.0 (s, 
C6H4).

2-Benzoxazolone.—Salicylohydroxamic acid (6.1 g, 0.04 mol) 
was treated with benzenesulfonyl chloride (7.07 g, 0.04 mol) 
as described above. After 0.75 hr, at which time the reaction 
mixture did not give a purple color with ferric chloride, it was 
treated with 20% NaOH solution (20 ml) and filtered, and the 
filtrate was acidified with dilute HC1 (1:1). The product (4.65 
g, 86%, mp 122-125°) was recrystallized from water: mp 131—
133° (lit.9 mp 139°); ir, 3215 (NH) and 1750 cm-1 (C = 0);  
nmr (DMSO), 5 7.15 (s, C6H4); mass spectrum (70 eV), m/e 
(relative intensity) 136 (9.6), 135 (100), 91 (24), 79 (53), 78 
(7.7), 67.5 (5.8), 64 (17.4), 63 (12.5), 53 (6.7), 52 (45), 51 (21), 
50 (11.5), 39.5 (7.7), 39 (8.6), 38.5 (4.8), 38 (9.6), 32 (7.7), 
28 (26).

2-Oxo-lH,3H-imidazo[4,5-6]pyridine.—Benzenesulfonyl chlo
ride (1.06 g, 0.006 mol) was added dropwise to a stirred 
solution of 2-aminonicotinohydroxamic acid (0.9 g, 0.006 mol) 
in 10% NaOH (10 ml). After 10 min the reaction mixture was 
filtered and the filtrate was acidified to pH 6 with dilute HC1 
(1:2). The solid (0.85 g, mp 259-262°). was recrystallized 
from 95% ethanol to furnish the pure product (0.58 g, 7l%): 
mp 269-272° (lit. mp 238-239°,22 23 265-266°,8’u 270-2720,'1 
274° 23); ir, 3100 (NH) and 1700 cm-1 (C = 0); nmr (DMSO), 
5 7.93 (d of d, H6 J i.t  =  1.6 Hz), 7.00 (d of d, H5, / 4,6 = 7.6 
Hz), 7.34 (d of d, H4, / 5,6 = 5.0 Hz); mass spectrum (70 eV), 
m/e (relative intensity) 136 (8.34), 135 (100), 108 (4.2), 107

(15) M e ltin g  p o in ts  w ere  d e te rm in ed  on a  M e l-T em p  a p p a ra tu s  a n d  a re  
u n co rrec ted . In f ra re d  sp e c tra  w ere  d e te rm in ed  as N u jo l m ulls  (N aC l p la te s )  
w ith  a  P e rk in -E lm e r sp e c tro p h o to m e te r , M odel 337. N m r s p e c tra  w ere  de
te rm in e d  w ith  a  V a rian  A -60 sp ec tro m e te r , c a lib ra te d  w ith  te tra m e th y ls ila n e  
(T M S )(0 ) a n d  C H C l3(7 .28); chem ica l sh if ts  a re  re p o rte d  in  p a r ts  p e r  m illion 
(ô) dow nfie ld  from  in te rn a l T M S . M ass  s p e c tra  w ere  o b ta in e d  from  a  
H ita c h i P e rk in -E lm e r m odel R M U -6 D  sp ec tro m e te r . T h e  an a ly s is  (C , H ) 
w as p e rfo rm e d  b y  D r. K u r t  E d e r , G en ev a , S w itze rlan d  a n d  t h a t  fo r N  b y  
L eo  H o rn e r  u sing  a  C o lem an  N itro g e n  A nalyzer.

(16) M . A. S to lbe rg , W . A . M osher, a n d  T . W a g n er-Ja u reg g , J .  A m er. 
Chem . Soc., 79 , 2615 (1957).

(17) L. C . R a ifo rd , E . C o n rad , a n d  W . H . C oppock , J .  Org. Chem ., 7 , 
346 (1942).

(18) F . M o n ta n a r i  a n d  A. R isa liti , Gazz. C him . I ta l . ,  83 , 278 (1953).
(19) A. H a r tm a n , B er., 23, 1046 (1890).
(20) S. v o n  N iem en to w sk i, B er., 43, 3012 (1910).
(21) D . G . C ro sb y  a n d  C . N ie m a n n , J .  A m er. Chem. Soc., 76 , 4458 (1954).
(22) J . R . V au g h an , J r . ,  J . K rap ch o , a n d  J . P . E ng lish , 71 , 1885 (1949).
(23) Y. P e tro w  a n d  J . S aper, J .  Chem. Soc., 1389 (1948).

(23), 92 (6.2), 80 (20.8), 79 (5.2), 64 (12.5), 63 (6.2), 55 (5.2), 
53 (19.8), 52 (13.5), 39 (7.3), 38 (10.4), 32 (7.3), 28 (26.1).

2-Oxo-lH,3H-imidazo[4,5-6]pyrazine.—Benzenesulfonyl chlo
ride (15.90 g, 0.09 mol) was added dropwise to a stirred solu
tion of 2-amino-3-pyrazinecarbohydroxamic acid (14.05 g, 
0.09 mol) in 4% NaOH solution (200 ml). The reaction mixture 
was stirred at 25° for 1 hr, then acidified at 0° to pH 4 with dilute 
HC1 (1:3). The red-brown product (7.95 g, 65%) was recrystal
lized from water: mp 334-336° (lit.13 mp 336°); ir, 3480, 3330 
(NH) and 1720 cm -1 (C = 0); nmr (DMSO), S 7.93 (s); mass 
spectrum (70 eV), m/e (relative intensity) 137 (5.1), 136 (66.8), 
109 (7.9), 108 (6.5), 94 (13.5), 81 (9.8), 71 (6.1), 69 (6.5), 66 
(10.7), 57 (13.5), 56 (5.6), 55 (10.28), 54 (13.08), 53 (10.7), 
44 (7.0), 43 (12.1), 41 (11.7), 40 (5.6), 39 (8.4), 32 (42.5), 28 
(100), 27 (7.5).

Anal. Calcd for C5H4N40: C, 44.12; H, 2.96; N, 41.17. 
Found: C, 44.03; H, 3.10; N, 41.18.

Registry No.—4 (X = NH) 615-16-7; 4 (X = 0)
59-49-4; 6, 16328-62-4; 8, 16328-63-5.
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Although it is known that 4-methyl- and 5-methyl- 
thiazoles undergo nitration1 with relative ease, 2- 
methylthiazole has been nitrated only in very low yield 
(3-4%) through the use of fuming sulfuric acid and 
potassium nitrate at 330°.2 The product, mp 131— 
133°, was reported to be 2-methyl-5-nitrothiazole, but 
no proof of structure was given. Under milder condi
tions, Ganapathi and Ivulkarni3 obtained similar yields 
of what was presumably the same compound. Since 
we intended to utilize 2-methyl-5-nitrothiazole as an 
intermediate, the nitration of 2-methyl thiaz ole was 
investigated using nitronium tetrafluoroborate4 and the 
nitrogen tetroxide-boron trifluoride complex.5'6 These 
reagents, however, were unstable in the presence of 2 
methylthiazole. Nitrogen dioxide was evolved and 
only low yields7 (8-19%) of a 2-methyl nitrothiazole, 
mp 70.5-72.5°, were obtained.8 This material was 
homogeneous by glpc and did not appear to be the same 
compound as that which had been alleged to be 2- 
methyl-5-nitrothiazole by Babo and Prijs. It was sus
pected that decomposition of the reagent could be cir-

(1) J .  M . S p ra g u e  a n d  A. H . L a n d  in  "H e te ro c y c lic  C o m p o u n d s ,” V ol. 5, 
R . C . E ld erfie ld , E d ., J o h n  W iley  a n d  S ons, In c . ,  N ew  Y o rk , N . Y ., 1957, 
p  634.

(2) H . v . B abo  a n d  B . P r ijs , Helv. C h im . A c ta , 33, 306 (1950).
(3) K . G a n a p a th i a n d  K . D . K u lk a rn i, C urr. S c i., 21 , 314 (1952); Proc. 

In d ia n  A cad . S c i., Sect. A ,  37, 758 (1953).
(4) G . A. O lah , S . K u h n , a n d  A. M lin k o , J .  C hem . Soc., 4257 (1956).
(5) G . B . B ac h m an , H . F eu e r, B . R . B lu e ste in , a n d  C . M . V o g t, J .  A m er . 

Chem . Soc., 77 , 6188 (1955).
(6) T h e  s to ic h io m e try  in v o lv ed  in  th e  fo rm a tio n  of th e  com plex  is b e liev ed  

to  be

3 N 20 4 +  8 B F 3 ------>  3N O BF< +  3 N O 2B F 4 +  B 2O j

Cf. G . A . O lah  a n d  M . W . M ey e r  in  “ F r ie d e l-C ra f ts  a n d  R e la te d  R e a c tio n s ,” 
Vol. 1, G . A. O lah , E d ., In te rsc ie n c e  P u b lish e rs , N ew  Y o rk , N . Y ., 1963, p p  
124, 125, a n d  684.

(7) T h e  h ig h e r y ie ld  w as o b ta in e d  b y  u sing  th e  m e th o d  of R . A. P a r e n t  
[ J .  Org. Chem ., 27 , 2282 (1962)].

(8) F o r  nuc leo p h ilic  a t t a c k  b y  p y r id in e  o n  n itro n iu m  te tra f lu o ro b o ra te , 
cf. G . A. O lah , J . A . O lah , a n d  N . A. O v e rch u k , J .  Org. Chem ., 30 , 3373 
(1965); J .  Jo n es  a n d  J . Jo n es , Tetrahedron Lett., 2117 (1964).
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cumvented by prior complexing of 2-methylthiazole 
with boron trifluoride. Indeed, when boron trifluoride- 
complexed 2-methylthiazole was treated with excess 
nitrogen tetroxide-boron trifluoride complex in nitro- 
methane at room temperature, a crude yield of ca. 86% 
of a mixture which contained predominantly mononitro 
products 1 and 2, in a ratio of ca. 3.6:1, was isolated 
after 19.5 hr. Purification subsequently led to com
bined yields of 50-60% of 1 and 2. The reaction pro
ceeded equally well with nitronium tetrafluoroborate as 
the nitrating agent. Because it is well documented9 
that electrophilic substitution

occurs preferentially at the 5 position when an ortho,-  
p a ra  directing group is in the 2 position, it appeared on 
the basis of the isomer ratio that 1 was the 5-nitro 
isomer and 2 was the 4-nitro isomer. To support the 
contention the nmr spectra of 1 and 2 were compared 
with those of thiazole, 2-methylthiazole, and 2-bromo-5- 
nitrothiazole. The spectrum of thiazole in cyclo
hexane (TMS as the internal reference) is reported10 to 
contain bands at r 2.17 (H4) and 2.91 (H5) and of 2- 
methylthiazole11 as a pure liquid (water as the ex
ternal reference) at r 2.8 (H4) and 3.25 (H6). In this 
work12 2-methylthiazole showed two doublets (./ =
3.8 Hz) at r 2.37 (H4) and 2.87 (H5), whereas 2-bromo-
5-nitrothiazole exhibited a singlet at 1.67 (H4). The 
spectrum of 1 revealed a singlet at t 1.53 whereas that of 
2 showed a singlet at 1.80. Thus it is clear that 1 is the
5-nitro isomer and 2 is the 4-nitro isomer and this is in 
accord with theory since the H4 proton is deshielded 
more than the Hs proton owing to the proximity of both 
the electronegative ring nitrogen10’11 and the C5-nitro 
group.

On the basis of this assignment, it is reasonable to 
predict that 1 should contain a more acidic methyl 
group than 2 because the methyl anion of 1 will be 
stabilized by conjugation with the nitro group. In 
good agreement with this prediction, 1 condensed 
readily with aromatic aldehydes,13 whereas 2 did not;
e.g., 1 condensed with 2-picolinaldehyde to give the 
olefin 3 in 65% yield, whereas no reaction occurred with 
2 under the same conditions. The structure 3 was 
confirmed by an alternate synthesis v ia  the Meerwein 
arylation14 of the diazonium chloride derived from 2- 
amino-5-nitrothiazole15 with 2-vinylpyridine.

(9) See re f  1, p p  495 a n d  552.
(10) B . B ak , J .  T .  N ie lsen , J .  R a s tru p -A n d e rso n , a n d  M . S c h o ttla n d e r , 

Spectrochim . A cta , 18, 741 (1962).
(11) A . T a u r in s  a n d  W . S ch n e id er, C an. J .  Chem ., 38, 1237 (1960).
(12) N m r  s p e c tra  w ere  ta k e n  in  d e u te ra te d  ch lo ro fo rm  o n  a  V a ria n  A-60 

in s tru m e n t w ith  te tr a m e th y ls ila n e  (T M S ) a s  th e  reference .
(13) B iologica l t e s t  re su lts  o n  th e se  a n d  re la te d  co m p o u n d s  w ill b e  p u b 

lished  elsew here .
(14) C . S. R o n d e s tv e d t, J r . ,  Org. R eactions, 11, 189 (1960).
(15) A lth o u g h  th e  n i t r a t io n  of 2 -a m in o th iazo le  h a s  long  b ee n  a s su m e d  to

g ive  2 -am in o -5 -n itro th iaz o le  (ref 1, p  609), i ts  s t r u c tu r e  has  been  con firm ed
on ly  re c e n tly  b y  P a re n t7 b y  re d u c t iv e  a c e ty la tio n  to  g ive  2 ,5 -d ia ce ta m id o - 
th iazo le, w hich  d iffe red  from  2 ,4 -d ia ce ta m id o th iaz o le  w h ich  h a d  been  sy n 
thesized  u n eq u iv o ca lly .

For comparative purposes, 2-methylthiazole was also 
nitrated with a mixture of nitric and fuming sulfuric 
acids at 180-197°, and the course of the reaction was 
followed by glpc. The analyses revealed the isomer 
ratio of 5-nitro/4-nitro changed from 5:4 in 0.5 hr to 
1:2  in 1 hr. After 18 hr there was no 5-nitro isomer re
maining, clearly showing that it was unstable under the 
reaction conditions. Thus there is undoubtedly a pref
erence for electrophilic substitution at the 5 position 
even under these conditions at the outset of the reac
tion.

Since the nitration with the 2-methylthiazole-boron 
trifluoride complex was facile as compared with the 
mixed acid nitration, it was thought that this reaction 
might be another example of the “swamping catalyst 
effect” which has been studied by Pearson.16 Under 
the same conditions, however, 2-methylthiazole hydro
chloride was also readily nitrated to give a 54% yield of 
isomers, which indicated that ease of nitration is not 
dependent upon the presence of a Lewis acid and ab
sence of a proton acid.

The scope of the prior-complexing nitration tech
nique appears to be limited; BF3-complexed pyridine 
and 2-picoline gave only traces (1-2%) of nitrated 
products with N20 4-B F3.

Experimental Section

Melting points were determined on a Thomas-Hoover appara
tus and are uncorrected. Glpc analyses were performed on an 
F & M Model 720 dual column unit. Infrared spectra were 
taken on a Perkin-Elmer Model 137 spectrophotometer. Micro
analyses were performed by Galbraith Laboratories, Inc., 
Knoxville, Tenn.

Nitration of 2-Methylthiazole. A. N20 4-BF3.—To 150 ml of
nitromethane at 10°, 45 ml (ca. 0.705 mol) of nitrogen tetroxide 
was added and boron trifluoride was bubbled into this solution 
while the temperature was maintained below 10°. After excess 
boron trifluoride was observed at the top of the condenser, the 
flow was terminated. In a separate flask, 30 g (0.30 mol) of 
2-methylthiazole in 50 ml of nitromethane at —20 to —10° was 
also saturated with boron trifluoride, and this solution was 
added over a 0.5-hr period to the slurry of nitrogen tetroxide- 
boron trifluoride complex at 5-25°. The heterogeneous mixture 
was stirred at ambient temperature for 19.5 hr and then heated17 
to 65-70° for 2 hr. The mixture was cooled, poured on ice, made 
alkaline with 10% sodium hydroxide, extracted with six 100-ml

(16) D . E . P ea rso n , W . W . H arg ro v e , J . K . C how , a n d  B . R . S u th ers , 
J .  Org. Chem ., 26, 789 (1961).

(17) H e a tin g  w as fo u n d  to  b e  u n n ec essa ry  in  s u b se q u e n t ru n s .
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volum es of m ethylene chloride, dried, and evaporated to dryness 
in  vacu o  to afford 37.55 g (86%) of a red-brown semisolid. 
Analysis by glpc on a 2% SE 30, 6-ft column starting at 100° and 
temperature programmed at 30°/m in , showed that only ca . 
2.6%  of the starting material was present after stirring overnight 
at room temperature and that the ratio of 5-nitro(l)/4-n itro(2) 
was approximately 3 .6 :1 . Only ca . 5% of volatile side products 
were detectable. The crude mixture was triturated with 150 ml 
of carbon tetrachloride and then filtered to leave, predominantly, 
5.89 g of 2, mp 80-125°. Recrystallization from methanol gave 
two fractions, 3.71 g (mp 133-136°) and 1.35 g (mp 125-132°).

A nal.™  Calcd for C4H4N 20 2S (2): C, 33.32; H , 2.80; N , 
19.43; S, 22.24. Found: C, 33.24; H , 2.97; N , 19.30; S, 
22.10.

The carbon tetrachloride filtrate was evaporated to dryness 
in  vacu o , the residue was redissolved in m ethylene chloride, the 
solution was decolorized with activated carbon and evaporated 
to dryness, and the solid was recrystallized from methanol to 
give 9 g of 1, mp 70-72°. Subsequently, 11.98 g of lower melting  
fractions (mp 58-71°) were obtained by work-up of mother liq
uors. The combined isolated yield was 59.5% .

A nal.™  Found for 1: C, 33.37; H , 2.98; N , 19.54; S, 22.11.
Similarly, 2-m ethylthiazole hydrochloride afforded a 54% yield 

of mixed product but the 1:2 ratio was 2 .8 :1 .
B. Mixed Acids.— To 7 ml of 20% fuming sulfuric acid at 

20°, 1.7 g (93% pure by glpc, 1.6 mmol) of 2-m ethylthiazole was 
added and the mixture was heated to 100° before 2 g of potassium  
nitrate was gradually added. At the end of the addition the  
temperature was 170°, and, at this point, 1 ml of fuming nitric 
acid was added. The temperature was then kept at 180-197° for 
18 hr. Glpc analysis (on a 6-ft, 10% SF 96 column18 19) of a 1-hr 
sample which had been basified, extracted, and dried over 
magnesium sulfate indicated a 1:2 ratio of 1:2; after 18 hr. 
Compound 2 was detected but 1 was no longer detectable. In  
a similar run using concentrated nitric acid instead of fuming 
nitric acid a 0.5-hr sample showed a 1:2 ratio of 5 :4 .

2-[2-(5-Nitro-2-thiazolyl)vinyl]pyridine (3). A. Condensa
tion Method.— In 15 ml of 1-propanol containing 0.5 ml of 
piperidine, 2 g (14 mmol) of 2-m ethyl-5-nitrothiazole was re
fluxed with 3 g (28 mmol) of 2-pyridinecarboxaldehyde for 1 
hr. The mixture was cooled and the solid was collected and 
washed with cold methanol to give 2.12 g (65% ) of product, 
mp 179-181°. Recrystallization from methanol afforded yellow  
crystals: mp 181.5-183°; ir spectrum (N ujol), 3050, 1500,
1350, and 980 (tra n s  H?) cm -1. The AB quartet for the olefinic 
protons could not be resolved in deuterated chloroform on the 
Varian M odel A-60 nmr instrument.

A n a l .  Calcd for CioH7N 3S 0 2: C, 51.49; H , 3.03; N , 18.02; 
S, 13.75. Found: C, 51.22; H , 3.16; N , 17.97; S, 13.59.

B. Meerwein Reaction.— To 450 ml of concentrated hydro
chloric acid and 100 ml of water, 145 g (1 mol) of 2-amino-5- 
nit.rothiazole was added and the slurry was cooled to about 
— 70°. To this mixture, 69 g (1 mol) of sodium nitrite in 100 ml 
of water was introduced over a 0.5-hr period to give a pale green 
mixture. After an additional 10 min of stirring, 160 g (1.52 
m ol) of 2-vinylpyridine in 600 ml of acetone was added rapidly 
while the temperature was kept below —30°. Cupric chloride 
dihydrate (28 g) was then added and the mixture was stirred 
for 10 min before it was allowed to rise to room temperature. 
At —10° the green mixture became reddish and evolution of 
nitrogen was vigorous. After cessation of nitrogen evolution, 
the mixture was added to 500 ml of water. The mixture was 
neutralized with sodium bicarbonate, m ethylene chloride was 
added, the mixture was filtered, and the organic phase was 
separated. The aqueous layer was further extracted with m ethyl
ene chloride, the combined organic phases were dried over mag
nesium sulfate and then evaporated to dryness i n  vacuo  to give 
a viscous mixture. This was triturated with methanol and filtered 
to give 25.3 g of product, mp 179-182°. An additional 6 g of 
crude product was obtained from the methanol filtrate. Purifica
tion of products from chloroform and decolorization with ac
tivated carbon gave 25.43 g (10.5% ) of yellow product, mp 180- 
183°, which was identical (infrared spectrum and melting point) 
with that obtained by the condensation reaction (v id e  s u p r a ) .

(18) T h e  a n a ly tic a l sam p les  from  ea rlie r  ru n s  m e lte d  a t  134-136° (hexane) 
fo r 2 a n d  7 0 .5 -7 2 .5 °  (hexane) fo r 1.

(19) T h e  co lu m n  te m p e ra tu re  w as s e t  a t  120° a n d  th e n  a b ru p t ly  re s e t a t  
250° a f te r  2 -m e th y lth ia z o le  p assed  th ro u g h  th e  co lu m n  in  o rd e r  to  g e t  w ell- 
defined , re p ro d u c ib le  peaks.

R egistry N o .—2-Methylthiazole, 3581-87-1; 1 ,16243-  
71-3; 2 ,16243-72-4; 3 ,16243-73-5.

A cknow ledgm ent.—The author is indebted to Dr. G. 
Berkelhammer for his continued interest and Dr. J. E. 
Lancaster and Mr. R. S. Wayne for the nmr data and 
interpretations.

The Revised Structure of the Condensation 
Product of N-(p-Methoxyphenyl)anthraniIic 

Acid with Formamide

A. C h a t t e r j e e  a n d  R .  R a y c h a u d h u r i

D ep a r tm en t o f  C h em is try ,
U n iv e r s ity  C ollege o f  S c ien ce , C a lcu tta -9 , I n d ia

R ece ived  N ovem ber 15 , 196 7

In an attempt to synthesize l-aryl-lH-quinazolin-4- 
ones following the general route1 to the synthesis of 
their 1-alkyl analogs, Mukherjee, et a I.,'2 condensed N- 
(p-methoxyphenyl)anthranilic acid (I) with formamide 
and reported a product to which they assigned the struc
ture II. The same experiment in our hands gave a mix
ture of three products (Chart I), v iz ,, 4-methoxydiphen-

h 2nçho HC(OEt)j
or

HCOOH

ylamine (III) and 2-(p-methoxyanilino)benzamide (IV) 
and a third one which was proven identical in all re
spects (melting point, mixture melting point, and uv, ir, 
and nmr spectra) with the compound believed to have

(1) N . J . L e o n a rd  a n d  W . V. R u y le , J .  Org. Chem ., 13, 903  (1948).
(2) S. S o m asek h a ra , G . M . S h ah , a n d  S. L . M u k h e rje e , C urr. S c i., 33 , 521 

(1964).
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the formulation II. But on the basis of the mass spec- 
trometrically derived molecular weight (M+ 254), ele
mental analysis, and nmr proton count (14 H), the 
molecular formula of the compound had to be revised as 
CuHuN.0,, instead of C15H12N2O2 suggested by the 
previous workers.2

The uv spectrum of the compound 280
(log t  3.99) and 342 mm (log e 3.71) ] resembled that of
2-(p-methoxyanilino)benzamide rather than that of 1 - 
phenyl-lH-quinazolin-4-one3 and the ir spectrum 
showed a strong NH band at 3226 cm-1. These obser
vations and the fact that the nmr spectrum lacked the 
C-2 proton signal3’4 of quinazolin-4-ones and instead 
exhibited a two-proton signal at 5 5.25, led us to propose 
the tetrahydro structure V. The mass spectrum of the 
compound which showed characteristic peaks at M — 29 
and at m /e  2 10  and 182 presumably due to the sequen
tial expulsion of the groups CH2-NH, -CHg, and C = 0  
also provides tenuous support for the formulation V. 
The formation of V, instead of II seems to involve the 
reduction of II as the obligatory intermediate by hy
dride transfer from formamide molecules,5 a contention 
which received experimental verification by the for
mation of V as the sole product on heating II (formed by 
condensation of 2-(p-methoxyanilino)benzamide with 
ethyl orthoformate) with formamide at 170-180°.

Experimental Section

The melting points were determined on the Kofler block and 
were uncorrected. The ultraviolet absorption spectra were 
measured in 95% ethanol (aldehyde free), the ir spectra were 
taken on a KBr disk unless otherwise stated. The analytical 
samples were dried at 80° over P20 5 for 24 hr in vacuo. An
hydrous sodium sulfate was used for drying organic solvents 
and for column chromatography; Brockmann alumina was used 
throughout.

N-(p-methoxyphenyl)anthranilic acid (I) was prepared by 
Ullmann condensation of o-chlorobenzoic acid with p-anisidine 
in presence of anhydrous potassium carbonate and activated cop
per powder. The product was crystallized from methanol as 
pale yellow needles: mp 182-183°, rmax 3278, 2985, 2597, 1652, 
and 900 cm-1; X“ °H 288 mp (log e 3.97) and 333 mp (log e 
3.54); nmr (CDC13), 8  3.68 (s, 3 H), 6.02-7.28 (m, 8 H), 7.66 
(d, 1 H, /  = 6 cps) and 8.60 (NH, Ws  =  12 cps).

Anal. Calcd for Ci4Hi3N 0 3: C, 69.13; H, 5.35; N, 5.76; 
O, 19.75. Found: C, 69.20; H, 5.27; N, 5.80; O, 19.89.

2-(p-Methoxyanilino)benzamide (IV) was synthesized accord
ing to the method of Blatter, et al . , 3 starting from I. The crude 
solid was crystallized from methanol as light yellow needles: 
mp 128-130°; 3508, 3322, and 1669 cm"1; X“ °H 284 (log <•
3.97) and 342 mp (log e 3.61); nmr (CDCU), 8  3.82 (s, 3 H), 
6.42 (NH2, Wb  = 20 cps), 6.56-7.60 (m, 8 H) and 9.5 (NH, 
Wh =  15 cps).

Anal. Calcd for C14H14O2N2: C, 69.42; H, 5.78; N, 11.56; 
O, 13.22. Found: M+ 242; C, 69.61; H, 5.97; N, 11.58;
O, 13.54.

l-(p-Methoxyphenyl)-l,2,3,4-tetrahydroquinazolin-4-one (V).—
Compound I was heated with 3-4 equiv of formamide in a sealed 
tube at 150-160° for 4 hr following exactly the method reported 
by Mukherjee, et al . 2 The residue was chromatographed.
4-Methoxydiphenylamine (III), obtained from the earlier frac
tions of the petroleum ether (60-80°) eluate, crystallized from 
petroleum ether as white needles (32% yield), mp 104-105° (lit.6 
mp 105°). Later fractions of the petroleum ether eluate furnished 
pale yellow needles (22% yield), mp 130° from benzene, and it 
was found to be identical in all respects (melting point, mixture

(3) H . M . B la tte r ,  H . L ukaszew sk i, a n d  G . d eS te v en s , J .  Org. C hem ., 30, 
1020 (1965).

(4) S. C . P a k ra s h i, J . B h a t ta c h a ry y a ,  L . F . Jo h n so n , a n d  H . B udzik iew icz, 
Tetrahedron, 19, 1011 (1963).

(5) E . C . T a y lo r  a n d  E . E . G arc ia , J .  A m er. Chem . Soc., 86 , 4721 (1964).
(6) E . W ilis tà tte r  a n d  H . K u b li, B er., 42, 4135 (1909).

melting point, and uv, ir, and nmr spectra) with IV. The major 
product (V), obtained from the chloroform eluate, crystallized 
from methanol as white rods (30% yield): mp 186°; rmax 3226, 
1681, and 1628 cm“1; nmr (CDC13), 8  4.11 (s, 3 H), 5.25 (d, 
2 H, J  = 3 cps), 6.88-7.78 (7 H), 8.00 (NH, Wn =  15 cps) 
and 8.33 (d, 1 H, J ,  = 8 cps, J 2 =  2 cps).

Anal. Calcd for C15H14O2N2: C, 70.86; H, 5.51; N, 11.02; 
0,12 .59 . Found: M +254; C, 70.27; H, 5.73; N, 10.91; O, 
12.82.

l-(p-Methoxyphenyl)-lH-quinazolin-4-one (II). A.—A mix
ture of 2-(p-methoxyanilino)benzamide (0.5 g) and ethyl ortho
formate (5 ml) in diethylene glycol (5 ml) was heated at 120° for 
15 hr. Excess of ethyl orthoformate was removed under reduced 
pressure and the residue was taken in chloroform and extracted 
with 5 N  HC1. Acid extract was basified with ammonia and 
extracted with ether. Ether extract was washed, dried, and 
distilled. The residue was crystallized from acetone as white 
granules (0.3 g): mp 186-188°; vm*x 1642 and 1589 cm-1;
x r .H 235 mM (log e 4.47), 280 (3.88), 304 (4.08) and 314 (4.0); 
nmr (CDCU), 8  3.96 (s, 3 H), 7.20 (d, 2 H, J  = 9 cps), 7.36 
(m, 3 H), 7.49 (d, 2 H, J  = 9.0 cps), 8.33 (s, 1 H), and 8.38 
(doublet of doublets, J 1 = 8.5 cps, J 2 — 2 cps).

Anal. Calcd for C15H12O2N2: C, 71.42; H, 4.76; N, 1 1 .1 1 ; 
O, 12.69. Found: M+ 252; C, 71.29; H, 4.88; N, 11.34; 
O, 12.99.

B.—A solution of IV (0.5 g) in formic acid (10 ml) was heated 
in a sealed tube at 110-120° for 24 hr. Excess formic acid was 
removed under reduced pressure and worked up as before. The 
crude product was chromatographed. The solid, obtained from 
the benzene-chloroform (1 :1 ) eluate, crystallized from acetone 
as white granules (0.07 g), mp 186-188°. It was found to be 
identical in all respects (melting point, mixture melting point, 
tic, and uv, ir, and nmr spectra) with II.

Conversion of II into V.—Compound II was heated with 6-8 
equiv of formamide at 170-180° for 5 hr. Excess formamide was 
removed under reduced pressure and the residue was crystallized 
from methanol into white rods (92% yield), mp 186°. It was 
found to be identical with V in all respects (melting point, mixture 
melting point, tic, and uv, ir, and nmr spectra).

Registry No—I, 13501-67-2; II, 16328-59-9; IV, 
16328-60-2; V, 16328-61-3. '
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Benzyne Formation by Desulfamylation

J o s e p h  W e i n s t o c k  a n d  N e l s o n  C. F. Y i m

Research and Development Division,
Smith K line and French Laboratories,

Philadelphia, Pennsylvania 19 10 1

Received January 9, 1967

In a study of the chemistry of 2,4-dichloro-5-sul- 
famylbenzonitrile (I) 1 the reaction with an excess of 
phenylmagnesium bromide was carried out in antici
pation that the product would be 2,4-dichloro-5- 
sulfamylbenzophenone. This product was formed in 
low yield, but the major product (Ci3H7C12N) was shown 
to be 3,5-dichloro-2-biphenylcarbonitrile (III) by con
version into 2-methylbiphenyl (V) with Raney nickel. 
We were led to try this reaction because we had previ
ously observed dehalogenation accompanying Raney

(1) W . S iedel, K . S tu rm , a n d  W . S cheu rich , B er., 99, 345 (1966).
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nickel desulfurizations of chlorosulfamylanthranilic 
acids.2

The loss of nitrogen could be rationalized by reduc
tion of the nitrile to the primary amine followed by 
alkylation by ethanol and débenzylation all catalyzed 
by the Raney nickel.3 This explanation is supported 
by isolation of triethylamine hydrochloride from this 
reaction.

The cine substitution found in the replacement re
action implicates the benzyne IV as an intermediate. 
The hydrogen on the phenyl flanked by the sulfamyl 
and cyano groups should be quite acidic, so the forma
tion of the anion VI seems plausible. This could be 
converted into IV by loss of MgNS02~. The addition 
of the phenyl ortho to the cyano seems contrary to the 
generalization that the reaction proceeds to place the 
negative charge adjacent to the most strongly electron- 
withdrawing group.4 It is possible that phenylmagne- 
sium bromide is complexed to the cyano group, and this 
directs phénylation to the adjacent carbon.

teaspoon of activated Raney nickel in 60 ml of ethanol was re
fluxed for 2.5 hr. The nickel was then removed by filtration 
and the volatile solvents were evaporated under vacuum. Addi
tion of ether to the oily residue caused the separation of a white 
solid which was collected by filtration and identified by its nmr 
and infrared spectra as triethylamine hydrochloride. Evapora
tion of the ether gave an oil which on thin-layer chromatography 
(silica gel G, CHCb development) showed a major spot (at highest 
Ri) and three traces. Chromatography on silica gel developing 
with chloroform gave four drops of the major product free of con
tamination. This was distilled in a small alembic (pot tempera
ture 110°, 15 mm) to give a few drops of a colorless oil. The 
infrared and nmr spectra were identical with those of authentic 
2-methylbiphenyl and very different than that of 3-methylbi- 
phenyl.

Anal. Calcd for CisEbc C, 92.81; H, 7.20. Found: C, 
92.93,92.69; H, 7.27, 7.18.

R egistry N o .—Benzyne, 462-80-6; II, 16355-12-7; III, 
16355-13-8; V, 643-58-3.

The Chemistry of 3-Oxo-2-phenyIindoIenine1 *

Experimental Section5

Reaction of Phenylmagnesium Bromide and 2,4-Dichloro-5- 
sulfamylbenzonitrile.—Phenylmagnesium bromide was prepared 
by the reaction of 12.16 g (0.5 g-atom) of magnesium and 78.5 g 
(0.5 mol) of bromobenzene in 225 ml of tetrahydrofuran. After 
addition of 25 g (0.1 mol) of 2,4-dichloro-5-sulfamylbenzonitrile 
dissolved in 100 ml of tetrahydrofuran the reaction mixture was 
stirred at 25° for 30 min and refluxed for 90 min. After chilling, 
ice-water (350 ml) and 12 N  sulfuric acid (200 ml) were added 
and the resulting solution was extracted with ether. The ether 
was extracted with 10% sodium hydroxide and the organic phase 
was concentrated to give 15 g (60%) of 3,5-dichloro-2-biphenyl- 
carbonitrile (III). Recrystallization from an ethanol-water 
mixture gave white crystals, mp 149-150°.

Anal. Calcd for C13H7CI2N: C, 62.92; H, 2.84; N, 5.64.
Found: C, 63.01; H, 3.04; N, 5.33.

Acidification of the basic ether extract with hydrochloric acid 
gave 4.0 g (12%) of 2,4-dichloro-5-sulfamylbenzophenone
(II). This was dissolved in dilute sodium hydroxide, treated 
with charcoal, and reprecipitated by addition of acid. Recrystal
lization from an ethyl acetate-hexane -mixture gave white 
crystals, mp 200-201°.

Anal. Calcd for C13H9CI2NO3S: C, 47.29; H, 2.75; N, 
4.24. Found: C, 47.56; II, 2.73; N,4.28.

Dehalogenation of 3,5-Dichloro-2-biphenylcarbonitrile.—A 
mixture of 500 mg of 3,5-dichloro-2-biphenylcarbonitrile and a

(2) J .  W e in sto ck  a n d  N . C. F . Y im , u n p u b lish e d  resu lts .
(3) F o r  p re c e d e n ts  fo r th e  la s t  tw o  s tep s , see G. R . P e t t i t  a n d  E . E . v a n  

T a m e lin , Org. R eactions, 12, 356 (1961).
(4) J . F . B u n n e t t ,  J . Chem. E duc ., 38, 278 (1961).
(5) W e  w ish  to  th a n k  M iss M . C arro ll a n d  h e r  sta ff  fo r m ic ro a n a ly tic a l

d a ta  a n d  M r. R . J . W a rre n  fo r n m r  sp e c tra l d a ta .  In f ra re d  s p e c tra  w ere
d e te rm in ed  on  a  P e rk in -E lm e r  In fra c o rd  s p e c tro m e te r  a n d  n m r s p e c tra  w ere
o b ta in ed  on  a  V a ria n  A -60 sp ec tro m e te r.

R o n a l d  J. R ic h m a n  a n d  A l f r e d  H a s s n e r

Department of Chemistry, University of Colorado,
Boulder, Colorado

Received November SI, 1967

Recently Hassner and Haddadin2 have shown that 
17-keto steroids react with o-nitrobenzaldehyde to pro
duce an exocyclic unsaturated indoxyl, which was pos
tulated to have arisen from a 3-oxoindolenine of type la, 
by a tautomeric shift. Little is known about endo- 
cyclic unsaturated indoxyls 1. Although several 
workers have claimed to have isolated 3-oxoindolenines, 
these structures have either been shown to be erroneous,
e.g., the compounds are dimers of type 2, or are subject 
to debate in the literature.3-7

b,Ia-HCl

0
------ JA  CL-----

NR / nN
I R E I

H H
5 2a,R = CH3

b, R = C6H5

We decided to investigate the chemistry of 3-oxoin
dolenines and chose the 2-phenyl derivative because it 
could not undergo isomerization to an exocyclic unsat
urated isomer. 3-Oxo-2-phenylindolenine (la) was first 
described by Baeyer as an unstable red solid melting at 
10 2 °.8 This compound was reported to readily react 
with base or acid and to dimerize on heating in benzene. 
That such endocyclic unsaturated indoxyls might be 
unstable and isomerize to an exocyclic unsaturated in
doxyl or dimerize is not surprising; they contain a

(1) S te re o ch em istry . X X X IV . N itro  C om p o u n d s. V II . F o r  p a p e r  
X X X I I I ,  see F . F ow ler a n d  A. H assn e r, J . A m er. Chem . Soc., 80, 2875 (1968).

(2) A. H assne r, M . J .  H ad d a d in , a n d  P . C a tso u laco s , J .  Org. C hem ., 31 , 
1363 (1966).

(3) O. N eu n h o effe r a n d  G. L eh m an , Chem. Ber., 94 , 2960 (1961).
(4) A. H assn e r  a n d  M . H ad d a d in , J .  Org. Chem ., 28 , 224 (1963).
(5) D . A . Jones , P h .D . T hesis, U n iv e rs ity  o f M in n eso ta , M in n ea p o lis , 

M in n ., 1961 d iscussed  sev e ra l re a c tio n s  in  w h ich  3 -oxo indo len ines h av e  been  
p o s tu la te d  a s  in te rm e d ia te s  b u t  in  no case h a v e  th e y  b ee n  iso la ted .

(6) R . K . C allow  a n d  E . H ope, J .  Chem. Soc., 1191 (1929).
(7) R . P u m m e re r, Chem. B er., 44, 338, 810 (1911).
(8) A. B aeyer, ib id .,  45, 2157 (1912); L. K a lb  a n d  J .  B ay e r, ib id . ,  

45, 2150 (1912).
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strained five-membered ring and resemble the hereto
fore unknown cyclopentadienone.

The method employed by Baeyer8 in the synthesis of 
1 involved the reaction of 2-phenylindole with sodium 
nitrite in acetic acid. The identity of the product has 
aroused considerable controversy.9-11 Two structures 
were put forth, a nitroso compound 3 and an isonitroso 
compound 4a. We feel that on the basis of spectral 
evidence neither of these structures are acceptable.

„____ J V — ORrx^ N ^ C 6H5

4a,R = H 
b,R=Ac

Our product prepared by Baeyer’s method, i.e ., sodium 
nitrite in acetic acid, corresponds in every way to that 
reported by other workers.8’10’11 However, its infrared 
spectrum indicated the presence of a salt at 2300-2700 
cm-1, and, unlike a true oxime, there was no OH or 
C==N absorption and no N = 0  absorption. The com
pound yields an acetylated product 4b which is identical 
with that reported by Campbell and Cooper.11 The 
fact that the same product was obtained regardless of 
whether the synthesis was carried out under acidic or 
basic conditions and that salt formation occurred even 
on treatment of a 2-phenylindole with amyl nitrite in 
ether in the absence of catalyst leads us to the conclu
sion that the compound is a zwitterion 5. This salt is 
unaltered by acid or base. A molecular weight deter
mination indicates a monomer.

Attempts to continue with Baeyer’s procedure, that 
is, to reduce the oxime 5 to an amine with zinc in acetic 
acid led to intractable tars even when the reaction was 
run under a nitrogen blanket. We finally obtained the 
desired 3-amino-2-phenylindole by carrying out the re
duction with sodium dithionite (Na2S404) in alcohol. 
The amine was highly unstable, turning from tan to 
green a few minutes after isolation, and was immedi
ately oxidized with lead tetraacetate to the imine 6. 
The latter was hydrolyzed to lb, the hydrochloride of 
oxoindolenine la.

Neutralization and work-up of lb yielded two in- 
doxyls, the 3-oxo-2-phenylindolenine (la) in 25% over
all yield and 2-hydroxy-2-phenylindoxyl (7a) in 10% 
yield. That the final product is indeed la  and not a 
dimer was established by the melting point correspon
dence to that found by Baeyer, who obtained a correct 
elemental analysis of la  the molecular weight determi
nation in carbon tetrachloride [210 (calcd 207)] and 
the uv spectrum-—250, 265, and 433 mn (e 37,200, 
42,700, and 4680)-—which fits the spectrum expected 
for such a system, by comparison with spectra of indoxyl 
derivatives. The long wave length maximum at 433 
mpt is nearly the same for the isatogen 8 (438 ntyt, e

(9) E . F isch e r, Chem . B er., 21 , 1073 (1888).
(10) A. A ngeli a n d  F . A ngelico , Gazz. C him . I ta l . ,  30 , 268 (1900).
(11) N . C a m p b e ll a n d  R . C ooper, J .  Chem. Soc., 1208 (1935).

1120) as for la  in keeping with similar trends in pyri
dine and pyridine N-oxide. On the other hand, 
the bathochromic shift in the lower wavelength maxi
mum from 265 to 290 mp  going from la  to its N-oxide 8 
is probably attributable to the N -*0 auxochrome in the 
latter. Conjugated indoxyls absorb at a higher wave
length (455 m/i)2 whereas simple indoxyls, i.e ., 2 and 7 
absorb at 400 m/r.

The second product obtained from the neutralization 
of lb is presumed to be 2-hydroxy-2-phenylindoxyl (7a). 
This conclusion is based upon the following data: the 
infrared spectrum of 7a indicates OH and NH absorp
tion and its ultraviolet spectrum shows typical indoxyl 
absorption at 400 m/x. Alcohol 7a also results on addi
tion of water to la. It is possible to acetylate 7a as 
inferred by the disappearance of the OH and appearance 
of acetoxy C = 0  absorption in the infrared. Since 
neither product could be purified, further analysis did 
not seem feasible.

3-Oxo-2-phenylindolenine (la) was stable to air 
oxidation and did not appear to undergo dimerization 
to 2b in benzene as previously reported.8 On treatment 
with base it formed intractable tars, with water it gave 
7a, and with alcohol it formed a heat-sensitive 2-meth- 
oxy derivative 7b that was converted reversibly into 1 a.

The similarity in structure between 2-phenylisato- 
gen (8) and 3-oxo-2-phenylindolenine la suggested the 
possibility of interconversion of these two compounds. 
Several deoxygenating agents were tried in an attempt 
to convert the isatogen into the corresponding oxoin
dolenine. Finally phosphorous trichloride was found 
successful but the yield of 1 a was poor.

We then attempted the conversion of the oxoindo
lenine la  into isatogen 8 (see Scheme I). It was ex-

S cH E M E  I  

PCI3> per acid

COOH
nch2c6h5
H
11

pected that, like pyridine, the indolenine when treated 
with per acid would yield the N-oxide. This was not 
the case. With m-chloroperbenzoic acid, an isomer of 8 
was obtained which corresponded in every way to that 
obtained by Jones from 3-acetoxy-2-phenylindole with 
per acid.6 Jones assigned structure 9 to the product, 
based upon the work of Zentmyer and Wagner.12 The 
latter authors dismissed structure 10 on the basis of

(12) D . Z e n tm y e r  a n d  E . W ag n er, J . Org. Chem ., 14, 967 (1949),
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strain in the four-membered ring.13 We were able to 
unequivocally confirm14 the assigned benzoxazine struc
ture 9 by sodium borohydride reduction to N-benzyl- 
anthranilic acid (11). It is not possible to tell yet if 
per acids undergo reaction with la on the carbonyl to 
yield 9 by a Baeyer-Villiger rearrangement, or by attack 
on the C = N  either through an oxaziridine or via  a 
peroxy compound.

Experimental Section16 17

3-Oximino-2-phenylindole(5). A. Using Sodium Nitrite in 
Acetic Acid.—A solution of 4.036 g of 2-phenylindole16 in 90 ml 
glacial acetic acid was heated on a steam bath in order to obtain 
complete solution. Excess sodium nitrite (1.5 g) was slowly- 
added to the dark green solution. A yellow-green precipitate 
quickly formed. The mixture was allowed to stand for 1 hr 
and then was diluted with water (200 ml), and the solid was 
filtered and dried. The product was redissolved in hot concen
trated sodium hydroxide, and any residue was filtered off. 
The purified yellow-orange compound was precipitated by the 
addition of glacial acetic acid. The yield of dried oxime was 
3.824 g (82%); mp 272-274° dec (lit.10 mp 272-273° dec); 
ir, 2750-2300 (multiplet), 1838, 1517, 757, 746, 714, and 667 
cm-1; uv, Xmax (95% C2H5OH), 386 m/x (e 3160), 330 (3800), 
264 (35,500), 230 (12,000); molecular weight in pyridine, 236 
(calcd 222).

B. Using Sodium Ethoxide and Amyl Nitrite.—Product 5 
was obtained in 81% yield from a reaction of 2-phenylindole 
with isoamyl nitrite and sodium ethoxide in ethanol at 0°, 
following work-up with boric acid.

C. Using Amyl Nitrite in Ether Without a Catalyst.—The 
reaction was carried out with 3.96 g of 2-phenylindole in 60 ml 
of anhydrous ether, and 2.4 ml of isoamyl nitrite. After 2 hr 
at 25° a small amount of precipitate began to form from the 
yellowish solutions. After 26 hr, the product was filtered off 
and dried. The yield of 5 was 2.84 g, mp 276-277° dec, no 
purification was necessary. The product was identical in every 
way with 5 as prepared above.

Acetylation of Oxime 5.—Oxime 5 (753 mg) was acetylated by 
refluxing overnight in 15 ml of acetic anhydride and 9 ml of 
pyridine. The product was dissolved in acetone, and the 
resulting solution was filtered and then evaporated to dryness. 
The resulting red gum was crystallized from ethanol. The 
yield was 600 mg: mp 116° (lit.11 mp 117°); ir, 1785 (C = 0), 
triplet at 1178, 1165, and 1153 (oxime acetate), 1000, 918 cm-1.

3-Imino-2-phenylindolenine (6).—To a solution of 86.9 g of
5 in 300 ml of ethanol and 500 ml of 2 N  sodium hydroxide was 
added slowly an excess (16.7 g) of sodium dithionite (Na2S204). 
The mixture was heated on the steam bath until the solution 
turned a light yellow color. The resulting product was filtered 
off, washed with 150 ml of water and 5 ml of ethanol, and then 
dried for 10 min under vacuum. The yield of 3-amino-2-phenyl- 
indole was 82%, mp 174-176° (lit.10 mp 180°). The amine 
(20.4 g) in 100 ml of anhydrous benzene was oxidized with 150 
g of activated lead dioxide by heating for 15 min and the imine
6 was obtained from benzene in 81% yield: mp 112-115° (lit.8
mp 114°); ir, 1639, 1605, 1600, 1520, 766, 748, 685 cm"1.

3-Oxo-2-phenylindolenine (la).—A slurry, prepared from 
6.90 g of imine 6 in concentrated hydrochloric acid was filtered 
under suction and the product 3-oxo-2-phenylindolenine hydro
chloride (lb) was dried under vacuum over sodium carbonate;

(13) T h e re  a re  sev e ra l re c e n t re p o rts  of th e  possib le  in te rm e d ia c y  of 
b en z aze tid o n es  in  reac tio n s : G . E ge , Angew . Chem. In te rn . E d . E ng l., 4, 699 
(1965); E . M . B urgess  a n d  G . M ilne , Tetrahedron Lett., 93 (1966); I t. K . 
S m alley , H . S u sch itzk y , a n d  E . M . T a rn e r , ib id ., 3465 (1966).

(14) J .  L. P in k u s  re c e n tly  fo u n d  co n firm a to ry  ev id en ce  fo r s tru c tu re  9 
from  m ass s p e c tra  d a ta .  H e  a lso  iso la ted  9 from  p e rac id  o x id a tio n  of l a .  
W e a re  g ra te fu l to  P ro fesso r P in k u s , U n iv e rs ity  of P itt s b u rg h , P ittsb u rg h , 
P a .,  fo r co m m u n ic a tin g  th e se  re su lts  to  us p r io r  to  p u b lica tio n .

(15) A ll m e ltin g  p o in ts  w ere  ta k e n  on  a  F is h e r -J o h n s  m e ltin g  p o in t  a p p a 
ra tu s ,  a n d  a re  u n co rrec ted . In f ra re d  sp e c tra  w ere  d e te rm in e d  in  th e  so lid  
p h a s e  (K B r)  using  a  P e rk in -E lm e r In f ra re d  21 sp e c tro p h o to m e te r . U l t r a 
v io le t  s p e c tra  w ere  m e asu red  on  a  C a ry  M odel X IV  in s tru m e n t. M o lec u la r 
w e ig h ts  w ere  d e te rm in e d  in  ca rb o n  te tra c h lo r id e , un less  o th e rw ise  n o te d , us
ing  a  M ech ro lab  V ap o r o sm o m eter, M o d el 301A.

(16) V . S ad o v sk ay a , N . G rin ev a , a n d  V. U fim stov , J .  Gen. Chem. U S S R ,  
33, 545 (1963).

the ir spectrum showed absorptions at 2650-2550 (multiplet), 
1730 (C = 0), 1625, 1575, 768, 720, and 674 cm '1.

The compound was placed in benzene, and the mixture was 
concentrated to drive off any excess hydrochloric acid. Excess 
calcium carbonate was added, and the mixture was heated 
briefly on the steam bath and then filtered. The residue was 
washed with hot benzene and the filtrates were combined and 
then evaporated down to a small volume, whereupon petroleum 
ether (20-40°) was added. Immediately upon addition of 
petroleum ether an unstable yellow product (7a) precipitated 
and was filtered off; uv maxima in carbon tetrachloride were at 
407 mM (e 2630), 265 (46,800), and 250 (r 24,600).

The filtrate from 7a was concentrated until red crystals began 
to form. The solution was cooled and allowed to stand over
night. The red crystalline material was collected and dried 
and then recrystallized from ether to give 4.62 g of la: mp
102° (lit.8 mp 102°); mol wt 209.3 (calcd 207); uv, Xmax (CCfi), 
433 mu (e 4680), 270 (40,070) sh, 265 (42,700), 250 (37,200); 
ir, 1739 (C = 0 ) and 1608 cm-1.

2-Methoxy-2-phenylindoxyl (7b).—A solution of 445 mg of
3-oxo-2-phenylindolenine (la) in 100 ml of absolute methanol 
was refluxed 2 hr and then evaporated to dryness under vacuum 
at room temperature. Recrystallization of the product from 
ether-petroleum ether afforded a mixture of indolenine la  and 
the methoxy compound 7b, mp 104-107°. This product 
could not be further purified.

The above procedure was repeated with 422 mg of material. 
This time the product was recrystallized from methanol by first 
concentrating the solution, then by keeping the solution at 
— 10°, and constantly scratching the flask with a glass rod until 
brilliant yellow crystals began to form. After crystallization 
began, the flask was allowed to sit for 2 hr at —10°, then the 
yellow crystals of 7b were filtered off. The yield was 400 mg: 
mp 87°; mol wt 226 (calcd 239); uv, Xmax (CCfi), 405 m/x 
(c 4790), 265 (50,100), 250 (37,200); ir, 3436, 1703, 1626, 762, 
753,717, 701 (sh), 664 cm“1.

Anal. Calcd for C15H13O2N: C, 75.34; H, 5.47. Found: 
C, 75.18; H, 5.42.

If the methoxy compound 7b was heated in methanol and the 
solution was concentrated, the product obtained was a mixture 
of indolenine la  (predominantly) and indoxyl 7b.

2-Phenylisatogen (8).—A modification of the procedure by 
Krohnke and Meyer-Delius17 was employed. A solution of 4 g 
of o-nitrostilbene-pyridinium bromide (mp 253-255 °)n in 200 
ml of 50% aqueous acetic acid, was placed in white porcelain 
dishes and kept in the sunlight. The solution slowly turned 
orange and finally red-orange crystals were deposited. The 
product was recrystallized from methanol: 2.13 g; mp 188- 
189° (lit.6 mp 189-190°); uv, Xmax (CC14), 438 m/x 1120), 
290 (35,500), 285 (34,700); ir, 1720 (C = 0), 1709, 1385 cm“1 
(ArN—O).

Deoxygenation of 2-Phenylisatogen (8) to la .—To a solution 
of 2 g of 2-phenylisatogen in 20 ml of chloroform was added 1.7 g 
of phosphorous trichloride (excess) at 0° for 1 hr. The solution 
was allowed to remain at room temperature for 30 hr and was 
then evaporated to dryness under vacuum. To the residue (a 
greenish-yellow oil) was added 2.5 ml of concentrated hydro
chloric acid. The resulting slurry was filtered and the solid 
was dried. The solid mass was placed in benzene and then 
concentrated from 150 to 35 ml. To this solution excess calcium 
carbonate was added, and then the mixture was boiled for 15 
min. The suspension was filtered, and the residue was washed 
with hot benzene. The filtrates were combined and concen
trated. Petroleum ether was then added and the resulting yellow 
green tar was filtered off. The solution was further concentrated 
until red amorphous material began to precipitate. Three 
recrystallizations from ether yielded 65 mg of a product melting 
at 101-102°. The infrared and ultraviolet spectra were identical 
with those of 3-oxo-2-phenylindolenine (la). A mixture melting 
point experiment with authentic la showed no depression.

Attempts to deoxygenate 8 with triethyl phosphite in benzene 
at 0° led to tarry material. Refluxing of 8 with triphenylphos- 
phine in benzene or methylene chloride led to recovery of starting 
material.

Oxidation of 3-Oxo-2-phenylindolenine (la) to 9.—To a
solution of 433 mg of la in 25 ml of chloroform was added 685 
mg of m-chloroperbenzoic acid (85% pure). The red solution 
which turned pale yellow after 15 min was kept at room tempera-

(17) F . K ro h n k e  a n d  M . M ey er-D eliu s, Chem. B er., 84, 932 (1951).
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tiire overnight. The solution was poured through a column of 
neutral alumina and then evaporated on the rotovac. The 
resulting material was crystallized from methanol affording 
yellowish needles of 9: 316 mg (70.6%); mp 122.5° (lit.5 mp 
124°). The infrared spectrum indicated the presence of a 
carbonyl at 1764 cm“1.

Anal. Calcd for C,JI90 2N: C, 75.34; H, 4.08. Found: 
C, 74.55; H, 4.04.

Hydrolysis of 120 mg of 9 in 15 ml of boiling 5% sodium 
hydroxide gave 105 mg of N-benzoylanthranilic acid, mp 181— 
181.5° (lit.12 mp 182°).

Sodium Borohydride Reduction of 9 to 11.—To a solution 
of 300 mg of 9 in absolute ethanol was added 210 mg of sodium 
borohydride (excess), and the reaction mixture was allowed to 
sit 4 hr. The solution was evaporated to dryness in a vacuum, 
and the residue was extracted with hot chloroform. The chloro
form solution was concentrated and cooled to yield brownish 
white crystals. After two recrystallizations from chloroform, 
275 mg (90%) of 11, mp 175°, was obtained (ir, 1661 (C = 0), 
1245, and 1235 cm-1) identical in every respect with authentic 
N-benzylanthranilic acid.18

Registry No—la, 2989-63-1; 7b, 16355-10-5; 9 
1022-46-4.
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Dichloro(0,0'-l,4-dioxane)zinc(II)
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The reaction between 1,4-dioxane and chlorine pro
duces a mixture of isomers of 2,3-dichloro-l,4-dioxane,2 
mp 30° (tran s) and 51° (as).3,4 The frans isomer exists 
in a diaxial chair conformation [I (Caa) ] while the cis  
isomer exists in an axial-equatorial chair conformation 
which is continuously inverting [II (Cae), II (Cea)].6-7

I (Caa) n(Cae) Il(Cea)

Because cis- and frans-2,3-dichloro-l,4-dioxane con
stitute a valuable heterocyclic system with which to 
study axial/equatorial stereospecificity thresholds with 
respect to alkoxy substituents, it was desirable to de
velop a specific method for the synthesis of each iso
mer.

Preparation of pure I poses no problem since it is 
lower boiling and more thermodynamically stable than

(1) School of Science, T h e  U n iv e rs ity  of T e x as  a t  E l  P aso , E l P aso , T ex .
(2) J .  B oseken, F . T e llegen , a n d  P . C . H en riq u ez , J .  A m er. Chem . Soc., 

55 , 1284 (1933).
(3) W . B a k e r  a n d  A . S h an n o n , J .  Chem . Soc., 1598 (1933).
(4) R . K . S u m m e rb e ll a n d  H . E . L u n k , J .  A m er. Chem . Soc., 79 , 4802 

(1957).
(5) C . A lto n a , “ M o lec u la r S tru c tu re s  a n d  C o n fo rm a tio n  of som e H alo - 

g e n o -l ,4 -d io x an es ,” D ru co  D ru k k e r jb e d r i j ven, L e iden , 1964.
(6) C . A lto n a  a n d  C . R ö m e rs , A cta  Crystallogr., 16, 1225 (1963).
(7) R . R . F ra s e r  a n d  C . R ey e s-Z am o ra , C an. J .  Chem ., 43 , 3445 (1965).

II. Preparation and isolation of pure II is more diffi
cult owing to its ease of interconversion to I. The 
only method of preparing pure II reported in the litera
ture6 is low temperature (below 90°) chlorination of 
dioxane with subsequent vapor-liquid chromatographic 
separation of the two isomers.

The only catalyst reported used in the chlorination 
of 1,4-dioxane is SnCl2.8 The presence of SnCl2 in
creased the 2,3-dichloro product yield by 28%; no 
product isomer distribution was reported. It was de
cided to try other metal chlorides (Lewis acids) but 
with electron configurations about the metal ion differ
ent from the 3d104s2 structure of Sn+2, preferably those 
with vacant 4s orbitals. An added restriction was 
the solubility of the metal chlorides in dioxane. The 
metal chlorides most readily available and which 
meet these requirements are ZnCl2, CuCl2, FeCl3, and 
A1C13. Zinc chloride, the first catalyst to be tried, 
selectively catalyzed the formation of II without de
tectable amounts of I. An investigation was then 
made of the structure of the zinc chloride-dioxane com
plex initially formed which apparently is the stereo
specific catalyst for the formation of cz.s-2,3-dichloro-l,4- 
dioxane.

A white zinc chloride-dioxane complex has been re
ported as being polymeric units of (ZnCl2-dioxane)„ 
formed at ambient temperature with the dioxane ring 
in the chair conformation.9’10 The infrared spectrum 
of the yellow zinc chloride-dioxane complex obtained 
in the present study shows an increased number of ab
sorption frequencies in the regions 2950-2870, 1960- 
1480, 1440-1375, and 1325-1280 cm.-1 as compared 
with the dioxane chair absorption frequencies. T h i s  

suggests that the complexed dioxane ring exists in a boat 
conformation.9 An absorption at 620 cm-1, indicative 
of oxygen-zinc bonds, also supports the dioxane boat 
structure with zinc chelation as the stabilizing force for 
the less stable boat conformation.11 The very pro
nounced hygroscopic property of the complex is con
sidered as d-orbital participation which expands the 
coordination number of zinc from four to six, using the 
4d22 and orbitals.

CK + ^O. 
Zri v

h2°<^ I V )

m b

Although the nmr spectrum resolution of the complex 
in aqueous solution was insufficient to discern structure 
Ilia from Illb, the respective absorption peak area 
ratios are sufficiently accurate to exclude the possibility 
of a second dioxane ring participation.

It is concluded that the structure of the zinc chlo
ride-dioxane complex which catalyzes the stereospecific

(8) J .  J .  K u ce ra  a n d  D . C . C a rp e n te r , J .  A m er. Chem. Soc., 57, 2346 
(1935).

(9) P . J .  H e n d ra  a n d  D . B . P ow ell, J .  Chem . Soc,, 5105 (1960).
(10) R . J u h a s z  a n d  L . F . Ynfcema, J .  A m er. Chem . Soc., 62, 3522 (1940).
(11) K . N a k a m o to , “ In f ra re d  S p e c tra  of In o rg a n ic  a n d  C o o rd in a tio n  

C o m p o u n d s ,”  J o h n  W iley  & S ons, In c ,,  N ew  Y o rk , N . Y ., p p  106 a n d  211.
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dichloro substitution of 1,4-dioxane is dichloro(0,0'-l,4- 
dioxane)zinc(II).

With the dioxane ring rigidly held in the boat con
formation, chlorination of that ring yields the less 
sterically hindered cfs-2,3-diequatorial product. The 
breaking of one of the chelate bonds produces the free 
dioxane conformer (VI). This boat to chair intercon
version redefined the isomer as cis-2,3-axial, equatorial. 
Upon breaking of the second chelate bond the products 
are zinc chloride and cfs-2,3-dichloro-l,4-dioxane.
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Experimental Section

m-2,3-Dichloro-l,4-dioxane.—Dioxane (800 ml, 9.40 mol) was 
heated to reflux under nitrogen and 64 g of anhydrous zinc chlo
ride was quickly added. After the zinc chloride dissolved, chlo
rine gas was added for a 5-hr period during each of 5 days. 
Vapor-liquid chromatographic analysis indicated a continuous 
increase in production of as-2,3-dichloro-l,4-dioxane with time 
and there was no indication of trans isomer formation. Distilla
tion of the reaction mixture at 3.0 mm gave a 30% yield of the 
cis isomer, bp 55.0 ±  0.05°. The nmr spectrum of this material 
was essentially identical with the spectrum reported in the litera
ture.6

Dichloro(0,0'-l,4-dioxane)zinc(II).—Anhydrous zinc chloride 
(3.44 g) was added to 120 ml of dioxane distilled over lithium 
aluminum hydride. The mixture was heated for 48 hr at 90°. 
When the yellow reaction mixture was cooled to ambient tempera
ture, yellow crystals formed. Additional crystals were obtained 
by the addition of cyclohexane. The total yield was 6.08 g. The 
dry, very hygroscopic, crystals decomposed at 160°.

Anal. Calcd for CAIgOîChZn: C, 21.43; H, 3.60; Cl, 31.6. 
Found:12 C, 21.11; H, 3.86; Cl, 30.8.

Gravimetric chloride ion determination indicated 1.96 ±  0.01 
mol of Cl_/mol of complex.

The infrared spectrum was obtained in potassium bromide 
pellets (30% concentration). The nmr spectrum was made on a 
50% solution in water. This solution had the same color as the 
complex. There was abroad absorption band at r 1.07 down- 
field from the water proton absorption with respective integration 
ratios of 12 and 2.

(12) A naly sis  b y  C la rk  M ic ro a n a ly tic a l L a b o ra to ry  w h ich  re p o rte d
“ . . . . f r a n k l y ,  th is  is th e  m o s t h y g roscop ic  m a te r ia l w h ich  w e h a v e  ever
seen .”

Registry No.—IV, 16457-66-2.
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Certain nitrofurans are reduced both chemically1 
and biologically2 to the corresponding aminofurans. 
Biologically, 14C is found in metabolites, including 
glutamic acid, when 14C-labeled nitrofurans are fed to 
chickens. Alkaline hydrolysis of ethyl 5-amino-2- 
furoate has also been reported ; a-ketoglutaric acid was 
identified.3 These observations suggested conversion 
of the five-carbon furaldehyde moiety into glutamic 
acid via  a-ketoglutaric acid4 and led to this study of the 
hydrolytic ring opening of nitrofurans and amino
furans.

In this note we reported the isolation of 4-oxoglu- 
taraldehydic acid as a 3-amino-2-oxazolidinone deriva
tive from the acid hydrolysis of 3-(5-aminofurfurylidene- 
amino)-2-oxazolidinone and as a bissemicarbazone from 
the reaction of 5-nitro-2-furaldehyde dimethyl acetal 
with sodium methoxide. For comparison, 4-oxoglu- 
taraldehydic acid was synthesized from 3,5-dibromo- 
levulinic acid as described by Wolff5 and the same 
derivatives were isolated. In addition, 5-methoxy-2- 
furaldehyde, found here to be an intermediate in the 
reaction of 5-nitro-2-furaldehyde with sodium methox
ide, has been isolated as the oxime. The acid-labile 
methoxy intermediate readily hydrolyzes to 4-oxo- 
glutaraldehydic acid.

The acid-catalyzed hydrolysis of 3-(5-aminofurfuryli- 
deneamino)-2-oxazo!idinone (1) may occur in the azo- 
methine linkage as well as in opening the furan ring. 
To suppress the former reaction, excess 3-amino-2- 
oxazolidinone was added to the solution of reactants. 
The isolated product, 5-(2 oxo-3-oxazolidylimino)- 
levulinic acid (2), was identical with the authentic 
compound.

. H . N - U - C H O  +  H2NN-

CH,-

Î

-C—0

- ch2 

0

h 2n C J I ch==n n — c = o  HOCCH2CH2COCH=NN— c = o  
u  1 y >  -*■  i

CH,— CH2 +  NH3 CHo— CH2

(1) F . F . E b e tin o , J .  J .  C arro ll, a n d  G . G ever, J .  M ed . P harm . Chem ., 5, 
513 (1962).

(2) J .  O liv a rd , S . V a len ti, a n d  J .  A. B u z a rd , ib id , 5, 524 (1962).
(3) G . M . K le in , J .  P . H eo tis , a n d  J .  A. B u za rd , J .  B io l. Chem ., 238 , 1625 

(1963).
(4) R . J .  H e r re t t ,  C . W . W illiam s, J .  P . H eo tis , a n d  J .  A. B u za rd , J .  A gr . 

Food Chem ., 15, 433 (1967).
(5) L . W olff, A n n .,  260 , 79 (1890).
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Under the same conditions, the hydrolytic reaction 
was followed spectrally. An isosbestic point at 290 m/u 
indicated negligible side reactions. At 70° in 2 M  
HC1 with this method, the aminofuran was converted 
into the acid in 93% yield (spectrally) with a half-life 
(ti/2) of about 5.5 min (Table I).

T a b l e  I
R a t e  o f  C o n v e r s i o n  o f  1 i n t o  2  i n  A q u e o u s  A c id

T im e, —A bso rbance----------------- •
m in la 2 b

l 0.698 0.076
4 0.444 0.205
8 0.250 0.320

15 0.112 0.396
30 0.061 0.433

uv max, 338 m  ̂(e 22,300). b uv max, 266 m/x (e 16,600).

To determine whether the aminofuran is hydrolyzed 
directly to the free acid or through an intermediate 
nitrile, 5-(2-oxo-3-oxazolidylimino)levulinonitrile pre
pared from 3,5-dibromolevulinonitrile was subjected to 
the exact conditions of the aminofuran hydrolysis. 
The nitrile group was not hydrolyzed. The infrared 
spectrum of the product exhibited nitrile absorption 
and no carbonyl group other than that of the amino- 
oxazolidinone ring. In the extraction of the nitrile, 
the partition coefficient (ethyl acetate : water) was 0.8. 
The partition coefficient for the corresponding acid is 
less than 0.2. If the nitrile had been present in the 
aminofuran hydrolysis mixture, it should have been 
recovered with (or in preference to) the acid.

With aqueous sodium hydroxide and several condi
tions of concentration of reactants, temperature and 
time of reaction, synthesis of 4-oxoglutaraldehydic acid 
derivatives from nitrofurans was unsuccessful. Only 
dark brown reaction mixtures and tars were obtained. 
However, when 5-nitro-2-furaldehyde dimethyl acetal 
at molarity less than 0.15 was treated with sodium 
methoxide in methanol solution, the reaction went to 
completion with only slight browning. 4-Oxoglutaral- 
dehydic acid was isolated from the reaction mixture as 
the bissemicarbazone following acid hydrolysis of the 
acetal group.

O 0

0 2N_ C ^ C H (O C H 3)2 +  ^  HOCCH2CH2CCHO

When 5-nitro-2-furaldehyde was substituted for the 
acetal, some browning was observed. Addition of solid 
hydroxylamine hydrochloride to the methanolic solution 
yielded the oxime derivative of the acid-labile inter
mediate in the reaction, 5-methoxy-2-furaldehyde 
oxime (3).

CHQ
NaOCH,

CHjOH

NH20H-HC1

CH=N0H

3
Measurement of the rate of reaction of nitrofurans 

(0.0355 M )  with sodium methoxide (0.25 M )  utilized 
acid-stable absorbance near 310 rrqt. Total absorbance 
represents both nitrofuran reactant and 5-methoxy- 
furan product. Acid stable absorbance represents

nitrofuran only since the 5-methoxyfurans are hy
drolyzed in acid solution to 4-oxoglutaraldehydic acid 
which exhibits only low end absorption in the ultra
violet spectrum. The rate of decrease in acid stable 
absorbance, i.e ., rate of decrease in nitrofuran concentra
tion, is the rate of the reaction which yields 5-methoxy- 
furans provided there are no side reactions. The sta
bility of total absorbance in methanol at 310 m  ̂ indi
cated no side reactions with 5-nitro-2-furaldehyde and
5-nitro-2-furaldehyde dimethyl acetal. From the acid- 
stable absorption spectrum of the reaction of 5-nitro-2- 
furaldehyde with sodium methoxide at 38°, U/2 = 6.6 
min was calculated. Doubling the sodium methoxide 
concentration decreased the half-life to 4.5 min, indi
cating the participation of the methoxide anion in a 
bimolecular rate-limiting step.

The rate of reaction of 5-nitro-2-furaldehyde dimethyl 
acetal with sodium methoxide in methanol solution 
was only slightly slower than that of the aldehyde; 
the half-life at 38° was 10.0 min. The approximate rate 
of acid hydrolysis of 5-methoxy-2-furaldehyde to 4-oxo
glutaraldehydic acid also was measured spectrally. 
The calculated half-life in 0.25 M  HC1 at 67° was 2.7 
min.

Experimental Section

Acid Hydrolysis of 3-(5-Aminofurfurylideneamino)-2-oxazoli- 
dinone (1).—Compound l 1 (0.5 g) and 3-amino-2-oxazolidinone 
(1.0 g) were dissolved in 150 ml of water and heated to 70° in a 
water bath. The solution was combined with 150 ml of 4 M 
HC1 at the same temperature. After 15 min the solution was 
cooled, partially neutralized with 100 ml of 4 Af NaOH and 
extracted four times with equal volumes of ethyl acetate. The 
ethyl acetate extracts were concentrated in vacuo to yield a 
brownish crystalline product in 18% yield. Recrystallization 
from 95% ethanol (with charcoal treatment) yielded a white 
crystalline acidic product, 5-(2-oxo-3-oxazolidylimino)levulinic 
acid (2): mp 190°; uv max (water), 266 m/x (e 16,600); and ir 
(mull) C = 0  at 1776 and 1672 cm-1. All were identical with 
that of the authentic compound prepared from 4-oxoglutaralde- 
hydic acid synthesized from 3,5-dibromolevulinic acid by the 
method of Wolff.6

Anal. Calcd for C8H10N2O5: C, 44.86; H, 4.71; N, 13.08. 
Found: C, 44.82; H, 4.69; N, 13.13.

The acid hydrolysis rate data for the conversion of the amino- 
furaldehyde 1 into the oxoglutaraldehydic acid derivative 2, 
followed spectrally, is given in Table I.

5-(2-Oxo-3-oxazolidylimino)levulmonitrile was prepared from
3,5-dibromolevulinonitrile.6

4-Oxoglutaraldehydic Acid Bissemicarbazone.—In a typical 
experiment, 1 g of 5-nitro-2-furfuraldehyde dimethyl acetal was 
added to 40 ml of 0.5 M  sodium methoxide in methanol at reflux 
and the heating was continued for 30 min. The solution was 
cooled, neutralized with carbon dioxide, and concentrated in 
vacuo, and the solids were removed by filtration. The filtrate 
was made acidic with 2 M  HC1 and nitrogen was bubbled through 
it to remove HN02 and C02. Semicarbazide hydrochloride 
(1.5 g) was added. After 12 hr in the refrigerator, off-white 
crystals were obtained; these were twice dissolved in 5% NaHCC>3 
and reprecipitated with 2 M  HC1 added dropwise; the bis
semicarbazone of 4-oxoglutaraldehydic acid was obtained in 
15% yield: ir (mull) C = 0  at 1701 (sh), 1681 and 1575 cm-1; 
uv max (water), 286 m/x (< 29,700). All were identical with that 
of the authentic compound synthesized by an alternative route.6

Anal. Calcd for C,H12N604: C, 34.4; H, 4.95; N, 34.4. 
Found: C, 34.2; H, 4.81; N, 32.8.

5-Methoxy-2-furaldehyde Oxime (3).—5-Nitro-2-furaldehyde 
(1 g) was added to 100 ml of refluxing 0.25 M  sodium methoxide 
in methanol and the reflux was continued for 10 min. Hydroxyl
amine hydrochloride (3.5 g) was added and the reflux was 
continued for 15 min. After cooling and concentration in vacuo, 
off-white crystals of 5-methoxy-2-furaldehyde oxime (3) precipi-

(6) F . L . A ustin , Chem , I n d .  (L o n d o n ), 523 (1957).
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tated in 45% yield. The product, recrystallized from methanol- 
water with charcoal treatment, was white: mp 145-146°;
uv (water), 287 m/j (e 22,600), in dilute HC1 a reversible shift 
in uv max to 337 m/* was found; ir (mull), 2740, 1629, 1575, 
1615, 1299, 1220, 1050, and 1016 cm-’; nmr (DMSO), 5 3.78 
(s, 3, CH30), 5.43 (d, 1, J  =  3 Hz, CH of C4), 7.12 (d, 1, 
J  = 3 Hz, CH of C-3), 7.2 (s, 1, C H =N ), and 11.5 (s, NOH).

Anal. Calcd for C6H ,N03: C, 51.06; H, 5.00; N, 9.93. 
Found: C, 50.96; H, 4.90; N, 9.78.

Kinetics of the Reaction of Nitrofurans with Sodium Methox- 
ide.—For the determination of the rate of reaction the nitro
furans were mixed quickly with 0.25 M  sodium methoxide in 
methanol already equilibrated at 38°. The final concentration 
of nitrofuran was 0.0355 M . At appropriate time intervals, two 
0.5-ml aliquots were diluted (1) with methanol to determine 
total absorbance at 310 m/u and (2) with 4 M  HC1 to determine 
acid-stable absorbance at 310 m/r. The absorbance of the latter 
sample was measured after heating for 10 min in a 70° water 
bath. Spectra were recorded on the Beckman DB recording 
spectrophotometer.

Rate of Acid Hydrolysis of 5-Methoxy-2-furaldehyde.—5-
Nitro-2-furaldehyde (3.55 mmol) was heated at reflux for 10 
min in 100 ml of 0.25 M  sodium methoxide in methanol. Without 
isolation of the 5-methoxy-2-furaldehyde the solution was diluted 
1:10 with HC1 to give a final acid concentration of 0.25 M . 
After appropriate intervals in a 67° water bath, aliquots were 
diluted with NaOH-phosphate buffer (final pH, 7.0) and the 
absorbance read at 310 m .̂

Registry No.—2, 16487-09-5; 4-oxoglutaraldehydic 
acid bissemicarbazone, 16487-29-9; 3, 16487-30-2.
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The Synthesis of Triarylalkyl Ammonium Salts1
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In contrast to the extensive studies of alkyl quater
nary ammonium salts,2 aryl quaternary ammonium 
salts have only been slightly investigated. In part, 
this is probably due to the marked decrease in the basic 
and nucleophilic properties of aryl amines making 
quaternization somewhat difficult. Diaryldialkylam- 
monium salts are mentioned only rarely in the chemi
cal literature,3 and triarylalkylammonium salts have 
not yet been reported.4 In the following, we report 
the synthesis of the hitherto unknown triarylalkylam
monium salts.

(1) W e g ra te fu lly  acknow ledge th e  Los A ngeles S ta te  C ollege F o u n d a tio n  
fo r  p a r t ia l  s u p p o r t of th is  w ork .

(2) See, fo r exam p le , (a) A. C . C ope a n d  E . R . T ru m b e ll , Org. Reactions, 
11, 317 (1960); (b) H . E . Z im m e rm an  in  “ M o lecu la r R e a rra n g e m e n ts ,” P , 
d eM ay o , E d ., In te rsc ien ce  P u b lish e rs , In c .,  N ew  Y o rk , N . Y ., 1963, p  345.

(3) (a) D . A . A rch er a n d  H . B o o th , J .  Chem . Soc., 322 (1963); (b) E . D . 
H u g h e s  a n d  D . J .  W h ittin g h a m , ib id ., 806 (1960); (c) E .  M u lle r, H . H u b e r- 
E m d e n , a n d  W . R u n d e l, A n n .,  623, 34 (1959).

(4) (a) P . A. S. S m ith , “ C h e m is try  of O pen  C h a in  N itro g e n  C o m p o u n d s ,” 
V ol. 1, W . A . B en jam in , In c ., N . Y ., 1965, p  92; (b) I .  T . M illa r  a n d  H . D . 
S p rin g a ll, “ S idgw ick ’s O rgan ic  C h e m is try  of N itro g e n ,”  O xford  U n iv e rs ity
P ress , L o n d o n , 1966, p  162.

The synthesis of triarylmethylammonium salts 2 
was accomplished through alkylation of the required 
triarylamine with trimethyloxonium tetrafluoroborate5 
in methylene chloride at 75°. As expected, the nucleo- 
philicity of the nitrogen atom is significantly increased 
by the substitution of a p a ra  methoxyl group lb and 
the rate of formation of 2b is considerably greater than 
for 2a.

2a, R = H
b, R =  OCH3

Both of the triarylalkylammonium tetrafluoroborates 
2 are quite stable solids. They do not appear to be 
appreciably hygroscopic and have shown no signs of 
decomposition on storage. Both salts can be held 
above their melting points and recovered essentially 
unchanged. (Some color does develop on heating, 
but the spectra of the recovered materials are super
imposable on those of the original salts.)

In contrast to the thermal stability of these materials, 
they are quite labile to treatment with base. Thus, 
when 2a is allowed to react with a series of basic rea
gents (n-butyl lithium-hexane or dichloromethane, 
¿-butyl lithium-pentane or tetrahydrofuran, phenyl 
lithium-benzene-ether, potassium methoxide-metha- 
nol, potassium ¿-butoxide-dimethyl sulfoxide), dé
méthylation occurs to yield the parent triarylamine. 
A similar result is observed with 2b using w-butyl 
lithium-hexane, dichloromethane, or potassium meth- 
oxide-methanol.

Crude kinetics of déméthylation by potassium meth
oxide in methanol-OD have been followed using nmr 
spectroscopy. The second order rate constants at 0° 
are approximately 3 X 10~5 1. mol-1 sec-1 and 7 X 
10-6 1. mol-1 sec-1 for 2a and 2b, respectively. No hy
drogen-deuterium exchange of the N-methyl hydrogen 
atoms was observed in these reactions.

Experimental Section

Analytical Data.—Nmr spectra were obtained using a Varian 
A-60 spectrometer and chemical shifts are reported as downfield 
from internal TMS. Infrared spectra were obtained on a 
Perkin-Elmer Infracord as solutions in carbon tetrachloride or 
chloroform. Ultraviolet spectra were obtained on a Cary spec
trophotometer as a solution in absolute ethanol. Melting points 
were obtained on a Hoover apparatus and are corrected.

Triphenylmethylammonium Tetrafluoroborate (2a).—To 2.7 g 
of triphenylamine in 27 ml of dichloromethane was added 2.7 g 
of trimethyloxonium tetrafluoroborate.5 The reaction vessel was 
degassed and sealed under vacuum. It was stirred at 75° for 
22 days. The resulting blue solution was evaporated to dryness 
and the resulting solid successively washed with diethyl ether to 
yield an ether-insoluble material. llecrystallization from 
absolute ethanol gave 0.6 g of material with mp 182.0-183.5°. 
An analytical sample had mp 185.5-186.0°; nmr (CDC13), ¡5 
4.67 (s, 3, +NCH3), 7.1-7.8 (m, 15, C6H5); ir (CHC13), 3.3 (m),
6.3 (s), 6.7 (s), 7.9 (s), 9.4 (v.s.), 11.0 m (s ) ;  u v  max (absolute

(5) H . M eerw ein , G . H inz , P . H o fm an n , E . K ro n in g , a n d  E . P fe il , J .
P r a k t .  C h e m ., 147, 257 (1937).
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EtOH), 250 (e 0.9 X 103), 257 (1 X 10s), 261 (1 X 10s), 
and 268 (0.9 X 10s).

Anal. Calcd for Ci9HlaNBF4: C, 65.73; H, 5.23; N, 4.03. 
Found: C, 65.71; H, 5.45; N, 3.68.

Tri-p-anisylmethylammonium Tetrafluoroborate (2b).—To 0.7 
g of tri-p-anisylamine8 in 7 ml of dichloromethane was added 0.7 g 
of trimethyloxonium tetrafluoroborate.5 The reaction vessel was 
degassed and sealed under vacuum. It was stirred at 75° for 
7 days. The resulting blue solution was evaporated to dryness 
and the recovered material was successively washed with diethyl 
ether to give an ether-insoluble solid. Recrystallization from 
absolute ethanol gave 0.5 g of solid with mp 173.0-175.0°. An 
analytical sample had mp 175.5-176.0°; nmr (CDCh), 5 3.85 
(s, 9, OCH3), 4.54 (s, 3, +NCH3), 6.8-7.4 (m, AA'BB', 12, 
C6H4); ir, 3.3 (m), 6.3 (s), 6.7 (s), 6.9 (s), 7.0 (s), 7.7 (s), 7.9 
(s), 8.5 (s), 9.5 m (vs); uv max (absolute EtOH), 234 mja (e
2.9 X 104), 273 (5.1 X 103), 281 (4.3 X 10s).

Anal. Calcd for C22H24N 03BF4: C, 60.43; H, 5.53; N, 3.20. 
Found: C, 60.47; H, 5.62; N, 3.28.

Base Reactions.—The lithium bases were obtained com
mercially (Foote or Alfa chemicals) as was the potassium t- 
butoxide (M. S. A. Research Corp., Callery, Pa.). The potassium 
methoxide was prepared by carefully adding potassium metal to 
ice-cold methanol. Solvents were dried and distilled.

A typical run is as follows. To the required amount of quater
nary ammonium salt in a dry, nitrogen-purged vessel was 
placed the calculated amount of base and solvent was added. The 
materials were then allowed to react for the desired time. Water 
was added and the organic material was recovered by further 
extraction with ether or pentane.

The kinetic runs were carried out by adding the required 
amount of basic reagent to a solution of the salt in methanol-OD 
in an nmr tube at 0°. The tube was purged with nitrogen, then 
the progress of the reaction followed at 0° by observing the de
crease in the aromatic resonance of the salt and the appearance 
of the aromatic resonance of the tertiary amine.

Registry No—2a, 16457-64-0; 2b, 16457-65-1.

(6) H . W ie lan d  a n d  E . W ecker, Chem . Ber., 43 , 699 (1910).

Benzene-Induced Nuclear Magnetic Resonance
and Dipole Moment Shifts of Five-Membered 

Rings Containing Heteroatoms

E. T h o m a s  S t r o m , B. S. S n o w d e n , J r ., H. C. C u s t a r d ,
D. E. W oE S S N E R , AND J. R. NORTON

Mobil Research and Development Corporation,
Field Research Laboratory, Dallas, Texas 75221

Received January 25, 1968

The five-membered ring heteroeycles provide an in
teresting series of compounds to investigate the factors 
which affect the benzene solvent shift in the nmr spectra 
because their geometry is fixed, there are only two 
basic types of protons (if the plane of the ring is a sym
metry plane), and the chemical shifts of the a and ¡3 
protons are generally well separated. Benzene solvent 
shifts of the high resolution nuclear magnetic resonance 
(nmr) spectra have been reported1-6 as useful in eluci
dating the proton geometry in carbonyl compounds. 
Protons behind the carbonyl carbon are shielded while 
those in front are deshielded with respect to the cor
responding values in CCh. Shielding effects have also

(1) J .  D . C o n n a lly  a n d  R . M cC rin d le , Chem . I n d .  (L o n d o n ), 379 (1965).
(2) N . S. B h ac ca  a n d  D . H . W illiam s, Tetrahedron , 21, 2021 (1965).
(3) C . J .  T im m o n s, Chem . C om m un ., 576 (1965).
(4) Y . F u jise  a n d  S. l t d ,  Chem. P harm . B u ll. (T o k y o ), 14, 797 (1966).
(5) D . W . B o y k in , A . B . T u rn e r, a n d  R . E . L u tz , Tetrahedron Lett., 817 

(1967).

been observed for other functional groups.6-14 Some 
generalizations have been made11 concerning the mech
anism of the shielding effects on the solute molecules in 
benzene. The solvent shifts are thought to result from 
the formation of a nonplanar association between the 
solute molecule and benzene at a local electron-deficient 
site in the solute. The orientation of the benzene is 
believed11 to be such that the benzene ring avoids the 
negative end of the dipole in a nonplanar preferred con
figuration. A benzene molecule appears to be associ
ated with each electron deficient site in the solute mole
cule. It is convenient to depict the nonplanar average 
association between benzene and the heteroatom- 
containing solute as a “ complex;” however, the use of 
the term “ complex” in this context only implies the 
effects resulting from a slight minimum in the potential 
energy surface of the benzene-solute molecular inter
actions.

The following expression, analogous to that of 
Bhacca and Williams,16 was used to analyze the data

A =  Teen1* — 7 csd«H (1 )

where tcci4h = the center of resonance for a par
ticular kind of proton at infinite dilution in CC14 with 
respect to TMS in CCI4 and tc6d«h =  the corre
sponding center of resonance in CeD6. The y values in 
eq 1 will approach the corresponding chemical shift 
values (5) as the system approaches first-order behavior. 
When planar five-membered ring molecules exist with 
benzene in solution, there is a certain amount of ordering 
due to the average planarity of the rings. In order to 
study only the ordering due to the heteroatom, a A 
value is determined for cyclopentane. The A values 
for the five-membered rings containing heteroatoms are 
only significant if they exceed this A value of cyclo
pentane. If we assume that the average configuration 
of the five-membered ring is planar, we note that for 
all solutes the plane of the five-membered ring is a plane 
of symmentry of the molecule. These compounds, to
gether with their A and 7  values, are listed in Table I. 
Also given in this table are the available literature 
values for the dipole moments in benzene. It can be 
seen from the values given that, for most compounds 
listed, the 7  values are indeed chemical shifts.

Figure 1 shows a plot of the solvent shift (A*3) of 
the protons ¡3 to the functional group vs. the dipole 
moment in benzene (p c m ,) for the molecules. Except 
for the selenium compound, there seeems to be a linear 
relationship between M CsHt and A3. A similar relation
ship between the solvent shift of the a  protons (Aa) is 
not as apparent. A correlation of the A’s with dipole 
moment is expected in the absence of steric effects.6'9 
In general, the larger the dipole moment, the greater 
the electron deficiency of certain sites in the molecule.

(6) T . L . B row n  a n d  K . S ta rk , J .  P h y s . Chem ., 69, 2679 (1965). F o r  a  
su m m a ry  of ea rlie r  w ork , see th e  firs t e leven  re fe rences  th e re in .

(7) D . H . W illiam s a n d  N . S. B hacca , Tetrahedron, 21 , 1641 (1965).
(8) J .  E . A nderson , Tetrahedron Lett., 4713 (1965).
(9) J .  H . Bow ie, J . R o n ay n e , a n d  D . H . W illiam s, J .  Chem. Soc., Sect. B, 

785 (1966).
(10) H . M . F a le s  a n d  K . S. W a rre n , J .  Org. Chem ., 32, 501 (1967).
(11) J .  R o n a y n e  a n d  D . H . W illiam s, Chem . C om m un., 712  (1966); J .  

Chem . Soc. Sect. B , 540 (1967).
(12) M . H o n d a , Y . K aw asak i, a n d  T . T a n a k a , Tetrahedron Lett., 3313 

(1967).
(13) Y . K aw asak i, M ol. P h y s ., 12, 287 (1967).
(14) D . J .  B arrac lo u g h , P . W . H ic k m o tt,  a n d  O. M e th -C o h n , Tetrahedron  

L ett., 4289 (1967).
(15) N . S. B h acca  a n d  D . H . W illiam s, ib id ., 3127 (1964).
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T a b l e  I

S o l v e n t  S h i f t s  a n d  F r e q u e n c i e s  o f  C e n t e r s  o f  R e s o n a n c e  f o r  F i v e - M e m b e r e d  R i n g s “

C om p o u n d a7 CCli- aTCeDs A“ ß7 CCU ß7CiDe A*3 UC»Ht!

Cyclopentane 150.9 145.6 5.3 0

Tetrahydrofuran 362.1 357.7 4.4 179.6 142.1 37.5 1.69
Tetrahydrothiophene 275.5 254.2 21.3 191.8 146.5 45.3 1.89
Tetrahydroselenophene 340.5 274.1 66.4 204.0 140.2 63.8 1.81
Tetrahydrotellurophene 311.8 283.8 28.0 204.1 161.5 42.6
Cyclopentanone 205.4“ 170.4“ 35.0 192.2“ 130.2“ 62.0 2.93
Tetramethylenesulfone 291.0 227.2 63.8 218.7 119.0 99.7 4.69
Methylenecyclopentane"1 2 2 2 . 8 217.9 4.9 165.2 148.0 17.2
Tetrahydrotellurophene dibromide 387.1 288.7 98.4 292.1 2 0 2 . 0 90.1

“ All 7 and A values are in units of cycles per second and the dipole moments (m) are in Debye units. Measurements were made at 
100 Me. 6 Taken from A. L. McClellan, “Tables of Experimental Dipole Moments,” W. H. Freeman and Co., San Francisco, Calif., 
1963. c The a and /3 chemical shifts were very similar. The A values, therefore, were derived by following individual lines rather than 
centers of resonance. d The olefinic protons are deshielded by 18.2 cycles.

DIPOLE MOMENT (p.) IN BENZENE 
(Debye units)

Figure 1.—Plot of dipole moments vs. solvent shifts of 3 protons.

As benzene is believed11 to solvate electron-deficient 
sites preferentially, the molecule with the highest dipole 
moment should show the greatest solvent shift. Steric 
hindrance will modify this simple picture; and perhaps 
cause the anomaly in the /3-proton shift of tetrahydro- 
selenophene, as well as the nonlinearity of the a-proton 
shifts.

In order to test independently the validity of the 
postulated benzene-solute “ complexes,” the dipole 
moments of tetrahydrofuran, tetrahydrothiophene, and 
tetrahydroselenophene were measured in carbon tetra
chloride. If an association of the type described above 
actually exists, the dipole moments of each of these 
solute molecules in carbon tetrachloride should be 
changed with respect to benzene. Intuitively, one 
might expect that the dipole moments should be greater 
in carbon tetrachloride, for the it electrons of benzene 
should act to neutralize the dipole. Our results in 
carbon tetrachloride, together with redeterminations 
of two results in benzene, are shown in Table II. In

T a b l e  II 
D i p o l e  M o m e n t s

C o m p o u n d  u c c u 5° PCsHo“

Tetrahydrofuran 1.82 ±  0.02 1.69
Tetrahydrothiophene 1.98 ±  0.02 1.89
Tetrahydroselenophene 1.64 ± 0 .0 2  1.81

“ At 20°, H. de v. Robles, Rec. Trau. Ckim., 58, 111 (1939), 
taken from Table I, footnote b. b This work.

25 Ob 
UCiHe

1.66 ±  0.02 
1.85 ±  0.02

accordance with expectation, the dipole moments of 
tetrahydrofuran and tetrahydrothiophene are indeed 
greater in carbon tetrachloride. Tetrahydroseleno
phene is anomalous; however, steric effects of the 
heteroatom must be greatest in this case.

Experimental Section

Nmr Measurements.—A 5% solution was prepared for each 
solute in both carbon tetrachloride and deuteriobenzene. TMS 
was employed as an internal reference. All spectra were taken 
on a Varian HA 100 nmr spectrometer. Frequencies of all 
prominent lines were measured with a Hewlett-Packard 522-B 
electronic counter which has a precision of ±0.1  cps. The solu
tions were repeatedly diluted by 50% until there were no line 
shifts between successive dilutions.

Materials.—The following commercially available chemicals 
were measured without further purification: cyclopentane
(Aldrich), tetrahydrofuran (J. T. Baker, boiling range 65.5- 
65.9°), tetrahydrothiophene (Eastman), cyclopentanone (East
man), tetramethylene sulfone (Aldrich Chemical Co.), and 
methylene cyclopentane (K & K).

Tetrahydroselenophene was synthesized by the procedure of 
Morgan and Burstall.16 The product was doubly distilled under 
nitrogen before use. Tetrahydrotellurophene dibromide was 
formed by the method of Farrar and Gullend,17 mp 127.5-130.5° 
(lit.17 mp 128-131°). Tetrhydrotellurophene was synthesized 
from the dibromide by the procedure of Morgan and Burstall18 
and was distilled under nitrogen just before use. The carbon 
tetrachloride (Eastman Technical grade) was also distilled before 
use and found to contain less than 0.1 mg/ml of impurities after 
distillation. Deuteriobenzene (99.7%) was obtained from Merck 
Sharp and Dohme. The purity of tetrahydrothiophene, used 
for dipole moment measurements, was checked by gas phase 
chromatography and the compound found to be free of impurities. 
The tetrahydrofuran was distilled from sodium just prior to 
being used. Thiophene-free benzene (Baker Analyzed) was 
distilled from sodium before use in dipole moment studies.

Dipole Moments.—Dielectric constants were measured for a 
series of carbon tetrachloride and benzene solutions of each com
pound. All measurements were made in an oil bath at 25° and 
at a frequency of 1 MHz by means of a Wayne-Kerr transformer 
ratio arm bridge, Model B601. The capacity of the dielectric 
cell was measured by a substitution method, using a General 
Radio Type 1422D variable capacitor. The cell is of a type

(16) G . T . M o rg a n  a n d  F . H . B u rs ta ll, J .  Chem . Soc., 1096 (1929).
(17) W . Y. F a r r a r  a n d  J .  M . G u llend , ib id ., 11 (1945).
(18) G . T . M o rg an  a n d  F . H . B u rs ta ll, ib id ., 180 (1931).
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T a b l e  III
C om p o u n d €1 V ,. m l/g a ß, ml/g P i, cc M R d , c c D

Tetrahydrofuran“ ■b 2 .2 2 8 0 0 .6 3 0 8 5 8 .5 9 0 .4 6 6 7 8 8 .5 9 2 0 .0 8 1 .8 2
T etrahydro thiophene1 2 .2 2 6 7 0 .6 3 0 7 8 8 .9 0 0 .3 3 4 4 1 0 7 .8 0 2 6 .4 1 1 .9 8
Tetrahydroselenophene1 2 .2 2 6 8 0 .6 3 0 8 5 3 .9 8 0 .1 0 6 9 8 5 .8 6 2 9 .1 9 1 .6 4
Tetrahydrofuran' 2 .2 7 2 5 1 .14445 4 .0 2 - 0 . 0 2 4 3 7 7 .6 2 2 0 .0 8 1 .6 6
T etrahydro thiophene' 2 .2 7 2 5 1 .14445 4 .3 4 - 0 .1 5 4 2 9 7 .9 4 2 6 .4 1 1 .8 5

0 t =  dielectric constant, Vi =  specific volume, a = («12 — ei)/W2, 6  =  (V12 — Vi)/W,, W =  weight fraction, P  = polarization, 
M R d  = molar refraction. Subscripts: 1, solvent; 2 , solute; 1 2 , solution. 1 Measurements carried out in carbon tetrachloride. 'M ea
surements carried out in benzene.

designed by Sayce and Briscoe;13 the air capacitance is 25.99 
pF. The cell constant, Co, was determined from the capacitance, 
Ca, of the cell containing dry air and the capacitance, C*, of 
the cell containing a liquid of known dielectric constant, e, 
such as benzene or carbon tetrachloride.20 The cell constant 
is given by Co = (C„e — Cx)/(e — 1).

Solution densities were measured at 25° with a pycnometer that 
had been calibrated with pure benzene, bp 79.6° (746 mm) 
(lit.21 bp 79.6° (746 mm)).

The method of Halverstadt and Kumler22 was used to calculate 
the dipole moments. The advantages of this method of treating 
solution data have been evaluated by Smyth.23 The electronic 
polarization is taken as equal to the molar refraction of the solute. 
The atomic polarization may be assumed, with negligible error,23 
equal to 5% of the electronic polarization. The molar refractions 
are calculated from electron group refractions.24 The dipole 
moments are calculated as

H =  0.22125(°°P2 -  1.05MRD)‘A
In this case, dielectric constants and specific volumes of the 
carbon tetrachloride and benzene solutions are found to be 
linear functions of the solute weight fraction over, the range 
studied. The experimental and calculated quantities used to 
compute the dipole moment are given in Table III .

sequent investigation2 revealed that the 6,8-dinitro-l,3- 
benzodioxane was easily cleaved by dilute alkali to give
2-hydroxy-3,5-dinitrobenzyl alcohol (II).

In contrast to this, 6-nitro-l,3-benzodioxane was 
stable to boiling 25% aqueous alkali or alcoholic potas
sium ethoxide. Chattaway and Irving then postulated 
that the stability of this dioxane system toward alkali 
was decreased by electron-withdrawing groups in the 8 
position.

The present investigation has led to the discovery of 
an acid-catalyzed ring cleavage of 6,8-dinitro-l,3-benzo- 
dioxane.

Registry No.—Benzene, 71-43-2; cyclopentane, 287-
92-3; tetrahydrofuran, 109-99-9; tetrahydrothiophene, 
110-01-0; tetrahydroselenophene, 3465-98-3; tetra- 
hydrotellurophene, 3465-99-4; cyclopentanone, 120-
92-3; tetramethylenesulfone, 126-33-0; methylene- 
cyclopentane, 1528-30-9.
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(19) L . A . S ay ce  a n d  H , V. A . B riscoe , J .  Chem . Soc., 315 (1925).
(20) R , J .  W . L e F e v re , “ D ip o le  M o m e n ts ,”  M e th u e n  a n d  C o., L td ., 

L ondon , 1953, p  53.
(21) “ H a n d b o o k  of C h e m is try  a n d  P h y s ic s ,” K . C . W e ast, E d ., T h e  C h em 

ical R u b b e r  P u b lish in g  C o ., C le v e la n d , 1964, p  D -124.
(22) I .  F . H a lv e rs ta d t  a n d  W . D . K u m le r , J .  A m er . Chem . Soc., 64, 2988 
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B ook  C o ., In c ., N ew  Y ork , N .Y . 1955, p  224.
(24) See re f  23, p  409.

Acid-Catalyzed Ring Opening 
of 6,8-Dinitro-l,3-benzodioxane

Results and Discussion
The yield of expected product from the nitration of

6-nitro-l,3-benzodioxane was dependent upon the re
action conditions employed. After 20 min at 0° the 
nitration gave good yields. Prolonged acid treatment 
at 40-50° led to oxidation and formation of dinitro- 
salicylic acid as well as the expected product. At in
termediate temperatures (10-20°) small quantities of 
another by-product were formed. This acidic com
pound (NE 240 ±  2) was precipitated by the addition 
of water to the ethanolic mother liquor of recrystalliza
tion of crude 6,8-dinitro-l,3-benzodioxane and was 
shown to be 2,4-dinitro-6-ethoxymethylphenol (III) by 
synthesis using a previously described3 procedure.

Nmr, {
a, 1.33 (t)
b, 3.71 (q)
c , 4.66 (t, J  =  0.7 Hz)
d, 8.62 (d, J  =  3.0 Hz)
e, 8.97 (d, J  =  3.0 Hz)

A. C. H a z y  a n d  J. V. K a r a b i n o s  

Olin Research Center, New Haven, Connecticut 

Received December 1 1 ,  1967

The preparation of 6,8-dinitro-l,3-benzodioxane (I) 
by the nitration of 6-nitro-l,3-benzodioxane was first 
described by Chattaway and Irving.1 Their sub-

(1) F . D . C h a t ta w a y  a n d  H . I rv in g , J .  Chem . Soc., 1931, 2492.

The ethoxy compound III and the corresponding 
methyl ether were found to arise from the dioxane I on 
treatment with the respective alcohols containing nitric 
acid. To avoid complications caused by the oxidative 
properties of nitric acid, the reaction was then per
formed using an aprotic Lewis acid. A butanol solution 
of 6,8-dinitro-l,3-benzodioxane containing 1 ml of boron

(2) F .  D . C h a t ta w a y  a n d  H . I rv in g , ib id ., 1934, 325.
(3) (a )  In d ia n  P a te n t  91,371 (J u n e  1965); (b) F re n c h  P a te n t  1,403,658 

(O ct 1965).
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Reacn conditions
Time, Temp, Yield, M p , -------- C alcd , %- -----------1i'ound, % ---------- ,

No.4 R h r °c % °c F o rm u la c H N c H N

1 ch3 3 140“ 84 646 c8h8n 2o6 42.11 3.53 12.28 42.18 3.55 12.41
2 c2h5 9 130“ 67 66“ C9HioN209 44.60 4.16 11.62 44.48 4.39 11.88
3 (CH3)2CH 3 140“ 99 87'd C10 H1 2 N2O6 46.88 4.72 10.93 46.78 4.91 11.26
4 h2c= chch2 3 140“ 55 46 C10H10N2O6 47.25 3.96 11.02 47.30 4.17 11.03
5 24 118 83 51« CuH»N20, 48.86 5.22 10.41 48.80 5.26 10.68
6 sec-ChHs 68 100 83 82/ ChH„N20 6 48.86 5.22 10.41 49.19 5.23 10.65
7 2 4 130 88 51 C1 2 H16 N2 0 6 50.67 5.67 9.90 50.97 5.75 9.80
8 4 135 46 47“ C12Hi6N20 6 50.67 5.67 9.90 50.95 5.63 10.21
9 20 140 39 46 cI3h I8n 2o6 52.34 6.08 9.39 52.61 6.15 9.34

10 (C2H5)2CHCH2 10 140 36 44 c ,3h 18n 2o6 52.34 6.08 9.39 52.55 6.15 9.49
11 c6h 5ch2 48 108 54 90 C14 H1 2 N2 0 6 55.24 3.97 9.25 55.42 4.06 9.14
12 CH2(CH2)4CH- 6.5 130 70 9R Ci3H16N20 6 52.67 5.44 9.50 52.93 5.46 9.52

13 (CH3)2CCH(OH)C(CH3)2CH- 6 110 15 107 C,5HmN20 7 52.96 5.88 8.24 53.15 6.02 8.65

« Reaction performed in an autoclave. 6 Lit.3“ mp 60-61°. « Lit.3“ mp 84-85°. • Lit.3“ mp 49-51°. > Lit.3b mp 81.5°. “ Lit.3»
mp 47-49°. h Lit.36 mp 87-89°. 4 Registry no.: 1, 2534-05-6; 3, 2542-34-9; 4, 16607-33-3; 6, 2634-04-0; 7, 16607-35-5; 8, 16607-36-6; 
9, 16607-37-7; 10, 16607-38-8; 11, 16607-39-9; 12, 2633-96-7; 13, 16607-41-3.

trifluoride etherate was heated to reflux for 24 hr. The 
product isolated from this reaction was 2-butoxymethyl-
4,6-dinitrophenol (IV).

This type of reaction was then extended to other al
cohols and the products which were obtained are de
scribed in Table I. The reaction required prolonged 
heating whenever the temperature was maintained 
below 110°. This required reaction time was dramati
cally shortened when volatile alcohols were heated under 
pressure to effect the dioxane cleavage. For example, 
ethanol was converted in 67% yield into the ethoxy- 
methyl derivative after 9 hr at 130° in an autoclave (41 
psig), whereas only a 4% conversion into product was 
realized after 48 hr at normal reflux temperatures. 
Several other volatile alcohols were converted into the 
corresponding benzyl ethers in this fashion.

The scope of this reaction was partially defined when 
a variety of alcohols were employed as reagents. For
mation of 2-alkoxymethyl-4,6-dinitrophenols by this 
method is apparently limited to the use of sterically 
unhindered alcohols. Attempted reactions of ¿-butyl 
alcohol, ¿-pentyl alcohol, diisobutylcarbinol, 4-methyl-
2-pentanol, neohexanol and neooctanol all failed to give 
the desired benzyl ethers. One relatively hindered 
secondary alcohol, 2,2,4,4-tetramethylcyclobutane-l,3- 
diol, gave a 15% yield of the 1 :1  benzylic ether adduct. 
In this case, the cyclobutane ring dictated the geometry 
of the system and minimized the interaction of the 
hydroxyl with the ^-methyl groups. This reaction also 
proved that a diol could be converted into a 1 :1  adduct 
in spite of the possibility of reaction at each hydroxyl. 
No attempt was made to isolate any other product.

The products described in Table I had very character
istic infrared spectra. The phenolic O-H stretch ab
sorbed at 3.04-3.08 y . This assignment was verified 
by comparison of the spectrum of 2-butoxymethyl-4,6-

dinitrophenyl acetate with that of its phenol precursor. 
A sharp band at 3.05 y  from the phenol was significantly 
absent after formation of the acetate. Each product 
exhibited a strong absorption near 6.2 (C =C  stretch) 
as well as a sharp band at 8.2-S.3 y  (OH deformation). 
The C-0 stretch of the ether linkage appeared at 8.8-
9.05 y. In addition to the bands already mentioned, 
the infrared spectrum of the product from the cyclo- 
butanediol had two sharp bands at 2.78 and 2.85 y  
(presumably O-H stretch of cis and tran s  isomers).

The preparation of 2-benzylthiomethyl-4,6-dinitro- 
phenol (V) demonstrated that the reaction could be 
extended to mercaptansm as well as alcohols.

A variety of Lewis acids were successfully utilized as 
catalysts for this reaction. Butanol and 6,8-dinitro-
1,3-benzodioxane were maintained at reflux temperature 
for 24 hr in each case. The catalysts with their cor
responding yields of 2-butoxymethyl-4,6-dinitrophenol 
were as follows: zinc chloride (83%), sulfuric acid 
(78%), stannic chloride (74%), boric acid (72%), zinc 
iodide (72%), aluminum chloride (70%), mercuric 
chloride (70%), boron trifluoride etherate (68%), ferric 
chloride (59%), and bismuth chloride (41%).

Additional information concerning the scope and 
limitations of this reaction was obtained by the at
tempted reaction of 6-nitro-l,3-benzodioxane with 
butanol. After heating the solution for 24 hr in the 
presence of boron trifluoride etherate, starting material 
was quantitatively recovered. The requisite presence 
of the two nitro groups, in this reaction, led to the 
postulation of the mechanism in Scheme I where A is a
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Lewis acid. Elimination of formaldehyde from this 
system (step 2) is evidently dependent upon the for
mation of the dinitrophenoxide anion. In the absence 
of the second nitro group, the corresponding p-nitro- 
phenoxide anion is considerably less stable as reflected 
by the fact that 4-nitrophenol is over a 1000-fold less 
acidic than 2,4-dinitrophenol. This difference in anion 
stability is so significant that step 2 of the mechanistic 
pathway is precluded in the mononitro case, and the re
verse of step 1 occurs. The proposed mechanism also 
accounts for the lack of reactivity of sterically hindered 
alcohols; such attack would perforce create a severe
1,2 interaction with the Lewis acid.

Experimental Section4

The 6,8-dinitro-l,3-benzodioxane used as a starting material 
for this work was prepared according to the method of Chattaway 
and Irving.1

Procedure A is typical of that used to prepare the 2-alkoxy- 
methyl-4,6-dinitrophenols at atmospheric pressure and was also 
used in the examination of the various Lewis acids as catalysts. 
Those reactions which were performed under pressure are typified 
by procedure B.

2-Butoxymethyl-4,6-dinitrophenol. A.—A mixture of 4.5 g 
(0.02 mol) of 6,8-dinitro-l,3-benzodioxane and 0.2 gof zinc chlor
ide in 40 ml of butanol was stirred and heated to reflux for 24 hr. 
The resulting solution was chilled (ice bath) and treated with a 
few drops of water. The yellow platelets which crystallized were 
collected by suction filtration. Additional product was obtained 
from the filtrate by the addition of 20 ml of methanol followed 
by sufficient water to induce crystallization. The combined solids 
weighed 4.5 g (83% yield) and had mp 48-49°. Recrystallization 
from aqueous methanol gave an analytical sample.

2,4-Dinitro-6-isopropoxymethylphenol. B.—A 300-ml stainless 
steel microshaker autoclave was charged with 22.6 g (0.10 mol) of
6,8-dinitro-l,3-benzodioxane, 200 ml of isopropyl alcohol, and
1.0 ml of boron trifluoride etherate. The vessel was purged with 
nitrogen, then shaken, and heated to 140° for 3 hr. When the 
vessel had cooled to room temperature, the solution was 
collected and chilled (ice bath). The resulting tan solid was 
washed with water and had mp 86-87°. This product was dis
solved in boiling methanol and the hot solution was decolorized 
with charcoal. Treatment of the yellow solution with a few 
drops of water induced crystallization and gave 25.3 g (99% 
yield) of analytically pure yellow platelets.

2-Benzylthiomethyl-4,6-dinitrophenol.—A mixture of 22.6 g 
(0.10 mol) of 6,8-dinitro-l,3-benzodioxane, 24.8 g (0.20 mol) 
of benzyl mercaptan, 1.0 ml of boron trifluoride etherate, and 225 
ml of xylene was stirred and heated to 140° for 24 hr. The reaction 
mixture was cooled to precipitate 5.0 g of unreacted benzodioxane. 
The solution was then extracted with three 100-ml portions of 
1 M  sodium hydroxide and the combined aqueous extracts were

chilled and acidified to pH 2 with 6 N  hydrochloric acid. A black 
oil formed which was dissolved in boiling methanol and the 
solution was decolorized with charcoal. Chilling the red solution 
followed by the addition of water gave 2.8 g (11% yield) of 
yellow product, mp 127-129°. Two recrystallizations (first from 
aqueous ethanol, then from aqueous methanol) failed to change 
the melting point of the product.

Anal. Calcd for Ci4Hi2N20 6S: C, 52.47; H, 3.77; N, 8.79; 
S, 10.01. Found: C, 52.95; H, 4.00; N, 8.94; S, 10.31.

2,4-Dinitro-6-ethoxymethylphenol. A.—Boron trifluoride
etherate catalysis and 48 hr at 78° gave a 4% conversion into 
product. The same procedure with sulfuric acid catalysis and 
168 hr at reflux gave a 54% yield of product.

B. —After 9 hr at 130° in an autoclave a 67% yield of product 
was realized.

C. —A well-stirred solution of 11.3 g (0.05 mol) of 6,8-dinitro-
1,3-benzodioxane, 50 ml of ethanol, and 0.5 ml of sulfuric acid 
in 50 ml of p-dioxane was heated to reflux for 30 hr. The solution 
was chilled and treated with 50 ml of water to give 5.0 g (41% 
yield) of product.

Registry No.—I, 16607-27-5; III, 2544-94-7; IV, 
16607-29-7; V, 16607-30-0.
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Ring-Fused m e s o  Ionic 
s-Triazole Derivatives1

K. T. P o t t s , S . K. R o y , S .  W. S c h n e l l e r , 
a n d  R .  M .  H u s e b y

Departments of Chemistry, University of Louisville, 
Louisville, Kentucky 1,0208, and Rensselaer 

Polytechnic Institute, Troy, New York 12 18 1

Received February 27, 1968

In a recent communication,2 a series of m eso ionic 
compounds containing the s-'triazole nucleus was 
described. One synthetic procedure used in this 
earlier study has now been found to be of a general 
nature for the synthesis of m eso ionic s-triazole de
rivatives. This paper describes the synthesis of several 
representative ring-fused systems and the route used 
here should be useful for the synthesis of numerous 
heterocyclic systems of unusual structure.

Reaction of the appropriate 2-halo heterocycle with 
methylhydrazine gave the corresponding 1-methyl-l- 
(2-heteryl)hydrazine, which underwent ready reaction 
with phosgene, thiophosgene, or cyanogen bromide to 
give the appropriate m eso ionic product. Application 
of these reactions to the pyridine, quinoxaline, and 
benzothiazole ring systems gave the products described 
in Table I. As in our earlier work, analytical and 
spectral data clearly showed that ring closure to the 
fused ring system had occurred.

Rearrangement of the substitution pattern in the 
heterocyclic hydrazine, e.g., replacement of 1-methyl-l- 
(2-pyridyl)hydrazine (1) with l-amino-2-methylimino-

(4) A ll m e ltin g  p o in ts  a re  u n c o rre c te d . M e ltin g  p o in ts  w ere  d e te rm in ed  
on a M e l-T em p  c a p illa ry  m e ltin g  p o in t  a p p a ra tu s .  In f ra re d  s p e c t ra  w ere  
o b ta in e d  o n  a  P e rk in -E lm e r M odel 137 sp e c tro p h o to m e te r ; th e  n m r  sp e c tru m  
w as ru n  in  d eu te rio ch lo ro fo rm  so lu tio n  w ith  te tra m e th y ls ila n e  a s  a n  in te rn a l 
s ta n d a rd  on  a  V a ria n  A -60 sp ec tro m e te r .

(1) (a) 1 ,2 ,4 -T riazo les. P a r t  X I X .  (b) S u p p o r t of th is  w ork  b y  U . S. 
P u b lic  H e a lth  S erv ice  R esea rc h  G r a n t  C A  08495-01, N a tio n a l C an c e r 
I n s t i tu te ,  is g ra te fu lly  acknow ledged .

(2) K . T . P o tts ,  S. K . R o y , a n d  D . P . Jo n es , J .  Org. Chem ., 32, 2245 
(1967).
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1,2-dihydropyridine (3), provides a means of obtaining 
an isomeric m eso ionic product. This is illustrated by 
the formation of anhydro-3-mercapto-l-methyl-s- 
triazolo[4,3-a]pyridinium hydroxide (2) from 1 and 
thiophosgene, and the formation of anhydro-2 -mer- 
capto-3-methyl-s-triazolo [l,5-a]pyridinium hydroxide
(4) from 3 and thiophosgene. The dihydropyridine

3 was readily prepared by amination of 2-methyl- 
aminopyridine with hydroxylamine-O-sulfonic acid 
and treatment of the resulting salt with base. An 
experimental procedure for the preparation of 2 - 
methylaminopyridine that offers several advantages 
over those reported in the literature is described 
below.

In the s-triazole series, m eso ionic compounds with 
an exocyclic sulfur atom reacted readily with methyl 
iodide to form the corresponding s-triazolium salt. A 
similar nucleophilic behavior of the exocyclic sulfur 
atom was observed with the fused s-triazole systems,
e.g., the conversion of anhydro-l-mercapto-3-methyl-
4-phenyl-s-triazolo[4,3-a]quinoxalinium hydroxide (5, 
R = Ph; X = S) into 1-methylthio-3-methyl-4-phenyl-s- 
triazolo[4,3-o]quinoxalinium iodide described in the Ex
perimental Section.

Experimental Section3

l-Methyl-l-(2-heteryl)hydrazines.—The general procedure 
used is illustrated by the preparation of the l-methyl-l-(3- 
substituted 2-quinoxalinyl)hydrazines. The corresponding 2- 
chloroquinoxaline (0.5 mol) was dissolved in methanol (200 ml), 
and methylhydrazine (2.0 mol) was added slowly. After the 
exothermic reaction had subsided, the resulting solution was 
refluxed on a steam bath for 5 min and then concentrated under 
reduced pressure until the product crystallized.

l-Methyl-l-(2-quinoxalinyl)hydrazine was obtained as yellow 
prisms (80%) from methanol or benzene, or could be purified 
by sublimation under vacuum: mp 108-110°; ir (CHC13), 3175, 
1610 cm-1.

(3) All evaporations were done under reduced pressure on Rotovap and 
melting points were taken in capillaries. Infrared spectra were measured 
on a Perkin-Elmer Model 421 infrared spectrophotometer and on a Baird 
Model IR-2 spectrophotometer. Ultraviolet absorption spectral data were 
obtained on a Beckman DK2 spectrophotometer. Microanalyses were 
carried out by Galbraith Laboratories, Inc., Knoxville, Tenn.
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Anal. Calcd for C9H10N4: C, 62.05; H, 5.8; N, 32.2.
Found: C, 62.2, H, 5.95; N, 32.4.

The picrate was isolated from benzene as yellow needles, mp 
157°.

Anal. Calcd for C15H13N7OJ: N, 24.3. Found: N, 24.1.
The p-nitrobenzalhydrazone crystallized from benzene as 

yellow plates, mp 245-247°.
Anal. Calcd for Ci6Hi3N60 2: N, 22.8. Found: N, 23.0.
l-Methyl-l-(3-methyl-2-quinoxalinyl)hydrazine was obtained 

as yellow needles (45%) from aqueous ethanol, or by sublimation 
under vacuum: mp 65-67°; ir (CHC13), 3226, 2890, 1600 cm-1.

Anal. Calcd for CioH12N4: C, 63.8; H, 6.4; N, 29.8. Found: 
C, 64.0; H, 6.4; N, 29.7.

The picrate was isolated from benzene as yellow prisms, mp
167-168°.

Anal. Calcd for Ci6Hi5N70 7: N, 23.5. Found: N, 23.2.
The p-nitrobenzalhydrazone crystallized from ethanol as 

yellow plates, mp 254-256°.
Anal. Calcd for C17H15N5O2: N, 21.8. Found: N, 21.6.
l-Methyl-l-(3-phenyl-2-quinoxalinyl)hydrazine was obtained 

as yellow needles (45%) from methanol: mp 103-105°; ir
(CHCla), 3175-2985, 1575 cm“1.

Anal. Calcd for Ci5H14N4: C,72.0; H, 5.6; N, 22.4. Found: 
C, 71.7; H, 5.7; N, 22.5.

The picrate was obtained from tetrahydrofuran as yellow 
prisms, mp 225° dec.

Anal. Calcd for C21H17N7O7: N, 20.55. Found: N, 20.4.
The p-nitrobenzalhydrazone crystallized from aqueous metha

nol as orange needles, mp 174^175°.
Anal. Calcd for CbH17NsO,: N, 18.3. Found: N, 18.15.
l-Methyl-l-(2-benzothiazolyl)hydrazine crystallized from 

aqueous ethanol as colorless plates (91%): mp 140°; ir (CHC13), 
3067, 2809, 1642, 1595 cm -1.

Anal. Calcd for C8H9N3S: C, 53.6; H, 5.1; N, 23.4. Found: 
C, 53.8; H, 5.3; N, 23.3.

l-Methyl-l-(2-pyridyl)hydrazine was obtained as a colorless oil 
(83%): bp 53-54° (0.1 mm) [lit.1 bp 116-122° (18 mm)]. It 
was characterized as its picrate which formed yellow needles 
from ethanol: mp 165-166° (lit.4 5 mp 166-167°).

Anal. Calcd for C,2H12N60,: C, 40.9; H, 3.4; N, 23.9.
Found: C, 41.3; H, 3.4; N, 24.1.

2-Methylaminopyridine.—2-Formamidopyridine6 (71.0 g) in 
dimethylformamide (100 ml) was added slowly to an ice-cold 
suspension of sodium hydride (24.0 g, 53.6% in oil suspension) 
in dimethylformamide (70 ml) with vigorous stirring. Copious 
evolution of hydrogen took place. After the addition, the mixture 
was stirred for 30 min and the brown solution was treated with 
dry benzene (100 ml) and then methyl iodide (27 ml) was added 
dropwise. After heating on the steam bath for 2 hr, the reaction 
mixture was extracted with chloroform (300 ml), washed with 
water, and dried (K2C03) and the extracts were concentrated 
under reduced pressure. The residual brown oil was distilled 
under reduced pressure and 2-(N-methylformamido)pyridine was 
distilled as a colorless oil (59.0 g), bp 160-163° (35 mm). It 
was then refluxed with aqueous hydrochloric acid (160 ml, 1 :1 ) 
for 1 hr and the acidic solution was extracted with chloroform 
(50 ml) and concentrated under reduced pressure. The residue 
was strongly basified with aqueous sodium hydroxide solution 
(30%) and extracted with chloroform (150 ml). The chloroform 
solution was dried (K2C03) and concentrated. Upon distillation 
of the residual oil, 2-methylaminopyridine (31.0 g) distilled at 
205-206° as a colorless oil which soon turned yellow on exposure 
to air (lit.® bp 200- 201°).

The picrate crystallized from methanol as yellow needles, 
mp 192-193° (lit.® mp 190°).

Anal. Calcd for C12HuN50,: N, 20.8. Found: N, 20.7.
l-Amino-2-methylaminopyridinium Bromide.—A solution of 

potassium hydroxylamine-O-sulfonate, prepared from hydroxyl- 
amine-O-sulfonic acid (5.6 g) in water (40 ml), was added to a 
mixture of 2-methylaminopyridine (5.4 g) and water (3 ml) and 
the whole was warmed at 70° for 45 min, cooled, and treated 
with an aqueous solution of potassium carbonate (3.25 g in 10 
ml). The water was removed under reduced pressure at 40-50° 
and the residue was extracted with absolute ethanol (60 ml).

(4) G . E . F ick e n  a n d  J .  D . K en d a ll, J .  C h en . Soc., 3202 (1959).
(5) A. E . T sch itsc h ib a b in  a n d  I . L . K n u n ja n z , B er., 64, 2841 (1931).
(6) A . E . T sch itsc h ib a b in , R . A . K onow alow a, a n d  A. A. K onow alow a, 

ibid., 64, 814 (1921).

The brown ethanolic solution was treated with aqueous hydro- 
bromic acid (48%) (pH 2-3), cooled in a Dry Ice bath, and diluted 
carefully with ether when a gummy residue separated. This 
upon trituration with absolute ethanol (10 ml) gave a yellowish 
white solid (5.5 g) that crystallized from absolute ethanol as 
colorless needles, mp 151-153° with previous sintering at 145°.

Anal. Calcd for C6HI0BrN3: C, 35.3; H, 4.9; N, 20.6. 
Found: C, 35.05; H, 5.0; N, 20.4.

The picrate, prepared by treatment of the hydrobromide in 
methanol with picric acid, crystallized from methanol (charcoal) 
as yellow needles, mp 160-161°.

Anal. Calcd for Ci2H12N60 7: C, 40.9; H, 3.4; N, 23.9. 
Found: C, 41.0; H, 3.1; N, 23.8.

The following procedures illustrate the reaction conditions 
used for the synthesis of the meso ionic compounds described 
in Table I.

anft?/dro-l-Hydroxy-3-methyl-4-Substituted s-Triazolo [4,3-a] - 
quinoxalinium Hydroxide.— The methylhydrazine (0.1 mol) was 
dissolved in benzene (100 ml) and warmed on a steam bath. 
With constant stirring, phosgene was bubbled into the solution 
for 5 min. After 1 hr of reflux on the steam bath, the resulting 
crystals were filtered and recrystallized from the solvent shown 
in Table I.

ardiydro-l-Mercapto-3-methyl-4-Substituted s-Triazolo [4,3-a] - 
quinoxalinium Hydroxide.— The hydrazine (0.05 mol) was 
dissolved in benzene, followed by the slow addition of thio- 
phosgene. The reaction mixture was refluxed for 1 hr or until the 
desired product precipitated. Recrystallization was effected 
from the solvents listed in Table I.

l-Amino-3-methyl-4-Substituted s-Triazolo [4,3-a] quinoxalinium 
Bromide.—Equal molar amounts of the appropriate hydrazine 
and cyanogen bromide were refluxed in methanol (200 ml) for 
3 hr. The reaction mixture was evaporated to dryness and the 
residue recrystallized from the solvent indicated in Table I.

Reaction of l-Amino-l,2-dihydro-2-methyliminopyridine with 
Thiophosgene.—The base obtained by filtering a methanolic 
solution of l-amino-2-methylaminopyridinium bromide (2.8 g) 
through an ion exchange column (IRA-400) was freed from metha
nol under reduced pressure and then dissolved successively in 
dry chloroform (100 ml) and in dry benzene (100 ml) with the 
solvents being removed under reduced pressure. The brown 
residue was dissolved in dry chloroform (100 ml) and added to a 
solution of thiophosgene (4.0 g) in chloroform (50 ml) and re
fluxed for 3.5 hr. The solvent was removed completely and the 
residue was treated with methanol when a pale yellow solid 
(0.35 g) was obtained. It crystallized from methanol (charcoal) 
as colorless plates, mp 262-263°.

l-Methylthio-3-methyl-4-phenyl-s-triazolo [4,3-a] quinoxalinium 
Iodide.—are%dro-l-Mercapto-3-methyl-4-phenyl-$-triazolo[4,3- 
a] quinoxalinium hydroxide (0.2 g) and methyl iodide (2 
ml) in methanol (2 ml) were warmed on a steam bath for 15 
min. Upon cooling, ether was added and the resulting product 
was recrystallized from methanol-ether, forming yellow plates 
(45%): mp 215°; ir (Nujol), 2941 (N-CH3), 1351 (S-CH3)
cm-1.

Anal. Calcd for C17H15IN4S: C, 47.0; H, 3.5; N, 12.9. 
Found: C, 47.1; H, 3.7; N, 12.8.

R egistry N o.—l-Methyl-l-(2-quinoxalinyl)hydra-
zine, 16621-55-9; l-methyl-l-(2-quinoxalinyl)hydrazine 
picrate, 16621-67-3; l-methyl-l-(2-quinoxalinyl)hydra- 
zine p-nitrobenzalhydrazone, 16622-19-8; 1-methyl-l- 
(3-methyl-2-quinoxalinyl)hydrazine, 16621-56-0; 1-
methyl-l-(3-methyl-2-quinoxalinyl)hydrazine picrate,
16621-57-1; l-methyl-l-(3-methyl-2-quinoxalinyl)hy- 
drazine p-nitrobenzaldehydrazone, 16621-58-2; 1-meth- 
yl-l-(3-phenyl-2-quinoxalinyl) hydrazine, 16621-59-3; 
1 - methyl -1 - (3 - phenyl - 2 - quinoxalinyl) hydrazine pic
rate, 16621-60-6; l-methyl-l-(3-phenyl-2-quinoxalinyl)- 
hydrazine p-nitrobenzalhydrazone, 1057-22-3; 1-meth- 
yl-l-(2-benzothiazolyl) hydrazine, 16621-62-8; 2-methyl- 
amino-l-aminopyridinium bromide, 16621-63-9; 2- 
methylamino-l-aminopyridine picrate, 16621-64-0; 1- 
methylthio-3-methyl-4-phenyl- s - triazolo [4,3-a jquinox- 
alinium iodide, 16621-65-1.



2562 N otes The J o u rn a l o f O rganic C h em istry
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Similar to the earlier benzoylation of acetonitrile to 
form benzoylacetonitrile,2 aroylations of dimethyla- 
minoacetonitrile (l)3 have now been accomplished with 
methyl benzoate, methyl anisate, and methyl p -  
chlorobenzoate by means of sodium amide in liquid 
ammonia to form aroyl N,N-dimethylglycinonitriles 
2a-c, respectively (eq 1) (Table I).

z  ■

CHaCN N a N H j NaCHCN 1. p -Y C tH iC O O C H a
| -------- >- | --------------- --- *■

N(CH3)2 liqu id  N H s N(CH„)2 2. N H .C 1

p-YC6H4COCHCN (1) 

N(CH3)2
2a, Y = H

b, Y = 0CH3
c, Y = Cl

These new examples of the Claisen type of aroylation 
were effected in the presence of an extra equivalent of 
sodium amide,4 and the products 2a-c were isolated 
through their hydrochloride salts. The yield of 2a was 
65% when isolated in this manner but only 40% when 
isolated by direct recrystallization of the crude reaction 
product.

In contrast to benzoylacetonitrile, the corresponding 
a-dimethylamino compound 2a evidently exists mainly 
in its enol form. Whereas benzoylacetonitrile gave a 
negative enol test and failed to form a copper chelate, 
2a produced a strong, positive enol test with ethanolic 
ferric chloride and readily yielded the copper chelate 
3a. The infrared spectrum of benzoylacetonitrile

P-YC6H. CN

/C=CV
0  N(CH3)2
V

(CHshN^ \ >
/C=C

CN C6H4Y-p

3a,Y=H  
b, Y=C1

C6H5 CN

/C=C\
<\ ,.N(CH3)2V

4

showed a strong carbonyl peak but that of 2 a exhibited 
only a slight shoulder in this region. The nmr spectrum 
of 2a showed an enol proton at 8.5 and a methinyl 
proton at 5.2 ppm, the intensities of which were, by 
integration, in the ratio of 3:2. These results suggest

(1) S u p p o r te d  b y  th e  N a tio n a l S cience F o u n d a tio n  a n d  b y  P u b lic  H e a lth  
S e rv ic e  R e se a rc h  G ra n t  N o . C A -04455 fro m  th e  N a tio n a l C an c e r I n s t i tu te .

(2) C . J .  E b y  a n d  C . R . H au ser, J .  A m er. Chem . Soc ., 79 , 723 (1957).
(3) T h is  co m p o u n d  is re a d ily  p re p a re d  fro m  fo rm a ld eh y d e , d im e th y lam in e ,

a n d  so d iu m  cy a n id e : A. L espangno l, E . C u in g n e t, a n d  M . D e rb a e rt ,
B u ll. Soc. C h im . F r ., 2, 383 (1960).

(4) See C . R . H au se r, F . W . S w am er, a n d  J . T . A dam s, Org. Reactions , 
8 , 114, 122 (1954).
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that about two-thirds of 2 a exists in the enol form 
which, in spite of distortion of the normal bond angles 
of the ethylene system, appears to be stabilized by hy
drogen bonding as indicated in 4. Such distortion may 
be mitigated somewhat by conjugation of the ethylniec 
double bond with both the phenyl and cyanide groups. 
Another possibility for stabilization of the enol form 
might arise through the enamine type of resonance. 
Molecular weight determinations by the Rast method 
in camphor and by the freezing point method in 
benzene indicated that the enol form did not exist as a 
dimer.

Although 2a gave a strong enol test, the p-methoxy 
and p-chloro compounds 2b-c produced weakly 
positive enol tests and their infrared spectra showed 
strong and medium peaks, respectively, for the car
bonyl group. These results suggest predominance of 
the keto form; 2c afforded copper chelate 3b, but this 
may have arisen through shift in equilibrium to the 
side of the enol as the reaction proceeded.

Similar to the earlier cyclization of benzoylaceto- 
nitrile or benzoylacetamide with acetophenone to 
form a substituted 2-pyridone,6 the ketoaminonitriles 
2a-c were cyclized with this ketone by means of poly- 
phosphoric acid (PPA) to give the amino-2-pyridones 
5a-c, respectively (Table II). Presumably, the cor
responding amides such as 6a-b or PPA derivatives of 
them were intermediates; actually, amide 6b was 
isolated from the reaction mixture (see note a, Table 
II). Moreover, nitrile 2 a was converted into amide 
6a by sulfuric acid, and subsequently cyclized with 
acetophenone to form pyridone 5a by PPA. Ben- 
zoylacetonitrile has previously been converted into 
benzoylacetamide by PPA.

C6H4Y-p

| f S N ( C H 3)2 
c 6h A n > o

H
5 a ,Y = H

b, Y =  OCH3
c ,  Y - C l

Y^J)COCHCONH2

N(CHs)2
6a, Y =  H 
b, Y =  OCH3

All of the products described above are new. Their 
structures are supported by analyses and infrared 
spectra (see Tables I and II and Experimental Section). 
The yields of the ketoaminonitriles 2a-c were good 
(45-65%), but those of the amino pyridones 5a-c were 
only fair (30-37%); these yields are probably not the 
maximum obtainable.

Experimental Section7

Aroyl N,N-Dimethylglycinonitriles (Table I).-—Sodium amide 
was prepared by dissolving 10.7 g (0.466 mol) of sodium in ap
proximately 350 ml of liquid ammonia containing a trace of 
ferric nitrate hexahydrate. To the stirred suspension of sodium 
amide in liquid ammonia was added N,N-dimethylglycinonitrile3 
(19.6 g, 0.233 mol). A yellow color developed. After stirring

(5) C . R . H a u se r  a n d  C . J .  E b y , J .  A m er . Chem . Soc., 79, 728 (1957).
(6) C . R . H au se r a n d  C . J .  E b y , ib id ., 79, 725 (1957).
(7) M e ltin g  p o in ts  w ere  ta k e n  on a  T h o m a s -H o o v e r  ca p illa ry  m elting  

p o in t a p p a ra tu s  a n d  a re  u n co rrec ted . In f ra re d  sp e c tra  w ere  reco rded  on a 
P e rk in -E lm e r M o d el 137 In fra c o rd  in  p o ta ss iu m  b ro m id e  p e lle ts . N u c le a r  
m ag n e tic  re so n an ce  sp e c tra  w ere  reco rd ed  on a  V a rian  A -60 sp ec tro m e te r  
using  deu te rio ch lo ro fo rm  so lu tio n s  a n d  te tr a m e th y ls ila n e  a s  an  in te rn a l 
s ta n d a rd . E le m e n ta l an a ly se s  w ere  p e rfo rm e d  b y  Ja n sse n  P h a rm a c e u tic a l 
R e sea rc h  L a b o ra to r ie s , B eerse , B elg ium , a n d  M -H -W  L a b o ra to rie s , G ard en  
C ity ,  M ich .
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for 15 min, 0.233 mol of the appropriate ester was added in 75 
ml of ether. The reaction mixture was stirred for 20 min; then 
an excess of ammonium chloride was added. The ammonia was 
evaporated on the steam bath as an equal volume of ether was 
added. The resulting ethereal suspension was stirred with water 
to dissolve the inorganic salts. The layers were separated, and 
the aqueous layer was extracted twice with small portions of 
ether. The combined ethereal solution was dried over anhydrous 
sodium sulfate and saturated with anhydrous hydrogen chloride. 
The resulting precipitate was collected and dried to give the crude 
hydrochloride salts of the aroyl N,N-dimethylglycinonoitriles 
2a-c in yields of 80, 70, and 75%, respectively. The salts were 
neutralized with aqueous sodium bicarbonate to liberate the 
free base. Extraction of the aqueous mixture with ether, removal 
of the ether under reduced pressure, and recrystallization of the 
solid residue from hexane provided 2a-c in the yields given in 
Table I.

To a solution of the aryl N,N-dimethylglycinonitrile in ethanol 
was added an excess of aqueous copper acetate solution with 
stirring. The mixture was stirred for about 20 min; then the 
precipitate was collected and recrystallized from 95% ethanol 
to give the copper chelate (see Table I).

Benzoyl N,N-Dimethylglycmamide (6a).—Benzoyl N,N-di- 
methylglycinonitrile (2a) (1 g) was dissolved in 5 g of concentrated 
sulfuric acid and heated on the steam bath for 30 min. The 
reaction mixture was poured onto crushed ice and the solution 
was neutralized with solid sodium bicarbonate. The mixture was 
extracted several times with ether; the combined ethereal 
extract was dried over anhydrous potassium carbonate and the 
ether was removed under reduced pressure. The residue was 
recrystallized from a benzene-hexane mixture giving 0.9 g 
(85%) of the amide 6a: mp 93-94°; ir, 3.0 (s), 3.15 (s), 3.5 
(m), 3.55 (m), 5.9 (s), 6.1 (w), and 6.25 (m) p.

Anal. Calcd for C„H14N20 2: C, 64.1; H, 6.84; N, 13.59. 
Found: C, 64.38; H, 6.75; N, 13.33.

3-Dhnethylamino-4-para-Substituted 6-Phenyl-2( lH)-pyridones 
(Table II).—The aroyl N,N-dimethylglycinonitrile was stirred 
into five times its weight of polyphosphoric acid, and then an 
equivalent of acetophenone was added. The reaction mixture 
was placed in an oil bath and heated at 80-90° until a homoge
neous solution was obtained. An additional equivalent of aceto
phenone was added and the temperature was raised to 140° and 
maintained at this temperature for 25 min. Upon addition of 
the solution to crushed ice, a precipitate formed. The resulting 
mixture was made basic with ammonium hydroxide and the 
precipitate was collected. Recrystallization of the product from 
benzene-ethanol gave the pyridone.

In a similar manner, N,N-dimethylbenzoylglycinamide (6a) 
was cyclized to give pyridone 5a in 35% yield.

C h a r t  I

compounds was developed by Kauer and coworkers2 
which involves the dehydrohalogenation of dimethyl
1.4- dibromocyclohexane-l,4-dicarboxylate followed by 
addition of ethylene to the resulting 1,3-diene.

Although 1,4-cyclohexanedione is available by other 
routes,3 we found the oxidation of 1,4-cyclohexanediol 
with chromium trioxide to be a convenient source of 
this dione. Compound I reacts readily with acetone 
cyanohydrin to yield compound 2. This material, in 
turn, is then converted in two steps into dimethyl
1.4- diacetoxy-l,4-dicarboxylate (4). Pyrolysis of this 
diacetate at 400° affords the desired diene (5) in 75% 
yield. The other major product, formed in 18% yield, 
is dimethyl terephthalate. The crude pyrolysate 
reacted readily with maleic anhydride to give 1,4-bis- 
(methoxycarbonyl)bicyclo [2.2.2]oct-5-ene-ewdo-2,3-di- 
carboxylic anhydride (6). It is of interest to note the 
remarkable selectivity of the pyrolysis reaction under 
the conditions studied, especially since previous work 
strongly suggests that dimethyl cyclohexa-l,4-diene-
1-4-dicarboxylate is the most stable of the methyl esters 
of the dihydroterephthalic acids.4

Experimental Section5

Registry No.—1, 926-64-7; acetophenone, 98-86-2; 
2a, 16607-55-9; 2b, 16607-56-0; 2c, 16607-57-1; 3a, 
16591-65-4; 3b, 16591-66-5; 5a, 16607-58-2; 5b, 16607-
18-4; 5c, 16607-19-5; 6a, 16622-18-7; 6b, 16607-20-8.

A Convenient Preparation of 
Dimethyl Cyclohexa-l,3-diene-l,4-dicarboxylate. 

A Bicyclo[2.2.2]octane Precursor

Z. A i n b i n d e r

1.4- Cyclohexanediol.—This alcohol was prepared in 93% yield 
by the hydrogenation of hydroquinone according to the pro
cedure of Owen and Robins.6

1.4- Cyclohexanedione ( l)3'7 was prepared by adding a solution 
of Cr03 (9.1 g) and concentrated sulfuric acid (7.7 ml) in water 
(33.8-ml total volume)8 to 1,4-cyclohexanediol (5.0 g, 0.043 
mol) in acetone (300 ml) at 10°. After addition was completed 
(1 hr, voluminous precipitate), stirring for 0.5 hr, pouring into 
ice water, neutralizing with Na2C03, continuous extraction with 
CHiCk, drying (MgS04), evaporating, and sublimation of the 
residue gave 4.1 g (84%) of 1.

1.4- Dihydroxy-l,4-dicyanocyclohexane (2).—1,4-Cyclohexane- 
dione (56 g, 0.5 mol) was mixed with acetone cyanohydrin9 (750 
ml, Matheson Coleman and Bell, practical grade) and heated to

Experimental Station Laboratory, Explosives Department,
E . I . du Pont de Nemours and Company,

Wilmington, Delaware 19898

Received October 18, 1967

We wish to report a convenient synthesis of dimethyl 
cyclohexa-l,3-diene-l,4-dicarboxylate (5; see Chart I), 
a bicyclo[2.2.2]octane precursor. Bridgehead substi
tuted bieyelo[2.2.2]octanes have been a subject of 
intensive study.1 A time-consuming synthesis of these

(1) S ee H . D . H o ltz  a n d  L . M . S tock , J .  A m e r . C h em . S o c ., 87 , 2404
(1965), a n d  re fe ren ces  c ited  th e re in .

(2) J .  C . K au e r , R . E . B enson , a n d  G . W . P a rsh a ll , J .  Org. Chem ., 30 , 1431 
(1965). T h e se  a u th o rs  d iscuss  th e  sy n th e t ic  d ifficu lties of p rev io u sly  re p o rte d  
ap p ro ac h es  to w a rd  th e se  com pounds.

(3) A . T . N ie lsen  a n d  W . R . C a rp e n te r , Org. S y n ., 45 , 25 (1965).
(4) See re f  2, fo o tn o te  17.
(5) M e ltin g  p o in ts  a re  co rrec ted  a n d  w ere  reco rd e d  on  a  F ish er—Jo h n s  

a p p a ra tu s . M icro a n a ly se s  w ere d o n e  b y  H . C . Jo n e s  of th is  la b o ra to ry . 
U ltra v io le t s p e c tra  w ere  reco rded  on  a  P e rk in -E lm e r S p ec traco rd  M odel 
4000A . In f ra re d  sp e c tra  w e re  ta k e n  as K B r  p e lle ts  u sing  a  P e rk in -E lm e r 
In fra c o rd  M od el 137 s p e c tro p h o to m e te r . G as  ch ro m a to g ra p h ic  an a ly ses  
w ere  d o n e  u s ing  a n  F  & M  M odel 700 ch ro m a to g ra p h . R e c ry s ta ll iz a tio n s  
w ere  d o n e  in  e th y l a c e ta te .

(6) L . N . O w en a n d  P . A. R o b in s , J .  Chem. Soc., 320 (1949).
(7) J . R . V in cen t, A. F . T h o m p so n , J r . ,  a n d  L . I . S m ith , J . Org. C hem ., 

3, 603 (1939).
(8) C . D je ra ss i, R . R . E ng le , a n d  A. B ow ers, ib id ., 21 , 1547 (1956).
(9) H . J . R ingo ld , J .  A m er. Chem. Soc., 82 , 961 (1960).
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40°; 10%TNaOH (20 ml) was added; and this temperature was 
kept for 0.5 hr. The mixture was cooled and poured into 1500 
ml of ice water containing 10 ml of glacial HOAc. The white 
precipitate after drying and recrystallizing weighed 56 g (67%), 
mp 167-168°. The yield of cyanohydrin can be raised to 85% 
of theoretical by running the reaction overnight at room tem
perature. An infrared spectrum of this solid exhibited absorp
tions inter alia at 3400 (OH stretching vibration) and at 2265 
cm-1 (C =N  stretching vibration).

Anal. Calcd for C8H10O2N2: C, 57.85; H, 6.07; N, 16.85. 
Found: C, 57.54; H, 6.14; N, 16.97.

Dimethyl l,4-dihydroxy-l,4-cyclohexanedicarboxylate (3) was 
prepared by slowly adding HC1 (Matheson, reagent grade) to a 
solution of 2 (8.4 g, 0.05 mol) in methanol (100 ml) until no 
more gas was absorbed. The mixture was stirred for an addi
tional 2 hr and the resulting precipitate was collected and reacted 
with water (200 ml) overnight. The recrystallized white solid 
weighed 9.1 g (81% yield), mp 162-175°. An infrared spectrum 
of this material exhibited absorptions inter alia at 3510 (OH 
stretching vibration) and at 1730 cm-1 (C = 0  stretching vibra
tion). The diester (2.0 g) was saponified under usual condi
tions10 and the white crystals collected after acidification were 
recrystallized to obtain 1.5 g of l,4-dihydroxy-l,4-cyclohexane- 
dicarboxylic acid, mp 224-237°. An infrared spectrum of this 
solid (KBr pellet) exhibited absorptions inter alia at 3415 and 
1720 cm“1.

Anal. Calcd for C8H120 6: C, 47.06; H, 5.93. Found: C, 
46.92; H, 5.81.

Dimethyl l,4-Diacetoxy-l,4-cyclohexanedicarboxylate (4).— 
To acetic anhydride (16.4 g, 0.16 mol) at 80° was slowly added a 
solution of compound 3 (9.2 g, 0.04 mol) in HOAc (80 ml). The 
reaction mixture was refluxed overnight, cooled, and poured into 
ice water. After drying and recrystallization 11.4 g (90% yield) 
of a white solid was obtained, mp 168-182°.

An infrared spectrum of this solid exhibited an absorption, 
inter alia, at 1750 cm-1 (acetate C = 0  stretching vibration).

Anal. Calcd for C14H20O8: C, 53.16; H, 6.38. Found: 
C, 53.14; H, 6.27.

Dimethyl Cyclohexa-1,3-diene-1,4-dicarboxylate (5).—Pyrol- 
yses11 were conducted in a 0.75 X 18 in. quartz column, filled 
with 0.25-in.-diameter glass beads, mounted vertically and sur
rounded by an electric heating oven. A slow stream of nitrogen 
was passed through the column during the pyrolysis. The 
temperature was controlled by means of a “Pyro-O-Vane” 
temperature controller. The temperature inside the column was 
measured with a thermocouple inserted in a well near the center 
of the column. The pyrolysate was collected in two traps con
nected in series and immersed in a Dry Ice-perchloroethylene 
mixture.

In a typical run, 5.0 g of dimethyl l,4-diacetoxy-l,4-cyelo- 
hexanedicarboxylate was dissolved in 300 ml of methyl acetate at 
50°, maintained at this temperature throughout the reaction by 
means of flexible heating tape, and was dropped through the 
column at 400° and at a rate of ca. 2.5 ml/min. When the 
addition was complete, the column was allowed to cool and was 
washed with additional methyl acetate.

Removal of the solvent afforded 3.8 g of a slightly yellow 
product. Vapor phase chromatographic analysis12 revealed 
that 95% of the starting material had been converted into two 
major products with retention times of 5.8 and 6.2 min. The 
first peak accounted for 18% of the pyrolysate, whereas the latter 
represented a 75% yield. Samples of both materials were col
lected from the gas chromatograph. The product with a reten
tion time of 5.8 min melted at 139-141°, identical with the 
melting point of dimethyl terephthalate.13 Comparison of the 
infrared spectrum and vpc retention time with an authentic 
sample14 completed the identification. The 6.2-min product 
melted at 83.5-84.2° (lit.2 mp 83.1-84.6°). Comparison of the 
infrared and ultraviolet spectra with those of authentic samples

CIO) J . C ason  a n d  H . R a p o p o r t ,  “ L a b o ra to ry  T e x t  in  O rgan ic  C h e m is try ,” 
P re n tic e -H a ll , In c ., E ng lew ood  Cliffs, N . J . ,  1950, p  83.

(11) W . J . B ailey , R . B a rc la y , a n d  R . A. B a y lo u n ey , J .  Org. Chem ., 27, 
1851 (1962).

(12) A  6 f t. X 0.25 in . d ia m e te r  10%  X E -6 0  on  6 0 /8 0  m e sh  C h ro m o so rb  
W  co lu m n  w as used . N o  co rrec tio n s  w ere  m a d e  fo r d ifferences in  th e rm a l 
co n d u c tiv itie s .

(13) I .  H e ilb ro n , “ D ic t io n a ry  of O rgan ic  C o m p o u n d s ,”  Vol. 5, O xford 
U n iv e rs ity  P ress, N ew  Y ork , N . Y ., 1965, p  2,949.

(14) D u  P o n t  d im e th y l te re p h th a la te , refined  g rad e .

helped confirm the identification.15 To complete the identifica
tion, the adduct of the pyrolysate with maleic anhydride was pre
pared by a previously described procedure.16 The adduct melted 
at 185-192° (lit. mp 188.0-188.6°,16 191.5°17) and its infrared 
spectrum, as a KBr pellet, exhibited absorptions at 1865, 1780, 
1745, and 1620 cm-1 identical with the published spectrum17 of
l,4-bis(methoxycarbonyl)bicyclo[2.2.2]oct-5-ene-e»i<fo-2,3-dicar- 
boxylic anhydride.

Registry No—2, 16273-48-6; 3, 16273-49-7; 3, free 
acid, 16273-50-0; 4, 16273-51-1; 5, 1659-95-6.

Acknowledgment.—The author is grateful to Dr. 
J. W. Way for many valuable discussions.

(15) T h e  a u th o r  is g ra te fu l to  D r. J . C. K a u e r  fo r s u p p ly in g  th e se  sp ec tra .
(16) J . C . K au e r , U . S. P a te n t  3 ,071,597 (J a n  1, 1963).
(17) G . S m ith , C. L. W a rre n , a n d  W . R . V au g h an , J .  Org. Chem ., 28 , 3323 

(1963).

Synthesis of a-Hydroxyarylacetic Acids 
from Bromoform, Arylaldehydes, 

and Potassium Hydroxide, 
with Lithium Chloride Catalyst

E d w a r d  L. C o m p e r e , J r .

Department of Chemistry, Eastern Michigan University, 
Ypsilanti, Michigan 48197

Received December 5, 1967

A one-step preparation of a-methoxyarylacetic acids 
from arylaldehydes, bromoform (or chloroform), and 
potassium hydroxide in methanol has been described.1 
The preparative method for the a -h y d r ox y aryl acetic 
acids given here is a modification of that procedure, 
differing in that lithium chloride serves as an additional 
catalyst along with the potassium hydroxide,2 and a 
50:50 mixture of water and 1,4-dioxane acts as solvent, 
instead of methanol. The yields in these a-hydroxy 
compound syntheses (quantitative) are decidedly better 
than those obtained in the preparations of a-methoxy 
compounds (1-80%).

There are a number of articles in the literature 
wherein others have reported preparation of trihalo- 
methyl carbinols (a proposed intermediate in this reac
tion) in heterogeneous media, and/or treated trihalo- 
methylcarbinols with nucleophilic reagents to obtain a-  
,substituted acids, but none of these procedures2'3 pro
duces a quantitative yield of product.

In some of these cases2 the yields are less because side 
reactions, such as the Cannizzaro, are occurring simul
taneously or exclusively. In fact, when the prepara
tions of the a-hydroxyarylacetic acids were attempted 
in pure 1,4-dioxane and with lithium hydroxide as a 
base catalyst (a heterogeneous mixture), with six differ
ent aryl aldehydes only the corresponding arylcarbox- 
ylic acids were isolated.

(1) W . R ee v e  a n d  C . W . W oods, J .  A m er. Chem . Soc., 82 , 4062 (1960); 
W . R e e v e  an d  E . L. C om pere , J r . ,  ib id ., 83 , 2755 (1961).

(2) T h e  p o ta ss iu m  h y d ro x id e  is  a  re a g e n t as  w ell a s  a  c a ta ly s t ;  see E . D . 
B e rg m an n , D . G insbu rg , a n d  D . L av ie , ib id ., 72 , 5012 (1950).

(3) (a) P . H e b e rt, B u i. Soc. C h im . F r., 27 , 45 (1920); (b) J . W . H ow ard , 
J .  A m er. Chem. Soc., 47, 455 (1925); (c) J .  W . H o w a rd , ib id ., 52, 5059 (1930); 
(d) J . Jocicz , Z h . R uss . F iz. K h im . Obshchest., 29 , 100 (1897); Chem . Z en tr ., 
1, 1013 (1897).
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T a b l e  I

S p e c i f i c  D a t a  o n  t h e  « - H y d r o x y  a r y l  a c e t ic  A c i d  S y n t h e s e s

,--------------M p , °C -------------- .
Q u a n ti ty  of 

s ta r t in g C ru d e  y ie ld s  of R e c ry s tn
/----------A n a ly tic a l d a ta ----------

C a rb o n , %  H y d ro g en , % N e u t equ iv
C o m p  d 7 O bsd L it. a ld eh y d es h y d ro x y  ac id sc so lv en t C alcd F o u n d C alcd F o u n d C alcd F o u n d

a -H  y d ro x y p h en y l-  
a c e tic  ac id

118-119 . 5 118 -119d 2 6 .5  g (0 .2 5  m ol), 
b en z a ld eh y d e

3 4 .2 -3 5 .  1 g or 
9 0 .0 - 9 2 .3 %  

2 8 .5  g of 7 5 .0 % h

5 :1  C h lo ro fo rm - 
lig ro in  (6 0 -9 0 °)

6 3 .1 6 6 3 .1 2 5 .2 9 5 .3 7 152 153

2 -C h lo ro -a -h y d ro x y - 
p h en y lace tic  ac id

82 -83 85 -8 5 .5 * 3 5 .1  g (0 .2 5  m ol), 
2-chloro- 
b en z a ld eh y d e

4 5 .9 -4 7 .2  g o r 
9 8 .3 -1 0 0 %

C h lo ro fo rm 5 1 .4 9 5 1 .7 1 3 .7 8 3 .9 7 186 .5 188

3 -C h lo ro -a -h y d ro x y - 
p h en y lace tic  ac id

1 0 6 .5 -1 0 7 115—115.5* 10 g (0 .0 7  m ol), 
3-chloro- 
b en z a ld eh y d e

1 3 .2 -1 3 .7  g o r 
9 9 .5 -1 0 0 %

C h lo ro fo rm 51 .4 9 51 .6 3 3 .7 8 3 .7 0 1 8 6 .5 186

4 -C h lo ro -tt-h y d ro x y - 
p h en y lace tic  ac id

119-120 1 2 0 .5 -1 2 1 “ 3 5 .1  g (0 .2 5  m o l) , 4 5 .1 - 4 6 .8  g or 
4 -ch lo ro - 9 6 .8 -1 0 0 %  
b en z a ld eh y d e

C h lo ro fo rm - 
lig ro in  (6 0 -90°)

5 1 .4 9 5 1 .3 6 3 .7 8 3 .9 4 18 6 .5 187

2 -F luo ro - a -h y d ro x y - 
p h en y lace tic  ac id

114-115 1 1 6 .5 / 10 g (0 .0 8  m ol), 
2-fluoro- 
b en z a ld eh y d e

1 2 .5 -1 3 .7  g or 
9 1 .3 -1 0 0 %

7 .6  g of 6 0 .8 %

C hlo ro fo rm 5 6 .4 8 5 6 .4 6 4. 15 4 .2 7 170 171

3 -F lu o ro -a -h y d ro x y -  
p h e n y la c e tic  ac id

98 -99 10R 10 g (0 .0 8  m ol), 
3-fluoro- 
b e n z a ld eh y d e

1 2 .2 -1 4 .5  g or 
8 9 .0 -1 0 0 %  

1 2 .2  g of 8 9 .0 %

C h lo ro fo rm 5 6 .4 8 5 6 .5 0 4 .1 5 4 .1 7 170 168

4 -F lu o ro -a -h y d ro x y - 
p h en y lace tie  ac id

1 3 8 -1 3 9 .5  133-7 10 g (0 .0 8  m ol), 
4-fluoro- 
b en z a ld eh y d e

1 2 .7 -1 4 .1  g or 
9 2 .7 -1 0 0 %

1 0 .2  g of 7 4 .5 % 4 5 6

C h lo ro fo rm 5 6 .4 8 5 6 .5 1 4 . 15 4 .1 6 170 171

4 -M eth o x y -û -h y d ro x y -  
p h en y lace tic  ac id

100-101 108-109» 17 g (0 .1 2 5  m ol), 
4 -m e thoxy - 
b en z a ld eh y d e

1 0 .3 -1 0 .8  g or 
4 4 .3 - 4 7 .5 %

C h lo ro fo rm 5 9 .3 4 59 .3 9 5 .5 3 5 .5 1 182 181

a -H y d ro x y -a - ( 1- 
n ap h th a le n e )  ac e tic  
ac id

87 -88 o i - g s 6 25 g (0 .1 6  m ol), 
1 -n ap h th a ld e - 
h y d e

2 5 .2 - 2 6 .6  g o r 
7 7 .8 - 8 2 .2 %

5 :1  C h lo ro fo rm — 
lig ro in  (6 0 -9 0 °)

7 1 .2 8 7 1 .3 6 4 .9 3 5 .1 2 202 203

« -H y d ro x y -a - (2- 
n a p h th a le n e )a c e tic  
ac id

155-156 158* 10 g (0 .0 7  m ol), 
2 -n a p h th a ld e -  
h y d e

1 0 .7 -1 2 .3  g or 
8 2 .6 -9 5 .2 %  

8 .7  g of 6 7 .2 % b

5 :1  C h lo ro fo rm - 
lig ro in  (60-90°

7 1 .2 8
)

7 1 .3 6 4 .9 3 4 .8 6 202 202

<* Analyses (C-H) were by Spang Microanalytical Laboratory, Ann Arbor, Mich. 48109. b Yields obtained when the reaction 
systems were diluted twofold with solvent. “ Infrared spectra of the “crudes” are identical with those of the analytical samples. d G. 
Dorner, Chem. Zentr., 4901 (1959). * S. S. Jenkins, J .  Amer. Chem. Soc., 53, 2341 (1931). f R. Belcher, A. Sykes, and J. C. Tatlow,
Anal. Chim. Acta, 10, 34 (1954). » R. Quelet and J. Gavarret, Bull. Soc. Chim. Fr., 1075 (1950). K A. McKenzie and W. S. Dennler,
J .  Chem. Soc., 1599 (1926). * R. Quelet, C. Borgel, and R. Durand, Compt. Rend., 240, 1900 (1955). » The respective registry numbers
are 90-64-2, 10421-85-9, 16273-37-3, 492-86-4, 389-31-1, 395-05-1, 395-33-5, 10502-44-0, 6341-54-4, 14289-44-2.

Certain other variations in the reaction conditions 
were shown to affect the product yields. In six cases 
(see Table I), when a twofold dilution of the reactants 
was made by adding more solvent, the yields were 
reduced to 55-89% instead of being quantitative. In 
the case of mandelic acid preparation, if the lithium 
chloride was excluded, the yields in three trials were 
less (62% average) even than in the cases above where 
the twofold dilutions were made without the exclusion 
of this catalyst. These data suggest that the lithium 
chloride exerts a significant catalyzing effect, presum
ably by a loose attachment of the lithium ion to the 
carbonyl oxygen.

Aside from the utility of this method of preparation, 
the products were of interest because it was thought that 
they might have the ability to form relative insoluble 
crystalline sodium1 and cesium4 acid salts from aqueous 
solution, a property which mandelic acid and a -  
methoxyarylacetic acids share.6,6

(4) O nly  th e  a -m  e th o x y  a ry la c e tic  a c id s  do  th is :  E . L . C om pere , J r . ,  u n 
p u b lish e d  re su lts .

(5) M a n y  a lk a li ac id  sa lts  of m onobasic  ac id s  h a v e  b ee n  kn o w n  fo r ov er a  
c e n tu ry  [N . V. S idgw ick , J . Chem. Soc., 127, 2379 (1925)], b u t  a  s u rv e y  of th e  
l i te r a tu r e  [J. C. S p eak m an , ib id ., 3357 (1949), a n d  references  th e re in ]  show s 
th a t ,  ex cep ting  th o s e  re fe rre d  to  above , m o s t a re  easily  d isso lved  in  w a te r.

(6) A ll of th e  a -h y d ro x y a ry la c e tie  ac id s fo rm  in i t ia lly  so lu b le  so d iu m  ac id  
s a lts , ex c ep tin g  th e  1 -n a p h th y l d e r iv a tiv e ; th e  tw o  le a s t  so lu b le  so d ium  ac id  
s a lts  w ere  t h e  2 -n a p h th y l (0 .12 g /1 0 0  g of H 2O) a n d  th e  p -ch lo ro p h en y l 
(0 .37 g /1 0 0  g of H 2O ) d e r iv a tiv e s , w hose  so lu b ilitie s  w ere  d e te rm in e d  a f te r  
th e  s a lts  h a d  b ee n  k e p t  d ry  fo r 6 m o n th s . O th e r  a lk a li-m e ta l ac id  sa lts  a re  
n o t ea sily  fo rm ed , ju s t  as  in  th e  case  of those of m andelic  ac id : A. M cK en z ie  
a n d  N . W a lk e r, ib id ., 356 (1922).

Experimental Section

General Procedure for Preparing a-Hydroxyarylacetic Acids.—
In a 600-800-ml erlenmeyer flask were placed 0.5 mol of lithium 
chloride, 1.0 mol of potassium hydroxide, and 200 g of ice. To 
this mixture were added 200 ml of 1,4-dioxane, 0.25 mol of 
arylaldehyde, and 0.25 mol of bromoform. The mixture (con
taining some undissolved solids) was placed in a refrigerator (5- 
10°) and was stirred magnetically for 24 hr. If the pH was then 
below 12, 0.125 mol potassium hydroxide was added. Then the 
mixture was allowed to stir outside the refrigerator at 30-35° 
for another 24 hr.

The solution was then transferred to an 800-ml beaker, diluted 
to 600-ml volume with water. This solution was extracted three 
times with 50-ml portions of ether.7 The aqueous layer was then 
acidified to a pH of 1 and extracted four times with 50-ml portions 
of ether. The combined ether extract was dried over magnesium 
sulfate, filtered, and evaporated to obtain the crude acid (usually 
a colored oil which solidified over several days time). These 
crude materials were recrystallized in an appropriate solvent; 
see Table I.

Registry No.—Bromoform, 75-25-2; potassium hy
droxide, 1310-58-3; lithium chloride, 7447-41-8.

Acknowledgment.—"the author is grateful to the 
American Chemical Society for a grant from the 
Petroleum Research Fund (PRF No. 1328B) which 
helped support this work.

(7) I n  sev e ra l of th e  p re p a ra tio n s , n o ta b ly  th e  cases of p -m e th o x y -a -h y -  
d ro x y p h en y lace tie  a n d  m an d e lic  ac ids, a  p re c ip ita te  o cc u rre d  w h ich  is p re 
su m ed  to  b e  a  n o rm a l l i th iu m  s a l t  of th e  re sp e c tiv e  ac id . In  th e se  cases th e  
re a c tio n  m ix tu re  w as ac id ified  a n d  e x tra c te d  w ith  e th e r , a n d  th e  e th e r  ex
t r a c t  w as e x tra c te d  tw ic e  w ith  5 %  so d iu m  hyd ro x id e , to  rem o v e  th e  ac id . 
T h is  b as ic  so lu tio n  w as th e n  tr e a te d  acco rd in g  to  th e  g en e ra l p ro ced u re . In  
th e  p -m  eth o x y  case, th e  p re c ip ita te  m a y  b e  th e  cau se  of th e  low er y ie ld .
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Carbonium Ion Salts. XI. Convenient 
Preparations of Hydroxytropenylium Salts, 

Ditropenyl Ether, and Tropone1

K e n n e t h  M. H a r m o n , A n n  B. H a r m o n , T h o m a s  T .  C o b u r n , 2 3 4 5 
a n d  J o a n n e  M. F i s k

Department of Chemistry, Harvey Mudd College, 
Claremont, California 9 17 11

Received January 2, 1968

In the course of thermodynamic and infrared spectral 
studies,3-5 we have prepared and characterized a num
ber of anhydrous and hydrated hydroxytropenylium 
ion salts. Previous reports of the chloride,6’7 8 bro
mide,8-11 and iodide12’13 have contained either no or 
inconvenient synthetic directions, and, of the salts 
discussed herein, only the perchlorate14 has previously 
been satisfactorily characterized. The preparations 
given here use the single starting material tropone, are 
simple to carry out, and give good yields of stoichio
metric salts.

At first we used tropone prepared by the acid-cata
lyzed disproportionation of ditropenyl ether after the 
method of ter Borg.16 We found this distillative 
disproportionation to give considerable polymerization 
in the still, and the product tropone usually needed 
redistillation; however, the method is satisfactory for 
obtaining a sample of tropone quickly.

In the course of this work we have developed a con
venient, large-scale preparation for the ditropenyl 
ether necessary for the synthesis of tropone. When 
methylene chloride solutions of either ditropenyl ether 
or tropenyl methyl ether were stored over molecular 
sieve drying agent, we observed the formation of tro
pone in the solutions; this suggested that the sieve 
acted as a mild acid catalyst to initiate disproportion. 
To test this a solution of ditropenyl ether in methylene 
chloride was stored in the cold over Linde 4A molecular 
sieve; aliquots of this solution were withdrawn at

(1) W o rk  su p p o rte d  b y  th e  N a tio n a l S cience F o u n d a tio n  an d  th e  P e tro 
leu m  R esea rc h  F u n d .

(2) P e tro le u m  R e sea rc h  F u n d  S cho la r, 1964-1965.
(3) K . M . H a rm o n  a n d  T . T . C o b u rn , J .  A m er. Chem. Soc ., 87, 2499 

(1965).
(4) K . M . H arm o n , T . T . C o b u rn , a n d  J . M . F isk , A b s tra c ts , 153rd 

N a tio n a l M ee tin g  of th e  A m erican  C hem ica l S ocie ty , M iam i B each , F la ., 
A p ril 1967, p  L50.

(5) K . M . H a rm o n  a n d  T . T . C o b u rn , J .  P h y s . Chem ., in  p ress.
(6) T h e  ch lo ride  w as re p o rte d  b y  D a u b e n  a n d  R in g o ld 7 as  a  d e liq u escen t 

s a l t  w h ich  w as n o t  c h a ra c te rized .
(7) H . J .  D a u b e n , J r . ,  a n d  H . J .  R in g o ld , J .  A m er. Chem. Soc., 73, 876 

(1951).
(8) T h e  b ro m id e  h as  b ee n  re p o r te d  b y  D o ering  a n d  D e te r t9 from  b ro m in a - 

tio n  of m e th o x y c y c lo h e p ta tr ie n e  (no an a ly s is ) , b y  D a u b e n  a n d  H a rm o n 10 11 
from  solvo lysis  of h a lo tro p e n y liu m  sa lts , a n d  b y  Z a itsev , et a l . ,n  from  ad d i
tio n  of h y d ro g en  b ro m id e  to  tro p o n e  (no a n a ly s is ) .

(9) W . v o n  E . D oerin g  a n d  F . L . D e te r t ,  ib id ., 73, 876 (1951).
(10) H . J . D au b en , J r . ,  a n d  K . M . H arm o n , A b s tra c ts , 134 th  N a tio n a l 

M ee tin g  of th e  A m erican  C h em ica l S oc ie ty , C h icago , 111., S e p t 1958, p  35 P ; 
u n p u b lish e d  w ork  in  P h .D . T h e sis  of K . M . H ., U n iv e rs ity  of W ash in g to n , 
S ea ttle , W ash ., 1958; D isserta tion  A b str ., 19, 1563 (1959).

(11) B . E . Z a itsev , Y u . D . K o resh k o v , M . E . V ol’p in , a n d  Y u . N . S heinker, 
D okl. A k a d . N a u k  S S S R ,  139, 1007 (1961).

(12) T h e  io d id e  h a s  b ee n  re p o r te d  b y  H arm o n , et o h ,18 b y  re a c tio n  of 
tro p o n e  w ith  a n h y d ro u s  h y d ro g en  iod ide; th is  y ie ld s  m a te r ia l of good q u a lity , 
b u t  th e  re a c tio n  p re se n ts  s ig n ifican t m a n ip u la tiv e  d ifficu lty .

(13) K . M . H a rm o n , A. B . H a rm o n , S. D . A ld erm an , L . L . H esse , a n d  
P . A. G eb au er, J .  Org. Chem ., 32 , 2012 (1967).

(14) T . N ozoe, T . M u k a i, a n d  K . T a k o se , Sci. R ep . Res. I n s t . ,  Tohoku  
U niv., Ser. A, 39, 172 (1956).

(15) A . P . te r  B org , et a h , H elv. C him . A cta , 43, 457 (1960).

intervals and extracted with 50% sulfuric acid. Spec
tral analysis16 of these acid extracts showed a steady 
increase in tropone content, and a concurrent decrease 
in tropenylium ion arising from extraction of ditropenyl 
ether into sulfuric acid. At the conclusion of the reac
tion, the nearly water-white methylene chloride solution 
contained quantitative yields of tropone and cyclohep- 
tatriene. We have found this reaction to be an excel
lent source of tropone; the solution can be concentrated 
and treated with acids to yield hydroxytropenylium 
salts, or tropone can be obtained in a pure state by 
concentration and distillation. The reaction is quite 
slow, however; a number of weeks are required for 
completion. We find it convenient to keep a large 
quantity of solution on hand at all times, stored in the 
refrigerator over molecular sieve.

Experimental Section

Cycloheptatriene,17 cyclohexane,17 acetonitrile,16 methylene 
chloride,16 ether,18 and boron bromide17 were prepared as previ
ously described. Mallinckrodt reagent grade benzene, carbon 
tetrachloride, and ethyl acetate were dried over Linde 4A 
molecular sieve. U. S. I. absolute alcohol, Baker and Adamson 
reagent grade 71% perchloric acid, 48% hydrobromic acid, 47% 
hydriodic acid, and phosphorus pentachloride, Volk Radio
chemical 99.8% deuterium oxide, and Matheson anhydrous 
hydrogen bromide were used without further treatment. Ultra
violet spectra were taken on the Cary 13 spectrophotometer; 
Baker and Adamson reagent grade 96% sulfuric acid was used for 
analytical spectra. Melting points were taken on a Fisher- 
Johns block and are corrected.

Tropone.—Tropone was prepared by a method adapted from 
that of ter Borg.15 Ditropenyl ether was placed in a modified 
Hickman19 still with a portion of a moist mixture of alumina and 
phosphorus pentoxide; the temperature was held at 56° at 150 
torr until distillation of cycloheptatriene ceased, then was raised 
to 90° at 15 torr to effect distillation of tropone. Yields ranged 
between 60 and 70%. Tropone is extremely sensitive to oxygen 
and light and care must be taken to protect the product from 
both. Redistillation of the tropone fraction afforded a water- 
white liquid with an infrared spectrum identical with that re
ported20 for tropone.

Hydroxytropenylium Perchlorate.21—Tropone (0.20 g, 1.89 
mmol) was dissolved in acetonitrile (15 ml) and 71% perchloric 
acid (0.5 ml) was added. Ether (60 ml) was added slowly to 
afford a white precipitate. This material was recrystallized 
twice from acetonitrile by slow addition of ethyl acetate and dried 
in vacuo to yield 47.7% hydroxytropenylium perchorate (0.185 g 
0.90 mmol) as white plates, mp 187° (lit.14 mp 186°).

Anal. Calcd for C7H7O5CI: HC104, 48.87. Found: HC104, 
48.94.

The ultraviolet spectrum of this compound was carefully de
termined in 96% sulfuric acid showing absorptions at Xmax 229 
mM (e 41,700), 306 (10,300), and 312 (sh).

Hydroxytropenylium Chloride.—Tropone (0.26 g, 2.45 mmol) 
was dissolved in absolute ethanol (5 ml) and 38% hydrochloric 
acid (0.30 ml, 3.8 mmol) was added. Ether (150 ml) was added 
and the flask was stored at —10° overnight. The solvent was 
decanted while cold from a crop of fine white needles; these were 
washed with two 25-ml portions of ether, dried in vacuo, and 
sublimed to yield 71.8% hydroxytropenylium chloride (0.251 g, 
1.76 mmol) as white needles, mp 78-82° dec.

Anal. Calcd for C,H,OCl: C,H6OH+, 75.13; Cl- , 24.87. 
Found: C7H6OH+, 75.2;22 Cl- , 25.18.

(16) K . M . H arm o n , F . E . C um m ings, D . A. D av is , a n d  D . J . D ie s tle r , 
J .  A m er. Chem . Soc., 84, 3349 (1962).

(17) K . M . H arm o n , A. B . H a rm o n , a n d  F . E . C um m ings, ib id ., 86, 5511 
(1964).

(18) K . M . H arm o n , et a l., ib id ., 87, 1700 (1965).
(19) K . C . D . H ick m an , Chem. Rev., 34, 51 (1944).
(20) Y . Ik eg am i, B u ll. C hem . Soc. J a p .,  35, 967 (1962).
(21) C a rb o n iu m  ion  p e rch lo ra te s  sh o u ld  b e  p re p a re d  on ly  in  sm all a m o u n ts  

a n d  h an d led  w ith  c a u tio n ; d e to n a tio n  ca n  occu r o n  shock  o r ign ition .
(22) Q u a n ti ta t iv e  u lt ra v io le t  s p e c tra l an a ly s is  in  9 6 %  su lfu ric  ac id  affords 

th e  b e s t te c h n iq u e  fo r e s tim a tin g  ca rb o n iu m  io ns: K . M . H arm o n  an d  A. B . 
H a rm o n , J .  A m er. Chem. Soc., 83, 865 (1961).
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Hydroxytropenylium Bromide.—Tropone (0.44 g, 4.15 mmol) 
was dissolved in absolute ethanol (10 ml) and 48% hydrobromic 
acid (1.18 g, 7.0 mmol) was added. Ether was added until 
turbidity persisted and the reaction was chilled at —10° over
night to afford a mass of white needles. The solvent was de
canted and the crystals were washed with ether, dried in vacuo, 
and sublimed (80°, 1 torr) to yield 76.1% hydroxytropenylium 
bromide (0.59 g, 3.16 mmol) as pale yellow prisms. These 
crystals turn brilliant yellow at 125° and decompose above 170°.

Anal. Calcd for C7H,OBr: C7H6OH+, 57.27; Br", 42.72. 
Found: C7H6OH+, 56.9; Br~, 42.91.

Hydroxytropenylium Bromide Monohydrate.—A freshly sub
limed portion of hydroxytropenylium bromide was dissolved in 
oxygen-free water; this solution was allowed to evaporate to 
dryness in an oxygen-free glove box in which the vapor pressure 
of water was maintained at about 8 torr by a saturated solution 
of calcium chloride hexahydrate. This process affords hydroxy
tropenylium monohydrate as a mass of colorless, brittle spars and 
plates.

Anal. Calcd for C7H90 2Br: C7H6OH+, 52.20; Br-, 38.95. 
Found: C7H6OH+, 52.2; Br“, 38.80.

Hydroxytropenylium Iodide.—Tropone (0.45 g, 4.25 mmol) 
was dissolved under nitrogen in deoxygenated absolute ethanol 
(10 ml) and 47% hydriodic acid (1.18 g, 4.4 mmol) was added. 
Anhydrous ether (80 ml) was added to precipitate a mixture of 
red and yellow crystals; these were washed with three 10-ml 
portions of ether, dried in vacuo, and sublimed (55°, 1 torr) to 
yield 86.0% hydroxytropenylium iodide (0.855 g, 3.66 mmol) 
as dark red prisms, mp 151-152° (lit.13 mp 151°).

Hydroxytropenylium Iodide Monohydrate.—This material 
was prepared in the same manner as hydroxytropenylium bromide 
monohydrate, with the additional precaution that the preparation 
was carried out under red light. Evaporation of solvent water 
yielded hydroxytropenylium iodide monohydrate as orange spars 
which crush to a brilliant yellow powder.

Anal. Calcd for C,H90 2I: C7H6OH+, 42.50; 1-, 50.75. 
Found: C7H6OH+, 42.4; I~, 50.71.

Deuterioxytropenylium Bromide.—Boron bromide (1.06 g, 
4.24 mmol) was placed in a small flask connected by a gas delivery 
tube to a second flask containing tropone (0.2 g, 1.9 mmol) in 
benzene (10 ml). Deuterium oxide (2 ml) was injected slowly 
into the boron bromide (caution) at a rate which maintained 
vigorous bubbling of deuterium bromide into the benzene solu
tion. When the reaction was complete, the benzene was de
canted from precipitated solids; these were washed with three
5-ml portions of benzene and dried in vacuo to yield deuterioxy
tropenylium bromide as a white microcrystalline powder. The 
infrared spectrum of this material was identical with that of 
hydroxytropenylium bromide with the exception of displacement 
of the O-H absorption.3 This spectrum showed the sample to 
be contaminated with some hydroxytropenylium ion, even though 
the procedure had been carried out in a carefully dried glove box; 
this was shown to arise from residual water which is tenaciously 
retained by tropone, even on vacuum drying.7'20

Modified Preparation of Tropone. A. Ditropenyl Ether.23-25 
—Phosphorus pentachloride (108 g, 0.52 mol) was dissolved 
at reflux in carbon tetrachloride (800 ml) and a solution 
of cycloheptatriene (20 g, 0.22 mol) in carbon tetrachloride (400 
ml) was added drop wise to this refluxing, vigorously stirred solu
tion. The mixture was refluxed for 1 hr, then cooled, and allowed 
to stand overnight with protection from moisture; after this 
time, the flask was chilled in an efficient ice bath and distilled 
water (500 ml) added cautiously with stirring. The water layer 
was separated and retained; the carbon tetrachloride layer was 
discarded.

A 4-1., globe-shaped separatory funnel (Corning 6340) was 
clamped horizontally with the deep part in an ice bath on a mag
netic stirrer; the neck of the funnel was fitted with a gas disper
sion tube and a 60° funnel, both bent so as to reach the deepest 
part of the globe. A solution of 20% sodium hydroxide (500 g) 
was added and was deoxygenated by a stream of nitrogen; then

(23) T h e  p re p a ra tio n  of tro p e n y liu m  h e x a ch lo ro p h o sp h a te  is a d a p te d  from  
K u rs a n o v ,23 24 a n d  th a t  of d itro p e n y l e th e r  is a d a p te d  from  D o ering  a n d  
K n o x .25 T h e  specific p ro ced u re s  re p o rte d  h ere in  a re  designed  to  p re v e n t 
losses fro m  tra n s fe r  o p e ra tio n s , a n d  d isco lo ra tio n  a n d  c o n ta m in a tio n  from  
fac ile  a ir  o x id a tio n .

(24) D . N . K uTsanov a n d  M . E . V o l'p in , D okl. A k a d . N a u k  S S S R ,  113, 
339 (1957).

(25) W . v o n  E . D o ering  a n d  L. H . K nox , J .  A m er. Chem. Soc., 76 , 3203 
(1954).

the aqueous extract of tropenylium ion from the phosphorus 
pentachloride reaction was added slowly through the 60° funnel 
to the stirred, chilled base solution with continued bubbling of 
nitrogen. When addition was complete, the separatory funnel 
contained a snow-white emulsion of ditropenyl ether; this was 
extracted with three 200-ml portions of deoxygenated methylene 
chloride; magnesium sulfate was added to dry the methylene 
chloride extract; and this was again deoxygenated with a stream 
of nitrogen to remove air entrapped in the sulfate powder. The 
methylene chloride solution was brought to volume and an aliquot 
was extracted with 50% sulfuric acid; spectral analysis16 of the 
acid extract showed the yield to be 77.8% ditropenyl ether (16.7 
g, 0.084 mol) with a trace (less than 1%) of tropone.

B. Tropone and Cycloheptatriene.—The methylene chloride 
solution from the above preparation was placed over Linde 4A 
molecular sieve (Vi6-in. pellets) and bubbled with nitrogen to 
remove air entrapped in the sieve. The flask was tightly stop
pered, wrapped in foil, and stored in the refrigerator for 8 weeks. 
An aliquot was withdrawn and extracted with 50% sulfuric acid; 
spectral analysis16 of this extract showed a yield of 97.5% tropone 
(8.69 g, 0.082 mol). Spectral analysis16 of the methylene chloride 
remaining after acid extraction showed a yield of 97.2% cyclo
heptatriene (7.50 g, 0.0815 mol).

C. Hydroxytropenylium Ion Salts.—A portion of a methylene 
chloride solution prepared as above (100 ml) containing tropone 
(0.737 g, 6.9 mmol) and cycloheptatriene was concentrated to a 
volume of 20 ml, and hydrogen bromide passed over the surface 
of the stirred solution until precipitation ceased. Cyclohexane 
(50 ml) was added, the combined solvents were decanted, and 
the solid was washed with cyclohexane (50 ml) and dried in 
vacuo to yield 99.3% hydroxytropenylium bromide (1.28 g, 
6.83 mmol) as a yellow powder.

Anal. Found: C7H6OH+, 57.3.
A similar portion of the methylene chloride solution was con

centrated at the rotary evaporator and the material not volatile 
at room temperature was taken up in deoxygenated absolute 
ethanol (15 ml) and 48% hydriodic acid (1.1 ml) was added. 
Dry ether (500 ml) was added and the mixed precipitate of red 
and yellow crystals was dried in vacuo to yield 67% hydroxy
tropenylium iodide (0.99 g, 4.2 mmol) as red crystals, mp 151°.

Registry No.—Hydroxytropenylium perchlorate,
16273-43-1; hydroxytropenylium chloride, 16273-44-2; 
hydroxytropenylium bromide, 16273-45-3; hydroxy
tropenylium iodide, 16273-46-4; ditropenyl ether, 
16273-47-5; tropone, 539-80-0.
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Lithium Aluminum Hydride Reduction 
of Benzoyldiferrocenylphenylmethane1
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In connection with our synthesis work on the dike
tone (1) we were led to investigate the products of 
Clemmensen reductions of several ferrocenyl ketones
(2) including benzoylferrocene (2, R =  Ph). We 
established that products corresponding to 5 and 6 
were formed along with the previously recognized prod
ucts corresponding to 3 and 4. Isolation of the former 
pair raised intriguing questions as to their mode of for
mation, and we have continued investigations into

(1) P re se n te d  a t  th e  19 th  S o u th e a s te rn  R eg io n a l M ee tin g  of th e  A m erican
C h em ica l S oc ie ty , A tla n ta , G a., N o v  1967, A b s tra c ts , p  308.
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these questions. In the meantime, the independent 
work of Rausch and Adams2 has confirmed the pres
ence of 5 and 6 (R =  Ph) among the Clemmensen 
reduction products of benzoylferrocene with evidence 
similar to that gathered during that phase of our 
work.3 The account by Rausch and Adams,2 however, 
leaves unanswered an interesting point upon which we 
should like to comment.

Rausch, Vogel, and Rosenberg4 first reported the iso
lation of a red-orange solid which decomposed when 
heated above 250°. Subsequently, Nesmeyanov and 
Kritskaya6 suggested that this material was benzyl- 
diferrocenylphenylmethane (7) formed by reduction of 
benzoyldiferrocenylphenylmethane (8) which they had 
also found among the products of Clemmensen reduc
tion of benzoylferrocene. It is clear, however, from 
our own work, and now from the work of Rausch and 
Adams2 as well, that the unknown material was 5 
(R =  Ph) and not 7. Since Nesmeyanov and Krits
kaya5 had reported that the product of lithium 
aluminum hydride treatment of 8 in a separate experi
ment was identical with their Clemmensen reduction 
product (actually 5), it was of interest to repeat the 
experiment in order to learn the source of the difficulty.

Lithium aluminum hydride reductions of ferrocenoyl 
compounds (2) in the presence of aluminum trihalide 
proceed to complete reduction, that is to say, formation 
of the corresponding ferrocenylmethyl compounds (3) .6 
The same transformation also appears to be general for 
ordinary aryl ketones as well as for arylcarbinols;7 the 
presence or absence of aluminum trihalide in the re
ported6 reduction of 8 is problematical since the account

(2) M . D . R au sch  a n d  D . L . A dam s, J .  Org. C h e m 32, 4144 (1967).
(3) S tru c tu ra l a ss ig n m e n ts  w ere  a id ed  m a te r ia lly  b y  m ass sp e c tra l s tu d ie s  

ca rried  o u t  in  co llab o ra tio n  w ith  H e n ry  M . F ales, N a tio n a l H e a r t  I n s t i tu te .
(4) M . D . R au sch , M . V ogel, a n d  H . R o sen b erg , ib id ,, 22 , 903 (1957).
(5) A. N . N esm ey an o v  a n d  I .  I . K r its k a y a , lz v .  A k a d . N a u k , S S S R ,  Otd. 

K h im . N a u k ,  352 (1962).
(6) See, fo r exam ple, E . A. H ill a n d  J .  H . R ic h a rd s , J .  A m er. C hem . Soc,, 

83, 4216 (1961).
(7) F o r  exam ple  see th e  w o rk  (as w ell as  ad d itio n a l references) c ited  b y

B. R . B row n  a n d  A. M . S. W h ite  [J. Chem . Soc., 3755 (1957)] a n d  b y  R . F .
N y s tro m  a n d  R . A. B erger [ / .  A m er. Chem . Soc., 80, 2896 (1958)].

of the work is devoid of experimental detail and previous 
claims of similar complete reductions8 were later ex
plained as probably due to the presence of aluminum 
trihalide.9 We, however, elected to carry out the re
duction in the presence of aluminum chloride.

Two products were found: the major one exhibited 
properties consistent with the expected alcohol (9), 
whereas the minor product was shown to be the olefin 
(5, R = Ph). Isolation of the red-orange olefin pro
vided the basis of a reasonable explanation for the ob
servation made by Nesmeyanov and Kritskaya,6 for the 
red-orange solid of their Clemmensen reduction and 
their lithium aluminum hydride reduction was in fact 
the same, although it was not 7 as claimed by these 
authors but rather the recently established olefin (5, 
R =  Ph).

The formation of 5 may easily be envisioned through 
formation of the benzylic carbonium ion from the ben- 
zilic alcohol (9). Ferrocenyl group migration in the 
former followed by deprotonation readily and reason
ably accounts for the olefin. In the present work it is 
not clear whether the rearrangement took place during 
reaction work-up or during chromatography of the re
action product. In any case the point is of minor im
portance, for the absence of any experimental account 
for the original reduction6 obviated an exact repetition 
of that experiment. The important point is that the 
isolation of the red-orange olefin in the present work 
suggests a rational explanation for what was clearly in 
contradistinction to the results obtained in this labora
tory and to those obtained by Rausch and Adams2 
which established 5 (R = Ph) as the red-orange product 
of the Clemmensen reduction of benzoylferrocene.

N otes 2569

Experimental Section

Reduction of Benzoyldiferrocenylphenylmethane (8) with 
Lithium Aluminum Hydride in the Presence of Aluminum 
Trichloride.—A sample of the pinacolone (8)5 was carefully 
purified by two column chromatographies over alumina (Merck, 
acid washed). The compound was then shown to be pure to the 
limits of thin layer chromatography. Samples of 2, 5, 10, and 
20 Mg on silica gel were developed with 1:1 (v/v) benzene-hexane 
to show only one spot (8) with no trace of any spot correspond
ing to 5 (R = Ph).

A solution of the purified material (193 mg, 0.342 mmol) in 
5 ml of anhydrous ether was added to a rapidly stirred slurry of 
lithium aluminum hydride (2.0 g, 53 mmol) in 25 ml of ether. 
This was then followed by addition of aluminum trichloride 
(3.5 g, 26 mmol) in 10 ml of ether. After the reaction mixture 
was stirred at room temperatine during 4 hr, the excess hydride 
was carefully destroyed by dropwise addition of 2 ml of water 
and 4 ml of 20% aqueous sodium hydroxide solution. The ma
terial obtained from the ethereal phase and from several small 
ether extracts of the aqueous residue was combined and chro
matographed on alumina. Only two bands developed during 
elution with the usual elutropic series of solvents. Benzene 
caused a small orange band to develop. The red-orange material 
obtained from this elution was shown to be l,2-diferrocenyl-l,2- 
diphenylethene (5, R = Ph) by direct comparison with authentic 
material where both were spotted together and in parallel on 
thin layer plates and developed with two different solvent sys
tems, ether and 1:1 (v/v) benzene-hexane. This identity was 
confirmed by the identical electronic spectra determined from 
the two substances. Continued elution of the alumina column 
through the elutropic series of solvents did not produce any

(8) A. N . N esm ey an o v , E . G . P e rev a lo v a , a n d  Z . A. B ie n o rav ieh u te , D okl. 
A k a d . N a u k  S S S R ,  112, 439 (1959).

(9) M . R o sen b lu m , “ C h e m is try  of th e  I ro n  G ro u p  M eta llo cen es: F e rro 
cene, R u th e n o cen e , O sm oeene,”  Jo h n  W iley  an d  S ons, In c ., N ew  Y ork , 
N . Y ., 1965, p  147.
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further development until methanol was used. In  that solvent 
all of the remaining colored material was eluted, and the spectral 
data determined from the yellow solid (mp 78-80°) obtained on 
evaporation of the eluate were consistent with the alcohol,
2,2-diferrocenyl-l,2-diphenylethanol (9): ir (CH2C12), 3590,
3510, 3420 (O-H), 3090, 3045, 3025 (aromatic C-H), 1600, 
1575, 1500, 1450 (phenyl), 1100, 995 cm“ 1 (ferrocenyl); nmr 
(CDClj), S 7.5-6.9 (complex multiplet, two, phenyl), 5.23 (s, one, 
C H -0  or OH), 4.10 (s, ten, unsubstituted ferrocenyl rings), 
4.18-3.70 (complex multiplet, nine, a and /3 ferrocenyl and 
C H -0 or OH).

Registry No.—Lithium aluminum hydride, 1302-30- 
3; 8, 12258-13-8; 9, 12258-14-9.

M etal-Ammonia Reduction. II.
Apparent Inhibition by Ferrous M etals1

R o n a l d  G. H a r v e y  a n d  K a t h r y n  U r b e r g

Ben M ay Laboratory for Cancer Research,
University of Chicago, Chicago, Illinois

Received October 3, 1967

Conditions have recently been devised in this lab
oratory permitting the controlled, stepwise reduction of 
polycyclic aromatic hydrocarbons2 by alkali metals 
dissolved in liquid ammonia.8-4 A preliminary report6 
described procedures for the efficient conversion of
9,10-dihydroanthracene (I) into either 1,4,9,10-tetra- 
hydroanthracene or 1,4,5,8,9,10-hexahydroanthracene
(III), and also reported inhibition of this reduction by 
impurities in commercial ammonia or by iron salts. 
The essential features of the method are utilization of 
low lithium/hydrocarbon ratios and addition of the 
necessary proton source (i.e., alcohol) late in the re
action period.

I

e c o - c c o
II HI

The inhibitory effects of trace metals and their salts 
which have been noted in scattered reports through
out the literature4-6-7 have been the subject of specula
tion. However, aside from a study of the effect of 
colloidal iron on the Birch reduction of estradiol 
methyl ether,8 the nature of the phenomenon has not 
been investigated. Dryden, Webber, Burtner, and 
Celia8 conclude that iron interferes mainly by catalysis 
of the reaction between alcohol and alkali metal. Al-

(1) T h is  in v e s tig a tio n  w as su p p o rte d  in  p a r t  b y  P u b lic  H e a lth  S erv ice  
R e se a rc h  G r a n t  C A -08674 fro m  th e  N a tio n a l C an c e r I n s t i tu te .

(2) S tep w ise  re d u c tio n  of b e n z [a ]a n th ra c e n e  th ro u g h  th e  d o d ec ah y d ro  
s ta g e  is  re p o r te d  in  p a p e r  I I I :  R .  G . H a rv e y  a n d  K . U rb e rg , J .  Org. Chem., 
3 3 ,  2206 (1968). E ffic ien t s ing le -stage  tra n s fo rm a tio n  of a  la rg e  n u m b e r  of 
po lycyc lic  a ro m a tic  c o m p o u n d s  w ill b e  re p o r te d  sh o rtly .

(3) A . J . B irc h , Q uart. Rev. (L o n d o n ), 4 ,  69 (1950).
(4) H . S m ith , “ O rgan ic  R ea c tio n s  in  L iq u id  A m m o n ia ,”  J o h n  W iley  

a n d  Sons, In c . ,  N ew  Y o rk , N . Y ., 1963.
(5) R . G . H a rv e y , J .  Org. Chem ., 3 2 ,  238 (1967).
(6) A. J .  B irch , J .  Chem . Soc ., 430  (1944).
(7) W . H tickel, B . G ra f , a n d  D . M U nkner, A n n .,  6 1 4 ,  47 (1958).
(8) H . L . D ry d e n , J r . ,  G . M . W eb b er, R . R . B u r tn e r , a n d  J .  A . C elia , 

J .  Org. C hem ., 2 6 ,  3237 (1961).

T a b l e  I

R e d u c t i o n  o p  A n t h r a c e n e  (A) b y  L i t h i u m  i n  A m m o n i a ®

E x p t  L ith iu m , M e ta l s a l t  .-------P ro d u c t C om position,*1 % —
no. equiv added (1 equiv) A I I I I I I

I 2 .5 . .. 0 90 10 0
2 5.0 0 15 68 17
3 10.0 0 0 32 68
4 2.5 FeCls 0 100 0 0
5 5.0 FeCls 0 100 0 0
6 10.0 FeCls 0 100 0 0
7 5.0 CoCl, 0 100 0 0
8 5.0 Nickel acetyl 

acetonate
0 100 0 0

9 2.5 Commercial
ammonia

0 100 0 0

10 5.0 Commercial
ammonia

0 85 15 0

11 10.0 FeCh' 0 0 41 59
12 10.0 FeCL* 0 100 0 0
13 10.0 FeCls« 100 0 0 0
° Lithium wire was added to a solution of 900 mg of the hydro

carbon in 75 ml of dry THF and 150 ml of distilled ammonia, 
and the solution was maintained a t reflux ( — 33°) for 2 hr, then 
quenched by rapid addition of alcohol. 6 Percentages were de
termined from the integrated peak values in the proton nmr 
spectra of the product.6 'Ferric chloride was added 2 hr after 
lithium, and 5 min before alcohol. * Ferric chloride was added 
2 hr after lithium, and 2 hr before alcohol. 'Anthracene was 
added 2 hr after other components, and 2 hr before alcohol.

though this mechanism is probably valid when normal 
Birch conditions are employed (i.e., alcohol present 
initially, generally in excess), it appears less certain for 
reactions conducted under other conditions.

A series of experiments with anthracene carried out 
under our standard conditions5 (Table I) provides 
new insight into inhibition by metallic salts. In the 
absence of added salts, I—III are the sole products, and 
their ratio is highly dependent upon the number of 
equivalents of lithium present (expt 1-3). Ferric 
chloride, cobaltous chloride, nickel acetylacetonate, 
or impurities in ammonia powerfully inhibit reduction 
beyond the dihydro stage (expt 4-9), and relatively 
large excesses of lithium are insufficient to counteract 
this effect. In contrast, transformation of anthracene 
itself to I remains entirely unaffected. This apparent 
relative rapidity of anthracene 9,10-dianion formation 
is supported by additional experiments. Thus, rapidly 
quenched reactions (1-2 min) analogous to expt 3 
and 6 exhibited essentially the same product distribu
tion as the former experiment. That ammonia 
(pAa ~  34)4 is ineffective as a protonating agent com
pared to alcohol (p/fa = 16-18) may be deduced from the 
failure of conversion of I into II or III, despite a
2-hr delay before addition of ferric chloride (expt 3 
vs. 12).

Salts of ferrous metals are readily reduced to the 
metallic state by alkali metals in liquid ammonia,9 
and the free metals are catalysts for reaction of lithium 
with both ammonia9-10 (eq 1) and alcohol7 (eq 2).

e~ +  NH3 — >- NH2-  +  i/aH, (1)
e -  +  ROH — »- R O - +  VjH, (2)

(9) K . W . G reen lee  a n d  A. L . H en n e , In o r g .  S y n .,  2 , 128 (1946), a n d  re f
erences th e re in .

(10) W . L . Jo lly , U n iv e rs ity  of C a lifo rn ia  R a d ia tio n  L a b o ra to ry  R e p o r t  
U C R L -16046 , 1965; W . L . Jo lly  a n d  C . J .  H a lla d a  in  “ S o lv e n t S y s te m s ,”  
T . C . W a d d in g to n , E d ., A cadem ic P re s s  In c ., N ew  Y o rk , N . Y ., 1965; 
E . J .  K irsc h k e  a n d  W . L . Jo lly , Science, 147, 45 (1965).
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That the iron-catalyzed11 side reaction of importance 
is with ammonia rather than with alcohol is clear from 
the dramatic difference between a 5-min delay and a
2-hr delay before addition of alcohol (expt 11 vs. 12). 
This view is also supported by an experiment in which 
anthracene added to a solution of lithium in ammonia 
2 hr after addition of ferric chloride was recovered 
unchanged (expt 13).

The experimental findings suggest the following 
interpretation: (1) initial rapid transfer of two elec
trons to anthracene with formation of its 9,10 dianion, 
further transformation of which fails to take place 
in the absence of an added proton source; (2) slower 
iron-catalyzed consumption of lithium by interaction 
with ammonia, complete in less than 2 hr; then (3) 
rapid protonation of dianion I on addition of alcohol, 
followed by further reduction by alternate acquisition 
of single electrons and protons until excess lithium is 
consumed. Failure of I to undergo further transfor
mation in the absence of an added proton source is in 
accord with the results of kinetic studies on simple 
benzenoid compounds.12

The colloidal metal effect has already found useful 
application in this laboratory for selective single- 
stage reduction of compounds capable of forming 
stable dianions in liquid ammonia.2

Registry No.—Anthracene, 120-12-7; lithium, 7439-
93-2; ammonia, 7664-41-7.

(11) L ess fine ly  d iv id ed  iro n  th a n  t h a t  p re p a re d  in  s itu  (i.e., co m m ercia l 
iro n  pow der) is in e ffec tive  a s  a  c a ta ly s t .

(12) A. P . K rap ch o  a n d  A. A. B o th n e r-B y , J .  A m er. Chem . Soc., 81, 
3658 (1959); O. J .  J a c o b u s  a n d  J . F . E a s th a m , ib id ., 87, 5799 (1965).

Reactions of cis- and
trans-1,4-Dichloro-2-butene with Sodium Amide

V i c t o r  L .  H e a s l e y  a n d  B y r o n  R .  L a i s

Department of Chemistry, Pasadena College,
Pasadena, California 91104

Received January 10, 1968

Recently it has been shown that cyclopropene1 and
1-methylcyclopropene2 can be synthesized by addition 
of the appropriate allylic chloride to a suspension of 
sodium amide in an inert solvent. A carbene inter
mediate seems to be involved in these reactions. We 
were interested in determining whether this procedure 
might be applicable to the synthesis of 3-chloromethyl- 
cyclopropene from trans- and/or czs-l,4-dichloro-2- 
butene and sodium amide. We recognized that both 
cis- and trans-1,4-dichloro-2-butene might react with 
sodium amide to give mainly 1-chloro-l,3-butadiene 
by 1,4 elimination, inasmuch as it has already been 
shown that Zrans-l,4-dichloro-2-butene reacts with 
potassium hydroxide to give 1-chloro-l,3-butadiene.3 
In the case of m-l,4-dichloro-2-butene, additional re-

(1) G . L . C loss a n d  K . D . K ra n tz , J .  Org. Chem ., 3 1 ,  638 (1966).
(2) F . F is h e r  a n d  D . E . A p p leq u is t, ib id ., 3 0 , 2089 (1965).
(3) A. A. P etrov  a n d  N . P . Sopov , J .  Gen. Chem . U S S R ,  15, 981 (1945). 

T h ese  a u th o rs  do n o t  s ta te  t h a t  th e y  u sed  th e  trans  isom er, b u t  th e  m e th o d  
of sy n th es is  is  know n  to  g ive  on ly  3 ,4 -d ic h lo ro - l-b u te n e  a n d  tra n s-1,4- 
d ich lo ro -2 -bu tene .

actions are possible, such as insertion on the 4-carbon 
atom to give 3-chlorocyclobutene, or attack of a carb- 
anion precursor to the carbene on the 4-carbon atom 
to eliminate chloride and gave 3-chlorocyclobutene. 
Finally, unless 3-chloromethylcyclopropene were re
moved rapidly, further reaction with base could oc
cur.

Results and Discussion
The allylic dichlorides were added to sodium amide in 

mineral oil through which a slow stream of nitrogen was 
passed, carrying any products to a Dry Ice trap. The 
products from cis- and Zrans-l,4-dichloro-2-butene 
were studied by nmr, ultraviolet, and infrared spectros
copy and vapor phase chromatography. The nmr 
spectra showed only vinyl hydrogen peaks (t 5.2-4.9),4 5 
and thus suggested that cis- and frans-1,4-dichloro-2- 
butene both gave only 1-chloro-l,3-butadiene.6 7 8 How
ever, the nmr spectra of the two products were not 
identical, the spectrum of the compound from trans-
l,4-dichloro-2-butene being more complex and shifted 
downfield. The infrared spectra were also very sim
ilar, but not identical. Using the vapor phase chroma
tographic method of Viehe6 for the separation of cis- 
and Zrons-l-chloro-1,3-butadiene, the interesting ob
servation was made that the product from Zrans-1,4- 
dichloro-2-butene consisted of mainly cfs-l-chloro-1,3- 
butadiene, whereas the product from cfs-l,4-dichloro-2- 
butene was primarily Zrans-l-chloro-1,3-butadiene.7,8 
The data for the cis- and trans-1 -chloro-1,3-butadienes 
are listed in Table I.

To account for the differences in the direction of 
elimination for cis- and trans-1,4-dichloro-2-butene, we 
would like to suggest the following explanation. Viehe9 
has proposed that the higher concentration of cis-1- 
chloro-1,3-butadiene over trans-1-chloro-l,3-butadiene 
at equilibrium results from bonding between the chlo
rine atom and the 3-hydrogen atom in cfs-l-chloro-1,3- 
butadiene. Perhaps this stabilizing, hydrogen-chlo
rine bonding, which would lead to czs-diene, is operative 
in the transition state in the elimination with Zrans-1,4- 
dichloro-2-butene, as shown.

S Cl-CIR yP

h . :ch- h- nh2

(4) F o r  a  d iscussion  on  th e  po sitio n  of a b s o rp tio n  of v in y l h y d ro g en s  in 
th e  n m r  sp ec tru m , see J .  R . D y e r, “ A p p lic a tio n s  of A b so rp tio n  S pec tro sco p y  
of O rgan ic  C o m p o u n d s ,’’ P ren tic e -H a ll , In c ., E ng lew ood  Cliffs, N . Y ., 
1965, p p  84, 85.

(5) T h e  ab sen ce  of a ll b u t  som e in s ig n ifica n t p e a k s  in  th e  ne ig h b o rh o o d  
of r  8 .3 -8 .8  in d ic a te d  t h a t  n e i th e r  3 -ch lo ro m e th y lcy c lo p ro p en e  n o r  3 -ch lo ro 
c y c lo b u ten e  w as fo rm ed . F o r  a  d iscussion  on  th e  p o s tio n  of a b s o rp tio n  of 
th e  m e th y le n e  h y d ro g en s  of th e se  com p o u n d s, see K . B . W ib erg  a n d  B . J . 
N is t, J .  A m er. Chem. Soc., 83, 1226 (1961). A lth o u g h  3 -ch lo ro m eth y lcy c lo 
p ro p e n e  cou ld  h a v e  decom posed  d u rin g  iso la tio n  of th e  p ro d u c t , a n d , hence, 
n m r  a n a ly s is  w o u ld  h a v e  fa iled  to  in d ic a te  i t s  fo rm a tio n , th is  seem s un like ly  
s ince  a  neg lig ib le  a m o u n t o f re s id u e  rem a in ed  a f te r  d is ti lla tio n .

(6) H . G . V iehe, B er., 97, 598 (1964).
(7) F o r  th e  e x a c t com p o sitio n s  of th e  d ie n e  p ro d u c ts , see T a b le  I . V pc 

an a ly s is  a lso  in d ic a te d  th e  p resen ce  of a  sm all a m o u n t of an  un iden tified  
im p u r ity .

(8) A s fa r  as  w e can  d e te rm in ed , th is  is b o th  th e  f irs t r e p o r t  o n  th e  fo rm a 
tio n  of 1 -c h lo ro -l ,3 -b u ta d ie n e  fro m  < ns-l,4 -d ich lo ro -2 -bu tene , a n d  th e  firs t 
r e p o r t  o n  th e  sy n th es is  of rea so n ab ly  h ig h  p u r i ty  fm n s -l-c h lo ro -1 ,3 -b u ta 
d iene.

(9) H . G . V iehe, A ngew . Chem ., 75, 793 (1963).
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T a b l e  I
D a t a  f o r  cis- a n d  i n m s - l - C H L O R O - 1 ,3 - b t j t a d i e n e

Chloride n20d
U ltra v io le t0 

Xmax» m /j (e)

Retention
times,0
min Bp, °C

Yijld,
%

«s-1-C hloro-l, 3-butadienec 1.4707 233 (26,900) 136 66.5-68 72
iraiis-l-Chloro-1,3-butadiene10 11 1.4696 228 (18,700) 141 66-67.5 52

“ The solvent was cyclohexane. b The flow rate (H e) was 213 m l/m in. c Contained 10% tram  isomer. i  Contained 15% cis 
isomer.

O n th e  o th e r hand, in  th e  e lim in a tio n  w ith  cfs-1,4- 
d ich lo ro -2 -bu tene , h y d ro g e n -ch lo rin e  b ond ing , lead ing  
to  cfs-diene, w o u ld  be im possib le  since th e  extended w 
b ond ing  in  th is  tra n s it io n  s ta te  w o u ld  p re v e n t ro ta t io n  
o f the  2 ,3-carbon bond . S te ric  h ind rance  between th e  
ch lo rin e  a tom s in  th e  tra n s it io n  s ta te  w o u ld  cause these 
a tom s to  lie  aw ay fro m  each o th e r and, hence, e lim in a 
t io n  w o u ld  lead to  th e  t r a n s  diene.

Experimental Section10

Reaction of cis- and trans-1,4-Dichloro-2-butene with Sodium 
Amide.— To a 500-ml, five-neck, round-bottom flask, equipped 
with a dropping funnel, fritted-glass nitrogen inlet, thermometer, 
mechanical stirrer, and outlet to a D ry Ice trap, and containing 
20 g (0.51 mol) of sodium amide in 250 ml of mineral oil a t 80°, 
was added, dropwise, 25 g (0.20 m ol) of the dichloride in 135 ml 
of mineral oil. When the addition was complete, the trap was 
removed from the D ry Ice bath, and the ammonia was allowed 
to evaporate. The remaining liquid was distilled.

Identification and Analysis of the Products.— cis-l-Chloro-1,3- 
butadiene was confirmed as the principal product from irares-1,4- 
dichloro-2-butene on the basis of its boiling point, and infrared, 
ultraviolet, and nmr spectra. These spectra were all essentially  
identical with those of commercial 1-chloro-l,3-butadiene, ob
tained from Aldrich Chemical C o., Inc. Vpc analysis indicated 
that the commercial 1-chloro-l,3-butadiene contained approxi
m ately 85% cis isomer and 15% trans isomer.

iraws-l-Chloro-l,3-butadiene was confirmed as the principal 
product from ci's-l,4-dichloro-2-butene on the basis of the follow
ing observations: its nmr spectra showed only v inyl hydrogen
absorption, the boiling point and the nmr, infrared, and ultra
violet spectra were very similar to those of efs-l-chloro-1,3- 
butadiene, and irons-1-chloro-l,3-butadiene rearranged with 
iodine to a cis-trans mixture, as described by Viehe.6'11

The 1-chloro-l,3-butadienes were analyzed by vpc according 
to the procedure of Viehe.6 Peak enhancement studies confirmed 
that the products from cis- and irans-l,4-dichloro-2-butene were 
composed of the same compounds, but in different quantities.

Preparations and Purities of cis- and irares-l,4-Dichloro-2- 
butene.— CTS-l,4-Dichloro-2-butene was synthesized according to 
the procedure of Babbit, Amundsen, and Steiner.12 irons-1,4- 
Dichloro-2-butene was obtained from Eastm an Organic Chemicals 
Departm ent. Vpc analysis showed that the cis isomer was 
contaminated with approximately 5% of an unknown impurity, 
and a trace of the trans isomer, trans-l,4-Dichloro-2-butene 
contained only a trace of the cis isomer and no other impurities. 
The conditions for analysis on an Aerograph 90 P-3 chromato
graph were as follows: flow rate (H e), 323 m l/m in; column
length and diameter, 6 ft X 0.25 in.; column temperature, 29°; 
column composition, 2.5%  SE-30 on 60-80 mesh D M C S Chromo- 
sorb W . Under these conditions the retention times of cis- and 
¿rores-l,4-dichloro-2-butene, are, respectively, 3.2 and 4 .0  min.

(10) B o iling  p o in ts  a re  u n co rrec ted .
(11) V iehe  re p o r ts  t h a t  h e a tin g  a  m ix tu re  of c is - l -c h lo ro - l ,3 -b u ta d ie n e  

a n d  a  so lu tio n  of 1 %  io d in e  in  b en z en e  a t  100° g ives  a n  e q u ilib riu m  m ix tu re  
o f 70  ±  5 %  cis  iso m er a n d  30 ±  5 %  trans  isom er. W e  con firm ed  th is  u sing  
th e  cis- 1 -c h lo ro -l ,3 -b u ta d ie n e  fro m  ira n s- l ,4 -d ic h lo ro -2 -b u te n e . H e a tin g  
th e  iro n s - l-c h lo ro - l ,3 -b u ta d ie n e  w ith  io d in e -b e n z e n e  so lu tio n  g av e  a  m ix tu re  
of 6 0 %  cis  iso m e r a n d  4 0 %  trans  iso m er. T h e  re a r ra n g m e n t u n d o u b te d ly  
w o u ld  h a v e  g o n e  to  e q u ilib riu m  if th e  d ec o m p o s itio n  p ro d u c ts  h a d  been  
re m o v ed  a n d  th e  io d in e  rep len ish ed . W e  fo u n d  t h a t  d is a p p e a ra n c e  of iod ine  
w as ra p id , a n d  if m o re  io d in e  w as  ad d e d , th e  re a r ra n g e m e n t c o n tin u ed .

(12) J .  B a b b it ,  L . A m undsen , a n d  R . S te in er, J .  Org. Chem ., 2 5 , 2231 
(1960).

Registry No.— c fs -l,4 -D ich lo ro -2 -b u te n e , 1476-11-5: 
¿rans-1,4-dichloro-2-butene, 110-57-6; sod ium  am ide, 
12125-45-0; c i s - 1 -ch i o ro -1,3-b u ta d  iene, 10033-99-5;
fro .n .s '-l-ch lo ro -l,3 -butad iene, 16503-25-6.
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A Conformational Analysis of 
Some 2-Alkoxytetrahydropyrans

G a r y  O. P i e r s o n  a n d  O l a f  A. R u n q u i s t

Hamline University, St. Paul, Minnesota

Received January 11, 1968

Oxane rings s u b s titu te d  in  th e  2 p o s itio n  b y  e lec tro 
nega tive  groups are genera lly  m ore  s tab le  w ith  th e  2 
s u b s titu e n t in  an a x ia l con fo rm a tio n . T h e  in te ra c tio n s  
w h ic h  cause th e  observed d e s ta b iliza tio n  o f th e  equa
to r ia l co n fo rm a tio n  in  these com pounds are com m o n ly  
re ferred  to  as th e  anom eric  e ffect, a te rm  f ir s t  used b y  
Lem ieux  and C h u .1 E xam ples o f th e  anom eric  e ffect 
are to  be fo u nd  in  ce rta in  1 -su b s titu te d  D -g lucopyrano- 
sides,2 2 -su b s titu te d  te tra h y d ro p y ra n s ,3’4 and subs ti
tu te d  d ioxanes.6 E d w a rd 6 has expla ined th e  anom eric  
e ffect in  te rm s  o f a d ip o le -d ip o le  in te ra c tio n  betw een 
th e  lone e lec tron  p a irs  o f th e  r in g  oxygen and th e  sub
s t itu e n t bond . Because o f th e  angles betw een th e  
d ipoles, th is  in te ra c tio n  w o u ld  be m uch  sm a lle r fo r  an 
a x ia l s u b s titu e n t (A ) th a n  fo r  an e q u a to ria l s u b s titu e n t 
(B ).

A B

A s w o u ld  be expected in  a d ip o le -d ip o le  in te ra c tio n , 
th e  m a g n itud e  o f th e  anom eric  e ffect is dependent on  th e  
d ie le c tr ic  co ns ta n t o f th e  so lven t. A  so lve n t o f h ig h

(1) R . U . L em ieux  a n d  N . J .  C h u , A b s tra c ts , 133rd  N a tio n a l M e e tin g  of 
th e  A m erican  C h em ica l S ocie ty , S an  F ran c isc o , C alif., A p ril 1958, p  31N .

(2) F o r  exam p les, see E . L . E liel, N . J .  A llinger, S. J .  A n g y a l, a n d  G . A . 
M orrison , “ C o n fo rm a tio n a l A na ly sis ,”  J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , 
N . Y ., 1965, pp 375-377 .

(3) G . E . B o o th  a n d  R . J .  O u e le tte , J .  Org. C hem ., 3 1 ,  544 (1966).
(4) C . B . A nderson  a n d  D . T . S epp , Chem . In d .  (L o n d o n ) , 2054 (1964).
(5) C . A lto n a , C . R ö m ers, a n d  E . H a v in g a , T etrahedron L e tt., N o . 10, 

16 (1959).
(6) J .  T . E d w a rd , Chem . In d .  (L o n d o n ), 1102 (1955).
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d ie lec tric  cons tan t w o u ld  be expected to  s ta b ilize  the  
e qu a to ria l con fo rm er b y  reduc ing  th e  s tre n g th  o f th e  
d ipo le  in te ra c tio n . T h e  a c tu a l s tre n g th  observed fo r  
th e  anom eric e ffect va ries  considerab ly  w ith  chang ing 
so lven t p o la r ity . F o r  exam ple, R o w le y  and B a ile y 7 

have ob ta ined  va lues fo r  th e  anom eric  e ffect in  glucose 
o f 0.35 k c a l/m o l in  w a te r and 0.90 k c a l/m o l in  m e th 
anol, w h ile  Levene and H i l l 8 ob ta ined  a va lu e  fo r  m an
nose o f 1.15 k c a l/m o l in  p y rid in e . B o o th  and O uel
le t te 3 have es tim a ted  th e  va lu e  fo r  th e  anom eric effect 
in  2 -h a lo te tra h yd ro p y ra n s  to  be g rea te r th a n  2.3 k c a l/  
m o l in  a series o f n o n p o la r and s lig h t ly  p o la r solvents.

T h e  co n fo rm a tio n a l e q u ilib r iu m  o f com pounds ex
h ib it in g  th e  anom eric e ffect w o u ld  be expected to  be 
a lte red  b y  b o th  th e  p o la r  and s te ric  n a tu re  o f th e  sub
s titu e n t groups. Inc reas ing  th e  su b s titu e n t p o la r ity  
w o u ld  increase th e  s tre n g th  o f th e  s u b s titu e n t d ipo le . 
Such an increase in  d ip o le  s tre n g th  w o u ld  g re a tly  in 
crease the  in te ra c tio n  in  th e  e qu a to ria l con fo rm er (B ) 
where th e  d ipo les are n e a rly  pa ra lle l. T h e  same in 
crease in  d ipo le  s tre ng th  w o u ld  be expected to  have a 
m uch  sm a lle r e ffect on th e  ax ia l con fo rm er (A ) where 
the  d ipo les are a t w id e ly  d ive rg e n t angles. T h u s  in 
creasing th e  p o la r ity  o f th e  s u b s titu e n t w o u ld  be ex
pected to  s h if t  th e  e q u ilib r iu m  to w a rd  th e  a x ia l con
fo rm a tio n  b y  increasing  th e  m ag n itud e  o f th e  d ipo le  
in te ra c tio n . T h e  s te ric  re qu ire m en t o f a su b s titu e n t 
shou ld  also have  an e ffect on  th e  co n fo rm a tio n a l equ i
lib r iu m . Since th e  a x ia l con fo rm er is m ore  s te ric ly  
crow ded due to  d ia x ia l in te ra c tion s , an increase in  sub
s titu e n t size w o u ld  be expected to  fa v o r th e  e qu a to ria l 
conform er.

T h is  paper describes a co n fo rm a tio n a l s tu d y  o f sev
e ra l 2 -a lk o x y te tra h y d ro p y ra n s  ( I - 1 0 ) in  w h ich  the  
s te ric  and p o la r n a tu re  o f th e  subs tituen ts  v a ry  over a

1, R  = H
2, R = CH3
3, R =  C2H5
4, R = (CH2)2C1
5, R = CHîCHCla

6, R  =  CH2CF3
7 , R =  CH2CC13
8, R  = CH(CH3)2
9 , R  =  C(CH3)3 

10, R  = C6H6

fa ir ly  w ide  range. T h e  p a r t ic u la r  com pounds were 
chosen in  an a tte m p t to  d iscern th e  dependency o f the  
co n fo rm a tio n a l e q u ilib r iu m  upon  th e  s te ric  and p o la r 
requ irem ents o f th e  a lk o x y  su b s titu e n t. T h e  con fo r
m a tio n a l e q u ilib r iu m  was d e te rm ined  v ia  n m r tech
niques. Since th e  sp in -s p in  coup ling  constants are re
la ted  to  th e  d ih e d ra l angle between th e  C - H  bonds b y  
a cos2 6 fu n c tio n , i t  is o fte n  possible to  de te rm ine  con
fo rm a tio n a l e q u ilib r ia  fro m  th e  m a g n itud e  o f these 
co up ling  constan ts . 3' 9 T o  o b ta in  reasonab ly q u a n ti
ta t iv e  resu lts, th e  co up lin g  constan ts  fo r  th e  reference 
p ro to n  in  b o th  o f its  con fo rm a tions  m u s t be know n. 
These co up lin g  constan ts  can be ob ta ined  fro m  s u it
a b ly  chosen m ode l com pounds w h ic h  are co n fo rm a tio n - 
a lly  homogeneous and close ly analogous to  th e  system  
being s tud ied . I n  th e  s tu d y  o f th e  2 -a lk o x y te tra h y d ro - 
p y ra n  system  th e  C -2  p ro to n  resonance was observed. 
T h e  m ode l com pound used to  o b ta in  th e  co up lin g  con
s ta n t fo r  a to ta l ly  a x ia l s u b s titu e n t was m e th y l 2 -

(7) H . H . R o w ley  a n d  S. D . B ailey , J .  A m er. Chem . Soc., 62, 2562, (1940).
(8) P . A. L ev en e  a n d  D . W . H ill, J .  B io l. Chem ., 102, 536 (1933).
(9) E d g a r  W . G arb ish , J r . ,  J .  A m er. Chem . Soc., 86 , 1780 (1964).
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Figure 1.—The relationship between substituent Taft constant 
and conformational free-energy difference of 2-alkoxytetrahy
dropyrans.

deoxy-a-D -g lucopyranoside. T h is  com pound is as
sumed to  be a com p le te ly  a x ia l con fo rm er because o f 
th e  tw o  separate 1,3 d ia x ia l in te ra c tio n s  w h ich  w ou ld  
occur in  th e  e qu a to ria l conform er. T h e  m ode l com 
pound  used to  o b ta in  th e  co up lin g  constan ts  fo r  the  
e qu a to ria l con fo rm er was c is -4 -m c th y l-2 -m e th o xy te tra - 
h y d ro p y ra n ; 4 th is  com pound is be lieved to  ex is t e n tire ly  
as the  e qu a to ria l con fo rm er because o f th e  s tro ng  1 , 3  

d ia x ia l in te ra c tio n s  between th e  m e th y l and m e tho xy  
groups w h ich  w o u ld  occur in  th e  a x ia l conform er.

Results and Discussion
T h e  observed coup ling  cons tan t o f a ra p id ly  e q u ili

b ra tin g  system  is a t im e  average o f th e  com ponents o f 
th e  system . T h e  e q u ilib r iu m  cons tan t between con- 
fo rm ers A  and B  o f th e  2 -a lk o x y te tra h y d ro p y ra n  sys-

H ^ o

H

b - o A q

te m  can be estim ated  fro m  th e  d is tance  between th e  
tw o  outs ide  peaks o f th e  C-2 p ro to n  resonance p rov ide d  
J 2 ,3a and . / 2i3e are kn o w n  fo r  b o th  conform ers. T h e  C - 2  

p ro to n  resonance is a p a r t  o f an A B X  system  w ith  the  
C-2 abso rp tio n  w e ll d ow n fie ld  o f th e  C-3 p ro tons. I f  
w eak tra n s it io n  states are ignored , th e  d is tance  between 
th e  tw o  outs ide  peaks o f th e  C -2  abso rp tio n  can be 
app rox im a ted  as equa l to  J 2,3a +  / 2,3c  T h is  sum  shall 
be re fe rred  to  as J  A and J B fo r  conform ers A  and B , 
respective ly . T h e  observed d is tance  between th e  tw o  
outs ide  peaks, J ° ,  is equal to  J AN A +  J b N b  where N A 
and N k are th e  percentages o f th e  tw o  conform ers. 
V a lues fo r  J A (4.7 cps) and / B (10.5 cps) were obta ined
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T a b l e  I
C o u p l i n g  C o n s t a n t s  o f  S o m e  S u b s t i t u t e d  T e t r a h y d r o p y r a n s

' J  1,2, CPS-
N o. C o m p o u n d s S ource <fa,a *la,e Je.Q

1 cfs-4-Methyl-2-methoxytetrahydropyran a 8.3 2.2
2 cfs-4-Methyl-2-butoxytetrahydropyran a 8.5 2 .0
3 Methyl 2-deoxy-2-D-glucose b 3.5
4 Acetylated sugars c 5-8 2-6 .2 3 .0

(av 6 .9 ) (av 3 .3)
5 a-D-Glucopyranosides d 3 .0 -3 .5
6 a-D-Manopyranosides d 1 . 0 - 1 . 5

7 Acetylated mannose e 6 .5 -8 .7 1.0
derivatives (av 7.5)

« C. B. Anderson and D. T. Sepp, Chem. Ind. (London), 2054 (1964). 6This paper. “R. U. Lemieux, R. K. Kullnig, H. J. Bernstein, 
and W. C. Schneider, J. Amer. Chem. Soc., 80, 6098 (1958). dR. U. Lemieux and B. Fraser-Reid, Can. J . Chem., 42, 532 (1964). "K. 
Onedera, S. Hirano, F. Masuda, and N. Kashimura, J. Org. Chem., 3 1 ,  2403 (1966).

T a b l e  II
C o n f o r m a t i o n a l  P e r c e n t a g e s  a n d  F r e e  

E n e r g i e s  o f  2 - A l k o x y t e t r a h y d r o p y r a n s

R S h ift J°, cps N a , % AG, kcal mol
H 5 .1 6 .0 77 0 .7 5  ±  0 .3
c h 3 5 .6 6 .3 72 0 .5 8  ±  0 .3
C Ä 5 .4 5 6 .5 68 0 .4 7  ±  0 .3
(C H 2)2C1 5 .3 6 .0 77 0 .7 5  db 0 .3
c h 2c h c i 2 5 .4 5 .5 88 1 .2  ± 0 . 6
c h 2c f 3 5 .2 5 .2 92 1 .5
c h 2c c i3 5 .0 5 5 .0 95 1 .8
C H (C H 3)2 5 .3 5 6 .7 66 0 .4 2  ±  0 .3
C (C H 3)3 5 .2 6 .9 62 0 .3 1  ±  0 .3
c 6h 6 4 .8 5 .8 81 0 .9 0  ±  0 .4

is given in Figure 1. The slope of the line given in 
Figure 1 is consistent with the expected increase in dipole 
interaction with increasing substituent polarity (higher 
Taft values). The linearity of the graph seems to indi
cate that the steric size of the substituent has little or 
no effect on the conformational free energy.

A value for the anomeric effect which can be com
pared to values previously reported may be obtained 
by adding 0.9-1.0 kcal/mol10 to the free energies listed 
in Table II to account for diaxial interactions. Thus, 
the anomeric effect for this series of 2-alkoxytetrahydro- 
pyrans varies from 1.3 to 2.8 kcal/mol. Since these

T a b l e  III

P h y s i c a l  C o n s t a n t s  a n d  A n a l y t i c a l  D a t a  f o r  2 - A l k o x y t e t r a h y d r o p y r a n s  N o t  P r e v i o u s l y  R e p o r t e d

■Caled, % -------------- . .--------------F o u n d , %■
R B p , °C  (m m ) n20D C H C H

CH(CH3)2 159-160 1.4242 66.63 11.18 66.80 11.39
C(CH3)3 169-170 1.4290 68.31 11.47 68.40 11.75
CHjCHCh 84-86 (10) 1.4724 42.23 6.08 44.17“ 6.08
CH2CF3 141-143 1.3784 45.65 6.02 46.10 5.48
c h 2c c i3 88-89 (10) 1.4796 36.00 4.75 37.56“ 4.86

“ These compounds were purified by chromatography only since they tended to decompose on distillation. The infrared and nmr 
spectra were in complete agreement with the proposed structures.

from coupling constants observed for methyl 2-deoxy- 
a-D-glucopyranoside and cfs-4-methyl-2-methoxytetra- 
hydropyran, respectively. Coupling constants ob
served for several carbohydrate derivatives of known 
configuration (see Table I) are consistent with the 
values chosen for J A and J b- The value of N A can be 
calculated from the equation

The free-energy difference between the two conformers 
can be obtained from

a C  =  R T  In , N \ t 
1 -  N a

Table II lists the J° values and chemical shifts ob
served for the compounds studied. The values calcu
lated for N a and AG are also included. Since the «7° 
values could only be estimated to ±0.5 cps the values 
given for N A and AG are subject to considerable error. 
The relationship between the observed free-energy 
difference and the Taft polar constants for the R groups

results were obtained in nonpolar solvents, the values 
are consistent with those of earlier workers.3’7’8

Experimental Section

All compounds, with the two exceptions noted below, were 
prepared according to the procedure of Woods and Kramer11 
and purified by distillation. Physical constants and analytic 
data for compounds not previously reported in the literature 
are listed in Table III . The 2-hydroxytetrahydropyran was 
prepared by the procedure of Schniep and Geller,12 and the
2-(2-chloroethoxy)tetrahydropyran was purchased from Aldrich 
Chemicals. All spectra were run as neat samples on a Varían 
A-60A spectrometer operating at 38°. Coupling constants were 
reproducible to 0.5 cps.

Registry N o—1, 694-54-2; 2, 931-60-2; 3, 4819-83-4; 
4, 5631-96-9; 5, 16408-82-5; 6, 16408-83-6; 7, 16408-
84-7; 8, 1927-70-4; 9, 1927-69-1; 10, 4203-50-3.

(10) E . L . E iie l, “ S te re o ch em istry  of C a rb o n  C o m p o u n d s ,”  M cG raw -H ill 
B ook  C o., In c ., N ew  Y o rk , N . Y ., 1962, p  236.

(11) G . F . W oods a n d  D . N . K ra m e r, J .  A m er. Chem . Soc., 69, 2246 
(1947).

(12) L . E . S chn iep  a n d  H . H . G eller, ib id ., 68, 1646 (1946).
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The alkylation of fluorene and indene2 with alcohols 
gives 9-alkylfluorenes and 1,3-dialkylindenes in high 
yield. The reaction has been extended to cover reac
tions of hydroxy acid salts with indole3 to form 3-in- 
dolealkanoic acids. This Note reports the base-catalyzed 
reaction of hydroxy acid salts with fluorene to give 9-fluo- 
renylalkanoic acids and with indene to give 3-indenyl- 
alkanoic acids and 1,3-indenedialkanoic acids. The hy
droxy acid salts were normally generated in situ by the 
reaction of strong base, such as potassium hydroxide, 
with lactones. Most of the compounds synthesized by 
this technique were unreported prior to this work.

Treatment of fluorene with y-butyrolactone, <5- 
valerolactone, and e-caprolactone in the presence of 
potassium hydroxide at 200-220° produced 9-fluorenyl- 
alkanoic acids la-c in yields of 33, 83, and 96%, respec
tively (eq 1). Similarly, reaction of fluorene with 
propiolactone gave diacid 2, while glycolic acid afforded

9-fluorenylacetic acid in 10% yield. Bachmann and 
Sheehan4 have previously synthesized 9-fluorenylacetic 
acid using a four-step process. The acid products from 
these reactions were normally isolated as the methyl es
ters for analytical evaluation. A summary of these re
actions is found in Table I and the properties of the prod
ucts are found in Table II.

Indene also reacted with e-caprolactone in the pres
ence of excess potassium hydroxide to give about equal

(1) T o  w hom  in q u ir ie s  sh o u ld  b e  add ressed .
(2) (a) H . E .  F r itz , D . W . P eck , M . A . Eccles, a n d  K . E . A tk in s , J .  Org. 

Chem ., 30, 2540 (1965); (b) K . L . S choen a n d  E . I .  B ecker, J .  A m er. Chem. 
Soc., 77, 6030 (1955).

(3) (a) H . E . F r itz , J .  Org. C hem ., 28 , 1384 (1963); (b) H . E . Jo h n so n  an d  
D . G . C ro sb y , ib id ., 28 , 1246 (1963).

(4) W . E . B a c h m a n n  a n d  J .  C . S h eeh an , J . A m er . Chem . Soc ., 62 , 2687 
(1940).

T a b l e  1

B a s e - C a t a l y z e d  R e a c t i o n s  o f  F l u o r e n e  w i t h  L a c t o n e s  

a n d  H y d r o x y  A c i d s 0

L actone , T em p , T im e, Y ield  of 1, E fficiency on
X °C h r % fluorene, %

2* 220 20 18 67
3 220 22 33 67
4 220 20 83 91
5° 220 20 96 100
l d 250 20 10 20

0 All runs in stainless steel rocker autoclave unless otherwise 
noted. b Product was the diacid 9,9-bis(carboxyethyl)fluorene, 2. 
c Run a t atmospheric pressure a t reflux of reaction mixture. 
d Glycolic acid used as starting material.

amounts of 6-(3-indenyl)caproic acid, 3, and l,3-bis(car- 
boxypentyl)indene, 4. These products were isolated 
and identified as their methyl esters.

Other substrates which were tried in this general 
reaction of hydroxy acid salts with active methylene- 
containing compounds were diphenylmethane, 9,10- 
dihydroanthracene, 9,10-dihydrophenanthrene, and 9- 
methylfluorene. Only 9,10-dihydroanthracene gave a 
product and that was only a 5% yield of acidic material 
containing an anthracene, rather than dihydroanthra
cene, nucleus. The failure of these compounds to react 
can be rationalized on mechanistic grounds which will 
be discussed below.

The structure proof of the fluorene and indene deriva
tives was provided by a combination of nmr, infrared, 
and ultraviolet spectroscopy along with elemental 
analysis, and comparison of properties with those of 
identical compounds in the literature, when available. 
For example, the nmr spectrum of fluorene contains a 
sharp singlet of 5 3.8 representing the methylene protons 
of carbon 9. The fluorene compounds which were 
disubstituted on the 9 position showed no resonance in 
this area. The eight protons of the aromatic rings were 
observed in a complex multiplet between 8 7.0 and 7.8. 
Fluorene derivatives singly substituted at carbon 9, 
such as 9-fluorenylacetic acid and methyl 6-(9-fluorenyl- 
caproate), gave triplets representing single protons 
centered at 8 4.38 and 3.80, respectively. When methyl
6-(9-fluorenyl)caproate was cyanoethylated by the 
method of Bruson5 to form 5 this triplet disappeared.

In all cases, the number of aromatic protons stayed 
constant at eight.

The nmr spectrum of indene showed peaks centered 
at 5 3.20 for the two protons of the carbon 1 methylene 
groups and peaks centered at 5 6.35 and 6.75, represent
ing one proton each, for the 2 and 3 position protons, 
respectively. The nmr spectrum of methyl 6-(3- 
indenyl)caproate, 6, showed no proton at carbon 3 and 
absorption at 8 6.07 for the carbon2 proton and a quartet 
at 8 3.2 representing two protons. The disubstituted 
indene showed a single proton at carbon 1 (5 3.2) as well 
as a single proton at carbon 2 (8 6.10). In both cases,

(5) H . A. B ruson . ib id .. 64, 2457 (1942).
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T a b l e  II
P r o p e r t i e s  o f  9 - F l u o r e n y l  A c id s  a n d  M e t h y l  E s t e r s “

y

R (CH2),C02H(CH3)
A cid  o r  es te r M e th y l es te r r------------C a lcd , % ,------------F o u n d , % ------------ ■. /•------ S apon equ iv -----

X m p, °C b p  (m m ), °C C H c H C alcd F o u n d

Acid5 2 282-284° 73.53 5.85 73.72 6.05
Ester 2 . 83-84'“ 196-200(0.4) 74.50 6.60 74.50 6.60 169 170
Acid 3 133-133.5d 80.92 6.39 81.10 6.48
Ester 3 52° 166-170(0.4) 81.21 6.78 81.29 6.95 266 263
Acid8 4
Ester 4 39/ 212 (3) 81.43 7.14 81.52 7.41 280 277
Ester9 4 270 (10) 82.49 9.06 82.46 8.91 378 377
Acid 5 66 81.40 7.19 81.61 7.25
Ester 5 43-44° 195-197 (1) 81.60 7.70 81.66 7.53 284 294
Acid* 1 131-132*' 80.30 5.40 80.20 5.50

“ R = H except where x = 2, then it is -(C H 2)2C 02H(CH3). 6 Neut equiv, 153 (calcd 155). ° Recrystallized from methanol. d Re- 
crystallized from cyclohexane. e Acid only isolated as methyl ester. > Recrystallized from hexane. 12,2,4-Trimethylpentyl ester. 
hNeut equiv, 229 (calcd 224). 'L i t .4 mp 131-132°.

the aromatic pattern remained consistent with that of 
indene and represented four protons.

The proposed mechanism for the reaction of both 
fluorene and indene with lactones is analogous to that 
relayed by Schoen and Becker2 for the alkylation of 
fluorene with alcohols. The first step is the reaction of 
lactone with potassium hydroxide to yield the salt of the 
hydroxy acid. Next the alcohol function is oxidized or 
dehydrogenates to the corresponding aldehyde and this 
aldehyde condenses with a fluorenyl anion to form an 
alkylidene compound, 7, which is reduced either by

7

hydrogen present from dehydrogenation of the alcohol 
group or by alkoxide to yield product.

This mechanism explains why no product is formed 
when 9-substituted fluorenes are used as substrates since 
both methylene hydrogens are needed to yield the 
intermediate alkylidene compound. The failure of 
diphenylmethane to react can be rationalized by the 
fact that its p/f a is 356 while those of indene6 and fluo
rene5 are 21 and 25, respectively. The acidity of these 
methylene protons could determine whether an anion 
would be formed under the reaction conditions.

This mechanism also explains why only monosubsti- 
tuted fluorenes are obtained, except in the case of 
propiolactone. When this lactone is opened with 
potassium hydroxide it forms a hydroxy acid salt which 
upon dehydration could yield an acrylate salt. Acry
late esters7 are known to condense with compounds 
containing activated methylene groups under basic 
catalysis (Michael reaction), but the use of acrylate salts 
is not reported. It is thought that this sequence is 
followed in the propiolactone experiments to yield 9,9- 
disubstituted fluorenes just as occurs when fluorene is 
cyanoethylated6 with acrylonitrile under basic cataly
sis. The use of acrylate salts in the Michael reaction

(6) W . K . M cE w en , J .  A m er . Chem. S o c 58, 1124 (1936).
(7) E . B . B e rg m an n , D . G insbu rg , a n d  R . P ap p o , Org. R eactions , 10, 179 

(1959).

has been studied and will be reported in the following 
communication.

CH2=CHC02K

(CH,), (CHA
I I

co2k  co2k

The reaction of indene with e-caprolactone also fits 
this mechanistic sequence. Indene would first be 
attacked at the methylene group and then the double 
bond isomerized to provide another methylene group 
for reaction, thus explaining the disubstituted product 
observed (eq 4 and 5).

(4)

(CH2)5C02K 

+  KOH —*

(CH2)6C02K

Experimental Section

Melting points were obtained on a Fisher-Johns melting point 
block. Infrared spectra were recorded by a Beckman IR-4, 
ultraviolet spectra by a Cary Model 21 spectrophotometer, and 
nuclear magnetic resonance spectra by a Varian Associates Model 
A-60 spectrometer. Elemental analysis was performed by the 
UCC Chemicals and Plastics Division R and D analytical group.

General Procedure for the Reaction of Lactones with Fluorene. 
Autoclave Preparation.—To a stainless steel rocker autoclave 
were charged fluorene (1.0 mol), lactone or hydroxy acid (1 .1  
mol), and potassium hydroxide (1.3 mol). In the case of pro
piolactone, a higher yield was obtained if 2.1 mol were used. 
This mixture was heated to 220° and held for 20 hr. The cooled 
reaction mixture was treated with water and extracted with 
isopropyl ether to remove any unreacted fluorene. The aqueous 
layer was acidified with concentrated hydrochloric acid to release
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T a b l e  I I I

I n f r a r e d  S p e c t r a “ o f  9 - F l u o r e n y l a l k a n o i c  A c i d s  a n d  M e t h y l  E s t e r s

R (CH2)*C02R'
R R ' X --------------------------------------------P r im a ry  ab so rp tio n  b an d s , n-----

H H 1 3 .0 -3 .9(b) 5.84 (s) 6.9, 7.0, 7.1 (t) 7.82 (m) 8.10  (m) 10.70 (m) 13.52 (s)
H H 3 3 .0 -4 .0(b) 5.85 (s) 6.9-7.09 (d) 7.75 (m) 8.05 (m) 10.70 (m) 13.53 (s)
II H 4 3 .0 -4 .0(b) 5.84 (s) 6.9-7.05 (d) 7.80 (m) 8.10  (m) 10.70 (m) 13.54 (s)
I I H 5 3 .0 -4 .0(b) 5.88 (s) 6.9-7.08 (d) 7.80 (m) 8.18 (m) 10.75 (m) 13.60 (s)
(CH2)2

1
H 2C 3 .0 -4 .0(b) 5.80 (s) 6.91-6.99 (d) 7.72 (m) 8.22 (m) 10.70 (m) 

10.90
13.65 (s)

C 0 2H
H c h 3 3 3.25 3.39 3.45 5.71 (s) 8 .10 (m) 8.35 (m) 8.55 (m) 8.71 (m) 13.0 (w) 13.50 (s)
H C I Î 3 4 3.22 3.42 3.51 5.78 (s) 8.05 (m) 8.20 (m) 8.41 (m) 8.58 (m) 13.05 (w) 13.54 (s)
H c h 3 5 3.29 3.42 3.51 5.79 (s) 8.03 (m) 8.41 (m) 8.60 (s) 8.88 (w) 13.09 (w) 13.60 (s)
(CH2)2 c h 3 2 3.30 3.40 3.50 5.72 (s) 8.02 (m) 8.39 (s) 8.55 (s) 13.15 (m) 13.55 (s)

C O 2 C H 3

“ Unless otherwise designated, spectra were recorded in CCI4 from 2.0 to 7.5 and in CS2 from 7.5 to 15.01 /i. 6 b = broad, s =
strong, m = medium, w = weak, d = doublet, t  = triplet. c KBr pellet.

the organic acid product. The carboxylic acid was either re
crystallized or converted into the methyl ester by refluxing in 
excess methanol with a catalytic amount of p-toluenesulfonic 
acid. The ester was then distilled under reduced pressure and, 
if the cuts solidified, was recrystallized.

Atmospheric Pressure Procedure.—The same molar ratios as 
used above were employed in these reactions. A stainless steel 
flask rather than a glass flask was used because of the deleterious 
effect of alkali hydroxides on glassware at high temperatures. 
The reaction mixture was stirred and heated at reflux and the 
water formed in the reaction collected in a trap. Some exo- 
thermicity was observed during the reaction and care was taken 
to leave plenty of empty space in the reaction flask. The work
up technique used was the same as that outlined above.

The structures of the products from the above reactions were 
elucidated by nmr, ir, and uv spectroscopy, elemental analysis, 
neutralization equivalents, and saponification equivalents. 
Most of these properties are found in Tables II  and III  and in the 
discussion section. The uv spectra of these materials are very 
similar to that of fluorene with about the only significant change 
being a bathochromic shift of 2-3 m/t for each additional sub
stituent in the 9 position.

9-Carbmethoxypentyl-9-cyanoethylfluorene (5).—A solution of 
109 g (0.37 mol) of methyl 6-(9-fluorenyl)caproate and 1000 ml 
of dioxane was charged to a reaction flask and 10 g of 32% Triton 
B (benzyltrimethylammonium hydroxide) in methanol was 
added. Acrylonitrile, 50 g (0.94 mol), was added over 5 min 
without any sign of reaction; therefore, the mixture was heated 
to reflux and stirred for 6 hr. About halfway through an addi
tional 10 g of Triton B was added. After cooling to room tem
perature, the reaction mixture was treated with 2 1. of water and 
extracted twice with 500-ml portions of benzene. The benzene 
layers were combined and washed with water several times. 
After removal of the solvent, the solid product was recrystallized 
once from cyclohexane and once from methanol to yield 42 g of 
the methyl ester of 9-carboxypentyl-9-cyanoethylfluorene, 5 (mp 
95-96°). The ir spectrum (CS2 and CCU) exhibited primary ab
sorption at 3.28, 3.41, 3.50, 4.43 (C =N ), 5.76 (C = 0 ), 6.9,
7.45, 8.35, 8.58, 12.9, 13.2, and 13.60 m (fluorene ring); nmr 
(CDCI3), 6 4.58 for the methyl group, 5 7.32 and 7.70 for the 
ring protons, and two groups from d 1.20 to 1.70 and from 1.85 
to 2.55 representing the other protons. The integrated areas 
were consistent with the structure assignments.

A n a l.  Calcd for C 2 3 H 2 5 O 2 N : C, 79.50; H, 7.69; N, 4.23. 
Found: C, 79.70; H, 7.49; N, 4.04.

Methyl 6-(3-Indenyl)caproate (6) and l,3-Bis(carbomethoxy- 
pentyl)indene (8).—There were charged to a 3-1. stainless steel 
rocker autoclave 129 g (1.1 mol) of indene, 139 g (1.2 mol) of 
f-caprolactone, and 100 g (1.5 mol) of 85% potassium hydroxide 
pellets and this mixture was heated to 200° for 20 hr. The solid 
reaction product was treated with water and extracted with 
isopropyl ether to remove any unreacted indene. The aqueous 
layer was cooled with ice and acidified with concentrated hydro
chloric acid releasing 191 g of an oil which became semisolid on 
standing. This material was esterified by refluxing for 20 hr 
with 2 1. of methanol and 5 g of p-toluenesulfonic acid. The

reaction mixture was treated with 1 1. of water and extracted 
twice with 250-ml portions of isopropyl ether. The combined 
ether layers were washed once with 100 ml of 5% sodium hy
droxide solution and with water until neutral. The ether was 
removed and the ester mixture distilled under reduced pressure 
giving 42 g (15.7%) of methyl 6-(3-indenyl)caproate (6) [bp 145° 
(0.45 mm); n wd 1.5327] and 61 g (27%) of the dimethyl ester of
l,3-bis(carboxypentyl)indene (8) [bp 222° (0.4 mm); n20d 
1.5250]. The ir (CS2 and C C I4 ) of both 6  and 8  exhibited bands 
at 5.73 n  ( C = 0 ) ;  nmr of 6  (C C I4 ), 5 1.4-1.85 (m, six protons), 
2.1-2.58 (m, four protons), 3.2 (q, two protons), 4.55 (s, three 
protons), 6.08 (one proton), and 7.05-7.38 (m, four protons).

A n a l.  Calcd for C16II20O2: C, 78.65; II, 8.25. Found: C, 
78.36; II, 8.37.

A n a l.  Calcd for C23H32O4: C, 74.16; H, 8.66; mol wt, 372.5. 
Found: C, 74.47; H, 8.51; mol wt (by freezing point depression 
of benzene), 372.

R e g is try  N o .—Fluorene, 86-73-7; indene, 95-13-6; 
9-fluorenylacetic acid, 6284-80-6; la ,  16425-43-7; la  
methyl ester, 16425-44-8; lb ,  16425-45-9; lb  methyl 
ester, 16425-46-0; lb  2,2,4-trimethylpentyl ester, 16425-
47-1; lc ,  16425-48-2; lc  methyl ester, 16425-49-3; 2, 
4425-95-0; 2 dimethyl ester, 13098-97-0; 5, 16605-83-7; 
6, 16425-52-8; 8, 16452-33-8.

A ckno w le dg m e n t.—The authors wish to thank Dr. 
W. T. Pace for the nmr spectra, as well as Mr. A. H. 
DuVall and Mr. S. B. Gottlieb for elemental analysis 
and other analytical services and Mr. M. A. Eccles 
for technical assistance.

The Michael Reaction of Acrylate Salts

H e n r y  E. F r i t z , D a v id  W. P e c k , a n d  K e n n e t h  E. A t k i n s 1
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The Michael reaction2 has been well reviewed and is 
an important synthetic tool. Briefly, it consists of the 
reaction of a carbanion with an electron-deficient un
saturated system.

(1) T o  w hom  in q u irie s  sh o u ld  b e  ad d ressed .
(2) E . B . B e rg m an n , D . G insbu rg , a n d  R . P a p p o , Org. Reactions , 10, 

179 (1959).
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During the investigation3 of the reaction of lactones 
with fluorene and potassium hydroxide to form co-(9- 
fluorenyl)alkanoic acids (1), it was observed that all 
the lactones used gave monosubstituted fluorene 
derivatives except propiolactone, which gave 9,9-bis- 
(carboxyethyl)fluorene.3 Although most lactones were 
postulated to react with fluorene through a hydroxy 
acid salt intermediate, the potassium 3-hydroxypro-

T a b l e  I

S y n t h e s i s  o f  9 ,9 - B i s (c a r b o x y e t h y l ) f l u o r e n e '’

R u n  no.
T em p ,

°C
T im e,

h r
Y ield ,b

%
E fficiency ,1

%
1" 2 3 0 2 0 6 4 9 8
2" 1 1 2 2 0 0 0
3" 2 3 0 6 4 9
4 C 2 2 5 1 5 0 1 0 0
5 4 - / 2 2 8 2 0 0 0
6 4 ,«.i 2 2 8 2 0 3 2
7 4 ,i,» 2 1 4 1 4 11

a Unless otherwise noted, the molar ratio of fluorene-acrylic 
acid-KOH was 1.0:2.1:2.7. b Based on fluorene. c Reacted in a 
3-1. stainless steel rocker autoclave. d Reacted in a stainless steel 
flask. "M olar ratio 1.0:3.0:4.1. 1 Tetralin used as solvent.
" Naphthalene used as solvent. h Molar ratio 1 .0 ;2.1:3.0. * Di- 
phenylmethane used as solvent.

pionate which would form from propiolactone could 
dehydrate to an acrylate under the reaction conditions. 
Acrylate salts are not reported as acceptors in the 
Michael reaction, except in the case of the reaction of 
indole4 5 with acrylate and methacrylate salts to form 1- 
and 3-indolepropionic acid. The mechanism of 3-in
dole acid formation probably involves a rearrangement 
of the 1-indolepropionic acid.6 This communication 
extends the Michael reaction of acrylate salts to more 
common hydrocarbon donor systems and reports the 
synthesis of several unknown compounds. Also, the 
reaction of potassium phenylacetate with acrylate 
salts is reported and provides an example of a new class 
of donor molecules.

Fluorene was treated with potassium or sodium 
acrylate,3 formed in situ by the reaction of acrylic acid 
with the alkali metal hydroxide, using excess base as 
catalyst to give 2 in 50-60% yield and 90-100% ef
ficiency based on fluorene. The normal reaction was 
conducted either in a rocker autoclave or at atmo
spheric pressure at 210-235° for about 20 hr. No im
provement in the reaction was observed when 
tetralin, naphthalene, or diphenylmethane were em
ployed as solvents. All of the experiments are out
lined in Table I. The diacid (2) prepared by this tech
nique had previously been made by Bruson6 via cyano- 
ethylation of fluorene followed by hydrolysis of the 
corresponding dinitrile derivative.

Tetrahydrofluoranthene, 4, also reacted with potas
sium acrylate and potassium hydroxide to yield 3- 
[6a(4H)-5,6-dihydrofluoranthenyl]propionic acid, 5, in 
33% yield and 70% efficiency based on 4. This prod
uct, 5, has been synthesized7 via cyanoethylation of 4 
followed by hydrolysis to the acid.

(3) H . E . F r itz , D . W . F eck , a n d  K . E . A tk ina , J . Org. Chem ., 3 3 , 2575 
(1968).

(4) (a) H . E . Jo h n so n  a n d  D . G . C rosby , ib id ., 28, 2030 (1963); (b) W . 
R e p p e  a n d  H . U fer, U . S. P a te n t  2,195,974 (1940).

(5) H . E . F r itz , J .  Org. Chem ., 28, 1384 (1963).
(6) (a) H . A . B ru so n , J .  A m er. Chem. Soc., 6 4 ,  2457 (1942); (b) H . A. 

B ru so n , U . S. P a te n t  2 ,339,218 (1944); (c) H . A. B ru so n , U . S. P a te n t  
2 ,339,373 (1944).

(7) C IB A  L td ,  B r it ish  P a te n t  666,713 (1952); Chem. A bstr ., 47 , 7547e
(1953).

5

Indene, 6, reacted with acrylate salts to give the tri- 
substituted product l,l,3-tris(carboxyethyl)indene, 7. 
This material was isolated as its trimethyl ester in 
about 10% yield. Some material thought to be due to 
disubstitution was isolated but contained impurities 
that could not be removed by standard techniques. 
These results are analogous to the cyanoethylation of 
indene6 where l,l,3-tris(cyanoethyl)indene was the 
primary product.

Diphenylmethane and 9,10-dihydroanthracene failed 
to react with potassium or sodium acrylate. Neither 
of these worked in the reaction of lactones3 with com
pounds containing activated methylene groups.

The use of acrylate salts as acceptors in the Michael 
reaction has been extended to a new class of donors— 
compounds with active hydrogens also containing an 
acid salt in the molecule. The specific examples are 
potassium phenylacetate, 8, and the potassium salt of 
«-substituted (9-fluorenyl)alkanoic acids, la and lc.

Phenylacetic acid was treated with acrylic acid and 
potassium hydroxide to give a 40% yield of 2-phenyl- 
glutaric acid, 9. The acid was identified by conversion 
to its dimethyl ester, 10, and to 2-phenylgutaric anhy
dride, 11. The best reported synthesis of 2-phenyl- 
glutaric acid8’9 involves cyanoethylation of phenyl-

(8) E . C . H o rn in g  a n d  A. F . F inelli, Org. S y n .,  30 , 81 (1950).
(9) M . F . A naell an d  D . H . H ey , J .  Chem. Soc., 1683 (1950).
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CHCOoK

+ 3 1. KOH
2. H+

H
C — C 0 2H

c h 2c h 2c o 2h

9

V J
CH— C:

\
(5)

CH2CH2— c = o  
11

malonic or phenylcyanoacetic esters, followed by hy
drolysis with cleavage of one carboxyl group.

The reactivity of potassium phenylacetate in this 
system was surprising. Since the carboxylate salt does 
not have good electron-withdrawing properties, it 
would have been reasonable to predict that the methy
lene hydrogens would not be acidic enough to form a 
carbanion that would enter into the Michael reaction. 
The fact that these reactions were conducted in solid 
phase, free of solvent, may have changed some of these 
factors.

Other acids salts which participate as donors are la  
and lc which yield the corresponding unsymmetrical 
diacids in 40-50% yields when treated with potassium 
acrylate in the presence of potassium hydroxide. The 
compounds were previously unknown and no other 
simple synthesis can be immediately envisioned. The 
carboxylate salt groups are far enough away from the 
active hydrogen that they should not affect the initial 
carbanion formation.

Experimental Section

Melting points were obtained on a Fisher-Johns instrument. 
Infrared spectra were recorded by Beckman IR-4, ultraviolet 
spectra by a Cary Model 21 spectrophotometer, and nuclear 
magnetic resonance spectra by a Varian Associates Model A-60 
spectrometer. Elemental analyses were performed by the UCC 
Chemicals and Plastics R and D analytical group.

9,9-Bis(carboxyethyl)fluorene (2).—Into a 1-1. stainless steel 
rocker autoclave were charged 166 g (1.0  mol) of fluorene, 80 g 
(1.1 mol) of acrylic acid, and 100 g (1.5 mol) of 85% potassium 
hydroxide pellets and this mixture was heated to 220° for 20 hr. 
The cooled product was treated with 1 1. of water and extracted 
with 1 1. of isopropyl ether. The ether was removed by distilla
tion and 86 g (0.52 mol) of unreacted fluorene was recovered. 
Acidification of the aqueous layer with concentrated hydrochloric 
acid released 128 g of 9,9-bis(carboxyethyl)fluorene, 2. The 
infrared, ultraviolet, and nmr spectra were identical with those 
of an authentic'sample3 and there was no depression of a mixture 
melting point. This represented a 75% yield of diacid based on 
the acrylic acid charged and an 85% yield based on reacted 
fluorene.

3-[6a(4H)-5,6-Dihydrofluoranthenyl]propiOnic Acid (5).—To a
3-1. stainless steel rocker autoclave were charged 200 g (0.98 mol) 
of l,2,3,10b-tetrahydrofluoranthene,10 4, 100 g (1.4 mol) of 
glacial acrylic acid, 100 g (1.5 mol) of 85% potassium hydroxide 
pellets, and 500 ml of isopropyl alcohol. This mixture was heated 
to 240° and held for 20 hr. Water, 11., was added to the reaction 
mixture and the solution was filtered to recover 109 g of unreacted
4. The filtrate was acidified with concentrated hydrochloric 
acid, releasing a white solid. After recrystallization from 1 1. of 
benzene, 92 g of 5 (33%) were obtained. An analytical sample 
was obtained by a recrystallization from methanol, mp 181- 
182° (lit.7 mp 176-176.5°). A mixture melting point with 
authentic material was not depressed. The ir spectrum of the 
acid (KBr)showed bands at 3.3,3.42 (broad), 5.87,6.95 (doublet),
7.67, 7.94, 10.7, and 13.25 n. The band at 13.25 m is consistent 
with an orffjo-substituted aromatic ring with four adjacent H

(10) O b ta in ed  b y  sod ium  m e ta l c a ta ly z ed  h y d ro g e n a tio n  of f lu o ra n th en e .

atoms.11 The acid was converted into its methyl ester by reflux
ing in methanol in the presence of p-toluenesulfonic acid 'catalyst. 
Upon recrystallization from benzene white crystals, mp 115-117, 
were obtained.

Anal. Calcd for CjgHisCk: C, 81.99; H, 6.52; neut equiv,
278.3. Found: C, 82.10; H, 6.59; neut equiv, 274.

Anal. Calcd for C2oH200 2: C, 82.16; H, 6.90. Found: C, 
82.31; H, 6.84.

l,l,3-Tris(carboxyethyl)indene (7).—To a 3-1. stainless steel 
rocker autoclave were charged 116 g (1.0 mol) of indene, 230. g 
(3.2 mol) of glacial acrylic acid, and 280 g (4.2 mol) of 85% po
tassium hydroxide pellets. This mixture was heated to 240° 
for 20 hr, then the cooled reaction product was treated with 2 1. 
of water. The solution was extracted with 1 1. of isopropyl 
ether to remove unreacted indene. The aqueous layer was acidi
fied with concentrated hydrochloric acid to release 206 g of tan 
taffylike material which was treated with 500 ml of methanol and 
20 g of p-toluenesulfonic and refluxed for 10 hr. The methanol 
solution was treated with water releasing a brown oil which was 
removed by extraction with 1 1. of isopropyl ether. The ether 
solution was washed with 100 ml of 10% sodium hydroxide and 
then with water. The ether was evaporated leaving 189 g of 
brown oil which was distilled at reduced pressure to yield 37 g of 
the trimethyl ester of l,l,3-tris(carboxyethyl)indene (10%). In 
a similar experiment, the taffylike material obtained upon acidi
fication was recrystallized from benzene to yield the triacid, mp 
148-150°.

Anal. Calcd for C2iH2606: C, 67.37; 11,7.00; sapon equiv, 
125. Found: C, 67.61; H, 7.15; sapon equiv, 130.

Anal. Calcd for Ci8H20O6: C, 65.05; H, 6.07; neut equiv, 
Found: C, 65.28; H, 6.27; neut equiv, 110.0.

2-Phenylglutaric Acid (9).'—There was charged to a 3-1. 
stainless steel rocker autoclave 136 g (1.0 mol) of phenylacetic 
acid, 200 g (2.8 mol) of glacial acrylic acid, and 300 g (4.6 mol) 
of 85% potassium hydroxide pellets. This mixture was heated 
to 240° for 20 hr and the product was recovered from the auto
clave by dissolving in water. The clear, brown solution was 
acidified with concentrated hydrochloric acid. The aqueous 
solution was extracted twice with 500-ml portions of isopropyl 
ether and, after evaporation of the ether, 134 g of acidic product 
was obtained. This material was esterified by refluxing with 500 
ml of methanol and 5 g of p-toluenesulfonic acid for 10 hr. The 
reaction mixture was diluted with water and worked up in the 
normal manner. Distillation of the crude product at reduced 
pressure yielded 80 g of dimethyl 2-phenylglutarate: bp 167- 
168° (10 mm); n 20D 1.5011.

Anal. Calcd for C13H 16O4: C, 66.07; H, 6.83; mol wt,
236.3. Found: C, 66.08; H, 6.90; mol wt (by freezing point 
depression of benzene method), 237.

2-Phenylglutaric Acid Anhydride (11).—The reaction above 
was repeated and 152 g of crude acid product was obtained. 
This material was distilled under reduced pressure and 89 g of 
1 1 was obtained: bp 177-182° (1.0-1.6 mm); afterrecrystalliza
tion from ether, mp 95.0-95.5° [lit.8 bp 178-188° (0.5-1.0 mm), 
mp 95-96°]. Infrared spectrum (CS2) showed a carbonyl 
doublet centered at 5.56 m indicative of anhydride.

9-(Carboxyethyl)-9-(carboxypropyl)fluorene (12a).—To a 1-1. 
stainless steel rocker autoclave was charged 126 g (0.5 mol) of
4-(9-fluorenyl)butyric acid,12 la, 108 g (1.5 mol) of acrylic acid, 
and 200 g of 85% potassium hydroxide pellets (3.0 mol). This 
mixture was heated to 260° and held for 10 hr. The product 
was recovered by dissolving in 2 1. of water and the aqueous solu
tion was acidified with concentrated hydrochloric acid. Iso
propyl ether, 1 1 ., was used to extract the crude acid product. 
The ether was evaporated and the resulting solid recrystallized 
from a benzene-isopropyl alcohol mixture yielding 69 g of 12a, 
mp 187-187.5°, representing a 42% yield. There was recovered 
47 g of 4-(9-fluorenyl)butyrlc acid making the efficiency, based 
on la, 80%. The dimethyl ester of 12a was prepared by reflux
ing in methanol containing a catalytic amount of p-toluenesul- 
fonic acid. After recrystallization from ether the dimethyl ester 
melted 70-70.5°.

The ir spectrum of 12a (KBr pellet) showed major bands at 
2.90, 3.3, 3.4, 5.82, 6.9, 7.05, 7.7, 8.1, 8.2, 8.62, 12.85, 12.95, 
and 13.55 m- The major bands of the dimethyl ester of 12a (CS2

(11) E . J . B ellam y, “ T h e  In f ra re d  S p e c tra  of C om plex  M olecu les ,”  2nd 
ed , J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., p  77.

( 1 2 ) P re p a re d  from  th e  b a se -ca ta ly zed  reac tio n  of fluorene w ith  7 -b u ty ro -  
la c to n e  (see ref 3).
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and CCli) are 3.40, 5.76, 6.90, 6.95, 7.35, 7.79, 8.03, 8.40, 8.60,
13.0, 13.18, and 13.60 n. The nmr of 12a showed absorption at 
S 0.4-3.6 (m, ten protons), 7.3, 7.8 (eight protons), and a broad 
absorption at 9.9 ppm for acid protons (two protons). The nmr 
of 12a dimethyl ester (CC14) showed absorption a t 5 1.4-2.5 (m, 
ten protons), singlets at 3.40 and 3.53 (six protons), and 7.3 and
7.7 (m, eight protons).

Anal. Calcd for C20H20O4: C, 74.1, H, 6.3. Found: C, 
74.4, H, 6.4.

Anal. Calcd for C22H240 4: C, 75.0; H, 6.9; sapon equiv, 
176. Found: C, 74.9; H, 7.00; sapon equiv, 176.

9-(Carboxyethyl)-9-(carboxypentyl)fluorene (12b).—A 3-1. 
stainless steel rocker autoclave was charged with 526 g of methyl
6-(9-fluorenyl)caproate13 (1.8 mol), 225 g (3.1 mol) of glacial 
acrylic acid, and 450 g (6.8 mol) of 85% potassium hydroxide 
pellets. This mixture was heated to 220° for 20 hr. The product 
was dissolved in 3 1. of water and filtered, and the filtrate was 
acidified with concentrated hydrochloric acid liberating a white 
viscous oil. Upon dissolving this crude oil in 2 1. of methanol 
approximately 110 g was insoluble. This apparently polymeric 
material was separated by decantation. To the methanol solution 
was added 15 g of p-toluenesulfonic acid : this mixture was refluxed 
for 24 hr. After the usual work-up 398 g of the dimethyl ester 
was isolated by distillation [bp 215-218° (0.3 mm), to25d 1.5604], 
The ir spectrum of the dimethyl ester of 12b (CS2 and CC14) 
showed major bands at 3.3 (w), 3.41 (s), 3.50, 5.75, 6.90, 6.95,
7.31, 7.70, 8.05, 8.40, 8.60, 13.0, 13.17, and 13.62 M- The in
frared spectrum of 12b (KBr pellet) showed major bands at 3.0,
3.32, 3.48, 4.18, 5.88, 6.93, 7.0, 7.65, 8.0, 8.31, 10.7, 12.86, and
13.58 m-

Anal. Calcd for C24H280 4: C, 75.76; H, 7.42; sapon equiv, 
190. Found: C, 75.95; H, 7.42; sapon equiv, 202.

Registry No.-—5, 13099-00-8; 7, 974-60-7; dimethyl
2-phenylglutarate, 10436-86-9; 12a, 13098-95-8; 12a di
methyl ester, 13098-96-9; 12b dimethyl ester, 13098-
99-2; 5 methyl ester, 16423-39-5.
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(13) P re p a re d  b y  th e  b ase -ca ta ly zed  reac tio n  of fluorene  w ith  e-caprolac- 
to n e  (see re f  3).
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In an earlier paper1 we reported a quantitative ex
amination of product distributions in bromination and 
nitration of o-xylene, indan, and tetralin. The results 
revealed a higher ar-¡3/ar-a substitution ratio for indan 
than for tetralin and it was assumed that this order, 
which is the reverse of that to be expected on steric 
grounds, and is also inexplicable on any standard 
electronic basis, could be explained in terms of the 
strain developed in the five-membered ring system of 
indan. We now report work on aromatic hydrogen 
exchange of the three hydrocarbons in anhydrous tri- 
fluoroacetic acid. This system was chosen because it 
has probably the lowest steric requirement of any elec
trophilic substitution reaction and any steric masking

(1) P a r t  I :  J .  V au g h an , G. J .  W elch , a n d  G . J . W rig h t, Tetrahedron , 21,
1665 (1965).

of the effect of ring strain should therefore be mini
mized. The results are shown in Table I.

T a b l e  I
R a t e  C o n s t a n t s  f o r  H y d r o g e n  E x c h a n g e  o f  T r i t i a t e d  

H y d r o c a r b o n s  i n  A n h y d r o u s  T r i f l u o r o a c e t i c  A c i d  a t  70°
H y d ro c a rb o n 105k, s e c -1 R e g is try  N o.

3-[3H]-o-Xylene 1 .10  ±  0.02 16408-68-7
4-[3H]-o-Xylene 1.55 ±  0.03 16408-69-8
4-[3H]-Indan 0 .8 2 ±  0.01 16408-70-1
5-[3H]-Indan 3.34 ±  0.04 16408-71-2
5-[3H]-Tetralin 3.10 ±  0.02 16408-72-3
6-[3H]-Tetralin 3.35 ±  0.03 16408-73-4

The rate constants for detritiation of indan confirm 
that the two aromatic positions have markedly different 
reactivities. The ratio of the two rate constants 
ar-a/ar-fl is 0.25, of the same order as the ratios of the 
percentages of a-bromo and ¿3-bromoindans,1 which 
range from 0.19 to 0.28. The two positions in tetralin 
are almost equally reactive, and again this result is in 
line with the bromination and nitration studies and 
with the results for o-xylene.2 It seems clear, there
fore, that indan reflects in its electrophilic substitution 
reactions the strain imposed on the aromatic ring by the 
fused, five-membered ring. Tetralin does not show 
this difference in reactivity, and it is probable that the 
buckled six-membered ring imposes little strain on the 
aromatic ring.

One further point should be made. In our previous 
detailed explanation,1 we assumed that an increase in 
the double-bond character of the common bond in indan 
will results in a less stable system. This is undoubtedly 
a useful practical assumption but in making it we were 
directly applying a conclusion drawn by Brown 
from his results on nonaromatic derivatives of cyclo
pentane and cyclohexane.3 This we now believe was 
not justifiable because the kind of interference (involv
ing methylene hydrogens) that allowed Brown to ex
plain his generalization is absent in our compounds. 
While, therefore, the assumption correlates our results, 
it does not provide a satisfactory explanation for them.

Experimental Section

Anhydrous trifluoroacetic acid was prepared by fractional distil
lation of commercial acid from sulfuric acid and then from silver 
oxide.

Tritiated hydrocarbons were prepared from the corresponding 
bromo compounds.1 The bromo compounds were shown to be 
pure by glpc analysis under conditions known to separate iso
meric pairs; the Grignard reagents formed from them were 
treated with tritiated water (specific activity 10 mCi/ml), and 
the resulting hydrocarbons were purified by fractional distilla
tion. These showed no impurity on glpc analysis.

Rate Measurements.—These were carried out in anhydrous 
trifluoroacetic acid solvent at 70° as described previously,4 using 
hydrocarbon concentrations of about 0.05 M . First-order rate 
plots of log count rate vs. time were linear over at least three half- 
lives in all cases; rate constants calculated from the equation 
k = 2.303 X slope of rate plot, were determined at least twice 
for each substrate and were reproducible to within ± 2 % . The 
rate constants were not converted into partial rate factors because 
the rate constant obtained for p-[3H]-toluene in this study was 7% 
lower than that previously reported4 and used as standard.

(2) R . T a y lo r , G . J . W rig h t, a n d  A. J .  H om es, J .  Chem. Soc., Sect. B , 780 
(1967).

(3) H . C . B row n, J .  H . B rew ste r, a n d  H . S h ech te r, J .  A m er . Chem . S o c ., 
76, 467 (1954).

(4) R . B ak e r. C . E a b o rn , a n d  R . T a y lo r , J . Chem . Soc., 4927 (1961).
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However, since all runs were carried out in the same trifluoro- 
acetic, acid and reproducible rate constants were obtained for all 
the hydrocarbons, the comparison of rate constants within the 
series studied is valid.

A ckno w le dg m e n ts .—We thank the Research Com
mittee of the New Zealand University Grants Com
mittee for financial support. Part of the work was 
carried out at the Chemical Laboratory, University of 
Sussex, during the tenure (by G. J. W.) of a Lever- 
hulme Visiting Fellowship.

Solvolysis of 2-(A1 2-Cyclohexenyl)ethyl System
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The field of 7r-electron participation in solvolytic dis
placement reactions of unsaturated sulfonate esters has 
grown rapidly in the last decade and has attracted the 
interest of many chemists both from the theoretical and 
synthetic point of view.1

Recently, it has been commonly accepted that one 
and the same bridged nonclassical ion can be generated 
by delocalization of either a or ir electrons. One crite
rion which has been frequently used to demonstrate the 
intervention of bridged ions is rate enhancement ob
served in solvolysis. Examples of this phenomenon 
include the 2-norbornyl nonclassical ion2-4 I and the 
two isomeric nonclassical bicyclo[3.2.1]oct-2-yl cat
ions6’6 (II and III)7 as well as the nonclassical bicyclo-
[3.3.0]oct-2-yl cation8'9 (IV).

I

Such rate enhancement is not, however, the general 
rule for all compounds possessing a nonconjugated 
double bond. Thus Wilcox and Chibber10 reported 
the absence of double bond interaction in the solvolysis

(1) F o r  excellen t rev iew s in  th is  field, see (a) D . B e th e l a n d  V. G old, 
Quart. Rev. (L ondon ), 12, 173 (1958); (b) B . C ap o n , ib id ., 18, 45 (1964); 
(c) G . D . S a rg en t, ib id ., 20 , 301 (1966).

(2) (a) S. W in ste in  a n d  D . T rifa n , J .  A m er. Chem. Soc., 71, 2953 (1949); 
(b) S. W in ste in  a n d  P . C a r te r , ib id ., 83 , 4485 (1961).

(3) (a) P . D . B a r t le t t  a n d  S. B an k , ib id ., 83, 2591 (1961); (b) P . D . 
B a r t le t t ,  S . B an k , R . J . C raw fo rd , a n d  G . H . S chm id , ib id ., 87, 1288 (1965).

(4) R . G . L aw ton , ib id ., 83, 2399 (1961).
(5) (a) H . M . W alb o rsk y , M . E . B au m , a n d  A. A . Y oussef, ib id ., 83, 

988 (1961); (b) H . M . W alb o rsk y , J . W ebb , a n d  C . G . P i t t ,  J .  Org. Chem ., 28, 
3214 (1963).

(6) H . L . G oering  a n d  M . F . S loan , J .  A m er. Chem. Soc., 83 , 1397 (1961).
(7) G . L e  N y , Com pt. R end ., 251, 1526 (1960).
(8) M . H a n a c k  a n d  H . J .  S chneider, Tetrahedron, 20 , 1863 (1964).
(9) W . D . C losson a n d  G . T . K w ia tk o w sk i, ib id ., 21 , 2779 (1965).
(10) C . F . W ilcox, J r . ,  a n d  S. S. C h ib b e r, J .  Org. Chem ., 27, 2332 (1962).

OTs

Vila, R “  Ac 
b, R -H

Villa, R = Ac 
b, R = H

Figure 1.

of A3-cyclohexenylcarbinyl derivatives. A similar con
clusion was reached for 2-(A2-cyclopentenyl)ethyl-,n
S-^-cyclopenteny^propyl-,9 and 3-(A3-cyclopentenyl)- 
propyl brosylates.3 5

In view of the general interest of double-bond inter
actions we wish to report the synthesis of 2-(A2-cyclo- 
hexenyl) ethyl brosylate and its acetolysis along with 
the saturated analog.

R esu lts  and  D iscuss ion

2-(A2-Cyclohexenyl)ethyl alcohol and the brosylate 
ester were prepared as outlined in the Experimental 
Section. The purity of the ester, which is a liquid at 
room temperature, was estimated from the infinity titer 
of kinetic runs to be better than 95-96%. The sol
volysis was conducted in anhydrous acetic acid at two 
temperatures, and the first-order reactions were fol
lowed to about 60% reaction. The kinetic data are col
lected in Table I along with pertinent reference rates.

P ro d u c t A n a lys is .—Infrared analysis, vapor phase 
chromatography, and nuclear magnetic resonance 
techniques were used to determine product composition. 
Acetolysis products were reduced by lithium aluminum 
hydride to the corresponding alcohols and analyzed. 
Possible bicyclic products, endo-bicyclo[3.2.1]octanol-8 
(Vllb) and endo-bicyclo [4.2.0]octanol-2 (VUIb), which 
could have been formed if double-bond participation 
was significant, were looked for carefully and found to be 
absent within experimental error. Acetolysis of V 
gave only compound X (See Figure 1).

The slight decrease in the rate of acetolysis of V com
pared with the saturated analog is attributed to the 
double bond which destabilizes the transition state for 
solvolysis by inductively retarding the departure of the 
incipient anion. The ratio fcsatd/fcUnsatd = 1-73 agrees 
with that found by Wilcox10 for the solvolysis of A3-

(11) W . D . C losson a n d  G . T . K w ia tk o w sk i, J .  A m er. Chem . S o c 86, 
1887 (1964).
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T a b l e  I

S p e c i f i c  R a t e  C o n s t a n t s  a n d  A c t i v a t i o n  P a r a m e t e r s “

T em p , "C AH*, AS*,
C o m p d ± 0 .0 5 ki, s e c -1 k c a l/m o l eu

2-( A2-Cyclohexenyl)ethyl 75.00 2.02 X 10"6
p-bromobenzenesulfonate 95.00 1.71 X 10_6 26.3 - 8.8

2-Cyclohexylethyl 75.00 3.50 X IO“ 6
p-bromobenzenesulfonate6 95.00 4.02 X 10"6 31.4 6.5

endo-Bicyclo [3.2.1]octyl 75.00 1.35 X 10"8
8-p-toluenesulfonate° 

exo- Bicyclo [3.2.1] octyl-
120.00 0.30 X 10-* 31.9 - 3 .5

8-p-toluenesulfonatec 75.00 3.16 X 10"6
“ All solvolvses were conducted in acetic acid. 6 Winstein reported a value of ca. 2 X 10'"6 for ki a t 75°.2b c Extrapolated:

Foote and R. B. Woodword, Tetrahedron, 20, 687 (1964).

cyclohexenyl carbinyl systems (1.68) where double
bond participation was excluded.

This result differs from that observed for 2-(A3- 
cyclohexenyl) ethyl brosylate where rate enhancement 
and formation of bicyclic products was reported.213 
Such difference can be rationalized by considering the 
interaction of the developing carbonium ion para orbital 
with the para orbitals of the double bond.12 A sym
metrical interaction in 2-(A3-cyclohexenyl)ethyl cation 
can lead to a stabilized nonclassical ion. An unsym- 
metrical interaction predicted for 2-(A2-cyclohexenyl)- 
ethyl cation can only lead to a classical ion as actually 
observed. A similar interaction between the x elec
trons of the double bond and a polar substituent in the 
side chain was recently postulated13 for A3-cyclohexene 
derivatives resulting from a preferential fixed conforma
tion of the ring.

A bridged ion VI would be comparable to that ex
pected from solvolysis of endo-bicyclo [3.2.1 [octyl 8- 
tosylate (IX), resulting from a delocalization, if it does 
occur. Fortunately, acetolysis of this system was re
cently studied14 and the results excluded intervention 
of a bridged ion. The absence of a delocalization in 
the endo isomer, as opposed to the exo isomer (see Table 
I), was attributed to increase in angle strain in forma
tion of a bridged transition state. Consequently, it is 
not unreasonable to assume that the same argument 
holds good for acetolysis of V.

Furthermore, the value of kJkA, the ratio of solvent 
to double-bond participation in 2-(A2-cyclohexenyl)- 
ethyl system, can be roughly estimated following a 
procedure similar to that suggested by Wilcox.10 As
suming that the difference in free energies between A3- 
and A2-cyclohexenylethyl systems equals the free 
energy difference in the related transition states for 
solvolysis of bicyclo [2.2.2 ]octyl-2- and endo-bicyclo-
[3.2.1]oetyl-8-tosylates, respectively, k J k A was cal
culated to be ca. 10s or no significant double-bond partic
ipation in the 2-(A2-cyclohexenyl)ethyl system.

A preliminary study of the kinetics of solvolysis of
l-(A2-cyclohexenyl)-2-chloropropane and its saturated 
analog in 70% aqueous acetone similarly showed ab
sence of double bond participation (/csatdAunSatd = 1-3). 
These results will be reported later in detail.

I t is noteworthy to point out a simple relationship 
that exists between rate enhancement and the position 
of the double bond relative to the leaving group. In

(12) K in d ly  su g g es ted  b y  o n e  o f th e  referees.
(13) G . P . K u g a to v a -S h e m y a k in a , et a l., Tetrahedron, 23, 2721, 2987 

(1967).
(14) See T a b le  I ,  fo o tn o te  c.

all cases found in the literature, participation accom
panied by rate enhancement is observed when the 
double bond in the cyclic system is separated from the 
carbon carrying the leaving group by an odd number of 
carbon atoms.2b’3,7>9’11 Participation is, however, in
significant when the separation is by an even number of 
carbon atoms (see ref 3, 9, 10, 11, and present work).

Experimental Section15 16

Diethyl A2-CycIohexenylmalonate.—To a solution of sodium 
(36.8 g, 1.6 g-atom) in absolute ethanol (600 ml) was added, 
while stirring under a nitrogen atmosphere, diethyl malonate 
(128 g, 0.8 mol) and then 1 ,2-dibromocyclohexane (121 g, 0.5 
mol). The reaction mixture was heated at reflux for 15 hr and 
most of the alcohol was then removed. The residue was diluted 
with water (500 ml), extracted with three 100-ml portions of 
ether, and dried over anhydrous sodium sulfate. The solvent 
was removed and the residue was distilled in vacuo to give a 
colorless liquid (86 g, 71.5%): bp 136-137° (1 mm) (lit.16 bp 
87° (0.11 mm)).

A2-Cyclohexenylmalonic Acid.—This was obtained in 71% 
yield by hydrolysis of the ester with methanolic potash. The 
acid crystallized from benzene in colorless plates: mp 167-169°
(lit.17 mp 165-167°).

A2-Cyclohexenylacetic Acid.—A2-Cyclohexenylmalonic acid 
(18.6 g, 0.1 mol) was heated in an oil bath up to 190°. The 
residue in the flask was distilled to give a colorless liquid (10.6 g, 
75%): bp 116° (1 mm), n26D 1.4828 (lit.18 * 125-127° (8 mm)).

Anal. Calcd for CM I ,A :  C, 68.57; H, 8.57. Found: C,
68.56; H, 8.47.

Methyl (A2-Cyclohexenyl)acetate.—This ester was prepared 
quantitatively by treating the preceding acid with the appropriate 
amount of diazomethane in ether: bp 67-69° (2 mm), n26D
1.4731.

Anal. Calcd for CgHiA: C, 70.12; H, 9.09. Found: C,
70.24; H, 8.94.

2-(A2-Cyclohexenyl)ethyl Alcohol.—Methyl (A2-cyclohexenyl)- 
acetate (15.4 g) was reduced by lithium aluminum hydride in 
anhydrous ether (5-hr reflux) according to the usual procedure. 
The resulting alcohol (11.5 g, 92%), bp 100-101° (6 mm), was 
converted into the 3,5-dinitrobenzoate and crystallized from 
petroleum ether: mp 52-53°.

Anal. Calcd for C15H16N20 6: C, 56.25; H, 5.00; N, 8.75. 
Found: C, 55.91; H, 5.28; N, 8.91.

Pure 2-(A2-cyclohexenyl)ethyl alcohol was regenerated by alka
line hydrolysis of the 3,5-dinitrobenzoate derivative, followed by 
careful distillation through a 6-in. Vigreux column: bp 95-96° 
(2 mm); n26D 1.4863.

(15) M elting points and boiling points are uncorrected. M icroanalyses  
w ere perform ed b y  Alfred Bernhardt, W est G erm any. T h e infrared spectra  
w ere determ ined w ith  a U nicam  SP200 spectrophotom eter. T h e vp c analyses  
w ere obtained  w ith  an A erograph A -90 gas chrom atograph, using a 10-ft 
colum n packed  w ith  1%  C arbowax on Chromosorb P , helium  w as used as a 
carrier gas. T h e nmr spectra w ere obtained w ith  a Varian A -60 spectrom 
eter. T h e petroleum  ether used has bp 50 -7 0 °.

(16) R . B . M offett, C. A . H art, and W. H . H oehn , J.  A m er. Chem. Soc., 
69, 1854 (1947).

(17) Y . A be and M . Sum i, J.  P harm . Soc. Jap.  72, 652 (1952).
(18) B . R . B n id e and J . J .  Sudborough, J.  In d ia n  In s t .  Sc i., 8 A , 89

(1925).
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Anal. Calcd for C8H 140 : C, 76.19; H, 1 1 .1 1 . Found: C, 
76.57; H, 10.95.

Vpc analysis showed that the alcohol was more than 99% pure. 
The infrared spectrum showed absorptions at 3400 (OH), 2960 
(CH), 1645 (CH =CH ), and 1050 cm“ 1 (CO). The nmr (CC14) 
spectrum showed peaks at t 9.0-8.1, complex mult.iplet (9 
C4H,CH2); 6.47, triplet, J  =  6.5 cps (2 -OCH2CH2-); 5.45, 
singlet (1 OH); 4.52, (2 CH =CH ).

2-(A2-Cyclohexenyl)ethyl p-Bromobenzenesulfonate.—At
tempts to prepare this brosylate by the common method19 gave 
back the alcohol and the acid chloride. Consequently, the alkox- 
ide of the alcohol was prepared (0.69 g of sodium and 3.84 g of 
alcohol) in anhydrous ether under a nitrogen atmosphere. A 
solution of p-bromobenzenesulfonyl chloride (7.68 g) in anhydrous 
ether was added drop wise while cooling to —5°. The reaction 
mixture was stirred for 2 hr at this temperature and then for an 
additional 6 hr at room temperature. I t  was then left overnight, 
the ether solution was filtered, the solvent was removed and the 
residue was pumped at 0.5 mm for 30 min to remove any volatile 
products. The crude ester (9.5 g, 91.5%) was purified by several 
crystallizations, at low temperature, from petroleum ether: 
mp 10-11°; ir, 2930 (CH2), 1650 (C =C ), 1575 and 1460 
(aromatic H), 1395 and 1190 cm-1 (OS02); nmr (CDC13), r 
9.0-8.2 (complex multiplet, 9 C4H7CH2), 5.87 (triplet, J  = 6.5 
cps, 2 -OCH2CH2-), 4.50 (quartet, 2 C H =C H ), 2.32 (multiplet, 
4 aromatic H).

Ethyl cyclohexylidenecyanoacetate was prepared in 74% yield 
following Cope’s procedure:20 bp 150-151° (9 mm) (lit.20 
bp 150-151° (9 m m ) ); ?i 25d  1.4980.

Ethyl cyclohexylcyanoacetate was prepared in 89% yield by 
catalytic reduction of ethyl cyclohexylidenecyanoacetate in the 
presence of Pd-C catalyst: bp 144-146° (7 mm); n26d 1.4640.

Cyclohexylacetic acid was prepared in 73% yield by refluxing 
ethyl cyclohexylcyanoacetate with concentrated hydrochloric 
acid for 20 hr. Working up the reaction mixture and distillation 
gave the acid: bp 116-118° (1 mm) (lit.21 bp 135° (13 mm)); 
ra24 d  1.4682.

Ethyl Cyclohexylacetate.—Cyclohexylacetic acid was converted 
into the ethyl ester according to the usual procedure: bp 82-85° 
(2 mm) (lit..21 bp 100° (17 mm)).

Anal. Calcd for CioHi80 2: C, 70.58; H, 10.58. Found: C, 
70.49; H, 10.59.

2-Cyclohexylethyl alcohol was prepared in 94% yield by lithium 
aluminum hydride reduction of ethyl cyclohexylacetate according 
to the usual procedure, bp 100-102° (9 mm). The alcohol was 
converted into the 3,5-dinitrobenzoate derivative, crystallized 
from petroleum ether: mp 71° (lit.22 71-72°).

Anal. Calcd for Ci5Hi8N206: C, 55.90; H, 5.59; N, 8.69. 
Found: C, 55.84; H, 5.53; N, 8.92.

The pure alcohol was regenerated by alkaline hydrolysis of the
3,5-dinitrobenzoate followed by careful distillation through a
6-in. Vigreux column: bp 100-101° (8 mm); n26d 1.4660 (lit.23 
bp 85-87° (6 mm), n 20D 1.4670). Vpc analysis showed that the 
alcohol was homogenous: ir, ¡ w 4 3450 (OH), 2975 (CH), and 
1055 cm-1 (CO); nmr (CC14), t 9.0- 8.2 (complex multiplet, 
13 C6H„CH2), 6.5 (triplet, J  = 6.5 cps, 2 -OCH2CH2-), 5.52 
(singlet, 1 OH).

2-Cyclohexylethyl p-bromobenzenesulfonate was prepared 
following the procedure employed for the unsaturated ester. 
The crude product (92% yield) was purified by crystallization 
from petroleum ether: mp 36° (lit.2b mp 37°); ir, vJOJ 2950 
(CH2), 1645 (C =C ), 1580 and 1460 (aromatic H), 1393 and 1190 
cm-1 (OS02); nmr (CDC13), r  9-8.2 (complex multiplet, 13 
C6HUCH2), 5.95 (triplet, J  = 6.5 cps, 2 -OCH2CH2-), 2.32 
(multiplet, 4 aromatic II).

Product Analysis.—The pure brosylate ester (0.035 mol) was 
allowed to react in anhydrous acetic acid (500 ml) containing 
sodium acetate (0.048 mol) for about 14 half-lives. The cooled 
solution was diluted with 2 1. of water and extracted three times 
with 200-ml portions of ether. The aqueous layer was diluted 
again with water, and extracted with ether. The combined ether 
extract was washed with water, allowed to stand for 2 hr over 
anhydrous sodium carbonate, and then dried over anhydrous 
sodium sulfate. The solvent was stripped carefully and the

(19) R . S . T ip so n , J .  Org. Chem ., 9, 238 (1944).
(20) A . C . C ope, J .  A m er. Chem . Soc., 63, 3453 (1941).
(21) P . S a b a t ie r  a n d  M . M u ra t , C om pt. R end ., 156, 425 (1913).
(22) H . B. H e n b e s t a n d  B . B . M illw a rd , Tetrahedron L ett., 3575 (1960).
(23) R . Y a. L e v in a  a n d  A . A. P o ta p o v a , J .  Gen. Chem . U S S R ,  7 , 353

(1937).

residue was distilled without an attem pt at fractionation. The 
unsaturated ester gave a colorless liquid (91%) with bp 93-102° 
(2 mm), and the saturated ester gave a colorless liquid (89.5%) 
with bp 95-103° (3 mm).

Reduction of the Acetolysis Product.—To a slurry of lithium 
aluminum hydride (1.2 g) in anhydrous ether (30 ml) was added 
a solution of the solvolysis acetate (0.018 mol) in anhydrous 
ether. The mixture was refluxed with stirring for 5 hr and left 
overnight at room temperature. The reaction mixture was de
composed with wet ether and worked up in the usual manner to 
give the corresponding solvolysis alcohol. The alcohols were 
purified by distillation without fractionation and subjected to 
analysis.

Analysis of the Solvolysis Alcohols.—Vpc analysis of the 
solvolysis alcohol from the unsaturated brosylate showed that it 
was identical with pure 2-(A2-cyclohexenyl)ethyl alcohol. 
Similarly the solvolysis alcohol from the saturated brosylate 
was identical with pure 2-cyclohexylethyl alcohol. Infrared and 
nmr spectra of the alcohol from the unsaturated brosylate were 
superimposable upon those of a pure sample: 3,5-dinitrobenzo
ate, mp 52-53° (from petroleum ether), undepressed when ad
mixed with an authentic sample.

Rate Measurements.—The reagents used were purified and 
standardized as described in ref 5a. Titrations were carried out 
with 5-ml microburets using methyl violet indicator (saturated 
solution in chlorobenzene) and the end point was approached 
from the acid side. The compound to be solvolyzed was weighed 
into a volumetric flask and brought up to the mark with sodium 
acetate solution (0.03-0.04 M ). The amount of material used 
was calculated so that the solution would still contain sodium 
acetate at the end of the reaction. The ampoule technique was 
employed throughout the rate measurements.

First-order rate constants k (where k = l / t  In (a/a  — x), a 
is the initial concentration in moles per liter of the material, 
t is the elapsed time, and x is the concentration of consumed 
base) were calculated. A plot of log (a — x) vs. t for the 
solvolysis of the brosylate esters at different temperatures gave 
straight lines.

Registry No.— Methyl (A2-cyclohexenyl) acetate, 
16423-29-3; 2-(A2-cyclohexenyl)ethyl alcohol, 16452-
34-9; 2-(A2-cyclohexenyl)ethyl p-bromobenzenesulfo- 
nate, 16423-30-6; ethyl cyclohexylcyanoacetate, 3212-
50-1; 2-cyclohexylethyl p-bromobenzenesulfonate, 
16423-32-8; A2-cyclohexenylacetic acid, 3675-31-8; 2- 
(A2-cyclohexenyl)ethyl alcohol 3,5-dinitrobenzoate, 
16423-40-8.
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In recent years, a number of methylated purine 
nucleosides have been detected in transfer ribonucleic 
acid (RNA) as minor components, and the detection of
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S c h e m e  I

IV, Ri •= R2 =  H
V, R ;= CH3; = ,H  

VI, R r E î 'C H j  
V n , R 1 =  C2H6;R 2 =  H

\ /
N

v n i, r 1 = r2= h
IX, R1 = CH3;R2 =  H
X, R, ”  R  ̂=  CH3

XI, Rj =  C2H5; R2= H

such nucleosides has prompted many synthetic investi
gations. In previous papers, we have reported on the 
synthesis of some naturally occurring methylated purine 
nucleotides in connection with studies on the correlation 
of the flavoring activity and chemical structure of 5'- 
nucleotides: for example, N^methylguanosine,1 N2,- 
N2-dimethylguanosine,x N1-methylinosine,2 and N 1- 
methylguanosine 5'-phosphates2 were synthesized start
ing from 5-amino-l-jfl-D-ribofuranosyl-4-imidazolecar- 
boxamide.

The present investigation was undertaken in order to 
synthesize 2-methyladenosine (VIII), its analogs, and
2-methyladenosine S'-phosphate (XII). Previously, 
compound VIII was found by Littlefield and Dunn3 to 
occur in RNA as a minor component, but the nucleotide 
XII was not isolated. The classical preparation4 of 
VIII involved the condensation of a chloromercuri 
purine derivative with a blocked halo sugar. However, 
VIII was not isolated in crystalline form, and, more
over, its physical properties were not described in 
detail. In contrast, we have chosen 2',3'-0-isopropyl- 
idene-2-methylinosine (I)5 as a starting material and 
established a new method for preparing VIII and its 
analogs.

Compound I was readily acetylated (Scheme I) with 
acetic anhydride in pyridine to give 2',3'-0-isopropyl- 
idene-5'-0-acetyl-2-methylinosine (II) in 77% yield,

(1) A . Y am a z a k i, I . K u m ash iro , a n d  T . T a k e n ish i, Chem . P h a rm . B u ll. 
(T o k y o ) , 16, 338 (1968).

(2) A . Y am a z a k i, I .  K u m ash iro , a n d  T . T a k en ish i, ib id ., in  p ress.
(3) J .  W . L ittle fie ld  a n d  D . B , D u n n , B iochem . J . ,  70, 642 (1958).
(4) J .  D a v o ll a n d  B . A . L ow y, J .  A m er. Chem . Soc., 74 , 1563 (1952).
(5) A . Y am a zak i, I .  K u m ash iro , a n d  T . T a k en ish i, J .  Org. Chem ., 32 , 3258 

(196?).

which was converted with phosphoryl chloride into 2- 
methyl-6-chloro-9- (2' ,3 '-O-isopropy lidene - 5' - 0  - acetyl- 
/3-D-ribofuranosyl)purine (III) according to the pro
cedure of Robins, et alf'-7 Compound III was shown 
to be homogeneous on a paper chromatogram but could 
not be crystallized. Subsequent amination of III with 
ammonia in an autoclave at 120° for 3 hr afforded 2',3'-
O-isopropylidene-2-methyladenosine (IV) in 51% yield, 
from which VIII was obtained by removal of the iso- 
propylidene group. Enzymatically prepared V IIIs and 
the synthetic sample were proved to be the same com
pound by comparison of ultraviolet absorption spectra 
and Rt values. By a method developed in our 
laboratories,8 IV was phosphorylated with phosphoryl 
chloride in trimethyl phosphate to afford the corre
sponding 5'-nucleotide. This material was hydrolyzed 
with acid to give XII, which was characterized by 
elemental analysis and spectral properties. The yield 
of XII was 31%.

Recently, numerous adenosine analogs have been 
detected in nature, some of which have showed sig
nificant biological activities. Noteworthy among them 
are tubercidin,9 toyocamycin,10 and puromyein.11 It 
is also of interest that 2-methyladenine exhibits anti-

(6) J. F . G erster, J. W . Jones, and R . K . R obins, ibid., 28 , 945  (1963).
(7) R . K . R obins, J. W . Jones, and H . H . Lin, ibid., 21 , 695 (1956).
(8) M . Y oshikaw a, T . K ato, and T . T akenish i, Tetrahedron Lett., 5065  

(1967).
(9) K . A nzai, G . N akam ura, and S. Suzuki, J . Antibiot. (T ok yo), A 10, 201 

(1957).
(10) H . N ishim ura, K . K atagiri, K . Sato , M . M ayam a, and  N . Shim aok a, 

ib id ., A 9, 60 (1956).
(11) B . R . Baker, R . E . Schaub, J . P . Joseph, and  J. H . W illiam s J .  

Amer. Chem. Soc., 77 , 12 (1955).
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tumor activity against Adenocarcinoma 755.12 Then, 
2,N6-dimethyladenosine (IX), 2,N6,N6-trimethyladeno- 
sine (X), and 2-methyl-N6-ethyladenosine (XI) as the 
analogs of VIII were synthesized by the same procedure 
as described for VIII.

Experimental Section13

2 ',3'-0-Isopropylidene-5 '-O-acetyl-2-methylinosine (II).—
2',3'-0-Isopropylidene-2-methylinosine6 (I, 40 g) was dissolved 
in a mixture of pyridine (450 ml) and acetic anhydride (300 ml), 
and the solution was allowed to stand a t room temperature over
night. After the solvent was removed in vacuo, 100 ml of ethanol 
was added and the mixture was then concentrated. This pro
cedure was repeated several times to decompose acetic anhydride 
completely. The residue was dissolved in ethanol and allowed 
to stand a t room temperature. The resulting crystals were 
collected by filtration and recrystallized from ethanol to give 
35 g (77%) of pure crystals: mp 151°; [c* ]25d  —11.3° (c 1, 
water); uv, X’ * 1 253 m/x (e 12,400), X̂ ,6 251.5 m/x (<= 11,600), 
and X̂ 13 258 m/x (e 12,800).

Anal. Calcd for Ci6H2o06N4: C, 52.72; H, 5.53; N, 15.38. 
Found: C, 52.86; H, 5.67; N, 15.83.

2 ',3 '-0 -Isopropylidene-2-methyladenosine (IV).14—To a stirred 
suspension of II (6 g) in phosphoryl chloride (30 ml) was added 
N,N-dimethylaniline (20 ml) and the mixture was refluxed for 
3 min. The color of the solution turned to yellowish green. The 
reaction mixture was added to an excess of ice water with stirring 
and the product was extracted six times with 50-ml portions of 
chloroform. The combined chloroform extracts were washed 
with 200 ml of cold 1 N  hydrochloric acid (to remove dimethyl- 
aniline), cold water, and 5% sodium hydrogen carbonate. The 
solution was dried over anhydrous sodium sulfate and the solvent 
was removed under reduced pressure to give a gummy product. 
This product, which is ehromatographically homogeneous, ex
hibited X°(V 249.5 and 271 and Xpxx13 271 in the ultraviolet 
spectra. After the above crude I II  was added to 50 ml of etha
nol, the solution was saturated with ammonia at 0° and heated 
in an autoclave at 120° for 3 hr. The reaction mixture was 
concentrated in  vacuo to afford a crystalline product, which 
was recrystallized from ethanol to give 2.7 g (51%) of pure 
crystals: mp 202-203°; [ a ] 25D —81.5° (c 1, water); uv, Xp”x' 259 
m/x («12,500), XiV 264 m/x (e 14,300), and X f x13 264 m/x («14,200).

Anal. Calcd for ChHkA N s: C, 52.33; H, 5.96; N, 21.80. 
Found: C, 52.11; H, 5.89; N, 21.86.

2 ',3 '-O-Isopropylidene-2 ,N6-dimethyladenosine (V).—After
3.3 g of II  was worked up as described above for IV, the crude 
III  was aminated with 50 ml of 30% methylamine. The crude 
product was crystallized from water to give 2.1 g (76%) of pure 
crystals: mp 181°; [<*]25d  —82.6 (c 1 , water); uv, X'^ 1 265 m/x 
(t 15,000), X°«6 271 m/x (e 15,700), and XpmH«13 271 m/x (e 16,800).

Anal. Calcd for C,6H2i04N5: C, 53.72; H, 6.31; N, 20.89. 
Found: C, 53.62; H, 6.36; N, 21.15.

2',3'-0-Isopropylidene-2-methyl-N6-ethyladenosine (VII).— 
The crude III  obtained from 4 g of II  was aminated with 60 ml 
of 70% ethylamine. After the solvent was removed, the residue 
was dissolved in a small amount of water and allowed to stand 
a t room temperature. The resulting crystals were filtered and 
crystallized from water, affording 2.1 g (54%) of the product: 
mp 123°; [al25D —78.7° (c 1, water); uv, Xp“x‘ 265 m/x (e 15,300), 
Xp"x6 272 m/x (e 16,800), and X2L13 272 m/x (e 17,800).

Anal. Calcd for C16H23O4N5: C, 55.00; H, 6.64; N, 20.05. 
Found: C, 55.09; H, 6.66; N, 20.24.

2-Methyladenosine (VIII).—Compound IV (1 g) was added to 
60 ml of water and the solution was adjusted to pH 1.5 with 1 N  
hydrochloric acid. The mixture was heated on the steam bath

(12) E . H irsch b erg , Cancer R es., S u p p l.,  23 , 521 (1963).
(13) A ll m e ltin g  p o in ts  a re  u n co rrec ted . U ltra v io le t  a b s o rp tio n  sp e c tra  

w ere  ta k e n  w ith  a  H ita c h i T y p e  E P S -2  a u to m a tic  reco rd in g  sp ec tro p h o to m e 
te r . T h e  n m r sp e c tra  w ere  m e asu red  w ith  a  V a ria n  A -60 u sing  te tr a m e th y l-  
s ilane as  an  in te rn a l s ta n d a rd .  P a p e r  c h ro m a to g ra p h y  w as ca rr ie d  o u t  on 
T o y o  F il te r  P a p e r  N o . 51 b y  th e  ascen d in g  m e th o d . S o lv e n t sy s tem s  w ere 
A, n -b u ty l a lc o h o l-a c e tic  a c id -w a te r , 4 :1 :1  ( v /v ) ;  B, n -p ro p y l a lc o h o l-  
am m o n ia  (2 8 % )-w a te r , 2 0 :1 2 :3  ( v /v ) ;  a n d  C , iso p ro p y l a lc o h o l-s a tu ra te d  
am m o n iu m  s u lfa te -w a te r , 2 :7 9 :1 9  (v /v ) .

(14) T h is  co m p o u n d  w as a lso  p re p a re d  b y  re a c tio n  o f 5 -am in o -4 -cy an o -l-
(2 /3 ,-0 - iso p ro p y lid en e-/9 -D -rib o fu ran o sy l)im id azo le  w ith  e th y l o r th o a c e ta te  
fo llow ed  b y  tr e a tm e n t  w ith  a m m o n ia : D r. T . M eguro , th e se  la b o ra to rie s ,
p r iv a te  c o m m u n ic a tio n , 1967.

at 70° for 40 min with stirring to remove the isopropylidene 
group, cooled, and neutralized with Amberlite IRA-410 (OH~ 
form). The resin was removed and the filtrate was concentrated 
to give a crude product. Recrystallization from ethanol afforded 
0.61 g (70%) of slightly hygroscopic crystals: [<*]2Sd  —66.6° 
(c 1, water); uv ,15 X”1"  260 m/x (e 14,000), Xp"x6 264 m/x 
(« 14,500), and Xp“x13 264 m/x (e 15,200). The nuclear magnetic 
resonance spectrum in pyridine showed a singlet a t 2.65 ppm due 
to the methyl group.

Anal. Calcd for C11H15O4N5: C, 46.97; H, 5.38; N, 24.90. 
Found: C, 46.93; H, 5.49; N, 25.07.

The following compounds were obtained by the same procedure 
as described for VIII. Their ultraviolet absorption spectra were 
as expected.

2,N6-Dimethyladenosine (IX) was recrystallized as a crude 
product from ethanol. The yield was 71%: mp 179-180°; 
[ a ] 25D —67.6° (c 1, water).

Anal. Calcd for C12H17O4N5: C, 48.80; H, 5.80; N, 23.72. 
Found: C, 48.38; H, 5.89; N, 23.57.

2-Methyl-N6-ethyladenosine (XI) w a s  o b t a i n e d  a s  a n  a n a l y t i 
c a l l y  p u r e  s a m p l e  b y  r e c r y s t a l l i z a t i o n  f r o m  w a t e r :  y i e l d  6 5 % ;  
[ a ] 25d  — 7 3 .0 °  (c  1 , w a t e r ) .

Anal. Calcd for C13H19O4N5: C, 50.48; H, 6.19; N, 22.64. 
Found: C, 50.55; H, 6.10; N, 22.41.

2,N,6N6-Trimethyladenosine (X).—After 3 g of II  was treated 
as usual, the resulting III  was aminated with 60 ml of 30% 
dimethylamine to yield 2',3'-0-isopropylidene-2,N6,N6-trimethyl- 
adenosine (VI), which failed to crystallize. Then, subsequent 
removal of the isopropylidene group was carried out as described 
above. A crude product was obtained by crystallization from 
ethanol to give 1.4 g (56%) of pure crystals: mp 159°; [ a ] 26D 
-65 .7°  (c 1, water); uv, XpI”  272 m/x (e 16,700), Xp* 6 280 mM 
(e 19,500), and Xfx13 280 m/x (e 19,600).

Anal. Calcd for C13H19O4N5: C, 50.48; H, 6.19; N, 22.64. 
Found: C, 50.97; H, 6.54; N, 23.03.

2-Methyladenosine 5'-Phosphate (XII).—Phosphoryl chloride 
(2.5 ml) was mixed with 15 ml of trimethyl phosphate being cooled 
a t —10° in a three-necked flask equipped with a thermometer 
and a silica gel drying tube. To this solution was added IV 
(2.4 g, 7.5 mmol) with stirring while maintaining the tempera
ture below —5°, and the mixture was stirred a t —5° for 2.5 hr. 
Within 30 min, it became clear and turned viscous. The solution 
was then poured into 500 ml of ice water to decompose the excess 
of phosphoryl chloride, adjusted to pH 1.5 with alkaline solution, 
and heated at 70° for 40 min. An aliquot from the solution 
showed two spots on a paper chromatogram. The major spot was 
that of X II and the other (minor) was identical with that of
VIII. After cooling, the above solution was adjusted to pH 2 
and passed through a column (3 X 70 cm) of 300 ml of decoloriz
ing resin16 to absorb X II. The column was washed with 1 1. of 
water and the nucleotide was eluted with 0.5 N  ammonium hy
droxide until the eluate became free from ultraviolet-absorbing 
material. Concentration of the eluate afforded a gummy product 
which was ehromatographically homogeneous. After the crude 
product was dissolved in 50 ml of water, the solution was adjusted 
to pH 8.5 and a solution of barium acetate (1.55 g, 5.7 mmol) 
was added. The resulting precipitate, mainly consisting of 
barium phosphate, was removed by centrifugation. Addition of 
one volume of ethanol gave a precipitate of barium salt, which 
was collected by centrifugation, washed with ethanol, and then 
dried in vacuo a t 100° for 2 hr to yield 1.24 g (31%): mp 260° 
dec; paper chromatography, R{ 0.02 (solvent A), 0.27 (solvent 
B), and 0.41 (solvent C); the moving distance in paper electro
phoresis (10% acetic acid buffer, 800 V/cm, 2 hr), 3.2 cm; 
uv, Xp“x‘ 259 m/x f* 10,900), Xp“x6 264 m/x (e 13,200), and X;'“ ” 
264 m/x (e 13,400). The infrared absorption spectrum showed 
absorption bands a t 1100 (C-O-C) and 980 (P-O-C) cm-1. 
The nuclear magnetic resonance spectrum in deuterium oxide 
showed a singlet at 2.75 ppm due to the methyl group.

Anal. Calcd for CiJRANsBaP-HA): C, 25.68; H, 3.11; 
N, 13.62; P, 6.03. Found: C, 25.40; H, 3.09; N, 13.37; P,
5.68.

Registry No.—II, 16545-16-7; IV, 16526-53-7; V, 
16526-54-8; VII, 16526-55-9; VIII, 16526-56-0; IX,

(15) I t  w as re p o r te d  b y  D av o ll, et a lA  t h a t  th e  co m p o u n d  V I I I , o b ta in ed  
b y  a  ch lo ro m ercu ri p ro ced u re , show ed  258 a n d  X^ax13 262.5 m/r.

(16) T h is  deco lo rizing  re s in  w as p re p a re d  in  o u r  la b o ra to r ie s  b y  copo ly 
m e riza tio n  of m e tap h en y len ed iam in e , reso rc in , a n d  fo rm a lin .
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16526-78-6; X, 16526-79-7; XI, 16526-80-0; XILbar- 
ium salt, 16526-81-1.

Acknowledgment.—The authors wish to express their 
thanks to Professor M. Ikehara of the Kokkaido Uni
versity and Dr. H. Oeda of Ajinomoto Co., Inc., for 
their encouragement throughout the course of this 
work.

The Addition of Dinitrogen Trioxide 
to Norbornene1 2

M o n t e  L .  S c h e i n b a u m

Central Basic Research Laboratory,
Esso Research and Engineering Company,

Linden, New Jersey

Received January 22, 1968

Schechter, et alJ have shown that the reaction of di
nitrogen tetroxide with norbornene proceeds without 
skeletal rearrangement of thenorbornyl system affording 
22% exo,cfs-2,3-dinitronorbornane, 12% of the trans- 
dinitro compound, and 60% of a mixture of nitronitrites. 
exo attack on the norbornyl system is favored for steric 
reasons; similar exo,cis additions have been observed 
in radical reactions of p-toluenethiol,3 ethyl bromoace- 
tate,4 and hydrogen bromide5 with norbornene. The 
addition of dinitrogen trioxide to olefins is generally 
believed to involve an extension of the free-radical 
mechanism applied to N 2 O 4 additions,6 so it was of 
interest to examine the course of adduction of nor
bornene with N2O3.

The addition of dinitrogen trioxide to norbornene can 
be visualized as proceeding through either 2,3, 2,7, or
2.6 addition. The 2,7 addition would be the result of 
Wagner-Meerwein-type rearrangement of the inter
mediate radical species. Hydrogen radical transfer in 
the intermediate would lead to 2,6 product. The 
course of addition was determined by employing exo,exo-
5,6-dideuterionorbornene7 as a substrate for N2O3 
addition. Were the reaction to proceed without re
arrangement to the 2,3 product, the 5,6-methylene pro
tons would remain in endo positions in the pseudonitro- 
site I and nitroxime II (path A, Skeletal rearrangement 
to a 2,7 product would be accompanied by transforma
tion of the 5,6-methylene hydrogens to exo protons in 
III and IV (path B, Scheme I). Hydrogen transfer in
2.6 addition would result in a deuterium attached to the 
nitrosated carbon atom in the pseudonitrosite V and 
oxime deuterium in the nitroxime VI. The results indi
cate that both the pseudonitrosite and nitroxime possess

(1) P re s e n te d  a t  th e  155 th  N a tio n a l M ee tin g  of th e  A m erican  C hem ica l 
S oc ie ty , S an  F ran c isco , C alif., A p ril 1968.

(2) H . S ch ec h te r, J .  J .  G ard ik es , T .  S . C a n tre ll , a n d  G . V . D . T ie rs , J .  
A m e r . Chem . Soc ., 89, 3005 (1967).

(3) S . J .  C ris to l a n d  G . D . B rin d e l, ib id ., 76, 5699 (1954).
(4) J . W e in s to ck , A b s tra c ts , 128 th  N a tio n a l M ee tin g  of th e  A m erican  

C h em ica l S o c ie ty , M in n ea p o lis , M in n ., S e p t 1955, p  19-O rg.
(5) H . K w a r t  a n d  J .  L. N y ce , J .  A m er. Chem . Soc., 86, 2601 (1964).
(6) H . S ch ec h te r, Rec. Chem . Progr., 25 , 55 (1964).
(7) (a) B ; F ra n z u s , W . C . B a ird , J r . ,  a n d  J .  H . S u rrid g e , J .  Org. C hem ., 33,

1288 (1968); (b ) W . C . B a ird , J r . ,  B . F ra n z u s , a n d  J .  H . S u rrid g e , J .  A m er.
Chem . Soc., 89, 410 (1967).

only endo hydrogens at the 5,6 positions. No rear
rangement to 2,7 or 2,6 products has taken place; 
therefore, the reaction must have occurred via path
A.

The nmr spectrum of the recrystallized nitroxime in 
deuterioacetone is in accord with structure I, that of 
exo,exo - 5,6- dideuterio - 3 - nitro - 2 - norbornanone oxime. 
The oxime proton gives a sharp singlet whose chemical 
shift varies with concentration. The two bridgehead 
protons are observed as multiplets at 8 3.0 ppm. 
The three-proton is highly deshielded, being surrounded 
by the nitro and oximino groups, and is seen as a doublet 
at 8 4.8 ppm, with J  = 2 cps. This proton is in an 
endo position coupling with the 7-anti bridge proton.8 
The bridge protons lie in different magnetic environ
ments; their chemical shifts differ and so do their 
coupling patterns. A singlet peak at 8 1.4 ppm is attri
butable to the 5,6-endo protons; had they been exo 
in nature, larger coupling would be expected.

The deuterated pseudonitrosite has a high-field spec
trum similar to that of the nitroxime. An unrecrystal- 
lized, but ether-washed sample of the pseudonitrosite 
shows a peak (area 2) at 8 5.0 ppm. This is the signal 
for the protons attached to the carbons bearing nitro
gen atoms. This product appears to consist predomi
nantly of the ea;o,m-nitroso dimer II, since a trans 
configuration would result in endo and exo protons of 
different chemical shifts and larger coupling constants. 
Furthermore, exo protons should experience a coupling 
of 4-5 cps with the bridgehead protons.8 A two-proton 
peak at 8 3.0 ppm is assigned to the bridgehead hydro
gens and a doublet (area 2, J = 2 cps) at 1.2 ppm is 
assigned to the 5,6-endo protons. The bridge protons 
are manifested as signals centered at 8 1.5 and 2.3 
ppm.

Catalytic reduction of the nitroxime gives a mixture 
of 2,3-diaminonorboranes. Conversion of the crude 
diamine product into the dihydrochloride followed by 
several recrystallizations of this salt affords trans-2,3- 
diaminonorborane dihydrochloride. This substance is 
identical with the salt prepared by Inglessis.9 The 
signals for protons attached to nitrogen-bearing carbon 
atoms experience different chemical shifts as would be 
expected for endo and exo protons. A cis configuration 
would be more symmetrical, leading to the same chemi
cal shift for either proton.

The N2O3 addition reaction probably involves initial 
exo attack by nitrogen dioxide. The steric demands 
of the norbornyl system then direct the combination of 
the intermediate radical with nitric oxide to favor the 
exo,cis product as in path A.

Experimental Section

Nmr spectra were taken in deuteriochloroform solution with a 
Varian A-60. Vapor phase chromatography was carried out on 
an FM-500. Melting points are uncorrected.

Preparation of Norbornene Pseudonitrosite.—A well-stirred 
solution of 1 mol of norbornene in 500 ml of a 1:1 solution of 
pentane-ether at —10 to 5° is treated with a mixed stream of 
nitric oxide at a flow rate of 80 cc/min and air at a flow rate of 
40 cc/min. Completion of the reaction is evidenced by the ap
pearance of brown gas above the surface of the reaction mixture, 
indicating that oxides of nitrogen are no longer being absorbed.

(8) J .  M einw ald , Y . C . M einw ald , a n d  T . N . B ak e r I I I ,  ib id ., 86 , 4074
(1964).

(9) C . S. Ing lessis , P h .D . T hesis, C la rk  U n iv e rs ity , 1959.
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S c h e m e  I

The crystalline product is separated by filtration, washed with 
ether, air dried, and recrystallized from methylene chloride- 
pentane. A 60% yield of white crystals, mp 135°, is ob
tained.

Anal. Calcd for C,H10N2O3: C, 49.42; H, 5.92; N, 16.47;
0,28.21. Found: C, 49.42; H, 6.13; N, 16.21; 0 , 28.07.

Norbornene Nitroxime.—A solution of norbornene pseudo- 
nitrosite in dioxane is refluxed under nitrogen until the green 
color of the nitroso monomer has completely disappeared (1-2 
hr). The dioxane is evaporated leaving crude solid residue. 
Recrystallization from methylene chloride-pentane affords pure 
(75% yield) nitroxime, mp 167°.

Anal. Calcd for C,H10N2O3: C, 49.42; H, 5.95; N, 16.47; 
0 ,28.21. Found: C, 49.42; H, 5.90; N, 16.14; 0 ,28.54.

2,3-Diaminonorborane.—Treatment of 17 g (0.1 mol) of nor
bornene nitroxime in absolute ethanol with 1 g of Raney nickel 
at 75° and 1500 psi hydrogen for 2-3 days followed by filtration 
of the catalyst, evaporation of the solvent, and vacuum distilla
tion of the crude oil affords 10 g of colorless, liquid distillate, bp 
100-135° (0.2 mm). Gc studies reveal that a mixture of products 
is present. Treatment of an ethereal solution of the crude di
amine with dry hydrogen chloride affords a salt which after 
recrystallization from ethanol fails to melt below 300°. Anal. 
Calcd for C,H14N2C12: C, 42.44; H, 8.13; N, 14.15; Cl, 35.79. 
Found: C, 42.02; H, 8.03; N, 13.87; Cl, 35.83. The nmr 
spectrum in D20  reveals absorption patterns of area 6 at 5 1.7, 
area 2 at 2.7 (bridgehead protons), one-proton signals at 3.3 
(quartet) and 3.7 ppm (triplet) as well as exchangeable proton 
absorption.

The infrared and nmr spectra of the dihydrochloride and reten
tion time of the free diamine on a Carbowax 20M-KOH column 
a t 150° are identical with the substance prepared according to 
the procedure of Inglessis.9

exo,exo-5,6-Dideuterionorbomene.—The deuterated olefin is 
prepared according to the procedure of Baird, Franzus, and 
Surridge.7 Reaction with nitrogen oxides and subsequent con
version into nitroxime are carried out in the manner described 
above.

Registry No.—Dinitrogen trioxide, 16529-92-3; nor
bornene, 498-66-8; norbornene pseudonitrosite, 16526-
91-3; norbornene nitroxime, 16526-92-4; 2,3-diamino- 
norbornane dihydrochloride, 16526-93-5.

Acknowledgments.—The author gratefully acknowl
edges discussions with Dr. Boris Franzus and is indebted 
to Mr. J. J. Porcelli for experimental assistance.

Nuclear M agnetic Resonance Chemical Shifts 
of Cyclopropane HCH in Unsubstituted  

Bicyclo[x.l.O]alkanes as a Function of Ring Size1

J a m e s  G .  T b a y n h a m , J o h n  S . D e h n , 
a n d  E r n e s t  E .  G r e e n

Coates Chemical Laboratories, Louisiana State University, 
Baton Rouge, Louisiana 70803

Received February 2, 1968

In connection with product identifications in another 
study,2 we required samples of several bicyclofx.l.O]- 
alkanes (Figure 1). These compounds were prepared 
by methyleneation of the appropriate cycloalkene 
with methylene iodide and zinc-copper couple.2-4 
When we examined the nuclear magnetic resonance 
(nmr) spectra of these bicycloalkanes, we were impressed 
with the continuing upheld shift of the signal from one 
of the cyclopropane CEB protons as the size of the 
larger ring increased from five to ten members (Table 
I). The signal associated with the proton geminal to 
the first apparently is shifted downheld by the same 
change that brings about the upheld shift of the hrst 
proton in the cyclopropane CH2 group. We cannot be 
certain about the regularity of the shift, however, be-

(1) (a) P re se n te d  in  p a r t  a t  th e  S o u th e a s t-S o u th w e s t R eg io n a l M ee tin g
o f th e  A m erican  C h em ica l S ocie ty , M em p h is , T e n n ., D ec 1965, p a p e r  no . 97, 
a n d  a t  th e  152nd N a tio n a l M eetin g  of th e  A m erican  C h em ica l S oc ie ty , N ew  
Y ork , N . Y ., S e p t 1966, A b strac ts , p  S125. (b) W e g ra te fu lly  acknow ledge 
p a r t ia l  s u p p o r t of th is  research  b y  g ra n ts  from  th e  P e tro le u m  R esea rc h  F u n d  
a d m in is te red  b y  th e  A m erican  C h em ica l S oc ie ty  (G ra n t N o . 1817-A4) a n d  th e  
N a tio n a l S cience F o u n d a tio n  (G ra n t N o. G P  5749). (c) B ased  in  p a r t  o n  a
p o r tio n  of th e  P h .D . D is se r ta t io n  of J .  S . D ., L o u is ian a  S ta te  U n iv e rs ity , 
1966. T h e  financia l a ss is tan c e  from  th e  C h a rle s  E . C o a te s  M em o ria l F u n d , 
d o n a te d  b y  G eorge  H . C o a tes , fo r  p re p a ra tio n  of th e  P h .D . D is se r ta tio n  of 
J . S . D . is g ra te fu lly  acknow ledged .

(2) J .  G . T ra y n h a m  a n d  J . S . D eh n , J .  A m er. Chem . Soc., 89, 2139 (1967).
(3) H . E . S im m ons, E . P . B la n ch a rd , a n d  R . D . S m ith , ib id ., 86, 1347 

(1964).
(4) A  com m ercia l m ix tu re  of cis- a n d  frans-cyc lododecene  w as used  fo r th e  

p re p a ra tio n  of b icy c lo [1 0 .1 .0 ]tr id ecan e . T h e  sam p le  of b icy c lo trid ecan e  
used  in  th is  s tu d y  w as sh o w n  b y  gas ch ro m a to g ra p h ic  an a ly s is  to  b e  ap p ro x i
m a te ly  50%  cis, 50%  trans;  o n ly  one  of th e  isom ers (p resu m ab ly  cis) g ave  
th e  up h e ld  n m r  s ignal rep o rted .
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Figure 1.—cii-Bioyclo[a:.1.0]alkanes: n = 5-12; x =  3-10.

cause the signal for the downfield proton in that gemi
nai pair is obscured by the strong signals for other pro
tons in several of the bicycloalkanes.

T a b l e  I
C h e m i c a l  S h i f t s  o f  C y c l o p r o p a n e  CH2 P r o t o n s

IN  C îS-B lC Y C L O fic .1 .0] ALKANES

•C hem ical shift,®---------- •
B icy e lo a lk an e R e g is try  no. H a H b

[2.1 .0P - 0 .4 - 0 .7
[3.1.0]» - 0.02 - 0.21
[4.1.0]' 0.04 - 0 .4 7
[5.1.0] 16526-90-2 - 0.02 ( - 0 .7 )
[6.1 .0] 13757-43-2 0.30 ( - 0 .4 )
[7.1.0] 13758-98-0 0.42 ( - 0 .4 )
[8.1 .0]d 13757-44-3 0.48 -0 .5 1
[10.1 .0]' 0.35 ( - 0 .4 )

0 Center of signal, in parts per million, relative to internal 
tetramethylsilane; minus sign indicates downfield and parentheses 
indicate maximum upheld position. b Reference 12. c This com
pound also described by D. L. Muck and E. R. Wilson, J .  Org. 
Chem., 33, 419 (1968). d The nmr spectrum of irans-bicyclo- 
[8.1.0]undecane includes signals at —0.25 (cyclopropane CH2, 
2H) and —0.45 ppm (bridgehead H, 2). * See Reference 4.

Although there was uncertainty a few years ago about 
the relative magnitude of cis and trails vicinal coupling 
constants in cyclopropane derivatives,6 the order J cts > 
J tra m  seems to be firmly established and unchallenged 
now.6 When both J ac and J b c can be discerned from 
the nmr spectrum, the assignment of the most upheld 
signal can be made with confidence.7 When the signal 
for either Ha or Hb is completely obscured by the strong 
signals for other protons in the bicyclic hydrocarbon, 
however, the assignment is less clear. There has been 
disagreement on the shielding effects of alkyl groups on 
vicinal protons in cyclopropane derivatives,6o'd'8 and 
the possibility of transannular end-on interactions 
(deshielding)6d’9 in the medium-ring derivatives de
scribed here adds difficulty to the assignment. Whereas 
we were persuaded initially that the most upheld signal is 
associated with Ha rather than with Hb,lc the different 
viewpoints recorded in the literature since that time led 
us to conhrm our hrst assignment with nuclear Over- 
hauser effect (NOE) data.10 Low intensity irradiation

(5) (a) G . L . C loss a n d  L . E . C loss, ibid.., 82, 5723 (1960); (b) U . Scho llkopf 
a n d  G . J ,  L e h m an n , Tetrahedron Lett., 165 (1962).

(6) (a) G . L. C loss, R . A. M oss, a n d  J . J .  C oyle, J .  A m er. Chem . Soc., 84, 
4985 (1962); (b) U . S cho llkopf, A. L erch , a n d  J .  P a u s t,  Chem . B er., 96, 2266 
(1963); (c) W . G . D a u b e n  a n d  W . T . W ipke, P ure Ap-pl. Chem ., 9 , 539 (1964); 
(d) W . G . D a u b e n  a n d  W . T . W ipke, J .  Org. Chem ,, 32 , 2976 (1967).

(7) O n th e  basis  of a ll d a ta  p re se n tly  av a ila b le  on  J v{c fo r 7 -H  of 7 -substi- 
tu t e d  n o rca ra n es , th e  m o re  uph e ld  s ignal is in v a ria b ly  a s so c ia ted  w ith  th e  
syn  p ro to n  (H a in  F ig u re  1). See also ref 6d .

(8) (a) D . E . M inn ik in , Chem. I n d .  (L o n d o n ), 2167 (1966); (b) D . T . 
L ongone a n d  A . H . M iller, Chem . C om m un., 447 (1967); (c) T . A ndo , F . 
N a m ig a ta , H . Y a m a n a k e , a n d  W , F u n a s a k a , J .  A m er. Chem . Soc., 89, 5719 
(1967).

(9) (a) S. W in ste in , P . C a r te r , F . A . L . A net, a n d  A . J . R .  B o u rn , ib id ., 87, 
5247 (1965); (b) M . A. B a t t is te  a n d  M . E . B ren n a n , Tetrahedron Lett., 5857
(1966 ) .

(10) (a) F . A . L . A n e t a n d  A. J .  B o u rn , J .  A m er. Chem . Soc., 87, 5250
(1965); (b) J .  G . C olson, P . T . L a n sb u ry , a n d  F . D . S aeva , ib id ., 89, 4987
(19 6 7 ) ; (c) M . C . W oods, H . C . C h ian g , Y . N a k a d a ira , a n d  K . N ak an ish i, 
ib id ., 90, 522  (1968).

of a DCC13 solution of bieyclo[3.1.0]hexane at a fre
quency corresponding to the absorbance of the larger 
ring protons proximal to Ha but not spin-spin coupled 
to it led to the NOE. The shapes of the nmr signals 
due to Ha and Hb were essentially unchanged, but the 
integrated intensity of the (more upheld) Ha signal 
increased signihcantly (23%). Irradiation at other 
frequencies, both upheld and downheld, failed to produce 
the NOE. This result clearly identihes the more up
held signal with Ha. Likewise, similar irradiation 
produced a similar increase (25%) in the integrated 
intensity of the most upheld signal in the spectrum of 
bicyclo[8.1.0]undecane, again identifying that signal 
with Ha rather than Hb.

The upheld position of nmr signals for cyclopropane 
hydrogens (relative to other methylene hydrogens) is, 
of course, well known, but few chemical shifts of cyclo
propane hydrogens as far upheld as some included in 
Table I have been reported before. The shielding of 
Ha reaches a maximum with the ten-membered ring, 
and in that system the chemical shift of Ha is nearly the 
same as that of the syn proton, shielded by the aromatic 
ring current, in homotropylium cation (0.6 ppm,)11 and 
higher than that of the syn protons in unsaturated sys
tems such as bicyclo[3.1.0]hex-2-ene,12 bicyclo [2.1.0]- 
but-2-ene,12 and bicyclo[6.1.0]nona-2,4,6-triene.13 The 
signal from cis-bicyclo [10.1,0]tridecane is not so far 
upheld as that from cis-bicyclo[8.l.OJundecane. This 
result is reminiscent of other manifestations of medium 
ring effects.14 15 Identification of the upheld signal with 
Ha for both common and medium ring derivatives, 
however, indicates that transannular, end-on interac
tions (which are presumably responsible for many 
medium ring effects1415) are insufficient in these bi
cycloalkanes to alter the relative positions of the Ha and 
Hb signals. The differences in shielding of Ha must 
be associated with a continuous change in C-C bond 
anisotropy effects rather than with a change in kind 
of interactions among these compounds. Models do 
not reveal any striking differences among these bicyclo
alkanes in proximity of Ha and the flanking methyl
enes, certainly not enough to provide a ready explana
tion of the upheld shift of the I ia signal as a function 
of ring size. Apparently the anisotropy effects in 
these saturated hydrocarbons are surprisingly sensi
tive to small changes in geometry.

Experimental Section

Nmr data were obtained with Varian Associates HA-60, 
A-60A and HA-100 instruments, with the assistance of Mr. W. 
Wegner. All chemical shift data are relative to internal tetra
methylsilane reference and are for benzene or chloroform-d 
solutions. NOE data were obtained by a frequency sweep method 
with the HA-100 instrument and 40 mV irradiation; benzene 
was used as a reference line for field-frequency lock.10*

Most of the bicycloalkanes used have been described pre
viously.16 ¿rares-Bicy clo [8.1.0] undecane was prepared in 80% 
yield by methyleneation3 of irares-cyclodecene;16 it distilled at

(11) C . E . K e lle r  a n d  R . P e t t i t ,  ib id ., 88, 606 (1966).
(12) J .  I .  B rau m an , L . E . E llis , a n d  E , E . v a n  T a m e len , ib id ., 88 , 846

(1966).
(13) T . J . K a tz  a n d  P . J .  G a r ra t t ,  ib id ., 86 , 5194 (1964).
(14) (a) V. P re log , J .  Chem . Soc., 420 (1950); (b) J .  S iche r in  “ P ro g re ss  in  

S te re o c h e m istry ,”  Y ol. 3, P . B . D . de  la  M a re  a n d  W . K ly n e , E d ., B u tte r -  
w o rth  a n d  C o. L td ., L ondon , 1962, C h a p te r  6.

(15) R efe ren ce  2 a n d  references c ite d  th e re .
(16) J .  G . T ra y n h a m , D . B . S tone , a n d  J .  L . C o uv illion , J .  Org. C hem ., 32, 

510 (1967).
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76-78° (S mm) and its nmr spectrum included signals at —0.25 
(cyclopropane C Ii2, 2 H) and a t —0.45 ppm (bridgehead H, 
2 H).

Anal."  Calcd for CnH20: C, 86.8; H, 13.2. Found: C, 
86.4; H, 13.1.

Registry No.’—¿rans-Bicyclo[8.1.0]undecane, 15840- 
80-9.

(17) B y  R . S eab  in  th e se  la b o ra to rie s .

N6,3'-0-D isubstituted Deoxyadenosine1

G a r y  W. G r a m s  a n d  R o b e r t  L .  L e t s i n g e r

Department of Chemistry, Northwestern University, 
Evanston, Illinois 60201

Received January 15, 1968

Deoxyadenosine derivatives possessing alkali or 
hydrazine labile protecting groups at the N6 and 
3'-0 positions are attractive intermediates for use in 
synthesizing oligonucleotides by the phosphotriester 
method.1,2 A route to such compounds is to block the 
reactive 5' oxygen of N6-acyl- or benzoyIdeoxyadeno
sine, introduce the desired substituent on the 3' oxygen, 
and then remove selectively the protecting group on the 
5' oxygen. Since N6-benzoyldeoxyadenosine deriva
tives readily undergo depurination in acidic media,3’4 
the protecting group on the 5'-oxygen atom should be 
one that can be removed without resort to acidic condi
tions. At the same time, strong alkaline conditions 
for removal of this group are precluded if an acyl group 
is to be retained on the 3' oxygen.

The 2,4-dinitrobenzenesulfenyl group, which protects 
oxygen of hydroxyl groups during acylation reactions 
and can be removed readily by the action of thiophenol 
in pyridine,6 appeared to have the requisite properties 
for protecting the 5'-oxygen of deoxyadenosine deriva
tives. As a test of this approach we explored the syn
thesis of S'-O-CS-benzoylpropiony^-N^benzoyldeoxy- 
adenosine via 5'-0-(2,4-dinitrobenzenesulfenyl)-N6- 
benzoyldeoxyadenosine.

Preliminary experiments were conducted with thymi
dine to see if the 5' oxygen of a nucleoside with free 3'- 
and 5'-hydroxyl groups could be preferentially sulfenyl- 
ated. At room temperature the degree of selectivity 
was low. However, when the reaction was carried out 
with slightly less than 1 equiv of 2,4-dinitrobenzenesul
fenyl chloride at 0°, a 37% yield of 5'-0-(2,4-dinitro- 
benzenesulfenyl) thymidine was obtained along with 
small amounts of the 3'-0-dinitrobenzenesulfenyl 
isomer (10%) and a higher sulfenylated product 
(~8%). The 3' isomer has been prepared previously 
from 5'-0-tritylthymidine.6

N6-Benzoyldeoxyadenosine underwent reaction with
2,4-dinitrobenzenesulfenyl chloride considerably more

(1) P a r t  X I  in  series on  N u c le o tid e  C h em is try . P a r t  X :  R . L. L e ts inger, 
M . H . C a ru th e rs , P . S . M iller, a n d  K . K . O gilvie, J .  A m er. Chem . Soc., 89, 
7146 (1967). T h is  researc h  w as s u p p o r te d  b y  th e  D iv is io n  of G en e ra l M ed i
ca l S ciences, N a tio n a l I n s t i tu te s  of H e a lth  (G M -10265).

(2) R . L . L e ts in g e r a n d  K . K . O gilv ie , ib id ., 89, 4801 (1967).
(3) H . S ch a lle r, G . W e im an n , B . L e rch , a n d  H . G . K h o ra n a , ib id ., 85, 3821 

(1963).
(4) W . M o o n , S. N ish im u ra , a n d  H . C  K h o ra n a , Biochem istry, 5, 937

(1966). *
(5) R . L. L e ts in g e r, J .  F o n ta in e , V. M a h a d e v a n , D  A . S ch ex n a y d e r, a n d  

R . E . L eone, J .  Org. Chem ., 29, 2615 (1964).

slowly than did thymidine. A suitable method for 
formation of the 5'-oxygen derivative was found to be 
treatment of N6-benzoyldeoxyadenosine with 1.5 equiv 
of 2,4-dinitrobenzenesulfenyl chloride in pyridine at 
20° for 1.5 hr. Under these conditions a 45% yield 
of 5'-0-(2,4-dinitrobenzenesulfenyl)-N6-benzoyldeoxy- 
adenosine, a 12% yield of the corresponding 3'-0 iso
mer, and a 13% yield of a disulfenylated derivative 
were obtained.

A flowsheet depicting the formation of 5'-0-(2,4- 
dinitrobenzenesulf enyl)-N6-benzoyldeoxy adenosine (II), 
introduction of a /3-benzoylpropionyl group at the 
3' oxygen to give III, and cleavage of the dinitroben- 
zenesulfenyl group to yield 3'-0-(|3-benzoylpropionyl)- 
N6-benzoyldeoxyadenosine (IV) is shown in Chart I.

C h a r t  I

III

IV, ABz = 9-(N6-benzoyladenyl) III

Compound III was obtained in 54% yield by reaction 
of II with excess /3-benzoylpropionic acid and dicy- 
clohexylcarbodiimide. The dinitrobenzenesulfenyl 
group could be cleaved from the 5' oxygen cleanly with 
thiophenol in pyridine, as in the case of the thymidine 
derivatives.6 We used hydrogen sulfide in pyridine in 
the preparative experiment for this purpose, however, 
since it was found that hydrogen sulfide effects the 
cleavage and the reaction mixture can be worked up 
more conveniently than one containing excess thio
phenol.

In the case of the mono (dinitrobenzenesulfenyl) de
rivatives of thymidine the assignment of structure is 
clear as the higher melting isomer is known from inde
pendent synthesis6 to be the 3'-oxygen derivative. Two 
lines of evidence point to the fact that the lower melting 
isomer of mono (dinitrobenzenesulfenyl)-N6-deoxyaden- 
osine is the 5'-oxygen derivative: (1) The lower melt
ing isomer was obtained in preponderate amount, in 
accord with the observation that the 5'-oxygen of nu
cleoside derivatives is in general attacked more readily 
than the 3'-oxygen. (2) The Rt value of the lower 
melting isomer (in ethyl acetate on silica slides) is less 
than that for the higher melting isomer, in agreement 
with the observation that the Rf values for 5'-oxygen 
derivatives of nucleosides are less than the Rf values of 
the corresponding 3'-oxygen derivatives (e.g., for the
2,4-dinitrobenzenesulfenyl, the p-monomethoxytrityl, 
and the isobutyloxycarbonyl derivatives6 of thymidine). 
Proof that the ^-benzoylpropionyl group in IV is joined 
at the 3'-oxygen, and therefore that the 2,4-dinitroben-

(6) K . K . O gilv ie a n d  R . L . L e ts in g er, ib id ., 32, 2365 (1967).
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zenesulfenyl group in II is joined at the 5'-oxygen, is 
provided by the synthesis of thymidylyl-(3'-5')-deoxy- 
adenosine from compound IV and 5'-0-monomethoxy- 
tritylthymidine.7 This compound was completely hy
drolyzed by snake venom phosphodiesterase, an enzyme 
specific for oligonucleotides possessing a terminal 3'- 
hydroxyl group and 3'-5' phospho diester links.

Experimental Section

Infrared spectra were determined in potassium bromide with 
a Baird recording spectrophotometer. Thin layer chromatog
raphy was performed on Eastman Chromagram sheets, 6060 
silica gel, with ethyl acetate; Rt values are indicated in text. 
Elemental analyses were made by the Micro-Tech Laboratories, 
Skokie, 111.

5'-0-(2,4-Dinitrobenzenesulfenyl)thymidine.—Thymidine 
(2.00 g, 8.28 mmol) was dissolved in 150 ml of anhydrous pyridine 
and cooled to 0°. 2,4-Dinitrobenzenesulfenyl chloride (1.94 g,
7.62 mmol) in 50 ml of anhydrous pyridine was added dropwise 
over a period of 1 hr with stirring; then, after the mixture had 
stood for 4 hr at 0°, it was allowed to warm to room temperature. 
The mixture was diluted with 1 1. of ice-water and extracted 
three times with CHCfi. The organic layer was washed twice 
with water, dried with NaaSO.,, and concentrated. The residue 
was taken up in warm methanol and the solution was filtered 
while hot. Methanol was then distilled off and the residue was 
dissolved in ethyl acetate and chromatographed on silica gel 
(12 X 50 cm) using ethyl acetate as an eluent. The first frac
tion yielded 0.19 g of a yellow solid, mp 122-128°, Ri 0.85, 
which is probably 3',5'-bis-0-(2,4-dinitrobenzenesulfenyl)thymi- 
dine. The second fraction contained 0.35 g (10%) of 3'-0-(2,4- 
dinitrobenzenesulfenyl)thymidine,6 mp 182-184° dec, Ri 0.62. 
Finally, elution with 50% ethyl acetate-acetone yielded 5'-0- 
(2,4-dinitrobenzenesulfenyl)thymidme, isolated by stripping off 
the solvent, dissolving the residue in ethyl acetate, and precipita
tion by addition of hexane: weight 1.25 g (37%); mp 102-110°; 
Ri 0.43; prominent infrared bands at 2.90, 5.95, 6.28, 6.60, 
7.47, and 12.08 The spectrum was very close to that of the 
3 '-0  isomer, differing primarily by absence of a shoulder at 9.0 p.

Anal. Calcd for Ci6H 16N40 9S: C, 43.64; H, 3.66; N, 12.72; 
S, 7.28. Found: C, 43.65; H, 3.93; N , 11.78; S, 7.06.

5'-0-(2,4-Dmitrobenzenesulfenyl)-3'-0-(/3-benzyoylpropionyl)- 
N6-benzoyldeoxyadenosine (III).—To 0.366 g (1.03 mmol) of 
dry N6-benzoyldeoxyadenosine in 10 ml of pyridine at 20° was 
added 0.350 g (1.49 mmol) of 2,4-dinitrobenzenesulfenyl chloride 
in 5 ml of pyridine. After 1.5 hr the mixture was poured over 
300 g of ice and allowed to stand 1 hr. The insoluble material 
was extracted into chloroform which, after drying over Na2S04, 
was stripped in vacuo. Ethanol was added and stripped to remove 
traces of pyridine, and the gummy residue was dissolved in 
hot CHCL. Column chromatography on silica gel with ethyl 
acetate yielded on concentration and precipitation with hexane 
0.097 g of a yellow solid, mp 115-125°, Ri 0.85, which is probably 
the bis-2,4-dinitrobenzenesulfenyl derivative. From the second 
chromatographic fraction was obtained 0.066 g (12%) of 3'-0- 
(2,4 - dinitrobenzenesulfenyl) - N 6 - benzoyldeoxyadenosine: mp
151-153°; Ri 0.66; prominent infrared bands a t 2.93, 5.82,
6.24, 6.55, 7.44, and 11.96 /x.

Anal. Calcd for C23H 19N70 8S: C, 49.90; H, 3.46; N, 17.72; 
S, 5.79. Found: C, 49.64; H, 3.80; N, 17.58; S, 5.61.

Continued elution of the column yielded 0.253 g (45%) of I I :  
mp 115-125°; Rt 0.32; prominent infrared bands at 2.95, 5.84,
6.24, 6.55, 7.44, and 11.97 p. A mixture of 0.244 g (0.44 mmol) 
of compound II, 0.451 g (2.53 mmol) of (3-benzoylpropionic acid, 
and 0.6 g (3 mmol) of dicyclohexylcarbodiimide in 2 ml of pyridine 
was stirred for 2 hr at room temperature, diluted with 1 ml of 
water, and stirred an additional hour. The insoluble dicyclo- 
hexylurea was filtered off and washed with CHCL (50 ml) and 
the combined filtrate and CHCL washings were washed with 
saturated NaHC03. After drying over Na2S04 the solution was 
stripped in a rotatory evaporator, diluted with ethanol, and 
stripped again to a gummy residue. This material was dissolved 
in hot ethyl acetate and, after standing overnight, was filtered 
to remove the crystalline acylurea. On chromatography on a 
silica gel column with ethyl acetate the filtrate yielded compound

(7) Experiments of K. K. Ogilvie, Northwestern University, Evanston, 111.

I l l :  mp 94-96°; weight 0.170 g (54% from II); R s 0.67;
prominent infrared bands at 2.98, 3.48, 5.78 (s), 5.93, 6.27,
6.60, 7.48, and 12.00 /x (w).

Anal. Calcd for C33H27N7OioS: C, 55.53; H, 3.81; N,
13.74; S, 4.49. Found: C, 55.59; H, 4.12; N, 13.63; S 
4.41.

3'-0-(f3-Benzoylpropionyl)-N6-benzoyldeoxyadenosine (IV).— 
The preparation of compound III  was repeated on a fourfold 
scale to the point where the products were dissolved in ethyl 
acetate and separated by chromatography. In this case, in 
place of the chromatographic separation, the gummy products 
were dissolved in pyridine and H2S was slowly bubbled through 
the solution for 16 hr. Following the usual work-up procedure 
(stripping of the solvent, addition of ethanol, stripping of the 
ethanol, etc.) the solid products were chromatographed on silica 
gel with ethyl acetate-methanol (90/10). Compound IV was 
recovered by concentrating the appropriate fraction and was re
crystallized from ethyl acetate: mp 111-112.5°; weight 0.532 
g (57%); R t 0.57; prominent infrared bands a t 2.96, 5.76, 
5.93, 6.24, 6.87, and 8.63 p. That the 2,4-dinitrobenzene- 
sulfenyl group was absent was shown by absence of bands at 
~ 6.6 and 7.4 (nitro groups) and 12.0 p (characteristic for 2,4- 
dinitrobenzenesulfenyl derivatives).

Anal. Calcd for C27H25N60 6: C, 62.90; H, 4.89; N, 13.59. 
Found: C, 62.96; H, 4.99; N, 13.52.

R e g is try  N o .—5'-0-(2,4-Dinitrobenzenesulfenyl)thy- 
midine, 16243-75-7; 3'-0-(2,4-dinitrobenzenesulfenyl)- 
N6-benzoyldeoxyadenosine, 16243-76-8; III, 16281-89- 
3; IV, 16243-74-6.

Reactions of Phosphorus Compounds.
XVI. The Reaction of Several 
Hydroxyphosphonium Ylides

E d w a r d  E .  S c h w e i z e r , M o h y e l d i e m  S . E l - B a k o u s h , 
K e n n e t h  K .  L i g h t , a n d  K a r l  H .  O b e r l e

Department of Chemistry, University of Delaware,
Newark, Delaware 19711

Received December 11,, 1967

The preparation of 2,3-dihydro-l-benzoxepin may be 
readily accomplished by treating 3(0-formylphenoxy)- 
propyltriphenylphosphonium bromide (I) in a non- 
protonic solvent under basic conditions.1 As an exten
sion to this work, and due to the recent interest in the 
oxepin ring system,2-7 we have first examined the fea
sibility of preparing l-phenoxy-4-phenylbutadiene (VI) 
from 2-hydroxy-3-phenoxypropyltriphenylphospho- 
nium bromide (III) and benzaldehyde. Finding this 
first reaction successful, we turned to the corresponding 
reaction of 2-hy droxy-3(2-formy lphenoxy) propyl tri- 
phenylphosphonium bromide (XII) which we hoped 
would give 1-benzoxepin (XVII).

The salt III was allowed to react with base to form 
the ylide IV, and addition of benzaldehyde followed 
(Scheme I). The expected products of this reaction

(1) (a) E . E . S chw eizer a n d  R . S chepers, Tetrahedron L ett., 15, 979 (1963); 
(b) E . E . S chw eizer, C . J .  B ern in g er, D . M . C ro u se , R . A. D a v is , a n d  
R . S chepers, Logothetis, in  press.

(2) (a) A. S h an i a n d  F . S ondheim er, J .  A m er. Chem. Soc., 89, 6310 (1967); 
(b ) F . S o ndhe im er a n d  A. S han i, ib id ., 86, 3168 (1964).

(3) E . V ogel, M . B isk u p , W . P re tz e r , a n d  W . A. Boll, A ngeu j, Chem. In te rn . 
E d. E ng l., 3 , 642 (1964).

(4) H . H offm an , ib id ., 4 , 872 (1965).
(5) E . V ogel, R . S c h u b a r t , a n d  W . A. B o ll, ib id ., 3, 510 (1964).
(6) E . O. F isch e r, C . G . K re ite r , H . R u h le , an d  K . E . S chw arzhans , B e r., 

100, 1905 (1967).
(7) E . V ogel, W . A. Boll, a n d  H . G u n th e r , Tetrahedron Lett., 10, 609, 

(1965).
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S c h e m e  I

+ b ase  _  .f
C6H5OCH2CHCH2P(C6H5)3B r- — >  C6H6OCH2CHCHP(C6H6)3 :

OH A
III

H
IV

: C6H5OCH2CHCH2P(C6H5)3

0 _
VII

CeH sCH O

— HsO
C6H50C H =C H C H =C H C 6H6 -c—  r C 6H5OCH2CHCH=CHC6H5I ¿H

VI V

C«H6OCH2C H = C H 2

VIII

are l-phenyl-3-hydroxy-4-phenoxy-l-butene (V) and 
allyl phenyl ether (VIII); however, it was found that 
under the reaction conditions employed most of V 
underwent dehydration to give l-phenoxy-4-phenylbu- 
tadiene (VI). This reaction was carried out in two 
ways. If the base-solvent system used was ethoxide- 
ethanol, the yield of the butadiene VI was only 8.1%. 
If the base-solvent system used was n-butyllithium- 
benzene, the yield of the butadiene was increased to 
25.5%. The major product of the reaction was allyl 
phenyl ether (VIII).

The butadiene VI was identified by its nmr and in
frared spectra and by hydrogenation to l-phenoxy-4- 
phenylbutane (IX) which was shown to be identical 
with an authentic sample.8 Before the hydrogenation 
could be carried out, it was necessary to remove traces 
of codistilled triphenylphosphine which poisoned the

C6H5O CH =C H C H =C H C 6H5
VI

H i / P t  
— — >

C6H5OCH2CH2CH2CH2C6H5
IX

catalyst, by precipitating it as methyltriphenyl phos
phonium iodide using methyl iodide in ether.

:ho

/ ° \
OCHjCH------CH +  (C6H5)3PHBr

X XI
CHO

OCHoCH CH2P(C6H, )3 

OH Br“ 
XII

In order to prepare 1-benzoxepin (II) by an intra
molecular Wittig reaction, the phosphonium salt (XII) 
was needed and was readily obtained by the reaction of
l,2-epoxy-3-(2-formylphenoxy)propane9 (X) and tri
phenylphosphine hydrobromide (XI). The base-sol
vent system used to prepare the desired ylide from this 
salt was restricted to ethoxide-ethanol, since alkyllith- 
ium compounds would also react with the carbonyl 
moiety. When this reaction was carried out, 1-ben- 
zoxepin (XVII) was obtained in 5% yield. The oxepin 
XVII was identified on the basis of the nmr and ir spec
tra, which were identical with those in the literature.2’3 
The major by-products identified were o-allyloxybenzal-

(8) L . A. W a lte r  a n d  S. M . M c E lv a in , J .  A m er . Chem . Soc., 56, 1614 
(1934).

(9) O. S tep h e n so n , J .  Chem. Soc., 1571 (1954).

dehyde (XIII) and salicylaldéhyde. The reaction of 
ethoxide with the salt XII may be expected to initially 
produce either the ylide or the betaine XV. Intra
molecular Wittig reaction of the ylide XIV followed by 
dehydration would yield 1-benzoxepine (XVII) and tri
phenylphosphine oxide. If the other intermediate 
XV were formed, decomposition of the betaine XV 
would give rise to o-allyloxybenzaldehyde (XIII) ; sali
cylaldéhyde may be obtained by elimination, resulting 
in the salt XVI, which could undergo further reaction. 
The reactions of salts of type XVI have been studied by 
Bohlmann and Herbst.10

^  .CHO

OCH2CHCH2P(C6H5)Br~

OH
XH

As to the possibility of interconversion between 
ylide XIV and betaine XV, the conversion of XV into 
XIV must be slower than the reactions just discussed, 
since we have found that reaction of l,2-epoxy-3-(2- 
formylphenoxy) propane (X) with triphenylphosphine, 
which should proceed by way of XV, gave mainly o- 
allyloxybenzaldehyde (XIII) and absolutely no 1-ben
zoxepin XVII. The conversion of XIV into XV cannot 
be excluded, however.

(10) F . B o h lm an n  a n d  P . H e rb s t,  B er., 92, 1319 (1959).
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Experimental Section11

Preparation of (2-Hydroxy-3-phenoxy)propyltriphenylphospho- 
nium Bromide (III).—In a dry 50-mi, two-necked, round- 
bottomed flask equipped with a magnetic stirrer, a nitrogen 
inlet, and a reflux condenser with drying tube was placed 20 ml 
of anhydrous ethanol, 1.0 g (0.039 mol) of triphenylphosphine,12 
and 9.86 g (0.04 mol) of 2-hydroxy-3-bromo-l-phenoxypropane.13 
The reaction mixture was stirred and refluxed for 40 hr in a slow 
current of dry nitrogen. The resulting colorless oil was poured 
slowly into 150 ml of anhydrous ether, the solution being shaken 
after each addition. If the salt did not crystallize immediately, 
the ether was poured off and the remaining oil was let to stand 
in open air. The white crystals were filtered and washed twice 
with fresh anhydrous ether, then boiled for several minutes in 
anhydrous benzene and filtered while hot in order to remove 
any unreacted starting materials. After washing twice more 
with hot benzene, the salt was dried under vacuum at 100° for 
48 hr. The product (15 g) was obtained with mp 207-209° 
(80% yield). The nmr spectrum (DCC13) showed bands at r
6.2 (m, 2), 5.7 (m, 2), and 4.5 ppm (m, 1).

Anal. Calcd for C27H2e0 2BrP: C, 67.72; H, 5.31. Found: 
C, 65.79; H,5.53.

l-Phenoxy-4-phenylbutadiene (VI).—A dry 3 1., three-necked, 
round-bottomed flask was provided with a mercury-sealed 
stirrer, a reflux condenser with drying tube, a nitrogen inlet, and 
a Gooch tubing connected to an erlenmeyer flask. A gentle flow 
of dry nitrogen was maintained throughout the reaction. An
hydrous thiophene-free benzene (2300 ml) and 20.4 g (0.21 mol) 
of n-butyllithium were added to the flask. The solution was 
stirred and refluxed, and 104.6 g (0.21 mol) of (2-hydroxy-3- 
phenoxy)propyltriphenylphosphonium bromide (III) was added 
cautiously through the Gooch tubing as fast as possible. If the 
salt was added too rapidly, the evolution of butane caused ex
cessive frothing of the solution. During the first additions of 
the salt, the reaction mixture became yellow and at the end it 
had changed to dark red. The reaction mixture was refluxed 
and stirred for several minutes after the salt addition was com
pleted. The Gooch tubing was replaced by a dropping funnel 
and 22.26 g (0.21 mol) of freshly distilled benzaldehyde were 
added dropwise. After the addition of the benzaldehyde, the 
original color changed to light reddish brown. The reaction 
mixture was refluxed and stirred for 24 hr, allowed to cool to 
room temperature and then filtered. The solvent was evaporated 
and the remaining dark red liquid was distilled a t reduced pres
sure. The first fraction obtained, weighing 8.3 g, had bp SO
SO0 (0.6 mm) and was composed of mostly benzene, phenol 
(37.7%), allyl phenyl ether (16%), and an unidentified alcohol, 
as determined by vpc. The second fraction, weighing 23 g, 
had bp 89-185° (0.6 mm). This fraction contained the diene 
VI and triphenylphosphine. The solution was seeded and 
cooled and the phosphine was removed by filtration. After 
recrystallization from ethanol, 4.2 g (7.6%) of triphenylphosphine 
was obtained and identified by a mixture melting point with an 
authentic sample. The filtrate was distilled under reduced 
pressure giving the butadiene VI, bp 120-122° (0.08 mm), which 
weighed 12.2 g or 25.5% of the theoretical amount. The nmr 
spectrum (CCh) showed bands a t t 2.9 (m, 10), 4.1 ppm (m, 
4). The infrared spectrum was consistent with the structure 
assigned.

Anal. Calcd for C16H „0: C, 86.45; H, 6.34. Found: 
C, 86.33; H, 6.53.

Hydrogenation of l-Phenoxy-4-phenylbutadiene (VI).—Several 
attempts were made to hydrogenate the diene VI, but they failed 
owing to catalyst poisoning by the presence of trace amounts 
of codistilled triphenylphosphine. All fractions containing the 
diene were combined and diluted with anhydrous ether, and 10 
ml of methyl iodide was then added slowly with stirring. The 
triphenylphosphine came out of solution as triphenylmethyl- 
phosphonium iodide, which was identified by mixture melting 
point. After cooling, the salt was removed by filtration and the 
ether was removed by distillation. The residue was vacuum 
distilled yielding the diene VI, bp 114-120° (0.07 mm). The

(11) A ll m e ltin g  p o in ts  w ere  ta k e n  on a  F ish e r-Jo h n s  m e ltin g  p o in t a p p a 
ra tu s  a n d  a re  u n co rrec ted . N m r sp e c tra  w ere  o b ta in e d  on  a  V a rian  A 60-A  
s p e c tro m e te r  w ith  a  te tra m e th y ls ila n e  s ta n d a rd . M ic ro a n a ly se s  w ere done 
b y  M ic ro  A na ly sis , In c ., W ilm in g to n , D el.

(12) O b ta in e d  from  M e ta l a n d  T h e rm it C o., R ah w a y , N . J .
(13) P re p a re d  acco rd in g  to  P . P feiffer a n d  K . B au e r, Ber., 80, 7 (1947).

fraction boiling from 117 to 120° (0.70 g) was hydrogenated 
using Adams catalyst (P t02) with anhydrous ethanol as a solvent. 
An essentially quantitative uptake of 2 mol of hydrogen per 
mole of compound was obtained. The solution was filtered 
and the ethanol was evaporated. The remaining liquid was 
distilled at reduced pressure yielding 0.38 g of pure l-phenoxy-4- 
phenylbutane: bp 113° (0.1 mm); n2id 1.5506 (lit.8 bp 144- 
146° (1 mm); w24d  1.5504).

1 ,2-Epoxy-3(2-formylphenoxy )propane (X).—The sodium 
salt of salicylaldehyde 28.8 g (0.2 mol) and 300 ml of freshly 
distilled epichlorohydrin were allowed to react at 118° for 24 hr. 
After filtering the mixture, the epichlorohydrin was removed 
by distillation under vacuum until the temperature rose to 60° 
(1 mm). The residue was short-path distilled giving 31 g of the 
epoxide X, bp 118-120° (0.25 mm) (lit.14 bp 118° (0.5 mm)) 
which was shown to be 93% pure by vpc for an 80% yield. 
The nmr spectrum (neat) showed signals a t 5 2.5 (m, 2), 3.1 
(m, 1 ), 4.1 (m, 2), 6.8-7.8 (m, 4, aromatic), and 10.3 ppm (S, 
1, CHO).

2-Hydroxy-3(2-formylphenoxy)propyltriphenylphosphonium 
Bromide (XII).—Triphenylphosphine hydrobromide15 (XI)
34.5 g (0.1 mol) and 20 g (0.1 mol) of l,2-epoxy-3(2-formyl- 
phenoxy)propane (X) were thoroughly mixed in a beaker 
and allowed to stand overnight. The gummy viscous mixture 
was dissolved in a minimum amount of chloroform and slowly 
dropped into anhydrous ether (2 1.) with vigorous stirring. 
A white salt precipitated. Dissolving and reprecipitation gave 
42 g (80%) of the salt X II, mp 198-203°. Recrystallization 
from acetonitrile gave an analytically pure sample, mp 214°.

Anal. Calcd for C28H26Br03P: C, 64.50; H, 5.03; Br, 
15.33; P , 5.94. Found: C, 64.34; H, 4.89; Br, 15.19; P,
6.0 1 .

The nmr spectrum (CDC13) showed signals a t 5 10.3 (s, 1 , 
CHO), 4.5 (s, 1, OH), 4.6 (m, 5), and 7.0-8.0ppm (m, 19, aroma
tic). The ir spectrum showed absorptions at *'KBr 3100, 2700, 
1670, 1430, 1380, 1235, 1160, 1100, and 940 cm“1.

Preparation of 1 -Benzoxepin (XVII).—Into a 500-ml, two
necked flask fitted with a condenser and a calcium chloride tube 
was distilled directly 300 ml of absolute alcohol, prepared by the 
pthalate method.16 * In this was dissolved 0.7 g of sodium metal 
(0.031 g-atom). When the reaction was complete, 16.5 g of 
the salt X II (0.032 mol) was added at once. The solution was 
stirred and refluxed for 9 hr. The mixture was then cooled 
and filtered in order to remove the precipitated sodium bromide. 
The ethanol was removed by distillation, and some white 
crystals were separated. These were removed by filtration 
and were shown to be triphenylphosphine oxide by comparison 
with an authentic sample. The remaining liquid was short 
path distilled under vacuum yielding 2.70 g, shown by glpc analy
sis to be 25% 1-benzoxepin (XVII) and 72% o-allyloxybenzalde- 
hyde (XVIII). Collection of the two major products and analysis 
by nmr spectroscopy showed one to be 1-benzoxepin (XVII) (5% 
yield as calculated from the vpc analysis), and the other was o- 
allyloxybenzaldehyde (X III) (40% yield). The nmr spectrum 
(CC14) of the oxepin showed signals at r  2.50-3.2 (m, 4, benze- 
noid), 3.37 (d, 1), 3.79 (m, 1 ), 4.03 (m, 1), and 4.60 ppm (m, 1). 
The product X III was identified by ir and vpc comparison 
(DEGS, 170°) with an authentic sample.

Reaction of l,2-Epoxy-3-(2-formylphenoxy)propane with Tri- 
phenylphosphine.—To a solution of 5.3 g of the epoxide (X III, 
0.0296 mol) in 50 ml of dry dimethylformamide in a 100-ml 
flask was added 7.8 g (0.0298 mol) of triphenylphosphine. The 
flask was fitted with a reflux condenser and a drying tube and 
was placed in a silicone oil bath a t 110° for 13 hr. After this 
time the mixture was poured into 150 ml of water, and the 
aqueous mixture was extracted with five 50-ml portions of ether. 
The combined ether layers were extracted with two 25-ml portions 
of water. The ether was dried over magnesium sulfate and 
distilled. Vacuum distillation of the residue gave 3.0 g of a 
material, bp 80-120° (1 mm). Vpc analysis of the mixture 
(20% DEGS, 170°) showed that 86% of the product was o- 
allyloxybenzaldehyde (XIII), by comparison with an authentic 
sample, with no 1-benzoxepin being formed. Yield of the 
compound X III was 2.58 g (54%).

(14) O. S tep h e n so n , J . Chem. Soc., 1571 (1954).
(15) M . A k k a r  a n d  F . J e llin ck , Ree. Trav. C him . P a y s-B a s, 86, 275 (1967).
(16) R . A d am s a n d  J . Jo h n so n , " L a b o ra to ry  E x p e rim e n ts  in  O rg an ic

C h e m is try ,” T h e  M a c M illa n  C o., N ew  Y ork , N . Y ., 4 th  ed , 1949, p  409.
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Recently, Gerber and Lechevalier3 described the iso
lation of geosmin, the earthy smelling metabolite of 
actinomycètes microorganisms which is responsible for 
the characteristic odor of freshly plowed soil. Upon 
treatment with aqueous acid geosmin afforded a hydro
carbon3 later identified4 as a mixture of 1,10-dimethyl- 
1(9)-octalin6 and an isomeric olefin. This finding 
coupled with nmr spectral evidence suggested that 
geosmin might be one of the isomeric l,10-dimethyl-9- 
decalols.4 In connection with some studies on olefin 
oxidations5 we had prepared in racemic form decalols 
5, 6, and 13, three of the four possible isomers. The 
infrared spectra indicated that none of the three was 
geosmin. However, the spectra of geosmin and the 
trans-decalol 5 showed such striking similarities that we 
decided to attempt the synthesis of decalol 10, the C-l 
epimer of 5 and the remaining racemic l,10-dimethyl-9- 
decalol isomer. In this note we describe synthetic 
work which pertains to these decalols and show that 
trans-1, 10-dimethyl-irans-9-decalol (10) is the racemic 
modification of Gerber and Lechevalier’s geosmin.

We previously found that the methyl octalin 1 af
fords a 57:43 mixture of the trans and cts-decalin oxi- 
ranes 2 and 3 upon treatment with m-chloroperoxy- 
benzoic acid in benzene (Scheme I).6 This mixture 
slowly reacted with méthylmagnésium bromide in re
fluxing tetrahydrofuran to give decalols 5 and 6 which 
could be separated by careful chromatography on Flori- 
sil.6 The dimethyloctalin 7 was prepared via reduc
tion of octalone 46 with lithium aluminum hydride, 
acetylation of the resulting epimeric alcohol mixture, 
and hydrogenolysis of the allylic acetate mixture with 
lithium in ethylamine, a sequence analogous to that em
ployed for the synthesis of octalin 1. Octalin 7, like 
its desmethyl counterpart, gave a 57:43 mixture of 
trans and cis decalin oxiranes upon treatment with m- 
chloroperoxybenzoic acid in benzene. Reduction of 
this mixture with lithium aluminum hydride afforded 
the corresponding decalols 10 and 6 which were sep-

(1) F ellow  o f th e  A lfred  P . S lo an  F o u n d a tio n , 1966-1968.
(2) N a tio n a l  I n s t i tu te s  o f H e a lth  P re d o c to ra l F ellow , 1965-1968.
(3) N . N . G e rb e r a n d  H . A . L echevalier, A p p l. M icrobiol. 13, 935 (1965).
(4) N . N . G erber, I n s t i t u te  of M icrob io logy , R u tg e rs  U n iv e rs ity , p e rsonal 

co m m u n ica tio n , 1968.
(5) J .  A . M a rsh a ll a n d  A . R . H o ch s te tle r , J .  Org. Chem. 31 , 1020 (1966).
(6) J . A. M arsh a ll a n d  D . J . S chaeffer, ib id ., 30 , 3642 (1965).

arated via careful chromatography on silica. The 
minor alcohol isomer was identified as fraras-l,10-di- 
methyl-cfs-9-decalol (6) by comparison of infrared and 
nmr spectra with those of an authentic sample.6 The 
gas chromatographic retention times were likewise 
identical (peak enhancement) on several columns under 
a variety of conditions. This comparison defines the 
stereochemistry of decalol 10, the reduction product of 
the predominant oxirane isomer 8, since both oxiranes 
8 and 9 originate from the same olefin. Decalol 10 was 
found to be identical with geosmin through spectral 
and chromatographic comparisons.

The cis,cis-1,lO-dimethyl-9-decalol 13 was prepared 
from ketol 11, the condensation product of 2-methyl- 
cyclohexanone and ethyl vinyl ketone.7 The crystal
line thioketal derivative 12 upon desulfurization with

(7) C f. J . A . M arsh a ll a n d  W . I .  F a n ta ,  ib id ., 29 , 2501 (1964).
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Raney nickel readily yielded decalol 13. The stereo
chemistry of this decalol, which follows from its non
identity with 5, 6, and 10, must be preserved in the thio- 
ketal precursor 12. Since epimerization of the C-l 
methyl grouping could occur during formation of this 
derivative, an unequivocal stereochemical assignment to 
this center in ketol 11 cannot be made. However, con
version into decalol 13 does confirm the cis ring fusion 
of ketol 11 and thus supports our previous conclusions 
regarding the stereochemistry of aldol cyclizations lead
ing to such ketols.7

The earthy odor referred to by Gerber and Leche- 
valier3 is shared by all four decalols 5, 6, 10, and 13, 
but each is quite distinctive. The as-fused isomers 6 
and 13 have fragrances reminiscent of camphor and 
cedar and are thus somewhat more agreeable to the 
nose than their more pungent trans counterparts 5 and 
10 .

Experimental Section8

lrans-8,10-Dimethyl-1(9)-octalin (7).—To a stirred solution 
containing 600 mg of lithium aluminum hydride in 60 ml of 
anhydrous ether was added 2.50 g of octalone 4 dissolved in 5 
ml of ether. After 2 hr, the mixture was treated with 1.20 ml of 
water and 0.96 ml of 10% aqueous sodium hydroxide and allowed 
to stir overnight. The crude alcohol was obtained by filtration 
and distillation of the ether from the filtrate.

The resulting octalol mixture was dissolved in 15 ml of pyridine 
and treated with 4.0 ml of acetic anhydride. After 20 hr, water 
(60 ml) was added and the mixture was thoroughly extracted 
with hexane. The combined extracts were successively washed 
with water, 2% aqueous sulfuric acid, and water and dried over 
anhydrous magnesium sulfate.

The ether was removed from the above solution and the crude 
product was dissolved in 125 ml of ethylamine and treated with 
950 mg of lithium wire according to the procedure of Hallsworth, 
Henbest, and Wrigley.9 A deep blue color persisted after 1 hr 
and the solution was stirred for an additional 30 min. Solid 
ammonium chloride was then added to neutralize the salts and 
decompose the excess m etal. Most of the ethylamine was allowed 
to evaporate, water was added, and the mixture was extracted 
thoroughly with hexane. The combined extracts were washed 
successively with water, 2% aqueous sulfuric acid, and water 
and dried over anhydrous magnesium sulfate. The solvent was 
carefully removed under reduced pressure and the residue was 
chromatographed on 70 ml of Florisil. Elution with hexane 
afforded 1.34 g (65%) of octalin 7: re26d 1.4960; X®1™ 6.05 
(C =C ), 8.30, 9.46, 10.03, 10.69, 11.47, 12.34, 12.61 M; 
5tms 5.32 (C-l H, poorly resolved sextet, J  = 1.8 Hz), 1.05 
(C-10 CH3), 0.96 ppm (C-8 CH3, doublet, J  = 6.5 Hz).

Anal. Calcd for C12H20: C, 87.73; H, 12.27. Found: C, 
87.9; H, 12.1.

Synthesis and Reduction of Oxiranes 8 and 9.—A solution of 
200 mg of octalin 7 and 720 mg of m-chloroperoxybenzoic acid in 
15 ml of benzene was stirred at 25° for 2.0 hr. The reaction 
mixture was washed with 10% aqueous sodium hydroxide and 
saturated aqueous sodium chloride, and the benzene solution was 
dried over anhydrous magnesium sulfate. The solvent was 
removed at reduced pressure affording 220 mg of a 57:43 mixture 
(by gas chromatography) of isomeric oxiranes 8 and 9: X ^
9.25, 9.70, 10.68, 11.06, 11.60, 12.82, 13.18 M; Stms 3.0-2.80 
(C-l H), 1.05 (C-10 CH3 of 8), 0.58 (C-8 CH3 of 8, doublet, 
J  = 6.5 Hz), 1.01 (C-10 CH3 of 9), 0.63 ppm (C-8 CH3 of 9, 
doublet, J  = 6.5 Hz).

The crude oxirane mixture dissolved in 5 ml of anhydrous 1,2- 
dimethoxyethane was added to a solution of 210 mg of lithium 
aluminum hydride dissolved in 15 ml of 1,2-dimethoxyethane

(8) (a) T h e  a p p a ra tu s  desc rib ed  b y  W . S. Jo h n so n  a n d  W . P . S ch n e id er 
[Org. S y n . ,  30 , 18 (1950)] w as u sed  to  m a in ta in  a  n itro g e n  a tm o s p h e re  o v e r 
re a c tio n  m ix tu re s , (b ) M e ltin g  p o in ts  w ere  d e te rm in e d  on a  F ish e r-Jo h n s  
h o t  s ta g e , (c) A n  F  & M  M od el 700  o r  M odel 720 gas  ch ro m a to g ra p h  w as 
em p lo y ed  fo r a n a ly tic a l w o rk  (d) M icro a n a ly ses  w ere  p e rfo rm e d  b y  M icro - 
T e c h  L a b o ra to r ie s , In c ., Skok ie, 111.

(9) A . S . H a llsw o rth , H . B . H e n b e s t, a n d  T . I .  W rig ley , J .  Chem . Soc., 
1437 (1952).

and the mixture was maintained at reflux for 4 hr. The mixture 
was cooled and 50 ml of ether followed by 0.42 ml of water and 
0.33 ml of 10% aqueous sodium hydroxide was added. The salts 
were filtered after stirring overnight, and the solvent was re
moved under reduced pressure affording 205 mg of crude decalols 
6 and 10 which displayed peaks in the gas chromatogram10 at
36.0 min (57%, 10) and 40.4 min (43%, 6).

fnms-l,10-Dimethyl-(rans-9-decalol (10). (±)-Geosmin.—•
The crude decalol mixture described above was chromatographed 
on 40 ml of acid-washed silica. Elution with 2% ether-hexane 
(200 ml) afforded 82 mg of colorless oil (one peak on the gas 
chromatograph): bp 60° (bath temperature) at 0.3 mm; X̂ 1“ 
2.83 (OH), 8.45, 9.42, 9.93, 10.52, 10.88, 11.29, 11.62, 12.47 M; 
5?£s 1.01 (C-10 CH3), 0.73 ppm (C-l CH3, doublet, J  = 5.5 
Hz). The infrared spectrum was identical with tha t of ( —)- 
geosmin isolated by Gerber and Lechevalier.3

Anal. Calcd for C!2H220 : C, 79.06; H, 12.16. Found: C, 
79.0; H, 12.2.

trans,l,10-Dimethyl-a's-9-decalol (6).—Continued elution of 
the above column with 2% ether-hexane (200 ml) afforded 20 
mg of a mixture of decalols 10 and 6. Elution with 3% ether- 
hexane (200 ml) afforded 60 mg of colorless oil: bp 60° (bath 
temperature) at 0.3 mm; X ^  2.85 (OH), 8.61, 9.32, 9.50, 9.99, 
10.33, 10.53, 11.12, 11.97 n; SSS 0.95 (C-10 CH3), 0.83 ppm 
(C-l CH3, doublet, J  = 6.5 Hz). The infrared and nmr spectra 
of this decalol were identical with those of the minor decalol 
isomer formed upon treatment of oxirane mixture 2 and 3 with 
methylmagnesium bromide.6 The gas chromatographic reten
tion times were likewise identical (peak enhancement) under a 
variety of conditions.

Anal. Calcd for Ci2H220 : C, 79.06; H, 12.16. Found: C, 
79.0; H, 12.2.

l,10-Dimethyl-as-9-hydroxy-2-decalone (11).11—A solution 
containing 7.8 g of 2-methylcyclohexanone and 0.85 ml of 3 N  
ethanolic sodium ethoxide was maintained at —10° and efficiently 
stirred while a solution of 5.9 g of ethyl vinyl ketone in 7.8 g of 
2-methylcyclohexanone was added dropwise over a period of
5.5 hr. Stirring at —10° was continued for 6.5 hr after addition 
was complete and the organic material was isolated by extraction 
with ether. The combined extracts were dried and distilled 
affording 8.9 g (57% recovery) of 2-methylcyclohexanone, bp 
55-58° (0.2 mm), and 9.3 g (68%) of ketol 11 and the corre
sponding conjugated ketone, bp 80-105° (0.1 mm). The higher 
boiling fraction was crystallized from hexane affording 4.9 g 
(36%) of ketol 11, mp 70-77° (lit.12 mp 88°). The analytical 
sample, mp 103°, was secured after several additional recrystal
lizations from hexane.

Anal. Calcd for C12H20O2: C, 73.43; H, 10.27. Found:
C, 73.4; H, 10 .2 .

Ethylene Thioketal Derivative of cis-1,10-Dimethyl-cis-9- 
hydroxy-2-decalone (12).—The procedure of Fieser was
employed.13 A solution of 1.50 g of ketol 1 1  in 27 ml of glacial 
acetic acid, 2.1 ml of 1 ,2-ethanedithiol, and 2.1 ml of boron tri
fluoride etherate was allowed to stand at ambient temperature 
for 2.2 hr. The solution was diluted with aqueous sodium chloride 
and extracted with ether. The combined extracts were washed 
with 10% aqueous sodium hydroxide and saturated aqueous 
sodium chloride and dried over anhydrous magnesium sulfate. 
The ether was distilled and the residue was crystallized from 
hexane affording 1.45 g (70%) of thioketal 12, mp 119-120°. 
The analytical sample, mp 120.5-121°, was'obtained after re
crystallization from hexane and sublimation.

Anal. Calcd for Ci4H24OS2: C, 61.71; H, 8.88; S, 23.54.
Found: C, 61.7; H, 8.9; S, 23.4.

cis-1,10-Dimethyl ~cis-9—decalol (13). A. solution of 461 mg of 
thioketal 12 in 30 ml of absolute ethanol was efficiently stirred 
with 15 g of freshly prepared W-2 Raney nickel at 25° for 2 hr 
and a t reflux for 4.5 hr. The cooled mixture was carefully filtered 
and the ethanol was removed under reduced pressure. The 
residue was dissolved in ether, washed with saturated aqueous 
sodium chloride, and dried over anhydrous magnesium sulfate. 
Removal of solvent and distillation afforded 262 mg (85%) of a 
colorless oil: bp 55-60° (0.25 mm); X*1“ 2.86 (OH), 8.46,

(10) A n 18 f t  X  0.25  in . co lum n  co n ta in in g  20%  C arb o w ax  20M  on 
C h ro m o so rb  W  w as em p loyed  a t  146° w ith  a  h e liu m  flow r a t e  of 100 c c /m in .

(11) T h is  e x p e rim en t is a b s tra c te d  from  th e  P h .D . T hesis  of W a y n e  
I .  F a n ta ,  N o r th w e s te rn  U n iv e rs ity , 1965.

(12) F . J .  M cQ uillin , J .  Chem . Soc., 528 (1955).
(13) L. F . F ieser, J .  A m er. Chem. Soc., 76, 1945 (1954).
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9.33, 9.48, 9.88, 10.28, 10.4Q, 10.65, 11.18 y, 5?Ss 0.96 (C-10 
CH3), 0.79 ppm (C-4 CH3 doublet, J  = 6.5 Hz).

The distillate solidified upon refrigeration, and the analytical 
sample, mp 40.5-41.5°, was obtained after two sublimations.

Anal. Calcd for Ci2H220 : C, 79.06; H, 12.16. Found: C, 
79.1; H, 12.0.

R egistry N o .— 6, 16423-15-7; 7, 16423-16-8; 8, 16423- 
17-9; 9, 16423-18-0; 10, 16423-19-1; 12, 16423-20-4; 13, 
16452-32-7.
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The Solvolysis of p,p'-Disubstituted  
Benzhydryl Halides
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The recent series of papers by Nishida on the ad
ditivity, or lack of additivity, in the alcoholysis of mono- 
and disubstituted benzhydryl halides2 prompted us to 
report results of a similar, though less extensive study, 
which had similar objectives as its aim. Our data were 
obtained in aqueous acetone and therefore supplement 
the data of Nishida.

The problem of concern is whether two identical 
substituents in two different benzene rings act com
pletely independently of each other in a reaction in 
which a carbonium ion is developed in the transition 
state, when both substituents are capable of interacting 
with the carbonium ion. Such a situation arises in the 
solvolysis of appropriately substituted benzhydryl 
halides. Although in most disubstituted chloro and 
methyl derivatives additivity occurs,2'3 Nishida has 
demonstrated a characteristic deviation in the case of 
p,p'-dimethylbenzhydryl chloride, and it is this 
deviation from additivity which our data confirm for 
the acetone-water system. The problem has some 
added current interest because multiple methyl sub
stitution has been utilized as a probe for the structure 
of carbonium ion transition states.4 5

Some of the required data have been in the literature 
for a long time. Ingold and coworkers, in the course of 
their study on mass law and salt effects, studied the 
solvolysis of p-methyl- and p,p'-dimethylbenzhydryl 
chloride in 80% aqueous acetone.6 Their data show

(1) T a k e n  fro m  th e  P h .D . T h esis  of M . Q. M a lte r , B ry n  M a w r C ollege, 
J u n e , 1952.

(2) S. N ish id a , J .  Org. C hem ., 32 , 2692, 2695, 2697 (1967).
(3) D e v ia tio n s  fro m  a d d i t iv i ty  in  th e  so lvo ly sis  of b en z h y d ry l ch lo rid es  

h a v e  b ee n  ob serv ed  a n d  d iscussed  b y  J .  R . F ox  a n d  G . K o h n s ta m , Proc. 
Chem . Soc. (L o n d o n ), 115 (1964).

(4) P . D . B a r t le t t  a n d  G . D . S a rg en t, J .  A m er . Chem . Soc., 8 7 ,1 2 9 7  (1965); 
P . v o n  R . S ch le y er a n d  G . W . V an  D in e , ib id ., 88 , 2321 (1966).

(5) E . D . H ughes , C . K . In g o ld , a n d  N . A . T a h e r , J .  Chem . Soc., 949 
(1940); M . G . C h u rch , E .  D . H ughes , a n d  C . K . In g o ld , ib id ., 966 (1940); 
M . G . C h u rc h , E .  D . H ughes , C . K . In g o ld , a n d  N . A. T a h e r , ib id ., 971 
(1940); L . C . B a te m a n , E . D . H ughes , a n d  C . K . In g o ld , ib id ., 974 (1940);
L . C . B a te m a n , M . G . C h u rc h , E .  D . H ug h es , C . K . In g o ld , a n d  N . A. 
T a h er, ib id ., 979 (1940).

that one p-methyl group increases the reactivity by a 
factor of 29.6, but that p,p'-dimethylbenzhydryl 
chloride reacts only 567 times as fast as the parent 
compound, instead of 876 times, if additivity had 
strictly prevailed.

Our data are reported in Table I. Because of a 
slight difference in solvent composition (see Experi
mental Section) and the great sensitivity of the rates 
to water content,6 our values for the rate constants 
differ slightly from those of Ingold, et al., but the 
general pattern is the same. The solvolysis of p,p'- 
dimethylbenzhydryl chloride in aqueous acetone is not 
only very fast, but has a very strong mass law effect in 
the concentration range here used. The rate constants 
reported, ours, as well as the literature values, were 
obtained by extrapolation to 0% reaction, and our 
data for the dimethyl derivative are only approximate. 
However, in the alcoholysis (ethanolysis, 2-pro- 
panolysis) of the same compound, which is not beset by 
these difficulties, analogous results were obtained2 
which leaves no doubt as to the over-all validity of the 
results.

The pjp'-dimethyl compound does not react as fast 
as it should on the basis of additivity. This is also 
true of p,p'-di-i-butylbenzhydryl chloride, but with the 
less powerful electron-releasing effect of the i-butyl 
group, the difference between observed and calculated 
values is less than with methyl.

The situation is similar, although reversed in an 
absolute sense, when the substituents have an electron- 
attracting effect and therefore destabilize the carbonium 
ion. The chlorine atom in p-chlorobenzhydryl chloride 
lowers the rate of solvolysis, but the second chlorine 
hinders the reaction less than the first, and p,p'- 
dichlorobenzhydryl chloride does not solvolyze as 
slowly as calculated. This is true also of the bromine 
atom, but to a somewhat lesser extent. The deviations 
caused by the halogens are barely noticeable in the 
alcoholysis but the deviations become quite pro
nounced when more than two substituents are pres
ent.2

The results confirm that in this particular system 
characteristic deviations from additivity occur. 
Nishida has shown that this can formally be expressed 
by assigning two different p values to the reactions of 
mono- and disubstituted benzhydryl chlorides, or by 
modifying the Hammett equation by the inclusion of 
more parameters. But the physical meaning of the 
deviations must be that in a system such as the benz
hydryl system, the second of two identical sub
stituents does not affect the reaction to the same 
extent as the first, and that their effects appear to 
oppose each other. Consequently, both cannot in
teract with the developing carbonium ion as effectively 
as can one alone. The result which is noted in the 
rate studies is that the second substituent has less 
effect than the first, but, because of the complete 
symmetry of the system, the effect of both substituents 
must be diminished to the same extent.

This lack of additivity is not necessarily confined to 
transition states. It has also been noted in the dis
sociation of substituted triphenylmethyl halides in

(6) F o r  in s ta n c e , see V. J .  S h in er, J r . ,  a n d  C . J .  V erban ic , J .  A m er. 
Chem . Soc., 79, 369 (1957).
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R a t e  D a t a  f o r  t h e  S o l v o l y s i s  o f  S u b s t i t u t e d  B e n z h y d r y l  C h l o r i d e s

Table I

S o lv en t, Temp, k i  X 106, { k / k  H)obad/
S u b s t itu e n ts % ac e to n e °C s e c -1 k / k s (&/&H)calcd (&/&H)calcd

H 80 0 0.277
p-c h 3 80 0 7.70 27.8“
p,p'-di-CH3 80 0 -4 6 2 -5 8 5 773 —0.76°
H 80 25 6.07
p-Cl 80 25 1.93 O CO GO

p,p'-di-Cl 80 25 0.840 0.138 0 .101 1.37
p-Br 80 25 1.66 0.273“
p,p'-di-Br 80 25 0.555 0.0914 0.0745 1.23
H 90 25 0.507
p-CHa 90 25 1 1 .2 22 . l d
p,p'-di-CH3 90 25 —143 —282 488 —0.58
P-Î-C4I I9 90 25 5.77 11.4“
p,p'-di-i-C4Hs 90 25 56.0 110 130 0.85

“Lit.6 29.6. 6Lit.6 0.65. Ratios of 0.60 and 0.62 were found in the ethanolysis and 2-propanolysis, respectively.2 “Values of 0.328 
and 0.251 were observed in the solvolysis in 70% aqueous acetone for the p-chloro and p-bromo compounds, respectively: G. Kohnstam, 
J .  C hem . S o c ., 2066 (1960). ^Lit.5 20.6. "Lit.610.9 and 10.5 in 80% acetone at 25°.

liquid sulfur dioxide7 and the ionization of substituted 
triphenylmethanols in concentrated sulfuric acid.8'9

Experimental Section

The known benzhydryl halides were prepared by literature 
procedures, and their melting points or boiling points agreed 
with those reported in the literature. p,p'-Di-i-butylbenzo- 
phenone was prepared from i-butylbenzene and carbon tetra
chloride10 and forms white crystals (ligroin) of mp 134.6-134.9° 
uncor.

A n a l .  Calcd for C21H260 : C, 85.66; H, 8.90. Found: C,
85.66; H, 8.89.

The 2,4-dinitrophenylhydrazone melts at 202-203°.
A n a l .  Calcd for GnELoChNu C, 68.33; H, 6.37. Found: 

C, 68.30; H, 6.02.
p,p'-Di-i-butylbenzhydrol forms white crystals (ligroin) of mp

102-102.4° uncor.
A n a l .  Calcd for C2,H280 : C, 85.08; H, 9.52. Found: C,

85.07; H, 9.52. p,p'-Di-i-butylbenzhydryl chloride, prepared 
from the above with dry hydrogen chloride, was recrystallized 
from ligroin and had mp 122.5-123°.

A n a l .  Calcd for C2,H27C1: C, 80.09; H, 8.64. Found: C,
80.06; H, 8.71.

Acetone was purified by the method of Conant and Kirner.11 
The 80 and 90% acetone were prepared by adding 200 or 100 ml 
of distilled water to a 14. volumetric flask and diluting with 
acetone to the mark. These solvents contain slightly more ace
tone than the solvents used by Ingold, et a l .,5 who prepared them 
by mixing appropriate volumes of acetone and water. Solvent 
batches prepared for runs at different temperatures were not 
comparable. Rate constants were determined in the usual way 
by quenching 10-ml samples in 100 ml of ice-cold acetone and 
titrating with standard Ba(OH)2. They were calculated for 
each point from the integrated form of the first-order rate equa
tion. The initial concentration of chloride was determined from 
an infinity titer. The concentrations ranged between 0.035 and 
0.04 M . Runs were usually conducted in triplicate, and rate 
constants within one run, as well as in duplicate runs, usually 
agreed within a few per cent. The rate constants for ¡o-methyl- 
benzhydryl chloride in 80% acetone, and those for the p ,p '~  
dimethyl compound, in both 80 and 90% acetone, fell as the 
reaction progressed, those of the dimethyl compound much 
more than the monomethyl compound, and more in 80% than

(7) N . C . D eno  a n d  A . S ch rie she im , J .  A m er . C hem . Soc., 77 , 3051 (1955).
(8) N . N . L ich tin , Progr. P h y s . Org. Chem ., 1, 75 (1963).
(9) T h e  a rg u m e n t, su g g es ted  b y  a  referee , t h a t  th e  re s u lts  of th e  so lvo lysis  

m ig h t b e  ca u sed  b y  d iffe re n t e x te n ts  of ion  p a ir  r e tu rn  in  m ono  a n d  di- 
s u b s t i tu te d  b e n z h y d ry l ha lides , offers a n  a l te rn a te  e x p la n a tio n . H ow ever, 
i t  is  m u c h  le ss  lik e ly  t h a t  th is  a rg u m e n t a c c o u n ts  fo r  th e  re s u lts  of th e  a l
coho ly sis , o r  th e  d a t a  q u o te d  a t  th e  end  of th e  p a p e r.

(10) T h e  p ro c e d u re  w as s im ila r to  t h a t  desc rib ed  fo r  th e  p re p a ra tio n  of 
b en z o p h e n o n e  b y  C . S. M a rv e l a n d  W . M . S p e rry , “ O rgan ic  S y n th e se s ,” 
C oll. V ol. I ,  2 n d  ed , J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1948, 
p  95.

(11) J .  B . C o n a n t a n d  W . R . K irn e r , J .  A m er. Chem . Soc., 46, 232 (1924).

in 90% acetone.1 Rate constants were extrapolated to 0% re- 
action by visually fitting the best smooth line through the points. 
Because of considerable scatter, the values for p,p'-dimethyl- 
benzhydryl chloride are not very precise, but the constant in 
80% acetone agrees with the constant obtained similarly by 
Ingold, et a l.

Registry No.—p,p'-Di-i-butylbenzophenone, 15796-
82-4; p,p'-di-f-butylbenzophenone 2,4-dinitrophenylhy
drazone, 16607-59-3; p,p'-di-f-butylbenzhydrol, 16607-
60-6; p,p'-di-(-butylbenzhydryl chloride, 16622-59-6.

The Synthesis and Anionic Properties of
1,3-Dithiane 1-Oxide

R o b e r t  M. C a r l s o n  a n d  P a u l  M. H e l q u i s t 1

D e p a r tm e n t o f  C h em is try , U n iv e r s ity  o f  M in n e s o ta  a t D u lu th , 
D u lu th , M in n e s o ta  5 5 8 1 2

R eceived  D ecem ber 21 , 196 7

Corey and coworkers have recently developed a va
riety of reagents for organic synthesis utilizing the 
properties of sulfur (in various oxidation states) to 
stabilize carbanions.2“6 The anion I derived from the 
title compound, 1,3-dithiane 1-oxide (II), incorporates 
the structural features of two of these reagents, the 
“dimsyl anion” (III)2 and the dithienyl anions (IV),3 4 5 
and has been found to undergo reactions common to 
both.

n  ?
c h  —  s — ch2_ SY ”

R

I III IV

(1) A N a tio n a l S cience F o u n d a tio n  U n d e rg ra d u a te  S u m m e r R esea rc h  
P a r tic ip a n t, 1967.

(2) E . J .  C o rey  a n d  M . C h ay k o v sk y , J .  A m er. Chem . Soc., 87 , 1345 (1965).
(3) (a) E .  J .  C o rey  a n d  D . S eebach , A ngew . Chem . In te rn . E d . E ng l., 4, 

1075, 1077 (1965); (b) E . J .  C o rey , D . S eebach , a n d  R . F re e d m a n , J .  A m e r . 
Chem . Soc., 89 , 434 (1967); (c) E . J . C o rey  a n d  D . C rouse , J .  Org. C hem ., 33, 
298 (1968); (d) D . S eebach , N . R . Jo n e s , a n d  E . J .  C o rey , ib id ., 33, 300 
(1968).

(4) (a) E . J .  C o rey  a n d  D . S eebach , ib id ., 31, 4097 (1966); (b) E . J .  C o re y  
a n d  T . D u rs t ,  J ,  A m er. Chem . Soc., 88, 5656 (1966).

(5) E . J .  C o re y  a n d  M . C h ay k o v sk y , ib id ., 87, 1353 (1965).
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1,3-Dithiane was carefully oxidized with 1 equiv of 
sodium metaperiodate6 to yield (94%) a compound 
with the physical properties expected for 1,3-dithiane 1- 
oxide (II), including an interesting nuclear magnetic 
resonance spectrum, in which only one of the diastereo- 
meric protons at C-2 exhibits further coupling (Jgem = 
12 cps and J  = 2.5 cps). This unusual behavior might 
be ascribed to conformational stability of the 1,3- 
dithiane 1-oxide ring, where only one proton (at lower 
field and presumably equatorial) is properly orientated 
for further coupling with a methylene proton adjacent 
to sulfur. Some justification for this position is found in 
the spectrum of another compound under investigation,
1,3-oxathiane 3-oxide (V), in which one would expect a 
greater amount of ring flexibility7 and where an ABX 
pattern (JAB = 11 cps, J Ax — < /b x  = 1.5 cps)8 is ob
served for both the protons at position 2.

V

The optimum procedure found for rapid anion forma
tion with minimum decomposition was to add (under 
nitrogen) 1 equiv of n-butyllithium to a cooled solution 
(0 to —10°) of the sulfoxide in dry tetrahydrofuran. 
Anion formation was rapid as evidenced by the suc
cessful reaction of the anion with benzophenone (79%) 
within 5 min after the final addition of n-butyllithium. 
Moreover, indications that reactions with the anion 
were also complete within minutes were found by thin 
layer analyses of the reaction mixtures.

1,3-Dithiane 1-oxide exhibits properties common to 
both sulfoxides and to dithianes in the anionic addi
tion to benzaldehyde and benzophenone (see Chart I

C h a r t  I

r ^ i
, s ^ s

0 ^  c r  -  T
R

v n i  ix

and Table I). Moreover, the anion can be allowed to 
react with ethyl benzoate to form the /3-keto sulfoxide 
VIII (sulfoxides only) and alkylated dithianes only.9

(6) N . J . L e o n ard  a n d  C . R . Jo h n so n , J .  Org. Chem ., 27, 282 (1962).
(7) F . G . R id d e ll, Quart. Rev. (L ondon ), 21, 373 (1967).
(8) K . C . R a m se y  a n d  J . M essick  f Tetrahedron Lett., 49, 4423 (1965)] find 

1 ,3-d ioxanes h av e  coup lings (C-2) of J 2a — Jze — 6.2 cps /J i*  — Jee =  1.5 
cps.

(9 ) F o r  a n  excep tion , see th e  a lk y la tio n  of /3-keto su lfoxides: G . R usse ll, 
E . S abou rin , a n d  G . J .  M ik o l, «/. Org. Chem ., 31, 2854 (1966).

T a b l e  I
No. C om p o u n d Y ield ,“ %  m p ,6 °C

I I 1,3-Difchiane 1-oxide 94 8 7 -8 8
V I 2 -M e th y l- l ,3 -d ith ia n e  1-oxide 14c 9 3 -94
V II 2 -B en z y I- l ,3 -d ith ia n e  1-oxide 24 9 5 -96
V i l i 2 -B en z o y l- l,3 -d ith ian e  1-oxide 52 134-136
IX 2 -(P h e n y lh y d ro x y m e th y l)- l ,  3 -d ith ia n e  

1-oxide
54 185-191 dec

X 2 -(D ip h e n y lh y d ro x y m e th y l)- l,3 -d ith ia n e 79 155-156  dec
l-o x id e

° Yield of compound exhibiting one spot on thin layer chroma
tography. b Melting point of analytical sample. c Analytical 
sample.

The position of alkylation was confirmed to be at C-2 
by comparison of the alkylated products with samples 
obtained by the oxidation of the corresponding methyl- 
or benzyl-1,3-dithiane with sodium m-periodate.

Like dithienyl anions (IV), the anion I possesses con
siderable nucleophilic character as shown by the suc
cessful benzylation with the absence of any products 
(e.g., stilbenes) characteristic of the reaction of the 
“dimsyl anion” with benzyl halides.2

In a t least one reaction, the anion I shows consider
able stereoselectivity. For example, the addition prod
uct of I and benzophenone generates a second asym
metric atom at C-2, yet a single diastereomer (single 
spot on tic, sharp melting point) is isolated in high 
yield (79%). The presence of multiple asymmetric 
atoms does, however, appear to present a problem with 
the alkylated derivatives, where the preparation of pure 
samples was quite difficult.

Experimental Section

Melting points were taken in capillaries, and are uncorrected. 
Infrared spectra were taken on a Beckman IR 10 spectropho
tometer. Nmr spectra were obtained on a Yarian A-60 spec
trometer, with tetramethylsilane as an internal standard. The 
elemental analyses were by Galbraith Laboratories, Inc., Knox
ville, Tenn. The dry tetrahydrofuran was prepared shortly 
before use by distillation over calcium hydride.

1,3-Dithiane 1-Oxide (II).—To a cooled solution of dithiane 
(2.00 g, 16.7 mmol) in methanol (125 ml) was added an aqueous 
solution (35 ml) of sodium metaperiodate (3.68 g, 17.5 mmol) at 
such a rate (approximately 30 min) to maintain the temperature 
at 20°. Stirring and cooling were continued for an additional 30 
min. The reaction mixture was then filtered to remove sodium 
iodate, and the resulting solution taken to near dryness on the 
rotary evaporator. Extraction of the solids with chloroform 
produced a solution which when dried over sodium sulfate, 
filtered, and evaporated left the crystalline sulfoxide: 2.13 g,
15.7 mmol, 94%; mp 86-87°; ir (CHCL) 1030 cm-1 (S — O); 
nmr (CDCb), S 3.84 [q, 2, -S (— 0)C H 2S-], 3.2 [m, 1, -CH 2S- 
(—►O)—], 2.8 [m, 1, -C H 2S(-»-0)-], 2.3 (m, 4). Two recrystal
lizations from chloroform-cyclohexane gave the analytical sam
ple, mp 87-88°.

Anal. Calcd for C4H8S20 : C, 35.26; H, 5.92; S, 47.07. 
Found; C, 35.40; II, 6.10; S, 47.20.

Anion Generation (General Procedure).—The flask containing 
a solution of 1,3-dithiane 1-oxide (0.27 g, 2.0 mmol) in dry tetra
hydrofuran (8 ml) was flushed with dry nitrogen, sealed with 
serum caps, and placed under positive nitrogen pressure. When 
the stirred reaction mixture reached —10 ° (ice-calcium chloride), 
n-butyllithium-hexane (Alpha Inorganics Inc., 2.0 mmol) wras 
introduced dropwise with a hypodermic syringe. As the yellow 
color resulting from each drop of the n-butyllithium solution was 
dispersed through the solution, 1 additional drop was added. 
In this manner, the temperature of the reaction mixture never 
exceeded —5°. The resulting solution of the carbanion was used 
in subsequent reactions w'ithin 5-10 min.

2-Methyl-l,3-dithiane 1 -Oxide (VI).—To a solution of the 
carbanion prepared from 0.27 g (2.0 mmol) of the sulfoxide was 
added methyl iodide (0.35 g (2.5 mmol) in 3 ml of tetrahydro
furan). The solution was stirred at 0° for 30 min and then
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allowed to come to room temperature over a period of 60 min. 
The solution was evaporated and the organic products were ex
tracted from the solid residue with chloroform. Evaporation gave 
a colorless oily solid. Two recrystallizations from chloroform gave 
analytically pure 2-methyl-l,3-dithiane 1 -oxide (VI): yield
0.043 g (0.2S6 mmol), 14%; mp 93-94°.

Anal. Calcd for C6H10S2O: C, 39.97; H, 6.71; S, 42.68. 
Found: C, 40.25; H, 6.89; S, 42.79.

2-Benzyl-1,3-dithiane 1-Oxide (VII).—Benzyl bromide (0.69 g,
4.05 mmol) was added to a solution of the carbanion produced 
from 0.500 g (3.68 mmol) of 1,3-dithiane 1 -oxide (II). After 
stirring for an additional 4 hr, the reaction mixture was poured 
into water (75 ml) and acidified with hydrochloric acid. Extrac
tion of this mixture with chloroform gave a solution that was 
dried over anhydrous sodium sulfate and treated with decolorizing 
carbon. Concentration of the solution gave an oil (0.90 g) that 
was purified by preparative thin layer chromatography (5% 
ethanol in chloroform) to give an oil that slowly crystallized: 
mp 51-65°; yield 0.202 g (0.888 mmol), 24%. The analytical 
sample (mp 95-96°) was prepared using cyclohexane-chloroform 
as solvent.

Anal. Calcd for CuH 14OS2: C, 58.36; H, 6.23; S, 28.33. 
Found: C, 58.70; H, 6.32; S, 28.50.

1- Benzoyl-1,3-dithiane 1-Oxide (VIII).—To a solution of the 
carbanion I produced from 1.00 g of the sulfoxide (7.36 mmol) 
was added ethyl benzoate (0.55 g, 3.67 mmol). After stirring 
for 20 min the reaction mixture was poured into water (50 ml) and 
carefully acidified to pH 3. Extraction with chloroform produced 
a yellow solution which was washed with water, dried over sodium 
sulfate, and filtered. The chloroform was removed to leave a 
yellow oil (1.01 g) that was purified via preparative thin layer 
chromatography (5% ethanol in chloroform): yield 0.45 g (1.90 
mmol), 52%, off-white crystals; ir (CHC13) 1050 cm-1, broad 
(S—*-0), 1670 (C = 0 ), 3430 (enol). Two recrystallizations 
from ethyl acetate-cyclohexane gave the analytical sample, mp 
134-136°.

Anal. Calcd for CnHI2S20 2: C, 54.96; H, 5.03; S, 26.68. 
Found: C, 55.21; H, 4.99; S, 26.71.

2- (Phenylhydroxymethyl)-l,3-dithiane 1-Oxide (IX).—A solu
tion of the carbanion I in tetrahydrofuran was prepared in the 
usual manner from 0.50 g (3.68 mmol) of the sulfoxide. To this 
solution was added, over a 3-min period, a solution of benzalde- 
hyde (0.47 g, 4.42 mmol) in tetrahydrofuran. The reaction 
mixture was stirred for 15 min ( — 5°) and the product (0.48 g,
2.0 mmol, 54%, mp 120-170°) isolated as for VII. The analyti
cal sample (mp 185-191° dec) was prepared from chloroform- 
cyclohexane.

Anal. Calcd for C11H14O2S2: C, 54.51; H, 5.82; S, 26.46. 
Found: C, 54.71; H, 5.90; S, 26.21.

2-(Diphenylhydroxymethyl)-l,3-dithiane 1 -Oxide (X).—To the 
solution of the carbanion (2.0 mmol) as prepared above was added 
a solution of benzophenone (0.34 g, 1.9 mmol) in dry tetrahydro
furan (2 ml). After stirring for 20 min, the product (0.49 g, 1.5 
mmol, 79%, mp 158-162°) was again isolated as for VII. Several 
recrystallizations from chloroform-cyclohexane gave the analyti
cal sample, mp 155-156° with decomposition.

Anal. Calcd for CnHiS0 2S2: C, 64.12; H, 5.70; S, 20.14. 
Found: C, 63.86; H, 5.65; S, 20.23.

1.3- Oxathiane 3-oxide (V) was prepared by the sodium meta
periodate oxidation (see preparation of II) of 1,3-oxathiane: 
78%; bp 139-141° (0.6 mm); nmr (CDClj), S 4.63 (q, 2 , 
-S(—*-0)CH20 ), 3.85 (t, 3, OCH,-), 3.1 (m, 2, -S (^ 0 )C H 2-),
2.0 (m, 2, -C H 2-).

Anal. Calcd for C4H80 2S: C, 39.93; H, 6.71; S, 26.68. 
Found: C, 40.01; H, 6.87; S, 26.84.

1.3- Oxathiane is a new compound10 formed by the reaction of 
3-mercapto-l-propanol with dimethoxymethane in boron tri
fluoride etherate-acetic acid.11 Isolation of the crude product 
was effected by washing a chloroform solution of the reaction 
mixture several times with water and subsequent steam distilla
tion from 10% potassium hydroxide. Vacuum distillation gave 
pure 1,3-oxathiane: 48%; bp 96-100° (100 mm.); nmr (pure 
liquid), S 4.72 (S, 2, SCH20), 3.75 (t, 2, OCH2-), 2.82 (t, 2, 
SCH.-), 1.8 (m, 2).

(10) D . S. B reslow  a n d  H . S ko ln ik , in “ H e te ro cy c lic  C o m p o u n d s ,”  Vol. 
21, A. W e issberger, E d ., In te rsc ie n c e  P u b lish e rs , In c ., N ew  Y ork , N . Y ., 
1966, p  805.

(11) L . F . F ieser, J .  A m er. Chem. Soc., 76 , 1945 (1954).

Anal. Calcd for C4H8OS: C, 46.12; II, 7.74; S, 30.78. 
Found: C, 46.43; H, 7.89; S, 30.81.

Registry No.—II, 16487-10-8; VI, 16452-25-8; VII, 
16452-26-9; VIII, 16452-27-0; IX, 16452-28-1; X, 
16452-29-2; V, 16452-30-5.
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The formation of a-i-aminoalkanone oximes in the 
photoaddition of N-nitrosamines to olefins led us to 
investigate the separation and identification of syn 
and anti isomers in the product (Chart I).1 These pho
toadditions, as carried out under acidic conditions, us
ually gave exclusively or preferentially one isomer.1-4 
In cases where two geometric isomers were formed and 
could be isolated in the pure states, the assignment of 
syn or anti structures was often possible from compari
son of their physical properties, although the evidence 
was tenuous.3'4 Where only one isomer was isolated, 
however, assignment was no more than a reasonable 
guess since there were no general rules available.1-4 
In view of recent interest in the a-substituted (methoxy, 
mercapto, and halógeno groups) alkanone oximes,6-7 it 
is desirable to establish a method by which syn and anti 
isomers can be identified rapidly. To this end, a sys
tematic study has been carried out on the a-i-amino- 
alkanone oximes and is reported in this communication. 
In the sequel it is shown that compounds V and VI must 
possess the anti configuration, contrary to our original 
suggestion.1’3

The compounds examined (I-VII) were available 
from the previous preparative work.1-4 The com
pounds of VIII series were prepared by the oximation 
of the appropriate a-aminoacetophenone4 and/or by 
a photoaddition of the appropriate nitrosamine to 
styrene3 followed by extensive chromatography. The 
melting points of all isomers in VIII series correspond to 
those prepared by different routes as reported by 
Fischer and Grob8 with the exception of anti-YIIIc 
which is a new compound. These compounds can be 
conveniently divided into two groups; those in which

(1) Y . L. C how , C an. J .  Ckem ., 43, 2711 (1965).
(2) Y . L . C how , J .  A m er. Chem . Soc., 87, 4642 (1965).
(3) Y . L . C how , S . C . C hen , a n d  C . J .  C o lón , J .  Org. C hem ., 32 , 2109 

(1967).
(4) Y . L. C how  a n d  C . J. C olon , C an. J .  C hem ., 45, 2559 (1967).
(5) R . L. A u tre y  a n d  P . W . S cu lla rd , J .  A m er. Chem . Soc., 87, 3284 (1965).
(6) M . O hno , M . O k am o to , a n d  K . N u k a d a , Tetrahedron Lett., 4047 (1965).
(7) M . O hno , N . N a ru se , S . T o rim itsu , a n d  I . T e ra sa w a , J .  A m er . C hem . 

Soc., 88, 3168 (1966).
(8) H . P . F isch e r a n d  C . A . G ro b , H elv. C h im . A c ta ., 45, 2528 (1962).
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C h a r t  I

a , R i, Rç, R& R 4 — H  
b 1R i= C H 3;R 2)R3)R4 = H
c, R> =  CH3; R i, R ,, R4 “  H
d, R , =  f-Bu; Rj, R>, R4 =  H
e, R i, R 4 — CH3; Rg, R j — H

Ç3H,

C A C - C - N ^ )  

N H 

OH
n in

Va, X = piperidino
b, X= morpholino
c, X = pyrrolidino
d, X =  dimethylamino

VIII

H
_Zçi___ ¿2 2/ >

nvn  y V V
— H-"V

IX X

both isomers are available (I-IV and VIII) and those in 
which only one isomer is available.

The particular structural features of «-aminoal- 
kanone oximes permit one to speculate on syn and anti 
configurations based on logical deduction of hydrogen 
bonding properties and anisotropic effects of the oxi- 
mino group.9-12 Thus if both syn and anti isomers are 
available, differentiation of isomers and correlation of 
properties with structure may be made with data ob
tained from techniques such as infrared and nmr 
spectroscopy, chromatography, and solubility and 
melting point determinations. Identification of some 
similar syn and anti isomers by means of a color test and 
by ultraviolet spectroscopy has been reported.8 Both 
methods suffer from obvious disadvantages; namely, 
(i) in the former the pure sample is required and (ii) the

(9) L . M . J a c k m a n , “ A p p lic a tio n  of N u c le a r  M ag n e tic  R eso n an c e  Spec
tro sc o p y  in  O rgan ic  C h e m is try ,” P e rg am o n  P re ss  L td ., O xford , E n g lan d , 
1969, p p  6 6 -71 .

(10) G . J .  K a ra b a tso s , R . A. T a lle r, a n d  F . M . V ane, J .  A m er. Chem. Soc., 
85, 2327 (1963).

(11) cf. W . F . T ra g e r  a n d  A . C . H u itr ic , Tetrahedron Lett., 825 (1966).
(12) cf. H . S a ito  a n d  K . N u k a d a , J .  M ol. Spectrosc., 18, 1 (1965).
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Figure 1.—The thin layer chromatograms of the oximes on 
alumina with 1.5% MeOH in CHC13: 1 , syn-lb ; 2, anti-lb ; 3, 
syn-Ic; 4, anii-Ic; 5, syn-Id; 6, anti-U; 7, anti-VII; 8,syn-IV; 
9, anti-IV; 10, anti-Va; 11, anti-Yb; 12, anti-Yc; 13, anti-Vi; 
14, syn-II; 15, anti-II.

correlation is limited to a-aminoacetophenone oximes 
in the latter.

From the structural point of view the major differ
ence between the syn and anti isomers of these oximes 
appears to be caused by hydrogen bonding. Thus the 
syn isomer should favor intramolecular hydrogen bond
ing, while the anti isomer can only undergo intermolec- 
ular hydrogen bonding. This argument is well vali
dated by the following general observations; namely, (i) 
the syn isomer is always more soluble in nonpolar sol
vents (e.g., cyclohexane and benzene) than the corre
sponding anti isomer, (ii) the syn isomer is invariably 
less strongly adsorbed than the corresponding anti iso
mer in column or thin layer chromatography (see Figure 
1), and (iii) syn-III (2-piperidinoindanone oxime) is 
readily sublimed under conditions where anti-III can
not be sublimed.

Direct observation of inter- and intramolecular hy
drogen bonding in the 3200-3600-cm-1 region employ
ing dilution techniques does not afford an unequivocal 
answer since oximino hydroxyl groups of both syn and 
anti isomers show a broad peak at the 3250-cm-1 region 
and sharp peak at the 3590-cm-1 region in CC14 solution. 
I t is, however, worth mentioning that the 3250-cm-1 
peaks of syn isomers are usually less intense and at
tenuate more quickly on dilution. The usefulness of 
this technique is, however, severely reduced by the 
limited solubility of some oximes.

Nmr spectroscopy is, however, a more amenable 
physical method for distinguishing the syn and anti 
isomers owing to two salient facts; namely, (i) drastic 
downfield shift of the intramolecularly hydrogen 
bonded OH signal in comparison with an intermolecu- 
larly hydrogen bonded one9 and (ii) the distinct aniso
tropic effects of the oximino group on the neighbouring 
proton signals.10-12 The former point is well borne out 
by the downfield shift of OH signals of syn-oximes in 
comparison to those of the corresponding awfi-oximes 
(Table I).

From nmr studies by various groups8-11 the long- 
range shielding effects of an oximino group on «-hydro
gen atoms are now fairly well understood. Thus the 
proton a  to both the oximino and the amino group is 
expected to resonate at a lower field in the syn-oxime 
than in the anff-oxime.10 Although the agreement dis
played in Table I is excellent within each pair, a sys
tematic correlation of the chemical shifts of the syn 
and anti isomers cannot be made. This failure clearly 
reflects the very subtle change of the magnetic en
vironment experienced by the proton in question as 
controlled by a small change in conformation. Further
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T a b l e  I

2-i-AMINOALKANONE OXIME

C om p o u n d M p, °C O H

C h em ica l sh ifts  
( r  v a lu e )“ 

N C H r  o r N C H -

syn- la 117-117.5 - 3 .3 6.26
anti-la 133-134 - 0.8 6.67
syn- lb 73-76 - 2.0 6.18'
anti-Vo Liquid 0.9 6.59'
syn-Ic 97-99 - 2.0 6.29
anti-la 6.72d
syn- Id 171-174 - 1 . 1 6.26
anti-ld 6 .68d
anti- Ie 161-164 5 .916
syn- II Liquid 1.3 7.06'
anti- II Liquid 2.7 7.23'
sj/n-III 101-103 - 2.6 5.54/
anti-ill 171-174 - 0.02 5.83^
syn-TV 71-73 -0 .6 5 6.77'
anti-TV 84-85 0.60 7.22'
anti-Va, 118-120 0.5 7.28»
anli-Y b 113-114 0.7 7.25»
anti-V c 123 0.6 7.22»
anti-Y d 120- 12 1 ' 0.7 7.34»
anti-V1 152-154 1.3 6.55'
anti-Y II 135-136 - 0 .5 6 .1 1
sj/n-VIIIb 146-149'“ - 2 .1 6.27
anh-VIIIb 116-119'“ 0.6 6.64
sj/n-VIIIc 1 10 - 1 1 1 - 0 .5 6.13
anti-Y lllc 69-71'* 2.0 6.51
sj/n-VIIId 117-119'“ 6.351“
onh-VIIId 80-83'* 6.586
“ The nmr spectra were taken in CDC13 solution with internal 

TMS standards unless specified otherwise and melting points 
were recorded with a Fisher-Johns hot stage. b The nmr spectra 
were recorded in pyridine solution. ' The coupling patterns are 
AB quartet where 5 = 35 cps, J  = 15.5 cps for syn-Vo and S — 
34 cps, J  = 14 cps for anti-lb. All other corresponding signals in 
I series and VIII series are singlets. d These values were obtained 
from nmr spectra of mixtures. '  Unsymmetrical triplets. / The 
X proton of the ABX system. » These signals are not well- 
defined multiplets with the width at the half-height ranging 8-10 
cps. h The reported melting points in ref 8 are sj/ra-VIIIb 147- 
149°, anti-Y lllb  116-120°, anti-V llle  78-79°, sj/n-VIIId 118- 
120°, and a n ti-\H U  82-84°. i This melting point was errone
ously given as 111-113° in our previous publication (ref 3).

useful information obtainable from the nmr data is the 
chemical shifts of the proton ortho to the oximino group 
in the syn-anti pair of III. Here the anti-III has the 
OH group oriented cis to the ortho proton (Hd) which is 
therefore more deshielded than the corresponding pro
ton in st/n-III. Such differential shielding on ortho pro
tons in syn and anti isomers is not observed in the I and 
VIII series possibly due to the difficulty of the benzene 
ring assuming a conformation coplanar with the oximino 
group in these compounds.

Owing to scattering of the chemical shifts in the nmr 
correlation and the difficulty of reproducing the exact 
conditions in thin layer chromatography (tic), neither 
method provides a direct assignment of a syn or an anti 
configuration where only one isomer is available. 
Nevertheless, advantage is taken of the fact that a syn 
and anti isomeric pair shows widely separated spots in 
many solvent systems on a thin layer chromatogram 
and that the syn isomers show yellow spots while the 
anti show dark brown spots on interaction with iodine 
vapor. Since 2-piperidino- (Va), 2-morpholino- (Vb), 2- 
pyrrolidino- (Vc), and 2-dimethylaminocyclohexanone

oximes (Vd)13 and 2-piperidinocyclopentanone oxime
(VI) are structurally very similar to 2-dimethylamino- 
cyclooctanone oximes (IV), the tic behavior of the lone 
isomer of the former group can be compared with the 
last pair of isomers {syn- and anti-TV) under the same 
conditions. The tic results indicate that these lone iso
mers move with similar R f values and show the same col
oration as anti-TV and therefore must be assigned the 
anti configuration. I t  is also obvious now that the pre
viously published nmr data1 of V can be rationalized un
equivocally with the trans configuration. The similar tic 
comparison of the lone isomer of'a-(l,2,3,4-tetrahydro- 
isoquinolino)acetophenone oxime4 (VII) with syn- and 
anti-la (a-piperidinoacetophenone oxime) fails to give 
clear-cut indication by R{ value but the coloration with 
iodine no doubt identifies this compound as the anti 
isomer. It should be mentioned further that due to a 
complication from steric factors the nmr method could 
not afford a distinction between syn and anti configura
tion4 of Id. This assignment, however, is neatly re
solved on the basis of the tic mobilities of the two 
isomers.

Assignment of V and IV to the anti configuration 
brings us to consider the steric factor in the tautomeri- 
zation of the corresponding C-nitroso compounds IX. 
The major factors controlling the thermodynamic 
stabilities of the syn and anti configurations of these 
a-amino ketoximes are (i) the steric effects attending at 
the vicinity of the oximino group and (ii) the strength of 
intramolecular hydrogen bonding between OH and the 
lone pair electrons of the amino moieties (see X). The 
mechanism of intramolecular proton transfer via a 
cyclic transition state, which gives a syn configuration, 
should possess a transition state very similar to the 
conformation of a syn-oxime. Inspection of Dreiding 
models reveals that for syn isomers of IV and V (and 
larger ring analogs) to assume a conformation capable 
of hydrogen bonding (see X) the N-alkyl groups are in 
the eclipsing position with the other two bonds of C-2. 
This nonbonded interaction no doubt counterbalances 
the energy gain in intramolecular hydrogen bonding to 
give a net destabilization of the syn configuration. 
Such destabilization is most obvious in the con- 
formationally less flexible cyclohexanone derivative 
giving only anti isomers. As the ring sizes increase 
(and, therefore, the flexibility increases) to an eight- 
membered ring and then to the freely flexible acyclic 
amino oxime (such as II), the yield of syn isomer also 
increases since the nonbonded interaction can be les
sened by twisting the C-N (amine) bond slightly. 
This twisting also causes a weakening of the intramolec
ular hydrogen bonding since the lone pair electrons have 
to rotate away from the C=N-OH plane. These two 
factors counterbalance each other to yield a net result 
of the observed syn-anti ratio.3 Owing to the ring 
strain imposed on the conformation of a five-membered 
system, the oximino OH and the piperidine in VI are 
too far apart to make any effective intramolecular hy
drogen bonding. The geometry of the transition state 
in this case is therefore solely decided by steric factors 
which favor the anti isomer as the product in the tau- 
tomerization. With the hope of elucidating the rela
tive importance of these two factors, a basic equilibra-

(13) I t  is p e r t in e n t  to  p o in t o u t  t h a t  F isch e r a n d  G robs h a v e  a ss igned  an ti
co n fig u ra tio n  to  th is  co m p o u n d  b ased  o n  s te r ic  reasons .
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tion of syn-Ic and an acid equilibration of anti-Id were 
carried out. These attempts were not successful since 
the desired isomerization'did not occur due to unknown 
side reactions that prevail even under mild conditions. 
On an alumina (Brockman activity 1) or on a silicic acid 
column, isomerization of anti-Ic and syn-lb did not 
take place to an extent14 that could be detected by 
means of nmr spectroscopy.

It is shown now that base-catalyzed oximation of 
a-f-aminoacetophenone4 gives predominantly the anti 
isomer of the corresponding oximes. Thus anti isomers 
of a-piperidino-, a-2-methylpiperidino-, and a-3-meth- 
ylpiperidinoacetophenone oximes (anti-la, -lb, and 
-Ic) are readily prepared by the oximation process 
eliminating laborious separation procedures required 
in the photoaddition route. By this oximation, how
ever, only one isomer of VII is obtained for which 
anti configuration is assigned as discussed before.

Superficially the anti isomers of I-IV appear to pos
sess higher melting points than the corresponding syn 
isomer while this trend is reversed in VIII series. The 
assignment of syn-anti isomers in VIII series have been 
worked out previously by Fischer and Grob,8 the cor
rectness of which is now further substantiated by nmr 
data and tic behavior.

Experimental Section

The nmr spectra were recorded in CDCh solution with TMS 
as an internal standard on a Varian A56/60 spectrometer. The 
tic plates were prepared with Gelman aluminum oxide by the 
standard method. The melting points were recorded on a 
Fischer-Johns hot stage and were uncorrected.

Photoaddition of Nitrosamines to Olefins.—The photoaddition 
was carried out following the procedure described in a previous 
publication.1 Pure samples of s!/n-VIIIc (from N-nitroso- 
pyrrolidine and styrene), sj/ra-VIIId, and anff-VIIId (from N- 
nitrosodimethylamine and styrene) were obtained in this manner.

Oximation of a-Aminoacetophenones.—The a-aminoaceto- 
phenones required were prepared fresh each time according 
to the procedure described.4 The crude acetophenone prepared 
in this manner was taken up in 5% sodium hydroxide in methanol 
containing 2 equiv of hydroxylamine hydrochloride. After 
refluxing the solution for 20-30 min, the methanol was evaporated 
and the product extracted with ether. Gy this method, a mix- 
tur of the syn and anti isomers richer in the latter was usually 
isolated. The pure specimens of anti-la , anti-lb, syn- and anti- 
VUIb, owii-VIIIc, and anti-VUId were prepared by this method.

Equilibration of syn- and onff-Oximes.—A pure smple of syn-Ic 
(500 mg) was refluxed for 30 min in methanol (60 ml) containing 
sodium hydroxide (2 g). After working up in the usual manner, 
the recovered residue (250 mg) showed infrared and nmr spectra 
identical with that of syn-Ic.

In a methanol solution 0.5 N in hydrochloric acid, anti-lh 
(340 mg) was dissolved and set aside at room temperature over
night. The recovered crystalline material (135 mg) was shown 
to be anti-lb  by the identical nmr spectrum.

A sample of anti-Ic (155 mg) was taken up in chloroform 
and was absorbed on an alumina column (Brockman activity) 
for 3 days. The recovered sample (125 mg), washed with 10% 
methanol in chloroform, showed infrared and nmr spectra identi
cal with anti-Ic.

The same experiments performed with anti-lb  (340 mg) in a 
silicic acid column gave the unrearranged anti-lb  (324 mg).

Registry No.—syn-la, 16451-58-4; anti-la, 16451-
59-5; syn-Ib, 16451-60-8; anti-lb, 16451-61-9; syn-

(14) O u r ea rlie r  r e p o r t3 t h a t  an ti- l a  w as isom erized  to  syn - l a  on  a  silicic 
ac id  co lu m n  w as now  sh o w n  to  b e  w rong  in  t h a t  th e  s ta r t in g  m a te r ia l  itse lf  
was a  m ix tu re  of anti-la , a n d  syn-l& . I n  gene ra l, an ti- l a  a n d  o th e r  an ti 
isom ers w ere  iso la ted  b y  co lu m n  c h ro m a to g ra p h s  in  lesser y ie lds th a n  th a t  
in d ica ted  b y  th e  n m r  sp e c tra  of th e  c ru d e  m ix tu re . T h is  m isled  us to  s ta te  
erroneously  t h a t  an ti- l a  w as isom erized  to  syn - la .

Ic, 16451-62-0; anti-Ic, 16451-63-1; syn-ld, 16451-64-2; 
anti-id, 16451-65-3; anti-Ie, 16451-66-4; syn-II, 16451- 
67-5; anti-II, 16451-68-6; syn-Ill, 16451-69-7; anti- 
i l l ,  16451-70-0; syn-IV, 16451-71-1; anti-IV, 16451-
72-2; anti-Va, 16462-51-4; anti-Vb, 16451-73-3; anti- 
Vc, 16451-74-4; anti-V d, 16451-75-5; anti-V I, 16451-
76-6; anti-Y II, 16451-77-7; syn-VUIb, 16451-78-8; 
anti-VIIlb, 16451-79-9; syn-VIIIc, 16451-80-2; anii- 
VIIIc, 16451-81-3; st/n-VIIId, 16451-82-4; anti-VIlld , 
16451-83-5.
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Despite the great pharmacological importance of tro- 
pine esters, little information is available on chemistry 
of the ethers of tropine (tropan-3a-ol). Until now, only 
the benzhydryl ether of tropine and some of its deriva
tives had been investigated.1 This prompted the syn
thesis and the investigation of the properties of other 
tropine ethers. In the course of this investigation it be
came evident that the “methyl ether” of tropine de
scribed earlier2 is actually not an O-methyl, but an N- 
methyl derivate, or in other words it is not an ether but 
a quaternary salt (methoiodide) of tropine.3

Willstatter4 attempted to synthetize tropine ethers 
but the reaction of 3a-bromotropane with sodium 
ethoxide yielded tropene-2, exclusively. We also found 
that the conventional methods of ether-forming reac
tions were not applicable to the synthesis of tropine 
ethers.

It was possible, however, to produce various alkyl 
and aryl ethers of tropine and pseudotropine (tropan- 
3/?-ol) with stereospecific reactions not previously 
applied to the synthesis of these compounds. The 
description of these methods and the stereochemistry 
of these reactions are the purpose of this short com
munication.

Tropane 3/3-phenyl ether (2) can be obtained stereo- 
chemically pure from 3 a-mesyloxvtropane (tropine 
methanesulfonate) (1) and sodium phenoxide (see 
Figure 1).

The reaction of 1 with sodium thiophenoxide led to 
tropane 3/3-phenyl thioether. The formation of this 
thioether proves that the oxygen of 2 originally came 
from the phenoxide anion. (For arguments for the ¡3

(1) (a) R . F . P h ilip s, U . S. P a te n t  2 ,595.405 (1952); (b) C . H . N ie ld  an d  
W . X . F . B osch, U . S . P a te n t  2 ,782,200 (1956).

(2) C hem . F a b r . S chering , G e rm a n  P a te n t  106.492 (1900).
(3) K . N d d o r, u n p u b lish e d  d a ta .
(4) R . W ills ta tte r ,  A n n .,  326, 32 (1903).
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Figure 1.
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Figure 2.

configuration, see below.) Displacement and elimina
tion of the mesylate group in 1 occurred simultaneously. 
This was also confirmed by the presence of tropene-2 as 
the by-product of the reaction.

The synthesis of tropane 3/3-alkvl ethers was also car
ried out. The synthesis of these alkyl ethers from 1 
and sodium methoxide and butoxide, respectively, gave 
significant amounts of tropene-2 as a by-product.

The formation of 2 occurs with the inversion of the 
mesyloxy group and its substitution by the phenoxy 
group. Although the rate of reaction depends on the 
concentrations of both 1 and phenoxide, it is not a pure 
second-order reaction. The kinetic data (see Table I)

T a b l e  I
R a t e  o f  R e a c t i o n  o f  T e o p i n e  

M e t h a n e s u l f o n a t e  w i t h  S o d iu m  

P h e n o x i d e  i n  DM F a t  60.0° 8

T im e, sec x / a b
10«fe,c 1. 
M ~ '  s e c -1

102, fed J 
M - I s e c -:

360 0.239 6.96 6.87
480 0.297 7.05 6.87
600 0.346 7.04 6.90
960 0.458 7.04 6.83

1200 0.515 7.09 6.87
1560 0.579 7.06 6.83
1800 0.617 7.16 6.90
2100 0.653 7.18 6.90
2400 0.685 7.24 6.96
3000 0.731 7.26 6.90
3600 0.768 7.35 6.96

“The first-order rate constant, k, of solvolysis of the tropine 
methanesulfonate in DM F at 60.0° is 1.85 X 10~6 sec-1. This 
value was taken from another of our measurements. ba = 
0.0125 and also all initial concentrations of both reactants are 
0.0125 M. “Calculated from the equation k2* = (1 /at)[x/{a —x)]. 
^Calculated5 from the equation fe =  (fci/a)[a/(l — a)], where 
a = [e—*lS +  (x/a) — 1 \/[ (x /a )e~ klt}.

suggest a reaction of the Sn2 type with simultaneous 
solvolysis. The second-order rate constants (ki*) were 
corrected for the solvolysis,6 and the values of k2 ob
tained are of rather good constancy. Therefore, the 
reaction is a combination of a bimolecular substitution 
and a unimolecular solvolysis.

(5) E . T o m m ila  a n d  I . P . P itk a n e n , A cta  Chem . Scand., 20 , 937 (1966).

The relative configuration of the C-3 atom at 3 a and 
b was determined by cleavage with hydroiodic acid. 
The product of this reaction was tropan-3j8-ol verified 
by its melting point and by its ir spectrum. Tropan- 
3a-ol does not react with hydroiodic acid under similar 
conditions.

Tropane 3»-phenyl ether was obtained from 3 a- 
chlorotropane (4) in contrast with the previous ob
servations4 (see Figure 2). The reaction of 4 with 
sodium phenoxide in alcoholic solution yields 5. 
Tropane 3a-phenyl thioether was also obtained stereo- 
chemically pure from 4 and sodium thiophenoxide.

Compound 4 is converted into 5 with retention of 
configuration (see below). This indicates that this 
reaction occurs by nitrogen participation via an SnI 
process in the same way as suggested earlier by Archer6 
for the reaction of 3a-chlorotropane with potassium 
cyanide.

The two methods found for the synthesis of tropine 
ethers are stereospecific. The treatment of 1 with 
sodium phenoxide together with 50% tropene-2 gives 
nearly 50% tropine phenyl ether. The in toto glpc 
analysis of the reaction compositions has shown that 
the crude reaction product contained 94-96% jS-phenyl 
ether and 4% a ether. In the case of phenyl ether syn
thesis from 4, tropene-2 formation was not detected; 
in compliance with the gc analysis the crude reaction 
product contained 80% a- and 20% /3-phenyl ether.

The relative configuration of the C-3 atom and the 
conformation of the isomers 2 and 5 mentioned above 
were determined by physical-chemical methods.

The ir absorption curves of both 2 and 5 show peaks 
at 1045 and 1245 cm-1. These bands correspond 
to the C -0  linkages. The main difference between 
the ir spectra of the two compounds is similar to that of 
the tropine-pseudotropine system.7 In the ir spectrum 
of 2 there is a peak at 1009 cm“ 1, whereas in that of 5 
a peak is at 946 cm“1. As a band at 1020 cm-1 appears 
in the spectrum of pseudotropine and one appears at 
958 cm-1 in that of tropine, it can be concluded, by 
analogy, that the configuration of the C-3 atom of 2 is in 
agreement with the configuration of C-3 of pseudotro
pine,8 and the configuration of C-3 of 5 is the same as 
in tropine. Therefore, 2 is a 30 ether and 5 is a 3 a 
ether.

The nmr spectra of 2 and 5 are markedly different. 
The hydrogen resonance spectra of 2 and 5 consists of 
lines at 5.52 and 5.35 ppm., respectively, on the r scale 
for the proton attached to the C-3 atom. The band 
possessing the greater r  value corresponds to the hy
drogen attached axially to the C-3 atom. If the posi
tion of the hydrogen belonging to the C-3 atom is 
known, the relative position of the ether linkage can be 
deduced. These nmr studies also indicated, in agree
ment with the results of the ir studies, that 2 and 5 have 
an equatorial (ft) and an axial (a) ether linkage, re
spectively.

Data on the conformations of 2 and 5 were obtained 
through the determination of their dipole moments. 
The dipole moments in benzene at 25.00° were 2.15 D

(6) S. A rcher, M . R . B ell, T . R . Lew is, J .  W . S ch u le n b erg , a n d  M . J . 
U n se r, J .  A m er . Chem . Soc., 80 , 4677 (1958).

(7) A . H . B e c k e tt , N . J .  H a rp e r , A . D . J .  B a lon , a n d  T . H . E . W a tts ,  
Tetrahedron , 6 , 319 (1959).

(8) (a) G . F o d o r , a n d  K . N& dor, J .  Chem . Soc., 721 (1953); (b) A . N ick o n  
a n d  L . F . F ie se r, J .  A m er . Chem . Soc., 74 , 5566 (1952).
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and 0.94 D for 2 and 5, respectively. For the calcula
tion of the dipole moment9 of the possible conformations 
the following bond moments were used: ¿uC - n  = 0.92 
D, ncAr-o = 1-00 D, uca\~o =  1-22 D. If it is assumed 
that the piperidine ring in the tropane skeleton has a 
chair conformation and that the methyl group is at
tached equatorially to the nitrogen,10 it is possible to 
conclude that the conformations of the two ethers are 
represented by the formulas 2 and 5; this conclusion is 
confirmed by the calculated dipole moment values of
2.06 and 0.96 D for 2 and 5, respectively.

Finally, there is a typical difference between the 
basicity of 2 and 5; the p K  values determined in 
methyl Cellosolve-water solution (80:20 w/w)11 at 25° 
are 8.06 and 8.42, respectively. Others12’13 * found a 
similar difference between the p/f values of tropine and 
pseudotropine.

The configurations of the tropane 3a- and 3/3-phenyl 
thioethers are based by analogy for the corresponding 
3a- and /3-phenyl ethers.

Experimental Section

Melting points are corrected. The given yields refer to analyti
cally pure compounds. The infrared spectra were taken on 
pressed potassium bromide pellets with a Zeiss Model UR 10 
spectrophotometer. Nmr spectra were measured in deuterio- 
chloroform solution at 60 Mc/sec. using tetramethylsilane as an 
internal reference on an AEI spectrometer. Dipole moments 
measurements were taken on a Dipolmeter DM 01 instrument; 
a detailed account will be described in a forthcoming article. 
For gas chromatographic experiments an Aerograph HY-FI 
Model 600 apparatus was used. Elemental analyses were carried 
out by our microanalytical laboratory.

Tropane 3/3-Phenyl Ether(2).—To 65.7 g (0.3 mol) of tropine 
methanesulfonate6 in 250 ml of DMF was added 36.0 g (0.31 
mol) of sodium phenoxide in 250 ml of DMF. The solution was 
heated on the steam bath for 3 hr. The sodium methanesulfonate 
was then separated by filtration, washed with ethanol and dried 
to give 35 g of a white crystalline product. The DMF solution 
was acidified with 6 N  hydrochloric acid to Congo red and the 
DMF was removed by distillation at reduced pressure. To the 
residue was added 200 ml of water and the solution was extracted 
several times with ether to remove any nonbasic material. The 
aqueous layer was saturated with potassium carbonate and 
extracted three times with 100 ml of chloroform. The chloro
form extracts were combined and dried over anhydrous sodium 
sulfate, and then the solvent and the main part of the by-product 
tropene-2 were evaporated at reduced pressure. The residue 
was distilled, bp 103° (0.06 mm), and was largely solidified, 
mp 42-46°. The yield of tropane 3/3-phenyl ether was 28.75 g 
(44.2%). Several recrystallizations from petroleum ether 
(bp 60-80°) gave a colorless substance, mp 51°. The product 
was shown to be pure by gas chromatography.

Anal. Calcd for Ci4H 19NO: C, 77.38; H, 8.81; N, 6.45. 
Found: C, 77.59; H, 8.91; N, 6.76.

For the hydrochloride of 2 the melting point was 282° dec 
from ethanol-ether.

Anal. Calcd for C„H20C1NO: C, 66.26; H, 7.94; N, 5.52; 
Cl, 13.97. Found: C, 66.32; H, 8.16; N, 5.58; Cl, 13.90.

Tropane 3/3-Methyl Ether (3a).—Sodium (13.8 g) was dis
solved in 300 ml of methanol and 109 g (0.5 mol) tropine methane
sulfonate in 500 ml of methanol was added. The solution was 
refluxed for 4 hr. A yield of 59 g of sodium methanesulfonate 
separated from the solution, a value which corresponds to the

(9) J .  H in e , “ P h y sica l O rgan ic  C h e m is try ,”  M cG raw -H ill B ook , C o ., 
In c ., N ew  Y o rk , N . Y ., 1956, p  16.

(10) R . J . B ishop , G . F o d o r, A . R . K a tr i tz k y ,  F . S ô ti, L . E . S u tto n ,  an d  
F . J .  S w inbou rne , J .  C hem . Soc., Sect. C, 74 (1966).

(11) W . v o n  S im on , Helv. C him . A cta , 41, 1835 (1958).
(12) H . S. A aro n  a n d  C . P . R a d e r , J .  Org. Chem ., 29 , 3426 (1964).
(13) P . F . S m ith  a n d  W . H . H a r tu n g , J .  A m er. Chem . Soc., 75, 3859

(1953).

amount calculated theoretically. The remaining work-up of 
the preparation was the same as that for 2 . The tropane 30- 
methyl ether after distillation was a colorless oil (29.2 g, 26.6%): 
bp 90° (15 mm); nwD 1.4776. The usual reaction with hydro- 
iodic acid yielded pseudotropine, mp and mmp 107-108°.

Anal. Calcd for C9Hi7NO: N, 9.03. Found: N, 9.31.
The hydrochloride melted at 242-243° after recrystallization 

from ethanol-ether.
Anal. Calcd for C9H i8C1NO: C, 56.39; H, 9.47; N, 7.31; 

Cl, 18.49. Found: C, 56.66; H, 9.56; N, 7.15; Cl, 18.41.
Tropane 3/3-n-Butyl Ether (3b).—Its preparation from 0.3 

mol of sodium n-butoxide and 43.8 g (0.2 mol) of tropine methane
sulfonate in 200 ml of n-butyl alcohol was similar to that of 
3a. The tropane 30-n-butyl ether was a colorless oil (bp 77-78° 
(0.4 mm); n20o 1.4708); the yield was 8.3 g (21%). The usual 
reaction with hydroiodic acid yielded pseudotropine only, mp 
and mmp 107-108°.

Anal. Calcd for Ci2H23NO: N, 7.10. Found: N, 7.27.
For the p-toluenesulfonic acid salt the melting range was 165- 

165.5°, from ethanol-ether.
Anal. Calcd for Ci9H3iN 04S: C, 61.76; H, 8.46; N, 3.97. 

Found: C, 61.65; H, 8.46; N, 3.85.
Tropane 30-Phenyl Thioether.—To 43.8 g (0.2 mol) of tropine 

methanesulfonate was added 57 g (0.4 mol) of sodium thio- 
phenoxide in 800 ml of DMF. The mixture was heated for 3 hr. 
The sodium methanesulfonate that separated from the solution 
corresponds to the amount calculated theoretically. The prep
aration was the same as for 2 . The thioether was obtained as a 
colorless oil (22.6 g, 48.5%): bp 144° (0.4 mm); n20d 1.5798.

Anal. Calcd for CwHiaNS: C, 72.05; H, 8.21; N, 6.00; 
S, 13.74. Found: C, 72.27; H, 8.25; N, 6.37; S, 13.45.

The hydrochloride melted at 230-231° after recrystallization 
from ethanol-ether.

Anal. Calcd for C14H20C1NS: C, 62.32; II, 7.47; N, 5.19; 
S, 11.88; Cl, 13.14. Found: C, 62.32; H, 7.76; N, 5.42;
S, 11.57; Cl, 12.90.

Tropane 3a-Phenyl Ether (5).—Sodium phenoxide (69.6 g, 
0.6 mol) and 3a-chlorotropane (47.8 g, 0.3 mol) were mixed in 
200 ml of ethanol and refluxed for 16 hr. The preparation of 5 
was processed similarly to that of 2 . The tropane 3a-phenyl 
ether (5) was distilled at 112-116° (0.3 mm); the yield was 31.0 
g (47.6%) and solidified (mp 53°) shortly after recrystallization 
from ra-hexane. This tropine ether was shown to be pure by gas 
chromatography.

Anal. Calcd for CuH^NO: C, 77.38; H, 8.81; N, 6.45. 
Found: C, 77.55; H, 8.99; N, 6.25.

The hydrochloride of 5 had mp 213°, from ethanol-ether.
Anal. Calcd for CI4H20C1NO: C, 66.26; H, 7.94; N, 5.52; 

Cl, 13.97. Found: C, 66.80; H, 8.42; N, 5.38; Cl, 13.75.
Tropane 3a-phenyl thioether was prepared from 47.1 g (0.163 

mol) of sodium thiophenoxide and 25.2 g (0.16 mol) of 3a- 
chlorotropane in 125 ml of alcohol. After refluxing for 5 hr the 
mixture was processed according to the method described for 2 . 
The 3a thioether was obtained as a colorless oil in 33.6% yield 
(12.5 g): bp 125-130° (0.2 mm); w20d  1.5812.

Anal. Calcd for CjJhc.NS: C, 72.05; H, 8.21; N, 6.00; 
S, 13.74. Found: C, 72.31; H, 8.46; N, 6.17; S, 13.36.
The hydrochloride had mp 214-216°, from ethanol-ether.

Anal. Calcd for C,4H20C1NS: C, 62.32; H, 7.47; N, 5.19; 
S, 11.88; Cl, 13.14. Found: C, 62.48; H, 7.28; N, 4.85; 
S, 12.03; Cl, 12.85.

Kinetic Measurement.—The course of the reaction of tropine 
methanesulfonate with sodium phenoxide was followed through 
the measurement of the conductivity of the solution. The 
increase of the conductivity was proportional to the change in 
concentration of the reactants. The conductivity was measured 
with a Metrohm Konduktoskop Type E 365. Further details 
will be published later.

R e g is try  N o .— 2, 16487-31-3; 2 H C 1 , 16487-32-4; 
3a, 16487-33-5; 3 a -H C l, 16487-34-6; 3b, 16487-
35-7; 3b, p-toluenesulfonic acid salt, 16487-36-8; 5, 
16487-37-9; 5-H C 1, 16487-38-0; tropane 3a-phenyl 
thioether, 16487-39-1; tropane 3a-phenyl thioether hy
drochloride, 16487-40-4; tropane 3/3-phenyl thioether, 
16487-41-5; tropane 3/3-phenyl thioether hydrochloride, 
16487-42-6.
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J o h a n n e s  D e k k e r  a nd  T h e o d o r  G . D e k k e r

Organic Section, Department of Chemistry, 
Potchefstroom University for C. H. B., South Africa

methyl a-truxillate5 (IV, R = OCH3) with methyl 
magnesium iodide, followed by hydrolysis of the reac
tion mixture. Microanalysis showed V to have a 
molecular formula C22H28O2. Further support for the 
proposed structure of V was given by its mass spec
trum, which showed the molecular ion at m /e  324. 
The infrared spectrum displayed typical hydroxylic 
absorption (3553 cm-1) and the total absence of car
bonyl groups.

Received November IS, 1967

Butenandt reported1 that the light-induced dimeriza
tion of solid benzalacetone (I) proceeded in a head-to- 
head fashion, leading to II. It is known, however, 
that various crystalline a,/3-unsaturated carbonylic 
compounds (III, R = OH,2 OCH3,3 CeH54) produce 
photodimers of the a-truxillic type (IV, R = OH,
o c h 3, C6H6).

IY(R=CH3) 1. CH3MgI

2. H20
HO  ̂ CH,

c6hn y ^ c  h3

/ \  
ch3 \ :h3

V

1. CHjMgl

2. H ,0
IV(R=OCH3)

c6h6ch= chcoch3

I

h ,

solid

C Ä  ( 

c6h/ i

COCH,

‘COCH3

CÄCH^CHCOR
m

hv

solid

n
C6H COR

ROC 'QHs

IV

Although one cannot predict the course of a solid- 
state photodimerization without information concern
ing the crystal lattice geometry, one may expect that 
I should dimerize similarly in a head-to-tail fashion. 
We, therefore, decided to reinvestigate the structure of 
the photodimer of I.

Upon irradiation of a thin-layer of crystalline I for 
8-hours at 10°, by means of a medium pressure ultra
violet lamp, a crystalline dimeric product, which melts 
at 142-143° (lit.1 mp 142-143°), was obtained. The 
infrared spectrum of this dimer, compared to that of I, 
showed typical saturated carbonylic absorption at 
1696 cm-1, and the total absence of olefinic absorption.

On treating the benzalacetone dimer with sodium 
hypobromite at 38-40° and subsequent acidification 
of the reaction mixture, a-truxillic acid (IV, R = OH) 
was obtained, indicating that the benzalacetone dimer 
should have structure IV (R = CH3).

IV (R=CH3) 1. NaOBr

2. Hh IV (R = OH)

Further unambiguous proof of the correctness of 
structure IV (R = CH3) was obtained by treating IV 
(R = CH3) with methyl magnesium iodide. Hy
drolysis of the reaction mixture led to the isolation of 
the crystalline derivative V (mp 114-115°). Com
pound V was additionally synthesized by treating di-

(1) A . B u te n a n t, et a l., A n n .,  575, 123 (1951).
(2) H . S to b b e , B er., 52, 666 (1919).
(3) H . S to b b e  a n d  K . B rem er, J .  P ra k t. C hem ., 123, 44 (1929).
(4) C . L ieb e rm a n n  a n d  M . Zsuffa, B er., 44, 841 (1911); A. W . K . d e  Jo n g , 

ib id ., 56, 818 (1923).

The benzalacetone dimer (IV, R = CH3) appeared to 
be very unstable in acid or alkaline media. When IV 
(R = CH3) was refluxed in ethanol containing hydro
chloric acid or sodium hydroxide, complete isomeriza
tion to a crystalline product (mp 160-162°) took place. 
A comparison of the infrared spectra of IV (R = CH3) 
and its isomer showed that the 753 and 771 cm-1 
bands (associated with the aromatic out-of-plane C-H 
deformation vibration) in the spectrum of IV (R = 
CH3) appeared as three bands (738, 761, and 770 cm-1) 
in the spectrum of its isomer. This splitting is ascribed 
to steric interference in the isomer.6’7 The splitting 
of the carbonylic absorption band (1700, 1709 cm-1) in 
the spectrum of the isomer and the shift to higher fre
quency (1696 to 1709 cm-1), can only be brought about 
by intercarbonylic electrostatic interaction.7’8 From 
the spectroscopic data it seems evident that the isomer 
of IV (R = CHs) must have the y-truxillic structure VI 
(R = CH3), i.e., a rearrangement analogous to that of 
bischalkone B(IV, R = CbHs) to bischalkone D(VI, 
R = CeHs)3 must have taken place.

c6h5 cor

W (R = C H 3, o f t )  -------*  t l
ROC7  V 6H5

VI

The nmr spectra of the benzalacetone dimer IV 
(R = CH3) and its isomer (VI, R = CH3) both revealed 
the presence of ten phenyl, six acetyl, and four cyclo
butyl protons. A comparison of these two spectra 
with those of the corresponding truxillic acids (IV, 
R = OH and VI, R = OH) gave evidence for the cor
rectness of structures IV (R = CH3) and VI (R = CH3). 
Due to the chemical equivalence of the two phenyl 
groups in both IV (R = CH3) and a-truxillic acid (IV, 
R = OH), the signal for the phenyl protons was re-

(5) C . L ieb e rm a n n , ib id ., 21, 2347 (1888).
(6) L . J . B ellam y , “ T h e  In f ra - re d  S p e c tra  of C om plex  M olecu les ,” 

M e th u e n  a n d  C o ., L td ., L ondon , 1959, p  77.
(7) J .  D ek k e r, P . J a n s e  v a n  V u u ren , a n d  D . P . V en te r, J . Org. C hem ., 33, 

464 (1968).
(8) R . N . Jo n es , P . H u m p h rie s , a n d  K . D o b rin e r , J .  A m er. Chem . Soc ., 72 , 

956 (1950).
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corded in each case as a sharp singlet. The splitting 
of the signal for the phenyl protons in the spectrum of 
VI (R = CH3) and VI (R = OH) confirmed the y- 
truxillic type structure of the isomer (VI, R = CH3). 
The patterns of the signals for the cyclobutyl protons 
of IV (R = CH3) and of VI (R = CH3) were typical of 
A2B2 and ABX2 systems respectively, resembling those 
of the corresponding a- and y-truxillic acids (IV, R = 
OH and VI, R = OH).

Various attempts to convert VI (R = CH3) into y- 
truxillic acid (VI, R = OH) by means of sodium hypo- 
bromite failed, probably on account of steric hindrance. 
The structural and stereochemical relationship between 
the isomer (VI, R = CH3) and y-truxillic acid (VI, R 
= OH) was proved unambiguously by converting both 
the isomer (VI, R = CH3) and diethyl 7-truxillate (VI, 
R = OC2H6)9 by means of methyl magnesium iodide 
into a common crystalline derivative (VII, mp 125- 
126°). The mass spectrum of VII, of which the micro
analysis corresponds with C22H280 2, showed the molec
ular ion at m/e 324. The infrared spectrum exhibited 
typical hydroxylic absorption (3576 cm-1) and the total 
absence of carbonyl groups.

V I ( R = C H 3)
1. CH3MgI >

2. HjO
HO CH3

c6h 5v A ' - ch3

H o - c r

CH 3XCH3

c 6h 5

vn

1. CH3MgI

2. H20
V I(R  =  OC2H6)

Experimental Section

Infrared spectra were recorded on a Perkin-Elmer 221 spectro
photometer. Mass spectra were obtained on a M.S. 9 mass 
spectrometer. Nmr spectra were recorded on a Varian A60 
apparatus. Melting points were determined on a Gallenkamp 
(design no 889339) apparatus and are uncorrected.

A. Photodimerization of Crystalline I.—Molten benzalacetone 
(I, 1 g) was allowed to solidify in a thin layer in a Duran 50 test 
tube and irradiated for 8 hr, at 10°, by means of a medium 
pressure uv lamp. The reaction mixture was fractionally re
crystallized from ethanol, yielding colorless needles (0.13 g) of 
IV (R = CH3): mp 142-143° (lit.1 142-143°); ir (KBr), 3053 
w, 3026 w, 2949 m, 2914 w, 1696 s, 1599 w, 1491 m, 1446 m, 
1419 w, 1368 s, 1360 s, 1338 w, 1261 m, 1230 w, 1180 m, 1169 s, 
1127 w, 1087 w, 1030 w, 789 w, 771 m, 753 s, 717 m, and 700 
s cm-1; nmr (CDCfi), r 8.37 (6 H), 6.27-5.2 (m, 4 H), and 2.7 
(s, 10 H); mass of molecular ion, m /e  292.

A n a l. Calcd for C2oH200 2: C, 82.17; H, 6.896. Found: C, 
81.79; H, 6.98.

B. Reaction of IV (R = CH3) with Sodium Hypobromite.—
A solution of NaOBr (0.42 g of NaOH, 0.44 g of Br-2, 2 ml of 
water) was added to a solution of IV (R = CH3, 0.1 g) in dioxane 
(1.5 ml) over a period of 30 min. The reaction temperature was 
kept between 38 and 40°. The reaction mixture was stirred for 
a further period of 15 min, followed by the addition of 10 ml of 
water; 5 ml of solvent was distilled off under diminished pressure 
(18 mm). The reaction mixture was filtered. Acidification of 
the filtrate with dilute HC1 led to a white precipitate. Recrystal
lization from aqueous ethanol yielded 0.017 g of a-truxillic acid, 
mp 270-273° (lit.2 mp 273°); identification was by ir spectros
copy.

C. Isomerization of IV (R = CH3). 1. In Acidic Medium.—
Compound IV (R = CH3, 0.1 g) was refluxed for 2 hr in ethanolie 
HC1 (0.5 N ,  6 ml). The reaction mixture was diluted with water 
(30 ml) and extracted with benzene. The extract was washed

(9) C . L ieb e rm a n n , Ber., 22, 2243 (1889).

successively with 5% NaHCOa and water, and dried (Na2S04). 
On evaporation of the solvent, a solid residue was obtained. 
Recrystallization from benzene-petroleum ether (bp 60-80°) 
yielded colorless needles of VI (R = CH3, 0.07 g): mp 160- 
162°; ir (KBr), 3052 w, 3018 w, 2993 w, 2947 w, 2895 w, 1709 
s, 1700 s, 1597 w, 1490 s, 1450 w, 1442 m, 1420 w, 1361 s, 1332 
w, 1218 w, 1186 s, 1086 w, 1031 w, 949 w, 770 s, 761 m, 738 m, 
717 w, and 698 s cm-1; nmr (CDC13), r  8.38 (6 H), 6.52-5.0 
(m, 4 H), and 2.78 (d, 10 H); mass of molecular ion, m /e  292.

Anal. Calcd for C20H20O2: C, 82.17; H, 6.896. Found: C, 
82.01; H, 7.124.

2 . In Alkaline Medium.—Compound IV (R = CH3, 0.15 g) 
was refluxed for 2 hr in ethanolie KOH (5%, 6 ml). The re
action mixture was diluted with water (30 ml), acidified with 
1 N  HC1, and extracted with benzene. The extract was washed 
with 5% NaHC03 and water, dried (Na2S04), and chromato
graphed over alumina. Evaporation of the solvent produced a 
solid, which was recrystallized from benzene-petroleum ether 
(bp 60-80°) as colorless needles (mp 160-162°, 0.1 g). The ir 
spectrum was identical with that of VI (R = CH3).

D. Preparation of V. 1. From IV (R = CH3).—A mixture 
of IV (R = CH3, 0.1 g) and a concentrated solution of CH3MgI 
in ether (4.1 M, 5 ml) was stirred magnetically in a glass- 
stoppered 25-ml, round-bottom flask until a clear solution was 
obtained10 (usually within 30 min). The reaction mixture was 
treated carefully with excess 0.5 N  HC1 (10 ml) and extracted 
with ether. The extract was washed successively with 5% 
NaHCOs, 5% Na2S20 3, and water and dried (Na2SOi). Evapora
tion of the solvent yielded a crystalline product (V, 0.104 g) which 
was recrystallized from petroleum ether (bp 50-70°) as colorless 
needles: mp 114-115°; ir (KBr), 3553 s, 3063 w, 3030 w, 3002 
m, 2980 s, 2970 s, 2932 m, 2914 m, 1600 m, 1580 w, 1491 m, 
1460 w, 1448 m, 1380 m, 1365 m, 1337 w, 1310 w, 1260 w, 1228 
m, 1211 m, 1189 m, 1166 m, 1121 s, 1077 w, 1031 m, 1000 w, 
958 m, 945 m, 906 m, 856 m, 827 w, 798 w, 764 s, 730 w, 700 s, 
and 653 w cm-1; mass of molecular ion, m /e  324.

Anal. Calcd for C22H280 2: C, 81.44; H, 8.70. Found: C, 
81.57; H, 8.69.

2 . From IV (R =  OCH3).-—A mixture of IV (R = OCH3, 
0.1 g) and a solution of CH3MgI in ether (4.1 M, 7 ml) was 
treated as above to yield 0.093 g of product, mp 114-115°. 
The ir spectrum was identical with that of the product found in 
procedure D -l.

E. Preparation of VII. 1. From VI (R = CH3).—A mixture 
of IT (R = CH3, 0.1 g) and a solution of CH3MgI in ether (4.1 M, 
5 ml) was treated as above. Recrystallization of the product 
(0.105 g) from petroleum ether (bp 50-70°) yielded colorless 
needles: mp 125-126°; ir (KBr), 3576 s, 3065 w, 3032 w, 2977 
s, 2938 m, 1600 m, 1582 w, 1490 m, 1450 m, 1364 m, 1313 w, 
1271 w, 1232 w, 1201 w, 1172 m, 1125 m, 1100 w, 1083 w, 1065 
w, 1045 w, 958 m, 926 w, 891 w, 851 w, 831 s, 761 s, 701 s, and 
698 s cm-1; mass of molecular ion, m /e  324.

Anal. Calcd for C22H2s0 2: C, 81.44; H, 8.70. Found: C, 
81.65; H, 8.62.

2 . From VI (R = OC2H5).-—A mixture of VI (R = OC2H5, 
0.1 g) and a solution of CH3MgI (4.1 M, 7 ml) was treated as 
above to yield 0.087 g of product, mp 125-126°. The ir spectrum 
was identical with that of the product found in procedure E -l.

F. The nmr spectra (DMSO) of the a- and 7-truxillic acids 
(IV, R = OH, and VI, R = OH) showed signals a t t 6.28-5.44 
(m, 4 H) and 2.62 (s, 10 H) and a t t 6.53-5.28 (m, 4 H) and 2.63 
(d, 10 H), respectively. In neither case was any signals for 
hydroxylic protons observed.

Registry No.— IV (R = OH) 16607-21-9; IV (R = 
CH3) 16607-22-0; V, 16607-23-1; VI (R = OH) 16607- 
24-2; VI (R = CH3) 16607-25-3; VII, 16607-26-4.
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Heterocyclic Amines. II. Synthesis 
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A number of unsuccessful attempts to prepare 3,5- 
diaminopyrazole (I) have appeared in the literature. 
The reaction of hydrazine with malononitrile, originally 
reported as a route to I ,2 has been shown by Taylor and

NH NH
II II

c2h 5o— c— ch2c— 0 — c2h 5 +  n h 2n h 2 — -

Hartke3 to lead instead to 3-cyanomethyl-4-cyano-5- 
aminopyrazole. In another approach, an attempted 
Curtius reaction starting with diethyl pyrazole-3,5-di- 
carboxylate, provided a syrup that was incompletely 
characterized.4 Finally, phenylhydrazine and phene- 
thylhydrazine were recently reported to react with 
ethyl 2-cyanoacetimidate hydrochloride to form cor
responding 1 -substituted 3,5-diaminopyrazoles in yields 
of 22 and 9%, respectively.5 However, attempts to 
extend this reaction to hydrazine itself were unsuccess
ful.5

Our attention was drawn to this work by a continuing 
interest in heterocyclic amines as potential insect-ster
ilizing agents.1’6 I t occurred to us that reaction of hy
drazines with a suitable diimidic ester, under the mild 
conditions of Pinner’s synthesis of amidines,7 could lead 
to formation of 3,5-diaminopyrazoles.

When equimolar amounts of hydrazine and diethyl 
malonimidate were dissolved in warm ethanol and com
bined, an immediate exothermic reaction occurred. 
Subsequent chilling of the reaction mixture caused 3,5- 
diaminopyrazole (I) to precipitate in 78% yield. 
Analogous reactions with methylhydrazine and, utiliz
ing a somewhat longer reaction time, with phenylhy
drazine, provided the 1-methyl and 1-phenyl derivatives 
of I. Ultraviolet spectra of the basic and protonated 
forms of the products, as well as infrared and nmr spec
tra were consistent with pyrazole structures.

(1) P a r t  I :  J .  A. S e tte p a n i a n d  A. B . B o rkovec , J . Heterocycl. Chem ., 3, 
188 (1966).

(2) R . v o n  R o th e n b u rg , Ber., 27 , 685 (1894).
(3) E . C. T a y lo r  a n d  K . S. H a r tk e , J . Am er. C hem . Soc., 81 , 2452 (1959).
(4) L . K n o rr, Ber., 37, 3520 (1904).
(5) W . J . F an sh aw e, V. J . B au e r, a n d  S. R . Safir, J . Org. Chem ., 29 , 942

(1964).
(6) A. B . B o rkovec  a n d  A. B. D eM iio , J . M ed. Chem ., 10, 457 (1967). 

F o r  a  re c e n t rev iew  of th is  su b jec t, see A. B. B o rkovec , “ In s e c t C hem o- 
s te r i la n ts ,”  In te rsc ie n c e  P u b lish ers , N ew  Y o rk , N . Y ., 1966.

(7) R . L . S h rin e r a n d  F . W . N ew m an n , Chem. Rev., 35, 351 (1944).

The predominant tautomeric form of various amino- 
pyrazoles has been the subject of a number of recent 
publications.8 Although we have not undertaken a 
similar determination in the present study, an nmr spec
trum of I recorded in D6-methyl sulfoxide solution [r
4.70 (5 H), 5.42 (1 H)] is clearly inconsistent with any 
tautomer, that does not possess an sp2 carbon atom at 
position 4.

Electrophilic substitution of I occurred quite readily 
in aqueous bromine to provide a sample of 3,5-diamino-
4-bromopyrazole.

Experimental Section

3.5- Diaminopyrazole (I).—A solution of 95% hydrazine hy
drate (0.1 mol) in 50 ml of ethanol was warmed to boiling before 
adding 15.8 g (0.1 mol) of diethyl malonimidate9 a t such a rate 
that the mixture continued to reflux without external heating. 
Five minutes after the addition of the ester, the reaction mixture 
was chilled causing precipitation of 7.6 g (78%) of I. On re- 
crystallization from isopropyl alcohol an analyical sample was 
obtained: mp 110°; ir (KBr), 3350, 3250, 1560, 1470, 1040, 
970, and 720 cm-1; uv max (95% EtOH), 217 m>i (e 9400), 
cation 237 mp (e 18,500).

Anal. Calcd for C3H6N4': C, 36.73; H, 6.16; N, 57.11.
Found: C, 36.89; H, 6.30; N, 57.06.

3.5- Diamino-l-methylpyrazole.—To a stirred refluxing solu
tion of 1.84 g (0.04 mol) of methylhydrazine in 50 ml of ethanol 
was added, under nitrogen, 6.3 g (0.04 mol) of diethyl maloimi- 
date. Warming was continued for 5 min after the addition, and 
the mixture was then concentrated in vacuo to an oil. Crystalliza
tion from acetonitrile-ether provided 4.5 g (80%) of colorless 
plates, mp 51-53°. Purification was accomplished by sublima
tion: 75° (0.5 mm); mp 54°; ir (KBr), 3280, 3150, 1620, 1560, 
1490, 1440, 1270, and 1000 cm“1; uv (95% EtOH), 220 mM 
(e 10,500), cation 241 m^ (« 18,200).

Anal. Calcd for C4H8N4: C, 42.85; H, 7.19; N, 49.96.
Found: C, 42.85; H, 7.20; N, 49.78.

3.5- Diamino-l-phenylpyrazole.—A solution of phenylhydra
zine (1.08 g, 0.01 mol) and diethyl malonimidate (1.58 g, 0.01 
mol) in 75 ml of methanol was refluxed under nitrogen for 12 hr. 
The chilled reaction mixture was acidified with 1 ml of concen
trated HC1 and concentrated to dryness. Three recrystalliza
tions of the residue from ethanol-ether provided 1.3 g (62%) 
of 3,5-diamino-1-phenylpyrazole hydrochloride, mp 229-230° 
dec (mmp 229-230° dec with an authentic specimen).5

3.5- Diamino-4-bromopyrazole.—A solution of 1.6 g (0.01 mol)
of bromine in 150 ml of water was added dropwise with stirring 
to 0.98 g (0.01 mol) of 3,5-diaminopyrazole dissolved in 50 ml 
of water. The dark reaction mixture was then warmed to 80°, 
treated with activated charcoal, and filtered. The pale yellow 
filtrate was neutralized (Na2C03) and concentrated in vacuo to 
dryness. Extraction of the residue with absolute ethanol, 
followed by concentration and chilling afforded 1.2  g (68%) of
3,5-diamino-4-bromopyrazole, mp 133-134° dec. An analytical 
sample was recrystallized from ethanol-ether: mp 135-136°
dec; ir, 3410, 3370, 3280, 3140, 1610, 1490, 1440, 1345, and 
1020 cm-1; uv (95% EtOH), 222 mp (e 9200) cation 244 m^ 
(e 14,200).

Anal. Calcd for C3H5BrN4: C, 20.36; H, 2.85; Br, 45.14; 
N, 31.65. Found: C, 20.61; H, 2.79; Br, 44.94; N, 31.70.

Registry No.—I, 16082-33-0; 3,5-diamino-l-methyl- 
pyrazole, 16675-35-7; 3,5-diamino-4-bromopyrazole, 
16675-36-8.

(8) V. G . V inoku rov , V. S. T ro i ts k a y a , a n d  I . I . G ra n d b e rg , Z h . Obshch. 
K h im .,  34, 654 (1964); V. G . V inoktSrov, V. S.. T ro i ts k a y a , a n d  I . I . G ra n d 
berg , ib id ., 35, 1288 (1965); H . D o rn  a n d  H . D ilcher, A n n . Chem ., 707, 141 
(1967).

(9) S. M . M c E lv a in  a n d  J . P . S ch roeder, J . A m er. Chem . Soc., 71, 40 
(1949).
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