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T h e  p r e p a r a t io n  o f  o - d i l i th io b e n z e n e  f ro m  o - p h e n y le n e m e r c u ry  is  r e p o r te d .  T h e  r e a c t io n s  o f o - d i l i th io b e n -  
z e n e  w i th  c h lo r id e s  o f  th e  f i r s t  t r a n s i t i o n  m e ta l  s e r ie s  le a d s  to  th e  f o r m a t io n  o f  c lo s e d -c h a in e d  o - p h e m d e n e  c o m 
p o u n d s  ( d ip h e n y le n e ,  t r ip h e n y le n e ,  t e t r a p h e n y le n e ,  e t c . )  a n d  o p e n - c h a in e d  o n e s  ( d ip h e n y l ,  o - te rp h e n y l ,  o- 
q u a r t e r p h e n y l ,  e t c . ) .  T h e  y ie ld s  o f  th e s e  h y d r o c a r b o n s  v a r y  w i th  th e  t r a n s i t i o n  m e ta l  u s e d . S o m e  c h a r a c te r 
i s t i c  p r o p e r t i e s  o f o -d i l i th io b e n z e n e  d is t in g u is h  i t  f ro m  o th e r  a r y l l i th iu m  c o m p o u n d s .

The preparation of o-dilithiobenzene was first re
ported by G. Wittig and F. Bickelhaupt.1 The reac
tions of o-dilithiobenzene with various compounds indi
cated that this valuable new organometallic compound 
contained two lithium cations bonded to the o-phenyl- 
ene dianion, in itself remarkable since it contains two 
neighboring anionic carbon atoms. The compound in 
ether solution has a deep red color and could not be 
caused to crystallize from ether, but deposited red 
crystals from a mixed ether-tetrahydrofuran solvent. 
A number of transition metal chlorides were allowed to 
react with the new reagent and the resulting hydro
carbons separated and identified.

In the present study the remaining transition metal 
halides were brought to react with o-dilithiobenzene 
under comparable conditions. The possibility that
o-dilithiobenzene in these reactions initially coupled to 
form 2,2'-dilithiobiphenyl could be excluded on basis 
of the very different yields of hydrocarbons obtained 
from the reactions of preprepared 2,2,-dilithiobiphenyI 
and the same transition metal halides.2
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The intermediacy of dehydrobenzene tentatively was 
excluded because of the failure to isolate any dehydro
benzene adducts with the commonly used dienes3 in 
closely related reactions.1

+ 2MgBr2

-------L -L . N o  d ie n e  a d d u c ts
f“ran  o f  b e n z y n e  . 1

(1) F . B ic k e lh a u p t, P h .D . the sis , U n iv e rs ity  of T ü b in g en ; G . W ittig  
a n d  F . B ic k e lh a u p t, C h e m .  B e r . ,  91, 883 (1958).

(2) G . W ittig  a n d  G. L e h m an n , i b i d . ,  90, 875 (1957).
(3) G . W ittig  a n d  L. P o h m er, i b i d . ,  89, 1334 X1956).

In the present work it was shown implicitly that free 
dehydrobenzene4 can be excluded as a free intermediate 
in the reaction of o-dilithiobenzene with copper® and 
-(II) chlorides in the presence of 2,5-dimethylfuran or
1,3-diphenylisobenzofuran both of which have proved to 
be very effective dienes for capturing dehydrofcenzene 
as intermediate. Both of these dienes are not readily

metalated by o-dilithiobenzene in contrast to either 
furan or cyclopentadiene. Copper salts were chosen 
for this study since only in these cases was there any 
isolated diphenylene.

That a diradicai analog to dehydrobenzene with 
different properties from dehydrobenzene could be 
formed in the oxidation process is less likely since the 
transition metal cations are being reduced by filling 
their 4s orbitals with electrons of different spin, thus 
leaving a hypothetical nonexcited entity with paired 
electrons (benzyne).

The complete series of transition metal chlorides 
were allowed to react with d-dilithiobenzene in ether 
under comparable conditions. The reaction is stoichio- 
metrically a redox process in which the transition metal 
cation acts as an oxidizing agent for the o-phenylene 
dianion.

The results of these studies are shown in Table I.
(4) D eh y d ro b en ze n e , C 0H 4, a lso  com m on ly  ca lled  “ b e n z y n e .”
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T a b l e  I
R eactions of o-D ii.ith io b en zen e  w ith  M etal C hlorides

Product® Ti*2
Ti+4 (1)

c 6h f 7
c 6h 0c 8h 5
(C6H5)2(o-C6H4)

8 4

( C6ÏÏ5)2(o-CgH4)2
(C6H6)2(o-C6H4)4
(C6H5)2(o-C6H4)6
(o-C6H4)2

2

(o-CßHJs
(o-CeH^i
(o-CöH^ö
(o-C6H4)8

IS 14

— Y ields, %  
F e  + >
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+

Ni+= A g «
0) C u « (i) Pd« C u «

6 3 2 2
18 2 4 14 22

4 5 7
2 +

+ +

3
3 24 15 12

11 7 + 9 9
+ +

IS +
° M o la r  r a t io s  o f n / 2 ,  o - d i th io b e n z e n e  t o  m e ta l  c h lo r id e , w e re  u s e d  th r o u g h o u t  u n le s s  o th e r w is e  n o te d  ( n  is o x id a t io n  s t a t e  o f  m e ta l ) .  

b B e n z e n e  w a s  n o t  s o u g h t  in  a ll  r e a c t io n s ;  e n t r i e s  la b e le d  (1 )  w e re  t a k e n  o v e r  f ro m  re f . 1 . £ A  y ie ld  of less  t h a n  1 %  is r e p r e s e n te d  b y  + .

The following observations relative to the informa
tion contained therein were judged significant.

1. The yields of the various hydrocarbons appear 
to depend on the metal cation and the dependence is 
different from that observed from the same reactions 
of 2,2'-dilithiobiphenyl.2

2. Open-chained o-substituted polyphenyls con
taining the phenyl end groups resulted from the reac
tions previous to hydrolysis of corresponding organo- 
lithium reagents since the color test5 was negative 
in all cases before hydrolysis was performed. This 
appears to be evidence for abstraction of hydrogen 
atoms from the solvent of an intermediate 2,2'-di- 
phenyl diradical.

Biphenyl may partly have been the direct product 
from the reaction of phenyllithium, a possible impurity 
in the o-dilithiobenzene.6 It is necessary, however, to 
consider the possibility that intermediate organometallic 
compounds, incapable of giving a positive color test, 
could have been formed and that these on hydrolysis 
give the open-chained hydrocarbons.

3. Cyclic o-phenylene compounds were formed in 
varying yields, the following being especially sig
nificant; Tetraphenylene was found in significant 
amounts from reactions with NiCl2, PdCb. and CuCl 
whereas octaphenylene was the major product from 
the reaction with NiCl2 only. Particularly high yields 
of biphenyl were found in reaction with FeCl2 (also

(5) H . G ilm an  a n d  F . Schulze, J .  A m .  C h e m .  S o c . ,  47, 2002 (1925).
(6) M . S. K h a ra sch , D . W . Lew is, an d  W . B. R ey n o ld s , i b i d . ,  65, 498

(1943).

from 2,2'-dilithiobiphenyl). Diphenylene was de
tected only in the reaction with copper salts. If the 
relative yields of biphenyl and triphenylene are plotted 
for the metals Mn+2 (3d5), Fe+2 (3d6), Co+2 (3d7), 
Ni+2 (3d8), Cu+2 (3d8), Cu+1 (3d10), an alternating rela
tionship appears to have been found between the num
ber of electrons in the 3d level and the yields of these 
two hydrocarbons. However, such a relationship 
does not appear to hold throughout the series studied.

V+2 (3d3) and Cr+3 (3d3), Ni+2 (3d8) and Pd+2 (4d8), 
Cu+1 (3d10) and Ag+1 (4d10) show different yields, pair
wise, although the number of d-electrons are alike in 
each pair. Hence the electronic configuration does not 
suffice to explain these observations. (See Chart 1.)

The formation of complexes of the ferrocene or the 
bisbenzene chromium type7 was anticipated in the early 
study. I t appears reasonable that not all the ten 
available electrons of the o-phenylene anion nor the 
eight electrons from the oxidized intermediate (six 
in the aromatic ir-system and four or two in the sp2- 
hybridization orbitals of the neighboring carbon atoms) 
can be accommodated readily in a stable sandwich 
compound. Counting sixteen electrons back from 
krypton one arrives at calcium, the chloride of which 
did not react with o-dilithiobenzene.1 The nodal plane 
of the four electrons in thr s/F-system is perpendicular 
to that of the aromatic system. A possible bis-o- 
phenylene anion metal complex would be difficult to 
visualize since the orbitals available for ligand bonding 
are fixed by the geometry of the benzene nucleus and 
not removed by two atoms, the general requirement for 
the formation of a chelate with a transition metal.

If a free diradical were the intermediate in these reac
tions, one would expect very similar results for the var-

(7) See C h ap . 7 a n d  8 in  H . Zeiss, “ O rgan o m eta llic  C hem isl r y ,’’ R e in 
hold  P u b lish in g  C o rp ., N ew  Y ork , N . Y ., I960 ... .
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ious transition metals if it is assumed that the same 
steady state concentration of this intermediate is 
attained in these reactions. If phenyl radicals were 
formed to any considerable extent, then the major 
product would be benzene.8 Neither of these possi
bilities are substantiated by the experiments.

An interpretation of these reactions is further com
plicated by the heterogeneity of the reaction mixture, 
both the salts and the metals are insoluble in ether. 
A local enrichment and subsequent coupling of inter
mediates partially bonded to the surface of the metal 
would be dependent on the crystalline structure of either 
the salt or the metal formed. A possible preference 
of open-chained polyphenyls can be rationalized by 
postulating a slow decomposition of organometallic 
intermediates to free radicals thus making the hydrogen 
atom abstraction from the solvent the chain terminating 
step.

A related mechanism was postulated in relating the 
products obtained from the reaction of 2,2'-dilithio- 
biphenyl with transition metal halides.2

The formation of tetraphenylene and octaphenylene 
in reaction of particular transition metal halides can be 
considered analogous to the catalytic action of certain 
nickel complexes in the tetramerization of acetylene to 
cyclooctatetraene.8 In these reactions a coordination 
complex is considered intermediate to the formation of 
the ring compound.9 The tempting analogy of a sim
ilarly coordinated complex of four dehydrobenzene 
molecules (formally containing one bent acetylenic 
bond each) must be considered with reservation since 
tetraphenylene should predominate as a product of the 
reaction with nickel salts, a reaction which leads pre
dominantly to octaphenylene. The possible formation 
of a complex containing two central metal atoms each 
coordinated to four dehydrobenzene molecules as a 
route to octaphenylene is only speculative.

A connection between the oxidation potential of the 
transition metal and product distribution was sought.

cM C 12
L i

L i
2 x L iC l +

The better a metal can function as a reducing agent, the 
poorer will be the oxidizing power of the metal cation. 
Thus, the lower the reduction potential of the metal 
cation the slower one would expect the reaction to 
proceed and the higher would be the probability for 
dissociation of intermediate complexes with the sub
sequent hydrogen atom abstraction from the solvent 
and the higher the yields of the open-chained com
pounds. There exists no apparent relation between the 
reduction potentials and the ratio of open-chained to 
closed-chained polyphenyls isolated. A dependence of 
the yields on the presence of lithium halide was ob
served in the reaction of 2,2'-dilithiobiphenyl with tran
sition metal halides. The effect was studied in the 
comparable reactions of o-dilithiobenzene but no sig
nificant effect could be ascertained.

It has been observed that compounds containing 
organic radicals linked by cr-bonds to a metal such as 
chromium can be isolated if tetrahydrofuran is used 
as the solvent. The compounds accommodate one or

(8) W . R eppe , e t a l . ,  A n n . ,  560, 5636 (1957).
(9) T . L. C a irn s, e t  a l . ,  J .  A m .  C h e m .  S o c . ,  74, 5636 (1953).

several molecules of tetrahydrofuran in their coordina
tion spheres.7 A series of experiments was hence 
undertaken to attempt the isolation of a complex of the
o-phenylene dianion coordinated to a metal and tetra
hydrofuran. However, the unusual metalating powers 
of o-dilithiobenzene toward tetrahydrofuran made the 
preparation of o-dilithiobenzene in tetrahydrofuran 
impracticable. I t was, however, possible to prepare
o-dilithiobenzene in ether, remove the ether by distilla
tion, and dissolve the compound in tetrahydrofuran. 
Reactions of the thus prepared solutions of o-dilithio- 
benzene with nickel chloride gave product distributions 
entirely different from that observed for the same reac
tion in ether; neither octaphenylene nor tetraphenylene 
could be found. This indicates that tetrahydrofuran 
contains a more strongly liganding oxygen than does 
ether, and it appears that the solvent molecules displace 
the weakly bonded o-phenylene dianion from the inter
mediate complex resulting in the much higher yields of 
simple lower molecular weight fragments. This effect 
may be coupled with the higher acidity of the a- 
hydrogen atoms in tetrahydrofuran.

The reactions of o-dilithiobenzene with m-dichloro- 
bis(triphenylphosphine)platinum(II) were performed 
in the hope of isolating a platinum complex of benzyne 
similar to the acetylene platinum complexes recently 
prepared by J. Chatt and co-workers.10 Instead of the 
expected product there was obtained a mixture of tri- 
phenylphosphine platinum complexes.11

o- C 6H ,L ¡2 +  ( P h 3P ) 2P t C l 2 ----- ^  ( P h 3P ) „ P t  +  2LÍC1

The plausible intermediacy of benzyne was demon
strated in the reaction of o-dilithiobenzene with p- 
bromoanisole. The prime interest in this reaction was 
concerned with the estimation of the metalating power 
of o-dilithiobenzene. Unusual metalating powers were 
not observed, neither fromlhe attempted metalation of 
p-bromoanisole in the position ortho to the methoxyl 
group nor in the attempted metalation of diphenyl- 
methane. It was significant, however, to observe the 
new route to benzyne via halogen-metal interconver
sion. The expected products were found and are shown 
in Chart 2 (p. 1736).

Experimental
P r e p a r a t io n  o f o - P h e n y le n e m e r c u r y .— S o d iu m  a m a lg a m  w as 

p r e p a r e d  in  a  5 0 0 -m l. S c h le n k  tu b e ,  p r e f e r a b ly  o f  s o f t  g la s s , 
s in c e  in  t h e  l a t t e r  t y p e  g la s s  i t  w a s  n o t ic e d  t h a t ,  a f t e r  t h e  re a c t io n , 
th e  m e r c u r y  s e p a r a te d  m o re  r e a d i ly  a s  a  l iq u id  i n s t e a d  o f  a s  a  
c o l lo id a l  s u s p e n s io n . T o  t h e  n i t ro g e n - f i l le d  S c h le n k  tu b e  w as 
a d d e d  50  m l .  o f  p u r e  m e r c u r y  (0 8 0  g . ,  3 .4  g . - a to m s ) .  T h e  
S c h le n k  t u b e  w a s  h e a te d  to  ca. 5 0 °  a n d  7 g . ( 0 .3 0 5  g . - a to m )  o f  
s o d iu m , c u t  i n to  p e a - s iz e  c u b e s , w a s  a d d e d  s lo w ly . T h e  e x o th e r 
m ic  a m a lg a m a t io n  p r o c e d u r e  p r o v id e d  su f f ic ie n t h e a t  t o  p ro c e e d  
to  c o m p le t io n  w i th o u t  f u r t h e r  e x te r n a l  h e a t in g .  T h e  t u b e  w a s  
a l lo w e d  to  co o l t o  ro o m  t e m p e r a tu r e  b e fo re  2 8 .4  g . (0 .1 2  m o le )  o f 
o - d ib ro m o b e n z e n e  a n d  150 m l .  o f  e th e r  w e re  a d d e d .  T h e  S c h le n k  
tu b e  w a s  th e n  s e a le d  u n d e r  n i t r o g e n  a n d  s h a k e n  fo r  5  d a y s .  A t 
t h e  e n d  o f  t h i s  t im e ,  t h e  t u b e  w a s  o p e n e d  u n d e r  n i t r o g e n  a n d  50  
m l .  o f w a te r  w a s  a d d e d  c a r e f u l ly .  I f  on  s h a k in g  t h e  tu b e  g e n t ly  
t h e  m ercu r} -  s e p a r a te d  r e a d i ly  f ro m  t h e  y e llo w  s u s p e n s io n , t h e  
w o r k -u p  w a s  p e r fo r m e d  a c c o r d in g  t o  m e th o d  1 . H o w e v e r ,  if  a  
g r a y  c o l lo id a l  s u s p e n s io n  r e s u l te d ,  t h e n  t h e  w o r k -u p  p ro c e e d e d  
a c c o rd in g  to  m e th o d  2 .

(10) J . C h a t t ,  G . A. Bow e, a n d  A. A, W illiam s, P r o c .  C h e m .  S o c . ,  208 
(1957); J . C h a t t ,  R . G. G uy , a n d  H . R . W a tso n , J .  C h e m .  S o c . ,  2332 
(1961).

(11) L . M a le s ta  a n d  C . C arre llo , i b i d . ,  2323 (1958).
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O C H 3

P h 2C O

L i

O C H 3

+  P h 2C O

B r

O C H s

L i

L i
+  2 P h 2C O

2 P h 2C O

C hart  2

C O H  C O r i  
P h 2 P i -2

M e th o d  1 .— T h e  c o n te n t s  o f  t h e  S c h le n k  t u b e  w e re  t r a n s f e r r e d  
t o  a  s e p a r a to r y  f u n n e l  a n d  t h e  m e r c u r y  r e m o v e d .  T h e  o rg a n ic  
a n d  a q u e o u s  p h a s e s  w e re  f i l te r e d ;  s o l id  r e m a in in g  w a s  w a s h e d  
w i th  w a te r  a n d  e th e r  a n d  d r ie d  a t  8 0 °  fo r  2 h r .  T h is  s o l id  w as 
d iv id e d  in  f o u r  e q u a l  p o r t io n s  a n d  e a c h  p o r t io n  s u c c e s s iv e ly  
p la c e d  in  2 5 0 -m l. r o u n d - b o t to m e d  f la s k  f i t t e d  w i th  a  v ib ro -m ix e r ,  
N - m e th y lp y r r o l id o n e  (1 0 0  m l .)  w a s  a d d e d  t o  t h e  f la s k  a n d  th e  
s lu r r y  e x t r a c te d  a t  1 2 0 ° f o r  1 0  m in . u n d e r  v io l e n t  a g i t a t i o n .  
T h e  c o n te n t s  o f  t h e  f la s k  w e re  d e c a n te d  i n to  a  c e n t r i f u g e  tu b e  
a n d  t h e  p ro c e s s  r e p e a te d  w i th  t h e  o th e r  p o r t io n s  o f  c r u d e  p r o d u c t  . 
T h e  l a s t  t r a c e s  o f m e r c u ry  w e re  r e m o v e d  b y  c e n t r i fu g in g  th e s e  
s u s p e n s io n s  a n d  t h e  r e d -b r o w n  m o th e r  l iq u o r s  w e re  c o m b in e d  
a n d  m ix e d  s lo w ly  w i th  2 0 0 -3 0 0  m l .  o f m e th a n o l ,  w h ic h  c a u s e d  th e  
p r e c ip i t a t i o n  o f t h e  f in e ly  d iv id e d  o -p h e n y le n e m e r c u ry .  T h is  
w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  t h e  m o th e r  l iq u o r s  c o n c e n t r a te d  
in vacuo. T h e  p u r e r  f r a c t io n s  t h u s  o b t a in e d  w e re  c o m b in e d  a n d  
r e c r y s ta l l i z e d  f ro m  d im e th y l f o r m a m id e .  T h e  p r o d u c t  c r y s ta l l i z e d  
in  s m a l l t h i n  n e e d le s  a n d  w a s  d r ie d  a t  1 0 0 °  f o r  2 4  h r .  i n  a  s lo w  c u r 
r e n t  o f  a i r .  P r o d u c t  m e l te d  w i th  d e c o m p o s i t io n  a t  3 3 2 - 3 3 4 ° .

Anal. C a lc d .  fo r  C 6H 4H g :  C ,  2 6 .0 4 ;  H ,  1 .4 6 . F o u n d :  
C ,  2 6 .2 4 ;  H ,  1 .7 9 .

M e th o d  2 .— T h e  c o l lo id a l  s u s p e n s io n  w a s  i s o la te d  o n  a  f i l te r  
p a p e r  a n d  d r ie d  i n  t h e  a i r .  I t  w a s  t r a n s f e r r e d  to  a  c lo th  w h ic h  
w a s  f o ld e d  a r o u n d  i t  a n d  s q u e e z e d  u n t i l  n o  m o r e  m e r c u r y  p a s s e d  
t h r o u g h  i t .  T h e  s o l id  r e m a in in g  w a s  t h e n  t r e a t e d  a s  d e s c r ib e d  
in  m e th o d  1 .

P r e p a r a t i o n  o f  o - D i l i th io b e n z e n e .— S t a n d a r d  s o lu t io n s  o f o- 
d i l i th io b e n z e n e  w e re  p r e p a r e d  im m e d ia te ly  b e f o re  t h e  o r g a n o -  
m e ta l l i c  c o m p o u n d  w a s  n e e d e d .  A  2 0 0 - m l.  S c h le n k  t u b e  w a s  
c le a n e d  w i t h  c h ro m ic  a c id  c le a n in g  s o lu t io n  a n d  d i s t i l l e d  w a te r  
b e f o re  d r y in g .  T h e  t u b e  w a s  t h e n  d r ie d  h o t  b y  e v a c u a t in g  a n d  
f i l l in g  i t  th r e e  t im e s  w i th  p u r if ie d  n i t r o g e n .  A  fe w  g la s s  s p l in te r s  
w e re  a d d e d  a n d  5 g . o f  o - p h e n y le n e m e r c u ry  ( s u f f ic ie n t  t o  y ie ld  18 
m m o le s  o f o - d i l i th io b e n z e n e ) .  T h e  t u b e  w a s  e v a c u a te d  s t i l l  
a n o t h e r  t im e  t o  r e m o v e  t h e  a i r  e n t r a in e d  i n  t h e  f lu ffy  p r e c ip i t a t e .  
T h e  e th e r  t o  b e  u s e d  w a s  h e a te d  u n d e r  r e f lu x  in  t h e  p r e s e n c e  o f

s o d iu m  a n d  a  t r a c e  o f  b e n z o p h e n o n e  u n t i l  t h e  f o r m a t io n  o f b e n z o -  
p h e n o n e  k e ty l  c h a n g e d  t h e  c o lo r  o f  t h e  s o lu t io n  t o  d e e p  b lu e .  
T h e  e th e r  t h e n  w a s  d is t i l l e d  a n d  k e p t  in  t h e  d a r k  o v e r  f r e s h ly  
p re s s e d  s o d iu m . T o  th e  t u b e  b e in g  s w e p t  b y  a  s lo w  c u r r e n t  o f  
n i t r o g e n  w a s  t h e n  a d d e d  5 0  m l.  o f  e th e r  a n d  2 .6  g .  ( 0 .3 8  g . - a to m )  
o f  f r e s h ly  p re s s e d  l i t h i u m .  T h e  l i t h iu m  w a s  p re s s e d  i n to  b a n d s ,  
f ro m  a  h e a te d  s o d iu m  p r e s s  l u b r ic a te d  w i t h  a  fe w  d r o p s  o f  m in e r a l  
o il ,  a n d  c u t  i n to  s h o r t  s e c t io n s  f a l l in g  d i r e c t l y  i n to  e t h e r .  A n 
o th e r  6 0  m l .  o f  e th e r  w a s  a d d e d  a f t e r  c o m p le te  t r a n s f e r  o f  t h e  
l i t h i u m .  T h e  S c h le n k  t u b e  w a s  s e a le d  u n d e r  n i t r o g e n  a n d  s h a k e n  
f o r  4  d a y s .  A f te r  t h e  e la p s e  o f 1 d a y  a  b r o w n  c o lo r  w a s  n o t ic e d  
a n d  o n  c o m p le te  r e a c t io n  a  d e e p  r e d  s o lu t io n  o n ly  c o n ta in in g  s u s 
p e n d e d  b la c k  m e r c u ry  a n d  l i t h i u m  w a s  o b ta in e d .  I t  r e a d i ly  m a y  
b e  e s ta b l is h e d  w h e th e r  u n c h a n g e d  o - p h e n y le n e m e r c u ry  is  p r e s e n t  
s in c e  a n y  s u c h  c o m p o u n d  c a n  r e a d i ly  b e  s e e n  a s  s u s p e n d e d  c r y s 
t a l s .  T h e  a g i t a t i o n  s h o u ld  b e  c o n t in u e d  i f  a n y  s u c h  c o s t á i s  a r e  
s e e n .

S u c h  s o lu t io n s  w e re  a n a ly z e d  f o r  o r g a n o l i th iu m  c o n te n t  b y  t h e  
m e th o d  of d o u b le  t i t r a t i o n s  ( u s in g  m e th y l  io d id e )  a c c o r d in g  t o  a  
p u b l is h e d  p r o c e d u r e . 12 A g r e e m e n t  w a s  f o u n d  b e tw e e n  t h e  r e s u l t s  
f o u n d  b y  d e te r m in a t io n  o f t h e  r e m a in in g  a lk a l i  a n d  s u b t r a c t i n g  
th i s  f ro m  t h e  t o t a l  a lk a l i  o b ta in e d  o n  s im p le  h y d r o ly s is  a n d  t h e  
r e s u l t s  o b ta in e d  o n  d e te r m in a t io n  o f  t h e  io d id e  c o n te n t  b y  t h e  
V o lh a r d  p r o c e d u r e .  T h e  c o n te n t  o f  o - d i l i th io b e n z e n e  wra s  8 0 -  
9 0 %  o f  t h e  t h e o r e t i c a l  n o t  a l lo w in g  fo r  a n y  v o lu m e  c h a n g e s  d u r in g  
t h e  f o r m a t io n  o f  t h e  s o lu t io n  o f  t h e  o r g a n o m e ta l l ic  c o m p o u n d .

R e a c t io n  o f o -D il i th io b e n z e n e  w ith  T r a n s i t io n  M e t a l  H a l id e s .  
G e n e r a l  P r o c e d u r e .— T h e  r e a c t io n s  w e re  p e r fo r m e d  u n d e r  
c o m p a r a b le  c o n d i t io n s  b y  d e c a n t in g  t h e  s o lu t io n  o f  t h e  o r g a n o 
m e ta l l i c  c o m p o u n d  t h r o u g h  a  g la s s -w o o l p lu g  in  a  s h o r t  s e c t io n  o f  
T e f lo n  tu b in g  c o n n e c t in g  th e  S c h le n k  t u b e 13 in  w h ic h  o - d i l i th io 
b e n z e n e  h a d  b e e n  p r e p a r e d  w i th  t h e  n itro g e n - f i l le d  S c h le n k  
t u b e  in  w h ic h  t h e  r e a c t io n  w a s  t o  t a k e  p la c e .  T h is  t u b e  h a d  
b e e n  d r ie d  c a r e f u l ly  in  a d v a n c e  a n d  t h e  s a l t  ( fo r  m o la r  r a t i o s  se e  
a o f  T a b le  I )  h a d  b e e n  in t r o d u c e d  a n d  w a s  a g i t a t e d  u n d e r  1 0 -2 0  
m l .  o f d r y  e th e r  b y  m e a n s  o f a  m a g n e t ic  s t i r r e r .  T h e  r e a c t io n  
v e s s e l  w a s  b e in g  c o o le d  to  —3 0 °  in  a  d r y  a i r  a c e to n e  b a t h .  T h e  
r e a c t io n  u s u a l ly  c o m m e n c e d  in  t h e  c o ld , a s  w a s  e v id e n t  f ro m  
d a r k e n in g  o f t h e  p r e c ip i t a t e  a n d  t h e  s o lu t io n .  A f te r  1 h r .  a t  
— 3 0 °  t h e  s t i r r e d  r e a c t io n  m ix tu r e  w a s  a l lo w e d  to  h e a t  t o  ro o m  
t e m p e r a tu r e  a n d  c o lo r  t e s t  l 5 w a s  t a k e n .  I n  m o s t  c a s e s  i t  w a s  
p o s i t iv e  a n d  th e  t u b e  w a s  s e a le d  u n d e r  n i t r o g e n  a n d  s h a k e n  fo r  
1 -3  d a y s  b e f o re  t h e  c o lo r  t e s t  w a s  n e g a t iv e ,  in d ic a t in g  t h e  a b s e n c e  
o f  o r g a n o l i th iu m  c o m p o u n d s .

W o r k -u p  w a s  p e r fo r m e d  in  a l l  c a s e s  b y  h y d r o ly s is  f in  a n  a tm o s 
p h e r e  o f n i t r o g e n )  w i th  w a te r  u n t i l  n o  m o r e  g a s  w a s  l i b e r a t e d .  
T h e  so lid s  w e re  r e m o v e d  b y  f i l t r a t io n  a n d  w a s h e d  o n  t h e  f i l te r  
w i th  e th e r  a n d  w a te r  b e fo re  d r y in g .  T h e  so lid s  w e re  t h e n  p la c e d  
in  t h e  th im b le  o f  a  S o x h le t  e x t r a c to r  a n d  e x t r a c te d  w i th  h o t  
b e n z e n e  fo r  5 - 1 0  h r .  T h e  e x t r a c t s  w e re  c o n c e n t r a te d  a n d  t h e  
o il r e m a in in g  s u b l im e d  in vacuo a t  v a r io u s  t e m p e r a tu r e s .  O n ly  
in  t h e  c a s e  o f  c o p p e r ( I I )  c h lo r id e  w e re  t h e r e  a n y  s ig n i f ic a n t  
m e ld s  o f  h y d r o c a r b o n .  T h e  o rg a n ic  l a y e r  o f  t h e  f i l t r a te s  w a s  
s e p a r a te d  a n d  d r ie d  o v e r  c a lc iu m  c h lo r id e .  T h is  s o lu t io n  w a s  
t h e n  c o n c e n t r a te d  t o  ca. 1 0  m l .  a n d  a n  e q u a l  v o lu m e  o f  b e n z e n e -  
f re e  e th a n o l  w a s  a d d e d .  T h e  c o n te n t s  w e re  t h e n  t r a n s f e r r e d  t o  a  
s m a l le r  f la s k  a n d  f r a c t io n a l ly  d i s t i l l e d  t o  c o l le c t  a n y  b e n z e n e -  
e th a n o l  a z e o t r o p e  i n  t h e  m id d le  f r a c t io n .  T h is  f r a c t io n ,  a n d  th e  
o th e r  o n e s , fo r  s a f e ty ,  w e re  a n a ly z e d  fo r  t r a c e  a m o u n ts  o f  b e n z e n e  
b y  v a p o r  p h a s e  c h r o m a to g r a p h y  ( v .p .c . ) .  A n y  i r r e g u la r i t i e s  in  
e x p e r im e n ta l  p r o c e d u r e  w h ic h  c o u ld  h a v e  le d  t o  i n t r o d u c t i o n  o f  
w a te r  w o u ld  t h u s  h a v e  b e e n  r e a d i ly  re c o g n iz a b le .

T h e  r e m a in in g  o il  w a s  th e n  e v a c u a te d  to  r e m o v e  t r a c e s  o f 
e th a n o l  a n d  t r i t u r a t e d  w i th  p e t r o le u m  e th e r ,  b .p .  6 0 - 7 0 ° ,  b e fo re  
a  s e c o n d  r e m o v a l  o f  t h e  s o lv e n t .  T h e  o il r e m a in in g  w a s  th e n  
e x t r a c te d  w i th  p e t r o le u m  e th e r ,  b .p .  0 0 - 7 0 ° ,  a n d  t h e  e x t r a c t s  
p a s s e d  t h r o u g h  a  2 5 -c m . c o lu m n  c o n ta in in g  ca. 5 0  g . o f  n e u t r a l  
a lu m in a .  P e t r o le u m  e th e r ,  b . p .  6 0 - 7 0 ° ,  w a s  u s e d  a s  e lu e n t  u n t i l  
n o  m o r e  m o v e m e n t  o f  t h e  a d s o r p t io n  b a n d s  w e re  n o t ic e d .  T h e  
s u b s ta n c e  in s o lu b le  i n  p e t r o le u m  e th e r  w a s  t h e n  e x t r a c t e d  w i th  
c y c lo h e x a n e  ( o r  a  m ix tu r e  o f  c y c lo h e x a n e  a n d  b e n z e n e , 9 : 1 ) a n d  
th e s e  e x t r a c t s  p a s s e d  t h r o u g h  th e  s a m e  c o lu m n . T h e  c h r o m a to 
g r a m  w a s  d e v e lo p e d  b y  t h e  u s e  o f  c y c lo h e x a n e , c y c lo h e x a n e -  
b e n z e n e  ( 9 : 1 ) ,  b e n z e n e , c h lo ro fo rm , e th y l  a c e t a t e ,  a n d  e th a n o l  
a s  e lu e n t s .  I n  m o s t  c a s e s  t h e r e  w a s  o b ta in e d  s e v e ra l  f r a c t i o n s  o f 
t r ip h e n y l  e n e  c o n ta m in a te d  w i th  o th e r  h y d r o c a r b o n s .  T h e s e  
f r a c t io n s  w e re  e x t r a c te d  w i th  p e t r o le u m  e th e r ,  b . p .  6 0 - 7 0 ° ,  a n d

(12) R . G. Jo n es  a n d  H . G ilm an , O r g .  R e a c t i o n s ,  6, 3 5 3  (1951).
(13) See E . M ü lle r, H ouben -W ey l, " M e th o d e n  d . O rg . C h e m .”  1 /2 , G. 

T h iem e , S tu t tg a r t ,  1959, p . 340.
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th e  e x t r a c t s  r e c h r o rn a to g r a p h e d ,  e l u t i n g  w i th  p e t r o le u m  e th e r ,  
c y c lo h e x a n e , c y c lo h e x a n e -b e n z e n e  ( 9 : 1 ) ,  a n d  b e n z e n e .  T h e  
p u r e  h y d r o c a r b o n s  w e re  o f te n  o b ta in e d  f ro m  t h i s  p r o c e d u r e .  
T h e  f r a c t io n s  o f  t r ip h e n y le n e  r e m a in in g  a f t e r  e x t r a c t io n  w i th  
p e t r o le u m  e th e r  w e re  r e c r y s ta l l i z e d  f ro m  e th a n o l .  I n  so m e  ca se s  
th e  f r a c t io n s  d id  n o t  d is s o lv e  c o m p le te ly  in  t h e  s o lv e n t ,  a n d  th e  
in s o lu b le  r e s id u e s  w e re  o f te n  id e n t i f ie d  aB t r a c e  a m o u n ts  o f o c ta -  
p h e n y le n e ,  m .p .  4 2 3 - 4 2 5 ° ,  p r e s u m a b ly  s w e p t  a lo n g  w i t h  t r i 
p h e n y le n e .

R e a c t io n  o f  o - D i l i th io b e n z e n e  w ith  T i ta n iu m ( IV )  C h lo r id e  ( 2 : 1 ) .
— T h e  g e n e r a l  p r o c e d u r e  w a s  fo llo w e d , n o  v ig o ro u s  r e a c t io n  o c 
c u r re d  a n d  th e  c o lo r  t e s t 5 w a s  p o s i t iv e  e v e n  a f t e r  t h e  r e a c t io n  
m ix tu r e  h a d  b e e n  a l lo w e d  to  h e a t  t o  r o o m  t e m p e r a tu r e .  T h e  
S c h le n k  tu b e  w a s  s e a le d  a n d  s h a k e n .  A f te r  16 h r .  o f  a g i t a t i o n  
th e  t u b e  w a s  o p e n e d  a n d  t h e  c o lo r  t e s t  o f  t h e  b la c k  s u s p e n s io n  
f o u n d  t o  b e  n e g a t iv e .  F r o m  t h e  e th e r  p h a s e  o f  t h e  w o rk -u p  
th e r e  w a s  o b ta in e d  b y  a z e o t r o p ic  d i s t i l l a t i o n  w i t h  e th a n o l  a  
f r a c t io n  w h ic h , b y  v .p . c .  a n a ly s is ,  w a s  f o u n d  to  c o n ta in  b e n z e n e  
a m o u n t in g  t o  7 %  o f  t h a t  e x p e c te d  fo r  t h e  t o t a l  c o n v e r s io n  o f  
o - d i l i th io b e n z e n e  to  b e n z e n e .  T h e  r e s id u e  f ro m  t h e  a z e o tr o p ic  
d i s t i l l a t i o n  w a s  e v a c u a te d  a n d  i n t e r m i t t e n t l y  s lu r r e d  w i t h  p e t r o 
le u m  e th e r  ( b .p .  6 0 - 7 0 ° ) .  C h r o m a to g r a p h y  f ro m  n e u t r a l  a l u 
m in a  y ie ld e d  t h e  c o m p o u n d s  s h o w n  in  T a b le  I .

P a r t  o f  t h e  t r ip h e n y le n e  w a s  r e c o v e r e d  a s  t h e  2 ,4 ,7 - t r i n i t r o -  
f lu o re n o n e  c o m p le x .

R e a c t io n  w ith  V a n a d iu m ( I I )  C h lo r id e .— A  s a m p le  o f t h i s  g re e n  
c o m p o u n d  w as d r ie d  b y  h e a t in g  i t  u n d e r  re f lu x in g  tb io n y l  c h lo r id e  
f o r  5 h r . ,  fo llo w e d  b y  r e m o v a l  o f  t h e  v o l a t i l e  c o m p o n e n ts ,  a n d  b y  
f in a l ly  d r y in g  f o r  4 h r .  a t  9 5 °  a n d  f o r  6  h r .  a t  1 3 0 °  in vacuo,14 

T h e  r e a c t io n  o f  2 .4 4  g .  ( 2 0  m m o le s )  o f  th i s  s a l t  w i t h  o - d i l i th io 
b e n z e n e  (1 8  m m o le s )  w a s  c a r r ie d  o u t  u n d e r  n o r m a l  c o n d i t io n s .  
T h e  c o lo r  t e s t  o f  t h e  r e a c t io n  m ix tu r e  w a s  n e g a t iv e  a f t e r  40  h r .  
H o w e v e r ,  a  d if fe re n c e  i n  t h e  g re e n  c o lo r  u s u a l ly  o b ta in e d  in  p o s i
t i v e  c o lo r  t e s t  w a s  o b s e rv e d  to  d e v e lo p  s lo w ly  o n  a d d i t io n  o f  th e  
io d in e  i n  a c e t ic  a c id  s o lu t io n .  F o r  t h i s  r e a s o n  a  t i t r a t i o n  o f th e  
r e a c t io n  m ix tu r e  w a s  p e r fo r m e d  ( u s in g  m e th y l  io d id e  i n s te a d  o f 
b e n z y l  c h lo r id e  in  t h e  d o u b le  t i t r a t i o n  m e th o d )  a n d  i t  w a s  f o u n d  
t h a t  n o  C - L i  w a s  p r e s e n t .  T h e  u s u a l  w o r k -u p  g a v e  t h e  in d ic a te d  
y ie ld s  o f  a r o m a t ic  h y d r o c a r b o n s .

R e a c t io n  w ith  M a n g a n e s e ( I I )  C h lo r id e .— M a n g a n e s e ( I I )  c h lo 
r id e  w a s  d r ie d  u n d e r  re f lu x in g  th io n v l  c h lo r id e  a n d  th e n  h e a te d  
in vacuo.1* T h e  d r ie d  s a l t  w a s  c r e a m  c o lo re d , a n d  f in e ly  d iv id e d ;
2 .5  g . (2 0  m m o le s )  w a s  a llo w e d  t o  r e a c t  in  a  S c h le n k  tu b e  w i th  
18  m m o le s  o f o - d i l i th io b e n z e n e  w i th  10 m l .  o f e th e r .  T h e  r e a c 
t io n  m ix tu r e  t u r n e d  b r o w n  a n d  th e  c o lo r  t e s t  w a s  n e g a t iv e  a f t e r  
16 h r .  a g i t a t i o n  in  th e  c lo s e d  S c h le n k  t u b e .  A  s t r o n g  e v o lu t io n  of 
h e a t  a n d / o r  g a s  w a s  c a u s e d  b y  th e  h y d r o ly s is .  T h e  la y e r s  w e re  
f i l te r e d  a n d  t h e  o rg a n ic  p h a s e  f r a c t i o n a t e d  a s  u s u a l  w i th  e th a n o l .
V .p .c .  a n a ly s is  i n d ic a te d  th e  p r e s e n c e  o f b e n z e n e . C a re f u l  e lu 
t io n  c h r o m a to g r a p h y  y ie ld e d  c o m p o u n d s  s h o w n  in  T a b le  I .

R e a c t io n  w i th  C o b a l t ( I I )  C h lo r id e .— T h e  c o b a l t  c h lo r id e  t o  b e  
u se d  w a s  p r e p a r e d  f ro m  c o b a l t ( I I )  c h lo r id e  h e x a h y d r a te  w h ic h  
w a s  p la c e d  in  a  1 0 0 - m l.  r o u n d - b o t to m e d  f la s k  i n to  w h ic h  w a s  
d is t i l le d  t h io n y l  c h lo r id e .  T h e  a p p a r a t u s  w a s  p r o te c te d  f ro m  t h e  
a tm o s p h e r e  b y  a  c a lc iu m  c h lo r id e  t u b e .  W h e n  s u f f ic ie n t  t h io n y l  
c h lo r id e  h a d  c o l le c te d  a n d  t h e  f la s k  r e a c h e d  ro o m  te m p e r a tu r e ,  
t h e n  i t  w a s  e q u ip p e d  w i th  a  re f lu x  c o n d e n s e r  a n d  t h e  t h io n y l  
c h lo r id e  h e a t e d  u n t i l  i t  r e f lu x e d  b r i s k ly .  T h e  c o b a l t ( I I )  c h lo r id e  
w a s  h e a te d  fo r  4  h r .  a t  w h ic h  t im e  t h e  e v o lu t io n  o f t h e  h y d r o g e n  
c h lo r id e  a n d  s u l f u r  d io x id e  h a s  s u b s id e d .  T h e  th io n y l  c h lo r id e  
w a s  r e m o v e d  b y  d is t i l l a t io n  a n d  t h e  s o lid  r e m a in in g  in  t h e  f la s k  
w a s  d r ie d  in vacuo ( 0 .1  m m .)  fo r  4  h r .  a t  1 2 0 ° . T h e  f la s k  w a s  
th e n  e v a c u a te d  a n d  filled  w i th  d r y  n i t ro g e n  th r e e  t im e s  t o  r e m o v e  
th e  l a s t  t r a c e s  o f  t h io n y l  c h lo r id e . T h e  l i th iu m  c h lo r id e  u se d  w a s  
d r ie d  b y  h e a t in g  i t  t o  1 0 0 ° f o r  16 h r .  in vacuo.

M o la r  R a t io  1 :1 .— T h e  r e a c t io n  w a s  p e r fo r m e d  a s  d e s c r ib e d  
u n d e r  th e  g e n e r a l  p r o c e d u r e .  A n  im m e d ia te  b la c k e n in g  of 
t h e  l ig h t  b lu e  s u s p e n s io n  r e s u l t e d .  A t  ro o m  t e m p e r a tu r e  th e r e  
w a s  o b ta in e d  a  b r o w n  s o lu t io n  a b o v e  a  b la c k  p r e c i p i t a t e .  T h e  
r e a c t io n  m ix tu r e  w a s  s e a le d  off a n d  a g i t a t e d  fo r  3  d a y s  a t  w h ic h  
t im e  t h e  c o lo r  t e s t  w a s  n e g a t iv e .  T h e  r e a c t io n  m ix tu r e  w a s  
h y d r o ly z e d  a n d  w o r k e d  u p  a s  d e s c r ib e d  p r e v io u s ly .  T h e  y ie ld s  
o b ta in e d  d if fe re d  in s ig n i f ic a n t ly  f ro m  th o s e  o b ta in e d  b y  B ic k e l-  
h a u p t . 1

E x c e s s  C o b a l t ( I I )  C h lo r id e .— T h e  r e a c t io n  w a s  p e r f o r m e d  a s  
d is c u s s e d  u n d e r  M o la r  R a t io  1 :1  b u t  9 .3 5  g .  ( 7 2  m m o le s ,  t h r e e 
fo ld  e x c e s s )  o f  c o b a l t ( I I )  c h lo r id e  w a s  u s e d .  T h e  c o lo r  t e s t  w a s

(14) T h e  d ry in g  p ro ced u re s  w ere g en e ra lly  th o se  reco m m en d e d  b y  G. 
B rau e r, " H a n d b u c h  d. P rä p a ra t iv e n  A nogan isch en  C h em ie ,"  I  a n d  I I ,  
F . E n k e , S tu t tg a r t ,  1960.

T a b l e  I I
P ro d u c t Y ield , % M .p ., °C .

B e n z e n e 6

B ip h e n y l 8 6 6 -6 7
o - T e r p h e n y l 14 5 3 - 5 4
T r ip h e n y le n e 15 “ 1 9 1 -1 9 2

“ T h is  y ie ld  w a s  in c r e a s e d  b y  3 %  b y  o b ta in in g  f ro m  t h e  m a n y  
c o lo re d  a n d  o ily  f r a c t io n s  a  c o m p le x  w i th  2 ,4 ,7 - t r in i t ro f lu o r e n o n e  
f ro m  b e n z e n e , m .p .  2 3 0 - 2 3 1 ° .  T h a t  t h i s  c o m p le x  c o n s is te d  o f a  
1 : 1  m ix tu r e  o f c o m p le x in g  a g e n t  a n d  t r ip h e n y le n e  w a s  s h o w n  b y  
t h e  o b t a in m e n t  o f t h e  l a t t e r  b y  c h r o m a to g ra p h y .

n e g a t iv e  a f t e r  2  h r .  a t  ro o m  te m p e r a tu r e  a n d  tw o  c h r o m a to g r a m s  
g a v e  t h e  in d ic a te d  y ie ld s ( T a b le  I I ) .

M o la r  R a tio  1 :1  C o n ta in in g  1 M o le  L i th iu m  C h lo r id e .— T o  2 .6
g. (2 0  m m o le s )  o f c o b a l t ( I I )  c h lo r id e  w a s  a d d e d  0 .7 7  g .  (1 8  
m m o le s )  o f  l i th iu m  c h lo r id e  a n d  15 m l .  o f e th e r .  T h e  s u s p e n d e d  
s a l t s  w e re  a llo w e d  to  r e a c t  w i th  o - d i l i th io b e n z e n e  u n d e r  t h e  s a m e  
c o n d it io n s  a s  d e s c r ib e d  p r e v io u s ly .  T h e  r e s u l t s  s h o w n  in  T a b le  
I I I  d o  n o t  d if fe r  s ig n if ic a n t ly  f ro m  th o s e  r e p o r t e d  p r e v io u s ly .

Product0
T a b l e  I I I

Y ield , % M .p ., °C .

B e n z e n e 5
B ip h e n y l 8 68-69
T r ip h e n y le n e 17 188-189
O c ta p h e n y le n e 4 423-424

“ I n  so m e  c a s e s  o - te rp h e n y l  d id  n o t  c r y s ta l l iz e .  T h e  y ie ld s  o f  
n o n c r y s ta l l in e  o - te r p h e n y l  a r e  n o t  r e p o r te d .

R e a c t io n  w i th  C o p p e r ( I )  C h lo r id e .  R a t io  2 : 1 . — C o p p e r ( I )  
c h lo r id e  w a s  w a s h e d  w i th  s e v e ra l  p o r t io n s  o f  s u l f u r o u s  a c id  a n d  
th e n  w i th  g la c ia l  a c e t ic  a c id  u n t i l  t h e  w a s h in g s  w e re  c o lo r le s s . 
T h e  s o lid  w a s  th e n  d r ie d  in  t h e  a i r  u n t i l  t h e  o d o r  o f a c e t ic  a c id  
h a d  d is a p p e a re d  a n d  th e n  in vacuo a t  120° fo r  6  h r .  T h e  r e a c t io n  
p r o c e e d e d  in  a  m a n n e r  v e r y  s im i la r  t o  t h a t  o b s e rv e d  fo r  c o p p e r ( I l ) 
c h lo r id e  a n d  a  n e g a t iv e  c o lo r  t e s t  w a s  o b ta in e d  a f t e r  2 4 - h r .  r e a c 
t io n  a t  ro o m  t e m p e r a tu r e  ( T a b le  I V ) .

T a b l e  I V
Product Y ield , % M .p ., °C.

B e n z e n e 2

B ip h e n y l 2 2 5 9 -6 0
o -T e r p h e n y l 7 I m p u r e  o il
o - Q u a r te r p h e n y l 1 1 1 5 -1 1 7
D ip h e n y le n e 2 1 1 1 - 1 1 2

T r ip h e n y le n e 1 2 1 9 0 -1 9 1

T e t r a p h e n y le n e 9 2 3 0 -2 3 1
H e x a p h e n y le n e T ra c e 3 2 5 -3 3 0

R e a c t io n  o f C o p p e r ( I I )  C h lo r id e  w i th  o - D i l i th io b e n z e n e  ( 1 : 1 ) .  
— T h e  s a l t  w a s  d r ie d  a s  d e s c r ib e d  u n d e r  C o b a lt  C h lo r id e  u s in g  
th io n y l  c h lo r id e . T h e  r e a c t io n  w a s  p e r f o r m e d  u n d e r  t h e  u s u a l  
c o n d i t io n s  t o  g iv e  a  l ig h t  g r e e n  p r e c ip i t a t e  u n d e r  a  b r o w n  s o lu 
t i o n .  T h e  co lo r  t e s t  w a s  n e g a t iv e  a f t e r  3  d a y s  o f  s h a k in g .  
H y d r o ly s is  y ie ld e d  a  p r e c ip i t a t e  o f  f in e ly  d iv id e d  c o p p e r .  T h e  
d ip h e n y le n e  w a s  c h a r a c te r iz e d  b y  m ix tu r e  m e l t in g  p o in t ,  i n 
f r a r e d  s p e c t ro s c o p y  ( s u p e r im p o s a b i l i ty  o f  a  r e fe re n c e  s p e c t r u m ) ,  
a n d  m e l t in g  p o in t  a n d  m ix tu re  m e l t in g  p o i n t  o f i t s  r e d  p ie r  a te ,  
m .p .  1 1 6 -1 1 8 ° .

R e a c t io n  w ith  S i lv e r  C h lo r id e .— S i lv e r ( I )  c h lo r id e  w a s  d r ie d  a t  
1 1 0 °  fo r  4  h r .  in vacuo a n d  5 .8  g .  (4 0  m m o le s )  h e re o f  w a s  a llo w e d  
t o  r e a c t  u n d e r  s t a n d a r d  c o n d i t io n s  h e r e w i th  ( T a b le  V ) .

T a b l e  V
P ro d u c ts Y ield , % M .p ., °C .

B e n z e n e 3
B ip h e n jd 3 5 9 -6 0
o - T e r p h e n y l 1 0 5 3 -5 5

T e t r a p h e n y le n e 3 2 2 8 -2 2 9
o - Q u a r te rp h e n y l 1 1 1 0 -1 1 6

R e a c t io n  w i th  C h r o m iu m ( I I I )  C h lo r id e .— T h e  r e a c t io n  w a s  
p e r fo r m e d  a s  d e s c r ib e d  u n d e r  g e n e r a l  p r o c e d u r e  u s in g  2 .5  g .  
( 1 5 .8  m m o le s )  o f  c h r o m iu m ( I I I )  c h lo r id e  a n d  18 m m o le s  o f  o-
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d il i th io b e n z e n e .  T h e  c h r o m iu m ( I I I )  c h lo r id e  w a s  p u r if ie d  b y  
h e a t in g  i t  in  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  u n t i l  t h e  r e a c t io n  
d is c o n t in u e d  a n d  th e n  i t  w a s  d r ie d  a f t e r  w a s h in g  w i th  d is t i l le d  
w a te r  in vacuo a t  2 0 0 °  f o r  6  h r .  T h e  r e a c t io n  w i th  o -d ili th io -  
b e n z e n e  p r o c e e d e d  in  t h e  c o ld  ( —3 0 ° )  t o  g iv e  a  d a r k  b r o w n  s u s 
p e n s io n  b u t  s in c e  t h e  c o lo r  t e s t  w a s  n o t  n e g a t iv e  a f t e r  1 h r . ,  th e  
t u b e  w a s  s e a le d  a n d  s h a k e n  fo r  3 d a y s  a f t e r  w h ic h  t im e  th e  c o lo r  
t e s t  w a s  n e g a t iv e .  A  g a s  w a s  e v o lv e d  d u r in g  t h e  h y d r o ly s is .  
T h e  fo llo w in g  r e a c t io n s  w e re  p e r fo r m e d  in  a d d i t io n  to  th o s e  s h o w n  
in  T a b le  I  u s in g  th e  s a m e  g e n e r a l  p ro c e d u r e .

Reaction with Palladium(II) Chloride.— T h e  s t a n d a r d  r e a c t io n  
o f 18 m m o le s  o f  o -d i l i th io b e n z e n e  w i th  3 .5  g . (1 8  m m o le s )  o f d r y  
p a l la d iu m  c h lo r id e  w a s  p e r fo r m e d .  T h e  c o lo r  t e s t  w a s  f o u n d  to  
b e  n e g a t iv e  a f t e r  3 d a y s .  A  v e r y  la rg e  f r a c t io n  o f  a n  u n id e n t i f i 
a b le  b r o w n  o il (1 5 %  y ie ld  b y  w e ig h t )  w a s  o b ta in e d  in  a d d i t i o n  to  
t h e  c o m p o u n d s  s h o w n  in  T a b le  V I .

T a b l e  V I
P ro d u c t Y ield , %

B e n z e n e  2
B ip h e n y l  14
T e t r a p h e n y le n e  9

M .p ., °C .

5 9 - 6 0
2 3 0 -2 3 1

Reaction with Thallium(I) Chloride.— T h e  s a l t  w a s  d r ie d  a t  
1 3 0 °  in vacuo a n d  9 .6 .  g . (4 0  m m o le s )  th e r e o f  w a s  a llo w e d  to  r e a c t  
u n d e r  th e  u s u a l  c o n d i t io n s  w i th  o - d i l i th io b e n z e n e  (1 8  m m o le s ) .  
C o lo r  t e s t  1 w a s  n e g a t iv e  a f t e r  16 h r .  A  v o lu m in o u s  p r e c ip i t a te  
w a s  o b ta in e d .  S in c e  e x t r a c t io n  w i th  b e n z e n e  c a u s e d  so m e  a p 
p a r e n t  d e c o m p o s i t io n  n o te d  b y  t h e  s e p a r a t io n  o f m e ta l l ic  t h a l 
l iu m , t h e  e x t r a c t io n  w a s  p e r fo r m e d  u n d e r  m i ld e r  c o n d i t io n s  o v e r  
a  w a te r  b a t h .  T h e  e x t r a c t s  w e re  c o n c e n t r a t e d  t o  g iv e  a  p r e c ip i 
t a t e  w h ic h  d id  n o t  d is s o lv e  in  b e n z e n e  a f t e r  s t a n d in g  o v e r n ig h t  in  
t h e  a i r .  T h e  e x p e r im e n t  w a s  r e p e a te d  a n d  t h e  p r e c ip i t a te ,  in  
p a r t  o b ta in e d  b y  e x t r a c t io n  w i th  h o t  d io x a n e , w a s  a llo w e d  to  
s t a n d  u n d e r  p e t r o le u m  e th e r ,  b .p .  6 0 - 7 0 ° .  A f te r  r e p e a te d  re -  
c r y s ta l l i z a t io n s  f ro m  a  m ix tu r e  o f c h lo ro fo rm  a n d  e th a n o l  ( 2 0 : 1 ), 
t h e r e  w a s  o b ta in e d  a  s o lid  w h ic h  d e c o m p o s e d  w i th  g a s  e v o lu t io n  
a t  1 4 5 °  a n d  w h ic h  a t  i t s  p o in t  o f  d e c o m p o s i t io n  y ie ld e d  a  n e e d le 
l ik e  p r o d u c t  w h ic h  i ts e lf  d e c o m p o s e d  to  a  b r o w n  l iq u id  a t  1 8 0 -  
1 8 5 ° .

Anal. F o u n d :  C ,  8 5 .3 1 ;  H , 7 . 6 1 .
Reaction with Copper(II) Chloride in the Presence of 2 ,5 - D i-  

methylfuran.— T h e  r e a c t io n  w a s  p e r fo r m e d  a s  d e s c r ib e d  p r e 
v io u s ly  b y  t h e  a d d i t io n  of o - d i li th io b e n z e n e  (1 8  m m o le s )  t o  a  
s lu r r y  o f  2 .8 .  g . (2 0  m m o le s )  c o p p e r ( I I )  c h lo r id e  in  7 .5  m l .  (6 9  
m m o le s )  o f  2 ,5 - d im e th y l f u r a n  m a in ta in e d  a t  —3 0 °  ( t h e  f u r a n  
h a d  b e e n  d is t i l le d  u n d e r  n i t r o g e n  f ro m  s o d iu m  d i r e c t ly  i n to  t h e  
r e a c t io n  v e s s e l) .  T h e  r e a c t io n  m ix tu r e  u n d e r w e n t  c o lo r  c h a n g e s  
s im i la r  t o  th o s e  o b s e rv e d  fo r  t h e  s a m e  r e a c t io n  in  th e  a b s e n c e  of 
t h e  f u r a n .  T h e  c o lo r  t e s t  w a s  n e g a t iv e  a f t e r  2  h r .  r e a c t io n  a t  
ro o m  t e m p e r a t u r e .  T h e  u s u a l  w o r k -u p  y ie ld e d  t h e  c o m p o u n d s  
s h o w n  in  T a b le  V I I .  N o n e  o f th e  a d d u c t  w a s  is o la te d  o r  c o u ld  be  
d e te c te d  b y  i t s  c h a r a c te r i s t i c  o d o r .

T a b l e  V I I
C om p o u n d Y ield , % M .p  , ° C .

B e n z e n e S

B ip h e n y l 1 0 7 0 -7 2
T r ip h e n y le n e 8 1 9 3 -1 9 4
T e t r a p h e n y le n e 17 2 2 9 -2 3 0
o - T e r p h e n y l 1 5 7 - 5 8
o - .Q u a r te rp h e n y l 1 1 1 5 -1 1 7

Reaction with Copper(II) Chloride in the Presence of 1,3-Di- 
phenylisobenzofuran.— A  s a m p le  o f  1 ,3 - d ip h e n y l is o b e n z o f u ra n  
w a s  p u r if ie d  b y  r e c r y s ta l l i z a t io n  f ro m  c y c lo h e x a n e , m .p .  1 3 1 -  
1 3 3 ° . A  s lu r r y  o f  t h i s  c o m p o u n d  (4 .8 6  g . ,  18 m m o le s )  a n d  c o p 
p e l l i )  c h lo r id e  ( 2 .8  g . ,  2 0  m m o le s )  in  2 0  m l .  o f  e t h e r  w a s  p la c e d  
in  t h e  r e a c t io n  S c h le n k  tu b e  a n d  th e  o -d i l i th io b e n z e n e  in  e th e r  w as  
a d d e d  to  t h e  r e a c t io n  v e sse l co o le d  t o  —6 0 ° . T h e  c o lo r  t e s t  w a s  
n e g a t iv e  a f t e r  a  r e a c t io n  t im e  o f 1  h r .  a n d  h e a t in g  to  r o o m  t e m 
p e r a t u r e  d u r in g  a  s e c o n d  h o u r .  T h e  r e a c t io n  m ix tu r e  w a s  w o rk e d  
u p  e s s e n t ia l ly  a s  b e fo re  w i th  t h e  d if fe re n c e  t h a t  b a s ic  a lu m in a  
w a s  u s e d  to  p r e v e n t  d e c o m p o s i t io n  o f  a  p o s s ib le  d e h y d r o b e n z e n e  
a d d u c t .  T h e  p r e c ip i t a t e  c o n s is t in g  o f in o rg a n ic  a n d  o rg a n ic  s u b 
s ta n c e s  w a s  f i l te r e d  a n d  w a s h e d  with ex cess  e th e r .  T h e  e th e r  
l a y e r  w a s  w o r k e d  u p  a s  u s u a l  b y  a z e o t r o p ic  d i s t i l la t io n  a n d

c h r o m a to g r a p h y .  T h e  p r e c ip i t a te  f ro m  t h e  r e a c t io n  m ix tu r e  w a s  
e x t r a c te d  w i th  b e n z e n e ,  th i s  s o lu t io n  w a s  c o n c e n t r a te d ,  a n d  c y c lo 
h e x a n e  w as a d d e d .  T h e  m a te r i a l  w h ic h  s e p a r a te d  o n  s t a n d in g  
f o r  16 h r .  ( 1 .2  g . ,  m .p .  1 1 0 -1 1 5 ° )  w a s  c h r o m a to g r a p h e d  t o  g iv e  
0 .5  g .  o f d ip h e n y l is o b e n z o fu r a n  ( m .p .  1 2 6 -1 2 8 ° )  a n d  0 .6 2  g . o f 
o -d ib e n z o y lb e n z e n e  ( m .p .  1 4 1 -1 4 4 ° ) .  T h e  e th e r  s o lu t io n  o n  c o n 
c e n t r a t i o n  a f t e r  f r a c t io n a t io n  g a v e  a  y e llo w  s u b s ta n c e  o f  c o n 
s id e ra b le  m e lt in g  r a n g e .  T h e  s o lid  w a s  d is s o lv e d  in  b e n z e n e  a n d  
a i r  w a s  p a s s e d  th r o u g h  i t  t o  o x id ize  th e  u n c h a n g e d  1 ,3 - d ip h e n y l-  
i s o b e n z o fu r a n  to  o - d ib e n z o y lb e n z e n e  ( m .p .  1 4 1 - 1 4 2 ° ) .  T h e  
c o m p o u n d s  i s o la te d  a r e  in d ic a te d  in  T a b le  V I I I .

T a b l e  V I I I
C o m p o u n d Y ield . % M .p ., °C .

B e n z e n e 6

B ip h e n y l 6 6 0 - 6 2
o - T e r p h e n y l“ 1 0

o - Q u a r te rp h e n y l 3 1 1 5 -1 1 7
T r ip h e n y le n e 9 1 8 9 -1 9 0
T e t r a p h e n y le n e 13 2 2 1 -2 3 2
H e x a p h e n y le n e 1 3 3 6 -3 3 8
o - D ib e n z o y lb e n z e n e 58 1 4 1 -1 4 2

n I n  so m e  c a s e s  o - te rp h e n y l  d id  n o t  c ry s ta l l iz e . T h e  y ie ld s  of
n o n c r y s ta l l in e  o - te r p h e n y l  a r e  n o t  r e p o r te d .

Reaction of Dehydrobenzene with 1,3-Diphenyiisobenzo- 
furan.— T o  s u b s t a n t i a t e  t h a t  th e  p r o p e r  i s o la t io n  p r o c e d u r e  w a s  
u s e d  th e  r e a c t io n  o f  d e h y d r o b e n z e n e ,  p r e p a r e d  b y  a n  in d e p e n d e n t  
r o u t e ,  w i th  d ip h e n y l is o b e n z o fu r a n  w a s  c a r r ie d  o u t  a s  a  c o n t r o l  
e x p e r im e n t .  T o  a  s o lu t io n  o f  o -b ro m o f lu o ro b e n z e n e  (1 .0 5  g . ,  6 

m m o le s ,  f re s h ly  d is t i l le d ,  9 2 - 9 4 °  a t  70  m m . ,  nw d  — 1 .5 3 3 5 )  a n d  
d ip h e n y l is o b e n z o fu r a n  ( 1 .6  g . ,  6  m m o le s )  in  4 0  m l. o f  e t h e r  a n d  
2 0  m l .  o f t e t r a h y d r o f u r a n  w a s  a d d e d  p r e d r ie d  m a g n e s iu m  t u r n 
in g s . T h e  r e a c t io n  w a s  a llo w e d  to  p ro c e e d  a t  r o o m  t e m p e r a t u r e  
f o r  2 h r .  a n d  a t  t h e  b o i l in g  p o in t  o f  t h e  s o lu t io n  f o r  1 h r .  A f te r  
s t a n d in g  fo r  16 h r .  a t  ro o m  t e m p e r a tu r e ,  1 0 0  m l .  o f b e n z e n e  w a s  
a d d e d .  C o n c e n t r a t io n  a f t e r  w a s h in g  w i th  a  s o lu t io n  o f  a m 
m o n iu m  c h lo r id e  ( s a t u r a t e d )  a n d  d r y in g  g a v e  2 .0 6  g . o f a  c r u d e  
p r o d u c t ,  m .p .  1 8 7 -1 8 8 ° . O n e  h a l f  o f  t h i s  c o m p o u n d  ( 1 .0  g . )  
w a s  d is s o lv e d  in  b e n z e n e  a n d  o x id iz e d  fo r  1 2  h r .  in  a  c u r r e n t  o f 
a i r .  C h r o m a to g r a p h y  y ie ld e d  9 ,1 0 - d ip h e n y l-9 ,1 0 - d ih y d ro a n -  
th ra c e n e - e n d o x id e -9 ,1 0  (0 .6 5  g . ,  6 2 % )  a n d  o -d ib e n z o y lb e n z e n e  
(0 .2 4  g „  1 6 % ) .

Preparation of Dichlorobis( triphenylphosphine )platinum( II).—
T h e  c o m p le x  w a s  p r e p a r e d  a c c o rd in g  to  a  p u b l is h e d  p r o c e d u r e 11 

b y  a g i t a t i o n  o f a  m ix tu r e  o f 5 .2  g . o f  t r ip h e n y lp h o s p h in e  a n d  4 .1 6  
g . o f p o ta s s iu m  t e t r a c h l o r o p l a t i n a t e ( I I )  in  100 m l. o f  5 0 %  a q u e 
o u s  a lc o h o l  f o r  2 4  h r .  T h e  c o m p o u n d  w a s  p u r if ie d  b y  w a s h in g  i t  
o n  th e  f i l te r  w i th  ex ce ss  e th e r ,  t o  r e m o v e  t r ip h e n y lp h o s p h in e ,  
a n d  w i th  e t h a n o l - w a t e r  t o  r e m o v e  ex cess  in o r g a n ic  m a te r i a l s ,  
a n d  f in a l ly  w i th  e t h e r  t o  a id  th e  d r y in g  p ro c e s s .  T h e  s a m p le  w a s  
d r ie d  in vacuo a t  8 0 - 1 0 0 °  fo r  16 h r .  A  s a m p le  o f  t h i s  c o m p le x  
( m .p .  3 0 8 - 3 1 2 °  d e c .)  w a s  a n a ly z e d  w i th o u t  f u r t h e r  p u r i f ic a t io n .

Anal. C a lc d .  f o r  C 36H 3„P2P t C l 2, ( P h s P k P t C k :  C ,  5 4 .6 8 ;  H ,
3 .8 2 .  F o u n d :  C ,  5 4 .9 7 ;  H ,  3 .8 5 .

Reaction of Dichlorobisftriphenylphosphine)platinum(II). In 
Benzene-Ether I.— A  s o lu t io n  o f  o -d il i th io b e n z e n e  ( p r e p a r e d  f ro m
4 .0 5  g . ,  o f o - p h e n y le n e m e r c u ry )  in  6 5  m l .  o f  b e n z e n e  c o n ta in in g  
7 m l .  o f e th e r  w a s  p r e p a r e d .  T h e  r e a c t io n  w a s  fo llo w e d  b y  t i t r a t 
in g  3 - m l. a l iq u o ts  b y  t h e  d o u b le  t i t r a t i o n  m e t h o d . 12 T h e  t o t a l  
s o lu t io n  c o n ta in in g  7 .5  m m o le s  o f o - d i l i th io b e n z e n e  w a s  a d d e d  to  
a  s u s p e n s io n  o f  d ic h lo r o b is ( t r i p h e n y lp h o s p in e ) p l a t i n u m ( I I )  in  
b e n z e n e .  T h e  r e a c t io n  m ix tu re  l ib e r a te d  h e a t  a n d  th e  c o lo r  o f 
t h e  s o lu t io n  c h a n g e d  f ro m  re d  to  b r o w n . T h e  c o lo r  t e s t  w a s  
n e g a t iv e  a f t e r  1  h r .  b u t  t h e  r e a c t io n  m ix tu r e  w a s  a g i t a t e d  f o r  a n  
a d d i t io n a l  4  h r .  N o  c a r e  w a s  t a k e n  in  t h i s  e x p e r im e n t  t o  i s o la te  
t h e  r e a c t io n  p r o d u c t s  in  t h e  a b s e n c e  o f t h e  a tm o s p h e r e .  T h e r e  
w a s  i s o la te d  2 .3 4  g . o f a  so lid  w h ic h  w a s  p a r t l y  l i t h iu m  c h lo r id e .  
T h e  in o rg a n ic  s a l t  w a s  r e m o v e d  b y  w a s h in g  w i th  e th a n o l  a n d  
w a te r .  T h e  w a s h in g s  w e re  c o m b in e d , d i lu te d  t o  v o lu m e ,  a n d  a l i 
q u o ts  w e re  t i t r a t e d  fo r  c h lo r id e  c o n te n t .  A  t o t a l  o f  12  o u t  o f  a  
p o s s ib le  15 m m o le s  o f l i th iu m  c h lo r id e  w a s  f o u n d  ( 8 0 % ) .  I n 
n u m e r a b le  u n s u c c e s s fu l  a t t e m p t s  w e re  m a d e  t o  b r in g  t h i s  c o m 
p o u n d  t o  c r y s t a l l i z a t i o n .  T h e r e  w a s  o b ta in e d  a  r e c o v e r y  o f  1 .1 6  
g . o f t h e  d i c h lo r o b is ( t r ip h e n y lp h o s p h in e ) p la t in u m ( I I )  ( a n  ex cess  
o f  1 .2 0 g .  o f  t h e  p l a t i n u m  c o m p le x  h a d  b e e n  p r e s e n t ) .  T h e  b r o w n  
re s id u e s  d id  n o t  y ie ld  a n y  c r y s ta l l in e  c o m p o u n d s  o n  t r e a t m e n t  
w i th  t h e  c o m m o n  o rg a n ic  s o lv e n ts .  T h e  a m o r p h o u s  p o w d e r
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o b ta in e d  f ro m  t r e a t m e n t  w i th  e th a n o l  w a s  s o lu b le  in  c h lo r in a te d  
s o lv e n ts  t o  g iv e  d a r k  r e d  s o lu t io n s .  T h e  b r o w n  a m o r 
p h o u s  f r a c t io n s  ( m .p .  1 2 0 - 1 3 0 ° )  u n d e r w e n t  n o  o b s e rv a b le  
c h a n g e  o n  b o i l in g  w i th  p y r id in e ,  p ip e r id in e ,  5 %  a q u e o u s  s o d iu m  
h y d r o x id e ,  d i l u t e  a c id s ,  o r  a  s o lu t io n  o f d ip h e n y l is o b e n z o fu r a n .  
H e a t in g  o f t h e  c r u d e  p r o d u c t  w i th  t h io u r e a  (w h ic h  c o m b in e s  
p r e fe r e n t ia l ly  w i th  a n y  p l a t i n u m  c h lo r id e s  p r e s e n t )  in  b e n z e n e -  
e th a n o l  ( 1 : 5 )  g a v e  a  p r o d u c t  o f  s im i la r  a p p e a r a n c e .

A n o th e r  s a m p le  ( 0 .5  g . )  o f t h e  p r o d u c t  w a s  h e a t e d  f o r  2  h r .  
in  b o i l in g  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  s o lid  w a s  f i l te r e d  
a n d  w a s h e d  w i th  e th a n o l .  T h e  f i l t r a te s  w e re  c o m b in e d  a n d  f r a c 
t io n a l ly  d is t i l le d .  T h e r e  w a s  f o u n d  n o  b e n z e n e  b y  v .p . c .  in  a n y  
o f t h e  f r a c t io n s  c o l le c te d .  T h e  g r a y  p r e c ip i t a t e  w a s  r e c r y s ta l l iz e d  
to  y ie ld  0 .3 9  g . ( 8 0 %  r e c o v e r y )  o f  d ic h lo r o b is ( t r ip h e n y lp h o s -  
p h i n e ) p l a t in u m ( I I ) .  T h e  v a r io u s  m o th e r  l iq u o rs  a n d  th e  f i l t r a te  
f ro m  th e  c r u d e  r e a c t io n  m ix tu r e  w e re  e v a p o r a t e d  to  d r y n e s s  in 
vacuo, s lu r r e d  w i th  b e n z e n e -c y c lo h e x a n e  ( 1 : 7 ) ,  a n d  c h r o m a to 
g r a p h e d  f ro m  20 0  g . o f a lu m in a .  T h e r e  w a s  o b ta in e d  th e  fo llo w 
in g  c o m p o u n d s :  t r ip h e n y le n e  ( p a r t l y  i s o la te d  a s  t h e  t r in i t r o -  
f lu o re n o n e , c o m p le x ) ,  17 m g . ,  m .p .  1 9 5 -1 9 6 ° ;  v a r io u s  o ils , 71 
m g .;  a n d  t r ip h e n y lp h o s p h in e  o x id e , 0 .9 0  g . ,  m .p .  1 5 4 - 1 5 5 ° .  A  re d  
l a c q u e r ,  m .p .  1 1 5 -1 2 0 °  d e c . ,  w a s  a ls o  o b ta in e d .  T h e  in f r a r e d  
s p e c t r u m  of th e  c r u d e  b u t  d r y  p r o d u c t  t e n t a t i v e l y  i n d ic a te d  th e  
p re s e n c e  o f o - s u b s t i t u t e d  a r y l  g ro u p s  in  th e  6 0 0 - 9 0 0 - c m ." 1 re g io n  
a s  s h o u ld e rs  o n  th e  tw o  m o n o s u b s t i t u te d  p h e n y l  o u t-o f  p la n e  d e 
f o r m a t io n  a b s o r p t io n s .

I n  B e n z e n e - E t h e r  I I . — T h e  r e a c t io n  b e tw e e n  6  m m o le s  of p l a t i 
n u m  c o m p le x  ( r e c ry s ta l l iz e d  f ro m  c h lo ro fo rm )  a n d  a  b e n z e n e  s o lu 
t io n  o f o - d i l i th io b e n z e n e  ( a n a ly z e d  to  c o n ta in  5 .9  m m o le s )  w a s  
c a r r ie d  o u t  a s  d e s c r ib e d  in  I . T h e  r e a c t io n  v e s s e l ,  h o w e v e r ,  w a s  in  
c a s e  a  d o u b le  S c h le n k  tu b e  c o n ta in in g  a  f in e  f r i t t e d  g la s s  p lu g  
b e tw e e n  t h e  tw o  c o m p a r t m e n t s . 13 T h e  a p p e a r a n c e  o f  t h e  r e a c t in g  
m ix tu r e  w a s  t h e  s a m e  a s  d e s c r ib e d  u n d e r  I .  T h e  b e n z e n e  s lu r r y  
w a s  c o o le d  to  — 6 0 °  a n d  th e  S c h le n k  tu b e  s e a le d  in vacuo. O n  
th a w in g  t h e  f ro z e n  r e a c t io n  m ix tu r e  a n d  c o o lin g  t h e  s e c o n d  
c o m p a r tm e n t  i t  w a s  p o s s ib le  t o  f i l te r  t h e  s o lu t io n  in to  t h e  o th e r  
c o m p a r tm e n t .  D i s t i l l a t io n  o f  t h e  b e n z e n e  s o lv e n t  o f t h e  f i l t r a te  
w as  a c c o m p lis h e d  a n d  th e  n o n c r y s ta l l in e  r e s id u e  f ro m  r e m o v a l  o f 
th e  s o lv e n t  w a s  a g i t a t e d  w i th  f re s h ly  d is t i l le d  e th e r .  T h e  e th e r  
w as r e m o v e d  f ro m  t h e  d a r k  a m o r p h o u s  r e s id u e  a n d  c a r b o n  m o n 
o x id e  w a s  p a s s e d  t h r o u g h  a  f u r a n  s u s p e n s io n  o f  t h i s  r e s id u e . T h e  
r e a c t io n  m ix tu r e  w a s  f r e e d  f ro m  s o lv e n ts  a n d  c h r o m a to g r a p h e d  
b y  p r e f e r e n t ia l  s o lu t io n ,  e lu t io n  c h r o m a to g r a p h y .  S e v e ra l  u n i 
d e n t i f ia b le  r e d  la c q u e r s  w e re  o b ta in e d  b u t  n o n e  o f  t h e  e x p e c te d
l ,  4 - d ih y d r o n a p h th a I e n e - e n d o x id e - l ,4  c o u ld  b e  d e t e c t e d .

T h e  p r e c ip i t a t e  w h ic h  h a d  b e e n  o b ta in e d  b y  f i l t r a t io n  o f  t h e  
o r ig in a l  r e a c t io n  m ix tu r e  w a s  s u s p e n d e d  in  t h e  b e n z e n e  s o lv e n t ,  
d is t i l le d  b y  c o o lin g  t h e  re c e iv e r  b a c k  in to  t h e  r e a c t io n  v e s se l , 
f i lte re d , a n d  th e  p r e c ip i t a t e  w a s  w a s h e d  w i th  b e n z e n e  a n d  c h lo ro 
fo rm  to  g iv e  a  b e n z e n e -  a n d  a  c h lo ro fo rm -s o lu b le  f r a c t io n .  F ro m  
th e  b e n z e n e  w a s h in g s  w a s  o b ta in e d  o n  e v a p o r a t io n  o f th e  s o lv e n t  
a n d  t r i t u r a t i o n  w i th  e th a n o l ,  a  b r o w n , a m o r p h o u s  s o lid  ( 0 .5 1 5  g . ,
m .  p .  1 6 8 -1 8 0 °  d e c . ) .  C h lo ro fo rm  w a s h in g s  g a v e , o n  f r a c t io n a l  
c r y s ta l l iz a t io n ,  3 .4 7  g . o f  d ic h lo ro b is (  t r ip h e n y lp h o s p h in e  ) p la t -  
in u m ( I I ) ,  m .p .  3 0 5 - 3 0 7 ° ,  id e n t i f ie d  b y  c o m p a r is o n  o f in f r a r e d  
s p e c t r a  b e tw e e n  t h e  s a m p le  t h u s  o b ta in e d  a n d  th e  s t a r t i n g  
m a te r ia l .  T h e  p r e c ip i t a t e  f ro m  th e s e  w a s h in g s  c o n s is te d  m a in ly  
of l i th iu m  c h lo r id e  w h ic h  w a s  d is s o lv e d  in  e th a n o l - w a t e r ,  d i lu te d  
to  v o lu m e , a n d  a l iq u o ts  w e re  a n a ly z e d  t o  g iv e  a  t o t a l  l ib e r a t io n  of
11 .7  m m o le s  o f l i th iu m  c h lo r id e  ( th e o r y ,  1 1 .8  m m o le s  n o t  c o n 
s id e r in g  th e  r e c o v e r y  o f  3 m m o le s  p l a t i n u m  c o m p le x , see  d is 
c u s s io n ) .

I n  E th e r  I I I . — A n  e th e r  s o lu t io n  o f o - d i l i th io b e n z e n e  ( p r e p a r e d  
f ro m  2 .7 6  g . ,  o f  o - p h e n y le n e m e r e u ry )  w a s  a n a ly z e d  a n d  p a r t  o f 
th e  s o lu t io n  ( c o n ta in in g  4 m m o le s  o f o - d i l i th io b e n z e n e )  w a s  a d d e d  
to  3 .2  g . (4  m m o le s )  o f  d ic h lo r o b is ( t r ip h e n y lp h o s p h in e ) p la t in u m -  
( I I )  w h ic h  h a d  b e e n  r e c r y s ta l l iz e d  f ro m  c h lo ro fo rm  a n d  h e a t e d  
u n d e r  re f lu x in g  p e t r o le u m  e th e r  ( b .p .  6 0 - 7 0 ° )  f o r  6  h r .  b e fo re  
d r y in g  in vacuo f o r  a n  a d d i t io n a l  12 h r .  a t  5 0 ° .  T h e  r e a c t io n  d id  
n o t  p ro c e e d  r a p id ly  a t  r o o m  t e m p e r a t u r e .  T h e  S c h le n k  tu b e  
w as s e a le d  off a n d ,  a f t e r  14 h r .  o f  a g i t a t i o n ,  th e  t u b e  w a s  o p e n e d  
a n d  th e  c o lo r  t e s t  f o u n d  t o  b e  n e g a t iv e .  T h e  p r e c ip i t a t e  w a s  
c o l le c te d  o n  th e  f i l te r  p a p e r  u n d e r  n i t r o g e n  a n d  d r ie d  in  t h e  d a r k  
in vacuo a f t e r  s u c c e s s iv e ly  e v a c u a t in g  t h e  d e s ic c a to r  a n d  f illin g  i t  
w i th  n i t r o g e n .  A  s a m p le  o f t h i s  s o lid  ( m .p .  1 6 2 -1 6 8 °  d e c . )  w a s  
e x p o s e d  to  t h e  a tm o s p h e r e  a n d  t h e  m e l t in g  p o in t  o b s e rv e d  w i th  
2 4 -h r .  i n te r v a l s ;  t h e r e  w a s  n o  s ig n if ic a n t  c h a n g e  in  d e c o m p o s i t io n  
p o in t .  T h e r e  w a s  f o u n d  p r a c t i c a l l y  n o  l i th iu m  c h lo r id e  in  th e  
e th e r  s o lu t io n  f ro m  th e  f i l t r a t i o n  o f t h e  c r u d e  s o l id .  F r o m  th e  
f i l t r a te s  th e r e  w a s  o b ta in e d  tw o  f r a c t io n s  o f s o lid s , m .p .  1 5 2 -1 5 4 °

a n d  1 2 1 -1 2 3 ° , r e s p e c t iv e ly .  T h e  p r e c ip i t a t e  (2 .6 6  g . )  w a s  ex 
t r a c t e d  w i th  2 0 0  m l .  o f h o t  c h lo r o fo r m . T h e s e  e x t r a c t s  p r o d u c e d
1 .0 3  g . ( 3 0 %  r e c o v e r y )  o f u n c h a n g e d  p l a t i n u m  c o m p le x . T h e  
p r e c ip i t a t e  f ro m  t h e  c h lo ro fo rm  e x t r a c t s  y ie ld e d  5 .2  m m o le s  of 
l i th iu m  c h lo r id e  ( 6 5 % )  o n  e x t r a c t io n  w i th  e t h a n o l - w a t e r  a n d  
a n a ly s is  a s  b e f o re .  T h e  c h lo r o fo r m  e x t r a c t s  w e re  c o n c e n t r a te d  
a n d  e th e r  w a s  a d d e d  to  g iv e  s e v e ra l  f r a c t io n s  o f b r o w n  a m o r p h o u s  
so lid s  ( m .p .  1 5 0 -1 6 0 °  d e c . w i th  g a s  e v o lu t io n ) .  T w o  o f  th e s e  
f r a c t io n s  w e re  a n a ly z e d  a f t e r  c a r e f u l  d r y in g .

Anal. C a lc c .  fo r  C ^ H a iP iP t ,  ( P h 3P ) 2P t C 6H 4: C ,  6 3 .3 8 ;  H ,  
4 .3 0 .  F o u n d  fo r  s a m p le  I :  C ,  5 8 .1 3 ; H ,  4 .3 5 . C a lc d .  fo r  
C 54H 45P 3P t ,  ( P h 3P ) 3- P t  ( m .p .  1 2 5 -1 3 0 °  d e c . ) :  C ,  6 6 .0 4 ;  H ,  4 .6 1 . 
F o u n d  fo r  s a m p le  I I :  C ,  6 5 .3 4 ;  H ,  4 .5 7 .

F u r t h e r  e v a p o r a t io n  o f  t h e  s o lv e n ts  a n d  a d d i t i o n  o f e th a n o l  
(s in c e  a d d i t io n  o f e th e r  o n ly  p r o d u c e d  o ils )  g a v e  0 .2 3 5  g . o f a  
p r o d u c t ,  m .p .  1 4 9 -1 5 3 ° , t r ip h e n y lp h o s p h in e  o x id e .

A t te m p te d  P r e p a r a t io n  in  T e t r a h y d r o f u r a n .— T o  a  d r y  n i t r o 
g en -f ille d  S c h le n k  tu b e  w a s  a d d e d  2 .6  g . o f  o -p h e n y le n e m e r c u ry ,
1 .5  g . of f re s h ly  c u t  l i th iu m ,  so m e  g la s s  s p l in te r s ,  a n d  50  m l .  of 
f re s h ly  p u r if ie d  t e t r a h y d r o f u r a n .  T h e  r e a c t io n  t u b e  w a s  c lo sed  
a n d  s h a k e n  fo r  15 d a y s .  A  g r a y  s u s p e n s io n  o f  l i th iu m  m e ta l  r e 
s u l te d .  T h e  tu b e  w a s  o p e n e d  i n t e r m i t t e n t l y  a n d  a l iq u o ts  a n 
a ly z e d  fo r  t o t a l  b a s e  a n d  C - L i  c o n te n t  a s  u s u a l  ( th e o r y ,  C - L i  0 .4  
.¥ ) .  I t  p r o v e d  im p o s s ib le  t o  d u p l ic a te  t h e  t o t a l  b a s e  c o n te n t  o f 
th e  a l iq u o ts  r e m o v e d  b e c a u s e  o f t h e  d if fe re n c e  in  c o n te n t  of 
l i th iu m  m e ta l  o f t h e  s a m p le s .  I t  w a s  c o n c lu d e d , h o w e v e r ,  t h a t  
n o  o r  v e r y  l i t t le  C - L i  w a s  p r e s e n t  s in c e  t h e  c o lo r  t e s t  w a s  n e g a 
t i v e .  T h e  m ix tu r e  w a s  p o u r e d  o n  D r y  I c e - e t h e r .  W h e n  th e  
c a r b o n a t io n  m ix tu r e  h a d  r e a c h e d  r o o m  te m p e r a tu r e ,  m e th a n o l  
w a s  a d d e d  to  d e s t r o y  t h e  f in e ly  d iv id e d  l i th iu m  m e ta l .  A c id if ic a 
t io n  p r o d u c e d  a  s u s p e n s io n  w i th  o ily  d r o p le t s  f lo a t in g  o n  t o p .  
E x t r a c t io n  o f t h e  g r a y  p r e c ip i t a t e  ( c o n ta in in g  d r o p s  o f m e r c u ry )  
w i th  d im e th y l f o r m a m id e  (5 0  m l . )  a n d  a d d i t io n  o f  m e th a n o l  
y ie ld e d  n o  r e c o v e r y  o f o -p h e n y le n e m e r c u ry .  T h e  o ils  w e re  d is 
s o lv e d  in  e th e r  a n d  th e  e th e r  s o lu t io n  d r ie d  o v e r  a n h y d r o u s  
s o d iu m  s u l f a te .  D is t i l l a t io n  o f t h e  o ils  r e m a in in g  a f t e r  r e m o v a l  of 
th e  s o lv e n t  g a v e  a  s l ig h t ly  y e llo w  o il (5 6 5  m g .) ,  b .p .  1 5 8 -1 6 0 °  (0 .1  
m m .) ,  rimD — 1 .4 8 9 3 . I n f r a r e d  a n a ly s is  s h o w e d  t h a t  th e  c o m 
p o u n d  w as a l ip h a t ic  a n d  c o n ta in e d  a  c a r b o n y l  g r o u p  a n d  a n  e th e r  
g r o u p .

Anal. C a lc d .  fo r  C 12H 20O 2: C ,  7 3 .4 2 ; H , 1 0 .2 7 ; O , 1 6 .3 7 ; 
fo r  C 12H m0 2: C ,  7 4 .1 8 ; H ,  9 .3 4 ;  0 , 1 6 . 4 7 .  F o u n d :  C , 7 3 .3 5 ; 
H ,  9 .5 8  (O , 1 7 .0 7 ) .

R e a c t io n  w ith  T e t r a h y d r o f u r a n .— A  s o lu t io n  o f o - d i l i th io b e n 
z e n e  ( a n a ly s is  0 .2 5  N  o r  7 0 % )  w as  p r e p a r e d  f ro m  5 g .  o f o - p h e n y l
e n e m e r c u r y ,  2 g .  o f l i th iu m ,  a n d  100 m l .  o f  e t h e r .  T h e  d a r k  r e d  
s o lu t io n  w a s  d e c a n te d  i n to  a n o th e r  n i t ro g e n - f i l le d  S c h le n k  tu b e  
a n d  2 0  m l .  o f  t e t r a h y d r o f u r a n ,  f r e s h ly  d i s t i l l e d  f ro m  l i t h i u m  a lu 
m in u m  h y d r id e ,  w a s  a d d e d .  T h e  S c h le n k  tu b e  w a s  t h e n  s e a le d  
a n d  s h a k e n  fo r  6 d a y s .  A  r e d  p r e c i p i t a t e  f o rm e d  w h ic h  r e d is -  
solv-ed a f t e r  2 d a y s .  A n a ly s is  fo r  o r g a n o l i th iu m  c o m p o u n d s  ( b y  
d e te r m in in g  t o t a l  b a s e  a n d  r e m a in in g  a lk a l i  a f t e r  r e a c t io n  w i th  
m e th y l  io d id e )  i n d ic a te d  t h a t  t h e  s o lu t io n  w a s  0 .0 4  N  o r  m o re  
t h a n  8 0 %  o f t h e  o r g a n o m e ta l l ic  r e a g e n t  h a d  d e c o m p o s e d . T h e  
a n a ly s i s  w a s  r e p e a te d  u s in g  e th y le n e  b r o m id e  f o r  d e te r m in in g  
th e  a m o u n t  o f  r e m a in in g  a lk a l i  l i b e r a t e d  a f t e r  o r g a n o l i th iu m  c o m 
p o u n d s  in c lu d in g  p h e n y l l i t h iu m  h a d  b e e n  r e m o v e d  a s  a  s o u rc e  
o f a l k a l i  o n  h y d r o ly s is .  T h e  s o lu t io n  w a s  n o w  f o u n d  to  b e  0.0G  
N  in  C - L i  b y  th i s  m e th o d .  T h e  r e a c t io n  m ix tu r e  w a s  th e n  
p o u r e d  o n  D r y  I c e  in  e th e r .  T h e  o r g a n ic  l a y e r  w a s  e x t r a c te d  o n ce  
m o re  w i th  1  N  s o d iu m  h y d r o x id e  a n d  t h e  a q u e o u s  l a y e r s  c o m 
b in e d  a n d  a c id if ie d  b e f o re  r e p e t i t io n  o f  e th e r  e x t r a c t io n .  B e n z o ic  
a c id ,  m .p .  1 2 0 -1 2 1 ° , w a s  f o u n d  in  b o t h  e x t r a c t s  (6 7 3  m g .,  3 2 % ) .  
T h e  m o th e r  l iq u o r s  w e re  c o m b in e d  a n d  c h r o m a to g r a p h e d  tw ic e  
b u t  n o  c r y s t a l l i n e  f r a c t io n s  c o u ld  b e  o b t a in e d .

R e a c t io n  w i th  N ic k e l ( I I )  C h lo r id e  i n  T e t r a h y d r o f u r a n .— T h e  
n o r m a l  p r e p a r a t io n  o f o -d i l i th io b e n z e n e  in  e th e r  w a s  d e c a n te d  
in to  a  d o u b le  S c h le n k  t u b e  a n d  th e  t u b e  w a s  s e a le d  in vacuo. 
T h is  a l lo w e d  th e  d i s t i l l a t i o n  o f  t h e  s o lv e n t  i n to  t h e  o th e r  b r a n c h .  
T h e  e th e r  w a s  p o u r e d  off a n d  100 m l .  o f  f r e s h ly  d i s t i l l e d  t e t r a 
h y d r o f u r a n  w a s  a d d e d  to  t h e  r e s id u e .  T h e  r e d  s o lu t io n  w h ic h  
r e s u l te d  w a s  i n  o n e  b r a n c h  a n d  2 . 1  g . o f n i c k e l ( I I )  c h lo r id e , d r ie d  
a s  d e s c r ib e d  i n  a  p r e v io u s  r e p o r t ,  w a s  a d d e d  to  t h e  o th e r  b r a n c h .  
T h e  r e d  o -d i l i th io b e n z e n e  s o lu t io n  w a s  c o n c e n t r a te d  b y  s lo w  r e 
m o v a l  o f  t h e  s o lv e n t  a t  ro o m  t e m p e r a tu r e  i n to  t h e  o th e r  b r a n c h  
o v e r  a  p e r io d  o f  16 h r .  N o  c r y s ta l l in e  p r o d u c ts  w e re  o b ta in e d .  
T h e  s o lu t io n  h a d  c h a n g e d  a p p e a r a n c e  t o  a  b r o w n  c o lo r .  T h e  
s o lu t io n  w a s  t h e n  f i l te r e d  i n to  t h e  o th e r  b r a n c h  c o n ta in in g  t h e  
n i c k e l ( I I )  c h lo r id e  w h i le  c o o lin g  w a s  p r o v id e d  f ro m  t h e  o u t s id e .  
A  g re e n  s o lu t io n  r e s u l te d ,  b u t  t h e  c o lo r  c h a n g e d  to  a  d a r k  b ro w n
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d u r in g  t h e  s u b s e q u e n t  in c re a s e  in  t e m p e r a t u r e  to  ro o m  t e m p e r a 
t u r e .  A t  t h i s  t im e  t h e  c o lo r  t e s t  w a s  n e g a t iv e .  T h e  d o u b le  
S c h le n k  t u b e  w a s  re s e a le d  in vacuo a n d  p a r t  o f t h e  t e t r a h y d r o f u r a n  
w a s  d i s t i l l e d  i n to  t h e  o th e r  b r a n c h  in  t h e  h o p e  o f  i s o la t in g  a  
c r y s t a l l i n e  p r o d u c t .  S in c e  n o n e  w a s  f o u n d  h y d r o ly s i s  w a s  p e r 
f o rm e d  a n d  t h e  r e a c t io n  p r o d u c ts  i s o la te d  a s  d e s c r ib e d  in  a  p r e 
v io u s  s e c t io n .  C h r o m a to g r a p h y  y ie ld e d  26 6  m g . o f  b ip h e n y l  in  
a d d i t i o n  t o  s e v e ra l  f r a c t io n s  o f i n t r a c t a b l e  o ils  w h ic h  o n  a d d i t i o n  
o f  t r in i t r o f lu o r e n o n e  g a v e  2 1  m g .  o f t h e  t r ip h e n y le n e  c o m p le x , 
m .p .  2 3 0 - 2 3 2 ° .  S in c e  t h e  s o lu t io n  o f  o -d i l i th io b e n z e n e  h a d  b e e n  
allow -ed  to  s t a n d  fo r  16 h r .  a t  ro o m  te m p e r a tu r e  t h e  r e a c t io n  w as 
r e p e a te d  w i t h o u t  s to r in g  th e  s o lu t io n  b e fo re  r e a c t io n .  T h e  s a m e  
c o lo r  c h a n g e s  w e re  n o t ic e d  a n d  th e r e  w a s  f o u n d  n o  o c ta p h e n y le n e .  
C h r o m a to g r a p h y  y ie ld e d  b ip h e n y l ,  25 6  m g .,  m .p .  6 4 - 6 5 °  ( 1 8 % ) ,  
a n d  a  t r ip h e n y le n e  c o m p le x  w i th  t r in i t r o f lu o r e n o n e ,  m .p .  2 3 0 -  
2 3 1 ° .  P a r t i c u l a r  c a re  w a s  t a k e n  to  d is s o lv e  t h e  m e ta l  to  s e a rc h  
fo r  o c ta p h e n y le n e  b u t  n o n e  w a s  f o u n d .

A t te m p te d  P r e p a r a t i o n  o f o - D i l i th io b e n z e n e  in  E th y le n e  
G ly c o l D im e th y l  E th e r .— E th y le n e  g ly c o l  d im e th y l  e th e r  w as  
p u r i f ie d  b y  a  s t a n d a r d  p r o c e d u r e ,  b .p .  8 5 ° , n m D  — 1 .3 7 0 6 5 . A  
s l u r r y  o f 2 .5  g  o f  o -p h e n y le n e m e r e u ry  a n d  1 g . o f l i t h iu m  in  50  m l.  
o f  e th y le n e  g ly c o l  d im e th y l  e th e r  w a s  s h a k e n  fo r  7 d a y s .  A  g r a y -  
b la c k  s u s p e n s io n  r e s u l te d .  N e i t h e r  t h e  p r e c ip i t a t e  n o r  t h e  s o lu 
t i o n  g a v e  a  p o s i t iv e  c o lo r  t e s t .  F i l t r a t i o n  o f th e  s lu r r y  y ie ld e d  
n o  c r y s t a l l i n e  p r o d u c t  o n  c o n c e n t r a t io n  o f t h e  f i l t r a te s .  A s m a ll  
a m o u n t  o f l i t h iu m  c a r b o n a te  w a s  f o u n d , 71 m g .

R e a c t io n  o f p - B r o m o a n is o le  w i th  o - D i l i th io b e n z e n e .— D is t i l l a 
t i o n  o f  p -b ro m o a n is o le  u n d e r  r e d u c e d  p r e s s u re s  y ie ld e d  a  p u r e  
s a m p le ,  n,23D — 1 .5 9 0  ( l i t .  1 .5 6 0 5 ) , b .p .  1 3 2 -1 3 4 °  (2 0  m m .) .

A s o lu t io n  c o n ta in in g  18 m m o le s  of o -d i l i th io b e n z e n e  in  100  m l. 
o f  e th e r  w a s  a d d e d  to  3 .3 5  g. (1 8  m m o le s  i o f p - b ro m o a n is o le  a n d  
t h e  r e a c t io n  m ix tu r e  w a s  le f t  a t  ro o m  t e m p e r a t u r e  fo r  15 m in . b e 
fo re  6 .6  g . (3 6  m m o le s )  o f b e n z o p h e n o n e  w a s  a d d e d .  rl h e  c o lo r  
t e s t  w a s  n e g a t iv e  a f t e r  1 0  m in .  a n d  h y d r o ly s is  w i th  w a te r  w as  p e r 
f o rm e d .  T h e  a q u e o u s  e x t r a c t s  o f t h e  o rg a n ic  p h a s e  c o n ta in e d  9 .6  
m m o le s  o f l i t h iu m  b r o m id e  (o n  V o lh a rd  a n a ly s i s ) .  T h e  p - b ro m o -  
a n is o le  r e m a in in g  w a s  r e c o v e r e d  b y  d i s t i l l a t i o n ,  2 .3  g . ( 3 5 % ) ,  a n d  
p a r t l y  a ls o  b y  l a t e r  c h r o m a to g r a m s .  B ip h e n y l  w a s  c o n ta in e d  in  
t h e  h ig h e r  b o i l in g  f r a c t io n s  ( e s t im a te d  150 m g . ) .  T h e  o ils  r e 

m a in in g  f ro m  t h e  d i s t i l l a t io n  w e re  c o m b in e d  a n d  c h r o m a to 
g r a p h e d .  A  f r a c t io n  c o n ta in in g  34% , b ip h e n y l  a n d  6 6 %  p - b ro m o -  
a n is o le  w a s  o b ta in e d  in  a d d i t io n  to  s e v e ra l  o i ly  a n d  s o l id  f r a c t io n s .  
T h e s e  f r a c t io n s  w e re  r e c o m b in e d  a n d  c h r o m a to g r a p h e d  a n e w . 
F r o m  t h e  s e c o n d  c h r o m a to g r a m  w a s  o b ta in e d  o - x v ly le n e g ly e o l-  
t e t r a p h e n y l ,  77 6  m g . (1 .7 5  m m o le s ) ;  t h i s  s a m p le  s h o w e d  n o  
d e p re s s io n  w i th  a n  a u th e n t i c  s a m p le ,  m .p .  1 9 6 - 1 9 7 ° ;  2 - m e th o x y -
5 - b r o m o t r i ta n o l ,  1 .1 3  g . (3  m m o le s ) ;  p - m e th o x y t r i t a n o l ,  1 .4 0  
g . ( 3 .8  m m o le s ) .  S e v e ra l  o th e r  f r a c t io n s  w e re  o b t a in e d  b u t  n o n e  
c o r r e s p o n d in g  to  p - m e th o x y b ip h e n y l ,  b is ( j ) - m e th o x y p h e n y l) .  
A  f r a c t io n ,  m .p .  1 2 1 -1 2 2 ° , w a s  a s s ig n e d  t h e  s t r u c t u r e  2-p- 
m e th o x y p h e n y l t r i t a n o l  o n  b a s is  o f  s p e c t r a l  d a t a  a n d  a n a ly s is .  
I n  a d d i t io n  th e r e  w a s  o b ta in e d  a  c o m p o u n d ,  0 .5  g . ,  m .p .  2 4 6 - 2 4 7 ° ,  
a f t e r  s e v e ra l  r e c r y s ta l l i z a t io n s .  T h is  c o m p o u n d  g a v e  n o  m e l t in g  
p o i n t  d e p re s s io n  w i th  b is ( - 2 - d ip h e n y lo x y m e th y ]  ( d ip h e n y l ,  m .p .
2 4 6 - 2 4 7 ° .

A t te m p te d  M e ta l a t io n  o f  D ip h e n y lm e th a n e  w i th  o -D ilith io -  
b e n z e n e .— D ip h e n y lm e th a n e  w a s  p u r if ie d  b y  d i s t i l l a t i o n .  A  
s o lu t io n  c o n ta in in g  18 m m o le s  o f o - d i l i th io b e n z e n e  w a s  a d d e d  to  
36  m m o le s  o f d ip h e n y lm e th a n e  in  e th e r  (5 .7  g . ) .  T h e  r e a c t io n  
m ix tu r e  w a s  le f t  s t a n d in g  fo r  16 h r .  b e fo re  6 .6  g . o f  b e n z o p h e n o n e  
w a s  a d d e d .  T h e  c o lo r  t e s t  w a s  n e g a t iv e  a lm o s t  im m e d ia t e ly  a f t e r  
a d d i t i o n  a n d  t h e  r e a c t io n  m ix tu re  w a s  w o r k e d  u p  b y  r e m o v in g  
5 .1 8 5  g . (9 1 % ,)  o f  d ip h e n y lm e th a n e  b y  d i s t i l l a t i o n .  F r o m  th e  
r e s id u e  l e f t  a f t e r  t h e  r e m o v a l  o f  t h e  d ip h e n y lm e th a n e  th e r e  w a s  
o b ta in e d  2 .8 7 6  g . (2 2 % ,)  o f te t r a p h e n y l - o - x y ly le n e  g ly c o l ,  m .p .
1 9 6 -1 9 7 °  ( l i t .  r e p o r t s  a  15%  y ie ld ) .  T h e  m o th e r  l iq u o r s  y ie ld e d  
1 .8 0 7  g . o f b e n z o p h e n o n e  (2 7 %  re c o v e r y ) ,  m .p .  4 8 - 4 9 ° ,  o n  d i s t i l 
l a t i o n  a n d  th e  o ils  n o w  re m a in in g  w e re  c h r o m a to g r a p h e d  to  y ie ld  
t r ip h e n y lm e th a n e ,  33  m g . ( p r o b a b ly  p r e s e n t  in  t h e  d ip h e n y l 
m e th a n e  a s  a n  i m p u r i t y ) .  T h e r e  w a s  f o u n d  n o  te t r a p h e n y l - o -  
x y ly le n e  g ly c o l  f ro m  th i s  c h r o m a to g ra m , 18 m g . o f t r i t a n o l ,  a n d  a  
t o t a l  o f 130 m g . o f t e t r a p h e n y l p h t h a l a n  a f t e r  t h e  v a r io u s  j u l y  
f r a c t io n s  w e re  d e h y d r a te d  w i th  g la c ia l  a c e t ic  a c id .
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A  h ig h  p r o d u c t iv i t y ,  c a t a l y t i c  m e th o d  fo r  t h e  é th y n y la t i o n  o f a ld e h y d e s  a n d  k e to n e s  t o  t h e  c o r re s p o n d in g  
s e c o n d a r y  a n d  t e r t i a r y  a c e ty le n ic  c a r b in o ls  is  d e s c r ib e d . T h e  m e th o d  u s e s  c a t a ly t i c  a m o u n ts  o f p o ta s s iu m  o r  
s o d iu m  h y d r o x id e  in  l iq u id  a m m o n ia  w i th  a c e ty le n e ,  v in y la c e ty le n e ,  o r  i s o p r o p e n y la c e ty le n e  u n d e r  p r e s s u re .

The condensation of aldehydes and ketones with 
acetylene at atmospheric pressure in the presence of 
excess, finely divided potassium hydroxide is known as 
the Favorskii1'2 reaction. At temperatures below 5° 
ethynylcarbinol (I) is formed almost exclusively, while 
acetylenic glycol formation predominates at higher 
temperatures (25-35 °).

K O H
3 I t i R , C = 0  +  2 C H = C H

R 1R 2C — C = C H  +  R ,R ,— C — C = C — C R ,R ,
I I I -

O H  O H  O H
I  I I

This reaction, since its discovery, has been exten
sively studied3“6 and modified.7“ 10 Results of these

(1) A . E . F a v o rsk ii a n d  M . S kossarew sky , R u s s .  J .  P h y s .  C h e m .  S o c . ,  32, 
652 (1900 ); B u l l .  S o c .  C h i m . ,  26 , 284 (1901).

(2) A. E . F av o rsk ii, J .  G e n .  C h e m .  U S S R ,  32, 356, 652 (1902).
(3) A . W . Jo h n so n , “ A ce ty len ic  C o m p o u n d s ,”  V ol. I ,  “ T h e  A cety len ic  

A lcoho ls,” E d w . A rn o ld  C o ., L ondon , 1946, p p . 6 -1 6 , 28, 122, 137-143.

investigations have shown that ether, acetal, or amine 
solvents used with stoichiometric to excess amounts of 
finely ground potassium hydroxide give optimum re
sults at atmospheric pressure (Favorskii conditions).

(4) J .  Z e ltn e r a n d  M . G enas, B rit ish  P a te n t  544,221 (A pril 2, 1942); U . S. 
P a te n t  2 ,345,170 (M arch  28, 1944); C h e m . A b s t r . ,  38 , 4273 (1944).

(o) C . W eizm ann , B ritish  P a te n ts  573,527 (N o v em b er 26, 1945); 580,921, 
(S ep te m b er 25, 1946); 580,922 (S ep te m b er 25, 1946). C h e m .  A b s t r . ,  41 , 2066, 
2429 (1947).

. (0) E . D . B e rg m an n , “ T h e  C h e m is try  of A ce ty lene  a n d  R e la te d  C o m 
p o u n d s ,” In te rsc ien ce  P u b lish e rs , In c ., N ew  Y o rk , N . Y ., 1948, p p . 49 -53 .

(7) E . F . S m ith , U . S. P a te n t  2 ,385 ,5!46 (S ep te m b er 25, 1945); 2 ,385,548, 
(S ep te m b er 25, 1945), D . F . H e rm an , U . S. P a te n t  2 ,455,058 (D ecem b er 30, 
1948). C - W e izm ann , U . S. P a te n t  2,474,175 (Ju n e  21, 1949). A . B ro tm an , 
U . S. P a te n t  2,5.36,028 ( J a n u a ry  2, 1951).

(8) R . J .  T edesch i, T . F . R u tled g e , R . K . F ra n tz ,  a n d  J .  P . R usse ll, 
u n p u b lish e d  w o rk , A ir R e d u c tio n  C o ., M u r ra y  H ill, N . J .  (S ep te m b er, 
1953).

(9) A ir R ed u c tio n  C hem ica l C o., B o u n d  B rook , N . J . ,  a n d  C a lv e r t  C ity ,
K y . S u p p lie r  o f s eco n d a ry  a n d  te r t ia ry  e th y n y l ca rb in o ls  a n d  te r t ia ry  
ace ty len i c glycols. ! 1!"

(10) I .  N . N aza ro v , e t  a l . ,  T z v .  A k a d .  N a u k  S S S R ,  O t d .  K h i m .  N a u k , 960 
(1956); C h e m .  A b s t r . ,  49, 927 (1955).
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To avoid the use of excess base, a number of catalytic 
processes have been reported through the years utilizing 
the mass action effect of excess acetylene under pres
sure, polar solvents, or various catalysts. Prominent 
among these methods are those of Reppe11 (heavy metal 
acetylides), Whitfield12 (basic ion exchange resins), 
Schachat and Bagnell,13 Blumenthal14 (polar solvents 
either at atmospheric or higher pressures), and Nedwick 
and Watanabe15 16 (continuous high pressure liquid 
phase technique). Recent work81314 has emphasized 
the fact that the ethynylation reaction gives maximum 
catalytic results in highly polar organic solvents (di- 
methylsulfoxide, N-methylpyrrolidone, and hexamethyl- 
phosphoramide, etc.). These results are in agreement 
with data18 * * on the high solubility of acetylene in donor 
solvents.

However, preceding catalytic methods for general use 
with aldehydes and ketones are limited, due to either 
low conversions,111215 failure to react successfully with 
aldehydes and sensitive ketones,121315 or isolation 
problems.1314 Polar solvents boiling in the broad 
range of 80-200° have a characteristic tendency to form 
stable hydrogen-bonded complexes with the resulting- 
polar ethynylcarbinols. Consequently, either insepar
able azeotropes result with the more volatile solvents 
(acetonitrile, ethylenediamine, and dioxane) or else the 
higher boiling carbinols cannot be readily distilled 
pure from the tenacious solvent. To eliminate this 
problem, isolation is generally effected by dilution with 
water, followed by ether extraction, and subsequent 
fractional distillation. This method, besides being 
tedious, is still somewhat unsatisfactory since some of 
the polar solvent is also extracted into the ether layer.

In contrast, liquid ammonia, well known as a solvent 
for noncatalytic acetylene reactions,17 should be free 
of isolation problems with the majority of ethynylcar
binols, due to its low boiling point ( — 33°). Further
more, the use of catalytic amounts of alkali hydroxides 
in liquid ammonia with excess acetylene under pressure 
might lead to a more efficient ethynylation system. 
Solubility studies of acetylene in liquid ammonia under 
pressure at temperatures from —40° to +30° showed a 
large and fairly constant solubility of approximately 1 
mole of acetylene per mole of ammonia. This small 
change in acetylene concentration in the liquid phase 
over a wide temperature range strongly indicated the 
formation of a hydrogen-bonded complex (H—C = C —• 
H- • -NH3), and strengthened the belief that liquid 
ammonia should be a superior reaction medium. Sub
sequent work verified the above assumptions.

The ammonia-alkali hydroxide-acetylene system is 
so specific for ethynylation that even a base-sensitive 
aldehyde such as acetaldehyde gives conversions of 
30-50% depending on the initial aldehyde concentra
tion. Higher aliphatic aldehydes (propionaldehyde,

(11) W . R ep p e , e t  a l . ,  A n n . ,  59$, 1 (1955) ; 6 0 1 ,8 1  (1956).
(12) G . H . W hitfie ld , B rit ish  P a te n t ,  735,118 (A u g u st 17, 1955); U . S. 

P a te n t  2,826,614 (M arch  11, 1958).
(13) N . S c h a c h a t a n d  J . J . B agne ll, J r . ,  J .  O r g .  C h e m . ,  27, 1498, 1962.
(14) J . H . B lu m e n th a l, U . S. P a te n t  2 ,996,522 (A u g u st 15, 1961).
(15) J .  J .  N edw ick  a n d  W . H . W a ta n a b e , U . S. P a te n t  2 ,973,390 (F e b ru 

a ry  28, 1961).
(16) A. C . M cK in n is , I n d .  E n g .  C h e m . ,  47 , 850  (1955).
(17) (a) K . N . C am p b ell, B . K . C am p b ell, a n d  L . T . E b y , J .  A m .  C h e m .

S o c . ,  60, 2882 (1938); (b) J .  F . F ro n in g  a n d  G . F . H en n io n , i b i d . ,  62 , 653
(1940); (c) J .  A. N ieu w lan d , I n d .  E n g .  C h e m . ,  27 , 850 (1935); (d ) T . H .
V aughn , R . R . V ogt, an d  J . A . N ieu w la n d , J .  A m .  C h e m .  S o c . ,  66, 2120
(1934).

isobutyraldéhyde, and 2-ethylhexaldehyde) give minor 
to insignificant amounts of expected side products such 
as aldols, aldehyde-ammonia adducts, and Schiff bases. 
Formaldehyde, however, either as 30% formalin, or 
paraformaldehyde was the only aldehyde observed not 
to yield any acetylenic carbinol (l-propyn-3-ol).

The liquid ammonia system is characterized by a 
much higher productivity of ethynylcarbinol per unit 
solvent volume than that realized bjr earlier methods. 
When 18 moles of acetone reacted in a system composed 
of 24 moles of acetylene, 1.5 moles of potassium hydrox
ide, and 500 ce. of liquid ammonia, a minimum yield or 
conversion of 75% (1138 g.) to pure, distilled 3-methvl-l- 
butyn-3-ol is realized with a catalytic conversion based 
on potassium hydroxide of 900% (ch Table I). In con
trast, the highly polar dimethyl sulfoxide when used 
under identical conditions gives a conversion to methyl- 
butynol of only 42% based on ethynyl group analysis.21 
In practice pure methylbutynol can be isolated only in 
15% conversion by direct distillation; therefore, actual 
results are considerably inferior to those in ammonia.

T a b l e  I

3-M ethyl-1-butyn-3-o l . Variation  of C onversion“ (Y ie l d ) 
and P roductivity' ’' w ith  Acetone L oading '  and Solvent

P e r  ce n t d is tille d
A cetone convers ion  based
lo ad ing , ---------------on-------------- - P ro d u c tiv ity

m oles S o lv en t, 500 cc. (— C = 0 ) K O H M B (2), g.
1 n h 3 95 95 80
6 n h 3 95 381 47S

1 2 n h 3 82 66 0 830
1 2 N H / 81 647 815
18 X H S 75 902 1138
24 iX H 3 52 835 1050

1 M e th y la l 90 60 76
18 M e th y la l 32 3 88 48 7
18 A c e to n e 23 2 76 34 7

1 D iis o p r o p y l  e th e r 80 53 67
10 D iis o p r o p y l  e th e r 10 107 135
18 D im e th y l  s u lfo x id e ' 42 49 7 635

“ C o n v e rs io n  is d e f in e d  a s  t h e  m o le s  o f e th y n y lc a r b in o l  f o rm e d  
d iv id e d  b y  th e  m o le s  o f  k e to n e  o r  b a s e  u s e d  t im e s  100. W h e re  
t h e  c o n v e rs io n  is  in  th e  7 5 - 9 0 %  r a n g e  ex cess  a c e to n e  is u s u a l ly  
n o t  r e c o v e ra b le  a n d  y ie ld  a n d  c o n v e rs io n  a r e  id e n t ic a l .  F o r  
e x a m p le , a t  lo w  c o n v e rs io n s  ( 1 6 - 3 2 % )  ex cess  a c e to n e  is re c o v 
e r a b le  b u t  y ie ld s  a r e  s e ld o m  h ig h e r  t h a n  7 0 - 8 0 %  d u e  to  th e  
f o rm a t io n  of k e to n e  se lf  c o n d e n s a t io n  p r o d u c ts  s u c h  a s  m e s i ty l  
o x id e , p h o ro n e , a n d  lo sses  d u e  to  e n t r a in m e n t .  6 P r o d u c t iv i t y  
is th e  t o t a l  w e ig h t (g .)  o f e th y n y lc a r b in o l  o b ta in e d  f ro m  5 0 0  cc. 
o f s o lv e n t.  M B  is 3 - m e th y l - I - b u ty n - 3 - o l .  c L o a d in g  is th e  
c o n c e n t r a t io n  in  m o les , o f c a r b o n y l  c o m p o u n d  u s e d  in  50 0  cc. of 
s o lv e n t.  I n  a ll  c a ta ly t i c  r u n s  d e s c r ib e d  in  T a b le  I ,  1 .5  m o le s  of 
X a O H  o r  K O H  a r e  u s e d  w i th  2 4  m o le s  o f a c e ty le n e  t o  e th y n y la t e
6 - 2 4  m o le s  o f c a r b o n y l  c o m p o u n d  a t  3 0 - 3 5 °  u n d e r  a m b ie n t  
(U )0 - 2 0 0 -p .s . i .g .)  p re s s u re .  .O n e -m o le  a c e to n e  r u n s  w e re  c a r r ie d  
o u t  a t  a tm o s p h e r ic  p r e s s u re  a n d  0 - 5 °  u s in g  1 .5  m o le s  o f  a c e ty le n e  
a n d  1 .5  m o le s  o f K O H , e x c e p t  in  th e  c a s e  o f  l iq u id  a m m o n ia  w h e re  
a  s to ic h io m e tr ic  a m o u n t  o f K O H  a n d  a c e ty le n e  c a n  b e  s u c c e ss 
f u l ly  e m p lo y e d  a t  —4 0  t o  —4 5 ° . d P o w d e r e d  N a O H  (96% ) w a s  
u s e d  a s  c a t a ly s t  in  p la c e  o f K O H . e M e th y lb u ty n o l  c o u ld  n o t  b e  
is o la te d  p u r e  b y  s im p le  d is t i l la t io n .  D a t a  a r e  b a s e d  o n  s o lu t io n  
a n a ly s is  ( re f . 2 1 ).

When vinylacetylene and isopropenylacetylene (3- 
methyl-3-butene-l-yne) are substituted for acetylene 
under previous conditions (c/. Table III) using methyl 
ethyl ketone and acetone concentrations (loadings) of 
18 moles and 6 moles, respectively, conversions of 46% 
and 69% based on ketone of the corresponding ene- 
yn-ols are obtained. The corresponding catalytic con-



T a b le  I I
C a t a l y t ic  E t h y n y l a t i o n  o f  K e t o n e s  a n d  A l d e h y d e s  i n  L i q u i d  A m m o n ia “

P e r  ce n t d is tilled
✓------ R e a c tio n  co n d itio n s------ - conversion

1 7 4 2  T e d e s o h i , C a s e y , C l a r k , H u c k e l , K ix d l e y , a n d  R u s s e l l  V o l . 2 8

C arb o n y l
com pound

2° o r  3° e th y n y l 
ca rb ino l

L oad ing ,
m oles

Tim e,
hr.

T e m p .,
° c .

P ressu re ,
C2H 2

•-------- based
( > C = 0 )

on---------
K O H B .p ., °C.

P ress.,
m m . P u rity !1

(C H a h C O 3 - M e th y l - l - b u ty n - 3 - o l 18 4 2 0 -2 7 1 5 4 -1 8 4 75 9 00 1 0 4 -1 0 5 76 0 9 9 - 1 0 0

C A L C O C H a 3 - M e th y l -  l - p e n ty n - 3 - o l 18 2 2 8 -3 5 1 7 6 -2 3 9 67 80 0 1 2 1 - 1 2 2 76 0 9 9 - 1 0 0
c 2h 5c o c 2h 6 3 - E t h y l - 1 -p e n  ty n - 3 -o l 6 4 0 - 6 1 1 0 -1 8 0 6 6 26 4 1 3 8 -1 4 0 76 0 9 7 - 9 9
( C H 3)2C H C H ,C C )C H ;, 3 ,5 - D im e th y l - 1 -h e x y n -  

3 -o l 17 5 3 0 -3 5 1 5 1 -1 7 4 47 524 1 5 0 -1 5 1 760 9 7 - 9 9

C „H ,oO 1 -E th y n y lc y e lo h e x a n o l 18 2 3 0 -4 2 2 9 0 -3 0 9 71 846 1 0 2 -1 0 3 50 9 9 -1 0 0
C e H .C O C H s 3 - P h e n y l - 1 - b u  ty n - 3 -o l 1 2 4 . 5 3 .5 -40 3 2 4 -3 7 6 58 463 1 1 0 - 1 1 2 1 0 9 5 - 9 8

C H 3C H O l- B u ty n -3 - o l 6 3 0 - 5 7 5 -1 3 5 31 178 1 0 6 -1 0 7 76 0 9 2 -9 7

C ,H 5C H O l- P e n ty n - 3 - o l 5 3 1 9 -2 7 1 9 5 -2 2 0 46 587 7 2 - 7 4 1 0 0 9 3 -9 9

C :,H 7C H O l- H e x y n -3 -o l 6 4 1 8 -2 0 1 9 0 -2 3 0 53 206 8 8 - 8 9 10 0 9 8 - 1 0 0

( C H 3) ,C H C H O 4 - M e th y l - l - p e n ty n - 3 - o l 1 2 4 2 5 -3 0 1 9 0 -2 0 5 72 615 7 9 -8 1 1 0 0 9 7 -9 9

<%HsC H ( C 2H 5) C H O 4 - E th y l - l - o c ty n - 3 - o l 7 .3 4 1 8 -2 0 3 4 0 -3 5 0 75 65 0 1 0 6 -1 2 6 50 9 6 -9 9

" A  s t a n d a r d  c h a rg e  o f 50 0  cc. o f l iq u id  a m m o n ia ,  1 .5  m o le s  o f p o w d e r e d  ( 9 0 % )  K O H , a n d  24  m o le s  o f a c e ty le n e  ( d r y )  w a s  u s e d  in  a ll  
r u n s .  h P u r i t y  is b a s e d  on  s o lu t io n  a n a ly s is  ( re f . 2 1 ).

T a b l e  I I I

C a t a l y t i c " F o r m a t i o n  o f  S e c o n d a r y  a n d  T e r t i a r y  E x e - y x - o l s '’ a t  3 0 —4 0 °
D istilled"

conversion

M oles E ne-yne M oles
C arb o n y l

com pound
— —based 
> C — O

o n -  —
K O H B .p ., °C.

P ress.,
111m.

P u r i ty  by
(C, H , O)

6 CH2= C H —C ^C H 6 (CH3)2CO 62 249 6 8 2 4 9 6 .5
1 2 C H ,=C H —C =C H 6 (CH3)2CO 54 217 6 8 24
18 CH2= C H —C =C H 18 CH, COCAL 46 554 75 2 0 9 8 .0

6 CH2= C H —c = c h 6 (CH.,)2CHCHO 52 2 09 1 7 3 -1 7 5 76 0 9 7 .5
6 CH2= C H —f e C H 6 C iH aC H( C2H )C HO 61 24 2 2 2 8 -2 3 0 76 0 9 9 .0
6 CH2= C (C H 3)C=CH 6 (CH3)2CO 69 274 70 14 9 9 .4

" 1 2

_ 1 2

(3)CH2=C(CH .,)C=CH -

CH =C H
18 (CH3)2CO

2 1

60
T o ta l  81 %

98 2 d i

“ E th y n y l a t i o n  c h a rg e  w a s  50 0  cc. o f a m m o n ia  a n d  1 .5  m o le s  o f  K O H  u s e d  w i th  c a r b o n y l  a n d  e n e - y n e  lo a d in g s  s p e c if ie d  in  ta b le .  
b T h e  fo llo w in g  e n e -y n -o ls  a r e  o b ta in e d  f ro m  t h e  a b o v e  r e a c t a n t s :  V A  =  v in y la c e ty le n e ,  I I’A =  3 - m e th y l - 3 - b u te n e - l - y n e :  V A  +
a c e to n e ,  2 -m e th y l-5 -h e x e n e -3 -v n -2 -o l;  V A  +  m e th y l  e t h y l  k e to n e ,  3 -m e th y l-6 -h e x e n e -4 -y n -3 -o l  : V A  +  is o b u ty r a ld é h y d e ,  2 -m e th y l-G -  
h e p te n e -4 -y n -3 -o l ;  V A  +  2 - e th y lh e x a ld e h y d e ,  6 - e th y l - l - d e c e n e - 3 -y n - 5 - o l ;  I P A  +  a c e to n e , 2 ,5 -d im e th y I -5 -h e x e n e -3 -y n -2 -o l .  " C o n 
v e r s io n s  a r e  d e f in e d  in  f o o tn o te  a , T a b le  I .  N o  a t t e m p t  w as m a d e  to  r e c o v e r  th e  lo w  b o il in g  V A , h e n c e  y ie ld s  c a n n o t  b e  g iv e n , a l th o u g h  
th e y  a r e  p r o b a b ly  h ig h e r . F o r  e x a m p le , t h e  m ix e d  a c e ty l e n e - I P A  r u n  (1 2  m o le s  e a c h )  g a v e  a  t o t a l  c o n v e rs io n  of SI %  a n d  a  t o t a l  y ie ld  
o f  9 5 %  b a s e d  o n  c a re fu l  r e c o v e r y  o f  s t a r t i n g  m a te r ia ls .  ( T o ta l  c a ta ly t i c  y ie ld  b a s e d  o n  K O H  is 1134% ..) d T h e  p r o d u c ts  w e r e  r e a d i ly  
s e p a ra b le  b y  d i s t i l la t io n  to  g iv e  ty p ic a l  (cf. t a b l e )  p u r i t y  v a lu e s ,  w h ic h  a re  th e  a v e r a g e  o f  C , H ,  0  c o m b u s tio n  a n a ly s e s .

versions based on potassium hydroxide are 554% and 
274%. The competitive reaction of 12 moles each of 
isopropenylacetylene and acetylene with 18 moles of 
acetone results in a 60% conversion to methylbutynol 
and a 21% conversion to the ene-yn-ol, 2,5-dimethyl-o- 
hexene-3-yn-2-ol, with a total catalytic conversion of 
982%. The results of Tables II and III show that 
vinyl- and isopropenylacetylenes are comparable in 
ethynylation reactivity, but noticeably inferior to 
acetylene.

The results in Table I show the variation in ketone 
and potassium hydroxide conversions together with 
grams of methylbutynol produced at different acetone 
concentrations (loadings) in 500 cc. of solvent. The 
superiority of the catalytic ammonia system over stoi
chiometric ethynylation in typical Favorskii solvents is 
clearly evident. Further, a marked drop in conversion 
is noted at atmospheric pressure in methylal, if the 
acetone loading is increased substantially beyond one 
mole.8 Total yields and conversions are generally
5-10% higher than the distilled values. As shown in 
the formation of methylbutynol, the liquid ammonia 
system can produce eight to ten times more ethynyl- 
carbinol per unit of solvent than typical ether or acetal

solvents using the noncatalytic method at atmospheric 
pressure. The point of diminishing returns is reached 
beyond 18 moles of ketone. A 23% drop in conversion 
(75%-52%) results at a 24 moles loading of acetone.

A further, interesting property of this solvent system 
is the high specificity for ethynylcarbinol formation. 
Xo significant amount of 1,4-acetylenic glycol is ob
tained at temperatures of 20-40° even when a stoichio
metric amount of acetylene is used. When acetal or 
ether type solvents are used at atmospheric pressure 
with excess base only by operating at temperatures 
below 5° are good conversions to the ethynylcarbinol 
realized. At higher temperatures (20—40°) the acetyl
enic glycol is the principal product.

While sodium hydroxide (powdered) cannot be em
ployed successfully using Favorskii conditions, it gives 
results comparable to potassium hydroxide in liquid 
ammonia particularly at high ketone loadings as 
shown in Table I. The results in Table II show that 
the average productivity (grams) of ethynylcarbinol in 
500 cc. of ammonia even for less reactive ketones is 
quite high (900-1200 g).

Potassium acetylide prepared in situ in liquid am
monia was found to be a good ethynylation catalyst, but
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surprisingly inferior to sodium or potassium hydroxides 
in the critical loading (concentration) range of 18-24 
moles of ketone. Using standard reaction charge of 18 
moles of acetone, 24 moles of acetylene, and 1.5 moles 
of potassium acetylide in 500 cc. of ammonia, conver
sions based on acetone and potassium acetylide were 
45% and 545%. These results show that potassium 
acetylide is approximately half as effective a catalyst 
as either potassium or sodium hydroxide, and indicates 
that base-catalyzed ethynylation may not proceed 
through the intermediate formation of alkali metal 
acetylide18 from the corresponding hydroxide. An at
tempt to ethynylate acetone (18 moles) in the absence 
of base gave a 4% total conversion to methylbutynol, 
showing that solvated acetylene is not present in any 
degree as the hypothetical ammonium acetylide. This 
species would presumably react with acetone in a man
ner analogous to sodium acetylide.

Experimental
G e n e r a l  E th y n y la t io n  P r o c e d u r e .— A ll c a t a ly t i c  r u n s  w e re  

c a r r ie d  o u t  in  a  1 -g a l lo n  s ta in le s s  s te e l  a u to c l a v e , 19 e q u ip p e d  
w i th  a n  i n n e r  c o il, j a c k e t  c o o l in g , a n d  a  t u r b o ty p e  s t i r r e r .  
T h e  t o t a l  f re e  v o lu m e  o f  t h e  a u to c a lv e  w a s  3 8 0 0  c c . w h e n  
t h e  h e a d  ( in c lu d e s  c o il ,  s t i r r e r ,  a n d  th e r m o c o u p le  w e l l)  p ie c e  
w a s  in  p la c e .  T h e  a u to c la v e  h a d  a  1 0 0 0 -p .s .i .g .  b lo w o u t  d is k  
w h ic h  w a s  s u b s t a n t i a l l y  b e lo w  i t s  m a x im u m  r a t e d  o p e r a t in g  p r e s 
s u re  (7 5 0 0  p . s . i . g . ) .  E ff ic ie n t  c o o lin g  to  a s  lo w  a s  —4 0 °  c o u ld  
b e  r e a l iz e d  b y  th e  u s e  o f a  3 -g a l lo n , D r y - I c e  c o o le d , r e f r ig e r a t io n  
s y s te m  u s in g  a n  e q u a l  v o lu m e  m ix tu r e  o f  m e th a n o l  a n d  e th y le n e  
g ly c o l  a s  th e  c i r c u la to r y  c o o la n t .

A m m o n ia  w a s  i n t r o d u c e d  a s  l iq u id  u n d e r  i t s  o w n  v a p o r  p r e s 
s u re  t o  a  g r a d u a t e d  g la s s  p r e s s u re  b u r e t , 20 o r  w e ig h e d  d i r e c t ly  in to  
t h e  a u to c la v e .  A c e ty le n e  c o u ld  b e  c o n v e n ie n t ly  m e a s u r e d  a n d  
in t r o d u c e d  b y  t h e  u s e  o f  a  1 - 1 . t o  1 -g a l lo n  h ig h  p r e s s u re  c y l in d r i 
c a l  b u r e t .  T h e  b u r e t  w a s  c a l i b r a t e d  in  t e r m s  o f  p r e s s u r e  d r o p  
( p . s . i .g . )  vs. l i t e r s  o f a c e ty le n e .  M o le s  o f a c e ty le n e  in t r o d u c e d  
a t  a  g iv e n  t e m p e r a tu r e  w e re  c a lc u la te d  f ro m  t h e  I d e a l  G a s  L a w . 
V in y l-  o r  i s o p r o p e n y l  a c e ty le n e s  w e re  c o n v e n ie n t!} ' in t r o d u c e d  
via t h e  p r e s s u re  b u r e t .

T h e  e th y n y la t i o n  w a s  s t a r t e d  b y  q u ic k ly  a d d in g  9 2  g . ,  9 1 .4 9 c , 
o f  p o w d e re d  p o ta s s iu m  h y d r o x id e  (8 4  g . ,  1 0 0 % , 1 .5  m o le s )  t o  th e  
d r y  a u to c la v e  u n d e r  a  n i t r o g e n  a tm o s p h e r e ,  a n d  im m e d ia te ly  
s e a l in g  t h e  a u to c la v e .  T h e  r e a c to r  w a s  p u r g e d  s e v e ra l  t im e s  w i th  
5 0 - 1 0 0 -p .s . i .g .  p o r t io n s  o f n i t r o g e n  fo llo w e d  b y  v e n t in g  to  ze ro -  
g a g e  p r e s s u re .  T h e  r e a c t io n  t e m p e r a tu r e  w a s  lo w e re d  to  0 to  5 °  
a n d  l iq u id  a m m o n ia  (5 0 0  c c .)  a n d  a c e ty le n e  (2 4  m o le s )  w e re  c o n -

(18) R . J .  T edesch i, w ork  to  be p u b lish ed  in  co n n ec tio n  w ith  th e  m ech 
an ism  of b a se -ca ta ly zed  é th y n y la tio n s .

(19) H igh  p ressu re  s ta in le s s  s tee l au to c lav e , designed  a n d  fa b r ic a te d  b y  
A u to clave  E ng ineers , In c ., se ria l no. 10943, w ork ing  p ressu re , 5000 p .s .i.g .; 
te s t  p ressu re , 7500, p .s .i.g .

(20) S tra h m a n  g lass p ressu re  b u re t  (100 cc .), ty p e  100 c, size 7, w ork ing
pressure, 2000 p .s .i.g .

s e e u t iv e ly  a d d e d .  T h e  l iq u id  a m m o n ia - p o ta s s iu m  h y d r o x id e  
m ix tu r e  w a s  s t i r r e d  d u r in g  a c e ty le n e  a d d i t i o n .  A m m o n ia  a n d  
a c e ty le n e  c a n  b e  in t r o d u c e d  a t  2 5 - 3 0 °  if  d e s i r e d ,  b u t  t h e  a d d i t io n  
is  m u c h  f a s te r  if  p r io r  c o o l in g  is  u s e d .  T h e  in i t i a l  p r e s s u re  o f  th e  
p o ta s s iu m  h y d r o x id e - a m m o n ia  m ix tu r e  a t  0 - 5 °  is  6 0 -7 5  p .s . i .g .  
A f te r  t h e  in t r o d u c t io n  o f 24  m o le s  o f  a c e ty le n e  t h e  t o t a l  p r e s s u re  
is  1 9 0 -2 0 0  p . s . i .g .

T h e  r e a c t io n  t e m p e r a tu r e  w a s  r a is e d  to  t h e  2 5 - 4 0 °  r a n g e  a n d  
o p t im u m  r e a c t io n  t e m p e r a tu r e  d e te r m in e d  ( cf. T a b le s  I ,  I I ,  a n d  
I I I ) .  T h e  c a r b o n y l  c o m p o u n d  ( 6 - 1 8  m o le s )  w a s  a d d e d  u n i 
fo rm ly  d u r in g  a  p e r io d  o f  15 m in .  t o  1 h r .  F o r  m o r e  r e a c t iv e  
a ld e h y d e s  s u c h  a s  a c e ta ld e h y d e  a n d  p r o p io n a ld e h y d e  a n  a d d i 
t io n  t im e  of 1 -2  h r .  is  p r e f e r a b le .  A  s l ig h t  r e a c t io n  e x o th e r m  w as 
n o te d  d u r in g  a  1 - 2 - h r .  r e a c t io n  t im e ,  a n d  i n t e r m i t t e n t  c o o lin g  
w a s  a p p l ie d  t o  m a in t a in  t h e  d e s ire d  r e a c t io n  t e m p e r a tu r e .  F o r  
t h e  m o r e  r e a c t iv e  c a r b o n y l  c o m p o u n d s  r e a c t io n  is  c o m p le te  in  
a b o u t  30  m in . o r  le s s .

I s o la t io n  w a s  e f fe c te d  b y  v e n t in g  t h e  a m m o n ia  a n d  a c e ty le n e  
e i t h e r  in to  a  c o o le d  ( — 30  to  —5 0 ° )  p r e s s u re  v e s s e l  o r  d i r e c t ly  to  
t h e  a tm o s p h e re .  D u r in g  t h e  v e n t in g  a b o u t  50 0  c c . o f a  r e p la c e 
m e n t  s o lv e n t  ( d ie th y l  o r  d i i s o p ro p y l  e th e r ,  h e x a n e , e t c . )  w a s  
g r a d u a l ly  a d d e d  o v e r  a  p e r io d  o f  1 5 -3 0  m in . I t  w a s  p r e fe ra b le  
t o  a l lo w  t h e  v e n t in g  o f a m m o n ia  t o  p ro c e e d  o v e r n ig h t  to  a v o id  
lo ss  o f  p r o d u c t  b y  e n t r a in m e n t .  W h e n  t h e  a u to c l a v e  t e m p e r a tu r e  
a g a in  r e a c h e d  2 5 - 3 5 °  (c o o l in g  e f fe c t  d u e  t o  a m m o n ia  e v a p o r a 
t io n ) ,  t h e  v a p o r  s p a c e  w a s  p u r g e d  w i th  tw o  1 0 0 - p . s . i .g .  n i t ro g e n  
c h a s e r s ,  a n d  t h e  r e a c to r  th e n  c o o le d  to  0 - 5 ° .

D r y  c a r b o n  d io x id e  g a s  w a s  th e n  a d d e d  to  t h e  a u to c l a v e  to  a 
p r e s s u re  o f  2 0 0  p . s . i .g .  a n d  th i s  p r e s s u re  m a in ta in e d  fo r  1 0  m in .  
w i th  g o o d  s t i r r in g .  T h e  ex cess  c a r b o n  d io x id e  w a s  th e n  v e n te d  
a n d  t h e  a u to c la v e  c o n te n t s  r e m o v e d .  T h e  r e s u l t in g  m ix tu r e  o f 
e th y n y lc a r b in o l ,  s o lv e n t ,  a  m in o r  a m o u n t  o f  u n c h a n g e d  c a r 
b o n y l  c o m p o u n d ,  a n d  a m m o n iu m  ( s m a l l )  a n d  p o ta s s iu m  b ic a r 
b o n a te s  w a s  f i l te r e d  to  r e m o v e  in o r g a n ic  s a l t s  w h ic h  w e re  w a s h e d  
w i th  s o lv e n t .  A n  a l t e r n a t e  m e th o d  o f is o la t io n  in v o lv e d  th e  
u s u a l  a d d i t io n  o f w a te r  i n s te a d  o f  c a r b o n  d io x id e , fo llo w e d  b y  
la y e r  s e p a r a t i o n ,  n e u t r a l i z a t i o n  o f  t h e  o r g a n ic  la y e r  w i th  c a rb o n  
d io x id e , a z e o tr o p ic  r e m o v a l  o f w a te r ,  a n d  f in a l ly  d is t i l l a t io n .  
T h e  c o m b in e d  o r g a n ic  p h a s e  w a s  f r a c t io n a l ly  d is t i l le d  t h r o u g h  a  
c o lu m n  of a b o u t  1 5 -2 0  th e o r e t i c a l  p l a t e s .  T h e  c h o ic e  o f r e p la c e 
m e n t  s o lv e n t  w a s  d i c t a t e d  p r im a r i l y  b y  t h e  b o i l in g  p o in t  d i s t r i 
b u t io n  o f  t h e  c a r b o n y l  c o m p o u n d  a n d  th e  r e s u l t in g  e th y n y l 
c a r b in o l .  I f  t h e  b o i l in g  p o i n t  d if fe r e n c e  b e tw e e n  a n  e th e r  s o lv e n t  
a n d  a n  e th y n y lc a r b in o l  w a s  less t h a n  2 0 ° ,  d i f f ic u l ty  w a s  o f te n  
e x p e r ie n c e d  d u e  t o  a z e o t r o p e  f o r m a t io n .  A  o n e -p a s s  c a re fu l 
f r a c t io n a t io n  w a s  s u f f ic ie n t in  m o s t  c a se s  t o  y ie ld  p u r i t i e s  o f
9 6 - 9 9 .5 % .

T h e  s im p le s t  a n d  m o s t  d i r e c t  m e th o d 21 o f  a n a ly z in g  th e  e th y n y l -  
c .a rb in o ls  is  t o  t r e a t  t h e  c o m p o u n d  w i th  5 0 %  s i lv e r  n i t r a t e  fo l
lo w e d  b y  t i t r a t i o n  o f  t h e  l ib e r a t e d  n i t r i c  a c id  w i th  s t a n d a r d  a lk a l i  
u s in g  m e th y l  p u r p le  in d ic a to r .  V a p o r  p h a s e  c h r o m a to g r a p h ic  
a n a ly s is  u s in g  p u r e  s t a r t i n g  c a r b o n y l  c o m p o u n d  a n d  e t h y n y l 
c a r b in o l  a s  r e fe re n c e s  h a s  a ls o  b e e n  u s e d  s u c c e s s fu l ly ,  b u t  o ffe rs  n o  
a d v a n ta g e s  o v e r  t h e  v o lu m e t r ic  m e th o d .
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L e a d  t e t r a a c e t a t e  o x id a t io n  o f 6 /3 -h y d ro x y -1 7 -e th y le n e d io x y -3 < * ,5 a -c y c lo a n d ro s ta n e  le d  t o  t h e  is o la t io n ,  in  
2 2 %  y ie ld ,  o f  6 /? ,1 9 - o x id o -1 7 - e th y le n e d io x y - 3 a ,5 a -c y c lo a n d ro s ta n e  ( I ) .  A  s t u d y  w a s  m a d e  o f  t h e  s o lv o ly t ic  
b e h a v io r  o f  I  u n d e r  c o n d i t io n s  o f  a c id  c a ta ly s is .  T h e  n a t u r e  o f t h e  s o lv o ly s is  p r o d u c t s  i n d ic a te d  t h a t  t h e  6(3,19- 
o x id e  r in g  is  c le a v e d  w i th  C - 6  o x y g e n  h e te r o ly s is  t o  y ie ld  t h e  1 9 - h y d ro x y h o m o a lly l ic  c a t io n ,  a n d  t h a t  t h e  s te r e o 
c h e m is t r y  o f t h e  r e a c t io n s  o f  t h i s  i n t e r m e d ia t e  a t  b o t h  C -3  a n d  C - 6  is  a n a lo g o u s  t o  t h a t  o f r e l a t e d  1 0 - m e th y l -  
h o m o a l ly l ic  c a t io n s .  R e a c t io n s  o f  I  w e re , t h u s ,  th o s e  a n t i c ip a t e d  f ro m  t h e  s o lv o ly s is  r e a c t io n s  o f 6 - s u b s t i t u t e d
1 0 - m e th y l- 3 a ,5 a - c y c lo s te ro id s .

Recently a number of methods1 have been developed 
to introduce functional groups at the C-10 and C-13 
angular methyl groups of steroids. In each method 
advantage has been taken of favorable geometric rela
tionships between the angular methyl groups and other 
functional groups present in the molecules, which have 
enabled selective, intramolecular reactions. C-19 Oxy
genated steroids are of potential value both from the 
standpoint of their application as intermediates in the 
synthesis of useful 19-norsteroid hormones2 as well as 
the interest in their intrinsic physiological activities. 
Successful conversions of C-10 methyl steroids to 19- 
nor derivatives recently have been reported by several 
groups3 and have involved lead tetraacetate oxidation 
of 6(3-hydroxy steroids and photolysis of 6/3-nitrite 
esters. The former method has been found to give 
rise to 6/3,19-oxides, the conversions of which have 
depended on cleavage of the 6/3,19-oxide ring.

The present work was undertaken to determine 
whether lead tetraacetate oxidation of 6/3-hydroxv- 
3a,5a-cyclosteroids would lead to 6/3,19-oxide ring 
formation.4 5 From the behavior of 10-methyl-3a,5a- 
cyclo-6-substituted steroids6 it was anticipated that 
6/3,19-oxido-3o;,5a-cyclosteroids would react under con
ditions of mild acid catalysis to yield various 3/3-substi- 
tuted 19-hydroxy-A5-steroids. It was hoped that the 
solvolytic behavior of 6/3,19-oxido-3a,5a-cyclosteroids 
would, thus, prove to be of both practical and theoreti
cal interest.

Although the yield of 6/3,19-oxido-17-ethylenedioxy- 
3a,5a-cycloandrostane (I) isolated from the lead tetra

(1) (a) E . J .  C o rey  a n d  W . R . H e rtle r , J .  A m .  C h e m .  S o c . ,  81, 5209 
(1959); (b) D . H . R . B a r to n , J . M . B ea to n , L. E . G eller, a n d  M . M . P ech e t, 
i b i d . ,  82, 2640 ( I9 6 0 ); (c) A. B ow ers, E . D en o t, L . C . Ib an ez , M . E . C abezas, 
a n d  H . J .  R in g o ld , J .  O r g .  C h e m . ,  27, 1862 (1962); (d) M . A h k ta r  a n d  D . H . 
R . B a rto n , J .  A m .  C h e m .  S o c . ,  83 , 2213 (1961); (e) G . C ainelli, M . L j. 
M ihailov i6 , D . A rigon i, a n d  O. Jeg e r, H e l v .  C h i m .  A c t a ,  42, 1124 
(1959); (f) K . H eu sle r, J .  K a lv o d a , C h . M e y s tre , P . W ie lan d , G. A nner, 
A. W e tts te in , G. C ainelli, D . A rigon i, a n d  O. Jeg er, i b i d . ,  44 , 502 (1961); 
(g) 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, J .  A m .  

C h e m .  S o c . ,  83, 4076 (1961); (h ) C h. M ey s tre , K . H eu sle r, J . K a lv o d a , P . 
W ieland , G . A nner, a n d  A. W e tts te in , H e l v .  C h i m .  A c t a ,  45 , 1317 (1962); 
(i) K . H eu sle r, J .  K a lv o d a , C h . M ey s tre , G . A nner, a n d  A . W e tts te in , i b i d . ,  

45, 2161 (1962).
(2) (a) M . E h re n s te in , J .  O r g .  C h e m . ,  9, 435 (1944); (b) M . E h re n ste in , 

i b i d . , 16, 349 (1951); (c) A. S. M ey e r, E x p e r i e n t i a ,  11 , 99 (1955); (d ) fo r 
con fig u ra tio n a l as s ig n m e n t a t  C -10, see C . D je ra s s i  a n d  M . E h re n ste in , 
A n n . ,  612, 93 (1958).

(3) (a) R . G a rd i a n d  C . P ed ra li, G a z z .  c h i m .  i t a l . ,  91 (12), 1420 (1961);
(b) M . A h k ta r  an d  D . H . R . B a r to n , J .  A m .  C h e m .  S o c . ,  84 , 1496 (1962);
(c) A. B ow ers, R . V illo tti, J . A. E d w ard s , E . D en o t, a n d  O. H a lp e rn , i b i d . ,  

84, 3204 (1962); (d) K . H eu sle r, J .  K a lv o d a , C h . M ey s tre , H . U eb erw asse r, 
P . W ie lan d , G . A nner, a n d  A. W e tts te in , E x p e r i e n t i a ,  18, 464 (1962).

(4) S ince co m p le tio n  o f  th i s  w o rk  a  c o m m u n ic a tio n  h as  a p p e a re d  de
sc r ib in g  th e  p re p a ra tio n  a n d  so lvo ly sis  o f 6 /3 ,19 -ox ido -3a ,5a-cyc loand rostan - 
17-one. K . T a n a b e , R . T a k a s a k i, K . S akai, R . H a y a sh i, a n d  Y . M orisaw a, 
C h e m .  P h a r m .  B u l l .  (J a p a n ) , 10, 1126 (1962).

(5) L . F . F ie s e r  a n d  M . F iese r, “ S te ro id s ,”  R e in h o ld  P u b lish in g  C orp .,
N ew  Y o rk , N . Y ., 1959, pp . 314-318 .

acetate oxidation of 6/3-hydroxy-17-ethylenedioxy-3a,- 
5o:-cycloandrostane was disappointingly low (22%), 
as yet only preliminary attempts have been made to 
determine optimum conditions for the reaction. In 
addition to the 6/3,19-oxide (I) about 17% of crude 
starting material, which was present as the acetate, was 
isolated. The balance of the product mixture, the 
composition of which lias not yet been examined in

detail, showed infrared absorptions which suggested 
the presence of acetate. It has been reported10 that 
lead tetraacetate oxidation of 3/3,17/3-diacetoxy-6/3- 
hydroxy-5a-androstane yielded, in addition to the 
6/3,19-oxide (68%), 7.5% of 3/3,17/3-diacetoxy-5a-an- 
drostan-6-one. Similarly, in the present work, in a 
preliminary run, a small amount of 17-ethylenedioxy- 
3a,5a-cycloandrostan-6-one was isolated.

Solvolyses of 6/3,19-Oxido-l 7-ethylenedioxy-3 a,5a- 
cycloandrostane (I).—Under conditions of acid catal
ysis, the 6/3,19-oxide ring of I was readily cleaved to 
yield C-19 substituted products. In each case the 
conditions were such that conversion of the 17-ethylene- 
dioxy to the 17-keto group occurred.

A. Hydrolysis.—The major product, isolated in 
55% yield by acid-catalyzed hydrolysis of I in 1:5 
water-tetrahydrofuran (0.3 M  in p-toluenesulfonic 
acid monohydrate), was 3/3,19-dihydroxyandrost-5-en- 
17-one (II). This material was converted in good 
yield to 3/3,19-diacetoxyandrost-5-en-17-one (IV) by 
acetylation with acetic anhydride in pyridine.

Chromatography of the product mixture obtained by 
acid-catalyzed hydrolysis of I in 1:10 water-tetrahydro
furan (0.09 M  in p-toluenesulfonic acid monohydrate) 
led to the isolation of 6/3,19-dihydroxy-3a,5a-cyclo- 
androstan-17-one (III, 15.4% yield) in addition to the 
3/3,19-dihydroxy isomer (II, 42.5% yield).

B. Acetolysis.-—Chromatography of the product 
mixture obtained by acetolysis of I in glacial acetic 
acid (0.1 M  in p-toluenesulfonic acid monohydrate) 
yielded 60% of 3/3,19-diacetoxyandrost-5-en-17-one
(IV), which proved to be identical with the material 
obtained by acetylation of 3/3,19-dihydroxyandrost-5- 
en-17-one (II). In addition, 3/3-acetoxy-19-hydroxy- 
androst-5-en-17-one (V) was isolated in 4.6% yield.
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The crude product mixture obtained by attempted 
acetolysis of I in 1:10 acetic acid-tetrahydrofuran (0.095 
M  in p-toluenesulfonic acid monohydrate) showed in
frared absorptions indicative of the presence of p- 
toluenesulfonate ester. This material was chromato
graphed to yield an oil showing infrared absorptions 
characteristic of both p-toluenesulfonate and acetate. 
In addition there was isolated 13.1% of 6/3,19-dihydroxy- 
3a,5a-cycloandrostan-17-one (III) and about 20% of 
3/3,19-dihydroxyandrost-5-en-l 7-one (II).

The nature of the p-toluenesulfonate was not deter
mined but it is presumably 3/3-p-toluenesulfonoxy-19- 
hydroxyandrost-5-en-17-one. Further experiments are 
planned for the isolation and characterization of this 
product.

C. Methanolysis.—Acid-catalyzed methanolysis 
(0.106 M  in p-toluenesulfonic acid monohydrate) of 
the 6/3,19-oxide (I) yielded 98.6% of 3/3-methoxy-19- 
hydroxyandrost-5-en-17-one (VI). Acetylation of this 
material yielded 3/3-methoxy-19-acetoxyandrost-5-en- 
17-one (VII).

Structural Assignments.—The structures of 6/3,19- 
oxido-17-ethylenedioxy-3a,5a-cycloandrostane and its 
solvolysis products are based primarily on n.m.r. spec
tra which are summarized in Table I.

A. 6/3,19-Oxido-17-ethylenedioxy-3a,5a-cycloand-
rostane (I).—The n.m.r. spectrum of the 6/3,19-oxide 
(I) in deuteriochloroform showed complex absorption 
between 0-50 c.p.s. characteristic of the cyclopropyl 
protons at C-3 and C-4, and the absence of vinyl 
proton absorption. The spectrum showed only a 
single, sharp angular methyl absorption at 55.5 c.p.s. 
The nonequivalent C-19 methylene protons gave rise 
to the characteristic four-peak absorption of the AB 
spin system.67 In deuteriochloroform one of the peaks

(6) L . M . Ja c k m a n , “ A p p lica tio n s  of N u c le a r M ag n e tic  R esonance  
S pectro scopy  in  O rgan ic C h e m is try ,”  P e rg am o n  P re ss , N ew  Y ork , N . Y ., 
1959, p . 89.

(7) H . C on roy , “ N u c le a r M ag n e tic  R esonance  in  O rgan ic  S tru c tu ra l
E lu c id a tio n ,”  in  “ A dv an ces  in  O rgan ic  C h e m is try : M e th o d s  an d  R e s u lts ,”
Vol. 2, In te rsc ien ce  P u b lish ers , In c ., N ew  Y ork , N . Y ., 1960 p. 301.

was obscured by the sharp absorption peak8 of the 17- 
ethylenedioxy protons, but in pyridine9 all four peaks 
were separated from the 17-ethylenedioxy absorption, 
which in tins solvent showed some indication of split
ting. Unfortunately the C-6 proton absoption was not 
observable in either solvent and presumably overlaps 
that of the 17-ethylenedioxy protons.

B. Solvolysis Products.—The nonequivalent C-19 
methylene protons of each of the solvolysis products 
gave rise to characteristic four-peak absorptions of 
AB spin systems and only a single angular methyl 
absorption was present. The presence of C-19 acetoxy 
and hydroxy substituents apparently effects a paramag
netic shift of the C-6 vinyl proton absorptions. Each 
of the A5 derivatives showed vinyl proton absorption 
which occurred at 15-25 c.p.s. lower field than related 
C-10 methyl steroids such as 3/3-acetoxyandrost-5-en-17- 
one (Table I).

In all known cases rearrangements of 6-substituted
10-methyl-3o:,5a-cyclosteroids to A6 7-3-substituted ster
oids have given products in which the substituents at 
C-3 have /3-orientations.510 The stereospecificity of 
reaction at C-3 has been attributed to reactions of 
nonclassical homoallylic cations. Evidence to be 
discussed later indicates that the acid-catalyzed 
solvolyses of the 63,19-oxide (I) proceed via a 19- 
hydroxyhomoallylic cation. In the absence of an 
unexpected effect of the 19-hydroxyl group, the stereo
chemistry of reaction at C-3 of this latter intermediate 
would be expected to be the same as that of C-10 
methylhomoallylic cations. The apparent identity 
of the diacetate (IV) with the 33,19-diacetoxyandrost-
5-en-17-one recently reported by Heusler and co- 
workers3d provides evidence that IV and the diol (II), 
from which it could be prepared by acetylation, both 
have 3-oriented substituents at C-3. The stereochemis
try of reaction at C-3 of 19-liydroxyhomoallylic cat
ions thus appears to be identical to that of the 10- 
methylhomoallylic cations, and the substituents at 
C-3 of the 3,19-disubstituted steroids prepared in the 
present work are, accordingly, all assigned 3-orienta
tions.

The melting point of the diol (II) is in reasonable 
agreement with that of the product obtained by 
Mihina11 by degradation of 17,19,21-trihydroxypregn-
4-ene-3,20-dione. In the latter work, the orientation 
of the hydroxyl group at C-3 of the resulting 3,19- 
dihydroxyandrost-5-en-l 7-one was not specified, but 
was determined by the stereochemistry of an aqueous 
sodium bromohydride reduction of a 3,19-diacetoxy-3,5- 
diene. In the C-10 methyl series it nas been estab
lished12 that the A6-3-ols formed in this manner have 
33-hydroxyl groups. The present results, thus, sug
gest that 19-acetoxyl substituents have no unexpected 
neighboring group effect on the stereochemistry of

(8) S h a rp  a b s o rp tio n  peak s  of th e  e th y len ed io x y  p ro to n s  o f s te ro id s  in  
n .m .r . sp e c tra  d e te rm in ed  in  d eu te rio ch lo ro fo rm  h av e  also  been  ob serv ed  by  
W . W ehrli, M . S. H eller, K . S chaffner, a n d  O. Jeg er, H e l v .  C h i m .  A c t a ,  44, 
2162 (1961).

(9) T h e  use of p y rid in e  as an  n .m .r . so lv en t to  change th e  re la tiv e  chem ica l 
sh if ts  of p ro to n s , th e  a b so rp tio n s  of w hich o v erlap  in  d eu te rioch lo ro fo rm , 
w as suggested  b y  G . S lom p a n d  F. M acK ella r , J .  A m .  C h e m .  S o c . ,  82 , 999 
(1960).

(10) E . M . Kosow’er a n d  S. W inste in , .7. A m .  C h e m .  S o c . ,  78 , 4347 (1956).
(11) J .  S. M ih in a , U . S. P a te n t  2,856,415 (O cto b er 4, 1958).
(12) (a) B. B e lleau  a n d  T . F . G allagher, J .  A m .  C h e m .  S o c . ,  73, 4458 

(1951): (b ) W . G . D au b en  a n d  J .  F . E a s th a m , i b i d . ,  73 , 4463 (1951); (c) 
E . Scliw enk, M . G u t, an d  J .  Belisle, A r c h .  B i o c h e m . ,  31* 456 (1951).
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T a b l e  I

N u c l e a r  M a g n e t i c  R e s o n a n c e  D a t a “ 

A . C -1 9  O x y g e n a te d  S a r ^ a - c y c lo s te r o id s 6

C-Ü =* J e J  C-18 G -------------------- H a.— C m

H a

>— h b ''------------------- •
h b AJ'AB I ' / a b I

I 5 5 .5 2 3 4 .4 e 2 4 1 . 4 , ( 2 3 4 . 2 / 2 1 0 .6 ,2 0 3 .4 3 0  0 7 . 2

I D 5 8 .4 2 3 0 .0 * 2 4 3 .8 ,2 3 6 .9 2 1 3 .4 ,2 0 6 .2 2 9 .7 7 . 0
I I I 2 0 2 . 0 , 1 9 8 . S , 1 9 5 .8 3 .1  5 9 .6 2 2 8 . 3 , 2 1 7 . 5 ‘ 2 0 4 .8 ,  1 9 4 .0 2 0 .9 1 0 . 8

n r 2 0 0 .7 ,1 9 7 .5 ,  1 9 4 .2 3 . 2  5 8 .8 2 2 7 .5 ,2 1 6 .7 2 0 3 .5 ,1 9 2 .5 2 1 .5 1 0 .9

B . C -1 9  H y d ro x y -A 5-3/S d e r iv a t iv e s

•Ha—C i » — Hb''----------------------------■
C -6 C-18 -OCOCHs —OCJU Ha HB AxaB D ab

I T  3 5 0 .8 5 6 .9 2 4 1 . 4 , 2 3 0 . 0 2 2 3 .0 ,2 1 2 .0 1 4 .4 1 1 . 2

V  3 5 0 .0 5 5 .9 1 2 1 . 8 2 4 1 . 4 , 2 2 9 . 6 2 2 2 .7 ,2 1 0 .8 1 4 .6 11 .8

V I  3 4 2 .5 5 7 .0 2 0 2 . 0 2 4 0 . 2 , 2 2 9 . 5 2 2 1 . 6 , 2 1 0 . 0 1 6 .1 1 1 . 2

C . C -1 9  A c e to x y - A5-3/3 d e r iv a t iv e s
------------- H a— C,9- -Hb"-------------

C-6 C-18 —OCOCHa —OCHj Ha Mb AfAB 1 T ab I
IV  3 4 4 .0 5 4 .0 1 2 1 .4 ,1 2 2 . 5 2 8 2 .2 ,2 6 9 .9 2 4 5 .2 ,2 3 3 .2 3 4 .8 1 2 . 1

V I I  3 4 0 .0 5 4 .8 1 2 4 .0 2 0 2 . 0 2 7 8 . 2 ,2 6 7 .0 2 4 4 .0 ,2 3 2 .2 3 2 .5 1 1 .5

D . C - 10 M e th y l  s te ro id s
C-6 *̂ ae — J eeC —OCOCHs C-18 C-19

6 /S -H y d ro x y -3 a ,5 c* - 'e y c lo a n d r o s ta n -117 -o n e 2 0 3 . 5 , 2 0 0 . 5 , 1 9 8 . 0  2 . 8 5 6 .2 6 6 .5
3 /3 -A c e to x y -a n d ro s t -5 -e n -1 7 -o n e 3 2 6 .0 1 2 1 . 6 5 3 .2 6 3 .3 '
C h o le s te r o l” 3 2 1 .6
3 a -A c e ta m id o a n d r o s t - 5 -e n - 1 7 - o n e " 3 2 2 .0
3 /3 -A c e ta m id o a n d ro s t-5 -e n - r7 -o n e '‘ 3 2 2 .0

“ T h e  s p e c t r a  w e re  r e c o r d e d  w i th  a  V a r i a n  A -6 0 , n .m .r .  s p e c t r o m e te r  a t  6 0  M e . U n le s s  o ther-w ise  sp e c if ie d , 5 - 1 0 %  s o lu t io n s  in  
d e u te r io c h lo ro f o r m  w e re  e m p lo y e d  u s in g  t e t r a m e th y l s i l a n e  a s  a n  i n t e r n a l  re fe re n c e . C h e m ic a l  s h i f t s  a r e  r e p o r t e d  in  c .p .s . f ro m  t e t r a -  
m e th y ls i l a n e  (0  c .p .s . )  in  t h e  d i r e c t io n  o f d e c r e a s in g  f ie ld . . / AB is  e x p re s s e d  in  c .p .s .  6 C o m p le x  a b s o r p t io n  o f t h e  C -3  a n d  C -4  c y c lo -  
p r o p y l  p r o to n s  o c c u r re d  b e tw e e n  0 - 5 0  c .p .s .  c A p p r o x im a te  c o u p lin g  c o n s t a n t s  fo r  t h e  in te r a c t io n  o f t h e  C -6  p r o to n  w i th  C -7  a x ia l  
a n d  C -7  e q u a to r i a l  p r o to n s .  d H A a n d  H B r e fe r  t o  t h e  C - l! )  m e th y le n e  p r o to n s  w h ic h  a b s o r b  a t  lo w e r  a n d  h ig h e r  f ie ld , r e s p e c t i v e ^ .  
e A p p a r e n t  s in g le t .  ! O v e r la p p e d  b y  th e  e th y le n e d io x y  p r o to n  a b s o r p t io n .  0 D e te r m in e d  in  5 %  p y r id in e  s o lu t io n  u s in g  a n  in t e r n a l  
t e t r a m e th y l s i l a n e  r e fe re n c e . * S o m e  in d ic a t io n  o f  s p l i t t in g .  * O v e r la p p in g  a b s o r p t io n  w a s  p r e s e n t .  1 A d d e d  d e u te r iu m  o x id e . T h e  
lo w -fie ld  d o u b le t  ( H A) w a s  f u l ly  re s o lv e d . A  s h a r p  w a te r  p e a k  w a s  p r e s e n t  a t  2 7 6 .8  c .p .s .  k D e te r m in e d  in  2 % d e u te r io c h lo ro f o r m  
s o lu t io n  b e c a u s e  o f  l im i te d  s o lu b i l i ty .  ' R .  F .  Z ü rc h e r ,  Helv. Chim. Acta, 4 4 , 1380  (1 9 6 1 ) , h a s  r e p o r te d  6 2 .8  c .p .s .  m H ig h  R e s o lu 
t i o n  N .m .r .  S p e c t r a  C a ta lo g u e ,”  V a r ia n  A s s o c ia te s , P a lo  A lto , C a li f .  n J .  T a d a n ie r  a n d  W a y n e  C o le , J. Org. Chem., 27 , 4 6 2 4  (1 9 6 2 ) .

aqueous sodium borohydride reductions of 3-acetoxy-
3,5-dienes.

The structures of the unsymmetrical derivatives V, VI, 
and VII follow from the AB absorption patterns of 
their C-19 methylene protons. The AB patterns of 
both the S/J-methoxy-lfl-ol (VI) and the 3/3-acetoxy-19- 
ol (V) are almost superimposable on that of the 35,19- 
diol (II), while the AB pattern of the C-19 methylene 
protons of the 3^-methoxy-19-acetate (VII), prepared 
by acetylation of VI, is almost superimposable on that 
of the 3/3,19-diacetate (IV).

It has been established that acetylation of aliphatic 
alcohols causes a paramagnetic shift in the absorptions 
of their a-protons. The magnitudes of the shifts are 
characteristic for primary alcohols (~0.5 p.p.rn.) and 
secondary alcohols (1.0-1.15 p.p.m.), and in steroid 
molecules the shifts are independent of axial or equa
torial orientations.13 In the present series the paramag
netic shifts resulting from acetylation of the 19-hy
droxyl groups differ for the nonequivalent C-19 methyl
ene protons, as is evident from comparison of the chemi
cal shifts for the 19-acetates (ArAB = 32.5-34.8 c.p.s.) 
with the corresponding values for the 19-alcohols 
(ArAB = 14.4-16.1 c.p.s.), Table IB and IC. The 
large difference between these values may reflect dif
ferent rotamer populations (A, B, and C) of the ace- 
toxy derivatives and the hydroxy compounds.14

A B C

The equatorial C-3 substituents of the compounds in 
question should have little effect on the rotamer popula
tion. The small differences in the AB patterns of the 
hydroxy compounds II, V, and VI, on the one hand, 
and the acetoxy derivatives IV and VII, on the other, 
are of the magnitude to be expected of long-range 
shielding effects of the C-3 substituents on C-19 proton 
absorptions.916

To obtain a measure of the paramagnetic shielding 
effect on the C-19 methylene protons due to acetylation 
of the C-19 hydroxyl, the mean chemical shifts of the 
C-19 methylene protons of the 19-hydroxy and 19- 
acetoxy derivatives in both the 3/3-methoxy and 3/3- 
acetoxy series were determined from the difference 
between the midpoints of their AB patterns. In 
the case of the 3/3-methoxy derivatives the paramagnetic 
shift thus calculated was 0.50 p.p.m. while for the 3/3- 
acetoxy derivatives the shift was 0.53 p.p.m. These 
values are, thus, in good agreement with the value, 
0.50 p.p.m., cited by Jackman13 for the paramagnetic

(13) R ef. 6, p . 55.
(14) R ef. 6, pp . 99-103 .

(15) Y . K aw azoe, Y . S a to , M . N a tsu m e , H . H aseg aw a , T . O k am o to , an d  
K . T su d a , C h e m .  P h a r m .  B u l l .  ( J a p a n ) , 10, 338 (1962).
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shift of the a-protons of primary alcohols which is ef
fected by acetylation.

N.m.r. spectra of 6/3,19-dihydroxy-3a,5a-cycloan- 
drostan-17-one (III) showed complex absorption be
tween 0-50 c.p.s. characteristic of the cyclopropyl 
protons at C-3 and C-4 and the absence of vinyl 
proton absorption. Only a single, sharp angular methyl 
absorption was present. In dry deuteriochloroform 
there was complex absorption between 190-230 c.p.s. 
The high-field portion appeared to consist of a triplet 
with peaks at 195.8,198.8, and 202.0 c.p.s. and a doublet 
with peaks at 194.0 and 204.8 c.p.s. (total integrated 
area, 1.9 protons). The low-field portion showed peaks 
at 217.5 and 228.3 c.p.s., but these were overlapped by 
a broad absorption (total integrated area, 2.3 protons). 
Since the infrared spectrum of III showed strong hy
drogen bonding, it was suspected that the absorption 
overlapping the low-field doublet was due to absorption 
of a hydrogen-bonding proton.16 Accordingly, a 
small amount of deuterium oxide was added to the 
solution and the sample was agitated to effect a rapid 
exchange of the steroid hydroxy protons for deuterons.17 
The n.m.r. spectrum run on the resulting sample 
showed a sharp water peak at 276.8 c.p.s. The low- 
field doublet peaks at 216.7 and 227.5 c.p.s. were clearly 
resolved (integrated area, 0.9 proton) as the low-field 
doublet of the C-19 methylene AB spin system. The 
high-field doublet could then be identified directly 
from the coupling constant determined from the low- 
field doublet as consisting of the peaks at 192.5 and
203.5 c.p.s. (./An = |10.9|c.p.s.). The triplet absorp
tion with peaks at 194.2, 197.5, and 200.7 c.p.s. is 
assigned to the absorption of the C-6 equatorial proton 
which is coupled to the C-7 equatorial and C-7 axial 
protons with ~  ~  3.2 c.p.s. The total inte
grated area of the triplet and the high-field doublet was
1.8 protons.

The position of the triplet absorption of the C-6 
proton of the diol (III) is close to that of the C-6 
proton of 6/3-hydroxy-3a,5a-cycloandrostan-17-one 
which has peaks at 198.0, 200.5, and 203.5 c.p.s. (J ee ~  
J ae ~  2.8 c.p.s.). Similar triplet absorptions were ob
served18 for the C-6 protons of the acetate (./„ ~  
,/ae ~  2.7 c.p.s.) and the p-nitrobenzoate (Jee ~  
Jae ~  2.6 c.p.s.) of 6/3-hydroxy-17-ethylenedioxy-3a,5a- 
cycloandrostane. Since these coupling constants are 
of the magnitude expected if the dihedral angles between 
the C-6 protons and the C-7 axial and C-7 equatorial 
protons are both about 60°,19 the C-6 protons must be 
equatorial and the substituents at C-6 were assigned the 
6/3-axial orientations. A similar argument applies 
to the C-6 proton absorption of III and thus establishes 
the 6/3-axial orientation of the C-6 hydroxyl.

Independent evidence for the cis relationship of the
(16) N .m .r . ab s o rp tio n s  of h y d ro g e n -b o n d e d  h y d ro x y l p ro to n s  occur a t  

low er fie ld  th a n  free  h y d ro x y l p ro to n  a b so rp tio n s  (ref. 6, p . 66). In  th e  
o th e r  C -19 h y d ro x y  co m p o u n d s p re p a re d  in  th is  w ork , no  h y d ro x y l p ro to n  
p ea k  w as ob serv ed  a n d  th e se  a re  p re su m e d  to  a b so rb  a t  h ig h e r field th a n  
a b o u t  150 c .p .s ., w h ich  o v e rlap s  th e  com plex  a b s o rp tio n  of th e  s te ro id  rin g  
p ro to n s . S ince on ly  th e  low -field  d o u b le t of I I I  w as o b scu red  b y  th e  over
la p p in g  ab so rp tio n , w hile  b o th  p e a k s  of th e  low -field  d o u b le t a p p e a re d  to  be 
p re sen t, th e  com p lex ity  is  b e lieved  to  b e  d u e  to  o v e rlap p in g  a b s o rp tio n  
of one b o n d ed  h y d ro x y  p ro to n  w ith  th e  low -field d o u b le t r a th e r  th a n  to  s p in -  
sp in  coup ling  of th e  C -19 m e th y le n e  p ro to n s  w ith  th e  19-hyd roxy  p ro to n . 
T h is  in te rp re ta tio n  is  c o n s is te n t w ith  in te g ra te d  in te n s itie s  m easu red  b e 
fore a n d  a f te r  ad d itio n  of d e u te r iu m  oxide.

(17) T h is  te c h n iq u e  w as sug g ested  b y  J a c k m a n , ref. 6, p . 71.
(18) J .  Tadanifer a n d  W . C ole , J .  O r g .  C h e m . ,  27 , 4610 (1962).
(19) See ref. 7, p p . 308-311 .

C-6 hydroxyl and the C-10 hydroxymethyl groups of 
III as well as the 6/3-axial orientation of the 6-hydroxyl 
is furnished by the OH absorptions in the infrared. It 
has been shown that the difference (Av) in wave num
bers (cm.-1) between free and bonded OH absorptions 
provides a measure of both the strength of the hydrogen 
bond20 and the hydrogen bond distance (H —  O).21 
Infarred spectra of III were determined in carbon 
tetrachloride solutions at concentrations (0.005 and 
0.0025 M) at which it has been shown that absorptions 
due to hydrogen bonded OH are due to intra- rather than 
intermolecular bonding.2111 At both concentrations 
sharp bands due to both free and bonded OH absorp
tions were observed at 3610 and 3460 cm.-1, respec
tively. At the higher concentration a broad shoulder 
was present, centered at 3250 cm.-1 which indicated 
that a small amount of intermolecular hydrogen bond
ing persisted. The large value of Av (150 cm.-1) 
indicates strong intramolecular hydrogen bonding and 
is of the magnitude observed2111 for cis- and irans-1,2- 
bishydroxymethylcyclohexane. In these latter com
pounds the O —  H bond distance could not be calcu
lated2111 since the closest approach of the hydrogen- 
bonded H and O was found to be less than the length of 
the covalent OH bond (0.96 A.). Similarly, in both of 
the possible hydrogen-bonded species (D and E) with 
the 6/3-axial hydroxyl, the closest approach of the 
bonding H and O is only 0.4 A.22

The frequencies measured in the present work with 
sodium chloride optics were not sufficiently accurate 
(±15 cm.-1) to allow a choice between the two possi
bilities based on the frequency of the free OH absorp
tion.21"

The coupling constants {JAB) for the methylene 
protons of the 19-hydroxy and 19-acetoxy compounds 
were almost equal within the experimental error, while 
that of the 6/3,19-oxide (I) was significantly smaller. 
Although the calculations of Gutowski, Karplus, and 
Grant23 predicted that the magnitudes of the coupling 
constants between geminal protons should be a sensi
tive function of the II C-H bond angle, recent work24 
has indicated that the signs of geminal coupling con
stants are opposite to those predicted by the theory, and 
that their magnitudes are too sensitive to the effect 
of substituents to allow an empirical correlation with 
dihedral angles. Thus, while the small coupling 
constant of I is presumably related to the strain in the 
puckered tetrahydrofuran ring, the nature of the effect 
is not clear.

(20) R . F . B ad g e r, J .  C h e m .  P h y s . ,  8, 288 (1940).
(21) (a) L. P . K u h n , J .  A m .  C h e m .  S o c . ,  74 , 2492 (1952); (b) L. P . 

K u h n , i b i d . ,  76 , 4323 (1954); (c) L . P . K u h n , i b i d . ,  80 , 5950 (1958).
(22) C a lc u la te d  from  D re id in g  M odels  of 6 /3 ,1 9 -d ih y d ro x y -5 a-an d ro s tan e .
(23) H . S. G u to w sk i, M . K a rp lu s , a n d  D . M . G ra n t, J .  C h e m .  P h y s . ,  31 , 

1278 (1959).
(24) (a) M . K a rp lu s , ./. A m .  C h e m .  S o c . ,  84, 2458 (1962); (b) P . C. 

L a u te rb u r  a n d  R . J .  K u rla n d , i b i d . ,  84, 3405 (1962); (c) F .  A . L. A n e t, i b i d . ,  

3767 (1962); (d) H . J.| (B e rn s te in  a n d  N . S h ep p a rd , / .  C h e m . P h y s . ,  37, 
3012 (1962). (T h e  a u th o r  is  in d e b te d  to  a  re fe re e  fo r g rac io u s ly  ca lling  
his a t te n t io n  to  th e  la t t e r  reference.)
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The optical rotations (Table II) of the products are 
all consistent with the structures assigned. Both the 
6/3,19-oxide (I) and the 6/3,19-diol (III) have high 
positive rotations characteristic of 3a,5a-cyclo-6- 
substituted steroids relative to their A5-3 isomers. 
The molecular rotation difference, A M d, between these

T a b l e  I I

M o l e c u l a r  R o t a t io n s

A . 3 a ,5 a - C y c lo s te r o id s
M d M d AMd

I +  1 4 9 °  I I I + 4 2 6 ° + 2 7 7 °

6 /S -H y d ro x y -1 7 -
e th v le n e d i -
o x y - 3 a ,5 a -

6 /3 -H y d ro x y -3 a , 
5 a - c y d o a n d r o -  

+ 3 9 ° “ s ta n -1 7 -o n e + 3 4 8 ° * + 3 0 9 °

c y c lo a n d ro -
s ta n e

B . C -1 9 - S u b s t i tu te d -A 5-3,3 s te ro id s

R'
R M d( R '  =  CO CH s) M d ;R ' =  H) A M d

H +  4 5 °
COCHs - 1 3 8 ° +  2 4 ° +  1 62°
c h 3 ! w 4* o +  3 2 ° +  1 66°

C . C -1 0 -m e th y l-A 5-3  0 S te r o id s ' 
G

X G = 17a-H, 17/3-CsH it o 11 o

M d M d

H - 1 5 0 ° +  6°
COCHs - 1 8 4 ° - 2 5 °
CHs - 1 6 8 ° 0°d

a C a lc u la te d  f ro m  th e  v a lu e  r e p o r te d  b y  S . J u l i a ,  C . N e u v il le ,  
a n d  M . D a v is  ( r e f .  3 1 ) . 6 C a lc u la te d  f ro m  t h e  v a lu e  f o r  a  s o lu 
t i o n  in  9 5 %  e th a n o l ,  q u o te d  in  “ P o u v o i r  R o t a t o i r e  N a tu r e l ,  I .  
S te r o id e s ,”  b y  J . - P .  M a th ie u  a n d  A . P e t i t ,  M a s s o n  a n d  C o ., 
P a r i s ,  F r a n c e ,  1956 , p . 18. c C a lc u la te d  f ro m  v a lu e s  q u o te d  in  
f o o tn o te  h f o r  c h lo ro fo rm  s o lu t io n s .  d I t  h a s  b e e n  r e p o r t e d  t h a t  
t h i s  m a te r i a l  s h o w s  n o  o b s e rv a b le  r o t a t i o n  in  2 .5 %  c h lo r o fo r m  
s o lu t io n .  A . B u t e n a n d t  a n d  W . G ro ss e , Ber., 69, 2 7 7 6  (1 9 3 6 ) .

products is almost the same as that between 6/5-hy- 
droxy-17-ethylenedioxy-3a,5a-cycloandrostane and 6/3- 
hydroxy-3a,5a-cycloandrostan-17-one (Table IIA) and 
thus must be due almost entirely to the difference be
tween the 17-ketal and 17-keto functions.

For the A6-C-19 substituted derivatives, the optical 
rotations are only slightly sensitive to the nature of the 
substituent at C-3 as is evident from comparison of 
the 19-hydroxy compounds (II, V, and VI), on the one 
hand, and the 19-acetoxy derivatives (IV and VII), on 
the other. The insensitivity of optical rotation to the 
nature of the substituent at C-3 is also observed for C-10 
methyl steroids (Table IIC). In contrast, a relatively 
large difference is observed between the rotations of 
the 19-hydroxy and 19-acetoxy compounds (Table 
IIB). In both 3/3-methoxy and 3/5-acetoxy series, the

optical rotations of the 19-acetoxy derivatives are 
much more negative than are those of the 19-hydroxy 
derivatives.

The optical rotations of the 19-hydroxy compounds 
(II, V, and VI), on the one hand, and the 19-acetoxy 
compounds (IV and VII), on the other, are almost identi
cal. This is only to be expected if the rotamer popula
tions (A, B, and C) within the C-19 hydroxy series 
and within the C-19 acetoxy series are the same, and 
essentially unaffected by the nature of the substituent 
at C-3. This is in accord with the n.m.r. chemical 
shift differences (ArAB) of the two series, described 
previously.

Discussion
It has been suggested16 that the first step in the lead 

tetraacetate oxidation of the angular methyl groups of 
hydroxysteroids is the formation of an alkoxylead(IV) 
derivative. Although, by analogy with the reaction 
of the p-toluenesulfonate of 1,3,3-trimethylcyclohexyl 
peroxide prepared by Corey and White,26 this inter
mediate may undergo subsequent heterolysis to form 
a cationic species (VIII) followed by proton abstraction 
from the angular methyl to form the 6/3,19-oxide; 
homolytic cleavage to an alkoxy radical (IX), similar

to that formed by nitrite ester photolysis,18 followed by 
hydrogen atom abstraction from the angular methyl, 
has not been excluded. At present, however, in view 
of the uncertainty with regard to the mechanism of the 
reaction, and the epimerization which has recently 
been reported to occur on photolysis of the nitrite 
ester of “a”-caryophyllene alcohol,26 formation of the 
6/3,19-oxide (I) by lead tetraacetate oxidation of 6/3- 
hydroxy-17-ethylenedioxy-3a,5a-cycloandrostane can
not be considered a chemical proof27 of the configuration 
of the alcohol. Since the yield of the 6/3,19-oxide (I) 
v7as relatively low under the conditions employed, an 
investigation of the behavior of the epimeric 6a-hy- 
droxy-17-ethylenedioxy-3a,5a-cycloandrostane did not 
seem to offer an unequivocal conclusion.

The evidence for the configurations of C-6 epimeric
6-hydroxy-3a,5a-cyclosteroids, based on the multiplet 
absorption patterns of the C-6 protons of the acetates 
and p-nitrobenzoalcs of the C-6 epimeric 6-hydroxy-17- 
ethylenedioxy-3a,5a-cycloandrostanes, has been pre
viously described.18 In the present work, the comple
mentary infrared and n.m.r. evidence regarding the 
configuration of the 6/3,19-diol (III), together with the 
almost identical chemical shifts and multiplet absorp
tion patterns of III and of 6/3-hydroxy-3a,5a-cyclo- 
androstan-17-one, provides essentially conclusive evi-

(25) E . J .  C o rey  a n d  R . W . W h ite , J .  A m .  C h e m .  S o c . ,  80 , 6686 (195S).
(26) A. N ick o n , J . R . M a h a ja n , a n d  F . J .  M cG u ire , J .  O r g .  C h e m . ,  2 6 , 

3617 (1961).
(27) A s y e t  th e re  has  been  no  d ire c t chem ical p roo f fo r th e  co n fig u ra tio n s  

o f C -6  ep im eric  3 a ,5 a -c y c lo -6 -o ls . See ref. 10, fo o tn o te  16.
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dence regarding the configurations of 3a,5a-cyclo-6-ols 
in the C-10 methyl series.28

Examination of the solvolytic behavior of 6,0,19- 
oxido-17-ethylenedioxy-3a,5a-cycloandrostane (I) indi
cates that its reactions are those predictable from the 
behavior of related 10-methyl-3n,5a-cyclosteroids.510 
Under conditions of acid catalysis in each of the sol
vent systems studied, the major products isolated were 
A5-3̂ 3 substituted steroids. Although formation of the 
symmetrically substituted 3d, 19-dihydroxy and 3/3,19- 
diacetoxy compounds (II and IV) by hydrolysis and 
acetolysis, respectively, furnishes no evidence for the 
direction of heterolysis of the 6/3,19-oxide ring, the 
isolation of 3/3-methoxy-19-hydroxyandrost-5-er_-17-one 
as the sole product from the acid-catalyzed methanoly- 
sis provides strong evidence that these reactions all 
occur via C6-0 heterolysis to form the intermediate 19- 
hydroxyhomoallylic cation (X).

Formation of 3/3,19-diacetoxyandrost-5-en-17-one
(IV) as the major product of the acid-catalyzed acetoly
sis in acetic acid seems most probably the result of 
subsequent esterification of the expected 3/3-acetoxy-19- 
hydroxyandrost-5-en-17-one (V). Although formation 
of the minor product, V, is conceivably the result of 
preferential esterification or hydrolysis reactions, this 
product is significantly that isomer which would be 
predicted on the basis of reaction of the 19-hydroxy- 
homoallylic cation (X) with acetic acid.

The isolation of 6(3,19-dihydroxy-3a,5a-cycloandro- 
stan-17-one from both the attempted acetolysis in 1:10 
acetic acid-tetrahydrofuran (0.095 M in p-toluene- 
sulfonic acid monohydrate) and the hydrolysis in 1:10 
water-tetrahydrofuran, demonstrates that the stereo
chemistry of reaction of the 19-hydroxyhomoallylic 
cation at C-6 is identical to that observed for reactions 
of related 10-methylhomoallylic cations.

Since 6/3,19-oxido-3 a,5 a-cyclosteroids should prove a 
convenient source of a variety of 3/3,19-disubstituted 
steroids, it is hoped that further studies of the lead 
tetraacetate oxidation of 6/3-hydroxy-3a,5a-cyclo- 
steroids will lead to conditions more favorable for 
6/3,19-oxide ring formation.

Experimental
T h e  le a d  t e t r a a c e t a t e  u s e d  w a s  t h a t  o f  M a th e s o n  C o le m a n  

a n d  B e ll ,  a n d  w a s  d r ie d  o v e r  p o ta s s iu m  h y d r o x id e  p r io r  t o  u s e .
I n f r a r e d  s p e c t r a  w e re  d e te r m in e d  f o r  a l l  c o m p o u n d s  a n d  w e re  

c o n s is te n t  w i th  f u n c t io n a l  g r o u p s  p r e s e n t .  T h e  in f r a r e d  s tu d ie s  
o n  t h e  h y d r o g e n  b o n d in g  o f  t h e  6 /3 ,1 9 -d io l ( I I I )  w e re  c a r r ie d  o u t  
w i th  s o lu t io n s  in  M a l l in c k r o d t  a n a ly t i c a l  r e a g e n t  c a r b o n  t e t r a -

(28) As d escribed  b y  K osow er a n d  W in s te in  (re f . 10), 3« ,5«-cyclo-6/3-ols 
a r e  fo rm ed  stereospec ifica lly  b y  h y d ro ly s is  of th e  p -to lu en esn lfo n a te s  of th e ir  
A6-3/3-isom ers, w h ile  th e  ep im eric  3 a ,5 a -c y c lo -6 a -o ls  a re  fo rm ed  s te re o 
sp ec ifica lly  b y  li th iu m  a lu m in u m  h y d rid e  re d u c tio n  of 3a ,5 a -cy e lo -6 -o n es.

c h lo r id e  w i th  a  P e r k in - E lm e r ,  M o d e l  2 1 , s p e c t r o p h o to m e te r  
e q u ip p e d  w i th  s o d iu m  c h lo r id e  o p t ic s ,  u s in g  a  3 .0 - c m . ce ll.

O p t ic a l  r o t a t i o n s  w e re  d e te r m in e d  w i th  1 %  s o lu t io n s  in  M a l 
l i n c k r o d t  a n a ly t i c a l  r e a g e n t  c h lo ro fo rm  u s in g  a  H i lg e r  a n d  W a t t s  
p o la r im e te r .

T h e  t e t r a h y d r o f u r a n  u s e d  a s  s o lv e n t  w a s  p u r i f ie d  b y  t h e  
m e th o d  o f  F i e s e r . 29 T h e  n e u t r a l  a c t i v i t y  I I I  a lu m in a  u s e d  fo r  
t h e  c h r o m a to g r a p h ic  s e p a r a t io n s  w a s  p r e p a r e d  b y  t h e  a d d i t io n  o f 
t h e  a p p r o p r i a t e  a m o u n t  o f w a t e r 30 t o  W o e lm , n e u t r a l  a c t i v i t y  I  
a lu m in a .  T h e  p e t r o le u m  e t h e r  u s e d  fo r  r e c r y s ta l l i z a t io n s  w a s  a  
f r a c t io n  b o i l in g  6 6 - 7 0 ° .

U n le s s  o th e r w is e  sp e c if ie d , m e l t in g  p o in t s  w e re  t a k e n  in  o p e n  
c a p i l la r ie s  a n d  a r e  u n c o r r e c t e d .

A . 6 q ,1 9 -O x id o -1 7 - e th y le n e d io x y - 3 a ,5 a -c y c lo a n d ro s ta n e  ( I ) .  
— T w o  r u n s  w e re  c a r r ie d  o u t  in  t h e  fo llo w in g  m a n n e r .  A  s o lu 
t i o n  p r e p a r e d  f ro m  5 .0 3  g . (0 .0 1 5 1  m o le )  o f  6 /3 -h y d ro x y -1 7 -  
e th y le n e d io x y - 3 a ,5 a - c y c lo a n d r o s ta n e , 31 1 8 .7  g . ( 0 .0 4 2  m o le )  o f 
le a d  t e t r a a c e t a t e ,  a n d  3 0 0  m l .  o f  b e n z e n e  w a s  h e a t e d  u n d e r  r e f lu x , 
w i th  s t i r r in g ,  f o r  2 4  h r . ,  d u r in g  w h ic h  t im e  a  w h i te  s o lid  s e p a r a te d .  
A t  t h e  e n d  o f  t h e  r e a c t io n  t im e  t h e  r e s u l t in g  s u p e r n a t a n t  g a v e  a  
p o s i t iv e  s t a r c h  io d id e  t e s t .  T h e  e x c e s s  l e a d  t e t r a a c e t a t e  w a s  
d e s t r o y e d  b y  a d d i t io n  o f  3 0  m l .  o f  e th y le n e  g ly c o l ,  a n d  t h e  r e 
s u l t i n g  tw o - p h a s e  m ix tu r e  w a s  f i l te r e d  t h r o u g h  a  C e li te  m a t .  
T h e  C e li te  m a t  w a s  t h e n  w a s h e d  w i th  3 0 0  m l .  o f b e n z e n e ,  a n d  t h e  
w a s h in g s  w e re  a d d e d  t o  t h e  o r ig in a l  f i l t r a t e .  T h e  r e s u l t in g  
m ix tu r e  w a s  w a s h e d  w i th  5 0 0  m l .  o f  w a te r ,  a n d  th e  a q u e o u s  p h a s e  
w a s  s e p a r a te d  a n d  e x t r a c t e d  w i th  3 0 0  m l .  o f  b e n z e n e .  T h e  
b e n z e n e  s o lu t io n s  w e re  w a s h e d  in  s e r ie s  w i th  4 0 0  m l .  o f  5 %  s o 
d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  s ix  3 0 0 -m l. p o r t io n s  o f  w a te r ;  
t h e n  th e y  w e re  c o m b in e d  a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  
s u l f a te .  T h e  b e n z e n e  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u re ,  
le a v in g  5 .5 8  g . o f  a  p a le  y e llo w  g la s s .

T h e  p r o d u c t  m ix tu r e  w a s  t r e a t e d  w i th  100  m l .  o f  b o i l in g  p e n 
t a n e  w i th  v ig o ro u s  s t i r r in g ,  a n d  th e  p e n ta n e  s u p e r n a t a n t  w a s  
s e p a r a te d  b y  d e c a n ta t i o n .  T h is  p r o c e d u r e  w a s  r e p e a t e d  f iv e  
t im e s  le a v in g  o n ly  a  s m a ll  f r a c t io n  o f t h e  m a te r i a l  u n d is s o lv e d . 
T h e  p e n ta n e  s o lu t io n s  w e re  c o m b in e d , s w ir le d  t o  e f fe c t  h o m o 
g e n e i ty ,  a n d  p la c e d  o n  a  c o lu m n  of 2 0 0  g . o f  n e u t r a l ,  a c t i v i t y  I I I  
a lu m in a .  T h e  p e n ta n e  e lu a te  w a s  e s s e n t ia l ly  d r y .  E lu t io n  w i th  
1 :1 5  e t h e r - p e n ta n e  s o lu t io n  ( t e n  1 0 0 -m l. f r a c t io n s )  y ie ld e d
1 .9 5  g . o f  a n  o il s h o w in g  m e d iu m  in t e n s i t y  a b s o r p t io n s  in d ic a t iv e  
o f  t h e  p r e s e n c e  o f  a c e t a t e  a t  1724  c m . - 1  ( b = 0 ) 32 a n d  1250 c m . - 1  

( C — O ) . 32 T h e  c o r r e s p o n d in g  f r a c t io n s  f ro m  r u n  I I  e x h ib i te d  a  
s im i la r  in f r a r e d  s p e c t r u m  a n d  a m o u n te d  t o  2 .4 5 g .  o f  a n  o il ( f r a c 
t io n s  1 ).

F u r t h e r  e lu t io n  o f  t h e  c o lu m n  w i th  1 :1 5  e t h e r - p e n ta n e  s o lu t io n  
( t h r e e  1 0 0 -m l. f r a c t io n s )  y ie ld e d  128  m g . o f  a n  o il. T h e  r e m a in 
d e r  o f  t h e  p r o d u c t  w a s  e lu te d  w i th  1 .5  1. o f  e th e r .  T h e s e  l a t t e r  
f r a c t io n s  w e re  c o m b in e d  t o  y ie ld  3 .1  g . o f  a  c le a r , p a le  y e llo w  o il, 
t h e  i n f r a r e d  s p e c t r u m  o f  w h ic h  s h o w e d  s t r o n g  b a n d s  a t  1745 
c m . - 1  a n d  12 3 5  c m . - 1  a n d  a  m e d iu m  in t e n s i t y  b a n d  a t  1706 
c m . ' 1. T h is  m a te r i a l  w a s  n o t  f u r t h e r  in v e s t i g a t e d .

T h e  in i t i a l  f r a c t io n s  e lu te d  w i th  1 :1 5  e th e r - p e n ta n e  s o lu t io n ,  
o b ta in e d  f ro m  r u n s  1 a n d  2 ( f r a c t io n s  1 )  w e re  c o m b in e d  ( 4 .4  
g . t o t a l )  a n d  h e a t e d  u n d e r  re f lu x  f o r  2 h r .  w i th  2 0 0  m l .  o f 5 %  
m e th a n o l ic  p o ta s s iu m  h y d r o x id e  s o lu t io n .  T h e  r e s u l t in g  so lu 
t io n  w a s  c o n c e n t r a t e d  t o  a b o u t  o n e - q u a r te r  v o lu m e  u n d e r  a s p i r 
a t o r  p r e s s u r e  a n d  p o u r e d  in to  4 0 0  m l .  o f  w a t e r .  T h e  r e s u l t in g  
m ix tu r e  w a s  e x t r a c t e d  tw ic e  w i th  3 0 0 -m l. p o r t io n s  o f  e t h e r ,  a n d  
t h e  e th e r  s o lu t io n s  w e re  w a s h e d  in  s e r ie s  w i th  s ix  1 0 0 - m l.  p o r t io n s  
o f  w a te r .  T h e  e t h e r  s o lu t io n s  w e re  t h e n  c o m b in e d  a n d  d r ie d  
o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te .  T h e  e t h e r  w a s  e v a p o 
r a t e d ,  le a v in g  4 .0 9  g . o f  a  c lo u d y  p a le  y e llo w  o i l .  T h is  p r o d u c t  
s h o w e d  n o  a b s o r p t io n  in  t h e  c a r b o n y l  r e g io n , b u t  w e a k  a b s o r p 
t i o n ,  f re e  a n d  b o n d e d ,  w a s  p r e s e n t  in  t h e  O H  s t r e t c h in g  r e g io n . 
T h is  p r o d u c t  w a s  p la c e d  o n  a  c o lu m n  o f  2 0 0  g . o f  n e u t r a l , ,  a c t i v i t y  
I I I  a lu m in a  in  5 0  m l .  o f  p e n t a n e  s o lu t io n .  E lu t i o n  w i th  1 :1 5  
e th e r - p e n ta n e  s o lu t io n  ( f o u r te e n  1 0 0 -m l.  f r a c t io n s )  y ie ld e d  a n  o il 
w i th  a  t r a c e  o f  o r a n g e  c o lo r a t io n .  T h is  m a te r i a l  w a s  d is s o lv e d  in  
p e n ta n e ,  a n d  t h e  p e n t a n e  s o lu t io n  w a s  t r e a t e d  w i th  c a r b o n  a n d  
f i l te r e d  t h r o u g h  C e l i te .  T h e  p e n t a n e  f i l t r a t e  w a s  c o lo r le s s . 
T h e  p e n ta n e  w a s  e v a p o r a t e d ,  le a v in g  a n  o i l  w h ic h  c r y s ta l l iz e d  o n  
s t a n d in g ,  y ie ld in g  2 .1 8  g .  ( 2 2 % )  o f  6 /3 ,1 9 -o x id o -1 7 -e th y le n e -  
d io x y - 3 a , 5 a - c y c lo a n d r o s ta n e  ( I ) ,  m .p .  9 5 - 1 0 1 .5 ° .  F o r  a n a ly s is

(29) L . F . F iese r, “ E x p e rim e n ts  in  O rgan ic  C h e m is try ,”  3 rd  E d . D . C . 
H e a th  an d  C o., B o s to n , M ass ., p . 292, 1959.

(30) H . B ro c k m a n n  a n d  H . S chodder, B e r . .  74 (1), 73 (1941).
(31) S. Ju lia , C . N euv ille , a n d  M . D av is , B u l l .  s o c .  c h i m .  F r a n c e ,  297

(1960).
(32) R . N . Jo n es  a n d  F . H erling , J .  O r g .  C h e m . ,  19, 1252 (1954).
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l .  16 g . w a s  r e c r y s ta l l iz e d  f ro m  m e t h a n o l - w a t e r  s o lu t io n  t o  y ie ld  
9 9 2 m g . ,  m .p .  1 0 2 - 1 0 3 ° ,  M 24d  + 4 5 ° .

Anal. C a lc d .  fo r  C 2iH 3()0 3: C ,  7 6 .3 3 ;  H ,  9 .1 5 .  F o u n d :  
C ,  7 6 .6 2 ;  H ,  9 .2 2 .

E lu t io n  o f  t h e  c o lu m n  w i th  e th e r  (1  1.) y ie ld e d  1 .7 2  g . ( 1 7 % )  
o f  a  p a le  o r a n g e  o il w h ic h  c r y s ta l l iz e d  o n  s t a n d in g .  T h e  in f r a r e d  
s p e c t r u m  o f  t h i s  m a te r i a l  ( 7 %  c h lo ro fo rm  s o lu t io n )  w a s  e s s e n 
t i a l ly  id e n t ic a l  t o  t h a t  o f  t h e  s t a r t i n g  m a te r i a l ,  6 /3 -h y d ro x y -1 7 -  
e th y le n e d io x y - 3 a ,5 a - c y c lo a n d r o s ta n e .  R e c r y s ta l l iz a t io n  o f  th i s  
m a te r i a l  f ro m  e th e r - p e t r o l e u m  e th e r  y ie ld e d  1 .1 8  g . ,  m .p .  1 4 2 -  
1 4 5 °  ( l i t . 31 m .p .  1 4 2 - 1 4 4 ° ) .  T h e  m e l t in g  p o in t  o f  a  m ix tu r e  o f 
t h i s  m a t e r i a l  w i th  a u th e n t i c  6 /3 - h y d ro x y -1 7 -e th y le n e c io x y -3 a ,5 a -  
c y c lo a n d r o s ta n e  w a s  n o t  d e p re s s e d .

B . H y d r o ly s i s .— 1. A  s o lu t io n  p r e p a r e d  f ro m  6 0 4  m g . 
(0 .0 0 1 8 2  m o le )  o f  I ,  3 g . (0 .0 2  m o le )  o f  p - to lu e n e s u lf o n ic  a c id  
m o n o h v d r a t e ,  10  m l .  o f  w a te r ,  a n d  5 0  m l .  o f  t e t r a h y d r o f u r a n  w a s  
h e a te d  u n d e r  re f lu x  f o r  3 h r .  T h e  t e t r a h y d r o f u r a n  w a s  r e m o v e d  
b y  d i s t i l l a t io n  u n d e r  r e d u c e d  p r e s s u re ,  a n d  t h e  r e s id u e  w a s  s h a k e n  
w i th  180  m l .  o f  w a te r  a n d  3 0 0  m l .  o f  e t h e r .  T h e  a q u e o u s  p h a s e  
w a s  s e p a r a te d  a n d  e x t r a c t e d  w i th  2 5 0  m l .  o f  e t h e r .  T h e  e th e r  
s o lu t io n s  w e re  w a s h e d  in  s e r ie s  w i th  1 0 0  m l .  o f  w a te r ,  1 0 0  m l .  of 
5 %  s o d iu m  b ic a r b o n a te  s o lu t io n , a n d  th r e e  1 0 0 -m l. p o r t io n s  o f 
w a te r ;  th e n  th e y  w e re  c o m b in e d  a n d  d r ie d  o v e r  a n h y d r o u s  m a g 
n e s iu m  s u l f a te .  T h e  e th e r  w a s  e v a p o r a t e d  le a v in g  4 4 4  m g . o f a  
c r y s ta l l in e  s o l id ,  m .p .  1 9 0 -2 0 0 ° . T h r e e  r e c r y s ta l l i z a t io n s  f ro m  
e t h y l  a c e t a t e - p e t r o l e u m  e t h e r  y ie ld e d  3 0 5  m g . ( 5 5 % )  of 3/3,19- 
d ih y d r o x y a n d ro s t -5 - e n - 1 7 -o n e  ( I I ) ,  m .p .  2 1 2 - 2 1 9 °  d e c . ,  | « ] 23d 
+  1 5° ( l i t . 11 m .p .  2 0 4 - 2 0 6 ° ) .

Anal. C a lc d .  f o r  C i9H 280 3: C ,  7 4 .9 7 ; H ,  9 .2 7 .  F o u n d :  
C ,  7 4 .6 9 ;  H ,  9 .2 8 .

2 . A  s o lu t io n  p r e p a r e d  f ro m  65 9  m g . (0 .0 0 2 0 0  m o le )  o f I ,  
1 g .  ( 0 .0 0 5  m o le )  o f  p - to lu e n e s u lfo n ic  a c id  m o n o h y d r a t e ,  5  m l. 
o f  w a te r ,  a n d  50  m l .  o f  t e t r a h y d r o f u r a n  w a s  h e a te d  u n d e r  re f lu x  
f o r  1 h r .  a n d  th e n  p o u r e d  in to  4 0 0  m l .  o f  w a te r .  T o e  r e s u l t in g  
a q u e o u s  s u s p e n s io n  w a s  e x t r a c te d  th r e e  t im e s  w i th  2 5 0 -m l. 
p o r t io n s  o f  e th e r .  T h e  e th e r  s o lu t io n s  w e re  w a s h e d  in  se r ie s  
w i th  1 0 0 - m l.  p o r t io n s  o f w a te r ,  100  m l .  o f  5 %  s o d iu m  b ic a r b o 
n a t e  s o lu t io n ,  a n d  th r e e  1 0 0 - m l.  p o r t io n s  o f  w a te r ,  t h e n  c o m 
b in e d  a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te ,  a f t e r  th e  
a d d i t i o n  o f a  fe w  d r o p s  o f  p y r id in e .  T h e  e th e r  w a s  e v a p o r a t e d ,  
le a v in g  a  c r y s ta l l in e  s o lid  im p r e g n a te d  w i th  a n  o r a n g e  im p u r i ty  
(7 1 2  m g . ) .

T h e  p r o d u c t  w a s  h e a te d  u n d e r  re f lu x  fo r  5 m in .  w i th  8 0  m l.  o f 
b e n z e n e .  A  s m a ll  a m o u n t  o f  m a te r ia l  r e m a in e d  u n d is s o lv e d .  
T h e  s u p e r n a t a n t  w a s  s e p a r a te d  b y  d e c a n ta t i o n ,  le a v in g  25  m g . 
o f  a  w h i te  c r y s ta l l in e  s o l id ,  m .p .  1 8 6 -1 9 2 ° .

T h e  b e n z e n e  s o lu t io n  w a s  co o led  to  ro o m  t e m p e r a t u r e  a n d  
p la c e d  o n  a  c o lu m n  o f  50  g . o f  n e u t r a l  a c t i v i t y  I I I  a lu m in a .  T h e  
b e n z e n e  e lu a te  c o n ta in e d  30  m g . o f a n  o r a n g e  o i l .  E lu t io n  w ith  
1 :5  e th e r - b e n z e n e  ( e ig h t  5 0 -m l. f r a c t io n s )  y ie ld e d  115.1  m g . o f  a  
c r y s ta l l in e  s o l id ,  m .p .  1 4 6 - 1 5 3 ° .33 T w o  r e c r y s ta l l i z a t io n s  f ro m  
b e n z e n e - p e t r o le u m  e th e r  y ie ld e d  9 3 .4  m g . ( 1 5 .4 % )  o f 6/3,19- 
d ih y d r o x v -3 f f ,5 « - c y c lo a n d r o s tn n - l7 -o n e  ( I I I ) ,  m .p .  1 7 1 -1 7 3 ° . 
T h e  in f r a r e d  s p e c t r u m  o f  th i s  m a te r ia l  (7 %  c h lo ro fo rm  s o lu t io n )  
w a s  i d e n t ic a l  t o  t h a t  o b ta in e d  f ro m  t h e  a t t e m p t e d  a c e to ly s is ,  
d e s c r ib e d  b e lo w . T h e  m e l t in g  p o in t  o f a  m ix tu r e  o f  th e s e  p r o d 
u c t s  w a s  n o t  d e p r e s s e d .

F u r t h e r  e lu t io n  o f t h e  c o lu m n  w i th  1 :1  e th e r - b e n z e n e  s o lu t io n  
( tw o  5 0 -m l. f r a c t io n s )  g a v e  n o  m o r e  m a te r i a l .  E lu t io n  w i th  
1 :1 0  m e th a n o l - c h lo r o f o r m  s o lu t io n  (1 0 0  m l . )  y ie ld e d  3 0 2 .3  m g . 
o f  a  w h i te  c r y s ta l l in e  s o l id ,  m .p .  1 9 7 .5 - 2 0 2 ° .  R e c r y s ta l l iz a t io n  
o f  th i s  m a te r ia l  f ro m  e th y l  a c e t a t e - p e t r o l e u m  e th e r  y ie ld e d
2 5 8 .3  m g . ( 4 2 .5 % )  o f  3 /3 ,1 9 - d ih y d ro x v a n d r o s t - 5 - e n - l7 - o n e  ( I I ) ,
m .  p .  2 1 3 -2 1 9 °  d e c . T h e  in f r a r e d  s p e c t ru m  o f  t h i s  m a te r ia l  
( p o ta s s iu m  b r o m id e  p e l le t )  w a s  id e n t ic a l  t o  t h a t  o f t h e  m a te r ia l  
o b ta in e d  f ro m  t h e  a c id - c a ta ly z e d  h y d r o ly s is  o f  I  in  1 :5  w a te r -  
t e t r a f m i r o f u r a n  s o lu t io n  a s  d e s c r ib e d  p re v io u s ly .  T h e  m e l t in g  
p o i n t  o f  a  m ix tu r e  o f th e s e  p r o d u c ts  w a s  n o t  d e p r e s s e d .

C . A c e to ly s is .— 1. A  s o lu t io n  p r e p a r e d  f ro m  3 3 0  m g . 
(0 .0 0 1 0 0  m o le )  o f  I ,  190  m g . (0 .0 0 1 0  m o le )  o f  p - to lu e n e s u lf o n ic  
a c id  m o n o h y d r a t e ,  a n d  1 0  m l .  o f g la c ia l  a c e t ic  a c id  w a s  h e a t e d  a t  
6 0 °  fo r  2  h r .  W a t e r  (2  m l . )  w a s  a d d e d  a n d  h e a t in g  wra s  c o n t in u e d  
f o r  10 m in .  T h e  r e a c t io n  p r o d u c t  m ix tu r e  w a s  i s o la te d  b y  e th e r  
e x t r a c t io n .  T h e  e th e r  s o lu t io n s  w e re  w a s h e d  w i th  5 %  s o d iu m  
b ic a r b o n a te  s o lu t io n  a n d  th e n  t o  n e u t r a l i t y  w i th  w a te r ,  c o m b in e d , 
a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te .  E v a p o r a t i o n  of 
t h e  e t h e r  l e f t  3 7 2 .4  m g . o f  a  d e e p  o r a n g e  o il.

(33) Melting point was determined on a Fisher-Johns block and is uncor
rected.

T h e  p r o d u c t  w a s  p la c e d  o n  a  c o lu m n  of 2 5  g . o f n e u t r a l  a c t i v i t y  
I I I  a lu m in a  in  6 0  m l .  o f 1 :1 0  e t h e r - p e n ta n e  s o lu t io n .  E lu t io n  
w i th  1 :1 0  e t h e r - p e n ta n e  ( fo u r  5 0 -m l. f r a c t io n s )  y ie ld e d  25  m g . o f 
o ils . E lu t io n  w i th  1 :5  e t h e r - p e n ta n e  ( n in e  5 0 -m l. f r a c t io n s )  
y ie ld e d  23 3  m g . (6 0 % ,)  o f 3 /3 > 1 9 -d ia ce to x y an d r< > s t-5 -en -l7 -o n e  
( I I ' ) ,  m .p .  1 0 6 - 1 0 8 .5 ° .  R e c r y s ta l l iz a t io n  o f  th i s  m a te r i a l  f ro m  
e th e r - p e n ta n e  s o lu t io n  y ie ld e d  t h e  a n a ly t i c a l  s a m p le  (1 6 2  m g . ) ,  
m .p .  1 0 8 - 1 0 9 ° ,  [ a ] 21n  - 3 5 . 4 °  [ l i t .  m . p .  1 0 3 - 1 0 5 ° ,  [<*]d - 4 0 °  
( c h lo ro f o r m ) ] . 311 T h e  in f r a r e d  s p e c t r u m  o f t h i s  m a te r i a l  w as  
id e n t ic a l  t o  t h a t  o f  t h e  p r o d u c t  p r e p a r e d  b y  a c e ty l a t i o n  o f 3/3 ,19- 
d ih y d r o x y a n d r o s t - 5 - e n - l7 -o n e  ( I I )  a s  d e s c r ib e d  la t e r .  T h e  
m e l t in g  p o i n t  o f a  m ix tu r e  o f th e s e  s a m p le s  w a s  n o t  d e p r e s s e d .

Anal. C a lc d .  f o r  C 23H 320 5: C ,  7 1 .0 9 ;  H ,  8 .3 0 .  F o u n d :  
C ,  7 1 .0 5 ;  H ,  8 .1 2 .

E lu t io n  o f  t h e  c o lu m n  w i th  1 : 1  e t h e r - p e n ta n e  ( t h r e e  5 0 - m l . 
f r a c t io n s )  y ie ld e d  50  m g . o f  a n  o il w h ic h  c r y s ta l l iz e d  o n  t r i t u r a 
t io n  w i th  1 : 1  e t h e r - p e n ta n e  s o lu t io n .  O n e  r e c r y s ta l l i z a t io n  f ro m  
m e t h a n o l - w a t e r  s o lu t io n  fo llo w e d  b y  tw o  r e c r y s ta l l i z a t io n s  f ro m  
e th e r - p e t r o l e u m  e th e r  s o lu t io n  y ie ld e d  1 6 .0  m g . ( 4 .6 % )  o f  3/3- 
a c e to x v - 1 9 - h y d ro x v a n d r o s t - 5 - e n -1 7 - o n e  ( Y ) ,  m .p .  1 5 7 - 1 5 8 ° ,33 
[c*]23d  + 7 ° .

Anal. C a lc d .  fo r  C 2iH 30O /: C ,  7 2 .8 1 ;  H ,  8 .7 3 . F o u n d :  
C ,  7 2 .8 6 ;  H ,  8 .5 9 .

2 . A  s o lu t io n  p r e p a r e d  f ro m  5 0 8  m g . (0 .0 0 1 5 4  m o le )  o f  I ,
1 .0  g . (0 .0 0 5 2  m o le )  o f  p - to lu e n e s u lfo n ic  a c id  m o n o h y d r a t e ,  5 m l.  
o f a c e t ic  a c id ,  a n d  5 0  m l .  o f t e t r a h y d r o f u r a n  wTa s  h e a te d  u n d e r  
re f lu x  fo r  2 h r .  W a t e r  (1 0  m l . )  w a s  a d d e d  a n d  re f lu x  w a s  c o n 
t in u e d  f o r  15 m in .  T h e  r e a c t io n  s o lu t io n  w a s  p o u r e d  i n to  4 0 0  
m l .  o f  w a te r  a n d  th e  r e s u l t in g  w h i te  s u s p e n s io n  w’a s  e x t r a c t e d  
w i th  tw o  2 5 0 -m l. p o r t io n s  o f e th e r .  T h e  e t h e r  s o lu t io n s  w e re  
w a s h e d  in  s e r ie s  w i th  tw o  1 0 0 -m l.  p o r t io n s  o f  w a te r ,  1 0 0  m l .  of 
5%  s o d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  th r e e  1 0 0 -m l. p o r t io n s  o f 
w a te r ,  t h e n  c o m b in e d , a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l 
f a t e .  T h e  e t h e r  w a s  e v a p o r a t e d  le a v in g  6 0 3  m g . o f  a  w h i t e  g la s s .  
T h e  in f r a r e d  s p e c t r u m  o f  t h i s  m a te r ia l  ( 7 %  c h lo ro fo rm  s o lu t io n )  
s h o w e d  b a n d s  a t  3 5 8 4  a n d  3 4 1 3  c m . - 1  [ (w ) , O H  f r e e  a n d  
b o n d e d ] , 34 1736  c m . - 1  (O A c  a n d  1 7 -k e to  c a r b o n y l s ) , 32 1603 c m . - 1  

[ (w ), a r o m a t ic  r in g ] , 35 1237 c m . - 1  ( C - O  o f  a c e t a t e ) , 32 d o u b le t  
1173  ( s ) ,  1183 (w )  c m . -1 , a n d  1357 c m . -1 , ( - 0 - S 0 2-  o f  p- 
t o lu e n e s u l f o n a te ) . 36

T h e  p r o d u c t  m ix tu r e  w^as p la c e d  o n  5 0  g .  o f  n e u t r a l ,  a c t i v i t y  
I I I  a lu m in a  in  b e n z e n e  s o lu t io n  a n d  c h r o m a to g r a p h e d  a s  d e 
s c r ib e d .  F i f ty - m i l l i l i t e r  f r a c t io n s  w^ere c o l le c te d .

F ra c 
tions E lu e n t C o n te n t

1 -5 B e n z e n e T r a c e  a m o u n ts  o f  o ils
6 - 1 0 1 :2 0  E th e r - b e n z e n e 4 0  m g . o f  o ils

1 1 -1 5 1 : 1 0  E th e r - b e n z e n e T r a c e  a m o u n ts  o f  o ils
1 6 -2 1 1 :4  E th e r - b e n z e n e 175  m g ., c le a r , p a le  g re e n

2 2 -2 3 1 : 1  E th e r - b e n z e n e
o il

8 8  m g ., c r y s ta l l in e  so lid
2 4 -2 7 1 : 1  E th e r - b e n z e n e D r y
2 8 -3 2 C h lo ro fo rm D r y
3 3 -3 5 1 :1 0  M e th a n o l - c h lo r o f o r m 9 1 .3  m g ., c r y s ta l l in e  s o lid
3 6 -3 7 1 :1 0  M e th a n o l - c h lo r o f o r m D r y

T h e  in f r a r e d  s p e c t r u m  of c o m b in e d  f r a c t io n s  1 6 -2 1  ( 7 %  c h lo r o 
fo rm  s o lu t io n )  s h o w e d  t h e  b a n d s  p r e s e n t  in  t h e  o r ig in a l  c r u d e  
s a m p le  d e s c r ib e d .

T h e  c o m b in e d  f r a c t io n s  2 2 -2 3  ( m .p .  1 5 2 - 1 5 5 ° )  w e re  r e c r y s 
ta l l iz e d  th r e e  t im e s  f ro m  b e n z e n e - p e t r o le u m  e t h e r  t o  y ie ld  6 1 .2  
m g . ( 1 3 .1 % )  o f  6 /3 i l9 -d ih y d r o x y -3 a ,5 a -e y c lo a n d ro s ta n -1 7 - o n e
( I I I ) ,  m .p .  1 7 2 - 1 7 4 ° ,33 [ a ] 25d + 1 4 0 ° .

Anal. C a lc d .  fo r  C i 9H 280 3: C ,  7 4 .9 7 ;  H ,  9 .2 7 .  F o u n d :  C ,  
7 4 .8 0 ; I I , 9 .2 3 .

T h e  m a te r i a l  o b ta in e d  f ro m  f r a c t io n s  3 3 - 3 5 ,  m .p .  1 7 5 -1 9 0 °  
( 1 9 .5 % ) ,  w a s  n o t  f u r t h e r  c h a r a c te r iz e d ,  b u t  i t s  c h r o m a to g r a p h ic  
b e h a v io r  in d ic a te d  t h a t  i t  w a s  im p u r e  I I .

D .  M e th a n o ly s i s .— A  s o lu t io n  p r e p a r e d  f ro m  71 5  m g . 
(0 .0 0 2 1 6  m o le )  o f I ,  71 0  m g . (0 .0 0 3 7 3  m o le )  o f  ¡» - to lu e n e s u lfo n ic  
a c id  m o n o h y d r a te ,  a n d  3 5  m l.  o f  a b s o lu te  m e th a n o l  w a s  h e a t e d  
u n d e r  re f lu x  f o r  2  h r .  W a t e r  ( 3 .5  m l . )  w a s  a d d e d  a n d  r e f lu x  wra s  
c o n t in u e d  f o r  15 m in .  T h e  m a jo r  p o r t io n  o f  t h e  m e th a n o l  w a s

(34) L. J . B ellam y , " T h e  In f ra re d  S p e c tra  of C om plex  M o lecu les ,’’ 
2 nd  E d ., J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1958, p . 95.

(35) R ef. 34, p . 64.
(36) R ef. 34, p. 364.
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th e n  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  o n  t h e  s t e a m  b a t h  w i th  a  
r o t a t o r y  e v a p o r a to r .  T h e  r e s id u e  w a s  s h a k e n  w i th  a  m ix tu r e  o f 
2 5 0  m l .  o f e th e r  a n d  100  m l .  o f  w a te r .  T h e  a q u e o u s  p h a s e  w as 
s e p a r a te d  a n d  e x t r a c t e d  w i th  20 0  m l .  o f  e t h e r .  T h e  w h e r  s o lu 
t io n s  w e re  w a s h e d  in  s e r ie s  w i th  1 0 0  m l .  o f  w a te r ,  1 0 0  m l .  o f  5 %  
s o d iu m  b ic a r b o n a te  s o lu t io n ,  a n d  th r e e  1 0 0 - m l.  p o r t io n s  o f 
w a te r ;  th e y  w e re  t h e n  c o m b in e d  a n d  d r ie d  o v e r  a n h y d r o u s  
m a g n e s iu m  s u l f a te .  T h e  e th e r  w a s  e v a p o r a t e d  le a v in g  67 9  m g . 
( 9 8 .6 % )  o f 3 /3 -m e th o x y -1 9 -h y d ro x y a n d ro s t-5 -e n -1 7 -o n e  ( V I ) ,  
m .p .  1 4 3 -1 4 6 ° . R e c r y s ta l l iz a t io n  o f  t h i s  m a t e r i a l  f ro m  m e th 
a n o l - w a t e r  s o lu t io n  y ie ld e d  5 7 4  m g . ,  m .p .  1 4 7 - 1 4 9 ° .  F o r  a n 
a ly s is  2 7 2 .9  m g .  o f  t h i s  l a t t e r  s a m p le  w a s  r e c r y s ta l l i z e d  f ro m  
m e th a n o l - w a te r  s o lu t io n  to  y ie ld  241  m g . ,  m .p .  1 4 7 .5 - 1 4 9 ° ,  
M 2Sd + 1 0 .2 ° .

Anal. C a lc d .  fo r  C 20H 30O 3: C , 7 5 .4 4 ;  H ,  9 .5 0 . F o u n d :  C , 
7 5 .6 4 ; H ,  9 .5 0 .

E .  Acetylation of 33,19-Dihydroxyandrost-5-en-17-one (II).— 
A  s o lu t io n  p r e p a r e d  f ro m  151 m g . (0 .0 0 0 5 0  m o le )  o f  I I ,  2 m l. 
(0 .0 2  m o le )  o f  a c e t ic  a n h y d r id e ,  a n d  6  m l .  o f  p y r id in e  w a s  a llo w e d  
to  s t a n d  a t  ro o m  t e m p e r a t u r e  f o r  23  h r .  T h e  r e s u l t in g  s o lu t io n  
w a s  s h a k e n  w i th  a  m ix tu r e  o f  15 0  m l .  o f e t h e r  a n d  100  m l. of 
w a te r .  T h e  a q u e o u s  p h a s e  w a s  s e p a r a te d  a n d  e x t r a c t e d  w i th  
100 m l. o f  e th e r .  T h e  e th e r  s o lu t io n s  w e re  w a s h e d  in  se r ie s  w i th  
100  m l .  o f w a te r ,  100  m l .  o f  1 A  h y d r o c h lo r ic  a c id ,  tw o  5 0 -m l. 
p o r t io n s  o f w a te r ,  100  m l .  o f 5 %  s o d iu m  b ic a r b o n a te  s o lu t io n ,  
a n d  th r e e  5 0 -m l. p o r t io n s  o f  w a te r ;  t h e y  w e re  t h e n  c o m b in e d  
a n d  d r ie d  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te .  T h e  e th e r  w a s  
e v a p o r a t e d  le a v in g  191 m g . ( 9 9 % )  o f  3 d ,1 9 - d ia c e to x y a n d r o s t - 5 -

e n -1 7 -o n e  ( I V )  a s  a n  o il w h ic h  c r y s ta l l iz e d  o n  c o o lin g  in  a  D r y  
I c e - a c e to n e  b a t h ,  m .p .  1 0 4 - 1 0 7 ° .  F o r  a n a ly s is  t h i s  m a te r ia l  
w a s  r e c r y s ta l l i z e d  f ro m  e th e r - p e t r o l e u m  e t h e r  s o lu t io n  to  y ie ld  
164 m g . ,  m .p .  1 0 9 -1 1 0 ° .

Anal. C a lc d . f o r  C 22H 32O 5: C ,  7 1 .0 9 ; H ,  8 .3 0 . F o u n d :  
C ,  7 1 .2 2 ;  H ,  8 .5 0 .

F. Acetylation of 3/3-Methoxy-19-hydroxyandrost-5-en-l7-one
(VI).— A  s o lu t io n  p r e p a r e d  f ro m  3 0 2  m g . (0 .0 0 0 9 5  m o le )  o f  V I ,  4 
m l .  (0 .0 4  m o le )  o f  a c e t ic  a n h y d r id e ,  a n d  12  m l.  o f  p y r id in e  w a s  
a l lo w e d  to  s t a n d  a t  ro o m  t e m p e r a t u r e  fo r  23  h r . T h e  p r o d u c t  w a s  
i s o la te d  a s  d e s c r ib e d  p r e v io u s ly  fo r  t h e  a c e ty l a t i o n  o f  3 /3 ,19-d i- 
h y d r o x y a n d ro s t -5 - e n - 1 7 -o n e  ( I I ) ,  t o  y ie ld  3 3 2  m g . ( 9 7 % )  o f  3(3- 
m e th o x y - 1 9 -a c e to x y a n d ro s t -5 - e n - 1 7 -o n e  ( V I I ) ,  m .p .  6 6 - 6 7 .8 ° .  
F o r  a n a ly s is  th i s  m a te r i a l  w a s  r e c r y s ta l l iz e d  f ro m  e th e r - p e t r o l e u m  
e th e r  s o lu t io n  to  y ie ld  2 7 2  m g . ,  m .p .  6 7 - 6 8 ° ,  [ a ] 2In  —3 7 .3 ° .

Anal. C a lc d .  f o r  C 22H 32O 4: C ,  7 3 .2 9 ;  H ,  8 .9 5 . F o u n d :  C , 
7 3 .2 7 ;  H ,  9 .0 9 .
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A  n e w  r o u te  t o  5 - (Y -d im e th y la m in o p rD p y lid e n e ) -5 ,f f -d ib e n z o [a ,ö ! ] -1 0 ,l  1 -d ih y d ro c y c lo h e p te n e  a n d  r e la te d  
s y s te m s  b y  w a y  o f h y d r o b o r a t io n  o f  a  b u ta d ie n e  in t e r m e d ia t e  h a s  b e e n  re a liz e d .

Synthesis of the psychotherapeutic drug, amitrip
tyline (XI), has been accomplished heretofore in the 
main by way of simple Grignard coupling of y-di- 
methylaminopropylchloride with 5 //-dibenzo[«.//1-1 0 ,-
ll-dihydrocyclohepten-5-one followed by dehydration. 1

Recently we showed2 that the carbinol (I), derived 
from 5 H-dibenzo [a,d\-Vd, 1 l-dihydrocyclohepten-5-one
(IV) and cyclopropylmagnesium bromide, rearranges 
quantitatively to 5 -(y-halopropylidene) (II. X = Cl 
or Br) and o-(7 -hydroxypropylidene)-5 H-dibenzo-1 0 ,-
1 1 -dihydrocycloheptene (II. X = OH) in the presence 
of anhydrous halogen acids or aqueous mineral acids, 
respectively. The 7 -halo3 as well as the 7 -hydroxy 
systems, moreover, possess the distinct advantage of 
providing not only a direct route to amitriptyline, but 
also to nearly any 7 -substituted derivative through 
choice of the appropriate nucleophile.

A  new route to the key y-halopropylidene and 7 -hy- 
droxypropylidene derivatives, II, has now been realized 
and constitutes the subject of the present report.

T h e  a lly lc a rb in o l V  fo rm e d  fro m  5 H -d ib e n zo [a ,d ]-

(1) (a) Belgian Patent 584,061, Merck & Co., Inc; Cf. E. Jucker, "Chemie 
der Psychotropen Pharmaka,” Chimia, 15, 267 (1961); (b) British Patents, 
858,187; 858,188, HoSmann-LaRoche A.G.; (c) Belgian Patent 609,095, 
Kefelas A/S; (d) M. Protiva, V. Hnevsova-Seidlova, Z. J. Vejdelek, F. 
Jerkovsky, Z. Votava, and J. Metysova, J .  Med. Pharm. Chem.. 4, 411
(1961); (e) see also F. J. Villani, C. A. Ellis, C. Teichman and C. Bigos, 
ibid., 5, 373 (1962); and South African Patent R611/1889, Kefalaa A/S.

(2) R . D. HoSsommer, D. Taub, and N . L. Wendler, J. Ore- Chem., 27, 
4134 (1962).

(3) Compare also S. O. Winthrop, M. A. Davis, G. S. Meyers, J. G. 
Gavin, R. Thomas, and R. Barber, i b i d . ,  27, 230 (1962).

I I .  X  =  C l ,B r ,  I ,  u r  O H

I

c h c h 2- c h 2n r 2

I I I .  R  =  a lk y l  o r  H

10,ll-dihydrôcyclohepten-5-one (IV) and allylmag- 
nesium bromide is a somewhat unstable compound and 
readily loses water; for example, by refluxing a cyclo
hexane solution of this carbinol with a trace of p- 
toluenesulfonic acid, there is afforded the unstable 
diene 5-allylidene-5H-dibenzo-10,11-dihydrocyclohep
tene (VI) absorbing at 268 m/i (17,200). The same 
diene is obtained from amitriptyline by Hofmann 
degradation by way of the quarternary methiodide
(VII).

The diene VI exhibits a pronounced tendency 
toward polymerization. Samples stored in closed con
tainers slowly deteriorate with the production, to a 
limited extent, of formaldehyde as ascertained by
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chromotropic acid titration. The diene can be readily 
separated from polymeric impurities by virtue of its 
exclusive solubility in petroleum ether, thereby provid
ing material of adequate quality for further chemical 
transformations. The diene VI readily absorbed one 
mole of hydrogen to give the crystalline propylidenc 
derivative VIII, m.p. 49-51.6° with Xmax 238 m/i 
(12,700). Similarly, the diene VI added one mole of 
bromine to provide the crystalline dibromide IX, m.p. 
92-94° with Xmax 243 npi (15,400). The same di
bromide was obtained from the allylcarbinol V when 
the latter was allowed to stand with bromine in chloro
form solution for several days. Attempts to prepare 
a 7-dieneamine derivative by reaction of the cibromide
IX with dimethylamine were unsuccessful. The 
major product from this reaction appeared to be the 
bromodiene X, Xmax 280 m/r (21,500).

Conversion of the diene VI to 5-(y-hydroxypropyli- 
dene)-5H-dibenzo[a,tf j-10,ll-dihydrocycloheptene (II.
X = OH) was accomplished in good yield by hydro-
boration with di-sec-isoamylborane and concluding 
oxidation according to the method of Zweifel, Nagase,

c h 3
L HBfCHCH(CH3)2]

2. H ,0 2 ' ^ jO n
C H c h c k 2c h 2o h

C H = C H 2 II. X  = O H

CX Xj // l .  c , H , s o 2 r ] , p v  

2. (CH3)2NH

C H
I

C H 2C H 2N ( C H 3) 2-HC1

XI

and Brown.4 The primary carbinol II (X = OH) 
in the form of its p-toluenesulfonic ester was smoothly 
converted to amitriptyline XI with dimethylamine 
in benzene solution at 85°. This same carbinol was 
likewise converted essentially quantitatively with 
thionvl chloride to the corresponding chloro derivative 
II (X = Cl).

Experimental
5 - A l ly l - 5 - h y d ro x y - 5 / / -d ib e n z o [ a ,d ] -1 0 ,1 1 - d ih y d r o c y c lo h e p te n e

(V ) .— T o  a  s o lu t io n  o f a l ly lm a g n e s iu m  b r o m id e  p r e p a r e d  f ro m
2 .8 8  g .  o f  m a g n e s iu m  a n d  1 4 .5  g . o f  a l ly l  b r o m id e  in  120  c c . o f 
e th e r  w a s  a d d e d  d r o p w is e  8 .3  g . o f  5 / f - d ib e n z o [ a ,d ] - 1 0 , l  1 -d ih y -  
d r o c y d o h e p te n - 5 - o n e  d is s o lv e d  in  5 0  c c . o f  e th e r .  T h e  r e a c t io n  
m ix tu r e  w a s  s to r e d  o v e r n ig h t  a n d  s u b s e q u e n t ly  d e c o m p o s e d  
w i th  a m m o n iu m  c h lo r id e  s o lu t io n .  T h e  e th e r  l a y e r  w a s  s e p a 
r a t e d ,  d r ie d ,  a n d  c o n c e n t r a te d  t o  a  v is c o u s  o i l .  A l th o u g h  t h i s  
p r o d u c t  w a3  c h r o m a to g r a p h e d  o n  n e u t r a l  a lu m in a  a n d  o b ta in e d  
a s  s in g le  s p o t  m a te r ia l  b y  t . l . c .  o n  a lu m in a  ( 1 :1  h e x a n e - b e n z e n e )  
[w t . ,  9 .5  g .  ( 7 5 % ) ;  X™3011 2 6 3 .5 , c 6 0 0 ; X™cla 2 .8  u ( O H ) ,  6 .0 8 ,
6 .2 6 , a n d  6 .7 1  n ( 0 )1 , i t  c o u ld  n o t  b e  o b t a in e d  a n a ly t i c a l l y  p u r e .

A  2 0 0 -m g . s a m p le  o f  t h e  a l ly lc a r b in o l  i n  5  c c . o f  c h lo ro fo rm  
w a s  t r e a t e d  w i th  o n e  e q u iv a le n t  o f  b r o m in e .  T h e  b r o m in e  
w a s  c o n s u m e d  im m e d ia te ly ,  t h e  s o lu t io n  w a s  c o n c e n t r a te d  t o  a n  
o il w h ic h  c r y s ta l l iz e d  a f t e r  s e v e ra l  d a y s  t o  g iv e  2 4 0  m g . o f  t h e  
d ib r o m id e  I X ,  m .p .  9 4 - 9 6 ° ,  id e n t ic a l  w i th  a  s a m p le  p r e p a r e d  b y  
b r o m in a t io n  o f  t h e  d ie n e  VT.

F o r m a tio n  o f  th e  D ie n e  VI. (A )  —  A s o lu t io n  o f  1 .3  g . o f  a l l y l 
c a r b in o l  V  i n  100  c c . o f  h e x a n e  w a s  t r e a t e d  w i th  130  m g . o f  
p - to lu e n e s u lf o n ic  a c id  a n d  re f lu x e d  0 .5  h r .  o n  t h e  s te a m  b a t h .  
A t  t h e  e n d  o f  t h i s  p e r io d ,  t h e  r e a c t io n  m ix tu r e  w a s  c o o le d , w a s h e d  
w i th  p o ta s s iu m  b ic a r b o n a te  s o lu t io n ,  d r ie d  o v e r  m a g n e s iu m  
s u l f a te ,  a n d  c o n c e n t r a te d  t o  a  th i c k  o il .  T h e  l a t t e r  w a s  s u b m i t t e d  
t o  s h o r t - p a th  d i s t i l l a t io n  a n d  a f fo rd e d  0 .5  g . o f d ie n e ,  b . p .  1 6 0 °  a t  
0 .8  m m .,  X™*,,‘ 2 6 7 .5  m u , 1 1 7 ,2 0 0 . N . m . r .  s p e c t r u m :  2 .8 8  ( m )
( a r o m a t i c ) ,  3 .5 0  ( m )  a n d  4 .7 5  ( m )  ( v in y l ic  I I ) ,  6 .9 7  r  ( b r o a d )  
( 1 0 ,1 1 - C H ) . T h is  c o m p o u n d  p r o v e d  to  b e  to o  u n s t a b le  to  
p e r m i t  r e a d y  a n a ly s i s ,  lo w  c a r b o n  v a lu e s  b e in g  o b ta in e d .

(B )  F r o m  5-(, 'y - D im e th y la m in o p ro p y I id e n e ) -5 / / - d ib e n z o [« ,d ] -
1 0 ,1 1 - d ih y d ro c y c lo h e p te n e  M e th io d id e  ( V I I ) .— A  s o lu t io n  (1 0 .0  
g .)  o f  5 - ( y - d im e th y d a m in o p r o p y l id e n e ) - 5 I 7 - d ib e n z o |a ,d ] - 1 0 , l l - d i -  
h y d r o c y e lo h e p te n e  h y d r o c h lo r id e  in  2 5 0  m l .  o f  w a te r  w a s  t r e a t e d  
w i th  7 m l .  o f  c o n c e n t r a te d  a m m o n iu m  h y d r o x id e  a n d  t h e  r e s u l t 
in g  m ix tu r e  e x t r a c t e d  w i th  o n e  1 0 0 -m l. p o r t io n  a n d  t h r e e  5 0 -m l. 
p o r t io n s  o f  e th e r .  T h e  c o m b in e d  e th e r  e x t r a c t s  w e re  d r ie d  o v e r  
s o d iu m  s u l f a te  a n d  t a k e n  to  d r y n e s s  in vacuo. T h e  r e s id u a l  
y e l lo w  o i l ,  a s  t h e  f re e  b a s e ,  w a s  d is s o lv e d  i n  7 5  m l.  o f  m e th y d  
e th y l  k e to n e ,  t r e a t e d  w i th  5 .6 8  g . o f  m e th y l  io d id e  i n  25  m l .  o f 
m e th y l  e th y l  k e to n e ,  a n d  a l lo w e d  to  s t a n d  o v e r n ig h t  a t  ro o m  
te m p e r a tu r e .  T h e  r e a c t io n  m ix tu r e  w a s  th e n  c h i l le d  a n d  f i l te r e d  
to  y ie ld  1 2 .7 3  g . ( 8 5 %  y ie ld )  o f  t h e  m e th io d id e ,  V I I .  R e 
c r y s ta l l i z a t io n  o f  a  1 -g . s a m p le  f ro m  2 5  m l .  o f h o t  a c e to n e  c o n 
t a in in g  4  m l .  o f  e th a n o l  y ie ld e d  c r y s ta l s  w i th  m .p .  1 8 7 - 1 8 8 .5 ° ,  
a n d  X™ °,! 4 .1 5 , 6 .2 ,  a n d  6 .7  « .

Anal. C a lc d .  fo r  C 2,H 26N I :  C , 6 0 .1 4 ;  H ,  6 .2 5 ;  I ,  3 0 .2 6 . 
F o u n d :  C ,  6 0 .1 0 ;  H ,  6 .1 4 ;  I ,  3 0 .5 8 .

A  s u s p e n s io n  o f  1 .0  g . o f  t h e  m e th io d id e  o f  5 - (7 - d im e th y l -  
a m in o p r o p y l id e n e ) - 5 / / - d ib e n z o [ o ,d ]  -1 0 ,1 1  - d ih y d r o c y c lo h e p te n e
( V I I )  in  3 0  m l .  o f  1 0 %  a q u e o u s  p o ta s s iu m  h y d r o x id e  s o lu t io n  
w a s  h e a te d  o n  a  s te a m  b a t h  f o r  0 .5  h r .  A t  t h e  e n d  o f  t h i s  t im e ,  
t h e  r e a c t io n  m ix tu r e  w a s  c o o le d  to  ro o m  t e m p e r a t u r e  a n d  e x 
t r a c t e d  w i th  tw o  2 5 -m l. p o r t io n s  o f  e th e r .  T h e  c o m b in e d  e th e r  
e x t r a c t s  w e re  w a s h e d  s u c c e s s iv e ly  w i th  th r e e  1 0 -m l. p o r t io n s  o f  
w a te r ,  10 m l.  o f  s a t u r a t e d  s a l t  s o lu t io n ,  a n d  d r ie d  o v e r  m a g 
n e s iu m  s u l f a te .  T h e  s o lv e n t  w a s  r e m o v e d  in vacuo t o  y ie ld  
5 8 0  m g . o f  a  y e l lo w  o il  w i th  X4i“ an'  2 6 7  m M, e 1 5 ,0 0 0 ; X™013
6 .1 9 , 6 .7 5 , 6 .9 5 , 1 0 .0 , a n d  1 0 .9 8  m - T h e  in f r a r e d  s p e c t r u m  o f  
t h i s  m a te r ia l  w a s  t h e  s a m e  a s  t h a t  o f  d ie n e  o b ta in e d  in  p a r t  A .

5 - P r o p y l id e n e - 5 / / - d ib e n z o  [ a ,d ] - 1 0 ,1 1 -d ih y d ro c y c lo h e p te n e
( V I I I )  .— A  s o lu t io n  o f  2 00  m g . o f  t h e  d ie n e  V I  in  25  m l .  o f  b e n z e n e  
w a s  h y d r o g e n a te d  a t  a tm o s p h e r ic  p r e s s u re  o v e r  100 m g . o f  5 %  
p a l la d iu m  o n  c h a r c o a l .  R e m o v a l  o f t h e  s o lv e n t  a n d  c a t a l y s t  
y ie ld e d  170  m g . o f  c r y s ta l l in e  p r o p y l id e n e  c o m p o u n d  V I I I  
w i th  m .p .  4 9 - 5 1 .6 ° ;  X4™ " 0 2 3 8  mu, e 1 3 ,3 0 0 ; X™r ’! 3 .4 ,
6 .0 5 , 6 .7 5 , 6 .9 ,  6 .9 6  ( s h ) ,  7 .3 8  a n d  8 .8 5  M.

(4) G. Zweifel, K. Nagase, and H. C. Brown, J. A m .  C h e m .  S o c . ,  84, 190
(1962).
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Anal. C a lc d .  fo r  C ig H i8: C ,  9 2 .2 5 ;  H ,  7 .7 4 . F o u n d ;  C , 
9 1 .8 1 ; H ,  7 .4 7 .

5 - ( if ,7 -D ib ro m o p r o p y l id e n e ) - 5 / / - d ib e n z o  [a ,e f ] -1 0 ,l1 -d ih y d ro -  
c v c lo h e p te n e  ( I X ) .— A  s o lu t io n  o f 1 .3 9  g . o f  b r o m in e  in  2 5  m l. 
o f c h lo ro fo rm  w a s  a d d e d  d r o p w is e  t o  a  s o lu t io n  o f  2 .0  g . o f  th e  
d ie n e  V I  in  75  m l .  o f  c h lo ro fo rm  a t  ro o m  t e m p e r a tu r e  a n d  a t  
s u c h  a  r a t e  t h a t  t h e  r e a c t io n  m ix tu r e  r e m a in e d  c o lo r le s s . A f te r  
a  t o t a l  o f 1 .2 8  g . o f  b r o m in e  h a d  b e e n  a d d e d  ( t h e  r e a c t io n  m ix 
tu r e  f a i le d  t o  a b s o rb  b r o m in e  f u r t h e r ) ,  t h e  a d d i t i o n  w a s  s to p p e d  
a n d  s t i r r in g  c o n t in u e d  f o r  4 0  m in .  T h e  r e a c t io n  m ix tu r e  w a s  
t a k e n  t o  d r y n e s s  in vacuo, t h e  r e s id u a l  o i l  d is s o lv e d  in  h e x a n e , 
f i l te r e d  th r o u g h  C e l i t e ,  c o n c e n t r a te d  t o  a  s m a ll  v o lu m e ,  se e d e d , 
a n d  c h i l le d  to  y ie ld  3 .0  g . o f  c r y s ta l l in e  d ib r o m id e  w i th  m .p .
9 2 - 9 4 ° ;  X“ \0H 2 4 2 .5  my, e 1 5 ,3 0 0 ; X™ c ' 3 6 .2 ,  6 .7 8 , 6 .3 2 , 7 .3 6 , 
a n d  8 .8 3  y.

Anal. C a lc d .  fo r  C i8H i 6B r 2: C , 5 5 .1 2 ;  H ,  4 .1 1 ;  B r ,  4 0 .7 6 . 
F o u n d :  C , 5 5 .3 3 ;  H ,  4 .2 9 ;  B r ,  4 0 .8 0 .

R e a c t io n  o f t h e  D ib r o m id e  IX  w i th  D im e th y la m in e .— A  s o lu 
t io n  o f  1 .0  g . o f  t h e  d ib r o m id e  I X  i n  10 m l .  o f  b e n z e n e  s a t u r a t e d  
w i th  d im e th y la m in e  w a s  h e a te d  in  a  s e a le d  tu b e  a t  8 5 °  o v e r n ig h t .  
T h e  r e a c t io n  m ix tu r e  w a s  t a k e n  to  d r y n e s s ,  t h e  r e s id u e  t r i t u r a t e d  
w i th  e th e r ,  a n d  4 8 0  m g . ( 7 4 .5 % )  o f  d im e th y la m in e  h y d r o b ro m id e ,  
m .p .  1 3 2 - 1 3 3 .6 ° ,  w a s  f i l te r e d  o ff . T h e  f i l t r a t e  y ie ld e d  7 7 0  m g . 
o f  o i ly  r e s id u e  w h ic h  w a s  c h r o m a to g r a p h e d  o v e r  2 5  g . o f  n e u t r a l  
a lu m in a .  T h e  h e x a n e  f r a c t io n s  e lu te d  4 0 0  m g . o f  n o n c r y s ta l l in e  
m a te r ia l ,  e s s e n t ia l ly  s in g le  s p o t  b y  t . l . c . ,  w h ic h  h a d  28 0
m y, a n d  a n  n .m . r .  s p e c t r u m  c o m p a t ib le  w i th  t h e  v in y l  b r o 
m id e  X .  T h is  s u b s ta n c e  c o u ld  n o t  b e  o b ta in e d  a n a ly t i c a l l y  
p u r e .

5 - ( y - H y d r o x y p r o p y l id e n e ) - 5 / / - d ib e n z o [ a ,d ] - 1 0 , l l - d ih y d r o -  
c y c lo h e p te n e  ( I I .  X  =  O H ) .— A  s o lu t io n  o f  2 .0  g . o f t h e  d ie n e  V I  
in  25  m l.  o f  d r y  t e t r a h y d r o f u r a n  w a s  t r e a t e d ,  a t  0 °  a n d  u n d e r  d r y  
n i t ro g e n ,  w i th  3 .8  m l.  o f  a  2 .2 8  M  s o lu t io n  o f d i- s e e - is o a m y lb o ra n e 4 

in  4  m l.  o f  t e t r a h y d r o f u r a n  a n d  a l lo w e d  t o  s t a n d  a t  0 - 5 °  fo r  
1 h r .  W a te r ,  2  m l . , w a s  a d d e d  ( a t  0 ° )  t o  d e c o m p o s e  a n y  e x c e ss  d i-  
s e c - is o a m y lb o ra n e , t h e  m ix tu r e  w a s  a l lo w e d  to  c o m e  to  ro o m  t e m 
p e r a t u r e  a n d  w a s  o x id iz e d  b y  t h e  a d d i t i o n  o f  4  m l .  o f  2 .5  N  s o d iu m  
h y d r o x id e  a n d  2 .7  m l .  o f  30% ) h y d r o g e n  p e r o x id e .  T h e  a q u e o u s  
l a y e r  w a s  s a t u r a t e d  w i t h  s o l id ,  a n h y d r o u s  p o ta s s iu m  c i r b o n a t e ,

t h e  l a y e r s  s e p a r a te d ,  a n d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i th  1 0  m l. 
o f  t e t r a h y d r o f u r a n .  T h e  c o m b in e d  o rg a n ic  e x t r a c t s  w e re  d r ie d  
o v e r  m a g n e s iu m  s u l f a t e ,  a n d  t h e  s o lv e n t  r e m o v e d  in vacuo. 
T h e  r e s id u e , o n  t r i t u r a t i o n  w i th  p e t r o le u m  e t h e r  ( b .p .  3 0 - 6 0 ° ) ,  
y ie ld e d  1 .4 5  g .  ( 6 7 % )  o f  f i r s t  c r o p  c r y s t a l l i n e  a lc o h o l  id e n t ic a l  
( m ix tu r e  m e l t in g  p o in t ,  u l t r a v io l e t ,  a n d  in f r a r e d )  w i t h  a  s a m p le  
p r o d u c e d  b y  t h e  .p ro c e d u re  r e p o r t e d  p r e v io u s ly . 2

5 - ( 7 - C h lo r o p ro p y l id e n e ) - 5 / / - d i b e n z o [ f t / f ] - 1 0 , l  1 - d ih y d ro c y c lo -  
h e p te n e  ( I I .  X  =  C l) .— A  s o lu t io n  o f 50  m g . o f  t h e  p r im a r y  c a r -  
b in o l  I I  ( X  =  O H )  in  3  m l .  o f  b e n z e n e  c o n ta in in g  1 d r o p  o f 
p y r id in e  w a s  t r e a t e d  d r o p w is e  w i th  6 5 .6  m g .  o f  t h io n y l  c h lo r id e  
i n  2  m l .  o f  b e n z e n e  a t  ro o m  t e m p e r a t u r e  a n d  re f lu x e d  o n  a  s te a m  
b a t h  fo r  3  h r .  T h e  r e a c t io n  m ix tu r e  w a s  t h e n  e v a p o r a t e d  to  
d r y n e s s  in vacuo. T h e  r e s id u e  w a s  t r i t u r a t e d  w i th  b e n z e n e ,  ch e  
b e n z e n e  s o lu t io n  f i l te r e d , a n d  t a k e n  to  d r y n e s s  in vacuo t o  g iv e  
a  q u a n t i t a t i v e  y ie ld  o f  t h e  c r y s t a l l i n e  c h lo r id e  I I  ( X  =  C l 
id e n t i c a l  w i th  a  s a m p le  o b t a in e d  b y  a  p r e v io u s ly  r e p o r te d  
m e t h o d .2

C o n v e rs io n  o f  t h e  P r im a r y  C a rb in o l  I I  (X  =  O H )  to  5 -% -  
D im e th y la m in o p ro p v l id e n e )  - 5H  -  d ib e n z o  [a,cl] - 1 0 ,1 1  -  d ih y d r o c y -  
c lo h e p te n e  H y d r o c h lo r id e  ( X I ) .— A  s o lu t io n  o f  4 0 0  m g . o f  :h e  
p i r m a r y  c a r b in o l  I I  ( X  =  O H )  in  5  m l.  o f  d r y  p y r id in e ,  c h i l le d  to  
0 ° ,  w a s  t r e a t e d  w i th  4 0 0  m g . o f  p - to lu e n e s u l f o n y l  c h lo r id e .  
T h e  r e a c t io n  m ix tu r e  w a s  a l lo w e d  to  s t a n d  o v e r n ig h t  a t  0 - 4 ° .  
A t  t h e  e n d  o f  t h i s  p e r io d ,  t h e  r e a c t io n  m ix tu r e  w a s  p o u r e d  o v e r  
1 5 -2 0  m l. o f  c r u s h e d  ic e  a n d  e x t r a c t e d  w i th  t h r e e  1 0 -m l. p o r t io n s  
o f  c h lo r o fo r m . T h e  c o m b in e d  e x t r a c t s  w e re  w a s h e d  w i th  5 -m l. 
p o r t io n s  o f c o ld  2 .5  N  h y d r o c h lo r ic  a c id  u n t i l  t h e  l a s t  w a s h  w as 
a c id ic ,  t h e n  w a s h e d  w i th  1 0  m l .  o f  ex ce ss  p o ta s s iu m  b ic a r b o n a te  
s o lu t io n ,  fo llo w e d  b y  10 m l .  o f  s a t u r a t e d  s a l t  s o lu t io n .  T h e  
s o lu t io n  w a s  f in a l ly  d r ie d  o v e r  m a g n e s iu m  s u l f a te  a n d  t a k e n  to  
d r y n e s s  in vacuo to  y ie ld  6 2 0  m g . ( 9 6 .5 % )  o f  c r u d e ,  n o n c r y s ta l l in e  
t o s y l a t e .  T h is  m a te r i a l  h a d  X™“ * 6 .3 ,  7 .4 0 , 8 .4 5 , 8 .5 5 , 9 .1 5 , 
a n d  12 .29  u .

Anal. C a lc d .  f o r  C 25H 24O 3S : S , 7 .9 2 . F o u n d ;  S , 7 .2 1 .
T h is  to s y l a t e  w a s  t r e a t e d  w i th  d im e th y la m in e  in  b e n z e n e  in  a  

s e a le d  tu b e  a t  8 5 °  a s  d e s c r ib e d  p r e v io u s ly 2 t o  y ie ld  3 6 0  m g . 
( 7 7 .5 % )  o f  f i r s t  c ro p  c r y s t a l l i n e  p r o d u c t ,  m .p .  1 9 1 -1 9 3 ° , w h ic h  
w a s  i d e n t ic a l  w i th  a n  a u t h e n t i c  s a m p le  o f  a m i t r i p t y l i n e  X I .
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T h e  p r e p a r a t io n  o f  1 ,5 - n a p h th y r id in e  f ro m  3 - a m in o p y r id in e  a n d  g ly c e ro l in  t h e  S k r a u p  r e a c t io n  le d  t o  t h e  
i s o la t io n  o f  l , 2 ,3 ,4 - te t r a h y d r o - l ,5 - n a p h th y r id in e  a n d  3 - m e th y l-  a n d  3 - e th v l - l ,5 - n a p h th y r id in e  a s  b y - p r o d u c ts .  
T h e  s t r u c tu r e s  o f th e s e  p r o d u c ts  w e re  e s ta b l is h e d  b y  in d e p e n d e n t  s y n th e s e s  a n d  e x p la n a t io n s  f o r  t h e i r  m o d e  
of f o rm a t io n  a r e  s u g g e s te d . T h e  is o m e r ic  1 ,7 - n a p h th y r id in e ,  p r e p a r e d  in d e p e n d e n t ly ,  w a s  t o t a l l y  a b s e n t  a s  a  
p r o d u c t  o f  t h e  3 - a m in o p y r id in e  r e a c t io n .  O x id a t io n  o f 3 - e th y l - 1 ,5 - n a p h th y r id in e  g a v e  t h e  e x p e c te d  1 ,5 -n a p h -  
th y r id in e - 3 - e a r b o x y lic  a c id ;  h o w e v e r ,  3 - m e th y ] - l ,5 - n a p h th y r id in e  u n d e r  t h e  s a m e  c o n d i t io n s  s u r p r is in g ly  g a v e
3 - a c e ta m id o p ic o l in ic  a c id .  A  p o s s ib le  m e c h a n is m  fo r  th i s  o x id a t io n  is p r o p o s e d . T h e  in f r a r e d  s p e c t r a  o f th e  
v a r io u s  1 ,5 - a n d  1 ,7 - n a p h th y r id in e s  h a v e  b e e n  c o r r e la te d .

1,5-Xaphthyridine (I) lias appeared in the literature 
several times, 1-4 resulting from the Skraup reaction 
with 3-aminopyridine. In no instance was the isomeric
1,7-naphthyridine (II) detected, although its formation 
cannot be excluded rigorously, since purification was by 
crystallization exclusively. It seemed reasonable to 
expect that some of the 1,7-isomer would be formed, 
particularly since the analogous reaction with in- 
substituted anilines invariably gave both possible 
isomers.5 For this reason, and also because we re
quired a large quantity of pure 1,5-naphthyridine, 
we have examined the Skraup reaction with 3-amino
pyridine in detail.

(1) B. Bobranski and E. Sucliarda, B e r . ,  60, 1081 (1627).
(2) C. R. Hauser and G. A. Reynolds, J .  O r g .  C h e m . ,  15, 1224 (1950).
(3) E. P. Hart, J .  C h e m .  S o c . .  1879 (1954).
(4) A. Albert, i b i d . ,  1790 (I960).
(5) M. H. Palmer, i b i d . ,  3045 (1902), and references therein.

I  I I

Preliminary experiments established that (1) the 
maximum crude yield was obtained in the presence of 
boric acid, and (2) this crude product, on chromatog
raphy, gave a fraction with the characteristic 1,5- 
naphthyridine ultraviolet spectrum and a fraction 
with the characteristic 3-aminopyridine spectrum. 
A convenient large-scale purification method then was
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X ,  r n / z .

F ig . 1 .— U l t r a v io le t  a b s o r p t io n  s p e c t r a  o f  1 ,5 - n a p h th y r id in e  ( I )  
a n d  1 ,7 - n a p h th y r id in e  ( I I )  in  m e th a n o l .

developed by considering the differences in basicity and 
polarity between the naphthyridine and 3-aminopyri- 
dine fractions. Taking 1,5-naphthyridine and 3- 
aminopyridine as typical of the two fractions, the pKa 
values were determined by partition methods and found 
to be 3.2 for 1,5-naphthyridine6 and 6.0 for 3-amino- 
pyridine.7 Also, 1,5-naphthyridine has a partition 
coefficient of 0.3 between pentane and water, while 
that of 3-aminopyridine is less than 0.01. Thus, 
continuous extraction at pH 3 with pentane cleanly 
and completely removed the weak naphthyridine bases, 
and the 3-aminopyridine fraction then was extracted 
by ether after making the solution alkaline.

Vapor phase chromatography (v.p.c.) of the ether 
extract, fraction A, demonstrated the presence of two 
compounds, A-l and A-2, obtained in quantity by 
fractional distillation. Fraction A-l was recovered 3- 
aminopyridine. Fraction A-2, C8H10N2, had an ultra

(6 ) Reported p K & 2.91 in ref. 4.
(7) Reported p2Ca 6.1 [J. G. Murray and C. R. Hauser, J .  O r g .  C h e r n . ,

19, 2008 (1954)] and 6 . 6  [H. Tropsch, M o n a t s h .  C h e m . ,  35, 777 (1914)].

violet absorption very similar to that of 3-aminopyri
dine and was shown to be l,2,3,4-tetrahydro-l,5- 
naphthyridine (III)8 by comparison with an authentic 
sample prepared by catalytic hydrogenation of 1,5- 
naphthyridine. By extending the reaction time from 
six to twenty hours, the yields of A-l and A-2 become 
negligible with a corresponding increase in the naph
thyridine fraction.

The initial pentane fraction, X, was shown by v.p.c. 
to contain three components which were separable by 
fractional distillation. Fraction N-l, by elemental 
analysis and comparison of physical properties with the 
literature values, was obviously 1,5-naphthyridine (I) 
and was obtained in 31% yield.

Fraction N-2, C9HSN2, m.p. 73-75°, was obtained 
in 4% yield. Its ultraviolet absorption was very similar 
to that of 1,5-naphthyridine, and Kuhn Roth oxida
tion gave acetic acid. Thus, X-2 was probably a 
methyl-1,5-naphthyridine, and, since it failed to con
dense with benzaldehyde, the methyl group was as
signed to position 3.

As confirmation, and since we wished to establish 
some infrared correlations (given later), all three methyl 
isomers were synthesized. This was conveniently 
done by the reaction of 3-aminopyridine with crotonal- 
dehyde, methylacrolein, and methyl vinyl ketone, to 
yield 2-methyl-, 3-methyl-, and 4-methyl-l,5-naph
thyridine, respectively. These isomers can be clearly 
distinguished by melting point, infrared absorption, and 
v.p.c. The 3-methyl-l,5-naphthyridine (IV) was iden
tical with compound X-2.

Compound N-3, CioHi0N2, also was obtained in 4% 
yield as a colorless liquid. Its ultraviolet absorption 
was almost identical with that of X-2, and it contained 
one C-methyl group, indicating that the additional 
two carbons represented an ethyl substitutent, rather 
than two methyl groups, on the 1,5-naphthyridine 
nucleus. Since the infrared absorption (given later) 
of N-3 in the 700-900-cm._l region was quite similar to 
that of N-2, the former was assumed to be 3-ethyl-l,,5- 
naphthyridine. To synthesize this compound, we 
followed the example provided by the synthesis of 3- 
ethylquinoline9 in which 2-hydroxymethyl-2-methyl-
1,3-propanediol was used and may be considered as a 
source of ethylacrolein, generated in situ. When this 
triol and 3-aminopyridine were treated under conditions 
of the Skraup reaction, 3-ethyl-l,5-naphthyridine (Yj 
resulted. It was identical with compound X-3 in 
ultraviolet and infrared absorption and by v.p.c.

Thus, the various products isolated from the reac
tion of 3-aminopyridine and glycerol were: 1,2,3,4- 
tetrahydro-1,5-naphthyridine (III), 1,5-naphthyridine 
(I), 3-methyl-l,5-naphthyridine (IV), and 3-ethyl-
1,5-naphthyridine (V). Although we had not found 
any 1,7-naphthyridine (II), it conceivably might have 
been formed to a very slight extent and have been a 
contaminant among the products above. To settle 
this question, we synthesized 1,7-naphthyridine and 
established its behavior in our isolation scheme and its 
limit of detection in the several fractions.

An improved synthesis of 1,7-naphthyridine4'10 
was developed, starting with the readily prepared 1,7-

(8 ) K. Miyaki, J .  P h a r m .  S o c .  J a p a n ,  62, 257 (1942).
(9) R. W. Brown and G. Dougherty, J .  A m .  C h e m .  S o c . ,  69, 2232 (1947).
(10) N. Ikekawa, C h e m .  P h a r m .  B u l l .  (Tokyo). 6, 401 (1958).
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naphthyridin-8(7/7)-one (VI).11 Treatment with phos
phorus oxychloide gave the 8-chloro compound (VII). 
Although hydrogenolysis of the chloro compound could 
not be effected without concurrent hydrogenation of 
the naphthyridine nucleus, the 8-hydrazino compound
(VIII) was easily prepared and with cupric ion this 
was reduced to 1,7-naphthyridine (II).

The ultraviolet absorption of 1,7-naphthyridine is 
quite different from that of 1,5-naphthyridine (Fig. 1). 
The pentane/water partition coefficient of the 1,7- 
isomer is 0.02 and its pKa is 3.7.12 Since continuous 
extraction with pentane completely removed it from 
an aqueous solution at pH 3, any 1,7-naphthyridine 
present would have appeared in the N (naphthyridine) 
fraction. From the ultraviolet spectra and v.p.c. 
behavior of the compounds in this fraction as compared 
to that of 1,7-naphthyridine, it was established that the 
presence of 0.3% of 1,7-naphthyridine in this fraction 
would have been detected easily. Thus, we con
clude that essentially none of the 1,7-isomer was formed.

Several aspects of the Skraup reaction with 3-amino- 
pyridine deserve further comment: these are (1) the 
formation of l,2,3,4-tetrahydro-l,5-naphthyridine; (2) 
the formation of the methyl and ethyl homologs; and
(3) the fact that cvclization takes place exclusively 
to the 2-position.

The presence of the tetrahydro compound may re
sult from the dihydro intermediate through the action 
of another molecule of dihydro compound acting as a 
reducing agent. By analogy with the quinoline case, 
the dihydro compound XI undoubtedly arises from 
dehydration of the carbinol (X) formed by cyclization 
of the arylamino aldehyde (IX), itself the product of

H  H

(11) A. Albert and A. Hampton. J .  C h c v l .  S o c . ,  1935 (1952).
(12) Reported piTa 3.63 (ref. 4) and 3.(1-3.7 [N. Ikekawa, C h e m .  P h a r m .  

Bid. (Tokyo), 6, 408 (1958)].

3-aminopyridine addition to acrolein. Since extending 
the reaction time leads to disappearance of the tetra
hydro compound, it must be slowly oxidized to the 
completely aromatic system.

To explain the formation of the alkyl naphthyridines, 
we have assumed that alkylation occurs prior to 
aromatization. If the intermediate arylaminopropion- 
aldehyde (IX) condensés with formaldehyde or acetal
dehyde and then cyclizes, dehydration of the resulting 
carbinol (XII) would give the 3-methyl or 3-ethyl 
compound. Equimolar amounts of formaldehyde and 
acetaldehyde could be formed by a retro-aldol condensa
tion of the intermediate dehydration product of glycerol, 
d-hydroxypropionaldehyde.

Why cyclization takes place only at the 2-position and 
not at all at the 4-position is puzzling. Similar orienta
tion has been observed in other electrophilic substitu
tions into pyridines bearing activating substituents at the
3-position. It has been suggested13 that a possible chel
ating effect involving the protonated ring-nitrogen may 
be responsible.

Before establishing the structure of N-3 as 3-ethyl-
1.5- naphthyridine (V) by independent synthesis, an 
effort was made to relate it to N-2, 3-methyl-1,5- 
naphthyridine (IV), by oxidizing both compounds to
1.5- naphthyridine-3-carboxylic acid (XIII). Since the 
aromatic portion of both molecules had been oxidized 
in preference to the side chain under acidic conditions, 
alkaline permanganate was used.

From 3-ethyl-l,5-naphthyridine, a good conversion to
1.5- naphthvridine-3-carboxylic acid, m.p. 279°, was 
obtained. However, oxidation of 3-methyl-l,5-naph- 
thyridine under identical conditions gave a new acid 
which melted with decarboxylation at 212°. This 
acid, C8H8N20 3, had two carbonyl bands in the in
frared, one at 5.95 n (aromatic acid) and the other at
6.04 v (amide). The decarboxylated product was 
identical with 3-acetamidopyridine. Therefore, the 
oxidation product obtained from 3-methyl-l,5-naph- 
thyridine was 3-acetamidopicolinic acid (XVII). The 
formation of XVII from 2-methyl-l,5-naphthyridine 
might be accepted; its formation from the 3-methyl 
isomer was surprising.

X V I  X V

C O — C O - C 6H 5

N H —  C O O H

N H - C O O H  N H - C O - C H s

IV  X V I I

Therefore, we sought an explanation for this reaction, 
and a previous observation made in the quinoline series 
was strongly suggestive. This was the oxidation of
3-phenylquinoline (XIV) to benzoylanthranilic acid

(13) K. Schofield, Q u a r t .  R e v .  (London), 4, 382 (1950).



1 7 5 6 R apopo rt  a x d  B atcho V o l . 2 8

F ig . 2 .— U lt r a v io le t  a b s o r p t io n  s p e c t r a  o f  3 - m e th y l - l ,5 - n a p h -  
t h y r id in - 2 ( l . f l r) -o n e  ( X V I I I ) ,  l - m e t h y l - l , 5 - n a p h t h y r i d i n - 2 ( l i / ) -  
o n e  ( X I X ) ,  a n d  I ,5 - d im e th y l - l ,5 - n a p h th y r id in e - 2 ,6 (  IH,5H)- 
d io n e  ( X X )  in  m e th a n o l .

(XV)14 which had been construed as arising from a
1,2-shift of unknown mechanism.15 It was shown14 
that the benzoylformamide of anthranilic acid (XVI) 
was not an intermediate in the formation of XV. 
This reaction can be rationalized by assuming initial 
oxidation to the quinolone, followed by attack at the 
double bond. Oxidation now between C2-C 3 leads to a 
diketone which cyclizes after decarboxylation. Oxida
tion of the imino ketone now gives the observed 
product. By an analogous mechanism, 3-methyl-
1.5- naphthyridine (IV) would give 3-acetamidopicolinic 
acid (XVII), as it does. This mechanism provides 
a satisfactory explanation for the behavior of 3-methyl-
1.5- naphthyridine on oxidation. And, of course, the 
side-chain oxidation observed with 3-ethyl-l,5-naph- 
thyridine is quite reasonable. We have no explanation

(1 4 ) K . U e d a ,  J .  P h a r m . S o c . J a p a n ,  57, 8 2 7  (1 9 3 7 ).
(15) R. C. Elderfield, “ Heterocyclic Compounds,”  Vol. 4, John Wiley

and Sons, Inc., New York, N. Y., 1952, p. 250.

for the difference in behavior between the 3-methyl and
3-ethyl compounds.

In a continuation of oxidation experiments, 3- 
methyl-l,5-naphthyridine was heated with dichromate 
in 6 N sulfuric acid. The product was assigned the 
structure 3 - methyl - 1,5 - naphthyridin - 2(1 H) - one 
(XVIII) on the basis of its infrared absorption and the 
similarity of its ultraviolet spectrum with those of 
naphthyridinones (Fig. 2) prepared through the 
methiodides. This mode of acidic oxidation of the 
alkyl naphthyridine is consistent with the high yield 
of acetic acid obtained in the Kuhn-Roth oxidation.

The N-metbylnaphthyridinones were prepared by 
alkaline ferricyanide oxidation of the corresponding 
methiodides. Thus, 1,5-naphthyridine was quaternized 
and oxidized to the mononaphthyridinone (XIX); 
the process was repeated to obtain the naphthyridine- 
dione (XX). In the case of the ethylnaphthyridine, 
the mixture of methiodides was oxidized directly to 
give the l-methyl-3-ethyl-l,5-naphthyridin-2(l//)-one
(XXI) and l,5-dimethyl-3-ethyl-l,5-naphthyridine-2,6- 
(lif,5I/)-dione (XXII).

C H 3 
1 O

**) Fe(CN)i3 ^  I.C H 3I
2.Fe(CN)ry w  |

c h 3 1 c h 3 C H s

X I X  X X

Since several substituted naphthyridines were on 
hand, an examination of their infrared spectra in carbon 
disulfide was made in an attempt to correlate the 
aromatic hydrogen out-of-plane vibrations in the 650- 
1000-cm.-1 region with the position of substitution. 
Previous correlations for this region have led to the 
assignments for substituted benzenes16 of 750-810 
cm.-1 for three adjacent ring hydrogens, 800-860 
cm.-1 for two adjacent ring hydrogens, and 860-900 
cm.“ 1 for an isolated ring hydrogen. These assign
ments seem to be valid for pyridines and quinolines 
as well17; however, in the naphthyridines examined 
here, the values are shifted to higher frequencies (Table 
I). The spectrum of l,2,3,4-tetrahydro-l,5-naphthyri- 
dine (III) shows the expected peak for three adjacent 
ring hydrogens at 790 cm.“1; however, although 1,5- 
naphthyridine (I) and 2-methyl-1,5-naphthyridine 
(IVa) have this peak at 816 cm.“ 1 and 818 cm.-1, 
respectively, 4-methyl-l,5-naphthyridine (IVb) ab
sorbs at 786 cm.-1. The latter two compounds show 
peaks at 837 cm.-1 and 845 cm.-1, respectively, for 
two adjacent ring hydrogens. For 1,7-naphthyridine 
(II) and 8-chloro-l,7-naphthyridine (VII), the peaks for 
three adjacent hydrogens appear at 818 cm.-1 and 801 
cm.-1, respectively.18 There may be some doubt as 
to whether the slightly weaker peak at 764 cm.-1 
might not be due to three adjacent hydrogens, but since 
this band disappears along with the band at 943 cm.-1

(10) L. J. Bellamy, “The Infrared Spectra of Complex'Molecules,” 2nd 
Ed., Methuen and Co., London, 1958, p. 75.

(17) H. Shindo and S. Tamura, P h a r m .  B u l l .  (Tokyo), 4, 292 (1956); 
H. Shindo, i b i d . ,  5, 472 (1957); C. Karr, P. A. Estep, and A. J. Papa, J .  A m .  

C h e m .  S o c . ,  81, 152 (1959).
(18) N. Ikekawa, C h e m .  P h a r m .  B u l l .  (Tokyo), 6, 404 (1958), has re

ported the infrared spectrum of 1,7-naphthyridine in Nujol and it  appears 
to be quite different from ours except for the strong band a t 818 cm ."’. 
Consequently, his assignments differ from ours.



J u l y , 1 9 6 3 1,5 -N a p h t h y r îd in e 1 7 5 7

T a b l e  I
I nfared® Assignm ents for  Aromatic  H ydrogen  O ut-of- 

P lane V ibra tio n s  in 1,5- and 1 ,7-N a ph th y rid in es

r----- Assignments, v  in cm. 1—
3 adjacent 2 adjacent Isolated

Compound H 's H's H

I l l QÔ 79 0

I 00 81 6

I V a
C O ' “ '

8 1 8 8 3 7

I V b o v s 786 845

c h 3

I V ox„, 82 3 8 9 0 , 773

V o x « 821 9 0 4 ,7 7 2

I I CO 8 1 8 8 38 9 4 3 ,7 6 4

V I I CO
Cl

801 841

c h 3

X I X CCC 796 841

ÇH,

X X I oCx° 79 7 9 1 2 , 754

“ I n c  r b o n  d i s u l f i d e .

when the isolated hydrogen at position 8 is  replaced
with chlorine, these latter two peaks have been as-
signed to the isolated ring hydrogen. The spectrum 
of l-methyl-l,5-naphthyridin-2(l//)-one (XIX) has 
bands at 796 cm.-1 and 841 cm.-1 for three and two 
adjacent ring hydrogens, respectively. The peak at 
841 cm.-1 disappears when there is an ethyl group at 
the 3-position (XXI) and two new bands of medium 
intensity appear for the isolated hydrogen at 912 cm.-1 
and 754 cm.-1. The spectra of 3-methyl- (IV) and 3- 
ethyl-l,5-naphthyridine (V), which seemed complex 
at first, now can be interpreted on the basis of previous 
correlations. The strong peak near 900 cm.-1 ac
companied by another strong peak near 770 cm.-1 
is due to the two isolated hydrogens and the band 
near 820 cm.-1 is due to three adjacent ring hydrogens.

Experimental19
S k r a u p  R e a c t io n  w i th  3 -A m in o p y r id in e .— T o  a  12-1. f la s k  w e re  

a d d e d  th e  fo l lo w in g  in g r e d ie n t s  in  s e q u e n c e :  2 8 0  g . ( 1 .2  m o le s )  of

(19) All melting points are corrected, and those above 200° were taken in 
evacuated capillaries; microanalyses were performed by V. Tashinian, 
Microchemical Laboratory, University of California, Berkeley. Ultraviolet 
spectra were determined in methanol, and those in acid (1 N  hydrochloric 
acid) and in alkali (0.1 N  sodium hydroxide) were taken in 90% aqueous 
methanol. Infrared spectra were taken in carbon disulfide unless otherwise 
noted. Vapor phase chromatograms were obtained a t 140° using a 1.5-m. 
column packed with silicone grease on firebrick.

a r s e n ic  p e n to x id e ,  8 0  g . (0 .5 3  m o le )  o f  f e r r o u s  s u l f a te ,  2 2 0  g . 
(2 .3 4  m o le s )  o f p u r e  3 - a m in o p y r id in e ,  a  s o lu t io n  p r e p a r e d  b y  
h e a t in g  o n  th e  s te a m  b a t h  140  g .  (2 .3  m o le s )  o f b o r ic  a c id ,  83 0  
g .  (1 0  m o le s )  o f  a n h y d r o u s  g ly c e r in e ,  a n d  2 m l. o f  c o n c e n t r a te d  
s u lf u r ic  a c id ,  2 4 0  m l. o f  c o n c e n t r a t e d  s u lf u r ic  a c id ,  a n d  3 0  m l.  of 
fu m in g  ( 1 5 % )  s u lf u r ic  a c id .  T h e  r e a c t io n  m ix tu r e  w a s  s t i r r e d  
a n d  h e a t e d  to  1 0 0 ° , a n d  a f t e r  t h e  in i t i a l  r e a c t io n  h a d  s u b s id e d ,  i t  
w a s  h e a t e d  d u r in g  2 h r .  t o  a  f in a l  i n t e r n a l  t e m p e r a t u r e  o f  1 3 5 ° . 
T h is  t e m p e r a t u r e  w a s  m a in t a in e d  f o r  3 a d d i t i o n a l  h r .  T h e  b la c k  
r e a c t io n  m ix tu r e  w a s  m a d e  b a s ic  a n d  s t e a m  d is t i l le d  u n t i l  th e  
o p t ic a l  d e n s i ty  o f  t h e  d i s t i l l a t e  a t  3 0 4  m ^  w a s  le s s  t h a n  10 . T h e  
d i s t i l l a t e  (2 0  1.) w a s  a d j u s te d  t o  p H  3 .1  w i th  p h o s p h o r ic  a c id  a n d  
e x t r a c t e d  c o n t in u o u s ly  w i th  p e n t a n e .  E v a p o r a t i o n  o f  t h e  p e n 
t a n e  g a v e  9 5  g .  o f  s e m ic r y s ta l l in e  p r o d u c t .  T h is  m a te r i a l  s h o w e d  
th r e e  p e a k s  b y  v a p o r  p h a s e  c h r o m a to g r a p h y  ( v . p . c . ) .

T h e  r e s id u a l  p H  3 a q u e o u s  p h a s e  w a s  m a d e  a lk a l in e  w i th  
s o d iu m  h y d r o x id e  a n d  c o n t in u o u s ly  e x t r a c t e d  w i th  e th e r  t o  y ie ld  
3 4  g . o f  o il a f t e r  e v a p o r a t io n  o f  t h e  e th e r .  F r a c t i o n a t io n  t h r o u g h  
a  1 -m . P o d b ie ln ia k  c o lu m n  g a v e  t h e  fo llo w in g  tw o  f r a c t io n s .

F r a c t i o n  A - l ,  1 8 .3  g . ( 8 %  r e c o v e r y ) ,  b .p .  1 1 8 -1 2 0 °  (4 4  m m .) ,  
w as  c r y s ta l l i z e d  f ro m  b e n z e n e - h e x a n e ,  m .p .  5 9 - 6 1 ° .  I t  w a s  
id e n t ic a l  w i th  3 - a m in o p y r id in e  b y  m e l t in g  p o in t ,  m ix tu r e  
m e l t in g  p o in t ,  a n d  in f r a r e d  a n d  u l t r a v io l e t  a b s o r p t io n ;  Xmax 303  
m /i  ( « 3 2 0 0 ) ,  24 2  (1 1 ,0 0 0 ) .

F r a c t i o n  A -2  a m o u n te d  to  1 5 .5  g . ( 5 %  y ie ld ) ,  b . p .  1 1 7 -1 2 0 °  (1 8  
m m .) .  C r y s ta l l i z a t io n  f ro m  b e n z e n e - h e x a n e  fo llo w e d  b y  s u b l im a 
t i o n  a t  8 0 °  (5 0  m ) g a v e  l ,2 ,3 ,4 - t e t r a h y d r o - l , 5 - n a p h t h y r i d in e  ( I I I ) ,  
m .p .  1 0 9 -1 1 1 °  ( r e p o r t e d 8 m .p .  1 0 5 ° ) ;  Xmax 32 1  m ^  (e 3 9 6 0 ) ,  25 8  
( 8 8 3 0 ) ,  20 9  (9 3 9 0 ) .

Anal. C a lc d .  fo r  C 8H i0N 2: C ,  7 1 .6 ;  H ,  7 .5 ;  N ,  2 0 .9 . F o u n d :  
C ,  7 1 .7 ;  H ,  7 .3 ;  N , 2 0 . 9 .

W h e n  t h e  S k r a u p  r e a c t io n  w a s  r e p e a t e d ,  u s in g  a n  in c re a s e d  
r e a c t io n  t im e  o f  20  h r .  a t  1 3 5 ° , a  t o t a l  o f  3 4  1. o f  s t e a m  d i s t i l l a te  
w a s  c o l le c te d . U s in g  t h e  s a m e  is o la t io n  p r o c e d u r e ,  t h e  p H  3 
p e n ta n e  e x t r a c t  a m o u n te d  t o  118  g . ,  w h ile  t h e  a lk a l in e  e th e r  
e x t r a c t  a m o u n te d  to  o n ly  2 g . T h e  p H  3 e x t r a c t  s h o w e d  t h e  s a m e  
th r e e  p e a k s  b y  v .p . c .  a s  p r e v io u s ly ,  a n d  f r a c t i o n a t io n  t h r o u g h  a  
1 -m . P o d b ie ln ia k  c o lu m n  s e p a r a te d  t h i s  e x t r a c t  i n to  t h r e e  f r a c 
t io n s ,  N - l ,  N - 2 ,  a n d  N - 3 .

T h e  f r a c t io n  N - l ,  8 7 .4  g . ( 3 1 %  y ie ld ) ,  b . p .  1 5 0 -1 5 2 °  ( 5 4 m m .) ,  
w a s  c r y s ta l l i z e d  f ro m  p e n t a n e  t o  g iv e  1 ,5 - n a p h th y r id in e  ( I ) ,  
m .p .  7 4 - 7 5 °  ( r e p o r t e d 1’4 m . p .  7 5 ° ) ;  Xm„x 2 5 0  m /i (e  4 4 3 0 ) ,  259 
( 4 3 0 0 ) ,  2 6 8  ( 3 2 1 0 ) ,  2 9 7  ( 5 6 2 0 ) ,  3 0 4  ( 6 1 3 0 ) ,  3 0 9  (5 9 7 0 ) ;  in  a c id ,  
23 5  (5 1 6 0 ) ,  2 7 5  (4 9 0 0 ) ,  3 0 7  (1 1 ,2 0 0 ) ,  3 1 2  (1 1 ,4 0 0 ) ,  3 6 3  ( 1 8 9 0 ) .

Anal. C a lc d .  fo r  C 8H 6N ; :  C . 7 3 . 8 ;  H . 4 . 6 ;  N , 2 1 . 5 .  F o u n d :  
C ,  7 3 .6 ;  H ,  4 .5 ;  N ,  2 1 .4 .

F r a c t i o n  N - 2 ,  1 4 .7  g . ( 4 .4 %  y ie ld ) ,  b .p .  1 7 3 -1 7 5 °  (5 6  m m .) ,  
w a s  c r y s ta l l iz e d  f ro m  p e n ta n e  a n d  s u b l im e d  a t  6 0 °  ( 0 .2  m m .)  t o  
g iv e  3 - m e th y l - l ,5 - n a p h th y r id in e  ( I V ) ,  m .p .  7 3 - 7 5 ° ;  Xmax 2 5 2  m ^  
(<■ 4 1 3 0 ) ,  2 59  ( 3 7 2 0 ) ,  2 6 8  ( 2 3 9 0 ) ,  3 0 2  ( 6 3 0 0 ) ,  3 0 8  (6 8 0 0 ) ,  31 4  
(6 7 0 0 ) ;  in  a c id ,  321  (1 1 ,0 0 0 ) ,  3 1 3  (1 0 ,4 0 0  s h ) ,  2 7 6  (3 0 9 0  s h ) .

Anal. C a lc d .  fo r  C 9H 8N 2: C ,  7 5 .0 ;  H ,  5 .6 ;  N ,  1 9 .4 ;  e q u iv .  
w t . ,  1 4 4 ; C - C H j ,  1 0 .4 . F o u n d :  C ,  7 5 .1 ;  H ,  5 .7 ;  N ,  1 9 .5 ; 
e q u iv .  w t . ,  1 4 0 ; C - C H 3, 8 .2 .

F r a c t io n  N -3  a m o u n te d  t o  1 5 .5  g . ( 4 .4 % )  o f  3 - e t h y l - l ,5 -  
n a p h th y r id in e  ( V ) ,  b . p .  1 8 1 -1 8 2 °  (5 6  m m . ) ,  Xmax 25 1  m/n (e 
4 7 0 0 ) ,  25 9  (3 9 0 0 ) ,  2 6 8  (2 7 6 0 ) ,  3 0 3  (6 8 0 0 ) ,  3 1 5  (6 7 0 0 ) .

Anal. C a lc d .  fo r  C ioH i0N 2: C ,  7 5 .9 ;  H ,  6 .4 ;  N ,  1 7 .7 ;  e q u iv .  
w t . ,  1 5 8 ; C-CH 3 , 9 .5 .  F o u n d :  C ,  7 6 .1 ;  H ,  6 .5 ;  N ,  1 7 .7 ;  
e q u iv .  w t . ,  153 ; C-CH3, 7 .0 .

3 - M e th y l - l ,5 - n a p h th y r id in e  ( I V ) .— A  s t i r r e d  s u s p e n s io n  o f  2  g . 
o f f e r r o u s  s u l f a t e ,  14 g . ( 0 .0 6  m o le )  o f  a r s e n ic  p e n to x id e ,  9 .4  g . 
(0 .1 0  m o le )  o f  3 - a m in o p y r id in e ,  a n d  3 0  m l .  o f  c o n c e n t r a t e d  s u l 
f u r ic  a c id  w a s  h e a t e d  t o  1 2 0 °  ( b a t h  t e m p . )  a n d  15 m l .  o f  m e th y l -  
a c r o le in  w a s  a d d e d  d ro p w is e  o v e r  2  h r .  A f te r  4  h r . ,  a n  a d d i t io n a l  
17 m l .  ( t o t a l ,  0 .4  m o le )  o f  m e th y la c r o le in  w a s  a d d e d  o v e r  1 h r .  
T h e  r e s u l t a n t  m ix tu r e  w a s  h e a t e d  f o r  15 h r .  a t  1 7 0 ° . I s o l a t i o n  in  
t h e  u s u a l  m a n n e r  g a v e  4 .3  g .  ( 3 0 %  y ie ld )  o f  3 - m e t h y l - l ,5 -  
n a p h th y r id in e  w h ic h  w a s  c r y s ta l l i z e d  f ro m  p e n t a n e ,  a n d  s u b l im e d  
a t  5 0 °  ( 0 .2  m m .) ;  m .p .  7 3 - 7 5 ° .  T h is  m a te r i a l  w a s  id e n t ic a l  w i th  
f r a c t i o n  N - 2 .

2 - M e th y l - 1 ,5 - n a p h th y r id in e  ( I V a ) .— A s o lu t io n  o f  70  m l .  o f
“ s u lfo  m i x ,” 20 2 5  m l .  o f  w a te r ,  a n d  2 3 .5  g . (0 .2 5  m o le )  o f  3 -  
a m in o p y r id in e  w a s  h e a t e d  t o  1 2 5 -1 3 0 °  a n d  f r e s h ly  d is t i l le d  c ro -  
t o n a ld e h y d e  (2 5  m l . ,  0 .3  m o le )  w a s  a d d e d  d ro p w is e  o v e r  a n  h o u r .  
T h e  b a t h  w a s  r a is e d  to  1 5 0 °  a n d  t h e  r e a c t io n  m ix tu r e  w a s  h e a t e d  
o v e r n ig h t .  T h e  u s u a l  i s o la t io n  p r o c e d u r e  g a v e  3  g .  o f  m a te r ia l  
w h ic h  w a s  c h r o m a to g r a p h e d  o n  a lu m in a  a n d  s u b l im e d  a t  4 0 °  (0 .1

(20) W. P. Utermohlen, Jr., J .  O r g .  C h e m 8, 544 (1943).
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m m .)  t o  g iv e  2 - m e th y l- l  ,5 - n a p h th y r id in e ,  m .p . ,  6 0 - 6 1 °  ( r e 
p o r t e d 8 m .p .  6 2 ° ) ;  Xmax 2 4 2  m M (e 2 7 9 0  s h ) ,  24 9  ( 4 0 0 0 ) ,  2 5 7  
( 3 7 4 0 ) ,  2 6 5  ( 2 7 0 0 ) ,  3 0 0  ( 5 4 5 0 ) ,  3 0 7  ( 5 9 3 0 ) ,  3 1 3  (5 6 0 0 ) ;  in  a c id ,  
3 1 7  ( 1 0 ,2 0 0 ) ,  3 0 8  (9 7 0 0 ) ,  2 6 4  (4 6 8 0 ) .

Anal. C a lc d .  f o r  C 9H 8N 2: 0 , 7 5 . 0 ;  H ,  5 .6 ;  N ,  1 9 .4 ;  C - C H 3,
1 0 .4 . F o u n d :  C ,  7 4 .7 ;  H ,  5 .7 ;  N ,  1 9 .1 ;  C - C H 3, 5 .1 .

2- Styryl-l,5-naphthyridine.— A  s o lu t io n  o f  0 .5  m l.  o f  g la c ia l  
a c e t ic  a c id ,  1 .0  m l .  o f  a c e t ic  a n h y d r id e ,  1 .0  m l .  o f  b e n z a ld e h y d e ,  
a n d  1 .0 4  g . ( 7 .2  m m o le s )  o f 2 - m e th y l - l ,5 - n a p h th y r id in e  w a s  
h e a t e d  a t  r e f lu x  f o r  2 d a y s  u n d e r  a  n i t ro g e n  a tm o s p h e r e .  H y d r o 
c h lo r ic  a c id  (1 0 0  m l .  o f  3 A") w a s  a d d e d ;  t h e  s o lu t io n  w a s  e x t r a c te d  
w i th  m e th y le n e  c h lo r id e  ( f iv e  2 5 -m l. p o r t io n s ) ,  b a c k - w a s h in g  e a c h  
t im e  w i th  a c id .  T h e  a q u e o u s  p h a s e  a n d  w a s h in g s  w e re  c o m b in e d ,  
m a d e  a lk a l in e ,  a n d  e x t r a c t e d  w i th  c h lo ro fo rm  to  g iv e  a  t o t a l  o f
1 .2  g .  o f  m a te r i a l .  A  s a m p le  w a s  s u b l im e d  a t  1 0 0 °  (1 0  fi). a n d  
c r y s ta l l i z e d  f ro m  h e x a n e - b e n z e n e  to  g iv e  2 - s ty  r j d - 1 ,5 - n a p  h th v r i -  
d in e ,  m .p .  1 2 0 - 1 2 1 ° ;  Xma* 2 1 8  m M (e 4 6 ,5 0 0 )”, 2 6 2  (1 6 ,5 0 0 ) ,  27 0
( 1 6 .0 0 0 )  , 3 0 0  (1 6 ,0 0 0 ) ,  33 9  ( 2 1 ,2 0 0 ) ;  in  a c id ,  2 9 2  (1 6 ,7 0 0 ) ,  30 6
( 1 1 .0 0 0 )  , 3 8 5  ( 3 3 ,0 0 0 ) .

Anal. C a lc d .  f o r  C i6H i2N 2: C ,  8 2 .7 ;  H ,  5 .2 ;  X ,  1 2 .1 . 
F o u n d :  C ,  8 2 .9 ;  H , 5 . 1 ;  N ,  1 2 .1 .

4-Methyl-l,5-naphthyridine (IVb).— T h e  s a m e  p r o c e d u r e  w a s  
u s e d  a s  f o r  t h e  p r e p a r a t io n  o f t h e  2 - m e th y l  c o m p o u n d ,  e x c e p t  
t h a t  18  g . (0 .2 6  m o le )  o f  m e th y l  v in y l  k e to n e  w a s  s u b s t i t u t e d  fo r  
t h e  c r o to n a ld e h y d e .  T h e  y ie ld  w a s  4 .0  g . ( 1 1 % )  o f  4 - m e th y l-
1 .5 -  n a p h t h y r i d in e ,  m .p .  3 0 - 3 2 ° ;  \ m!tx 2 57  m p  (e 5 3 7 0 ) , 26 5  
(5 S 8 0 ) ,  27 3  (4 6 6 0 ) ,  2 9 6  ( 5 0 3 0 ) ,  30 3  (5 4 1 0 ) ,  3 0 8  ( 5 4 3 0 ) ;  in  a c id ,  
281 (7 5 0 0 ) ,  3 0 4  (1 0 ,5 0 0 ) ,  3 09  (1 0 ,0 0 0 ) .

Anal. C a lc d .  fo r  C 9H SN 2: C ,  7 5 .0 ;  H ,  5 .6 ;  X ,  1 9 .4 . F o u n d :  
C ,  7 4 .6 ;  H ,  5 .7 ;  X ,  1 9 .0 .

3- Ethyl-l,5-naphthyridine (V).— T o  a  3-1. f la s k  w e re  a d d e d  3 
g .  o f  f e r r o u s  s u l f a te ,  3 5  g . (0 .1 5  m o le )  o f a r s e n ic  p e m ,o x id e , 2 3 .5  
g . ( 0 .2 5  m o le )  o f 3 - a m in o p y r id in e ,  90  g . (0 .7 5  m o le )  o f 2 - h y -  
d r o x y m e th y l - 2 - m e th y  1-1,3 - p r o p a n e d io l , 1 5 .5  g . ( 0 .2 5  m o le ) o f b o r ic  
a c id ,  a n d  140  m l. o f  c o n c e n t r a t e d  s u lfu r ic  a c id .  T h is  m ix tu re  
w a s  s t i r r e d  a n d  h e a te d  u n t i l  t h e  in t e r n a l  t e m p e r a t u r e  r e a c h e d  
1 5 0 °  a t  -w hich p o in t  t h e  r e a c t io n  b e c a m e  v io le n t  a n d  th e  h e a t  
s o u rc e  w a s  r e m o v e d .  H e a t in g  w a s  r e s u m e d  w h e n  t h e  r e a c t io n  
h a d  s u b s id e d ,  a n d  t h e  t e m p e r a t u r e  w a s  m a in ta in e d  a t  1 3 0 °  fo r  4 
h r .  T h e  u s u a l  n a p h t h v r i d in e  is o la t io n  p r o c e d u r e  g a v e  5 .5  g . o f 
l iq u id  w h ic h  w a s  f r a c t i o n a t e d  a n d  g a v e  5 .0  g .  o f  l - e th v l - 1 ,5 -  
n a p h th y r id in e ,  b .p .  1 6 2 -1 7 0 °  (4 0  m m ) .  T h is  m a te r ia l  w as  
id e n t ic a l  w i th  f r a c t io n  N - 3 .

l,2,3,4-Tetrahydro-l,5-naphthyridine (III).— A  s u s p e n s io n  of 
13 m g . o f  p l a t i n u m  o x id e  in  a  s o lu t io n  o f  1.31 g . (1 0  m m o le s )  o f
1 .5 -  n a p h t h y r i d in e  in  10 m l.  o f  9 5 %  e th a n o l  w a s  h y d r o g e n a te d  a t  
ro o m  t e m p e r a t u r e  a n d  a tm o s p h e r ic  p r e s s u r e .  A f te r  26  h r . ,  a b 
s o r p t io n  c e a s e d  w i th  a n  u p t a k e  o f 2 0 0  m o le  %  o f h y d r o g e n .  T h e  
m ix tu r e  w a s  f i l te r e d ,  t h e  f i l t r a t e  w a s  e v a p o r a t e d ,  a n d  th e  r e s id u e  
w a s  s u b l im e d  a t  8 0 °  ( 5 0  m ) t o  g iv e  a  q u a n t i t a t i v e  y ie ld  o f  1 ,2 ,3 ,4 -  
t e t r a h y d r o - l , 5 - n a p h th y r i d i n e ,  m .p .  1 1 1 - 1 1 3 ° .  T h is  m a te r i a l  
w a s  id e n t ic a l  w i th  f r a c t io n  A -2 .

l,7-Naphthyridin-8(7H)-one (VI).— T h is  m a te r i a l  w a s  p r e 
p a r e d  a s  d e s c r ib e d 11 e x c e p t  t h a t  “ s u lfo  m ix ” 20 w a s  u s e d . T h e  
c r u d e  p r o d u c t  w a s  p u r i f ie d  b y  c r y s ta l l i z a t io n  f ro m  m e th a n o l  a n d  
s u b l im a t io n  a t  1 8 0 °  (1 0  n); y ie ld ,  9 0 % ;  m .p .  2 3 6 - 2 3 9 °  ( r e 
p o r t e d 11 y ie ld ,  2 0 % , m .p .  2 3 3 .5 ° ) .

8-Chloro-l ,7-naphthyridine (VII).— 1 ,7-Xa p h th y r id in - 8 (  7H )- 
o n e  ( V I )  (1 7 .5  g . ,  0 .1 2  m o le )  a n d  125 g . o f p h o s p h o r u s  o x y c h lo 
r id e  w e re  h e a t e d  a t  re f lu x  o v e r n ig h t .  E x c e s s  p h o s p h o r u s  o x y 
c h lo r id e  w a s  d is t i l le d  in vacuo, th e  r e s id u e  w a s  t r e a t e d  w i th  20 0  
g . o f  i c e - w a te r ,  t h e  p H  w a s  a d ju s te d  t o  5 w i th  s o d iu m  h y d r o x id e ,  
a n d  t h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d  c o n t in u o u s ly  w i th  m e th y le n e  
c h lo r id e .  E v a p o r a t io n  o f t h e  m e th y le n e  c h lo r id e  a n d  s u b l im a t io n  
o f t h e  r e s id u e  a t  8 0 °  (0 .5  m m .)  g a v e  1 1 .5  g . (5 8 %  y ie ld )  o f  8 - 
c h lo r o - 1 ,7 - n a p h th y r id in e  w h ic h , o n  c r y s ta l l i z a t io n  f ro m  b e n z e n e -  
h e x a n e ,  m e l te d  a t  8 7 - 8 8 ° ;  Xmax 2 2 8  m/i (* 2 5 ,0 0 0 ) ,  26 8  (4 1 0 0 ) ,  
3 0 8  (3 6 0 0 ), 3 1 9  (3 2 0 0 ) .

Anal. C a lc d .  fo r  C 8H 5N 2C1: C ,  5 8 .4 ;  H ,  3 .1 ;  C l, 2 1 .5 . 
F o u n d :  C , 5 8 .3 ;  H , 3 . 3 ;  C l ,  2 1 .6 .

8-Hydrazino-l,7-naphthyridine (VIII).— A  s o lu t io n  o f  8 .0 2  g . 
(0 .0 4 9  m o le )  o f  8 - c h lo r o - l ,7 - n a p h th y r id in e  (VII) in  55  m l .  of 
e th a n o l  a n d  23  m l.  ( 0 .4 0  m o le )  o f  85% , h y d r a z in e  h y d r a t e  w a s  
h e a t e d  t o  a  b o i l  o n  t h e  s te a m  b a t h  fo r  10 m in . E v a p o r a t i o n  o f th e  
e th a n o l  in vacuo l e f t  a n  o il w h ic h  s o lid if ie d  a n d  w a s  s u b l im e d  a t  
1 0 0 °  (0 .1  m m .) ,  g iv in g  7 .7 3  g . (99% , y ie ld )  o f  S -h y d ra z in o -1 ,7 -  
n a p h t h y r i d in e ,  m .p .  9 8 - 9 9 ° ;  Xmax 22 9  m /i (e 1 2 ,2 0 0 ) ,2 - 7 ( 1 2 ,7 0 0 ) ,  
3 1 6  ( 4 1 4 0 ) ,  3 4 6  (4 4 6 0 ) .

Anal. C a lc d .  fo r  C sH 8N „: C ,  6 0 .0 ;  H ,  5 .0 ;  N , 3 5 . 0 .  F o u n d :  
C ,  5 9 .9 ;  H ,  5 .2 ;  N , 3 4 . 8 .

1,7-Naphthyridine (II).— T o  a  s o lu t io n  o f  2 .6 8  g .  ( 0 .0 1 7  m o le )  
o f  8 - h y d r a z in o - l ,7 - n a p h th y r id in e  ( V I I I )  in  2 5  m l .  o f  w a t e r  a n d  
6  m l .  o f  a c e t ic  a c id  w a s  a d d e d  d r o p w is e  6 0  m l .  o f  a 1 0 %  a q u e o u s  
s o lu t io n  o f  c u p r ic  s u l f a t e .  T h e  r e s u l t in g  m ix tu r e  w a s  h e a t e d  o n  
t h e  s t e a m  b a t h  u n t i l  g a s  e v o lu t io n  c e a s e d  (4 5  m i n . )  a n d  c a u 
t io u s ly  m a d e  a lk a l in e  w i th  c o n c e n t r a te d  s o d iu m  h y d r o x i d e . C o n 
t in u o u s  e x t r a c t io n  w i th  m e th y le n e  c h lo r id e  a n d  e v a p o r a t i o n  o f 
t h e  s o lv e n t  l e f t  a  r e s id u e  w h ic h  w a s  d is s o lv e d  in  b e n z e n e  a n d  
c h r o m a to g r a p h e d  o n  a lu m in a .  T h e  c r y s ta l l in e  e lu a t e  w a s  s u b 
l im e d  a t  6 0 °  (0 .1  m m . j t o  g iv e  5 0 0  m g . o f 1 ,7 - n a p h th y r id in e ,  m .p .  
6 0 - 6 2 °  ( r e p o r t e d  m . p . ,  5 7 - 6 0 ° ,10 6 4 ° 4); Xmax 2 1 9  mju (e  2 6 ,6 0 0  
s h . ) ,  26 2  (3 8 2 0 ) ,  3 0 2  ( 2 1 3 0 ) ,  3 1 3  ( 1 9 3 0 ) .

Anal. C a lc d .  f o r  C gH 6X 2: C ,  7 3 .8 ;  H ,  4 .7 ;  X ,  2 1 .5 .  F o u n d :  
C ,  7 3 .9 ;  H ,  4 .7 ;  N .2 1 . 6 .

1 ,5-Naphthyridine-3-carboxylic Acid (XIII).— T o  a  s t i r r e d  
s o lu t io n  o f  8 .9  g .  (0 .0 5 7  m o le )  o f  3 - e th y l - l ,5 - n a p h t h y r i d i n e  ( V )  in  
100  m l .  o f  w a te r  h e a t e d  to  7 0 °  w a s  a d d e d  36  g . (0 .2 3  m o le )  o f 
p o ta s s iu m  p e r m a n g a n a te  in  s ix  e q u a l  p o r t io n s  o v e r  1 h r .  T h e  
s u s p e n s io n  w a s  h e a t e d  fo r  a n  a d d i t i o n a l  30  m in .  a n d  f i l t e r e d .  
M a n g a n e s e  d io x id e  r e s id u e  w a s  d ig e s te d  w i th  h o t  w a te r  ( t h r e e  
2 0 - m l . p o r t io n s ); th e s e  d ig e s ts  w e re  a d d e d  to  t h e  f i l t r a t e . F i l t r a t e  
( p H  9 )  w a s  e x t r a c t e d  c o n t in u o u s ly  w i th  m e th y le n e  c h lo r id e  t o  
r e c o v e r  3 .6  g . ( 4 0 % )  of 3 - e t h y l - l ,5 - n a p h t h y r i d i n e .  A d ju s t i n g  th e  
a q u e o u s  p h a s e  t o  p H  3 .0  w i th  p h o s p h o r ic  a c id  a n d  e x t r a c t in g  
c o n t in u o u s ly  w i th  c h lo ro fo rm  g a v e  2 .4  g . o f  l ,5 - n a p h th y r id in e - 3 -  
c a rb o x y lic  a c id ,  m .p .  2 7 9 °  a f t e r  s u b l im a t io n  a t  1 5 0 °  ( 5 /j ) , Xmax 
2 1 3  m/1 (e 5 5 ,0 0 0 ) ,  2 5 4  (8 5 6 0 ) ,  30 3  (7 4 0 0 ) ,  3 1 0  ( 7 2 0 0 ) ,  3 1 6  ( 7 1 7 0 ) ;  
in  a lk a l i ,  24 6  (8 2 1 0 ) ,  3 0 4  ( 7 2 4 0 ) ,  3 0 9  (7 4 7 0 ) ,  3 1 7  (7 4 3 0 ) ;  in  a c id ,  
2 5 8  (6 8 0 0 ), 3 1 2  (1 0 ,4 0 0 ) ,  3 1 8  ( 1 0 ,7 0 0 ) .

Anal. C a lc d .  fo r  C ,H 6N 20 2: C ,  6 2 .1 ;  H ,  3 .5 ;  N ,  1 6 .1 ;  
e q u iv .  w t . , 1 7 4 . F o u n d :  C ,  6 2 .2 ;  H ,  3 .4 ;  N ,  1 6 .2 ;  e q u iv .  w t . ,  
175 .

1 .5- Naphthyridine-3-carboxamide w a s  p r e p a r e d  b y  t r e a t i n g  t h e  
a c id  w i th  t h io n y l  c h lo r id e ,  e v a p o r a t in g  t h e  e x c e ss  t h io n y l  c h lo 
r id e ,  a n d  a d d in g  c o n c e n t r a t e d  a q u e o u s  a m m o n ia  t o  t h e  r e s id u e .  
E x t r a c t io n  w i th  c h lo r o fo r m , e v a p o r a t io n  o f  t h e  c h lo r o fo r m , 
c r y s ta l l i z a t io n  o f  t h e  r e s id u e  f ro m  m e t h a n o l - a c e to n e  a n d  s u b l i 
m a t io n  a t  1 5 0 °  (1 0  n) g a v e  t h e  amide, m .p .  2 5 7 ° .

Anal. C a lc d .  f o r  C 9H 7N 30 :  C ,  6 2 .4 ;  H ,  4 .0 .  F o u n d :  C , 
6 2 .6 ;  H ,  4 .2 .

3-Acetamidopicolinic Acid (XVII).— T h e  o x id a t io n  p r o c e d u r e  
w as t h e  s a m e  a s  t h a t  u s e d  f o r  t h e  e t h y l  c o m p o u n d .  F r o m  1 0 .9  
g .  (7 6  m m o le s )  o f  3 - m e th y l - l ,5 - n a p h th y r id in e  ( I V )  a n d  5 3  g . 
(3 3  m o le s )  o f  p o ta s s iu m  p e r m a n g a n a te  th e r e  w a s  o b ta in e d  a  3 7 %  
( 4 .0  g .)  r e c o v e r y  o f  s t a r t i n g  m a te r i a l ,  a n d  a  3 0 %  y ie ld  (4 .5  g . )  o f
3 - a c e ta m id o p ic o l in ic  a c id ,  m .p .  2 1 2 °  d e c .  a f t e r  s u b l im a t io n  a t  
1 5 0 °  (1 0  M); Xm.,x 2 5 4  m M % 1 6 ,5 0 0 ) ,  3 0 7  ( 6 7 0 0 ) ;  in  a lk a l i ,  251 
( 1 8 ,7 0 0 ) ,  2 93  (6 2 0 0 ) ;  in  a c id ,  22 9  (1 8 ,1 0 0 ) ,  2 6 2  ( 1 3 ,4 0 0 ) ,  3 1 8  
(5 8 0 0 ) ;  X i \ r 5 .9 5 ,  6 .0 4

Anal. C a lc d .  fo r  C sH sN 2O s : C ,  5 3 .3 ;  H ,  4 .6 ;  N ,  1 5 .6 ;  
e q u iv .  w t . ,  1 8 0 ; C - C H 3, 8 .3 .  F o u n d :  C ,  5 3 .8 ;  H ,  4 .4 ;  N ,  
1 5 .8 ;  e q u iv .  w t . ,  177 ; C - C H 3, 7 .6 .

T h is  m a te r i a l  w a s  d e c a r b o x y la te d  in  b o i l in g  p - ie r f - b u ty l to lu e n e  
to  g iv e  3-acetamidopyridine, m .p .  1 2 9 - 1 3 1 ° ,  id e n t i c a l  w i t h  a n  
a u th e n t i c  s a m p le  p r e p a r e d  b y  a c e ty l a t i o n  o f 3 - a m in o p y r id in e .

3-Methyl-l ,5-naphthyridin-2(1 7 7)-one (XVIII).— T o  a  s o lu t io n  
o f  4 .0  g . (2 8  m m o le s )  o f 3 - m e th y l - l  ,5 - n a p h th y r id in e  ( I V )  in  100 
m l .  o f  6  N  s u lf u r ic  a c id  h e a t e d  a t  1 0 0 °  w a s  a d d e d  d r o p w is e  a  
s o lu t io n  o f  8 .4  g . (2 8  m m o le )  o f  s o d iu m  d ic h r o m a te  d i h y d r a t e  
o v e r  2  h r .  H e a t in g  w a s  c o n t in u e d  o v e r n ig h t ,  a n d  t h e  s o lu t io n  
th e n  w a s  c o o le d  a n d  t h e  p H  a d ju s te d  t o  3 .1  w i th  s o d iu m  h y 
d ro x id e  . T h is  s u s p e n s io n  w a s  f i l te r e d  a n d  c o n t in u o u s ly  e x t r a c t e d  
w i t h  c h lo r o fo r m . T h e  r e s id u e  o b ta in e d  o n  e v a p o r a t io n  o f  t h e  
s o lv e n t  w a s  d is s o lv e d  in  a q u e o u s  s o d iu m  c a r b o n a te  a n d  a g a in  
e x t r a c t e d  w i th  c h lo f o ro r m . E v a p o r a t io n  o f t h e  c h lo r o fo r m  g a v e
2 .7  g . o f m a te r i a l  w h ic h  w a s  c h r o m a to g r a p h e d  o n  a lu m in a .  
M e th y le n e  c h lo r id e  e lu te d  2 .3  g . ( 5 7 % )  o f  s t a r t i n g  m a t e r i a l .  
W a te r  r e m o v e d  t h e  r e m a in in g  m a te r i a l  w h ic h  w a s  e x t r a c t e d  a t  
p H  7 w i th  c h lo r o fo r m . T h e  c h lo ro fo rm  w a s  e v a p o r a t e d  a n d  th e  
r e s id u e  w a s  s u b l im e d  a t  1 0 0 °  (1 0  11) t o  g iv e  4 0 0  m g . o f  3 - m e th y l -
l , 5 - n a p h t h y r i d i n - 2 ( l H ) - o n e ,  m .p .  2 6 1 - 2 6 2 ° ;  Xmax 2 1 9  myu («
3 6 ,0 0 0 ) ,  3 2 9  (1 4 ,7 0 0 ) ,  3 4 2  (1 0 ,7 0 0 ) ;  in  a c id ,  2 2 4  (2 4 ,0 0 0 ) ,  261  
(4 6 0 0 ) ,  3 4 0  (1 7 ,0 0 0 ) ,  3 5 3  (1 6 ,0 0 0 ) .

Anal. C a lc d .  fo r  C 9H 8N 20 :  C ,  6 7 .5 ;  H ,  5 .0 ;  N ,  1 7 .5 . 
F o u n d :  C , 6 7 .2 ;  H , 4 . 9 ;  N ,  1 7 .6 .

1 .5- Naphthyridine Methiodide.— T o  a  s o lu t io n  o f  1 .0 0  g .  (7 .7  
m m o le s )  o f  1 ,5 - n a p h th y r id in e  ( I )  in  10 m l.  o f  m e th a n o l  w a s  a d d e d  
5 m l .  (7 0  m m o le s )  o f  m e th y l  io d id e  a n d  th e  s o lu t io n  w a s  h e a t e d  
a t  re f lu x  fo r  12 h r .  o n  t h e  s te a m  b a t h .  T h e  e x c e ss  m e th y l  io d id e  
w a s  a llo w e d  t o  b o il  o il a n d  th e  m e th a n o l  s o lu t io n  w a s  c o o le d  to
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y ie ld  1 .6  g .  o f  1 ,5 - n a p h th y r id in e  m e th io d id e ,  m .p .  2 5 4 -2 5 5 °  
d e c . ;  Xmax 2 8 8  rn M ( 5 5 0 0 ) ,  3 1 9  ( 1 0 ,1 0 0 ) ,  3 2 6  (1 0 ,1 0 0 ) ;  in  a c id ,  
2 6 8  (6 2 5 0 ) ,  311  (1 1 ,9 0 0 ) ,  3 1 8  (1 2 ,1 0 0 ) ,  3 6 2  (2 5 0 0 ) .

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

1-Methyl-l,5-naphthyridin-2(I//,)-one (XIX).— T o  a  s t i r r e d  
s o lu t io n  o f 2 .0  g . (7 .7  m m o le s )  o f  1 ,5 - n a p h th y r id in e  m e th io d id e  
in  2 0  m l .  o f  w a te r ,  c o o le d  in  a n  i c e - m e th a n o l  b a t h ,  w a s  a d d e d  
d ro p w is e  a  s o lu t io n  o f  1 .3  g . (3 2  m m o le s )  o f  s o d iu m  h y d r o x id e  in
2 .5  m l .  o f  w a te r  d u r in g  5 m in .  a n d  5 .3  g .  (1 6  m m o le s )  o f  p o t a s 
s iu m  f e r r ic y a n id e  in  10  m l .  o f w a te r  d u r in g  3 0  m in . ,  b o t h  a d d i 
t io n s  s t a r t i n g  a t  t h e  s a m e  t im e .  A f te r  1 .5  h r . ,  t h e  ice  b a t h  w a s  
r e m o v e d  a n d  s t i r r in g  w a s  c o n t in u e d  f o r  a n  a d d i t io n a l  5 h r .  a t  
ro o m  t e m p e r a t u r e .  C o n t in u o u s  e x t r a c t io n  o f  t h e  r e a c t io n  m ix tu r e  
w i th  c h lo ro fo rm  a n d  e v a p o r a t io n  o f  t h e  c h lo ro fo rm  le d  to  0 .8  g . of 
r e s id u e  w h ic h  w a s  d is s o lv e d  in  5 m l. o f  c h lo ro fo rm  a n d  a p p l ie d  to  
30  g . o f a lu m in a  p a c k e d  in  b e n z e n e .  T h e  f r a c t io n s  e lu te d  w i th  
c h lo r o f o r m - b e n z e n e  ( 2 : 1 )  w e re  c o m b in e d  a n d  s u b l im e d  a t  9 5 °  (5
m) t o  g iv e  6 8 5  m g . ( 5 6 %  y ie ld )  o f l - m e th y l - l ,5 - n a p h t h y r i d i n - 2  
( l / f ) - o n e ,  m .p .  1 0 4 - 1 0 5 ° ;  \ mHX 2 2 0  (e 3 9 ,9 0 0 ) ,  3 3 5  ( 1 1 ,0 0 0 ) ,  
3 5 0  ( 7 5 0 0 ) ;  in  a c id ,  223  (2 8 ,0 0 0 ) ,  261 ( 6 2 0 0 ) ,  3 4 5  ( 1 1 ,7 0 0 ) .

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

1-Methyl-l,5-naphthyridin-2(lH)-one methiodide w a s  p r e 
p a r e d  b y  h e a t in g  u n d e r  re f lu x  f o r  2  d a y s  a  s o lu t io n  o f  t h e  n a p h t h y r i -  
d in o n e  X I X  a n d  m e th y l  io d id e  in  b e n z e n e .  C o o lin g  a n d  f i l te r in g  
g a v e  a  p r e c i p i t a t e  o f  m e th io d id e  w h ic h  w a s  c r y s ta l l iz e d  f ro m  
m e th a n o l - e t h e r  a s  o r a n g e  n e e d le s ,  m .p .  2 1 6 °  d e c .

Anal. C a lc d .  fo r  C io H n N jO I :  C ,  3 9 .8 ;  H ,  3 .7 ;  N ,  9 .3 ;
1 ,4 2 .0 .  F o u n d :  C . 3 9 . 9 ;  H , 3 . 8 ;  N ,  9 .0 ;  1 ,4 2 .3 .

1,5-Dimethyl-1,5-naphthyridine-2,6f 1/7,5//)-dione (XX).— 
T o  a  s t i r r e d  s o lu t io n  o f  3 .0  g . (1 0  m m o le s )  o f l - m e th y l - 1 ,5 -  
n a p h t h y r i d in - 2 ( l l !/ ) - o n e  m e th io d id e  in  2 5  m l .  o f  w a te r ,  c o o le d  
in  a n  ice  b a t h ,  w e re  a d d e d  a  5 -m l. p o r t io n  o f  a  s o lu t io n  o f  2 .8  g . 
(7 0  m m o le s )  o f  s o d iu m  h y d r o x id e  in  25  m l .  o f  w a te r  a n d  a  s o lu 
t io n  o f  10 g . (3 0  m m o le s )  o f p o ta s s iu m  f e r r i c y a n id e  in  5 0  m l .  of 
w a te r .  T h e  r e m a in in g  2 0  m l .  o f  a lk a l i  s o lu t io n  w a s  a d d e d  p o r t io n -  
w ise  o v e r  a  5 m in .  p e r io d  a n d  t h e  s u s p e n s io n  w a s  s t i r r e d  fo r  15 m in .  
C o n t in u o u s  e x t r a c t io n  w i th  c h lo r o fo r m  a n d  e v a p o r a t io n  o f  t h e  
c h lo ro fo rm  a f fo rd e d  1 . 8  g .  o f  c r y s ta l l in e  m a t e r i a l  w h ic h  w a s  s u b 
l im e d  [1 9 0 °  (1 0  m) 1 a n d  r e c r y s ta l l i z e d  f ro m  m e th a n o l - a c e to n e  a s

y e l lo w  n e e d le s ,  m .p .  2 2 0 - 2 2 2 °  d e c . ;  Xm„x 2 3 3  mp (t 6 6 ,0 0 0 ) ,  3 8 7
(1 3 ,0 0 0 ) ,  4 0 5  ( 1 1 ,4 0 0 ) .

Anal. C a lc d .  f o r  C 10H 10N 2O 2: C ,  6 3 .1 ;  H ,  5 .3 ;  N ,  1 4 .7 . 
F o u n d :  C ,  6 3 .2 ;  H ,  5 .1 ;  N ,  1 4 .7 .

l-Methyl-3-ethyl-l,5-naphthyridin-2(l//)-one (XXI) and 1,5- 
Dimethyl-3-ethyl-l ,5-naphthyridine-2,6( 11! ,511 )-dione (XXII).—
A  s o lu t io n  o f  2 .0  g . (1 3  m m o le s )  o f  3 - e t h y l - l ,5 - n a p h th y r id in e  (V )  
in  25  m l. o f  d r y  b e n z e n e  a n d  10 m l .  o f  m e th y l  io d id e  w a s  h e a te d  
o n  th e  s t e a m  b a t h  fo r  2 d a y s .  T h e  b e n z e n e  a n d  e x c e s s  m e th y l  
io d id e  w e re  r e m o v e d  in vacuo, a n d  to  t h e  r e s id u e  w a s  a d d e d  6  g . 
(5 0  m m o le s )  o f p o ta s s iu m  f e r r i c y a n id e  in  25  m l .  o f  w a te r .  T h is  
s o lu t io n  w a s  c o o le d  t o  5 °  in  a n  ice  b a t h ,  a n d  13 g . (0 .3 3  m o le )  of 
s o d iu m  h y d r o x id e  in  2 0  m l .  o f  w a te r  w a s  a d d e d  s lo w ly  w i th  
s t i r r in g .  A f te r  a n  h o u r ,  t h e  s o lu t io n  w a s  e x t r a c t e d  w i th  c h lo ro 
f o rm , t h e  c h lo ro fo rm  w a s  e v a p o r a t e d ,  a n d  th e  r e s id u e  t a k e n  u p  
in  3  N  h y d r o c h lo r ic  a c id .  E x t r a c t i o n  w i th  c h lo ro fo rm  a n d  e v a p 
o r a t io n  o f t h e  c h lo ro fo rm  le d  t o  t h e  i s o la t io n  o f  a  y e llo w  s o lid  
w h ic h  w a s  s u b l im e d  a t  1 5 0 °  (1 0  y) t o  g iv e  47 9  m g . ( 1 7 %  y ie ld )  o f
l , 5 - d i m e t h y l - 3 - e t h y l - l , 5 - n a p h t h y r i d i n e - 2 ,6 ( l i f , 5 i i ) - d i o n e ,  m .p .  
2 6 1 - 2 6 2 ° ;  Xmax 2 3 4  m y  ( t  4 7 ,0 0 0 ) ,  38 3  (1 5 ,0 0 0 ) ,  4 0 2  ( 1 2 ,0 0 0 ) .

Anal. C a lc d .  fo r  C 12H 14N 2O 2: C ,  6 6 .0 ;  H ,  6 .5 ;  N ,  1 2 .8 . 
F o u n d :  C ,  6 6 .1 ;  H ,  6 .5 ;  N ,  1 2 .8 .

T h e  a c id  s o lu t io n  w a s  m a d e  a lk a l in e  a n d  e x t r a c t e d  w i th  
m e th y le n e  c h lo r id e  w h ic h  w a s  f i l te r e d  th r o u g h  a lu m in a .  E v a p 
o r a t io n  o f  t h e  f i l t r a t e  g a v e  a  w h i te  s o lid  w h ic h  w a s  s u b l im e d  a t  
8 0 °  (5 0  m ) t o  g iv e  3 3 5  m g . ( 1 4 %  y ie ld )  o f  l - m e th y l - 3 - e th y l - l  ,5 - 
n a p h t h v r i d in - 2 ( l H ) - o n e ,  m .p .  1 0 7 - 1 0 8 ° ;  Xmax 221  m,u ( e 3 7 ,0 0 0 ) ,  
2 4 8  ( 5 0 0 0 ) ,  3 3 0  (1 3 ,0 0 0 ) ,  3 4 3  (9 4 0 0 ) ;  in  a c id ,  2 1 9  (2 5 ,0 0 0 ) ,  26 2  
( 5 9 0 0 ) ,  3 43  (1 6 ,5 0 0 ) ,  3 5 5  (1 5 ,9 0 0 ) .

Anal. C a lc d .  fo r  C 11H 12N 2O : C ,  7 0 .2 ;  H ,  6 .4 ;  N ,  1 4 .9 . 
F o u n d :  C ,  7 0 .3 ;  H ,  6 .4 ;  N ,  1 4 .8 .

Determination of p X a v a lu e s  w a s  c a r r ie d  o u t  b y  p a r t i t i o n in g  
th e  b a s e  b e tw e e n  a n  o rg a n ic  s o lv e n t  ( h e x a n e  o r  e th e r )  a n d  a q u e o u s  
p h o s p h a te  b u f fe r  a t  v a r io u s  p H  v a lu e s .  C o n c e n t r a t io n s  w e re  
d e te r m in e d  s p e c t r o p h o to m e t r ic a l ly ,  a n d  t h e  p Kx v a lu e s  w e re  
c a lc u la te d  f ro m  t h e  e q u a t io n

w h e re  P is  t h e  t r u e  p a r t i t i o n  c o e ff ic ie n t a n d  P' is  t h e  a p p a r e n t  
p a r t i t i o n  c o e ff ic ie n t a t  t h e  sp e c ific  p H .

N ew  H eteroarom atic  C om pou nd s. X V II.1 F luoro D erivatives o f
10-M eth y l-10 ,9 -b orazarop h en an th ren e2

M i c h a e l  J. S. D e w a r  a n d  P a t r i c k  J. G r i s d a l e  

George Herbert Jones Laboratory, University of Chicago, Chicago 37, Illinois 
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F o u r  m o n o f lu o ro  d e r iv a t iv e s  o f  1 0 - m e th y l- 1 0 ,9 - b o ra z a ro p h e n a n th re n e  h a v e  b e e n  s y n th e s iz e d  in  t h e  h o p e  
t h a t  t h e i r  f lu o r in e  n .m .r .  c h e m ic a l  s h i f t s  m a y  p r o v id e  in f o r m a t io n  c o n c e rn in g  th e  x - e le c t ro n  d i s t r i b u t io n .  I n  
t h e  c o u rs e  o f  t h i s  w o r k  a  n u m b e r  o f  n e w  d e r iv a t iv e s  o f  b ip h e n y l  h a v e  b e e n  p r e p a r e d .

The chemical shifts shown by the fluorine nuclear 
magnetic resonance in derivatives of fluorobenzene seem 
to reflect the x-electron density of the ring atom ad
jacent to fluorine.3 It occurred to us that the corre
sponding chemical shifts in monofluoro derivatives of 
heteroaromatic systems might be used to prepare x- 
electron density maps of the rings and so used to check 
the predictions of current MO treatments.

One particularly interesting system from this point of 
view is 10,9-borazarophenanthrene,4 and, therefore, we 
decided to synthesize as many as possible of its eight

(1) Part XVI, M. J. S. Dewar, C. Kaneko, and M. K. Bhattacharjee,
J .  A m .  C h e m .  S o c . ,  84, 4884 (1962).

(2) This work was supported by a grant (G-346) from the Office of 
Ordnance Research.

(3) C f .  R. W. Taft, S. Ehrenson, I. C. Lewis, and R. E. Click, J .  A m .

C h e m .  S o c . ,  81, 5352 (1959).
(4) M. J. S. Dewar, V. P. Kubba, and R. Pettit, ./. C h e m .  S o c . ,  3073 

(1958).

monofluoro derivatives. For convenience we included 
a methyl substituent in the 10-position since the parent 
compounds, being in effect boron hydrides, tend to oxi
dize rather easily in air. Unfortunately these com
pounds proved unexpectedly recalcitrant and we were 
able to obtain only four of the isomers, with fluorine in 
the 2-, 3-, 6-, and 7-positions.

The fluorine n.m.r. spectra of these compounds, to
gether with those of a number of other fluoro derivatives 
of various aromatic systems, will be reported elsewhere 
and discussed. Here we describe the synthesis of the 
four fluoroborazarophenanthrenes, and of various new 
derivatives of biphenyl which we obtained as inter
mediates.

In order to obtain the various fluoroborazarophe
nanthrenes, we needed4 the corresponding fluoro deriva
tives of 2-aminobiphenyl, and the most obvious route
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to them involved reduction of the corresponding nitro 
compounds. Only three of the isomeric fluoro-2-nitro- 
biphenyls had been previously reported. Van Hove6 
isolated 4- and 4'-fluoro-2-nitrobiphenyl by fractional 
crystallization of the nitration product from 4-fluoro- 
biphenyl and 2-fluoro-2/-nitrobiphenyl has also been de
scribed.6 We now have prepared these and the remain
ing fluoro-2-nitrobiphenyls (I) (except the 3-fluoro iso
mer) by improved routes. The 2-, 3-, and 4-fluoro-2'- 
nitrobiphenyls were made by Ullmann condensations 
from the corresponding fluoroiodobenzene and o-bromo- 
nitrobenzene, and 4- and 5-fluoro-2-nitrobiphenyl by a 
similar reaction from iodobenzene and the correspond
ing fluoro-2-bromonitrobenzene; 2-bromo-4-fluoroni- 
trobenzene (Ha), which had not been described pre
viously, was obtained by nitration of m-fluorobromo- 
benzene and characterized by reduction and acetyla
tion to 2-bromo-4-fluoroacetanilide (lib ). The remain
ing isomer, 2-fluoro-6-nitrobiphenyl, was prepared from
2,6-dinitrobiphenyl by partial reduction to 2-amino-6- 
nitrobiphenyl followed by a Schiemann reaction.

The nitro compounds were reduced to the corre
sponding aminofluorobiphenyls by the method of Marler 
and Turner.7 Only the 2-amino-2'-fluoro6 and 2-amino- 
4'-fluoro5 isomers had been reported previously. The 
amines were characterized by their acetyl derivatives.

An alternative route to these amines would have in
volved replacement of the carboxyl group in a fluoro- 
biphenyl-2-carboxylic acid by amino. We accordingly 
prepared 2-bromo-4-fluorobenzoic acid (III) by oxida
tion of 2-bromo-4-fluorotoluene, and 2-fluoro-6-bromo- 
benzoic acid (IV) by oxidation of 2-fluoro-6-fcromoben- 
zyl bromide, itself prepared by bromination o: 2-fluoro-
6-bromotoluene. The methyl ester of III condensed 
with iodobenzene in presence of copper to give methyl
5-fluorobiphenyl-2-carboxylate (Va), but all attempts to 
convert this to the corresponding aminofluorobiphenyl 
by well established methods8 failed. Thus Va on 
boiling with hydrazine hydrate gave the hydrazinobi- 
phenylcarbohydrazide (VI). Similar replacement of 
fluorine by hydrazine in analogous compounds has been 
noticed by Dewar and Marr.9

Attempts to replace the carboxyl group in the corre
sponding acid (Vb) by amino via a Schmidt reaction also 
failed since the acid underwent cyclization in concen
trated sulfuric acid to 3-fluorofluorenone (VII).

The conversion of iluoro-2-ammobipheny s to the 
corresponding fluoro - 10 - methyl - 10,9 - borazaro- 
phenanthrenes was carried out by the method of Dewar, 
Kubba, and Pettit.4 In this way the 2-, 6-, and 7- 
fluoro derivatives (VIII) were obtained. Similar treat-

(5) T. Van Hove, B u l l .  s o c .  c h i m .  B e i g e s ,  32, 52 (1953).
(0) A. Roe and H. L. Fleishman, J .  A m .  C h e m .  S o c . ,  69, 509 (1947).
(7) E. E. J. Marler and E. E. Turner, C h e m .  S o c . ,  1362 (1931).
(8) R. Labriola, J .  O r g .  C h e m . ,  6, 329 (1950); K. G. Rutherford and 

M. S. Newman, J .  A m .  C h e m .  S o c . ,  79, 213 (1957).
(9) M. J. S. Dewar and P. Marr, work in course of publication.

COOR

Va. R=M e 
b. R=H

CONHNH2

ment of 2-amino-3'-fluorobiphenyl gave a single prod
uct which must surely have been the 3-isomer; for the 
Friedel-Crafts ring closure is an electrophilic process 
and for such processes fluorine is very strongly para
directing.

Numerous attempts to cyclize 2-amino-2'-fluorobi- 
phenyl to a 4-fluoroborazarophenanthrene failed, pre
sumably because of steric hindrance to coplanarity in 
the biphenyl. The failure cannot be ascribed merely 
to the deactivating effect of fluorine meta to the point of 
ring closure since we encountered no difficulty in cy- 
clizing 2-amino-4'-fluorobipbeny] to a product where the 
fluorine is also meta to boron.

The fluoro - 10 - methyl - 10,9 - borazarophenan- 
threnes were as stable as the parent compound, except 
for the 3-isomer; this darkened slowly on exposure to 
air.

Experimental
2-Bromo-4-ftuoronitrobenzene.— F u m in g  n i t r i c  a c id  (8 0  g . ,  d 

1 .5 )  w a s  a d d e d  s lo w ly  t o  a  m ix tu r e  o f m - b ro m o f lu o ro b e n z e n e  (2 0 0  
g . )  a n d  c o n c e n t r a t e d  s u lfu r ic  a c id  (4 0 0  m l . ) ,  s h a k e n  v ig o r o u s ly  a t  
3 0 - 3 5 ° .  T h e  m ix tu r e  w a s  t h e n  p o u r e d  o n  ic e , e x t r a c t e d  w i th  
d ic h lo r o m e th a n e ,  a n d  t h e  o rg a n ic  l a y e r  d r ie d  a n d  d i s t i l l e d .  
2-Bromo-4-fluoronitrobenzene w a s  c o l le c te d  a t  7 0 - 7 5 °  ( 0 .4
m m . ) a s  a y e l l o w o i l  ( 7 5 g . ,  3 0 % ) ,  n2sd  1 .5 7 1 0 , w h ic h  c r y s ta l l i z e d  
o n  s t a n d in g ,  m .p .  42°, n o t  r a is e d  b y  r e c r y s ta l l i z a t io n  f ro m  p e t r o 
le u m  e th e r .

Anal. C a lc d .  f o r  C 6H 3B r F N 0 2: C ,  3 2 .7 ;  H ,  1 .3 6 ;  N ,  6 .3 5 .  
F o u n d :  C ,  3 2 .6 ;  H ,  1 .2 9 ; N ,  6 .2 3 .

R e d u c t io n  a n d  a c e ty la t io n  g a v e  2 - b ro m o - 4 - f lu o r o a c e ta n i l id e ,  
id e n t ic a l  ( m ix tu r e  m e l t in g  p o in t )  w i th  a  s a m p le  p r e p a r e d  b y  
b r o m in a t io n  o f  p - f lu o r o a c e ta n i l id e  (se e  fo l lo w in g  t e x t ) .

2-Bromo-4-fluoroacetanilide.— A  s o lu t io n  o f  b r o m in e  (3 .1  g .)  
in  a c e t ic  a c id  (1 0  m l . )  w a s  a d d e d  d r o p w is e  t o  o n e  o f  p - f lu o ro -  
a c e ta n i l id e  (1 0  g . )  i n  a c e t ic  a c id  (5 0  m l . )  a t  6 0 ° .  A f te r  1 h r .  t h e  
m ix tu r e  w a s  p o u r e d  in to  w a te r .  T h e  p r e c ip i t a t e  o f  2-bromo-4- 
fluoroacetanilide c r y s ta l l i z e d  f ro m  a q u e o u s  e th a n o l  i n  c o lo r le s s  
n e e d le s  (1 4 .1  g . ,  9 4 % ) ,  m .p .  1 1 9 -1 2 0 ° .

Anal. C a lc d .  fo r  C aH 7B r F N O :  C ,  4 1 .4 ;  H ,  3 .0 2 ;  N ,  6 .0 9 .  
F o u n d :  C ,  4 1 .8 ;  H ,  3 .3 1 ;  N ,  6 .0 7 .

2-Bromo-4-fluorotoluene.— A  s o lu t io n  o f  s o d iu m  n i t r i t e  (5 5  g .)  
i n  w a te r  (2 0 0  m l . )  w a s  a d d e d  s lo w ly  a t  0 .5 °  t o  4 - a m in o -2 - b ro m o -  
to lu e n e 10 (1 2 4  g . )  d is s o lv e d  in  c o n c e n t r a te d  h y d r o c h lo r ic  a c id  (2 0 0  
m l . )  a n d  w a te r  (2 0 0  m l . ) .  T h e  c o r r e s p o n d in g  d ia z o n iu m  f lu o -  
b o r a t e ,  p r e c ip i t a t e d  b y  a d d in g  ex cess  f lu o b o r ic  a c id ,  w a s  d r ie d  a n d  
d e c o m p o s e d  b y  h e a t in g  o v e r  a  n a k e d  f la m e . T h e  c r u d e  d i s t i l l a t e  
w a s  d is s o lv e d  in  e th e r ,  w a s h e d  w i th  d i lu te  h y d r o c h lo r ic  a c id ,  
w a t e r ,  d i l u t e  s o d iu m  h y d r o x id e ,  t h e n  a g a in  w i th  w a t e r ,  d r i e d ,  
a n d  d i s t i l le d .  2-Bromo-4-fluorotoluene w a s  c o l le c te d  a t  1 7 0 -  
1 7 2 °  a s  a  c o lo r le s s  l iq u id  (8 2  g . ,  6 7 % ) ,  k25d 1 .5 2 6 5 .

Anal. C a lc d .  f o r  C 7H 6B r F :  C ,  4 4 .5 ;  H ,  3 .1 7 .  F o u n d :  C ,  
4 4 .4 ;  H ,  3 .2 1 .

(10) R, H. Nevile and A. Winther, B e r ., 14, 417 (1881).
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T a b l e  I

Y ie l d s  a n d  P h y sic a l  D a ta  fo r  t h e  A m in o f l u o r o b ip h e n y l s

Lit. m.p. ---- - Calcd.—----- * ,------- Found-------- Yield,
Amine M.p. or b.p., °C. or b.p. °C. c H c H %

2 -A m in o -4 - f lu o ro b ip h e n y l 1 0 2 -1 0 5  ( 0 . 2 m m .) 77 0 5 .3 5 7 7 .4 5 .6 2 59
2 -A m in o -5 - f lu o ro b ip h e n y l 9 2 - 9 6  ( 0 .1  m m .) 7 7 .0 5 .3 5 7 7 .3 5 .2 2 48
2 -A m in o -6 - f lu o ro b ip h e n y l 5 2 - 5 5 7 7 .0 5 .3 5 S e e  a c e ty l  d e r iv a t iv e 30
2 -A m in o -2  '- f lu o ro b ip h e n y  1 9 1 .5 - 9 2 9 1 “ 7 7 .0 5 .3 5 W e ll  c h a r a c te r iz e d 72
2 -A m in o -3  '- f lu o r o b ip h e n y l 1 0 6 -1 1 0  ( 0 . 5 m m .) 7 7 .0 5 .3 5 7 7 .0 5 .4 2 53
2 -A m in o -4  '- f lu o r o b ip h e n y l 4 2 - 4 3 4 2 - 4 2 .5 ' ' 7 7 .0 5 .3 5 W e ll  c h a r a c te r iz e d 68

0 R e f .  5 . 6 R e f .  4 .

T a b l e  I I

P h y sic a l  D ata FOR THE A c e t y l a m in o f l u o r o b ip h e n y l s

---- Calcd.- ----------- -------, ,---------- -------Found----------
Compound M.p., ° c . Lit. m.p., ° e .  c H N c H N

2 -A c e ty la m in o -4 - f lu o ro b ip h e n y l 9 0 - 9 1 ° 9 8 ° 7 3 .4 5 .2 4 6 .1 2 7 2 .9 5 .2 3 6 .4 2
2 - A c e ty la m in o -5 - f lu o ro b ip h e n y l 1 3 6 -1 3 7 7 3 .4 5 .2 4 6 .1 2 7 3 .6 5 .1 6 6 .3 1
2 -A c e ty la m in o -6 - f lu o r o b ip h e n y l 1 0 2 -1 0 3 7 3 .4 5 .2 4 6 .1 2 7 3 .7 5 .4 0 6 10
2 -A c e ty la m in o -2  '- f lu o r o b ip h e n y l 1 0 3 -1 0 4 1026 7 3 .4 5 .2 4 6 .1 2 W e ll  c h a r a c te r iz e d
2 - A c e ty la m in o -3  '- f lu o r o b ip h e n y l 1 0 2 -1 0 3 7 3 .4 5 .2 4 6 .1 2 7 3 .5 . 5 .1 6 6 .5 0
2 -A c e ty la m in o -4  '- f lu o r o b ip h e n y l 125 120° 7 3 .4 5 .2 4 6 .1 2 7 3 .4 5 .4 0 6 .1 0

a R e f .  6 . 6 R e f .  7 .

T a b l e  I I I

D a ta  f o r  t h e  P r e p a r a t io n  o f  t h e  F l u o r o -10 -m e t h y l -10 ,9 -b o r a z a r o p h e n a n t h r e n e s

Yield, %
Position 

of F M .p., °C . c
------- Calcd.-------

H N c
------- Found--------

H N
33 2 8 0 -8 1 7 4 .0 5 .2 1 6 .6 4 7 4 .0 5 .2 1 6 .3 5
12 3 5 2 -5 5 7 4 .0 5 .2 1 6 .6 4 7 3 .7 5 .2 0
28 6 5 4 - 5 5 7 4 .0 5 .2 1 6 .6 4 7 3 .9 5 .4 1 6 .7 2
52 7 8 9 - 9 0 7 4 .0 5 .2 1 6 .6 4 7 3 .6 5 .3 8 6 .4 1

2-Bromo-6-fluorotoluene.— P r e p a r e d  lik e w ise  f ro m  2 -a m in o -6 -  
b r o m o to lu e n e ,11 2-bromo-6-fluorotoluene w a s  o b ta in e d  in  5 8 %  
yield, b .p .  1 7 7 - 1 8 0 ° ,  n 25d  1 .5 3 0 5 .

Anal. F o u n d :  C ,  4 4 .5 , H ,  3 .3 6 .
2-Bromo-4-fluorobenzoic Acid.— O x y g e n  w a s  b u b b le d  t h r o u g h  

a  b o i l in g  s o lu t io n  o f 2 - b ro m o -4 - f lu o ro to lu e n e  (1 4 8  g .)  a n d  c o b a l t ic  
a c e t a t e  (0 .0 5  m o le )  in  a c e t ic  a c id  (5 0 0  m l . )  u n t i l  a  p e r m a n e n t  
g r e e n  c o lo r  a p p e a r e d .  A f te r  h a l f  t h e  s o lv e n t  h a d  b e e n  d is t i l le d ,  
t h e  r e s id u e  w a s  p o u r e d  in to  d i l u t e  h y d r o c h lo r ic  a c id  a n d  th e  
2-bromo-4-fluorobenzoic acid t h e n  c o l le c te d ,  w a s h e d ,  a n d  d r ie d .  
T h e  c r u d e  a c id  (1 4 0  g . ,  8 2 % )  h a d  m .p .  1 6 8 - 1 7 1 ° ,  r a is e d  b y  r e 
c r y s ta l l i z a t io n  f ro m  d i lu t e  e th a n o l  t o  1 7 1 - 1 7 2 .5 ° .

Anal. C a lc d .  f o r  C ,H 4B r F 0 2: C ,  3 8 .4 ;  H ,  1 .8 3 . F o u n d :  
C ,  3 8 .6 ;  H ,  2 .1 .

Methyl 2-Bromo-4-fluorobenzoate.— C r u d e  2 - b ro m o -4 -f lu o ro -  
b e n z o ic  a c id  w a s  e s te r i f ie d  b y  t h e  F i s c h e r  S p e ie r  m e th o d  a n d  th e  
methyl ester (1 2 5  g . ,  8 7 % )  i s o la te d  b v  d i s t i l l a t io n ,  b . p .  1 2 2 °  (1 0  
m m .) ,  ra25d  1 .5 3 7 2 .

Anal. C a lc d .  f o r  C 8H 6B r F 0 2: C ,  4 1 .2 ;  H ,  2 .5 8 .  F o u n d :  
C ,  4 0 .9 ;  H ,  2 .4 6 .

2-Bromo-6-fluorobenzyl Bromide.— 2 - B r o m o -6 - f lu o ro to lu e n e  
(3 0  g . )  i n  c a r b o n  t e t r a c h lo r id e  (2 5 0  m l . )  w a s  h e a t e d  u n d e r  re f lu x  
fo r  4  h r .  w i th  N -b ro m o s u c c in im id e  ( 5 - 8  g . )  a n d  a  t r a c e  o f b e n z o y l  
p e r o x id e . T h e  s o lu t io n  w a s  c o o le d , f i l te r e d ,  a n d  t h e  f i l t r a t e  
f re e d  f ro m  s o lv e n t  b y  d i s t i l l a t io n .  D i s t i l l a t io n  o f  t h e  r e s id u e  
g a v e  th e  p u r e  benzyl bromide ( 2 9 .4  g . ,  6 9 % ) ,  b . p .  1 2 8 -1 3 1  (2 5  
m m .) ,  to26d  1 .5 9 1 2 .

And. C a lc d .  fo r  C ,H 6B r 2F :  C ,  3 1 .3 ;  H ,  1 .8 7 . F o u n d :  
C ,  3 1 .7 ;  H ,  2 .0 9 .

2-Bromo-6-fluorobenzoic Acid.— 2 - B ro m o -6 - f lu o ro b e n z y l  b r o 
m id e  (1 0  g . )  w a s  h e a t e d  o v e r n ig h t  u n d e r  re f lu x  w i th  p o ta s s iu m  
p e r m a n g a n a te  (2 0  g . )  in  w a te r  (1 0 0  m l . ) .  A f te r  c o o l in g , th e  
s o lu t io n  w a s  d e c o lo r iz e d  w i th  s u l f u r  d io x id e  a n d  t h e  p r e c ip i t a t e d  
acid (6 .1  g . ,  7 4 % )  f i l te r e d ,  w a s h e d ,  a n d  d r ie d .  A  s a m p le  c r y s t a l 
l iz e d  f ro m  d i lu t e  e th a n o l  in  w h i te  n e e d le s ,  m . p .  1 5 5 ° .

Anal. C a lc d .  f o r  C i tR B r F O ,:  C ,  3 8 .4 ;  H ,  1 .8 3 . F o u n d :  
C ,  3 8 .8 ;  H ,  2 .1 4 .

Synthesis of the Biphenyls.— A  m ix tu r e  c o n ta in in g  e q u im o le c -  
u l a r  q u a n t i t i e s  o f  t h e  tw o  h a l id e s  u s e d  in  t h e  b ip h e n id  s y n th e s is  
w a s  h e a t e d  t o  1 2 0 °  a n d  v ig o r o u s ly  s t i r r e d  w h ile  c o p p e r  p o w d e r  
(3  g .- a to m s )  (V e n u s  N a t io n a l  C o p p e r ,  U .  S . B r o n z e  P o w d e r  
W o r k s )  w a s  a d d e d  o v e r  2 0  m in .  T h e  m ix tu r e  w a s  h e ld  a t  1 2 0 °  
f o r  20  h r . ,  th e n  c o o le d , e x t r a c t e d  s e v e ra l  t im e s  w i th  d ic h lo ro -

(11) E. Noel ting, Ber., 37, 1015 (1904).

m e th a n e ,  a n d  th e  f i l te r e d  s o lu t io n  e v a p o r a t e d  to  y ie ld  th e  c r u d e  
p r o d u c t .  T h e  fo llo w in g  c o m p o u n d s  w e re  p r e p a r e d  b y  th i s  
g e n e r a l  m e th o d .

2'-Fluoro-2-nitrobiphenyl w a s  p r e p a r e d  f ro m  2 -b ro m o n i t r o -  
b e n z e n e  (8 2  g . ) ,  2 - f lu o ro io d o b e n z e n e  (9 0  g . ) ,  a n d  c o p p e r  p o w d e r  
(7 7  g . ) .  C h r o m a to g r a p h y  o f  t h e  c r u d e  m ix tu r e  o n  a lu m in a  
( M e r c k )  w i th  p e t r o le u m  e th e r  ( b .p .  6 0 - 6 8 ° )  a n d  d ic h lo r o m e th a n e  
( g r a d i e n t  e lu t io n )  g a v e  a  m a jo r  v e r y  p a le  y e l lo w  b a n d  a f t e r  a  
c o lo r le s s  f o r e r u n  c o n ta in in g  s o m e  d if lu o r o b ip h e n y l .  E v a p o r a 
t i o n  o f  t h e  e lu e n t  c o n ta in in g  t h e  m a j o r  b a n d  g a v e  2 '- f lu o ro -2 -  
n i t r o b ip h e n y l  w h ic h  c r y s ta l l iz e d  f ro m  p e t r o le u m  e t h e r  ( b .p .  
3 0 - 3 5 ° )  i n  p a le  y e llo w  p r i s m s  (5 3  g . ,  5 7 % ) ,  m .p .  7 2 .5 - 7 3 ° ,  
( l i t . 8 m .p .  7 1 - 7 2 ° ) .

3'-Fluoro-2-nitrobiphenyl w a s  p r e p a r e d  f ro m  2 - b ro m o n i t r o -  
b e n z e n e  ( 1 3 .3  g . ) ,  3 - io d o f lu o ro b e n z e n e  (1 4 .7  g . ) ,  a n d  c o p p e r  
p o w d e r  (1 2 .5  g . ) .  D i s t i l l a t io n  o f  t h e  c r u d e  p r o d u c t  g a v e  th e  
p a r t i a l l y  p u r i f ie d  b ip h e n y l  d e r iv a t iv e ,  b . p .  9 5 - 9  8 ° ( 0 .0 5  m m .)  
(7 .6  g . ) .  C h r o m a to g r a p h y  a s  d e s c r ib e d  p r e v io u s ly  y ie ld e d  p u r e  
3'fluoro-2-nitrobiphenyl w h ic h  c r y s ta l l iz e d  f ro m  p e t r o le u m  e th e r  
( b . p .  3 0 - 3 5 ° )  in  p a le  y e llo w  n e e d le s  ( 6 .5  g . ,  4 5 % ) ,  m .p .  4 7 .5 -  
4 8 ° .

Anal. C a lc d .  f o r  C i2H 8F N 0 2: C ,  6 6 .5 ;  H ,  3 .6 9 ;  N ,  6 .4 5 . 
F o u n d :  C ,  6 6 .3 ;  H ,  3 .7 9 ;  N ,  6 .8 4 .

4'-Fluoro-2-nitrobiphenyl w a s  p r e p a r e d  f ro m  2 - b ro m o n i t r o -  
b e n z e n e  (11  g . ) ,  4 - f lu o ro io d o b e n z e n e  (1 2  g . ) ,  a n d  c o p p e r  p o w d e r  
(1 0 .3  g . ) .  D is t i l l a t io n  a n d  c h r o m a to g r a p h y  a s  b e fo re  g a v e  p u r e  
4 '- f lu o r o - 2 - n i t r o b ip h e n y l ,  b . p .  9 0 - 9 2 °  (0 .0 5  m m .) ,  w h ic h  c r y s t a l 
l iz e d  f ro m  p e t r o le u m  e t h e r  ( b . p .  3 0 - 3 5 ° )  in v e r y  p a le  y e llo w  
n e e d le s  (3 .1  g . ,  3 6 % ) ,  m .p .  6 0 - 6 0 .5 °  ( l i t . 6 m .p .  5 9 - 6 0 ° ) .

4- Fluoro-2-nitrobiphenyl w a s  p r e p a r e d  f ro m  2 - b ro m o -5 -f lu o ro -  
n i t r o b e n z e n e 12 (3 2  g . ) ,  io d o b e n z e n e  (3 3  g . ) ,  a n d  c o p p e r  p o w d e r  
(2 8  g . ) .  D i s t i l l a t io n  a n d  c h r o m a to g r a p h y  g a v e  p u r e  4 - f lu o ro -2 -  
n i t r o b ip h e n y l ,  b . p .  1 0 8 -1 1 0 °  (0 .0 5  m m . ) ,  w h ic h  c r y s ta l l iz e d  f ro m  
p e t r o le u m  e th e r  ( b .p .  3 0 - 3 5 ° )  i n  p a le  y e llo w  p r is m s  ( 1 3 .6  g . ,  
4 3 % ) ,  m . p .  7 2 .5 - 7 4 °  ( l i t .  m .p .  5 3 - 5 4 ° ) .

Anal. C a lc d .  f o r  C i2H 8F N 0 2: C ,  6 6 .5 ;  H ,  3 .6 9 ;  N ,  6 .4 5 . 
F o u n d :  C ,  6 6 .2 ;  H ,  4 .0 6 ;  N ,  6 .7 5 .

5- Fluoro-2-nitrobiphenyl w a s  p r e p a r e d  f ro m  2 -b ro m o -4 -f lu o ro -  
n i t r o b e n z e n e  (5 0  g . ) ,  io d o b e n z e n e  (51  g . ) ,  a n d  c o p p e r  p o w d e r  (43  
g . ) .  D i s t i l l a t io n  g a v e  5-fluoro-2-nitrobiphenyl a s  a  l iq u id  ( 2 8 .9  
g . ,  5 8 .5 % ) .  b . p .  1 1 4 -1 1 8 °  (0 .6  m m . ) ,  n 21D  1 .5 9 5 4 .

Anal. C a lc d .  fo r  C 12H 8F N 0 2: C ,  6 6 .5 ;  H ,  3 .6 9 ;  N ,  6 .4 5 . 
F o u n d :  C ,  6 6 .1 ;  H ,  3 .8 9 ;  N ,  6 .7 0 .

(12) E. Berliner and K. C. Monack, J. Am. Chem. Soc., 74, 1574 (1954).
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5 -F lu o r o - 2 -m e th o x y c a r b o n y lb ip h e n y l .— P r e p a r e d  f ro m  m e th y l
2 - b ro m o - 4 - f lu o r o b e n z o a te  (1 0 3  g . ) ,  io d o b e n z e n e  (91  g . ) ,  a n d  
c o p p e r  p o w d e r  (8 2  g . ) ,  5 - f lu o r o -2 - m e th o x y c a r b o n y lb ip h e n y l  w a s
c o l le c te d  a t  1 1 0 -1 1 8 °  ( 0 .2  m m . ) ,  a n d  r e d is t i l le d  (5 3  g . ,  5 2 % ) ,  b .p .  
1 0 8 -1 1 0 °  (0 .1  m m . ) ,  n®D 1 .5 6 6 2 . V a p o r  p h a s e  c h r o m a to g r a p h y  
a n a ly s is  s h o w e d  o n ly  o n e  p e a k .

Anal. C a lc d .  f o r  C u H n F C k : C ,  7 3 .0 ;  H ,  4 .7 9 . F o u n d :  
C ,  7 3 .1 ;  H ,  5 .1 0 .

2 - A m in o -6 - n i t ro b ip h e n y l .— 2 ,6 - D in i t r o b ip h e n y l13 (2 4  g . )  in  
e th a n o l  (3 5 0  m l . )  w a s  b o i le d  u n d e r  re f lu x  fo r  3  h r .  d u r in g  th e  
a d d i t i o n  o f  a  s o lu t io n  o f s o d iu m  su lf id e  (2 8  g .)  a n d  s u l f u r  ( 6 .9  g .)  
in  w a te r  (8 5  m l . ) .  T h e  e th a n o l  w a s  m o s t ly  r e m o v e d  b y  d is t i l l a 
t io n  a n d  t h e  p r o d u c t  p o u r e d  in to  w a te r  a n d  i s o la te d  w i th  d ic h lo ro -  
m e t h a n e .  T h r e e  r e c r y s ta l l i z a t io n s  f ro m  d i lu te  e th a n o l  g a v e
2 -a m m o -6 - n i t ro b ip h e n y l  a s  y e llo w  n e e d le s  ( 7 .5  g . ,  3 5 .5 % ) ,  
m . p .  7 4 - 7 5 ° .

Anal. C a lc d .  fo r  C 12H 10N .O 2: C ,  6 7 .3 ;  H ,  4 .6 7 . F o u n d :  
C ,  6 7 .5 ;  H ,  4 .9 9 .

2 - F lu o r o - 6 -n i t r o b ip h e n y l .— 2 -A m in o -6 - f lu o ro b ip h e n y l  ( 6  g . )  in  
c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  (3 0  m l . )  a n d  w a te r  (3 0  m l . )  w a s  
d ia z o t iz e d  a t  0 .5 ° .  F lu o b o r ic  a c id  (6 0  m l . )  w a s  a d d e d  a n d  th e  
d ia z o n iu m  f lu o b o r a te  f i l te r e d ,  w a s h e d  w i th  c o ld  m e 'h a n o l  a n d  
e th e r ,  a n d  d r ie d  o v e r n ig h t  in  a  v a c u u m  d e s ic c a to r .  T h e  s o lid  
w a s  d e c o m p o s e d  b y  h e a t  a n d  t h e  r e s id u e  e x t r a c t e d  w i th  p e t r o le u m  
e th e r  ( b .p .  3 0 - 3 5 ° ,  s ix  5 0 -m l. p o r t io n s ) .  E v a p o r a t io n  o f  t h i s  
e t h e r  g a v e  a n  o il w h ic h  so lid if ie d  o n  s c r a t c h in g .  R e c r y s ta l l iz a 
t i o n  f ro m  p e t r o le u m  e th e r  ( b .p .  3 0 - 3 5 ° )  g a v e  p u r e  2 - f lu o ro -6 -  
n i t r o b ip h e n y l  a s  v e r y  p a le  y e llo w  n e e d le s  ( 3 .5  g . ,  6 0 % ) ,  m .p .
6 7 - 6 8 ° .

Anal. C a lc d .  fo r  C i.H g F N C b : C ,  6 6 .5 ;  H ,  3 .6 9 ;  N ,  6 .4 5 . 
F o u n d :  C ,  6 6 .7 ;  H ,  3 .9 9 ;  N ,  6 .8 2 .

2 -C a rb o x y -5 - f lu o ro b ip h e n y l .— A  m ix tu r e  o f t h e  m e th y l  e s te r  
o f 5 - f lu o r o b ip h e n y lc a r b o x y lic  a c id  (2 .1  g . ) ,  s o d iu m  h y d r o x id e  
( 1 0  m l .  o f  1 N), a n d  e th a n o l  ( 2 0  m l . )  w a s  k e p t  o v e r n ig h t  a t  4 0 °

(13) J. Forrest, J .  C h e m .  S o c 601 (1960).

a n d  th e n  a c id if ie d . T h e  2 - c a rb o x y -5 - f lu o ro b ip h e n y l  w a s  i s o la te d  
w i th  e th e r  a n d  th e n  c r y s ta l l iz e d  f ro m  p e t r o le u m  e th e r  ( b . p .  CO
OS0 ) in  w h i te  n e e d le s  ( 1 .5  g . ,  7 6 % ) ,  m . p .  1 1 0 ° .

Anal. C a lc d .  f o r  C 13H 9F O 2: C ,  7 2 .2 ;  H , 4 . 1 7 .  F o u n d :  C ,  
7 2 .0 ;  H ,  4 .4 7 .

3 - F lu o r o f lu o re n o n e .— 2 -C a rb o x y -5 - f lu o ro b ip h e n y l  ( 0 .5  g . )  w a s  
a l lo w e d  to  s t a n d  in  c o n c e n t r a te d  s u lfu r ic  a c id  ( 1 0  m l . )  a t  ro o m  
t e m p e r a t u r e  f o r  1 h r .  T h e  s o lu t io n  tu r n e d  d e e p  v io le t .  P o u r in g  
in to  w a te r  g a v e  a n  a lm o s t  th e o r e t i c a l  y ie ld  o f 3 - fh io r o f lu o r e n o n e  
w h ic h  c r y s ta l l i z e d  f ro m  p e t r o le u m  e th e r  ( b .p .  9 0 - 1 0 0 ° ) - b e n z e n e  
in  y e llo w  n e e d le s ,  m .p .  1 2 9 -1 3 0 ° .

Anal. C a lc d .  fo r  C 13H ,F O :  C ,  7 8 .8 ;  H ,  3 .5 4 .  F o u n d :  
C ,  7 9 .0 ;  H ,  4 .0 0 .

5 -H y d ra z in o b ip h e n y l- 2 - c a r b o x y lic  A c id  H y d r a z id e .— 2 - C a r -  
b o x y - 5 - f lu o ro b ip h e n y l  (1  g .)  a n d  h y d r a z in e  (1 g . )  w e re  t r e a t e d  
u n d e r  re f lu x  o v e r n ig h t .  A d d i t io n  o f e th a n o l  g a v e  a n  a lm o s t  
th e o r e t i c a l  y ie ld  o f t h e  h y d r a z id e  w h ic h  c r y s ta l l iz e d  f ro m  e th a n o l  
in  c r e a m - c o lo re d  p l a t e s ,  m .p .  1 4 0 ° .

Anal. C a lc d .  fo r  C 13H 14N 4O : C ,  6 4 .5 ;  H ,  5 .7 8 ;  N ,  2 3 .2 .  
F o u n d ;  C ,  6 4 .6 ;  H ,  6 .1 8 ;  N ,  2 2 .9 .

R e d u c t io n s  o f t h e  F lu o ro n i t r o b ip h e n y ls  to  t h e  C o r r e s p o n d in g  
A m in e s .— T h e  r e d u c t io n s  o f t h e  f lu o ro n i t r o b ip h e n y ls  t o  t h e  c o r 
r e s p o n d in g  a m in e s  w e re  c a r r ie d  o u t  u s in g  t h e  m e th o d  o f  M a r l e r  
a n d  T u r n e r .6 T h e  a m in e s  w e re  c h a r a c te r iz e d  a s  t h e i r  a c e ty l  
d e r iv a t iv e s .  2 -A m in o -6 - f lu o ro b ip h e n y l  h a d  b e e n  c h a r a c te r iz e d  
p r e v io u s ly  o n ly  b y  i t s  a c e ty l  d e r iv a t iv e .  T h e  y ie ld s ,  m e l t in g  
p o in t s ,  a n d  a n a ly s is  d a t a  a r e  s h o w n  in  T a b le s  I  a n d  I I .

S y n th e s i s  o f th e  F lu o r o - 1 0 - m e th y l- 1 0 ,9 - b o ra z a ro p h e n a n th re n e s .  
— T h e  m e th o d  of D e w a r ,  K u b b a ,  a n d  P e t t i t 4 w a s  u s e d  to  p r e p a r e  
t h e  b o r o n - n i t r o g e n  h e te r o c y c le s .  T h e  1 0 - m e th y l  g r o u p  w a s  in 
t r o d u c e d  b y  th e  a c t io n  o f m e th y lm a g n e s iu m  io d id e  o n  t h e  f lu o ro -
1 0 -c h lo ro - 1 0 ,9 - b o ra z a ro p h e n a n th r e n e s .  T h e  c r u d e  m e th y l  c o m 
p o u n d s  w e re  p u r if ie d  b y  c h r o m a to g r a p h y  o n  a lu m in a  ( M e r c k )  
w i th  p e t r o le u m  e th e r  ( b .p .  3 0 - 3 5 ° )  a s  e lu e n t .  S u b l im a t io n  a n d  
o n e  o r  m o r e  c r y s ta l l i z a t io n s  f ro m  p e t r o le u m  e th e r  ( b . p .  3 0 - 3 5 ° )  
g a v e  t h e  p u r e  c o m p o u n d s .  T h e  y ie ld s  in  T a b le  I I I  r e f e r  t o  
a n a ly t i c a l  s a m p le s .

T he R eaction  o f  T rim eth y l T h iob orate w ith  D iazoa lk an es’
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T h e  i n t e r a c t io n  o f  t r im e t h y l  th io b o r a te  w i th  s e v e ra l  d ia z o a lk a n e s  h a s  b e e n  s tu d ie d .  T r im e th v l  th io b o r a te  a n d  
d ia z o m e th a n e  le a d s  o n ly  t o  p o ly m e th y le n e  ; t r im e t h y l  th io b o r a te  r e a c t s  w i th  p h e n y ld ia z o m e th a n e  to  g iv e  m e th y l  
b e n z y l  su lf id e  a n d  trans-s t i lb e n e ;  t r im e t h y l  t h io b o r a te  r e a c t s  w i th  e th y l  d ia z o a c e ta te  t o  g iv e  e th y l  S -m e th y l -  
m e r c a p to a c e t a t e  a n d  d ie th y l  S - m e th y lm e r c a p to s u c c in a te ;  t r im e t h y l  th io b o r a te  r e a c t s  w -ith p h e n y lb e n z o y l-  
d ia z o m e th a n e  t o  g iv e  m e th y l  d ip h e n y l th io a c e ta te .  T h e s e  s e v e ra l  p r o d u c t s  a r e  r a t io n a l iz e d  in  t e r m s  o f  th e  
a l t e r n a t e  p a th w a y s  i l l u s t r a t e d  in  F ig . 1.

Numerous examples of the interaction of diazo
alkanes, principally diazomethane, with inorganic com
pounds have been reported in the literature.3 In 
some cases the inorganic compound undergoes methyl- 
enation with diazomethane as, for example, stannic 
chloride which reacts to form various chloromethyl 
derivatives; e.g., ClCH2SnCl3.4 In other cases the 
inorganic material acts as a polymerization catalyst as, 
for instance, the trialkylborons, the trialkyl borates, 
and the boron halides,5 the main action on diazometh
ane being to form polymethylene.6 The present work 
extends the list of boron compounds reactive toward

(1) This work was supported, in part, by grant no. CA 03275 from the 
Cancer Division of the National Institutes of Health.

(2) Postdoctoral research associate 1961-62 on leave of absence from 
School of Liberal Arts, Kyoto University, Kyoto, Japan.

(3) D. Seyferth, C h e m .  R e v . ,  55, I loo (1955).
(4) A. Ya. "Yakubovich, S. P. Makarov, and G. I. Gavrilov, J .  G e n .  C h e m .  

U S S R ,  2 2 ,  1788 (1952); C h e m .  A b s t r . ,  47, 9257 (1953).
(5) H. Meerwein, A n g e w .  C h e m . ,  60, 78 (1948).
(6) Under special conditions, however, fluoromethylboron difluoride can 

be obtained from boron trifluoride and diazomethane [J. Goubeau and K. H. 
Rohwedder, A n n . ,  604, 168 (1957)].

diazo compounds to include trimethyl thioborate 
Although, in common with the boron compounds just 
mentioned, it induces polymerization of diazomethane, 
it reacts with substituted diazomethanes in several 
other ways, the nature of which depends upon the 
particular diazoalkane.

Trimethyl Thioborate and Diazomethane.—This 
reaction leads to the production of polymethylene, the 
catalytic action of trimethyl thioborate being rational
ized in terms of pathway A-A, (see Fig. 1) according to a 
recent suggestion.7 The tendency for the first-formed 
complex to react further with diazomethane rather than 
to undergo internal rearrangement must derive from 
the very great reactivity of the -CH2N2® moiety. 
If groups hindering the intermolecular reaction with 
additional molecules of diazo compound are attached 
to the diazonium center, the reaction may then take

(7) A. G. Davies, D. G. Hare, O. R. Klian, and J. Sikora, P r o c .  C h e m .  

S o c . ,  172 (1961).
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F ig . 1 .— R e a c t io n  p a th w a y s  fo r  t r im e t h y l  t h io b o r a te  a n d  d ia z o a lk a n e s .

alternative courses as illustrated by the following ex
amples.

Trimethyl Thioborate and Phenyldiazomethane.—
The major product from this reaction is methyl benzyl 
sulfide (I), isolated in ca. 40% yield, and its formation 
is rationalized by pathway B (see Fig. 1). A second 
product, isolated in smaller amount, has been identified
C6H6CHN, + (CH3S)3B — >-

ch3sch2c6h5 + c6h5ch= chc6h5 
I II

as ¿rans-stilbene. Phenyldiazomethane alone is known 
to produce stilbene, and it is, therefore, uncertain in the 
present case whether or not the trimethyl thioborate is 
involved in its formation. A reasonable mechanism 
implicating the boron compound is illustrated by path
way A-A2 in which the first-formed complex reacts inter- 
molecularly with a second mole of phenyldiazomethane 
(path A—similar to the second step in the diazo
methane polymerization) to give an intermediate which 
then achieves stabilization along an intramolecular 
pathway (path A2).

Trimethyl Thioborate and Ethyl Diazoacetate.—The
major product from the reaction of trimethyl thioborate 
with ethyl diazoacetate is ethyl S-methylmercapto- 
acetate (III), and its formation can be rationalized, as 
in the previous example, by pathway B (see Fig. 1). 
The second product, however, is not diethyl fumarate
N2CHC02C2H6 + (CH3S)3B —>

ch3sch2co2c2h6 + ch3schco2c2h5 
ch2co,c2h5

I I I  I V

(pathway A-A2) but diethyl S-methylmercaptosuccinate
(IV), the formation of which is rationalized by pathway 
B-Bi (a possible alternative is pathway A-A3).

Trimethyl Thioborate and Phenylbenzoyldiazometh- 
ane.—In this case still another possibility arises, viz., 
rearrangement of the diazo compound itself, and it is 
this course that appears to be preferred. Thus, from 
trimethyl thioborate and phenylbenzoyldiazomethane 
the major product isolated is methyl diphenylthioace-

tate (V). That it probably forms via diphenylketene as 
an intermediate [via path C (see Fig. 1)] was demon
strated by treating diphenylketene with trimethyl 
thioborate and isolating V as the major product.

C,H6COC(N,)C«H5 •—> (0„H6)20  C O
( i)  ( c m s L B  
------------------ >(2) mo

o
/(C6H5)2CHC
\

sch3
V

The reaction pathway presented in Fig. 1 indicates 
the last step in the sequences to be a hydrolysis in 
which a C-B bond undergoes cleavage. This is a con
version which ordinarily requires fairly strenuous con
ditions as, for example, benzylboronic acid which 
undergoes C-B cleavage with hot 5% sodium hydroxide 
solution.8 The conditions of hydrolysis in the present 
instances are much milder, and if Fig. 1 is a correct 
portrayal of the reaction course it  must be accepted that 
the hydrolysis proceeds with unexpected facility in these 
cases. The hydrolysis of the intermediate from phenyl
diazomethane and trimethyl thioborate, to take a 
specific example, may progress in the following fashion.
CfiH5CHSCH mo C6H5CHSCH3 mo

B ( S C H 3)2 B ( O H ) 2
e

C 6H 6C H S C H 3 C s H sC H S C H a

H — O — B ( O H ) 2  >  H
I e  \ ®

H  O ^ B ( O H ) 2
/

H
B ( O H ) ,  +  C 6H 5C H 2S C H 3 - i-------1

According to this mechanism the ease of cleavage of the 
C-B bond can be related to the ability of the carbon 
atom of this bond to support a negative charge. That 
divalent sulfur has the capability of stabilizing an 
adjacent carbanionic center has been demonstrated in

(8) J. R. Johnson, M. G. Van Campen, and O. Grummitt, J .  A m .  C h e m .  

S o c . ,  60, 111 (1938).
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several instances,9 and it may be this factor that is 
responsible for the facile cleavage in these cases.

Experimental10
T r i m e t h y l  t h io b o r a te  w a s  p r e p a r e d  b y  th e  r e a c t io n  o f  le a d  

m e th y l  m e r e a p t id e  a n d  b o r o n  t r ib r o m id e 11 a n d  w a s  o b ta in e d  a s  a  
c o lo r le s s  o il w i th  b . p .  2 0 5 - 2 0 8 °  (7 5 0  m m .) ,  1 0 1 -1 0 3 °  (2 0  m m .)  
( r e p o r te d  m .p .  2 0 5 - 2 0 8 ° 9, 1 0 1 .1 °  (1 7 .7  m m . ) 12).

Trimethyl Thioborate and Diazomethane.— A  s o lu t io n  o f  9 .4  g . 
(0 .2 2  m o le )  o f  d ia z o m e th a n e  [ p re p a re d  b y  b a s e - c a ta ly z e d  d e 
c o m p o s it io n  o f  N ,N '- d i n i t r o s o - N ,N '- d im e t h y l t e r e p h t h a l a m i d e  
( D u  P o n t  E X R - 1 0 1 ) ,  r e d is t i l le d ,  a n d  d r ie d  o v e r  p o ta s s iu m  h y 
d ro x id e  a n d  s o d iu m ]  in  2 0 0  m l .  o f d r y  e th e r  w a s  a d d e d ,  o v e r  a  
p e r io d  o f  2  h r . ,  t o  a  s t i r r e d  a n d  co o le d  ( — 45 t o  — 5 5 ° )  s o lu t io n  
c o n ta in in g  1 1 .0  g . (0 .0 7 2  m o le )  o f  t r im e th y l  t h io b o r a te  in  100 
m l. o f  d r y  e th e r .  T h e  r e a c t io n  m ix tu r e  w a s  a llo w e d  to  w a rm  to  
ro o m  t e m p e r a t u r e  a n d  to  s t a n d  o v e r n ig h t .  F i l t r a t i o n  y ie ld e d
2 .6  g .  ( 8 4 %  b a s e d  o n  d i a z o m e th a n e )  o n  a  n o n v o la t i l e ,  e th e r -  
in s o lu b le  w h i te  p o w d e r  a s s u m e d  to  b e  p o ly m e th y le n e ,  a n d  e v a p o 
r a t i o n  o f  t h e  e th e r  s o lu t io n  a n d  d i s t i l la t io n  o f  t h e  r e s id u e  y ie ld e d  
u n c h a n g e d  t r im e t h y l  t h io b o r a te .

Trimethyl Thioborate and Phenyldiazomethane.— A  s o lu t io n  
c o n ta in in g  9  g . (0 .0 7 6  m o le )  o f p h e n y ld ia z o m e th a n e  ( p r e p a r e d  
f ro m  p h e n y lb e n z o y ld ia z o m e th a n e  b y  t h e  m e th o d  o f  Y a te s  a n d  
S h a p i r o 13) in  100 m l .  o f  a n h y d r o u s  e th e r  w a s  a d d e d ,  o v e r  a  
p e r io d  o f  100  m i n . ,  t o  a  s o lu t io n  o f  5 .2  g . ( 0 .0 3 4  m o le )  o f  t r im e h y l  
t h io b o r a te  in  5 0  m l .  o f  a n h y d r o u s  e th e r  c o o le d  t o  —3 0 ° .  T h e  
e th e r  w a s  t h e n  r e m o v e d  b y  e v a p o r a t io n ,  t h e  r e s id u e  w a s  t r e a t e d  
w i th  2 0 0  m l. o f 5 %  s o d iu m  h y d r o x id e  s o lu t io n ,  a n d  th e  m ix tu re  
w a s  re f lu x e d  f o r  3 0  m in .  E x t r a c t i o n  w i th  e th e r ,  r e m o v a l  o f  t h e  
e th e r  b y  e v a p o r a t io n ,  a n d  d is t i l l a t io n  o f t h e  r e s id u e  y ie ld e d  3 .9  
g . ( 3 6 %  b a s e d  o n  p h e n y ld ia z o m e th a n e )  o f  m a t e r i a l  w i th  b .p .  
8 9 - 9 2 °  (1 5  m m .) ,  id e n t i f ie d  a s  m e th y l  b e n z y l  su lf id e  b y  c o m p a r i 
s o n  w i th  a n  a u th e n t i c  s a m p le  p r e p a r e d  f ro m  b e n z y l  c h lo r id e  a n d  
le a d  m e th y l  m e r e a p t id e .  T h e  s t i l l  r e s id u e  w a s  r e c r y s ta l l iz e d  
f ro m  e th a n o l  t o  y ie ld  1 .0  g . ( 7 % )  o f p a le  y e llo w  c r y s t a l s ,  m .p .
1 2 1 .5 - 1 2 4 °  (1 2 4 -1 2 5 °  a f t e r  a  s e c o n d  r e c r y s ta l l i z a t io n ) ,  id e n t i f ie d  
a s  ira m s-s ti lb e n e  b y  c o m p a r is o n  w i th  a n  a u th e n t i c  s a m p le ,  m .p .
1 2 4 - 1 2 5 ° .

Trimethyl Thioborate and Ethyl Diazoacetate.— A  s o lu t io n  o f
1 9 .2  g .  ( 0 .1 7  m o le )  o f  e th y l  d ia z o a c e ta te  in  50  m l .  o f  p e t r o le u m  
e th e r  ( b . p .  3 3 - 3 6 ° ,  d r ie d  o v e r  s o d iu m )  w a s  a d d e d ,  o v e r  a  p e r io d  
of 2 0  m i n . ,  t o  a  s t i r r e d  s o lu t io n  c o n ta in in g  1 0 .2  g . (0 .0 0 6 7  m o le )  
o f  t r im e t h y l  th io b o r a te  in  50  m l .  o f  d r y  p e t r o le u m  e th e r ,  th e  
r e a c t io n  b e in g  c a r r ie d  o u t  a t  ro o m  t e m p e r a t u r e .  D u r in g  th e  
a d d i t i o n ,  t h e  s o lv e n t  r e f lu x e d  r a t h e r  v ig o r o u s ly  f ro m  t h e  h e a t  of 
t h e  r e a c t io n .  T h e  m ix tu r e  w a s  th e n  co o le d  to  ro o m  t e m p e r a t u r e ,  
t r e a t e d  w i th  5 0  m l .  o f s a t u r a t e d  s o d iu m  c h lo r id e  s o lu t io n ,  a n d  
e x t r a c t e d  w i th  e th e r .  A f te r  w a s h in g  w i th  1 0 %  s o d iu m  c a r b o n 
a t e  s o lu t io n  a n d  d r y in g  o v e r  a n h y d r o u s  m a g n e s iu m  s u l f a te ,  th e  
e t h e r  w a s  r e m o v e d  a n d  th e  r e s id u e  w a s  d is t i l le d  t o  g iv e  6 .1  g . 
( 2 8 %  b a s e d  o n  e t h y l  d ia z o a c e ta te )  o f e th y l  S -m e th y lm e r c a p to -  
a c e t a t e  w i th  b . p .  6 2 .5 - 6 4 °  (1 3  m m .) ,  0 .7  g . o f a  m id d le  f r a c t io n  
w i th  b . p .  6 5 - 1 3 6 °  (1 3  m m .) ,  a n d  1 .5  g . ( 8 % )  o f  d i e th y l  S -m e th y l -  
m e r c a p to s u c c in a te  w i th  b . p .  1 3 7 °  (1 3  m m .) .  T h e  lo w e r  b o i l in g  
f r a c t io n  w a s  id e n t i f ie d  b y  a n  in f r a r e d  s p e c t r a l  c o m p a r is o n  w i th  a n  
a u th e n t i c  s a m p le  a n d  b y  a  m e l t in g  p o i n t  c o m p a r is o n  o f i t s  p- 
to lu id id e ,  m . p .  1 0 2 - 1 0 3 ° ,  w i th  a n  a u t h e n t i c  s a m p le ,  m . p .  1 0 2 -

(9) C. C. Price and S. Oae, “ Sulfur Bonding,” The Ronald Press Co., New 
York, N. Y., 1962, p. 55-60.

(10) All melting points are corrected; all boiling points are uncorrected. 
Microanalyses were performed by Dr. J. Szcek’e laboratory :n Vienna, 
Austria.

(11) J. Goubeau and H. W. Whittmeier, Z .  a n o r g .  a l l g e m .  C h e m . ,  270, 16 
(1952).

(12) L. L. Petterson, R. J. Brotherton, and J. L. Boone, J .  O r g .  C h e m . ,  26, 
3030 (1961).

(13) P. Yates and B. L. Shapiro, i b i d . ,  23, 759 (1958).

1 0 3 °  ( n e a t  a n d  a d m ix e d ) .  T h e  h ig h e r  b o i l in g  f r a c t i o n  w a s  
id e n t i f ie d  b y  i t s  a n a ly s is ,  b y  a n  in f r a r e d  c o m p a r is o n  w i t h  a  
s a m p le  s y n th e s iz e d  b y  a n  a l t e r n a t e  r o u t e ,  a n d  b y  i t s  h y d r o ly s i s  
t o  t h e  k n o w n  S -m e th y lm e r c a p to s u c c in ic  a c id .

Anal. C a lc d .  f o r  C hH i60 , iS :  C ,  4 9 .0 9 ;  H ,  7 .2 7 .  F o u n d :  
C ,  4 8 .9 6 ;  H ,  7 .0 8 .

T h is  w as  e f fe c te d  b y  t r e a t m e n t  o f a  0 .5 5 -g . s a m p le  o f  t h e  e s te r  
w i th  a lc o h o lic  p o ta s s iu m  h y d r o x id e  fo r  6  h r . 11 T h e  c r u d e  p r o d 
u c t  w a s  r e c r y s ta l l iz e d  f ro m  b e n z e n e - a c e to n e  t o  y ie ld  0 .2 0  g . 
( 4 5 % )  o f  S -m e th y lm e r c a p to s u c c in ic  a c id ,  m .p .  1 3 1 - 1 3 4 ° .  
F u r t h e r  r e c r y s ta l l i z a t io n  o f t h e  l a t t e r  p r o v id e d  m a te r i a l  w i th  
m .p .  1 3 4 -1 3 6 °  ( r e p o r t e d 16 m .p . 1 3 6 .8 ° ) .  A n  a l t e r n a t e  s y n th e s i s  o f 
d ie th y l  S -m e th y lm e r c a p to s u c c in a te  w a s  a c h ie v e d  b y  t r e a t i n g
3 3 .0  g . (0 .3 3  m o le )  o f m a le ic  a n h y d r id e  d is s o lv e d  in  3 0  m l.  o f 
w a te r  c o n ta in in g  3 .0  g . o f  p o ta s s iu m  h y d r o x id e  a n d  h e a t e d  to
9 6 - 9 8 °  w i th  m e th y l  m e r c a p ta n  b u b b le d  in  o v e r  a  p e r io d  o f  3  h r . 16 
T h e  r e s u l t in g  p r o d u c t  ( ca. 27  g .)  w a s  r e f lu x e d  fo r  1 h r .  w i t h  4 0  g . 
(0 .3 3  m o le )  o f  t h io n y l  c h lo r id e .  A f te r  r e m o v a l  o f t h e  ex ce ss  
r e a g e n t ,  t h e  r e s id u e  w a s  t r e a t e d  w i th  100 m l. o f  ic e -c o ld  e th y l  
a lc o h o l .  D is t i l l a t io n  o f t h e  r e s u l t in g  p r o d u c t  y ie ld e d  1 3 .5  g . 
( 1 9 % )  o f a  c o lo r le s s  l iq u id ,  b .p .  8 2 - 8 4 °  ( 0 .2  m m .) .  A n  in f r a r e d  
s p e c t r a l  c o m p a r is o n  s h o w e d  th i s  t o  b e  id e n t ic a l  w i th  t h e  h ig h e r  
b o i l in g  f r a c t io n  d e s c r ib e d  p r e v io u s ly .  B y  h y d r o ly s is  o f  t h e  e s te r  
w i th  c o ld  a lc o h o lic  p o ta s s iu m  h y d r o x id e  S -m e th y lm e r c a p to s u c 
c in ic  a c id ,  m .p .  1 3 4 -1 3 6 ° , w a s  o b ta in e d .

Trimethyl Thioborate and Phenylbenzoyldiazomethane.— A  
s o lu t io n  o f 6 .1 2  g .  (0 .0 0 4  m o le )  o f t r im e th v l  th io b o r a te  in  100 m l .  
o f a b s o lu te  e th e r  w a s  m ix e d  w i th  a  s o lu t io n  o f 6 .2 5  g .  (0 .0 0 2 8  
m o le )  o f  p h e n y lb e n z o y ld ia z o m e th a n e  in  3 0 0  m l .  o f a b s o lu te  
e th e r .  L i t t l e  if  a n y  r e a c t io n  to o k  p la c e  a t  r o o m  t e m p e r a t u r e ,  
a n d  t h e  m ix tu r e  w a s  re f lu x e d  fo r  20  h r .  I t  w a s  t h e n  c o o le d  in  a n  
ic e  b a t h ,  t r e a t e d  w i th  3 0 0  m l .  o f  5 %  s o d iu m  h y d r o x id e  s o lu t io n ,  
a n d  s t i r r e d  f o r  10 m in .  W o r k in g  u p  in  th e  u s u a l  m a n n e r  g a v e
6 .3 7  g . o f  c r u d e  m a te r ia l  a s  a  s e m is o l id  w h ic h ,  u p o n  c r y s ta l l i z a t io n  
f ro m  e th a n o l ,  y ie ld e d  2 .0 0  g . ( 2 9 .5 %  b a s e d  o n  p h e n y lb e n z o y l 
d ia z o m e th a n e )  o f  m e th y l  d i p h e n y l th io a c e t a t e , m . p .  8 6 - 9 0 ° .  
A d d i t io n a l  r e c r y s ta l l i z a t io n  f ro m  e th a n o l  p r o v id e d  c o lo r le s s  
p l a t e s ,  m .p .  9 0 - 9 2 ° .

Anal. C a lc d .  f o r  C u H u O S :  C ,  7 4 .3 8 ;  H ,  5 .7 8 .  F o u n d ;  
C ,  7 4 .3 5 ;  H ,  5 .9 3 .

T h e  m e th y l  d ip h e n y l th io a c e t a t e  w a s  c h a r a c te r iz e d  b y  h y d r o l 
y s is  a n d  b y  c o m p a r is o n  w i th  a  s a m p le  p r e p a r e d  b y  a n  in d e p e n d 
e n t  r o u t e .  B a s e - c a ta ly z e d  h y d r o ly s is  y ie ld e d  d ip h e n y la c e t ic  
a c id ,  id e n t ic a l  b y  m ix tu r e  m e l t in g  p o in t  ( 1 4 6 - 1 4 8 ° )  w i th  a n  
a u th e n t i c  s a m p le ,  a n d  m e th y l  m e r c a p ta n .  T h e  l a t t e r  w a s  
c h a r a c te r iz e d  a s  l - m e th y lm e r c a p to - 2 ,4 - d in i t r o b e n z e n e ,  m . p .  1 2 5 -  
1 2 7 °  ( r e p o r t e d 17 m .p . 1 2 8 ° )  o b ta in e d  b y  t r e a t m e n t  w i th  1 -c h lo ro -
2 ,4 -d in i t r o b e n z e n e .  A n  in d e p e n d e n t  s y n th e s is  o f m e t h y l  d i 
p h e n y l th io a c e t a t e  w a s  a c h ie v e d  b y  t r e a t i n g  d ip h e n y la c e ty l  c h lo 
r id e  w i th  m e th y l  m e r c a p ta n .  T h e  r e s u l t in g  p r o d u c t  w a s  s h o w n  
b y  m ix tu r e  m e l t in g  p o i n t  ( 9 0 - 9 2 ° )  t o  b e  id e n t ic a l  w i th  t h a t  
i s o la te d  f ro m  t h e  r e a c t io n  m ix tu r e  d e s c r ib e d  p r e v io u s ly .

Trimethyl Thioborate and Diphenylketene.— T o  a  s o lu t io n  o f
6 .0 0  g . (0 .0 3 1  m o le )  o f d ip h e n y lk e te n e  in  2 0 0 m l .  o f  d r y  e th e r  w a s  
a d d e d  a  s o lu t io n  o f 6 .0 0  g . (0 .0 3 9  m o le )  o f t r im e t h y l  t h i o b o r a te  in  
100 m l .  o f  d r y  e th e r .  T h e  m ix tu r e  w a s  r e f lu x e d  f o r  2 5  h r .  in  a n  
a tm o s p h e r e  o f  n i t r o g e n ,  c o o le d  in  ic e , t r e a t e d  w i th  4 0 0  m l .  o f  5 %  
s o d iu m  h y d r o x id e  s o lu t io n ,  s t i r r e d  fo r  10 m in . ,  a n d  W o rk e d  u p .  
F r o m  t h e  b a s e -s o lu b le  f r a c t io n  th e r e  w a s  o b ta in e d  2 .9 1  g .  o f 
c r u d e  m a te r ia l  c o m p r is e d  m a in ly  o f d ip h e n y la c e t ic  a c id ,  m .p .  
1 4 4 -1 4 6 °  a f t e r  r e c r y s ta l l i z a t io n .  T h e  n e u t r a l  f r a c t io n  c o n s i s te d  
o f  4 .1 2  g . o f s o lid  f ro m  w h ic h  2 .2 6  g .  ( 2 8 .5 % )  o f m e th y l  d ip h e n y l 
t h i o a c e t a t e  w a s  o b ta in e d ,  m .p .  8 4 - 8 7 ° .  F u r t h e r  r e c r y s t a l l i z a 
t io n  f ro m  e th a n o l  r a is e d  th e  m e l t in g  p o in t  t o  8 9 - 9 1 ° .

(14) V. C. Barry, L. O’Rourke and D. Twomey, I 3r o c .  R o y .  I r i s h  A c a d . ,  

51, 223 (1947); C h e m .  A b s t r . ,  42, 4134a (1948).
(15) T. Kaneko and S. Mii, ./. C h e m .  S o c .  J a p a n ,  59, 1382 (1938).
(16) U. S. Patent 2,581,514 (1952); C h e m .  A b s t r . ,  47, 4363 (1952).
(17) R. W. Bost, J. O. Turner, and R. D. Norton, J .  A m .  C h e m .  S o c . ,  54, 

1896 (1932).
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N itra tio n s w ith  A cetyl N itra te . IV. T h e F orm ation  and  R eaction s o f  /3-Nitro 
A ceta tes from  1 -P h en ylcycloh exen e and 1 -P h en y lcy c lo p en ten e1

F r e d e r ic k  G . B o r d w e l l  a n d  E d g a r  W . G a r b is c h , J r .

Chemistry Department, Northwestern University, Evanston, Illinois 

Received July SO, 1962

O f t h e  tw o  is o m e r ic  /3 -n itro  a c e t a t e s  fo rm e d  b y  n i t r a t i o n  o f  1 - p h e n y le y c lo h e x e n e , t h e  m a jo r  is o m e r  w a s  s h o w n  
b y  r e d u c t io n  t o  h a v e  t h e  N 0 2 a n d  O A c g r o u p s  trans t o  o n e  a n o th e r .  T h e  m o re  r a p id  r e a r r a n g e m e n t  o f t h e  t y p e ,
( N H 2, O A c ) —► ( N H A c , O H ) ,  o b s e rv e d  f o r  t h e  r e d u c t io n  p r o d u c t  f ro m  th e  m in o r  i s o m e r  s u p p o r t s  t h e  cis a s s ig n 
m e n t  m a d e  t o  i t .  H y d r o g e n o ly s is  o f  t h e  C - 0  b o n d  in  t h e  a m in o  a lc o h o l d e r iv a t iv e s  w i th  R a n e y  n ic k e l  w a s  
f o u n d  t o  o c c u r  w i th  inversion o f  c o n f ig u ra t io n  f o r  C - O A c  c o m p o u n d s  a n d  w i th  retention o f c o n f ig u ra t io n  fo r  
C - O H  c o m p o u n d s . B a s e - c a ta ly z e d  e l im in a t io n  o c c u r r e d  m o re  r a p id ly  w i th  t h e  trans /3 -n itro  a c e t a t e  (cis e l im in a 
t i o n )  t h a n  w i th  t h e  cis /3 -n itro  a c e t a t e  ( trans e l im in a t io n ) .  T h is  r e s u l t  is  r a t io n a l iz e d  in  t e r m s  o f a  c a r b a n io n  
m e c h a n is m . T h e  n i t r a t i o n  o f  1 - p h e n y lc y e lo p e n te n e  le d  t o  a  s in g le  /3 -n itro  a c e t a t e  w h ic h  w a s  s h o w n  t o  h a v e  
t h e  n i t r o  a n d  a c e to x y  g r o u p s  in  a  trans c o n f ig u ra t io n .

The study of the products formed in the reaction of 
alkenes with acetyl nitrate in acetic anhydride solution2 
now has been extended to 1-phenylcyclohexene and
1-phenylcyclopentene. When 1-phenylcyclohexene was 
nitrated under the usual conditions3 and the products 
separated by chromatography, the successive fractions 
consisted of about 10% of nitroalkenes (mostly uncon
jugated), 49% of d-nitro acetate (I), and 1(3% of /3-nitro 
acetate (II).

Electrolytic reduction of I gave a 75% yield of a 
/3-amino acetate, isolated as its hydrochloride. A 53% 
yield of the same amine acetate hydrochloride was 
obtained in a reduction carried out with Raney nickel 
in absolute ethanol. Neutralization of this hydro
chloride with aqueous potassium carbonate, followed 
by standing overnight in contact with the solvent, 
brought about a rearrangement of the amine acetate to 
an acetamido alcohol, m.p. at 164-165°; this is the melt
ing point reported4 for 2-ace tarn i do-lrans-1 -hy d roxy-1- 
phenylcyclohexane.5 The same compound was ob
tained by acetylating the amine acetate hydrochloride 
to form the N-acetyl O-acetyl derivative followed by 
selective hydrolysis erf the ester link. By benzoylation 
of the amine acetate hydrochloride the N-benzoyl
O-acetyl derivative was obtained; this was then hydro
lyzed to the N-benzoyl derivative, m.p. 155-156°. 
Curtin and Schmulker4 report m.p. 157-158° for 2- 
benzamido-frons-l-hydroxy-l-phenylcyclohexane.

The infrared, spectrum of II resembled that of I 
closely, but some differences were apparent (see Experi
mental). Treatment of either isomer with sulfuric 
acid in acetic anhydride or with alcoholic potassium 
hydroxide at room temperature resulted in the elimina
tion of a molecular of acetic acid and the formation of

(1) Abstracted from the Ph.D. dissertation of Edgar W, Garbisch, Jr., 
submitted to Northwestern Uhiversity, August, 1961.

(2) See F. G. Bordwell and E. W. Garbisch, Jr., J .  O r g .  C h e m . ,  27, 3049 
(1962), for pa£»er III  in  this series.

(3) F. G. Bordwell and E. W. Garbisch, Jr., i b i d . ,  27, 2322 (1962).
(4) D. Y. Curtin and S. Schmulker, J .  A m .  C h e m .  S o c . ,  77, 1105 (1955).
(5) The terihs c i s  and t r a n s  cannot be used unambiguously in such names 

unless some sort of convention is adopted. In  this paper the first function 
mentioned in the name (as decided by the alphabetical order) is always used 
as the point of reference. The designation c i s  or t r a n s  refers to the relation
ship of the second function mentioned relative to this reference. The stereo- 
relationship of the third function is also made obvious in this way. For 
example, the name 2-acetamido-irons-l-hydroxy-l-phenylcyclohexane shows 
tha t the acetamido and hydroxyl groups are t r a n s  to one another; it follows 
that the acetamido group is c i s  to the phenyl group. (The compound could 
also have been named 2-acetamido-cis-l-phenylcyclohexanol.) This con
vention,- is essentially that introduced by Epstein and Rossini for naming 
geometric isomers of polyalkyl monocycloalkanes (see the American Chem
ical Society Nomenclature Committee report in C h e m .  E n g .  N e w s ,  28, 1842 
(1950)].

6-nitro-l-phenylcyclohexene (IV). These data indi
cate that isomers I and II are related as cis-lrans 
isomers.

Reduction of II electrolytically, under the conditions 
used for I, gave a product that was difficult to char
acterize. Reduction with Raney nickel wras successful, 
but the product proved to be the N-acetyl, rather than 
the O-acetyl derivative.

The results may be summarized as shown in Chart 1 
in which structure assignments are given.

I  ( 7 5 % )
1 - A c e to x y -Z ra n s -2 -n it ro -1- 
p h e n y lc y c lo h e x a n e

1. H . (Raney nickel) 
v 2. HC1

I I  ( 2 5 % )
l - A c e to x y -c is - 2 -n i t r o -
1 - p h e n y lc y c lo h e x a n e

H2 (Raney nickel)

2 - a c e ta m id o -c ts - 1 -h y d ro x y -1  - 
p h e n y lc y c lo h e x a n e  ( 5 9 %  y ie ld ,  
m . p . 1 3 0 -1 3 1 ° )

2 -A c e ta m id o -Z ra re s - l-h y d ro x y - l-  
p h e n y lc y c lo h e x a n e ;  m .p . 1 6 4 -1 6 5 °  
( r e p o r te d  m .p .4 1 6 6 .5 -1 6 7 ° )

C h a r t  1
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Since the amino and hydroxyl groups in the com
pound prepared by the action of ammonia on 1-phenyl- 
cyclohexene oxide4 almost certainly bear a trans rela
tionship to one another, the structure of the reduction 
product from I is established as having a trans configura
tion. Since reduction of the nitro group to amino 
under these conditions has been shown to occur with 
retention of configuration,6 a trans relationship for the 
acetoxy and nitro group in I is established, and a cis 
relationship for these groups in II is indicated.

The rearrangements, (NH2, OAc) —► (NHAc, OH), 
observed with the reduction products from both isomers 
I and II, presumably both occur by intramolecular 
mechanisms. The rearrangement required several 
hours for the reduction product from I, whereas with 
the reduction product from II it was much more rapid, 
being complete by the end of the reduction. This 
difference in the ease of rearrangement is consistent 
with the structures assigned, since it is known that 
oxygen to nitrogen acyl migration is more rapid in cis 
(axial-equatorial) than in trans (equatorial-equatorial) 
systems of this type.7

The nitration of 1-phenylcyclopentene gave 34% 
of nitro alkenes and 40% of a single (¡-nitro acetate. 
The latter was reduced electrolytically to an acetate 
amine hydrochloride in 68% yield. This was identified 
as l-acetoxy-frcms-2-amino-l-phenylcyclopentane hy
drochloride by establishing the identity of its N-benzoyl 
amino alcohol derivative with a comparable derivative 
derived from the amino alcohol produced by the reac
tion of aqueous ammonia with 1-phenylcyclopentene 
oxide.

It is apparent from the previous discussion that the 
major isomer formed from the nitration of either
1-phenylcyclohexene or 1-phenylcyclopentene has the 
nitro and acetoxy groups in a trans relationship to one 
another. This corrects our earlier preliminary assign
ment,8 which was based on what turned out to be an 
unjustified assumption with respect to the hydrogen- 
olysis of the acetoxy group (following). It now appears 
that trans additions to C = C  bonds, such as those 
reported here, are about as common in acetyl nitrate 
additions as are cis additions. The factors determining, 
the stereochemistry in these reactions will be discussed 
further in a later paper.

Hydrogenolyses.—In an early attempt at structure 
assignment, I was hydrogenated in methanol containing 
sulfuric acid using a palladium-on-charcoal catalyst; 
these conditions led to hydrogenolysis of the acetoxy 
group. The product from the hydrogenolysis was 
identified as trans-2-phenylcyclohexylamine. Since pre
viously recorded hydrogenolyses of C -0  bonds were 
known to occur with retention of configuration,9 10 includ
ing a hydrogenolysis of the alcohol corresponding to one of 
the isomeric acetates expected as a product,4 retention 
of configuration was at first assumed to be the result 
in our experiments. This assumption proved to be an 
unfortunate one, since it led to incorrect structure 
assignments for the /3-nitro acetates formed from 1- 
phenylcyclohexene and from 1-phenylcyclopentene.8 
The configurational assignments made show that

(6) F. G. Bordwell and R. L. Arnold, J . O r g .  C h e m . ,  27, 4426 (1962).
(7) G. Fodor and J. Kiss, J .  A m . C h e m .  S o c . ,  72, 3495 (1950).
(8) F. G. Bordwell and E, W. Garbisch, Jr., i b i d . ,  82, 3588 (1960).
(9) W. A. Bonner, J. A. Zderic, and G. A. Casalette, i b i d . ,  74, 5086 (1952); 

W. A. Bonner and J. A. Zderic, i b i d . ,  78, 3218 (1956).

hydrogenolysis of the C-0 bonds in both 1-acetoxy- 
¿rans-l-phenyl-2-nitrocyclohexane and 1-acetoxy-frans-
l-phenyl-2-nitrocyclopentane (or their reduction prod
ucts) occurs with inversion of configuration. In 
checking into the matter further it was found that 
hydrogenolysis of l-acetoxy-(ra?is-2-benzamido-l- 
phenylcyclohexane with Raney nickel in refluxing 
ethanol gave irans-2-benzamido-l-phenylcyclohexane 
(inversion of configuration). It is remarkable that 
the corresponding alcohol undergoes hydrogenolysis 
with retention of configuration.4 Similarly, it was 
observed that l-acetoxy-ria?is-2-benzamido-l-phenyl- 
cyclopentane gave ¿rans-2-benzamido-l-phenylcyclopen- 
tane with Raney nickel in refluxing alcohol (inversion).1(1

n h c o c 6h 5 n h c o c 6h 5

H y d r o g e n o ly s is  w i th  in v e r s io n  ( 7 2 % )

H y d r o g e n o ly s is  w i th  r e t e n t i o n  ( 7 8 % )

Approximate pseudo first-order rates of elimination 
of acetic acid from I and II, as initiated by reaction 
with piperidine in chloroform-ethanol solution, were 
determined by following the disappearance of the 5.70- 
n carbbriyl stretching frequency. The rate of elimina
tion from l-acetoxy-frans-2-nitro-l-phenylcyclohexane 
(an apparent cis elimination) was found to be about 
four times as rapid as from l-acetoxy-cfs-2-nitro-l- 
phenylcyclohexane (a trans elimination). Since, when 
the hydrogen atoms involved in the elimination are of 
compafably acidity, trans elimination is Usually much 
faster than cis elimination, this result suggests that 
elimination is proceeding by way of a carbanion inter
mediate wherein proton abstraction is the rate deter
mining step. Assuming that the molecules react in the 
conformations shown, the lower reactivity of the cis

(A)
(-OAc")
(fast)

ocNO, B:

I I I I V

(10) S. Mitsui and: S. Imaizumi, B u l l .  C h e m .  S o c .  J a p a n ,  34, 774 (1961), 
recently also have observed hydrogenolyses of benzyl acetates which occur 
with inversion of configuration, whereas tbe corresponding alcohols undergo 
hydrogenolysis with retention of configuration.
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isomer may be attributed to a relatively greater steric 
hindrance to the approach of the base to the axial 
hydrogen atom a to the nitro group during car- 
banion formation.

Zimmerman11 has found recently in a study of the 
protonation of a carbanion intermediate identical in 
structure to (A), except that the OAc group was re
placed by H, that proton donors approached preferen
tially so as to place the proton in an equatorial rather 
than an axial position. One would then expect, by the 
principle of microscopic reversibility, that proton ab
straction to form the carbanion would also occur so as 
to remove an equatorial hydrogen atom in preference 
to an axial hydrogen atom. This is what we have 
observed.

Elimination of acetic acid from the nitro acetates 
could be effected with either acid or base catalysis. 
With sulfuric acid in acetic anhydride, either I or II 
gave 6-nitro-l-phenylcyclohexene (IV), and 2-nitro-l- 
phenylcyclopentyl acetate gave 5-nitro-l-phenylcyclo- 
pentene. With one mole of sodium methoxide in 
methanol, I gave a mixture of about 85% of 2-nitro-l- 
phenylcyclohexene (III) and 15% of 6-nitro-l-phenyl
cyclohexene (IV), judging from an infrared analysis. 
In the presence of 15% alkali, IV was the sole product.
2-Nitro-l-phenylcyclopentyl acetate gave 2-nitro-l- 
phenylcyclopentene with triethylamine in dioxane. 
Equilibration of this nitroalkene with triethylamine in 
chloroform gave 5-nitro-l-phenylcyclopentene. In both 
the cyclohexene and cyclopentene series the more stable 
nitrocycloalkene is that of the type —C=C(C6H6)—C— 
N02. The lesser stability of the isomer containing the 
—C—C(C6H5)= C —N 02 system is noteworthy. Evi
dently the steric interference between the nitro group 
and the phenyl group in the latter system is such that 
neither can conjugate effectively with the carbon- 
carbon double bond. As a result the preferred position 
for the double bond is that where conjugation is with 
phenyl alone.

Experimental12
Nitration of 1-Phenyl cyclohexene. (¡-Nitro Acetates I and II.

— T h e  n i t r a t i o n  r e a g e n t  w a s  p r e p a r e d  b y  a d d in g  4 .5  g . (0 .0 5  
m o le )  o f  7 0 %  n i t r i c  a c id  t o  3 5  m l .  o f  a c e t ic  a n h y d r id e  a t  2 5 -  
3 0 ° 2, 3,8 T h e  r e s u l t in g  r e a g e n t  w a s  c o o le d  t o  — 2 0 °  a n d  th e n  4 .0  
g .  (0 .0 2 5  m o le )  o f  1 -p h e n y lc y c lo h e x e n e  in  10 m l .  o f  a c e t ic  a n h y 
d r id e  w a s  a d d e d .  T h e  t e m p e r a t u r e  ro s e  t o  0 ° ;  t h e  s o lu t io n  w a s  
t h e n  re c o o le d  to  —2 0 °  a n d  m a in t a in e d  a t  t h i s  t e m p e r a t u r e  f o r  5 
m in .  A f te r  t h i s  t im e ,  t h e  s o lu t io n  w a s  p o u r e d  in to  2 0 0  m l .  o f w a 
t e r  a n d  t h e  r e s u l t in g  m ix tu r e  w a s  s t i r r e d  u n t i l  t h e  e x c e s s  o f  a c e t ic  
a n h y d r id e  w a s  h y d r o ly z e d . T h e  p r o d u c t  t h e n  w a s  e x t r a c t e d  w i th  
e th e r ,  t h e  e x t r a c t  w a s  w a s h e d  w i th  d i l u t e  s o d iu m  b ic a r b o n a te  a n d  
w a te r ,  a n d  f in a l ly  d r ie d  o v e r  c a lc iu m  c h lo r id e .  T h e  e t h e r  w a s  
e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e . T h e  c r u d e  n i t r a t i o n  p r o d u c t  
( in f r a r e d  a n a ly s is  g a v e  t h e  r a t i o  o f  I  t o  I I  a s  a p p r o x im a te ly  3  t o  
1 w i th  a b o u t  7 %  c o n ta m in a t io n  b y  n i t r a t e  e s t e r 2) w a s  d is s o lv e d  
in  a  m in im u m  a m o u n t  o f  c h lo ro fo rm  a n d  t h e  s o lu t io n  p la c e d  o n  a  
3  X  70  c m . s i l ic a  g e l c o lu m n  s lu r r y  p a c k e d  w i th  4 %  o f  e t h e r  in  
h e x a n e . T h e  p r o d u c t  w a s  e lu t e d  w i th  e t h e r  in  h e x a n e  s o lu t io n s :  
6 2 0 0  m l .  o f  4 % ,  3 0 0 0  m l .  o f  5 % ,  a n d  3 0 0 0  m l .  o f  1 5 % . F i r s t  
c o l le c te d  w e re  f r a c t i o n s  c o n ta in in g  0 .5 3  g . ( 1 0 % )  of a  m ix tu r e  o f 
u n c o n ju g a te d  a n d  c o n ju g a t e d  n i t r o a lk e n e s  w i th  t h e  f o rm e r  p r e 
d o m in a t in g  ( b y  i n f r a r e d ) .  N e x t  w e re  c o l le c te d  f r a c t i o n s  c o n 
t a in in g  a  t o t a l  o f  3 .2 4  g .  ( 4 9 % )  o f  i s o m e r  I  ( m e l t in g  b e tw e e n  130° 
a n d  1 3 7 ° ) .  F r a c t io n s  c o n ta in in g  1 .0 5  g .  ( 1 9 % )  o f  i s o m e r  I I  
( m e l t in g  b e tw e e n  1 3 2 °  a n d  1 3 7 ° )  w e re  c o l le c te d  l a s t .

(11) H. E. Zimmerman and T. E. Nevins, .7. A m .  C h e m .  S o c . ,  79, 6559 
(1957).

(12) Microanalyses were by Hilda Beck.

l-Acetoxy-ira/iS-2-nitro-l-phenylcyclohexane (I) m e l te d  a t
1 3 7 - 1 3 7 .5 °  a f t e r  t h r e e  r e c r y s ta l l i z a t io n s  f r o m  e t h e r  in  h e x a n e ;  
i n f r a r e d  m a x im a  ( c h lo ro f o r m ) :  8 .0 5  ( s ) ,  9 ,0 4  ( m ) ,  1 0 .2 0  ( s ) ,
1 0 .9 5  ( m ) ,  1 1 .5 5  (w ) ,  a n d  1 1 .9 0  ( m )  n-

Anal. C a lc d .  f o r  C i4H l7N 0 4: C ,  6 3 .8 6 ;  H ,  6 .5 1 ;  N ,  5 .3 2 . 
F o u n d :  C ,  6 3 .4 8 ;  H ,  6 .4 4 ;  N ,  5 .5 5 .

l - A c e to x y -a '.s - 2 - n i t r o - l - p h e n y lc y c lo h e x a n e  ( I I )  m e l t e d  a t  1 3 7 -  
1 3 7 .5 °  a f t e r  t h r e e  r e c r y s t a l l i z a t i o n s  f ro m  e t h e r  i n  h e x a n e ;  i n f r a 
r e d  m a x im a  ( c h lo ro f r o m ) :  8 .8 0  ( m ) ,  1 0 .2 4  ( m ) ,  1 0 .3 4  ( m ) ,  a n d
1 1 .3 7  ( m )  n.

Anal. C a lc d .  fo r  C 14H I7N 0 4: C ,  6 3 .8 6 ;  H ,  6 .5 1 ;  N ,  5 .3 2 . 
F o u n d :  C ,  6 3 .7 7 ;  H ,  6 .2 4 ;  N ,  5 .5 7 .

Reductions of I. (a) Palladium-on-Charcoal-Catalyzed 
Hydrogenation.— A  m ix tu r e  o f  1 .0 0  g . (0 .0 0 3 8  m o le )  o f  I, 35  m l .  
o f  m e th a n o l ,  0 .7 0  g . o f  c o n c e n t r a t e d  s u lf u r ic  a c id ,  a n d  0 .6 0  g .  o f  
1 0 %  p a l la d iu m  o n  c h a r c o a l  w a s  s h a k e n  u n d e r  4 0  p . s . i .  o f  h y d r o 
g e n  a t  r o o m  t e m p e r a tu r e  f o r  2 .5  d a y s .  T h e  m ix tu r e  w a s  th e n  
f i l te r e d  in to  w a te r  (5 0  m l . )  a n d  t h e  f i l t r a t e  a g a in  f i l te r e d  in  o rd e r  
t o  r e m o v e  a  s m a ll  a m o u n t  o f  in s o lu b le  m a te r i a l .  T h e  r e s u l t in g  
a q u e o u s  f i l t r a t e  w a s  e x t r a c t e d  w i th  2 5  m l .  o f  e t h e r  a n d  t h e  e th e r  
e x t r a c t  d is c a rd e d .  T h e  a q u e o u s  l a y e r  w a s  m a d e  b a s ic  w i th  
a lk a l i  a n d  th e n  e x t r a c t e d  w i th  5 0  m l .  o f  e t h e r .  T h e  e x t r a c t  w a s  
d r ie d  o v e r  s o d iu m  s u l f a te  a n d  t h e  e th e r  t h e n  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e  t o  g iv e  0 .6  g .  ( 8 6 % )  o f  f r a n s -2 -p h e n y lc y c lo -  
h e x y la m in e  m e l t in g  a t  5 4 - 5 6 °  ( r e p o r t e d 13 m .p .  5 9 - 6 0 ° ) .  T h e  
N -b e n z o y l  d e r iv a t iv e  m e l te d  a t  1 8 1 °  ( r e p o r t e d 14 m .p .  1 8 1 ° ) .

(b) Electrolytic Reduction.— T h e  p r o c e d u r e  c lo s e ly  r e s e m b le d  
t h a t  d e s c r ib e d  b y  B r u c k n e r  a n d  F o d o r .15 A  s o lu t io n  o f  2 .6 3  g . 
0 .0 1  m o le )  o f  I  in  2 0  m l .  o f  a c e t ic  a c id ,  a n d  4 0  m l .  o f  a b s o lu te  
e th a n o l  w a s  p la c e d  in  a  2 5 0 -m l. b e a k e r  ( 7 .5 -c m . d i a m e te r ) ,  th e  
b o t to m  o f  w h ic h  w a s  c o v e re d  w i th  a b o u t  5 m m . o f  c le a n  m e r c u ry  
( c a th o d e  c o m p a r tm e n t ) .  T w o  a n d  a  h a l f  m i l l i l i te r s  o f  c o n c e n 
t r a t e d  h y d r o c h lo r ic  a c id  w a s  th e n  a d d e d .  A  4 .5 - c m . ( in s id e  d ia m 
e t e r )  p o r o u s  c y l in d e r  w a s  i n t r o d u c e d  a n d  h e ld  a b o u t  1 c m . a b o v e  
t h e  m e r c u r y  s u r f a c e .  T h e  p o r o u s  c y l in d e r  w a s  f ille d  t o  a p p r o x i 
m a te ly  t h e  le v e l o f t h e  s u r r o u n d in g  s o lu t io n  w i th  2 0 %  su lfu r ic  
a c id .  A  le a d  p l a t e  4 .2  c m . w id e  w a s  r e s t e d  o n  th e  b o t t o m  o f  t h e  
c y l in d e r  a n d  a  c u r r e n t  o f  2 .3  a m p .  w a s  p a s s e d  t h r o u g h  t h e  ce ll 
fo r  54  m in . ,  m a in ta in in g  t h e  r e a c t io n  t e m p e r a t u r e  a t  5 0 °  b y  
m e a n s  o f  e x te r n a l  c o o lin g . A f te r  th i s  t im e ,  t h e  c a th o d e  s o lu t io n  
w a s  s e p a r a te d  f ro m  t h e  m e r c u r y .  T h e  r e d u c t io n  a p p a r a t u s  w a s  
w a s h e d  w i th  e th a n o l ,  a n d  th e  w a s h in g s  a d d e d  t o  t h e  c a th o d e  s o lu 
t io n .  T h e  s o lv e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  o n  th e  
s t e a m  b a t h ;  t h e  l a s t  t r a c e s  o f  v o la t i l e  m a te r i a l  b e in g  r e m o v e d  u n 
d e r  1 m m . o f  p r e s s u re  a t  6 0  ° . T h e  c r u d e  s o lid  a m in e  h y d r o c h lo r id e  
w a s  d ig e s te d  w i th  20  m l .  o f  e t h y l  a c e t a t e  a n d  th e n  c o l le c te d  b y  fil
t r a t i o n  . T h e  s o lid  w a s  w a s h e d  w i th  e th y l  a c e t a t e  a n d  d r ie d  a t  6 0  ° 
t o  g iv e  2 .0 1  g . ( 7 5 % )  o f  l-acetoxy-irares-2-amino-l-phenylcyclo- 
hexane hydrochloride, m .p  2 1 0 - 2 1 2 °  d e c . A f te r  tw o  r e c r y s ta l l i 
z a t io n s ,  t h e  a m in e  h y d r o c h lo r id e  m e l te d  a t  2 1 5 °  d e c .

Anal. C a lc d .  fo r  C I4H 20C lN O 2: C ,  6 2 .3 3 ;  H ,  7 .4 7 ;  N ,
5 .1 9 . F o u n d :  C ,  6 2 .2 6 ;  H ,  7 .4 5 ;  N ,  5 .2 9 .

(c) Raney Nickel Hydrogenation.— A  m ix tu r e  o f  1 .3 2  g . 
(0 .0 0 5  m o le )  o f I ,  d is s o lv e d  in  3 0  m l .  o f  w a r m  e th a n o l ,  a n d  4 .0  g . 
o f  R a n e y  n ic k e l  ( W -2 ) 16 w a s  s h a k e n  u n d e r  4 0  p . s . i .  o f  h y d r o g e n  
f o r  3 5  m in .  T h e  m ix tu r e  w a s  t h e n  f i l te r e d  a n d  h y d r o c h lo r ic  
a c id  w a s  a d d e d  t o  th e  f i l t r a t e  u n t i l  a c id  t o  l i tm u s .  T h e  s o lv e n t  
t h e n  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  se m is o lid  
r e s id u e  d ig e s te d  w i th  15 m l .  o f  e th y l  a c e t a t e .  F i l t r a t i o n  g a v e  
0 .7 1  g .  ( 5 3 % )  o f  l - a c e to x y - f r a f i s -2 - a m in o - l -p h e n y lc y c lo h e x a n e  
h y d r o c h lo r id e ,  m .p .  2 0 8 -2 0 9 °  d e c .  A  m ix tu r e  m e l t in g  p o in t  
w i th  t h e  a m in e  h y d r o c h lo r id e  o f  t h e  e le c t r o ly t i c  r e d u c t io n  w a s
2 0 8 - 2 0 9 °  d e c .

l-Acetoxy-/m?(S-2-acetamido-l-phenylcyclohexane.— P o t a s 
s iu m  b ic a r b o n a te  (0 .1 0  g . )  w a s  a d d e d  t o  a  s t i r r e d  m ix tu r e  o f  0 .2 7  
g .  (0 .0 0 1  m o l)  o f  l - a c e to x y - i r a i i s - 2 - a m in o - l - p h e n y lc y c lo h e x a n e  
h y d r o c h lo r id e  ( d is s o lv e d  in  5 .0  m l .  o f  w a te r )  a n d  6 d r o p s  o f  a c e t ic  
a n h y d r id e .  T h e  o il w h ic h  s e p a r a te d  so lid if ie d  s lo w ly  t o  g iv e  
0 .2 5  g .  ( 9 2 % )  o f  1-acetoxy-hans-acetamido-l-phenylcyclohexane, 
m .p .  6 0 - 6 3 ° .  T h e  m e l t in g  p o i n t  w a s  n o t  c h a n g e d  a f t e r  th r e e  
r e c r y s ta l l i z a t io n s  f ro m  e th e r - h e x a n e .

Anal. C a lc d .  f o r  C 16H 2i N 0 3: C ,  6 9 .7 9 ;  H ,  7 .6 9 ;  N ,  5 .0 9 . 
F o u n d :  C ,  6 9 .7 4 ;  H ,  7 .7 8 ;  N ,  5 .2 9 .

(13) R. T. Arnold and P. N. Richardson, J .  A m .  C h e m .  S o c . ,  76, 3649 
(1954).

(14) D. V. Nightingale and W. Tweedie, ibid., 66, 1968 (1944).
(15) V. Bruckner and G. von Fodor, B e r . ,  76, 466 (1943); G. von Fodor, 

ibid., 76, 1216 (1943).
(16) R. Mozingo, “Organic Syntheses,” Coll. Vol. I l l ,  John Wiley and 

Sons, Inc., New York, N. Y., 1955, p. 181.
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2 - A c e ta m id o -h r m s - 1 - h y d ro x y - 1 -p h e n y lc y c lo h e x a r .e .— A  s o lu 
t i o n  o f  1 .0 0  g . (0 .0 0 3 7  m o le )  o f  l - a c e to x y - i r e r a s - 2 - a m in o - l -  
p h e n y lc y c lo h e x a n e  h y d r o c h lo r id e  in  15 m l .  o f w a te r  w a s  t r e a t e d  
w i th  a n  e x c e s s  o f  p o ta s s m iu m  c a r b o n a te  a n d  th e n  le f t  f o r  16 h r .  
A f te r  t h i s  t im e ,  t h e  m ix tu r e  w a s  f i l te r e d  a n d  th e  s o l id  r e c r y s t a l 
l iz e d  f ro m  e th y l  a c e t a t e  t o  g iv e  0 .5 6  g . ( 6 5 % )  o f  2 - a c e ta m id o -  
f ro n s - l - h y d r o x y - l - p h e n y lc y c lo h e x a n e ,  m .p .  1 6 4 - 1 6 5 ° .  T w o  f u r 
t h e r  r e c r y s ta l l i z a t io n s  d id  n o t  c h a n g e  t h e  m e l t in g  p o i n t  ( r e 
p o r t e d 4 m .p .  1 6 6 .4 - 1 6 7 ° ) ;  in f r a r e d  m a x im a  ( c h lo ro f o r m ) :  8 .6 4  
( m ) ,  1 0 .1 5  ( m ) ,  a n d  1 1 .2 7  (w )  ft.

T r e a t m e n t  o f  70  m g . o f  l - a c e to x y - f r a n s - 2 - a c e t a m id o - l - p h e n y l -  
c y c lo h e x a n e  w i th  3 .0  m l .  o f  9 0 %  m e th a n o l  c o n ta in in g  2 %  o f 
p o ta s s iu m  h y d r o x id e  a t  6 0 °  fo r  15 m in . le d  t o  2 - a c e ta m id o -  
i r o n s - l - h y d r o x y - l - p h e n y lc y c lo h e x a n e  (6 0  m g . ) ,  m .p .  1 6 3 .5 -  
1 6 4 °  ( c r u d e ) .

1 -A c e to x y - ir a n s -2 -b e n z a m id o -1  - p h e n y lc y  c lo h e x a n e .— T h is  
d e r iv a t iv e  w a s  p r e p a r e d  f ro m  l-a c e to x y -fo -a n f-2 - a m in o - l -  
p h e n y le y c lo h e x a n e  h y d r o c h lo r id e  in  9 3 %  y ie ld  t h r o u g h  t r e a t 
m e n t  o f  a  s o lu t io n  o f  t h e  a m in e  h y d r o c h lo r id e  in  p y r id in e  w i th  a n  
e x c e s s  o f  b e n z o y l  c h lo r id e .  T h e  c r u d e  p r o d u c t  m e l te d  a t  1 6 8 -  
1 6 8 .5 ° ,  a n d  t h e  m e l t in g  p o i n t  w a s  n o t  c h a n g e d  b y  r e c r y s t a l l i z a 
t i o n  f ro m  e th y l  a c e t a t e - h e x a n e .

Anal. C a lc d .  fo r  C 29H 23N 0 3: C ,  7 4 .7 5 ; H ,  6 .8 7 ;  N ,  4 .1 5 . 
F o u n d :  C ,  7 5 .0 7 ;  H ,  6 .8 6 ; N ,  4 .3 2 .

A  m ix tu r e  o f  100  m g . o f  l - a c e to x y - f r a re s -2 -b e n z a m id o - l  - p h e n y l-  
c y c lo h e x a n e ,  3 g . o f  W -2  R a n e y  n ic k e l , 16 a n d  10  m l o f  e th a n o l  
w a s  r e f lu x e d  f o r  1 h r .  T h e  m ix tu r e  w a s  th e n  f i l te r e d  in to  w a t e r .  
T h e  y ie jd  o f AT- f ra re s -2 -p h e n y lc y c lo h e x y lb e n z a m id e , m .p . 1 7 3 -  
1 7 6 ° , w a s  7 2 % . T h e  m e l t in g  p o i n t  w a s  r a is e d  to  1 7 8 -1 7 9 °  a f t e r  
o n e  r e c r y s ta l l i z a t io n  f ro m  m e th a n o l  ( r e p o r t e d 14 m .p .  1 8 1 ° ) .

2 -B e n z a m id o - i / im .s - l - h y d r o x y - l - p h e n y lc y c lo h e x a n e .— T h is  d e 
r i v a t iv e  w a s  p r e p a r e d  b y  s e le c t iv e  h y d r o ly s is  o f  th e  a c e to x y  
f u n c t io n  o f  l - a c e to x y - f r a n s - 2 - b e n z a m id o - l - p h e n y lc y c lo h e x a n e  
t h r o u g h  t r e a t m e n t  w i th  w a r m  9 0 %  m e th a n o l  c o n ta in in g  2 %  o f 
p o ta s s iu m  h y d r o x id e .  T h e  p r o d u c t  m e l te d  a t  1 5 5 - 1 5 6 ° .  
R e p e a t e d  c r y s ta l l i z a t io n s  d id  n o t  r a is e  t h e  m e l t in g  p o i n t  ( r e 
p o r t e d 4 m .p .  1 5 7 -1 5 8 ° ) .

A  m ix tu r e  o f  0 .1 5  g . o f  2 - b e n z o y la m in o - ( r a re s - I - h y d ro x y - l -  
p h e n y le y c lo h e x a n e ,  3 g . o f  W -2  R a n e y  n ic k e l , 16 a n d  2 0  m l.  o f 
e th a n o l  w a s  re f lu x e d  fo r  2 5  m in .  T h e  m ix tu r e  w a s  th e n  f i l te r e d  
i n to  w a te r .  T h e  p r o d u c t  w h ic h  s lo w ly  so lid if ie d  w a s  c o l le c te d  
b y  f i l t r a t i o n  t o  g iv e  0 .1 1  g . ( 7 8 % )  o f  N - m - 2 -p h e n y lc y c lo h e x y l-  
b e n z a m id e ,  m .p .  1 1 S -1 2 0 ° . T w o  c r y s ta l l i z a t io n s  f ro m  a q u e o u s  
m e th a n o l  r a is e d  t h e  m e l t in g  p o i n t  to  1 2 2 .5 - 1 2 3 .5 °  ( r e p o r t e d  
m . p . 4 1 2 6 .5 - 1 2 7 ° ) .

R e d u c t io n  of I I .  ( a )  E le c t ro ly t ic  R e d u c t io n .— T h e  r e d u c 
t io n ,  a s  d e s c r ib e d  fo r  I ,  d id  n o t  le a d  to  a  p r o d u c t  w h ic h  c o u ld  b e  
c h a r a c te r iz e d .

( b )  R a n e y  N ic k e l  H y d r o g e n a t io n .— A  m ix tu r e  o f  0 .6 6  g . 
(0 .0 0 2 5  m o le )  o f  I I ,  3 0  m l .  o f  e th a n o l ,  a n d  3 g . o f  W -2  R a n e y  
n ic k e l16 w a s  s h a k e n  u n d e r  4 0  p . s . i .  o f  h y d r o g e n  fo r  1 .5  h r .  T h e  
m ix tu r e  th e n  w a s  f i l te r e d  a n d  th e  e th a n o l  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  T h e  r e s id u e  w a s  d is s o lv e d  in  10 m l .  o f  e th y l  a c e t a t e  
a n d  t h e  r e s u l t in g  s o lu t io n  f i l te r e d  s o  a s  t o  r e m o v e  a  s m a ll  a m o u n t  
o f in s o lu b le  m a te r i a l .  T h e  e th y l  a c e t a t e  o f  t h e  f i l t r a t e  w a s  e v a p 
o r a t e d  a n d  t h e  r e s id u e  s o lid if ie d  u p o n  t r i t u r a t i o n  w i th  e t h e r -  
h e x a n e .  F i l t r a t i o n  g a v e  0 .2 4  g . ( 5 9 % )  o f  2 - a c e t a m i d o - m - l -  
h y d r o x y - l - p h e n y ic y c lo h e x a n e ,  m .p .  1 3 0 -1 3 1 ° . T h e  m e l t in g  
p o i n t  w a s  n o t  c h a n g e d  b y  th r e e  c r y s ta l l i z a t io n s  f ro m  e t h e r -  
h e x a n e ;  in f r a r e d  m a x im a  ( c h lo ro f o r m ) :  8 .6 9  ( m ) ,  1 0 .0 7  ( m ) ,  
1 1 .4 3  ( w ) ,  a n d  11 .81  (w )  ft.

Anal. C a lc d .  fo r  C 14H 19N 0 2: C ,  7 2 .0 7 ;  H ,  8 .2 1 ; N ,  6 .0 1 . 
F o u n d :  C ,  7 2 .7 6 ;  H ,  8 .3 6 ;  N ,  6 .2 0 .

6 - N i t ro - l - p h e n y lc y c lo h e x e n e .— A  s o lu t io n  o f  15 m l.  o f  a c e t ic  
a n h y d r id e  c o n ta in in g  2 0  d r o p s  o f  s u lfu r ic  a c id  w a s  a d d e d  to  0 .5 0  
g . o f  I  a n d  th e  m ix tu r e  s t i r r e d  u n t i l  t h e  8- n i t r o  a c e t a t e  h a d  d is 
s o lv e d  a n d  fo r  10 m in .  t h e r e a f te r .  A b o u t  50  m l .  o f  i c e - w a te r  
th e n  w a s  a d d e d  a n d  th e  m ix tu r e  w a s  s t i r r e d  u n t i l  t h e  a c e t ic  
a n h y d r id e  h a d  h y d r o ly z e d .  T h e  f l -n i t r o a lk e n e  s o lid if ie d  u p o n  
c o o lin g  a n d  w a s  c o l le c te d  b y  f i l t r a t io n  to  g iv e , a f t e r  w a s h in g  
w i th  d i l u t e  p o ta s s iu m  b ic a r b o n a te  a n d  w a te r ,  0 .3 6  g . ( 9 3 % )  of
6 - n i tr o - l - p h e n y lc y e lo h e x e n e ,  m .p .  3 3 - 3 5 ° .  A f te r  th r e e  c r y s t a l 
l iz a t io n s  f ro m  p e n t a n e ,  t h e  m e l t in g  p o i n t  w a s  3 7 .5 ° ;  X®l° H 
2 3 8 -2 3 9  m /i . « 1 1 ,3 0 0 .

Anal. C a lc d .  fo r  C !2H 13N 0 2: C ,  7 0 .9 2 ;  H ,  6 .4 5 : N ,  6 .8 9 . 
F o u n d :  C ,  7 0 .8 1 ; H ,  6 .2 2 ;  N ,  7 .0 9 .

C o m p a r a b le  r e s u l t s  w e re  o b t a in e d  w i th  i s o m e r  I I ;  h o w e v e r ,  a  
lo n g e r  r e a c t io n  t im e  w a s  r e q u i r e d  ( a p p r o x im a te ly  f iv e fo ld ) .

T h e  8 - n i t r o a lk e n e  a ls o  w a s  o b ta in e d  b y  d is s o lv in g  e i th e r  I  o r  
I I  in  a n  e x c e ss  o f  1 5 %  a lc o h o lic  a lk a l i  a t  ro o m  t e m p e r a tu r e  a n d ,

a f t e r  s e v e r a l  m in u te s ,  a c id ify in g  w i th  2 0 %  a c e t ic  a c id - a l c o h o l .  
T h e  r e s u l t in g  s o lu t io n  w a s  l e f t  f o r  s e v e ra l  m in u te s  a n d  th e  
p r o d u c t  w a s  t h e n  o b ta in e d  a f t e r  a d d i t io n  o f  w a t e r .

A n  a t t e m p t  t o  p r e p a r e  l - n i t r o - 2 -p h e n y lc y c lo h e x e n e  b y  t i t r a t 
in g  a  w a r m  m e th a n o l ic  s o lu t io n  o f  I  w i th  a n  e q u iv a l e n t  a m o u n t  o f  
a lc o h o lic  s o d iu m  m e th o x id e ,  le d  t o  a n  o i ly  m ix tu r e  o f  a p p r o x i 
m a te ly ' 8 4 %  o f  l - n i t r o - 2 -p h e n y lc y c lo h e x e n e  a n d  1 6 %  o f  6 - n i t r o -  
1 -p h e n y lc y c lo h e x e n e  ( b y  i n f r a r e d ) .  C h r o m a to g r a p h y  f a i le d  t o  
s e p a r a te  t h e  is o m e rs .

E q u il ib r a t io n  o f  6 - N i t ro - l - p h e n y lc y c lo h e x e n e .— A  2 %  ( b y
w e ig h t )  s o lu t io n  o f  b o t h  6 - n i t r o - l - p h e n y lc y c lo h e x e n e  a n d  t r i -  
e th y la m in e  in  c h lo ro fo rm  w a s  p r e p a r e d  a n d  le f t  a t  r o o m  t e m p e r a 
t u r e  fo r  23  d a y s .  P e r io d ic a l ly  t h e  i n f r a r e d  s p e c t r u m  b e tw e e n
6 .3  n a n d  6 .9  ft w a s  m e a s u r e d .  D u r in g  th i s  t im e ,  n o  a b s o r p t io n  
w h ic h  c o u ld  b e  a t t r i b u t e d  to  l - n i t r o - 2 - p h e n y lc y c lo h e x e n e  w a s  o b 
s e rv e d — t h e  a b s o r b a n c e  o f  t h e  N 0 2 a b s o r p t io n  a t  6 .4 2  ft b e in g  
t h e  s a m e  a f t e r  23  d a y s  a s  c o m p a r e d  w i th  t h a t  in i t i a l l y .

R a te s  o f  P ip e r id in e - I n d u c e d  E lim in a t io n  o f  A c e t ic  A c id  f ro m  
I  a n d  I I . — A  s o lu t io n  o f  105 m g . (4  X  1 0 - 4  m o le )  o f  I  ( o r  I I )  in
1 .0 0  m l .  o f  c h lo ro fo rm  w a s  p r e p a r e d .  T o  th i s  w a s  a d d e d  1 .0 0  
m l .  o f  a b s o lu te  e th a n o l  fo llo w e d  b y  t h e  a d d i t i o n  o f  1 .0 0  m l .  o f  
f r e s h ly  d is t i l le d  p ip e r id in e .  A f te r  m ix in g  th o r o u g h ly ,  a  s a m p le  
o f  t h e  r e s u l t in g  s o lu t io n  w a s  t r a n s f e r r e d  to  a  r o c k  s a l t  c e ll  (7 3  
f t )  w h ic h  th e n  w a s  p la c e d  in  t h e  s a m p le  b e a m  o f  a  B a i r d  in f r a r e d  
s p e c t r o m e te r .  A  s o lu t io n  ( in  m a tc h e d  c e ll)  o f  c h lo r o fo r m , 
e th a n o l ,  a n d  p ip e r id in e  ( 1 : 1 : 1  b y  v o lu m e )  w a s  p la c e d  in  t h e  
r e fe re n c e  b e a m .  T h e  a b s o rb a n c e  a t  5 .0 7  f t  w a s  m e a s u r e d  a s  a  
f u n c t io n  o f t im e .  A  p lo t  o f  lo g  ( O .D .  — O .D .  °° ) 5 .7 0  ft a g a i n s t  
t im e  g a v e  l in e a r  p lo t s  fo r  I  a n d  I I  f ro m  w h ic h  a p p r o x im a te  
p s e u d o  f i r s t -o r d e r  r a t e  c o n s t a n t s  o f  0 .0 3 0  m in . - 1  a n d  0 .1 2  m i n . -1 , 
r e s p e c t iv e ly ,  w e re  d e te r m in e d .  T h e  t e m p e r a t u r e  o f  t h e  ce ll 
c o m p a r tm e n t  w a s  3 5  ±  2 ° .  B o th  r u n s  w e re  fo llo w e d  t o  a p 
p r o x im a te ly  8 0 %  c o m p le t io n  (1 3  m in .  fo r  I  a n d  5 0  m in .  f o r  I I  
f ro m  th e  t im e  m ix in g ) .

N i t r a t io n  o f  1-P h e n y lc y c lo p e n te n e .  l - A c e to x y - i r a u s - 2 - n i t r o -  
p h e n y lc y c lo p e n ta n e .— T o  a  n i t r a t i o n  r e a g e n t  p r e p a r e d  f ro m  4 .5  
g . (0 .0 5  m o le )  o f 7 0 %  n i t r i c  a c id  a n d  4 5  m l .  o f  a c e t ic  a n h y d r id e ,  
a n d  th e n  c o o le d  to  — 2 0 ° w a s  a d d e d  2  d r o p s  o f  s u l f u r ic  a c id  
fo llo w e d  b y  th e  a d d i t io n  o f  4 .3  g . (0 .0 3  m o le )  o f  1 - p h e n y lc y c lo -  
p e n te n e .  A f te r  t h e  in i t i a l  t e m p e r a t u r e  r i s e ,  t h e  s o lu t io n  w a s  
r e c o o le d  to  —2 0 ° a n d  th e n  p o u r e d  in to  a n  e x c e s s  o f  w a te r .  
T h e  p r o d u c t  w a s  p ro c e s s e d  a s  d e s c r ib e d  fo r  t h e  n i t r a t i o n  o f  
1 - p h e n y lc y c lo h e x e n e . C h r o m a to g r a p h y  o f  th e  c r u d e  n i t r a t i o n  
p r o d u c t  (se e  1 -p h e n y lc y c lo h e x e n e )  le d  to  t h e  i s o la t io n  o f  1 .9 0  g . 
( 3 4 % )  o f  a  m ix tu r e  of c o n ju g a te d  a n d  u n c o n ju g a t e d  n i t r o a lk e n e s  
w i th  t h e  l a t t e r  p r e d o m in a t in g  (byr i n f r a r e d ) ,  a n d  2 .9 7  g . ( 4 0 % )  
o f  ¿ ra n s - f i-n itro  a c e t a t e ,  m .p .  1 2 5 -1 2 7 ° . T h e  o n ly  o t h e r  m a te r i a l  
o b ta in e d  w a s  7 0  m g . o f  r e s in o u s  o il w h ic h  w a s  e lu te d  l a s t .  T h e
1- a c e to x y - im re s -2 - n i t r o - l  - p h e n y lc y c lo p e n ta n e  w a s  r e c r y s ta l l i z e d  
tw ic e  f ro m  e th e r - h e x a n e  a n d  m e l te d  a t  1 2 7 - 1 2 7 .5 ° ;  in f r a r e d  
m a x im a  ( c h lo ro f o r m ) :  8 .5 0  (w )  ft a n d  1 0 .2 0  ( m )  ft.

Anal. C a lc d .  f o r  C i3H u N 0 2: C ,  6 2 .6 4 ;  H ,  6 .0 7 ;  N ,  5 .6 2 . 
F o u n d :  C ,  6 2 .8 0 ;  H ,  6 . 1 2 ; N ,  5 .7 4 .

E le c t ro ly t ic  R e d u c t io n  o f  l - A c e to x y - lr a n .s -2 - n i t ro - l - p h e n y lc y c lo 
p e n ta n e .— T h e  p r o c e d u r e  d e s c r ib e d  fo r  t h e  r e d u c t io n  o f  I  w a s  
fo llo w e d  w i th  s l ig h t  m o d if ic a t io n .  A  c u r r e n t  o f  2 .3  a m p .  w a s  
p a s s e d  t h r o u g h  t h e  e le c t r o ly t ic  c e ll w h ic h  c o n ta in e d  in  t h e  c a t h 
o d e  c o m p a r tm e n t  a  s o lu t io n  o : 15 m l .  o f  a c e t ic  a c id ,  3 0  m l o f  
e th a n o l ,  a n d  2 .0  m l .  o f  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  
ce ll w a s  c o o le d  to  3 0 °  a n d  th e n  1 .2 5  g . (0 .0 0 5  m o le )  o f  c o a r s e ly  
g r o u n d  l - a c e to x y - f r a n s - 2 - n i t r o - l - p h e n y lc y c lo p e n ta n e  w a s  a d d e d  
to  t h e  c a th o d e  c o m p a r tm e n t .  T h e  t e m p e r a tu r e  w a s  m a in t a i n e d  
a t  4 0 - 4 5 °  fo r  3 5  m in . ,  d u r in g  w h ic h  t im e  t h e  8 - n i t r o  a c e t a t e  
g r a d u a l ly  d is s o lv e d . T h e  c a th o d e  s o lu t io n  th e n  w a s  p r o c e s s e d  
a s  d e s c r ib e d  e a r l ie r  t o  g iv e  0 .8 7  g . ( 6 8 % )  o f  l - a c e to x y - f r a n s - 2 -  
a m in o - 1 -p h e n y lc y c lo p e n ta n e  h y d r o c h lo r id e ,  m .p .  1 9 7 - 1 9 9 °  d e c .  
( t r i t u r a t i o n  o f  t h e  c r u d e  p r o d u c t  w i th  e th y l  a c e t a t e  in d u c e d  
c r y s ta l l i z a t io n  o f  t h e  a m in e  h y d r o c h lo r id e ) .  T w o  r e c r y s t a l 
l iz a t io n s  f ro m  e th y l  a c e t a t e - e t h a n o l  r a i s e d  t h e  m e l t in g  p o i n t  t o
1 9 8 -1 9 9 °  d e c .

Anal. C a lc d .  f o r  C i3H !8C 1 N 0 2: C ,  6 1 .0 5 ;  H ,  7 .0 9 ;  N ,  5 .4 8 .  
F o u n d :  C ,  6 1 .0 8 ;  H ,  7 .1 9 ;  N ,  5 .5 5 .

L o w e r  y ie ld s  o f  a m in e  h y d r o c h lo r id e  w e re  o b t a in e d  w h e n  t h e  
r e d u c t io n  w a s  c o n d u c te d  a s  d e s c r ib e d  fo r  I .  T h is  c a n  b e  a t t r i b 
u t e d  to  th e  a p p a r e n t  i n s t a b i l i t y  o f  l-a c e to x y - f r a ra s - 2 - n i t r o - l -  
p h e n y lc y c lo p e n ta n e  in  t h e  a c id ic  r e d u c t io n  m e d iu m  a t  5 0 ° .

l - A c e to x y - i r a « s - 2 - b e n z a m id o - l - p h e n y lc y c lo p e n ta n e .— T h is  
d e r iv a t iv e ,  m .p .  1 6 2 .5 - 1 6 4 ° ,  w a s  p r e p a r e d  f ro m  l - a c e to x y - i r a r a s -
2 -  a m in o - l - p h e n y lc y c lo p e n ta n e  in  9 4 %  y ie ld  t h r o u g h  t h e  r e a c t io n  
w i th  b e n z o y l  c h lo r id e  in  p y r id in e .
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Anal. C a lc d .  f o r  C 20H 21N O 3: C ,  7 4 .2 8 ;  H ,  6 .5 5 ;  N ,  4 .3 3 . 
F o u n d :  C ,  7 4 .8 5 ;  H ,  6 .7 3 ;  N ,  4 .5 4 .

A  m ix tu r e  o f  10 0  m g . o f  t h e  N - b e n z o y l ,  O - a c e ty l  d e r iv a t iv e ,  
3 g .  o f  W -2  R a n e y  n ic k e l . 16 a n d  10  m l .  o f  e th a n o l  w a s  r e f lu x e d  fo r  
3 0  m in .  T h e  m ix tu r e  w a s  f i l te r e d  i n t o  w a t e r  a n d  t h e  r e s u l t in g  
s o lid  p r o d u c t  c o l le c te d  b y  f i l t r a t i o n  t o  g iv e  6 0  m g .  ( 7 3 % )  o f  N -  
/ r a n s - l - p h e n y lc y c lo p e n ty lb e n z a m id e ,  m . p .  1 5 0 - 1 5 2 ° .  T w o  r e 
c r y s ta l l i z a t io n s  r a i s e d  t h e  m e l t in g  p o i n t  t o  1 5 6 - 1 5 6 .5 ° .  A  
m ix tu r e  m e l t in g  p o i n t  w i t h  a n  a u t h e n t i c  s a m p le 17 w a s  n o t  d e 
p r e s s e d .

2-Benzamido-irans-l-hydroxy-l-phenylcyclopentane.— A n
0 .5 2 -g . s a m p le  o f  l- a c e to x y - ir o r a S -2 - b e n z a m id o - l-p h e n y lc y c lo -  
p e n t a n e  w a s  t r e a t e d  w i th  5 .0  m l .  Of 4 %  m e t i ia n o h c  p o ta s s iu m  
h y d r o x id e  f o r  5  m in .  o n  th e  s t e a m  b a t h .  A f te r  a d d i t io n  o f  i c e -  
w a te r  a n d  f i l t r a t i o n ,  0 .4 1  g . ( 9 1 % )  o f  2 - b e n z a m id o - f r a n s - 1 - 
h y d r o x y - l - p h e n y lc y c lo p e n ta n e ,  m .p .  9 6 ° ,  w a s  o b t a in e d .  A f te r  
c r y s ta l l i z a t io n  f ro m  c h lo r o f o r m - h e x a n e ,  t h e  d e r iv a t iv e  m e l t e d  a t
9 7 .5 - 9 8 ° ,  r e s o l id if y in g  a t  t h i s  t e m p e r a t u r e  a n d  th e n  r e m e l t in g  
a t  1 0 9 .5 - 1 1 0 .5 ° .  T h e  m a t e r i a l  w a s  d r ie d  a t  1 1 0 °  fo r  a n a ly s is .

Anal. C a lc d .  f o r  C isH igN C h: G , 7 6 .8 4 ;  H ,  6 .8 1 ;  N ,  4 .9 8 . 
F o u n d :  C ,  7 7 .0 ;  H ,  6 .6 3 ;  N ,  4 .9 6 .

1-Phenylcyclopentene Oxide.— T h e  p r o c e d u r e  w a s  a d o p te d  
f ro m  t h a t  o f  C u r t i n  a n d  S c h m u lk e r . 4 1 -P h e n y lc y c lo p e n te n e ,
2 4 .5  g .  (0 .1 7  m o le ) ,  w a s  a d d e d  t o  a  s o lu t io n  o f  2 3 .2  g . (0 .1 6 8  
m o le )  o f  p e r b e n z o ic  a c id 18 in  2 8 0  m l .  o f  c h lo ro fo rm  a t  s u c h  a  r a t e  
so  a s  t o  m a i n t a i n  t h e  r e a c t io n  t e m p e r a t u r e  b e lo w  — 1 5 ° . T h e  
r e a c t io n  m ix tu r e  w a s  t h e n  le f t  a t  — 2 0 ° f o r  1  h r .  a n d  a t  — 1 0 ° f o r  
4 6  h r .  A f t e r  t h i s  t im e ,  io d o m e tr ic  t i t r a t i o n  s h o w e d  o n ly  a  
t r a c e  o f  r e s id u a l  p e r o x id e . T h e  c h lo ro fo rm  s o lu t io n  w a s  th e n  
e x t r a c t e d  w i th  1 1 .0  g .  o f  p o ta s s iu m .h y d r o x id e  in  5 0 0  m l .  o f  i c e -  
w a te r .  T h e  c h lo ro fo rm  la y e r  w a s  d r ie d  o v e r  s o d iu m  s u l f a te  a n d  
s to r e d  a t  — 1 0 ° . S a m p le s  o f  t h e  a lk e n e  o x id e  w e re  o b t a in e d  
w h e n  n e e d e d  b y  e v a p o r a t io n  o f  t h e  c h lo r o fo r m  u n d e r  r e d u c e d  
p r e s s u r e  a t  r o o m  t e m p e r a t u r e .

2-Amino-/r««s-l-hydroxy-l-phenylcyclopentane.— T h e  p r o c e 
d u r e  w a s  p a t t e r n e d  a f t e r  t h a t  o f  C u r t i n  a n d  S c h m u lk e r . 4 A  
m ix tu r e  o f  1 0 .0  g . (0 .0 5 7 5  m o le )  o f  l - p h e n y lc y c lo p e n te n e  o x id e  
a n d  2 0 0  m l .  o f  c o n c e n t r a t e d  a q u e o u s  a m m o n ia  w a s  h e a t e d  a t  
1 4 5 -1 5 0 °  f o r  19 h r .  in  a  4 5 0 -m l. r o t a t i n g  a u to c la v e  ( f i t t e d  w i t h  a  
g la s s  l in e r )  c h a r g e d  w i t h  2 0  a t m .  o f  n i t r o g e n .  T h e  r e a c t io n  m ix 
t u r e  t h e n  w a s  c o o le d  a n d  s lo w ly  m a d e  a c id ic  ( t o  l i tm u s )  w i t h  c o n 
c e n t r a t e d  h y d r o c h lo r ic  a c id .  T h e  s o lu t io n  w a s  e x t r a c t e d  f o u r  
t im e s  w i th  3 0 0  m l .  o f  e th e r  a n d  t h e  e t h e r  e x t r a c t s  d i s c a r d e d .  
T h e  a q u e o u s  l a y e r  w a s  m a d e  b a s ic  w i th  a lk a l i  a n d  t h e n  e x t r a c t e d  
w i th  th r e e  3 0 0 -m l. p o r t io n s  o f  e t h e r .  T h e  e t h e r  e x t r a c t s  w e re  
c o m b in e d  a n d  d r ie d  o v e r  s o d iu m  s u l f a te .  T h e  e t h e r  w a s  e v a p o 
r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s id u e  m ix e d  w i th  15 m l .  o f 
e th e r  a n d  5 .0  m l .  o f  h e x a n e .  T h e  m ix tu r e  w a s  c o o le d , a n d  
s c r a tc h in g  in d u c e d  t h e  c r y s ta l l i z a t io n  o f  a  m ix tu r e  o f  a m in o  a lc o 
h o ls .  T h e  s o l id  w a s  c o l le c te d  b y  f i l t r a t i o n ,  a n d  w a s h e d  w i th  6 0 %  
e th e r  in  h e x a n e  t o  g iv e  5 .8 6  g . ,  m .p .  7 3 - 7 6 ° .  A n  a d d i t io n a l  
0 .8 3  g . ,  m .p .  7 3 - 7 6 ° ,  w a s  o b t a in e d  f ro m  t h e  f i l t r a t e  a n d  w a s h in g s  
t o  b r in g  t h e  t o t a l  o f  c r u d e  a m in o  a lc o h o ls  t o  6 .7  g .  ( 6 2 % ) .

T h e  m ix tu r e  o f  a m in o  a lc o h o ls  w e re  p a r t i a l l y  s e p a r a te d  b y  
f r a c t i o n a l  c r y s ta l l i z a t io n  f ro m  e t h e r  t o  g iv e  0 .5 6  g . o f  2 - a m in o -  
f r a n a - l - p h e n y lc y c lo p e n ta n e ,  m . p .  9 9 - 1 0 0 ° ,  a n d  0 .1 8  g . o f  2 -  
a m in o - 2 -p h e n y lc y c lo p e n ta n o l  ( ? ) ,  m .p .  9 0 ° .  T h e  r e m a in in g  
m a te r i a l  w a s  c h r o m a to g r a p h e d  in  a  2 .5  X  70  c m . s i l ic a  gel 
c o lu m n  s lu r r y  p a c k e d  w i th  5 %  e t h e r  in  h e x a n e  s o lu t io n .  T h e  
a m in o  a lc o h o ls  w e re  e lu t e d  w i t h  1 0 %  m e t h a n o l - 4 0 %  h e x a n e  in  
e th e r  a n d  1 0 %  m e th a n o l  in  e t h e r  s o lu t io n s .  F r a c t i o n s  c o n ta in 
in g  1 .0 9  g .  o f  2 - a m in o -2 - p h e n y lc y c lo p e n ta n o l  ( ? ) ,  m .p .  8 7 - 9 0 ° ,

(17) Unpublished results of T. A. W hitney and F. G. Bordweil, North
western University.

(18) I. M. Kolthoff, T. S. Lee, and M. A. Mairs, J .  P o l y m e r  S e i . ,  2, 
199 (1947); G. Braun, ‘’Organic Syntheses,” Coll. Vol. I , John Wiley and 
Sons, Inc., New York, N. Y„ 1948, p. 431.

w e re  c o l le c te d  f i r s t .  F r a c t io n s  c o n ta in in g  0 .5 1  g . o f  a  m ix tu r e  
o f  a m in o  a lc o h o ls ,  m .p .  6 9 - 7 3 ° ,  w e re  c o l le c te d  n e x t ,  a n d  th e s e  
w e re  fo llo w e d  b y  f r a c t io n s  c o n ta in in g  0 .7 9  g . o f  2 -a m in o - ira rw -  
1 - h y d r o x y - l - p h e n y lc y c lo p e n ta n e ,  m .p .  9 8 - 1 0 0 ° .

T h e  2 - a m in o - f r a r a s - l - h y d r o x y - l - p h e n y lc y c lo p e n ta n e ,  w a s  r e 
c r y s ta l l i z e d  tw ic e  f ro m  e th e r  a n d  m e l te d  a t  1 0 0 .5 ° .

Anal. C a lc d .  f o r  C u H 15N O : C ,  7 4 .5 4 ;  H ,  8 .5 3 ;  N ,  7 .9 0 . 
F o u n d :  C ,  7 4 .4 0 ;  H ,  8 .5 7 ;  N ,  8 .1 7 .

A  m ix tu r e  o f  3 0  m g . o f  2 - a m in o - l - p h e n y lc y c lo p e n ta n o l  ( ? )  a n d  
10 d r o p s  o f  a c e t ic  a n h y d r id e  w a s  h e a t e d  o n  t h e  s t e a m  b a t h  fo r  15 
m in .  A f te r  t h i s  t im e ,  5 .0  m l .  o f  s a t u r a t e d  s o d iu m  b i c a r b o n a te  
w a s  c a r e f u l ly  a d d e d .  T h e  r e s u l t in g  m ix tu r e  t h e n  w a s  f ib e r e d  
a n d  t h e  s o lid  w a s h e d  w i th  w a t e r  a n d  d r ie d  t o  g iv e  3 8  m g . (8 6 % )  
o f  2 - a e e t o x y - l - N - a c e t y l -  1 - p h e n y lc y c lo p e n ty la m in e  ( ? ) ,  m . p .
1 5 6 .5 - 1 5 7 ° .  O n e  c r y s ta l l i z a t io n  f ro m  e t h y l  a c e t a t e - h e x a n e  
r a i s e d  t h e  m e l t in g  p o i n t  t o  1 5 7 .5 - 1 5 8 ° .

Anal. C a lc d .  f o r  C 15H 19N O 3 : C ,  6 8 .9 5 ;  H ,  7 .3 3 ;  N ,  5 .3 6 .  
F o u n d :  C ,  6 8 .8 0 ;  H ,  7 .1 5 ;  N ,  5 .6 0 .

A  s im i la r  t r e a t m e n t  o f  2 - a m in o - i r a r a s - l -h y d r o x y - l - p h e n y lc y c lo -  
p e n ta n e  w i th  a c e t ic  a n h y d r id e  le d  t o  a n  o i ly  m a t e r i a l  w h ic h  e x 
h i b i t e d  s t r o n g  in f r a r e d  a b s o r p t io n s  a t  6 .0 2  a n d  6 .6 0  y, b u t  n o  
a b s o r p t io n s  a t  n e a r  5 .7  a n d  8 .0  y i n d ic a t iv e  o f  t h e  a c e to x y  
f u n c t io n .

N - B e n z o v la t io n  o f  2 - a m in o - l r a n s - l  - h y d r o x y  - 1  -  p h e n y lc y c lo -  
p e n t a n e  w i th  b e n z o y l  c h lo r id e  in  p y r id in e  a t  r o o m  t e m p e r a 
t u r e  le d  t o  2 - b e n z a m id o - i r a n s - l - h y d r o x y - l - p h e n y lc y c lo p e n ta n e  
in  6 1 %  y ie ld ,  m .p .  9 6 - 9 7 ° ,  r e s o l id i f y in g  a t  t h i s  t e m p e r a t u r e  a n d  
r e m e l t in g  a t  1 0 8 -1 0 9 .5 °  ( c r u d e ) .  A  m ix tu r e  m e l t in g  p o i n t  o f 
t h i s  m a t e r i a l  w i th  t h e  N - b e n z o y l  a m in o  a lc o h o l  o b ta in e d  via th e  
e le c t r o ly t i c  r e d u c t io n  o f  l - a c e to x y - i r a n s - 2 - n i t r o - l - p h e n y lc y c io -  
p e n t a n e  w a s  1 0 9 -1 1 0 ° .

l-Nitro-2-phenylcyclopentene.— A  s o lu t io n  o f  1 .0  g . o f  1-
a c e to x y - f iY w is ^ -n i t r h - i ip h e n y lc y c lo p e n ta n e  in  15 m l .  o f  d io x a n e  
w a s  t r e a t e d  w i t h  1 .0  g .  o f  t r i e th y l a m i n e . 3 T h e  r e s u l t in g  so lu 
t i o n  w a s  l e f t  f o r  1 .5  h r .  a t  ro o m  t e m p e r a t u r e  a n d  t h e n  p o u r e d  
i n to  a n  e x c e s s  o f  d i l u t e  a c e t ic  a c id .  T h e  p r o d u c t  w h ic h  s lo w ly  
so lid if ie d  w a s  c o l le c te d  b y  f i l t r a t i o n  t o  g iv e  0 .7 0  g .  ( 9 5 % )  o f  
c r u d e  l - n i t r o - 2 - p h e n y lc y c lo p e n te n e  w h ic h  m e l t e d  a t  5 1 °  a f t e r  
o n e  c r y s ta l l i z a t io n  f ro m  m e th a n o l .  R e c r y s ta l l iz a t io n s  f ro m  
h e x a n e  r a is e d  t h e  m e l t in g  p o i n t  t o  5 1 .5 - 5 2 ° .

Anal. C a lc d .  f o r  C n H u N C h : C ,  6 9 .8 2 ;  H ,  5 .8 6 ;  N ,  7 .4 0 . 
F o u n d :  C ,  6 9 .6 4 ;  H ,  5 .8 7 ;  N ,  7 .7 0 .

C o m p a r a b le  r e s u l t s  w e re  o b t a in e d  b y  s t i r r in g  a  s o lu t io n  o f  th e  
/3 -n itro  a c e t a t e  in  d im e th y l f o r m a m id e  w i t h  c a t a l y t i c  a m o u n t s  o f 
s o d iu m  n i t r i t e . 3

5-Nitro-l-phenylcyclopentene.— T o  a  s o lu t io n  o f  15  m l .  o f
a c e t ic  a n h y d r id e  a n d  10 d r o p s  o f  s u lf u r ic  a c id  w a s  a d d e d  0 .5 0  g . 
o f  l - a c e to x y - l r a n s - 2 - n i t r o - l - p h e n y lc y c lo p e n ta n e .  T h e  0 - n i t r o  
a c e t a t e  d is s o lv e d  r a p id ly  a n d  t h e  r e s u l t in g  s o lu t io n  w a s  s t i r r e d  
f o r  3 0  s e c . a t  r o o m  t e m p e r a t u r e  a n d  t h e n  p o u r e d  i n to  a n  e x c e ss  
o f  w a t e r .  T h e  a q u e o u s  m ix tu r e  w a s  s t i r r e d  u n t i l  t h e  a c e tic  
a n h y d r id e  h a d  h y d r o ly z e d  a n d ,  a f t e r  b e in g  c o o le d  t o  ca. 1 0 ° , 
t h e  r e m a in in g  o i ly  m a t e r i a l  s o lid if ie d . T h e  s o lid  w a s  c o l le c te d  
b y  f i l t r a t i o n  t o  g iv e  0 .3 5  g .  ( 9 3 % )  o f  5 - n i t r o - l - p h e n y lc y c lo p e n -  
t e n e ,  m .p .  3 3 - 3 4 ° .  A f te r  tw o  r e c r y s ta l l i z a t io n s  f ro m  h e x a n e , 
t h e  m e l t in g  p o i n t  w a s  3 4 .0 ° ;  X™°H 2 4 8 -2 4 9  m y , e 1 3 ,7 0 0 .

Anal. C a lc d .  fo r  C n H u N O j :  C ,  6 9 .8 2 ;  H ,  5 .8 6 ;  N ,  7 .4 0 . 
F o u n d :  C ,  6 9 .9 0 ;  H ,  5 .8 5 ;  N ,  7 .2 9 .

Equilibration of l-Nitro-2-phenylcyclopentene.— A  s o lu t io n  o f 
2 4  m g .  o f  l - n i t r o - 2 - p h e n y lc y c lo p e n te n e ,  0 .6  m l .  o f  c h lo ro fo rm , 
a n d  0 .2  m l .  o f  t r ie th y l a m in e  w a s  p r e p a r e d  a n d  th e  in f r a r e d  s p e c 
t r u m  b e tw e e n  6 .3  a n d  6 .7  y m e a s u r e d  p e r io d ic a l ly  o v e r  a  
p e r io d  o f  7  d a y s .  A f t e r  t h i s  t im e ,  t h e  i n i t i a l  c o n ju g a t e d  n i t r o  
a b s o r p t io n  a t  6 .6 0  y h a d  d i s a p p e a r e d ,  b e in g  r e p la c e d  b y  t h e  u n 
c o n ju g a t e d  n i t r o  a b s o r p t io n  o f  5 - n i t r o - l - p h e n y lc y e lo p e n te n e  a t
6 .4 2  y. A  s a m p le  o f  t h e  5 - n i t r o - l - p h e n v lc y c lo p e n te n e ,  m .p .  
2 9 - 3 2 ° ,  w a s  o b t a in e d  f ro m  t h e  e q u i l i b r a t i o n  s o lu t io n  a n d  a  
m ix tu r e  m e l t in g  p o i n t  w i th  a  k n o w n  s a m p le  w a s  n o t  d e p r e s s e d .
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D erivatives o f  P y ro m ellitic  A cid . 1 ,2 ,4 ,5 -T etrasu b stitu ted  C yclohexanes1
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C a ta ly t i c  h y d r o g e n a t io n  o f p y r o m e l l i t ic  a c id  y ie ld s  o n e  o f  t h e  f iv e  p o s s ib le  s te re o is o m e r ic  1 ,2 ,4 ,5 -c y c lo h e x a n e -  
te t r a c a r b o x y l ic  a c id s . T h e  l a t t e r  a c id  h a s  b e e n  u t i l iz e d  a s  s t a r t i n g  m a te r ia l  fo r  th e  p r e p a r a t io n  o f a  v a r i e t y  
o f  t e t r a s u b s t i t u t e d  c y c lo h e x a n e s . l ,2 ,4 ,5 - T e t r a k i s ( io d o m e th y l ) c y c lo h e x a n e ,  p r e c u r s o r  o f  1 ,2 ,4 ,5 - te t r a m e th -  
y le n e c y c lo h e x a n e  a n d  i t s  a r o m a t iz e d  d im e r  t e t r a m e th y l [ 2 .2 ] p a r a c y c lo p h a n e ,  h a s  b e e n  d e r iv e d  f ro m  p y r o m e l l i t ic  
a c id  in  a n  o p t im u m  o v e r -a ll  y ie ld  o f  6 2 % .

The commercial availability of pyromellitic acid 
(1,2,4,5-benzenetetracarboxylic acid, I) suggests the 
use of this compound for the preparation of tetrasub
stituted cyclohexanes. We have utilized derivatives 
of pyromellitic acid as precursors of 1,2,4,5-tetramethyl- 
enecyclohexane2 and its aromatized dimer tetramethyl-
[2.2]paracyclophane.3 We wish to describe here the 
preparation of these precursors.

In an early attempt to reduce pyromellitic acid, 
Baeyer,4 using sodium amalgam, obtained only a 
mixture of tetrahydro derivatives. We find that cata
lytic hydrogenation of this acid occurs with difficulty 
and that yields of completely reduced product are often 
erratic. However, in aqueous sodium carbonate solu
tion utilizing W-2 Raney nickel catalyst and forcing 
conditions (3000 p.s.i. hydrogen at 150°), satisfactory 
yields (80-100%) of 1,2,4,5-cyclohexanetetracarboxylic 
acid (II) can be obtained. Less drastic conditions 
result in incomplete reduction or complete recovery of 
aromatic acid. Of the five possible stereoisomers of II 
(three meso, Ha, b, c; two <7,Z-pairs, lid, e) only one 
(m.p. 274-275° dec.) is formed under our hydrogena
tion conditions. Preliminary work5 indicates that II is 
nonresolvable and is one of the three meso forms. There 
is no indication that II or its derivatives suffer isomeri
zation when subjected to a variety of reaction media. 
While we suspect that II is the trans-cis-trans-tetr&- 
acid (lie), a definitive assignment is not possible with 
the data presently available.6

It is pertinent to indicate that four other syntheses 
of II have been reported in the literature. Gregory 
and Perkin7 described the preparation of a stable 
cyclohexane-1,1,2,2,4,4,5,5-octacarboxylic acid by con
densation of the disodium salt of tetraethyl propane-
1,1,3,3-tetracarboxylate with the a,a'-dibromo deriva
tive of the same compound, followed by acid hydrolysis.

I I .  R  =  C 0 2H

The octaacid decomposed above its melting point 
(218°) to yield a “trans” tetraacid (m.p. 175°) ap
parently assigned the trans-trans-lrans structure He 
and a “cis” dianhydride whose hydrolysis product (m.p. 
140°) was assigned the cis-cis-cis structure Ila.8 
Structural assignments were based on ease of forma
tion of the “cis” dianhydride and the observation that 
the “trans” tetraacid gave only the “cis” dianhydride 
when treated with acetic anhydride.

Baker9 reported the derivation of a 1,2,4,5-cyclo- 
hexanetetracarboxylic acid (m.p. 217° dec.) from a 
cyclohexanehexacarboxylic ester, the latter obtained 
by self-condensation of trimethyl 2-propene-l,l,2- 
tricarboxylate. The II thus obtained did not analyze 
well but was characterized by its tetramethyl ester 
(m.p. 88°) which did, and by subsequent dehydrogen
ation to pyromellitic acid.10 Sieglitz and Horn hydro
genated pyromellitic acid (250° and 300 atmospheres) 
in aqueous sodium carbonate solution, utilizing an 
unspecified nickel catalyst.11 Their reduced product 
II had m.p. 249-250° dec., after recrystallization 
from concentrated hydrochloric acid. Our crude II, 
formed under comparable hydrogenation conditions 
and precipitated from the aqueous medium by addition 
of concentrated hydrochloric acid, has m.p. 269-270° 
dec. On recrystallization from 50% ethanol we ob
tain analytically pure II with m.p. 274-275° dec.; 
however, if pure II is subsequently recrystallized from 
concentrated hydrochloric acid, the resulting sample 
has a decomposition range of ca. 250 to 270° and does 
not give a satisfactory analysis. That we obtain the 
same stereoisomeric tetraacid II as described by Sieglitz 
and Horn is further indicated by a comparison of the 
tetramethyl esters of II (III). The latter investigators 
obtain a III with m.p. 220°; our III, obtained from II 
in 70% yield by the method of Clinton and Laskowski,12 
has m.p. 223-225°.

Our interest in 1,2,4,5-tetramethy lene cyclohexane3 
prompted the attempted conversion of the carboxylic 
acid groups in II to the dimethylaminomethyl groups in
VI. Compound VI would serve as precursor of the tetra- 
methylenecyclohexane via Hofmann degradation of the 
corresponding tetrakis-quaternary ammonium hy
droxide. Previous work13 has shown that the model 
exocyclic diene 1,2-dimethylenecyclohexane can be con-

(1) This work was supported in p art by funds from the National Science 
Foundation (grant NSF-G-2626) and in part by the U. S, Army Research 
Office (Durham).

(2) D. T. Longone and F.-P. Boettcher, unpublished results.
(3) D. T. Longone and C. L. Warren, J .  A m .  C h e m .  S o c . ,  84, 1507 (1962).
(4) A. von Baeyer, A n n . ,  S u p p l . ,  7, 1 (1870); A n n . ,  166, 325 (1873).
(5) D. T. Longone and G. D. Mendenhall, unpublished results.
(6) We are investigating previously reported syntheses of II  ( v i d e  i n f r a )  

in order to verify somewhat tenuous structural assignments and to elucidate 
the stereochemistry of known 1,2,4,5-cyclohexanetetracarboxylic acids.

(7) T. W. D. Gregory and W. H. Perkin, Jr., J .  C h e m .  S o c . ,  83, 780 (1903).

(8) In their structural assignments the investigators (ref. 7) considered 
the “ c i s - t r a n s "  isomer l i d  bu t made no mention of isomers l ib  and lie .

(9) J. W. Baker, J .  C h e m .  S o c . ,  188 (1935).
(10) Isolated as impure tetramethyl ester, “insufficient for further puri

fication.” Assignment of structure II to the aliphatic tetraacid has been 
questioned elsewhere (ref. 11).

(11) A. Sieglitz and O. Horn, U .  S .  D e p t .  C o m m . ,  O f f i c e  T e c h .  S e r v . ,  P .  B .

R e p t . ,  777; German Patent 855,400 (1952); C h e m .  A h s t r . ,  47, 4907 (1953).
(12) R. O. Clinton and S. C. Laskowski, ./. A m .  C h e m .  S o c . ,  70, 3135 

(1948).
(13) A. T. Blomquist and D. T. Longone, i b i d . ,  79, 3916 (1957).
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veniently prepared by the Hofmann method. Reac
tion of acid II with phosphorus pentachloride in ben
zene gave the corresponding carbonyl chloride IV,
m.p. 180-181°, in 72% yield. Aminolysis of IV in 
benzene solution with anhydrous dimethylamine pro
duced the tetrakis-dimethylamide V, m.p. 296-298°, 
77% yield. A single attempt to reduce V to VI with 
lithium aluminum hydride was unsuccessful. The 
infrared spectrum of the crude reaction mixture re
vealed the presence of large amounts of starting ma
terial and abnormal14 reduction products. Strong 
absorption maxima occurred at 3400 (ROH), 1707 
(RCHO), and 1633 cm.-1 (RCONMe2). If steric fac
tors14 determine the formation of abnormal products, 
they appear to be of the transannular type in this case. 
Both alicyclic cis- and tram-1,2-dimethylcarboxamides 
have given normal reduction products in relatively 
good yields.15 Attempted reduction of V to VI was 
abandoned as it became apparent that the tetrakis- 
iodomethyl derivative X III (vide infra) would serve 
as convenient progenitor of 1,2,4,5-tetramethylene- 
cyclohexane.3

Azeotropic esterification of II affords tetraethyl
1,2,4,5-cyclohexanetetracarboxylate (VIII), m.p. 127- 
128° (80% yield). As a source of VIII we find catalytic 
hydrogenation of tetraethyl pyromellitate (VII) less 
satisfactory in that it yields a liquid mixture of stereo
isomers.16 17 Lithium aluminum hydride reduction of

(14) N. G. Gaylord, “ Reduction with Complex Metal Hydrides,”  In ter
science Publishers, Inc., New York, N. Y., 1956, pp. 544-546.

(15) C f .  A. T. Blomquist and D. T. Longone, J .  A m .  C h e m .  S o c . ,  81, 
2012 (1959); K. Alder, S. Hartung, and O. Netz, B e r . ,  90, 1 (1957.)

(16) Reported (ref. 17) b.p. 204° (2.5 mm.); H. I. X. Mager and W. 
Berends, R e c .  t r a v .  c h i m 76, 28 (1957), obtained a single stereoisomer of 
III , m.p. 125°, on hydrogenation of tetram ethyl pyTomellitate.

(17) W. J. Bailey, E. J . Fetter, and J. Economy, J .  O r g .  C h e m . ,  27, 3479
(1962).

VIII, followed by acetylation with acetic anhydride,18 
gives the acetoxymethyl derivative IX, m.p. 102-103° 
(86% yield).19 Methanolysis of IX affords, in quanti
tative yield, l,2,4,5-tetrakis(hydroxymethyl)cyclohex- 
ane (X), m.p. 205-206°. Acetylation of X gives 
(88%) its precursor IX.

Reaction of tetraol X with phosphorus tribromide 
gave a poor yield (4%) of the bromomethyl compound
XI. However, both XI and the corresponding iodo- 
methyl derivative X III can be derived from X 
via l,2,4,5-tetrakis(tosyloxymethyl)cyclohexane (XII). 
Conversion of X to XII, m.p. 195-197° dec., was ef
fected using p-toluenesulfonyl chloride (TsCl) in pyri
dine. Reaction of tetratosylate XII with sodium iodide 
in acetone gives l,2,4,5-tetrakis(iodomethyl)cyclo- 
hexane (XIII), m.p. 245-246° (95% yield).3 In like 
manner, XI, m.p. 207-208°, is obtained (36%) from 
XII using lithium bromide in acetone. Tetrabromide 
XI can be used to generate tetraiodide XIII (63% 
yield).

The over-all yield of tetraiodide XIII from tetraacid 
II (via XII) is 62%. The dehydroiodination of XIII 
to give 1,2,4,5-tetramethylenecyclohexane, tetramethyl-
[2.2]paracyclophane,3 and other products will be 
described in detail in a subsequent publication.

Experimental20
1 ,2 ,4 ,5 - C v c lo h e x a n e te t r a c a r b o x y l ic  A c id  ( I I ) . — N e u t r a l  a q u e 

o u s  s o lu t io n s  (ca. 0 .6  M) o f  t e t r a s o d iu m  p y r o m e l l i t a t e  w e re  
p r e p a r e d  f ro m  p ju o m e l l i t ic  a c id  ( o r  d i a n h y d r id e )  a n d  th e  s to i 
c h io m e tr ic  a m o u n t  o f  s o d iu m  c a r b o n a te  ( o r  s o d iu m  h y d r o x id e ) .  
A s a  r e p r e s e n ta t i v e  h y d r o g e n a t io n ,  a  v o lu m e  o f  t h i s  s o lu 
t i o n  c o n ta in in g  0 .2 7  m o le  o f  a c id  s a l t  a n d  6  g . W -2  R a n e y  n ic k e l  
w a s  p la c e d  in  a  s t a in le s s  s te e l  h y d r o g e n a t io n  b o m b .  T h e  b o m b , 
c h a r g e d  w i th  h y d r o g e n  a n d  h e a t e d  to  g iv e  3 0 0 0  p . s . i .  a t  1 5 0 ° , 
w a s  k e p t  a t  1 5 0 °  fo r  3 d a y s  o r  u n t i l  h y d r o g e n  c o n s u m p tio n  
c e a s e d . T h e  r e s u l t in g  s o lu t io n ,  f i l te r e d  t h r o u g h  C e l i te  a n d  a  
s in t e r e d  g la s s  f i l te r  t o  r e m o v e  c a t a l y s t ,  e x h ib i te d  n o  a r o m a t ic  
a b s o r p t io n  in  th e  u l t r a v io l e t .  A d d i t io n  o f  e x c e s s  c o n c e n t r a te d  
h y d r o c h lo r ic  a c id  t o  a  s m a ll  p o r t io n  o f t h e  s o lu t io n  g a v e  a  
w h i te  p r e c ip i t a t e  w h ic h ,  a f t e r  w a s h in g  w i th  c o ld  w a te r  a n d  d r y in g  
in vacuo, h a d  m . p .  2 6 9 -2 7 0 °  d e c . T h e  r e m a in d e r  o f  t h e  r e 
a c t io n  s o lu t io n  w a s  c o n c e n t r a t e d  t o  i n c ip ie n t  d r y n e s s  ( r e d u c e d  
p r e s s u r e ) ,  60  m l .  o f  c o n c e n t r a t e d  h y d r o c h lo r ic  a c id  w a s  a d d e d ,  
a n d  th e  r e s u l t in g  s lu r r y  (ca. p H  1 .5 )  w a s  f i l te r e d  w i th  s u c t io n .  
T h e  f i l te r  c a k e  w a s  w a s h e d  w i th  c o ld  w a te r ,  b r o k e n  u p ,  a n d  
d r ie d  a t  9 3 °  in vacuo t o  g iv e  a  m ix tu r e  o f  69  g . ( 9 6 % )  I I  a n d  11 g . 
s o d iu m  c h lo r id e . A l th o u g h  t h e  s o d iu m  c h lo r id e  c o u ld  b e  re 
m o v e d  b y  c a r e f u l  r e c r y s ta l l i z a t io n  o f  t h e  m ix tu r e  f ro m  5 0 %  
e th a n o l ,  i t  w a s  m o re  c o n v e n ie n t  t o  r e m o v e  i t  in  a  s u b s e q u e n t  
r e a c t io n  (e.g., e s te r i f ic a t io n  o f  I I ) .  R e p e t i t i v e  h y d r o g e n a t io n s  
g a v e  8 1 - 9 9 %  y ie ld s  o f I I .

R e c r y s ta l l iz a t io n  o f  a  p o r t io n  o f  t h e  a c id - s o d iu m  c h lo r id e  
m ix tu r e  f ro m  5 0 %  e th a n o l  g a v e  a n a ly t i c a l l y  p u r e  I I ,  m .p .  2 7 4 -  
2 7 5 °  d e c .
~ Anal. C a lc d .  fo r  C i0H i2O 8: C ,  4 6 .1 6 ;  H ,  4 .6 5 ;  N . E . ,
6 5 .1 . F o u n d :  C , 4 6 .0 4 ;  H ,  4 .7 2 ;  N . E . ,  6 5 .8 ,  6 5 .9 .

T e t r a m e th y l  1 ,2 ,4 ,5 - C y c lo h e x a n e te t r a c a r b o x y la te  ( I I I ) . —  
U s in g  th e  p r o c e d u r e  o f C l in to n  a n d  L a s k o w s k i ,12 a  m ix tu r e  o f
2 8 .6  g . ( 0 .1 1 0  m o le )  o f I I ,  4 2 .2  g . o f m e th a n o l ,  2 m l .  o f  c o n c e n 
t r a t e d  su lfu r ic  a c id ,  a n d  130  m l .  o f e th y le n e  d ic h lo r id e  w a s  
re f lu x e d  fo r  a  t o t a l  o f 3 0  h r .  D u r in g  th i s  t im e  a n  a q u e o u s  l a y e r  
d e v e lo p e d  a n d  th e  s u s p e n d e d  a c id  I I  w a s  r e p la c e d  b y  f in e  c r y s ta l s  
o f  p r o d u c t  e s t e r .  W a t e r  a n d  c h lo ro fo rm  w e re  a d d e d  t o  t h e  m ix 
t u r e  t o  d is s o lv e  a l l  s o l id s .  T h e  c o m b in e d  o rg a n ic  l a y e r  a n d  
c h lo ro fo rm  e x t r a c t s  o f t h e  a q u e o u s  l a y e r  w e re  w a s h e d  s u c c e s 
s iv e ly  w i th  w a t e r ,  5 %  s o d iu m  b ic a r b o n a te ,  a n d  w a te r .  T h e  
r e s u l t in g  s o lu t io n ,  a f t e r  t r e a t m e n t  w i th  m a g n e s iu m  s u l f a te  a n d

(18) W. J. Bailey and J. Economy, J .  A m .  C h e m .  S o c . ,  77, 1133 (1955).
(19) A liquid mixture of stereoisomers of IX  has been used to generate

1,2,4,5-tetramethylenecyclohexane by the acetate pyrolysis method (ref. 17).
(20) Melting points are uncorrected.
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N o r i t ,  w a s  c o n c e n t r a t e d  t o  g iv e  1 7 .3  g . o f  c r y s ta l l in e  e s t e r  I I I ,  
m .p .  2 2 3 - 2 2 5 ° .  T w o  s u b s e q u e n t  c r o p s  o f  c r y s t a l s  a m o u n te d  to  
a n  a d d i t i o n a l  7 .2  g . o f  p r o d u c t .

Anal. C a lc d .  f o r  C h H 20O 8: C ,  5 3 .1 6 ;  H ,  6 .3 7 .  F o u n d :  
C ,  5 3 .1 9 ;  H ,  6 .4 1 .

1 ,2 ,4 ,5 - C y c lo h e x a n e te t r a c a r b o n y l  C h lo r id e  ( I V ) .— A  m ix tu re  
o f  2 2 .7  g . (0 .0 8 7 3  m o le )  a c id  I I ,  8 3 .3  g . (0 .4 0 0  m o le )  p h o s p h o r u s  
p e n ta c h lo r id e ,  a n d  2 0 0  m l .  o f  d r y  b e n z e n e  w a s  r e f lu x e d , p r o t e c t e d  
f ro m  a tm o s p h e r ic  m o is tu r e ,  u n t i l  e v o lu t io n  o f  h y d r o g e n  c h lo r id e  
c e a s e d  (2  d a y s ) .  T h e  r e s u l t i n g  h o t  s o lu t io n  w a s  t r e a t e d  w i th  
N o r i t ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  t o  g iv e  1 4 .7  g . o f  a n a ly t i c a l l y  
p u r e  I V ,  m .p .  1 8 0 - 1 8 1 ° .  A  s e c o n d  c r o p ,  6 .3  g . a n d  m .p .  1 7 8 -  
1 8 0 ° , g a v e  a  t o t a l  y ie ld  o f  7 2 % .

Anal. C a lc d .  f o r  C io H jC h C h : C ,  3 5 .9 6 ;  H ,  2 .4 1 .  F o u n d :  
C ,  3 6 .1 8 ;  H ,  2 .5 1 .

1 ,2 ,4 ,5 - T e t r a k i s ( d im e th y lc a r b o x a m id e ) c y c lo h e x a n e  (V ) .—  
G a s e o u s  d im e th y la m in e  w a s  p a s s e d  in to  a  s o lu t io n  o f  1 8 .6  g . 
(0 .0 5 5 7  m o le )  o f  t h e  a c id  c h lo r id e  I V  in  5 0 0  m l .  o f  d r y  b e n z e n e  
w i th  c o n t in u o u s  s t i r r in g  a n d  i n t e r m i t t e n t  c o o lin g  w i th  t a p  w a te r .  
I n t r o d u c t i o n  o f  t h e  d im e th y la m in e  w a s  i n t e r r u p t e d  f ro m  t im e  to  
t i m e w h e n  th e  r e a c t io n  m ix tu r e  W as c o o le d . R e a c t io n  w a s  c o n 
s id e r e d  t o  b e  c o m p le te  w h e n  h e a t  n o  lo n g e r  w a s  e v o lv e d  u p o n  
f u r t h e r  i n t r o d u c t i o n  o f  t h e  a m in e .  T h e  r e a c t io n  m ix tu r e  w a s  
f i l te r e d  h o t  a n d  t h e  f i l t e r  c a k e  w a s h e d  w i th  h o t  s o lv e n t .  T h e  
s o l id  r e s id u e ,  o b t a in e d  b y  e v a p o r a t in g  t o  d r y n e s s  ( d im in is h e d  
p r e s s u r e )  t h e  c o m b in e d  f i l t r a t e  a n d  w a s h in g s ,  w a s  d is s o lv e d  in  
e x c e s s  w a t e r .  C o n c e n t r a t i o n  o f  t h e  a q u e o u s  s o lu t io n  g a v e ,  in  
f iv e  c r o p s ,  1 4 .2  g . o f p r o d u c t  w i t h  m .p .  2 9 0 - 2 9 2 °  d e c .  t o  2 9 6 -  
2 9 8 °  d e c . ,  a f t e r  d r y in g  o v e r  p h o s p h o r u s  p e n to x id e  a t  100° 
a n d  0 .2  m m . f o r  16 h r .  A n  a d d i t io n a l  1 .6  g .  o f p r o d u c t ,  m .p .  
2 9 5 - 2 9 8 ° ,  w a s  o b t a in e d  in  a  s im i la r  m a n n e r  f ro m  t h e  o r ig in a l  
r e a c t io n  m ix tu r e  f i l t e r  c a k e .  T o ta l  y ie ld  w a s  7 7 % . A n  a n a l y t i 
c a l  s a m p le ,  m .p .  2 9 6 - 2 9 8 °  d e c . ,  w a s  p r e p a r e d  b y  r e c r y s ta l l i z a 
t i o n  ( w a te r )  o f  a  p o r t io n  o f  t h e  p r o d u c t  a n d  d r y in g  a s  d e s c r ib e d  
a b o v e .  P r o d u c t  V  h a s  a m id e  c a r b o n y l  a b s o r p t io n  ( N u jo l )  a t  
16 3 5  c m . - 1.

Anal. C a lc d .  fo r  C U H 32O 4N 4: C ,  5 8 .6 7 ;  H ,  8 .7 5 .  F o u n d :  
0 , 5 8 . 6 4 , 5 8 . 8 7 ;  H ,  8 .7 4 ,8 .7 1 .

T e t r a e th y l  1 ,2 ,4 ,5 - C y c lo h e x a n e te t r a c a r b o x y la te  ( V I I I ) .  (A ) 
F r o m  I I . — -An a z e o t r o p ic  e s te r i f ic a t io n  ( 6  d a y s ) ,  e s s e n t ia l ly  th e  
p r o c e d u r e  d e s c r ib e d  e ls e w h e r e , 21 w a s  c a r r ie d  o u t  u s in g  8 5 .4  g . 
( 0 .3 2 8  m o le )  o f  t e t r a a c i d  I I ,  2 4 5  m l .  o f  a b s o lu te  e th a n o l ,  120  m l. 
o f  d r y  to lu e n e ,  a n d  2 m l .  o f  c o n c e n t r a t e d  s u lf u r ic  a c id .  T h e  
r e a c t io n  s o lu t io n ,  o n  s lo w  c o o lin g , d e p o s i te d  c o lo r le s s  n e e d le s  
w h ic h ,  a f t e r  d r y in g  in vacuo o v e r  p h o s p h o r u s  p e n to x id e  a t  ro o m  
t e m p e r a t u r e  fo r  24  h r . ,  a m o u n te d  to  9 7 .0  g . ( 8 0 % )  o f  a n a ly t i c a l l y  
p u r e  p r o d u c t  V I I I ,  m . p .  1 2 7 - 1 2 8 ° .  P r o d u c t  V I I I  h a s  s t r o n g  
e s te r - g r o u p  a b s o r p t io n s  ( N u jo l )  a t  17 3 0  a n d  1190  c m . - 1 .

Anal. C a lc d .  f o r  C igIL sO a: C ,  5 8 .0 5 ;  H ,  7 .5 8 .  F o u n d :  
C ,  5 7 .8 8 ;  H ,  7 .4 8 .

(B )  F r o m  T e t r a e th y l  P y r o m e l l i t a te  ( V I I ) .— A z e o tro p ic  e s t e r i 
f i c a t io n 21 (1 6  d a y s )  o f  2 6 0  g . ( 1 .1 9 2  m o le s )  o f  p y r o m e l l i t i c  d ia n 
h y d r id e  w a s  c a r r ie d  o u t  u s in g  8 3 5  m l .  o f  a b s o lu te  e th a n o l ,  1500 m l. 
o f  d r y  b e n z e n e ,  a n d  5  m l.  o f  c o n c e n t r a t e d  s u lf u r ic  a c id .  E th a n o l  
a n d  b e n z e n e  w e re  r e m o v e d  u n d e r  d im in is h e d  p r e s s u r e  a n d  th e  
r e s id u a l  l iq u id  s lo w ly  so lid if ie d  t o  m a s s iv e  c r y s t a l s  o n  s t a n d in g  
a t  r o o m  t e m p e r a t u r e  f o r  s e v e r a l  d a y s .  T h e  c r y s ta l l in e  s o lid  
w a s  d is s o lv e d  in  e t h e r  a n d  t h e  e th e r a l  s o lu t io n  w a s h e d  s u c c e s 
s iv e ly  w i th  .w a te r ,  1 %  s o d iu m  h y d r o x id e ,  a n d  w a t e r .  A f te r  
t r e a t m e n t  w i th  m a g n e s iu m  s u l f a te  a n d  N o r i t ,  t h e  e t h e r a l  s o lu 
t i o n  w a s  c o n c e n t r a t e d  a n d  c h i l le d  t o  g iv e  3 4 5  g .  o f  c r y s ta l l in e  
t e t r a e t h y l  p y r o m e l l i t a t e ,  m . p .  5 5 - 5 6 °  ( r e p o r t e d 22 m . p .  5 2 ° ) .  
A  s e c o n d  c r o p ,  3 7 .4  g . ,  m .p .  5 4 ^ 5 6 ° , a n d  a  t h i r d  c r o p ,  8 .4  g . ,  
m . p .  5 3 - 5 4 ° ,  g a v e  a  t o t a l  y ie ld  o f  9 0 % .

T h e  u l t r a v io l e t  s p e c t r u m  o f  p r o d u c t  V I I  h a s  Xmax ( a b s o lu t e  
e t h a n o l )  2 9 2  nrpi, lo g  e 3 .3 8 .

C a ta ly t i c  h y d r o g e n a t io n  o f  6 1 .2  g . ( 0 .1 6 7  m o le )  o f  V I I  i n  6 0 0  
m l .  o f  a b s o lu te  e th a n o l  w a s  c a r r ie d  o u t  u s in g  5 g . o f  W -2  R a n e y  
n ic k e l  a n d  3 0 0 0 - p .s . i .  h y d r o g e n  a t  1 7 5 ° . T h e  r e d u c t io n  c h a r g e  
w a s  t r e a t e d  w i t h  N o r i t ,  h e a t e d  t o  r e f lu x , a n d  f i l te r e d  w i th  su c 
t i o n  th r o u g h  C e l i te  a n d  a  s in t e r e d  g la s s  f i l t e r .  T h e  r e s u l t in g  
c le a r  s o lu t io n  w a s  c o n c e n t r a t e d  a n d  c o o le d  t o  g iv e  1 .5  g .  o f 
c r y s t a l l i n e  s o l id ,  m . p .  1 2 7 - 1 2 8 ° .  T h is  m a t e r i a l  w a s  id e n t ic a l  
( i n f r a r e d  s p e c t r u m  a n d  m ix tu r e  m e l t in g  p o in t )  t o  r e d u c e d  e s t e r  
V I I I  p r e v io u s ly  o b t a in e d  b y  e s te r i f i c a t io n  o f  a c id  I I .  C o m p le te

(21) V. M. Mieovic, “Organic Syntheses,” Coll. Vol. I I , John Wiley and 
Sons, Inc., New: York, N. Y,, 1943, p. 264.

(22) J. v. Braun, W. Leistner, and W. Miinch, B e r . t 59, 1950 (1926).

r e m o v a l  o f  s o lv e n t  ( r e d u c e d  p r e s s u r e )  f ro m  t h e  r e s id u a l  f i l t r a t e  
g a v e  a n  o il w h ic h  d id  n o t  s o l id ify .  T h e  o il e x h ib i t e d  n o  a r o 
m a t i c  a b s o r p t io n  in  t h e  u l t r a v io l e t  a n d  d id  n o t  d e c o lo r iz e  b r o 
m in e  o r  p e r m a n g a n a te  s o lu t io n s .  T h is  m a t e r i a l ,  a p p a r e n t l y  a  
m ix tu r e  o f  s te r e o is o m e rs  o f  V I I I ,  w a s  n o t  i n v e s t i g a t e d  f u r t h e r .

(C )  F r o m  A c id  C h lo r id e  I V .— T o  3 2 3  m g . ( 0 .9 6 8  m m o le )  
a c id  c h lo r id e  I V  w a s  a d d e d  5 m l.  o f  a b s o lu te  e th a n o l .  T h e  
m ix tu r e  w a s  h e a t e d  o v e r  s t e a m  a n d  th e  r e s u l t in g  s o lu t io n  c o n 
c e n t r a t e d  t o  ca. 1 m l .  T h e  c o lo r le s s  c r y s t a l s  w h ic h  q u ic k ly  
fo rm e d  o n  c o o lin g  w e re  s e p a r a te d  b y  f i l t r a t i o n ,  w a s h e d  w i t h  1 

m l.  o f  c o ld  a b s o lu te  e th a n o l ,  a n d  d r ie d  o v e r  p h o s p h o r u s  p e n t 
o x id e  in vacuo a t  ro o m  t e m p e r a t u r e  fo r  16 h r .  T h e  r e s u l t in g  
e s t e r ,  30 9  m g . ( 8 6 % ) ,  h a d  m .p .  1 2 7 -1 2 8 °  a n d  w a s  i d e n t i c a l  ( i n 
f r a r e d  s p e c t r u m  a n d  m ix tu r e  m e l t in g  p o i n t )  t o  e s t e r  V I I I  p r e 
v io u s ly  o b t a in e d  b y  e s te r i f ic a t io n  o f  a c id  I I .

1 .2 .4 .5 -  T e t r a k i s ( a c e to x y m e th y l ) c y c lo h e x a n e  ( I X ) .— I n t o  a
5-1., th r e e - n e c k e d  f la s k , e q u ip p e d  w i th  a  la r g e  S o x h le t  e x t r a c t io n  
a s s e m b ly  a n d  H e r s h b e r g  s t i r r e r ,  wre re  p la c e d  1920  m l .  o f  d r y  
e t h e r  a n d  4 2 .5  g . (1 .1 2  m o le s )  o f  l i t h iu m  a lu m in u m  h y d r id e .  
T h e  e x t r a c t o r  th im b le  w a s  c h a r g e d  w i th  7 0 .4  g . (0 .1 8 9  m o le )  o f  
t e t r a e t h y l  e s t e r  V I I I  a n d  th e  s o lv e n t  t h e n  h e a t e d  t o  r e f lu x .  
T h e  s o l id  e s t e r  w a s  e x t r a c t e d  f ro m  t h e  t h im b le  o v e r  a  p e r io d  of 
s e v e r a l  h o u r s  a n d  th e  e n t i r e  r e a c t io n  m ix tu r e  r e f lu x e d  f o r  a  t o t a l  
o f  26  h r .  A t  t h e  e n d  o f t h i s  t im e  t h e  r e a c t io n  f la s k  w a s  c o o le d  in  
a n  ic e  b a t h  a n d  190  m l .  o f  a c e t ic  a n h y d r id e  w a s  a d d e d  d r o p w is e ,  
fo llo w e d  b y  3 6 0  m l .  o f  g la c ia l  a c e t ic  a c id ,  a n d  f in a l ly ,  a n  a d d i 
t i o n a l  190  m l .  o f  a c e t ic  a n h y d r id e .  E t h e r  t h e n  w a s  d is t i l le d  
f ro m  t h e  m ix tu r e  u n t i l  a  v a p o r  t e m p e r a tu r e  o f  4 7 °  w a s  r e a c h e d  
( a r b i t r a r y ) ;  a f t e r  1 9 -h r . re f lu x  a t  th i s  t e m p e r a t u r e  t h e  r e m a in in g  
e th e r  w a s  r e m o v e d  ( v a p o r  t e m p ,  a b o v e  1 0 0 ° )  a n d  th e  m ix tu r e  
r e f lu x e d  a n  a d d i t io n a l  h o u r .  T h e  f e s u l t in g  m ix tu r e  w 'as f i l te r e d  
u n d e r  r e d u c e d  p r e s s u r e  w h ile  s t i l l  h o t  a n d  t h e  f i l t e r  c a k e  w a s h e d  
w e ll w i th  h o t  a c e t ic  a n h y d r id e .  A c e t ic  a c id  a n d  a n h y d r id e  w e re  
d is t i l le d  ( r e d u c e d  p r e s s u re )  f ro m  th e  c o m b in e d  f i l t r a t e  a n d  
w a s h in g s  t o  le a v e  a  m o is t  s o l id .  T h is  s o l id  w a s  c o o le d  t o  r o o m  
t e m p e r a t u r e  a n d  r e p e a t e d ly  t r i t u r a t e d  w i th  h o t  e t h e r .  C o m 
b in e d  e t h e r  e x t r a c t s  w e re  w a s h e d  s u c c e s s iv e ly  w i th  w a t e r ,  1 0 %, 
s o d iu m  b ic a r b o n a te ,  a n d  w a te r ,  t r e a t e d  w i th  m a g n e s iu m  s u l f a t e  
a n d  N o r i t , . f i l te r e d ,  a n d  c o n c e n t r a t e d .  T h e  c o n c e 'n t r a te  so o n  
d e p o s i te d  4 0 .3  g . o f  c o lo r le s s  c r y s t a l s ,  m .p .  1 0 1 - 1 0 2 ° .  A  s e c o n d  
c r o p ,  2 0 .2  g . ,  m . p .  1 0 0 - 1 0 2 ° ,  g a v e  a  t o t a l  y ie ld  o f  8 6 %  o f p r o d 
u c t  I X .  A n  a n a ly t i c a l  s a m p le ,  r e c r y s ta l l i z e d  f ro m  e t h e r ,  h a d  
m .p .  1 0 2 - 1 0 3 ° .  P r o d u c t  I X  h a s  s t r o n g  a c e t a t e - e s t e r  a b s o r p 
t i o n s  a t  173 0  a n d  1245  c m . - 1 .

Anal. C a lc d .  fo r  C i«H 28()8: C ,  5 8 .0 5 ;  H ,  7 .5 8 . F o u n d :  
C ,  5 8 .2 0 ;  H ,  7 .6 2 .

A n  id e n t i c a l  t e t r a a c e t a t e  is  o b t a in e d  f ro m  a c e ty l a t i o n  o f  
t e t r a o l  X  (vide infra).

1 .2 .4 .5 -  T e t r a k i s ( h y d r o x y m e th y l ) c y c lo h e x a n e  (X ) .— A s o l u 
t i o n  o f  15.1 g . (0 .0 4 0 6  m o le )  o f  I X  a n d  0 .3  g . o f  S o d iu m  m e th o x id e  
in  55  m l .  o f  a b s o lu te  m e th a n o l  w a s  re f lu x e d  fo r  2 h r .  D u r in g  th i s  
t im e  a  w h i te  s o l id  p r e c ip i t a t e d  f ro m  s o lu t io n .  T h e  m ix tu r e  w a s  
t h e n  s lo w ly  d is t i l le d  t o  r e m o v e  m e th y l  a c e t a t e  a s  t h e  m e t h a n o l -  
m e th y l  a c e t a t e  a z e o t r o p e  ( b .p .  5 4 ° )  a n d ,  s u b s e q u e n t ly ,  m o s t  o f  
t h e  r e m a in in g  m e th a n o l .  T h e  r e s u l t in g  s lu r r y  w a s  f i l te r e d  w i th  
s u c t io n ;  t h e  f i l te r  c a k e  w a s  w a s h e d  w i th  m e th a n o l  a n d  d r ie d  
o v e r  p h o s p h o r u s  p e n to x id e  a t  0 .2  m m . a n d  r o o m  t e m p e r a t u r e  fo r  
2 4  h r .  t o  g iv e  8 .4  g .  (1 0 0 % ,)  o f  f in e ly  d iv id e d  p r o d u c t  X ,  m . p .
2 0 3 - 2 0 5 ° .  T h e  p r o d u c t  is  m o d e r a te ly  s o lu b le  in  c o ld  w a t e r  a n d  
q u i t e  s o lu b le  in  h o t  w a te r .  A n  a n a ly t i c a l  s a m p le  w a s  r e c r y s t a l 
l iz e d  f ro m  w a te r  a n d  d r ie d  o v e r  p h o s p h o r u s  p e n to x id e  a t  1 0 0 ° 
a n d  0 .2  m m . f o r  16 h r .  t o  g iv e  m .p .  2 0 5 - 2 0 6 ° .

Anal. C a lc d .  f o r  C 10H 20O 4: C ,  5 8 .8 0 ;  H ,  9 .8 7 .  F o u n d :  
C ,  5 8 .5 2 ;  H ,  9 .8 4 .

A c e ty la t io n  o f  X  o n  a  0 .9 8 -m m o le  s c a le  u s in g  a c e t ic  a n h y d r id e  
in  p y r id in e  r e g e n e r a te s  ( 8 8 % )  i t s  p r e c u r s o r ,  t e t r a a c e t a t e  I X .

1 ,2 ,4 ,5 -T  e t r a k i s (  to s y lo x y m e th y l ) c y c lo h e x a n e  (X I I ) .— A  
s o lu t io n - s u s p e n s io n  o f  4 .9  g . ( 0 .0 2 4  m o le )  o f  t e t r a o l  X  in  65  g . o f  
r e a g e n t  p y r id in e  ( d r ie d  o v e r  b a r iu m  o x id e )  w a s  im m e r s e d  in  a n  
ic e  b a t h  a n d  2 0 .2  g . (0 .1 0 6  m o le )  o f  p - to lu e n e s u l f d n y l  c h lo r id e  
w a s  a d d e d  in  s m a ll  p o r t io n s ,  w i th  s t i r r in g ,  o v e r  2 0  m in .  T h e  
r e s u l t i n g  m ix tu r e  w a s  s t i r r e d  a t  0 °  f o r  3  h r . ,  b y  t h e  e n d  o f  w h ic h  
t im e  a  t h i c k  w h i te  s lu r r y  h a d  f o rm e d .  T h e  s l u r r y  w a s  a l lo w e d  
t o  w a r m  t o  ro o m  t e m p e r a t u r e  a n d  t h e n  p o u r e d  i n to  2 0 0  m l .  o f  
c h i l le d  6  M  h y d r o c h lo r ic  a c id .  T h e  m ix tu r e  w a s  f i l t e r e d  w i th  
s u c t io n  a n d  t h e  f i l te r  c a k e  w a s h e d  w i th  d i l u t e  h y d r o c h lo r ic  a c id  
a n d  w a te r ,  a n d  s u b s e q u e n t ly  d r ie d  in vacuo a t  ro o m  t e m p e r a t u r e  
o v e r  p h o s p h o r u s  p e n to x id e .  T h e  r e s u l t in g  p r o d u c t  X I I  w e ig h e d
1 8 .8  g .  ( 9 5 % )  a n d  h a d  m .p .  1 9 5 -1 9 7 °  d e c .  a f t e r  r e c r y s t a l l i z a t i o n
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f ro m  c h lo ro fo rm  ( o r  d io x a n e ) .  P r o d u c t  X I I  e x h ib i te d  c h a r a c 
t e r i s t i c  to s y l a t e - g r o u p  a b s o r p t io n s  a t  1362  a n d  1178  c m . - 1 .

Anal. C a lc d .  f o r  C 38H 44O 12S 4: C ,  5 5 .5 9 ;  H ,  5 .4 0 .  F o u n d :  
C ,  5 5 .2 9 ;  H ,  5 .3 3 .

1 .2 .4 .5 -  T e t r a k i s ( b r o m o m e th y l ) c y c lo h e x a n e  ( X I ) .  (A )  F r o m
T e t r a to s y la te  X I I .— A  g la s s - l in e d  s ta in le s s  s te e l  b o m b  c h a r g e d  
w i th  1 5 .0  g . (0 .0 1 8 3  m o le )  o f  t e t r a t o s y l a t e  X I I ,  8 .6  g . o f  l i th iu m  
b ro m id e , a n d  150 m l .  o f  r e a g e n t  a c e to n e  w a s  h e a t e d  a t  110° 
f o r  1 4 .5  h r .  T h e  r e s u l t i n g  m ix tu r e ,  c o n s is t in g  o f  a  f a i r ly  h o m o 
g e n e o u s  s o lid  p h a s e  a n d  a  d is c o lo re d  a c e to n e  p h a s e ,  w a s  f i l te r e d  
w i t h  s u c t io n .  T h e  f i l t e r  c a k e ,  a  m i x t u r e  o f  p r o d u c t  X I  a n d  
t o s y l a t e  s a l t ,  w a s  t r i t u r a t e d  w i th  f o u r  1 0 0 - m l.  p o r t io n s  o f  c a r b o n  
t e t r a c h lo r id e .  T h e  c o m b in e d  e x t r a c t s  w e re  c o n c e n t r a t e d  t o  g iv e , 
i n  tw o  c r o p s  ( m .p .  2 0 7 - 2 0 8 °  a n d  2 0 5 - 2 0 7 ° ) ,  3 .0  g . ( 3 6 % )  o f 
t e t r a b r o m i d e  X I .  T h e  a c e to n e  f i l t r a t e  f ro m  t h e  o r ig in a l  r e a c 
t i o n  m ix tu r e  a f fo rd e d  n o  a d d i t i o n a l  p r o d u c t .  A n  a n a l y t i c a l  
s a m p le  o f  X I ,  r e c r y s ta l l i z e d  f ro m  c a r b o n  t e t r a c h l o r i d e ,  h a d  m .p .
2 0 7 - 2 0 8 ° .

Anal. C a lc d .  f o r  C io H ie B ru  C ,  2 6 .3 5 ; H ,  3 .5 4 ;  B r ,  7 0 .1 2 . 
F o u n d :  C ,  2 6 .5 6 ;  H , 3 . 7 1 ;  B r ,  7 0 .3 8 .

(B )  F r o m  T e t r a o l  X .— A t t e m p t e d  b r o m in a t io n  o f  X  u s in g  
p h o s p h o r u s  t r ib r o m id e  in  c a r b o n  t e t r a c h lo r id e  a n d  c a r r ie d  o u t  in  
t h e  u s u a l  m a n n e r  g a v e  o n ly  4 %  o f  t e t r a b r o m i d e  X I  a s  t h e  so le  
is o la b le  s o l id .  T h is  p r o d u c t  w a s  i d e n t i c a l  t o  X I  d e r iv e d  f ro m  
X I I  a s  d e s c r ib e d  p re v io u s ly .

1 .2 .4 .5 -  T e t r a k i s ( io d o m e th y l ) c y c lo h e x a n e  ( X I I I ) .  (A )  F r o m  
T o s y la te  X I I .23— A  s o lu t io n  o f  1 2 .2  g .  (0 .0 1 4 9  m o le )  o f t o s y l a t e

(23) The author is indebted to Mrs. C. L. W arren for initially carrying out 
this reaction.

X I I  a n d  1 8 .0  g . o f  d r y  s o d iu m  io d id e  in  80  m l .  o f  r e a g e n t  a c e to n e  
w a s  r e f lu x e d  fo r  4  h r .  D u r in g  t h i s  t im e  a  w h i te  s o lid  s e p a r a te d .  
T h e  r e a c t io n  m ix tu r e  w a s  c o o le d  a n d  f i l te r e d  w i t h  s u c t io n .  T h e  
f i l te r  c a k e ,  a  m ix tu r e  o f p r o d u c t  a n d  s o d iu m  to s y l a t e ,  w a s  
w a s h e d  f i r s t  w i th  a c e to n e ,  t h e n  th o r o u g h ly  w i th  w a te r ,  a n d  
s u b s e q u e n t l j '  d r i e d  t o  g iv e  9 5 %  c r u d e  io d id e  X I I I ,  m .p .  2 4 4 °  
d e c .  P r o d u c t  X I I I  is  s o m e w h a t  s o lu b le  in  h o t  c h lo ro fo rm  a n d  
m o d e r a t e ly  s o lu b le  in  h o t  t e t r a h y d r o f u r a n .

A n  a n a ly t i c a l  s a m p le ,  r e c r y s ta l l i z e d  f ro m  c h lo ro fo rm , h a d  
m .p .  2 4 5 - 2 4 6 ° .

Anal. C a lc d .  fo r  C i d h e h :  C ,  1 8 .6 5 ; H ,  2 .5 0 ;  I ,  7 8 .8 4 . 
F o u n d :  C ,  1 8 .8 8 ; H ,  2 .5 4 ;  I ,  7 8 .5 8 .

(B )  F r o m  T e t r a b r o m id e  X I .— T o  a  s o lu t io n  o f  0 .6 7  g . o f  X I  
(1 .4 7  m m o le s )  in  75  m l .  o f  h o t  a c e to n e  th e r e  w a s  a d d e d ,  w i th  
s t i r r in g ,  2 .6 4  g . (1 7 .6  m m o le s )  o f  d r y  s o d iu m  io d id e . T h e  r e 
s u l t in g  h o t  s o lu t io n ,  i n i t i a l l y  c le a r ,  q u ic k ly  b e c a m e  tu r b id  a n d  
so o n  d e p o s i te d  a  w h i te  s o l id .  T h e  m ix tu r e ,  a f t e r  r e f lu x in g  fo r 
9 0  h r .  ( a r b i t r a r y ) ,  w a s  c o o le d  a n d  f i l t e r e d .  T o  t h e  f i l t r a t e  w as  
a d d e d  a n  e q u a l  v o lu m e  o f  c h lo r o fo r m  a n d  t h e  r e s u l t i n g  p r e c ip i 
t a t e  o f  in o rg a n ic  s a l t s  w a s  r e m o v e d  b y  f i l t r a t i o n .  T h e  a c e to n e -  
c h lo ro fo rm  s o lu t io n ,  h o t ,  w a s  u s e d  to  t r i t u r a t e  th e  f i l te r  c a k e  
f ro m  t h e  o r ig in a l  r e a c t io n  m ix tu r e .  T h e  e x t r a c t  w a s  c o n c e n 
t r a t e d  t o  g iv e , in  tw o  c r o p s ,  0 .6 0  g . ( 6 3 % )  o f  t e t r a i o d id e  X I I I ,  
m .p .  2 4 5 - 2 4 6 °  d e c .
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I n  m e th a n o l ic  c u p r ic  a c e t a t e  t h e  g ly o x a l  f ro m  c o r t i s o n e  (2 0 -k e to -2 1  - a ld e h y d e )  r e a r r a n g e s  s lo w ly  t o  f o rm  th e  
c o r r e s p o n d in g  g ly c o lic  a c id s  ( 2 0 - h y d r o x y -2 1 - a c id )  a n d  m e th y l  e s te r s .  T w o  2 0 -h y d ro x y  a c id s  ( e p im e r ic  a t  C -2 0 )  
a n d  tw o  e p im e r ic  2 0 - h y d r o x y  e s te r s  a r e  f o r m e d  a s  m a in  p r o d u c ts .  R e a c t io n  o c c u r s  s lo w ly ;  1 2 %  of s t a r t i n g  
m a te r i a l  is  p r e s e n t  a f t e r  tw o  w e e k s . W i th  a lk a l i ,  r e a r r a n g e m e n t  o f  t h e  g ly o x a l  t o  t h e  s a m e  p a i r  o f e p im e r ic  2 0 -  
h y d r o x y p r e g n e n o ic  a c id s  o c c u r s  r a p id ly .  A c e ty la t io n  o f  t h e  e p im e r ic  a c id s  u n d e r  m i ld  c o n d i t io n s  g iv e s  t h e  1 7 ,2 0 -  
d i a c e t a t e s  w h e r e a s  a c e ty l a t i o n  o f  t h e  m e th y l  e s te r s  u n d e r  t h e  s a m e  c o n d it io n s  g iv e s  t h e  2 0 - m o n o a c e ta te s .  T r e a t 
m e n t  o f t h e  m e th y l  e s te r s  u n d e r  v ig o ro u s  a c e ty l a t i n g  c o n d i t io n s  g iv e s  t h e  1 7 ,2 0 - d ia c e ta te s  a lo n g  w i th  s o m e  o f  t h e  
c o r r e s p o n d in g  C -3  e n o l a c e t a t e s .  T h e  a c e ty l  g r o u p  is  r e m o v e d  m o re  r e a d i ly  f ro m  t h e  2 0 a - a c e t a t e  t h a n  f ro m  
i t s  2 0 /S -e p im er. T h e  c o n f ig u ra t io n s  a t  C -2 0  o f  t h e  tw o  s e r ie s  of e p im e r s  w e re  d e te r m in e d .

In a previous paper it was shown that cupric acetate 
in methanol catalyzes the rearrangement of steroidal 
glyoxals to the methyl esters of steroidal glycolic acids.3 
From each glyoxal, two 20-epimeric 20-hydroxypreg- 
nan-21-oic esters were obtained. The rate of reaction 
of 17-hydroxy steroidal glyoxals was considerably less 
than that of the 17-deoxy analogs.

This paper describes the conversion of the glyoxal 
from cortisone into its 20-epimeric steroidal glycolates 
by catalysis with cupric acetate and with sodium hy
droxide. Treatment of cortisone (I, Fig. 1) with meth
anolic cupric acetate for one hour4 gave a good yield of 
glyoxal II. When this glyoxal was treated with meth
anolic cupric acetate at room temperature for two 
weeks, an 88% reduction in the Porter-Siber chromo- 
genicity occurred. After the products of the reaction 
had been isolated, it was found that, in contrast to the 
analogous reaction with 3a-hydroxy-ll,20-dioxo-5/j-

(1) Abridgment of thesis submitted by M. L. Lewbart to the faculty of 
the Graduate School of the University of Minnesota in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in Biochemistry.

(2) This investigation was carried out during the tenure of a Fellowship 
from the Division of General Medical Sciences, Public Health Service.

(3) M. L. Lewbart and V. R. M attox, J .  O r g .  C h e w . . ,  28, 1779 (1963).
(4) M. L. Lewbart and V. R. M attox, i b i d . ,  28, in press.

pregnan-21-al,3 there was a significant acidic fraction 
(11%). This fraction was shown, by paper chroma
tography, to consist chiefly of the free glycolic acids 
(V illa5 and VUIb5) together with a small amount of 
the corresponding etienic acid (17-hydroxy-3,ll-di- 
oxoeti-4-enic acid).

The neutral fraction was acetylated and, after sep
aration of a small amount of the 20«-acetoxy ester 
(IVa) by crystallization, the product was fractionated 
by column chromatography.3 Small amounts of three 
compounds of unknown structure were obtained. 
The principal products were the 20a- and 20/3-acetoxy 
esters (IVa and IVb) which were obtained in 27 and 
22% yield, respectively.

Alkaline rearrangement of glyoxal II occurred much 
more rapidly and gave a higher yield of crystallizable 
product than did the cupric acetate-catalyzed rearrange
ment. Treatment of an aqueous suspension of glyoxal 
II at 0° under nitrogen with 1.25 equivalents of sodium 
hydroxide for thirty minutes resulted in almost com
plete disappearance of the glyoxal. Successive esteri
fication and acetylation of the product, followed by

(5) “a ” represents the 20 a-oxygen epimer; “b,” the 200-epimer,
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column chromatography, gave the 20a- and 20/3-acetoxy 
methyl esters (IVa and IVb) in yields of 47 and 34%. 
These products were identical with the acetylated 
products obtained from reaction of the glyoxal II with 
methanolic cupric acetate.

The structures of IV a and IVb were anticipated from 
the studies on the glycolic acid derivates of 17-deoxy 
steroidal glyoxals3 and were established from the trans
formations shown in Fig. 1. Treatment of the acetoxy 
esters (IVa and IVb) with methanolic hydrogen chlo
ride removed the acetyl group from C-20 and gave the 
epimeric 20-hydroxy esters (Ilia and Illb) in good 
yield. That these products contained vicinal hydroxyl

groups was shown by their conversion to adrenosterone 
(V) by treatment with periodic acid. Attempts to 
convert the epimeric 20-hydroxy esters (Ilia  and Illb) 
to the corresponding 20-ketone by chromic acid oxida
tion under mild conditions were unsuccessful; adreno
sterone was the only product detectable.

Saponification of the 20-hydroxy methyl esters (Ilia 
and Illb) afforded the free 20-hydroxy acids (Villa 
and VUIb) in about 80% yield. These acids had the 
same chromatographic mobility and gave the same 
color reactions as the major acidic artifact produced 
by the action of traces of copper on cortisone during 
paper chromatography.6

In an attempt to acetylate selectively the 20-hydroxyl 
group in the dihydroxy acids (V illa and VUIb), these 
compounds were treated at room temperature with ace
tic anhydride and pyridine. The corresponding 17,20- 
diacetyl derivatives (Vila and Vllb) were obtained in 
yields of 51 and 44%, respectively. This result was 
unexpected since acetylation of 17-hydroxypregnanes 
ordinarily requires strenuous7 conditions. I t may have 
been due to formation of a mixed anhydride which 
served to bring an acetyl function into a position 
favorable for transfer to the 17-hydroxyl group by an 
intramolecular process.8 From acetylation of cor
responding dihydroxy esters (Ilia and Illb) only the 
20-monoacetates (IVa and IVb) were obtained.

Proof of structure of the 17,20-diacetoxy acids (Vila 
and Vllb) was obtained by esterification with diazo
methane to give diacetoxy esters Via and VIb. These 
products were prepared by acetylation at C-17 of the 
20-acetyl methyl esters (IVa and IVb, respectively) with 
a mixture of acetic anhydride, acetic acid, and p-toluene- 
sulfonic acid.7

From the acetylation at C-17 of each 20-acetyl methyl 
ester also was formed a less polar by-product. Only 
that product from the 20/3-epimer could be obtained in 
crystalline form. Because of an ultraviolet absorption 
maximum at 234 rap and the absence from the infrared 
spectrum of a band at 1669 cm.-1 (characteristic for 
A4-3-ketones), the substance was presumed to be the 
enol acetate (IXb, Fig. 2) of VIb (Fig. 1).

In describing the acylation at C-17 of 17-hydroxy
pregnanes, Turner7 noted that, whereas yields from 
compounds saturated in ring A were nearly quantitative, 
those from A4-3-ketones were less than 50%. Al
though Turner considered enol acetate formation as an 
explanation for the poor yields, he discounted such a 
possibility because of the absence in crude reaction mix
tures of infrared absorption bands which are charac
teristic for such compounds.9 Nevertheless, the crys
talline by-product from forced acetylation of IVb was in 
fact the enol10 acetate (IXb) as proven by elemental

(6) M. L. Lewbart and V. R. Mattox, N a t u r e , 183, 820 (1959).
(7) R. B. Turner, J .  A m .  C h e m .  S o c . ,  75, 3489 (1953).
(8) We are indebted to R. M. Dodson for this suggestion.
(9) R. N. Jones and K. Dobriner, "Infrared Spectrometry Applied to 

Steroid Structure and Metabolism in Vitamins and Hormones,” Vol. 7, 
Academic Press, Inc., New York, N. Y., 1949, p. 323.

(10) Further confirmation of the general formation of enol acetates from 
AMl-ketones was obtained when Turner’s conditions were applied to corti
sone in this laboratory. The 17,21-diacetate (X) and the 3,17,21-triacetate 
(XI) were each isolated in 37% yield. The (MdX I)-(M dX) of —796 units 
was of the expected magnitude. In addition, Ringold, e t  a l .,12 have also iso
lated an enol acetate as a by-product in the acetylation of 6-methyl-17- 
hydroxyprogesterone under Turner’s conditions. The (Md A3,5-3-acetate) 
— (MDA4-3-ketone) was —879 units. I t  was noted th a t shortening the reac
tion time reduced enol acetate formation, and afforded the 17-acetates in 
much better yield. Our findings are in agreement with this observation.
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analysis and correlation of optical rotatory values. As 
shown by Westphal,11 12 conversion of a A4-3-ketone to the 
corresponding A36-3-acetate is associated with a 
strongly negative shift in the optical rotation. For 
example (MDA3'6-3-acetate)-(MDA4-3-ketone) values for 
compounds derived from cholestenone, progesterone, 
and testosterone are —789, —756, and —855 units, 
respectively. In agreement with these values is 
(MDlXb)-(MDYIb) of—940 units.

The 20-acetoxy acids (X lla and X llb, Fig. 3), un
successfully sought by acetylation of the 20-hydroxy 
acids, could be obtained in low yields by partial hy
drolysis of the 20-acetoxy esters (I Va and IVb). Treat
ment of these esters with one equivalent of sodium 
hydroxide in aqueous ethanol for fifteen minutes at 
room temperature gave a mixture of neutral and 
acidic products. Column chromatography of the mix
ture from the 20a-epimer gave the 20a-hydroxy acid 
(Villa), the 20a-acetoxy acid (Xlla), and the 20a- 
hydroxy ethyl ester (XHIa), all of which could be 
crystallized. From the 20/3-epimer (IVb) was ob
tained the 20/3-hvdroxy acid (VUIb), the 20/f-acctoxy 
acid (Xllb), the 20/?-hydroxy ethyl ester (XHIb), the 
20^-acetoxy ethyl ester (XIVb), and the 20/3-acetoxy 
methyl ester (IVb, starting material). The structures 
of the ethyl esters were established by independent prep
aration of them by treatment of the respective acids 
with diazoethane.

The isolation of significant amounts of ethyl esters of 
the acids indicates that, under the conditions em
ployed, transesterification occurs rapidly. Also, in 
considering the hydrolysis of IVa and IVb, it is ap
parent that the 20/3-acetyl group is removed less readily 
than is the 20a-acetyl group.

Values for the optical rotation of various derivatives 
of the 20-hydroxy epimers are given in Table I. It is 
apparent that values for molecular rotations of one 
epimeric series of 17-hydroxy-20-acete2/ compounds 
(pairs 3, 4, and 6) are uniformly greater than those of 
the other series. However, the acetylation increments13 
which can be calculated for compounds derived from 
one C-20 epimeric series are not uniformly larger (or 
smaller) than those derived from the other epimeric 
series. This can be seen by subtracting 1 from 3, 2 from 
4, and 5 from 6 in the two epimeric series in Table I. 
Consequently, assignment of configuration at C-20 can-

T a b l e  I

M olecular  R o t a t io n s“ o f  3,11-D io xo preg n -4-en e  
D e r iv a t iv e s  w it h  S u b s t it u e n t s  a t  C -17, C -20, a nd  C-21

Pair
no. C-17

■Substituents
C-20 C-21

/-------Epimers----
20a 20/3

A*
a - ß

l a -O H O H o 2h + 4 6 3 +  467 - 4
2 « -O H O H o 2c h 3 +  453 + 4 6 5 - 1 2
3 a -O H OAc o 2h +  561 +  548 +  13
4 a -O H OAc o 2c h 3 +  562 + 4 9 3 + 6 9
5 a -O H O H o 2c 2h 5 +  562 +  449 +  113
6 ce-OH OAc o 2c 2h 5 +  621 +  580 +  41
7 a-O A c OAc o 2h + 2 5 3 + 4 3 7 - 1 8 4
8 a-O A c OAc o 2c h 3 + 3 1 3 + 4 5 1 - 1 3 8

“ Molecular rotations, M d, are [q̂ d X mol. w t./100. 6 A = 
M d20« -  Md20/?.

(11) U. Westphal, B e r . ,  70, 2128 (1937).
(12) H. J. Ringold, J. P. Ruelas, E. Batres, and Carl Djerassi, J .  A m . 

C h e m .  S o c . ,  81, 3712 (1959).
(13) L. F. Fieser, and M. Fieser, “ S teroids/’ Reinhold Publishing Corp., 

New York, N. Y., 1959. pp. 612-618.

c o 2c h 3

c o 2h

A cO C H

c o 2c h 3

c o 2h

H O

c o 2c h 3

H C O A c

c -O H

C 0 2C H 3

A cO C H

M n02

l  c h 2o h  

H O C H

not be made with confidence from optical rotatory 
values.

Configuration at C-20 was established definitively by 
lithium aluminum hydride reduction of the acetoxy 
methyl esters (IVa and IVb, Fig. 4) to their respec
tive 3,11,17,20,21-pentols (XVa and XVb), followed by 
regeneration of the A4-3-keto system with manganese
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dioxide.14 15 The configurations of the products, 11/3,17,- 
20/3,21 - tetrahydroxypregn - 4 - en - 3 - one16-16 (XVIb) 
and its 20a-epimer17 (XVIa), are known. Since lith
ium aluminum hydride reduction of a-hydroxy18 acids 
proceeds without change of configuration19 at the a-car- 
bon18 atom, this sequence of transformations establishes 
the configuration at C-20 in the two epimers (IVa and 
IVb).

The finding of greater dextrorotatory values for 17a- 
hydroxy-20a-acetoxy compounds than for the 17a-hy- 
droxy-20/3-acetoxy epimers (pairs 3, 4, and 6, Table I) 
parallels the findings3 on six pairs of 20-epimeric 17-de- 
oxy-20-hydroxy-5/3-pregnan-21-oic acids and esters. 
However, when both C-17 and C-20 bear acetoxy 
groups (pairs 7 and 8, Table I) the 17a,20a-diacetoxy 
acid and ester are less dextrorotatory than the corre
sponding 17a,20/3-diacetoxy acid and ester. From these 
findings, and others,12 it is apparent that, in general, 
both the function at C-17 and the function at C-21 de
termine to a considerable extent whether an acetoxy 
group at C-20 is dextrorotatory or levorotatory in a 
particular configuration.

Experimental
M e l t in g  p o in t s  w e re  t a k e n  o n  a  F i s h e r - J o h n s  a p p a r a t u s  a n d  

a r e  r e p o r t e d  u n c o r r e c te d .  O p t ic a l  r o t a t io n s  w e re  m e a s u r e d  in  
m e th a n o l  a t  a  c o n c e n t r a t io n  o f  a b o u t  1 %  a n d  a t  2 4  ±  2 °  u n le s s  
o th e r w is e  i n d ic a te d .  A n a ly s e s  w e re  b y  J .  F .  A lic in o , M e tu c h e n ,  
N .  J .

A. Methyl 17-Hydroxy-20a(and 20j3 )-Acetoxy-3,11-dioxo- 
pregn-4-en-21-oates (IVa and IVb) and Two Unknown Compounds 
from Cortisone Glyoxal and Methanolic Cupric Acetate.—
T o  a  s o lu t io n  o f 1 .8 8  g .  (4 .8 2  m m o le s )  o f c o r t i s o n e  g ly o x a l  h e m i-  
a c e ta l  ( 1 7 - h y d r o x y - 3 , l l , 2 0 - t r i o x o p r e g n - 4 - e n - 2 1 - a l  2 1 - m e t h y l  
h e m i a c e t a l ) 4 in  125 m l .  o f m e th a n o l  w a s  a d d e d  a n  e q u a l  v o lu m e  of 
m e th a n o l  c o n ta in in g  5 0 0  m g . ( 2 .5  m m o le s )  o f  c u p r ic  a c e t a t e .  
A f te r  14 d a y s  a t  r o o m  t e m p e r a t u r e ,  1 1 .6 %  o f t h e  o r ig in a l  g ly o x a l 
r e m a in e d .  D is o d iu m  e t h y l e n e d in i t r i l o t e t r a a c e t a t e  ( E D T A ,  1 
g .)  in  w a te r  (5 0  m l . )  w a s  a d d e d  a n d  t h e  m e th a n o l  w a s  e v a p o r a t e d .  
T h e  a q u e o u s  r e s id u e  w a s  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e  
w h ic h ,  a f t e r  b e in g  w a s h e d  w i th  5 %  s o d iu m  b ic a r b o n a te  a n d  
w a te r ,  w a s  c o n c e n t r a t e d  t o  d r y n e s s .

T h e  c o m b in e d  a q u e o u s  w a s h e s  w e re  a c id if ie d  w i th  d i lu te  h y d r o 
c h lo r ic  a c id  a n d  th e  r e s u l t in g  p r e c ip i t a t e  w a s  e x t r a c t e d  w i th  e th y l  
a c e t a t e .  T h e  a c id ic  r e s id u e  f ro m  t h e  e t h y l  a c e t a t e  e x t r a c t  
w e ig h e d  2 0 7  m g .  (11.0%) a n d  w a s  s h o w n  b y  p a p e r  c h r o m a to g 
r a p h y  to  c o n s is t  o f m a te r i a l  w i th  t h e  s a m e  Rt a n d  c o lo r  r e a c t io n s  
( p e r io d a t e — Z im m e r m a n n , 20 u l t r a v io l e t  a b s o r p t io n  a n d  s o d iu m  
h y d r o x id e - in d u c e d  f lu o re s c e n c e )  a s  t h e  e p im e r ic  f re e  2 0 - h y d r o x y  
a c id s  ( V i l l a  a n d  V I H b ,  F ig .  1 ) . A  s m a ll  a m o u n t  o f a  s u b s ta n c e  
w i th  t h e  m o b i l i ty  o f 17-hydroxy-3,ll-dioxoeti-4-enic acid a lso  
w a s  p r e s e n t .

A f te r  r e m o v a l  o f  r e s id u a l  g ly o x a l  w i th  s o d iu m  b i s u l f i t e , 4 th e  
n e u t r a l  f r a c t io n  ( m e th y le n e  c h lo r id e  e x t r a c t )  w a s  t r e a t e d  w i th  3 
m l .  e a c h  o f  p y r id in e  a n d  a c e t ic  a n h y d r id e  f o r  14  n r .  a t  r o o m  
t e m p e r a t u r e .  T h e  p r o d u c t  g a v e  methyl 17-hydroxy-20or- 
acetoxy-3,ll-dioxopregn-4-en-21-oate ( I V a )  a s  c o lo r le s s  p la te s  
(3 7 8  m g . ,  m . p .  1 9 6 - 2 0 2 ° )  f ro m  a c e to n e .  R e c r y s ta l l iz a t io n  f ro m  
a c e to n e  g a v e  3 0 0  m g . ( 1 4 .4 % ,  m .p .  2 0 5 .5 - 2 0 7 ° ) .

T h e  r e s id u e  f ro m  th e  m o th e r  l iq u o r  w a s  f r a c t i o n a t e d  o n  a  6  X  
40  c m . c o lu m n  o f C e l i te  (3 5 0  g .)  im p r e g n a te d  w i th  1 5 7 .5  m l .  of 
t h e  h e a v ie r  p h a s e  o f b e n z e n e  (1 8 0 0 ) ,  c y c lo h e x a n e  ( 1 2 0 0 ) , f o r m -  
a m id e  ( 2 0 0 ) . T h e  flow  r a t e  w a s  1 30  m l . / h r . ;  2 2 - m l.  f r a c t io n s

(14) Franz Sondheimer, C. Amendolla, and G. Rosenkranz, J .  A m .  C h e m .  

S o c . ,  7 5 ,  5930 (1953).
(15) L. F. Fieser and M ary Fieser “ Steroids,” Reinhold Publishing 

Corp., New York, N. Y., 1959, p. 622.
(16) T. Reichstein and J. von Euw, H e l v .  C h i m .  A c t a ,  24, 247E (1941).
(17) Shlomo Burstein and R. I. Dorfman, J .  B i o l .  C h e m . ,  213, 581 (1955).
(18) In this instance a  denotes the position adjacent to the carboxyl 

group rather than  its configuration.
(19) D. S. Noyce and D. B. Denney, J .  A m .  C h e m .  S o c . ,  72, 5743 (1950).
(20) Constance de Courcy, and J. J. Schneider, J .  B i o l .  C h e m . ,  223, 865 

(1956).

w e re  c o l le c te d . P r io r  t o  c o lle c tio n  o f  f r a c t i o n  1 , 8 0 0  m l .  o f 
e f f lu e n t  w a s  d is c a r d e d .  T h e  a b s o r b a n c e  a t  2 3 8  m ^  o f  t h e  r e s i 
d u e s  f ro m  a l iq u o ts  o f  s e le c te d  f r a c t io n s  w a s  d e t e r m in e d  a n d  
f r a c t io n s  w e re  p o o le d  a f t e r  c o n s t r u c t io n  a n d  e v a lu a t io n  o f  a n  
e lu t io n  d ia g r a m .  S e v e r a l  u n k n o w n  c o m p o u n d s  e m e r g e d  b e fo re  
t h e  2 0 - a c e to x y  m e th y l  e s te r s .

Fractions 1-30.— N o t  in v e s t ig a te d .
Unknown from Fractions 30-80.— T h e  r e s id u e  g a v e  3 8  m g . 

( m .p .  2 2 7 - 2 2 9 ° )  o f  c r y s ta l s  f ro m  e th y l  a c e t a t e .
Unknown from Fractions 90-120.— C r y s ta l l i z a t i o n  f ro m  

a c e to n e - p e t r o l e u m  e th e r  g a v e  3 0  m g . ,  m .p .  2 2 5 - 2 2 6 ° .
Methyl l7-Hydroxy-20a-acetoxy-3,1 l-dioxopregn-4-en-21-oate 

(IVa). Fractions 124M70.— C r y s ta l l i z a t io n  f ro m  a c e t o n e - p e t r o 
le u m  e t h e r  g a v e  2 5 7  m g . ( m .p .  2 0 5 - 2 0 6 ° )  a n d  11 m g . ( m .p .
2 0 2 - 2 0 3 ° )  o f 2 0 a - a c e to x y  m e th y l  e s t e r  ( I V a )  f o r  a  t o t a l  y ie ld  o f  
2 7 % . A  s a m p le ,  r e c r y s ta l l i z e d  f ro m  a c e to n e ,  m e l te d  a t  2 0 8 -  
2 0 9 ° ;  [ a ] D  + 1 3 0 °  ±  1 ° ;  x “ k°H 2 3 9  m p ,  e 1 5 ,8 0 0 .

Anal. C a lc d .  f o r  C 24H 32O 7 : C ,  6 6 .6 2 ;  H ,  7 .4 6 ;  C H 3C O ,
9 .9 5 ;  C H aO , 7 .1 7 . F o u n d :  C ,  6 6 .4 4 ;  H ,  7 .5 9 ;  C H 3C O ,
1 0 .1 0 ; C H 30 ,  7 .3 3 .

Methyl l7-Hydroxy-20/3-acetoxy-3,ll-dioxopregn-4-en-21-oate 
(IVb). Fractions 176-230.—C r y s ta l l i z a t io n  f ro m  a c e t o n e - p e t r o 
le u m  e t h e r  g a v e  t h e  2 0 /3 -ace to x y  m e th y l  e s t e r  I V b  in  2 2 %  y ie ld  
(3 6 9  m g . ,  m .p .  1 9 3 -1 9 5 ° ;  a n d  85  m g . ,  m .p .  1 9 2 .5 - 1 9 4 ° ) .  T h e  
a n a ly t i c a l  s a m p le  w a s  r e c r y s ta l l iz e d  f ro m  a c e t o n e - e t h e r ;  m .p .
1 9 5 .5 - 1 9 7 .5 ° ;  [« ] d + 1 1 4 °  ±  1 ° ; 2 3 9  m u., « 1 6 ,1 0 0 .

Anal. C a lc d .  f o r  C 2<H320 7 : C ,  6 6 .6 2 ;  H ,  7 .4 6 ;  C H 3C O ,
9 .9 5 ;  C H jO , 7 .1 7 . F o u n d :  C ,  6 6 .6 1 ;  H ,  7 .4 2 ;  C H 3C O ,
1 0 .2 8 ; 0 1 3 ^ 0 , 7 .2 7 .

B. Methyl 17-Hydroxy-20o:(and 20,l)-acetoxy-3,l 1-dioxo- 
pregn-4-en-21-oates (IVa and IVb) from Cortisone Glyoxal and 
Sodium Hydroxide.— T o  a  s u s p e n s io n  o f  3 .0  g . ( 7 .7  m m o le s )  o f 
c o r t i s o n e  g ly o x a l  h e m ia c e ta l  in  15 0  m l .  o f w a t e r ,  4 .8  m l .  o f  2 .0 9  
N  s o d iu m  h y d r o x id e  (1 0  m m o le s )  w a s  a d d e d  s lo w ly , w h ile  s t i r r in g  
r a p id ly  a t  0° u n d e r  n i t r o g e n .  A f te r  1 h r . ,  t h e  r e a c t io n  m ix tu r e  
c o n ta in e d  le ss  t h a n  5 %  o f  s t a r t i n g  m a te r i a l  a s  i n d i c a t e d  b y  a n a l y 
s is  o f a n  a l iq u o t  b y  t h e  P o r t e r - S i lb e r  r e a c t io n .  T h e  m ix tu r e  
w a s  e x t r a c t e d  p r o m p t ly  w i th  tw o  5 0 -m l. v o lu m e s  o f  e t h y l  a c e t a t e .  
T h e  o rg a n ic  p h a s e  w a s  w a s h e d  w i th  w a te r  a n d  d i s c a r d e d .  T h e  
c o m b in e d  a q u e o u s  p h a s e s  w e re  a c id if ie d  w i th  N  h y d r o c h lo r ic  a c id  
a n d  r e - e x t r a c t e d  w i th  e th y l  a c e t a t e .  T h e  e t h y l  a c e t a t e  e x t r a c t  
w a s  w a s h e d  tw ic e  w i th  w a te r ,  d r i e d ,  a n d  c o n c e n t r a t e d  t o  d r y n e s s .  
T h e  r e s id u e  w a s  d is s o lv e d  in  3 0  m l.  o f  m e th a n o l  a n d  t r e a t e d  w i th  
a n  e x c e s s  o f  d ia z o m e th a n e .  A f te r  r e m o v a l  o f  t h e  s o lv e n t ,  
t h e  r e s id u e  w a s  t r e a t e d  w i th  5 m l.  e a c h  o f p y r id in e  a n d  a c e t ic  
a n h y d r id e  fo r  1 5 .5  h r .  a t  ro o m  t e m p e r a t u r e .  C r y s ta l l i z a t io n  
o f  t h e  p r o d u c t  f ro m  a c e to n e  g a v e  1200  m g . ( m .p .  2 0 0 - 2 0 5 ° )  
o f  c r u d e  2 0 a - a c e to x y  m e th y l  e s t e r  ( I V a ) .  R e c r y s ta l l iz a t io n  
f ro m  t h e  s a m e  s o lv e n t  g a v e  1057  m g . ( 3 2 % , m . p .  2 0 6 - 2 0 8 ° )  o f 
p u r e  m a te r i a l .

T h e  m o th e r  l iq u o r  w a s  e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s id u e  
w a s  f r a c t i o n a t e d  o n  a  c o lu m n  id e n t ic a l  w i th  t h e  o n e  u s e d  fo r  t h e  
m ix tu r e  o b t a in e d  w i th  m e th a n o l ic  c u p r ic  a c e t a t e .

Methyl 17-Hydroxy-20a-acetoxy-3,1 l-dioxopregn-4-en-21-oate 
(IVa). Fractions 166-221.— C r y s ta l l i z a t io n  f ro m  a c e t o n e - e t h e r  
g a v e  a n  a d d i t io n a l  44 9  m g . ( m .p .  2 0 6 - 2 0 8 .5 ° )  o f p r o d u c t .  T h e  
c o m p o u n d  h a d  a n  in f r a r e d  s p e c t r u m  id e n t ic a l  w i t h  t h a t  o f  t h e  
m o re  m o b ile  a c e ty l a t e d  e p im e r  ( I V a )  o b t a in e d  f r o m  c o r t i s o n e  
g ly o x a l  b y  r e a c t io n  w i th  m e th a n o l ic  c u p r ic  a c e t a t e .

M ethyl 17-Hydroxy-2 08-acetoxy-3,1 l-dioxopregn-4-en-21 -oate 
(TVb). Fractions 236-318.— C r y s ta l l i z a t io n  f ro m  a c e t o n e - e t h e r  
g a v e  th r e e  c ro p s  o f  p r o d u c t  (8 7 3  m g . ,  m .p .  1 9 5 - 1 9 6 ° ;  18 4  m g . ,  
m . p .  1 9 3 - 1 9 4 ° ;  a n d  57  m g . ,  m .p .  1 8 6 - 1 8 8 ° ) .  R e c r y s t a l l iz a t i o n  
o f  t h e  s e c o n d  a n d  t h i r d  c ro p s  g a v e  198  m g . ( m .p .  1 9 4 - 1 9 7 ° )  
o f  p u r e  2 0 /3 -ep im e r. T h e  in f r a r e d  s p e c t r u m  o f  th i s  c o m p o u n d  
w a s  id e n t ic a l  w i th  t h a t  o f  th e  le ss  m o b ile  e p im e r  a c e t a t e  o b t a in e d  
w i th  m e th a n o l ic  c u p r ic  a c e t a t e .

T h e  r e s id u e s  f ro m  t h e  m o th e r  l iq u o r s  o f b o t h  m a jo r  f r a c t i o n s  
w e re  c o m b in e d  w i th  t h e  r e s id u e  f ro m  f r a c t io n s  2 2 2 -2 3 5  a n d  
r e c h r o m a to g r a p h e d  o n  a  s m a ll  c o lu m n  in  t h e  s a m e  s y s t e m  u s e d  
fo r  t h e  o r ig in a l  m ix tu r e .  A n  a d d i t i o n a l  55  m g . ( m .p .  2 0 5 - 2 0 6 ° )  
o f  I V a  a n d  58  m g . ( m .p .  1 9 5 -1 9 8 ° )  o f  I V b  w a s  r e c o v e r e d  f ro m  
th i s  c o lu m n . T h e  t o t a l  y ie ld  o f  2 0 a - a c e to x y  m e th y l  e s t e r  
( I V a )  w a s  1561 m g .  ( 4 7 .0 % )  a n d  o f  2 0 /3 -aee to x y  m e t h y l  e s t e r  
( I V b ) ,  112 9  m g .  ( 3 3 .8 % ) .

Methyl 17,20a-Dihydroxy-3,1 l-dioxopregn-4-en-21-oate (Ilia) 
from TVa.— T o  a s o lu t io n  o f  4 3 2  m g . ( 1  m m o le )  o f  m e t h y l  17- 
h y d ro x y -2 0 o :- a c e to x y - 3 , l l - d io x o p r e g n -4 - e n - 2 1 -o a te  in  25  m l .  o f 
m e th a n o l  w a s  a d d e d  2 5  m l .  o f 1 .5 9  N  h y d r o g e n  c h lo r id e  in  d r y  
m e th a n o l .  A f te r  2 4  h r .  a t  r o o m  t e m p e r a t u r e ,  t h e  s o lu t io n  w a s
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d i lu te d  w i th  a n  e q u a l  v o lu m e  o f  m e th y le n e  c h lo r id e  a n d  a d d e d  t o  
100  m l .  o f  w a te r .  A f te r  tw o  a d d i t i o n a l  e x t r a c t io n s  w i th  t h e  
o rg a n ic  s o lv e n t ,  t h e  c o m b in e d  m e th y le n e  c h lo r id e  e x t r a c t s  w e re  
w a s h e d  w i th  w a t e r ,  d r ie d ,  a n d  c o n c e n t r a t e d  t o  d r y n e s s . C r y s t a l 
l iz a t io n  f ro m  a c e t o n e - e t h e r  g a v e  tw o  c ro p s  (2 9 5  m g . ,  m .p .  1 9 5 .5 -  
1 9 7 °  a n d  43  m g . ,  m . p .  1 9 2 - 1 9 4 ° )  o f  d ih y d r o x y  e s t e r  ( I l i a )  f o r  a  
y ie ld  o f 8 6 .7 % .  A  s a m p le ,  r e c r y s ta l l i z e d  f ro m  a c e to n e - e th e r ,  
m e lte d  a t  1 9 7 - 1 9 8 .5 ° ;  [<*]d  + 1 1 6 °  ±  2 ° ;  x “ L°H 2 39  m ^ ,  c 
1 6 ,1 0 0 .

Anal. C a lc d .  fo r  C 22H3o 0 6: C ,  6 7 .6 7 ;  H ,  7 .7 4 . F o u n d :  
C ,  6 7 .8 6 ;  H ,  7 .7 5 .

M e th y l  1 7 ,2 0 S -D ih y d ro x y -3 ,1 l - d io x o p r e g n - 4 - e n - 2 1 - o a te  ( I l l b )  
f ro m  I V b .— T o  a  s o lu t io n  o f  158 m g . (0 .3 6 6  m m o le )  o f m e th y l  
1 7 - h y d ro x y - 2 0 d -a c e to x y -3 , l l - d io x o p re g n - 4 - e n -2 1 - o a te  in  10  m l .  
o f m e th a n o l  w a s  a d d e d  10 m l .  o f  1 .5 9  N  h y d r o g e n  c h lo r id e  in  d r y  
m e th a n o l .  P a p e r  c h r o m a to g r a p h y  o f  a n  a l iq u o t  r e m o v e d  a f t e r  
2 4  h r .  a t  r o o m  t e m p e r a t u r e  r e v e a le d  th e  p r e s e n c e  o f a p p r o x i 
m a te ly  1 0 %  o f s t a r t i n g  m a te r i a l .  A f te r  a n  a d d i t i o n a l  2 4  h r . ,  
t h e  p r o d u c t  w a s  r e c o v e r e d  in  t h e  s a m e  m a n n e r  a s  t h e  2 0 a - e p im e r .  
C r y s ta l l i z a t io n  f ro m  a c e t o n e - e t h e r  g a v e  tw o  c r o p s  (1 0 8  m g . ,  
m .p .  2 0 8 - 2 1 0 ° ;  a n d  17  m g . ,  m .p .  2 0 2 - 2 0 4 ° )  o f  d ih y d r o x y  e s te r  
I l l b ;  y ie ld  8 7 .5 % .  A  s a m p le  fo r  a n a ly s is  w a s  o b ta in e d  b y  r e 
c r y s ta l l i z a t io n  f ro m  a c e to n e - e th e r ;  m .p .  2 1 2 - 2 1 4 ° ;  [« I d  + 1 1 9 °  
± 2  ° ;  x l e° H 23 9  m ^ ,  c 1 5 ,8 0 0 .

Anal. C a lc d .  fo r  C 22H 30O 6: C ,  6 7 .6 7 ;  H ,  7 .7 4 . F o u n d :  
C ,  6 7 .9 1 ;  H ,  7 .6 5 .

A n d r o s t - 4 - e n e - 3 , l l ,1 7 - t r i o n e  (V , A d r e n o s te r o n e )  f ro m  I l i a  
a n d  I l l b . — T o  5 0  m g . e a c h  o f t h e  e p im e r ic  d io ls  ( I l i a  a n d  I l l b )  
in  5 m l .  o f  m e th a n o l  a n d  2  m l .  o f  w a te r  w a s  a d d e d  3 m l .  o f  4 %  
p e r io d ic  a c id  in  0 .2  N  s u lf u r ic  a c id .  A f te r  3 .5  h r .  a t  r o o m  t e m 
p e r a t u r e ,  t h e  r e a c t io n  m ix tu r e s  w e re  d i l u t e d  w i th  50  m l .  o f  w a te r  
a n d  e x t r a c t e d  w i th  m e th y le n e  c h lo r id e .  T h e  m e th y le n e  c h lo r id e  
e x t r a c t s  w e re  w a s h e d  w i t h  d i l u t e  s o d iu m  b ic a r b o n a te  s o lu t io n  
a n d  t h e n  w a te r ,  d r ie d ,  a n d  c o n c e n t r a t e d  t o  d r y n e s s .  C r y s t a l l i z a 
t io n  f ro m  e th y l  a c e t a t e  g a v e  26  a n d  21  m g .  o f p l a t e s  ( m .p .  2 2 0 -  
2 2 3 °  in  e a c h  c a s e )  f ro m  t h e  2 0 a -  a n d  2 0 |3 -e p im e rs , r e s p e c t iv e ly .  
T h e  p r o d u c ts  d id  n o t  d e p r e s s  t h e  m e l t in g  p o i n t  o f a u th e n t i c  
a d r e n o s te r o n e  (V )  a n d  t h e i r  i n f r a r e d  s p e c t r a  w e re  i d e n t ic a l  w i th  
t h a t  o f  t h e  r e f e re n c e  c o m p o u n d .

l7 ,2 0 a - D ih y d r o x y - 3 , l l - d io x o p r e g n - 4 - e n - 2 1 - o ic  A c id  ( V i l l a )  
f r o m  I l i a . — T o  156  m g . ( 0 .4  m m o le )  o f  m e th y l  1 7 ,2 0 a - d ih y d ro x y -
3 , l l - d io x o p r e g n - 4 - e n - 2 1 - o a te  in  2  m l .  o f  m e th a n o l  w a s  a d d e d  10 
m l .  o f  w a te r  a n d  0 .4  m l .  o f  2  N  s o d iu m  h y d r o x id e  (0 .8  m m o le ) .  
T h e  t u r b i d  s o lu t io n  b e c a m e  c le a r  in  a  fe w  m in u te s ,  a n d ,  a f t e r  10 
m in .  a t  r o o m  t e m p e r a t u r e ,  i t  w a s  d i lu te d  w i th  w a te r  a n d  e x t r a c t e d  
w i th  e th y l  a c e t a t e .  T h e  o rg a n ic  p h a s e  w a s , d i s c a r d e d .  T h e  
a q u e o u s  p h a s e  w a s  a c id if ie d  w i th  N  h y d r o c h lo r ic  a c id  a n d  r e 
e x t r a c t e d  w i th  e t h y l  a c e t a t e .  T h e  e x t r a c t  w a s  w a s h e d  w i th  
w a te r ,  d r i e d ,  a n d  c o n c e n t r a t e d  t o  d r y n e s s .  C r y s t a l l i z a t i o n  
f ro m  a c e to n e  g a v e  117  m g .  ( 7 8 .0 % ,  m . p .  2 4 4 .5 - 2 4 5 °  d e c .)  
o f  2 0 a - h y d ro x y  a c id  ( V i l l a ) .  A  s a m p le ,  r e c r y s ta l l iz e d  f ro m  
a c e to n e ,  m e l te d  a t  2 4 5 - 2 4 6 °  d e c . ;  [ a ] D  + 1 2 3 °  ±  2 ° ;  x I T  
2 3 9  m ^ ,  £ 1 5 ,7 0 0 .

Anal. C a lc d .  fo r  C 2iH 2806: C ,  6 7 .0 0 ;  1 1 ,7 .4 9 .  F o u n d :  C ,  
6 6 .8 9 ;  H ,  7 .4 8 .

1 7 ,2 0 S -D ih y d r o x y - 3 , l l -d io x o p r e g n -4 - e n - 2 1 -o ic  A c id  ( V U Ib )  
f ro m  I l l b . — H y d r o ly s is  o f  1 56  m g . (0 .4  m m o le )  o f  m e th y l  
1 7 ,2 0 /3 - d ih y d r o x y - 3 , l l- d io x o p r e g n -4 - e n - 2 1 -o a te  w a s  p e r f o r m e d  
in  t h e  s a m e  m a n n e r  a s  f o r  t h e  2 0 a - e p im e r .  C r y s ta l l i z a t io n  f ro m  
a c e to n e  g a v e  117 m g .  ( 7 8 .0 % ,  m . p .  2 2 3 -2 2 5 °  d e c . )  o f d ih y d r o x y  
a c id  ( V U I b ) .  F o r  t h e  a n a ly t i c a l  s a m p le ,  m . p .  2 2 4 - 2 2 5 °  d e c . ;  
[ a ] d  + 1 2 4 °  ±  2 ° ;  X“ e™  23 9  m M, £ 1 5 ,7 0 0 .

Anal. C a lc d .  fo r  C 2iH 2s06: C ,  6 7 .0 0 ;  H ,  7 .4 9 .  F o u n d :  
C ,  6 6 .9 8 ;  H ,  7 .6 6 .

1 7 ,2 0 « - D ia c e to x y -3 ,11  - d io x o p re g n -4 -e n -2 1 -o ic  A c id  ( V i l a )  
f ro m  V i l l a . — A c e ty la t io n  o f  2 0 0  m g . o f  1 7 ,2 0 a - d ih y d r o x y - 3 , l  1- 
d io x o p re g n -4 -e n -2 1 -o ic  a c id  w a s  p e r f o r m e d  w i th  1 m l .  e a c h  o f 
p y r id in e  a n d  a c e t ic  a n h y d r id e  f o r  19 h r .  a t  ro b m  t e m p e r a t u r e .  
T h e  s o lu t io n  w a s  m ix e d  w i t h  ic e  a n d  w a te r ,  a n d  t h e  p r o d u c t  w a s  
e x t r a c t e d  w i th  e t h y l  a c e t a t e .  T h e  e x t r a c t  w a s  w a s h e d  w i th  N  
h y d r o c h lo r ic  a c id ,  w i th  w a te r  u n t i l  n e u t r a l ,  a n d  t h e n  d r ie d ,  
a n d  e v a p o r a t e d  t o  d r y n e s s .  T h e  r e s id u e  w a s  d is s o lv e d  in  a  
m in im a l  v o lu m e  o f  m e th a n o l  a n d  t h e  s o lu t io n  w a s  d i lu t e d  w i th  
w a te r  t o  g iv e  a  m i lk y  s u s p e n s io n .  T h e  m ix tu r e  w a s  m a d e  
s l ig h t ly  a lk a l in e  b y  a d d i t i o n  o f  5 %  s o d iu m  b ic a r b o n a te  s o lu t io n ,  
a n d  e x t r a c t e d  w i th  e th y l  a c e t a t e .  T h e  e t h y l  a c e t a t e  e x t r a c t  
w a s  w a s h e d  w i th  w a te r  a n d  c o n c e n t r a t e d  t o  d r y n e s s .  T h is  
n e u t r a l  f r a c t io n  w e ig h e d  8 0  m g . ( 4 0 % )  a n d  g a v e  c r y s ta l s  f ro m  
e th y l  a c e t a t e - p e t r o l e u m  e th e r .  T h e  c r y s ta l l in e  m a te r ia l  h a d  a  
w id e  m e l t in g  r a n g e  ( 1 2 0 - 1 4 0 ° )  a n d  w a s  a  m ix tu r e  o f  t h r e e

c o m p o u n d s — if f  0 .5 ,  0 .8 3 , a n d  0 .8 8  in  t o lu e n e  ( 2 7 5 ) ,  i s o o c ta n e  
( 2 2 5 ) ,  m e th a n o l  ( 4 0 0 ) ,  w a te r  (1 0 0 ) .  I t s  c o m p o s it io n  w a s  n o t  
d e te r m in e d .

T h e  a c id ic  f r a c t i o n  w a s  r e c o v e r e d  b y  a d d i t io n  t o  t h e  a q u e o u s  
l a y e r  o f  s l ig h t ly  m o r e  t h a n  o n e  e q u iv a l e n t  o f h y d r o c h lo r ic  a c id  
fo llo w e d  b y  e x t r a c t io n  w i th  e t h y l  a c e t a t e .  C r y s ta l l i z a t io n  o f t h e  
r e s id u e  f ro m  a c e to n e - e th e r  g a v e  116  m g .  ( 4 8 % , m .p .  2 0 2 -2 0 4 ° )  
o f t h e  d ia c e to x y  a c id  ( V i l a )  a s  r o s e t t e s .  F o r  t h e  a n a ly t ic a l  
s a m p le ;  m .p .  2 0 3 -2 0 4 °  d e c . ;  [« ] d  + 5 5 °  ±  2 ° ;  x“ '° H 2 3 8  m p., 
£ 1 5 ,7 0 0 .

Anal. C a lc d .  f o r  C 25H 32O s: C ,  6 5 .1 9 ;  H ,  7 .0 1 ;  C H 3C O ,
1 8 .6 8 . F o u n d :  C , 6 5 .4 5 ; H ,  7 .0 9 ; C H 3C O , 17 .9 2 .

17,20/3-Diacetoxy-3,1 l-dioxopregn-4-en-21-oic Acid (Vllb)
from VUIb.— A c e ty la t io n  o f  2 5 0  m g . o f  1 7 ,2 0 /3 - d ih y d r o x y - 3 , l l -  
d io x o p re g n -4 -e n -2 1 -o ic  a c id  w a s  c a r r ie d  o u t  w i th  1 m l.  e a c h  of 
p y r id in e  a n d  a c e t ic  a n h y d r id e  f o r  21 h r .  a t  r o o m  t e m p e r a t u r e .  
T h e  p r o d u c t  w a s  r e c o v e r e d  a n d  s e p a r a te d  i n t o  n e u t r a l  a n d  
a c id ic  f r a c t io n s  b y  t h e  s a m e  p r o c e d u r e  u s e d  f o r  t h e  2 0 a - e p im e r .  
T h e  n e u t r a l  f r a c t i o n  g a v e  c r y s ta l s  f ro m  a c e t o n e - e th e r ;  th i s  
f r a c t i o n  w a s  n o t  h o m o g e n e o u s . C r y s ta l l i z a t io n  o f  t h e  a c id ic  
f r a c t io n  f ro m  a c e to n e  a f fo rd e d  1 4 5 .5  m g .  ( 4 8 % ,  m . p .  1 5 4 -1 5 5 ° )  
o f  d ia c e to x y  a c id  ( V l l b )  a s  w e ll f o r m e d  p r i s m s .  F o r  t h e  a n a l y t i 
c a l  s a m p le ,  m .p .  1 5 4 - 1 5 5 ° ;  [ a ] D  + 9 5 °  ±  2 ° ;  X ^ ° H 2 3 8  mp, e 
1 5 ,9 0 0 .

Anal. C a lc d .  f o r  C 25H 320 8: C ,  6 5 .1 9 ;  H ,  7 .0 1 ;  C H 3C O ,
1 8 .6 8 . F o u n d :  C ,  6 5 .7 3 ;  H ,  6 .8 4 ;  C H „ C O , 1 8 .1 5 .

Methyl 17,20a-Diacetoxy-3,11 -dioxopregn-4-en-21 -oate (Via) 
from IVa.— A c e ty la t io n  o f 2 5 0  m g . o f  m e th y l  1 7 -h y d ro x y -2 0 a -  
a c e to x y - 3 , l l - d io x o p r e g n - 4 - e n - 2 1 - o a te  in  a  m ix tu r e  o f  a c e t ic  
a n h y d r id e  (2  m l . )  a n d  g la c ia l  a c e t ic  a c id  (1 0  m l . )  c o n ta in in g  p- 
to lu e n e s u lf o n ic  a c id  (2 0 0  m g .)  w a s  c a r r ie d  o u t  in  t h e  m a n n e r  
d e s c r ib e d  b y  T u r n e r .7 A f te r  4  h r .  a t  r o o m  t e m p e r a t u r e ,  t h e  r e 
a c t io n  m ix tu r e  w a s  d i lu te d  w i th  m e th y le n e  c h lo r id e  a n d  w a s h e d  
s u c c e s s iv e ly  w i th  5 %  s o d iu m  b ic a r b o n a te  s o lu t io n  a n d  w a te r ,  
d r ie d ,  a n d  c o n c e n t r a te d  t o  d r y n e s s .  T h e  a c id ic  f r a c t i o n  w a s  n o t  
i n v e s t i g a t e d .  T h e  r e s id u e  f ro m  t h e  n e u t r a l  f r a c t i o n  w a s  c h r o 
m a to g r a p h e d  o n  a  1 .8  X  47  c m .  c o lu m n  p r e p a r e d  b y  t r e a t i n g  5 0  g . 
o f  C e li te  w i th  2 2 .5  m l .  o f  f o r m a m id e .  T h e  m o b i le  p h a s e  w a s  a  
2 :1  m ix tu r e  o f  c y c lo h e x a n e -b e n z e n e  s a t u r a t e d  w i th  f o r m a m id e .  
F iv e - m i l l i l i te r  f r a c t io n s  w e re  c o l le c te d  a f t e r  t h e  f i r s t  50  m l .  o f 
e f f lu e n t  w a s  d is c a rd e d .

Methyl 3,17,20a-Triacetoxy-l 1 -oxopregna-3,5-dien-21-oate 
(IXa). Fractions 5-11.— T h e  r e s id u e  (81 m g . ,  2 7 % )  c o u ld  n o t  
b e  c r y s ta l l iz e d .  I t  w a s  p r o v is io n a l ly  id e n t i f ie d  a s  t h e  A 3>5-e n o l 
a c e t a t e  ( I X a ,  F ig .  2 )  b y  i t s  in te n s e  u l t r a v io l e t  a b s o r p t io n  ( x “ !°H 
2 3 4  mp).

Methyl 17,20a-Diacetoxy-3,11 -dioxopregn-4-en-21 -oate (Via). 
Fractions 22-36.— T h e  re s id u e  g a v e  p r is m s  (9 3  m g . ,  m . p .  1 9 7 .5 -  
1 9 9 ° ; a n d  8 m g . ,  m .p .  1 9 5 - 1 9 7 ° )  f ro m  a c e to n e  a n d  a c e to n e - p e t r o 
le u m  e th e r ,  r e s p e c t iv e ly ,  in  3 6 .9 %  y ie ld .  W h e n  t h e  a c e ty la t io n  
r e a c t io n  w e n t  f o r  15 in s te a d  o f 4  h r .  a t  ro o m  t e m p e r a t u r e ,  t h e  y ie ld  
o f  d ia c e to x y  m e th y l  e s t e r  ( V i a )  w a s  o n ly  2 6 .5 % .  R e c r y s ta l l iz a 
t i o n  f ro m  a c e to n e - e th e r  g a v e  t h e  a n a ly t i c a l  s a m p le ;  m . p .  1 9 7 -  
1 9 9 .5 ° ;  [<*]d  + 6 6 °  ±  2 ° ;  x “ e,0H 2 3 8  m M, e 1 6 ,0 0 0 .

Anal. C a lc d .  f o r  C26H340 8: C ,  6 5 .8 0 ;  H ,  7 .2 2 .  F o u n d :  C , 
C ,  6 5 .8 5 ;  H ,  7 .1 2 .

T r e a t m e n t  o f  t h e  1 7 ,2 0 a - d ia c e to x y  a c id  ( V i l a )  w i th  d ia z o 
m e th a n e  g a v e  a  p r o d u c t  w h ic h  d id  n o t  d e p r e s s  t h e  m e l t in g  
p o i n t  o f V i a  a n d  w h ic h  h a d  a n  i n f r a r e d  s p e c t r u m  id e n t ic a l  w i th  
t h a t  o f  V i a .

Methyl 3,17,20/3-Triacetoxy-ll-oxopregna-3,5-dien-21-oate 
(IXb) from IVb.— A c e ty la t io n  o f  2 5 0  m g .  o f  m e th y l  1 7 -h y d ro x y -  
2 0 i3 - a c e to x y -3 , l l - d io x o p re g n -4 - e n - 2 1 -o a te  w a s  p e r fo r m e d  in  t h e  
s a m e  m a n n e r  a s  f o r  t h e  2 0 a - e p im e r .  D i r e c t  c r y s ta l l i z a t io n  
f ro m  m e th a n o l  g a v e  n e e d le s  (8 0  m g . ,  m . p .  1 9 0 - 1 9 2 ° )  o f  I X b .  
T h e  r e s id u e  f ro m  t h e  m o th e r  l iq u o r  w a s  f r a c t i o n a t e d  o n  t h e  
s a m e  c o lu m n  a n d  u n d e r  t h e  s a m e  c o n d i t io n s  u s e d  f o r  t h e  2 0 a -  
epimer.

Fractions 5-11.— C r y s ta l l i z a t io n  f ro m  m e th a n o l  g a v e  23 m g . 
( m .p .  1 8 9 - 1 9 0 ° )  o f  m a te r i a l  i d e n t ic a l  w i th  t h a t  c r y s ta l l iz e d  
d i r e c t l y .  T h e  t o t a l  y ie ld  o f e n o l a c e t a t e  w a s  103 m g . ( 3 4 .6 % ) .  
T h e  y ie ld  a f t e r  a  r e a c t io n  t im e  o f  15  h r .  w a s  1 2 0 .5  m g .  ( 4 8 .5 % ) .  
A  s a m p le ,  r e c r y s ta l l iz e d  f ro m  m e th a n o l ,  m e l te d  a t  1 9 0 -1 9 2 ° ;  
[ a ] D  - 9 5 °  ±  2 ° ;  X“ '° H 2 3 4  m M, £ 1 9 ,3 0 0 .

Anal. C a lc d .  fo r  C isHaeO.,: C ,  6 5 .0 9 ;  H ,  7 .0 3 . F o u n d :  
C ,  6 5 .0 4 ;  H ,  7 .1 4 .

Methyl 17,20/3-Diacetoxy-3,ll-dioxopregn-4-en-21-oate (VIb) 
from IVb. Fractions 21-40.— C r y s ta l l i z a t io n  f ro m  a c e to n e -  
e th e r  g a v e  f in e  n e e d le s  (7 7  m g . ,  m .p .  1 9 0 - 1 9 1 ° ;  a n d  19 m g . ,  
m.p. 189.5-191°) in 35% y ie ld .  The a n a ly t i c a l  s a m p le  w a s
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r e c r y s ta l l i z e d  f ro m  a c e to n e - p e t r o l e u m  e th e r ;  m .p .  1 9 1 -1 9 1 .5 ° ;  
[<*]d  + 9 5 °  ±  1 ° ;  X I '° H 2 3 8  m M, c 1 6 ,2 0 0 .

Anal. C a lc d .  f o r  C26H340 8: C ,  6 5 .8 0 ;  H ,  7 .2 2 . F o u n d :
C ,  6 5 .8 7 ;  H ,  7 .1 9 .
. T r e a t m e n t  o f  t h e  1 7 ,2 0 (3 -d iace to x y  a c id  ( V H b )  w i th  d ia z o 

m e th a n e  g a v e  a  p r o d u c t  w i th  a n  in f r a r e d  s p e c t r u m  id e n t ic a l  
w i th  t h a t  o f V I b .

17,2 l - D ia c e to x y p r e g n - 4 - e n e - 3 ,1 1 ,2 0 - tr io n e  (X) a n d  3,17,21- 
T r ia c e to x y p r e g n a - 3 ,5 - d ie n e - l l ,2 0 - d io n e  (XI) f ro m  C o r t i s o n e .—
A c e ty la t io n  o f  2 5 0  m g . o f c o r t i s o n e  fo r  18 h r .  w a s  c a r r ie d  o u t  
u n d e r  t h e  s a m e  c o n d i t io n s  u s e d  fo r  a c e ty la t io n  o f  I V a  a n d  I V b .  
P a p e r  c h r o m a to g r a p h y  o f  a n  a l iq u o t  f ro m  t h e  r e a c t io n  m ix tu r e  
w a s  c a r r ie d  o u t  in  i s o o c ta n e  (1 4 0 ) ,  t o lu e n e  (6 0 ) ,  m e th a n o l  
( 1 6 0 ) ,  w a te r  ( 4 0 ) .  T w o  u l t r a v io le t - a b s o r b in g  c o m p o u n d s  (Ri 
0 .3 2  a n d  0 .6 6 )  w e re  p r e s e n t  in  a p p r o x im a te ly  e q u a l  a m o u n t s .  
T h e  m ix tu r e  w a s  f r a c t i o n a t e d  o n  a  1 .8  X 3 8  c m . c o lu m n  p r e p a r e d  
b y  t r e a t i n g  4 0  g .  o f  C e l i te  w i th  20  m l .  o f s t a t i o n a r y  p h a s e  f ro m  
th e  s y s te m  c y c lo h e x a n e  ( 4 8 0 ) ,  b e n z e n e  (3 2 0 ) ,  f o rm a m id e  (2 5 ) .  
N u m b e r in g  o f  t h e  5 -m l. f r a c t io n s  w a s  b e g u n  a f t e r  4 0  m l .  of 
e f f lu e n t  h a d  b e e n  d is c a rd e d .

3,17,21-Triacetoxypregna-3,5-diene-ll,20-dione (XI). Frac
tions 5-9.— P r e c ip i ta t i o n  f ro m  m e th a n o l  s o lu t io n  w i th  w a te r  
g a v e  125 m g . ( 3 7 % , m .p .  1 1 3 -1 1 5 ° )  o f a  w h i te  s o l id .  A  s a m p le  
fo r  a n a ly s is  w a s  r e p r e c ip i t a t e d  f ro m  a q u e o u s  m e th a n o l  a n d  d r ie d  
f o r  2 .5  h r .  a t  7 8 °  a n d  0 .1  m m . o v e r  P 20 5; m .p .  1 1 5 - 1 2 0 ° ;  [a]D 
- 5 7 °  ±  2 ° ;  X” '™  23 4  m M, «, 1 7 ,2 0 0 .
! Anal. C a lc d .  f o r  C 27H 340a-1/ 2H ,,(): q j 6 5 .4 4 ;  H ,  7 .1 2 .
F o u n d :  C ,  6 5 .2 3 ;  H ,  6 .4 4 .
: 1 7 ,2 1 - D ia c e to x y p r e g n - 4 - e n e - 3 , l l ,2 0 - t r io n e  (X ) . F r a c t i o n s 4 9 -
6 1 .— C r y s ta l l i z a t io n  f ro m  m e th a n o l  g a v e  X  (9 7  m g . ,  m .p .  2 2 4 .5 -  
2 2 6 .5 ° ;  15 m g . ,  m .p .  2 2 2 - 2 2 3 ° ;  a n d  2 .5  m g . ,  m .p .  2 1 2 - 2 1 5 ° )  in  a  
y ie ld  o f 3 7 % . F o r  t h e  a n a ly t i c a l  s a m p le ,  m .p .  2 2 2 - 2 2 3 ° ;  
[« ] d + 1 1 7 °  ±  2 ° :  X i r  23 8  m M, e 1 6 ,4 0 0 . R e p o r t e d 7 m .p .
2 2 3 .5 - 2 2 4 .5 ° ;  [ « ] d  + 1 1 3 °  ( d io x a n e ) .

Anal. C a lc d .  fo r  C25H 320 ? :  C ,  6 7 .5 4 ;  H ,  7 .2 5 . F o u n d :  C , 
6 7 .4 5 ;  H ,  6 .8 6 .

T r e a t m e n t  o f M e th y l  1 7 - H y d ro x y -2 0 « -a c e to x y -3 ,11 -d io x o -  
p r e g n -4 - e n - 2 1 -o a te  ( IV a )  w ith  O n e  E q u iv a le n t  o f  S o d iu m  
H y d r o x id e .— T o  a  s o lu t io n  o f 4 3 2  m g . (1  m m o le )  o f  a c e to x y  
e s t e r  ( I V a )  in  4 0  m l.  o f  9 5 %  e th a n o l  w a s  a d d e d  2 0  m l .  o f  w a te r  
a n d  0 .5  m l .  o f 2 .0 3  N  s o d iu m  h y d r o x id e  (1 m m o le ) .  A f te r  20  m in . 
a t  r o o m  t e m p e r a t u r e ,  t h e  c le a r  s o lu t io n  w a s  c a r e f u l ly  a c id if ie d  
w i th  s l ig h t ly  m o r e  t h a n  o n e  e q u iv a le n t  o f h y d r o c h lo r ic  a c id ,  
a d d e d  to  2 5 0  m l .  o : w a te r ,  a n d  e x t r a c t e d  w i th  100 m l .  o f  e th y l  
a c e t a t e .  T h e  e x t r a c t  w a s  w a s h e d  tw ic e  w i th  w a t e r ,  d r ie d ,  a n d  
c o n c e n t r a t e d  t o  d r y n e s s .  T h e  r e s id u e ,  w h ic h  c o n s is te d  o f  b o th  
n e u t r a l  a n d  a c id ic  p r o d u c t s ,  w a s  f r a c t i o n a t e d  o n  a  1 .8  X  3 6  c m . 
c o lu m n  o f  C e li te  (5 0  g . )  im p r e g n a te d  w i th  2 5  m l .  o f  t h e  h e a v ie r  
p h a s e  o f  b e n z e n e  (2 5 0 ) ,  c y c lo h e x a n e  ( 2 5 0 ) ,  m e th a n o l  ( 2 5 0 ) ,  
a c e t ic  a c id  (7 5 ) ,  w a te r  ( 1 7 5 ) .  A f te r  4 4  m l .  o f  e f f lu e n t  h a d  b e e n  
d is c a r d e d ,  5 -m l. f r a c t io n s  w e re  c o l le c te d . B e g in n in g  w i th  
f r a c t io n  n o .  8 3 , t h e  to p  p h a s e  o f b e n z e n e  ( 5 0 0 ) ,  m e th a n o l  ( 2 5 0 ) ,  
a c e t ic  a c id  ( 7 5 ) ,  w a ^ e r  (1 7 5 )  w a s  u s e d  a s  t h e  m o b ile  p h a s e .  T h e  
a b s o r b a n c e  o f s e le c te d  f r a c t io n s  a t  2 3 8  n ifi w a s  u s e d  to  d e te r m in e  
th e  e lu t io n  d ia g r a m  a n d  in d ic a te  w h ic h  f r a c t io n s  w e re  t o  b e  
p o o le d .

Ethyl 17,20a-Dihydroxy-3,ll-dioxopregn-4-en-21-oate (X llla, 
Fig. 3). Fractions 32-55.— C r y s ta l l i z a t io n  f ro m  e th e r  g a v e  
r o s e t t e s  in  tw o  c ro p s  (8 5  m g . ,  m .p .  1 5 5 .5 -1 5 7 °  w i th  s o f te n in g  a t  
1 0 6 ° ; a n d  3 m g . ,  m .p .  1 5 2 - 1 5 4 ° ) ;  y ie ld  w a s  2 2 % .

T r e a t m e n t  o f 100  m g . o f  1 7 ,2 0 a - d ih y d r o x y - 3 , l l - d io x o p r e g n - 4 -  
e n -2 1 -o ic  a c id  ( V i l l a )  w i th  d ia z o e th a n e 21 g a v e  96  m g . ( 8 9 % ;  
m .p .  1 5 5 -1 5 7 ° )  o f  c r y s ta l s  f ro m  e th e r .  T h e  p r o d u c t  w a s  p r o v e n  
id e n t ic a l  w i th  t h e  c o m p o u n d  f ro m  f r a c t io n s  3 2 - 5 5  b y  a  m ix tu re  
m e l t in g  p o in t  d e t e r m in a t io n  a n d  b y  c o m p a r is o n  o f  t h e i r  in f r a r e d  
s p e c t r a .  T h e  a n a ly t i c a l  s a m p le ,  r e c r v s ta l l iz e d  f ro m  e th e r ,  
m e l te d  a t  1 5 6 - 1 5 6 .5 ° ;  [< *]d  + 1 3 9 °  ± “ 2 ° ;  \ “ : ° H 23 8  m M, e 
1 5 ,9 0 0 .

Anal. C a lc d .  fo r  C 23H 32C>6: C ,  6 8 .2 9 ;  H ,  7 .9 7 . F o u n d :
C ,  6 8 .3 6 ;  H ,  7 .8 8 .

E th y l  1 7 - H y d ro x y -2 0 « -a c e to x y -3 ,1 l - d io x o p r e g n - 4 - e n - 2 1 - o a te .
— E th y l  1 7 ,2 0 a - d ih y d r o x y - 3 , l l - d io x o p r e g n - 4 - e n - 2 1 - o a te  ( X I H a )  
(5 0  m g .)  w a s  d is s o lv e d  in  0 .2  m l .  e a c h  o f p y r id in e  a n d  a c e t ic  
a n h y d r id e .  A f te r  12 h r .  a t  ro o m  t e m p e r a t u r e ,  t h e  s o lv e n t  w as  
r e m o v e d  in  a  s t r e a m  o f  n i t r o g e n .  C r y s ta ls  (4 6  m g .,  m .p .  1 7 5 .5 -  
1 7 6 ° ; a n d  3 .5  m g . ,  m .p .  1 7 4 -1 7 5 ° )  w e re  o b ta in e d  f ro m  e th e r -  
[a]D  + 1 3 9 °  ±  2 ° ;  X“ «0H 23 8  m M, e 1 6 ,1 0 0 .

(21) Prepared from N-ethyl-N'-nitro-N-nitrosoguanidine (Aldrich Chemi
cal Co., Inc. Milwaukee, Wis.). C f .  A. F. McKay, W. L. Ott, G. W. Taylor, 
M. N. Buchanan» and Ji F . Crooker, C a n %  J ,  R e a . ,  S e c t .  B ,  28, 683 (1950).

Anal. C a lc d .  fo r  C 25H 340 7 : C ,  6 7 .2 4 ;  H ,  7 .6 7 .  F o u n d :  C ,  
6 7 .2 0 ;  H ,  7 .3 8 .

17-Hydroxy-20a-acetoxy-3,11 -dioxopregn-4-en-21 -oic Acid 
(X lla). Fractions 106-130.— C r y s ta l l i z a t io n  f ro m  a c e to n e  
a f fo rd e d  X l l a  in  1 8 %  y ie ld  (6 5 .5  m g . ,  m . p .  1 8 7 -1 8 8 °  d e c . ;  
a n d  10 m g . ,  m . p .  1 8 5 -1 8 6 °  d e c . ) .  A  s a m p le  w a s  r e c r y s ta l l i z e d  
f ro m  e th y l  a c e t a t e  a n d  d r ie d  in  a i r .  O n  f u r t h e r  d r y in g  fo r  2 .5  
h r .  a t  1 0 0 °  a n d  0 .2  m m . ,  i t  lo s t  8 .2 5 % ;  c a lc d .  f o r  lo s s  o f  0 .5  
m o le  o f e th y l  a c e t a t e ,  9 .5 % ;  m .p .  1 9 0 °  d e c . ;  [a]D  + 1 3 4 °  ±  2 ° ;  
X“ :x0H 2 38  m M e 1 6 ,0 0 0 .

O n  e x p o s u re  t o  a i r  t h e  s a m p le  r a p id ly  g a in e d  w e ig h t .  W h e n  
r e d r ie d  t o  c o n s t a n t  w e ig h t  a t  1 0 0 °  a n d  0 .2  m m .  i t  lo s t  4 .1 0 % ;  
c a lc d . fo r  lo s s  o f 1 m o le  o f w a te r ,  4 .1 2 % .  O n  r e -e x p o s u r e  t o  a ir  
t h e  s a m p le  g a in e d  4 .2 1 %  a f t e r  41 h r .

Anal. C a lc d .  f o r  C 23H 2o0 7 - H 2 0 : C ,  6 3 .2 9 ;  H , 7 . 3 9 .  F o u n d :  
C ,  6 3 .3 9 , 6 3 .4 1 ;  H ,  7 .0 6 , 7 .1 1 .

T r e a t m e n t  o f t h e  c o m p o u n d  w i th  d ia z o m e th a n e  y ie ld e d  a  
p r o d u c t  w h ic h  d id  n o t  d e p re s s  t h e  m e l t in g  p o i n t  o f  t h e  2 0 a - a c e to x y  
m e th y l  e s te r  ( I V a ) .

17,20a-Dihydroxy-3,ll-dioxopregn-4-en-21-oic Acid (V illa ). 
Fractions 180-223.— C r y s ta l l i z a t io n  f ro m  a c e to n e  g a v e  8 0  m g . 
( 2 1 .3 % ,  m .p .  2 4 5 .5 - 2 4 6 °  d e c .)  o f a  p r o d u c t  w h ic h  d id  n o t  d e p r e s s  
t h e  m e l t in g  p o i n t  o f t h e  2 0 o :-h y d ro x y  a c id  ( V i l l a )  p r e p a r e d  
d i r e c t ly  f ro m  I l i a .

Treatm ent of M ethyl 17-Hydroxy-20/3-acetoxy-3,11-dioxo- 
pregn-4-en-21-oate (IVb) with One Equivalent of Sodium 
Hydroxide.— T r e a t m e n t  o f  4 3 2  m g .  (1  m m o le )  o f  I V b  w i th  
a q u e o u s  e th a n o l ic  s o d iu m  h y d r o x id e  w a s  c a r r ie d  o u t  in  e x a c t ly  
t h e  s a m e  m a n n e r  a s  fo r  t h e  2 0 a - e p im e r  ( I V a ) .  T h e  m ix tu r e  o f 
n e u t r a l  a n d  a c id ic  p r o d u c t s ,  s im i la r ly  o b t a in e d ,  w a s  f r a c t i o n a t e d  
b y  c h r o m a to g r a p h y  in  b e n z e n e  ( 3 0 0 ) ,  c y c lo h e x a n e  ( 2 0 0 ) ,  m e th 
a n o l  ( 2 5 0 ) ,  a c e t ic  a c id  (7 5 ) ,  w a te r  (1 7 5 )  o n  50  g. of C e l i te  p lu s  
25  m l .  o f lo w e r  p h a s e  in  a  1 .8  X  3 .6  c m . c o lu m n . F r a c t i o n  1 
(5  m l . / f r a c t i o n )  w a s  c o l le c te d  a f t e r  45  m l .  o f e f f lu e n t  h a d  b e e n  
d is c a r d e d .  A f te r  f r a c t io n  56  h a d  b e e n  c o l le c te d ,  t h e  m o b i le  
p h a s e  w a s  c h a n g e d  t o  t h e  t o p  p h a s e  o f b e n z e n e  ( 5 0 0 ) ,  m e th a n o l  
(2 5 0 ) ,  a c e t ic  a c id  (7 5 ) ,  w a te r  ( 1 7 5 ) .  F r o m  a p p r o p r i a t e  f r a c t io n s  
100- m1. a l iq u o ts  w e re  r e m o v e d  a n d  t a k e n  t o  d r y n e s s .  T h e  r e s i 
d u e s  w e re  d is s o lv e d  in  3 .0 0  m l.  o f  m e th a n o l  a n d  t h e  a b s o r b a n c e  
a t  23 8  m /i w a s  d e te r m in e d  a n d  p l o t t e d  a g a in s t  f r a c t i o n  n u m b e r  t o  
d e te r m in e  th e  e lu t io n  p a t t e r n .

Ethyl 17-Hydroxy-20/3-acetoxy-3,ll-dioxopregn-4-en-21-oate 
(XlVb). Fractions 8-14.— T h e  re s id u e  g a v e  n e e d le s  f ro m  a c e 
t o n e - p e t r o l e u m  e th e r  (2 9  m g . ,  6 .5 % ,  m .p .  1 6 6 - 1 6 8 ° ) .  A  
p u r if ie d  s a m p le  h a d  m .p .  1 6 9 - 1 7 0 ° ;  [c*]d + 1 3 0 °  ±  1°;
23 8  m M, e 1 6 ,2 0 0 .

Anal. C a lc d .  f o r  C 25H 84O 7 : C ,  6 7 .2 4 ;  H ,  7 .6 7 . F o u n d :  C ,  
6 7 .1 5 ;  H ,  7 .4 9 .

T r e a t m e n t  o f  50  m g . o f  t h e  2 0 /3 -ace to x y  a c id  ( X H b )  w i th  
d ia z o e th a n e  a n d  c r y s ta l l i z a t io n  f r o m  a c e to n e - p e t r o l e u m  e t h e r  
g a v e  n e e d le s  o f  X l V b  (4 5  m g . ,  8 5 % , m .p .  1 6 9 .5 - 1 7 0 .5 ° ) .  
T h is  p r o d u c t  d id  n o t  d e p re s s  t h e  m e l t in g  p o i n t  o f  t h e  c h r o m a to 
g r a p h e d  s a m p le  o f X l V b .

Fractions 15-35.— T h is  f r a c t io n  c o n s is te d  o f  a  m i x t u r e  o f 20(3- 
a c e to x y  m e th y l  ( I V b )  a n d  2 0 + h y d r o x y  e th y l  ( X H I b )  e s t e r s .  
T h e  m ix tu r e  w a s  r e c h r o m a to g r a p h e d  in  a  le ss  p o la r  s y s te m  c o n 
s is t in g  o f  b e n z e n e  (5 0 0 ) ,  c y c lo h e x a n e  ( 2 0 0 ) ,  f o r m a m id e  (3 0 ) .  
F i f t y  g r a m s  of C e li te  p lu s  2 2 .5  m l .  o f  s t a t i o n a r y  p h a s e  w a s  p a c k e d  
in  a  g la s s  c y l in d e r  t o  g iv e  a  1 .8  X  4 7  c m . c o lu m n . F i f t y  m i l l i 
l i te r s  o f  e f f lu e n t  w a s  d is c a rd e d  p r io r  t o  c o lle c t io n  o f  f r a c t i o n  1 (5  
m l . / f r a c t i o n ) .

Methyl 17-Hydroxy-20+acetoxy-3,ll-dioxopregn-4-en-21-oate 
(IVb). Fractions 55-81.— C r y s ta l l i z a t io n  f ro m  a c e t o n e - e t h e r  
g a v e  n e e d le s  (2 6  m g .,  6 .0 % ,  m .p .  1 9 7 -1 9 9 ° )  w h ic h  d id  n o t  
d e p r e s s  th e  m e l t in g  p o in t  o f s t a r t i n g  m a te r i a l  ( I V b ) .

Ethyl 17,20+Dihydroxy-3,11 -dioxopregn-4-en-21 -oate (XHIb). 
Fractions 130-170.— C r y s ta l l i z a t io n  f ro m  a c e t o n e - e t h e r  g a v e  
p l a t e s  (6 0  m g . ,  1 4 .9 % , m .p .  1 9 3 - 1 9 5 ° ) .  R e c r y s ta l l iz a t io n  f ro m  
e th e r  g a v e  t h e  a n a ly t i c a l  s a m p le ;  m .p .  1 9 5 - 1 9 6 ° ;  % ] d  + 1 1 1 °  
± 1 ° ;  X ^ x0H 23 8  m M, e  1 6 ,0 0 0 .

Anal. C a lc d .  f o r  C 23H 320 6: C ,  6 8 .2 9 ;  H ,  7 .9 7 . F o u n d :
C ,  6 8 .1 9 ;  H ,  7 .7 9 .

T r e a t m e n t  o f 4 0  m g . o f  t h e  2 0 /3 -h y d ro x y  a c id  ( V H I b )  w i th  
d ia z o e th a n e  a f fo rd e d  3 5  m g . ( 8 4 % , m .p .  1 9 3 - 1 9 5 .5 ° )  o f p l a t e s  
f ro m  a c e to n e - e th e r .  T h e  p r o d u c t  w a s  id e n t ic a l  w i th  t h e  c h r o m a 
to g r a p h e d  c o m p o u n d  ( X H I b )  a s  s h o w n  b y  a  m ix tu r e  m e l t in g  
p o i n t  d e t e r m in a t io n  a n d  b y  c o m p a r is o n  o f t h e i r  in f r a r e d  s p e c t r a .

M ethyl 17,20+Dihydroxy-3,ll~dioxopregn-4-en-21-oate I llb ), 
Fractions 46-67.—The compound in this fraction had the same 
Ri value and gave the same color reactions as the dihydroxy ester
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n i b  p r e v io u s ly  d e s c r ib e d .  B e c a u s e  o f t h e  s m a ll  a m o u n t  p r e s e n t ,  
n o  a t t e m p t  w a s  m a d e  t o  r e c o v e r  i t  in  c r y s ta l l in e  f o rm .

17-Hydroxy-20/3-acetoxy-3-, 11 -dioxopregn-4-en-21 -oic Acid 
(Xllb). Fractions 83-110.— C r y s ta l l i z a t i o n  f ro m  a c e to n e - e th e r  
g a v e  12 5  m g . ( 3 0 % ,  m .p .  1 9 4 .5 - 1 9 6 °  d e c .)  o f a c e to x y  a c id . 
A  p u r i f ie d  s a m p le  m e l t e d  a t  1 9 8 - 1 9 8 .5 °  d e c . ;  [ a ]n  + 1 3 1 0 ±  2 ° ;

2 3 8  m/x, e 1 6 ,0 0 0 .
Anal. C a lc d .  fo r  C 23H 30O 7 : C ,  6 6 .0 1 ;  H ,  7 .2 3 . F o u n d :  

C ,  6 5 .6 9 ;  H ,  7 .3 0 .
T r e a t m e n t  o f t h e  a c id  w i th  d ia z o m e th a n e  g a v e  a  p r o d u c t  w h ic h  

d id  n o t  d e p r e s s  t h e  m e l t in g  p o i n t  o f s t a r t i n g  m a te r ia l  ( I V b ) .
17,20/3-Dihydroxy-3,ll-dioxopregn-4-en-21-oic Acid (VUIb). 

Fractions 150-215.— C r y s ta l l i z a t i o n  f ro m  a c e to n e - e th e r  g a v e  
tw o  c r o p s  ( 3 8 .5 m g . ,  m .p .  2 2 5 -2 2 6 °  d e c . ;  a n d  6  m g . ,  m .p .  2 2 2 .5 -  
2 2 3 °  d e c . )  o f p r o d u c t  w h ic h  d id  n o t  d e p r e s s  t h e  m e l t in g  p o i n t  o f 
t h e  d ih y d r o x y  a c id  ( V U I b )  p r e p a r e d  d i r e c t ly  f ro m  I l l b .  T h e  
y ie ld  w a s  1 2 .0 % .

Proof of Configuration at C-20 in the Epimeric 20-Hydroxy-21- 
oic Acids Derived from Cortisone Glyoxal. 11/3,17,20a,21- 
Tetrahydroxypregn-4-en-3-one (XVIa, Fig. 4) from IVa.— T o  a
s o lu t io n  o f 2 1 6  m g . ( 0 .5  m m o le )  o f m e th y l  1 7 -h y d ro x y -2 0 a -  
a c e to x y - 3 , l l - d io x o p r e g n - 4 - e n - 2 1 - o a te  in  5 m l .  o f  t e t r a h y d r o f u r a n  
( r e d is t i l le d  f ro m  l i th iu m  a lu m in u m  h y d r id e )  w a s  a d d e d  190 m g . 
(5  m m o le s )  o f l i th iu m  a lu m in u m  h y d r id e  in  2 0  m l .  o f  t e t r a h y d r o 
f u r a n .  A f te r  b e in g  r e f lu x e d  f o r  3 0  m i n . ,  t h e  m ix tu r e  w a s  c o o le d  
a n d  t h e  e x c e s s  r e d u c in g  a g e n t  w a s  d e c o m p o s e d  w i th  e th y l  a c e t a t e .  
A f te r  t h e  a d d i t io n  o f  a  s m a ll  v o lu m e  o f c o n c e n t r a t e d  s o d iu m  
s u l f a te  s o lu t io n  a n d  1 0  g .  o f s o lid  s o d iu m  s u l f a te ,  t h e  m ix tu re  
w a s  f i l t e r e d  a n d  t h e  p r e c ip i t a t e  w a s  w a s h e d  w e ll w i th  t e t r a h y d r o 
f u r a n .  P a p e r  c h r o m a to g r a p h y  of a n  a l iq u o t  in  to lu e n e  ( 1 2 0 ) ,  
e th y l  a c e t a t e  (8 0 ) ,  m e th a n o l  ( 1 0 0 ) , w a te r  ( 1 0 0 ) s h o w e d  th e  
p r e s e n c e  o f s ix  o r  s e v e n  c o m p o u n d s ,  a ll  o f  w h ic h  g a v e  p in k  s p o t s 22 

w ith  1 0 %  p h o s p h o m o ly b d ic  a c id  in  m e th a n o l  a t  ro o m  t e m p e r a 
t u r e .

T h e  t e t r a h y d r o f u r a n  w a s  e v a p o r a t e d  a n d  t h e  r e s id u e  w a s  d is 
s o lv e d  in  25  m l .  o f e th y l  a c e t a t e .  A f te r  a d d i t io n  o f 2 .5  g . of 
m a n g a n e s e  d io x id e , p r e p a r e d  a c c o r d in g  t o  M a n c e r a ,  et al.,23 
th e  m ix tu r e  w a s  a g i t a t e d  o n  a  m e c h a n ic a l  s h a k e r  fo r  4 8  h r .  a t  
ro o m  t e m p e r a t u r e .  T h e  m a n g a n e s e  d io x id e  w a s  f i l te r e d  off a n d  
w a s h e d  r e p e a t e d ly  w i th  h o t  m e th a n o l .  T h e  c o m b in e d  f i l t r a te s  
w e re  c o n c e n t r a t e d  t o  d r y n e s s .  T h e  a b s o r p t io n  b y  t h e  r e s id u e  a t

(22) This color reaction was found to be characteristic of steroids with a 
A4-3-hydroxy grouping. Steroids with an analogous system (A5-7-hydroxy) 
in ring B give a bright blue color under the same conditions.

(23) O. Mancera, G. Rosenkranz, and F. Sondheimer, J .  C h e m .  S o c . ,  2189
(1953).

24 2  m/x w a s  e q u iv a l e n t  t o  49  m g . o f l l / 3 ,1 7 ,2 0 a ,2 1 - te t r a h y d r o x y -  
p re g n -4 -e n -3 -o n e  ( X V I a ) .

T h e  m ix tu r e  w a s  c h r o m a to g r a p h e d  o n  a  1 .8  X  4 8  c m . c o lu m n  
p r e p a r e d  b y  t r e a t i n g  50  g . o f  C e l i te  w i th  25  m l.  o f lo w e r  p h a s e  
f ro m  t h e  s y s te m  b e n z e n e  ( 3 7 5 ) ,  e th y l  a c e t a t e  (1 2 5 ) ,  m e th a n o l  
( 2 5 0 ) ,  w a te r  ( 2 5 0 ) .  N u m b e r in g  o f t h e  5 - m l. f r a c t io n s  w a s  b e g u n  
a f t e r  65  m l .  o f  e f f lu e n t  h a d  b e e n  d i s c a r d e d .  T h e  f r a c t io n s  w e re  
a n a ly z e d  b y  m e a s u r e m e n t  o f  u l t r a v io l e t  a b s o r p t io n  a t  2 42  m /i. 
T h e  r e s id u e  f ro m  f r a c t io n s  2 5 - 4 2  c r y s ta l l iz e d  f ro m  e th y l  a c e ta te  
a s  r o s e t t e s  (1 6  m g . ,  m .p .  2 4 2 - 2 4 6 ° ) .  T h e  r e p o r t e d 17 m e l t in g  
p o i n t  fo r  ll/3,l7,20a,21-tetra-hydroxypregn-4-en-3-one (XVIa) is 
2 3 9 - 2 4 3 ° .

11/3,17-Dihydroxy-2 0a, 21 -diacetoxypregn-4-en-3-one from
XVIa.— T h e  re s id u e  f ro m  t h e  m o th e r  l iq u o r  ( 7 .6  m g .)  p lu s  9 .7  m g . 
o f  t h e  c r y s ta l l in e  m a te r i a l  w a s  t r e a t e d  w i th  0 . 1  m l .  e a c h  o f  p y r i 
d in e  a n d  a c e t ic  a n h y d r id e  fo r  4  h r .  a t  ro o m  t e m p e r a t u r e .  T h e  
p r o d u c t  c r y s ta l l iz e d  a s  n e e d le s  (1 0  m g . ,  m . p .  2 0 4 .5 - 2 0 5 .5 ° )  
f ro m  p e t r o le u m  e t h e r .  T h e  in f r a r e d  s p e c t r u m  in  c h lo ro fo rm  w as 
id e n t ic a l  w i th  t h a t  f o r  a u t h e n t i c  l l /3 ,1 7 -d ih y d r o x y -2 0 a ,2 1 -  
d ia c e to x y p r e g n - 4 -e n - 3 - o n e . 24

11/3,17,20/3,21-Tetrahydroxypregn-4-en-3-one (XVIb) from 
IVb.— M e th y l  1 7 - h y d ro x y - 2 0 /3 -a c e to x y -3 ,l l -d io x o p re g n -4 -e n -2 1 -  
o a t e  (2 1 6  m g . ,  0 .5  m m o le )  w a s  r e d u c e d  a n d  s e le c t iv e ly  re -o x i
d iz e d  in  t h e  s a m e  m a n n e r  a s  i t s  2 0 a - e p im e r .  T h e  p r o d u c t  o f th e  
f in a l  r e a c t io n  m ix tu r e  w e ig h e d  149  m g . T h e  e x t in c t io n  a t  242  
m ix i n d ic a te d  th e  e q u iv a le n t  o f 6 7  m g . o f  A 4- 3 - k e to p r e g n e n e te t r o l  
( X V I b ) .  T h e  p r o d u c t  w a s  c h r o m a to g r a p h e d  u n d e r  t h e  s a m e  
c o n d i t io n s  u s e d  fo r  t h e  r e a c t io n  m ix tu r e  f ro m  t h e  2 0 a - e p im e r .  
F r a c t io n s  2 0 - 4 7  g a v e  4 7  m g . o f  r o s e t t e s  ( m .p .  1 2 0 - 1 2 6 ° )  f ro m  
e th y l  a c e t a t e .  T h is  p r o d u c t  d id  n o t  d e p r e s s  t h e  m e l t in g  p o in t  
( m .p .  1 2 2 -1 2 6 ° )  o f a n  a u th e n t i c  s a m p le  o f 11/3 ,17 ,20/3 ,2 1 - te t r a -  
h y d ro x y p re g n - 4 - e n -3 - o n e  ( X V I b ) .

11/3,17-Dihydroxy-20j3,2 l-diacetoxypregn-4-en-3-one from 
XVIb.— A c e ty la t io n  o f X V I b  (1 7  m g .)  g a v e  1 3 .5  m g .  ( m .p .
2 3 2 .5 - 2 3 3 .5 ° )  o f  n e e d le s  f ro m  e th y l  a c e t a t e .  T h e  in f r a r e d  s p e c 
t r u m  of t h i s  c o m p o u n d  in  c h lo ro fo rm  w a s  id e n t ic a l  w i th  t h a t  o f  a n  
a u th e n t i c  s a m p le  o f 11/3,1 7 - d ih y d ro x y -20/3,21 - d ia c e to x y p re g n -4 -  
e n -3 -o n e  ( R e ic h s t e in ’s s u b s ta n c e  E  d i a c e t a t e ) .
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(24) K. Dobriner, E. R. Katzenellenbogen, E. R. Jones, G. Roberts, and 
B. S. Gallagher, “ Infrared Absorption Spectra of Steroids, an Atlas,” Vol. 
2, Interscience Publishers, Inc., New York, N. Y., 1958.
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M e th a n o l ic  c u p r ic  a c e t a t e  c a ta ly z e s  t h e  r e a r r a n g e m e n t  o f  a  s te r o id a l  g ly o x a l  (2 0 -k e to - 2 1 - a ld e h y d e )  t o  t h e  
c o r re s p o n d in g  m e th y l  g ly c o la te  (2 0 -h y d r o x y -2 1 - a c id  e s te r ) .  T h e  r e a c t io n  is  g e n e r a l  f o r  s t e r o id a l  g ly o x a ls  a n d  
m a y  b e  c o n d u c te d  in  v a r io u s  a lc o h o ls , e a c h  a lc o h o l  g iv in g  a  d i f f e r e n t  e s te r .  G ly o x a ls  f ro m  1 7 -d e o x y  s te r o id s  r e a c t  
m u c h  m o r e  r a p id ly  t h a n  d o  th o s e  f ro m  1 7 - h y d ro x y  a n a lo g s . T h e  p r e s e n c e  o f w a te r  r e t a r d s  t h e  r e a r r a n g e m e n t .  
T h e  p r in c ip a l  p r o d u c t s  f ro m  t h e  r e a c t io n  o f m e th a n o l ic  c u p r ic  a c e t a t e  a n d  3 a - h y d ro x y - l l ,2 0 -d io x o - 5 /3 -p r e g n a n -  
2 1 -a l a r e  t h e  2 0 a -  a n d  2 0 3 -e p im e rs  o f m e th y l  3 a ,2 0 - d ih y d ro x y - l l -o x o - 5 /3 -p r e g n a n - 2 1 - o a te .  H y d r o ly s i s  o f  th e s e  
e s te r s  g iv e s  t h e  c o r r e s p o n d in g  2 0 - h y d ro x y p r e g n a n - 2 1 -o ic  a c id s .  T h is  s a m e  p a i r  o f e p im e r ic  2 0 - h y d ro x y  a c id s  a ls o  
is  o b ta in e d  b y  t r e a t m e n t  o f  3 a -h y d ro x y - l l ,2 0 -d io x o - 5 /3 -p r e g n a n - 2 1 - a l  w i th  a q u e o u s  s o d iu m  h y d r o x id e .  T h e  
m o n o -  a n d  d i a c e t a t e s  o f b o t h  e p im e r ic  a c id s  a n d  b o th  e s te r s  w e re  m a d e  a n d  t h e  a b s o lu te  c o n f ig u ra t io n  a t  C -2 0  
w a s  e s ta b l is h e d  b y  c o m p a r is o n  w i th  a  s u b s ta n c e  o f k n o w n  c o n f ig u ra t io n . O p t ic a l  r o t a t io n s  o f t h e  v a r io u s  
d e r iv a t iv e s  w e re  d e te r m in e d  a n d  c o r re la te d .  I n  e v e r y  in s ta n c e ,  t h e  c o m p o u n d  w i th  a  2 0 a - o x y g e n  f u n c t io n  w a s  
m o r e  d e x t r o r o t a to r y  t h a n  i t s  2 0 /3 -ep im er. T h is  f in d in g  in d ic a te s  t h a t  t h e  r u le  w h ic h  s t a te s  t h a t  a  2 0 /3 -ace to x y - 
p r e g n a n e  is  m o r e  d e x t r o r o t a to r y  t h a n  i t s  2 0 a - e p im e r  is  n o t  a p p l ic a b le  t o  2 0 -a c e to x y -5 /3 -p re g n a n -2 1 -o ic  a c id s  a n d  
e s te rs .

The 21-hydroxyl group of an a-ketolic steroid can be 
oxidized to an aldehyde by treatment with methanolic

(1) Abridgment of thesis submitted by M. L. Lewbart to the faculty of the 
Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy in Biochemistry.

(2) This investigation was carried out during the tenure of a Fellowship 
from the Division of Medical Sciences, Public Health Service.

cupric acetate.3' 6 During studies on the preparation6 
of a glyoxal (3a-hydroxy-ll,20-dioxo-5/3-pregnan-21-al)

(3) J. P. Ccnbere, U. S. Patent 2,733,077 (1956).
(4) J. Weijlard, U. S. Patent 2,773,078 (1956).
(5) Mt L. Lewbart and V. R. M attox, J .  O r g .  C h e m . ,  in press.
(6) Mi L. Lewbart and V. R. M attox, A n a l .  C h e m . ,  33, 559 (1961)
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F ig . 1.— R  =  H  o r  O H . 1 7 - H y d ro x y  s te r o id a l  g ly o x a ls  c a n n o t  
e n o liz e  t o  g iv e  s t r u c t u r e  c.

by this procedure it was found that the amount of gly- 
oxal formed was maximal in fifteen to thirty minutes 
but decreased slowly at longer reaction periods. After 
seventy-two hours, only 15% of the glvoxal remained, as 
indicated by measurement5 by the Porter-Silber pro
cedure. A plot of the logarithm of the concentration of 
glyoxal against time gave a straight line. Approximate 
half-lives, when the methanolic solution was 0.02 M 
in glyoxal and the molar ratios of copper to steroid were 
1:20,1:8,1:2, and 1:1, were fifty-seven, thirty, twenty- 
one, and twenty-one hours, respectively.

The major products of the reaction of 3a-hydroxy-ll,-
20-dioxo-5/?-pregnan-21-al (II, Fig. 2) with copper ace
tate in methanol were the methyl esters (Ilia7 and 
Illb 7) of the 20-epimeric 20-hydroxypregnan-21-oic- 
acids. Three by-products of unknown structure were 
obtained in low yield. This complex reaction mixture 
was separated readily by partition-type chromatog
raphy on a column of Celite.

That copper salts are capable of catalyzing, under 
neutral conditions, the rearrangement of a-keto alde
hydes to a-hydroxy (glycolic) acids is not generally 
recognized. The only mention of this type of reaction 
that has been located in the literature is by Nef,8 de
scribing the conversion of acetol and benzoylcarbinol, in 
aqueous solutions, to lactic acid and mandelic acid, re
spectively, by treatment with aqueous cupric acetate or 
cupric sulfate. His presumption that the a-keto alde
hydes were intermediates was confirmed by Evans9 who 
showed that benzoylformaldehyde was convertible to 
mandelic acid under the same conditions.

The use of alkali or alkoxides to achieve this type of 
transformation is well known and, in effect, represents 
an intramolecular Cannizzaro reaction.10 In the steroid 
field, Wendler and Graber11 obtained a mixture of 20- 
epimeric glycolic acids (Vila +  Vllb) after treatment 
of 3a, 17,21 -tri hydroxy-5/3-pregnane-11,20-d ione with 
dilute methanolic potassium hydroxide in an atmos
phere of nitrogen. The diacetates of the corresponding 
methyl esters also were prepared, but the epimers were 
not separated. The amorphous 20-epimeric 11/3,20-

(7) “a ” represents the 20a-oxygen epimer; “ b,’' the 20,3-oxygen epimer.
(8) J. U. Nef, A n n .  C h e m . ,  335, 247 (1904).
(9) W. L. Evans, A m .  C h e m .  ./., 35, 115 (1906).
(10) T. A. Geisstnan, O r g .  R e a c t i o n s ,  2, 94 (1944).
(11) N. L. Wendler and R. P. Graber, C h e m .  I n d .  (London), 549 (1956).

dihydroxy-3-oxopregna-l,4-dien-21-oic acids were 
obtained by Hirschmann, et al.,n from prednisolone 
as by-products in the reaction of 2I-iodoprednisolone 
with silver dihydrogen phosphate.

Franzen13 has shown that the rearrangement of 
methylglyoxal and phenylglyoxal to the glycolic acids is 
catalyzed by compounds which contain thiol and 
amino groups either in the same or in different mole
cules. By conducting the reaction in heavy water, he 
obtained evidence that a hydride ion transfer is involved 
in the rearrangement.

Although we have not investigated the mechanism of 
the conversion of glyoxals to methyl glycolates by cop
per acetate in methanol, we present the following specu
lation. The yellow anhydrous glyoxal II becomes color
less when it is dissolved in methanol. It is assumed 
that a hemiacetal is formed since the methyl and ethyl 
hemiacetals5 of the aldehyde from cortisone have been 
crystallized from aqueous solutions of the corresponding 
alcohols. If the rearrangement of the glyoxal hemi
acetal involves a transfer of a hydride ion from C-21 to 
C-20, which seems probable, any process which would 
increase the electron density at C-21 or tend to produce 
a positive charge on C-20 would promote the reaction.14

Copper acetate is a Lewis-type acid and is known to 
form complexes with many substances. I t is postulated 
that the hemiacetal of the glyoxal forms a complex with 
copper acetate involving the carbonyl oxygen at C-20 
and the hydroxyl oxygen at C-21. It is assumed that 
copper acetate acts as an acceptor for a pair of electrons 
from the carbonyl oxygen at C-20, and that the positive 
charge so induced on C-20 provides the driving force 
for the reaction. After the rearrangement occurs, the 
regenerated catalyst is available for reaction with an
other molecule of glyoxal hemiacetal.

In methanolic cupric acetate, steroidal glyoxals with 
a hydroxyl group at C-17 rearrange much more slowly 
than do 17-deoxy glyoxals. Whether this phenomenon 
is due to inhibition of formation of a reactive complex 
with cupric acetate because of hindrance by or combina
tion with the hydroxyl group at C-17 or to an elec
tronic effect exerted on C-20 by the hydroxyl group at 
C-17 is not known. It is noteworthy that no significant 
amount of acidic material15 is obtained from the 17-de
oxy steroidal glyoxals whereas the acidic fraction from a 
17-hydroxy glvoxal16 (derived from cortisone) amounts 
to 11%.

Treatment of both the 17-deoxy glyoxal II and the 
17-hydroxy glyoxal from cortisone with alkali gives 
mixtures of the corresponding glycolic acids. With 
glyoxal II in 4 N  alkali, about eight hours is required for 
complete reaction, whereas with the glyoxal from corti
sone in 1.25 N  alkali, the reaction is complete within 
thirty minutes.16 If the rearrangement occurs by the 
type of mechanism13 which has been suggested for this 
process (a-»-b-»d for 20a-epimer in Fig. 1), the slower 
reaction of the 17-deoxy glyoxal may be due to 17(20)- 
enolization to give intermediate c, or the equivalent, 
which competes with the reaction that leads to the gly-

(12) R. Hirschmann, G. Bailey, and J. M. Chemerda, i b i d . ,  682 (1958).
(13) V. Franzen, C h e m .  B e r . ,  88, 1361 (1955); 89, 1020 (1956).
(14) N. C. Deno, H. J. Peterson, and G. S. Saines, C h e m .  R e v . ,  60, 7 (1960).
(15) A small amount of acidic product is formed when glycolic esters I l ia  

and I l lb  are prepared by treatm ent of ketol I with cupric acetate. The 
acidic material is formed during oxidation of ketol I rather than during re
arrangement of glyoxal II.

(16) M. L. Lewbart and V. R, M attox, J .  O r g .  C h e m . ,  28, 1773 (1963).
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colic acid mixture. A 17-hydroxyl group precludes a 
structure of type c. The Cannizzaro reaction ordi
narily is associated with substances that have no eno- 
lizable hydrogen in the function undergoing reaction.

To study the scope and rate of this rearrangement, the 
steroidal glyoxals listed in Table I were treated with 
copper acetate in methanol. The half-lives of the 
glyoxals, as indicated by rate of disappearance of Porter- 
Silber chromogenicity, were determined.

T a b l e  I

R a t e  o f  D is a p p e a r a n c e  o f  G ly o x a ls  in  0.01 M  M e t h a n o l ic

; C u p r ic  A c e t a t e “
Glyoxal from Half-life6

3 a ,2 1 -D ih y d ro x y - 5 /? - p re g n a n e - l  1,2 0 -d io n e  17
3 a - 2 1 -D ih y d ro x v -5 /? -p re g n a n -2 0 -o n e  19
3 a, 21 - D ih y d r o x y - 16 « , 17 a -ep o x y -5 /3 -  

p re g n a n e -1 1 ,2 0 -d io n e  20
3 a ,  11/3,21 -T rih y d r<  > x y -5 /? -p reg n an -2 0 -o n e  23
1 1 - D e o x y c o r t ic o s te r o n e  23
C o r t ic o s te r o n e  30
C o r t i s o n e  128
3 a ,1 7 ,2 1 - T r ih y d ro x y - 5 |3 - p re g n a n e -  

1 1 ,2 0 -d io n e  170

“ M o la r  r a t i o  o f c o p p e r  t o  s te r o id ,  1 :2 .  6 H a lf - l i f e  r e fe rs  t o  
t im e  in  h o u r s  r e q u i r e d  f o r  a  5 0 %  d e c re a s e  o f a b s o rb a n c e  in  th e  
P o r t e r - S i lb e r  r e a c t io n .  I n i t i a l  a b s o rb a n c ie s  w e re  o b ta in e d  a f t e r  
t r e a t m e n t  o f  t h e  r e s p e c t iv e  a - k e to l s  fo r  o n e  h o u r .

The approximate half-life of 3a-hydroxy-ll,20-dioxo- 
5/3-pregnan-21-al in various alcohols, with a copper to 
steroid ratio of 1:2, is shown in Table II. The reac
tion was more rapid in n-propyl alcohol than in methyl 
alcohol, but in ¿-butyl alcohol, was considerably slower 
than in methyl alcohol. That different products were 
formed from the glyoxal with the different alcohols was 
shown by the fact that paper chromatography gave R t 
values varying from 0.38 for methyl alcohol to 0.62 for 
¿-butyl alcohol, as shown in Table II. The half-lives of 
the glyoxal derivatives from cortisone in methyl, ethyl, 
propyl and butyl alcohols containing copper acetate 
also are given in the table.

T a b l e  I I

R a t e  o f  D is a p p e a r a n c e  o f  G ly o x a ls  in  0 .0 1  M  C u p r ic  A c e
t a t e “ in  V a r io u s  A lc o h o ls

Glyoxal from 3a,21-
dihydroxy-50-pregnane- Glyoxal from cortisone 

'— ---------- 11,20-dione— -——■>
Alcohol Half-life6 Äf ac Afbc Half-life6 R fac

c h 3o h 17.5 0.38 128 0 . 2 0

C2H 5 0 H 1 1 . 0 .52 170 .42
71-C3H 7 0 H 8.5 .65 0.35 144 .58
7 1-C4H 9 0 H 1 0 . 0 .74 .48 143 .71
rc-CsHnOH 10.5 .59
n-C6H13OH 9.0 .65
w-C tH iîO H 1 0 . 0 .71
¿-C3H 7OH 19.0 0.52
FC 4H 9OH 21.5 .58
sec-CjHgOH 18.0 .64
Î-C4H 9OH 31.0 .62

“ C o p p e r  t o  s t e r o id  r a t i o ,  1 :2 .  6 H a lf - l i f e  d e n o te s  t im e  in
h o u r s  r e q u i r e d  f o r  a  5 0 %  r e d u c t io n  o f t h e  o r ig in a l  c o lo r  in  t h e  
P o r t e r - S i lb e r  r e a c t io n .  c Rt, r a t i o  o f m o v e m e n t  o f  m a jo r  s p o t  
t o  m o v e m e n t  o f s o lv e n t  f r o n t ;  a , i s o o c ta n e - to lu e n e - m e th -  
a n o l - w a te r ,  9 0 :1 1 0 : 1 6 0 : 4 0 ;  a n d  b ,  i s o o c ta n e - to lu e n e - m e th 
a n o l - w a te r ,  1 4 0 :6 0 :1 6 0 :4 0 .

The structures of the two main products (Ilia  and 
111b) from the reaction between methanolic cupric

c h 2o h  h c = o
I 1

C = 0  C = 0

F ig u r e  2

acetate and 3a-hydroxy-ll,20-dioxo-5ô-pregnan-21-al 
(II) were deduced from the following observations. 
Substances Ilia  and Illb  were neutral and had the 
same per cent composition. They contained no car
bonyl groups active toward 2,4-dinitrophenylhydrazine. 
Oxidation of I lia  and Illb  with chromic acid gave a 
single compound (VI). Substances Ilia  and Illb  con
tained two acylable hydroxyl groups, as shown by for
mation of the isomeric diacetoxy esters (IVa and IVb). 
Hydrolysis of dihydroxy esters I lia  and Illb  gave two 
dihydroxy acids (Vila and Vllb) which were convertible 
to 3a-hydroXy-ll-oxo-5|8-etianic acid (V) by treatment 
with potassium permanganate in acetic acid. Neither 
the esters (Ilia and Illb) nor the free acids (Vila and 
Vllb) were altered by treatment with periodic acid. 
From these results it follows that substances Ilia  and 
Illb  are 20-epimeric 20-hydroxypregnan-21-oic esters.

Acetylation of the dihydroxy acids (Vila and Vllb) 
gave the corresponding diacetoxy acids (V illa and 
VUIb, Fig. 3). The 3a-acetyl group was selectively 
removed from each of these compounds by mild treat
ment of the diacetoxy acids (V illa and VUIb) with a 
slight excess of alkali. More vigorous treatment of the 
diacetates (Villa and VUIb) produced the dihydroxy 
acids (Vila and Vllb).
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H C = 0
Ic=o

c o 2h

C H O H

X a . R  =  C H 3

Cr03

C 0 2H
I

H C O A c

X I a X l b

F ig u r e  3

C H 2O H
Ic=o

H C = 0
Ic=o

The 20-acetyl group is removed more easily from the 
20a-acetate than from its 20/3-epimer. This fact was 
demonstrated by treating the diacetoxy epimers 
(Villa and VUIb) with four equivalents of sodium hy
droxide under identical conditions and analyzing, by 
paper chromatography,17 serial aliquots of the mixtures. 
After forty minutes at room temperature the 20/3-ace- 
toxy acid (IXb) was essentially the only product present 
in the reaction mixture from the 20/3-epimer (VUIb). 
From the 20a-epimer (Villa), a 1:1 mixture of 20«- 
acetoxy acid (IXa) and 3a,20a-dihydroxy acid (Vila) 
was obtained. Esterification of the 20-acetoxy acids 
(IXa and IXb) with diazomethane produced the cor
responding methyl esters (Xa and Xb). Oxidation of 
the 3a-hydroxy-20a- and 20/3-acetoxy acids (IXa and 
IXb) with chromic acid yielded the corresponding 3- 
keto compounds (XIa and X lb).

The conversion of 3a-hydroxy-ll,20-dioxo-5/3-preg- 
nan-21-al (II) to the mixture of glycolic acids (Vila and 
Vllb) could be obtained more quickly by treatment 
with alkali than the corresponding esters could be ob
tained by treatment with cupric acetate (eight vs. 117 
hours). After acetylation of the mixture of acids, the 
20a- and 20/3-acetoxy compounds (Villa) and VUIb) 
could be obtained in 42 and 34% yield by fractional 
crystallization from ethyl acetate.

Treatment of 3a,ll/3-dihydroxy-20-oxo-5/3-preg- 
nan-21-al (XIII, Fig. 4) with methanolic cupric acetate 
gave the 20 a- and 20/3-epimers of the glycolic acid 
methyl esters (XlVa and XlVb) in yields of 26 and 
35%, respectively. Mild acetylation of these products 
gave the corresponding diacetates (XVa and XVb). 
Proof of structure of these products was established by 
chromic acid oxidation of the 11/3-hydroxyl group to 
give corresponding 11-ketones (IVa and IVb).

The configuration at C-20 of a pair of epimeric 20- 
acetoxy pregnanes can be established by comparing 
their molecular optical rotations. A simple rule, for
mulated by Fieser and Fieser,18 states that a 20/3-ace
toxy compound of any type is more dextrorotatory 
than its 20a-acetoxy epimer. The rule holds for 
pregnan-20-ols which are unsubstituted at C-17 and 
C-21 as well as for pregnane-20,21-diols, pregnane-17,20- 
diols and pregnane-17,20,21-triols.19

This rule was considered in assigning configurations20 
to the 20-epimeric 20-hydroxypregnan-21-oic deriva
tives listed in Table III. Its application would desig
nate those compounds with the more positive rotations 
as having a 20/3-oxygen function. However, on this 
basis the 20a-acetate should be the more difficult epimer 
to hydrolyze; in the acetylated glycolic acids from cor
tisone, the 20/3-acetate16 is more difficult to hydrolyze 
than is its 20a-epimer. Furthermore, with the 20- 
epimeric 17,20-dihydroxypregnen-21-oic derivatives

(17) Solvent system: isooetane (100), toluene (100), methanol (100), 
acetic acid (30), water (70). R f  values of the diacetoxy, monoacetoxy, and 
dihydroxy acids were 0.7, 0.11, and 0.01. There was no significant difference 
in the mobilities of the 20a- and 20/3-epimer pairs.

(18) L. F. Fieser, and M. Fieser, “Steroids,” Reinhold Publishing Corp., 
New York, N. Y., 1959, p. 612.

(19) L. H. Sarett, J .  A m .  C h e m .  S o c . ,  71, 1165 (1949).
(20) D ata in Table I I I  are sufficient for determining C-20 acetylation in

crements for only two pairs of epimers (pairs 7 and 8 in Table III) . The 
acetylation increments of the 20a-hydroxy compounds are positive and those 
of the 20^-hydroxy epimers are negative. This finding is a t variance with 
results from acetylation of epimeric 20-hydroxy-pregnanes which are unsub
stituted a t C-21 or bear a hydroxyl group. W ith these compounds, acety
lation increments for 20/S-ols are strongly positive and those for 2Q«-ols are 
negative or very slightly positive;
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from cortisone, neither the acetylation increments18 nor 
the optical rotations of the 20-acetates of one series were 
consistently greater than those of the other.16 Thus it 
was obvious that the generalizations concerning rotation 
and configuration at C-20 were not valid21 for assigning 
C-20 configuration to 17,20-dihydroxypregn-4-en-21- 
oic acids and it seemed probable that they would not be 
valid for the 17-deoxy-20-hydroxypregnanoic deriva
tives in Table III.

T a b l e  III
M o l e c u l a r  R o t a t io n s“ o p  5/3-Pr e g n a n e s  w i t h  S u b s t it u e n t s  

a t  C-3, C-ll, C-20 A N D  C-21
Pair S u b s t itu e n ts ----------- * -—Epimers*---- •> A*
no. C -3 C-ll C-20 C-21 20a 20/S a-ß

1 a-OH = 0 OH o2h +  182 +91 +  91
2 a-OH = 0 OH o2c h 3 +  148 +95 +  53
3 a-OH 0-OH OH o2c h 3 +  197 +  102 +95
4 a-OAc = 0 OAc o2h +  350 +  188 +  162
5 a-OAc = 0 OAc o2c h 3 +  351 +  152 +  199
6 a-OAc /3-OH OAc o2c h 3 +366 +  162 +  204
7 a-OH = 0 OAc o2h +248 +  85 +  163
8 a-OH = 0 OAc o2c h 3 +256 +  63 +  193
9 = 0 = 0 OAc o2h +281 +93 +  188

0 Molecular rotations, M d , are [a ]D  X mol. wt./100. 0 A
M d  2 0 a — M d  20/3.

Because cf these considerations, 3a,20/8-diacetoxy-l 1- 
oxo-5/3-pregnan-21-oic acid of known absolute con
figuration at C-2022 was synthesized. With this com
pound available, it was possible to establish the 20/3- 
configuration for the acetoxy group in the 3a,20-diace- 
toxy-11 -( xo-5/3-pregnan-21-oic acid which melts at 199- 
200°, and to assign formula VUIb to this substance. 
Since VUIb is already correlated configurationally at 
C-20 with the various other 20-asymmetric compounds 
which are described, it follows that their configurations 
are as indicated in the figures.

E x p e r im e n ta l

General Procedures.—Melting points were taken on a Fisher- 
Johns apparatus and are reported uncorrected. Optical rota
tions were measured in methanol at a concentration of about 1% 
and at a temperature of 24 ±  2° unless otherwise designated. 
Analyses were by J. F. Alicino, Metuchen, N. J.

Paper chromatography was used extensively for evaluating 
complex reaction mixtures, developing solvent systems for 
chromatography on columns, and judging homogeneity of puri
fied samples. Chromatography on columns was employed to 
separate preparative quantities of pure products. In general, 
the procedures discussed in detail by Neher23 were followed.

For detection of A4-3-ketones on paper chromatograms, ultra
violet absorption and sodium hydroxide-induced fluorescence 
were employed. Alkaline blue tétrazolium was used for a-ketols 
and the Porter-Silber reagent was employed6 for detection of di- 
hydroxyacetone or glyoxal groupings. For several other classes 
of compounds phosphomolybdic acid, which is nonspecific and 
relatively insensitive, was used. With this reagent, the methyl 
esters of the 20-epimeric 3a,20-dihydroxy-ll-oxo-5/3-pregnan-21- 
oic acids gave very little color, even at levels of 100 tig., whereas 
the ll(3-hydroxy analogs gave intense spots with as little as 10 
ixg. Acids were detected by dipping the paper chromatograms 
into a 0 .01% alcoholic solution of chlorophenol red and then hold
ing the paper over a mild current of steam to drive off the residual

(21) W e are indebted  to  R . M . Dodson who, in view of these findings, 
emphasized the  chance of being in e rror when using molecular ro ta tions to  
assign configurations to  th e  17-deoxy-20-acetoxy-5S-pregnan-21-oic com
pounds described in th is  paper.

(22) V. R. M attox , unpublished data .
(23) R. Neher, “ C hrom atographie von Sterinen, Steroiden und Verwand

ten Verbindungen,*’ Elsevier Publishing Co., New York, N. Y., 1958, 100 pp.

acetic acid; steroidal acids gave yellow spots on a purple back
ground. The test was sensitive to 2 fig. of carboxyl group in the 
steroidal acids examined.

Columns were prepared for chromatography with either Bush- 
or Zaffaroni-type solvent systems by pretreating Celite 545 (100— 
200 mesh) with an excess of mobile phase mixed with approxi
mately 50% (v./w.) of stationary phase. For the preparation of 
columns greater than 2 cm. in diameter, the use of a conventional 
close-fitting Martin packer did not result in uniform packing of 
the supporting medium. Chromatography of Sudan III indicated 
that the center of the column was packed more loosely than was 
the periphery. When a close-fitting packer was used in conjunc
tion with a packer of small diameter, which was used to tamp 
the center of the column, satisfactory uniformity of the support
ing medium was achieved. A column was judged suitable for use 
if a test sample of Sudan III was eluted in less than 20% of the 
effluent collected after applying Sudan III to the column. Rates 
of flow of the solvents through the columns were in the range of 
4 to 16 ml./sq. cm. surface area/hr.

Methyl 3a,20a-(and 20/3)-Dihydroxy-ll-oxo-5/3-pregnan-21- 
oates and Three Unknown Compounds from I and Methanolic 
Cupric Acetate.—A solution of 3.48 g. (10 mmoles) of 3a,21-di- 
hydroxy-5/3-pregnane-ll,20-dione5 (I) in 250 ml. of methanol 
was mixed with 1.0 g. (5 mmoles) of cupric acetate in an equal 
volume of methanol at room temperature. After 117 hr., only 
7% of the glyoxal remained, as indicated by analysis6 with the 
Porter-Silber reagent. After addition of 2.0 g. of disodium 
ethylenedinitrilotetraacetate (EDTA) in 50 ml. of water, the 
methanol was evaporated in vacuo, and the aqueous residue was 
extracted with methylene chloride. The extract was washed 
with 5% sodium bicarbonate and then water, and concentrated 
to dryness. To remove unchanged glyoxal II, the residue in 20 
ml. of methanol was heated on a steam bath with 500 mg. of 
sodium bisulfite in 50 ml. of water. The cooled mixture was ex
tracted with methylene chloride, and the organic layer, after 
being washed with water, was concentrated to dryness. The 
residue gave 1500 mg. (m.p. 190-195°) of fine needles from 5 ml. 
of benzene. Recrystallization from acetone gave 1170 mg. (31%, 
m.p. 200-203°) of pure methyl 3a,20/3-dihydroxy-ll-oxo-5/3- 
pregnan-21-oate (Illb) as prisms.

The residue (2127 mg.) from the benzene and acetone mother 
liquors was chromatographed in benzene (1800), cyclohexane 
(1200), formamide (200) on a 6-cm. diameter column packed to a 
height of 40 cm. with 350 g. of Celite plus 57.5 ml. of stationary 
phase. Before fraction no. 1 was collected 800 ml. of effluent was 
discarded. Each fraction contained 20 ml. Weight of the residue 
from every fifth fraction was obtained and plotted against the 
corresponding fraction number. Fractions were pooled and the 
solvent was removed. Three compounds of unknown structure, 
Xi, X2, and X3, emerged before the dihydroxy esters.

Compound Xi. Fractions 17-40.—The residue gave long 
needles from methyl ethyl ketone (288 mg., m.p. 164-165°). 
A sample for analysis prepared from the same solvent melted at
167-168.5°; [«]d +112° ±  2°.

Anal. Calcd. for C22H320 5: C, 70.18; H, 8.57; CH30 , 8.24. 
Calcd. for C22H340 5: C, 69.81; H, 9.05; CH30 , 8.20. Found: 
C, 70.35; H, 8.63; CH30 , 8.19.

Compound X2. Fractions 48-80.—The residue gave crystals 
(84 mg., m.p. 189-190°) from acetone. Recrystallization from 
acetone did not alter the melting point; [a]c +139° ± 1 ° .

Anal. Calcd. for C25H380 4: C, 74.59; H, 9.51. Found: C, 
74.99; H, 9.38; CH30 , 0.0.

Compound X3. Fractions 116-164.—Crystals (121 mg., m.p. 
198-198.5°; and 9 mg., 196-198°) were obtained from acetone- 
ether. The sample for analysis was recrystallized from acetone- 
ether; m.p. 200-201°; [a]n +15° ±  2°.

Anal. Calcd. for C24H380 6 CH3C0CH: C, 67.47; H, 9.23; 
3CH30 , 19.40. Found: C, 67.46; H, 9.19; CHsO, 19.17.

Compound X3 Acetate.—Acetylation at room temperature in 
acetic anhydride-pyridine and crystallization from ether-petro
leum ether gave a product with m.p. 124 .5 -12 5 °; [a]D + 4 7 °  
±  1°.

Anal. Calcd. for CgsH^Og: C, 66.38; H, 8.36; 2 CH3CO,
17.00. Found: C, 66.24; H, 8.34; CH3CO, 17.88.

Methyl 3a,20a-Dihydroxy-ll-oxo-5j3-pregnan-21-oate (Ilia), 
Fractions 210-280.—Rosettes (580 mg.) were obtained front 
acetone-petroleum ether. Recrystallization from methyl ethyi 
ketone gave 436 mg. (11.5%, m.p. 175-178°) of pure Ilia . The 
sample for analysis was recrystallized from acetone-ether; m.p, 
177.5-178°; [<*]d  +39° ±  1°.
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Anal. Calcd. for C22H34O5: C, 69.81; H, 9.05. Found; C, 
69.S9; H, 9.05.

Saponification of the mother liquor with aqueous methanolic 
sodium hydroxide followed by acetylation of the acidic fraction 
gave an additional 5.8% (260 mg., m.p. 259-261°) of the 20a- 
epimer as 3a,2Oa-diacetoxy-ll-oxo-50-pregnan-21-oic acid (Villa) 
and brought the total yield of 20a-epimer from I to 17.3%.

Methyl 3a,2O0-Dihydroxy-ll-oxo-50-pregnan-21-oate (Illb). 
Fractions 284^344.—Crystallization from acetone gave 170 mg. 
(4.5%, m.p. 198-200°) of 200-epimer Illb . The total yield of 
I llb , obtained by direct crystallization and after chromatog
raphy, was 35.5%. Recrystallization from acetone gave the 
analytical sample; m.p. 202.5-204°; [a]n +25° ±  2°.

Anal. Calcd. for C22H310 5: C, 69.81; H, 9.05; CH3O, 8.20; 
mol. wt., 378. Found: C, 70.12, 70.21; H, 8.59, 9.10; CHsO, 
8.17; mol. wt., 373.

3a,20a- (and 20fl)-Diacetoxy-ll-oxo-5(3-pregnan-21-oic Acids 
(Villa and VUIb) from II and Sodium Hydroxide.—To 3.64 g. 
(10 mmoles) of 3a,21,21-trihydroxy-50-pregnane-ll,2O-dione6 
(hydrate of II) suspended in 100 ml. of water was added slowly, 
while stirring vigorously, 20 ml. of 2 IV sodium hydroxide. After 
being stirred for 8 hr. at room temperature, the mixture was 
acidified with N  hydrochloric acid and extracted three times with 
20-ml. portions of ethyl acetate. The ethyl acetate extract was 
washed four times with a total volume of 60 ml. of 5% sodium 
bicarbonate. The combined alkaline washes were extracted with 
ethyl acetate which; along with the original organic phase, was 
discarded. Acidification of the aqueous phase and extraction 
with ethyl acetate gave 3.75 g. of crude acidic material. This 
product was acetylated with 5 ml. each of pyridine and acetic 
anhydride for 11 hr. at room temperature. The acetylated prod
uct, recovered in the usual fashion except for omission of the bi
carbonate wash, was subjected to fractional crystallization and 
gave 1.91 g. (42.6%, m.p. 260-262°) of pure 3a,20a-diacetoxy-
ll-oxo-50-pregnan-21-oic acid (Villa) from ethyl acetate. The 
analytical sample was prepared by recrystallization from acetone; 
m.p. 261.5-262°; [<*]d +78° ±  1°.

Anal. Calcd. for C25H36O7: C, 66.94; H, 8.09. Found: C, 
66.77; H, 8.04.

The addition of petroleum ether to the mother liquor from 
V illa  gave 1.76 g. (39.3%, m.p. 189-192°) of impure 3a,200- 
diacetoxy-ll-oxo-5|8-pregnan-21-oic acid (VHIb). This fraction, 
after recrystallization from acetone, saponification with aqueous 
methanolic alkali, and esterification with diazomethane, afforded 
822 mg. (21.8% over-all from II, m.p. 202-203.5°) of pure 
methyl 3a,2O0-dihydroxy-ll-oxo-50-pregnan-21-oate (Illb). This 
product did not depress the melting point of Illb  which was pre
pared from I by treatment with cupric acetate.

A sample of pure 3a,20/3-diacetoxy-ll-oxo-5(3-pregn&n-21-oic 
acid (VHIb) was obtained by acetylation of the 3a,200-dihydroxy 
acid (VHb) with acetic anhydride and pyridine for 3 hr. at room 
temperature. From 250 mg. of VHb were obtained three crops 
of crystals (185 mg., m.p. 197-199°; 84 mg., m.p. 195.5-197°; 
and 8 mg., m.p. 194-195.5°) from acetone in a yield of 90%. A 
sample for analysis was prepared by recrystallization from ace
tone and drying for 2 hr. at 100° and 5-10 n; m.p. 199-200°; 
[a]D +41° ±  1°.

Anal. Calcd. for C25H36C>7-y2H20: C, 65.62; H, 8.18.
Found: 0,65.66,65.73; H, 8.11, 8.19.

3a,200-Dihydroxy-ll-oxo-5|3-pregnan-21-oic Acid (VHb) from 
Illb.—To a solution of 400 mg. of methyl 3a ,200-dihydroxy-l 1- 
oxo-50-pregnan-21-oate (Illb) in 3 ml. of methanol was added 12 
ml. of water, then 4 ml. of 2 N  sodium hydroxide. The milky 
suspension became clear in about 1 min. After 15 min. at room 
temperature, the solution was acidified with dilute hydrochloric 
acid. The product was extracted with ethyl acetate and crystal
lized from acetone-ether in a yield of 87% (300 mg., m.p. 244- 
245°; and 37 mg., m.p. 243-245°). Recrystallization from ace
tone-ether did not elevate the melting point; [a]D +25° ±  2°.

Anal. Calcd. for C2iH32Os: C, 69.19; H, 8.85. Found: C, 
69.28; H, 9.17.

Treatment of acid VHb with diazomethane gave an ester which 
melted at 202.5-203.5°; it did not depress the melting point of 
I llb  that was obtained from II by treatment with cupric acetate.

3a,2Oa-Dihydroxy-ll-oxo-50-pregnan-21-oic Acid (Vila) from 
Villa.—To a solution of 1260 mg. (2.8 mmoles) of 3a,20a-di- 
acetoxy-ll-oxo-50-pregnan-21-oic acid in 45 ml. of methanol was 
added 100 ml. of water and 16.2 ml. of 1.72  N  sodium hydroxide 
(28 mmoles). The solution was heated on a steam bath for 1.5 
hr., cooled, acidified with dilute hydrochloric acid, and extracted

with ethyl acetate. The extract was washed with water, dried, 
and concentrated to dryness. Crystals were obtained from ace
tone (813 mg., m.p. 237-238°; and 75 mg., m.p. 231-232°) in 
87% yield. A sample for analysis was crystallized from acetone; 
m.p. 239-241°, [a]d +50° ±  1°.

Anal. Calcd. for C2iH3205: C, 69.19; H, 8.85. Found: C, 
69.07; H, 8.71.

3a,2Oa-Dihydroxy-ll-oxo-50-pregnan-21-oic Acid (Vila) from 
Ilia.—Treatment of 100 mg. of methyl 3a,20a-dihydroxy-ll-oxo- 
50-pregnan-21-oate under the conditions described for prepara
tion of VHb from Illb  gave 82 mg. (m.p. 237-237.5°) of Vila; 
it did not depress the melting point of Vila that was obtained by 
hydrolysis of Villa. The infrared spectra of the two samples of 
Vila were identical.

Treatment of acid Vila with diazomethane gave an ester, m.p. 
175-177°; it did not depress the melting point of I lia  that was 
obtained by the action of cupric acetate on II.

3a-Hydroxy-ll-oxo-50-etianic Acid (V) from Vila and VHb.— 
To separate solutions of 46 mg. each of 3a,20a-dihydroxy-ll-oxo- 
50-pregnan-21-oic acid and 3a,2O0-dihydroxy-ll-oxo-50-pregnan- 
21-oic acid in 3 ml. of glacial acetic acid was added 40 mg. of potas
sium permanganate in 3 ml. of water. A precipitate of manganese 
dioxide formed rapidly. After 1 hr. at room temperature, excess 
oxidizing agent was decolorized with sodium bisulfite solution 
and the mixtures were extracted with ethyl acetate. The ex
tracts were washed with water and concentrated to dryness. 
Crystallization from acetone gave 25 mg. (60%, m.p. 290-292°) 
of needles from each extract. The infrared spectra of the acids 
were identical with that of authentic 3a-hydroxy-ll-oxo-50- 
etianic acid24 (V) prepared by periodate oxidation of 3a,21-di- 
hydroxy-50-pregnane-l 1,20-dione (I ).

3a-Hydroxy-2O0-acetoxy-ll-oxo-50-pregnan-21-oic Acid (IXb) 
from VHIb.—To a solution of 921 mg. (2.05 mmoles) of 3a,200- 
diacetoxy-ll-oxo-50-pregnan-21-oic acid in 15 ml. of methanol 
was added 50 ml. of water and 4.62 ml. of 1.72 N  sodium hy
droxide (8 mmoles). After 20 min. at room temperature, the solu
tion was acidified with hydrochloric acid and extracted with ethyl 
acetate. The extract was washed with water, dried, and taken 
to dryness. Crystallization from acetone gave three crops (658 
mg., 80%) of 200-aeetoxy acid (IXb) which melted in the range
254.5- 256.5°. A purified sample melted at 259.5-261°; [a]u 
+ 21° ±  1°.

Anal. Calcd. for C23H34O6: C, 67.95; H, 8.43. Found: C, 
67.99; H, 8.35.

Methyl 3a-Hydroxy-2O0-acetoxy-ll-oxo-50-pregnan-21-oate 
(Xb) from IXb.—Treatment of 100 mg. of 3a-hydroxy-2O0- 
acetoxy-ll-oxo-50-pregnan-21-oic acid (IXb) with diazomethane 
gave 99 mg. (96%, m.p. 220-222°) of crystals from acetone. 
Recrystallization from acetone gave the analytical sample; m.p.
224.5- 226°; [a]D +15° ±  1°.

Anal. Calcd. for C24H360 6: C, 68.54; H, 8.63. Found: C, 
68.28; H, 8.96.

2O0-Acetoxy-3,ll-dioxo-50-pregnan-21-oic Acid (Xlb) from 
IXb.—To 406 mg. (1.0 mmole) of 3a-hydroxy-2O0-acetoxy-ll- 
oxo-50-pregnan-21-oic acid in 20 ml. of acetic acid was added 1.2 
ml. of 1.0 M aqueous chromic acid. The solution was heated on a 
steam bath for 20 min., cooled, and added to 100 ml. of water. 
The suspension was extracted with ethyl acetate, the organic 
phase was washed with water, and taken to dryness. Crystal
lization from acetone gave 337 mg. (83.4%, m.p. 255.5-257°) of 
2O0-acetoxy-3,ll-dioxo acid (Xlb). The product gave a positive 
test for a carbonyl group with Brady’s reagent and depressed the 
melting point of starting material by more than 100°. A sample 
of Xlb, recrystallized from acetone and dried in air, lost 13.0% 
after further drying at 100° and 1-2 mm.; calcd. for loss of one 
mole of acetone, 12.6%; m.p. 256-257°; [a]D +23° ±  1°.

Anal. Calcd. for C23H32O6: C, 68.29; H, 7.97. Found: C, 
68.42; H, 8.27.

3a-Hydroxy-2Oa-acetoxy-ll-oxo-50-pregnan-21-oic Acid (IXa) 
from Villa.—To a solution of 1.34 g. (3.0 mmoles) of 3a, 20a 
diacetoxy-ll-oxo-50-pregnan-21-oic acid in 45 ml. of methanol 
was added 100 ml. of water and 3.64 ml. of 1.72 N sodium hy
droxide (6.25 mmoles). After 1.5 hr., the solution was acidified 
with hydrochloric acid and extracted with ethyl acetate. The * 1287

(24) J. Von Euw, A. Lardon. and  T. Reichstein, H e l v .  C h i m .  A c t a ,  27,
1287 (1944).
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extract was washed with water, dried, and taken to dryness. 
Crystallization from acetone gave 963 mg. (79%, m.p. 261.5- 
263°) of IXa. A sample, purified from the same solvent, melted 
at 263.5-265°; [«]d +61° ±  1°.

Anal. Calcd. for C23H340 6: C, 67.95; H, 8.43. Found: C, 
67.73; H, 8.37.

Methyl 3a-Hydroxy-20a-acetoxy-ll-oxo-5/3-pregnan-21-oate 
(Xa) from IXa.—Treatment of 150 mg. of 3a-hydroxy-20a- 
acetoxy-ll-oxo-5/3-pregnan-21-oic acid with diazomethane gave 
133 mg. (86%, m.p. 178-180°) of methyl ester Xa, which, after re
crystallization from acetone-ether, had m.p. 179.5-181.5°; [ « ] d  

+61° ±  1°.
Anal. Calcd. for C24H3606: C, 68.54; H, 8.63. Found: C, 

68.35; H, 8.58.
20a-Acetoxy-3,ll-dioxo-5/3-pregnan-21-oic Acid (XIa) from 

Xa.—To a solution of 406 mg. (1.0 mmole) of 3a-hydroxy-20a- 
acetoxy-ll-oxo-5/3-pregnan-21-oic acid in 20 ml. of glacial acetic 
acid was added 1.2 ml. of 1.0 M aqueous chromic acid. After 
being heated on a steam bath for 20 min., the mixture was added 
to 125 ml. of water and extracted with methylene chloride. The 
extract was washed repeatedly with 5% sodium bicarbonate, 
then discarded. The combined alkaline washes were acidified 
with hydrochloric acid and extracted with methylene chloride. 
The methylene chloride extract was washed with water and 
evaporated. The residue gave 267 mg. (66%, m.p. 122-124°) of 
the dioxo acid (XIa) from aqueous methanol. It gave a positive 
test with Brady’s reagent. A sample was recrystallized from 
95% ethanol and dried for 1 hr. at 100° and 1-2 mm. I t ex
hibited dual melting points at 120-122° and 198-200°; [ a ]D  

+62° ±  1° (not corrected for solvent of crystallization).
Anal. Calcd. for C23H320 6 C2H60H: C, 66.64; H, 8.53.

Found: C, 66.16, 67.04; H, 8.18, 8.71.
When a portion of the sample was dried for 2 hr. at 121° and

10-20 it, it lost 9.60%; calcd. for loss of 1 mole of ethanol, 
10.22%. This sample melted at 198-200° without previous sof
tening.

Methyl 3,ll,20-Trioxo-5/3-pregnan-21-oate (VI) from Ilia.—
To 113 mg. (0.25 mmole) of methyl 3a, 20a-dihydroxy-ll-oxo- 
5|3-pregnan-21-oate in 2.85 ml. of glacial acetic acid was added 
0.16 ml. of aqueous 5 M chromic acid. The solution was heated 
on the steam bath for 20 min., cooled, diluted with water, and 
extracted with methylene chloride. The extract was washed 
with 5% sodium bicarbonate and then water, dried, and taken to 
dryness. Crystallization from methanol gave the trioxo ester
(VI) in two crops (52 mg., m.p. 164.5-166.5°; and 5 mg., m.p. 
162-164°). A sample, recrystallized from methanol, melted at
167.5-170.5°; [ a ]D  +119° ±  2°.

Anal. Calcd. for C22H30O6: C, 70.56; H, 8.07; CH30 , 8.29. 
Found: C, 70.04; H.8.24; CHsO,8.53.

Methyl 3,U-20-Trioxo-5/3-pregnan-21-oate (VI) from Illb.— 
A solution of 378 mg. (1.0 mmole) of methyl 3a,20/3-dihydroxy-ll- 
oxo-5j3-pregnan-21-oate in 9.5 ml. of glacial acetic acid and 0.50 
ml. of aqueous 5 M chromic acid was heated on a steam bath for 
90 min. and worked up as described in the previous paragraph. 
The product (170 mg., m.p. 163-165°; and 31 mg., m.p. 159-161°) 
did not depress the melting point of VI obtained from Ilia . Their 
infrared spectra in Nujol were identical and contained no band for 
an OH group.

Methyl 3a,20a-Diacetoxy-ll-oxo-5/3-pregnan-21-oate (IVa) 
from Ilia.—Treatment of methyl 3a,2Oa-dihydroxy-ll-oxo-50- 
pregnan-21-oate with acetic anhydride and pyridine gave the 
diacetoxy ester (IVa) as needles from ether; m.p. 194-194.5°; 
[a]n +76° ±2°.

Anal. Calcd. for C2(iH3sO,: C, 67.50; H, 8.28. Found: 
C, 67.35; H, 8.19.

Methyl 3a,20/3-Diacetoxy-ll-oxo-5/3~pregnan-21-oate (IVb) 
from Illb.-—Acetylation of methyl 3a,20d-dihydroxy-ll-oxo-5j3- 
pregnan-21-oate with acetic anhydride-pyridine and crystalliza
tion from ether gave the diacetoxy ester (IVb) as long needles; 
m.p. 204-205°; [«]d +33° ±  1°.

Anal. Calcd. for C26H380,: C, 67.50; H, 8.28; CH3CO,
18.59. Found: 0,67.97; H, 8.09;. CH3CO, 18.59.

Methyl 3a,20a-Diacetoxy-ll-oxo-5/3-pregnan-21-oate (IVa) 
from Villa.—Treatment of 3a,20a-diacetoxy-ll-oxo-5/3-pregnan- 
21-oic acid (derived from glyoxal II through treatment with alkali 
and acetylation) with diazomethane gave a product with an in
frared spectrum identical with that from IVa (derived from gly

oxal II through treatment with copper acetate followed by 
acetylation).

Methyl 3a,l 18,20o(and 200)-Trihydroxy-5/3-pregnan-21 -oate 
(XlVa and XTVb) and Two Unknown Compounds from XII and 
Methanolic Cupric Acetate.—To a solution of 1.75 g. (5 mmoles) 
of 3a, ll/3,21-trihydroxy-5/3-pregnan-20-one in 125 ml. of meth
anol was added 500 mg. (2.5 mmoles) of cupric acetate in an 
equal volume of methanol (glyoxal X III is formed in situ in less 
than an hour). After 113 hr. at room temperature, 9.7% of the 
original glyoxal was present. One gram of EDTA in 25 ml. of 
water was added and the methanol was evaporated in vacuo. 
The aqueous residue was extracted with methylene chloride and 
the organic phase, after being washed with water, was concen
trated to dryness. After removal of the residual glyoxal in the 
manner described under the preparation of III from II, there was 
obtained 590 mg. (m.p. 170-180°) of needles from acetone. Re
crystallization from acetone gave 528 mg. (27.8%, m.p. 185-188°) 
of methyl 3a,ll/3,20/3-trihydroxy-5/3-pregnan-21-oate (XlVb).

The residue from the acetone mother liquors was chromato
graphed on a 4.6-cm. diameter column packed to a height of 38 
cm. with 200 g. of Celite plus 80 ml. of formamide. The solvent 
system was benzene (2000), formamide (100). Prior to collection 
of fraction no. 1, 450 ml. of effluent was discarded. Each frac
tion contained 15 ml. Appropriate fractions were combined 
after the weight of the residues had been determined and an 
elution diagram had been made.

Two compounds of unknown structure, X4 and X5, emerged 
before the trihydroxy esters.

Compound X4. Fractions 8- 20.—Crystallized from acetone- 
petroleum ether as needles (165 mg., m.p. 147-148.5°).

Compound X5. Fractions 32-45.—Crystallized from acetone 
(48 mg., m.p. 233-235°).

Methyl 3a,11/3,20/3-Trihydroxy-5|3-pregnan-21-oate (XlVb). 
Fractions 85-110.—Crystallization from acetone gave 142 mg. 
(m.p. 186-188°) of XlVb which, when added to that crystallized 
before chromatography, brought the yield to 670 mg. (35.5%). 
The analytical sample melted at 189-189.5°; [ a ] D  +27° ±  2°.

Anal. Calcd. for C22H36C>5: C, 69.43; H, 9.53. Found: C, 
69.24,69.19; H, 9.19, 9.02.

Methyl 3a,ll/3,20a-Trihydroxy-5/3-pregnan-21-oate (XlVa). 
Fractions 121-165.—The residue from these fractions weighed 
489 mg. (25.7%.) and was homogeneous by chromatography. 
Initial attempts to crystallize the trihydroxy ester were unsuccess
ful. After approximately 4 months the compound, which was 
stored as a glass, crystallized spontaneously. In the meantime 
one-half of the residue had been removed for further treatment. 
Crystallization of the remaining half from ether gave prisms 
(170 mg., m.p. 163-164°; and 14 mg., 160.5-162°) which, after 
recrystallization from ether, had m.p. 161-163°; [ a ] D  +52° ±  
2°.

Anal. Calcd. for C22H360 5: C, 69.43; H, 9.53. Found: C, 
69.29,69.35; H, 9.28, 9.17.

Methyl 3»,20(i-Diacetoxy-llS-hydroxy-58-pregnan-20-oate 
(XVb) from XlVb.—To 380 mg. (1.0 mmole) of methyl 3a,11(3, 
20/3-trihydroxy-5/3-pregnan-21-oate was added 1.0 ml. each of 
pyridine and acetic anhydride. After 11 hr. at room tempera
ture, the product was recovered and crystallized from ether 
[390 mg. (84%), m.p. 174-176°]. Several recrystallizations from 
ether-petroleum ether raised the m.p. to 176.5-177.5°; [ a ] D  
+35° ±  1°.

Anal. Calcd. for C^HioCb: C, 67.21; H, 8.68. Found: C, 
66.81; H, S.63.

Methyl 3a ,20a - Diacetoxy -11/3 - hydroxy - 5/3 - pregnan -21 - oate 
(XVa) from XlVa.—Acetylation of 245 mg. of amorphous methyl 
3a,ll/3,20a-triaeetoxy-5/3-pregnan-21-oate (from fractions 121— 
165) under the conditions used for acetylation of the correspond
ing 20/3-epimer (XlVb) gave 252 mg. (84%, m.p. 142-145°) of 
XVa. A sample recrystallized from ether-petroleum ether 
melted at 143.5-144°; [a]D+79° ±  2°.

Anal. Calcd. for C^H^O?: C, 67.21; H, 8.68. Found: 
C, 66.83; H,8.59.

Methyl 3a,20/3-Diacetoxy-ll-oxo -5+pregnan-21-oate (IVb) 
from XVb.—To 92.8 mg. (0.20 mmole) of methyl 3a, 20/3-di- 
acetoxy-ll/3-hydroxy-5)3-pregnan-21-oate in 4.76 ml. of glacial 
acetic acid w~as added 0.24 ml. of aqueous 1.0 M chromic acid. 
The solution was heated on a steam bath for 15 min. and the 
product was recovered and crystallized from ether (83 mg., m.p.
203-204°). This product did not depress the melting point of
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IVb which had been prepared from Illb . The infrared spectra 
of the two samples of IVb were identical.

Methyl 3a,20a-Diacetoxy-ll-oxo-5)3-pregnan-21-oate (IVa) 
from XVa.—Treatment of 92.8 mg. (0.20 mmole) of methyl 
Sa^Oa-diacetoxy-lliS-hydroxy-SiJ-pregnan^l-oate with chromic 
acid as described in the previous paragraph (except that the 
reaction period was 45 min.) gave 64 mg. (m.p. 194-195°) of

product. Its infrared spectrum was identical with that of IVa 
which had been prepared from Ilia .
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The chemistry of Muconomycin A has been investigated. This compound can be reduced eatalytically to 
what appears to be a hexahydro derivative and may be acetylated to a diacetate. Basic hydrolysis yields three 
products. The structure of two of these is discussed.

During a search for new fungicides from natural 
sources, a crystalline compound was isolated from the 
cultures of the mold Myrothecium verrucaria.2 This 
substance, which has been designated as Muconomycin 
A, proved to be quite interesting because of its high 
antifungal activity, its extreme toxicity (0.5-0.75 mg./ 
kg.) to albino mice,3 and the fact that it possesses al
lergic properties which result in skin irritation on con
tact. Recent studies by Guarino showed that some 
of the toxic properties are manifested by severe creatin- 
urea in vitamin E deficient albino rats, a fact which is 
indicative of a possible interference with oxidative 
phosphorylation.3

This paper describes some studies on the chemistry 
of this biologically active compound.

Muconomycin A (I), when purified either by repeated 
recrystallization from acetone-water or by chromatog
raphy on alumina, yielded clear, colorless plates which 
turned yellow at 240° and slowly decomposed over a 
wide temperature range. An infrared spectrum of the 
antibiotic shows a main carbonyl peak at 1725 cm.-1 
with shoulders at 1710 and 1740 cm .'1, a hydroxyl 
peak at 3557 cm.-1, and double bond bands at 1637 
and 1591 cm.-1. The antibiotic is characterized by a 
single peak in the ultraviolet spectrum at 258.5 mp 
(t 21,200). A molecular weight determination by 
boiling point elevation in acetone showed the molecular 
weight to be 496 ± 15. A formula of C27H34G9 (mol. 
wt., 502.5) was assigned based on this molecular weight 
and its elemental analysis. A methyl determination 
was found to be 8.34% methyl, which corresponds to 
at least three methyl groups for a compound with a 
molecular weight of 502.5. The molecule contains one 
active hydrogen and no methoxyl or ethoxyl groups. 
No derivative could be obtained with carbonyl reagents;
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thus it was concluded that the main carbonyl peak of I 
is that of an ester group, a conclusion which was 
supported by titration with base. The saponification 
equivalent of Muconomycin A was found to be 168 
as compared with an expected value of 167 based on 
three ester groups.

When I was hydrogenated over Adam’s catalyst, a 
compound was isolated which recrystallized from ether 
as colorless crystalline clusters, m.p. 145-146.5°. 
Elemental analysis suggested that the reduced material 
is most likely a hexahydro derivative, though the 
possibility that it is a tetrahydro derivative could not 
be eliminated on the basis of this analysis alone. In 
one experiment in which I was reduced with hydrogen 
at atmospheric pressure over palladium on charcoal,
2.80 moles of hydrogen were absorbed per mole of I.

An infrared spectrum of the reduced material shows 
a single carbonyl peak at 1742 cm.-1 and no evidence 
of unsaturation. It was concluded from these observa
tions that I contains at least one double bond in con
jugation with an ester carbonyl.

Muconomycin A formed an acetate readily when 
treated with acetic anhydride and pyridine at steam 
bath temperatures. It is interesting to note that 
though I contains only one active hydrogen, it forms a 
diacetate.

When the antibiotic was subjected to hydrolysis 
with dilute base, three principal fragments were isolated 
from the reaction mixture. One of these was a dicar- 
boxylic acid which was identified as one of the geometri
cal isomers of muconic acid by analysis, the infrared 
and ultraviolet spectra, and the fact that it consumed 
two moles of hydrogen on catalytic reduction with the 
formation of adipic acid. The preparation of the 
benzhydryl ester showed it to be the cis-trans isomer 
(II) (m.p. 142.5-143° as reported4), a conclusion which 
was confirmed by synthesis by conventional methods.4'6

In addition to ci.s, trans-mu conic acid, two alcohols 
were isolated from the hydrolysis reaction of I. These 
were designated as alcohol A (III) and alcohol C (IV).

Alcohol A crystallized from ether in the form of flat 
needles, m.p. 156-157°. The infrared spectrum shows

( 4 )  J .  A .  E l v i d g e ,  R .  P .  L i n s t e a d ,  P .  S i m s ,  a n d  B .  A .  O r k i n ,  J. Chem. Soc 
2 2 3 5  ( 1 9 5 0 ) .

( 5 )  J .  P o s p i s h i l  a n d  V .  E t t e l ,  Chem, Prumysl, 7, 2 4 4  ( 1 9 5 7 ) .
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hydroxyl bands at 3550 and 3300 cm.-1, a weak double 
bond band at 1690 cm.-1, and a band at 1381 cm.-1 
assignable to the vibrations of a C-CH3 group. No 
significant ultraviolet absorption was noted in the 
range 220-350 m^. A molecular formula of C15H22O4 
was assigned based on its elemental analysis and 
molecular weight determination. The molecule con
tains two active hydrogens and three or four methyl 
groups as determined by analysis.

Alcohol A when treated with acetic anhydride and 
pyridine formed an acetate, m.p. 147-148°. Assum
ing a molecular weight of about 270 for the alcohol, a 
molecular formula of CigITeOe was calculated for the 
acetate based on its elemental analysis. The per cent 
acetate calculated as CH3CO- was found to be 24.20 
which is in good agreement with the expected value of 
24.56% for a diacetate. The infrared spectrum of the 
acetate showed no hydroxyl bands and led to the con
clusion that the remaining oxygen atoms are in the 
form of ethers.

Alcohol C is soluble in water and most organic sol
vents. It crystallizes from ether in the form of long 
needles, though an analytical sample is best prepared 
by sublimation, m.p. 102.5-103°. In the alkaline 
hydrolysis of Muconomycin A, IV is isolated by extrac
tion with chloroform only after the reaction mixture 
has been made strongly acidic, a fact which indicates the 
presence of a lactone ring. The most prominent fea
tures of the infrared spectrum of alcohol C are strong 
bands at 3350 cm.-1 (potassium bromide) or 3460 
cm.-1 (bromoform) (hydroxyl band) and at 1730 cm.-1 
(potassium bromide or bromoform) (ester). Only end 
absorption was observed in the ultraviolet spectrum.

No carbonyl derivative was obtained with either p- 
nitrophenylhydrazine or semicarbazide hydrochloride, 
and ammoniacal silver was not reduced in the Tollens 
test.

The titration curve of IV is similar to that reported6 
for mevalonic acid lactone and indicates an equivalent 
weight of 128 which was used with the elemental analy
sis to calculate a formula of CeHioCh. Following the 
titration, the starting material was isolated unchanged 
providing further evidence that the alcohol and car
boxyl groups are present in the same molecule. The 
infrared spectrum of alcohol C in morpholine was 
taken at intervals over a period of two hours and 
changes in the carbonyl region noted. During this 
time the band at 1742 cm.-1 (lactone) disappeared and 
a new band simultaneously formed at 1640 cm.-1 (terti
ary amide) and became intensified. These observations 
clearly indicate the presence of a lactone ring system. 
A ¿-lactone rather than a 7-lactone is more consistent 
with the infrared spectrum.

A similar morpholinolysis experiment has been de
scribed for the isomeric mevalonic acid lactone, and it 
was reported that at least forty-eight hours was required 
to open this lactone ring.7 We found that approximately 
the same length of time was necessary for the morpho- 
linolysis of ¿-valerolactone.

In an attempt to prepare a solid derivative, IV was 
treated with various amines. A crystalline amide, 
however, was obtained only with benzhydrylamine.

( 6 )  D .  E .  W o l f ,  C .  E L  H o f f m a n ,  P .  E .  A l d r i c h ,  H .  R .  S k e g g s ,  L .  D .  W r i g h t ,  

a n d  K .  F .  F o l k e r s ,  J. Am. Chem. Soc., 79, 1 4 8 6  ( 1 9 5 7 ) .

( 7 )  D .  E .  W o l f ,  C .  H .  H o f f m a n ,  P .  E .  A l d r i c h ,  H .  R .  S k e g g s ,  L .  D .  W r i g h t ,  

a n d  K .  F o l k e r s ,  ibid., 78, 4 4 9 9  ( 1 9 5 6 ) .

2 3 6  7 0

C . p . s .

Fig. 1.—Nuclear magnetic resonance spectrum of alcohol C at 60 
Me. with tetramethylsilane as internal standard.

Methyl analysis of IV was indicative of the presence 
of at least one methyl group. The position of the 
methyl and hydroxyl groups on the ¿-lactone ring of 
alcohol C remained to be determined. IV gave a nega
tive iodoform reaction and hence the methyl group 
would not be expected to be in the ¿-position. The 
periodate reaction was inconclusive.

Based on the reactivity of the carbonyl group of 
alcohol C, the hydroxyl group was tentatively assigned 
to the «-position. The final assignment for the posi
tions of the methyl and hydroxyl groups was based on 
the nuclear magnetic resonance (n.m.r.) spectrum of 
the compound.

C27H34O9
I

basic
hydrolysis

^COOH

2 C -O -C  
2C -O H
3 or 4 C -C H 3 
nC=C

The 60-Mc. n.m.r. spectrum of IV (Fig. 1) shows 
signals from the methyl group at 76 and 70 c.p.s. rela
tive to tetramethylsilane as internal standard. The 
doublet signal is produced by spin coupling of the 
methyl group with a single proton on the adjacent 
carbon atom and confirms the presence of the grouping 
CH3-CH in the molecule. Since the methyl and 
hydroxyl groups must be on different carbon atoms 
there would be statistically twelve different position 
isomers of hydroxymethyl^-valerolactone. An exam
ination of the expected low field pattern for each isomer 
reveals that the pattern for /3-methyl-«-hydroxy-3- 
valerolactone seems to fit the spectrum of IV the best. 
The signal at 209 c.p.s. is from the hydroxyl group. 
The doublet signal at 228 and 236 c.p.s. is from the 
proton on the «-carbon containing the hydroxyl group 
and is split into bands by spin coupling with the single 
proton on the /3-carbon atom. The triplet signal cen
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tered around 260 c.p.s. is from the -CH2-  group in 
the 5-position a to the ring oxygen. The remaining 
three protons are found in the multiplet between 209 
and 76 c.p.s. A 40-Mc. spectrum taken before and 
after adding benzenesulfonic acid to the solution facili
tated the location of the hydroxyl proton band and 
showed that this proton exchanges sufficiently fast so that 
it does not spin couple with any neighboring protons. 
Furthermore, the triplet-doublet pattern assumed for 
the a-hydroxyl-/3-methyl-5-valerolactone structure was 
confirmed by comparison of the coupling constants 
from the 40- and 60-AIc. spectra.

In an early experiment in which Muconomycin A was 
subjected to basic hydrolysis with 20% sodium hydrox
ide in aqueous ethanol, two compounds were isolated. 
One of these was as,?rans-muconic acid. The other 
was a white, crystalline solid melting at 151-151.5° 
and was designated as alcohol B. Infrared analysis 
indicates the presence of a primary alcohol and a 
f/em-dimethyl group. No carbonyl bands are present 
in the spectrum. Alcohol B was obtained from only 
one reaction and attempts to isolate this compound 
from subsequent reaction mixtures were not successful.

Further efforts are being made to elucidate the struc
ture of Muconomycin A and other closely related com
pounds and additional reports are forthcoming.

Experimental8 9̂10
Muconomycin A.11 * * * * * *—Muconomycin A was obtained as a semi- 

pure crystalline solid which was purified further by chroma
tography on alumina. Recrystallization from acetone-water 
yielded small colorless plates which decomposed slowly over a 
wide range above 240° with [a]19n +184°, Xmax 258.5 m,u 
(« 21,200).

The infrared spectrum of the antibiotic shows a main carbonyl 
peak at 1725 cm. -1 with shoulders at 1710 and 1740 cm.-1, a 
hydroxyl peak at 3557 cm."1, and double bond absorption at 1637 
and 1591 cm.-1.

Anal. Calcd. for C27H3M9: C, 64.53; H, 6.82; O, 28.65. 
Found: C, 64.40; H, 6.77; 0,28.79.

Reduction of Muconomycin A.—A solution of 993.9 mg. (1.98 
X 10-3 mole) of Muconomycin A in 150 ml. of absolute ethanol

(8) All m elting points are corrected. The infrared spec tra  were deter
m ined in p a rt by W alter Sm ith and Vincent Pierro of the  Rohm  and 
H aas Com pany. Bristol, Pa. The m ieroanalyses were perform ed by 
C lyde N ash, Rohm  and H aas Com pany, Bristol, Pa., C lark M icroanalytical 
Laboratory, U rbana, 111., Pascher and Paseher M icroanalytical Laboratory, 
Bonn, Germ any, and M icro-analysis, Inc., W ilmington, Del. The molecular 
weight of M uconom ycin A was determ ined by H arry  M ason, Rohm  and  
H aas Co., Philadelphia, Pa.

(9) T he infrared spectra  were obtained on e ither a Perkin-EIm er Model 
21 spectrophotom eter or on a Baird-Atom ic Model KM -1 recording spec
trophotom eter and were taken  in carbon te trachloride unless otherwise 
indicated; the  ultrav io let spectra were obtained  on a Beckm an DK-2 re
cording spectrophotom eter. R o tations were taken  on a Rudolph Precision 
polarim eter.

(10) All ro ta tions and  u ltravio le t spectra were taken  in m ethanol solution.
(11) The following procedure for obtaining M uconom yein A was described 

in a personal com m unication from C. Sm ythe, Rohm  and  H aas Co., Bristol,
Pa. T he organism was grown in a medium containing 1.0% glucose,
0.5%  rolled oats, 0.1%  Bacto-peptone, 0.1%  Difco yeast ex tract, 0.05%
K 2HPO4, and  0.02%  MgSC>4-7 H 20. The medium was ad justec  to  pH  7.0
with sodium hydroxide, dispensed in 100-ml. portions in to  1-1. wide-mouthed 
erlenm eyer flasks and  sterilized a t  15 p.s.i. for 30 min. A fter inoculation
with 1 .0%  of aqueous spore suspension derived from a well sporulated
po ta to -d ex tro se -ag ar s lan t of A TCC 13667, incubation was carried ou t on 
a  shaker ro ta ting  a t  260 r.p.m . a t  26° fo r 72 hr. The concentration  of 
M uconom ycin was abou t 100 /ig./m l.

T he mycelia was then  removed by  filtration with th e  aid of diatom aceous 
ea rth  and  th e  filtra te  trea ted  with ab o u t 0 .3%  of D aico G m. The Darco 
adso iba te  was collected on a  filter, dried in air, and  th e  ac tiv ity  elu ted  
witli benzene in  a  Soxhlet ex tractor. A fter evaporation of th e  benzene, a 
yellow oil rem ained which was taken  up in acetone and induced to  crystallize
by the  add ition  of w ater.

was placed in a hydrogenation flask. A small quantity of Adam’s 
catalyst was added and the mixture reduced in a Parr apparatus 
at room temperature and 35-lb. pressure. The reduction was 
stopped at the end of 1 hr. The catalyst was removed by filtra
tion and the solvent by evaporation at reduced pressure at about 
45°. A colorless amorphous solid remained as residue. The 
residue was taken up in acetone and induced to crystallize by the 
addition of water. Small plates were obtained, yield 420.1 mg., 
m.p. 106-108.5°. After many recrystallizations from acetone- 
water the melting point was not improved. The solid was then 
recrystallized from ether. Crystalline clusters were obtained 
which after two further recrystallizations melted at 145-146.5°, 
[a]18o +19°, wt., 100 mg.

Anal. Calcd. for C27H40O9: C, 63.76; H, 7.93. Found: C, 
63.80; H, 7.76.

In one experiment in which I was reduced quantitatively with 
hydrogen over palladium on charcoal at atmospheric pressure,
2.80 moles of hydrogen were absorbed per mole of I.

The infrared spectrum of this reduced material shows a single 
carbonyl peak at 1742 cm.-1. No double bond bands appear in 
the 1600-cm.-1 region. Only end absorption appeared in the 
ultraviolet spectrum.

Acetylation of Muconomycin A.—Muconomycin A (243.7 
mg., 4.85 X 10-4 mole) was placed in a 50-ml. round-bottomed 
flask with 7 ml. of anhydrous pyridine and 5.0 ml. of acetic an
hydride. The solution was heated on a steam bath for 15 min. 
and then evaporated at reduced pressure at about 50°. The 
viscous oil that remained as residue was taken up in chloroform 
and the solution washed with dilute (3 N) sulfuric acid and then 
with water. The chloroform layer was separated and dried over 
anhydrous magnesium sulfate. After removal of the drying 
agent and solvent, a colorless amorphous solid remained as resi
due. This material was purified by chromatography on alumina 
followed by recrystallization from ethanol-water. The acetate 
was obtained in low yield as small needles -which decomposed 
slowly on heating above 230°.

Acetate analysis showed 13.78% acetate to be present indicat
ing that a diacetate had formed (calculated for two acetates, 
14.67%).

Anal. Calcd. for C3iH380n: C, 63.47; H, 6.53; mol. wt.,
586.6. Found: C, 63.24; H, 6 .68; mol. wt., 593, 581.

The infrared spectrum of Muconomycin A diacetate had car
bonyl peaks at 1752 cm.-1 due to the acetate and at 1726 cm. -1 
assignable to a conjugated ester.

Infrared and elemental analysis of other fractions from the 
chromatogram indicated that other acetates were formed in the 
reaction, though as yet none of these have been obtained in pure 
form.

Hydrolysis of Muconomycin A with Sodium Hydroxide.—
Muconomycin A (959.9 mg., 1.91 X 10-3 moles) was placed in a 
100-ml. flask with 15 ml. of 3%, aqueous sodium hydroxide and 3 
ml. of ethanol. A reflux condenser was attached and the mixture 
heated on a steam bath gently for 30 min. The reaction mixture 
was then cooled to room temperature and was extracted thor
oughly with chloroform. The combined extracts were dried over 
anhydrous magnesium sulfate and the drying agent and solvent 
removed as usual. A colorless, clear amorpnous solid remained 
as residue which crystallized immediately on standing at room 
temperature. The residue was dissolved in chloroform and re- 
crystallized from ether-chloroform solution, yield 401.2 mg. of 
flat needles, m.p. 155.5-156°. A highly purified sample melted 
at 158-158.5°, [ « ] i 9d  -55°.

The infrared spectrum (potassium bromide) shows hydroxyl 
bands at 3550 and 3300 cm.-1, a weak double bond band at 1690 
cm.-1, and a band at 1381 cm. -1 assignable to the vibrations 

of a C-CH.1 group. No significant absorption appeared in the 
ultraviolet spectrum.

The molecular weight (Rast) of III was found to be 270 and 
280 in two determinations.

Anal. Calcd. for CI5H220„: C, 67.67; II, 8.33; 0  , 24.03; 
mol. wt., 266.3. Found: 0,67.38; 11,8.38; 0 , 23.93.

The basic reaction mixture was made strongly acidic (about 
pH 2) and extracted with ether several times. The combined 
extracts were dried over anhydrous magnesium sulfate. After 
removal of the drying agent and solvent, a powder with a yellow 
tint remained as residue. The yellow tint was removed by 
washing with chloroform, yield 184 mg., m.p. 187-188° dec. 
A highly' purified sample, was obtained by dissolving the powder 
in 0.1 N sodium hydroxide and reisolating the free acid from the
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acidified solution. In this way a sample melting at 190.5-191°, 
Xmax 259 (t 24,600) was obtained.

The neutralization equivalent was found to be 72.5 as deter
mined by titration with 0.1 N  sodium hydroxide. Assuming two 
equivalents to be present in the molecule, a molecular formula of 
C6H60 4 was calculated on the basis of its elemental analysis.

Anal. Calcd. for C6H60 4: C, 50.71; H, 4.26. Found: C, 
50.59; H, 4.35.

The infrared spectrum (potassium bromide) of this material 
shows broad absorption in the 3000-cm.-1 region, a carbonyl band 
at 1680 cm.-1, double bond bands at 1625 and 1600 cm.-1, and 
is superimposable on a spectrum of a synthetic sample of cis,- 
trans-muconic acid.

The acidified reaction mixture was then extracted many times 
with chloroform until no more material could be removed. The 
extracts were combined and dried over anhydrous magnesium 
sulfate. The drying agent was removed by filtration and the 
solvent by distillation at reduced pressure. A colorless, clear oil 
remained which crystallized immediately on standing at room 
temperature. This residue was purified by sublimation at 65° at 
15-mm. pressure, yield 98.8 mg., m.p. 98-101°. A highly 
purified sample melts at 102.5-103°, [a]18n —17.2°.

The infrared spectrum of this material shows strong bands at 
3350 cm.-1 (potassium bromide) or 3460 cm. “1 (bromoform) (hy
droxyl band) and at 1730 cm. -1 (potassium bromide or bromoform) 
(ester). No evidence of unsaturation is present, in the 1600- 
1700-cm.-1 region of the spectrum.

The equivalent weight of this material was found to be 128 by 
potentiometric titration.

Anal. Calcd. for C6H10O3: C, 55.37; H, 7.75; O, 36.88. 
Found: C, 55.12; H, 7.78; O, 36.82.

Catalytic Reduction of the Dicarboxylic Acid (II).—The di- 
carboxylic acid (57.4 mg.) was reduced over palladium on char
coal in ethanol. Two moles of hydrogen were absorbed per mole 
of acid. The product was a white solid (35.4 mg.) which melted 
at 152-153° after one recrystallization from ether.

The infrared spectrum of the reduced material is superimpos
able on that of adipic acid. A mixture melting point determina
tion with an authentic sample of adipic acid showed no depres
sion.

Synthesis of cis,iraras-Muconic acid.—as,ax-Mueonic acid 
was prepared by a procedure adapted from that of Pospishil and 
Ettel.5 Acetic anhydride (50 g.) and glacial acetic acid (51 g.) 
were placed in a 1-1., four-necked flask fitted with reflux condenser 
and drying tube, mechanical stirrer, dropping funnel, and ther
mometer. Then while the temperature was kept at 30°, 40 g. of 
90% hydrogen peroxide was added rapidly, and the solution 
stirred for 10 min. Pyrocatechol (50 g.) was dissolved in acetic 
anhydride (100 g:) and the resulting solution was added to the 
reaction mixture dropwise over a period of 60 min. The tem
perature was maintained at 30° with an ice bath. After 1 hr. 
10 ml. of a concentrated solution of manganous acetate and cupric 
acetate (1:1 ratio) in acetic anhydride was added. Stirring at 
30° was continued for another 3 hr. The mixture was stored in 
the dark for 4 days and the cis,ds-muconic acid collected by 
filtration, yield 24.8 g. of product, m.p. 184-185° (reported12 
m.p. 184°). Recrystallization from methanol did not improve 
the melting point.

cis, frcww-Muconic acid was prepared from cis,cis-muconic acid 
by recrystallization from water, cis,ris-Mueonie acid (15 mg.) 
was placed in a small flask with 5 ml. of distilled water. The 
mixture was heated under reflux on a steam bath for 1 hr. The 
acid dissolved rapidly on heating. When the reaction mixture 
was cooled, a white granular solid separated, m.p. 181-182.5° 
(reported1243 m.p. 184 or 190-191°). The infrared spectrum of 
this material is consistent with that expected for cis,trans-m\i- 
conic acid. 12 13

(12) J . A. Elvidge, R. P . L instead, B, A. Orkin, P . Sims, H . Baer, an d  D* 
B, Pattison , J . ' C k e m .  S o c 2228 (1950).

(13) T he m elting  point has been found to  v a ry  w ith th e  ra te  of heating.

Benzhydryl Ester of cis,trans-Muconic Acid (II).—The benz- 
hydryl ester of the dicarboxylic acid (II) was prepared according 
to the method described by J. A. Elvidge, el. alA Yellow mer
curic oxide (2.23 g.) was placed in a vial with 2.19 g. of benzo- 
phenone hydrazone and 20 ml. of a 1:1 solution of pentane- 
hexane added. A wet cloth was placed around the vial and then 
it was shaken for 6.5 hr. After this time, the mercury and any 
unchanged benzophenone hydrazone was removed by filtration. 
To 10 pal. of the filtrate was added a solution of 0.20 g. of cts,- 
¿rarasrjnuconic acid in 2 ml. of methanol and the mixture was kept 
in the dark for 65 hr. After this time the solvent was removed by 
evaporation at reduced pressure and the residue washed with 
methanol. After one recrystallization from methanol, a white 
powder was obtained, yield 0.6 g., m.p. 142.5-143.5°. One 
further recrystallization yielded a white powder melting at
144.5-145° (reported4 m.p. 143.5°).

Anal. Calcd. for C32H260 4: C, 80.99; H, 5.52. Found: C, 
81.02; 11,5.47.

Acetylation of Alcohol A.—In a small one-necked flask was 
placed 71-5 mg. of Alcohol A. To this was added 4 ml. of an
hydrous pyridine and 3 ml. of acetic anhydride and the mixture 
heated on a steam bath for 10 min. The solution was then 
cooled to near room temperature and 2 ml. of water added. The 
solvent then was removed by distillation at reduced pressure. 
The oil which remained as residue was taken up in chloroform and 
the solution washed twice with dilute sulfuric acid and twice with 
water. The organic layer was separated and dried over anhydrous 
magnesium sulfate. When the drying agent and solvent were 
removed, an oil remained as residue. The residue was taken up 
in a benzene-hexane (4:1) solution and the acetate purified by 
chromatographv on alumina. The fractions containing product 
were combined and dissolved in chloroform. The chloroform was 
replaced by ethanol from which the product was induced to 
crystallize by the addition of water. Small prisms were obtained, 
yield 45 mg., m.p. 145-146°. After one further recrystallization 
a sample melting at 147-148° was obtained.

Anal. Calcd. for Ci9H260 6: C, 65.12; H, 7.48; mol. wt.,
350.4. : Found: C, 65.19; H, 7.27; mol. wt., 335 (Rast). The 
per cent acetate was found to be 24.40.

The infrared spectrum of the acetate contains strong bands at 
1749 and 1241 cm. -1 attributable to vibrations of the acetate 
group. No hydroxyl band is evident in the spectrum.

Benzhydryl Amide of Alcohol. C.—Alcohol C (16 mg.) was 
placed in a vial with 0.5-1 ml. of benzhydrylamine. The vial 
was stoppered and the solution was heated on a steam bath for 1 
hr. The reaction mixture was then dissolved in 10 ml. of chloro
form and the resulting solution washed with a 0.1 IV hydrochloric 
acid solution and then with water until the washings were nearly 
neutral to litmus. The chloroform, solution was then dried over 
anhydrous magnesium sulfate and the drying agent and solvent 
removed as usual. An oil with a yellow tint remained as residue 
which ‘ crystallized on standing at room temperature. The 
crystalline residue was dissolved in benzene and the product was 
induced to crystallize by the addition of hexane and cooling. 
Clusters of crystals formed, yield 20 mg., m.p. 117.5-118°.

Infrared analysis (chloroform) showed the presence of a mono- 
substituted amide (1510 and 1662 cm.-1) and a hydroxyl group 
(3350 cm.-1).

Anal. Calcd. for C19H23N 03: C, 72.82; H, 7.40; N, 4.47. 
Found: C, 72.96; H, 7.43; N, 4.38. C-Methyl analysis indi
cated the presence of one methyl group (4.80%).
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The configuration of the various asymmetric centers of eiatericin A and cucurbitacin B as well as the hydro
genated derivatives of eiatericin B and elaterin (cucurbitacin E) are presented and discussed.

L a v i e , S h v o , G o t t l ie b , a n d  G l o t t e r

In the preceding paper2b of this series, complete 
structures were proposed for eiatericin B (la), elaterin 
(cucurbitacin E) (lb), eiatericin A (Ha), and cucurbi
tacin B (lib). In the present paper experiments are 
described which contribute toward the elucidation of 
the stereochemistry of several asymmetric centers in 
these tetracyclic triterpenes and their derivatives.4 5

In order to determine the stereochemistry at carbon 
atom 10, the contribution of the ketone group in ring 
A of compound I II2b to the optical rotatory dispersion 
was determined by drawing the difference curve of the 
two substances III and IV. The latter substance was 
obtained through the preparation of the bisethylene 
ketal of the ketone groups at 3 and 20 of compound 
III by the usual procedure2b and the subsequent selec
tive hydrolysis of the C-20 ketal, using a dilute solution 
of acetic acid during a limited period of time. By sub- 
stracting the optical rotatory dispersion curve of IV 
from III, the contribution of the two carbonyl groups 
at C -ll and C-20 were eliminated and the result
ant curve ([a]?,2o —3837°, [«hso +4710°) showed a 
strong negative Cotton effect whose large amplitude, 
due to the strain of the five-membered ring bearing the 
ketone group in ring A, was comparable but opposite 
in sign to that found in the curve obtained with 4,4- 
dimethvl-A(2)-nor-cholestenone.6 Since the latter 
has a /3-substituent at the C-10 position, it was con
cluded that the corresponding hydrogen in compounds 
III, IV, and eiatericin A, from which they derive, has 
the «-orientation. The substitution in the latter 
products of a hydrogen by a methyl group should not 
influence the sign of the curve. In view of the presence 
of the methyl group at C-9, this «-orientation could 
have been anticipated biogenetically in the cucurbita
cins. With this observation in mind, the previous 
stereochemical assignments of the C-2 hydroxyl groups 
in eiatericin A (Ha) and in cucurbitacin B (lib) should 
be revised.6

In our previous studies we erroneously had assumed 
a /3-oriented methyl group at C-10.7 The relationship

(1) This investigation  was supported by  a research g ran t CY-2810 from 
th e  N ational Cancer In s titu te  of th e  N ational In s titu te s  of H ealth , Public 
H ealth  Service.

(2) (a) A previous version of th is paper which was a lready in  p rin t, June, 
1960, was w ithdraw n from publication in order to  avoid m isin terpreta tions 
in the  lite ra tu re . Various subsequent com m unications have been published 
meanwhile; however, for the  sake of continuity , we have kep t the  num ber
ing of th e  original version; (b) P a rt XV, D . Lavie, Y. Shvo, O. R. G ottlieb, 
and E. G lotter, J .  O r g .  C h e m . ,  27, 4546 (1962).

(3) O n leave of absence from th e  In s titu to  de Química Agrícola, 
M inistério da A gricultura, R io  de Janeiro ; O. R. G. acknowledges support 
from the  Conselho Nacional de Pesquisas, Brazil.

(4) P resented  in p a rt before the  2nd In te rna tiona l Symposium on the  
C hem istry  of N a tu ra l Products, Prague, 1962; c f .  B u l l .  R e s .  C o u n c i l  I s r a e l ,  

11A, 34 (1962).
(5) R . H anna  and  G. Ourisson, B u l l .  s o c .  c h i m .  F r a n c e , (5), 1945 (1961).
(6) D . Lavie, Y. Shvo, and  O. R. G ottlieb, T e t r a h e d r o n  L e t t e r s ,  No. 22, 23 

(1960).
(7) D . Lavie and O. R. Gottlieb, C h e m .  I n d .  (London), 929 (1960).

existing between dihydroelatericin A (Va) (double 
bond of the side chain reduced) and tetrahydroelatericin 
B (Via) (double bonds in side chain and ring A reduced) 
has now to be clarified. These two derivatives have 
already been reported to differ in physical properties 
(melting points, optical rotations, and solubilities); 
they are epimers at C-2.7

b. R = CH3CO

X III

The conformations of the hydroxyl group at C-2 in 
the compounds possessing a 1,2-hydroxy ketone were 
determined using several spectroscopic measurements.

A. In the infrared spectra it was found that dihy
droelatericin A (Va) and dihydrocucurbitacin B (Vb)
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as well as elatericin A (Ha) and cucurbitacin B (lib), 
have bands at 1125 cm.-1, while in tetrahydroelatericin 
B (Via) and in tetrahydroelaterin (VIb) that band is 
at 1100 cm.-1. The frequency of the (M ) II stretching 
band for secondary alcohols is at about 990-1065 cm.-1, 
and it has been found to be higher for the equatorial 
hydroxyl than for the axial partner.8 The effect of a 
neighboring carbonyl is to displace these bands in 
both cases to higher frequencies. The hydroxyl group 
then should be equatorial in substances Va and Vb and 
axial in Via and VIb. A careful study of the spectrum 
of the carbonyl region using a calcium fluoride prism, 
corroborated these findings. A band at 1712 cm.-1 was 
observed in the two dihydroderivatives (V) as well as 
in elatericin A (Ha) and cucurbitacin B (lib). We 
correlate this band to the increased stretching frequency 
of the carbonyl at C-3, an increase which is due to the 
adjacent equatorial hydroxyl at C-2. In the two 
tetrahydroderivatives (VI) the band was recorded at 
about 1705 cm.-1, it was somewhat lower due to the 
smaller effect of the vicinal axial hydroxyl. Such a 
relative lowering effect of an axial hydroxyl on the 
frequency of the carbonyl has been described pre
viously.8

B. The ultraviolet spectra were consistent with 
these observations,9 acetylation of the equatorial 
hydroxyl at C-2 of V shifted the weak carbonyl maxi
mum to longer wave lengths, while acetylation of the 
axial hydroxyl of VI resulted in a shift to shorter wave 
lengths.

C. Part of the n.m.r. spectrum of elatericin A 
diacetate10 shown in Fig. la  indicates a series of signals 
which are due to the two protons at C-2 and C-16. 
They are composed of a triplet of lines in higher field 
originating from the C-16 proton and of a quartet in 
lower field which is due to the C-2 proton. There is 
an overlapping of two neighboring signals resulting in 
the appearance of the first higher peak. The pattern 
of four signals related to the C-2 proton is clearly visible 
in Fig. lb, for 16-desoxyhexanorelatericin A mono
acetate (VII).11 This pattern is the result of a 
large coupling constant due to axial-axial interaction 
(13.6 c.p.s.) and of a small coupling constant due to 
axial-equiatorial interaction (4.2 c.p.s.). This charac
teristic pattern12 of the C-2 hydrogen implies an axial 
conformation for this hydrogen. The acetoxy group 
has therefore an equatorial conformation in this deriva
tive of elatericin A. The similarity of the two quartet 
patterns of lines in Fig. la and lb ascertains the un
altered nature of the stereochemistry at carbon 2 in 
16-desoxyhexanorelatericin A monoacetate which is 
obtained following a series of reactions from elatericin 
A diacetate.

It can be deduced from the various evidences pre
sented, that in elatericin A (Ha) and cucurbitacin 
B (lib) (as well as in their dihydroderivatives V) the 
conformation of the hydroxyl group at C-2 is equatorial, 
while in tetrahydroelatericin B (Via) and tetrahydro- 
elaterin (VIb) this group is axial. In view of the a-

( 8) The carbonyl absorption  in  th e  infrared  of epimeric 1,2-hydroxy 
Iketones was reported  by  A. R. H . Cole and  G. T. A. M iiller, J .  C h e m .  S o c . ,  

1224 (1959), and by  R. B. Bates, G. Büehi, T . M atsm ira, and  R. R. Shaffer, 
J .  A m .  C h e m .  S o c . ,  82, 2327 (1960).

(9) C f .  D. H. R. B arton  and  R. C. Cookson, Q u a r t .  R e v . ,  10, 44 (1956).
¡(10) D. Lavie and  Y. Shvo, J .  A m .  C h e m .  S o c . ,  81, 3058 (1959).
(11) D . Lavie and Y. Shvo, i b i d . ,  82, 966 (1960).
(12) K. L. W illiamson and  W. S. Johnson, i b i d . ,  83, 4623 (1961).

OH

Fig. 1.—Part of n.m.r. spectra in chloroform-rf of: a, elatericin A 
diacetate; b, 16-desoxyhexanorelatericin A acetate.

orientation of the hydrogen at C-10, determined earlier 
in this presentation, the configuration at C-2 should 
be 18 for the equatorial and a for the axial epimer. In 
the tetrahydro derivatives (VI) the a-axial configura
tion is, therefore, the result of a frontal approach to the 
molecule during the process of hydrogenation of the 
enolic double bond of ring A in I.

I t is noteworthy that in agreement with these obser
vations, the optical rotatory dispersion curves meas
ured on dihydroelatericin A (Va) and tetrahydro
elatericin B (Via), which are both positive, display a 
remarkable difference in amplitude. It has been 
reported18 that in steroids, as well as in triterpenes, the 
contribution to the size of the optical rotation in 1,2- 
hydroxy ketones is stronger for an axial than for an 
equatorial hydroxyl. In a ^-configuration at C-10, 
the 2,/3-axial hydroxyl group falls in a positive octant 
(lower right) and its contribution is, therefore, positive. 
When the configuration at C-10 is a the contribution 
of the 2-ff-axial hydroxyl falling in a negative octant 
(lower left) is negative. Indeed, we have observed 
that in tetrahydroelatericin B (2, a-axial OH) the Cotton 
effect is smaller at the peak [a]326 +1550° tjian in di
hydroelatericin A (2,/3-equatorial OH) [a]325 -(-2200°.

With the stereochemistry of the asymmetric centers 
in ring A determined, a study of the various optical 
rotation values of several cucurbitacins and their 
derivatives leads to some novel and interesting observa
tions. These values are reported in Table I. I t can 
be seen that the substances possessing a 1,2-hydroxy 
ketone in ring A, as for example elatericin A, cucurbita
cin B, and their dihydro derivatives as well as tetra
hydroelatericin B and tetrahydroelaterin, have positive 
optical rotation values, while the cucurbitaciiis in which 
a diosphenol system occurs in ring A, e.g. elatericin B, 
elaterin, and their respective dihydro derivatives, have 
negative rotations. The sign of the optical rotations 
of the cucurbitacins is thus consistent with their struc
tures, and it can, therefore, be used to make a distinction 
between the two major groups, differing in the nature 
of the substituents in ring A. This fact fitted con
clusively for the substances obtained during the 
hydrogenation of the substances with the diosphenol

{13) W. Klyne, T e t r a h e d r o n ,  13, 29 (1961).
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i  Table I
Optical R otations, [a]D, of the Cucorbitacins Arranged According to the F unctional Groups of R ing A

Diosphenols ---------- - <------ --------------------------1,2-Hydroxy ketones-------------------------------- ' 1,2-Diols

Elaterm" (lb) Dihydroelaterin 2-Epicucurbitacin B6 Tetrahydroelaterin (VIb) Hexahydroelaterin
-58° -46° +  41° +  21° +54°

Cucurbitacin B (IIb)c Dihydrocucurbitacin B (Vb)c
+87° +  57°

Elatericin B (Ia)d Dihydroelatericin B Tetrahydroelatericin B (Via) Hexahydroelateridn Be
-5 2 °  -44° +  59° +  49°

Elatericin A (Ila)' Dihydroelatericin A (Va)e Tetrahydroelatericin A'
+48° +83° +  31°

“ See ref. 14. b See ref. 16. c See ref. 17. d See ref. 15. * See ref. 10.

in ring A, namely elatericin B and elaterin, the sign of 
the optical rotation becoming positive when a 1,2- 
hydroxy ketone was formed. This was true for tetra- 
hydroelatericin B16, which has now been prepared in a 
carefully purified form, as well as for tetrahydroelat- 
erin.18 Furthermore it can be seen that in each pair 
of epimeric 1,2-hydroxy ketones, those possessing an 
equatorial hydroxyl group show higher rotation values 
than the axial partner. Thus cucurbitacin B > 2- 
epicucurbitacin B, dihydrocucurbitacin B > tetrahy- 
droelaterin, and dihydroelatericin A > tetrahydro- 
elatericin B.

We report in Table I, for further reference, the 
cucurbitacin derivatives in which the carbonyl functions 
in ring A have been converted to 1,2-diols. Their 
optical rotations are all positive.

The occurrence of 2-epicucurbitacin B has been 
recently16 reported in Luffa echinata. In this naturally 
occurring substance the conformation of the hydroxyl 
group at C-2 has been found to be identical with the 
conformation of this group in tetrahydroelaterin; it is, 
therefore, a-axial. This is the first instance of an 
a-axial 2-alcohol occurring in nature in this series of 
substances. Furthermore the optical rotation of 2- 
epicucurbitacin B is positive as expected, and finds its 
place among the 1,2-hydroxy ketones in Table I.

(14) D . Lavie and  S. Szinai, J .  A m .  C k e m .  S o c . ,  80, 707 (1958).
(15) D . Lavie and D. W illner, i b i d . ,  80, 710 (1958).
(16) D . Lavie, Y. Shvo, O. R . Gottlieb, R . B. Desai, and  M . L. K horana, 

J .  C h e m .  S o c . ,  3259 (1962).
(17) W. O. E isenhut and  C. R. Noller, J .  O r g .  C h e m . ,  23, 1984 (1958); 

A. M elera, W. Schlegel, and C. R. Noller, i b i d . ,  24, 291 (1959).
(18) T he cataly tic  hydrogenation of elaterin  (lb ) has led to  controversial 

resu lts .19 A reinvestigation of th e  reduction sequence was therefore under
taken . E late rin  (lb ) in te trahyd ro fu ran  solution, w ith palladium  on carbon 
as catalyst, was reduced very rapid ly  to  dihydroelaterin, the  double bond 
of th e  side chain being sa tu rated . For th is purpose, th e  reaction had  to be 
discontinued when one mole of hydrogen was absorbed. T h a t only the  
double bond of th e  side chain had been reduced, was shown by th e  spectro- 
scopical an d  chemical evidences. W hen the  hydrogenation was allowed to  
proceed, a  second mole of hydrogen was absorbed a t  a  much lower ra te , to 
yield te trahydroelaterin . D uring th is  process, the  diosphenol system  in 
ring A (I) was reduced to  the  1,2-hydroxy ketone (YI). Chem ically th is 
transform ation  was indicated  by a  negative reaction w ith ferric chloride, 
and a  positive reaction with triphenyltetrazolium  chloride (red precip ita te  
of form azan). W ith b ism uth  oxide in acetic acid solution, black b ism uth  
was p rec ip ita ted .20 Spectroscopically, th e  disappearance of the diosphenol 
chrom ophore was clearly indicated  by  th e  infrared, no bands a t 1660 and 
1413 c m .“1, and  by  the  u ltrav io le t absorption spectrum , th e  Amax 267 m/i 
having faded aw ay . 14 15 16 17 18 19 20 H exahydroelaterin  has been p repared  by  th e  hydro
genation of te trahydroe la te rin  in  acetic acid so lution using p la tinum  as 
cata ly st. N o more th a n  one mole of hydrogen was absorbed under these 
conditions. D uring  th is  process, th e  carbonyl a t  C-3 was reduced to  the  
corresponding alcohol form ing thereby  th e  1,2-diol. Thus, hexahydro
e la terin  did not react with the  specific oxidizing reagents for 1 ,2-hydroxy 
ketones m entioned previously. Furtherm ore a  band  a t  1705 cm .“ : in the  
in frared  spectrum  of te trahydroe la te rin , ■which is re la ted  to  th e  C-3 carbonyl, 
was no t present in hexahydroelaterin.

(19) (a) J . N. T. G ilbert and D. W. M athieson, T e t r a h e d r o n ,  4, 302 (1958); 
(b) D. Lavie and  D . Willner, J .  A m .  C h e m .  S o c . ,  82, 1668 (1960), see N ote 
A dded in Proof.

(20) W. Rigby, J .  C h e m .  S o c . ,  793 (1951).

In order to study the stereochemistry of the C/D 
rings fusion, the optical rotatory dispersion of a C-16 
ketone derivative was studied. The corresponding 
curve was obtained by substracting the data of the 
monoketone (VIII) from the diketone (IX), thereby 
eliminating the contribution of the C -ll carbonyl in 
the over-all system. The resulting curve showed a 
negative Cotton effect with a very large amplitude 
[a]s25 —3770°, [a]2so +4108°. Such sign and am
plitude are characteristic for a 13/3,14« orientation 
in steroids as well as in tetracyclic triterpenes21 and, 
therefore indicates a lanostane type fusion in the 
cucurbitacins. We have proposed6 previously such 
a stereochemistry between rings C and D on the 
basis of a study of molecular rotation differences be
tween the C-16 ketone derivative and its corresponding 
alcohol.

The preparation of the diketone (IX) is shown in 
the following sequence of reactions. I t involves the 
methylation of the enolic C-2 hydroxyl group in ring A 
of hexanorelatericin B,u the reduction of the double 
bond in the obtained X and the straightforward elimi
nation of the C-2 and C-20 carbonyl groups through 
thioketalization (XI) and reduction with Raney nickel; 
it is noteworthy to observe the concomitant hydro- 
genolysis of the 2-methoxy group which occurred 
during the desulfurization (VIII). The monohydroxy 
derivative was then oxidized to the required dike
tone (IX).

IX x

The orientation of the side chain attached at C-17 
was studied using the Cotton effect associated with 
the C-20 keto group which has been studied on various

(21) C. D jerassi, O. H alpern, V. H alpern, and  B. R iniker, J .  A m .  C h e m . 
S o c . ,  80, 4001 (1958) (com pound LX X V ).
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steroids.22 In our series of derivatives two substances 
were selected for measurement: in order to eliminate 
the effect of the carbonyl group of ring A-nor, the 
rotatory dispersion curve of the monoketone (XII)2b 
was substracted from the monoketal IV eliminating 
thereby the effect due to the C-l 1 ketone. The drawn 
resultant showed a positive Cotton effect with a small 
peak [a]sio +663°. The Cotton effect in steroids 
with a methyl ketone /3-oriented at C-17 is positive 
and strong ([a]3io +2400°) while, if a-oriented, the 
effect is opposite in sign (—1200°). Although small, 
the definite positive shape of the observed curve in
duced us to accept the /3-orientation of the side chain. 
It should be kept in mind that in all known tetracyclic 
triterpenes the side chain has the same orientation as 
the C-13 substituent, which is also the same in the 
present substances. I t should be noted that the 
triketone (III)2b used in our measurements was the 
product of the hydrogenation of the double bond A16 
which was formed during the elimination of the C-16 
hydroxyl group. In order to ascertain that no changes 
in configuration had occurred at the C-17 asymmetric 
center during dehydration and hydrogenation, the 
dispersion curve of the triketone (III) was compared 
with the curve of the corresponding 16-hydroxy tri
ketone (XIII).11 The two curves were found identical 
and almost superimposable, a clear and unequivocal 
indication that no configurational alterations had taken 
place at carbon 17.

The orientation of the hydroxyl at C-16 of the cucur- 
bitacin molecule could now be determined. Although 
the results of our calculations have already been re
ported,6 for the sake of completeness we shall repeat 
them briefly here. The molecular rotation of elatericin 
B (la) is [M]d —267° while the rotation of elatericin 
B diacetate is [M]d —492°.15 From the two acetoxy 
groups, only the C-16 positive will contribute to a 
variation in value, the acetate at C-2 being enolic. 
The difference between these values is A[M]d —225° 
which is the shift due to acetylation of the C-16 hy
droxyl. Compared to similar shifts in the acetylation 
of C-16 hydroxyl group in steroids,23 the sign and 
value of the difference (A[M]d —239°) is in complete 
accordance with a-orientation. The reported value 
for /3-oriented groups is A[M]d +64°. A supporting 
evidence on the opposite orientation of the side chain 
and the C-16 hydroxyl group is found in the inability 
of this group to form a hemiketal with the C-22 car
bonyl group. Such cyclizations have been reported 
in the literature24 to occur readily upon heating with 
acid. No cyclization was observed when treated under 
the same conditions of reaction.

The a configuration of the C-16 hydroxyl group is 
also indicated by the triplet of lines in the n.m.r. 
spectrum26 of elatericin A diacetate shown in Fig. la. 
This triplet can better be studied in dihydroelatericin 
B16 (dihydro-Ia) (Fig. 2c). In both alternate orienta
tions the C-16 proton is coupling its spin with the 
C-17,a, C-15,/3, and C-15,a protons according to the 
two patterns drawn in Fig. 2a and 2b for C-16,/3-H and

(22) (X D jerassi, “ O ptical R o ta to ry  D ispersion,”  M cG raw -H ill Book 
Co., Inc ., New York, N . Y ., 1960, p. 51.

(23) L. F . Fieser and M . Fieser, “ S teroids,”  Reinhold Publishing Corp., 
New York, N. Y., 1959, p. 179.

(24) . S t. K aufm an and  G. Rosenkranz,' J .  A m .  C h e m .  S o c . ,  70, 3503 
(1948).

(25) W e th an k  a  referee for poin ting  ou t th is  observation.

Ci6-/3 H C|6- GlH

h7.2—-|
C 5 .6 3  T

Fig. 2.-—Calculated and observed n.m.r. spectra for C-16 
proton in dihydroelatericin B: a, C-16, /S-H epimer; b, C-16, 
a-H epimer; c, part of observed spectrum in chloroform-d.

). The 
ratio of

curve of 
positive,

C-16,a-H, respectively. The dihedral angles observed 
are: for C-16,/3-H with C-17,a-H, <t> = 137° (J  =
5.9 c.p.s.); with C-15,/3-H, 4> = 10° (J  = 7.7 c.p.s.); 
and with C-15,a-H, = 115° (J  — 2.6 c.p.s
resulting pattern gives rise to a triplet in the 
1:2:1. In the C-16,a-H alternative the respective 
angles and coupling constants are: <t> = 10° (J  = 7.7 
c.p.s.), <f> = 132° (J  = 5.3 c.p.s.), and <f> = 10° (J =
7.7 c.p.s.) resulting in a multiplet which probably 
would form a quartet in a ratio of 1:3:3:1. The ob
served spectrum of dihydroelatericin B in Fig. 2c, 
displayed a triplet of lines centered at t = 5.63 with a 
peak spacing of 7.2 c.p.s. which agrees well with the 
pattern shown in Fig. 2a and eliminates the alternate 
possibility.

The angles for these calculations were measured on 
Dreiding models and the coupling constants are as 
calculated by Karplus.26 I t has already been shown 
that five-membered ring coupling constants agree very 
well with those expected from Karplus’ work.2!

The stereochemistry of the B/C rings fusion was 
studied using the optical rotatory dispersion 
the monoketone X II2b; the Cotton effect was
[a] 32o +3806°, [a]276 —4085°. , To our knowledge, 
this observed large amplitude is unusual for a C-ll 
ketone28 and could not be compared to previously 
recorded data. Of the four possible configurations 
at C-8 and C-9 we favor on biogenetic grouhds, a /3- 
orientation for the C-9 methyl group, in view of the 
occurrence of an a-oriented hydrogen at C-10. In 
order to decide on the configuration at C-8, the two 
remaining alternatives were built using models and 
they were observed in the light of the octant rule. 
With the 8/3 and 9/3 orientations, almost the entire 
molecule was found to fall into positive octants. This 
fact could very well account foj# the observed strong 
positive Cotton effect of the C -ll ketone,

It is noteworthy that in the structures recently 
proposed for cucurbitacin A and C, it was; deduced 
from certain chemical reactions described there,29 
that the configuration of the B/C ring fusion is cis

(26) M . K arplus, J .  C h e m .  P h y s . ,  30, 11 (1959). !
(27) F . A. L. A net, C a n .  J .  C h e m . ,  39, 789 (1961).
(28) (a) C. D jerassi, “ O ptical R o ta to ry  Dispersion,” (ref. 22, p. 44).

(b) N ote Added in  P roof.— M eanwhile th e  optical ro ta to ry  dispersion
of a  stero idal C - l l  ketone having rings B /C  c i s  fused and  th e  hydrogens /?- 
oriented was reported. The recorded d a ta  agree very  well w ith  ours. See C. 
D jerassi and W. Klyne, J .  C h e m .  S o c . ,  4929 (1962), for com pound X L V II.

(29) W. T . de Koch, P . R . Enslin, K. B. N orton , D . Hi R . B arton, 
B. Sklarz, and  A. A. B othner-B y, T e t r a h e d r o n  L e t t e r s ,  309 (1962).
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in these compounds. No relationships between cucur- 
bitacin A and C and the compounds dealt with in this 
paper have yet been determined ; however, their struc
tural similarities are striking.

In view of the stereochemistry of the cucurbitacins 
presented herewith, it could be assumed that these 
substances would originate in the plant by a secondary 
series of concerted stereospecific shifts from a lanostane 
like skeleton. Biogenetically the triterpenoids possess
ing a 9,10-cyclopropane ring can be regarded as inter
mediates between the lanostane and the cucurbitane 
type compounds. By ¡3 protonation at C-8 of a lano
stane and formation of a “carbonium like ion” at C-9, 
scheme 1 would lead to a cycloartane triterpenoid, 
while scheme 2 to a cucurbitane skeleton. I t is note
worthy that all triterpenoids possessing a 9,10-cyclo
propane ring have in common a /3-oriented C-8 
hydrogen.

Experimental
Melting points were taken on a Kofler hot-stage microscope and 

are corrected. All optical rotation measurements were carried 
out in chloroform solution. Ultraviolet absorption spectra were 
done on a Unicam Model S.P. 500 spectrophotometer in methanol 
solution. Infrared spectra were recorded on a Perkin-Elmer 
tnfracord Model 137 spectrometer equipped with a sodium chloride 
prism and, when specified, on a Perkin-Elmer single-beam Model 
12C equipped with a calcium fluoride prism. Unless otherwise 
stated infrared spectra were determined in chloroform solution in
5-10% concentration. Nuclear magnetic resonance (n.m.r.) 
spectra were recorded on a Varian High resolution n.m.r. spec
trometer, Model V-4300B, operating at 60 Me. The spectra were 
determined in deuterated chloroform solutions of about 5-10% 
concentration and containing tet.ramethylsilane as internal 
standard; calibration was done by side-band technique; the 
line positions given are t values. Optical rotatory dispersion 
curves were measured on a Rudolph spectropolarimeter in di- 
oxane solution.

16-Desoxy-A(2)-norhexanorelatericin A (111).2b—M.p. 179-
181°; RD [ck]589 +95° (c 1.54), [a]336 +574°, [a]325 +201°, 
[«bos +2347°, [a]267.5 —538°, [a]23o 4-94° (c 0.08).

3-Monoethylene Ketal of III. (IV).—3,20-Bisethylene ketal of 
III2fa (450 mg.) was dissolved in ethanol (28 ml.) and a 70% 
aqueous acetic acid solution (12 ml.) was added. The mixture 
was kept at room temperature (^25°) for the period of 8 hr., 
then worked up by pouring into dilute sodium bicarbonate 
solution, extracted with chloroform, washed with water, and 
dried over sodium sulfate. Evaporation of the solvent left a 
crude residue which was chromatographed through alumina 
(Alcoa F20j 40 g.). Following elution with a benzene-ether 
mixture 4 :1 there emerged first the unchanged bisethylene ketal 
followed by the monoketal (102 mg.), The product crystallized 
from acetone-hexane, m.p. 158-161°; 1704 (overlapping of
C-ll and C-20 carbonyls); ED[ajGot> +103°, [a]im +115°, 

+4235°, U\m  -5139°, [«¡86o -4661° (c 0.13).
Anal. Calcd. for C2SHiaO,,; G, 74.96; H, 9.06. Found: 

C, 74.90! H. 9.10,

Dihydroelaterin.—Elaterin (lb )14 (556 mg.) in tetrahydrofuran 
solution (30 ml.) was added to a suspension of 5% palladium-on- 
carbon catalyst (100 mg.) in tetrahydrofuran and hydrogenated 
at atmospheric pressure. The hydrogenation was discontinued 
after 10 min., when the calculated amount for 1 mole of hydrogen 
(22.5 ml.) had been adsorbed. The catalyst was filtered and the 
solvent evaporated under reduced pressure. The amorphous 
residue was dissolved in methanol and water added to turbidity, 
yielding 530 mg. of crystals, m.p. 170-172°. Recrystallizations 
from aqueous methanol and drying at 60° under vacuum afforded 
long needles, m.p. 174-176°, [a]D —46° (c 1.00); Xmax 266 m/x 
(e 6970); cmax 1724 and 1720 (ester), 1700, 1694 (C-22 and C -ll 
carbonyls), and 1664 cm.“1 (diosphenol) (calcium fluoride prism). 
In ethanol, coloration was produced with ferric chloride. No 
formazan precipitate was formed with triphenyltetrazolium 
chloride.

Anal. Calcd. for C32H460g-H20 : C, 66.64; H, 8.39; one 
CH3CO, 7.47. Found: C, 67.00; H, 8.44; CH3CO, 7.83.

The substance was dried at 110° under vacuum to constant 
weight.

Anal. Calcd. for C32H460 8: C, 68.79; H, 8.30; one CH3CO,
7.70. Found: C, 68.56; H, 8.21; CH3CO, 8.02.

This substance was found identical in all respects to dihydro- 
elaterin previously191, obtained by the hydrogenation of elaterin 
in acetic acid solution with platinum as catalyst.

Tetrahydroelaterm (VIb).—Dihydroelaterin (558 mg.) was 
hydrogenated overnight in ethanol solution (30 ml.) over 5% 
palladium-on-carbon catalyst (100 mg.). One mole of hydro
gen was absorbed. The catalyst was removed by filtration, 
and the product precipitated from its solution by adding water, 
339 mg., m.p. 220+231°. Recrystallizations from aqueous 
methanol and drying at 60° under vacuum afforded rods, m.p. 
231-233°, [o]d +21° (c 0.96); W  272 m/x (e 857), Xmin 247 
m/x (e 510), high terminal absorption at 225 m/x (e 1340) \ m̂ax 
1724 (ester), 1705 and 1702 (C-3 and C-22 carbonyls) and 
1696 cm.-1 (C-ll carbonyl) (calcium fluoride prism), and 1100 
cm.“1 (for C-2 axial hydroxyl). In ethanol, no coloration was 
produced with ferric chloride. A dark red crystalline precipitate 
of formazan was obtained with triphenyltetrazolium chloride.

Anal. Calcd. for C32H480 8: C, 68.54; H, 8.63; one CH3CO,
7.68. Found: C, 68.57; H, 8.54; CH3CO, 7.35.

The same compound was obtained in lower yield if elaterin 
(556 mg.) in acetic acid solution (30 ml.) was added to platinum 
catalyst (100 mg.) in acetic acid (5 ml.). Hydrogenation was 
discontinued (17 min.) when the calculated amount for 2 moles 
of hydrogen (45 ml.) had been absorbed.

Hexahydroelaterin.—Tetrahydroelaterm (VIb) (560 mg.) in 
acetic acid solution (30 ml.) was added to platinum catalyst (100 
mg.) in acetic acid (5 ml.) and hydrogenated at atmospheric 
pressure overnight. One mole (22.5 ml.) of hydrogen was ab
sorbed. The catalyst was filtered and the solvent evaporated 
under reduced pressure. The amorphous residue was dissolved 
in benzene and purified by chromatography on acid-washed 
alumina (Merck). Small quantities of starting material were 
eluted with benzene-ether 1:1. The main fraction (308 mg.) 
was obtained with ether-methanol 3:1 as an amorphous solid 
which crystallized upon addition of ether, m.p. 212-215°. 
Recrystallization from ether and drying at 110° in vacuum af
forded hexagonal plates, m.p. 221-223°, [a]n +54° (c 0.96); 
Xmai 271 m/x (e 393), Xmi„ 241 m/x (e 194), high terminal absorp
tion at 218 m/x (e 850); vmax 1724 (ester), 1702 and 1696 cm.“1 
(C-22 and C -ll carbonyls) (calcium fluoride prism). In ethanol, 
no coloration was produced with ferric chloride. No formazan 
precipitate was obtained with triphenyltetrazolium chloride.

Anal. Calcd. for C32H6l,08: C, 68.30; H, 8.96; one CH3CO,
7.66. Found: C, 67.87; H, 8.82; CH3CO, 6.95.

Tetrahydroelatericin B (Via).—Elatericin B (la )15 (10.24 g.) 
in ethanol solution (250 ml.) was hydrogenated over 10% palla
dium-on-carbon catalyst (1 g.) at atmospheric pressure until 1.8 
moles were absorbed. The filtered solution was evaporated and 
the residue dissolved in chloroform. The solution was treated 
with cold 4% aqueous sodium hydroxide (to eliminate unreacted 
material), washed with water, and dried over sodium sulfate, 
Evaporation of the solvent under reduced pressure yielded crude 
tetrahydroelatericin B (Via) (8.7 g.) that gave negative ferric cfikn 
ride and positive triphenyltetrazolium chloride tests. The product 
Was crystallized twice from ether-methanol, prismatic needles, 
m.p, 174-176°, [<*]d +59° (c 0.88); Xma* 278 m/x (e 180), AmilJ 
256 m/x (t 130); rma* 1705 (broad band) and 1694 (C-ll carbonyl) 
(calcium fluoride prism), and 1100 cm.“1 (for C-2 axial hy
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droxyl). RD [c+589 +59°, [0+50 +70°, [ct]350 +440° (c 0.04); 
[<x]325 +1550°, [<x]3i2 -{-800°, [a]308 +  9 1 0°, [ct]305 —580° (c 0.02).

Dihydroelatericin B.—In order to prepare a purified sample of 
dihydroelatericin B, the crude hydrogenation product of elateri- 
cin B15 (one mole of hydrogen) was extracted in 4% aqueous 
sodium hydroxide solution, which was then acidified and re
extracted in chloroform. The residue crystallized from a solvent 
mixture of ether-benzene-hexane, m.p. 158-160° dec. (sinters 
—135°); [a]D —44° (c 0.91).

Acetylation of Tetrahydroelatericin B.—Tetrahydroelatericin 
B (Via) (8.80 g.) was acetylated in a mixture of acetic anhydride 
(50 ml.) and dry pyridine (50 ml.) overnight at room temperature. 
The solution was decomposed with ice-water. The precipitate 
of tetrahydroelatericin B diacetate (9.64 g.) was filtered and 
washed with water. The amorphous solid was dried in vacuum 
at 60°, [« ] d  -24° (c 1.07); Xinfi at 270 mM (c 250); rmal 1724 
(esters) and 1700 t m r 1 (overlapping of C-ll and C-22 car
bonyls).

Anal. Calcd. for C34H52O9: C, 67.75; H, 8.36; two CIRCO,
14.28. Found: C, 67.21; H, 8.38; CIRCO, 14.92.

Acetylation of Dihydroelatericin A.—Dihydroelatericin A (Va)10
(100 mg.) was acetylated in a mixture of acetic anhydride (1 
ml.) and pyridine (1 ml.) overnight at room temperature. The 
solution was decomposed with ice-water. The amorphous solid 
was dried in vacuum at 60°, [« ] d  —11° (c 1.16) > ^max 284 
nifi (e 240), X„in254mM (t 170); i/max 1724, 1700, 1240, and 1025 
cm.“1.

Anal. Calcd. for C34H52O9: 0,67.75; H, 8.36; two CH3CO,
14.28. Found: C, 67.15; H, 8.53; CH3CO, 14.78.

Dihydroelatericin A (Va).10—RD [a] 589 -{-83° ( c  1.27); [a+oo
+300°, [a]35o +732° (c 0.045); [«¡325 +2200°, [a]3o2 -1870°, 
[a]290 -3130° (c 0.011).

Ultraviolet Absorption Spectra.—In order to indicate the effect 
of acetylation on the ultraviolet absorption, the following data 
are presented: dihydroelatericin A (Va), Xi„n 273 myu (e 300); 
dihydroelatericin A diacetate, Xmli  284 nift (e 240), Xmi„ 254 
111/2 (e 170); tetrahydroelatericin B (Via), Xmal 278 m,u (t 
180), Xmin 256 m/u (« 130); and tetrahydroelatericin B diacetate, 
XiDfi 270 m/i (e 250).

Dihydrohexanorelaterin-2-methyl Ether-3,20-Bisethylenedi- 
thioketal (XI).—Hexanorelaterin-2-methyl ether (X)19b (680mg.) 
was hydrogenated in ethanol solution (50 ml.) over 10% palla
dium-on-carbon catalyst. The filtered solution was evaporated 
in vanto to dryness to give the dihydro X derivative which was

crystallized from ether, m .p. 166-168°, [a] d  +165°(c 1.21); cml< 
1728 and 1705 cm.-1.

To a mixture of dihydro X (400 mg.) and 1,2-ethanedithiol 
(0.5 ml.) in an ice bath, boron trifluoride etherate (0.2 ml.) was 
added as catalyst. The solution was stirred for 5 min. and then 
left at room temperature for 5 hr. Chloroform was added and 
any unchanged dithiol was removed by shaking with a 10% 
sodium hydroxide aqueous solution. Upon evaporation of the 
solvent the residue crystallized, it was collected (450 mg.) and 
washed with ether, m.p. 215-225°; rmax 1698 cm.-1.

Desulfurization of XI to VIII.—To the substance XI (440 
mg.) in dioxane solution (100 ml.), Raney nickel (prepared 
from 25 g. of alloy) in dioxane suspension was added. The mix
ture was stirred and maintained at reflux temperature overnight. 
The Raney nickel was removed and the filtrate evaporated 
in vacuo leaving an oily residue. It was crystallized several 
times from ether, m.p. 161-170°, and then sublimed at 140° 
(0.5 mm.), ¡/„.a* 1698 cm.-1. RD [a]589 +182° (c 1.69); [a+22.5
+4043°, [a]28o -3436°, [0+70 -3120° (c 0.083).

Oxidation of VIII to IX.—To a stirred ice-cooled solution of VIII 
(150 mg.) in purified acetone (50 ml.), 0.3 ml. of a chromium 
trioxide solution (68 g. of chromium trioxide and 57 ml. of con
centrated sulfuric acid diluted to 250 ml. with water) was added 
dropwise during 30 min. The excess oxidant was destroyed with 
methanol, water was added, and the product extracted with 
chloroform. The solution was washed and dried. Evaporation 
of the solvent left a residue which crystallized from ether, m.p.
184-187°; ¡w  1750 and 1698 cm.-1. RD [a]m  +55° (c 0.9); 
[cr]300 +212°, [0+3:0 —99°, [0)320 +1147°, [o]315 +500°, [a]307.5 
+  1448°, [o]280 +672° (c 0.116).

Anal. Calcd. for C24H36O2: C, 80.85; H, 10.18. Found: 
C, 80.50; H, 9.93.

Monoketone XII.2b—RD [o]589 +127° (c 0.94); [o]358 +1000°, 
[a]320 +3806°, [0)275 —4085°, [0)250 —3484° > c 0.14).

A(2)-Norhexanorelatericin A (XIII).11—RD [0)589 +66° (c 
1.65); [0)335 +461°, [0)322.5 + 303°, [0)305 +2091°, [0)270 —8o6°, 
[0)250 -3 7 1 °  (c 0.13).
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N eighboring  G roup R eaction s. VIII. R eaction s o f  3 -(« -B rom oa lk y l)-3 -p h en y l-  
2-b en zofu ran on es w ith  A m m o n ia  and  Prim ary A m in es

H. E. Zaugg, R. W. D eN e t , and R. J. M ichaels

Organic Chemistry Department, Research Division, Abbott Laboratories, North Chicago, Illinois
Received January 11, 1963

Reactions of a series of w-bromoalkylbenzofuranones I (n = 0-2) with ammonia and primary amines are 
described. The first member of the series (I, n = 0) reacts with ammonia and cyclohexylamine to give the a- 
amino amide V. With ammonia the two other homologs (I, n = 1,2) form only the rearranged amide VI (n =
1,2). Primary amines, however, yield appreciable quantities of a second product in addition to the rearranged 
amide VI (n = 1,2). From the bromomethyl homolog (n = 1), /3-arrinopropionamides VII are obtained and 
from the bromoethyl derivative (n = 2) five-membered ring imidates VIII are secured. Relative yields of the 
two products are found to depend on the amine used and on the solvent system. Both amino amides V and 
VII are weak bases (pA'a ~  4) and acylate preferentially on the phenolic oxygen atom. Evidence is presented 
in support of a mechanism for the formation of VII which involves the intermediacy of the four-membered cyclic 
imidate A.

A previous paper1 of this series described the reac
tions of 3-(aj-haloalkyl)-3-phenyl-2-benzofuranones (I) 
with secondary amines. Depending on the length of 
the haloalkyl side chain, the amine used, the tempera
ture, and solvent, any one or several of three products 
was formed. With morpholine, for example, the bromo
methyl homolog I (n = 1) under all conditions, gave only 
the rearranged amide II. The three extreme members of

(1) H . E . Zaugg, F , E , Chadde, and  R. J. M ichaels, J .  A m .  C h e m .  S o c . ,  

64, 4567(1962).

the series (n = 0,3,4), formed only the product III 
of direct halogen displacement. In excess morpholine 
at room temperature, the bromoethyl homolog I (n 
= 2) gave exclusively the trapped tetrahedral inter
mediate IV; but at raised temperatures (95-100°), 
or in dimethylformamide or dimethyl sulfoxide solution 
at room temperature, only the displacement product 
III (n = 2) was obtained. With other secondary 
amines more basic than morpholine, the bromoethyl 
derivative I (n = 2) gave varying amounts of the re-
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arranged amide (corresponding to II), at the expense 
of the trapped tetrahedral intermediate (e.g., IV).

The present paper reports the extension of these in
vestigations to the reactions with ammonia and primary- 
amines of the first three members of this homologous 
series. Similarities to and differences from the pre
vious work were encountered. Results may be sum
marized as shown.

I (n = 0, 2)

<7. = 0) OH

VIII

The reaction of I (n = 0) with aqueous ammonia 
gave2 the «-amino amide V (R = H). However, with 
either liquid ammonia or ammonia in acetonitrile, the 
bromomethyl compound I (ra = 1) produced only the 
rearranged amide VI (ra = 1, R = H). From the 
bromoethyl derivative I (ra = 2) the corresponding- 
amide VI (ra = 2, R = H) was the sole product with 
either aqueous or anhydrous ammonia and the main 
product with ammonia in acetonitrile.

With cyclohexylamine, the a-amino amide V (R 
= cyclohexyl) was again the only product obtained 
(85% yield) from I (ra = 0). Unexpectedly, the bromo
methyl homolog I (ra = 1), with primary amines (unlike 
secondary amines1 and ammonia), did not lead exclu
sively to the rearranged amides VI (ra = 1). In addi
tion, appreciable amounts of the /3-amino amides VII

(2) G. Cramer, Ber., 31, 2813 (1898). We are indebted to N. F. Ryan
for repeating this reaction.
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Table II
Effect of Solvent on the Reaction0 of 3-Bromomethyl-3- 

phenyl-2-benzofuranone with Cyclohexylamine 
I(re = 1) +  C6HhNH2— >  VII (R = cyclohexyl) +

VI (n = 1, R = cyclohexyl) 
Yield of Y ield1' of

Solvent V II, % V I, %

Cyclohexylamine 18 42
Cyclohexane 33 42(65)
Benzene 13 56
Ethyl ether 35 25(59)
Tetrahydrofuran 30 51(67)
1,2-Dimethoxyethane 21 58(72)
Acetonitrile 13 67
Dimethylformamide 0 68
Dimethyl sulfoxide 0 54

0 According to procedure 1. b Except for those in parentheses,
numbers represent yields of isolated product. Parenthesized
values are corrected yields based on infrared examination of the 
neutral residues (using the intensity of the 5.99-jx amide peak to 
estimate the amount of VI). Slight absorption at 5.55 /i in the 
neutral residues corresponded to the presence of from 2 to 5% of 
unchanged bromide I (re = 1).

were formed under mildly exothermic conditions. Rela
tive yields of the two products varied with the amine 
and solvent used. Results are summarized in Table I 
(variation of amine) and Table II (variation of solvent).

Two products were obtained likewise from the 
bromoethyl derivative I (n = 2). In addition to the 
usual rearranged amide VI (n = 2), the cj^clie imidate 
VIII was formed. Again, relative yields of the two 
products depended on the amine used (see Table III). 
I t is interesting to note that of all the primary amines 
used in the reactions with both bromo homologs (n 
= 1,2), cyclopropylamine, which is the weakest base3 
of any of them, gave the lowest yields of rearranged 
amides VI (n = 1,2) and highest yields of VII and VIII. 
A similar phenomenon was encountered previously1 
in the reactions of I (n = 2) with secondary amines. 
Morpholine, the weakest base of the series, was the 
only amine that produced the trapped tetrahedral 
intermediate IV as the sole product. From the other 
amines, varying amounts of rearranged amides could be 
isolated. The anomalous behavior of 1,1-dimethyl- 
hydrazine toward I (n = 2) in which a 90% yield of 
cyclic imidate VIII was formed (Table III) may also be 
due to its relatively low (and optimal1) basicity (pK„ 
~  7).

The structure VII assigned to the products obtained 
from the bromomethyl derivative is based on micro- 
analytical results (Table I), infrared spectra, n.m.r. 
spectra of the cyclohexyl derivative (Table IV D), 
and the surprisingly low pXa’s (4.0-4.2) of several 
hydrochlorides of the series, an abnormality shared by 
the hydrochloride of the a-amino amide V (R = cyclo
hexyl). In addition, lithium aluminum hydride reduc
tion of VII (R = n -  C3H7) gave a diamine IX  capable 
of forming a dihydrochloride. Interestingly, but not 
surprisingly,4 the corresponding cyclopropyl amino am
ide VII (R = cyclopropyl) was converted to the identical

(3) J . D . R oberts  and  V. C. Cham bers, J .  A m .  C h e m .  S o c . ,  73, 5030 
(1951).

(4) C. Kaiser, A. Burger, L. ZirngibI, C. S. D avis, and  C. L. Zirkle, J . 
O r g .  C h e m 27, 768 (1962), have found th a t  a  num ber of cyclopropylam ines 
possessing a  replaceable hydrogen on th e  nitrogen atom  undergo ring 
cleavage w ith lithium  alum inum  hydride. W e have observed sim ilar be
havior in  several o ther cases. Also, in agreem ent w ith these workers, we 
have found th a t  N ,N -d isubstitu ted  cyclopropylam ines are re s is tan t to  
lithium  aluminum hydride cleavage.
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ort5 5 ^ 0 C ( C H 2 N H - n - C 3 H 7 ) 2  

CeKs
IX

di-normal propylamine IX on similar treatment with 
lithium aluminum hydride.

Of some interest is the behavior of the ol- and /3-amino 
amides V and YII towards acylating agents. Com
pound V (R = cyclohexyl), with acetyl and propionyl 
chlorides in the presence of excess triethylamine, gives 
the O-acyl derivatives Xa and Xb, respectively, and 
from the requisite /3-amino amides VII (R = cyclo
propyl and cyclohexyl) the analogous products XIa-c 
were obtained (see Table IVC for the n.m.r. spectrum 
of X lb). The abnormally low basicity of these amines 
probably contributes to this preferential oxygen acyla
tion. However, an attempt to effect, 0,N-diacetyla- 
tion using excess reagent under more drastic conditions 
failed. This suggests that a steric factor may also 
operate to prevent N-acylation in these compounds.

aOCOR ^ s ^ O C O R '

^,/CONH -  cyclohexyl
CgH5 NH —cyclohexyl CeH5 CH2NHR

Xa. R = CH3 XIa. R = cyclopropyl, R ' = OC2H 5

Xb. R = C2H 5 Xlb. R = cyclohexyl, R ' = CH3

XIc. R = cyclohexyl, R ' = C2H5

The structure VIII assigned to the basic products 
derived from the bromoethyl derivative is also based on 
microanalytical results (Table III), infrared spectra,6 
the n.m.r. spectrum of the cyclopropyl and 1,1-di- 
methylhydrazine derivatives of VIII (Table IV),7 
and on the products obtained from hydrolysis and

(5) D . H. R . B arton , J . M . Beaton, L. E . Geller, and M . M . Pechet, J .  

A m .  C h e m .  S o c . ,  82, 2640 (1960), have reported  XmSP18 5.99 /* for the > C = N H  
group of a  five-m em bered cyclic im idate. The range 5.87-5.91 u  observed 
(Table I I I )  for com pounds V III  is, therefore, consistent with an N - a l k y l a t e d  

five-m em bered cyclic im idate s tructure . Substitu tion  on nitrogen by  the 
less electropositive (CH/OaN— group, as expected, gives a Xmax, 5.97 
closer to  th a t  of the unsubstitu ted  model.

T he  abnorm al hydroxyl absorp tion  (3.7-4.0 g )  exhibited by  these com
pounds (Table I I I ,  footnote 6) is also consistent with th e  presence of strong 
intram olecular hydrogen bonding w ith the basic imino nitrogen a tom .6 
(T his displaced hydroxyl absorption  is also characteristic  of m ost of the  
fi-amino am ides V II, b u t to  a  less obvious degree.)

(6) Com pare H. H. Freedm an, J .  A m .  C h e m .  S o c . ,  83, 2900 (1961).
(7) The n.m .r. spectrum  of V III  (R  =  cyclopropyl) (see Table IVA) is 

best in te rp reted  on the  basis th a t, in carbon tetrachloride solution, structu re  
V III  is in equilibrium  with 10-15%  of the te trahed ra l in term ediate  (a). T he  
clear preference shown for the  im idate the te trah ed ra l s truc tu re  is con
sisten t w ith the  previous observation8 th a t  in the  equilibrium  c #  d, th e  
im idate  tau tom er (d) is favored by  a  fac to r of 3. Furtherm ore, p ro tona
tion  of te trahed ra l in term ediates of type  IV  has been found 1 to  occur on 
oxygen ra th e r th a n  nitrogen to  give qua te rna ry  im ida te  cations of type  b.

c6h 5 c 6h 5

(C) (d)
(8) H . E . Zaugg and  R. W. D eN et, J .  A m .  C h e m .  S o c . ,  84, 4574 (1962).

aminolysis. Acid hydrolysis of VIII (R = benzyl) 
gave the lactone X II9 (81% yield) and refluxing VIII 
(R = cyclohexyl) in morpholine containing morpholine 
hydrobromide led to the morpholinoethylbenzofu- 
ranone III (n = 2) in good yield (81%). Omission of the 
morpholine salt slowed but did not prevent aminolysis.

XII

Discussion
The unexpected displacement of a neopentyl-type 

bromine atom by primary amines [be., I (n =  1) -► 
VII] under mildly exothermic conditions is strong indi
cation that, as is clearly the case in the formation of VI 
(n = 1), an intramolecular mechanism is involved.1012 
The observation that the seemingly “direct” displace
ment of halogen in the production of VII is invariably 
accompanied by aminolysis of the lactone ring of I 
suggests that the intermediate involved is the four- 
membered cyclic imidate A analogous to the five-mem
bered imidate VIII actually obtained from the higher 
homolog I (n = 2).13 The mechanism can be repre
sented as shown.

/  \  ®
( h 2n r

A

The process leading to A (and VIII) is undoubtedly 
the same as that by which the tetrahedral intermediates 
(e.g., IV) are formed from I (n = 2) and secondary 
amines. This has been discussed previously1 and will 
not be repeated. Considerable driving force leading

(9) H . E. Zaugg, R . W. D eN et, R . J . M ichaels, W. H. W ashburn , an d  F. 
E . Chadde, J .  O r g .  C h e m . ,  26, 4753 (1961).

(10) The facile reactiv ity  of neopentyl (or neophyl)-type halides tow ard  
i n t r a m o l e c u l a r  displacem ent is well know n . 11

(11) (a) G. S. H am m ond in  "S teric  Effects in Organic C h em istry ,"  M . S. 
N ewm an, E d ., John  Wiley, and  Son, Inc ., New York, N. Y., 1956, p . 464; 
(b) J .  L .G reene, J r .,  and  H. J . Hagem eyer, J r .,  J .  A m .  C h e m .  S o c . ,  7 7 , 3016 
(1955); (c) H . E . Zaugg, i b i d . , 72, 2998 (1950).

(12) T he effect of dim ethylform am ide (D M F) and  dim ethyl sulfoxide 
(D M SO ) on the  reaction  of I  (n =  1) w ith cyclohexylam ine (T able I I )  fu r
th e r  argues against a direct displacem ent m echanism. In  these solvents, 
fo rm ation  of the  am ino am ide is com pletely suppressed in favor of th e  re
arranged  am ide VI. Y et, in  the  reaction of m orpholine w ith th e  brom oethy l 
homolog I  ( n  =  2) where interm olecular displacem ent of brom ide is possible, 
D M F  and  DM SO  produce ju s t the opposite effect. 1 B oth  i n t r a m o l e c u l a r  

displacem ents [ i . e . ,  I  (n = 2) —> IV  +  rearranged am ide] are en tire ly  sup
pressed in favor of the i n t e r m o l e c u l a r  displacem ent reaction  [I (n =  2) —► 
I I I  (n =  2) J.

(13) I t  m ust be s ta ted  th a t  in con trast to  secondary  am ines which are 
inert, p rim ary  am ines (a t 100°) readily  am inolyze 3-phenyl-2-benzofura- 
nones, containing an  add itiona l nonfunctional 3 -substituen t, to  give th e  
corresponding hydroxy am ides. These reactions, how ever, are fa r  from  
being even mildly exotherm ic (R. W. D eN et— unpublished)<
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to further reaction of A with amine should stem from 
two sources: strain energy of the four-membered ring14 
and acid catalysis by the phenolic hydroxyl. The latter 
effect is indeed demonstrable in the five-membered 
imidate series. Aside from infrared evidence66 sug
gesting that, in VIII, the hydroxyl proton is strongly 
bonded to nitrogen, the observed reactivity of VIII 
toward morpholine to give III (n — 2) is firmly indica
tive of such catalysis. Although reaction is faster 
(80% yield vs. 40% in 22 hr. at 150°) in the presence 
of morpholine hydrobromide, it does occur even in its 
absence. By contrast, the reaction of the tetrahedral 
intermediate IV with morpholine requires the presence 
of amine salt for the same conversion.1 The reactive 
species in this case is, in fact, the protonated form of 
IV, the imidate salt (b).7

The foregoing mechanism does not explain why 
ammonia behaves toward the bromomethyl compound 
I (n = 1) more like a secondary than a primary amine. 
The rearranged amide VI (R = H ,n  = 1) is the sole 
product formed under all conditions tried. But a 
clearly similar and equally puzzling preference for 
production of the amide VI (n = 2) is also exhibited 
toward the bromoethyl homolog I (n = 2). I t would 
seem that we are dealing here with another example to 
add to the many already observed of the apparently 
quixotic behavior of ammonia and amines toward 
lactones116 and esters,16 a behavior probably stemming 
from the subtleties inherent in the nature and timing 
of proton transfer processes.17

Experimental
Reaction of 3-Bromomethyl-3-phenyl-2-benzofuranone with 

Cyclopropylamine and Other Primary Amines. Procedure 1 .—
To a stirred solution of 3-bromomethyl-3-phenyl-2-benzofura- 
none18 (90.9 g., 0.3 mole) in dry benzene (450 ml.) was added 
over a period of 10 min., a solution of cyclopropylamine (51.3 g., 
0.9 mole19) in dry benzene (50 ml.). An ice bath was used to 
maintain the reaction temperature below 35°. After standing at 
room temperature for 2 days, precipitated solid (99.4 g.) was 
removed by filtration and stirred vigorously with water (300 ml.) 
for 10 min., once again collected at the filter, and dried. The 
crude product (60.5 g., m.p. 173-176°); the difference in weight,
38.9 g., between this and the original 99.4 g., represented an 89% 
yield of the water-soluble cyclopropylamine hydrobromide), 
was recrystallized from dry ethanol to give 43.3 g. (43%) of 
N-cyclopropyl-3-cyclopropylamino -a -(o -hydroxyphenyl) -a - phen- 
ylpropionamide (VII. R = cyclopropyl), m.p. 188-190°. 
(For microanalytical results, see Table I.)

The original benzene filtrate was extracted with two portions 
(100 ml.) of 10% hydrochloric acid which were combined and 
made alkaline by the careful addition of excess 40% sodium 
hydroxide solution. Filtration and drying of the resulting pre
cipitate gave an additional quantity (3.7 g., 3%) of VII (R = 
cyclopropyl), m.p. 186-188°.

The neutral fraction in benzene solution was concentrated to 
dryness under reduced pressure. The resulting oil (30.7 g.), on 
trituration with isopropyl alcohol, partially solidified to give a 
solid substance (20 g., m.p. 104-109°). Two recrystallizations

(14) F a c ile  d i s p l a c e m e n ts  b y  a m in e s  a t  t h e  /3 -c a rb o n  a to m  o f  /3 -la e to n e s  
a r e  w e ll k n o w n .15

( 1 5 )  (a )  T .  L . G r e s h a m ,  J .  E .  J a n s e n ,  F .  W . S h a v e r ,  R . A . B a n k e r t ,  a n d  
F .  T .  F ie d o re k ,  J .  A m .  C h e m . S o c .,  73, 3 1 6 8  (1 9 5 1 );  (b )  H .  E .  Z a u g g  in  
“ O rg a n ic  R e a c t io n s ,”  V o l. V I I I ,  R . A d a m s ,  E d . ,  J o h n  W ile y  a n d  S o n s , I n c . ,  
N e w  Y o r k ,  N .  Y .,  1 9 5 4 , p . 3 05 .

(1 6 ) M . M . Jo u lliA  a n d  A . R .  D a y ,  J .  A m . C h em . S o c .,  76, 2 9 9 0  (1 9 5 4 ).
(1 7 ) M . L . B e n d e r ,  C h em . R e v . ,  60, 91 (1 9 6 0 ), a n d  r e f e r e n c e s  c i t e d  

th e r e in .
(1 8 ) H .  E. Z a u g g ,  R .  W . D e N e t ,  a n d  R .  J .  M ic h a e ls ,  J .  O r g .  Chem., 26, 

482 1  (1 9 6 1 ).
(19) O n e - th i r d  (0 .3  m o le )  o f t h e  c y c lo p r o p y la m in e  c o u ld  b e  r e p la c e d  b y  

a n  e q u iv a l e n t  q u a n t i t y  o f  t r i e th y l a m i n e  w i t h o u t  a f f e c t in g  th e  c o u rs e  o f  th e  
r e a c t io n .

from ethanol produced 8.4 g. (10%) of N-cyclopropyl-2,3-dihy- 
dro-3-phenylbenzofuran-3-carboxamide (VI. n  =  1, R = cyclo
propyl), m.p. 133-134°. (For microanalytical results, see 
Table I.)

By substituting the appropriate primary amine for cyclopropyl
amine in procedure 1 (in some cases with minor variations) the 
corresponding products of type VII and type VI (re = 1) were ob
tained. These are listed in Table I.

The effect of change in solvent on the outcome of procedure 1, 
as applied to cyclohexylamine, is summarized by the data listed 
in Table II.

N ,N '-Di-n-propyl-2-(o- hydroxyphenyl) - 2 - phenyl - 1 ,3-propane - 
diamine (IX).—To a stirred suspension of lithium aluminum 
hydride (14.8 g., 0.39 mole) in dry 1,2-dimethoxyethane (50C ml.) 
solid VII (R =  cyclopropyl) (43.7 g., 0.13 mole) was added por
tion wise over a 30-min. period. The mixture was then stirred 
and refluxed for 42 hr. Excess reducing agent was decomposed 
by successive addition of water (50 ml.) and 50% sodium hy
droxide solution (50 ml.) followed by a period (1 hr.) of reflux. 
The organic layer was then decanted from the precipitate and 
concentrated to dryness under reduced pressure. The residual 
solid (41.9 g., m.p. 88-95°) was recrystallized twice from 95% 
ethanol to give 27.9 g. (67%) of IX, m.p. 102-103°, 1.54
it (N-H), no absorption at 1.63 re typical of a cyclopropyl CH2 
group.

Anal. Calcd. for C2iH30N2O: C, 77.25; H, 9.26; N, 8.58; 
0,4.91. Found: C, 77.27; H, 9.21; N, 8.71; O, 5.00.

IX dihydrochloride had m.p. 252-254° (from ethanol).
Anal. Calcd. for C21H32CI2N2O: C, 62.99; H, 8.07; N,

6.84. Found: C, 62.75; H, 7.95; N, 7.25.
Reduction of VII (R = re-propyl) according to the foregoing 

procedure likewise gave IX (92%) identified by melting point, 
mixture melting point, infrared spectrum, and by conversion 
to the dihydrochloride, m.p. 252-254°.

Reaction of the Bromides I (n = 1,2) with Ammonia.—To 
anhydrous liquid ammonia (2.5 1.) was added portionwise with 
stirring over a period of 0.5 hr., 242.4 g. (0.8 mole) of sclid 3- 
bromomethyl-3-phenyl-2-benzofuranone. The resulting green 
solution was stirred for 7 hr. and allowed to stand overnight at 
room temperature. The residue remaining after evaporation of 
the ammonia was partitioned between water and chloroform and 
separated. Removal of the chloroform by distillation gave a 
solid residue which was recrystallized from 95% ethanol to give 
152 g. (79%) of 2,3-dihydro-3-phenylbenzofuran-3-carboxamide 
(VI, n = 1, R = H), m.p. 154-156°, identical with the material 
prepared from the corresponding acid chloride.18 Similar treat
ment of the bromomethyl compound with ammonia in aceto
nitrile solution resulted in a quantitative conversion to rear
ranged amide VI (re = 1, R = H).

When 3-(/?-bromoethyl)-3-phenyl-2-benzofuranone (I. n = 2) 
was subjected to the foregoing conditions, there was obtained a 
93% yield of 4-phenyl-4-chromancarboxamide (VI. n = 2, 
R = H), m.p. 181-182°, identical (mixture melting point and 
infrared spectrum) with an authentic18 sample.

When powdered bromoethyd derivative I (n = 2) was stirred 
with concentrated ammonium hydroxide for 21 hr. at room 
temperature, a 60% conversion to the corresponding amide VI 
took place. The remainder of the produce appeared to be un
changed bromide. With ammonia in acetonitrile solution, how
ever, the reaction deviated from a unidirectional course. From
6.3 g. (0.02 mole) of the bromoethyl derivative, in addition to a 
predominant neutral fraction (5.0 g.) consisting mainly of amide 
VI, there was obtained 1.93 g. of a basic oil. The structure of a 
pure compound obtained from it will be the subject of a future 
note.

Reaction of 3-(/3-Bromoethyl )-3-phenyl-2-benzofuranone with 
Primary Amines. Procedure 2.—This procedure is exemplified 
by the reaction with cyclopropylamine. A solution of the 
bromide I (re = 2) (15.9 g., 0.05 mole) and cyclopropylamine 
(6.3 g., 0.11 mole) in dry benzene (100 ml.) was allowed to stand 
at room temperature for 6 days. The cyclopropylamine hydro
bromide (6.6 g., 91%), m.p. 152-155°, was removed by fibration 
and washed with ether. The combined filtrate and ether 
washings were concentrated to dryness under reduced pressure; 
the residue was taken up in ether and extracted with two portions 
(50 ml.) of 10% sulfuric acid. From the neutral ether layer was 
obtained, in the usual way (procedure 1), the amide VI (re = 2, 
R = cyclopropyl) and from the acid extract (in the usual way), 
the cyclic imidate VIII (R = cyclopropyl). See Table III for 
further details.
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T a b l e  IV
N .m .r . S p e c t r a “

Chem ical sh ift ,6
c.p.s. Assignm ent Relative area“

NH
OH N - < ] O O-oc - Cl i 2 1

c6h % "CH f CH2 c6h 5
7-25 >NH 0 ,8T

37-55 Cyclopropyl—CH2CH2— 3 •6 5 1  5 13
125-160 Cyclopropyl—CH 1 .48/
165-210 C— CHa—'C 2 .02
230-275 O—CH2—c 2 .04
390-450 Aromatic H 9 . 00"
6 53.2 OH 0 .86

B.

NN(CH3)2'
'OH II

c6h c h 2
162.5 N(CH3)2 6.15
140-207 C—CH2CHs—0 3.85
400-450 Aromatic H 9.00'
018 OH 0.96

aOCOCHa f
.c / C O N H ^ T )

C6H5̂  " " C H a N H ^ s}  
u r n  '— f

28-133 Cyclohexyl CH2
HC1 v

20.00)
139 —COCH3 3.32
147-239 Cyclohexyl CH 2.23
261 —N—CH2—C 1.96)
370-398'* NH 0.98*
398-504 Aromatic H 9.00e
542-579'* NH 0.85»
618-662'“ NH 0.85*

D- U v c / conh^ )
Celiri' ' ' C H i N H ^ )

40-120 Cyclohexyl CH2 19.00)
120-150 Cyclohexyl CH I . 35V 21.6*'
185-250 Cyclohexyl CH 1.20)
214(4) N—CH2—C 1.85
328-3556 OH 0.90
400-460' Aromatic H 9.00*
60-Me. 6Tetramethylsilane as internal standard. Numbers

denote range of frequencies of complex absorption except where 
digits in parentheses indicate the number of peaks in a sym
metrical multiplet centered at the indicated frequency. A single - 
frequency notation with no parenthetical digit following it repre
sents a singlet. c Assuming 9 aromatic protons. d In CCU 
solution. * Due to the quadrupole moment of nitrogen this 
area cannot be compared with the other areas. 1 In CDC13 
solution. s Total required, 27.0. h Band disappears when 
D20 is added. 1 Total required, 22.0. 1 No bands correspond
ing to the two NH protons could be identified. However, ab
sorption at 1.49 ju in the near infrared provided firm evidence 
for the presence of the amide NH group; and, since both the near 
infrared and n.m.r. spectra of the corresponding acetyl deriva
tive Xlb indicate the presence of both NH groups, they must 
also both be present in the precursor of Xlb.

Procedure 3 differed from procedure 2 only in the omission of 
benzene as solvent. Instead, excess of the liquid amine (10 to 
15 ml. per 0.01 mole of bromide) was used. The reaction 
mixture was then worked up by removing the amine under re
duced pressure in a rotating evaporator, partitioning the

residue between ether and water, separating, and treating the 
ether layer as in procedure 2 .

Under the conditions of procedure 2, no reaction occurred with 
aniline. After 11 days, 90% of the bromide I (n = 2) was re
covered unchanged.

N-Cydohexyl-«-cyclohexylamino-a-(o-hydroxyphenyl)-«-phen- 
ylacetamide Hydrochloride (V. R = Cyclohexyl).—A solu
tion of 10 g. (0.0346 mole) of 3-bromo-3-phenyl-2-benzofura- 
none2 and 10 g. (0.1038 mole) of cyclohexylamine in benzene 
(150 ml.) was kept overnight at room temperature. The precipi
tated cyclohexylamine hydrobromide (6.2 g., m.p. 196-198°) 
was removed by filtration and washed with ether. The com
bined filtrate and washings were concentrated to dryness in 
vacuo and the residual oil (14.1 g.) was taken up in dry ether, 
decolorized with charcoal and treated with excess ethereal hydro 
gen chloride. Filtration and drying gave 13.0 g. (85%) of the 
hydrochloride of V (R = cyclohexyl), m.p. 160-161°. Re
crystallization from an ethanol-ether mixture did not change the
m. p., X“ CI3(M) 1.49,2.95, 5.94, p ( w a te r )  4.1 (by titration with 
methanolic potassium hydroxide in different aqueous methanol 
solutions and extrapolating to 100% water).

Anal. Calcd. for C26H35C1N20 2: C, 70.49; H, 7.96; N,
6.32. Found: C, 70.44; H, 7.80; N, 6.48.

AminolySis of VIII (R = Cyclohexyl) with Morpholine.—A 
mixture of 3.4 g. (0.01 mole) of the imidate VIII (R = cyclo
hexyl), 1.7 g. (0.01 mole) of morpholine hydrobromide, and 20 
ml. of morpholine was refluxed for 22 hr. in an oil bath held at 
150°. The solution was concentrated to dryness under reduced 
pressure and the residue was taken up in ether. After washing 
with water to neutrality, the ether solution was extracted with 
dilute (10%) hydrochloric acid. The cold acid extract was then 
treated with excess 40% sodium hydroxide solution and the 
precipitated base was taken up in ether and dried. Isolation by 
filtration and distillation of the ether gave a crude base (3.1 g., 
97%), m.p. 85-90°. Recrystallization from isopropyl alcohol 
gave pure 3-(d-morpholinoethyl)-3-phenyl-2-benzofuranone (III. 
n = 2) (81%), m.p. 94-95°, identical (mixture melting point 
and infrared spectrum) with an authentic sample.1

When the foregoing procedure was repeated, but with the 
omission of morpholine hydrobromide, infrared examination of 
the crude reaction product (after 22 hr.) indicated that only 40% 
of the imidate had been converted to the benzofuranone III 
(n = 2). The remainder was unchanged.

When the /3-amino amide VII (R = cyclohexyl) was submitted 
to the foregoing conditions (including morpholine hydrobromide) 
only starting material (> 70%) was recovered. No benzofura
none product 5.55 u) could be detected by infrared exam
ination of the residues.

Hydrolysis of VIII (R = Benzyl).—The cyclic imidate VIII 
(R = benzyl) (0.50 g., 0.00146 mole) was refluxed for 2 hr. with 
25 ml. of 10% hydrochloric acid. After cooling, solid product 
was removed by filtration and reerystallized from benzene 
to give 0.30 g. (81%) of 2-(o-hydroxyphen3d)-2-phenyl-4-hydroxy- 
butyric acid 7-lactone (XII), m.p. 159-160°, identical with an 
authentic sample.9 From the acid filtrate was obtained 0.10 
g. (50% yield) of benzylamine hydrochloride, m.p. 259-261°.

N-Cyclohexyl-/3-cyc!ohexylamino-a-(o-acetoxyphenyl)-a-phen- 
ylpropionamide Hydrochloride (Xlb).—To a solution of 8.4 
g. (0.02 mole) of the amino amide VII (R = cyclohexyl) in 100 
ml. of 1,2-dimethoxyethane containing 4.0 g. (0.04 mole) of 
triethylamine was added dropwise with stirring over a period of 
5 min. 1.6 g. (0.02 mole) of acetyl chloride dissolved in 10 ml. 
of 1,2-dimethoxyethane. The mixture was stirred at room tem
perature for 6 hr., refluxed and stirred for 1 hr. and then al
lowed to stand overnight at room temperature. The pre
cipitated triethylamine hydrochloride (3.3 g., m.p. 259-260°) 
was removed by filtration and the filtrate was concentrated 
in vacuo on the steam bath. The residual oil [x£S* (p) 1.49 
(amide NH), 1.53 (amine NH); X^cu (¿1) 5.65 (ester > C = 0 ),
6.01 (amide > C =0)] was taken up in dry ether and treated 
with excess ethereal hydrogen chloride. No precipitate resulted 
so the solution was concentrated to dryness and the residual 
solid was recrystallized from acetone to give 8.0 g. (80%) of 
Xlb, m.p. 209-210°. One more recrystallization for analysis 
gave 6.6 g., m.p. 212-213°, X™cu («) 5.66 (ester > C = 0 ),
5.96 (amide > C = 0 ), pKa (water—extrapolated) 4.0, for the
n. m.r. spectrum see Table IVC.

Anal. Calcd. for C29H;igClN20 3: C, 69.79; H, 7.88; N, 
5.61. Found: C, 69.81; H, 7.96; N, 5.58.
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An attempt to prepare the 0,N-diacetyl derivative by reflux
ing the amino amide VII (R = cyclohexyl) with excess acetyl 
chloride for 48 hr. failed. Only the mono-O-acetyl derivative 
could be obtained even in the presence of excess triethylamine.

Substituting propionyl chloride for the acetyl chloride in the 
foregoing procedure gave the similarly ether soluble N-cyclo- 
hexyl - 0- cyclohexylamino-a-(o-propionoxyphenyl)-a-phenylpropi- 
onamide hydrochloride (XIc) in 53% yield, m.p. 190-191°, 
\£“c'3 5.69 « (ester > C = 0 ), 5.98 « (amide > C = 0 ).

Anal. Calcd. for C3oH41C1N20 8 : C, 70.22; H, 8.06; 
N, 5.46. Found: C, 70.18; H, 8.06; N, 5.67.

Substituting the amino amide VII (R = cyclopropyl) for the 
cyclohexyl analog and ethyl chloroformate for the acetyl chloride 
in the foregoing procedure gave N-cyclopropyl-/?-cyclopropyl- 
amino-«-(o-ethoxycarbonyloxy )-«-phenylpropionamide hydrochlo
ride (XIa), m.p. 177-178°, X“ 013 1.49 M (NH), 1.63 u (cyclo
propyl), 5.69 y (ester > C = 0 ), 5.89 ¡u (amide > C = 0 ).

Anal. Calcd. for CmHmCINA  : C, 64.77; II, 6.57; N, 
6.30; O, 14.38. Found: C, 64.62; H, 6.39; N, 6.29; O,
14.57.

Treatment of the amino acetamide V (R = cyclohexyl) with 
acetyl chloride according to the above procedure and isolation of

the product as the base gave, in 45% yield, N-cyclohexyl-a-cyclo- 
hexylamino-a-fo-acetoxyphenyl)-«-phenyIace:amide (Xa), m.p. 
143-144°, x"„c'3 %) 3.02 (NH), 5.67 (ester >C=0), 6.01 (amide 
> C = 0 ).

Anal. Calcd. for C2SH36N20 3: C, 74.97; H, 8.09; N, 6.24. 
Found: C, 75.07; H, 8.14; N, 6.31.

Likewise, from propionyd chloride and V (R = cyclohexyl) was 
obtained in 40% yield, N-cyclohexyl-a-cyclohexylamino-a-(o- 
propionoxyphenyl)-a-phenylacetamide (Xb), m.p. 118-119°, 
xZ c,3(m) 3.01 (NH), 5.68 (ester >C =0), 6.01 (amide >C=0).

Anal. Calcd. for C20H38N2O3: C, 75.29; H, 8.28; N, 6.05. 
Found: C, 75.74; H, 8.39; N, 5.77.
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Cyclopropylamine effects preferential and stereospecific intramolecular displacement of the 2'-bromine atom 
from the two diastereoisomers A and B of 3-(2',3'-dibromopropyl)-3-phenyl-2-benzofuranone. Fair yields 
(60-70%) of the geometrically isomeric cyclic imidates A2 and B2 result. The multiplicity and variable proxim
ity of functional groups in these compounds, as well as in the isomeric lactones (A4 and B4) derived from them, 
lead to a variety of intramolecular reactions. These are summarized in the accompanying flow chart.

The purpose of the present work was the development 
of a synthetic sequence derived from the combination 
of results reported in two previous papers of this series. 
The accompaning paper1 described the reaction of 3- 
(d-bromoethyl)-3-phenyl-2-benzofuranone (I) with pri
mary amines. Products consisted of varying amounts 
of cyclic imidates II and rearranged amides III. An
other report2 described the reactions of the two di-

III

astereoisomeric dibromopropylbenzofuranones A and B 
with sodium methoxide. In each case preferential and 
stereospecific displacement of the secondary bromine 
atom occurred with rearrangement to give the geo-

(1) H. E. Zaugg, R. W. D eN et, and  R. J. M ichaels, J .  O r g .  C h e m ., 28, 
1795 (1963).

(2) H . E . Zaugg, R. W. D eN et, and  E. T. K im ura, J .  M e d .  P h a r m .  C h e m . ,  

5, 430 (1962).
(3) T he  notational convention used  in th is  paper is designed to  facilitate 

recognition of th e  steric relationships am ong isomers. F o r exam ple, all 
products derived from A, m .p. 137-138°, b y  only one inversion a t  the carbon 
atom  m arked w ith an  asterisk , a re  mem bers of th e  A fam ily. The B fam ily 
derives sim ilarly from B, m .p. 99—101°. I t  follows th a t  two inversions a t  
th is  asym m etric cen ter effect fam ily interconversion. Two com pounds 
w ith  the  sam e num ber { e . g . ,  A l, B l)  constitu te  diastereoisom eric pairs.

metrically isomeric bromo esters Al and B l,3 respec
tively, in good yields (89-96%). Similar selective 
behavior of A and B toward primary amines, analogous 
to that of I to produce II, would be expected to yield 
products possessing an unusual combination of func
tional groups in a single molecule. Cyclopropylamine

A, m.p. 137 138° B , m.p. 99-101°

was chosen to verify this expectation because it, of all the 
primary amines used1 in reactions with I, produced the 
best yields of II at the expense of III. Reactions of A 
and B with cyclopropylamine and subsequent trans
formations of the resulting products are outlined in 
the attendant chart.

Treatment of the isomeric dibromides A and B with 
cyclopropylamine at room temperature gave the ex
pected cyclic imidates A2 and B2, respectively, in 73% 
and 58% yields.4 These products each contain two 
electrophilic carbon atoms (>C = N —■ and —CH2Br)

(4) The infrared spectra  of these bases were typical of th is structure  
( i . e . ,  I I ]), nam ely broad and  weak absorption centered a t  3.9 g (bonded 
OH) and  strong  absorption a t  5.87—5.88 p  (C = N ) . The neu tra l fractions 
of these reactions were no t exam ined for the presence of rearranged am ide 
[ i . e . ,  th e  2-brom om ethyl derivative  of I I I  (R  =  cyclopropyl)].
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A. M.p. 137-138°

1

N— < 1o ä L

go-?
C C H -C H 2CI

B. M.p. 99-101'

I

h h 2oh

C6H5" '*’C02H 
B8

B1 Al %rV ' CN -C H 2OH

C ^lV ^CO sH
A8

and a potentially available nucleophilic center 
(ArOH -► ArOe). However, only in the cfs-bromo- 
phenol A25 does the phenoxide ion (generated by treat
ment with base) have the option of reacting with either 
or both of these electrophilic centers. Thus, treat
ment of A2 with an equivalent of sodium methoxide 
in 1,2-dimethoxyethane gave an 86% yield of the 
bridged bicyclic imidate IV ,6 the product of direct 
bromide ion displacement by the phenoxide oxygen 
atom. In methanol solution, however, the yield of IV 
was reduced to 46% and a 33% yield of the epoxy- 
imidate A3 was secured.7 From the ¿rans-bromophenol

B2, on the other hand, the isomeric epoxyimidate B3 
was the only isolable product (58% yield).8

The structure assigned to A3 (and B3) was supported 
by its reaction with ethereal hydrogen chloride. It 
gave in 69% yield the hydrochloride of A5 which is the 
chloro analog of A2.10 Acid hydrolysis of A5 gave the 
phenolic y-lactone A6 (91% yield) which with sodium 
methoxide cyclized (65% yield) to the bridged 7-lactone 
V,6 identical with the lactone obtained (97% yield) 
from acid hydrolysis of the bridged bicyclic imidate IV.

Acid hydrolysis of the two cyclic imidates A2 and 
B2 gave the corresponding lactones A4 and B4, re
spectively, in 49% and 85% yields. These two isomers

(5) Since the  geom etry of A1 was know n ,2 the  reasonable assum ption 
th a t  form ation of A1 and  A2 bo th  occur w ith complete inversion allowed the 
prediction  th a t  the  cyclic im idate obtained from A would indeed have the 
struc tu re  ( i . e . ,  A2) in  which the  brom om ethyl and  phenolic groups would 
bo th  be on the  sam e side of the  plane defined by  the  heterocycle.

(6) T he assignm ent of s tru c tu re  is docum ented in  Experim ental.
(7) F orm ation  of A3 can be envisaged as a  concerted intram olecular 

process induced b y  in itia l a tta ck  of phenoxide ion a t  the  im ino carbon 
atom  of A2.

(8) The presence of the epoxide ring in A3 and  B3 could no t be  dem on
stra ted  unequivocally by  the  near infrared correlation a t  1.63 y  because 
of the  cyclopropyl ring in the same molecule (the 1,63-/* band is charac te r
istic of a  — C H 2—• group in a  three-m em bered ring ).9 H ow ever, the  in 
tensity  of th is  absorption  in both A3 and  B3 was d istinc tly  g rea te r th an  
th a t  in  IV , suggesting the  presence in  them  of m ore th a n  one th ree-m em 
bered ring.

The observed > C = N —  absorption a t  5.80 y  in bo th  A3 an d  B 3 is con
sisten t w ith its  occurrence a t  5.87—5.88 y  in A2 and  B2. B y analogy, lac
tone carbonyl absorption in  benzofuranones ( e . g . ,  I) occurs a t  5.55 y  com 
pared  to  5.65 y  characteristic  of sa tu ra ted  five-m embered lactones.

(9) W . H. W ashburn and  M. J . M ahoney, J .  A m .  C h e r n .  S o c 80, 504 
(1958).

(10) The infrared spectra of A2 and  A5 were nearly  superim posable. 
T his reaction w ith hydrogen chloride can be regarded as a concerted  in tra 
m olecular process ju s t the  reverse of the one p ic tu red 7 (A3 from  A2).



J u l y , 1963 N e ig h b o r in g  G r o u p  R e a c t io n s . I X 1803

and the cbloro analog A6 all showed hydroxyl and 
carbonyl absorption in the infrared singularly character
istic11 of this hydroxy lactone system. The cis isomer 
A4, like A6, led, as expected, to the bridged lactone V 
(65% yield). However, the trans isomer B4, with so
dium methoxide, produced a hydroxy ester, A7, which 
could not be isolated in pure form but was saponified to 
the corresponding hydroxy acid A8, identical with a 
sample prepared from the bromo ester Al and different 
from the isomeric hydroxy acid B8 derived from Bl. 
Since it is highly unlikely that any, let alone total, 
inversion occurred in both processes Al —► A8 and 
Bl -*■ B8, this means that in going from B4 to A7 
an inversion has occurred.3 A reasonable mechanism 
to account for this involves the intermediacy of an 
epoxy lactone B9 formed in the same way7 as the epoxy 
imidates A3 and B3. Attack of methoxide ion at the 
carbonyl group of B9 followed by intramolecular reac
tion of the expelled phenoxide ion at the asymmetric 
epoxide carbon atom (accompanied by inversion, i.e., 
BIO) would produce the hydroxy ester, A7, of observed 
configuration.

B4
o ^ o

CHzCH—CH2 
C6H6 

B9

c h 3o =

0 )
•0 kcH —CH2 

l \  ' THjïO

C elii' ""COOCHs 
BIO

oc + H A7

Worthy of incidental note is the formation of the 
bridged lactone VI6 as a by-product (31% yield) in the 
saponification of the bromo ester Al. Very likely it is 
produced as a result of combined dehydrobromination 
and hydrolysis to the salt of the unsaturated acid VII 
which, after acidification, cyclizes spontaneously to VI. 
Although the lactone VI could be formed from Bl 
as well as from Al, none of it was isolated from this 
source. This suggests that bromide replacement in 
Bl is anehimerically assisted by its ability to form the 
bridged 5-lactone2 once the carboxylate ion is generated 
from the ester. Thus it competes more effectively than 
Al with the elimination reactions.

Al

VII

H +

c h 3
-o

c6h

VI

Experimental
as-5-Bromomethyl-N-cyclopropyl-3-(o-hydroxyphenyl)-3-phen- 

yl-2-tetrahydrofuranoneimine (A2).—To a solution of 410 g. 
(1.0 mole) of 3-(2',3'-dibromopropyl)-3-phenyl-2-benzofuranone
(A), m.p. 137-138°,2 in 2 1. of dry benzene was added, in a steady 
stream with stirring at 30°, 125 g. (2.2 moles) of cvclopropyl- 
amine. No heat of reaction was detectable. After stirring for

(11) H. E . Zaugg, R. W. D eN et, R . J. M ichaels, W. H. W ashburn, and
F. E . Chadde, J .  O r g .  C h e m . y 26, 4753 (1961).

2 hr., the mixture was allowed to stand at room temperature for 
1 week.

The precipitated cyclopropylamine hydrobromide (116 g., 
84%, m.p. 149-153°) was removed by filtration and washed with 
benzene. The combined filtrate and washings were concentrated 
to drynesB under reduced pressure. The oily residue was taken 
up in 500 ml. of chloroform and treated with 20% aqueous hydro
chloric acid until no more salt precipitated. This salt was col
lected at the filter and washed with more chloroform. The com
bined filtrate and washings were separated from the aqueous 
layer and concentrated to dryness on the steam bath in order to 
recover unchanged dibromide A (49 g., 12%, m.p. 135-137°).

The crude hydrochloride was suspended in chloroform and 
treated with excess 20% aqueous sodium hydroxide. Separa
tion and concentration of the chloroform solution to dryness gave 
a viscous oil which solidified. Two recrystallizations from 359- 
400 ml. of absolute ethanol gave A2 (249 g., 64% conversion, 
73% yield) of sufficient purity (m.p. 110-115°) for further use. 
A sample was recrystallized several more times to a constant 
m.p. 116-117°; X™01* (n) 3.9 (broad and weak), 5.87 (s).

Anal. Calcd. for C20H20BrNO2: C, 62.17; H, 5.22; N,
3.63. Found: C, 62.11; H, 5.47; N, 3.52.

A2 hydrochloride has m.p. 201-203° (from ethanol); X*T 
Cm) 5.97 (s).

Anal. Calcd. for C20H2iBrClNO2: C, 56.81; H, 5.00; N, 
3.31. Found: C, 56.50; H, 5.00; N, 3.27.

A2 hydrobromide has m.p. 223-224° (from ethanol).
Anal. Calcd. for C20H2iBr2NO2: C, 51.41; H, 4.53; N,

3.00. Found: C, 51.98; H, 4.66; N, 3.03.
¿rans-5-Bromomethyl-N-cyclopropyl-3-(o-hydroxyphenyl)-3- 

phenyl-2-tetrahydrofuranoneimine (B2).—Application of the 
foregoing procedure to the diasterioisomeric dibromopropylbenzo- 
furanone (B), m.p. 9 9 -10 1°, gave a 58% yield of the trans- 
imidate B2, m.p. 14 6-14 7° (from ethanol); X™“ 3 (it) 3.9 (broad 
and weak), 5.88 (s).

Anal. Calcd. for C20H20BrNO2: C, 62.17; H, 5.22; N,
3.63. Found: C, 62.29; H, 5.23; N, 3.43.

N-Cyclopropyl-3-(2',3'-epoxypropyl)-3-phenyl-2-benzofura-
noneimine (M.p. 132-136°) (B3).—A solution of 3.5 g. (0.009 
mole) of the cyclic imidate B2 in 50 ml. of dry 1,2-dimethoxy- 
ethane was refluxed and stirred for 16 hr. with 0.5 g. (0.009 mole) 
of sodium methoxide. The mixture was then concentrated to 
dryness under reduced pressure, treated with 50 ml. of water, and 
extracted with chloroform. From the chloroform layer, after 
separation and concentration to dryness, was obtained a semi
solid product (2.7 g.) which was recrystallized three times from 
95% ethanol to give the epoxide B3 (1.6 g., 58%), m.p. 132-136°; 
X°L2 1.63 m, no NH or OH absorption; X̂ cl3 (m) 5.80 (s). The 
infrared spectrum in the 3-8-.u region was qualitatively identical 
to that of the isomer A3.

Anal. Calcd. for C2oHi9N 02: C, 78.65; H, 6.28; N, 4.59. 
Found: C, 78.40; H, 5.97; N, 4.39.

4,5-Benzo-7-cyclopropylimino-3,8-dioxa-6-phenylbicyclo [4.2.1]- 
nonane (IV).—Extension of the foregoing procedure to the iso
meric cyclic imidate A2, m.p. 116-117° (105.2 g., 0.272 mcle), 
using 15.1 g. (0.28 mole) of sodium methoxide in 325 ml. of 1,2- 
dimethoxyethane gave 71.9 g. (86%) of IV, m.p. 186-188°. 
Recrystallization of a sample from dry ethanol to constant melt
ing point gave pure IV, m.p. 190-191°; X™013 (m) 1.63 (cyclopro- 
pvl-CH2), 5.90 (8), no NH or OH absorption; 60-Mc. chemical 
shifts (c.p.s.) from tetramethylsilane in deuteriochloroform solu
tion with relative areas in parentheses, assuming 9 aromatic pro
tons: 25-50(4), 123-181 (2), 181-225 (1), 225-283 (2), 283-302
(1), 388-480 (9, assumed) (total area corresponds to 19 protons).

Anal. Calcd. for C20Hi9NO2: C, 78.65; H, 6.28; N, 4.59; O,
10.48. Found: C, 78.61; H, 6.06; N, 4.51; O, 10.58.

N-Cyclopropyl-3- (2' ,3 '-epoxypropyl )-3-phenyl-2-benzofurano- 
neimine (M.p. 98-100°) (A3).—A solution of 20.8 g. (C.054 
mole) of cyclic imidate A2 in 75 ml. of dry methanol was stirred 
for 4 days at room temperature with an equivalent quantity of 
sodium methoxide. Filtration of the reaction mixture gave 
directly, 7.6 g. (46%) of the bridged imidate IV, m.p. 189-190°. 
The filtrate was concentrated to dryness under reduced pressure 
and the residue was taken up in a mixture of ether (150 ml.) and 
water. The ether layer was separated, washed with two portions 
(30 ml.) of cold 10% hydrochloric acid, dried (anhydrous mag
nesium sulfate, and concentrated to dryness. The residual oil (5.5 
g., 33%) solidified, m.p. 95-100°, and a sample was recrostal- 
lized twice from 95% ethanol to give the epoxide A3, m.p. 98- 
100°; x£« 1.63 M, no NH or OH absorption; X°«013 (a) 5.80 (s).
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Anal. Calcd. for C2uHi9NCL: C, 78.65; H, 6.28; N, 4.59. 
Found: C, 78.47; H, 6.28; N, 4.38.

ira.res-5-Bromo-4-hydroxy-2-(o-hydroxyphenyl)-2-phenylvaleric 
Acid 7 -Lactone (B4)—A mixture of 5.9 g. (0.015 mole) of the 
trans-cyc\ic imidate B2, 40 ml. of 12% aqueous hydrobromic 
acid, and 10 ml. of glacial acetic acid was heated on the steam 
bath for 5 hr. The mixture was concentrated to dryness under 
reduced pressure, the residue was taken up in benzene, washed 
with three portions of water, and concentrated once more to 
dryness. The residue (4.5 g., 85%, m.p. 110-115°) was re
crystallized three times from a benzene-hexane mixture to give
2.1 g. of the 7-lactone B4, m.p. 120° to a turbid melt clearing at 
133°; X™f3 (m) 2.8 (w), 3.0 (w), 5.65 (m) (sh), 5.74 (s),
6.21 ,(w), t.33 ( w ) ,  6.74 (m). (This combination of bands is 
nearly identical to that found11 for the corresponding lactone, 
lacking only the bromomethyl group of B4.)

Anal. Calcd. for CnH15Br03: C, 58.81; FI, 4.36; O, 13.82. 
Found: C, 5S.97; H, 4.46; 0,13.94.

cfs-5-Bromo-4-hydroxy-2-(o-hydroxyphenyl)-2-phenylvaleric 
Acid 7-Lactone (A4).—Treatment of 8.5 g. (0.22 mole) of the 
ris-cyclic imidate A2 according to the foregoing procedure, gave
2.7 g. (26%) of unchanged A2 isolated as the hydrobromide, 
m.p. 222-223°, and 3.7 g. (49%) of A4, m.p. 201-203° (from 
ethanol; insoluble in chloroform); X̂ “[o1 (*<) 2.98 (m), 5.72 (s). 
(The weak absorption at 2.8 /x and the shoulder at 5.65 ¡i which 
appear in chloroform solution are absent in the solid spectra of 
these lactones. This is consistent with the view that, in the solid 
phase, these substances exist entirely in the > C = 0 - • ■ HO— 
bonded form).11

Anal. Calcd. for CnHisBrOs: C, 58.81; H, 4.33; O, 13.82. 
Found: C, 59.09; H, 4.53; 0,14.21.

a's-5-Chloromethyl-N-cyclopropyl-3-(o-hydrc xyphenyl )-3- 
phenyl-2-tetrahydrofuranoneimine (A5).—A solution of 2.7 g. 
(0.0088 mole) of the epoxide A3, m.p. 98-100°, in dry ether was 
treated with excess ethereal hydrogen chloride. The precipitated 
salt was collected at the filter and recrystallized twice from a dry 
ethanol-ether mixture to give 2.3 g. (69%) of A5 hydrochloride, 
m.p. 199-200°; X”“01 (*) 6.00 (s).

Anal. Calcd. for C20H2iCI2NO2: C, 63.49; H, 5.30; N, 3.71; 
Cl (total), 18.74; Cl (ionic), 9.37. Found: C, 63.51; H, 5.54;
N, 3.78; Cl (total), 18.64; Cl (ionic), 9.16.

Treatment of an aqueous solution of the hydrochloride (0.8 g.) 
with sodium bicarbonate precipitated the corresponding base 
which was recrystallized from 95% ethanol to give pure A5 (0.5 
g., 70%), m.p. 105-106°; A™cl3 («) 3.9 (broad and weak), 5.87 
(s). Except for slight differences in the 9-10-,u region its infrared 
spectrum (chloroform) was qualitatively identical to that of the 
corresponding bromo analog A2.

Anal. Calcd. for C2oH20ClN02: C, 70.27; H, 5.89; N, 4.10; 
Cl, 10.38. Found: C, 70.14; H, 6.13; N, 4.21; Cl, 10.32.

cfs-5-Chloro-4-hydroxy-2-(o-hydroxyphenyl)-2-phenylvaleric 
Acid 7 -Lactone (A6).—A solution of 1.5 g. (0.004 mole) of A5 
hydrochloride, m.p. 199-200°, in 15 ml. of 10% hydrochloric 
acid and 3 ml. of glacial acetic acid was heated on the steam bath 
for 5 hr. Cooling, collecting the product at the filter, and washing 
with water gave a crude product (1.1 g., 91%, m.p. 195-198°). 
Two recrystallizations from 95% ethanol gave pure A6 (0.9 g.), 
m.p. 197-198° (m.m.p. with A5 hydrochloride, 170-185°); 
X™013 (fx) 2.8 (w), 3.0-3.1 (w), 5.64 (m) (sh), 5.73 (t); X””°‘ (M)
2.99 (m), 5.71 (s). [This combination of bands and the effect 
on them of phase change (chloroform —► Nujol) is, as indicated 
above under A4 and B4, typical of the hydroxy lactone system 
common to all three compounds.]11

Anal. Calcd. for C„H15C103: C, 67.43; H, 4.99; Cl, 11.67;
O , 15.85. Found: C, 67.33; H, 4.96; Cl. 11.13; 0,16.13.

3-Hydroxy-5-phenyl-2,3,4,5-tetrahydro-l-benzoxepin-5-car- 
boxylic Acid 7 -Lactone (V). A. From the Bridged Imidate IV.— 
A mixture of 30 g. (0.098 mole) of IV, 300 ml. of 10% hydrochlo
ric acid, and 50 ml. of glacial acetic acid was stirred and refluxed 
for 16 hr. and then worked up as in the foregoing procedure. 
There was obtained 25.3 g. (97%,) of crude lactone, m.p. 168- 
172°. Recrystallization of a sample from 95% ethanol gave pure 
V, m.p. 171-172°; X™C,3(M) 5.63 (s); X ^ ‘0H (mu) 265 (<= 760), 
273 (e 680); for the n.m.r. spectrum see Table I.

Anal. Calcd. for CnHuOa: C, 76.67; H, 5.30; O, 18.03. 
Found: C, 76.67; H, 5.50; 0,17.83.

B. From the Bromo Lactone A4.—Treatment of 1.8 g. 
(0.0052 mole) of A4 with an equivalent of sodium methoxide in
1,2-dimethoxyethane, exactly as described for the prep
aration of compound B3, gave 0.90 g. (65%) of the bridged

lactone V, m.p. 169-170°, identical (infrared spectrum and mix
ture melting point) with the material prepared from the bridged 
imidate IV.

C. From the Chloro Lactone A6.—Likewise, 0.54 g. (0.00178 
mole) of A6, treated with sodium methoxide in 1,2-dimethoxy
ethane in the usual way, gave 0.31 g. (65%) of the bridged lactone 
V, identical with the material obtained from IV.

Proton Magnetic Resonance Spectrum of the Bridged Lactone
V.—The complex spectrum, peak assignments, and relative inte
grated areas (assuming 9 aromatic hydrogens) are summarized in 
Table I. I t is apparent that the spectrum is consistent with the 
assigned structure.

T a b l e  I
M ultip le t centers, Assignment, R elative

r c l .  V area
2.25)
2.62
2.94 Aromatic H’s 9 (assumed)
3.54J

I I
5.07

1 1 
—CH—O—C=() 1

5.541
j 1

—O—CH2— C—( )—C=< ) 2
5.94/ 1
7.05) 1 1 1
7.12/ —C—CH2—C—O—C = 0 2

ira»s-2-Hydroxymethyl-4-phenyl-4-chromancarboxylic Aci d 
(A8).—Treatment of 3.5 g. (0.01 mole) of thetraris-bromo lactone 
B4 with an equivalent of sodium methoxide in 1,2-dimethoxy
ethane as described for the preparation of B3 gave 1.4 g. of 
a glassy substance which could not be crystallized but whose in
frared spectrum indicated that it was a hydroxy ester: X™“ 3 (n)
2.83 (OH), 5.80 (ester > C = 0 ). This glass was refluxed in 15 
ml. of 10% aqueous potassium hydroxide for 36 hr., cooled, ex
tracted with ether to remove a little insoluble material, and acidi
fied with concentrated hydrochloric acid. Isolation in the usual 
way gave the crude hydroxy acid (1.1 g., m.p. 170-175°), which 
was crvstallized three times from a 2-butanonc-pentane mixture 
to give pure A8 (0.4 g.), m.p. 189-190°; X”'"0' (ju), 2.99 (w) 5.88
(a).

Anal. Calcd. for CnHi604: C, 71.82; H, 5.67; O, 22.51. 
Found: C, 72.01; H, 5.75; 0,22.39.

2-Hydroxy-2-methyl-4-phenyl-4-chromancarboxylic Acid 7- 
Lactone (VI) and A8 from the ¿ran,s-Brcmo Ester Al.—A suspen
sion of 2.2 g. (0.006 mole) of methyl irans-2-bromomethyl-4- 
phenyl-4-chromancarboxylate (Al)2 in 18 ml. of 10% aqueous 
potassium hydroxide was refluxed for 48 hr. The reaction mix
ture was worked up as in the foregoing procedure to obtain 3k 7 g. 
of a glass which crystallized on trituration with aqueous methanol. 
Reerystallifcation from aqueous ethanol gave 0.5 g. (31%,) of 
pure VI, m.p. 132-133°; X™013 (M), 5.60 (s), no hydroxyl or 
carboxyl absorption; for the n.m.r. spfectrum see Table II.

Anal. Calcd. for CnHuCL: C, 76.67; H, 5.30; O, 18.03. 
Found: C, 76.40; H, 5.50; O, 17.75.

From the filtrate was obtained 0.5 g. (28%) of crude hydroxy 
acid A8 , m.p. 180-184°. Two recrystallizations from a 2-butan- 
one-pentane mixture gave 0.3 g. of pure A8, m.p. 189-190°, 
shown by elemental analysis, mixture melting point, and infrared 
spectrum to be identical with the sample prepared from the bromo 
lactone B4.

Proton Magnetic Resonance Spectrum of the Bridged Lactone
VI.—Table II summarizes the data assuming that 9 aromatic 
hydrogens are present in the molecule.

T a b l e  II
Ringle peaks, Assignment, R elative

T cf. VI area
2.3-3.0 Aromatic H’s

( j
9 (assumed)

7.32 — C — C H 2— c —
1 I

2

8.08
1 1 

c h 3 3

The occurrence of methyl absorption as a single peak is in 
accord with the assigned structure. However, the absence of
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mutual spin-spin splitting by the methylene hydrogens is un
expected. Nevertheless, it is in line with the surprisingly simple 
spectrum of the following isomeric lactone.2

In this case, both /3-CH2 and 7-CH2 absorptions occur as two 
doublets (J = 2.8 c.p.s.) centered at 7.63 and 5.37 r, respec
tively, and the a-CH appears as a quintet (J = 2.8 c.p.s.) 
centered at 5.25 t . This shows that neither the j3-CH2 nor the
7-CH2 protons undergo appreciable mutual spin-spin splitting in 
this molecule.

CT's-2-Hydroxymethyl-4-phenyl-4-chromancarboxylic Acid (B8). 
—A suspension of 1.8 g. (0.005 mole) of methyl cfs-2-bromo- 
methyl-4-phenyl-4-chromancarboxylate (Bl)2in 15 ml. of 10% aq
ueous potassium hydroxide was refluxed for 64 hr. Isolation in 
the usual manner gave 1.2 g. (89%, m.p. 173-176°) of crude prod
uct which was recrystallized twice from aqueous ethanol to give 
pure cis-hydroxy acid B8 (0.77 g.), m.p, 176-177°; X^°l (u)
2.95 (w), 5.87 (s).

Anal. Calcd. for C17H,60 4: C, 71.82; H, 5.67; O, 22.51. 
Found: 0,71.44; H,5.79; 0,22.58.
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The reaction of oxalyl chloride with N-monosubstituted amides has been shown to yield acyloxamic, acid chlo
rides or 2-methyleneoxazolidine-4,5-diones depending on the structure of the amide and experimental conditions. 
Treatment of primary amides with oxalyl chloride was found to be a general preparation of acyl isocyanates. A 
mechanism for the reaction of oxalyl chloride with various amides is discussed.

The reaction of oxalyl chloride with N,N-disub- 
stituted chloroacetamides has been shown to yield 
trichlorofuranone amines I .1

R1
O O

CICH2- C —N +  2 Cl— C—C—  Cl-
XR2

Since the formation of furanone amines would be very 
unlikely from N-monosubstituted chloroacetamides 
and oxalyl chloride, it was of interest to determine the 
course of this reaction. Interaction of a-chloroacet- 
anilide and oxalyl chloride in carbon tetrachloride at 
60° for twenty-four hours led to the isolation of N- 
chloroacetyloxanilic acid chloride (II).

O O O
I! Il II

CICH2—C—NHC6H5 +  Cl—C—C—Cl ■

C1CH:

II

o  0  0

J U - U U ,
¿ 6IIS

absorption at 1827, 1745, and 1682 cm.-1 (Nujol) with 
bands indicative of a vinyl proton at 3100 and 862 
cm.-1. Ultraviolet maxima were found at 235 m/r 
(log e 3.62) and 300 rap. (log e 3.82). Its n.m.r. spec
trum showed the five aromatic protons centered at 2.43 
r and a singlet, perhaps due to a vinyl proton, at 4.75 r. 
On the basis of the foregoing data, the structure of 
the compound is formulated as 2-chloromethylene-3- 
phenyloxazolidine-4,5-dione (III).

II -  HC!---- --*►
120° H

III

The reaction of oxalyl chloride with N-monosub
stituted acetamide derivatives has led to some con
troversy. Figee2 first reported that the products were 
pyrrolidinetriones IV without apparent justification or 
consideration of isomeric structures. Since the prod
uct from the reaction of oxalyl chloride and acetanilide 
was easily hydrolyzed to acetic acid and oxanilic acid, 
Stolle and Luther3 considered the product to be the

It exhibited carbonyl absorption at 1855, 1840, and 
1765 cm.-1 (Nujol) but none in the NH region. Treat
ment of II with methanol gave methyl N-chloroacetyl 
oxanilate which absorbed in the infrared at 1768, 1748, 
and 1720 cm.-1 (chloroform). N.m.r. spectrum of the 
ester showed the presence of five protons with a com
plex aromatic absorption centered at 2.55 r, two protons 
in a singlet at 5.90 r, and three protons in a singlet at
6.11 T.

On heating II at 120° for 5 min., hydrogen chloride 
was evolved and III was isolated. I l l  had infrared

(1) A. J . Speziale and  L. R . Sm ith, J .  O r g .  C h e m . ,  27, 4361 (1962).

R " O
I 11

R '—  C — C — NHR + (COCl)2 
H

R'
R "---------V °

o^ n " x >
I
R

IV

H
V

o

(2) T . F igee, R e c . t r a v .  c h i m . ,  34, 289 (1915).
(3) R . Stolle an d  M . L uther, B e r . ,  53, 314 (1920).
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oxazolidinedione V (R' = R" = H, R = CV.BY) rather 
than the alternate pyrrolidinetrione IV.

Spielman4 5 reported that ethanolysis of the reaction 
product from oxalyl chloride and methyl phenaceturate
(VI) led to VIII which was identical with the com
pound produced from VI and ethoxalyl chloride. The 
oxalyl chloride reaction product V ila was assigned, 
therefore, the oxazolidinedione structure.

XHs CH2COR
Vila. R = OCH3

b. R=OH
c. R = C1
d. R = NHCeH

0
II

c6h 5c h 2- c\
c , h 5o h

C2H5O - C —C
N -  CH2COOCH

0  O 
VIII

o o
0  |c 2h 5o - c - c - c i

c 6h 5c h 2—c  - n h c h 2c o o c h

VI

3

3

A series of twenty-five compounds was prepared by 
Skinner and Perkins6 by the action of oxalyl chloride on 
amides. The assignment of the pyrrolidinetrione struc 
ture was based on infrared absorption at 5.6, 5.8, and
6.0 ju (1786, 1724, and 1667 cm.-1) interpreted as three 
carbonyl bands. In addition, the reaction of oxalyl 
chloride with 2-phenylbutyranilide led to two crystal
line isomers having similar infrared absorption. These 
were reported as multifunctional cis-trans isomers of
1,4- diphenyl-1 -ethylpyrrolidinetrione.

Sheehan and Corey,6 in the course of their work on 
penicillin synthesis,7 examined the infrared spectra of 
several derivatives of the product (type VII) from the 
reaction of phenaceturic acid and oxalyl chloride. They 
felt that the absorptions at 5.50, 5.73, and 5.95 ¡1 (1818, 
1745, and 1681 cm.-1) were in better agreement with 
oxazolidinediones than pyrrolidinetriones. Treatment 
of the anilide Vlld with aqueous sodium hydroxide 
solution gave a compound isomeric with the starting 
material. The isomeric product was formulated as 
the pyrrolidinetrione IX because it possessed two bands 
at 5.62 and 5.88 g (1779 and 1701 cm.-1). I t was 
further suggested that the “multifunctional cis-trans 
isomers” of Skinner and Perkins6 were actually the 
oxazolidinedione X and the pyrrolidinetrione XI, since 
the former showed a band at 6.0 ¡j. (1667 cm.-1) and the 
latter did not.

H

Vlld
OHa

C6H5 V °
I

C2H5

C6H5'
X

N
c6h 5

c h 2c o n h c 6h 6
IX

c2h 5
c 6h 6

cr n ' vox:
XI

c6h 5

(4) M . A . Spielm an, “ Th e  Chem istry  of P en ic illin ,”  Princeton U n iv e rs ity  
P ress , P rinceton , N . J . ,  1949, p . 239.

(5) G . S . Skinner and J .  F .  Pe rk in s , J. Am. Chem. Soc., 72, 5569 (1950).
(6) J .  C . Sheehan and E .  J .  Co rey, ibid., 74, 360 (1952).
(7) J .  C . Sheehan, E ,  L .  Bub le , E .  J .  C o rey , G . D . Laub ach , and J .  J .

R y a n , ibid., 72, 3828 (1950).

Skinner8 acknowledged that the previously reported 
pyrrolidinetriones6 were in reality oxazolidinediones 
but stated that the formation of isomers having different 
reaction characteristics is not absolute proof of the 
structure of either. He then demonstrated that the 
pyrrolidinetrione XII, prepared from ethyl d-eyano-a- 
hydroxycinnamate and hydrogen chloride or from 
phenylacetamide and ethyl oxalate, was not identical 
with the oxazolidinedione XIII prepared from phenyl
acetamide and oxalyl chloride.

O
II

c 6h 5c h 2- c - n h 2
(COCl)2

Hx  H 
XIII 

H
c 6h s

1 °
cX ^ n '  '"'O 

H 
XII

In most instances, including the 2-ethylbutyranilide 
case, the crude oxalyl chloride reaction products were 
recrystallized from ethanol. The isomerization of a 
series of oxazolidinediones to pyrrolidinetriones by 
boiling in ethanol subsequently was reported.9

Although the preceding work indicates that the 
oxazolidinedione structure is reasonable for the prod
ucts of the reaction of amides with oxalyl chloride, 
conclusive proof is lacking. Hydrolysis data are not 
convincing since, in some cases,9 pyrrolidinetriones and 
oxazolidinediones yield the same amides. For example, 
we have observed that the isomeric products formed on 
interaction of 2-ethylbutyranilide and oxalyl chloride 
both give 2-ethylbutyranilide on alkaline hydrolysis. 
The isolation of oxamic and acetic acid derivatives on 
hydrolysis of the oxalyl chloride reaction products 
substantiates the oxazolidinedione structure since the 
formation of these products from a pyrrolidinetrione 
would involve the unlikely cleavage of a carbon-carbon 
bond. However, the pyrrolidinetrione ring represents 
an especially reactive 1,3-dicarbonyl system and un
expected hydrolysis behavior could conceivably occur.6 
Finally, the facile isomerization of oxazolidinediones 
in ethanol makes it difficult to determine which isomer 
is present in hydroxylic solvents. The alcoholysis 
experiments4 are, therefore, also inconclusive.

The infrared evidence is compelling but the differ
ences between two carbonyl groups and a carbon-carbon 
double bond (oxazolidinediones) and thi’ee carbonyl 
groups (pyrrolidinetriones) appear to be subtle and 
misinterpreted easily.

The isolation of isomers6 8 as a proof of structure 
must be rejected regardless of their method of syn
thesis. They could be cis-trans isomers of oxazolidine
diones rather than isomeric five-membered rings.6 
The ketoimine XIV has not been considered by previous

R "

XIV

(8) G . S. Skinner and C . B . M ille r, ibid., 75, 977 (1953).
(9) G . S . Skinner and R . E .  Ludw ig , ibid., 78, 4656 (1956).
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V

R i R 2 R 3 M.p„ "C

*,c-o“
(cm. -1) 
(Nujol)

v c - c

(cm. -1) 
(Nujol) W l (log e) e ther

a . c2h 6 c2h 5 c 6h 5 71-72 1805,1735 1687 235(3.57), 310(4.00)
b. (III)Cl H C eH s 162-163 1825,1745 1681 235(3.62), 300(3.82)
c. Cl Cl 4-CH3C6H4 132-133 1838,1745 1672 230(3.87), 307(3.54)
d. CeHó C eH , C2Hbs 164-165 1820,1733 1654 242(4.20),330(4.13)

° Beckman IR 5A. 6 Beckman DK2.

investigators but a rational mechanism for its formation 
can be written for both the basis condensation and the 
oxalyl chloride reaction. The latter could find prece
dent in our work with N,N-disubstituted amides.

Since the oxazolidinediones-pyrrolidinetriones appear 
to be easily isomerized68 and since the proof of struc
ture is based mainly on infrared data,6 the formation of 
isomers,6'8 and somewhat inconclusive hydrolysis,3 
aminolysis,6 and alcoholysis4 experiments, a conclusive 
structure proof seemed in order. This is particularly 
true for the product from chloroacetanilide and oxalyl 
chloride since it was formed at a higher temperature 
than those previously reported and was prepared from 
an isolated intermediate (II). It also contains a chlo
ride atom—the effect of which is unknown.

The enamine chromophore of an oxazolidinedione, 
fortified by the ester oxygen atom, should provide a 
significant and conclusive absorption in the ultraviolet. 
Conversely, the pyrrolidinetriones should not exhibit 
significant absorption above 220 npt.

0  0

The —N—C—C— system (in ethyl N,N-dimethyl- 
oxamate) does not absorb above 220 m,u. Ultraviolet 
data of the products from the reaction of several amides 
with oxalyl chloride are shown in Table I.

C2H5
c2h 5-

Q '^ N ^ O
1 °

c 6h 5
XV

The ultraviolet spectrum of the oxazolidinedione Ya 
(Amax 235 mti, log e 3.57, XmM 310 mp, log e 4.00) from the 
reaction of oxalyl chloride with 2-ethylbutyranilide69 
compares very favorably with the values of the chloro
acetanilide product Vb (III) (Amax 235 m¡i, log e 3.62, 
Amax 300 m/i, log « 3.82). The pyrrolidinetrione XV, 
prepared by the method of Skinner9 from Va, exhibited 
only a maximum at 272 npi (log « 3.46).

The n.m.r. spectrum of the oxazolidinedione Ya should 
exhibit nonequivalent ethyl groups since one is shielded 
by the phenyl group (absorption at higher field) and the 
other is not (lower field). The product of the reaction 
showed complex aromatic absorption of five protons 
centered at 2.55 r, one ethyl group as a quadruplet at
7.75 r and a triplet at 8.98 r and the second ethyl group 
as a quadruplet at 8.46 r and a triplet at 9.32 r. The

coupling constants for methyl and methylene groups 
were 7.5 C/S. Clearly the presence of two nonequivalent 
ethyl groups confirm the oxazolidinedione structure Va. 
The comparable ultraviolet spectra also confirm that the 
chloroacetanilide product Vb is an oxazolidinedione. 
The n.m.r. spectrum of the compound produced by 
boiling Va in ethanol9 exhibited complex aromatic ab
sorption of five protons centered at 2.85 r, absorption 
of four protons in a quadruplet at 8.15 r (coupling 
constant 7.5 C/S), and of six protons in a triplet at 9.04 
r (coupling constant 7.5 C/S). The ethyl groups of 
this compound are, therefore, equivalent as would be 
expected for the pyrrolidinetrione XV.

The reaction was extended to monosubstituted 
dichloroacetamides. Treatment of N-p-tolyl-2,2- 
dichloroacetamide (XVI) with oxalyl chloride at 60° 
for twenty-four hours gave N-dichloroacetyl-N-p- 
tolyloxamic acid chloride (XVII).

ci2c h - c - n —^ J ^ _ c h 3

XVI

O O O
Il II II

C h C H - C - N — c - c - c i

(COCl)2

Cl

Cl

0 — c = o
\  I I
/ c = rc ^ c * 0

Vc

Acid hydrolysis of XVII led to N-p-tolyloxamic acid. 
The cyclization of XVII occurred less readily than the 
a-monoehloro derivative, 150° for one hour being- 
required.

Protonation,I0'11 alkylation,12'13 and acylation14 of am
ides have been shown to occur primarily at the oxygen 
atom. The formation of acyl oxamic acid chlorides, 
however, indicates that acylation could also occur at the

(10) W. D . Eôimler, J . A m .  C h e m .  S o c .  83, 4983 (1961).
(11) À. R. K a tritsk y  andR . A. Y. Jones, C h e m . I n d .  (L ondon), 722 (1961).
(12) M. M atsui, M e m .  C o l l .  S c i .  E n g .  K y o t o ,  2, 37 (1909-1910).
(13) B r i t .  C h e m .  A b s t r . ,  98 (1), 695 (1910).
(14) H . K . Hall, J .  A m .  C h e m .  S o c . ,  78, 2717 (1956).
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nitrogen atom. With oxalyl chloride, the initially 
formed O-acylated product XVIII can rearrange to the 
N-acylated product XIX.

O 0
Il IIo - c - c - c i  

I — »
R—C=NR'

XVIII

0 pi

0 -y ^ C = 0
R -C ?  „C= 0

© Y 
R '

0  0  0
Il II II

R—C—N—C—C —Cl
I

R '
XIX

In order to determine where the initial acylation of 
a-chloroacetanilide occurred, the amide was treated 
with oxalyl chloride at room temperature and then an 
excess of methanol was added. The products were 
methyl oxalate, methyl chloroacetate, and aniline 
hydrochloride. These must have been formed by way 
of the O-acylated adduct XX.

0 0 0 0
Il II Il II

O - C - C —Cl J 5 £ ! ___ ,  o - c — c - c i

c ic h 2- c = n - c 6h 5 ‘ — h c i  C1CH2- C —n h c 6h 6
XXI ® e  C l°

XX
CH3OH 1 

C H aO H -^ O  0

O y-C-C -O CH a
© 0  

C6H5NH3C1 —  b p ©
c ic h 2- c —n - c6h 6

+ 1 H2
0
II

c ic h 2c—o c h 3 +

0 0 1 C l°
if \\ 0CH9

CH30C— COCH3

As stated earlier, treatment of the N-acylated II with 
ethanol gave the ester, methyl N-chloroacetyloxanilate.

The over-all reaction of N-monosubstituted acet
amides with oxalyl chloride is visualized as shown for 
a-chloroacetanilide.

0

CHCH2—c —NC6H5 +  (COC1L -ix*  XX
H “-----

The interaction of oxalyl chloride and chloroacet- 
anilide leads to the O-acylated product XX which loses 
hydrogen chloride reversibly to form XXI. Cycliza- 
tion of XXI by N-acylation gives the cyclic interme
diate XXII. Attack of chloride ion on the ester car
bonyl carbon atom of XXII would open the ring to give 
the N-acylated product II (path A). At higher tem
peratures II could react by intramolecular acylation

of the amide carbonyl oxygen atom to regenerate XXII 
which could lose hydrogen chloride irreversibly to pro
duce the oxazolidinedione III (path B). This formu
lation would explain why a-chloroamides undergo the 
cyclization with more difficulty than a-alkylamides. 
The acylation step (II XXII) would occur more 
easily with a more nucleophilic carbonyl oxygen atom. 
Electron-withdrawing chlorine atoms on the a-carbon 
atom of the amide would reduce the nucleophilicity of 
the oxygen atom and would thus retard the intramo
lecular acylation. The formation of the oxazolidine
dione from N-ethyl-a,a-diphenylacetamide at tem
peratures similar to those for the a,«-diethylamide 
indicates that in the former the oxazolidinedione Vd 
may be formed directly from an intermediate similar 
to XXII by the loss of hydrogen chloride (path B) 
and that the N-acylated product (similar to II) may 
not be formed at all. This could be explained on the 
basis of the high acidity of the a-liydrogen atom in the 
diphenyl case and in the resonance stability of the 
product. Cyclization in the diphenyl case could also 
occur via the enol.

The reaction was further extended to unsubstituted 
acetamides. The reaction of chloroacetamide with 
oxalyl chloride at 80° for twenty-four hours led to the 
isolation of chloroacetyl isocyanate in 64% yield. This 
was shown by a strong isocyanate absorption in the 
infrared spectrum of the product at 2250 cm.-1 and by 
the formation of N-chloroacetyl-N'-(3,4-dichloro-

RO—NH* +  (C0C1)2 — RC—N = C = 0  +  CO +  2HC1

phenyl)urea on treatment with 3,4-dichloroaniline. 
Reaction of chloroacetyl isocyanate with water gave 
chloroacetamide. The formation of acyl isocyanates 
from primary amides and oxalyl chloride appears to be 
general and thus constitutes a new and convenient 
synthesis of acyl isocyanates (Table II).

The isocyanates were, in general, too reactive toward 
atmospheric moisture to be analyzed and were, therefore, 
characterized as derivatives of 3,4-dichloroaniline. 
Small yields of diacylureas were isolated as by-products 
in the preparations of trichloroacetyl and benzoyl 
isocyanate. These must have been formed by the 
reaction of the isocyanate with the starting amide. 
The isolation of diacyl ureas from the reaction of 
amides with oxalyl chloride has been reported by Born- 
water16 by interaction of one mole of oxalyl chloride 
with two moles of the amide. The diacylureas, how
ever, may be converted to acyl isocyanates by pyrolysis. 
For example, the pyrolysis of 1,3-bis (trichloroacetyl) - 
urea led to trichloroacetyl isocyanate and trichloro- 
acetamide. An attempt to recrystallize 1,3-bis(tri
chloroacetyl) urea from methanol gave trichloroacetyl- 
urea. Authentic samples of trichloroacetylurea and
1.3- bis (trichloroacetyl) urea were prepared by the 
trichloroacetylation of urea. Attempts to prepare
1.3- dibenzoylurea by treatment of urea with benzoyl 
chloride led only to the monobenzoyl derivative.

In the reaction of phenylacetamide and diphenyl- 
acetamide with oxalyl chloride, yellow solids were iso
lated which on pyrolysis gave the isocyanates. Skinner9 
also reported the isolation of these intermediates and

(15) M. J . Bornw ater, R e c .  t r a v .  c h i m . ,  31, 118 (1912).
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T a ble  II
Acyl I socyanates 

O

R—Ü)—N=C=0
Derivative 
O °
Il II ft

R—C -N —C—N—(x V C l  
H H \ = /

Yield, B.p., °C.

"NCO 
(cm. ->) 
pure

R % (mm.) 71D(Ï™) liquid M.p.. °c.
C1CH2- 64b 50-55

(20)
1.4580

(21.5)
2250 160"

ci2c h - 68 135
(35)

1.4600
(25)

2250 157-159°

C13C- 60 80-85
(20)

1.4755
(25)

2250 175°

c 6h 6c h 2- 36“ 85 (3)e 2250 205-206''
(CsH^CH- 37 136-140

(1- 12)
2225 206-207°

c , r r ‘
C l W ' 1

97° 105.5
(1 .6)

2275* 259-260.5'*

CeHa- 75 97-98
(23)'

1.5472 
(25)

2225

Caled.'—-—-—-—- ......  —-——-—— Found-
C

38.39
H

2 .5 1
N

9 .9 5
Cl

3 7 .7 8
C

38.81
H

2.48
N

9.9 4
Cl

37 .7 2

3 4 .2 1 1 .9 1 8.86 44.88 3 4 .7 1 2 .0 5 8.90 45.25

30.84 1.4 4 8.00 50.59 30.86 1 .8 1 8.11 50.68

5 5 .74
62.85

3 .7 4
4.52

8 .6 7
6.98

2 1.9 4
17 .6 9

55.89
63.04

3.4 6
3 .6 4

8.68
6.98

2 1.6 5
17 .3 7

7 .4 1 37.22 7 .3 3 37.28

<

“ Over-all from two-step reaction including isolation of intermediate. ''Anal. Calcd. for C3H2C1N02: C, 30.15; H, 1.69; N, 11.72.
Pound: C, 31.03; H, 2.18; N, 11.15. c Anal. Calcd. for CSH3C12N 02: C, 44.45; H, 1.39; N, 6.48; Cl, 32.90. Found: C, 44.35; 
H, 1.44; N, 6.26; Cl, 33.30. d In chloroform. e Reported20118° (20 mm.). r Reported® 90° (20 mm.). ° Recrvstallized from meth
ylene chloride-hexane. h Recrystallized from methanol. * Benzoylurea identical with an authentic sample (K and K Laboratories, Ja
maica, N. Y.). »'With P. J. Stoffel.

C6H5

R
'N "
H

XXIIIa. R = H 
b. R = C6H6 XXIV

T able III
U ltraviolet S pectra  o f  B en zilid en eo x a zo lid in e-4,5-diones

____m
c6h 5 t [

V s
R' R

assigned the benzilideneoxazolidinedione structure 
XXIII.

Since oxazolinedione XXIV is also possible for these 
compounds, their ultraviolet spectra were examined. 
The results appear in Table III. The similarity of the 
spectra of the N-substituted oxazolidinediones (R 
= C2H5 or CH3), which must have the enamine form, 
to those of the unsubstituted compounds (R = H) 
is sufficient to conclude that the enamine form XXIII 
is correct. For comparison, ultraviolet data for some 
model enamines are given in Table IV. The spectra 
of the oxazolidinediones XXIII are comparable to those 
of the enamines. The bathochromic shift of 30 mu 
produced by the ester oxygen atom of the oxazolidine
diones is not unusual.16

The oxalyl chloride method appears superior to the 
only other reported preparation of acyl isocyanates 
which involves the reaction of acyl chlorides with silver 
cyanate.20 This new method should be superior to 
the silver cyanate method when compounds sensitive 
to silver salts are involved ( i . e . ,  a-halo carbonyl com
pounds) .

The preparation of alkyl or aryl isocyanates from the 
reaction of amines with phosgene is not applicable to 
the preparation of acyl isocyanates since the reaction

(16) E. A. B raude, A n n .  R e p t .  P r o g r .  C h i m .  ( C k c m .  S o c .  L o n d o n ) ,  42, 
105 (1945).

(17) R. Dulou, E. Elkik, and A. Veillard, B u l l .  s o c .  c h i m . ,  967 (1961).

R ' R Xmax (log «) ether
H H 240(4.12), 330(4.16)
c 6h 5 H 244(4.20), 338(4.11)
c 8h 5 C2H5 242(4.20), 330(4.13)
H c h 3 330(4.13)'

“ See ref. 4.

T a ble  IV
U ltraviolet  Spectra  of Styrylam ines

c6h 5 h
\  /

C=C R '

\
R"

R R ' R " Xmax (log e) Solvent
H (CH2y* 225 (4.04), 295(4.39)
CeH& c h 3 CHV 305(4.19) Cyclohexane

O

c 6h 5 H —C—CH3‘ . . .  277(4.30) Ether
<* See ref. 17. 6 See ref. 18. c See ref. 19.

of primary amides with phosgene has been shown to 
yield nitriles21 and complex mixtures. O-Acylation

(18) J. A. K am pm eier, Ph .D . thesis, U niversity  of Illinois, 1960.
(19) We are indebted  to  Professor D avid  Y. C u rtin  for a sam ple of th is  

m aterial.
(20) A. J. Hill and W. M. Degnan, J .  A m .  C h e m .  S o c . ,  62, 1595 (1940).
(21) R. Greenhalgh (to  Im perial Chem ical Industries, L td .), British 

P a ten t 488,036 (June 29, 1938).
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of the amide with phosgene followed by loss of carbon 
dioxide yields the imidoyl chloride hydrochloride which 
is converted to the nitrile by loss of two moles of hy
drogen chloride.

0
II

R—C—NH2

0
II

+  C l-C -C l

0 —
0
II

-Ct
"Cl

R—C.
%

n h 2

Cl©

The products were ammonium chloride and methyl 
chloroacetate. These must have been formed from 
XXV by a mechanism similar to that in the case of 
chloroacetanilide.

As stated earlier, in the case of monosubstituted 
amides (e.g., chloroacetanilide) compounds of the type 
XXVIII (R, = C1CII2 ) H = C6H6) may be isolated 
and these give the acyloxamic acid ester on treatment 
with methanol.

R—C=N
-2HC1

I  - C 0 2

.Cl
R—C- Cl ©

n h 2
©

This O-acylation occurs also in the reaction of oxalyl 
chloride with amides, but the initially formed product 
XXV can rearrange, by way of the cyclic intermediate 
XXVI. With a-phenyl- and a,a-diphenylacetamides, 
the a-hydrogen atom is acidic enough to be lost as 
hydrogen chloride yielding the benzilideneoxazolidine- 
diones XXIII. On pyrolysis the latter may tautomer- 
ize to yield XXVII which may, by way of a reverse 
Diels-Alder type of reaction, yield the isocyanate and 
carbon monoxide. In the case of derivatives other 
than the a-phenylacetamides, the hydrogen atom 
attached to nitrogen may be lost directly giving the iso
cyanate again by way of the oxazoline XXVII or, 
alternately, attack of chloride ion could open the ring 
giving the acyloxamic acid chloride XXVIII which can 
decompose to yield the isocyanate. There is no evi
dence for the latter reaction, but since acyl oxamic acid 
chlorides are formed from reaction of N-monosub- 
stituted amides with oxalyl chloride, they may also be 
formed with primary amides. An oxanilic acid chloride 
will indeed yield an isocyanate on pyrolysis. Treat
ment of oxanilic acid with thionyl chloride (presumably 
yielding oxanilic acid chloride) led to phenyl isocyanate 
on distillation.

o
II

r - c - n h 2

+
O 0
Il II

C l- C - C - C l
0  0
Il II

O - C - C - C l

R -C

0  rII
o - c - c
I \ Cl

I*'

n h 2
©

XXV

Cl©

- c = o

o r
HC1_

- H f T

R—C S > ^C = 0

CfiHj

O 0  0
Il II II

R - C - N - C - C - C I  
H

XXVIII

-C O , — HC1

o
II

• R - C —N = C = 0

XXIII

Some evidence for the initial O-acylation was found in 
the reaction of chloroacetamide with oxalyl chloride. 
In this case the reaction was run at low temperature and 
methanol was added shortly after the oxalyl chloride.

Experimental22
N-Chloroacetyloxanilic Acid Chloride (II).—A mixture of a- 

chloroacetanilide (34.3 g., 0.20 mole), oxalyl chloride (28.8 g., 
0.23 mole), and carbon tetrachloride (200 ml.) was stirred and 
heated at 60° for 24 hr. The resulting solution was cooled and 
evaporated to a semisolid residue. The residue was dissolved in 
methylene chloride and the solution was treated with charcoal. 
The addition of hexane caused a yellowish solid to separate. Two 
recrystallizations from methylene chloride-hexane gave N-chloro- 
acetyloxanilic acid chloride (33.2 g., 0.12 mole, 60%), m.p. 107- 
109°; pc-o (cm.“1) 1855, 1840, 1765 in Nujol.

Anal. Calcd. for CioH,Cl2N0 3: N, 5.39. Found: N, 5.39.
2-Chloromethylene-3-phenyloxazolidine-4,5-dione (III).— 

N-Chloroacetyloxanilic acid chloride (3.0 g., 0.012 mole) was 
heated at 120° for 5 min. and was allowed to cool. The solid 
residue was recrystallized (with charcoal) from methylene chlo
ride-hexane. This produced 2-chloromethylene-3-phenyloxazoli- 
dine-4,5-dione (2.1 g., 0.0093 mole, 78%), m.p. 162-163°.

Anal. Calcd. for Ci0H6C1XO3: C, 53.72; H, 2.70; N, 6.26; 
Cl, 15.85. Found: C, 53.28; H, 2.77; N, 6.33; Cl, 16.06.

Reaction of a-Chloroacetanilide with Oxalyl Chloride and 
Methanol.—A solution of «-chloroacetanilide (17.0 g., 0.10 mole) 
in methylene chloride (50 ml.) was stirred while oxalyl chloride 
(25.4 g., 0.20 mole) was added dropwise. The solution was stirred 
for 4 hr. at room temperature and methanol (110 ml.) was added. 
The solution was evaporated to dryness and benzene (100 ml.) 
was added. Filtration separated aniline hydrochloride (10.0 g., 
0.077 mole, 77%), m.p. 198°; reported23 m.p. 198°. Its in
frared spectrum was identical with that of an authentic sample.24 
The filtrate was placed on a column of alumina packed wet with 
hexane. Elution with benzene gave liquid fractions. Distillation 
of the recombined fractions gave methyl chloroacetate (6.2 g., 
0.057 mole, 57%). The infrared spectrum was identical with 
that of an authentic sample.24 Recrystallization of the distilla
tion residue (with charcoal) from acetone-water gave dimethyl 
oxalate (11.1 g., 0.103 mole, 52%). The infrared spectrum was 
identical with that of an authentic sample.24

Methyl N-Chloroacetyloxanilate.—Methanol (0.32 g., 0.01 
mole) was added to a solution of N-chloroacetyloxanilic acid 
chloride (2.6 g., 0.01 mole) in methylene chloride (25 ml.) and 
the solution was allowed to stand for 1 hr. The methylene chlo
ride was evaporated and recrystallization of the residue from car
bon tetrachloride gave methyl N-chloroacetyloxanilate (0.45 g., 
0.0018 mole, 18%), m.p. 94°; vC-.o (cm.“1) 1768, 1748, 1720 in 
chloroform.

Anal. Calcd. for ChHi0C1NO4: C, 51.67; H, 3.94; N, 5.48; 
01,13.87. Found: C,51.62; H, 3.92; N, 5.44; 01,13.84.

N-Dichloroacetyl-N-p-tolyloxamic Acid Chloride (XVII).—A 
mixture of N-dichloroacetyl-p-toluidine (15.93 g., 0.073 mole) 
and benzene (75 ml.) was stirred and heated at 60° while oxalyl 
chloride (11.5 g., 0.0905 mole) was added dropwise. The mix
ture was stirred and heated at 60° for 24 hr. The benzene and 
excess oxalyl chloride were removed in vacuo and the residue was 
recrystallized from methylene chloride-hexane. This produced 
N-dichloroacetyl-N-p-tolyloxamic acid chloride (19.33 g., 0.0625 
mole, 86%), m.p. 112.5-114°; vc_0 (cm.-1) 1850, 1765 in 
chloroform.

Anal. Calcd. for CnH8Cl3N 03: C, 42.81; H, 2.62; N, 4.54; 
01,34.47. Found: 0,42.97; H, 2.67; N, 5.21; 01,34.16.

Hydrolysis of N-Dichloroacetyl-N-p-tolyloxamic Acid Chlo
ride.—A solution of N-dichloroacetyl-N-p-tolyloxamic acid chlo
ride (0.8 g., 0.0026 mole) in acetone (20 ml.) and 20% hydrochloric 
acid (1 ml.) was allowed to stand for 72 hr. The addition of

(22) M elting and  boiling po in ts a re  uncorrected.
(23) F . U llm ann, B e r . ,  31, 1699 (1899).
(24) E astm an  K odak Co., R ochester, N . Y.
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water and chilling caused separation of N-p-tolyloxamic acid 
(0.34 g., 0.0019 mole, 73%), m.p. 170°; reported* 26 m.p. 168— 
170°. The infrared spectrum was identical with that of an 
authentic sample.26

2-Dichloromethylene-3-p-tolyloxazolidine-4,5-dione (Vc).—N- 
Dichloroacetyl-N-p-tolyloxamic acid chloride (3.0 g., 0.00975 
mole) was heated at 150° for 1 hr. and the resulting solid was re
crystallized (with charcoal) from methylene chloride-hexane. 
An additional recrystallization from methylene chloride-hexane 
gave 2-dichloromethylene-3-p-tolyloxazolidine-4,5-dione (1.16 
g., 0.0043 mole, 44%), m.p. 132-133°.

Anal. Calcd. for CnH7Cl2N 03: C, 48.55; H, 2.59; N, 5.15. 
Found: C, 49.04; H, 2.64; N, 5.16.

2-Diethylmethylene-3-phenyloxazolidine-4,5-dione (Va.)— 
A mixture of 2-ethylbutyranilide (38.2 g., 0.20 mole) and benzene 
(150 ml.) was stirred at 60° while oxalyl chloride (27.0 g., 0.215 
mole) was added dropwise. The mixture was refluxed for 24 hr. 
and the benzene was removed in vacuo. Distillation produced a 
yellowish liquid, b.p. 161-164° (0.4-0.45 mm.), which solidified 
on standing. Recrystallization from methylene chloride-hexane 
gave 2-diethylmethylene-3-phenyloxazolidine-4,5-dione (39.9 g., 
0.163 mole, 81%), m.p. 71-72°; reported9 m.p. 70-71 °.

Anal. Calcd. for C14H15NO3: C, 68.55; H, 6.16; N, 5.71. 
Found: C, 68.62; H, 5.93; N, 5.76.

Acyl Isocyanates.—A mixture of the amide (1 mole) and ethyl
ene dichloride was stirred while oxalyl chloride (1.25 moles) was 
added rapidly. The mixture was stirred and refluxed for 16 hr. 
The ethylene dichloride was distilled in vacuo and the acyl iso
cyanate was isolated by distillation under reduced pressure (see 
fable II).

1,3-Dibenzoyiurea.—The distillation residue from the reaction 
of benzamide (12.1 g., 0.10 mole) and oxalyl chloride was dis
solved in hot acetone and the solution was treated with charcoal. 
On cooling the solution a white solid precipitated. Re
crystallization from methanol-benzene produced 1,3-dibenzoyl- 
urea (2.5 g., 0.009 mole, 9%), m.p. 228-230°; reported26 m.p. 
221- 222°, *NH (cm.“1) 3225, vC-o 1754, 1689, 1664 in Nujol.

Anal. Calcd. for Ci6Hi2N20 3: C, 67.15; H, 4.51; N, 10.44. 
Found: C, 66.72; H, 4.06; N, 10.13.

l,3-Bis(trichloroacetyl)urea.—A. From Trichloroacetamide 
and Oxalyl Chloride.—During the reaction of 2,2,2-trichloro- 
acetamide (8.1 g., 0.05 mole) and oxalyl chloride a white solid 
precipitated. An equal volume (50 ml.) of hexane was added and 
the white solid was separated by filtration. Recrystal
lization from methylene chloride-hexane gave l,3-bis(trichloro- 
acetyl)urea(3.5g., 6.01 mole, 20%), m.p. 167-169°; i^n icm .-1) 
3200, vc-o 1792, 1718 in Nujol.

Anal. Calcd. for C6H2C16N20 3: C, 17.11; H, 0.62; N, 7.98; 
Cl, 60.61. Found: C, 17.32; H, 0.82; N, 7.95; Cl, 60.76.

An attempt to recrystallize l,3-bis(trichloroacetyl)urea from 
methanol gave trichloroacetylurea, m.p. 158-159°; reported27 
m.p. 150°; rNH (c m r1) 3365, 3310, 3225, vc~o 1724, 1701 in 
Nujol.

Anal. Calcd. for C3H3C13N20 2: C, 17.54; H, 1.47; N, 13.64; 
Cl, 51.78. Found: C, 17.67; H, 0.99; N, 13.40; Cl, 51.74.

B. From Urea and Trichloroacetyl Chloride.—A mixture of 
urea (6.0 g., 0.1 mole), trichloroacetyl chloride (36.4 g., 0.2 
mole), and ethylene dichloride (170 ml.) was refluxed for 24 hr. 
Most of the ethylene dichloride was distilled in vacuo and the 
addition of hexane caused separation of a white solid. Recrystal
lization from methylene chloride-hexane gave l,3-bis(trichloro- 
acetyl)urea (23.7 g., 0.088 mole, 88%), m.p. 167-169°. The in
frared spectrum was identical with that of the sample prepared 
as described previously.

Pyrolysis of 1,3-Bis(trichloroacetyl)urea.—When l,3-bis(tri- 
chloroacet3rl)urea (8.0 g., 0.03 mole) was heated at 180-190° 
under reduced pressure lea. 35 mm.), trichloroacetyl isocyanate 
distilled (1.2 g., 0.0064 mole, 21%). The infrared spectrum was 
identical with that of a sample prepared as described previously. 
The distillation residue was treated with hot methylene chloride 
and filtered to remove a white solid (0.27 g.), m.p. >300°. The 
filtrate was evaporated to a small volume and the addition of 
hexane precipitated trichloroacetamide (2.6 g., 0.016 mole,

(.25) H . K linger, A n n . ,  184, 286 (1876).
(26) H. Biltz, i b i d . ,  391, 181 (1912).
(27) 1. A. P e a rla n d  W. M . D ehn, J .  A m .  C h e m .  S o c . ,  61, 1377 (1939).

53%). The infrared spectrum was identical with that of an 
authentic sample.21

Trichloroacetylurea.27—A mixture of urea (6.0 g., 0.1 mole), 
trichloroacetyl chloride (18.2 g., 0.1 mole), and ethylene di
chloride (70 ml.) was refluxed for 3 hr. and the ethylene dichloride 
was removed in vacuo. Recrystallization of the residue from 
methanol gave trichloroacetylurea (6.24 g., 0.03 mole, 30%.), 
m.p. 158-159°. The infrared spectrum was identical with that 
of the sample prepared as described previously.

Reaction of Chloroacetamide with Oxalyl Chloride anc. Meth
anol.—A mixture of a-chloroacetamide (4.7 g., 0.05 mcle) and 
methylene chloride (50 ml.) was stirred for 3 hr. while oxalyl 
chloride (12.7 g., 0.1 mole) was added dropwise. The solution 
was refluxed for 1 hr. and the methylene chloride was amoved 
in vacuo. The residue was dissolved in methanol and the solu
tion on standing deposited ammonium chloride (1.9 g., 0.035 
mole, 70%). Distillation of the filtrate gave methyl chmroace- 
tate (1.5 g., 0.014 mole, 28%). The infrared spectrum was 
identical with that of an authentic sample.23

Reaction of Phenylacetamide and Oxalyl Chloride (XXIIIa).— 
A mixture of phenylacetamide (13.5 g., 0.1 mole) and ethylene 
diehloride (75 ml.) was stirred at 0° while oxalyl chloride (13.5 
g., 0.103 mole) was added rapidly. The mixture was refluxed for 
24 hr. and a yellow solid separated. The yellow solid was isolated 
by filtration, recrystallized from acetone, and identified as 2- 
benzilideneoxazolidine-4,5-dione (13.6 g., 0.072 mole, 72%,), 
m.p. 182-184°; reported8m.p. 166-167°.

Anal. Calcd. for CioH,N03: C, 63.49; H, 3.73; N, 7.41. 
Found: C, 63.61; H, 3.63; N, 7.29.

Phenylacetyl Isocyanate.—When 2-benzilideneoxazolidine-4,5- 
dione (3.3 g., 0.017 mole) was heated in vacuo at ca. 190-200°, 
phenylacetyl isocyanate distilled (1.38 g., 0.0086 mole, 50%), 
b.p. 85° (3 mm.); reported20 b.p. 118° (20 mm.); ’'n- c- o 
(cm.“1) 2250.

Derivative: N-phenylacetyl-N'-(3,4-dichlorophenyl)urea, from 
methanol, m.p. 205-206°.

Anal. Calcd. for C15H12C12N20 2: C, 55.74; H, 3.74; N, 
8.67; Cl, 21.94. Found: C, 55.89; H,3.46; N, 8 .68; Cl, 21.6.5.

2-Diphenylmethyleneoxazolidine-4,5-dione (XXIIIb).—A mix
ture of 2,2-diphenylacetamide (1.23 g., 0.0058 mole), oxalyl 
chloride (0.91 g., 0.0072 mole), and benzene (15ml.) was■•efluxed 
for 2 hr. and the benzene was removed in vacuo. The solid 
residue was dissolved in methylene chloride and the solution was 
treated with charcoal. Chilling and the addition of hexane 
caused separation of a yellow solid. Recrystallizaticn from 
methylene chloride-hexane gave 2-diphenylmethyleneoxazoli- 
dine-4,5-dione (1.1 g., 0.0043 mole, 74%,), m.p. 176-178°; re
ported9 159-160°.

Anal. Calcd. for CtsHuNO,: C, 71.13; H, 4.40; N, 5.53. 
Found: C, 71.92; H, 4.15; N, 5.19.

Pyrolysis of the product yielded 2,2-diphenylacetyl isocyanate. 
The infrared spectrum was identical with that of a sample pre
pared as described previously. Slow crystallization of the prod
uct from methylene chloride-hexane produced a lighter yellow 
dimorphic form, m.p. 169-172°. The Nujol infrared spectrum of 
the dimorph, m.p. 169-172°, is not identical with tha~ of the 
dimorph, m.p. 176-178°. The infrared spectra of the d:morphs 
in chloroform and their ultraviolet spectra in ether are identical. 
The dimorph, m.p. 169-172°, may be converted to the dimorph, 
m.p. 176-178°, by rapid crystallization from methylene ealoride- 
hexane.

3,3-Diethyl-l-phenylpyrrolidine-2,4,5-trione (XV).—Prepared 
by the method of Skinner.9 A white solid, from ethanol-hexane, 
m.p. 61-62°; reported9 m.p. 60-61°.

Anal. Calcd. for CuHi5N0 3: C, 08.55; H, 6.16; N, 5.71. 
Found: C, 69.34: H, 6.20; N, 5.80.

2-Diphenylmethylene-3-ethyloxazolidme-4,5-dione (Vd).—Pre
pared by the method of Skinner.5 A yellow solid from methylene 
chloride-hexane, m.p. 165-166°; reported9 m.p. 165-166°.

Anal. Calcd. for C18H15N 03: C, 73.70; H, 5.15; N, 4.78. 
Found: C, 72.98; H, 4.95; N, 4.70.

Reaction of Oxanilic Acid and Thionyl Chloride.—A mixture of 
oxanilic acid (8.2 g., 0.05 mole), thionyl chloride (6.0 g., 0.05 
mole), and chloroform (70 ml.) was refluxed for 20 hr. The 
chloroform was removed in vacuo and vacuum distillation gave 
phenyl isocyanate (2.02 g., 0.022 mole, 44%). The infrared 
spectrum was identical with that of an authentic sample.24
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Several N-cyanoamidines were prepared by the reaction of imidates with c.yanamide or of amidine hydro
chlorides with monosodium c.yanamide. Various methods were examined for the conversion of simple N-cyano
amidines to s-triazines and other heterocyclic products. Some related reactions of N-carbamoylamidines are 
reported also.

N-Cyanoamidines (I) rarely have been examined as 
synthetic intermediates, despite their close structural 
similarity to cyanoguanidine (I. R = NH2), a com
pound which has been extensively studied for over a 
century.1 The reaction of N-cyanoformamidine with 
guanidine to give a good yield of 2,4-diamino-s-triazine 
is apparently the only reported direct conversion of an 
N-cyanoamidine to a heterocyclic product.2 The 
present paper contains the results of an exploratory 
survey of the preparation of these compounds and their 
utility as intermediates for the synthesis of nitrogen 
heterocycles.

Compounds of structure I have been obtained pre
viously from the action of cyanide ion upon N-halo- 
amidines3 or by treatment of an amidine with cyanogen 
bromide.3 N-Cyanoformamidine has been prepared 
in high yield from the reaction of cyanamide with 
formamidine2 or s-triazine.4 5

We have prepared several N-cyanoamidines in good 
yields by the reaction of imidates with cyanamide, a 
method which has heretofore been reported only for 
isolated examples of N'-substituted-N-cyanoamidines.6'6 
Simplification of this procedure was possible when R 
contained an appropriately situated electron-with
drawing group, in that the imidate could then be pre
pared from the corresponding nitrile by base-catalyzed 
addition of alcohol.7 Addition of cyanamide to this 
solution produced the N-cyanoamidine directly. In

NH N—ON
R 'O H  || H .N C N  |l

R C N  R—C —O R '-------R—C —NHS
I

addition to the simple N-cyanoamidines (I. R = 
CH3, CVJI5) employed in the synthetic studies, several 
other compounds were obtained by this procedure, as 
shown in Table I.

N-Cyanoacetamidine and N-cyanobenzamidine were 
also prepared in good yields by the interaction of mono
sodium cyanamide with the corresponding amidine 
hydrochloride in aqueous solution. This appears to 
be an equally good preparative method, notably for 
cases in which the first procedure would require prep
aration and isolation of an imidate by the Pinner 
method.8

The N-cyanoamidines were characterized by analyses 
and infrared absorption spectra. The products showed

(1) See “ Th e  C hem istry  of D icyand iam id e ,”  Am erican Cyanam id  Com 
pany, New Y o rk , N . Y . ,  1949.

(2) K .  S h ira i, K .  Odo, and K .  Sugino, J. Org. Chem., 23, 100 (1958).
(3 ) J .  Goerdeler and D . Loeven ich , Ber., 86, 890 (1953).
(4 ) U npublished results obtained in  th is  laborato ry b y  I .  Hechenbleikner.
(5 ) W . J .  Com stock and H . L .  W heeler, A m .  C h e m .  J., 13, 514 (1891).
(6) G . P e lliz za ri, G a z z .  c h i m ,  i t a l . ,  41, 93 (1911).
(7) F .  C . Schaefer and G . A . Peters, J. Org. Chem., 26, 412 (1961).
(8) A. P inner, “ Die Im idojither und ihre Derivat.e,’’ R obert Oppenheim

(G ustav  Schm idt), Berlin, 1892.

three strong bands attributed to the amino group at
2.9-3.0, 3.1-3.2, and near 6.0 p] carbon-nitrogen 
double bond absorption at 6.3-6.5 p; and strong nitrile 
absorption, usually in the form of a doublet centered 
near 4.55 p.

A convenient route to 2,4-diamino-s-triazines involves 
the reaction of cyanoguanidine with nitriles or amidine 
salts.9 By analogy, it appeared that N-cyanoamidines 
might similarly function as useful intermediates for 
the preparation of monoamino-s-triazines. These re
actions did occur as anticipated, although isolation of 
pure products was sometimes difficult.

R'
n - c n  n h  I

Ha. R = R ' = C6H6
b. R = R ' = CH3
c. R — CH3, R ' =  C6H6
d. R = H, R ' = C6H,
e. R = CHs, R ' = NH2
f. R = C6H6, R ' = NH2

2-Amino-4,6-diphenyl-s-triazine (Ha) was obtained 
by treating N-cyanobenzamidine with benzonitrile 
in the presence of sodium hydroxide in refluxing 1- 
butanol, benzamidine in hot ethanol, or benzamidine 
hydrochloride at 175° in the absence of solvent, but 
yields in all three cases were around 15%. Compounds 
lib, lie, and lid  were obtained in better yields (25- 
40%) from reactions using the appropriate combination 
of an N-cyanoamidine with an amidine hydrochloride 
at 150-175°. This procedure was found to be the 
most generally applicable for the conversion of I to 
monoamino-s-triazines, whereas diamino-s-triazines (He 
and Ilf) were obtained conveniently from N-cyano
amidines with free guanidine in alcoholic solution.

Substitution of benzamidine acetate for benzamidine 
hydrochloride in the reaction with N-cyanoacetamidine 
resulted in formation of 2-amino-4,6-diphenyl-s-triazine 
(Ila), rather than the expected 4-methyl-6-phenyl 
analog. Although there are several possible mecha
nisms for this transformation, it is evident that the 
elements of cyanamide must have been lost from the 
starting N-cyanoamidine at some point.

C6H5
N—CN NH . tA . t
II II HOAc

c h 3c - n h 2 +  C„H5C -N H 2 G L rA .
C6H5 N NHa

Ila

(9) (a) E. M. Smolin and  L. R apoport, “ s-Triazines and D erivatives,” 
Interscience. Publishers, Inc., New Y ork, N. Y., 1959, p. 229; (b) E. J.
M odest, “ Heterocyclic Com pounds,”  Yol. 7, R . C. Elderfield, E d., John 
Wiley and Sons, Inc., New York, N. Y., 1961, p. 650.
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T a b l e  I

P r e p a r a t i o n  o f  N - C y a n o a m i d i n e s  f r o m  I m i d a t e s  a n d  C y a n  a m id e  

NH N—CN

rA -O C H . +  H2NCN — >  pA ~ N H s
Time Yield. jU.p., Recrystallization

R at 25° % °c. solvent
c h 3 15 min. 72 135-137 C2H6OH
c 5h 5 12 hr. 72 142-142.5“ c 2h 6o h /h 2o
c 2h 6 30 min. 53 78.5-80 C2II6OAc
C1CH* 4 hr. 59" 110.5-111.5 c h 3c n
C13C 3 hr. 166.5-168 c h 3c n
p-n o 2- c 6h ; 15 min.' 52b 233-234 dec/
2-C5H4N 10 hr. 836 224-226 c h 3o h

a Ref. 3 gives m.p. 142.50  b Yield calculated on basis of nitrile.
dec.

Form ula c
—Calcu.—

H N c
—Found—

H N
C3H5N3 43.36 6.07 50.57 43.59 5.96 50.59
C8H7N3
C4H7N3 49.46 7.27 43.27 49.27 7.50 42.88
c3h 4n 3ci 30.65 3.43 35.75 31.14 3.40 35.99
c 3h 2n 3ci3 19.33 1.08 22 .54 19.44 1.38 22.94
C8H6N402
c7h 6n 4 57.52 4.14 38.34 57.52 4.04 38.38
Imidate was not isolated. c At 50°. d Ref. 3 reports m.p. 243°

Reaction of N-cyanoacetamidine with methyl aceti- 
midate in refluxing methanol gave a product, CsH^Ni, 
which upon treatment with hydrochloric acid and subse
quent neutralization afforded 2-amino-4,6-dimethyl-s- 
triazine (lib). This same material was formed in high 
yield upon recrystallization of an equimolar mixture of 
N-cyanoacetamidine and 2-amino-4,6-dimethyl-s-tria- 
zine, thus establishing the structure as Ilia. The re
action of N-cyanoacetamidine with methyl propionimi- 
date gave the homolog M b  containing one ethyl 
group in the ring.

Since the N-cyanoamidines were originally prepared 
by treatment of imidates with cyanamide, it appeared 
that interaction of cyanamide with an excess of an 
imidate under more strenuous conditions would convert 
the initially formed N-cyanoamidine to the amino- 
triazine.

NH,
II

R -C -O C H 3 + h 2n c n -

N— CN 
II

R— C—NH2

R'

' N ^ N  
R—̂  —'N H 2

N -C N
II

•RC— NH2

Ilia. R = R' = CH3 
b. R = CH3, R' = C2H5

II
Ilg. R = R ’ = CC13

This reaction sequence occurred as predicted with 
methyl acetimidate and a 42% yield of I lia  was ob
tained. With methyl benzimidate, however, the 
reaction did not proceed beyond the first step, since N- 
cyanobenzamidine was the only product found. On 
the other hand, when methyl tricliloroacetimidate was 
used as the starting material, the reaction proceeded 
to give a 29% yield of 2-amino-4,6-bis(trichloromethyl)- 
s-triazine (Ilg). Apparently, the amino group in this 
compound is not basic enough to form a salt with the N- 
cyanoamidine. It should be pointed out that this 
synthesis of Ilg is essentially a cotrimerization of cyan
amide with trichloroacetonitrile as the imidate was pre
pared and used in situ.

Other methods of ring closure to form the s-triazine 
system were investigated briefly using N-cyanobenzami- 
dine as the cyanoamidine component and acetic an-

N -C N
II

c 6h 6c - n h

c h 3

n ^ n

c sh 5

Ac20 CsHs—U. —OH ^  CeHs—L  J —CE;

c6h 6- 1! n h 2

C h a r t  1

hydride, formamide, and thioacetamide10 as cyclizing 
agents. These are shown in Chart 1.

Although the expected product was obtained in each 
case, yields were again rather low (<20%). 2-Methyl-
4,6-diphenyl-i-triazine was the major product from N- 
cyanobenzamidine and acetic anhydride, again demon
strating loss of cyanamide from an N-cyanoamidine 
during the course of a reaction. This tendency to lcse 
cyanamide, either through dissociation or displace
ment, together with the somewhat lower reactivity of 
the nitrile groups in the N-cyanoamidines, may account 
for the inferior yields in many of these reactions when 
compared to the corresponding reactions of cyano- 
guanidine.

A striking example of this difference in reactivity was 
observed in the attempted reaction of N-cyanoamidines 
with aniline hydrochloride in hot aqueous soluticn. 
Although cyanoguanidine readily affords phenyl- 
biguanide in high yield,11 N-cyanobenzamidine did 
not react under these conditions, while N-cyano- 
acetamidine gave only a small yield of N-cyano-N'- 
phenylacetamidine (VII) rather than undergoing ad
dition at the nitrile group.

N— CN N— CN
¡1 Jl

c h 3c — n h 2 +  C6TI5NH2-HC1 — c h 3c — n h c 6h 6
VII

As is the case with cyanoguanidine, the nitrile 
groups of N-cyanoamidines are readily hydrolyzed 
under strongly acidic conditions.3'6-12 In the present 
work, N-carbamoylamidine hydrochlorides (VIII) were 
isolated in good yields upon addition of N-cyanoami-

(10) Cf. E. C. Taylor and J. A. Zoltewicz, J . A m . Chem. Soc.f 83, 248
(1961).

(11) G. Cohn, J .  p r a l c l . C h e m . .  [ 2 ]  84, 394 (1911).
(12) G, Palazzo and G. S trani, G a z z .  c h i m .  i t a l . ,  91, 216 (1916).
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dines to cold concentrated hydrochloric acid or treat
ment of the cyano compounds with excess dry hydrogen 
chloride in ethanol. The latter conditions presumably 
involve formation of an intermediate such as IX, which 
then loses ethyl chloride to give VIII.

R

N—CN

- A -■n h 2
HC1
CsHsO H

H C1, H jO 
--------- >■ R-

N—CONH2-HCl

- Î -N H ,

Villa. R = C6H5 
b. R = CH,

NH-HC1 “I
II

N—C—OC2H5
II

R—C— NHj-HCl _ 
IX

Attempts to convert N-carbamoylbenzamidine 
(Villa) to 2-hydroxy-s-triazines by various methods 
were unsuccessful. The only products isolated were 
those from which the carbamoyl group had been lost 
(Chart 2). Presumably, the manner of decomposition 
of these compounds is similar to, but easier than, that 
occasionally found with the N-cyanoamidines, al
though mechanisms have not been established for these 
reactions.

N-CONH2-HCl NaOAc
c6h 5

n A - n

C h a r t  2

Recently, the preparation of N-carbamoylbenzami
dine and its reaction with benzoyl chloride to give 2- 
hydroxy-4,6-diphenyl-s-triazine was reported.12

The use of N-cyanoamidines for the synthesis of five- 
membered heterocycles was demonstrated by forma
tion of compounds XII and XIII from N-cyanobenz- 
amidine with hydrazine dihydrochloride and hydroxyl- 
amine hydrochloride, respectively.

N—CN
II

c6h 5c —n h 2
H 2N NH 2 -2 HCl

iüb *

^  - Ì T
C r^ N 'N

H
XIJ

■ CbH5

cv.h .N^o ' n
XIII

n h 2

Experimental14
Reagents.—Crystalline cyanamide was obtained by evapora

tion of the commercially available 50% aqueous solution. It was 
purified before each reaction by dissolution in ether, filtration of 
the insoluble cyanoguanidine, and evaporation of the filtrate.

All imidates and amidines were prepared by standard meth- 
ods.ts.is

Reaction of Imidates with Cyanamide. General.—N-Cyano- 
amidines listed in Table I were prepared by the following general 
procedure. To 0.1 mole of imidate was added slowly with swirl
ing a solution of 0.1 mole of freshly purified cyanamide in 20 ml. 
of methanol. The reaction mixture was cooled in an ice bath if 
necessary to keep the temperature below 50°. After the specified 
length of time, the product was isolated by filtration or by evapo
ration of the methanol and crystallization of the residue from the 
appropriate solvent.

When the imidate could be prepared in situ, the following pro
cedure was effective. A solution of 0.1 mole of the nitrile in 
25 ml. of methanol was treated with 0.005 mole of sodium meth- 
oxide using the previously described conditions.7 After imidate 
formation was essentially complete, the solution was neutralized 
with 0.005 mole of acetic acid and then treated with cyanamide 
and worked up as before.

N-Cyanobenzamidine.—A mixture of 25.0 g. of benzamidine 
hydrochloride dihydrate (0.13 mole) and 11.0 g. of 75% mono
sodium cyanamide16 (0.13 mole) in 75 ml. of water was stirred 
until the starting materials had dissolved and the product began 
to crystallize. After 2 hr. it was filtered to give 11.6 g. of white 
crystalline product, m.p. 135-137.5°. Another 2.2 g., m.p. 
139-141°, crystallized from the filtrate after several more hours, 
for a total of 13.8 g. (74%). Recrystallization from ethanol- 
water raised the m.p. to 141-142° (lit.3 m.p. 142.5°).

N-Cyanoacetamidine.—Acetamidine hydrochloride, 94.5 g., 1.0 
mole, was mixed with 69.5 g. of 92% monosodium cyanamide 
(1.0 mole) in 100 ml. of water. After 2 hr., the mixture was 
chilled and filtered, and the resulting white solid was extracted 
with hot acetone. Sodium chloride was removed by filtration 
and the acetone solution was concentrated and chilled to give 
38.5 g. of white crystals, m.p. 134-136°, and a second 
crop of 6.0 g., m.p. 125-133°. The original aqueous filtrate was 
evaporated and worked up as before to give another 7.7 g., m.p. 
125-130°, for a total of 52.2 g. (63%). This material was identi
cal with that described in Table I.

2-Amino-4,6-diphenyl-s-triazine (Ha). A.—A mixture of 1.05 
g. (0.0072 mole) of N-cyanobenzamidine and 1.15 g. (0.0074mole) 
of benzamidine hydrochloride was fused at 175° for 2.5 hr. Crys
tallization of the resulting mixture from ethanol-water afforded 
0.30 g. (17%) of the triazine, m.p. 167-169° (lit.17-18 m.p. 172° and 
168-170°.

B. —A solution of 0.016 mole of benzamidine, prepared from 
2.50 g. of benzamidine hydrochloride and 0.85 g. of sodium 
methoxide in 10 ml. of ethanol, was filtered and mixed with 2.30 
g. (0.016 mole) of N-cyanobenzamidine. The resulting solution 
was refluxed for 2 hr. and stored overnight. The product was 
collected by filtration. The yield was 0.60 g. (15%), m.p. 
168-170°.

C. —A solution of 2.0 g. (0.014 mole) of N-cyanobenzamidine, 
1.4 g. (0.014 mole) of benzonitrile, and 20 mg. of powdered 
sodium hydroxide in 10 ml. of 1-butanol was refluxed for 4 hr. 
The mixture was filtered to remove traces of solid and evaporated 
to an oily residue which was crystallized from ethanol-water 
yielding 0.60 g. (17%) of crude fla, m.p. 135-160°. Two re- 
crjrstallizations from ethanol afforded pure material, m.p. 167- 
170°.

D. —Fusion of a mixture of 1.0 g. of N-cyanoacetamidine 
(0.012 mole) and 2.2 g. of benzamidine acetate (0.012 mole) 
at 160-165° for 3.5 hr. yielded an oil which was partially crystal
lized from water. Several recrystallizations from aqueous 
ethanol gave pure Ila, m.p. 169-171°, identical with the samples 
described previously.

It is interesting that the reaction of hydroxylamine 
with the related methyl N-cyanobenzimidate leads to 
the isomer of X III in which the positions of the amino 
and phenyl groups are reversed.13

(13) K .  R . H uffm an and F . C . Schaefer, ./. Org. Chern., 28, 1816 (1963).

(14) M elting  points are uncorrected. N . B . Co lthup aided in  in ter
pretation of the in frared  spectra.

(15) F .  C . Schaefer and G . A . Peters, J. Org. Chern,, 26, 2778 (1961).
(16) R .  A . Vingee and L .  J .  Christm ann , U . S . Paten t 2,656,256 (Octo

ber 20, 1953); 'Chern. Abstr., 48, 2996 (1954).
(17) J .  Ep h ra im , Ber., 26, 2226 (1893),
(18) P . B .  Russe ll and G . H . R iteh ings, ./. Am. Chern. Soc., 72, 4922 

(1950).
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2-Amino-4,6-dimethyl-s-triazine (lib).—A mixture of 4.15 g. 
(0.050 mole) of N-cyanoacetamidine and 4.8 g. (0.051 mole) of 
acetamidine hydrochloride in 6 ml. of 2-methoxyethanol was 
heated at a bath temperature of 155° for 4 hr. The solid which 
separated on cooling was filtered and recrystallized from water to 
give 2.55 g. (41%) of lib , m.p. 160-166°. After one additional 
recrystallization from acetonitrile the m.p. was 167-169° 
(lit.19'20 m.p. 170° and 171°.

2-Amino-4-methyl-6-phenyl-s-triazine (lie).—A mixture of 1.6 
g. of benzamidine hydrochloride dihydrate (0.0083 mole) and 
0.85 g. of N-cyanoacetamidine (0.010 mole) was fused at 150° 
for 3 hr. The resulting oil was cooled and treated with 10 ml. of 
water which caused crystallization of a tan solid, 0.40 g. (26%), 
m.p. 148-152°. This crude material was identified by infrared 
comparison with pure lie, m.p. 155-156°, obtained as described 
in the following paper.13

2-Amino-4-phenyl-s-triazine (lid). A.—A solution of 2.0 g. 
of N-cyanobenzamidine in 5 ml. of formamide was heated at 180° 
for 2 hr. Upon cooling, a tan solid separated. It was recrystal
lized from ethanol to give 0.35 g. (15%) of crude material, 
m.p. 187-195°. Two additional recrystallizations afforded white 
flakes, m.p. 203-204°.

Anal. Calcd. for C9H8N4: C, 62.77; H, 4.68; N, 32.54. 
Found: C, 62.39; H, 4.63; N, 32.44.

B.—A mixture of 1.0 g. (0.0145 mole) of N-cyanoform- 
amidine2 and 2.3 g. of benzamidine hydrochloride (0.015 mole) 
was fused at 160° for 30 min. The resulting solid was triturated 
successively with water and hot ethanol to give 0.70 g. of lid  as 
tan crystals, m.p. 201-204°. The ethanol solution yielded 
another 0.07 g„ m.p. 195-198°, for a total of 0.77 g. (31%).

2.4- Diamino-6-methyl-s-triazine (lie).—A solution of guani
dine was prepared from 3.1 g. of guanidine hydrochloride and
l .  75 g. of sodium methoxide in 20 ml. of methanol. This was 
filtered and 2.5 g. of N-cyanoacetamidine was added. After 
refluxing for 6 hr., the solution was chilled and filtered to give
2.0 g. (53%), m.p. 275-276°, identical with an authentic sample.

2.4- Diamino-6-phenyl-s-triazine (Ilf).—Application of the 
above procedure to N-cyanobenzamidine afforded a 19% yield of 
Ilf, m.p. 219-223°, compared with an authentic sample.

2-Amino-4,6-dimethyl-s-triazine, N-Cyanoacetamidine Salt 
(Ilia). A.—A solution of 2.1 g. (0.050 mole) of cyanamide in 
10 ml. of ethanol was added slowly with swirling to 7.4 g. (0.10 
mole) of methyl acetimidate. The resulting warm solution was 
refluxed for 6 hr. and stored at room temperature overnight, 
during which time the product crystallized. The yield was 2.2 g. 
(42%), m.p. 179-182°. Two recrystallizations from methanol 
gave an analytical sample, m.p. 182-183.5°.

Anal. Calcd. for C8H13N7: C, 46.36; H, 6.32; N, 47.32. 
Found: C, 46.68; H, 5.90; N, 47.38.

This compound was converted to the hydrochloride of 2-amino-
4,6-dimethyl-s-triazine by treatment with excess dry hydrogen 
chloride in ethanol. Addition of the salt to aqueous bicarbonate 
gave the free base, m.p. 166-167°, identical with the sample pre
pared earlier.

B. —A solution of 1.65 g. (0.020 mole) of N-cyanoacetamidine 
and 1.50 g. (0.020 mole) of methyl acetimidate in 5 ml. of meth
anol was refluxed for 6 hr. and chilled. The crystalline I lia  was 
filtered; yield, 1.05 g. (51%), m.p. 182-184°.

C. —Recrystallization of a mixture of 0.30 g. (0.0024 mole) 
of 2-amino-4,6-dime thyl-s-triazine and 0.20 g. (0.0024 mole) of 
N-cyanoacetamidine from methanol afforded 0.35 g. (70%) of 
pure Ilia , m.p. 183-184.5°, identical with the samples described 
previously.

2-Amino-4-ethyl-6-methyl-s-triazine, N-Cyanoacetamidine 
Salt (IHb).—A solution of 2.5 g. of N-cyanoacetamidine (0.030 
mole) and 2.85 g. of 94% methyl propionimidate (0.031 mole) in 
5 ml. of ethanol was refluxed for 5.5 hr. and chilled to give 1.50 g. 
(45%) of white solid, m.p. 148-155°. An analytical sample,
m. p. 158-159°, was obtained after three recrystallizations from 
methanol.

Anal. Calcd. for C9IR5N7: C, 48.85; H, 6.83; N, 44.32. 
Found: C, 48.97; H, 6.72; N, 44.08.

2-Amino-4,6-bis(trichloromethyl)-s-triazine (Ilg).—A cold so
lution of 7.4 g. (0.051 mole) of trichloroacetonitrile in 20 ml. of 
methanol was treated with 0.15 g. of sodium methoxide and kept 
at room temperature for 30 min. I t  was then treated succes
sively with 0.20 g. of acetic acid and 1.05 g. (0.025 mole) of

(19) N. Tscherven-Iwanoff, J. p r a k t .  C h e m . ,  [2] 46, 142 (1892).
(20) H. Schroeder and C. Grundmann, J. Am. Chem. S o c . ,  78, 2447

(1956).

cyanamide and then refluxed for 4.5 hr. The resulting solution 
was evaporated to a dark oil from which there was obtained, by 
crystallization and recrystallization from ethanol-water, 2.4 g. 
(29%) of the triazine as dirty white prisms, m.p. 163-165.5°. 
Further recrystallization raised the m.p. to 165-167° (lit.21 m.p. 
165-166°). A mixture melting point with N-cyano-2,2,2-tri- 
chloroacetamidine, m.p. 166.5-168°, was strongly depressed. 
No nitrile band was apparent in the infrared spectrum.

Reaction of N-Cyanobenzamidine with Acetic Anhydride.—A 
solution of 1.0 g. of N-cyanobenzamidine in 4 ml. of acetic an
hydride was refluxed for an hour. The resulting yellow solid was 
recrystallized from acetonitrile to give 0.18 g. (14%) of 2- 
hydroxy-4-methyl-6-phenyl-s-triazine (IV), m.p. 239-241°. An
other recrystallization afforded material, m.p. 243-245°.

Anal. Calcd. for CioH9N30 : C, 64.16; H, 4.85; N, 22.45. 
Found: C, 64.13; H, 4.58; N, 22.79.

The acetic anhydride solution was then distilled and the oily 
residue was crystallized from water and recrystallized from 
ethanol-water yielding 0.25 g. (29%) of 2-methyl-4,6-diphenyl-s- 
triazine (V), m.p. 94-102°. After another recrystallization the 
m.p. was 107-108°. The structure was confirmed by comparison 
with an authentic sample.22

2-Mercapto~4-methyl-6-phenyl-s-triazine (VI).—A solution of 
0.75 g. (0.0052 mole) of N-cyanobenzamidine and 0.40 g. (0.0053 
mole) of thioacetamide in 5 ml. of acetone was treated with excess 
dry hydrogen chloride. An orange gum was quickly formed. 
The acetone was decanted and 5 ml. of water was added, causing 
crystallization of a bright yellow solid. The yield was 0.20 g. 
(19%), m.p. 208-213°. Two recrystallizations from ethanol 
raised the m.p. to 230.5-233°.

Anal. Calcd. for CioH9N3S: C, 59.09; H, 4.46; N, 20.68; 
S, 15.77. Found: C, 59.46; H, 4.54; N, 20.75; S, 16.07.

N-Cyano-N'-phenylacetamidine (VII).—A solution of 0.85 g. 
(0.010 mole) of N-cyanoacetamidine and 1.3 g. (0.010 mole) of 
aniline hydrochloride in 5 ml. of water was heated on the steam 
bath for 3 hr. Addition of dilute sodium hydroxide to the cooled 
solution caused separation of an oil which partially crystallized 
on standing. Recrystallization from ethanol gave 0.08 g. of 
VII, m.p. 190-192° (lit.8 m.p. 193°).

N-Carbamoylbenzamidine Hydrochloride (Villa).—Addition 
of excess dry hydrogen chloride to 1.0 g. of N-cyanobenzamidine 
in 10 ml. of absolute ethanol, while cooling in an ice bath, 
produced a white crystalline solid which was filtered and washed 
with ether. The yield of V illa was 1.2 g. (87%), m.p. 192-194°, 
in agreement with the lit.12 m.p. 192-194°.

N-Carbamoylacetamidine Hydrochloride (VHIb). A.—Appli
cation of the previous procedure to 0.40 g. of N-cyanoacetamidine 
gave 0.40 g. (60%) of VHIb, m.p. 167-170°. The melting 
point was raised to 170-172° by recrystallization from ethanol.

Anal. Calcd. for C3H7N30 -HC1: C, 26.18; H, 5.86; N,
30.54. Found: C, 26.41; H, 5.83; N, 30.79.

B.—When 0.50 g. of N-cyanoacetamidine was mixed with 3 
ml. of cold concentrated hydrochloric acid a vigorous reaction 
occurred with formation of a clear solution. Evaporation to 
dryness and crystallization from ethanol afforded 0.65 g. (78%) 
of VHIb, m.p. 163-165° dec. Further recrystallization gave a 
sample identical with that described earlier.

Reaction of N-carbamoylbenzamidine with Acetic Anhydride. 
—A mixture of 1.0 g. of V illa and 0.41 g. of sodium acetate in 
5 ml. of acetic anhydride was refluxed for an hour. The cooled 
solution was poured into water and neutralized with sodium 
bicarbonate. Extraction with ether gave a dark oil which slowly 
crystallized on Irving under vacuum. Recrystallization from 
ethanol-water gave 0.30 g. (48%) of 2-methyl-4,6-diphenyl-s- 
triazine (V), m.p. > 100°, in two crops. Further recrystalliza
tion from ethanol gave pure material, m.p. 108-108.5°, identical 
with an authentic sample.22

2-Phenyl-s-triazine (X).—A solution of 1.0 g. of N-carbamoyl
benzamidine hydrochloride (0.0050 mole) and 0.43 g. of s-tri- 
azine16 (0.0053 mole) in 10 ml. of absolute ethanol was refluxed for
2.5 hr. Removal of the ethanol left a colorless oil which was 
partially crystallized from methanol-acetonitrile to give 0.25 g. 
of an unidentified hydrochloride, m.p. 77-79°. The mother 
liquor was evaporated to dryness leaving an oil which crystal
lized upon addition of water. This material, 0.47 g., m.p. 62- 
63°, was identified as 2-phenyl-s-triazine (X) by comparison 
with an authentic sample23; yield, 59%.

(21) A. W eddige, J. p r a k t .  Chem., \ 2 ] 33, 76 (1886).
(22) A. Pinner, Ber., 2S, 1624 (1892).
(23) F. C. Schaeier and G. A . Peters, J. Am. Chem. Soc., 81, 1470 (1959).
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2,4-Diphenyl-s-triazine ( X I ) . '—A solution of 1.1 g. of N-car- 
bamoylbenzamidine,12 m.p. 130-132°, in 3 ml. of formamide 
was heated at 180-185° for an hour. The white solid which crystal
lized on cooling was extracted into petroleum ether. This solu
tion was decanted from some insoluble oil and evaporated to give 
0.10 g. (13%) of XI, m.p. 68-72°. Recrystallization from aque
ous ethanol gave a sample which had m.p. 73-75° and an infra
red spectrum identical with that of an authentic sample.23

3-Phenyl-l,2,4-triazolin-5-one ( X I I ) .—A mixture of 1.0 g. 
(0.007 mole) of N-cyanobenzamidine and 0.75 g. (0.007 mole) of 
hydrazine dihydrochloride in 15 ml. of 50% aqueous methanol 
and was refluxed for 3 hr. Most of the methanol was distilled. 
Upon cooling 0.30 g. (30%) of the starting material crystallized. 
A little sodium bicarbonate was added to the aqueous filtrate, 
from which XII slowly crystallized during 24 hr. The yield was 
0.25 g. (23%), m.p. > 300°. I t was recrystallized from 50% 
aqueous ethanol; m.p. 322-325° (lit.24 25’26 m.p. 321° and 324°).

In another run, under slightly more strenuous conditions, a 
15% yield of benzoylurea,8 m.p. 210- 212°, was isolated in addi
tion to a lesser amount of XII.

3-Amino-5-phenyl-l,2,4-oxadiazole ( X I I I ) .—A solution com
posed of 1.0 g. of N-cyanobenzamidine, 0.50 g. of hydroxylamine 
hydrochloride, 3 ml. of ethanol, and 2 ml. of pyridine was re
fluxed for 30 min. and filtered hot to remove ammonium chloride. 
The filtrate was chilled to give 0.35 g. (31%) of X III, m.p.
156-160°. One recrystallization from ethanol raised the m.p. 
to 164-165.5° (lit.26’27 m.p. 164° and 164-165°).

(24) H. Gehlen, A n n . ,  563, 185 (1949).
(25) E. H oggarth, J .  C h e m .  S o c . ,  1918 (1949).
(26) H . W ieland and H. Bauer. B e r . ,  40, 1680 (1907).
(27) P. Adams, D . W. Kaiser, and  G. A. Peters, J .  O r g .  C h e m . ,  18, 934 

(1953).
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Alkyl N-cyanoimidates, a new class of reactive intermediates, have been prepared by reaction of cyanamide 
with ortho esters or imidate hydrochlorides. The N-cyanoimidates react with amidines to give 2-amino-s- 
triazines, with amidoximes to give 2-amino-s-triazine 1-oxides, with hydroxylamine to give 5-amino-l,2,4- 
oxadiazoles, and with hydrazine to give 3-amino-l,2,4-triazoles. Interaction of monosodium cyanamide with 
N-cyanoimidates gives N,N'-dicyanoamidine salts, which cyclize to 2-amino-s-triazmes upon treatment with dry 
hydrogen chloride.

As an extension of the work reported in the pre
vious paper1 concerning the use of N-cyanoamidines 
as intermediates for the synthesis of certain nitrogen 
heterocycles, we have investigated the chemistry of the 
related N-cyanoimidates (I), with the expectation that 
the more easily displaceable alkoxy group would allow 
more efficient reactions with nucleophilic reagents. Al
though N-cyanoimidates have apparently not been re
ported in the literature, various N-carbamoylimidates2 
and N-acylimidates3’4 5 are known. Moreover, they have 
been reported to react well with amines to give N-acyla- 
midines.2’6 AnN-cyanopseudourea (I. R = NH2) has 
also been prepared,6 but its reactions were apparently 
not investigated.

We first obtain ethyl N-cyanoacetimidate as an 
unexpected product from attempted cotrimerization7a 
of ethyl acetimidate with thiodiformamidine dihydro
chloride (II). Consideration of the probable mecha-

NH NH

ï è —s—è —D

NH

:3è —o siH2NC—S—C—NHä-2 HCl +  CH3C—0 2H6 ■ 
II

NH- HCl

CH3C—OCA, S

(+  H2n 6 —NHj-HCl)
+  H2NCNI

N—CN

CHSI!:—0 C2H5 +  NH4C1

(1) K. R. Huffman and F. C. Schaefer, J .  O r g .  C h e m . ,  28, 1812 (1963).
(2) C. W. Whitehead and J . J . Traverso, J .  A m .  C h e m .  Soc., 77, 5872 

(1955).
(3) H. L. Wheeler and P. T. Walden, A m . .  C h e m . . J . ,  19, 129 (1897).
(4) H. L. Wheeler, P. T. Walden, and IL F. Metcalf, i b i d . ,  20, 64 (1898).
(5) H. L. Wheeler and P. T. Walden, i b i d . ,  20, 568 (1898).
(6) W. M adelung ami E. K ern, A n n . ,  427, 1 11922).

nism of this reaction suggested that this N-cyanoimi- 
date resulted from reaction of the imidate hydrochlo
ride with cyanamide, the latter arising from dissocia
tion of the starting material. Although imidates gen
erally react with amino compounds with displacement 
of alcohol to give amidines, in many cases use of the 
imidate hydrochloride shifts the reaction to give 
formation of the N-substituted imidate by loss of am
monium chloride.8 Thus, while reaction of cyanamide 
with imidates rapidly gave N-cyanoamidines,1 it ap
peared that the corresponding reaction of the imidate 
salt might lead to N-cyanoimidates.

NH-HC1 N—CN
I! R 'O H  jl

RC—OR' +  H2NCN — 5- RC—OR' +  NH4C1
I

The first results were immediately encouraging when 
it was found that ethyl and methyl N-cyanoacetimidates 
(I. R = CH3, R ' = C2H6 or CH3) could be prepared 
in 60-65% yields according to the equation shown. 
The procedure consisted simply of mixing the imidate 
hydrochloride with cyanamide in alcoholic solution, 
filtering the ammonium chloride after a few hours, and 
isolating the product by distillation. The somewhat 
slower reaction of imidate hydrochlorides with alco
hols to give ortho esters8 did not appear to be interfering 
to any appreciable extern.

Unfortunately, this method failed to give pure isolable 
N-cyanoimidates when the group R was made more 
complex than alkyl. The use in this reaction of alkyl 
imidates containing a- or 0-chloro, a-hydroxy, or a-cy- 
ano groups led to complex mixtures or different products.

(7) (a) F. C. Schaefer, J .  O r g .  C h e m . ,  27, 360S (1962); (b) F . C. Schaefer 
and G. A. Peters, i b i d . ,  26, 2778 (1961).

(8) For exam ples, see R . Roger and D . G. Neilson, C h e m .  R e v . ,  61, 179 
0961).
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Table I
Preparation of N-Cyanoimidates from Cyanamide and Ortho E sters

N—CN
2AcsO ||

RC(OR'), +  H jN C N ------>  RC—OR'
Temp., Yield, ----Caled. —Fount1---------- -

R R' •c. Time % B.p., «C. Formula c H N C H N
CH3 C,HS 140 1 hr. 90 90-95 (20 mm.) c 6h 8n 2o 53.55 7.19 24.99 53.56 7.52 24.61
H C2H6 140 1 hr. 90 58-63 (0.1 mm.) c4h 6n 2o 48.97 6.17 28.56 49.26 6.18 28.37
C2H50 2CCH2a c 2h 5 150 15 min. 74 103-106 ( 0.2 mm.) c 8h 12n 2o3 52.16 6.57 15.21 52.22 6.39 14.85
CeHs CH3 150 20 min. 61 115-125 (0.3 mm.) c 9h 8n 2o 67.48 5.03 17.49 67.18 4.99 17.34
C1CH2 CH3 130 30 min. 75 76-80 (0.3 mm.) CÆNaOCl6 36.24 3.80 36.54 3.88
c ic h 2 c2h 6 145 30 min. 65 87-90 (0.2 mm.) C6H7N4OC1c 34.40 4.04 32.09 34.36 4.01 32.25

“ The ketene acetal (III) was used with one equivalent of acetic anhydride. 6 Caled..: Cl, 26.75. Found : Cl, 26.46. c Caled. :
Cl, 20.31. Found: Cl, 20.43.

Table II
P reparation  of 2-Am ino-s-tria zin es  in M ethanol  at 25°

N -C N  NH
II .11

R - C - O C 2 H5 + r 'c - n h 2
R-

R'

N ^ N  
II -NH2

R R '
Reaction 
time (hr.)

Yield,
% M.p., °C. Formula

-— Carbon, %— > 
Caled. Found

Hydrogen, % 
Caled. Found

/—Nitrogen, %—- 
Caled. Found

c h 3° CH3 3 84 170—171fe c6h 8n 4
CH3“ c 6h 5 3 76 156.5-158 C10H 10N4 64.50 64.32 5.41 5.39 30.09 30.26
c h 3 n h 2 0.5 77 276-277 c4h ,n 6
c h 3 c h 3o2c c h 2c 2d 38' 117.5-119.5 c ,h 10n 4o2 46.15 46.04 5.52 5.41 30.76 30.22
c h 3 c2h so2c c h 2 IS 7 27 125-126 c 8h 12n 4o2 48.97 48.92 6.17 6.16 28.56 28.62
c h 3 c h 3o 2 45 257-259" C5HaN40 42.85 43.00 5.75 6 . 0 0 39.98 39.77
c h 3 p-N Oü-CelL 2 d 60 267-268 C10H 9N5O2 51.94 52.24 3.92 4.32 30.29 30.50
H n h 2 1

h >300* c3h 6n 6
H c 6h 5 0.5 29 203.5-204.5’' c 9h 8n 4
C1CH2 CsH5 0.5 23 145-147 C10H 9N4C1’' 54.43 54.66 4.11 4.16 25.39 25.46
CICHo c h 3o 0.25 63 164-165 Cr,H7 N4OClt 34.40 34.36 4.04 4.01 32.09 32.25
C6H5' c h 3 1 54' 156-158 C10H 10N4”

a Starting material was methyl N-cyanoaeetamidate. 6 N. Tseherven-Iwanotf, J. prakt. Chern., [2] 46, 147 (1892), reports m.p. 170°. 
° Ethyl ester was used as starting material. Ester interchange occurred during course of reaction. d At 50°. '  Yield of crude product.
1 In ethanol. "Purified by trituration with hot water. h See Experimental. “Ref. 1 gives m.p. 203-204°. ’ Calcd.: Cl, 16.07.
Found: Cl, 15.83. *Calcd.: Cl, 20.31. Found: Cl, 20.43. 1 Starting material was methyl N-cyanobenzimidate. m Identical with
second entry in this table.

Methyl benzimidate hydrochloride also did not react 
smoothly with cyanamide, although a small amount of 
methyl N-cyanobenzimidate was obtained.

Investigation of a second method for synthesis of N- 
cyanoimidates was based on the known reaction of 
amino compounds with ortho esters to give alkoxy- 
methylene derivatives. Such a reaction has been used 
successfully by Whitehead and Traverso2 to convert 
substituted ureas to N-carbamoylimidates, but there is 
no report of the use of cyanamide as the amine com
ponent. Accordingly, this route to N-cyanoimidates 
was tried and was found to work quite well in most 
cases. Table I lists the compounds prepared by this 
procedure, which consisted simply of heating the rea
gents in two equivalents of acetic anhydride at 130- 
150° for periods of fifteen minutes to one hour, while 
distilling the by-products, acetic acid and alkyl ace
tate. The pure N-cyanoimidates were then isolated by 
distillation.
RC(OR')3 +  H2NCN +  2Ac20  ■— >-

N—CN

RC—OR' +  2 R'OAc +  2HOAc 
I

In order to obtain an example of an N-cyanoimidate 
containing a potentially active methylene group, the 
ketene acetal III was prepared and treated with cyan-

amide in the presence of one equivalent of acetic an
hydride. This variation of the usual procedure pro
duced the N-cyanoimidate Ic in 74% yield.

OC2H5
/

c 2h 6o2c c h = c  +  h 2n c n
\

OC2H6 
III

A.C20

N—CN

c 2h 5o2c c h 2c—oc2h 6
Ic

A few experiments directed at the preparation of N- 
cyanoimidates by reaction of imidates with cyanogen 
chloride were also carried out. Although it has long 
been known that imidates could be acylated with acid 
chlorides,34 addition of cyanogen chloride to two 
equivalents of methyl benzimidate in ether gave little 
or no reaction, while the same procedure applied to 
methyl acetimidate afforded only a 23% yield of 
methyl N-cyanoacetimidate. In the latter case the 
major product was 2,4,6-trimethyl-s-triazine, resulting 
from acid-catalyzed trimerization of the imidate.7b 
Low yields of crude methyl N-cyanobenzimidate and 
methyl N-cyanoacetimidate were obtained by treatment 
of the imidates with cyanogen chloride in aqueous solu
tion in the presence of calcium hydroxide.



1818 H u f f m a n  a n d  S c h a e f e r V o l . 28

NH N—CN NH-HC1

2 RC—OR' +  C1CN ^  RC—OR' +  l i t —OR'

The N-cyanoimidates prepared during this investiga
tion were all colorless liquids characterized primarily 
by analyses and by infrared absorption spectra. These 
compounds exhibit strong nitrile bands near 4.5 n 
and strong C = N  bands near 6.2 ¡j., with no absorption 
in the N— H or carbonyl region. Chemical confirma
tion of the assigned structures was obtained by then- 
reaction with amino compounds resulting, in most 
cases, in ready displacement of the alkoxyl group.

In contrast to the strenuous conditions required to 
convert N-cyanoamidines to aminotriazines,1 N-cyanoi
midates were found to react smoothly with amidines in 
alcoholic solution to give 2-amino-s-triazines (IV).

Compounds of type IV prepared by this method 
are listed in Table II. The R/ group of the amidine was

n h 2 n - c n
/  II

c2h 6o2c c h = c  +  c h 3c - oc2h 6
\
n h 2

c h 2c o 2r

RQH | N ^ N

Y h 3 - 4 n ^ —n h 2

Vila. R = CH3 
Vllb. R = C2H5

melting solid which still contained a nitrile group but no 
ester group, indicating that ring closure had occurred in 
an alternative manner to give a pyrimidine derivative. 
Structure VIII was assigned to this material on the 
basis of the infrared spectrum and rather erratic ana
lytical data. This structure was confirmed by acid 
hydrolysis to the ureido derivative X, which upon 
treatment with strong base gave the known 4-amino-6- 
hydroxy-2-methylpyrimidine (XI). Treatment of Ic 
with benzamidine similarly led to the phenyl derivative
IX.

R'
N - CN NH N ^ N
II M l! i

R C -O R ' R 'C -N H 2 ----* I X
R N Nh 2

IV

varied successfully among such groups as methyl, 
phenyl, p-nitrophenyl, amino, methoxy, and carbeth- 
oxymethyl. While the best yields were obtained with 
N-cyanoacetimidates, the other N-cyanoimidates, 
with the exception of compound Ic, were also converted 
to triazines by this procedure. This new method ap
pears to be the best available for synthesis9 of mono- 
amino-s-triazines containing dissimilar R groups.

In one case, the reaction of guanidine with an excess 
of ethyl N-cyanoformimidate, an open chain inter
mediate V was isolated. This compound was identi
fied by analysis, infrared spectrum (strong nitrile 
band, absence of ring band at 12.4 )̂, and by its quanti
tative conversion to the isomeric 2,4-diamino-s-triazine 
(VI) upon recrystallization from water. Equivalent 
amounts of the starting materials produced a mixture 
of V and VI in high conversion. Intermediates simi
lar to V are probably formed in the other cases also, 
but are normally too soluble and too reactive to be 
isolated.

N -C N
II

C2H502CCH2C -0 C 2H5
Ic

+
NH
II

r c - n h 2

NHCN

N
rA N ^ o0

VIII. r = c h 3 
IX. R =C 6H5

n h 2
II

r c - n h 2

H +
h2o

n h 2

H
XI

KOH

n h c o n h 2

N ^
ch3- A n a= o

H
X

Methyl N-cyanoacetimidate reacted with benzami- 
doxime and lactamidoxime to give the 2-amino-s- 
triazine 1-oxides XII and XIII, respectively.

These products were characterized by analysis, for-

N -C N
II

CHsC-OCH3 +

N -O H
II

R -C -N H a

CH3

N ^N
r - I n ^ - n h 2

1
0

N -C N
h c - o c2h 5

NH h 2n \
H2NC — NH2 u

t í' N
„C =  N C H = N -C Nr

n h 2

N ^ N
IL A

n ^ - n h 2
VI

The reaction of 2-carbethoxyacetamidine with ethyl 
N-cyanoacetimidate in methanol was accompanied by 
interchange with the solvent to afford the methyl ester 
Vila.

The similar product V llb  was not formed, however, 
upon reaction of acetamidine with ethyl 2-carbethoxy- 
N-cyanoacetimidate. Instead, the product was a high

(9) For previous syntheses of monoamino-s-triazines see E. M. Smolin 
and L. Rapoport, “s-Triazines and D erivatives/’ Interscienee Publishers
Inc., New York, N. Y., 1959, p. 217.

x i i . r = c6h 5 
XIII- r = c h 3c h

I
OH

mation of a red color with ferric chloride,10 and, in the 
case of the phenyl derivative XII, by reduction with 
phosphorus trichloride to 2-amino-4-methyl-6-phenyl- 
s-triazine. Although these results establish the pres
ence of the triazine N-oxide system, they do not rule 
out the isomeric 4-amino 1-oxide structure. The as
signment of structures XII and XIII is based pri
marily on the infrared spectral correlation with 2-amino- 
pyridine N-oxide, in which one of the N— H stretching 
bands and the N— 0 band are shifted to appreciably 
longer wave lengths than normal, presumably due to 
hydrogen bonding between the adjacent groups. 
Similar shifts to longer wave lengths were shown by the 
two triazine derivatives, in which the N— 0 band ap-

(10) J. T . Shaw, J .  O r g .  C h e w . . ,  27, 3890 (1962).
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peared near 8.75 n, well outside the normal range of
7.7-8.3 /ii quoted for normal heterocyclic N-oxides.11

Treatment of N-cyanoimidates with monosodium 
cyanamide led to the formation of N,N '-dicyanoami- 
dine sodium salts (XIV) in excellent yields, although 
the products were not obtained analytically pure in all 
cases. Compounds of type XIV have been prepared 
previously by reaction of amidines with cyanogen chlo
ride.10 Cyclization of the dicyanoamidines XlVa 
and XlVb to 2-amino-4-chloro-s-triazines (XV) was 
effected by treatment with dry hydrogen chloride in 
acetone. Alternatively, when the dicyanoacetamidine 
salt XIVa was cyclized in methanol, the product was 
the methoxytriazine XVI. The latter was also pre
pared by displacement of the chlorine of XVa with 
sodium methoxide in methanol.

N -C N
II

R C -O R '
NaHNCN N -C N

II
R C -N -C N

I
Na

XIVa. R = CH3
HCl /  b. R = H

CH3OH / c. r  = c2h 5o2c c h 2
HCl

acetone

OCHa Cl
A 1

N ^ N NaOCH3 N  "SN

CH3- t l NJ - N H 2 CH3OH r —1L.G —n h 2N
XVI XVa. R = CH3

b. R = H

This new route to the s-triazine system is analogous to 
the known cyclization of potassium dicyanoguanidine 
to 2,4-diamino-6-chloro-s-triazine.12 In view of the 
ease of displacement of the chlorine atom, compounds 
of type XV should be useful as intermediates for the 
synthesis of a variety of monoamino-s-triazines.

N-Cyanoimidates were also found to be useful as 
precursors of 1,2,4-oxadiazoles and 1,2,4-triazoles. 
When N-cyanoimidates were mixed with hydroxylamine 
hydrochloride in methanol, in the presence of tri- 
ethylamine, an exothermic reaction occurred with for
mation of a 5-amino-l,2,4-oxadiazole (XVII). The 
isomeric 3-amino-l,2,4-oxadiazoles could be ruled 
out as possible structures for these products as the
3-amino-5-methyl-13 and 3-amino-5-phenyl-l,2,4-oxa- 
diazole11416 are known compounds having melting 
points different from our products. Moreover, the 
phenyl derivative, XVIId, had properties in agreement 
with the known material.16’17

ii — - if— i r R
R -€ —OR'

XVIIa. R = CHS
c. R = C2H6OCCH2-
d. R = C6H5 
c. R = C1CH2

(11) A . R .  K a t r it z k y , Quart. Rev., 13, 353 (1959).
(12) J .  J .  Roem er and D . W . K a ise r , U . S . Pa ten t 2,658,893 (Novem- 

ber 10, 1953); Chem.Abstr., 48, 12813 (1954).
(13) G . W . Anderson, étal., J. Am. Chem. Soc., 64, 2902 (1942).
(14) H . W îe land and H . Bauer, Ber., 40, 1680 (1907).
(15) P . Adam s, D . W . K a ise r , and G . A . Peters, J. Org. Chem., 18, 934 

(1953).
(16) G . Ponzio, Gazz. chim. ital., 62, 854 (1932).
(17) G . Palazzo and G . S tran i, ibid., 90, 1290 (1960).

Methyl N-cyanoacetimidate reacted vigorously with 
hydrazine to give 3-amino-5-methyl-l,2,4-triazole 
(XVIII). Additional reactions tried with this N- 
cyanoimidate included treatment with dry hydrogen 
chloride in methanol, wrhich led to cleavage of the 
molecule with formation of 1-chloroformamidine hy
drochloride, and displacement of the methoxy group 
with ammonia and aniline to form the N-cyanoamidines 
XXa and XXb. N-Cyano-N'-substituted amidines 
have been obtained previously by reaction of the N- 
substituted imidate with cyanamide.18’19

NH -HC1
IIcic— n h 2
HCl|cH3OH __

N — CN RNh2 N — CN H 2N NH2 n jC  2
CH3C — NHR CH3C — OCH3 CÎÎ3 £

XXa. R = H a  I XVIII
b. R = C6Hs 1

II /C H 3 
CH3C —N

CN
XIX

Methyl N-cyanoacetimidate was stable to distillation 
at reduced pressure, as were the other compounds of 
type I, but upon heating at 165° at atmospheric pres
sure it slowly underwent the Chapman rearrangement8 
to give the isomeric N-cyano-N-methylacetamide
(XIX).

Experimental20
Reagents.—Cyanamide was obtained and purified as before.1 

Monosodium cyanamide21 was purified by extracting the crude 
material with boiling methanol, filtering the insoluble impurities, 
and evaporating to dryness at reduced pressure. All amidine 
salts were prepared by standard methods.

Trimethyl orthobenzoate was prepared by a literature proce
dure.22 Trimethyl and triethyl 2-chloroorthoacetates23 were pre
pared by allowing the corresponding imidate hydrochlorides to 
stand in methanol or ethanol at 25° for 1-3 days. 2-Carbethoxy- 
ketene diethyl acetal24 25’26 was obtained following the procedure of 
McElvain and Schroeder26 for the preparation of triethyl 2- 
carbethoxyorthcacetate and redistilling the product from p- 
toluenesulfcnic acid.

N-Cyanoimidates from Ortho Esters and Cyanamide. Gen
eral Procedure.—In general, equivalent amounts of cyanamide 
and ortho ester were dissolved in 2 equivalents of acetic anhy
dride and the resulting solution was heated to 130-140°, at which 
point the alkyl acetate began to distil rapidly. The oil bath was 
removed until the initial vigorous reaction subsided and then 
heating was continued at 135-150°, until most of the alkyl acetate 
and acetic acid had distilled. The residual liquid was then dis
tilled under vacuum. The N-cyanoimidates prepared by this 
procedure are listed in Table I.

Reaction of Thiodiformamidine Dihydrochloride with Ethyl 
Acetimidate.—A suspension of 20.0 g. (0.10 mole) of thiodiform
amidine dihydrochloride27 in 20 ml. of methanol at 55-60° 
was treated drop wise with 29.0 g. of ethyl acetimidate (0.31 mole) 
during 20 min. The reaction mixture was heated at 65° for an

(18) W . J . Com stock an d  H . L. W heeler, Am. Chem. J., 13, 514 (1891).
(19) G. Pellizzari, Gazz. chim. i t a l . ,  41, 93 (1911).
(20) M elting points an d  boiling po in ts  a re  uncorrected. M icroanalyses 

were by  J . D eonarine and  associates.
(21) R. A. Vingee and  L. J . C hristm ann, U. S. P a te n t 2,656,246 

(October 29, 1953); Chem. Abstr., 48, 2996 (1954).
(22) S. M. M cE lvain and  J. T . Venerable, J. Am. Chem. Soc., 72, 1661 

(1950).
(23) F . B eyerstedt and S. M. M cElvain, ibid., 59, 1273 (1937).
(24) H . R eitte r and  A. Weindel, Ber., 40, 3358 (1907;.
(25) S. A. G lickm an and A. C. Cope, Am. Chem. Soc., 67, 1017 (1945).
(26) S. M . M cE lvain and  J . P. Schroeder, i b i d . ,  71, 40 (1949).
(27) B. H . Chase and  J . W alker, J. Chem. Soc., 4443 (1955).
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additional hour at which point it was cooled and diluted with 
ether. The ethereal solution was decanted from insoluble ma
terial and distilled to give 12.0 g. of liquid, b.p. 120-130° (40 
mm.). This crude product was shown to contain approximately 
65% ethyl N-cyanoacetimidate and 18% methyl N-cyanoacet- 
imidate by infrared and mass spectroscopic comparison with 
samples obtained as before. The combined yield was approxi
mately 85%.

Methyl N-Cyanoacetimidate.—To a solution of 19.6 g. (0.47 
mole) of freshly purified cyanamide in 70 ml. of dry methanol 
was added 51.1 g. (0.47 mole) of methyl acetimidate hydrochlo
ride.88 The resulting mixture was shaken for a few minutes and 
allowed to stand at room temperature for 3 hr. After filtration 
of the ammonium chloride the methanol was stripped from the 
filtrate and the product was distilled rapidly. Redistillation 
gave 30.1 g. (66%) of methyl N-cyanoacetimidate, b.p. 98-99° 
(25 mm.).

Anal. Calcd. for C4H6N20 : C, 48.97; H, 6.17; N, 28.56. 
Found: C, 49.23; H, 6.50; N, 28.60.

Ethyl N-cyanoacetimidate was prepared according to the previ
ous procedure using ethyl acetimidate hydrochloride7b in ethanol. 
The yield was 65%, b.p. 95-96° (15 mm.). The infrared spec
trum was identical with that of the sample prepared as in 
Table I.

Reaction of Methyl Acetimidate with Cyanogen Chloride.—A
solution of 14.6 g. (0.20 mole) of methyl acetimidate89 in 100 ml. 
of ether was stirred in an ice bath while 6.2 g. (0.10 mole) of 
cyanogen chloride was distilled into the solution. The flask 
was stoppered and kept at 0° for 6 hr. and then at room tempera
ture overnight. Filtration at this point yielded 3.5 g. (32%) 
of methyl acetimidate hydrochloride. Removal of the 
ether and distillation afforded 3.5 g. (43%) of 2,4,6-trimethyl- 
s-triazine,7b b.p. to 63° (20 mm.), which solidified ih the con
denser, and 2.3 g. (23%) of methyl N-cyanoacetimidate, b.p. 
90-92° (20 mm.).

Preparation of 2-Amino-s-triazines. General Procedure.—
The 2-amino-s-triazines listed in Table II were prepared by the 
following procedure. A solution of 0.020 mole of sodium meth- 
oxide in 20 ml. of methanol was treated with 0.021 mole of the 
amidine hydrochloride. The mixture was shaken for a few 
minutes and then filtered into 0.020 mole of the N-cyanoimidate 
while stirring and cooling the reaction mixture in an ice bath, if 
necessary. In most cases the product crystallized directly from 
the reaction mixture. If crystallization did not occur, the solvent 
was evaporated after an appropriate length of time and the resi
due was crystallized from ethyl acetate and then recrystallized 
from ethanol.

N-Cyano-N'-guanylformamidine (V).—A solution of guanidine 
in 15 ml. of methyl alcohol was prepared from 1.90 g. of guanidine 
hydrochloride (0.020 mole) and 1.1 g. of sodium methoxide (0.020 
mole). This w&s filtered and 2.20 g. (0.022 mole) of ethyl N- 
cyanoformimidate was added. The solution became warm with 
crystallization of a white solid, which after an hour was filtered 
and washed with ethanol. This was the open chain product V, 
0.95 g. (43%), m.p. >300°.

Anal, dialed, for C3H6N6: C, 32.43; H, 4.54; N, 63.04. 
Found: C,!32.17; H, 4.42; N, 62.76.

The infrared spectrum of this material showed a strong nitrile 
band near 4.55 m- Recrystallization from water resulted in near- 
quantitative conversion to the isomeric 2,4-diamino-s-triazine
(VI), m.p. >300°, which could not be detected in the spectrum 
of the original material.

In another run using the standard procedure for reaction of 
N-cyanoimidates with amidines a mixture of V and VI crystal
lized from the solution in a combined yield of 87%. Pure VI 
was then obtained by recrystallization of this mixture from water.

4-Cyanoammo-6-hydroxy-2-methylpyrimidine, Acetamidine 
Salt (VIII).—A solution of 0.021 mole of acetamidine, prepared 
from 2.15 g. of the hydrochloride and 1.15 g. of sodium meth
oxide in 20 ml. of methanol, was filtered into 2.0 g. (0.011 mole) 
of ethyl 2-carbethoxy-N-cyanoacetimidate and the resulting 
solution was heated at 50° for 3 hr. while a pale yellow solid 
slowly crystallized. The solid was filtered and triturated with 
fresh methanol to give 1.20 g. (53%) of VIII, m.p. >250 dec.

Anal. Calcd. for C6H6N40-C2H6N2: C, 46.14; H, 5.81; 
N, 40.36. Found: C, 45.57; H, 5.71; N, 39.80.

(28) A. P inner, “ Die Im idoather und ihre D eriva te ,”  R obert Oppenheim 
(G ustav  Schm idt), Berlin, 1892.

(29) Prepared according to  procedure for ethyl acetim idate  in ref. 7b.

Reaction of acetamidine with the N-cyanoimidate in a 1:1 
ratio also gave VIII as the only solid product.

A 0.25-g. Bample of VIII was heated with 3 ml. of 6 N  hydro
chloric acid for 30 min. on the steam bath. The resulting 
hydrochloride salt was neutralized with aqueous bicarbonate to 
give 4-hydroxy-2-methy!-6-ureidopyrimidme (X), m.p. >275°, 
which upon treatment with aqueous potassium hydroxide for 2 
hr. at 90° was converted to 4-amino-6-hydroxy-2-methylpyrimi- 
dine (XI), m.p. 298-300° dec. The infrared spectrum of this 
material was identical with that of an authentic sample prepared 
by a literature procedure.80 Lit.80 m.p. 295-297°.)

4-Cyanoammo-6-hydroxy-2-phenylpyrimidine, Benzamidine 
Salt (IX).—A solution of 1.85 g. (0.010 mole) of ethyl 2-car- 
bethoxy-N-cyanoacetimidate and an equivalent amount of benz
amidine in 15 ml. of methanol was warmed at 35-40° for 3 hr. 
Evaporation of the solvent gave a gum which was crystallized 
from ethanol-ethyl acetate. The yield of IX, m.p. 191-192° 
dec., was 1.1 g. (66% based on the amidine). Recrystallization 
from water afforded off-white crystals, m.p. 192-193° dec.

Anal. Calcd. for CnH8N40-C-,H8N2: C, 65.04; H, 4.85; 
N, 25.29. Found: C, 64.53; H, 4.60; N, 25.91.

2-Amino-4-methyl-6-phenyl-s-triazme 1-Oxide (XII).—A solu
tion of 1.0 g. (0.010 mole) of methyl N-cyanoacetimidate and 1.4 
g. (0.010 mole) of benzamidoxime28 29 30 31 in 5 ml. of ethanol was re
fluxed for 4 hr. and chilled. The white crystalline product was 
filtered and washed with ether, 0.65 g., m.p. 209-215°. After 
standing for a week the filtrate had deposited another 0.30 g., 
m.p. 216-219°, for a total of 0.95 g. (45%). Trituration with 
ethanol raised the m.p. to 219-221°.

Anal. Calcd. for Ci0H,0N4O: C, 59.39; H, 4.98; N, 27.71. 
Found: C, 58.99; H, 5.02; N, 27.47.

This compound exhibited a bright red color with ethanolic 
ferric chloride. Treatment of a small sample with refluxing 
phosphorus trichloride gave 2-amino-4-methyl-6-phenyl-s-tri- 
azine, m.p. 155.5-156.5°, identical with the sample prepared as 
in Table II.

2-Amino-4-methyl-6-( l-hydroxyethyl)-s-triazine 1-Oxide 
(Xni).—A solution of 1.95 g. (0.020 mole) of methyl N-cyano- 
acetimidate and 2.10 g. (0.020 mole) of lactamidoxime32 in 5 ml. 
of methanol was refluxed for 2.5 hr. and evaporated to dryness. 
Recrystallization of the solid residue from acetonitrile gave 1.05 
g. of tan solid, m.p. 153-158°. Two further recrystallizations 
from methanol gave an analytical sample of XIII, m.p. 172- 
173°.

Anal. Calcd. for C6HioN402: C, 42.35; H, 5.92; N, 32.93. 
Found: C, 42.44; H, 6.22; N, 32.66.

The yield of crude product was 31%. This compound also 
gave a bright red color test with ferric chloride in ethanol.

Sodium N,N'-Dicyanoacetamidine (XlVa).-—To a solution of
10.0 g. (0.10 mole) of methyl N-cyanoacetimidate in 50 ml. of 
methanol was added 6.5 g. (0.10 mole) of purified monosodium 
cyanamide. Upon shaking a clear warm solution formed. After 
an hour at 40° the methanol was removed at reduced pressure 
and the pale yellow solid residue was washed with cold ethanol. 
The yield of crude XlVa was 10.45 g. (79%), m.p. 244-245° 
dec. Lit.10 m.p. 262-263°).

Anal. Calcd. for C4H3N4Na: C, 36.93; H, 2.32; N, 43.07. 
Found: C, 36.34; H, 2.31; N, 42.12.

Sodium N,N'-Dicyanoformamidine (XTVb).—A solution of
1.0 g. of ethyl N-cyanoformimidate in 10 ml. of methanol was 
treated with 0.65 g. of monosodium cyanamide and worked up as 
before. This gave 1.10 g. (93%) of crude XlVb, m.p. 253- 
255° dec.

Anal. Calcd. for C3HN4Na: C, 31.05; H, 0.87; N, 48.28. 
Found: C, 30.33; H, 2.22; N, 46.07.

Sodium 2-Carbethoxy-N,N'-dicyanoacetamidine (XIVc).—To a 
solution of 0.70 g. of 90% monosodium cyanamide (0.010 mole) 
in 10 ml. of methanol was added 1.8 g. of ethyl 2-carbethoxy-N- 
cyanoacetimidate. The solution was kept at 45-50° for 10 min. 
and then evaporated under vacuum. The resulting gum crystal
lized upon prolonged scratching with a glass rod. The solid was 
washed with ether, dissolved in acetonitrile, filtered to remove a 
small amount of insoluble material, and again evaporated to a 
gum. The latter crystallized upon treatment with hot benzene 
giving 1.60 g. (80%) of XIVc, m.p. 155-165° dec.

(30) A. M aggiolo, A. P . Phillips, and G. H . H itchings, J .  A m .  C h e m .  S o c . ,  

73, 106 (1951).
(31) F . T iem ann and  P. K rnger, B e r . ,  17, 1685 (1884).
(32) H. Schiff, A n n . ,  321, 357 (1902).
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Anal. Calcd. for C7H7N40 2Na: C, 41.59; H, 3.49; N, 
27.72. Found: C, 41.84; H, 3.28; N, 27.75.

2-Amino-4-chloro-6-methyl-s-triazine (XVa).—A suspension of
6.5 g. of sodium N,N'-dicyanoacetamidine in 100 ml. of acetone 
was treated with a large excess of dry hydrogen chloride while 
cooling occasionally in an ice bath. The white insoluble solid 
was filtered, washed with ether, and added in portions with stir
ring to 75 ml. of cold 5% sodium bicarbonate. The aqueous 
mixture was filtered and the solid product was washed with a 
little cold water. The yield of XVa was 6.5 g. (90%), m.p. 
202-203° dec. The analytical sample was recrystallized from 
ethylene dichloride, raising the m.p. to 206-207°.

Anal. Calcd. for C4H6N4C1: C, 33.23; H, 3.49; Cl, 24.53. 
Found: C, 33.34; H, 3.59; Cl, 24.69.

2-Amino-4-chloro-s-triazine (XVb).—Application of the above 
procedure to 0.90 g. of sodium N,N'-dicyanoformamidine gave 
0.60 g. (60%) of 2-amino-4-chloro-s-triazine, m.p. >300°, which 
could not be recrystallized.

Anal. Calcd. for C3H3N4C1: C, 27.60; H, 2.32; N, 42.92; 
Cl, 27.16. Found: C, 27.73; H, 2.72; N, 42.60; Cl, 26.95.

2-Ammo-4-methoxy-6-methyl-s-triazine (XVI). A.— A solu
tion of 1.0 g. of sodium N,N'-dicyanoacetamidine in 10 ml. of 
methanol was treated with excess dry hydrogen chloride while 
cooling in an ice bath. The reaction mixture was worked up as 
before to give 0.70 g. (65%) of XVI, m.p. 259-261°, identical 
with a sample prepared from methyl N-cyanoacetimidate and 
methylpseudourea (Table II).

B.—-To 0.30 g. (0.0055 mole) of sodium methoxide in 10 ml. of 
dry methanol was added 0.72 g. (0.0050 mole) of 2-amino-4- 
chloro-6-methyl-s-triazine. The reaction mixture was shaken 
for 10 min., warmed gently on the steam bath for 5 min., and 
then chilled and filtered. The resulting white solid was extracted 
with cold water leaving 0.57 g. (81%) of XV, m.p. 258-260°, 
identical with the sample described previously.

5-Amino-3-methyl-l,2,4-oxadiazole (XVIIa).—A stirred mix
ture of 1.40 g. (0.020 mole) of hydroxylamine hydrochloride and
2.0 g. of triethylamine (0.020 mole) in 10 ml. of ethanol was 
treated dropwise with 1.95 g. (0.020 mole) of methyl N-cyano
acetimidate. Toward the end of the addition the reaction mix
ture was cooled to keep the temperature below 40°. After 30 
min. the now clear solution was evaporated to dryness and the 
residue was recrystallized from water to give 1.35 g. (69%) of 
XVIIa as white needles, m.p. 153-157°. Two additional re
crystallizations raised the m.p. to 159-160.5°.

Anal. Calcd. for C3H5N30 : C, 36.36; H, 5.09; N, 42.41. 
Found: C, 36.23; H, 5.28; N, 42.62.

5-Amino-3-phenyl-l,2,4-oxadiazole (XVIId).—To 3 ml. of 
methanol was added 0.40 g. of methyl N-cyanobenzimidate, 0.18 
g. of hydroxylamine hydrochloride, and 0.25 g. of triethylamine. 
The mixture became warm and a clear solution formed on shaking. 
After an hour the methanol was removed and the residue was 
recrvstallized from water to give 0.35 g. (88%) of XVIId, m.p.
146-147°. After a second recrj^stallization from benzene the 
m.p. was 147-148° (lit.16'17 m.p. 153-154°).

5-Amino-3-chloromethyl-l,2,4-oxadiazole (XVIIe).—The pro
cedure used for preparation of the 3-methyl compound, when 
applied to 2.65 g. of methyl 2-chloro-N-cyanoacetimidate (0.020 
mole), gave an oily residue which was crystallized from water to 
give 1.20 g., m.p. 110-120°. Extraction of the mother liquor 
with ether yielded more product, which after two recrystalliza
tions from benzene weighed 0.40 g., m.p. 116-121°; total yield of 
crude product, 1.60 g. (60%). Two additional recrystallizations 
from benzene afforded colorless prisms, m.p. 125..5-127.5°.

Anal. Calcd. for C3H4C1N,0: C, 26.98; H, 3.02; N, 31.47; 
Cl, 26.55. Found: C, 27.41; H, 2.95; N, 31.13; Cl, 26.34.

This compound is a strong vesicant and should be handled 
cautiously.

5-Amino-l,2,4-oxadiazole-3-acetic Acid, Ethyl Ester (XVIIe).—
Ethyl 2-carbethoxy-N-cyanoaeetimidate, 1.85 g., was treated 
with hydroxylamine as before. After the methanol had been 
removed, the mushy residue was dissolved in water and extracted 
twice with ether. Evaporation of the dried extracts afforded an 
oil which crystallized on standing overnight. The yield of XVIIe 
was 1.20 g. (70%), m.p. 61-65°. This material was recrystal
lized once from water and once from benzene-petroleum ether; 
m.p. 68-70°.

Anal. Calcd. for C6H9N30 3: C, 42.10; H, 5.30; N, 24.55. 
Found: C, 42.09; H, 5.08; N, 24.33.

3-Amino-5-methyl-l,2,4-triazole (XVIII).—A solution of 1.95 
g. of methyl N-cyanoacetimidate in 5 nil. of methanol was treated 
dropwise with 0.65 g. of 98% hydrazine while stirring and cooling 
in an ice bath. After the addition, during which a vigorous re
action occurred, the solution was allowed to warm to room 
temperature and then evaporated to dryness. The solid residue 
was recrystallized from acetonitrile to give 1.30 g. (67%) of the 
triazole as a 'white solid, m.p. 147-148° (lit.33 m.p. 148°).

N-Cyanoacetamidine (XXa).—A solution of 4.2 g. of methyl 
N-cyanoaeetimidate in 10 ml. of methanol was cooled in 
an ice bath while 1.5 g. of gaseous ammonia was added. Alter 
an hour at room temperature the solvent was removed. Re- 
crystallization of the residue from ethanol gave 2.4 g. of N-cyano- 
acetamidine,1 m.p. 132-135°. A second crop of 0.35 g., m.p. 
122-130°, made a total of 2.75 g. (77%, yield).

N-Cyano-N'-phenylacetamidine (XXb).—A solution of 2.0 g. 
of methyl N-cyanoacetimidate and 1.9 g. of aniline in 5 ml. of 
ethanol was refluxed for 12 hr. and chilled. The white crystal
line product was filtered and "washed with ether. The yield was
2.25 g. (70%), m.p. 189.5-192°. Upon recrystallization from 
ethanol the melting point was increased to 191.5-193.5° (lit.19 
m.p. 193°).

N-Cyano-N-methylacetamide (XIX).—Methyl N-cyanoaceti
midate was heated in an oil bath at 160-165° for 5 hr. and then 
distilled. Two fractions were collected: A, b.p. 87-91° (25 
mm.), and B, b.p. 95-97° (25 mm.). Fraction A partially 
crystallized on being chilled. The crystalline material was fil
tered, washed with a 2:1 petroleum ether-ether mixture, and 
then recrystallized twice from ether-petroleum ether to give a 
pure sample of XIX, m.p. 51.5-52.5°.

Anal. Calcd. for C4H6N20 : C, 48.97; H, 6.17. Found:
C, 49.16; H, 6.13.

This compound was quite unstable in storage and decomposed 
after a few days in a closed vial.

Fraction B was identified as unchanged starting material by 
its infrared spectrum.

Reaction of Methyl N-Cyanoacetimidate with Hydrogen 
Chloride.—A cold solution of 0.70 g. of methyl N-cyanoaceti
midate in 5 ml. of ethanol was treated with an excess of dry 
hydrogen chloride. The white solid which formed weighed 0.50 
g., m.p. 177-179° dec. I t was identified as chloroformamidine 
hydrochloride (61%, yield) by infrared comparison with an 
authentic sample.34
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(33) J .  Thiele and  K. Hedenreich, B e r . ,  26, 2598 (1893).
(34) H . Z. Lecher and  C. L. Kosloski, U. S. P a te n t 2,727,922 (Decem

ber 20, 1955); C h e m .  A b s t r 60, 15578 (1956).
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Tetraeyanoethylene and dicyanoacetylene reacted with phosphines with spontaneous dimerization to give 
percvanophospha heterocycles or polymeric derivatives.

The reaction of acetylene dicarboxylic ester with 
aromatic phosphines is known to occur with the forma
tion of a nonisolable unstable phosphole as intermediate 
which rearranges subsequently to a stable butadiene 
derivative.1-3 Triphenylarsine and acetylene dicar
boxylic ester gave a stable arsole derivative2 and the 
larger size of the arsenic atom was proffered as a tentative 
explanation for the difference in stability between the 
phosphole and the arsole compounds. The present 
investigation suggests this to be of minor importance, 
however. No stable phosphole derivatives have been 
reported thus far which were formed from olefins or 
acetylenes directly.

The facile addition of triphenylphosphine to cyano- 
substituted ethylenic double bonds such as in tetra- 
cyano-7-oxabicyclohexa-2,5-diene which gave a stable 
ylid4 invited further investigation of this type of reac
tion.

Aromatic phosphines react exothermically with two 
moles of tetraeyanoethylene to give a stable, colorless, 
crystalline derivative of octac.yano (triphenyl) phos- 
pholidine (I) (octacyano-P,P,P-triphenylphosphacy- 
clopentane).

CN CN
NC-
NC-
Ni7 Y Sc  rr u  \ <

-CN
CN

(C6H5)3 CN 
I

The reaction is best carried out in acetonitrile, but 
other solvents may be used successfully as long as they 
are unreactive toward tetraeyanoethylene. The reac
tion also proceeded easily on diluting the two compo
nents with sodium chloride and subjecting the mix
ture to about 10,000 p.s.i. of external pressure. The 
reactants are probably brought in close contact with 
each other at the applied pressure, and exist in small 
droplets and in this state the reaction is facilitated. 
Different methods of preparation gave yields varying 
from 80 to 100%.

The structure of 1 as a percyanophospholidine is sup
ported by the following results: it gave no indication of 
a zwitterion and failed to show the typical color test of 
tetraeyanoethylene.5 Decomposition occurred at about 
230° with the ejection of some tetraeyanoethylene and 
formation of a black polymeric product which still con
tained the triphenylphosphine unit as evidenced by the 
strong absorption at 9.0 p and the three intensive 
absorption bands in the 13-15-p region.

(1) J. B. Hendrickson, J .  A m .  C h e m .  S o c . ,  83, 2018 (1961).
(2) J. B. Hendrickson, R. E . Spenger, and  J. J. Sims, T e t r a h e d r o n  L e t t e r s , 

477 (1961).
(3) A. W. Johnson and  J. C. Tebby, J .  C h e m .  S o c . ,  2126 (1961).
(4) C. D. Weis, J .  O r g .  C h e m . ,  27, 3520 (1962).
(5) B. C. M cK usick, R. E. H eckert, T. L. Cairns, D. D. Coffman, and 

H. F .  M ower, J .  A m .  C h e m .  S o c . ,  80, 2806 (1958).

CN CN
N O
NC-

-CN
-CN

H N =C  (C;h 5)3 'C=NH

H,CO OCH,

Reflux in methanol yielded a bisimino ether for which 
structure II is proposed.

Hydrolysis with concentrated hydrochloric acid at 
140-150° yielded butanetetracarboxylic acid as a mix
ture of the high and low melting form and triphenyl
phosphine oxide. The acidic component was further 
characterized by conversion into the tetramethyl ester 
whose infrared spectrum was superimposable on that of 
an authentic specimen. Further confirmation was 
obtained by conversion to its bisanhydride. These 
results indicated that two tetraeyanoethylene units had 
been linked together.

Strong evidence for the phosphole structure of I was 
given by the nuclear magnetic resonance spectrum. 
The phosphorus chemical shifts in some compounds in
cluding I are given in Table I. It has been reported by 
several investigators6“9 that in compounds of the 

\  \
general structure —P = 0  and —P = N  the resonance of

/  /
phosphorus generally lies above that of phosphoric acid. 
In cases where phosphorus is attached to a larger num
ber of oxygen or nitrogen atoms somewhat lower chemi
cal shifts have been reported.

The shift of 0.0 ± 1 .0  p.p.m. for (C6H5)3P = N —C6H6 
is in good agreement with the previous observations in 
similar compounds. In III where there is little doubt 
about the structure1 the chemical shift is —17.0 ± 1 .0

C6H6— %  'b— COOCH3 

H— I COOCH3

(C6H5)3
III

(C6h 5)2p
N ^'-N

IV

p.p.m. which is quite different from the others. The 
chemical shift in IV which is a very stable compound10 
is very much in agreement with other similar compounds 
of this basic structure.11 This slightly low field shift in

\
contrast to the compounds of the structure —P = N

/
(6) J . R . V an Wazer, C. F. Callis, J . N . Shovlery, and  R. C. Jones, i b i d . ,  

78, 5715 (1956).
(7) K . John, T. M oeller, an d  L. F . A udrieth, i b i d . ,  82, 5616 (1960).
(8) K . John, T . M oeller, an d  L. F . A udrieth, i b i d . ,  83, 2608 (1961).
(9) E . Fluck, C h e m .  B e r . ,  94, 1388 (1961).
(10) K. Freudenberg and  H. R ichtzenhain, A n n . ,  562, 126 (1942). We 

are indebted  to  G. Nichols for a  sample of th is  com pound.
(11) M. Becke-Goehring, K. Kohn, and  E . Fluck, Z .  a n o r g .  a l l g e m .  C h e m . ,  

302, 103 (1959).
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could be due to either the second nitrogen or anisotropy 
effect of the phosphonitrile ring.12-14 The two possi
ble structures for the product are 1 and VI. In I the 
phosphorus atom is bonded as in III and in VI it is like 
(C6H5)3P = N —C6H6. The vast difference in the chem
ical shifts of these compounds (see Table I) arises from 
the nature of the bonding rather than from the substi
tuents. The chemical shift of I is —22.0 p.p.m. and is 
close to that of III in which the phosphorus is attached 
to five carbon atoms. To the extent the phosphorus 
chemical shifts are invariably positive in compounds of

the type —P = N  this low chemical shift suggests the

structure to be I rather than VI. It was thought that
n.m.r. studies of C18 nuclei should give an unambiguous 
assignment of I based on its symmetry, but solubility 
did not permit observance of C18 resonance in natural 
abundance.

Structure VI conceivably might have been formed by 
migration of triphenylphosphine from carbon to the 
nitrogen on the other end of the percyanoalkane chain. 
(V-VI). Acidic cleavage of the P-N  bond of VI, fol-

CN| CN CN

N C -C —- C —CN N C -C —

NC—i  - - i r CN n c 4
II * U ^CN NC < 

1
C
II
N -"

P (C6H5)3 

1 + )
(©)

C
I

N
II 
P

(C6H6)3

VI

I
- c — CN 

I
^ C —CN

lowed by hydrolysis of the imino compound formed to 
give a /J-ketone and its subsequent cleavage would also 
afford butanetetracarboxylic acid.

Triphenylarsine or stibine did not react with tetra- 
cyanoethylene, as was observed previously for the 
oxabicycloderivative.

A possible explanation is that the d-orbital of the 
phosphorus overlaps partially the 7r-electron field of the 
alpha cyano substituents and contributes thus to the 
stability of I while the arsine atom is large enough to 
frustrate this interaction. The stability of IX com
pared with the corresponding tetraester2 8 derived from 
it is attributed to the same effect.

ortho- and para-methyl-substituted triphenylphos- 
phines (VII, VIII) underwent the same type of reaction. 
Tris(p-methoxyphenylphosphine), however, gave a 
tarry product only. Tributylphosphine gave a dark- 
colored polymeric product of low molecular weight. 
The 2:1 ratio of tetracyanoethylene to phosphine indi
cates that the same type of reaction occurred as with 
aromatic phosphines with the formation of an unstable 
phospholidine. Analysis suggested that the product, 
apparently during the work-up procedure, lost two 
cyano groups which were given off as hydrogen cyanide. 
No reaction was observed with f umaronitrile.

Dicyanoacetylene and triphenylphosphine reacted in 
acetonitrile with the formation of tetracyano(triphen- 
yl)phosphole (IX) (tetracyano-P,P,P-triphenylphos- 
phacyclopentadiene). The orange-colored compound

(12) J. H. Goldstein and G. S. Reddy, J .  C h e m .  P h y s 36, 2644 (1962).
(13) K. Ito, J .  A m .  C h e m .  S o c . ,  80, 3502 (1958).
(14) J. S. Waugh and R. W. Fessenden, i b i d . ,  79, 846 (1957).

NC-l —
N C - J \ p j —CN

(CelU
r x

is rather insoluble in organic solvents. The assignment 
of its structure is based on analytical results and the 
similarity of the pattern of its infrared spectrum with 
the spectrum of I. Thermal decomposition at 245° 
gave carbonized product and triphenylphosphine. 
There was no indication of a zwitterionic structure such 
as was proposed for the analogous methylphosphole 
tetracarboxylate2'8 or any rearranged product thereof.2

Experimental16
Octacyano-P,P,P-triphenylphospholidine. A.—Triphenyl

phosphine (5.8 g., 0.022 mole) was added slowly to a slurry of 
tetracyanoethylene (5.2 g., 0.04 mole) in acetonitrile (15 ml.). 
The temperature was maintained at 25-35° by external cooling. 
After the addition was completed stirring was continued for 10 
min. and then the crystalline product (8.4 g., 80%) filtered from 
the ice-cold solution. Recrystallization of the buff-colored mate
rial from benzene yielded colorless crystals, m.p. 168.5-170°. 
The compound turned slightly red on melting.

Anal. Calcd. for CwHisNgP: C, 69.50; H, 2.92; N, 21.61; 
P, 5.97. Found: C,69.78; H, 3.15; N, 21.52; P, 5.89.

Mol. wt. (benzene) calcd.: 518; found: 512, 527. The in
frared spectrum showed characteristic absorptions for CN at 4.41 
n (w) and 4.52 n (w) with a ratio of the size of the bands about 
1 :2 . The aromatic vibration bands were at 6.22 fi (vs), 6.32 yu 
(m), 6.92 ¡x (m), 7.20 ¡j (m). The absorption at 8.93 n (s) was 
found to be characteristic of all aromatic phosphine compounds 
usually ranging from 8.9 to 9.2 fi. Further characteristic absorp
tions are at 9.98 fi (w); 10.95 ^ (m); 13.12 ¡j. (m); 13.31 /i (w); 
13.72yu(s); 14.40 /u (s). The triple sequence of medium to strong 
sized absorption bands in the 13.3-14.5-m region was found to be 
very characteristic of five bonded phosphorus compounds and 
aromatic phosphonium compounds in general. The ultraviolet 
spectrum showed absorptions at X̂ '™“ , 300 m̂ u (e 15,700); 
shoulder at 276 m/t (e 10,480); shoulder at 269 mu (e 9960).

N.m.r. Spectra. All the spectra were obtained on a Varian 
Associates high resolution spectrometer operating at 15.1 Mc./- 
sec. The solvent was dioxane in all cases and saturated solutions 
were used. Calibrations were carried out by superposition tech
nique with 85% orthophosphoric acid in a capillary as reference. 
All the chemical shifts are expressed in parts per million with 
respect to 85% orthophosphoric acid.

B.—Tetracyanoethylene (2.56 g., 0.002 mole) and triphenyl
phosphine (2.71 g., 0.001 mole) were well mixed with sodium 
chloride (5 g.) and the mixture placed in a die and subjected to
10,000-p.s.i. pressure. The pellet obtained was powdered and 
added to water (30 ml.). Buff-colored crystals (5.1 g., 97%) 
were filtered off, m.p. 168°, whose infrared spectrum was super
imposable to the spectrum of the previously obtained sample.

Octacyano-P,P,P-tri-o-tolylphospholidine (VR).—Tri-o-tolyl- 
phosphine (3.04 g., 0.01 mole) was added to a suspension of 
tetracyanoethylene (.256 g., 0.02 mole) in acetonitrile (15 ml.). 
The slurry was heated to 50° whereupon a sudden change in 
color occurred. Subsequent filtration of the ice-cold solution 
gave buff-colored crystals (4.37 g., 78%.). Recrystallization 
from benzene afforded colorless crystals, m.p. 235-237°.

Anal. Calcd. for C33H21NSP: C, 70.70; H, 3.78; N, 19.98; 
P, 5.50. Found: C.70.65; H, 3.88; N, 19.85; P, 5.49.

Octacyano-P ,P,P-tri-p-tolylphospholidine (VIII ).—p-Tolyl- 
phosphine (3.04 g., 0.01 mole) and tetracyanoethylene (2.56 g.,
O. 02 mole) were added to acetonitrile ( 15 ml.). The crystals went 
into solution with moderate evolution of heat, and crystals 
deposited after a few minutes. Further cooling of the solution 
furnished buff-colored crystals (3.7 g., 66.5%). Recrystallization 
from acetonitrile and subsequently from benzene gave colorless 
crystals, m.p. 205-206°.

Anal. Calcd. for C33H21N8P: C, 70.70; H, 3.78; N, 19.98;
P, 5.53. Found: C, 71.01; H, 4.02; N, 19.73; P, 5.38.

(15) Melting points are uncorrected.
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The infrared spectrum exhibited the same absorption pattern 
as I, except for the additional CH3 bands.

Hexacyanobis(imidic Acid, Methyl Ester)-P,P,P-triphenyl- 
phospholidine (II).—A solution of octacyano-P,P,P-triphenyl- 
phospholidine (5 g., 0.096 mole) in methanol (40 ml.) was refluxed 
for 10 min. Filtration of the ice-cold mixture gave off-colored 
crystals (2 g., 35.5%). Recrystallization from acetonitrile gave 
colorless crystals, m.p. 215-220° dec. The compound turned 
slightly brown at about 180°.

Anal. Calcd. for C32H23N80 2P: C, 65.9S; H, 3.98; N, 19.23; 
P, 5.32. Found: C, 65.70; H, 4.37; N, 19.78; P, 5.36.

The infrared spectrum exhibited principal absorption bands at
3.01 m  (m)l 4.63 m  (w); 6.03 m ( s ) ;  6.35 m  (s); 6.43 m ( s ) .

Hydrolysis of I.—Octacyano-P,P,P-triphenylphospholidine 
(50 g., 0.0965 mole) was suspended in concentrated hydrochloric 
acid (210 ml.) and the mixture heated in an autoclave to 140° 
for 3 hr. The product was diluted with 500 ml. of water and 
allowed to stand for 12 hr. Filtration gave impure triphenyl- 
phosphine oxide (30.3 g., theoretical yield 25 g.), identi
fied by the superimposability of the infrared spectrum of a re- 
crystallized sample on that of a known specimen. The filtrate 
was evaporated to dryness on a steam bath. The residue (55.7 
g.) was extracted with ether in a Soxhlet for 24 hr. Concentra
tion of the ethereal extract (50 ml.) yielded a white crystalline 
precipitate (11.9 g., 53%) of crude 1.2.3.4 butanetetracarboxylic 
acid as a mixture of the low and high melting forms. It was 
filtered and washed with a few milliliters of cold ether. An 
analytical sample was recrystallized from water, m.p. 235°.16 
(It melted at 192°, resolidified, and melted finally a t 235°.) 
Crude butanetetracarboxylic acid (1.5 g., 0.0064 mole) was 
treated with an excess of diazomethane in ether. Recrystalliza
tion of the tetramethyl ester from petroleum ether gave a mixture 
of the low and high melting form, m.p. 45-62°.

Anal. Calcd. for C2iHl880 : C, 49.68; H, 6.25. Found: 
C, 49.88; H, 6.35.

The infrared spectrum was superimposable with the one of an 
authentic sample of methyl 1.2.3.4-butanetetraearboxyIate. 
The mixture of the butanetetracarboxylic acids (1 g., 0.0043 
mole) was refluxed in acetic anhydride (S ml.) for 3 min. The 
precipitate of butanetetracarboxylic acid dianhydride was filtered 
and identified by the superimposability of the infrared spectrum 
and the m.p. 248°, with a specimen -which was prepared according 
to the literature.17

Thermal Decomposition of I.—Octacyano-P,P,P-triphenyl- 
phospholidine (1 g., 0.0019 mole) was heated in a test tube to 
220-250° for 8 min. Tetracyanoethylene sublimed to the cold 
part of the tube and was identified by its infrared spectrum. The 
dark-colored residue showed still the typical absorption pattern 
of the triphenylphosphine unit as shown by its absorption at 9.1 
M and the three strong bands betwreen 13 and 15 m -

Tetracyanoethylene and Tributylphosphine.—Tributylphos- 
phine (10 g., 0.05 mole) was added slowly to a suspension of 
tetracyanoethylene (12.5 g., 0.1 mole) in acetonitrile (30 ml.) 
which was immersed in an ice bath. The dark-colcred solution 
was allowed to stand at room temperature for 30 min. and then 
the solvent was removed under reduced pressure. The dry, dark- 
colored residue (20 g., 88%) was extracted with ether in a Soxhlet 
for8 hr. The product (insoluble in ether) softened at 190-230°.

Anal. Calcd. for C22H29N6P02: C, 59.98; H, 6.63; N, 19.08; 
P, 7.03. Found: C, 60.43; H, 6.71; N, 18.52; P, 7.22.

(16) W. B ertram , B e r . ,  36, 3295 (1903).
(17) A. J .  Viorlew and  W. J . M ur, “ Syntheses of Organic Com pounds,”

Ved Verlat Teclinik, Berlin, 1959, p. 29.

T a b l e  I
P 31 N .m .r . C h e m ic a l  S h i f t s  i n  S o m e  O r g a n o - P h o s p h o r o u s  

C o m p o u n d s

Com pound
(C6H,)3P=N—c6h3

C6H5 —rf°>—COOCHs
H-li J —COOCHs 

P
(C6H5)3

(C6H5)4PBr

(C6H5)2
P

(CeH^R^-PCCsHsH

Cl Cl

Cl—P I= N —P II= 0

¿1 ¿1
0  o
I! II

Cl—P—O—P—Cl
1 I
Cl Cl 
CN CN

NC- 
NC 
NC

-CN
'vj J<CN 

(C6H5)3

Lit. P 31 chemical shift, p.p.m .

0.0  ±  1.0

1 -1 7 .0  ±  1.0

- 22.0 ± 1.0

10 - 9 .0  ± 2 .0

9 (PI) +  0.1 ±  1 .0 
(PII) +  14.3 ±  1.0

9 +10.0 ±  1.0

- 22.0 ±  1.0

Mol. wt. in dimethyl sulfoxide: 4953, 5084. The only char
acteristic absorption in the infrared spectrum was the CX 
absorption at 4.50 ¡j..

Tetracyano-P,P,P-triphenylphosphole (IX).—All reactants 
were carefully purified and kept under nitrogen during the experi
ment. A solution of dicyanoacetylene18 (3.0 g., 0.040 mole) in 
acetonitrile (6 ml.) was added to a solution of triphenylphosphine 
(5.2 g., 0.02 mole) in acetonitrile (50 ml.) at 25-30°. The deep 
purple-colored solution was allowed to stand for 12 hr. Filtration 
gave light brown crystals (1.12 g., 13.6%). Several recrystalliza
tions from pyridine gave orange-colored crystals, m.p. 237-239° 
(dec.).

Anal. Calcd. for C26HlbN.P: C, 75.35; IT, 3.65; N, 13.52; 
P, 7.48. Found: C, 75.52; H,4.00; N, 12.52, 13.10; P, 7.47.

The infrared spectrum showed absorption at 4.50 m  ( w ) ;  4.56 
M ( m ) ;  4.62 M(m); 6.73 M; 6.80 m ;  6.98 m ! 7.33 m ;  7.60 m ; 9.30 
m ;  13.30 m : 13.82 m ; 14.45 m - Absorption in the ultraviolet oc
curred at 4S5 m M  and 378 i u m . The deep blue mother
liquor yielded upon evaporation a blue-colored, apparently poly
meric residue.

Thermal Decomposition of IX.—Tetracyano-P,P,P-triphenyl- 
phosphole (0.2 g., 0.00048 mole) was heated in a sublimation ap
paratus to 250-260° at 0.5 mm. for 4 hr. The sublimed triphenyl
phosphine (0.095 g., 75%) was identified by comparison of its 
infrared spectrum with that of an authentic sample. The car
bonaceous residue weighed 0.70 g.

(18) E. T . B lom quist and E. C. Winslow, J .  Otq. C h e m . .  10. 149 (1945).
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A number of a-hydroxy isocyanates, a new class of compounds, have been synthesized from isocj^anic acid 
and carbonyl compounds such as formaldehyde, chloral, s-dichlorotetrafluoroacetone, trifluoroacetaldehyde, and 
perfluorocyelobutanone. These novel isocyanates undergo most of the norma! isocyanate reactions. They can 
be converted readily to l,3,5-oxadiazine-2,4-diones and to a-chloro isocyanates, an unusually reactive class of 
compounds. a-Chloromethyl isocyanate, obtained from hydroxymethyl isocyanate and thionyl chloride, was 
found to react with styrene to give cinnamyl isocyanate and 3-chloro-3-phenylpropyl isocyanate, with ??i-xylene 
to give 2,4-dimethylbenzyl isocyanate, and with phenols to give 1,3-oxazinones.

Previously reported chemistry of isocyanic acid, a 
long known compound,1 has involved reactions with 
amines to form ureas2 and with alcohols to form ure
thanes3 and allophanates.4 Reactions of isocyanic acid 
with chloral have given cyclic products.5 The addition 
of isocyanic acid to Schiff’s bases6 and azines7 has given 
heterocyclic structures.

Our studies have led to new chemistry of isocyanic 
acid which will be reported in this and subsequent 
papers. In this paper, the addition of isocyanic acid to 
certain carbonyl compounds to give the hitherto un
known a-hydroxy isocyanates (I) is discussed.

OH
Ri—C = 0  +  HNCO TZÜ Ri—¿ —NCO

I I
R2 R2

I

Previous attempts8 to prepare compounds of this type 
by the Lossen rearrangement have been unsuccessful.

The formation of hydroxy isocyanates has been found 
to occur with such carbonyl compounds as formal
dehyde, s-dichlorotetrafluoroacetone, trifluoroacetal
dehyde, 5/7-perfluoropentanal, perfluorocyelobutanone, 
chloral, dichloroacetaldehyde, and perfluoroacetone. 
It appears that most carbonyl compounds capable of 
forming hydrates undergo this reaction. In general, 
the carbonyl compounds have electronegative substit
uents in the a position.

Because of the high reactivity of hydroxy isocyanates, 
it is usually best to prepare them at temperatures of 0° 
or below. The extent of the formation of the hydroxy 
isocyanate on mixing a carbonyl compound with iso
cyanic acid can be determined readily by near-infrared 
spectrophotometry. As the reaction proceeds, the 
absorption band at 1.47 p (NH of HNCO) decreases, 
and a band at 1.42-1.44 p appears as a result of the 
formation of hydroxyl groups.

Hydroxymethyl Isocyanate (H).—We have found 
that the addition of monomeric formaldehyde to ethe
real solutions of isocyanic acid at about —70° gives

OHoO + HNCO —> HOCH2NCO 
II

(1) F . W ohler, A n n .  C h i m .  e t  P h y s . ,  S e r .  £ ,2 7 , 196 (1824).
(2) M . B ogert an d  G. Scatchard, J .  A m .  C h e m .  S o c . A 38, 1606 (1916).
(3) J . Johnson an d  L. Ferstandig , S c i e n c e ,  110, 441 (1949).
(4) M . A. Spielman, J. D. Barnes, and W. J . Close, J .  A m .  C h e m .  S o c . ,  

72, 2520 (1950); H. W. Biohm and  E . I. Becker, i b i d . ,  72, 5342 (1950).
(5) C. Bischoff, B e r . ,  5, 86 (1872).
(6) W. J . Hale and N. A. Lange, J .  A m .  C h e m .  S o c . ,  41, 379 (1919).'.
(7) J . R . Bailey and  N. H . M oore, i b i d . ,  39, 279 (1917).
(8) L. W. Jones and  D. H. Powers, i b i d . ,  46, 2518 (1924).

hydroxymethyl isocyanate in essentially quantitative 
yield. Upon removal of the solvent at low tempera
tures under reduced pressure, hydroxymethyl isocy
anate is isolated and is found to melt at about —50°. 
Infrared examination of this product at —50° showed 
strong absorption at 2.9 p (OH) and 4.43 p (NCO), 
but none at 5.4 p to 5.5 p (CO). This spectrum is 
consistent with the HOCH2NCO structure but not with 
an alternative cyclic structure.

Hydroxymethyl isocyanate polymerizes with ex
plosive violence above 0°. Solutions in diethyl ether 
are somewhat more stable and remain clear for as long 
as an hour at room temperature. The formation of a 
slight turbidity signals an incipient rapid polymeriza
tion. No additives were found which would increase 
the stability of the ether solutions.

Spontaneous polymerization of hydroxymethyl iso
cyanate gave a friable solid insoluble in water. The 
elemental analyses of this solid indicated that carbon 
dioxide was lost during polymerization. The poly
mers formed with either a basic or acidic catalyst at lew 
temperatures showed a loss of formaldehyde during 
polymerization. Most of the polymers obtained were 
of low molecular weight and in no case could be repre
sented by the formula (HOCH2NCO)x.

Hydroxymethyl isocyanate forms adducts with 
a,/3-unsaturated ethers, such as dihydropyran and 
butyl vinyl ether, as illustrated by the following reac
tion.

HOCH2NCO + f f l  —* | 1h QJoCH2NCO

This reaction proceeds readily at room temperature 
with an acidic catalyst such as p-toluenesulfonic acid. 
These adducts are relatively stable, distillable liquids 
that can be converted to the expected isocyanate deriva
tives (see Table I).

In general, amines promote the rapid polymerization 
of hydroxymethyl isocyanate. To obtain good yields 
of hydroxymethylureas it is necessary to add the hy
droxymethyl isocyanate to a solution of amine at low 
temperature. For example, when an ethereal solution 
of hydroxymethyl isocyanate was added slowly to an 
ethereal solution of aniline at —30° N-hydroxymethyl- 
N'-phenylurea was obtained in high yield. This 
compound has also been obtained from phenylurea and 
formaldehyde.9 On the other hand, when aniline was

(9) G. Zigeuner, W. Knierzinger, and  K. Voglar, M o n a t s h . ,  82, 847 
(1951).
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Structure

C^Doch2nco

C ^ o c h 2n h c o n h {~ ^> ci

T a b l e  I

D e r i v a t i v e s  o f  H y d r o x y m e t h y l  I s o c y a n a t e  
B .p., °C. (mm.)

M.p., °C. <n2sn)
87-88 (15)

(1.4499)

143-147

81-82

92-94

98-100

/ O C Ä
CH3CH

' ' ' o c h 2n c o

CjHgOCH (CH3 )OCH2NHCONH

85-87 (16) 
(1.4192)

Cl 88-91

added to a solution of hydroxymethyl isocyanate a 
complicated mixture of products was obtained.

A new synthesis of chloromethyl isocyanate has been 
uncovered in the reaction of hydroxymethyl isocyanate 
with thionyl chloride. This reaction takes place in the 
cold to give first the chlorosulfite which loses sulfur 
dioxide on warming to room temperature.

HOCHjNCO

O
s o c i !  II

------^  ClSOCH2NHCOCl -
— SO;

----- j-
30°

ClCHoNHCOCl

The resulting chloromethylcarbamoyl chloride, m.p. 
9-10°, was converted to the known chloromethyl iso
cyanate10 by treatment with a-pinene, d,t-limonene, 
acrylonitrile or pyridine. Both chloromethylcarbamoyl 
chloride and chloromethyl isocyanate are very potent 
respiratory irritants.

Chloromethylcarbamoyl chloride reacted with phenol 
and naphthol to give cyclic structures.

ClCHjNHCOCl
Ph

NH

Although the product from naphthol appears to be 
new, the derivative11 of phenol has been prepared by 
another route.

Chloromethylcarbamoyl chloride added readily to 
styrene in the presence of small amounts of mercuric 
chloride to give an adduct that lost hydrogen chloride 
on heating to form cinnamyl isocyanate.

Under mild conditions with zinc chloride as a catalyst, 
chloromethylcarbamoyl chloride reacted with m-xylene

(10) G. Schroeter, B e r . ,  « ,  3356 (1909).
(11) H, Lindem ann and W. Schultheis, A n n . ,  464, 248 (1928).

—Anal. (calcd.)/found
c H N

(53.48) (7.05) (8.91)
53.99 7.12 8.91

(54.83) (6 .0 2 ) (9.84)
54.56 6 . 1 2 10.09

(67.76) (6.36) (4.65)
67.38 6.55 4.86

(67.76) (6.36) (4.65)
67.90 6.39 4.80

(48.76) (4.72) (4.38)
48.07 4.93 4.44

(55.47) (8.73) (8.95)
56.10 9.00 8 . 2 0

(55.90) (7.04) (9.31)
55.64 6 . 8 6 9.33

Cl Cl

CH—CH2
c h c h 2c h 2n h c o c i c h c h 2c h 2n c o

+
C1CH2NHC0C1

to give 2,4-dimethylbenzylcarbamoyl chloride, which 
was converted to the corresponding isocyanate.

CH

CH3

0

c h 3
ZI1C12

H3C
CH2NHCOCl —h c i

+
ClCH2NHCOCl c h 3

h 3c
c h 2n c o

l-Hydroxy-2,2,2-trichloroethyl Isocyanate (III).—
The reaction of chloral and isocyanic acid proceeds 
slowly at 0° but is complete after about seven hours.

CCI3CHO +  HNCO • CCl,CH(OH)NCO
III

l-Hydroxy-2,2,2-trichloroethyl isocyanate (III) is 
a low melting solid (m.p. 25°), recrystallizable from 
carbon tetrachloride. Above its melting point it is 
slowly converted to solid products of indefinite com
position, which are soluble in acetone but insoluble in 
carbon tetrachloride.

A new cyclic structure, a l,3,5-oxadiazine-2,4- 
dione, was obtained on treatment of l-hydroxy-2,2,2- 
trichloroethyl isocyanate with water. This compound 
was also made from chloral hydrate and isocyanic acid,
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T a b l e  II

S tructu re

CCl3CH(OH)NHCONHC6H 5

CCl3CH(OH)NHCONHC6H 4Cl-p

(CCl3CH(OH)NH)2CO

0
cci3c h  x = o

I
H1SL . NH 

C

CCI3CHCINCO

CCI3 CHC1NHC02 CH3

CC13 CH(0CH 3)NHC0 2 CH3

cci3c h c in h c o 2

cci3c h c in h c o 2

CC13 CHC1NHC02 Cl

CC13 CHC1NHC02

CCl3 CH(OCH3)NHCO;

CCl3 CH(OCH3)NHCO:

Cl < ^ J>  NHCHNHCONH <f ^C 1

CC13

NHCHNHCONH Ü  

CC13

C
H / CC13

c
- N '  ''N H

„  ^  „ c = o
S '  N

D e r i v a t i v e s  o f  CCl3CH(OH)NCO
<--------------------------------------- Anal, (calcd.)/found-------------

M.p., °C. C H N Cl

1 4 5 ( 9 . 8 8 ) ( 3 7 . 5 5 )

9 . 9 7 3 7 . 5 2

1 8 3 - 1 8 5 ( 8 . 8 0 ) ( 4 4 . 5 1 )

8 . 7 9 4 3 . 9 1

1 7 3 - 1 8 2 " ( 1 6 . 9 2 ) ( 1 . 7 0 ) ( 7 . 9 0 ) ( 5 9 . 9 5 )

1 6 . 3 5 1 . 8 1 8.01 5 8 . 7 5

1 9 0 - 2 0 0 ' ' ( 2 0 . 5 5 ) ( 1 . 3 0 ) ( 1 2 . 0 0 ) ( 4 5 . 6 0 )

20.68 1 . 7 6 1 2 . 0 3 4 5 . 5 0

5 8 ( 1 ) ' ( 6 . 7 1 ) ( 6 7 . 9 0 )

6 . 8 5 6 7 . 5 1

9 3 - 9 4 ( 1 9 . 9 4 ) ( 2 . 0 9 ) ( 5 . 8 1 ) ( 5 8 . 8 7 )

2 0 . 0 3 2 . 2 4 5 . 8 7 5 9 . 1 0

6 4 - 6 5 ( 2 5 . 3 9 ) ( 3 . 4 1 ) ( 5 . 9 2 ) ( 4 4 . 9 8 )
2 6 . 0 8 3 . 4 7 5 . 6 7 4 4 . 7 3

1 5 8 - 1 6 5 ( 4 4 . 2 2 ) ( 2 . 5 7 ) ( 3 . 9 7 ) ( 4 0 . 1 9 )

4 3 . 9 1 2 . 3 4 3 . 8 8 3 9 . 9 5

1 7 5 - 1 8 8 ( 4 4 . 2 2 ) ( 2 . 5 7 ) ( 3 . 9 7 ) ( 4 0 . 1 9 )
4 3 . 6 1 2 . 5 9 4 . 3 2 3 9 . 9 9

1 3 5 - 1 3 9 ( 2 9 . 0 7 ) ( 1 . 3 6 ) ( 3 . 7 7 ) ( 5 7 . 2 1 )
2 8 . 5 2 1.10 3 . 8 1 5 6 . 9 0

1 2 1 - 1 2 5 ( 7 . 9 1 )

7 . 8 7

( 4 . 0 2 ) ( 3 0 . 6 0 )
1 0 8 - 1 1 0 3 . 6 0 3 0 . 0 8

1 4 9 - 1 5 1 ( 4 8 . 3 0 ) ( 3 . 4 5 ) ( 4 . 0 2 )

4 8 . 1 3 3 . 4 2 4 . 2 6

1 6 2 - 1 6 4 ( 4 2 . 1 3 ) ( 2 . 8 1 ) ( 9 . 8 3 )

4 1 . 9 0 2 . 9 0 9 . 6 2

1 5 3 - 1 5 0 ( 5 0 . 2 3 ) ( 3 . 9 3 ) ( 1 1 . 7 2 )

4 9 . 8 3 3 . 9 5 1 1 . 8 1

5  clef. ( 2 6 . 4 4 ) ( 1 . 4 8 ) ( 1 5 . 4 2 )

2 6 . 7 5 1 . 7 4 1 5 . 2 5

0 Lit.15 — 1 9 0 °  dec. b Depended on the rate of heating. c B.p., ° C .  ( m m . ) .

CC13CH ^ 0 = 0  

NH NH

II
o

l-Hydroxy-2,2,2-trichloroethyl isocyanate formed the 
expected derivatives with aniline and p-ehloroaniline.

With thionyl chloride it gave 1,2,2,2-tetrachloroethyl- 
carbamoyl chloride and 1,2,2,2-tetrachloroethyl iso
cyanate. Both of these compounds are potent respira
tory irritants.

The a-chlorine in 1,2,2,2-tetrachloroethyl isocyanate 
is highly reactive. Thus, when this compound was 
treated with alcohols or amines, the first product was 
the expected derivative of the isocyanate, but when
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Table III
Derivatives of Various Hydroxy I socyanates

------ -—■—— —-------—•—•—------Anal. (ca lcd .)/found-
Structure M.p., “C. C H N F

(C1F2 C)2C c = o 98-99 (21.07) (0.71) (9.83) (26.60)
21.36 0.99 9.84 26.35

HN NH

II
O

(C1F2 C)2C (OH) n h c o 2 c 2 h 5
44-46 (25.02) (2.45) (4.90) (26.40)

25.09 2.56 5.20 26.26

(CIF2 C) 2C (OH) NHCONHCsHs® 75-77 (8.40) (22.70)
8.84 22.09

CF3 CH (OH) NHC0NHC 6H6o 145-147 (11.97) (24.40)
1 2 . 2 0 23.88

HCiFgCH (OH) NHCONHCeHs 125-126 (7.65) (41.51)
7.62 41.22

/O\

(CF3)2C c = o
1 1

HN NH-(C2 H5)3N 1 2 0 - 1 2 1 ( 1 1 . 1 1 )
11.16

(45.22)
44.90

il
o

. 0 .
(CF3)2C c=o

HN NH
' ' 'C /

II
o

° Contained traces of phenylurea.

110-111 (37.40)
37.65

(4.85)
5.09

(11.90)
12.12

(32.27)
31.65

excess reactant was used the a-chlorine was replaced 
with an alkoxy or amino group as illustrated by the 
reaction with methanol.

CHsOH CHîOH
CCUCHCINCO--------> CC13CHC1NHC02CH 3 --------

1 mole excess
CC18CH(OCHj)NHCOjCH>

In a similar manner the reaction of 1,2,2,2-tetrachlo- 
roethyl isocyanate with water gave (CCl3CH(OH)- 
NH)2CO.

The derivatives obtained from l-hydroxy-2,2,2- 
trichloroethyl isocyanate are listed in Table II.

Bis-(chlorodifluoromethyl)-hydroxymethyl Isocya
nate (IV).—Of the various a-hydroxy isocyanates 
prepared, bis-(chlorodifluoromethyl)-hydroxymethyl 
isocyanate is one of the most stable at room tempera
ture. It does not undergo polymerization at room 
temperature and can be distilled under reduced 
pressure. Examination by near-infrared spectropho
tometry of both the product isolated by distillation and 
equimolar mixtures of isocyanic acid and s-dichloro- 
tetrafluoroacetone showed that bis-(chlorodifluoro- 
methyl)-hydroxymethyl isocyanate exists in equi
librium with its precursors. These equilibrium mix
tures contained nearly 100% of the hydroxy isocyanate 
at -20°, 98% at 0°, and 95% at 25°.

This hydroxy isocyanate reacted readily with amines 
and alcohols to form the expected derivatives (see 
Table III).

Attempts to obtain a linear polyurethane by the use 
of pyridine as a catalyst led instead to the cyclic struc
ture of the type obtained from chloral.

... TV
2(C1F2 C)2 C ( 0 H ) N C 0 = ^ ( C 1 F 2 C)2C c = o

NH NH

II +  (C1F2 C)2 C0 
0

Bis-(trifluoromethyl)-hydroxymethyl Isocyanate (V).
(CFs)2CO +  HNCO (CF 3)2C(OH)NCO

V

—Bis-(trifluoromethyl)-hydroxymethyl isocyanate is 
similar to IV in stability. I t  can be distilled without 
appreciable decomposition at low temperatures under 
reduced pressures, but decomposes reversibly at tem
peratures much above 0°.

On standing in glass containers V is slowly converted 
to the l,3,5-oxadiazine-2,4-dione,

(CF2)2C C = 0
I I

an acidic compound that readily forms a salt on,treat
ment with triethylamine in tetrahydrofuran.

Other Hydroxy Isocyanates.—Trifluoroacetaldehyde 
and 517-pcrfluorovaleraldchyde reacted rapidly with 
isocyanic acid at 0° to form the corresponding hydroxy 
isocyanates. l-Hydroxy-2,2,2-trifluoroethyl isocya
nate from trifluoroacetaldehyde was stable at —20° for 
several days but polymerized at 0°. On the other hand,
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the hydroxy isocyanate from o/I-perfluorovaleraldehyde 
was stable for at least three days at 25°. Both hy
droxy isocyanates formed ureas with aniline (see Table
III). l-Hydroxy-2,2,2-trifluoroethyl isocyanate re
acted slowly with refluxing ethanol to give a mixture of 
ethyl N-l-hydroxy-2,2,2-trifluoroethylcarbamate and 
ethyl carbamate.

Experimental
Preparation of Isocyanic Acid.—Isocyanic acid was prepared 

routinely essentially by a literature method.12 Cvanuric acid ob
tained from Eastman Kodak or American Cyanamid was pyro- 
lyzed at 400-550° under a stream of nitrogen. The crude iso
cyanic acid was collected in traps cooled with Dry Ice-acetone. 
Redistillation over phosphorus pentoxide gave high purity iso- 
cvanic acid with only trace amounts of hydrogen cyanide as in
dicated by gas chromatography at 22° with a column of Silicone 
703 on Columpak.

The purified isocyanic acid could be kept at —50° or below for 
months without, apparent change. However, on warming, it 
underwent rapid polymerization or trimerization of explosive 
character so that caution was necessary. By comparison with 
acetylene or nitrocellulose, isocyanic acid is a mild explosive.

Preparation of a-Hydroxy Isocyanates and Their Derivatives. 
—The general procedure for preparing a-hvdroxy isocyanates 
comprised mixing isocyanic acid and the carbonyl compound in 
essentially equimolar quantities at —78° and then allowing the 
mixture to warm to a temperature of about 0°, depending on the 
stability of the product. Solvents such as diethyl ether and 
carbon tetrachloride were used in some cases.

The rate of adduct formation varied with the carbonyl com
pound. The progress of the reaction was followed by means of 
near-infrared spectrophotometry.

Hydroxymethyl Isocyanate.- Anhydrous formaldehyde, gen
erated by heating 30 g. (1 mole) of a-polyoxymethylene13 (formed 
by base catalysis), was passed into a stirred solution of 39.2 g . 
(0.91 mole) of isocyanic acid in 200 ml. of anhydrous diethyl ether 
at —78° over a period of 107 min. Analysis of the reaction mix
ture at this point by near-infrared showed a strong OH band at 1.42 
a [the optical density of a 1% carbon tetrachloride solution in a
10-cm. cell was 0.528 at room temperature, whereas the optical 
density at 1.47 ¡j. (HN of HNCO) was only 0.018, indicating that 
virtually all o: the isocyanic acid had reacted].

The solvent was removed at —30° under 0.5-mm. pressure to 
yield 69 g. (theory 66) of a mobile liquid. On cooling, this liquid 
formed a crystalline solid at about —52°. Further purification 
was effected by partial freezing and separation of the solid from 
the liquid. The resulting solid was triturated with pentane, and 
residual amounts of pentane were removed by distillation [ —29° 
to —10° (0.5 mm.)]. The final product melted at about —50°. 
The analysis of hydroxymethyl isocyanate was difficult because 
of itsinstabilitv.

Anal. Calcd. for C2H3N 02: C, 32.88; H, 4.14; N, 19.17; 
mol. wt., 73.05. Found: C, 33.55; H, 4.34; N, 19.20; mol. 
wt., 79, 80 (benzene).

Infrared analysis at —50° showed —NCO (4.43 m), OH (2.9
n), and no carbonyl.

N-Hydroxymethyl-N'-phenylurea.—At —35°, a mixture of 26 
g. of hydroxymethyl isocyanate and 30 g. of ether was added with 
stirring over a period of 30 min. to a solution of 47 g. of aniline in 
150 ml. of ether. The mixture was allowed to warm to —10° and 
poured into 500 ml. of cold 5% acetic acid. The solid precipitate 
was washed with ether and methanol. The analytical sample was 
recrystallized from methanol (m.p. on rapid heating, 176-182° 
dec.). The infrared spectrum showed absorption at 3.0, 3.05 n 
(NH); 6.08n(CO); 6.45M(amideII); and7.6,13.2M(C6H5NH).

Anal. Calcd. for C8H10N2O2: C, 57.82; H, 6.07; N, 16.86. 
Found: C, 57.51; H, 6 .12; N, 16.85.

When aniline was added to hydroxymethyl isocyanate, an 
unidentified mixture was obtained.

2-Tetrahydropyranyloxymethyl Isocyanate.—A mixture of 135 
g. of hydroxymethyl isocyanate, 400 g. of dihydropyran, 185 g. 
of ether, and 0.5 g. of p-toluenesulfonic acid was prepared at —5°.

(12) F. Zobrist and  H . Schinz, H e l v .  C h i m .  A c t a ,  35, 2380 (1952); M . 
Linhard, Z .  a n o r g .  a l l g e m .  C h e m . ,  236, 200 (1938).

(13) I. F. W alker, “ Form aldehyde,” 2nd E d ., Reinhold Publishing Corp., 
New York, N. Y., 1953, p. 129.

Within a few minutes the temperature rose to 20°. After the 
mixture had stood about 10 days at 25°, 188 g. of 2-tetrahydro- 
pyranyloxymethyl isocyanate, b.p. 87-88° (15 mm.), was ob
tained (see Table I for analytical data and for information on a 
similar adduct with butyl vinyl ether).

2-Tetrahydropyranyloxymethyl isocyanate and the adduct 
from butyl vinyl ether reacted (pyridine catalysis) readily with 
phenols in ether solution to give a variety of urethanes and with 
p-chloroaniline (see Table I) to form ureas.

Chloromethylcarbamoyl Chloride and Chloromethyl Isocya
nate.—A mixture of 115 g. of hydroxymethyl isocyanate and 100 g. 
of ether was added at —15° with stirring to a mixture of 205 g. of 
thionyl chloride, 400 ml. of pentane, and 2 ml. of pyridine. The 
temperature was maintained at 0° for 1 hr. and at 33-35° for 4 
hr., during which time sulfur dioxide was evolved. The pentane 
and ether were removed under reduced pressure, and the product 
was recrystallized from pentane-methylene chloride (2:3). The 
yield of chloromethvlcarbamoyl chloride, m.p. 9-10°, was 68%.

Anal. Calcd. for C2H3N0C12: C, 18.77; H, 2.36; N, 10.95; 
Cl, 55.41. Found: C, 19.41; H, 2.29; N, 11.11; Cl, 53.54.

Treatment of 194 g. of chloromethylcarbamoyl chloride in 100 
ml. of xylene with 250 ml. of a-pinene resulted in a mild exother
mic reaction (temperature maintained at 25-30° for 2 hr.). On 
distillation, 66 g. (48%,) of CICH2NCO, b.p. 37-39° (158 mm.) 
(extrapolated 80°—lit.10 b.p. 80-81°), n25d 1.4327, was ob
tained.

Anal. Calcd. for C2H2N0C1: N, 15.31. Found: N, 15.44.
3,4-Dihydro-2H-naphtho [ 1,2-e] -1,3-oxazin-2-one.—On mixing

38 g. of chloromethyl isocyanate, 62 g. of pentane-ether (3:1), 
and 43 g. of d-naphthol at 25°, hydrogen chloride was immedi
ately evolved. After the evolution of hydrogen chloride had 
ceased (1 day), the solvent was removed under vacuum, and the 
product extracted with methanol. The solid obtained melted at 
1 "5-192°. Recrystallization from methanol gave a 25% yield of 
the oxazinone, m.p. 190-194°.

Anal. Calcd. for C,2H9N 02: C, 72.35; H, 4.55; N, 7.03. 
Found: C, 72.09; H, 4.73; N, 6 .88.

3,4-Dihydro-2H-benzo-l,3-oxazin-2-one.—A mixture of 38 g.

of chloromethyl isocyanate, 62 g. of pentane-ether (3:1), and 28 
g. of phenol was allowed to stand 24 hr. at 25° and then refluxed 3 
hr. The solid product left after removal of solvent under reduced 
pressure was extracted with ether in a Soxhlet apparatus, and 
the extracted material was recrystallized from alcohol-water, 
sublimed, and recrystallized from water. A 5% yield of product, 
m.p. 189-191° (lit.11 m.p. 188°), was obtained.

Anal. Calcd. for C8H7N 02: C, 64.42; H, 4.73; N, 9.39. 
Found: C, 64.73; H. 4.97; N, 8.72.

3,4-Dihydro-6,8-dichlo.-o-2(l//)-quinazolinone.—A mixture of

8.5 g. of chloromethyl isocyanate and 25 ml. of heptane was added 
to a mixture of 15 g. of 2,4-dichloroaniline, 50 ml. of ether, and 
100 ml. of heptane at —10°. After standing for 16 hr. at 25°, the 
Bolid (13 g.) which formed was separated by filtration and re- 
crystallized thrice from dimethylformamide-methanol (2 : 1). 
I t  melted at 258-260°.

Anal. Calcd. for C8H6NiOCl2; C, 44.26; H, 2.79; N, 12.91; 
Cl, 32.67. Found: C, 44.11; H, 3.02; N, 12.76; Cl, 32.55.

The infrared spectrum showed absorption at 3.0 « (NH), 3.23 
*i (=CH), 3.36 m (saturated CH), 6.05 n (>CO), 6.28-6.45 v,
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6.53 m (conjugated > C = C <  and NH), and 12.12 ¡j. (probably 
f’—Cl) consistent with this structure.

Cinnamyl Isocyanate and 3-Chloro-3-phenylpropyl Isocyanate. 
—A mixture of 36 g. of ehloromethylcarbamoyl chloride, 58 g. of 
styrene, 100 ml. of methylene chloride, and 2 g. of mercuric chlo
ride was refluxed for 37 hr. The volatiles were removed at 45° (1 
mm.). Toluene (100 ml.) was added and the mixture refluxed for 
20 hr. to remove hydrogen chloride. Fractionation gave 1, 
b.p. 75-76° (0.35), w 25d  1.5597, and 2, b.p. 76-83° (0.28 mm.), 
nKd 1.5408. Infrared and elemental analyses indicated that 
fraction 1 was 70% cinnamyl isocyanate and 30% 3-chloro-3- 
phenylpropvl isocyanate and fraction 2 was 15% cinnamyl 
isocyanate and 85% 3-chloro-3-phenylpropyl isocyanate.

2,4-Dimethylbenzylcarbamoyl Chloride and 2,4-Dimethyl- 
benzyl Isocyanate.—A mixture of 508 g. of m-xylene, 300 ml. of 
methylene chloride, 135 g. of ehloromethylcarbamoyl chloride, 
and 2 g. of zinc chloride was refluxed (57-58°) for 26 hr. when the 
evolution of hydrogen chloride had virtually ceased. The zinc 
chloride was removed by adding phosphorus pentoxide (2 g.), 
refluxing, and filtering. Removal of solvent at 50° (1 mm.) left 
92 g. of crude 2,4-dimethylbenzylcarbamoyl chloride, m.p. 64-77°, 
after one recrystallization from heptane.

This carbamoyl chloride was refluxed for 24 hr. with 200 ml. of 
toluene to remove the hydrogen chloride. On distillation, 55.7 g. 
of 2,4-dimethvlbenzyl isocyanate, b.p. 80-81° (0.2 mm.), n25d 
1.5240, was obtained.

Anal. Calcd. for C10H„NO: C, 74.50; H, 6.88; N, 8.69. 
Found; 0 , 74.57; H, 6.97; N, 9.13.

The infrared spectrum was consistent with this structure.
A mixture of 9 g. of 2,4-dimethylbenzvl isocyanate and 50 ml. 

of methanol gave methyl 2,4-dimethylbenzylcarbamate, m.p.
70.5-71.5°, after recrystallization from methanol.

Anal. Calcd. for C„H,5N 02: C, 68.36; H, 7.82; N, 7.25. 
Found; C, 68.46; H, 7.95; N, 7.27.

The infrared spectrum was in good agreement with this struc
ture .

l-Hydroxy-2,2,2-trichloroethyl Isocyanate.—This compound 
was prepared routinely in essentially quantitative yields by 
allowing a mixture of chloral and a 40%. ethereal solution of iso- 
cyanic acid (reactants in equimolar amounts) to stand overnight. 
When no solvent was used, the hydroxy isocyanate was obtained 
as a solid at 0°. This solid melted about 25° and underwent an 
exothermic reaction above its melting point to give a mixture of 
unidentified acetone-soluble products.

Reaction of 1 -hydroxy-2,2,2-trichloroethyl isocyanate with 
amines in ether at —10° gave the expected ureas (see Table II). 
The l,.3,5-oxadiazine-2,4-dione was obtained in 30% yield by 
stirring a mixture of 10.5 g. (0.055 mole) of hydroxy isocyanate, 1 
g. (0.055 mole) of water, and 9 ml. of 1,2-dimethoxyethane at 
0° for 1 hr. I t was identified by its infrared spectrum (two 
carbonyls at 5.57 u and 5.8 pt, NH at 3.1 n and 3.25 m) and ele
mental analysis.

1,2,2,2-Tetrachloroethylcarbamoyl Chloride, 1,2,2,2-Tetra- 
chloroethyl Isocyanate, and Their Derivatives.—1,2,2,2-Tetra- 
chloroethylcarbamoyl chloride was prepared by the procedure 
used for ehloromethylcarbamoyl chloride. Conversion to the iso
cyanate was effected by refluxing a toluene solution. The over
all yield of isocyanate from chloral was about 75%.

The isocyanate was generally' quite reactive and could be con
verted to carbamates by refluxing in ether with an equivalent 
amount of alcohol. Refluxing with excess alcohol led to replace
ment of the a-chloro group with an alkoxy group (Table II).

Admixture of the isocyanate with amines in aromatic hydro
carbon solvents gave the corresponding ureas (Table II). With 
excess amine, the a-chloro group was replaced with an amine 
group.

The reaction of the isocyanate with 2-aminothiazole proceeded 
rapidly in tetrahydrofuran at room temperature to give the bi- 
cyclic derivative shown in Table II in high yield. This reaction is 
analogous to that reported14 for OH3OOF2NOO.

( 1 4 )  J .  C .  K a u e r  a n d  A .  K .  S c h n e i d e r ,  J. Am. Chem. Soc., 82, 8 5 2  ( 1 9 6 0 ) .

The isocyanate reacted with 2,4-dichlorophenol, a-naphthol, 
(3-naphthol, and 8-quinolinol in ether or benzene under reflux with 
triethylamine as a catalyst. No reaction occurred without 
catalyst.

The urea (CCl3CHOHNH)2CO was obtained by treatment of 
the isocyanate with aqueous acetone. This compound was 
obtained previously from chloral and urea.15

Bis-(chlorodifluoromethyl)-hydroxy Isocyanate (IV).—A mix
ture of s-dichlorotetrafluoroacetone (4.5 g.) and 1.2 g. of iso- 
cyanic acid prepared at —78° was allowed to warm slowly to 
room temperature. Distillation of the product gave 2.4 g. of bis- 
(chlorodifluoromethyl(-hydroxymethylisocyanate, b.p. 26-27° (7 
mm.). Near-infrared absorption at 1.42 n (OH) in carbon tetra
chloride, infrared absorption at 2.9 m (OH), 4.43 n (NCO) as 
well as proton and fluorine resonance data were consistent with 
the proposed structure.

Anal. Calcd. for C4HN02F4C12: N, 5.80. Found: N, 6.03.
Bis-(chlorodifluoromethyl)-hydroxymethyl isocyanate was con

verted to a urea by reaction with aniline. Aniline was added 
dropwise at —5° to a stirred mixture of 9.7 g. of bis-(chlorodi- 
fluoromethyl)-hydroxymethyl isocyanate and 25 ml. of ether. 
After allowing the mixture to stand overnight, the solvent was 
removed under reduced pressure leaving 2.9 g. (95%) of crude ]- 
[bis-(chlorodifluoromethyl)-hydroxymethyl] -3-phenylurea, m .p. 
60-70°. A small amount of phenylurea impurity was removed by 
treating the product with a diethyl ether-petroleum ether (10 
ml.:40 ml.) mixture in which phenylurea is only slightly 
soluble. Recrystallized (from carbon tetrachloride), the product 
melted at 75-77°.

When a drop of pyridine was added to 1.63 g. of IV, an exo
thermic reaction occurred with the formation of a viscous liquid 
which solidified on cooling. After recrystallization from benzene, 
it melted at 98-99°. Elemental analyses (see Table IV) and the 
infrared spectrum [3.07 n, 3.22 « (NH), 5.58 ¡i, 5.78 (> C = 0 ),
8.9 fx (C—F and C—0)] were in accord with the oxadiazine-2,4- 
dione structure.

Reaction of IV with ethanol in ether occurred rapidly' to form 
the carbamate. Proton magnetic resonance indicated the 
presence of NH, OH, and C2H6 groups. The infrared spectrum 
was also consistent with the carbamate structure, and indicated 
strong internal hydrogen bonding.

Bis-(trlfluoromethyl(-hydroxy Isocyanate (V).—This compound 
was prepared by essentially the same procedure used for IV. 
I t  distilled at about 2° (3 mm.). Some decomposition to its 
precursors occurred when higher pressures and temperatures 
were employed. The distilled product melted about —40°.

Anal. Calcd. for C4HF6N 02: N, 6.70. Found: N, 7.12.
The proton magnetic resonance spectrum of the pure compound 

showed a single peak at 4.07 p.p.m. [downfield from the external 
standard, tetramethylsilane (5%) in carbon tetrachloride, used 
in these n.m.r. studies].

On standing for a week in a glass container, V was converted to

(CF3)2Q c = o

HN NH

II
0

The proton magnetic resonance spectrum showed a single peak 
at 9.5 p.p.m.

The infrared spectrum (3.1 m, 3.2 ¡j. (NH’s); 5.52 u ,  5.70 u  

(> C = 0 ); 8-u region (C—F and C—0) was in good agreement 
with the structure.

The addition of 2.2 g. (0.02 mole) of triethylamine to a mixture 
of 2.5 g. (0.01 mole) of 6,6-bis-(trifluoromethyI)-l,3,5-oxadiazine-
2,4-dione and 5 ml. of tetrahydrofuran at 25° gave an immediate 
precipitate of a 1:1 derivative. Proton magnetic resonance in 
“ D ” acetone showed broad absorption at 8 p.p.m., a quadruplet 
at 3.2 p.p.m., and a triplet at 1.3 p.p.m.

( 1 5 )  O. J a c o b s o n ,  Ann., 157, 2 4 7  ( 1 8 7 1 ) .
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Ozonization of 7,12-dimethylbenz[<z]anthracene (1) in methylene chloride, 3:1 methylene chloride-methanol, 
and acetone gave an unstable peroxidic mixture, oxidation of which with hydrogen peroxide and silver oxide led 
to benz [a] anthracene-7,12-dione, 1,2-anthraquinonedicarboxylic acid, phthalic acid, l,4-dimethyl-3-hydroxy- 
methyl-2-phenylnapthalene-2'-carboxylic acid, and, most probably, 1,2-diacetylnaphthalene. Thus, L-region 
reactivity to ozone is decreased in the potent carcinogen 1, relative to benz [a]anthracene, while simultaneous 
K-region cleavage is increased as would be predicted from the Pullmans’ K-region theory of carcinogenesis.

The . quantum-mechanical (K-region) theory of 
carcinogenesis3 has been an extraordinary stimulus to 
research in the chemical reactivity of that most im
portant and probably most studied class of carcinogens, 
the unsubstituted polycyclic aromatic hydrocarbons.4 5 
Despite recent criticism of the theory,6 it seems gener
ally accepted that the observation of any consistent 
correlation of the carcinogenicity (or lack of it) of 
these polycyclic aromatic hydrocarbons, with some 
specific chemical reaction would necessarily be “con
sidered as extremely significant for the process of 
carcinogenesis itself.”3d All previous studies of chemi
cal reactivity of these unsubstituted polycyclic aromatic 
hydrocarbons have concerned themselves mainly with 
addition or substitution reactions involving either re
active centers (L-region) or reactive bonds (K-region).3d 
I t also has been predicted that “most probably no con
sistent general relation exists between these reactions 
and the carcinogenic activity of substituted molecules.3e

With ozone, work in our laboratory and others has 
shown that reaction occurs with all carcinogenic and 
noncarcinogenic, unsubstituted polycyclic aromatics 
examined to date, and most importantly, reaction can 
occur uniquely at any of the three relevant sites, K-, 
L-, and M-regions.

Thus ozone attacks: (i) the K-region predominantly 
in phenanthrene,6a’7a'8a chrysene,9a triphenylene,9a py
rene,919'1“ dibenz [a,ft (anthracene,66 dibenz[aj]anthra

(1 ) Paper I X ,  E . J .  M oricon i, B .  R ako ezy , and W . F .  O ’Connor, J .  O r g ,  

Chem., 27, 3618 (1962).
(2) T h is  research was supported b y  a  g rant C-3325(C 4) from the U . S. 

Pu b lic  H ealth  Serv ice , N ational C ancer In s titu te .
(3) (a ) A . Pu llm an  and B . Pu llm an , “ Caneérization par les Substances 

Chim iques et S tructu re  M olécu la ire ,”  M asson et C ie , P a ris , 1955; sum 
m aries in  “ Advances in  C ancer Research ,”  Academ ic Press In c ., New Y o rk , 
N . Y . ;  (b ): C . A . Coulson, V o l. I ,  1953, p . 2 ; (c) G . M . Badger, Vol. I I ,  
1954, p. 73; (d) A . Pu llm an  and B . Pu llm an , V o l. I l l ,  1955, p. 117; (e) p. 
154.

(4) J .  R .  Sam pey, J .  Chem. Educ., 32, 448 (1955).
(5) “ Theories of Carcinogenesis,”  I .  H ieger in  “ Carcinogenesis, M echa

nisms of A ction ,”  C ib a  Foundation Sym posium , L it t le , B row n  and Co ., 
Boston, M ass ., 1958, pp. 3-11 . See B . P u llm an ’s rep ly in  “ Be rline r Sym 
posium über Fragen der Carcinogenese,”  Akadem ie-Verlag, B e rlin , 1960, p. 
69.

(6) (a ) W . J .  S ch m itt, E .  J .  M oriconi, and W . F .  O ’Connor, J. Am. Chem. 
Soc., 77, 5460 (1955 ); (b) E .  J .  M oriconi, W . F .  O ’Connor, W . J .  Schm itt, 
G . W . Cogswell, and B . P . F tire r , ibid., 82, 3441 (1960); (c) E .  J .  M oriconi, 
W . F .  O ’Connor, and L .  B . Ta ran ko , Arch. Biochem. Biophys., 83, 283 (1959); 
(d) E .  J .  M oriconi, W . F .  O 'Connor, and F .  T .  W allenberger, J. Am. Chem. 
Soc., 81, 6466 (1959); (e) E .  J .  M oriconi, B .  R ako ezy , and W . F .  O ’Connor, 
ibid., 83, 4618 (1961); (f) E .  J .  M oriconi, B . R ako ezy , and W . F .  O ’Connor, 
J .  Org. Chem., 27, 2772 (1962).

(7) (a) P . S . B a ile y , J. Am. Chem. Soc., 78, 3811 (1956); (b) F . Dobinson 
and P . S. B a ile y , Tetrahedron Letters, No. 13, 14 (1960); (c) F .  Dobinson and 
P . S . B a ile y , Chem. I n d .  (London), 632 (1961); (d) R . E .  E rickso n , P . S. 
B a ile y , and J .  C . D av is , J r . ,  Tetrahedron, 18, 389 (1962).

(8 ) (a) J .  P . W ib au t and T h . J .  De Boer, Rec. trav. chim., 78, 183 (1961); 
(b) L .  W . F .  Kam pschm id t and J .  P . W ibaut, ibid., 73, 431 (1954).

(9) (a) P . G . Copeland, R .  E .  Dean, and D . M cN e il, J .  Chem. Soc., 1232
(1961 ); (b) Chem. Ind. (London), 98 (1960); (c) J .  Chem. Soc.. 3858 (1961);
(d) Chem. Ind> (London), 339 (1959)*

cene,1'11 benzol (chrysene,9a picene,9a and dibenz[c,$r(- 
phenanthrene9a; (ii) the L-region predominantly in 
anthracene,7b'9c 12 naphthacene,6c'9c benz [a (anthra
cene,6'1 8 9'911 *' 12 and perylene9d; (iii) the L- and M-regions 
in benzo[a]pyrene.6e Where measurable, we also have 
demonstrated that ozone reacts predominantly at those 
positions in an unsubstituted polycyclic aromatic whose 
corresponding o- or p-quinone had the lowest corrected 
oxidation-reduction potential.®1314

Strikingly fewer ozonization data are available for 
methyl-substituted polycyclic aromatics. The ozoniza
tion of 1- and 2-methylnaphthalenes,17 and 2,3- and
l,4-dimethylnaphthalenes8b in general led to complex 
product mixtures, and the separable components were 
obtained only in poor yields. Methyl groups un
doubtedly activate the ring to which they are attached,18 
but their “leaving power”7d to ozone attack is low, and 
in 9,10-dimethylanthracene, the initial zwitterionic 
intermediate formed by addition of ozone, stabilizes 
itself by forming the 9,10-transannular ozonide with 
ring-methyl groups intact.7d In this paper, we 
report on the ozonization of the potent (+  +  +  + ) 
carcinogen,19 7,12-dimethylbenz [a (anthracene (1).

Results
Ozonization of 1 dissolved in methylene chloride, 

3:1 methylene chloride-methanol, and acetone was
(10) H. Yollman, H. Becker, M. Corell, and H. Streeck, Ann., 531, 51, 130 

(1937).
(11) Some L-region oxidation to the 7,12-quinone also occurred.
(12) Some bond cleavage products also obtained.
(13) A referee has noted th a t the corrected redox potential cor

relation does not fit anthracene in nonionic solvents.70 If such had 
been the case, it  would have been both surprising and probably fortuitous 
since the redox potentials invariably are measured in 95% ethanolic solution. 
With the single exception of pieene,9a however, all the compounds corre
lated^  have been ozonized in a t least 3:1 methylene chloride-methanol 
(sufficient to consider the solvent polar) or acetic acid. Anthracene, when 
ozonized in the la tter solvent (ref. 7c also mentions methylene chloride- 
methanol), does fit the correlation.

(14) The recent suggestion16 that ozone reacts a t the K- and L-regions 
with the lowest localization energies, “provided th a t the p-positions are 
weighted by about 0.1 unit” unfortunately overlooks a most important 
point. Even with this additional correction, localization energies predict 
predominant ozone attack a t the K-region, rather than the L-region, in 
benz [a(anthracene. In our hands, the reverse is simply true.6** Dean, 
Copeland, and McNeil have demonstrated some measure of reactivity of the 
K-region under conditions different from ours.9a However, the sensitivity 
of the ozone reaction to solvent,7b,c and temperature demand th a t compari
son of these theoretical indices be made with the mode of predominant 
ozone attack of each of these unsubstituted polycyclic aromatic hydrocar
bons under identical reaction conditions. With these necessary limitations, 
L-region attack predominates in benz[u]anthracene, and the indices sug
gested by others,16,16 predict the reverse.

(15) A. Streitweiser, “ Molecular Orbital Theory for Organic Chemists,” 
John Wiley and Sons, Inc., New York, N. Y., 196‘_, p. 440.

(16) F. T. Wallenberger, Tetrahedron Letters, No. 95, 5 (1959).
(17) R . Callighan and M. H. Wilt, J .  Org. Chem., 26, 5212 (1961).
(18) There is considerable kinetic evidence for this. Cf. P. S. Bailey1, 

Chem. Rev., 53, 958 (1958), for a summary of earlier work; T. W. Naka- 
gawa, L. J. Andrews, and R . M. Keefer, J .  Am. Chem. Soc., 82, 269 (1960).

(19) G. M. Badger, B r i t .  J .  Cancer, 2 ,  309 (1948).
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carried out at —78° with ozone-oxygen, and ozone- 
nitrogen streams. Two series of experiments were 
made: reaction of 1 with one molar equivalent, and 
ozonization to saturation with 2.5 molar ozone equiva
lents. The resulting solution and the precipitated, 
unstable peroxidic mixture (2) defied separation and 
identification by chemical and physical means. There
fore, it was subjected directly to oxidative decomposi
tion.

A number of conventional oxidants were used for 
decomposition of the ozonides, the most successful 
of which were dilute, aqueous hydrogen peroxide and 
freshly precipitated silver oxide. The use of the former 
led to the isolation of benz[a]anthracene-7,12 dione (3),
1,2-anthraquinonedicarboxylic acid (4), and phthalic 
acid (5). For the isolation of l,4-dimethyl-3-hydroxy- 
methyl-2-phenyhiaphthalene-2'-carboxylic acid (7), in 
addition to 3 and 4, it was imperative to use the mild 
oxidant silver oxide, and to avoid any application of 
heat either to reactants or products.20

With increasing polarity of solvent in the series 
methylene chloride, 3:1 methylene chloride-methanol, 
and acetone, the yields of 3 increased to the extent of 
10% with the maximum average results of over forty 
runs summarized in Table I. The extraordinary 
difficulty encountered in the isolation of 4 and 7 pre
cluded any discrimination between solvent effects and 
the difference in work-up procedures. Further, oxida
tion of 1 with either 10% hydrogen peroxide or alkaline 
silver oxide led to a 95-97% recovery of 1. The 
oxidized moiety 'which was separated on a Florisil 
column did not contain 3, nor was it soluble in alkaline 
solution. It was not investigated further.

T a b l e  I

O z o n iz a t io n  P r o d u c t s  a n d  A v e r a g e  %  Y i e l d s

M ole ratio  
ozone: 1 3“ 4° 5“ 7 6 6a

1.0 23 6 14 ca. 2
2.5 29 15 11 8

a After hydrogen peroxide oxidation. 5 After alkaline silver 
oxide oxidation.

Vapor phase chromatography of original ozonolysis 
solution confirmed the presence of 3 emanating from the 
column at a column temperature of 310°.22 The chro
matogram also showed a shoulder at ca. 185°, approxi
mately 5% of the 310° peak area. All attempts to col
lect the effluent samples from the 185° shoulder were 
fruitless.

However, when a filter paper impregnated with a 
glycine solution was pressed against the ejection port 
of the chromatograph, a blue coloration appeared on 
the filter paper at the point of contact. A blue color 
was also produced with aniline and o-phenylenediamine. 
No such coloration was observed with these amines for 
any other peaks observed in the chromatogram.

(20) These m ild oxidative conditions account for the  lower yields of 3 and 4 
obtained  with th is reagent. 7 readily  form s the e-lactone, and t-his facile 
lactonization  is largely responsible for the  difficulties encountered in the iso
la tion  of 7.21

(21) H . I. H adler and  A. C. K ryger, J .  O r g .  C h e m . ,  2 5 ,  1896 (1960).
(22) A ddition of au then tic  sam ples of 3 to  the ozonolysis solution prior 

to its  injection in the  v.p.c. colum n lead to an  increase in th e  310° peak area 
in  proportion to the am ounts added,

7

Riemschneider23a has reported the formation of a blue 
color in the reaction of various amino acids with com
pounds containing o-carbonyl groups, such as o-di- 
acetylbenzene, o-diacetylcyclohexane, and o-dipro- 
pionylbenzene. Ozonolysis of 1 conceivably can re
sult in four fragments which would exhibit the required
o-carbonyl groups. Cleavage along line a of central 
ring B would yield o-diacetylbenzene and 1,2-naphtho- 
quinone, while along line 6 would lead to 1,2-diacetyl- 
naphthalene and o-benzoquinone. Cleavage along line 
a seems improbable due to the considerable steric hin
drance of the methyl substituent on C-12 and the lateral 
ring D. However, o-benzoquinone (dec. 60-70°) 
and 1,2-naphthoquinone (dec. 145-147°) can be elimi
nated as possible causes of the 185 ° shoulder since both 
are thermally instable and decompose well below the 
ejection temperature. Further, an authentic sample 
of o-diacetylbenzene was desorbed from the v.p.c. 
column at considerably lower temperatures. Thus we 
believe the 185° shoulder to be 1,2-diacetylnaphthalene 
(6). Two independent approaches to the synthesis of 
6 were unsuccessful.23 24

Finally, oxidation of 1 with sodium dichromate in 
acetic acid gave a 70% yield of 3.

Experimental25 26
Ozonization of 7,12-Dimethylbenz[a]anthracene (1).—Ozone 

(3.5 voi. % or ozone-nitrogen) was dispersed into a solution of l 25 
(2.0 g., 7.8 mmoles) in 300-500 ml. of methylene chloride, 3:1 
methylene chloride-methanol, and acetone at —78°, until the 
calculated amount of ozone was absorbed. The solution ab

(23) (a) R . R iemschneider, M o n a t s h .  C h e m . ,  91, .1034 (1960); (b) R.
Riem schneider, B e r . ,  92, 1205 (1959); A n n . ,  646, 18 (1961); (c) R . R iem 
schneider, G a z z .  c h i m .  i t a i . ,  81, 479 (1951); (d) R . R iem schneider and K. 
Preusa, M o n a t s h .  C h e m . ,  90, 924 (1959).

(24) See Experim ental.
(25) The ozonator used in th is research was a  W elsbach C orporation  T-23 

labo ra to ry  ozonator. T he infrared spectra were run  on a  Perkin-E lm er, 
M odel 137 Spectracord.

V apor phase chrom atography separations were effected on an  F  and M 
Scientific Corp. M odel 500 equipped w ith a  2-ft., silicone-gum  ru b b er 
column, initial column tem p., 50°, tem perature  program m ed 6.4° per m in., 
helium  flow rate, 40 ml. per min. M icroanalyses were perform ed by  
Schwarzkopf M icroanalytical Laboratory, Woodside, N. Y. M elting 
points were determ ined on a Kofler micro m elting poin t apparatu s  and  are 
corrected. Boiling points are uncorrected. All solvents were Fisher 
Scientific Co. certified grade and were used w ithou t fu rther trea tm en t.

(26) E astm an  5149; disposable polyethylene plastic gloves (H andgards) 
were used th roughout th is  research. The fluorescence of 1 under u ltra 
violet light was quite useful in its  surveillance. An ever p resen t rem inder 
for care in handling 1 was a photograph of a  cluster of papillom as in itia ted  
in a mouse by  1 fxg. of 1 [V. D archun and H. I. Hadler, C a n c e r  R e s . ,  16, 316 
(1956)].
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sorbed ozone readily up to 1.5 molar equivalents. Thereafter the 
absorption capacity of the solution steadily declined and became 
negligible at saturation after absorption of 2.5 molar ozone equiv
alents. Approximately 3.5-4.0 molar equivalents of ozone were 
added before saturation was achieved. In all experiments, ozoni- 
zation was terminated after absorption of 1.0 or 2.5 (±0.1) molar 
ozone equivalents. The solution then was flushed with dry nitro
gen to remove excess ozone. Addition of petroleum ether (30- 
60°) precipitated a voluminous peroxidic solid (2 ), m.p. 110-150° 
dec., which darkened rapidly on filtration, and exploded on heat
ing in an open flame. Compound 2 contained active oxygen since 
it liberated iodine from an acetic acid solution of potassium 
iodide.

Oxidation of Peroxidic Mixture (2) with Aqueous Hydrogen 
Peroxide.—Hydrogen peroxide (10% aqueous) (70 ml.) was 
added to the solution of 2 and the heterogeneous mixture was 
then refluxed for 20 hr. with stirring. Solvents were removed in 
vacuo to leave a viscous yellow oil which was dissolved in 50 ml. 
of methylene chloride. This solution was extracted repeatedly 
with 50-ml. portions of dilute ammonium hydroxide until the 
alkaline extracts were colorless. The combined alkaline extracts 
gave solution A.

The methylene chloride layer (B) was then washed successively 
with water, dilute hydrochloric acid, and water, and finally dried 
over anhydrous sodium sulfate. Filtration followed by evapora
tion of the solvent (steam bath) left an oily semisolid. This 
material was dissolved in a minimum amount of carbon tetra
chloride, deposited on a 40 X 2 cm. Florisil-packed column, and 
eluted with carbon tetrachloride. The carbon tetrachloride 
fractions were evaporated to dryness to give an oil which resisted 
all attempts to crystallize. This oil gave the strong violet-blue 
fluorescence of unchanged 1 on irradiation with ultraviolet light. 
Further elution with 99% benzene: 1% ether led, after solvent 
evaporation, to a bright yellow solid. One recrystallization from 
methanol gave benz[a]anthracene-7,12-dione (3), identified by 
m.p. 169-170° (lit.6dm.p. 169-171°), mixture melting point, and 
superimposable infrared spectra with an authentic sample of 3.

Alkaline layer A was successively extracted with methylene 
chloride, benzene, and ether, followed by acidification with dilute 
sulfuric acid. The resulting suspension was extracted con
tinuously with ether for 24 hr. The ether extracts were dried 
over anhydrous sodium sulfate, filtered, and evaporated to dryness 
to leave a semisolid material; trituration with a small amount of 
chloroform produced a grey-colored solid; one recrystallization 
of this crude material from water gave phthalie acid (5) identified 
by m.p. 201-203°, mixture melting point, and super-imposable 
infrared spectra with authentic 5.

The chloroform-soluble material was evaporated to dryness; 
the residue was dissolved in benzene, deposited on a Woelm’s 
nonalkaline aluminum oxide (activity grade I) packed column, 
and eluted with ethyl acetate. Evaporation of the ester solvent 
led to crude 1,2-anthraquinonedicarboxylic acid (4). One 
recrystallization from dilute hydrochloric acid solution gave 4, 
m.p. of anhydride 320-322° (lit.6d m.p. 320-323°).

Oxidation of Peroxidic Mixture (2) with Alkaline Silver Oxide. 
—A freshly prepared suspension of silver oxide (5.0 g. of silver 
nitrate, dissolved in 100 ml. of water to which was added 5.0 g. of 
sodium hydroxide in 50 ml. of water) was added to the solution 
of 2 and the heterogeneous mixture was shaken mechanically 
overnight. The resulting black precipitate was filtered and 
washed thoroughly with water, methylene chloride, and ether. 
The combined filtrates and washings were separated into two 
layers, organic (A), and aqueous, alkaline (B). Portion A was 
washed successively with water, dilute nitric acid, and water, and 
then dried over anhydrous sodium sulfate. Filtration, solvent 
evaporation, and chromatography as described in the hydrogen 
peroxide oxidation led to 3.

Portion B was washed successively with methylene chloride, 
benzene, and ether. The aqueous dark-colored solution was 
cooled by addition of ice chips, and carefully acidified with 
dilute nitric acid. The precipitated acid mixture was ex
tracted immediately with chloroform; the chloroform extracts 
were washed with water and dried over anhydrous sodium sulfate. 
Filtration and solvent evaporation produced a yellow semisolid 
which was dissolved in benzene and adsorbed on an activated 
silicic acid column. Elution with ether followed by evaporation 
of solvent gave 4, m.p. of anhydride 318-321°, after recrystalliza- 
tion from dilute hydrochloric acid solution. Further column 
elution with ethyl acetate ultimately led to 1,4-dimethyl-3- 
hydroxymethyl-2-phenylnaphthalene-2 '-carboxylic acid (7) as

colorless, hairlike needles, m.p. 166.5-167.5°, after recrystalliza
tion from acetone-hexane (lit.21 m.p. 165-165.2°); a mixture 
melting point with authentic 7 showed no depression and the in
frared spectra were identical.27

Oxidation of 1 with Sodium Dichromate in Acetic Acid.—To
a solution of 1 (1.0 g., 3.9 mmoles) in 20 ml. of boiling glacial 
acetic acid was added a solution of 3.0 g. of sodium dichromate in 
10 ml. of glacial acetic acid and 2 ml. of water. The mixture was 
refluxed 1 hr., cooled, and poured into 100 ml. of water. The 
precipitated quinone was filtered, washed successively with warm 
water, dilute alkali, and again with water. This crude material 
was dissolved in benzene, adsorbed on alumina, and eluted with 
benzene-ether. One final recrystallization from methanol (or 
ethanol) gave 3, m.p. 169-170°, in 70% yield.

Attempted Preparations of 1,2-Diacetyinaphthalene (6). From 
2'-Acetonaphthone.—This synthesis was patterned after that for
o-diacetylbenzene.23a’b-28 2'-Acetonaphthone (Eastman 3118) 
was converted in 58% yield to 2-ethylnaphthalene, b.p. 127- 
129° (14mm.) [lit.29b.p. 127-129° (14mm.)] maamodifiedClem- 
mensen reduction. Low temperature and light-insulated bro- 
mination of 2-ethylnaphthalene led in 74% yield to l-brcmo-2- 
ethylnaphthalene, b.p. 151-153° (7 mm.) [lit.30 b.p. 125-126° (3 
mm.)]. The Grignard of l-bromo-2-ethylnaphthalene was con
verted with carbon dioxide in 60% yield to 2-ethyl-l-nap.ithoic 
acid, m.p. 117-119° (lit.30 m.p. 118-119°). A second Grignard 
reaction between 2-ethyl-l-naphthoyl chloride, b.p. 158-159° (7 
mm.) [lit.30 b.p. 129-131° (2-3 mm.)] and methylmagnesium 
iodide led in 95% yield to 2'-ethyl-1'-acetonaphthone as a yellow 
oil, b.p, 158-159° (7 mm.), X°£4 5.92 (s) (C = 0).

Anal. Calcd. for C14H14O (198.25): C, 84.48; H, 7.08. 
Found: C, 84.88; H, 6.83.

Oxidation of 2 '-ethyl-1'-acetonaphthone with potassium per
manganate in magnesium nitrate buffer,23“’b or silver permanga
nate in pyridine230 gave only a 96% recovery of unchanged 2'- 
ethyl-1'-acetonaphthone and trace amounts of 6 . An ethereal 
extract of reaction products was brought into contact with a 
filter paper impregnated with an aqueous solution of glycine. 
Oven drying the paper at 75° for 30 min. produced a light purple 
coloration of the wetted spots.

From l-V:nylcyclohexane and 3-Hexene-2,5-dione.—Selenious 
acid oxidation of 2,4-hexanedione (K and K) gave a 20% yield of
3-hexene-2,5-dione, as faint yellow needles, m.p. 73-75° (lit.23d 
m.p. 75-79°). The tedious, reported petroleum ether extraction 
of the dione from the reaction mixture could be supplanted by 
dissolving the oil in benzene and filtering the solution through a 
40 X 2 cm. Florisil-packed column. Addition of petroleum ether 
(60-95°) precipitated the dione in pure form.

Catalytic reduction of 1-ethynyl-l-cyclohexanol (K and K) 
with 2% palladized strontium carbonate led in 76% yielci to 1- 
vinylcyclohexanol, b.p. 84-86° (30 mm.) [lit.31 b.p. 66- 68° (14 
mm)]. Distillation of 1-vinylcyclohexanol over freshly fused, 
powdered potassium hydrogen sulfate converted it in 84% yield 
to 1-vinyl-l-cyclohexene b.p. 141-143° (760 mm.) [lit.31 b.p. 143- 
144° (760 mm.)].

A sealed tube, Diels-Alder addition of 3-hexene-2,5-dione to 1- 
vinyl-l-cyclohexene (stabilized with a trace of hydroquincne) at 
230° for 3 hr. was attempted. The homogeneous reaction mix
ture was heated to 80° in a high vacuum for 2 hr. to remove excess 
dione. The resulting dark brown oil, presumably 1,2,3,5,6,7,8- 
heptahydro-l,2-diacetylnaphthalene, was dehydrogenated over 
30% palladium-charcoal in refluxing p-cymene for 12 hr. Re
moval of the catalyst by filtration and of solvent by distillation 
under reduced pressure left a yellow oil which could not be 
further distilled without extensive decomposition. A small 
sample of this off when spotted onto filter paper wetted with an 
aqueous glycine solution produced no coloration even after heat
ing at 75° for 3 hr.

Discussion
Compound 1 is structurally similar to its non- 

carcinogenic, parent hydrocarbon, benz[a]anthracene. 
Ozonization of benz [a]anthracene has led to 36d'9a;

(27) We are grateful to Professor H adler for a sam ple of 7.
(28) F . W eygand, B e r . ,  89, 994 (1956).
(29) L. F. Fieser, J .  A m . C h e m .  S o c . ,  61, 3218 (1939).
(30) R. C. Fuson and D. H . Chadwick, J .  O r g .  C h e m . ,  13, 484 (1948).
(31) P. A. Robins and  J . W alker, J .  C h e m .  S o c . ,  646 (1952).



1834 H a r f e n is t V ol . 28

oxidative work-up of the ozonolysis mixture with 
alkaline peroxide has produced 4,6d while permanganate 
in aqueous pyridine oxidative decomposition has led 
to benzo [d]diphenic acid.9a The two methyl substit
uents in 1, however theoretically, should introduce two 
competitive effects not present in benz[a]anthracene.

(i) Hyperconjugation with the aromatic moiety in 
1 should enhance the electron density and, consequently, 
ozone attack at both the L-region, and to a lesser ex
tent, the K-region.

(ii) Increased steric hindrance to ozone attack at 
the L-region should lower reaction at these sites.

On the basis of only 45% of the starting material 
accounted for in the 1:1 mole ratio runs, and 63%

in the 2.5:1 mole ratio runs, both effects seem operative 
(L-region attack by ozone is decreased in the strongly 
carcinogenic 1, relative to benz [a ]anttiracene, while 
simultaneous K-region cleavage is increased). No 
clean separation of these competitive factors could be 
derived however from the present study. Also un
known is the site of attack on that portion of 1 which 
is unaccounted for. The observed mode of attack on 1 
by ozone, however, would be expected from Pullmans’ 
K-region theory of carcinogenesis.

The mechanism of electrophilic ozone attack of 
aromatic bonds, to yield cleavage products 4, 5, 6, 
and 7, and reactive sites, to give 3, has been thoroughly 
discussed elsewhere .6d' e.?b.d. 16

T etracyclic  P h en o th ia z in es . V. B rom in ation s and D eh yd rob rom in ation s o f  Som e
Pyrido[3,2,1 - fci]p henoth iazines1

M. H a r f e n i s t

Burroughs Wellcome and Company (U.S.A.), Inc., The Wellcome Research Laboratories, Tuckahoe, New York

Received November SO, 1962

Bromination of 2,3-dihydro-3-keto-lif-pyrido[3,2,l-i;hphenothiazine (IVa) gave the 2-bromo derivative.
This dehydrohalogenated essentially quantitatively on attempted reaction with a variety of nucleophiles. The 
resulting 3-keto-lH-pyrido[3,2,l-i:i]phenothiazine (la), which has been considered “aromatic” in some re
spects, adds bromine to its dihydropyridone double bond to give VI. Compound VI dehydrohalogenates 
readily, e.g., on solution in polar solvents. An improved synthesis of IVa is given.

A recent publication has mentioned the accidental 
preparation2 and one, still more recently, the deliberate 
synthesis3 of the phenothiazine la. The unplanned 
synthesis of what was presumed to be the analogous 
phenoxazine derivative lb has also been reported re
cently.4

The phenothiazine, la, was first made by treatment 
of the sulfoxide, II, with hot aqueous ethanolic hydro
chloric acid in an unsuccessful attempt to make a deriva
tive of la  chlorinated on one or both of the benzene 
rings. The rational preparation of la was by palladium- 
catalyzed dehydrogenation of IVa. What is probably 
the phenoxazine analog lb was formed, together with 
the anticipated ketone IVb, by the cyclization of the 
phenoxazine N-propionic acid IHb under relatively 
mild conditions.

Discussion of the high melting point and of the ultra
violet and infrared absorption of la  have been given 
in terms of the “aromatic nature” of this substance, a 
point exhaustively debated in the past in connection 
with both 2- and 4-pyridones. However, little is 
known about the reactions of 2,3~dihydro-4-(lH)- 
quinolones, of which the compounds IV and V are 
examples6 nor about 4-(lH)-quinolones such as the 
compound I.

We have found in the course of work directed at the 
preparation of amine-substituted derivatives of this 
ring system, that the compound la, whether “aromatic” 
or not, is the only product obtained in appreciable

(1) Previous paper, M . H arfenist, J .  O r g .  C h e m . ,  28, 538 (1963).
(2) O. H rom atka, M . Knollm üller, and F. Sauter, M o n a t s h . C h e m . .  93, 

723 (1962).
(3) J . A. VanAllan, G. A. Reynolds, and R . E . Adel, «7. O r g .  C h e m . .  27, 

1659 (1962).
(4) P . M üller, N. P . Buu-Hoi, and R . R ips, i b i d . ,  24, 1699 (1959).
(5) T he work of F. G. M ann and his associates, some of which is discussed 

in  connection w ith our results, is a  notable exception. For a  leading 
reference, see P. I. Itty e rah  and  F. G. M ann, J .  C h e m .  S o c . ,  467 (1958).

amount upon treatment of the monobromo ketone Va 
with a variety of nucleophilic reagents. These have 
included sodium thiophenolate (a reagent known 
generally to give rapid Sn 2 reactions), dimethylamine 
(neat, in ether, in isopropyl alcohol, or in other solvents 
of varying polarities), anhydrous ammonia in absolute 
ethanol, and sodium acetate in acetic acid (a reagent 
which frequently gives a ratio of substitution to elimina
tion higher than that of some other nucleophilic re
agents, presumably because it leads to a reaction more 
nearly approximating the Sn I  type). Indeed, merely 
keeping Va in dimethyl sulfoxide solution at room 
temperature for eighteen hours and subsequent dilu
tion with water or a moderately prolonged attempt to
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recrystallize Va from boiling methanol-water led to 
isolation of la  in good yield.

One diagnostic criterion (of many) advanced to 
define aromaticity6 is the substitution of a hydrogen 
attached to an aromatic system by reagents which, 
in contrast, react with “ordinary” double bonds by 
addition. It is, therefore, of interest that la, on re
action with bromine in carbon tetrachloride, adds 
bromine to give VI. The crude product of bromination, 
produced in essentially quantitative yield, was an 
orange solid which had a fairly wide melting point 
range. Elemental analysis of this crude material 
gave a bromine analysis about 1% too high, and a 
carbon analysis several per cent under the theoretical. 
This probably is due to contamination of VI by a 
small amount of the tribromo compound produced 
from VI by dehydrohalogenation and addition of 
bromine to the resulting VII. Acceptable analyses of 
VI were obtained, however, after it was purified.7

It would be expected that VI would have its bromines 
trans, and hence that dehydrohalogenation, which 
should require a hydrogen trans to a bromine, might not 
occur readily. However, it is known that a,/3-dibromo- 
cyclohexanones often dehydrohalogenate easily.8 In 
the case of compound VI it was found that reaction 
with dimethylamine in toluene, recrystallization from 
hot nitromethane, or attempted recrystallization from 
ethanol-water led entirely to dehydrohalogenation to 
a neutral bromine-containing product, presumably VII.

Finally, while VII added bromine in carbon tetra
chloride solution with a concomitant change in the ap
pearance of the solution and precipitation of a solid, 
the product proved difficult to purify sufficiently for 
adequate characterization. It may well consist of 
some S-bromo compound and/or the product of addi
tion to the double bond. This product or products 
reverted to VII on recrystallization from ethanol-water 
at the boiling point. While this behavior is what one 
would expect from a substance in the oxidation state of 
an S-bromo compound, we cannot rule out the possi
bility of the compound being that produced by addition 
of bromine to the double bond of VII. For example the 
dibromo amide VIII has recently been reported9 to 
revert to the N,N-diethylcinnamamide from which it 
was made upon treatment with a representative assort
ment of nucleophiles.

C6H6CHBrCHBrCON(C2H6)2 
VIII (erythro)

Discussion
The compounds IV correspond to structures that 

would be listed as l-aryl-l,2,3,4-tetrahydro-4-oxo- 
quinolines, or l-aryl-2,3-dihydro-4-(li/)-quinolones in

(6) For a  more sophisticated  discussion, see for example, A. T. B alaban 
and Z. Simon, T e t r a h e d r o n ,  18, 315 (1962).

(7) Crude VI could be recrystallized from much ethyl aceta te  to  a  rea
sonably constan t m elting po in t ab o u t 153°. Twice, a  considerably higher 
m elting p o in t (abou t 184°) was obtained , presum ably  due to  therm al de
hydrohalogenation of V I in the  Pyrex capillary m elting po in t tube  w ithou t 
macroscopic ally detectable m elting of th e  solid. Indeed a  24-hr. heating 
of the  solid a t  78°, in an  a tte m p t to d ry  a n  analy tical sample, led to  extensive 
loss of bromine. However, i t  was possible to  d ry  a sam ple satisfacto rily  a t  
th is tem perature  for a  shorter period.

(8) F . G. Bordwell an d  R . J . Kern, J .  A m .  C h e m .  S o c . ,  77, 1141 (1955), 
give exam ples of o ther dehydrohalogenations in which a  more acidic initially  
c i s  hydrogen is lo s t in  preference to  a  less acidic t r a n s  hydrogen.

(9) A. J . Speziale and  C. C. Tung, A bstracts of Papers, 93Q, Division of 
Organic Chem istry, 142nd N ational M eeting  of th e  American Chem ical 
Society, A tlantic C ity , N . J .,  Septem ber, 1962.

Chemical Abstracts. Although related structural fea
tures are found in many natural products, few examples 
are reported in the literature which are analogous to 
our experimental results. The simplest analogous 
compounds, the 1-phenyl- and l-methyl-4-oxo-l,2,3,4- 
tetrahydroquinolines, are reported6 to give a mixture of 
bromo compounds on direct bromination, from which 
no 3-bromo compound was obtained. Similarly, use 
of N-bromosuccinimide was reported to give a mixture 
of 6-bromo and 6,7-dibromo derivatives of the 4-oxo- 
tetrahydroquinoline. It is rather surprising that 
bromination of the benzene ring, which is deactivated 
for electrophilic reactions by the carbonyl group, 
should have occurred in these simple tetrahydro-4-oxo- 
quinolines, rather than bromination a to the 
carbonyl group, while bromination of our dihydro- 
pyridophenothiazine IVa, which contains a benzene 
ring activated by an arylamino group and feebly ac
tivated or feebly deactivated by the arylthio group, 
nonetheless occurs a to the carbonyl group.10

It is recognized that the monobromination product of 
IVa which we have formulated as Va could be an S- 
bromo compound. This then might dehydrohalogenate 
to la by way of an intermediate IX as we believe occurs 
in Hromatka’s preparation of la  from the sulfoxide II. 
This proposal is an extension of the mechanism sug
gested11 for the preparation of 3-chlorophenothiazine 
and 3,7-diehlorophenothiazine from phenothiazine 5- 
oxide. We have formulated our monobromo com
pound as Va rather than as an S-bromo compound, on 
the grounds of its stability in refluxing ethyl acetate, 
since other related S-bromo compounds are reported 
to be decomposed by temperatures above room tempera
ture, and because no evidence of attack of various 
nucleophiles on the benzene ring was observed (com
pare ref. 11).

However, dehydrohalogenation reactions similar in 
many respects to those reported here were found12 to 
occur upon treatment of the bromothiochromanone X 
with a variety of nucleophiles, generally in water or in 
95% ethanol solution. It is apparent that the alicyclic 
ring and one benzene ring are analogous in Xa and Va, 
but that Xa has a sulfur where Va has a nitrogen. 
Two reactions are reported to occur with Xa, however, 
which we have not observed with Va, although their 
occurrence to a slight degree cannot be completely 
excluded. Treatment of Xa with dry ammonia in 
absolute ethanol is reported to give the 3-amino com
pound, which forms a hydrochloride.

As was mentioned, treatment of Va with the same 
reagent leads to dehydrohalogenation. No acid- 
soluble product was found, when the attempted amina-

(10) Indeed, i t  is ra th e r surprising th a t  l-phenyl-4-oxo-l,2 ,3 ,4-te tra - 
hydroquinoline is reported  to  b rom inate  in the  6-position of the  quinoline 
benzene ring, ra th e r th a n  in  the  benzene ring a ttach ed  to  n 1 ,  which would 
be activated  by  the  alkylam ino group and no t deactivated  b y  the  carbonyl 
group, if ionic brom ination  were being observed.

(11) A. C. Schmalz and  A. Burger, J .  A m .  C h e m .  S o c . ,  76, 5455 (1954).
(12) F . Krollpfeiffer, e t  a l . ,  B e r . ,  58, 1654 (1925). T his paper was first 

poin ted  o u t to us by  J . F . B unnett, whom we thank .
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Va (Partial structure)

tion was run essentially as described by Krollpfeiffer, 
but using Va rather than Xa. Further, treatment of 
Xa with sodium acetate in acetic acid gave a coupling 
product, unlike our results with Va and the same re
agents. Simultaneously with Krollpfeiffer’s paper on 
Xa, a paper was published by F. Arndt, et. al.,n in 
which the preparation of the bromochromanone Xb is 
described. However, the yield of Xb is said to be very 
poor, because it readily undergoes spontaneous dehydro- 
halogenation in most solvents. The dehydrobromina- 
tion product then adds bromine, to give the dibromo 
compound analogous to VI as well as what appears to 
he a brominated dimer, during the bromination. If 
the dimeric materials reported in reactions of Xa and 
of Xb have the structures indicated, they could be 
formed by displacement of bromine from one molecule 
of, for example, Xb by the anion of a second molecule 
of the same Xb. Thus at least the thiocliromanone 
Xa and possibly the chromanone Xb undergo dis
placement reactions more readily than does our ad
mittedly more complex dihydroquinolone Ya. That 
such comparisons should be made with caution how
ever, is indicated by our bromination of the phenoxazine 
IVb. In preliminary experiments this could not be 
brominated to a clean-cut product. Since a really 
satisfactory method of making IVb in quantity is not 
available, as it is for I Ya (vide infra), any report on the 
chemistry of IVb will have to be deferred, except for a 
mention of the probability that bromination of the 
benzene rings, which does not appear to occur to an 
appreciable extent in the bromination of IVa, is one of 
the complicating factors in the bromination of IVb.

We have given, as part of the Experimental section, 
procedures for the preparation of the ketone IVa. 
The procedure for the cyanoethylation of phenothiazine 
is essentially that of Smith13 14 modified in minor details. 
The modifications, which were suggested by the late 
Mr. Everett Lang of our development laboratories, 
make it a less dangerous and exciting reaction to run. 
Hydrolysis of the cyanoethyl product was done by 
methods in the literature without modification.

The cyclization of I lia  to IVa by means of trifluoro- 
acetic anhydride in benzene is modelled on cyclizations 
of some related compounds given in a patent.15 We 
have used proportionately less of the relatively ex
pensive trifluoroacetic anhydride than is used in the 
examples given. The patent method gave no yield. 
We have found that the procedure, as given here, re
sults in a nearly quantitative yield of essentially pure 
IVa, and so is far superior to the cyclization of Ilia  
using phosphorus pentoxide which we and others had 
previously used.

(13) F . A rndt, e l  a t . ,  B e r . ,  58, 1612 (1925).
(14) N. L. Sm ith, J .  O v g .  C h e m . ,  15, 1125 (1950).
(15) P . N. C raig and J . J. Lafferty, U. S. P a te n t 2,919,271. C f .  R . J. 

Ferrier and J . M . Tedder, J .  C h e m .  S o c . ,  1435 (1957).

Experimental
10-(2-Cyanoethyl)phenothiazine.—A suspension of 100 g. 

(0.5 mole) of sublimed phenothiazine in 155 ml. of commercial 
acrylonitrile in a 4-1. beaker was warmed to 35°. This was 
stirred with a thermometer as a commercial 38% solution of 
benzyltrimethylammonium hydroxide was added cautiously, 
pausing after every few drops. When the thermometer reading 
started to rise slowly, the addition of base was stopped. With 
the reagents used by us, this required at different times 3-7 ml. 
of the basic solution. The solution now spontaneously heated 
itself to the boiling point in a few seconds, and refluxed on the 
walls of the beaker. When the initial reaction had subsided, 
the solution, from which product usually started crystallizing if 
it were allowed to cool, was heated for an additional hour. The 
product was then separated by neutralizing the quaternary 
hydroxide with carbon dioxide immediately after addition of 
acetone, filtering, and adding water to the hot filtrate. The 
product crystallized in a first crop of 78 g. of platelets of m.p.
156-158° (lit. m.p. 158-159°) and a second crop of 10 g., m.p. 
154-155°, which could be readily recrystallized from acetone- 
water if necessary.

10-(2-Carboxyethyl)phenothiazine (Ilia).—This was prepared 
by base-catalyzed hydrolysis of the nitrile, bj? the method in the 
literature.

2,3-Dihydro-3-keto-1 if-pyrido[3,2,1 -kl\phenothiazine (IVa). — 
A mixture of 100 g. (0.37 mole) of 10-(2-carboxyethyl)pheno- 
thiazine, 400 ml. of dry benzene and 80 g. (0.38 mole) of tri
fluoroacetic anhydride was heated under reflux and stirred on a 
steam bath for 5 min. It was then poured into cracked ice. 
The benzene solution was washed with aqueous sodium carbonate, 
acidification of which led to recovery of 2.5 g. of starting acid. 
The benzene was filtered to free it from suspended water and 
distilled to dryness. The resulting yellow solid residue was 
recrystallized from ca. 1 1. of absolute ethanol, giving a first 
crop of 76.3 g. and a second crop of 10.5 g., totaling 93%, m.p.
111-113°.

2- Bromo-3-keto-2,3-dihydrc-li/-pyrido[3,2,l-/i;/]phenothiazme-
(Va).—A solution of 2.53 g. (10 mmoles) of 2,3-dilrydro-3-keto- 
li/-pyrido[3,2,l-I;/]phenothiazine (IVa) in 50 ml. of hot carbon 
tetrachloride was cooled to 50° and 17.5 ml. of a carbon tetra
chloride solution containing 1.75 g. (11 mmoles) of bromine was 
added with stirring during about 30 sec. Hydrogen bromide 
was evolved copiously, and an oil precipitated. The latter 
crystallized after the reaction mixture had been heated on the 
steam bath for 7 min., and weighed 1.86 g. I t was recrystallized 
from 350 ml. of nitromethane for analysis, yielding platelets of 
essentially the same melting point, approximately 266-270°. 
As might be anticipated, melting points were not always repro
ducible, melting point as high as 282° being readily obtained by 
rapid heating.

Anal. Calcd. for CiMioBrNOS (mol. wt., 332.23): C, 54.08; 
H, 3.04. Found: 0,54.23; H, 2.98.

3- Keto-l7/-pyrido[3,2,l-A7]phenothiazine (la).—A suspension 
of 4.60 g. (13.8 mmoles) of the bromo ketone Va in 200 mi. of 
glacial acetic acid was stirred at 30° with 4.2 g. (51 mmoles) of 
reagent grade sodium acetate for 10 min. The resulting homoge
neous solution was heated at 60° overnight, filtered from a little 
black solid, and evaporated to dryness on the steam bath at 
the water pump. Titration showed that a water extract of the 
residue had 98% of the theoretical amount of bromide ion. The 
residue weighed 3.37 g. (97%) and had m.p. 206°, raised to 207° 
admixed with a known sample of m.p. 207.3-208°. It was 
recrystallized from ethyl acetate and had the same melting point 
and infrared absorption as the known sample. The known 
sample was prepared by treatment of the same bromo ketone Va 
suspended in ether, with ethereal dimethylamine, and had the 
correct elemental analysis for C and H. Melting points re
ported for this ketone have been 207-209°2 and 204°.3

2,3-Dibromo-2,3-dihy dro-3-keto-lif-pyrido [3,2,1 -kl] phenothi
azine (VI).—Most of 11.32 g. (45 mmoles) of 3-keto-lif-pyrido- 
[3,2,l-fc(]phenothiazine was dissolved in 1100 ml. of boiling 
ethyl acetate, and a solution of 10 g. (62.5 mmoles) of bromine 
in 150 ml. of carbon tetrachloride was added at once. Much 
orange precipitate formed. The reaction was heated to the 
boiling point on the steam bath with stirring, cooled slightly, 
and filtered. The insoluble residue was 17.00 g., and a first 
crop of orange needles from the filtrate was an additional 2.17 g., 
totaling 103%. Two-gram portions could be recrvstallized 
from 1-1. of dry ethyl acetate to give orange needle-like prisms,
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melting point about 160-163°, which liberated iodine from an 
aqueous iodide solution acidified with acetic acid. An additional 
recrystallization dropped the melting point to 146-02. 159°.

Anal. Caicd. for Ci5H9Br2NOS (mol. wt., 411.06): C, 43.61; 
H, 2.21.. Found: 0,43.37; H, 2.72.

2- Bromo - 3 - keto -1H- pyri do [3,2,1 - Id] phenothiazine (VII).— 
When an attempt was made to recrystallize the preceding 2,3- 
dibromo-2,3-dihydro-3-keto - 1H-pvrido [3,2,1 -1:1] phenothiazine 
(VI) from nitromethane on the steam bath, the initially orange- 
colored solution lightened almost immediately to yellow, and

became strongly acidic. After about 15 min. at 80-100°, the 
solution was cooled and scratched, giving yellow platelets of m.p. 
144-146°, raised to 145-147.3° on recrystallization.

Anal. Caicd. for CibHsBrNOS fmol. wt., 330.21): C, 54.61; 
H, 2.44. Found: C, 54.93, 55.00; H, 2.53; 2.4S.
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3-Methyl-3//-imidazo[4,.5-6)pyridine (I), l-methyl-l/7-imidazo[4,5-h]pyridine (IV), l-methyl-l//-imidazo- 
[4,5-c] pyridine (II), and 3-methyl-3if-imidazo[4,5-e]pyridine(III) have been prepared. Spectroscopic comparison 
of a pair of isomers of methyl imidazo[4,5-6]pyridines (I and IV) with a nucleoside resulting from condensation 
of mercuric chloride complex of imidazo[4,5-5]pyridine with 2,3,5-tri-0-b3nzoyl-D-ribofuranosyl chloride (followed 
by debenzoylation) suggests that the supposed l-/3-o-ribofuranosyl-l //-imidazo [4,5-61 pyridine is 3-^-n-ribo- 
furanosyl-37f-irnidazo[4,5-6]pyridine. A nucleoside obtained from 1//-imidazo(4,.5-c]pyridine by an analogous 
reaction was assigned the 3-/3-D-ribofuranosyl-3//-imidazo[3,4-c]pyricine structure on the basis of spectral 
comparison with a pair of methylimidazo [4,5-c]pyridines.

The synthesis of nucleosides of purines or related 
heterocyclic bases by condensation reactions is often 
beset with more than one possibility for the position 
of attachment of the sugar moiety to the aglycon. 
In such cases, proof is required for this positional 
assignment. One technique commonly employed for 
such proof is to compare the ultraviolet absorption at 
properly selected pH values of the nucleoside product 
with appropriate alkyl derivatives of the aglvcon.2’3

This technique of structural elucidation often makes 
use of the generally accepted empirical rule: first, 
in purine ring systems, 7-alkyl substituted purines have 
the absorption maximum at a longer wave length than 
corresponding 9-alkvl substituted purines.4 5 Secondly, 
replacemen: of the alkyl group by a glycosvl moiety 
would be expected to produce little or no change in the 
ultraviolet absorption spectrum. Thus, adenosine 
(9-/3-D-ribofuranosyladenine) has an ultraviolet absorp
tion spectrum very similar to that of 9-methvladenine, 
but not to that of 7-methyladenine,6 while 7-o-d- 
ribofuranosvladenine has almost the same absorption 
maximum as 7-methyladenine.6 Both of these 7-sub- 
stituted adenines possess maxima at longer wave lengths 
than the 9-substituted isomers.6

A survey of the literature, however, revealed that 
the first part of the empirical rule does not always hold, 
at least in the case of purines possessing no substituents 
in the pyrimidine moiety. For example, the ultraviolet 
absorption maximum of 7-methylpurine in cationic 
form appears at a shorter wave length than that of the 
cationic form of 9-methylpurine. Yet both have almost 
identical absorption maxima in their neutral form.7

(1) P a r t  X X I of th is  series, K . Adachi, C h e m .  P h a r m . B u l l . ,  7, 479 
(1959).

(2) J. Baddiley, “ Nucleic Acids,”  Vol. 1, E . Chargaff and .7. Davidson, 
Ed., Academic Press Inc., New York, N. Y., 1955, pp. 143, 152.

(3) J . M . Gulland, R. E . H oliday, and T . F . M acrae, J . C h e m .  S o c . ,  1639 
(1934).

(4) J .  M. G ulland and  L. F. S tory, i b i d . ,  692 (1938).
(5) J. M . Gulland and  E . R. Holiday, i b i d . ,  765 (1936).
(6) W. Friedrich and K. Bernhauer, C h e m .  B e r . ,  89, 2507 (1950).

The main purpose of the present investigation is to 
examine the ultraviolet absorption properties of N-sub- 
stituted imidazopyridines, with emphasis being laid 
upon the critical examination of the utility of the afore
mentioned empirical rule4 for structural elucidation in 
the imidazopyridine ring system.

For this purpose, 3-methy]-3//-imidazo [4,5-6]pyri- 
dine (I), l-methyl-l//-imidazo [4,5-c pyridine (II), 3- 
methyl-3//-imidazo [4,5-c (pyridine (III), and l-methyl- 
l//-imidazo [4,5-5 ¡pyridine (IV) were required among 
which I, II, and III have not been described in the 
literature. Therefore, methods of unambiguous syn
theses of these compounds have been devised.

3-i\Iethyl-3//-imidazo [4,5-5 ¡pyridine (I) was prepared 
according :o two different routes (see Flow Sheet 1).
3-Amino-2-methy]aminopyridine (X) was prepared es
sentially according Schickh, Binz, and Schulz.8 X was 
subjected to ring closure with formamidine acetate9 
to I. An improved synthesis of I was obtained when 
formic acid was employed as condensing agent. For 
purification, I was converted to its picrate, m.p. 203- 
203.5°, which, after recrystallization, was converted to 
I, m.p. 76-78°. I was also prepared by treatment of 
177-imidazo [4,5-5¡pyridine (XIII)10 with dimethyl sul
fate in nitromethane in the presence of acetic acid. 
.After removal of the solvent, conversion of the product 
to its picrates, followed by fractional recrystallization 
from aqueous ethanol gave two different picrates, m.p. 
203-203.5° and 189-191°. One of them, m.p. 203- 
203.5°, was found to be identical with that of 3-methyl- 
3JV-imidazo [4,5-5 ¡pyridine (mixture melting point and 
infrared absorption spectral comparison). The other 
picrate was l-methyl-l/7-imidazo[4,5-5¡pyridine (IV). 
IV was also prepared essentially according to Chatterji,

(7) A. Bendich, P. J . Russell, and J. J. Fox, J .  A m .  C h e m .  Soc., 75, 6073 
(1954).

(8) O. v. Schickh, A. Binz, and A. Schulz, B e r . ,  69, 2593 (1936).
(9) E. C. T aylor and W. A. E hrhart, J .  A m .  C h e m .  S o c . ,  82, 3138 (1961).
(10) V. P e trov  and J. Saper, J .  C h e m .  S o c . ,  1389 (1948).
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Fig. 3.—3-/3-D-Ribofuranosyl-3i?-imidazo [4,5-6[pyridine (Vb).

Dhar, Anand, and Dhar,u from 3-ethoxycarbonyl-N- 
methylamino-2-nitropyridine by way of 2-amino-3- 
methylaminopyridine.12 Its picrate had m.p. 189 
191° which was found to be identical with that of one of 
two isomers formed from X III and dimethyl sulfate.

1-Methyl-l.iT-imidazo [4,5-c (pyridine (II) was pre
pared from 4-chloro-3-nitropyridine through 4-methyl- 
amino-3-nitropyridine and 3-amino-4-methylamino-

(11) S . K .  C h a tte r ji, M . M . D h ar, N . Anand, and M . L .  D h a r, Sci. Ind. 
Res. ( In d ia ) , 19c, 35 (1960).

(12) J .  W . C la rk -Le w is  and M . L .  Thom pson, J. Chem. Soc., 442 (1957).

pyridine (XIV)13 (see Flow Sheet 2). The yield of II 
from XIV was 45% using formic acid as the condensing 
agent. The base was purified by sublimation in vacuo.
3- Methyl-3f/-imidazo [4,5-c (pyridine (III) was prepared 
from 3-chloro-4-nitropyridine 1-oxide (XV) through
4- amino-3-methylaminopyridine (XVII),14 by ring clo
sure with formic acid.

The ribosylation of lF-imidazo [4,5-6 (pyridine (XIII) 
(see Flow Sheet 1) was carried out as follows: the 
condensation of the mercuric chloride salt with 2,3,5- 
tri-O-benzoyl-D-ribofuranosyl chloride16 in boiling xylene 
gave rise to a crude benzoyl-blocked nucleoside which 
afforded (after column chromatographic separation) 
only a single nucleoside (Va) in good yield, which 
melted at 154-155°. Débenzoylation of Va gave rise 
to the free nucleoside (Vb) which melted at 220-222°.

lH-Imidazo [4,5-c(pyridine in the same condensation 
(see Flow Sheet 2), followed by separation and sub
sequent débenzoylation gave two different nucleosides, 
one of which melted at 200-202°.16

OR OR
Va. R = C6H6CO 

b. R = H

Flow Sheet 1

The ultraviolet absorption spectra of these com
pounds are shown in Fig. 1 through 6 along with their 
apparent pK  values, determined spectrophotometrically 
according to Shugar and Fox.17 As shown in Fig. 1 
and 2, the spectra of a pair of isomers (I and IV) of 
imidazo [4,5-5 (pyridine series are pH-dependent and 
have a broad similarity in their neutral form, although

(13) 0 .  B rem er, Ann., 518, 274 (1935).
(14) J .  W . C la rk -Le w is  and R .  P . Singh, J. Chem. Soc., 2379 (1962).
(15) J .  D avo ll, B .  Lythgoe, and A . Todd , ibid., 967 (1948 ); H . M . K iss- 

m an, C . P id acks , and B . R .  B ake r, J. Am. Chem. Soc., 77, 18 (1955).
(16) D eta ils of th is preparation and a structu ra l stud y of the other nucleo

side w ill appear in  a separate com m unication.*8
(17) (a) D . Shugar and J .  J .  F o x , Biochim. Biophys. Acta, 9, 199 (1952); 

(b ) a ll the p K  va lues in  th is paper were determined by the same method.
(18) Presented at the 15th Hokkaido local meeting of the Japanese P h ar

m aceutical Society, Feb ru a ry , 1963, Sapporo, H okkaido .
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differing considerably in the cationic form where the 
spectrum of IV shows maxima at 289 m/x (e 7260), 
282 mM (c 8700), 277 m/x (<= 7870), and 235 m/x (e 1960), 
while that of I shows maxima at 281 m/x (e 8930), 275 
m/x (« 10,640), and 236 m/x (e 4470).

In connection with the present investigation, the work 
of the Indian chemists11 who also investigated the 
ribosylation of lH-imidazo [4,5-6 Jpyridine (XIII) is 
pertinent. They found that only a single nucleoside 
was formed among two possible isomers V and VI and 
assigned the l-/3-D-ribofuranosyl-177-imidazo [4,5-61- 
pyridine structure to their product from a comparison 
only with l-rnethyl-l/7-imidazo [4,5-6 Jpyridine (IV), 
neglecting a comparison with 3 - me t h y I - 3 //- i m i d a z o - 
[4,5-h Jpyridine (I).

However, our spectral data obtained with the pair of 
isomers (I and IV) shows that spectral comparison 
with both isomers is essential. Moreover, for the com
parison to be valid and useful for unambiguous assign
ment of structure, curves should be selected at pH 
values sufficiently removed from the pX’s to assure 
pure species in solution.19 These requirements for

CH3 c h 3
I I

OR OR OH OH
VII. R = H VIII

Flow Sheet 2

comparison are met in all figures (1 through 6). It 
can be seen that the spectrum of the nucleoside Vb 
(pX of 2.65) for the neutral and cationic species is 
almost identical with that of I and differs appreciably 
from that of IV indicating that then ucleoside Vb is
3-/3-i)-ribofurano.syl-3H-imidazo [4,5-6 Jpyridine.20

(19) F o r  an extensive discussion on th is  point, see ref. 17a. We are in
debted to J .  F o x  for his partic ipation  in  the discussion on th is point.

(20) Th e  structu re  was unequivocally established by us21 on the basis of 
a series of reactions: the nucleoside (V b ) was converted to 2 ',3 '-isopropyli- 
dene-5'-tosylate. T reatm ent of the tosylate w ith  boiling acetone gave rise 
to a water-soluble and in tram o lecu larly  quaternized nucleoside. T h is  type 
of intram olecular quatern ization is feasible on ly  w ith  5 '-tosylate of 3-/3-d- 
ribofuranosyl-3/?-im idazo[4,5-&]pyridine, excluding absolutely the possi
b il ity  th a t the nucleoside m ight be the 1-derivative.

(21) Y .  M izuno, M . Ikeh a ra , T .  Ito h , and K .  Sa ito , Chem. Pharrn., 11, 265 
((1963).

Fig. 4.—l-Methyl-l#-imidazo [4,5-c jpyridine (II).

Fig. 5.—3-Methyl-3#-imidazo[4,5-cJpyridine (III).

Fig. 6—3-^-o-Ribofuranosy 1-3tf-imidazo [4,5-cJpyridine (VII).

As shown in Fig. 4 and 5, 1 -methyl-1 //-i mid azo- 
[4,5-c]pyridine (II) and 3-methyl-3//-imidazo [4,5-cJ- 
pyridine (III), whose pX’s are 6.36 and 6.15,17 respec
tively, have quite different absorption spectra both in 
cationic and neutral form. Especially large differences 
are observed in their absorption maxima in cationic 
form, III having its maximum at 285 m/x and II at 
263 m/x. 3-Methyl-3H-imidazo [4,5-c Jpyridine (III) (7 
methyl-3-deazapurine) gives a band at longer wave 
length than 1 -methyl-177-iinidazo [4,5-c ]pyridine (II) 
(9-methyl-3-deazapurine) showing that the afore
mentioned empirical rule4 holds.
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The spectral characteristics of the nucleoside (VII) 
(pK  5.1617) derived from lii-imidazo [4,5-c]pyridine 
were found to be very similar to that of III in the pH 
region ranging from 1 to 12, suggesting those the nucleo
side (VII) is 3-/l-D-ribofuranosyl-3H-imidazo[4,5-c]pyri- 
dine.

Experimental22
3-MethyI-3//-imidazo [4,5-6] pyridine (I) and Its Picrate. 

Method A ("with Formamidine Acetate).—3-Amino-2-methyl- 
aminopyridine8 (1.10 g.) was treated with formamidine acetate9 
(0.9 g.) in refluxing methoxyethanol (20 ml.) for 1 hr., cooled, 
and concentrated to dryness. Formamidine acetate wa9 par
tially removed by sublimation in vacuo (90°, 5 mm.) to afford a 
crude product which was converted to the picrate (500 mg.), 
needles after two recrystallizations from ethanol, m.p. 203- 
203.5°.

Anal. Calcd. for CuH^NeO,: C, 43.10; H, 2.78; N, 23.20. 
Found: C, 42.97; H, 2.54; N, 22.89.

Method B (with Formic Acid).—2-Methylamino-3-nitropyri- 
dine (IXb, 0.9 g.)23 in ethanol (10 ml.) was reduced over pal
ladium-carbon (5%, 0.1 g.) to afford 0.59 g. of 3-amino-2-methyl- 
aminopyridine (81% yield) which was treated with boiling formic 
acid for 2 hr. Removal of the solvent gave crude product I. 
On sublimation in vacuo (100-120°, 2 mm.) yield was 0.32 
g. (41%), m.p. 203-203.5°; Rt, 0.71.24

Anal. Calcd. for C7H7iNT3: C, 63.14; H, 5.30; N, 31.56. 
Found: C, 62.85; H. 5.30; N, 31.26.

Conversion of the Picrate to Free Base. 3-Methyl-3//-imidazo- 
[4,5-b]-pyridine (I).—The picrate of 3-methyl-3ff-imidazo- 
[4,5-b]pyridine (450 mg.) in methoxyethanol (10 ml.) was 
treated with Amberlite IRA 400 (OH~ form, 15 ml.) until the 
yellow color disappeared. The resin was filtered off and washed 
twice with water (20 ml.). Concentration of the combined 
filtrate and washings gave the free base (30 mg.). For further 
purification the base was sublimed in vacuo to give pure product 
(20 mg.), prisms, m.p. 76-78°. Ultraviolet absorption spectra 
at pH 0.52-0.53, XIimx 236 mg (e 4470), 275 ma (e 10,640), 281 
ma (« 8930); Amin 251 ma (e 2810). 278 mM (e8280); at pH 11.05-
11.07, Amal 252 ma (e 4510), 282 ma (c 9010), 288 ma (e 6940) 
(sh); Xmin 241 ma (f 4080).

l-Methyl-li7-imidazo[4,5-6]pyridine (IV).—3-Methylamino- 
2-nitropyridine (0.89 g.) in methoxyethanol (20 ml.) was hy
drogenated over Raney nickel25 * 27 28 (wet weight, 5 g.) in a hydrogen 
atomosphere at room temperature. Three hundred and fifty 
milliliters of hydrogen had been adsorbed at the end of 5 hr. and 
no further reduction took place after an additional 1 hr. The 
nickel was filtered, washed twice with methoxyethanol (100 ml.), 
and filtered. To the combined filtrate was added formamidine 
acetate (1.9 g.) and the mixture was refluxed for 1.5 hr. The 
solution was concentrated under reduced pressure to dryness. 
The solids were purified by distillation in vacuo to give the prod
uct, m.p. 95-97°, from benzene (lit.11 m.p. 95-97°), Rt 0.50.24 
Ultraviolet absorption spectra at pH 0.50, Xmax 235 mu (e 1960), 
277 mu (e 7870), 282 mM . (e 8700), 289 mM (e 7260) (sh); 
X„ia 243 mg (c 1960), 279 mM (e 7780); at pH 12.01, Xm„  282 
nip (e 9660), 288 m/x (e 7920) (sh). Melting point of the 
picrate, was 189-191°.

1/7-Imidazo[4,5-6]pyridine (XIII).—The procedure used was 
essentially that reported by.Petrow and Saper.10 Purified base 
was obtained in 54% yield, m.p. 146-147° (lit.10 m.p. 153-154°). 
Sublimation in vacuo, followed by recrystallization from acetone, 
gave product unchanged in melting point, Rt 0.63'21; melting 
point of picrate was 188-189°.

Méthylation of l/Z-imidazo[4,5-6[pyridine. Preparation of
l-Methyl-l//-Imidazo [4,5-6] pyridine (IV) and 3-Methyl-3ff- 
imidazo[4,5-6]pyridine (I).—To a mechanically stirred solution 
of lif-Imidazo[4,5-6]pyridine (2.0 g.) in nitromethane (20 ml.)

(22) All m elting points are uncorrected. U ltrav io le t absorption spectra 
were run  w ith  the  B eckm ann M odel D K  11 recording spectrophotom eter. 
M olecular extinction  coefficients were determ ined with a  Shim adzu m anual 
spectrophotom eter. E xcept where noted  sublim ation i n  v a c u o  was done with 
a  “ Sublim atom eter,”  devised by  E . Shibata  (for leading reference, E . 
S h ibata  and S. Saito, N i p p o n  K a g a k u  Z a s & h i , 80, 604 (1959).

(23) A. E . Chichibabin and  A. W. Kirssanow, B e r . ,  61B, 1223 (1928).
(24) P aper chrom atography was perform ed using ascending technique; 

so lvent system  employed, rc-butyl alcohol sa tu ra ted  w ith w ater.
(25) D . J . Brown, J .  S o c .  C h e m .  I n d . ,  69, 353 (1950).

and acetic acid (5 ml.) was added drop wise at 63-65° dimethy 
sulfate (2.5 g.). The internal temperature rose spontaneously 
to 75° and then went down to 65° which required 15 min. After 
the addition was complete, the temperature was raised to 90-93° 
and the solution was maintained at the same temperature for 30 
min. and cooled. The solution was concentrated to dryness. 
To the residue was added 15 ml. of ethanol which was distilled 
in vacuo. This process was repeated until all trace of acetic 
acid was removed. The residue was dissolved in water (20 ml.), 
made alkaline with 4 ml. of 10 N sodium hydroxide pH 11 and 
then rapidly and repeatedly extracted with ethyl acetate (600 
ml.); a yellow fluorescent organic layer was separated, washed 
with water, dried, and filtered. The filtrate was concentrated 
to oily solids.26 For separation and purification, the residue 
(0.44 g.) was converted to picrates in the following way. One- 
third (0.252 g., 1.1 mmoles) of the picric acid (0.765 g., 3.3 
mmoles), required to convert the entire methyl [4,5 bjpyridine 
(0.44 g., 3.3 mmoles) to picrates, was dissolved in ethanol (2 ml.) 
and added to the base (0.44 g.) in ethanol (2 ml.). The reaction 
mixture was kept standing at room temperature overnight. 
The precipitate was filtered, and recrystallized from ethanol to 
give a picrate having m.p. of 203-203.5° which was found to be 
the picrate of I by comparison with an authentic sample, de
scribed earlier. To the filtrate another one-third of the picric 
acid (0.252 g.) was added to precipitate the second crop which 
melted after two recrystallizations from ethanol at 203-203.5° 
and did not depress the melting point of the picrate of I. The 
combined picrates (m.p. 203-203.5°) weighed 245 mg. By- 
using the second filtrate, the same process was repeated to give 
a third crop (15 mg.) which melted at 189-191° after two re
crystallizations from aqueous methanol and did not depress 
melting point of picrate of IV.

3-Methyl-3 if-imidazo [4,5-61 pyridine Hydrochloride (I-2HC1).
—Dry hydrogen chloride gas was passed through a solution of 
the picrate of I (200 mg.) in absolute ethanol (14 ml.). Ethanol 
was removed in vacuo and the picric acid liberated was extracted 
repeatedly with ether to give the hydrochloride of I which was 
dissolved in a minimal amount of absolute methanol and to the 
solution was added a mixture of dry ether and dioxane to deposit 
pure hydrochloride.

Anal. Calcd. for C7H,N32HC1: C, 40.81; H.4.41; N, 20.38. 
Found: C, 41.00; H, 4.28; N, 20.25.

3-Amino-4-methylammopyridine (XIV).—4-Methylamino-3-ni- 
tropyridine was prepared according to Bremer13 as golden yellow 
needles, m.p. 157-158° (lit.13’11 m.p. 162-163°). 4-Methyl- 
amino-3-nitropyridine (1.65 g.) was hydrogenated over palla
dium-carbon prepared by reduction of a mixture of palladium 
chloride (20 ml. of 1%, solution) to give 1.1 g. (83.3%) of product, 
m.p. 169° (lit.27 m.p. 169°); the picrate melted at 184° (lit.24 
m.p. 185°).

l-Methyl-lH-imidazo[4,5-c] pyridine (II).—3-Amino-4-methyl- 
aminopyridine (0.7 g.) was treated with refluxing formic acid 
(1 ml.) for 1 hr. and cooled. Excess formic acid was removed 
under reduced pressure. The residue was dissolved in ethanol 
and the solution was treated with calcium carbonate (500 mg.), 
filtered, and concentrated to dryness under reduced pressure. 
The residue was subjected to sublimation in vacuo to give 40% 
of product, prisms, m.p. 111.5-112.5°. Ultraviolet absorption 
spectra at pH 1.26, Xraax 263 m/x (e4400); at pH 11.6, Xmax 255 

(e 4800), 263176 m/x (e 4600); Xmin 261 mu (e 4500). pA'a 
of II was 6.26-6.46.17b

Anal. Calcd. for C7H7N3: C, 63.14; H, 5.30; N, 31.56. 
Found: C, 63.26; H, 5.43; N, 31.23.

The base was converted to hydrochloride by passing dry 
hj’drogen chloride gas into an ethanol solution of the base.

Anal. Calcd. for C7H7N3-2HC1: C, 40.79; H, 4.41; N,
20.38. Found: C, 39.92; H, 4.98; N, 19.01. Picrate of II, 
m.p. 217-218°.

Anal. Calcd. for CI3H10N6O7: C, 43.10; H, 2.78; N, 23,20. 
Found: C, 39.82; H, 3.22; N, 23.41.

3-Chlorpyridine 1-oxide.—3-Chloropyridine 1-oxide was pre
pared by a standard procedure.28 The oxide (11.0 g.) was ob-

(2G) P aper chrom atography revealed21 th a t  the e thy l ace ta te  lay e r con
ta ined  two com ponents ( R ,  0.73 and 0.53) in add ition  to s ta r tin g  m a- 
teria l ( R {  0.63).

(27) R . W eidenhagen, G. Train, H . W egner, and L. N ordstrom , B e r . ,  75, 
1936 (1942).

(28) E . Ochiai, J .  O r g .  C h e m . ,  18, 635 (1953).
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tamed from 3-chloropyridine (12.35 g.) in a yield of 78%, m.p. 
59-60°, from ether (lit.29 m.p. 59-60°).

3-Chloro-4-nitropyridine 1-Oxide (XV).—To a solution of
3- chloropyridine 1-oxide (7.2 g.) in concentrated sulfuric acid 
(sp. gr. 1.80, 16 ml.) was added dropwise with stirring a mixture 
of fuming nitric acid (sp. gr. 1.54, 24 ml.) and concentrated 
sulfuric acid (sp. gr. 1.80, 20 ml.). After the addition was com
plete, the internal temperature was raised to 90° and the mixture 
was kept at the same temperature for 1.5 hr. after which it was 
cooled and poured into ice-water, and neutralized with sodium 
carbonate to deposit a small amount of sodium sulfate which 
was filtered off. The filtrate was extracted with chloroform. 
The chloroform layer was separated, washed with water, dried 
over sodium sulfate, and filtered. The filtrate was concentrated 
to dryness and recrystallized from acetone to give yellow crystals, 
m.p. 103-110°; yield was 6.1 g. (64%).

Anal. Calcd. for C6H3N20 3C1: C, 34.41; H, 1.73; N, 15.96. 
Found: C, 34.32; H, 1.80; N, 16.10

3- Methylamino-4-nitropyridine 1-Oxide (XVT).—3-Chloro-4- 
nitropyridine 1-oxide (8.3 g.) was treated for 20 min. with a re
fluxing methanol solution of methylamine (5%, 50 ml.) on the 
steam bath. In a few minutes solids separated. Heating was 
continued for another 20 min. and the solution cooled. After 
cooling, a precipitate was collected by filtration. Recrystalliza
tion from ethanol gave pure product (3.65 g., 45.4%), m.p. 
227°, from ethanol (lit.14 m.p. 227°).

4- Amino-3-methylaminopyridine (XVII).—Methylamino-4-ni- 
tropyridine 1-oxide was reduced to 4-amino-3-methylamino- 
pyridine over Raney nickel according to the procedure of Clark- 
Lewis and Sigh.14 Reduction of 3-methylamino-4-nitropyridine 
(3.5 g.) gave 2.4 g. (quantitative yield) of product, needles, 
m.p. 112° (lit.14 m.p. 114°). Thepicrate melted at 225-228°.

3-Methyl-3fI-iniidazo[4,5-c]pyridine (III).—4-Amino-3-meth- 
ylaminopyridine (130 mg.) was refluxed with 10 ml. of freshly 
distilled formic acid for 4 hr. and cooled. After cooling formic 
acid was removed in vacuo to dryness and to the residue was 
added to ethanol which was distilled in vacuo. The process 
was repeated until all trace of formic acid was removed, to give
4- formylamino-3-methylaminopyridine. Picrate melted at 177° 
(from ethanol).

Anal. Calcd. for Ci3H12N60 8: C, 41.05; H, 3.15; N, 22.10. 
Found: C, 40.92; H, 3.34; N, 22.00.

For ring closure the solid residue was sublimed in vacuo to give 
the desired product (65 mg., 46% on the basis of XVII); needles 
from ethanol, m.p. 101-101.5°. Ultraviolet absorption spectra 
at pH 3.80, XmnJ! 253 m# (e 5000), 285 m u  (* 6100); Xm;n 263 mu 
(e 2500); at pH 12.7, Xma* 249 mu (e 4300), 275 m u  (e 5400); 
Xm;„ 257 m/x (*3300). pK„ of III was 6.10.l7b

Anal. Calcd. for C7H7N3: C, 63.14; H, 5.30; N, 31.56. 
Found: C, 63.26; H, 5.43; N, 31.50.

The base was converted to picrate which melted after recrystal
lization from ethanol at 199.5-200°.

Anal. Calcd. for Ci3Hi0N6O7: C, 43.10; H, 2.78; N, 23.20. 
Found: C, 43.08; H, 2.93; N, 23.15.

Mercuric Chloride Salt of 3//-Imidazo[4,5-b]pyridine.—To a 
well stirred solution of 3H-imidazo[4,5-fe]pyridine (2.66 g.) in 
15 ml. of 1.5 N  sodium hydroxide was added a solution of mer
curic chloride (6.1 g.) in ethanol (20 ml.) to give rise to white 
precipitates which were collected by centrifugation, washed suc
cessively three times with water, four times with ethanol, and 
finally with dry ether, and dried in vacuo at 100° (2 mm.). The

(29) R. E . E vans and  H. C. Brown, J .  O r f f .  C h e m .  27, 1329 (1962).

mercuric chloride obtained was stable to heat, up to 250°; yield 
was 7.7 g. (97%).

Anal. Calcd. for C6H4N3HgCl: N, 11.84. Found: N, 12.31.
Ribosylation of the Mercuric Chloride Salt of 3//-Imidazo[4,5- 

6] pyridine with 2,3,5-Tri-O-benzoyl-D-ribofuranosyl Chloride.—
The procedure used in condensation was essentially that reported 
by Kissman and Weiss.30 The mercuric chloride salt (13.9 g.) 
and 2,3,5-tri-O-benzoylribofuranosyl chloride prepared by a 
standard method15 from l-0-acetyl-2,3,5-tri-o-benzoyl-/3-b-ribo- 
furanose (20 g.) gave a crude benzoyl-blocked nucleoside(s), 
which was applied to acid-washed alumina (2.5 X 55 cm.). 
The first seven fractions (200 ml. each) eluted by benzene (1.5 1.) 
contained only a sugar derivative (total weight, 3.2 g.31) and 
were discarded. Each fraction of the subsequent seven frac
tions (200 ml. each) eluted by a mixture of ethyl acetate and 
benzene (1:5 v./v., 1.51.) afforded after evaporation of the solvent 
the same nucleoside,32 total weight, 8.75 g. The eluting sol
vent was switched to ethyl acetate (seven 200-mi. portions) which 
eluted seven fractions, each of which was concentrated to dryness. 
The residues were found to be identical with each other (total 
weight, 6.46 g.) and also with preceding nucleoside. On wash
ing the alumina with ethanol (660 ml.) 2.05 g. of 3H-imidazo- 
[4,5-6]pyridine was recovered in the form of the free base. The 
combined benzoyl-blocked nucleoside weighed 15.2 g. (68%), 
m.p. 154-155°.

Anal. Calcd. for C32H25N30 7: C, 68.20; H, 4.47; N, 7.46. 
Found: C, 68.10; H, 4.51; N, 7.42.

3-3-[)-Ribofuianosyl-377-imidazo[4 ,5-h]pyridine (Vb).—To a
solution of the benzoyl-blocked nucleoside (Va, 0.7 g.) in abso
lute methanol (70 ml.) was added a 1 (V methanol solution of 
sodium methoxide (1 ml.); the solution was refluxed for 1 hr. 
and cooled. After cooling the solvent was removed in vacuo 
at room temperature to furnish a product which was dissolved in 
water (20 ml.). The aqueous layer was separated and concen
trated in vacuo to dryness. Recrystallization from water gave 
colorless needles, 0.22 g., 71%, m.p. 220-222° (lit.11 m.p. 220°). 
Ultraviolet absorption spectra at pH 0.50, XmM[ 236 mu (* 5600), 
275 mu (e 10,120), 281 m/i f* 8600); Xmin 251-252 mu (e 3440), 
279 mju (e 7,9C0); at pH 5.66, Xma* 243 mu (e 4940), 281 mu 
(e 8540) 287 mu f* 6620) (sh); Xmi„ 259 mM (e 3350). pK *  was 
2.65-2.70.

Absorption spectra of 3-(3-D-ribofuranosyl-3ii-imidazo[4,5-c]- 
P3rridine (VII) at pH 1.30, Xmax 252 mu (« 5000), 283 mu (e 7200); 
Xmin 261 mu (e 2800): at pH 12.20, XmaI 242 mu (e 5600), 275 mu 
(e 5500); Xmin 257 mM (c 3100). pKa17 of VII was 5.16-5.17.
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(30) H. G. K issm an and M. .T. Weiss, J .  O r g .  C h e m . ,  21, 1053 (1956).
(31) The substance was nitrogen free and infrared spectra  were very  simi

la r  to  th a t  of l~0-acetyl-2,3,5-tri-0-benzoyl-/3-D-ribofuranose which sug
gested th a t  conversion of th is to  the corresponding 1-chloride was in
complete.

(32) Id en tity  was based on criteria  of infrared  and u ltravio le t absorption 
spectral comparisons and on the  fact t h a t ‘a fte r recrystallization  from 
ethanol (recovery of the  recrystallization  was approxim ately  70% ) the 
m ixture m elting poin t w ith each o ther were n o t depressed.



1842 S t e w a r t , Z is s is , a n d  R ic h t m y e r V ol. 28

T h e F orm a tio n  o f  2 ,7 -A n h yd ro-a-L -gafacto-heptu lofu ran ose and  2 ,7-A nh ydro-/3-i- 
ga iacto -h ep tu lop yran ose  by th e  A ction  o f  Acid on  L -gaiacto-H eptu lose (P erseu lo se )1
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L-^aiacio-Heptulose has been transformed by hot dilute acid to give about a 5 %  yield of nonreducing anhydro 
sugars. Separation of the mixture on a Dowex 1 column (borate form) led to the isolation of about equal amounts 
of 2,7-anhydro-o:-L-go2odo-heptulofuranose and 2,7-anhydro-/J-L-!?alacfo-heptulopyranose, whose structures 
were established by the application of methods used earlier for similar compounds.

In the preceding paper on the transformation of 
reducing sugars to their nonreducing anhydrides in 
acid solution,2 one of us showed that D-galactose is 
converted into 1,6-anhydro-a-D-galactofuranose and
l,6-anhydro-/3-D-galactopyranose in yields of 0.95 and 
0.71%, respectively. Since a heptulose with the 
galacto configuration was available, we now have 
studied the behavior of L-grafado-heptulose (perseulose, 
I)3 and find that it, similarly, yields two crystalline 
anhydrides. Thus, L-^cdacto-heptulose, heated in 0.2 N  
sulfuric acid for three hours at 80°, gave about a 5% 
yield of nonreducing material. This was separated 
readily into two fractions on a column of Dowex 1 
(borate form) by elution with sodium tetraborate.2’4 
The compound isolated from the fraction that formed 
a strong borate complex melted at 133-134° and 
showed [a]20D +25.5° in water. It was presumed to 
be the 2,7-anhydro-/3-L-0afocfo-heptulopyranose II be-
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cause it reacted with sodium metaperiodate with the 
consumption of two moles of reagent and the slow 
liberation of one mole of formic acid per mole of com
pound; this behavior resembled that of sedoheptulosan 
(2,7-anhydro-/3-D-aZfro-heptulopyranose),6 and the rota
tion of the expected dialdehyde was about equal in 
magnitude but opposite in sign to that observed in the 
periodate oxidation of sedoheptulosan. Final proof of 
the structure II was obtained by reducing the dialde
hyde with sodium borohydride to the trihydric alcohol 
III, which has only one asymmetric carbon atom; 
the crystalline tri-p-toluenesulfonate of III was shown 
to be the enantiomorph of the corresponding com
pound derived similarly from sedoheptulosan. The 
trihydric alcohol (III) is readily recognized as 1,2-(1,3- 
dihydroxyisopropylidene)-D-glycerol [and as a 2,2,4-

(1) Presented in p a r t  before the  Division of C arbohydrate Chem istry a t 
the  144th N ational M eeting of the Am erican Chemical Society, Los Angeles, 
Calif., April, 1963.

(2) N. K. R ichtm yer, A r c h .  B i o c h e m .  B i o p h y s . ,  78, 376 (1958).
(3) E . B. Tilden, J .  B a c t e r i a l . ,  87, 629 (1939); R . M. H ann and C. S. 

Hudson, J .  A m .  C h e m .  S o c . ,  61, 336 (1939).
(4) J. X. K hym  and L. P. Zill, i b i d . ,  74, 2090 (1952).
(5) J, W. P ra tt ,  N, K, R iahtm y«r, and C. S. Hudson, «W(i,r 74, 2200 (1952).

tris (hydroxymethyl)-1,3-dioxolane ]; its enantiomorph, 
derived from sedoheptulosan, was, in fact, hydrolyzed 
to glycerol as part of its proof of structure.5

The fraction from the Dowex 1 column that did not 
form a borate complex yielded a nonreducing anhydro- 
heptulose that melted at 134-135°, showed [«]%> 
— 20.7° in water, and was not oxidized by periodate. 
By analogy with 1,6-anhydro-a-D-galactofuranose6 
and 2,7-anhydro-/3-D-attro-heptulofuranose,7 we should 
expect the new compound to be 2,7-anhydro-a-L- 
grcdado-heptulofuranose (IV), with a locked pair of 
tra n s  hydroxyl groups8 at C-3 and C-4 (c f . the Haworth 
formula IVa). There are only two other formulas 
that might be written for a monomeric, nonreducing, 
periodate-resistant anhydroperseulose, namely, V and

------ C - C H 2O H

H o iH
H C O H

H C O -------------

H O C H  

— O C H 2 

IV

------------- 1
h o h 2c — c —

HOCH
HCOHI
H C O — 1

--------------O C HI
c h 2o h

IVa Va

1
— c - c h 2o h

_ ! 

H O H 2C - C  —

H O C H H O C H

H C O H H C O — 1

H C O — --------- H C O H

— O C H --------------O C H

c h 2o h  c h 2o h

Vb VI

VI. These differ from IV in that each has a primary 
hydroxyl group at C-7. When the new anhydride 
was converted into its tetratosylate and the latter was 
heated with sodium iodide in 2,5-hexanedione for 75 
hours at 100° there was no evidence of any exchange 
reaction and 63% of the tosylate was recovered. 
Since it is well known9 that an co-sulfonyloxy group of 
a sugar exchanges readily with sodium iodide to form 
an co-deoxy-w-iodo sugar under relatively mild condi-

(6) F o r a  review of the 1,6-anhydrohexofuranoses, see I t. J . D im ler, 
A d v a n .  C a r b o h y d r a t e  C h e m . ,  7, 37 (1952).

(7) N . K. R ich tm yer and J . W. P ra tt ,  J . A m .  C h e m .  S o c . ,  78, 4717 (1956).
(8) O ther such sterically hindered vicinal glycols include: (a) th e  twd

t r a n s - camphane-2,3-diois and cholestane-3/5i,6/9,7a:-triol [Si J; Angyal arid R j 
J . Young, i b i d . , ¿1, 5467, 5251 (1959)]; (b) m ethyl 4,G-Cdsenzyiidene-a-D-* 
altropyraiioside and its  anom er [J. Honeyinaii arid C; j ;  G; Shaw, j . C h e r r i t  

S o c . ,  2454 (i959)l; and (c) 2 )6-anhydro-/3-h-fructofdraiiosfe [H. R; Goid- 
schm id and  A. S. Perlin, Can. J .  C h e m . ,  38, 2178 (I960)].

(9) See R f Si Tipson, A d v a n »  C a r b o h y d r a t e  C h e m , ,  8, 181 (i9’53j,



J u l y , 1963 F o r m a t io n  o f  2,7-ANHYDRo-a-L-<jraZacto-HEPTULOFURANOSB 1843

tions (whereas a sulfonyloxy group at C-l of a ketose 
is resistant to exchange), we may conclude that neither 
formula V nor VI can represent our compound. This 
conclusion was substantiated by the fact that our 
compound yielded only a monotrityl derivative, just 
as had been found to occur with the two anhydrides of 
sedoheptulose,7 neither of which has a primary hy
droxyl group at C-7. Thus, the second anhydro- 
perseulose must have the structure IV. Finally, the 
new anhydroperseulose was oxidized with lead tetra
acetate in pyridine at 0°, a reagent that Goldschmid 
and Perlin10 found would cleave even the sterically 
hindered vicinal diols; one molecular equivalent of re
agent was consumed in about two hours, though over
oxidation became evident on longer standing. This 
reaction is in agreement with what would be expected 
of a compound with the formula IV, and serves as 
additional evidence to exclude formula VI for the 
levorotatory anhydro-L-graZacfo-heptulose.

The mother liquor from the anhydride IV was 
chromatographed further on a cellulose column and a 
very small amount of a second nonreducing, orcinol- 
positive, periodate-resistant compound was obtained 
as a sirup that was not investigated further. It ap
pears possible that perseulose upon acid treatment 
might yield, besides II and IV, other anhydrides such 
as V (which can be written either as the 2,5-anhydro- 
/3-L-gafacfo-heptulopyranose Va or as the 2,6-anhydro- 
a-L-<7odacfo-heptulofuranose Vb) or VI. A similar 
product was obtained from D-galactose and thought 
possibly to be 1,5-anhydro-a-D-galactofuranose.2 Three 
examples of this rare type of nonreducing anhydro 
sugar, each with a five-membered and a six-membered 
ring, have been described previously: the 1,5-anhydro- 
d-D-ribofuranose of Vis and Fletcher,11 the 2,6-anhydro- 
d-n-fructofuranose of Goldschmid and Perlin,8c and 
the sirupy l,4-anhydro-2,3,6-tri-0-methyl-o:-D-gluco- 
pyranose obtained by Pakhomov, Golova, and Niko
laeva12 through the thermal decomposition of tri-O- 
methylcellulose in vacuo.13

A comparison of the mobilities on paper chromato
grams of the known anhydroheptuloses is given in the 
Experimental section.

Experimental
The Reaction of L-gralacfo-Heptulose (Perseulose, I) with 

Dilute Acid and Isolation of the Nonreducing Material.—
Preliminary experiments showed that when perseulose hemi- 
hydrate3 in 0.2 N  sulfuric acid was heated for 3 hr. at 80°; it 
lost about 9% of its reducing power as determined by the ferri- 
cyanide method.14 At the same time, some further decomposi
tion occurred, and about 1.5% of 5-(l,2-dihydroxyethyl)-2- 
furaldehyde (DHEF) was estimated to be present as calculated 
from its ultraviolet absorption spectrum.7 For isolation of the 
products formed in this reaction, 120 g. of perseulose monohy
drate was dissolved in 4 1. of 0.2 A' sulfuric acid and the solution 
was heated quickly to 85° and then placed in an oven at 80° for 
3 hr. The solution was cooled in running water, deacidified by 
passage through a column of Duolite A-4 ion-exchange resin, and 
concentrated in vacuo to a sirup from which most of the unchanged

(10) H . R. Goldschmid and A. S. Perlin, C a n .  J .  C h e m . ,  38, 2280 (1960).
(11) E . Vis and H. G. Fletcher, J r., J .  A m .  C h e m .  S o c . ,  79, 1182 (1957).
(12) A. M. Pakhom ov, O. P. Golova, and I. I. N ikolaeva, I z v .  A k a d .  N a u k ,  

S S S B ,  O t d .  K h i m .  N a u k ,  521 (1957).
(13) N ote added F ebruary  8, 1963: see also E. H usem ann and J . K lar, 

M a k r o m o l .  C h e m . ,  53, 223 (1962), for three  additional m ethods of p repar
ing the anhydride of 2,3,6-tri-O-methyl-D-glucose.

(14) C. S. Hanes, B i o c h e m .  J . ,  23, 99 (1929); H . C. H agedorn and  B.
N. Jensen, B i o c h e m *  Z > , 135, 46 (1923).

perseulose was crystallized by the addition of ethanol. A total 
of 392 g. of perseulose monohydrate was subjected to acid treat
ment in this way and 346 g. of it recovered. The rest of the 
perseulose in the mother liquor was destroyed by heating with 
an excess of aqueous barium hydroxide in an open, stainless 
steel container for several days. The solution was neutralized to 
phenolphthalein with a stream of carbon dioxide, filtered, and 
deionized with Amberlite IR-120 and Duolite A-4 ion-exchange 
resins. Concentration of the effluent in vacuo yielded 20 g. (co. 
5%) of a colorless sirup. Paper chromatograms, spotted with 
this sirup and developed in 1-butanol-pyndine-water (6:4:3) 
by the multiple ascent technique, revealed four spots that could 
be visualized with an orcinol-hydrochloric acid spray. The 
slowest, in trace amounts, was identified as perseulose, while the 
other three ran considerably faster and were nonreducing. Of 
these three, only the slowest was oxidizable by periodate sprays.

2,7-Anhydro-a-:.-f/a/ado-heptulofuranose (IV).—A 7-g. portion 
of the sirup described above was dissolved in 100 ml. of 0.005 M 
aqueous sodium tetraborate and the solution passed through a 
column (10 cm. X 3.5 cm.) of Dowex 1 strong-base ion-exchange 
resin in the borate form.2’4 The resin was eluted with 0.005 M 
borate; five 200-ml. portions were sufficient to remove the two 
noncomplexing anhydroheptuloses as tested for with Brown’s 
orcinol-ferric chloride reagent.15 When the next liter of 0.005 M  
borate removed nothing further, a shift was made to 0.1 M  
aqueous sodium tetraborate and the complexing material re
moved by elution. The remainder of the original sirup was 
separated into noncomplexing and complexing fractions simi
larly.

The 0.005 M borate fractions were combined, freed from 
cations by passage through Amberlite IR-120, concentrated in 
vacuo to a mixture of anhydroheptuloses and boric acid, and the 
latter was removed by several distillations of methanol from the 
residue. The final sirup weighed 9 g. and was crystallized with
out difficulty. The 5.7 g. of 2,7-anhydro-a-L-gaZacfo-heptulo- 
furanose (IV) thus obtained was recrystallized thrice from meth
anol to form chunky prisms melting at 134-135° and showing 
[ a ] 20D  —20.7° in water (c 1.8). I t was not oxidized by sodium 
metaperiodate in 30 hr. at 20°. Arthur S. Perlin has kindly 
measured its oxidation with an excess (3 moles/mole) of lead 
tetraacetate in pyridine at 0° and reports 0.25, 0.40,0.77, 1.03, 
and 1.19 moles of oxidant/mole of compound consumed at the 
end of 10, 20, 60, 120, and 180 min., respectively. He obtained 
similar values of 0.36, 0.66, and 1.25 for 1,6-anhydro-ai-D- 
galactofurancse and 0.70, 0.99, and 1.34 for 2,7-anhydro-/3-D- 
aifro-heptulofuranose at the end of 15, 30, and 180 min., respec
tively. Overoxidation was evident in all three cases.

Anal. Ca-cd. for C7H12O6: C, 43.75; H, 6.30; mol. wt.,
192.2. Found: C, 43.77; H, 6.39; mol. wt. (Mechrolab vapor 
pressure osmometer), 188.5.

The mother liquor from the 5.7 g. of IV was chromatographed 
on a cellulose column (36 cm. X 4 cm.) with acetone-water (95:5) 
as eluent. The principal and fastest-moving component was the 
same anhydroheptulose IV; it was followed by a slower-moving, 
nonreducing, periodate-negative heptulose derivative presumed 
to be the anhydride V; traces of perseulose appeared also in the 
latter fractions. The third anhydride was very small in amount, 
did not crystallize, and has not been investigated further.

2,7-Anhydro-l,3,4,6-tetra-0-p-tolylsulfonyl-o:-L-groiacfo-heptu- 
lofuranose.—A solution of 0.5 g. of the anhydroheptulose IV and 
6 g. of p-toluenesulfonyl chloride in 25 ml. of dry pyridine was 
kept at room temperature for 4 days and then poured onto cracked 
ice. A granular product (1.8 g.; 85%) was deposited, and be
came crystalline when a solution of it in 95% ethanol was allowed 
to evaporate slowly at 5°. I t  was recrystallized once from hot 
ethanol and twice from acetone-ethanol, forming fine needles with 
m.p. 115-118° and [aj^D —5.9° in chloroform (c 1).

Anal. Calcd. for C35H36O14S4: C, 51.97; H, 4.49; S, 15.85. 
Found: C, 52.20; H, 4.79; S, 16.16.

When the tetra-O-tosyl compound was heated with sodium 
iodide in 2-butanone for 6 hr. at 80°, no sodium tosylate sepa
rated and 93% of the starting material was recovered. Even 
after 75 hr. in 2,5-hexanedione at 100° no sodium tosylate was 
obtained and from the dark-colored reaction mixture 63% of the 
tetratosylate was recovered unchanged.

2,7-Anhydro-l-O-triphenylmethyl-a-L-grafado-heptulofura- 
nose.—A solution of 0.5 g. of the anhydroheptulose IV and 2.6 g. 
(3.6 molecular equivalents) of chlorotriphenylmethane in 25 ml.

(15) A. H. Brown, A r c h .  B i o c h e m . ,  11, 269 (1946).
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of dry pyridine was left at room temperature for 3 days and then 
poured onto cracked ice. After standing overnight at 5° the 
precipitated solid was filtered and washed with cold water; 
wt., 2.9 g., [a]2Jd  —7.b° in chloroform. Trityl derivative was 
freed from the large amount of contaminating triphenylmethanol 
by crystallization from chloroform-pentane and ethanol-pentane; 
after two additional recrystallizations from the latter solvent 
pair and a final one from acetone-water, the prismatic needles of 
the trityl derivative of the anhydmheptulose IV melted at 190 
192° and showed [a]2un —36.8° in chloroform (c 0.4). By a 
comparison of the two rotations the amount of trityl derivative in 
the 2.9 g. of crude product could be estimated as 0.6 g. (53%).

Anal. Calcd. for CocHseOs: C, 71.87; H, 6.03. Found: G, 
72.10; H, 6.30.

2,7-Anhydro-/3-L-r/oZncio-lieptulopyranose (II).—The 0.1 M 
sodium tetraborate eluat.e from the Dowex 1 column was de- 
cationized and freed from boric acid as described for the 0.005 M 
borate eluate. The solution, some of which was spilled acciden
tally, was concentrated in vacuo to a sirup that weighed 6 g. and 
showed [a]20d +18° in water. It failed to crystallize, even after 
being run through columns of Amberlite Hi-120 and IliA-400 
ion-exchange resins (the latter to remove any lactones and.traces 
of perseulose); however, when the new sirup was chromato
graphed on a column of cellulose powder and eluted with 95% 
aqueous acetone, a number of the fractions crystallized spon
taneously. Combination of the appropriate fractions yielded 2.8 
g. of crystalline product from ethanol, and after several re
crystallizations from water-acetone the fluffy needles of the 2,7- 
anhydro-d-L-paZncio-heptulopyranoso (II) melted at 133-134° 
and showed [a]2:,i> +25.5° in water (c 2.1). A small sample of 
the material, when oxidized with an excess of sodium metaperio
date, consumed 1.94 and 1.95 moles of oxidant per mole of com
pound after 23 and 48 hr., respectively. The amount of formic 
acid liberated was 0.33 mole after 23 hr. and 1.2 moles after 19 
days; the slow liberation of acid resembles the similar behavior of 
sedoheptulosan toward periodate.6 The rotation also changed 
slowly, becoming constant only after 8 daj's; the rotation [a]*D 
+  13.3°, calculated as the expected dialdehyde, was of opposite 
sign and somewhat smaller in magnitude than the —16.9° re
ported for the oxidation of sedoheptulosan.6

Anal. Calcd. for CiHi.Oe: C, 43.75; II, 6.30; mol. wt.,
192.2. Found: C, 43.75; H, 6.33; mol. wt. (Mechrolab vapor 
pressure osmometer), 184.4.

Periodate Oxidation of 2,7-Anhydro-M-n-a/.Po-heptulopyranose 
(Sedoheptulosan). l,2-(l,3-Dihydroxyisopropylidene)-i,-glycerol 
Tri-p-toluenesulfonate.—To an ice-cold solution of 6.1 g. of 
sedoheptulosan hydrate in 100 ml. of water was added 180 ml. of 
0.5 M aqueous sodium metaperiodate and, after 15 min. in the 
ice bath, the solution was left at room temperature for 10 days. 
Aqueous barium chloride was added to precipitate the iodate and 
excess of periodate ions, and the solution was filtered and de
ionized with Amberlite IR-120 and Duolite A-4 ion-exchange 
resins. The solution of dialdehyde was concentrated to 50 ml., 
decolorized with a small amount of carbon, added dropwdse to a 
stirred solution of 3.6 g. of sodium borohydride in 50 ml. of 
water, and the mixture was stirred for an additional 2 hr. The 
next morning the excess borohydride was destroyed by the drop- 
wise addition of 45 ml. of acetone; cations were removed by 
passage of the solution through Amberlite IR-120; and the 
liberated boric acid was removed by concentrating the solution 
in vacuo and distilling several portions of methanol from the resi
due. The final sirupy product weighed 2.4 g . (50% over all from 
sedoheptulosan).

A 0.7-g. portion of this sirup and 13 g. of p-toluenesulfonyl 
chloride were dissolved in 75 ml. of dry pyridine. After 2 days 
at room temperature the mixture was poured onto cracked ice 
and the resulting gum and aqueous layer were extracted with 
chloroform. The chloroform solution was washed in succession

with ice-cold sulfuric acid, water, aqueous sodium bicarbonate, 
and water, dried with sodium sulfate, filtered with a small amount 
of carbon, and concentrated to 2.2 g. of sirup. A small sample of 
the sirup in a relatively large volume of 95% ethanol crystallized 
when kept in the refrigerator over a weekend. Crystallization of 
the main portion of sirup from chloroform-pentane proceeded 
slowly to yield 1.7 g. (64%). This product was recrvstallized 
first from 60 ml. of hot 95%, ethanol, and then twice from ace
tone-water. The prismatic needles of the tri-O-tosyl compound 
melted at 91-94° and showed only a small rotation,
+  1.7° in chloroform (c 0.9).

Anal. Calcd. for CnHsoOnSat C, 51.74; H, 4.S3; S, 15.35. 
Found: C, 52.02; H,4.93; S, 15.05.

1,2-( 1,3-Dihydroxyisopropvlidene )-i.-glycerol tri-p-nitrobenzo- 
ate was prepared by the. action of p-nitrobenzoy 1 chloride on 
another portion of the sirup in dry pyridine in the usual manner. 
A great deal of difficulty was encountered in obtaining a pure 
product, but after two recrystallizations from acetone-pentane, 
two from acetone-water, and one from pyridine-water, the final 
product (small, grayish, prismatic needles) melted at 175-178° 
and gave a satisfactory analysis.

Anal. Calcd. for C2,H21N.nO„: C, 53.03; H, 3.46; N, 6.S7. 
Found: C, 53.13; H,3.19; N, 6.98.

Periodate Oxidation of 2 ,7-Anhydro-;3-[,-(■/'•'-r^to-heptulopyr- 
anose (II). 1,2-( 1,3-Dihydroxyisopropylidene^D-glycerol Tii-p- 
toluenesulfonate.—One gram of the anhydroperseulose II was 
oxidized in the same manner as sedoheptulosan and the dialde
hyde reduced with sodium borohydride to the dioxolane (III); 
the resulting sirup was tosylated to yield a crystalline product 
weighing 0.35 g. Recrystallization to constant m.p. from ace
tone-water gave prismatic needles melting at 92-95°, as com
pared to 91-94° for the tritosylate from sedoheptulosan. The 
amount of purified material was so small and the rotation of the 
compound so small in magnitude that no satisfactory comparison 
of rotations with the enantiomorph could be made. However, 
since the infrared spectrum of this tritosylate in chloroform solu
tion was almost identical with that of the tritosylate obtained 
from sedoheptulosan as described earlier, and the melting point of 
a mixture of the two substances was depressed to 78-89°, the en- 
antiomorphous nature of the two tosvlates was considered to be 
confirmed thereby.

Anal. Calcd. for CiiHjoOnSs: C, 51.74; H, 4.83; S, 15.35. 
Found: C, 51.86; II, 4.58; S, 15.31.

Mobilities of 2,7-Anhydro Heptuloses on Paper Chromato
grams.—With sedoheptulosan as a readily available standard, the 
mobilities of the known 2,7-anhydrides of the heptuloses in 1- 
butanol-pyridine-water (6:4:3) on Whatman no. 1 paper by the 
descending method are as follows: anhydro-paiado-heptulofuran- 
ose, 1.78; anhydro-mramw-heptulopyranose, 1.53; anhydro-phico- 
heptulopyranose, 1.50; anhydro-paiado-heptulopyranose, 1.46; 
anhydro-oZfro-heptulofuranose, 1.40; anhydro-irfo-heptulopyran- 
ose, 1.39; anhydro-puio-heptulopyranose, 1.29; and the standard, 
anhydro-altro-heptulopyranose, 1.00. The mobility of the third 
anhydro-palacfo-heptulose (V?) is intermediate between the mo
bilities of the other two forms (II and IV), but a definite value is 
not available.

Acknowledgment.—The authors wish to thank Dr. 
William C. Alford, Mr. Harold G. McCann, and their 
associates of the Analytical Services Unit of this 
laboratory for obtaining the ultraviolet and infrared 
spectra and the elemental analysis; also, Dr. Arthur S. 
Perlin of the Prairie Regional Laboratory, Saskatoon, 
Saskatchewan, Canada, for his measurements of the 
oxidation of the three sterically hindered vicinal diols 
by lead tetraacetate in pyridine.



J u l y , 1963 M e t h y l  E t h e r s  o f  1 ,6-A n h y d r o -/3-l - id o p y r a n o s e 1845

2 ,4 -D i-O -m eth y l and 3-O -M eth yl E thers o f  1,6-Anhydro-zJ-L-idopyranose1
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The syntheses of l,6-anhydro-3-0-methyl-,8-L-idopyranose and l,6-anhydro-2,4-di-0-methyH3-L-idopyranose 
are described.

The methylated derivatives described in this paper 
are two more members in the series of O-methyl-L-idose, 
of interest as reference substances in the elucidation of 
the structure of polymers containing L-iduronic acid.

Treatment of 1,2-0-isopropylidene-L-idofuranose (I)3 
with acetone gave a di-O-isopropylidene-L-idose, pre
viously encountered in the D-series by Iwadare4 and pre
sumed to have the structure III. Méthylation of this 
compound, followed by acid hydrolysis, gave 1,6-anhy-

hydrolyzed, giving l,6-anhydro-3-0-benzyl-/J-L-idopy- 
ranose (XII), from which l,6-anhydro-2,4-di-0-methyl- 
/?-L-idopyranose (XIV) was readily obtained by com
plete méthylation and reductive débenzylation.

The monomethyl ether X was characterized by a crys
talline p-phenylazobenzoyl derivative XI, and the di
methyl ether XIV by the crystalline p-phenylazoben- 
zoyl derivative XV and the p-tolylsulfonyl derivative 
XVI.
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R O -C —H
I
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H O -C -H
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c h 2oh
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H - C - O ^  VCH3 

I
c6h 6c h 2o - c - h

H - C - O -
I

H O -C —H
CH2OH

VII

1 > CH—C—Cr ^CH3
1

CHsO-C—H
H—C— 0 ------------

I
H -C -O R

CH2OR
VIII. R =H

IX.R = S02C6H4CH3

H-
H- C -O R

I
c h 3o- c- h

H -C -O R
I

-----O -C -H
CH20 -  

X R= H
XL R = COC6H4N=NC6H5

XII. R = H 
XIII. R = CH3

H - C ------- H - C -----------
H—C—OR h - c - o c h 3

c6h 5c h 2o- c- h — R O -C -H|
H -C -O R H -C —OCH3

O -C -H ‘- O - C - H
CHzO-J c h 2o —

XIV. R = H
XV. R = C6H5N=NC6H4CO 

x v i . r = c h 3c 6h 4so2

dro-3-O-methyl-d-L-idopyranose (X), the enantiomorph 
of which has been described by Reeves.6 Proof that 
the methyl group was indeed at position 3 was obtained 
by synthesis of the same material from 1,2-0-isopropyli- 
dene-3-O-methyl-D-glucofuranose6 (VIII) by solvolysis, 
with resultant Walden inversion of the 5,6-di-Q-p-tolyl- 
sulfonyl derivative IX. I t is quite unlikely that there 
was any migration of the methyl group under the con
ditions used.

Analogously, the product obtained by benzylation of 
III, using the method of Croon and Lindberg,7 was

(1) This is publication  no. 331 of th e  R obert W. L ovett M em orial U n it 
for th e  S tudy  of C rippling Disease, H arva rd  M edical School a t  th e  M assa
chusetts G eneral H ospital, B oston 14, M ass. This investigation  has been 
supported  by  a research g ran t from th e  N ational In s titu te  of A fth ritis  and 
M etabolic Diseases, N ational In s titu te s  of H ealth , U. S. Public H ealth  
Service (grant A-3564-C1).

(2) D epartm ent of Chem istry, U niversity  of B irm ingham , Birm ingham , 
England.

(3) L. Vargha, C h e m .  B e r . ,  87, 1351 (1954).
(4) K . Iw adare, B u l l . C h e m .  S o c .  J a p a n ,  19, 27 (1944).
(5) R. E. Reeves, J .  A m .  C h e m .  S o c . ,  71, 2116 (1949).
(6) K .  F reudenberg, W. D iirr, and  H. v. H ochste tter. B e r . f 61, 1735 

(1928).

Experimental
Melting points were taken on a hot stage, equipped with a 

microscope, and correspond to “corrected melting point.” Rota
tions were determined in semimicro or micro ¡for amounts smaller 
than 3 mg.) tubes with lengths of 100 or 200 mm., using a Rudolph 
photoelectric polarimeter attachment, Model 200; the chloro
form used was A.R. grade and contained approximately 0.75% of 
ethanol. Infrared spectra were determined on a Perkin-Elmer 
spectrophotometer Model 237. Chromatograms wrere made with 
the flowing method on “Silica Gel Davison,” from the Davison 
Co., Baltimore 3, Md. (grade 950, 60-200 mesh), used without 
pretreatment. When deactivation by contact with moists air 
occurred, reactivation was obtained by heating to 170-200° 
(manufacturer’s instructions). The sequence of eluents was 
hexane, benzene or dichloroethane, ether, ethyl acetate, ace
tone, and methanol individually or in binary mixtures. The 
proportion of weight of substance to be adsorbed to weight 
of adsorbent was 1 to 50-100. The proportion of weight of Sub
stance in grams to volume of fraction of eluent (ml.) was 1 to 100. 
The ratio of diameter to length of the column was 1 to 20. Evap
orations were carried out in vacuo, with an outside bath tem
perature kept below 45°. Amounts of volatile solvent smaller 
than 20 ml. were evaporated under a stream of dry nitrogen.

(7) I. Croon and  B. L indberg, A c t a  C h e m .  S c a n d . ,  13, 593 (1959)*
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The microanalyses were done by Dr. M. Manser, Zürich, Switzer
land.

1,2 :5 , 6 - D i - O - i s o p r o p y l i d e n e - L - i d o f u r a n o s e  (III).—To a solu
tion of 960 mg. of l,2-0-isopropylidene-|S-L-idofuranose (I)3 in 
25 ml. of dry acetone was added ca. 1 g. of anhydrous copper sul
fate, and the mixture was stored at room temperature for 1 week. 
The mixture was filtered, the residue washed with acetone, and 
the solution evaporated. The residue dissolved in chloroform was 
chromatographed on 60 g. of silica gel. Elution with ether gave 
416 mg. of crystalline solid, which was recrystallized from a mix
ture of acetone and hexane to give 305 mg. (2 7 % ) of stout nee
dles, m.p. 153-154°, [a]22n - 2 2 °  (in water, c 0.60); % ]23d - 2 5 °  
(in acetone, c 0.55).8

Anal. Calcd. for Ci2H2o0 6: C, 55.37; H, 7.75. Found: C, 
55.33; H, 7.40.

Elution with acetone gave 687 mg. of material which vTas re
crystallized from a mixture of acetone and hexane to give 599 
mg. (63%) of unchanged starting material I, m.p. 114-115°.

3-0-Acetyl-l ,2 :5,6-di-O-isopropylidene-i-idofuranose (V).— 
A solution of 102 mg. of 1,2:5,6-di-O-isopropylidene-i-idofuran- 
ose (III) in 1 ml. of pyridine and 0.5 ml. of acetic anhydride was 
stored at room temperature for 60 hr. The solution was evap
orated by codistillation with toluene, and the residue, dissolved 
in chloroform, was subjected to chromatograph}- on silica gel. 
Elution with a mixture of chloroform and ethyl acetate, 4:1, af
forded 104 mg. (88%) of crystalline material, which was re
crystallized from a mixture of ether and pentane to give 82 mg. 
(69%) of the desired product, m.p. 77-78°, —12° (in
chloroform, c 0.75).

Anal.. Calcd. for CuHnOg: C, 55.62; H, 7.34. Found: 
C, 55.39; H, 7.32.

1,2:5,6-Di-0-isopropylidene-3-0-methyl-idofuranose (IV).— 
A suspension of 218 mg. of III in 4 ml. of methyl iodide was 
heated under reflux, when most of it dissolved, and the compound 
was methylated with three additions of 270 mg. of silver oxide 
added over 45 hr. The mixture was filtered, the residue was 
washed with acetone, and the filtrate was evaporated to dryness. 
A solution of the residue in chloroform was chromatographed on 
silica gel. The major part (219 mg.) was eluted with chloroform 
and a mixture of chloroform and ether, 9:1, as a sirup. Part of 
this was distilled in a molecular still with a pressure of 0.1 cm. at a 
bath temperature of 100°, giving a sirup with [a]22» —63° (in 
chloroform, c 2.09).

Anal. Calcd. for C13H22O6: OCH3, 11.32. Found: OCH3,
11.05.

1,2-0-Isopropylidene-3-0-methyl-5,6-di-O-p-tolylsulf onyl-n- 
glucofuranose (IX). A solution of 1 g. of 1,2-O-isopropylidene-
3-0-methyl-a:-D-glucofuranose (VIII)6 and 3.27 g. (4 moles) of p- 
toluenesulfonyl chloride in 2 ml. of pyridine and 20 ml. of dry 
chloroform was stored overnight at room temperature. A few 
drops of water were added and the mixture shaken. The mixture 
was extracted with chloroform and the solution was washed with 
ice-cold N  sulfuric acid, cold saturated sodium bicarbonate solu
tion, and water. After evaporation of the solvent, the residue 
was dissolved in a mixture of benzene and hexane, 1: 1, and chro
matographed on silica gel. No definite crystalline fraction could 
be obtained, and, therefore, the total product was recombined, 
dried, and dissolved in 5 ml. of dry chloroform and 2 ml. of dry 
pyridine; 2.2 g. of toluene sulfonvl chloride was added, and the 
mixture stored at room temperature for 24 hr. The solvent was 
removed by evaporation, water was added to decompose the ex
cess of p-toluenesulfonyl chloride, and the product was extracted 
with chloroform. The solution, after being washed with ice-cold 
N  sulfuric acid, and cold saturated sodium bicarbonate solution, 
was dried and evaporated. The residue was dissolved in a mix
ture of hexane and benzene, 1 : 1, and chromatographed on silica 
gel. Elution with a mixture of benzene and ether, 24:1, gave 1.55 
g. of crystalline fractions which were recrystallized from a mix
ture of methanol and water to give a total of 1.06 g. (46%) of 
needles, m.p. 90-93°, [ a ] 22D —20° (in chloroform, c 0.76).

Anal. Calcd. for C24H30OioS2: C, 53.14; H, 5.58; 3,11.80. 
Found: C, 53.18; H, 5.56; S, 11.94.

l,6-Anhydro-3-0-methyl-/3-L-idopyranose (X). From IV.— 
A solution of 127 mg. of IV in 3 ml. of 1.3 N  sulfuric acid was 
heated for 7 hr. at 100°. The acidic solution was extracted with 
chloroform overnight in a continuous extractor, with lead car
bonate added to the chloroform solution. Evaporation of the 
filtered solution gave 76 mg. (93%), which was recrystallized

(8) Iwadare* reported m.p. 151-152.5, [<x]6d +36° (in acetone) for the
»-substance.

from a mixture of acetone and ether to give 28 mg. (34%) of 
rectangular plates, m.p. 110-111°, [ a ] 18D +108° (in acetone, r  

0.84).9
Anal. Calcd. for C,H,20 6: C, 47.72; H, 6.87; OCH3, 17.62. 

Found: C, 47.71; H, 6 .88; OCH3, 17.75.
From IX.—A mixture of 575 mg. of freshly fused potassium 

acetate, 574 mg. of IX, and 10 ml. of acetic anhydride was heated 
under reflux for 10 hr. The mixture was stored at room tempera
ture overnight, then evaporated under reduced pressure. The 
mixture was shaken with 100 ml. of chloroform and 100 ml. of 
water. The chloroform solution was washed with water, dried 
over anhydrous potassium acetate, and evaporated. The residue 
was dissolved in benzene and chromatographed on 25 g. of silica 
gel. Elution with a mixture of benzene and ether, 9:1, gave 373 
mg. of sirup which would not be induced to crystallize. The sirup 
was dried by evaporation with ethanol, dissolved in methanol, 
and stored overnight at room temperature with 1 ml. of 1.4 N 
barium methylate. Water was added and carbon dioxide passed 
into the solution. The mixture was filtered and the filtrate was 
evaporated. The residue was dissolved in 20 ml. of ethanol and 
the solution was filtered and evaporated. The residue was dis
solved in 5 ml. of acetone and the solution was filtered and evap
orated. The remaining sirup was dissolved in ethylene dichlo
ride and chromatographed on 10 g. of silica gel. The fractions 
eluted with a mixture of ether and ethyl acetate, 4:1, were com
bined and evaporated to give 146 mg. of sirup, probably 1,2-0- 
isopropylidene-3-O-methyl-L-idofuranose (II).

A solution of 32 mg. of this sirup in 1 ml. of N  sulfuric acid was 
heated at 100° for 4 hr. The cooled solution was passed through 
a 5-ml. column of Dowex I in the acetate form and the column 
was washed with 25 ml. of a mixture of water and ethanol, 1:1. 
The solution was evaporated and the residue dissolved in ethylene 
dichloride and chromatographed on 1 g. of silica gel. Elution 
with ethyl acetate afforded 20 mg. of material, which was re
crystallized to give 12 mg. (50%) of plates, m.p. 110-111°. 
This product showed no depression of the melting point in admix
ture with the product described earlier.

1,6-Anhydro-3-0-methyl-2,4-di-0-p-phenylazobenzoyl-/3-i.-ido- 
pyranose (XI).—A solution of 25 mg. of X and 140 mg. of p- 
phenylazobenzoyl chloride in 1 ml. of pyridine tvas heated in a 
sealed tube at 100° for 5 hr. After addition of 1 drop of water, the 
mixture was evaporated to dryness by codistillation with toluene. 
The residue was dissolved in a mixture of pentane and benzene, 
1:2, and chromatographed on neutral alumina, Brockman activity
III. The material eluted with a mixture of benzene and pentane, 
2:1, was recrystallized from the same solvent to give 44 mg. (52%) 
of orange platelets, m.p. 198.5-199°, [a]22r> +74° (in chloroform, 
c 0.18).

Anal. Calcd. for C33H28N4C)7: C, 66.88; H, 4.76; N, 9.46; 
OCH3, 5.24. Found: C, 66.70; H, 4.80; N, 9.37; OCH3, 5.48.

3-0-Benzyl-l,2:5,6-di-0-isopropylidene-/3-L-idofuranose (VI). 
—A solution of 100 mg. of III in 1 ml. of benzyl bromide and 3 ml. 
of dimethylformamide was stirred with 1 g. of silver oxide for 24 
hr. at room temperature. The mixture was filtered and the resi
due washed with 3 ml. of dimethylformamide. Then 20 ml. of 
chloroform and 50 ml. of 1% aqueous potassium cyanide were 
added to the solution, and the mixture shaken and extracted with 
chloroform. The dried chloroform solution was evaporated and 
the residue, dissolved in a mixture of benzene and hexane, 1: 1, 
was chromatographed on silica gel. Two incompletely separated 
peaks of sirupy material (680 mg.) were eluted with benzene and 
mixtures of benzene and ether, 4 :1 and 2 : 1. One of the fractions 
of the latter part of the second peak was dissolved in ether. The 
solution was filtered through a sintered fritted glass and evap
orated, giving a sirup with [o:]26n —74° (in chloroform, c 0.40).

Anal. Calcd. for C,,HM0 6: C, 65.12; H, 7.48. Found: C, 
65.12; H, 7.53.

3-O-Benzyl-l ,2-O -isopropylidene-L-idofuranose (VII).—A mix
ture of 463 mg. of III and ca. 0.5 g. of sodium in 25 ml. of ether 
was refluxed overnight with exclusion of moisture. The translu
cent suspension was decanted from the excess sodium, 2 ml. of 
benzyl bromide was added, and the solution concentrated to half 
the volume and then refluxed for 5 hr. The mixture was diluted 
with chloroform and the solution was washed with water, dried, 
and evaporated. Hexane was added and 110 mg. (24%) of III 
was obtained by crystallization. The mother liquor was evap
orated and the residue dissolved in benzene and chromatographed 
on silica gel. Elution with ether gave 243 mg. of crystals, which

(9) Reeve»5 reported m.p. 104-106°, fa]D —107° (in acetone, c 0.99).
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were recrystallized from ether to give 179 mg. (32%) of fine nee
dles, m.p. 89-90°, [a] 15d  —48° (in chloroform, c 0.59).

The product corresponded to VII and had resulted from hydrol
ysis, due to the acid developed by the decomposition of benzyl 
chloride.

Anal. Calcd. for Ci6H2206: C, 61.92; H, 7.15. Found: 
C, 61.65; H, 6 .86.

Further elution with acetone gave 124 mg. (27%) of III.
1.6- Anhydro-3-0-benzyl-fl-L-idopyranose (XII). From VI.—A

solution of 282 mg. of partially purified VI in 10 ml. of 2 A sul
furic acid and 2 ml. of ethanol was heated for 7 hr. at 150° in a 
sealed tube. The mixture was partially evaporated and then 
extracted continuously overnight with chloroform, with lead 
carbonate added to the organic solvent. After filtration and 
drying, the solution was evaporated, and the residual product, 
dissolved in benzene, was chromatographed on silica gel. A 
mixture of ether and ethyl acetate, 2:1, eluted 48 mg. of crystalline 
material. It was recrystallized from a mixture of acetone and 
pentane to give 34 mg. (40%) of platelets, m.p. 157-157.5°, 
[ a ] 20d  +42° (in chloroform, c 0.80).

Anal. Calcd. for Ci3Hi60 6: C, 61.89; H, 6.39. Found: C, 
61.73; H, 6.27.

From VII.—A solution of 50 mg. of VII in 0.5 ml. of ethanol 
and 1 ml. of N  sulfuric acid was heated at 100° for 3 hr. The 
solution was evaporated to one-half and extracted continuously 
overnight with chloroform, with lead carbonate added to the 
organic solvent. The solution was evaporated after filtration. 
The crystalline residue was recrystallized from a mixture of ace
tone and pentane, giving 23 mg. (57%) of material identical to 
the product described previously.

1,6-Anhydro-3-0-benzyl-2,4-d i-0-m ethyl-/3-L-idopyranose 
(XIII).—A solution of 118 mg. of XII in 11 ml. of methyl iodide 
and 1 ml. of acetone was heated under reflux and stirred with 1.6 
g. of silver oxide added in four portions over 3 days. The mixture 
was filtered, the residue washed with chloroform, and the solution 
evaporated. The residual product was dissolved in a mixture of 
hexane and benzene, 9:1, and chromatographed on silica gel. 
The major fraction (121 mg., 92%) of sirup was eluted with a 
mixture of benzene and ether, 4:1, [a] “d +58° (in chloroform, c-
2.0).

Anal. Calcd. for C15H20O5: C, 64.27; H, 7.19; OCH3, 22.15. 
Found: C, 64.15; H, 7.08; OCH3, 22.45.

1.6- Anhydro-2,4-di-0-methyl-i3-L-idopyranose (XIV).—A solu
tion of 115 mg. of X III in 50 ml. of methanol was stirred with 100

mg. of 2% palladized charcoal under a slight pressure of hydrogen 
for 8 hr., when the uptake of hydrogen ceased. The solution was 
filtered and evaporated, and the residual product crystallized 
from ether, giving 59 mg. (76%) of rectangular prisms, m.p. 82- 
83°, [o:]25d +91° (in chloroform, c 1.10).

Anal. Calcd. for C8H140 6: C, 50.52; H, 7.42; OCH3, 32.63. 
Found: C, 60.64; H, 7.37; OCH3, 33.29.

1.6- Anhy Iro-2,4-di-0-methyl-3-0-/)-phenylazobenzoyl-/3-i.-ido- 
pyranose (XV).—A solution of 15 mg. of XIV and 40 mg. of p- 
phenylazobenzoyl chloride in 0.5 ml. of pyridine was stored at 
50° for 1 hr. then overnight at room temperature. A mixture of 
water and pyridine was added, and after 10 min. the mixture was 
extracted with chloroform. The chloroform solution was washed 
with ice-cold N  sulfuric acid, with cold saturated sodium bicar
bonate solution, and then with water, and dried over sodium sul
fate. I t was then passed through a column of neutral alumina, 
Brockman activity III. The material eluted with dry chloro
form was recrystallized from a mixture of benzene and hexane to 
give 15 mg. (48%) of long orange needles, m.p. 172-173.5°, 
[a]15D +27° (in chloroform, c 0.26).

Anal. Calcd. for C21H22N2O6: C, 63.31; H, 5.57; N, 7.03; 
OCH3, 15.58. Found: C, 63.38; H, 5.55; N, 6.95; OCH3,
15.85.

1.6- Anhydro-2,4-di-0-methyl-3-0-p-tolylsulfonyl-/3-L-idopyran- 
ose (XVI).—A solution of 30 mg. of XIV in 0.2 ml. of dry pyridine 
was cooled and a solution of 100 mg. of p-tcluenesulfonyl chloride 
in 0.05 ml. of dry pyridine and 0.1 ml. of ethylene dichloride was 
added. The solution was stored at room temperature for 1 week. 
Water was added to decompose the acid chloride, and the mixture 
was poured onto ice. I t  was extracted with chloroform, and the 
chloroform solution was washed with ice-cold N  sulfuric acid, 
then with water, dried over sodium sulfate, and evaporated. 
The residue, dissolved in benzene, was chromatographed on silica 
gel. The crystalline fractions, eluted with mixtures of benzene 
and ether, 4:1 and 2:1, and with pure ether, were combined and 
recrystallized from ether and pentane to give 40 mg. (74%) of 
needles, m.p. 106-106.5°, [a]25» +58° (in chloroform, c 1.01).

Anal. Calcd. for C+IhoCbS: C, 52.31; H, 5.86; OCH3,
18.02. Found: C, 52.37; H, 5.85; OCH3, 18.24.
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The syntheses of D-erythronic acid 2-phosphate and 4-phosphate are described. The synthesis of erythronic 
acid 3-phosphate from 2-O-benzoyl erythronolactone was unsuccessful. Some properties of the phosphate esters 
and the synthetic intermediates are reported.

In a continuing study of the chemical and biochemical 
properties of a number of phosphate esters of mono- 
and polyhydroxy acids,1 it was of interest to prepare the 
monophosphates of D-erythronic acid. The starting 
material for the synthesis was 2,4-O-ethylidene-D-ery- 
throse (I).2

In the preparation of the 2-phosphate the following 
sequence of reactions was used.

I -+• 2,4-O-ethylidene-D-erythrose dimethyl acetal
3-0-benzyl-2,4-0-ethylidene-D-erythrose dimethyl 

acetal (II) -*■ 3-O-benzyl-D-erythrose (III) -*■ 3-0- 
benzyl-D-erythronolactone (IV). This material, IV, 
was phosphorylated using diphenyl phosphorochloridate,

(1) F. Wold and  C. E. Ballou, J .  A m .  C h e m .  S o c .,  81, 2368 (1959); F.
Wold, J .  O rj. C h e m . ,  26, 197 (1961).

(2) R. B arker and  D . L. M acD onald, J .  A m .  C h e m .  S o c .,  82, 2301 C1960).

which after hydrogenolysis of the benzyl and phenyl 
groups, gave D-erythronolactone 2-phosphate (V) 
which was isolated as the cyclohexylammonium salt.

In attempts to prepare D-erythronic acid 3-phosphate 
(VII), IV was converted to 2-0-benzoyl-3-0-benzyl-D- 
erythronolactone which on hydrogenolysis gave 2-0- 
benzoyl-u-erythronolactone (VI). Attempts to phos- 
phorylate this compound, using either diphenyl phos
phorochloridate or the more reactive (less hindered) 
phosphorus oxychloride, gave extremely poor yields 
of phosphorylated products. Moreover, the proper
ties of the products were not compatible with the 
expected properties of the desired 3-phosphate ester. 
Examination of space filling models offers no apparent 
reason fcr the low reactivity of the 2-0-benzoyl ester 
(VI) as compared to the 3-O-benzyI ether (IV).
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In the synthesis of IV a number of difficulties were 
encountered. The conversion of I to the dimethyl 
acetal was carried out by treating a solution of I in 
methanol-trimethyl orthoformate with ammonium 
chloride.3 The yield of the desired product varied 
from 5 to 70% and appeared to depend upon the degree 
to which I had undergone dimerization. In all cases 
the product of the reaction was nonreducing. Treat
ment of an authentic sample of the dimer of I 4 5 under 
the same conditions gave a nonreducing, nondistillable 
product which had an infrared spectrum essentially 
identical to that of the residue obtained from the prepa
ration of II. These results are in agreement with the 
findings of Post6 who demonstrated that polymerized 
aldehydes do not react with ortho esters to form mono
meric acetals. Based on the structure of dimeric 2,4-
O-ethylidene-D-erythrose proposed by Schaffer, it is 
probable that the nondistillable residue is, in part, 
material with the structure VIII. The presence of a

VIII

hydroxyl and a carbonyl absorption in the infrared 
spectrum indicates that in all probability some formyla
tion of the hydroxyl group has occurred as reported by 
Anderson and Marvell6 for the analogous /3-hydroxylal- 
dehydes. The amount of dimer present in a given

(3) C. E. Ballou and H . O. L. Fischer, J.  A m .  C h e m .  Soc. 78, 1659 (1956).
(4) R . SchaSer, ibid., 81, 2838 (1959).
(5) H . W . P ost, J.  O r g .  C h e m . ,  5, 2449 (1940).
(6) E . R. A lexander and  E. N . M arvell, J .  A m .  C h e m . S o c . ,  72, 3944

(1950).

preparation of I was not dependent only upon the age 
of the preparation, since some freshly prepared samples 
of I gave very poor yields of I I ; however, storage of I 
did decrease the yields of II which could be obtained 
from it.

The hydrolysis of II to give III was difficult to ac
complish in good yield. A variety of acids, solvents, 
and temperatures was used with little effect on the 
yield of III. The ethylidene group was readily re
moved by all of the treatments used, provided that the 
acetaldehyde was allowed to escape from the reaction. 
The poor yields of III appear to be due to the formation 
of a methyl glycoside IX which is quite resistant to 
hydrolysis. Conditions which are sufficiently vigorous 
to hydrolyze the glycoside also appear to remove the 
benzyl group. A sample of the glycoside was obtained 
by chromatography on a Florisil column of the mixture 
obtained after hydrolysis and oxidation of II. It was 
found to be quite resistant to acid hydrolysis, being 
incompletely hydrolyzed by refluxing in 0.1 Ar sulfuric 
acid for twenty-four hours. Paper chromatography 
of the products of this hydrolysis indicated that only 
a very small amount of III was present and that a 
considerable portion of the material had lost all of its 
blocking groups and/or undergone polymerization. 
An attempt was made to obtain III by acetolysis of II 
followed by deacetylation of the resulting acetate. A 
crystalline tetra-0-acetyl-3-0-benzyl-D-erythrose was 
obtained in low yields, which on catalytic deacetyla
tion gave a product which was reducing, contained 
vicinal hydroxyl groups, and which had the same Ri 
as 3-0-benzyl-D-erythrose.

Examination of the mother liquors from the crystalli
zation of the tetraacetate indicated that, to some degree, 
acetolysis had resulted in the complete removal of 
both the 0-methyl groups and the 0-benzyl group, since 
chromatography of the deacetylated mixture indicated 
that a small proportion of free erythrose was present. 
The major component in the deacetylated mother 
liquors did not react with periodate and was reducing 
only after hydrolysis with dilute mineral acid. The 
latter treatment gave a mixture which contained both 
erythrose and 3-0-benzyl-D-erythrose, a behavior which 
is consistent with this component being a methyl 
glycoside. The low yield of the desired tetraacetate 
of 3-0-benzylerythrose is probably due to the forma
tion of methyl hemiacetal(s) (X) during the acetolysis. 
This conclusion is supported by the finding that de
acetylation of the sirupy acetates with hot alkali gave a 
strongly reducing product whereas cold alkali (or 
catalytic deacetylation) gave the glycoside described 
previously.

c h o c h 3
I

H C-OH
1 r\

HC-OCH2C6H5 V 
I

h 2c   ------------1
IX

c h 3o - c h - o c o c h 3

HCOCOCHs
I

HCOCH2C6H5
I

h 2c o c o c h

X

Montgomery, Hann, and Hudson7 obtained such 
compounds from the acetolysis of methyl tri-0-acetyl-/3- 
D-arabinopyranoside using zinc chloride as a catalyst.

(7) E. M. Montgomery, R. M. Hann, and C. S. Hudson, ibid. , 59, 1124
(1937).
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These authors found that catalysis of acetolysis of 
furanosides with 4% sulfuric acid gave rise to alde- 
hydo acetates8 whereas pyranosides gave varying 
amounts of pyranose, acetates, and aldehydo acetates.

It is not surprising that the deacetylation of X 
proceeds to give a glycoside. It is probable that the 
methyl hemiacetal XI is not an intermediate in this 
deacetylation but that the primary hydroxyl group at 
C-4 is freed first and that an intramolecular reaction 
occurs with this hydroxyl group displacing an acetate 
ion from C-l with the formation of XII which would 
undergo further deacetylation in a normal fashion to 
give IX. The facility with which a C-4 hydroxyl

CH30CHOH 0  c h 3
HCOH H2C C çy
HCOCH2CeH5 c  — C O — CCH8 

1 1 II
H2COH C6HsCH20 OAc 0

XI /
I--------------
CHOCH3

H(j)OAc
HCOCH2C6H5

H2C---------------
XII

group can participate in a displacement at C-l has 
been pointed our previously.9

The oxidation of the mixtures containing III most 
easily was carried out using bromine in a slightly acidic 
medium.10 No oxidation occurred when perpropionic 
acid11 or hydrogen peroxide-ammonium molybdate12 
were used, and alkaline iodine oxidation13 gave a prod
uct which was very difficult to separate from iodine 
containing contaminants.

In the synthesis of D-erythronic acid 4-phosphate
(XV) the following sequence of reactions was used.

I —► D-erythronolactone -*■ methyl-D-erythronate 
(XIII) —► methyl 2,3-di-0-benzoyl-4-0-trityl-D-erythro- 
nate (XIV) —*■ methyl 2,3-di-0-benzoyl-4-0-diphenyl- 
phosphoryl-D-erythronate D-erythronic acid 4- 
phosphate cyclohexylammonium salt (XV).

COOCH3 COOCH3 COO-1
HCOH

|
HCOCOC6H6 HCOH _^  !| __ ^

HCOH
- j _

HC0 C0 C6H5 HCOH

HCOH
|

H3COC(C6H6)3 mCOPOs“
XIII XIV XV

The conversion of erythronolactone to the ester 
(XIII) was achieved in 50% yield by treating a 
methanolic solution of the lactone with barium meth
ylate.14 The equilibrium favors the lactone since the 
latter could be recovered in low yield, despite the large 
molar proportion of methanol present. In all at
tempts to prepare the methyl esters by this procedure 
a proportion of the lactone was converted to the barium 
salt. In an attempt to improve the yield of ester

(8) E .  M . M ontgom ery and C . S. Hudson, J. Am. Chem. Soc. 56, 2643 
(1934).

(9) F .  C . H artm an  and R .  B a rke r , J. Org. Chem., 28, 1004 (1963).
(10) C . S . Hudson and H . S . Isb e ll, J. Am. Chem. Soc., 51, 2225 (1929).
(11) J .  d’Ans and W . F re y , Ber., 45, 1845 (1912).
(12) R .  Z inner and K .  H . F a lk , Chem. Ber., 88, 566 (1955).
(13) E .  E .  Moore and K .  P . L in k , J. Biol. Chem., 133, 293 (1940).
(14) O . Touster and Y .  H . Reyno lds, ibid., 197, 863 (1952).

X III the lactone was hydrolyzed, and the free acid 
treated with diazomethane. The yield of the desired 
methyl esters was again 50%. The residue appeared 
to contain a considerable amount of O-methyiated 
material.

The two phosphate esters were chromatographically 
pure in several solvent systems. The 4-phosphate 
consumed three equivalents of base (pK J  <2, 3.6, 
6.65) while the 2-phosphate consumed only two equiv
alents (pK J  <2 and 6.9), showing that the lactone is 
still intact. When the free acids (treated with an ex
cess of Dcwex 50H-(-) were heated briefly or left at 
room temperature for twenty-four hours, both phos
phate esters gave identical chromatographic behavior 
in several solvent systems. The two major components 
in each of these reaction mixtures cochromatographed 
with the original 2-phosphate and 4-phosphate, in
dicating that phosphate migration takes place in spite 
of the interference from the lactone. The reaction 
mixture should also contain 3-phosphate, which would 
not be expected to separate from the 2-phosphate on 
chromatography.

Experimental15 16
2,4,0-Ethvlidene-D-erythrose Dimethyl Acetal.—To a solution 

of 75 g. of freshly prepared 2,4-O-ethylidene-D-erythrose in 200 
ml. of dry methyl alcohol was added 200 ml. of freshly distilled 
trimethyl orthoformate and 10 g. of anhydrous ammonium chlo
ride . The mixture was heated at 40 to 50 ° for 9 hr.; it was then 
dark brown and gave a negative Benedict’s test. To the cooled 
reaction, 100 ml. of concentrated aqueous ammonia was added 
and the whole concentrated in vacuo to a dark brown sirup which 
was extracted with three 200-ml. portions of ethyl ether. The 
extracts were dried over sodium sulfate and concentrated to give
85.2 g. of a mobile, brown sirup which was fractionated by distil
lation. The fraction, boiling at 55° and 0.2 mm., crystallized 
spontaneously and weighed 69.7 g. (70.5%). It had [ a ] 23D  
— 26.8° (c 4.7, methanol) and m.p. 40°.

Anal. Calcd. for C3H160 6 (192.2): C, 50.0; H, 8.39. Found: 
C, 49.75; H, 8.40.

3-0-Benzyl-2,4,0-ethylidene-D-erythrose Dimethyl Acetal 
(II).—To a vigorously stirred solution of 67.5 g. of 2,4-O-ethyli
dene-D-erythrose dimethyl acetal in 500 ml. of benzene was added 
170 g. of finely' powdered potassium hydroxide16 and 230 ml. of 
reagent grade a-chlorotoluene. The reaction mixture was heated 
to reflux with continued stirring for 14 hr. and then cooled, fil
tered through Celite, and the filtrate concentrated in vacuo at 
70°. The residue was fractionated by distillation through a 
30-cm. Vigreux column. The fraction (83.5 g.), boiling between 
95° and 100° at 0.05 mm., was collected. Examination of this 
product by vapor phase17 * * chromatography demonstrated that it 
was contaminated with a small amount (ca. 10%) of dibenzyl 
ether. Most, but not all, of this dibenzyl ether was removable 
by redistillation. A sample which from gas chromatography was 
estimated to contain ca. 5% dibenzyl ether had [ « ] 23d  —30.6° 
(c 40.0, tetrahydrofuran), corrected [ « ] 23d  —32.2°. The ma
terial showed no OH absorption in the infrared.

Anal. Calcd. for 95% CisH^Os +  5% ChHhO: C, 64.84; 
H, 7.76. Found: C, 64.84; H, 7.63.

1,1,2,4 -T etra-0-acetyl-3-0-benzyl-D  - e ry th ro se .—3 - O - Benzyl -
2,4-0-ethvlidene-D-erythrose dimethyl acetal (II) (5 0 g.) 
was dissolved in an ice-cold mixture of 35 ml. of glacial acetic 
acid, 70 ml. of acetic anhydride, and 4 ml. of concentrated sul
furic acid. After 24 hr. at 4° the reaction mixture was poured 
over a slurry of ice in sodium bicarbonate solution and the mix
ture stirred for 30 min. with the addition of sufficient solid sodium 
bicarbonate to neutralize the acid. The mixture was extracted 
three times with 100-ml. portions of methylene chloride, the

(15) M elting  points are corrected.
(16) Hooker Chem ical C o rp ., N iagara F a lls , N . Y .
f !7 )  Colum n packing, 20%  D ow-Corning high-vacuum  grease on Chromo-

sorb W  (Johns M an ville  and C o .) . H e lium  carrie r gas w ith  the column at
250°.
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extracts were washed with water, dried over sodium sulfate, 
filtered, and concentrated to a sirup. Crystals were obtained by 
dissolution of the sirup in methylene chloride and addition of 
cyclohexane; yield 560 mg., m.p. 114-116°. After two re
crystallizations from the same solvent the material had m.p. 
116°, [a]23D +5.4° (c 2.0 ethylacetate).

Anal. Calcd. for C19H24O9 (396.4) C, 57.6; H,6.05. Found: 
C, 57.50; H, 6.04.

The compound contained no methoxy groups anc reduced 
Benedict’s reagent. Treatment with ethanolic base at room 
temperature over night gave consistently a high base consumption 
(5 equiv. instead of 4). This is consistent with the known effect 
of alkali on reducing sugars.

3-O-Benzyl-D-erythronolactone (IV).—A solution of 3-0- 
benzyl-2,4-0-ethylidene-D-erythrose dimethyl acetal (II) (15.4 
g.) in 670 ml. of 75% aqueous acetic acid was heated in an open 
flask on a steam cone for 5 hr. At this time the reducing sugar 
value had been constant for 1 hr. and no acetaldehyde could be 
detected. The solvents were removed at 50° in vacuo and the 
residue (11.8 g.) dissolved in 100 ml. of freshly distilled tetra- 
hydrofuran. To this solution was added 100 ml. of water con
taining 10 g. of barium acetate and 3.0 ml. of bromine. After 
18 hr. at 23° in the dark the reaction mixture gave a negative 
Benedict’s test.

Bromine and tetrahydrofuran were removed by aerating the 
reaction mixture at 50°. The aqueous residue was extracted 
with five 50-ml. portions of methylene chloride. The extracts 
were combined, dried over sodium sulfate, and taken to dryness 
to give 12 g. of semicrystalline material. From this residue 1.5 g. 
of crystalline material (m.p. 70-73°) was obtained from ethyl 
acetate by the addition of hexane. More of the same material 
was obtained by chromatography of the mother liquors from the 
first crop on a column containing Florisil (60-100 mesh). The 
first fraction (3.0 g.), eluted with benzene, appeared to be a 
mixture of dibenzyl ether and starting material. The second 
fraction (1.75 g.) was eluted with ether and was essentially pure
3-O-benzylerythronolactone. Elution with methanol gave 3.7 
g. of material which was neutral, contained a benzyl residue, 
was nonreducing, but which gave a reducing substance after 
treatment with hot aqueous acid. On the basis of these ob
servations it is proposed that this substance is methyl (a or j3)
3-O-benzyl-D-erythroside (IX).

The combined crops of 3-O-benzyl-D-erythronolactone after 
recrystallization from ethyl acetate-cyclohexane had m.p. 89°, 
[a]22D —44.2° (c 1.13, ethyl alcohol); Rt in re-butyl alcohol- 
ethyl alcohol-water (10:1:2), 0.65.

Anal. Calcd. for CnH1204 (208.2); C,63.5; H, 5.82. Found: 
C,63.46; H, 6.13.

3-O-Benzyl-D-erythronic Acid.—3-O-Benzy 1-D-erythronolactone 
(0.25 g.) was saponified with 2 meq. of aqueous potassium 
hydroxide. This reaction mixture was then acidified with 2 meq. 
of aqueous hydrochloric acid and the acidic aqueous solution ex
tracted with ether several times. The extracts were cried and 
concentrated to give 0.25 g. of a sirup which deposited crystals 
(200 mg.) from ethyl acetate-petroleum ether. Recrystalliza
tion from the same solvent gave a material with m.p. 105° 
[a]25d  —4.5° (c 1.0, ethyl alcohol). R i in re-butyl alcohol- 
ethyl alcohol-water (10:1:2), 0.43.

Anal. Calcd. for CuH140 6 (226): C, 58.4; H, 6.25. Found: 
C, 58.25; H, 6.36.

D-Erythronolactone 2-Phosphate Dicyclohexylammonium Salt
(V).—Diphenyl phosphorochloridate (2.3 ml., 10.8 mmoles) 
was added dropwise to an ice-cold solution of 1.91 g of 3-O- 
benzyl-D-erythronolactone in 5 ml. of dry pyridine. The re
action was kept at 4° for 20 hr., chipped ice was added, and after 
a further 2 hr. at 4° the mixture was partitioned between methyl
ene chloride and water. The methylene chloride layer was 
washed successively with 1 N  sulfuric acid, saturated sodium 
bicarbonate, and water, dried over sodium sulfate, and concen
trated to give the calculated weight of a colorless sirup. An 
ethyl acetate solution of the sirup was subjected to hydrogenol- 
ysis, first with palladium-on-carbon, and then with platinum 
catalysts. When the uptake of hydrogen was completed, the 
catalyst was removed by filtration and 1 ml. of cyclohexylamine 
was added to the filtrate. The resultant precipitate, which 
weighed 1.9 g., was purified by crystallization from water-acetone. 
A chromatographically pure sample (665 mg.) [Rt (n-butyl 
alcohol-acetic acid-water, 3:1:2), 0.26; Rt (methanol-ammonia- 
water, 6:1:3), 0.87; Rt (MethylCellosolve-pyridine-acetic acid- 
water, 8 :4 :1 : 1), 0.59; Rt (isobutyric acid-ammonia-water-

66:10:20), 0.57] was obtained with — 55.0 (c 0.43,1 N  HC1). 
Titration showed that the lactone was intact. In subsequent 
crops of crystals 10-20% of the free carboxylic acid was found to 
be present.

A n a l. Calcd. for Ci6H33N20,P (396.4): C, 48.5; H, 8.4; N, 
7.06; P, 7.81: Found: C, 47.23; H, 8.54; N, 7.14; P, 7.56.

2-0-B enzoyl-3-0-benzyl-D -erythronolactone was obtained in 
quantitative yield from 3-O-benzyl-D-erythronolactone. The 
esterification was carried out in pyridine at 24° using a 10% 
excess of benzoyl chloride. The product after three recrystal
lizations from ether-petroleum ether had m.p. 64-65°, [ a ] 23D

— 60.8° (c 1.4, ethyl acetate).
A n a l. Calcd. for CI8H150 6 (312.2): C, 69.3; H, 5.16. 

Found: C, 6S.80; H, 5.15.
2-O-Benzoyl-D-erythronolactone (VI).—Hydrogenolysis of an 

ethyl acetate solution of 2-0-benzoyl-3-0-benzyl-D-erythronolac- 
tone in the presence of freshly prepared palladium on carbon at 
25° gave a quantitative yield of 2-O-benzoyl-D-erythronolactone, 
m.p. 124-126°. Two recrystallizations from ethyl acetate- 
petroleum ether gave material with m.p. 126-127°, [ a ] 23D

— 62.8° (c 2.0 ethyl acetate).
A n a l. Calcd. for CuHi0O5 (222.2); C, 59.5; H, 4.54. Found: 

C, 59.60; H, 4.63. This compound could not be phosphorylated 
to any significant extent even at 70° for several hours.

Methyl D-Erythronate (XIII). A. From D-Erythronolac
tone.—To a solution of 6.7 g. of D-erythronolactone in 200 ml. of 
dry methyl alcohol was added sufficient barium methylate to 
make the solution basic to indicator paper. The continued 
addition of barium methylate was necessary. After 8 hr. the 
reaction was neutralized with carbon dioxide and filtered. The 
filtrate was concentrated to dryness at 40° in vacuo and the res
idue taken up in ethyl acetate from which solution 2.45 g. of crys
tals (m.p. 60-62°) were deposited. Further crystallizations 
from ethyl acetate gave a product which had m.p. 77°, [a]S
— 20.2° (c 1.4, water).

Anal. Calcd. for CiHjoOo (150.1); C, 40.0; H, 6.71. Found: 
C, 40.03; H, 6.78.

The mother liquors from the first crop of ester were shown by 
chromatography on Whatman no. 1 paper in n-butyl alcohol- 
ethyl alcohol-water (10:1:2) to contain a mixture of D-eryth
ronolactone (Rt 0.36) and the methyl ester (Rt 0.46). The 
precipitate which formed during the reaction was probably bar
ium D-erythronate, since chromatography of a sample after treat
ment with Dowex 50 (H+) showed the presence of erythronic acid 
(Rt 0.08) and a small proportion of the lactone (Rt 0.36).

B. From D-Erythronic Acid.—To a solution of 5 g .  of d -  
erythronolactone in 150 ml. of methyl alcohol was added 55 ml. 
of aqueous 0.88 Ar potassium hydroxide. The reaction mixture 
was left at 25° for 4 hr. and then 20 g. of dry Dowex 50 (H+) 
was added. After shaking for 10 min., the resin was filtered off 
and the filtrate treated with an ethereal solution of diazomethane. 
A rapid gas evolution occurred and diazomethane addition was 
continued until a slight yellow color persisted in the reaction 
mixture. Removal of the solvents followed by crystallization 
from ether gave 2.4 g. of the methyl ester (m.p. 60-65°).

Examination of the mother liquors by chromatography on 
Whatman no. 1 using re-butvl alcohol-ethyl alcohol-water 
(10:1:2) showed that they contained some of each of the methyl 
ester, the lactone, and the free acid (or salt), and some fast moving 
spots. When examined by vapor phase chromatography on a 
column packed with Dow-Corning high vacuum silicone grease 
(20%) on firebrick at 210° it was apparent that small quantities 
of a number of other components were present, presumably 
produced by O-methylation of the acid, lactone, or ester. These 
components were not investigated further.

Methyl 2,3,0-Benzoyl-4-0-trityl-D-erythronate (XIV).—To a 
solution of 1.3 g. of methyl erythronate (XIII) in 7 ml. of dry 
pyridine at 25° was added 2.65 g. of trite 1 chloride. After 17 hr. 
the mixture was cooled to 0° and 2.2 ml. of benzoyl chloride was 
added. Chips of ice were added to the reaction mixture after 20 
hr. and the product extracted into chloroform and washed in 
the usual fashion. After two recrystallizations from ether- 
petroleum ether and one from re-propyl alcohol, the product 
had m.p. 151-152°, [ « ] 26d  —15.8° (c 1.0, chloroform).

Anal. Calcd. for C38H320 7 (600.6); C, 75.S8; H, 5.36; OCH3, 
5.12; Found: C, 75.81; H, 5.47; OCH3, 5.46.

D-Erythronate 4-Phosphate Tricyclohexylammonium Salt (XV). 
—Methyl 2,3-di-0-benzoyl-4-0-trityl-D-erythronate (XIV) (2.5 
g.) was dissolved with heating in 250 ml. of absolute ethyl 
alcohol. To the cooled solution was added 2.5 g. of freshly pre
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pared 10% palladium-on-carbon catalyst. Hydrogen uptake was 
complete in 10 hr. The catalyst was removed by filtration and 
the solvent removed in vacuo leaving a semicrystalline residue 
(2-5 g.).

A solution of 2.3 g. of the residue in 5 ml. of dry pyridine was 
treated with 1.28 g. of diphenyl phosphorochloridate. The 
reaction was kept 25° for 10 hr. and then worked up in the usual 
fashion to give 3.5 g. of a colorless sirup. The phenyl groups 
were removed by hydrogenation of the sirup in absolute ethanol 
solution over 0.7 g. of platinum oxide. When the uptake of 
hydrogen ceased (2.5 hr.) the catalyst was removed by filtration 
and 20 ml. of 1.02 N  sodium hydroxide was added to tne filtrate. 
The saponification was complete in 4 hr.; the ethyl alcohol was 
removed in vacuo at 40°; and the aqueous residue was extracted 
with ether to remove the triphenylmethane. Sodium ions were 
removed on Dowex 50 (H + ) and the majority of the benzoic acid

by filtration. The clear aqueous solution was adjusted to pH
9.0 with cyclohexylamine and then concentrated to a small 
volume. Upon addition of acetone crystallization occurred 
and after 8 hr. a small crop of crystals was collected and identi
fied as cyclohexylammonium benzoate. Addition of more ace
tone gave 1.15 g. of a crude crystalline product which on being 
fractionally crystallized from water-acetone gave 0.7 g. of ma
terial which gave a positive periodate test and a negative test for 
inorganic phosphate. The chromatographically pure material [ Ri 
(n-butyl alcohol-acetic acid-water, 3:1:2), 0.23; Ri (methanol- 
ammonia-water, 6:1:3), 0.87; Ri (Methyl Cellosolve-pyridine- 
acetic acid-water, 8:4:1:1), 0.3; Rt (isobutyric acid-ammcnia- 
water, 66:10:20), 041] had [<*]25d —20.0° (c 1.0, water) and ana
lyzed as a dihydrate.

Anal. Calcd. for C22H48N3082H20  (549) C, 48.1; H, 9.49; 
N, 7.65; P, 5.66. Found: C, 48.5; H, 9.70 N, 7.17; P, 5.65.

T he R eaction s o f 4 -P h en y l-2 -b u ta n o n e  and  5 -P h en y l-2 -p en ta n o n e  w ith  P h osp horus
P en ta ch lo r id e1

M elvin  S. N ew man , G ideon  F r a en k el , and W alter  N . K ir n 2 

Evans Chemistry Laboratory of the Ohio State University, Columbus, Ohio 
Received December 20, 1962

On treatment with phosphorus pentachloride at 25° in methylene chloride, 4-phenyl-2-butanone gave mixtures 
of 2-chloro-4-phenvl-l-butene (53%), cis-2-chloro-4-phenyl-2-butene (12%), and irares-2-chloro-4-phenyl-2- 
butene (35%). Similarly 5-phenyl-2-pentanone gave mixtures of 2-chloro-5-phenyl-l-pentene (43%), «s-2-chloro-
5-phenyl-2-pentene (14%), and frans-2-chloro-5-phenyl-2-pentene (43%). These results indicate that chloro- 
carbonium ions are not involved in these reactions.

In a previous discussion of the mechanism of the reac
tion of ketones with phosphorus pentachloride two 
paths for the formation of chloroolefin were outlined:
(a) loss of a proton from a chlorocarbonium ion; and
(b) direct elimination of hydrogen chloride and phos
phorus oxychloride from the addition product of the 
ketone and phosphorus pentachloride.3 The work 
herein presented was done in order to shed light on the 
processes involved.

PCIb
C6H6(CH2)n CH2COCH3--------- »-
tw M = I PCls f-POChlII (n — 2) y

Cl
1 - H  +

C6HS(CH2)„ CH2CCH3 — >- chloroolefin (a)X

H Cl

C6H5(CH2)nC -C -iC H 2 -
H  VH

^P-^Cl
Cl3

chloroolefin +  HC1
+

POCl3

(b)

The two ketones chosen for study were 4-phenyl-2- 
butanone, I, and 5-phenyl-2-pentanone, V, since, if 
chlorocarbonium ions were involved in the reaction with 
phosphorus pentachloride (scheme a above), cycliza- 
tion to 1-chloro-l-methylindane and 1-chloro-l-methyl- 
1,2,3,4-tetrahydronaphthalene would be expected.4 
Since no trace of either of these cyclic products (or of

(1) This work was supported by the Directorate of Chemical Sciences, 
Air Force Office of Scientific Research.

(2) This work formed part of the M.S. thesis of W. N. K. presented to the 
Ohio State University in June, 1962.

(3) M. S. Newman and L. L. Wood, Jr., J .  A m .  C h e m .  S o c . ,  81, 4300 
(1959).

(4) Cyclization of ordinary carbonium ions to form five- and six-membered 
rings are known to occur readily, e . g . ,  D. Perlman, D. Davidson, and M. T. 
Bogart, J .  O r g .  C h e m . ,  1, 288 (1936).

their dehydrochlorination products) was found, we 
believe that chlorocarbonium ions are not involved in 
these reactions with phosphorus pentachloride.

The main products, formed in well over 90% yield in 
each case, consisted of mixtures of chloroolefins (see 
Tables II and II). The large amounts of terminal 
olefins, 2-chioro-4-phenyl-l-butene, II (ca. 53% of total), 
and 2-chloro-5-phenyl-l-pentene, VI (ca. 43% of total), 
obtained provide another argument against the involve
ment of chlorocarbonium ions. If the latter were 
involved, much smaller amounts of terminal olefins 
would be expected in analogy with elimination of pro
tons from ordinary carbonium ions.6

The remaining olefins consisted of cis-2-chloro-4- 
phenyl-2-butene, III (ca. 12%), and trans-2-chloro-4- 
pheny 1-2-butene, IV (ca. 35%), in the case of I and of 
cfs-2-chloro-5-phenyl-2-pentene, VIII (ca. 44%), and 
(rans-2-chloro-5-phenyl-2-pentene, VIII (ca. 14%), in 
the case of V. These olefins were separated as described 
in Experimental.

C6H6CH2CH2COCH3

I
Cl
I

c6h 5c h 2c h 2c= c h .

H
\ c= c
/

+  c6h 5c h 2
III (12%)

Cl

Ciu

H
\  , c= c  
/  ' 

c 6h 5c h 2
IV (35%)

CH,

Cl

c6h 5c h 2c h 2c h 2c o c h 3
V

(5) See discussion in E. S. Gould, “ Mechanism and Structure in Organic 
Chemistry,” H. Holt and Co., New York, N. Y., 1959, pp. 475-577.
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Com pound
CI H(2)

\  /c= c
/  \

C6H5CH2CH2 H(l)
(5) (4) (3)

Cl H(2)

/
c 6h 5c h 2c h 2c h 2
(6) (5) (4) (3) 

(1)H Cl

C=C

H(l)

C6H5CH2 
(4) (3) 

(1)H 
\

C=C
/  \ _

CH3(2)

CHs(2)

C=C

C6H5CH2 
(4) (3)

Cl

(1)H Cl
\ /

C==c
/ \

c 6h 5c h 2c h 2 CH3(2)
(5) (4) (3)

(1)H CH3(2)
\ /

C==C
/ \

C6H5CH2CHs CI
(5) (4) (3)

“ Approximate region for 5.

T a b l e  I

N . m .r . D a t a  f o r  C h l o r o o l e f in s

5i a2
—Chemical shifts, t scale-

Ô3 ¿4 ¿6
------ Coupling constants, c.p.s.----- -

J  1,2 J  1,3 J  2,?

4.95 5.03 7.3» 7.3» 2.89 -1 .0 6  -1 .2 0

4.73 4.91 8.00» 8.00 8.00» 2.91 -1 .4 1  -0 .9 4

4.41 7.91 6.54 2.88 -1 .3 7  +7.20 +1.53

4.27 7.92 6.71 2.90 -1 .4 6  +7.95 +0.70

4.44 7.99 7.4» 7.4» 2.90 -1 .0 7  6.40

4.46 8.10 7.5» 7.5» 2.89 -1 .5 0  7.20

H Cl
\  /

C=C
Cl /  \

C6H6CH2CH2CH2C=CH2 +  c6h 6c h 2c h 2 c h 3 +
VI (43%) VII (14%)

H CH;

C6H5CH2CH2 Cl
VIII (43%)

The structures of these olefins were established by the 
methods of n.m.r. spectroscopy.6 The types and rela
tive numbers of hydrogens in each compound were 
obtained from the positions and relative integrated 
intensities of the different bands in each spectrum. 
Chemical shift and coupling parameters are listed in 
Table I.

The chemical shift for terminal olefinic hydrogens 
occurs in the region of 4.9 ± 0.2 p.p.m. Thus com
pounds II and IV are identified as terminal olefins. 
For the other compounds the vinyl hydrogen resonance 
pattern consisted in each case of a triplet of quartets. 
The large triplet splitting yields the value for J CSli CH 
and the smaller quartet structure arises form J CB3i CH. 
Bothnerby7 has reported that for propene J 0K, CHj ci, = 
-1 .75 c.p.s. while J  cmcmtran. = -1-33 c.p.s. By

(6) All spec tra  were determ ined w ith the  V arian H R  60 n.m .r- spectrom 
e te r a t  33°. T he solvent was carbon te trachloride and  the in te rna l s tan d 
ard  was te tram ethy lsilane. C alibrations were accom plished b y  the  m ethods 
of aucHo-side-band m odulation.

(7) A. A. B othnerby and  C. N aar-C olin, J .  A m .  C h e m .  S o c . t 83, 231 
(1961).

analogy to this result we assign the structure in which 
the vinyl hydrogen and methyl group are oriented cis to 
the isomer with the larger negative coupling constant in 
each pair of cis, trans isomers, see Table I.

Interestingly, we were unable to find any of the di
chlorides which would result from replacement of the 
carbonyl oxygen with two chlorine atoms. This result 
may be contrasted with that for pinacolone in which 
case considerable dichloride is produced.8

Results described previously were those obtained when 
the ketones were treated with a small excess of phos
phorus pentachloride in methylene chloride at about 
25°. In a brief study of solvent effects it was found that 
in methylene chloride, V, reacted completely in three 
hours whereas, in nitroethane, after twenty-five hours 
only 43% had reacted and, iii acetonitrile, only 32% had 
reacted after forty-eight hours. Similar results were 
obtained with I. In the reactions in methylene chloride 
the effect of added anhydrous aluminum chloride was 
studied briefly. When one equivalent of the 1:1 com
plex of phosphorus pentachloride-aluminum chloride9 
wras used in methylene chloride solution, the ketones, I 
and V, were recovered essentially unchanged. The 
dark color of the reaction mixtures suggested that the 
PCh+AlCh-  complex dissociated and that the ketones 
then complexed with aluminum chloride. The latter 
complex is evidently stable toward phosphorus penta
chloride.

(8) M . P . iy itsk y , B u l l .  s o c .  c h i m ., [4] 35, 357 (1924). W e have con
firmed th is  in  our laboratory.

(9) See footnote 6 in  ref. 3. We are indebted  to  S. Shore an d  V. P e tro  
for a gift of th is complex, PCU'^'AICU'“.
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Experimental10
Phenylbutyric Acid.—This acid was obtained in 95% yield by 

the modified Wolff-Kishner reduction.11
5-Phenyl-2-pentanone, V.—This compound was prepared by 

adding a solution of 0.98 mole of methyllithium in 400 ml. of 
ether to a solution of 72 g. of 5-phenylbutyric acid in 150 ml. of 
dry ether at gentle reflux. After an additional 1 hr. at reflux, V 
was isolated by a conventional procedure and distilled to give pure 
V, b.p. 89-91° at 2 mm.,12 in 67% yield. The semiearbazone 
melted at 128-129°. In addition 23% of starting acid was re
covered. The ketone was pure by v.p.c. analysis over Carbowax 
4000 on firebrick.

4-Phenyl-2-butanone was purchased from the Aldrich Chemical 
Co., and found pure by similar v.p.c. analysis.

Reactions of Ketones with Phosphorus Pentachloride.—In a
typical run a solution of 29.6 g. (0.2 mole) of 4-phenyl-2-butanone, 
I , in 100 ml. of methylene chloride was added to a suspension of 45.7 
g. (0.22 mole) of phosphorus pentachloride in 200 ml. of dry methyl
ene chloride in a three-necked 500-ml. flask fitted with a reflux 
condenser and stirrer. The reaction mixture was held at reflux 
for 30 hr., cooled, and treated with ice. The organic products 
were taken into benzene-ether and washed well with water, 10% 
sodium carbonate solution, water, and saturated sodium chlo
ride solution. The organic layer was then filtered through a 
magnesium sulfate layer and the solvent removed by distillation. 
On vacuum distillation the residue yielded a mixture of II, III, 
and IV, boiling in the range 84-94° at 7 mm., in 93-98%, yield. 
The entire distillate in the above run was analyzed.

Anal. Calcd. for CipHuCl: C, 72.0; H, 6.7; Cl, 21.3. 
Found13: C, 72.1; H, 6.6; Cl, 21.3.

In a similar run using 5-phenyl-2-pentanone, V, chloroolefins 
were obtained in about 95% yield and boiled in the range 105- 
115° at 11 mm.

Anal. Calcd. for CuHuCl: C, 73.1; H, 7.2; Cl, 19.8. 
Found13: C, 73.0; H, 7.3; Cl, 19.6.

T a b l e  II
(All runs were at 25° in methylene chloride unless otherwise 

indicated)
-R eactants (moles X 10)-— -----. ,--------Products,0 % ■

Expt. Ketone PC h AICL Time, hr. I II I I I IV

1° 0 .1 4 0 .1 5 0 96 0 52 12 36

2b 2.0 2 .2 0 40 0 54 12 34

3° 2 .0 2 .2 0 30 0 53 12 35

4 1 . 0 1 .0 1 .0 80 87 7 1 5

5 0.8 0.8 0.008 5 16 41 10 33

6 0.8 0.8 0.008 20 14 40 12 34

7 d 0.2 0.2 0 48 69 15 1 15

8‘ 0.8 0 .9 0 4 39 20 8 33

9“ 0.8 0.9 0 20 32 23 6 39

w 0 .19 0 .19 0 .1 9 44 80 10 2 8

“ The per cents listed are those determined by v.p.c. analy
sis of a representative sample of the reaction mixture. 6 Run 
at 0°. c Run at 40°. d Solvent was acetonitrile. e Solvent 
was nitroethane. -^The complex, PC14+A1C14~, was used as 
supplied by S. Shore and Victor Petro.

(10) All m elting po in ts  uncorrected.
(11) Com pare H uang-M inlon, J .  A m .  C h e m .  S o c ., 68, 2487 (1946).
(12) J. Levy and  M. Sfiras, C o m p t . r e n d . ,  184, 1337 (1927), give b.p. 

132-135° a t  17 m m ., m.p. of semiearbazone, 127—128°.
(13) M icroanalyses b y  J . G albraith  Co., Knoxville, Tenn.

A number cf other runs were carried out and the results are 
listed in Tables I and II. The analyses of the reaction mixtures 
were carried out as described.

Gas Chromatographic Analyses.—The chloroolefins obtained 
as described earlier were analyzed on a 6 ft. X in. copper 
column packed with Carbowax 400014 on 42-60-mesh firebrick 
using a Model 500 unit manufactured by the F. and M. Scientific 
Corp. equipped -with an integrating unit manufactured by Min
neapolis-Honey well Corp. Quantitative determination of the com
position of runs was done by integration of the area under each 
peak. Addition of synthetic l-methylindene,'-5 b.p. 70-72° at 10 
mm., prepared in 90% yield from ]-indanone and methyllithium, 
to the reaction mixture of phosphorus pentachloride and 4-phenyl- 
2-butanone proved that no methylindene was present. Similarly, 
addition of l-methyl-3,4-dihydronaphthalene,16 b.p. 90-93° at 
8 mm., prepared in 80% yield from 1-tetralone and méthylmag
nésium bromide in ether, proved that none of this material was 
formed in the reactions of 5-phenyl-2-pentanone.

In the case of results reported in Table II three separate peaks 
were obtained in addition to a peak corresponding to starting 
ketone in certain runs. A representative sample was put through 
the column on a preparative scale and the fractions were identified 
by n.m.r. and infrared analyses.

In the case of the results reported in Table III only two peaks 
were obtained other than starting ketone. The larger of these 
peaks was analyzed by n.m.r. and found to consist of about equal 
amounts of VI and VIII. This result was confirmed by analysis 
on a 100-ft. squalene capillary column.17

T a b l e  III
(All runs were at 25° in methylene chloride unless otherwise 

noted)
-------- R eactan ts (moles X 10)------- - ,--------- Products,® % ■

Time, VI and
Expt. Ketone POL AlCh hr. V V III VII

i 5 1 .2 1 .2 0 96 6 77 17
2 3 .7 1 .2 0 3 6 77 17
3 3 .7 4 .3 0 3 2 84 14
4 3 . 7 4 .3 0 18 2 85 13

5° 1 .6 1 . 7 0 34 0 85 15

6 1 .2 1 .2 1 .2 15 100 0 0
7 6.0 6.0 6.0 80 100 0 0
8 d 1 .8 1 .9 1 . 9 44 76 19 5

9 e 1 .2 1 .3 0 48 68 25 7

10' 1 .2 1 .3 0 25 57 36 7

° The per cents listed are those determined by v.p.c. analysis 
of a representative sample of the reaction mixture. The column 
headed by VI and VIII represents the total per cent of VI 
and VIII. These were not separated on the v.p.c. column used. 
N.m.r. and infrared15 studies on the mixture showed that this 
fraction was very nearly a 1:1 mixture of VI and VIII in each 
of the cases examined. I t  is assumed that all of these are 1:1 
mixtures of VI and VIII. 6 Run at 0°. c Run at 40°. “ The 
complex, PC14+A1C14-, was used as supplied by S. Shore and 
Victor Petro. e Solvent was acetonitrile. 1 Solvent was nitro
ethane.

(14) Carbowax 4000 is a polyethylene glycol of m olecular weight abou t 
4000, having a m elting range of 50—55° and  m ade by  the  Union Carbide Co.

(15) Our m aterial agreed well with th a t  reported  by  W. E . Parham , H. E. 
Reiff, and  P. Swartzen, J .  A m .  C h e m .  S o c . ,  78, 1437 (1956).

(16) K. von Auwers, B e r . ,  58, 154 (1925) gives b.p . 238-239° a t  760 mm.
(17) We thank  J. Wiley for th is analysis.
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W illiam  F. J ohns and G eorge P. M ueller

D iv is io n  o f  C hem ical Research, G. D . Searle a n d  C om pany , Chicago 80, I llin o is  
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The reaction of 17/3-hydroxyandrostan-3-one with boric acid at 380° leads to the formation of androst-2-en-
17-one (7). Similar treatment of androstan-17/3-ol produces 17-methyl-18-norandrost-I3(17)-ene (10).

The successful conversion of estradiol 3-methyl ether 
to 17 - methyl - 3 - methoxy - 18 - norestra - 1,3,5(10),- 
13(17)-tetraene (1) by use of boric acid at elevated 
temperatures1 prompted application of this reaction to 
the androstanes. The anticipated product, an analo
gous 17-methylandrost-13(17)-ene (such as 3), could be 
used readily in the preparation of a variety of 18-nor 
steroids in direct analogy to the synthesis of 18,19-dinor 
steroids.2 The sequence of reactions would proceed 
from olefin 3 through the derivative unsaturated ketone
4. Although both compounds 3b and 4 had been de
scribed previously by Miescher and Kagi,3 the use of 
their synthesis was made unattractive by the relative 
difficulty in obtaining the starting material, androstane- 
3/?,17u-diol. Since the inception of this project, prep
aration of 18-nor steroids has been accomplished by 
several methods.4

was 17/3-hydroxyandrostan-3-one. When heated with 
boric acid to 380°, then distilled, and chromatographed, 
this steroid yielded a crystalline unsaturated ketone 
having the expected empirical formula, CigH^O. An 
alcohol, obtained by hydride reduction of this ketone, 
was treated with ozone or osmium tetroxide-periodic 
acid to oxidize the double bond. The resulting dicar
bonyl compound failed to yield any of the desired un
saturated ketone 4 on treatment with base.

The results of these two experiments showed clearly 
that the parent olefin was not 3a. It then became im
portant to know whether the product had the re
arranged skeleton and was simply a double bond isomer 
of the expected material 3a, or whether the dehydration 
had proceeded without effecting rearrangement, 
perhaps to yield an androst-16-ene. That both 
hypotheses -were incorrect was determined by

Ideally the starting androstane chosen for the boric 
acid rearrangement would contain a C-3 grouping that 
would be stable under the acidic dehydrating conditions 
employed. Such stability is lacking in ordinary deriva
tives of the alcohol or ketone functions (such as esters 
or ketals). The compound thus selected for the reaction

(1) W. F. Johns, J .  O r g .  C h e m . ,  26, 4583 (1961).
(2) W . F . Johns, J .  A m .  C h e m . S o c . ,  80, 6456 (1958).
(3) K. M iescher and  H . Kagi, H e l v .  C h i m .  A c t a ,  32, 761 (1949); 22, 683 

(1939).
(4) R. Anliker, M . M uller, M. Perelm an, J. W ohlfahrt, and  H. Heusser, 

i b i d .  42, 1071 (1959); L. Velluz, G. Am iand, R . Heymes, and  B. Goffinet, 
C o m p t . r e n d . ,  250, 371 (1960); W. S. Johnson and  K. V. Yorka, T e t r a h e d r o n  

L e t t e r s ,  8, 11 (1960); R . Pappo, U. S. P a te n t 3,080,360; D . K . Fukushim a 
and  IT. L. Bradiow, A b s t r .  E n d o c r i n e  S o c . ,  7 (June, 1962).

hydrogenation of the unknown keto olefin. The 
dihvdro derivative was clearly different from androstan-
3-one but proved to be identical to androstan-17-one 
(8) by spectral comparison with an authentic sample. 
Identification of the parent olefin was then assisted by 
inspection of its n.m.r. spectrum, which showed both 
angular methyl groups undisturbed and the existence of 
two vinyl hydrogens. The unknown unsaturated 
ketone was then proved to be androst-2-en-17-one (7) 
by virtue of the identity of its infrared spectrum with 
that of an authentic sample.6

(5) R . E . M arker, O. K am m , D. M. Jones, and  L. W. M ixon, J .  A m .  C h e m .  

S o c . ,  59, 1363 (1937).
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Formation of olefin 7 is reasonably explained by 
postulating first the formation of a borate ester at C-17.6 
Internal oxidation-reduction might follow, the borate 
ester acting as the reducing agent. This type of reduc
tion of carbonyl groups by alkyl borates at elevated 
temperatures7 employs a mechanism analogous to that 
found in Meerwein-Ponndorf reduction and Oppenauer 
oxidation.8 The equilibrium in the present case could 
be driven to the formation of a C-17 carbonyl not only 
by the inherently greater stability of a cyclopentanone 
carbonyl over a cyclohexanone carbonyl,9 but also by 
virtue of a much more facile elimination of the C-3 
hydroxyl group as compared to the C-17¡3 hydroxyl. 
This is particularly true since the Meerwein-Ponndorf 
reduction is expected to give more of the axial isomer 
than is obtained by other methods of reduction, espe
cially as the size of the reducing agent is increased.10 
The axial hydroxyl would then be removed readily by a 
facile trans diaxial elimination.11 12 *

Experimental validation of the proposed mechanism 
of the oxidation-reduction step was initiated by running 
the boric acid reaction at a lower temperature, condi
tions which would avoid the filial elimination step. 
The product, acetylated to facilitate separation of com
ponents, was carefully chromatographed, allowing iso
lation of two crystalline compounds, androstane-3a,- 
17/3-diol diacetate (5b) and androsterone acetate (6b). 
Although several other constituents could be detected 
by paper chromatography, none could be isolated and 
crystallized. This multiplicity of products under pre
parative conditions would be expected to simplify itself 
as the reactants approached 380°; the products would 
undergo transformation to the more stable keto ester 
and elimination of ester or hydroxyl groups would 
occur.

To show the absence of an inherent barrier to the 
retropinacol rearrangement of androstan-l 7/?-ols gener
ally, the reaction sequence was performed on androstan- 
17/3-ol (9). Lacking the alternate course of reaction 
described for the 3-keto analog, this steroid provided 
the expected olefin 10 as the major product. Its identity 
was suggested by the n.m.r. spectrum which shows a 
methyl group attached to a double bond. Ozonolysis of 
the olefin led to a diketone (11) (no spectral indication 
of aldehyde) which cyclized readily to the unsaturated 
ketone 12. The n.m.r. spectrum of the diketone showed 
an acetyl methyl group and the ultraviolet spectrum of 
the unsaturated ketone showed the expected cyclo- 
hexenone absorption. These data preclude the possi
bility of the double bond in 10 being in any position 
besides C 13U7) and thus established concretely the 
structure of compounds 10-12.

Experimental1213
Boric Acid Treatment of 17/3-Hydroxyandrostan-3-one (2). 

A. At 310-380°.—The hydroxy ketone 2 (40 g.) and boric acid
(6) G. L. O ’Connor and  H. R . Nace, J .  A m .  C h e m .  S o c .  77, 1578 (1955).
(7) H . G. K uivila, S. C. Slack, and  P. K. Siiteri, i b i d . ,  73, 123 (1951).
(8) A. L. W ilds, O r g .  R e a c t i o n s ,  2, 178 (1944); C. D jerassi, i b i d . ,  6, 207 

(1951).
(9) H . C. Brown, J .  C h e m .  S o c . ,  1248 (1956); J .  O r g .  C h e m . ,  22, 439

(1957). See also R . B. T u rn er an d  R . H . G arner, J .  A m .  C h e m .  S o c . ,  80, 
1428 (1958).

(10) H. R. Nace and  G. L. O’Connor, i b i d . ,  73, 5824 (1951).
(11) D. H. R. B arton , J .  C h e m .  S o c . ,  1027 (1953).
(12) The au thors wish to  acknowledge the assistance of E . G. D askala-

kis and  his staff w ith chrom atography and  R. T. Dillon and  his staff in
providing the  analyses and  spectra  reported.

(10 g.) were ground together and heated at 320° for 1 hr. under 
nitrogen. The temperature was lowered to 220° and the pressure 
carefully reduced to 22 mm. at a slow rate to control foaming. 
The product was then distilled between 310° and 380° at 20 mm. 
The distillate, dissolved in ether, was washed with aqueous so
dium bicarbonate and dried. Removal of solvent and distillatiun 
of the products afforded 14.77 g. of an oil of which 5.1 g. was 
chromatographed on 150 g. of silica. Elution of the column with 
5% ethyl acetate in benzene yielded 2.31 g. of crystalline ma
terial which was recrystallized from aqueous ethanol to yield
1.75 g. of product, m.p. 80-86°. An infrared comparison of this 
material to authentic androst-2-en-17-one (7)5 showed a very 
close similarity. The n.m.r. spectrum, Av 334 (C.-C3) and 319 
(C3-C4) c.p.s., indicated a minor impurity to be androst-3-en-17- 
one.

Another sample was chromatographed and recrystallized 
twice from methanol, yielding plates, m.p. 100-108°, identical 
by mixture melting point and infrared absorption to an authentic 
sample of androst-2-en-17-one (7).

Hydrogenation14 of 0.18 g. of the olefin 7, m.p. 80-86°, in 30 ml. 
of ethanol containing 30 mg. of 5% palladium on charcoal, was 
complete in 1 hr. The product was purified by crystallization 
from methanol; 0.090 g., m.p. 121-123°, and" 0.070 g., m.p. 
117-121°, both crops being identical in infrared characteristics 
to an authentic sample of androstan-17-one (8).

B. At 250c.—170-Hydroxyandrostan-3-one, 20 g., was
ground with 5 g. of boric acid and heated under nitrogen ir_ a 
short-necked distilling apparatus. Application of a metal bauh, 
preheated to 185°, caused the mixture to melt and bubble 
vigorously as water was evolved. In 20 min. the bath was at 
250°; bubbling was very slow; and the mixture had become a 
clear, heavy glass. Heating was discontinued. The main bulk 
of the glass, excepting samples removed at time intervals, was 
treated with repeated changes of water and benzene on the steam 
bath until the glassy residue had dissolved. The total benzene 
solution, 250 ml., was filtered and distilled to dryness, leaving 12 
g. of clear glass as residue.

In order to assist fractionation, 11.5 g. of the residue was acetyl
ated during 20 hr. in 50 ml. of pyridine and 50 ml. of acetic an
hydride. The residue from the usual work-up with water, ether, 
dilute acid, and sodium bicarbonate was also a glass, 11.65 g.

The acetylated mixture, 2.71 g., was chromatographed on 
silica. Three poorly resolved bands were eluted in very close 
succession by 2% ethyl acetate in benzene. A fraction from the 
first peak, recrystallized three times from dilute acetone, melted 
at 157-165°, and was shown to be androstane-3a,17(3-diol diace
tate (5b), m.p. 163-166° (sweating at 160°), through similar 
R i  values in paper chromatography, identical infrared absorption 
spectra, and undepressed mixture melting point.

Repetition of the chromatogram on silica using a slower elu
tion scheme gave crystalline fractions with 0.5% and 1% ethyl 
acetate in benzene, as well as an oily material upon elution with 
5% ethyl acetate in benzene. The first peak consisted mainR of 
androstane-3o:,17ii-diol diacetate. The second peak was mainly 
androstanolone acetate (acetate of 2) although the leading edge 
of the band contained a keto acetate, m.p. 161-166°, shown by 
infrared to be androsterone acetate (6b). A sample on a mixture 
with authentic androsterone acetate, m.p. 167.5-169.0°, melted 
at 163-168°. Paper chromatography showed the third banc to 
be a mixture of about six compounds, a main component being 
perhaps a diketone. This band was not examined further.

Androst-2-en-17(j-ol.—The olefin mixture (5.7 g.), obtained 
directly from the 380° boric acid treatment, in 100 ml. of ether 
was added to a stirred solution of 2.1 g. of lithium aluminum 
hydride in 180 ml. of ether. After the mixture was heated at re
flux for 1 hr., the excess hydride was decomposed by addition of 
ethyl acetate followed by addition of dilute hydrochloric arid. 
The ether layer was separated, washed with water and with 
aqueous sodium bicarbonate, was dried, and concentrated. The 
resulting residue, 5.4 g. of semicrystalline material, was chro
matographed on 300 g. of silica. Elution with benzene afforded
2.02 g. of crystalline material, which on sublimation yielded pure 
androst-2-en-17/3-ol, m.p. 167-168°, having the same infrared 
spectrum as an authentic sample.6

(13) In frared  spectra were determ ined in  chloroform. R ota tions were 
recorded a t  1 %  in chloroform. The n .m .r. spectra were determ ined in 
deuteriochloroform  by  use of an  A-60 spectrom eter, V arian Associates, Inc., 
a t  60 M e., using te tram ethy lsilane as an  in te rna l s tan d ard  { A v  0 c.p.s.). 
The petroleum  ether U3ed boils a t  63-68°.

(14) We wish jo  th an k  W. Selby for conducting th e  hydrogenation.
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This material was cleaved with ozone in methylene chloride at 
— 70° (same procedure as given later) or with osmium tetroxide- 
eatalyzed hydroxylation followed by periodate cleavage (see ref. 
1 for procedure), yielding in each instance the same noncrystal- 
line product. Treatment of this material with refluxing metha- 
nolic potassium hydroxide failed to produce a pure material. 
None of the fractions from chromatographic analysis showed ap
preciable absorption at 240 mu, indicating the absence of a 
conjugated cyclohexenone system.

18-Nor-17-methylandrost-13( 17)-ene (10).—Androstan-17/3-ol
(9) was prepared by heating a stirred solution of 40 g. of 17/3- 
hydroxyandrostan-3-one (2) in 0.4 1. of diethylene glycol contain
ing 40 g. of potassium hydroxide and 50 ml. of 85% aqueous 
hydrazine in a slow stream of nitrogen at 140° for 30 min. and 
then at 190° for an additional hour. Dilution of the cooled solu
tion with water, followed by filtration of the resulting crystalline 
mass and recrystallization of the product from methylene chlo
ride-methanol, yielded 38.7 g. of material, m.p. 171-172°, 
identical in infrared absorption to an authentic sample.

Androstan-17/3-ol (38 g.) and boric acid (20 g.) were mixed 
thoroughly and heated at 200° for 30 min. The mixture was 
then distilled at 400° and 10 mm. The distillate (18 g.) was dis
solved in benzene and washed with aqueous potassium bicarbon
ate. A portion (3.1 g.) was purified from polar contaminants by 
chromatography over 150 g. of silica. Elution with petroleum 
ether gave 2.85 g. of a mobile oil, 18-nor-17-methyl-androst-13-
(17)-ene (10); [a]D -15°; Ae 42 (Ci„—CH„), 95 (C=CCH3) 
c.p.s.

Anal. Calcd. for C19H30: C, 88.30; H, 11.70. Found: C, 
88.08; H, 11.72.

The distillation residue was dissolved in hot benzene and 
dilute aqueous potassium hydroxide. The washed and dried 
benzene solution was concentrated, affording 13 g. of semicrystal

line material. Chromatography of 4.0 g. of this material on 50 
g. of silica yielded 1.72 g. of the desired olefin 10. Later eluates 
produced 1.95 g. of crystalline starting material (9), identified 
by melting point and infrared spectrum.

13,17-Secoandrostane-13,17-dione (11).—A solution of 10 g. of 
the olefin 10 in 100 ml. of methylene chloride and 2 ml. of pyri
dine were treated at —70° with a stream of oxygen containing 
ozone until the solution turned blue. Zinc dust, 10 g., and 10 
ml. of acetic acid in 10 ml. of methylene chloride were added and 
the mixture was stirred in an ice bath for 30 min. The mixture 
was filtered and the filtrate was washed with water and aqueous 
potassium bicarbonate. Concentration of the dried extract 
afforded 12.5 g. of mobile oil, 4.0 g. of which was chromato
graphed on 150 g. of silica. The major portion was eluted with 
2% ethyl acetate in benzene, yielding 1.98 g. of 13,17-secoandro- 
stane-13,17-dione(ll); [<*]d +3°; Xmax5.82M; Ar 44 (Ci0-CH3), 
127 (-COCH3) c.p.s. Despite a repeated chromatographic 
fractionation of this material and the use of a variety of solvents 
on the components, no crystalline material was obtained.

Anal. Calcd. for CI9H3„02: C, 78.57; H, 10.41. Found; C, 
78.73; H, 10.29.

18-Nor-D-homoandrost-13(l7a)-en-17-one (12).—A solution 
of 0.80 g. of the diketone 11 (purified by chromatography) in 30 
ml. of methanol containing 5 ml. of 15% aqueous potassium hy
droxide was heated at reflux for 1 hr. The cooled solution was 
diluted with water, and the resulting precipitate was separated by 
filtration. The product was washed with water, air-dried, and 
dissolved in petroleum ether. The solution, after treatment 
with charcoal, was concentrated, yielding 0.30 g. of the pure un
saturated ketone 12, m.p. 158-160°; [<*]d —39°; Xmax 5.98,
6.15 y, Xmax 240 (16,800) m̂ u.

Anal. Calcd. for Ci9H280: C, 83.77; H, 10.36. Found: C, 
83.62; H, 10.44.

S y n th esis  o f  3 -M eth oxy-17-acety l-18-n orestra-l,3 ,5 (10),16-tetraen e
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Conversion of the D-homo unsaturated ketone 5 to the title compound has been accomplished by a sequence 
of five reactions: reduction (to 2b), Grignard addition (11), dehydration (13), ozonolysis (18), and cyclization
(20). Formation of the dienedione 10, a by-product of the reduction step, is also discussed.

The facile production of the unsaturated ketone 5 
from estradiol 3-methyl ether in three steps1 allowed 
continuation of a projected synthesis of 18-norestrone 
and 18,19-dinor steroids.2 The potential physiological 
interest of such materials was clear from the enhanced 
activities of several 19-nor steroids as compared to 
their methylated analogs.3

Proper introduction of a single asymmetric center into 
the D-homo ketone 5 is necessary to produce a molecule 
having the desired, naturally occurring trans-anti-  
trans ring junctures of rings B, C, and D. None of the 
remaining reactions in the planned sequence would 
labilize these bridgehead carbon atoms; thus the 
stereochemistry of these centers would remain un
changed. Ample literature precedent exists for the 
reduction of systems such as A1(9)-decalone-2 to trans-
2-decalone by means of metal-ammonia systems.4 * 
Application of this reaction to the planar molecule 5 
was complicated only by the possible concommitant 
reduction of the A-ring. In practice this problem was

(1) W. F . Johns, J .  O r g .  C h e m . ,  26, 4583 (1961).
(2) W. F . Johns, J .  A m .  C h e m .  S o c . ,  80, 6456 (1958).
(3) See, e . g . y H. P. Schedl, C. Delea, and  F. C. B artte r, J .  C l i n .  E n d o c r i n o l .  

M e t a b . ,  19, 921 (1959).
(4) D. H. R . B arton  and  C. H . Robinson, J .  C h e m .  S o c . ,  3045 (1954);

E . E . van Tam elen and  W. C. Proost, J r .,  J .  A m .  C h e m .  S o c . ,  76, 3032
(1954).

circumvented by use of lithium-ammonia in the absence 
of alcohol6 which allowed conversion in good yield of 
the unsaturated ketone 5 to the saturated ketone 2b.

An alternate method was to use a metal-ammonia 
reaction in the presence of alcohol, effecting reduction 
of both the A-ring and the unsaturated ketone moieties 
to produce the enol ether 4a. With this method of 
preparation the C-17 hydroxyl is expected to be in the 
more stable «-configuration.4 Whereas Oppenauer 
oxidation of this compound afforded the corresponding 
C-17 ketone 4b, pyridine-chromium trioxide caused 
oxidation of both the A-ring and the alcohol producing 
the ketone 2b.

The enol ether 4a was readily transformed into the 
unsaturated ketone la  and, in turn, into the diketone 
lb. If purification of the enol ether 4a was omitted 
and instead the entire metal-ammonia reduction product 
was hydrolyzed, a new component was isolable. In 
addition to the major product, the unsaturated ketone 
la, there was obtained 7% of a compound having an 
ultraviolet maximum at 242 mp (e 35,600) with twice 
the intensity of a steroidal cyclohexenone. All addi
tional information about this material confirmed the 
fact that it had two unsaturated ketone groups. Only

(5) F . Sondheimer, R . Y ashin, G. Rosenkranz, and C. D jerassi, i b i d . ,  74, 
2096 (1952); A. Bowers, II . J . Ringold, and E. D enot, i b i d . ,  80, 0115 (1958)-
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one logical placement of these groups is possible, that 
shown in structure 10.6 An alternate synthesis of this 
material was accomplished from the readily available 
estratetraene 7 by reduction with lithium-ammonia, 
acid hydrolysis to the unsaturated ketone 8, ozonolysis 
to the triketone 9, and base-catalyzed cyclization to the 
same dienedione 10 previously obtained. The trike
tone 9 could also be produced by periodate cleavage of 
the corresponding 13,17 glycol.

Unsaturated ketones are known to be reduced readily 
with metal-ammonia systems, as is, for example, shown 
in the production of 2b in this synthesis. Therefore, 
the formation of the dienedione 10 must be rationalized 
by hypothesizing removal of an intermediate such as 6 
during the reaction, presumably by precipitation of an 
enolate salt.

Hydrogenation of the unsaturated ketone 5 over 
palladium catalyst gave a new saturated ketone (3) 
having a 13a-hydrogen. This compound was clearly 
different from 2b. Optical rotatory dispersion measure
ments confirmed the assigned configurations at C-13 
for both 2b and 3.7

Transformation of the cyclohexanone 2b to an 
acetylcyclopentene derivative (such as 20) followed the

(6) This compound has been prepared by  to ta l synthesis: A. J. B irch and 
H . Sm ith, J .  C h e m .  S o c . ,  1882 (1951).

(7) We wish to  th an k  C. D jerassi for these m easurem ents.

general methods outlined by Woodward8 and by 
Stork.9 Methylmagnesium bromide when added to 
the ketone 2b produced a mixture of two methyl 
hydroxy compounds, 11 and 12, partially separable by 
chromatography. The preponderant isomer (11) was 
eluted first, and on this basis its hydroxyl group could 
be assigned the axial configuration.10 The dehydra
tion products from each isomer provided more con
clusive evidence to this point. Treatment of 11 with 
thionyl chloride in pyridine provided a mixture of two 
endocyclic olefins. The first olefin (14), [«]d +80°, 
showed a single peak in its n.m.r. spectrum at 313 
c.p.s. (Ar from the tetramethylsilane signal at 60 Me.), 
reasonably ascribed only to the 17a-proton on a 17(17a) 
double bond. The second compound, [<*]d —30°, 
exhibited a doublet at 321 and 326 c.p.s., clearly the 
C-16 isomer 13. The proportion of these two olefins 
formed by this reaction could be estimated by integra
tion of the n.m.r. spectrum of the mixture in the 300- 
330-c.p.s. region or from the rotation ([a-jo +15°), 
showing approximately 40% of the olefin 14 and 60% 
of the olefin 13 had been formed.

(8) R . B. W oodward, F . Sondheimer, D . Taub, K. Heusler, and W. M. 
M cLam ore, J . A m .  C h e m .  S o c . ,  74, 4223 (1952).

(9) G. Stork, H . J . E . Loewenthal, and  P. C. M ukharji, i b i d . ,  78, 501 
(1956).

(10) S. W instein and  N. J . Iiolness, i b i d . ,  77, 5564 (1955).
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The second Grignard adduct (12) on dehydration 
gave preponderantly the exocyclic olefin 15, easily 
identified from the n.m.r. signal at 278 c.p.s. (two 
protons). This is consistent with an equatorial hy
droxyl group in the starting material, the favored trans- 
diaxial elimination being impossible except to the exo
cyclic position.11

In the direct reaction path, the mixture of Grignard 
adducts was dehydrated directly and the desired 
olefin 13 separated by crystallization. Additional 
olefin 13 was obtained by acid-catalyzed equilibration 
of the mixture to one ( [ « ] d  —14°) containing approxi
mately 70% of the desired olefin 13.

Obtained as a by-product in the dehydration was a 
sulfite, transformed with perchloric-acetic acic to an 
acetate, and by pyrolysis to a new olefin. Both the 
sulfite and the acetate could be produced directly frcm 
the alcohol 2a, showing the initial source of the sulfite 
to be from the alcohol 2a, presumably a contaminant 
in ketone 2b prior to the reaction with methyl mag
nesium bromide. The n.m.r. spectra of the crude 
olefin, besides showing the absence of the D-ring methyl 
group, also indicated that two isomers were present in 
a 2:1 ratio. The major component (17) was separable 
on recrystallization. The relative proportion of de
hydration products of the secondary alcohol 2a corre
sponds to that observed in the dehydration of C-3 
hydroxyl groups of A/B irons steroids.12

Conversion of the olefin 13 to the ketoaldehyde 18 
was effected either by ozonolysis or by hydroxylation 
with osmium tetroxide and subsequent cleavage with 
periodic acid. Cyclization of the ketoaldehyde 18 
with aqueous potassium hydroxide13 provided a 
mixture of unsaturated ketone 20 and the hydroxy 
ketone 19. Further treatment of the latter with base 
afforded additional unsaturated ketone 20.

In order to correlate the final products of this syn
thetic sequence to racemic compounds prepared by 
Nelson and Garland,14 15 ketone 20 was hydrogenated 
to yield the saturated derivative 21. Comparison of 
the infrared spectra showed the d- and ¿/-compounds to 
have identical structures.16 17 Final proof of the stereo
chemistry of this series of compounds was arrived at 
through their eventual conversion to 18-norestrone 
methyl ether.2

Experimental1617
3-Methoxy-18-nor-D-homoestra-l,3,5(10)-trien-17-one (2b).

A. By Direct Lithium—Ammonia Reduction of the Unsaturated 
Ketone 5. A solution of 10.0 g. of the unsaturated ketone 5 in 
50 ml. of dioxane and 50 ml. of ether was added over a 3-min. 
period to a solution of 0.51. of ammonia containing 1 g. of lithium

(11) D. H. R. B arton, J .  C h e m .  S a c . ,  1027 (1953).
(12) J. Fajkos and F. Sorm, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n .  24, 3115 

(1959).
(13) G. I. Poos, W. F . Johns, and L. H. S arett, J .  A m .  C h e m .  S o c . ,  77, 1020 

(1955).
(14) N. A. Nelson and R. B. G arland, i b i d . ,  79, 6313 (1957).
(15) We wish to thank  Dr. Nelson for affording us this comparison.
(16) We wish to th an k  E. G. D askalakis and staff for the chroma

tography  and R. T. Dillon for the analyses and spectra described here. 
We wish also to thank  W. M. Selby and staff for the hydrogenations 
reported.

(17) Infrared  spectra  were determ ined in chloroform, ultrav io let spectra 
in m ethanol, and ro tations in chloroform (1% ). Petroleum  ether refers- 
to the fraction  w ith b.p. 63—68°. Alelting points are uncorrected. N .m .r. 
spec tra  were determ ined in deuteriochloroform  on a Model A-60 spectrom e
ter, V arian Associates, Inc., a t 60 M e., using tetram ethylsilane as an  internal- 
standard .

wire. The solution was stirred for an additional 2 min. and 
30 g. of ammonium chloride was added. The ammonia was 
distilled, and the remaining mixture was diluted with benzene 
and then with water. The organic layer was washed three times 
with water, dried, and concentrated in vacuo. The residue was 
recrystallized from acetone-petroleum ether yielding 4.0 g. of the 
pure saturated ketone 2b, m.p. 190-192°; [«]d + 3 1 ° ;  Xmax 
5.82 fz.

Anal. Caled. for C19H24O2: C, 80.24; H, 8.51. Found: 
C, 79.99; H,8.G5.

A second crop amounted to 3.8 g., m.p. 185-190°. The 
mother liquors showed in the infrared weak absorption at 5.99 n 
indicating the reduction was not complete. That no significant 
reduction of the aromatic A-ring had occurred was seen by acid 
hydrolysis of the product; no increase was seen in the ultraviolet 
absorption in the 230-240-mM region.

B. By Oxidation of the Dihydro Alcohol 4a.—A solution of
5.0 g. of the dihydro alcohol 4a in 50 ml. of pyridine was added 
to 8.0 g. of chromium trioxide slurried in 80 ml. of pyridine. 
The solution was allowed to stand at room temperature overnight 
and was then diluted with water and extracted with ether. The 
extract was washed with water, dried, and concentrated to 
dryness. The residue was recrystallized from acetone-cyclo
hexane, yielding 3.65 g. of the crystalline ketone 2b, m.p. 190- 
192°, identical in the infrared to an authentic sample.

C. By Oxidation of the Dihydro Ketone 4b.—The dihydro 
alcohol 4a (1.8 g.) in 20 ml. of pyridine was added to a slurry of 
2 g. of chromium trioxide in 20 ml. of pyridine. After 18 hr. 
the solution was diluted with water and extracted with ether. 
The ether extract was washed with water, dried, and concentrated 
to dryness. Chromatography of the residue on 35 g. of silica 
afforded the pure ketone 2b, 0.65 g., m.p. 188-190°, identical 
with the previous product.

3-Methoxy-18-nor-D-homoestra-2,5(10 )-dien-17-a-ol (4a).
A. Vigorous Birch Reduction of the Unsaturated Ketone 5.—
A solution of 46.7 g. of the unsaturated ketone 5 in 700 ml. of 
tetrahydrofuran was added over a 60-min. period to 1.6 1. of 
ammonia and 700 ml. of ¿-butyl alcohol in a round-bottomed 
flask equipped with a Dry Ice condenser. Lithium wire was 
added in six 5-g. portions over this same period. Stirring was 
continued for 4 hr. at which time the solution had decolorized. 
The ammonia was distilled, water was cautiously added, and the 
solution was extracted with benzene. The extract was washed 
with water, dried over anhydrous magnesium sulfate, and con
centrated to dryness. The product, obtained from a chilled 
acetone solution, amounted to 28.6 g., m.p. 180-182°, and 9.9 g., 
m.p. 174-178°. Recrystallization of a portion of the first crop 
from acetone gave the analytically pure alcohol 4a, m.p. ISO- 
1820; Amajt 2.88, 5.83, 5.98 m,‘ no maxima in the ultraviolet.

Anal. Caled. for Ci9H2S0 2: C, 79.12; H, 9.78. Found: 
C, 79.18; H, 9.64.

The corresponding 17-ketone (4b) was isolable in small amounts 
from a few runs by virtue of its lesser solubility in pyridine.

B. Birch Reduction of the Saturated Alcohol 2a.—The 
alcohol 2a (1.3 g.) in 50 ml. of tetrahydrofuran was added to 
200 ml. of ammonia and 50 ml. of ¿-butyl alcohol. To this 
solution was added 2.0 g. of lithium wire in four portions over a 
30-min. period. The stirring was continued for 4 hr. at which 
time the color had discharged, the ammonia was distilled, and 
water was carefully added. A benzene extract was washed with 
water, dried, and concentrated to dryness, giving 0.52 g. of the 
alcohol 4a, identical to that obtained previously.

18.19- Dinor-o-homo-17«-hydroxyandrost-4-en-3-one ( la).— 
The dihydroaromatic derivative 4a, 0.40 g., was stirred in 25 ml. 
of methanol containing 5 ml. of water and 1.5 ml. of concen
trated hydrochloric acid for 18 hr. The solution was diluted 
with water and filtered, yielding 0.34 g. of crystals. Recrystal
lization from acetone-petroleum ether gave the analytical sample, 
m.p. 189-191°; Xmax 2.92, 6.05, 6.21 M; Xmax 240 mM (« 17,100).

Anal. Caled. for Ci8H260 2: C, 78.79; H, 9.55. Found: 
C, 78.67; H, 9.35.

18.19- Dinor-D-homoandrost-4-ene-3,17-dione (lb).—Oxida
tion of the alcohol la was effected by dissolving 1.0 g. in 40 ml. 
of pyridine containing 1.0 g. of chromium trioxide. After 90 
min. the solution was diluted with water and extracted with 
ether. The extract was washed, dried, and concentrated to dry
ness. The residue was recrystallized twice from acetone- 
petroleum ether, yielding 0.30 g. of the pure diketone lb, m.p.
179-182°; [a]D - 6°; \,nax 5.82, 5.99, 6.15 M; Xmax 240 mM 
(c 16,600).
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Anal. Calcd. for Ci8H210 2: C, 79.37; H, 8 .88. Found: 
C, 79.06; H, 8.93.

l|3-(3-Keiobutyl)-l,2,3,4,4a,4aa!,4b/3,5,6,7,9,10,10a|3-dodeca- 
hydrophenanthren-2,7-dione (9). A. From the 13,17-Glycol 
of the Tetraene 7.—The 13,17-glycol of the tetraene 71 (1.00 g.) 
in 50 ml. of tetrahydrofuran was added to a solution of 200 ml. 
of ammonia and 50 ml. of i-butyl alcohol. Lithium wire (2 g.) 
was added in six portions over a 30-min. period. After 3 hr. 
the solution was decolorized by addition of methanol, the 
ammonia was distilled, water, was added, and a benzene extrac
tion was made. The washed and dried extract was concentrated, 
and the semicrystalline residue, 1.15 g., was dissolved in 40 ml. 
of methanol, 8 ml. of water, and 4 ml. of concentrated hydro
chloric acid. After 1 hr. at room temperature the solution was 
treated with excess potassium bicarbonate, diluted with water, 
and extracted with 1:1 benzene-ethyl acetate. The extract was 
concentrated to dryness, and the resulting product (1.1 g.) was 
chromatographed on 30 g. of Florisil. Elution with 30% ethyl 
acetate in benzene afforded 0.86 g. of material, recrystallized 
from acetone-petroleum ether to yield 0.53 g. of the pure 13f,17|- 
dihydroxy-17-methyl-18,19-dinorandrost-4-en-3-one, m.p. 158- 
159°; [«Id +58°; X“ r 2.87, 2.99, 5.97, 6.18 M; Xm„  240 mM 
(«= 17,800).

Anal. Calcd. for CisH^CL: C, 74.49; H, 9.03. Found: 
C, 74.24; H, 8.70.

The previous glycol (0.15 g.) in 10 ml. of methanol and 0.4 ml. 
of pyridine was treated with a solution of 0.15 g. of periodic acid 
dihydrate in 1.5 ml. of water at room temperature for 1 hr. 
The solution was diluted with water and the product was iso
lated by benzene extraction. The residue was recrystallized 
from acetone-petroleum ether to yield 0.11 g. of the triketone 9, 
m.p. 104-105°; XmoI 5.83, 6.00 n; 238 (e 18,000).

Anal. Calcd. for Ci8H240 8: C, 74.97; H, 8.39. Found: 
C, 75.09; H, 8.48.

B. From the Unsaturated Ketone 8 .—A solution of 30 g. of
the tetraene 7 in 300 ml. of tetrahydrofuran, 250 ml. of i-butyl 
alcohol, and 600 ml. of ammonia was treated with 12 g. of lithium 
wire in six portions over a 30-min. period. After 4 hr. the solu
tion was decolorized with methanol, the ammonia was distilled, 
water was added, and a benzene extraction was made. The 
extract was washed with water, dried, and concentrated yielding 
32 g. of a mobile oil. This oil was dissolved in 600 ml. of ethanol 
containing 30 ml. of hydrochloric acid. The solution was heated 
at reflux for 10 min. and then allowed to stand overnight at 
room temperature. After 18 hr. the solution was diluted with 
water and a poorly crystalline mixture was separated by filtra
tion. This precipitate was dissolved in methylene chloride, 
and the resulting solution was washed with aqueous potassium 
bicarbonate, dried, and concentrated to dryness. Chromatog
raphy of the product (31 g.) on 1.7 kg. of silica gel yielded 24.2 
g. of the crude unsaturated ketone by elution with 10% ethyl 
acetate in benzene. Recrystallization from petroleum ether 
gave 6.8 g. of pure 17-methyl-18,19-dinorandrost-4,13( 17)-dien-
3-one (8), m.p. 115-118°; [«]D +51.5°; Xmal 5.97, 6.14 M; 
Xmax 238 m/<(e 17,000).

Anal. Calcd. for CigH^O: C, 84.32; H, 9.44. Found: 
C, 84.37; H, 9.31.

Ozonolysis of 2.9 g. of the olefin 8 in 250 ml. of methylene chlo
ride and 1 ml. of pyridine was effected by passing a stream of 
oxygen containing 1.1 equivalents of ozone through the solution 
cooled to —70°. Zinc dust (5 g.) and 5 ml. of acetic acid in 5 ml. 
of methylene chloride were added and the mixture was stirred in 
an ice bath for 40 min. The solution was filtered and the fil
trate was washed with aqueous potassium bicarbonate. The 
organic solvent was then removed and the resulting product 
crystallized from ether, yielding 0.70 g. of the triketone 9, m.p.
104-105°. Chromatography of the mother liquors on 110 g. of 
silica gel yielded an additional 0.50 g. of the pure triketone 9 
and 0.30 g. of starting material 8 .

l ,2,3 ,5,6,6a<*,6b/3,7 ,8,9, l l , 12,12a/3,12ba-Tetradecahydrochry- 
sen-3,9-dione (10). A. From the Triketone 9.—A solution of 
0.20 g. of the triketone 9 in 20 ml. of methanol and 2 ml. of 10% 
aqueous potassium hydroxide was heated at reflux. A precipi
tate formed quickly; after 10 min. the solution was cooled and 
filtered. The crystalline product was washed with water and 
air dried, yielding 0.17 g. of the dienedione 10, m.p. 235-240°; 
Xmax 6.00, 6.17 m; W  242 mM (e 35,600).6

B. From the Hydrolysis of the Total Reduction Product of 
Ketone 5.18—A total of 42 g. of the crude alcohol 4a, as obtained

directly from the lithium-ammonia reduction described for the 
preparation of pure 4a, was hydrolyzed with hydrochloric acid 
in methanol as described before. The product consisted mainly 
of the unsaturated ketone la. Fractional crystallization of the 
mother liquors from acetone-petroleum ether yielded 3.9 g. of 
dienedione 10, m.p. 238-240°, identical to the product preceding 
by comparison of the infrared spectra.

3-Methoxy-18-nor-o-homoestra-2,5(10)-dien-17-one (4b).— 
A solution of 1.22 g. of the alcohol 4a in 7 ml. of redistilled cyclo
hexanone and 60 ml. of toluene was dried by distillation of 10 ml. 
of solvent. To this solution was added 1.6 g. of aluminum iso- 
propoxide dissolved in 10 ml. of toluene over a 10-min. period. 
The reaction mixture was heated at reflux with stirring in a 
nitrogen atmosphere for a total of 35 min. The solution was 
cooled to 60° and 110 ml. of a saturated aqueous solution of 
Rochelle salts was added over a 10-min. period. The solution 
was then steam distilled rapidly for 90 min. A chloroform ex
tract was made, washed with water, dried, and concentrated to 
dryness. Recrystallization of the residue from acetone-petroleum 
ether yielded 0.61 g. of product, m.p. 170-176°. Further 
recrystallization from acetone provided the pure ketone 4b, 
m.p. 193-195°; M d +83°; Xmal 5.81, 5.97 n\ no selective 
ultraviolet absorption.

Anal. Calcd. for Ci9H260 2: C, 79.68; H, 9.15. Found: 
C, 79.51; H, 8.96.

3-Methoxy-18-nor-o-homoestra-l,3,5( 10)-trien-17a-ol (2a).— 
The saturated ketone 2b (1.8 g.) in 30 ml. of tetrahydrofuran was 
added to a stirred slurry of 0.5 g. of lithium aluminum hydride 
in 40 ml. of ether. After 30 min. at room temperature the solu
tion was carefully treated with water followed by aqueous 
hydrochloric acid. A benzene extract was made and washed 
twice with water. The dried solution was concentrated, yield
ing 1.8 g. of crystalline residue. Recrystallization from acetone- 
petroleum ether afforded 1.35 g. of material, m.p. 159-162°. 
The pure alcohol 2a was obtained from acetone, m.p. 162-163°; 
M d +65°; Xma*2.79M.

Anal. Calcd. for C19H26O2: C, 79.68; H, 9.15. Found: 
C, 79.79; H, 9.12.

Acetylation with acetic anhydride in pyridine at 100° for 
2 min. followed by dilution with water, filtration, and recrystal
lization from acetone gave in quantitative yield 3-methoxy-18- 
nor-D-homoestra-l,3,5(10)-trien-l7c(-ol acetate, m.p. 153-154°; 
M d +62°; Xmax 5.79 «.

Anal. Calcd. for C2iH280 3: C, 76.79; H, 8.59. Found: 
C, 76.80; H, 8.64.

3-M ethoxy-18-nor-D-homo-13<*-estra-1,3,5( 10)-trien-l 7-one
(3).—To 400 ml. of ethanol was added 5.65 g. of the ketone 5,
1.0 g. of 5% palladium on charcoal, and 2 ml. of 10% aqueous 
potassium hydroxide. The mixture was shaken in an atmos
phere of hydrogen. After 8 hr. the uptake of hydrogen ceased, 
the solution was filtered, acidified with a little acetic acid, and con
centrated to dryness. The residue was chromatographed on 
530 g. of silica. The eluates obtained with 2% ethyl acetate in 
benzene were combined and the resulting crystalline material 
(3.1 g., m.p. 134-138°) was recrystallized from petroleum ether 
(Darco) to yield the analytically pure ketone 3, m.p. 140-141°; 
M d +40°; Xmax 5.81 «. The rotatory dispersion curve showed 
a positive Cotton effect with a maximum at 305 mu ( [«]d +765°) 
at 0.101 g./lOO ml. of methanol.

Anal. Calcd. for C isH ^ : C, 80.24; H, 8.51. Found: 
C, 79.99; H, 8.65.

This material was homogeneous by paper chromatography, 
running slightly  ̂ahead of its C-13 epimer.

Semicry'stalline material, 0.65 g., was obtained by elution with 
20% ethyl acetate in benzene and was recrystallized from petro
leum ether-ether to give 0.30 g., m.p. 144-i48°. The analytical 
sample was obtained from ether; Xmax 2.89 , 5.86 n; Av 137
C.p.S. ( “COOII::)•

Anal. Calcd. for Ci9H:>40 3: C, 75.97; H, 8.05. Found: 
C, 75.57; H, 8 .12.

This material, stable to base-catalyzed dehydration, was not 
investigated further.

3-Methoxy-17«-methyl-18-nor-i)-homoestra-l ,3,5( lOj-trien- 
17-ol (11).—The saturated ketone 2b, 4.6 g., in 100 ml. of 
benzene was added over a 30-min. period to a solution of 250 ml. 
of ether containing 40 ml. of 3 M methylmagnesium bromide in 
n-butyl ether (Arapahoe Chemicals, Inc.). The solution was 
then boiled for 18 In., cooled, and treated carefully with water

(18) We wish to thank R. Dahm for his assistance with these experiments.
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and sufficient dilute hydrochloric acid to dissolve the precipi
tated salts. The solution was extracted with benzene and the 
extract was washed with aqueous potassium bicarbonate solution. 
The dried and concentrated extract yielded 4.4 g. of semicrystal
line material which was chromatographed on 300 g. of silica. 
Elution with 1% ethyl acetate in benzene yielded fractions weigh
ing 2.9 g. which were crystallized from acetone to yield 1.80 g. 
of the pure alcohol 11, m.p. 169-170°; [c*]d +53°; Xma* 2.75 
At> 73 c.p.s. (17a-CHa).

Anal. Calcd. for C20H28O2: C, 79.95; H, 9.39. Found: 
C, 79.67; H, 9.32.

Further elution of the column with 1 % ethyl acetate in benzene 
afforded first a mixture of compound 11 and then fractions 
weighing 0.61 g., recrystallized from acetone to afford 0.20 g., 
of 3-methoxy- 17/3-methyl-18-nor-D-homoestr a-1,3,5( 10 )-trien-17- 
ol (12), m.p. 160-162°; [«Id +59°; Xmax 2.74 m; At- 74 c.p.s. 
(170-CH,).

Anal. Calcd. for C20H28O2: C, 79.95; H, 9.39. Found: 
C, 79.93; H, 9.21.

This material was clearly different in its infrared spectrum 
from its epimer.

3-M ethoxy-17-methyl-18-nor-D-homo estra-1,3,5(10),16-tetra- 
ene (13) and 3-Methoxy-17-methyl-18-nor-D-homoestra-l,3,5- 
(10),17(17a)-tetraene (14).—A solution of 15 ml. of thionyl 
chloride in 40 ml. of pyridine at 5° was added to 38 g. of the total 
Grignard adduct (11,12) in 200 ml. of pyridine over a 20-min. 
period. After a total of 1 hr. the solution was diluted with 
water and then with aqueous potassium bicarbonate. The 
mixture was extracted with chloroform and the extract was 
washed witli water and with aqueous bicarbonate solution. A 
portion (5 g.) of the residue (34 g.), obtained by concentration 
of the extract, was chromatographed on 150 g. of silica. The 
first component, 0.7 g., was obtained by elution with 5% ben
zene in petroleum ether and was recrystallized from methanol 
and then from petroleum ether to yield 0.26 g. of the pure 
17(17a)-olefin 14, m.p. 112-113°; [a]D +80°; Ax 313 c.p.s. 
(C„a-H ).

Anal. Calcd. for C19H26O: C, 85.05; H, 9.28. Found: C, 
85.07; H, 9.19.

The rotation of subsequent fractions decreased indicating an 
increase in the proportion of the second isomer (13). Later 
fractions, 0.90 g., were recrystallized from petroleum ether, 
methanol, and ethanol, yielding 0.36 g. of the pure A16-olefin 13, 
m.p. 126-128°; [«]D -30°; Ax 321, 326 c.p.s. (Ci6-H).

Anal. Found: C, 84.84; H, 9.27.
In another run starting with the pure isomer 11, m.p. 169- 

170°, essentially the same procedure as before afforded 0.93 g. 
of product from 1.0 g. of starting material. This material was 
chromatographed over 70 g. of silica to effect separation of the 
olefins. Elution with 10% benzene in petroleum ether gave 
0.80 g. of the olefin (13 and 14) mixture, [a]n +15°; integration 
of the expanded n.m.r. peaks and rotational data indicated the 
presence of approximately 40% of isomer 14 and 60% of isomer
13.

3-Methoxy-17-methylene-18-nor-D-homoestra-l,3,5( 10)-tri- 
ene (15).—A stirred solution of 0.30 g. of the equatorial isomer 
12 in 20 ml. of pyridine at —5° was treated with 0.50 ml. of 
thionyl chloride. After 1 hr. the solution was poured into 
aqueous potassium bicarbonate solution and extracted with 
benzene. The extract yielded 0.27 g. of crystalline material 
which was purified on 25 g. of silica. The olefin, 0.18 g., ob
tained by elution with benzene, was recrystallized from aqueous 
methanol to yield 0.12 g. of the tetraene 15, m.p. 112-114°; 
Ax 278 c.p.s. (C„=CH2).

Anal. Calcd. for CWHWM/I H20 : C, 83.72; H, 9.31. 
Found: C, 83.52, 83.37, 83.52; H, 8.99, 8.92, 10.01.

This compound, homogeneous by paper chromatography, 
sublimed to an oil on drying.

The mother liquors contained olefins 13 and 14, as indicated 
by n.m.r.

Acid-Catalyzed Isomerization of the Olefin Mixture (13 
and 14).—The olefin mixture (0.65 g., [a]B +26°) was dis
solved in 50 ml. of benzene containing 0.10 g. of p-toluenesulfonic 
acid. The stirred solution was distilled slowly, portions being 
withdrawn at intervals. The rotation was seen to drop rapidly 
to —14° within 1 hr. and then remained unchanged. The 
product was isolated by washing the benzene solution with 
aqueous potassium bicarbonate, drying over anhydrous mag
nesium sulfate, and concentrating to dryness under reduced 
pressure. One portion, 0.36 g., on recrystallization from ether-

methanol gave 0.20 g. of the olefin 13, m.p. 126-128°; [a]n —26°;
n.m.r. showed a small amount of the isomer 14 as contaminant.

3-M ethoxy-18-nor-D -hom oestra-l,3 ,5(10)-trien-17a:-ol Sulfite 
(2a Sulfite).—The alcohol 2a (1.5 g.) dissolved in 20 ml. of pyri
dine was cooled to —15° and to this stirred solution was added
1.0 ml. of thionyl chloride in 10 ml. of pyridine over a 2-min. 
period. After 30 min. the solution was poured onto an iced 
aqueous potassium bicarbonate solution. The resulting precipi
tate, 0.75 g., m.p. 215-218°, on recrystallization from methylene 
chloride-methanol showred no change in melting point; XmBI 
7.39, 8.32 n (sulfite bands).

Anal. Calcd. for CaaHsoCLS: C, 73.75; H, 8.14; S, 5.18. 
Found: C, 73.92; H, 8.43; S, 5.31.

An additional 0.30 g. of sulfite, m.p. 213-216°, was obtained 
from the mother liquors. Incompleteness of reaction was evi
denced by appearance of a hydroxyl band (starting material) in 
the infrared spectrum of the mother liquors.

The sulfite was stable to boiling pyridine for 20 hr. and to 
boiling in 1% potassium hydroxide in aqueous dioxane for 24 hr.

Treatment of 0.30 g. of the sulfite in 3 ml. of acetic acid and 
0.1 ml. of 70% perchloric acid at 100° for 25 min., yielded, after 
dilution with water and ether extraction, 0.25 g. of a crystalline 
solid. Recrystallization from methanol gave 0.12 g. of the 
C-17 acetate of alcohol 2a, m.p. 152-153°, identical in the infra
red to an authentic sample.

3-M ethoxy-18-nor-D-homo estra- l,3,5(10),16-tetraene (17). —
The sulfite (0.7 g.) was distilled at 1 mm., 230-260°, yielding 
0.60 g. of a crystalline product which was chromatographed on 
20 g. of silica. Elution with 50% benzene-petroleum ether 
gave 0.32 g. of a mixture of two olefins; the n.m.r. spectra of 
this material show'ed it to consist of one-third of the 17(17a)- 
olefin (333 c.p.s.) and two-thirds of the C-16 olefin 17 (340, 343 
c.p.s.). Recrystallization from methanol afforded 0.18 g. of 
the tetraene 17, m.p. 114-117°; [a]D —10°; Ax 340, 343 c.p.s.

Anal. Calcd. for C19H24O: C, 85.02; H, 9.01. Found: C, 
85.26; H, 9.13.

Eluted after 100% benzene wras a second crystalline material 
(0.30 g.), recrystallized from acetone-petroleum ether to provide 
0.20 g. of the alcohol 2a, m.p. 157-159° (identical by infrared).

3-Methoxy-17-methyl-18-nor-D-homoestra-l,3,5(10)-trien- 
16f,l7S-diol (16).—To a solution of 0.30 g. of the olefin 13, 
([<*]d —30°) in 20 ml. of ether was added 0.27 g. of osmium 
tetroxide. After 2 hr. at room temperature the solution was 
diluted with 30 ml. of ethanol and a solution of 2 g. of sodium 
sulfite in 4 ml. of water. The mixture was then heated at reflux 
for 1 hr. The mixture wTas filtered, washing the filter cake 
generously with hot ethanol. The combined filtrates were con
centrated to a small volume, diluted with water, and extracted 
with chloroform. The extract, washed with water and dried 
over anhydrous magnesium sulfate, was concentrated to dryness 
yielding 0.30 g. of a crystalline mixture. Recrystallization 
from acetone- petroleum ether yielded the pure glycol 16, solvated 
with a half mole of acetone, m.p. 170-173°; A™r 2.90 ¿1.

Anal. Calcd. for C2oH2803- l /2C3HeO: C, 74.74; H, 9.04. 
Found: C, 74.99; H, 8.90.

l/3-Formylmethyl-2a-acetonyl-l,2,3,4,4aa,9,10,10a£l-octahy- 
drophenanthren-7-ol 7-methyl Ether (18). A. By Cleavage of 
the Diol 16.—A solution of 8.30 g. of periodic acid dihydrate in 
40 ml. of water and 9.85 g. of glycol 16 in 300 ml. of methanol 
and 40 ml. of pyridine were mixed at 5°. The mixture was then 
removed from the cooling bath and allowed to stand at room 
temperature for 1 hr. The solution was diluted with 100 ml. 
of water and the resulting product filtered, yielding 5.10 g. of 
ketoaldehyde 18, m.p. 136-139°, and 3.25 g., m.p. 127-133°. 
Recrystallization from benzene-petroleum ether gave the ana
lytically pure ketoaldehvde 18, m.p. 143-143.5°; Ama* 3.67,
5.83 ju*

Anal. Calcd. for CjoHjeOn: C, 76.40; H, 8.34. Found: 
C, 76.61; H, 8.27.

B. By Ozonolysis of the Olefin 13.—A solution of 0.56 g. of 
the olefin 13 in 50 ml. of methylene chloride and 50 ml. of meth
anol at —70° was treated with a stream of oxygen containing 
ozone. When the effluent gases show'ed a sharp increase in 
ozone concentration (after absorption of roughly 1 equivalent), 
the solution was removed from the stream of ozone, and treated 
with 5 g. of zinc dust and 5 ml. of acetic acid in 5 ml. of methylene 
chloride. The mixture was stirred at 0° for 20 min., was filtered, 
and was diluted with water. The layers were separated, the 
organic layer being washed again with water and with aqueous 
sodium bicarbonate. The dried extract was concentrated to
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dryness leaving a crystalline residue. Recrystallization from 
benzene-petroleum ether afforded 0.36 g. of the ketoaldehyde 18, 
m.p. 135-139°, identical to the compound obtained previously by 
comparison of infrared spectra.

3-Methoxy-17-acetyl-18-norestra-l,3,5(10),16-tetraene (20). 
A. From the Ketoaldehyde 18.—Potassium hydroxide (15.6 g.) 
and the ketoaldehyde 18 (26.0 g.) were added to 780 ml. of 
water. The flask was then evacuated and about 30 ml. of water 
was distilled. The mixture was then heated at reflux in a 
nitrogen atmosphere with stirring for a total of 5 hr. The 
material in the flask quickly changed to an oil and then slowly 
began to crystallize. The solution was cooled, was treated with 
excess acetic acid, and was filtered with a generous water wash. 
The air-dried material, 24.0 g., was chromatographed on 450 g. 
of acid-washed alumina. A total of 13.4 g. of material, eluted 
with 50% benzene-petroleum ether, was recrystallized from 
methanol to yield 7.6 g. of product, m.p. 166-169°, and 4.55 g., 
m.p. 163-168°. Recrystallization of a portion of this material 
led to a pure sample of 20, m.p. 168-169°; [a]D +112°; Xmal
5.99 /¿; Xmax 231 mu (e 13,900).

Anal. Calcd. for C20H25O2: C, 81.04; H, 8.16. Found: 
C, 81.08; H, 8.31.

Following elution of 5.8 g. of semicrystalline mixture with 10% 
ethyl acetate in benzene there was obtained 3.7 g. of crystalline 
material by washing the column with ethyl acetate. Recrystal
lization from acetone-petroleum ether provided 1.45 g. of 
material, m.p. 169-173°. Pure 3-methoxy-17|-acetyl-18-nor- 
estra-1,3,5( 10)-trien-16+ol (19) was obtained by recrystallization 
from acetone-ether, m.p. 172-174°; [« ] d  +64°; X̂ “( 2.90,
5.98 ju.

Anal. Calcd. for C2oH2e03: C, 76.40; H, 8.34. Found: 
C, 76.39; H, 8.11.

B. From the Hydroxy Ketone 19.—A solution of 0.10 g. of
the hydroxy ketone 19 and 30 ml. of dioxane containing 5 ml. of 
10% aqueous potassium hydroxide was heated at reflux under 
nitrogen for 29 hr. The solution was cooled and diluted with 
water yielding 90 mg. of crystals. These were dissolved in 
benzene and chromatographed on 10 g. of silica. Crystalline 
material (80 mg.), eluted at 5% ethyl acetate in benzene, was re
crystallized from methanol to give 40 mg. of the unsaturated 
ketone 20, m.p. 161-164°, identical in the infrared to the pre
viously obtained material.

This dehydration was also effected by heating at reflux for 7 hr. 
a solution of 0.31 g. of the hydroxy ketone 19,1 g. of benzoic acid, 
and 0.875 ml. of triethylamine. Isolation of the product by 
ether extraction and chromatography yielded 0.11 g. of the un
saturated ketone 20 and 0.15 g. of starting material 19. Partial 
dehydration could also be effected by sublimation.

3-M ethoxy-17-acetyl-l 8-norestra-l ,3,5( 10 )-trien-20-one (21). 
A solution of 0.175 g. of the unsaturated ketone 20 in 30 ml. of 
ethanol containing 0.40 g. of 5% palladium on charcoal was 
stirred in an atmosphere of hydrogen. One equivalent of 
hydrogen was taken up in 15 min. The catalyst was filtered and 
the solution was concentrated to dryness. The product was 
recrystallized from petroleum ether, yielding 55 mg. of pure 
saturated ketone 21, m.p. 125-126°; Xma, 5.86 a-

Anal. Calcd. for C20H26O2: C, 80.49; H, 8.78. Found: 
C, 80.47; H, 8.81.

This material was identical in the infrared to a sample of the 
¿¿-material.14’15
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The thermal decomposition of l,2,5,6-tetrabromo-3,4,7,8-dibenzotricyclo[4.2.0.02’5]oetadiene (I) yields not
5,10-dibromobenzo[6]biphenylene (II), as previously believed, but rather 5,10-dibromo-7H-indeno[2,l-aTndene
(VI). The proof of structure of VI is described, and the mechanism of its formation from I is discussed. Spec
tral evidence confirming the structure of I is presented.

The reaction of excess potassium f-butoxide with 
a,a,a',a'-tetrabromo-o-xylene has been reported to 
give a mixture of the colorless 1,2,5,6-tetrabromo-
3,4,7,8-dibenzotricyclo[4.2.0.02-5]octadiene (I, m.p. 
214°) and the yellow 5,10-dibromobenzo[6]biphenylene 
(II, m.p. 222-223°). Structure I was assigned to the 
colorless tetrabromide on the basis of two reactions: 
(1) catalytic reduction of I gave 1,2,5,6-dibenzocyclo- 
octadiene (III) in high yield, and (2) dibromide II was 
formed in 35.8% yield when tetrabromide I was re
fluxed in ethanolic sodium iodide solution for two 
weeks.1 More recently, the direct thermal conversion 
of I into II by refluxing a solution of I in o-dichloro- 
benzene for four hours has been claimed.2 The product 
from this reaction was described as orange-brown 
needles, m.p. 222-223°.

Since it has been found that the hydrocarbon 3,4,7,8- 
dibenzotricyclo[4.2.0.02’6]octadiene (IV) forms an ad
duct (V) with X-phenylmaleimide at moderate tempera
tures,3'4 we investigated the reaction of this dienophile

(1) F . R . Jensen and W. E . Coleman, T e t r a h e d r o n  L e t t e r s ,  No. 20, 7
(1959).

(2) W. Baker, J . W . B arton , J . F . W. M cOmie, and  R . J . G. Searle, J .  

C h e m .  S o c . ,  2633 (1962).
(3) M. P . C ava and R. Pohlke, J .  O r g .  C h e m . ,  28, 1012 (1963).
(4) M. Avram, I. G. Dinulescu, D. Dinu, G. M ateescu, and C. D. Nenit-

zescu, T e t r e h e d r o n ,  19, 309 (1963).

with tetrabromide I in nitrobenzene at 200°. No 
Diels-AIder adduct was obtained, but a brown crystal
line substance, C16H8Br2, m.p. 222-225°, was isolated 
in 64% yield. This compound was not identical with 
yellow dibromide II by the criteria of mixture melting 
point and infrared comparison; we have assigned to 
it the structure of 5,10-dibromo-7i/-indeno[2,l-a]- 
indene (VI). The same brown dibromide VI, in im
pure form, was the only product isolable by us from 
attempts to reproduce the reported conversions of I 
into biphenylene I I 1'2; however, when a little phenol 
was added to scavenge the elemental bromine which 
was otherwise present, the pyrolysis of I in o-dichloro- 
benzene proceeded very cleanly, giving pure VI in 
92% yield.

As expected on the basis of the assigned structure, 
dibromide VI shows a marked similarity to the known 
dichloro analog (VII)66 in both its infrared and ultra
violet absorbtion spectra (see Experimental section). 
Furthermore, like VII, VI was reduced catalytically 
by palladium on charcoal in the presence of triethyl
amine to give 46,5,96,10-tetrahydro-777-indeno [2,1-a]- 
indene (VIII)7 in high yield. Finally, dibromide VI

(5) K. Brand and K. O. M üller, B e r . ,  55, 001 (1922).
(6) S. W awzonek, J .  A m .  C h e m .  S o c . ,  62, 745 (1940).
(7) C. T. Blood and R. P. Linstead, J .  C h e m .  S o c . ,  2263 (1952).
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was synthesized from hydrocarbon VIII (15% over-all 
yield) by reaction of VIII with M-bromosuccinimide, 
followed by treatment of the crude bromination product 
with sodium acetate.

The mechanism of the pyrolytic formation of VI 
from I deserves some comment. It seems likely that, 
by analogy with the behavior of the parent hydro
carbon (IV),8'9 tetrabromide I may decompose thermally 
to a cyclooctatetraene derivative (IX). In the case of 
the open tetrabromide (IX), all four bromines are 
forced into very close proximity with each other due to 
the tub structure of the central ring; indeed, it is im
possible to construct a molecular model (Leybold type) 
of IX because of this proximity effect. Steric factors 
may, therefore, favor a decoupling of the ^-electrons of 
the central bonds of IX and rearrangement to the 
diradical X. The diradical would then afford the ob
served product VI and elemental bromine. The forma
tion of free bromine during the pyrolysis of I in o-

(8) M . A v ram , D . D in u , and C . D . Nenitzescu, Chem. Ind. (London), 
257 (1959).

(9) M . A vram , I ) .  D inu , G . Mateescu, and C . D . Nenitzescu, Chem. Ber.,
93, 1789 (1960).

dichlorobenzene may be observed visually. The forma
tion of a central pentalane nucleus in the pyrolysis of a 
dibenzocyclooctatetraene is not without analogy: 
hydrocarbon XI has been found to be one of the thermal 
decarboxylation products of diacid X II.10

The finding that the alledged conversion of tetra
bromide I into biphenylene II does not occur con
siderably weakens the structure proof of I. However, 
the catalytic reduction of I to octadiene III ,1 which 
we have confirmed, eliminates the pentalane structure 
XIII and leaves only the octatetraene IX and the 
syn and anti isomers la  and lb for possible considera
tion. In both structures la  and IX the aromatic 
rings lie over each other, and the protons of each ring 
should be shielded by 7r-electrons of the overlying ring. 
This effect is clearly discernible in the n.m.r. spectrum 
(deuteriochloroform solution) of the model compound, 
dibenzocyclooctatetraene (XIV), which shows aromatic 
protons shifted upheld to 2.92 r. In contrast, the 
unshielded aromatic protons of dibenzotricycloocta- 
diene (IV), which is known to possess the anti conhgura-

(10) L . F .  F ieser and M . M . Pecliet, J. Am. Chem. Soc., 68, 2577 (1946).
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tion,11 appear at 2.72 r. This value is almost identical 
with that (2.75 t )  found for the protons of tetrabromide
l, which, therefore, most likely has the anti configura
tion lb. Final confirmation of this structure must 
await the results of an X-ray crystallographic analysis 
of I which is now in progress.

In conclusion, the reported conversions of tetra
bromide I into biphenylene II appear to be in error, the 
actual transformation product of I being pentalene 
derivative VI. It must be emphasized, however, that 
the results reported here cast no doubt on the constitu
tion of authentic biphenylene II as obtained by the 
potassium f-butoxide transformation of a,a,a',a'- 
tetrabromo-o-xylene.

Experimental12
Attempted Preparation of a Diels-Alder Adduct from Tetra

bromide I. — 1,2,5,6 - Tetrabromo - 3,4,7,8 - dibenzotricyclo- 
[4.2.0.02’5]octa-3,7-diene (I, 520 mg., 1 mmole) was heated with 
800 mg. (4.6 mmoles) of iV-phenylmaleimide in 20 ml. of nitro
benzene at 200° for 2-3 min. The reaction mixture was allowed 
to cool slowly to room temperature and was then passed through 
a short column of grade III neutral alumina. Vacuum evapora
tion of the resulting solution gave a brown residue which was re- 
crystallized from ethanol to give 230 mg. (64%) of 5,10-dibromo- 
7IT-indeno[2,l-a]mdene (VI), brown crystals, m.p. 222-225° 
dec.; the infrared and ultraviolet spectra of the product were 
identical with those of a sample prepared from 46,5,95,10-tetra- 
hydro-7I?-indeno[2,l-o]indene (VIII —► VI).

Dehalogenation of Tetrabromide I with Sodium Iodide.—A 
solution of 520 mg. (1 mmole) of tetrabromide I and 500 mg. 
(3.33 mmoles) of sodium iodide in 25 ml. of ethanol was refluxed 
for 17 days. The reaction mixture was evaporated to dryness 
in vacuo, and the residue was extracted with 1:5 benzene-cyclo
hexane. The residue was worked up to give 348 mg. of starting 
material. The benzene-cyclohexane extract was washed with 
5% aqueous sodium bisulfite, dried over magnesium sulfate, and 
subjected to chromatography on a column (2 X 30 cm.) of grade 
I neutral alumina (Woelm) with 1:5 benzene-cyclohexane to 
give two fractions: (A) 750 ml., containing 78 mg. of starting
material; and (B) 900 ml., containing 25.2 mg. (38.4% based on 
unrecovered starting material) of virtually pure 5,10-dibromo- 
7i7-indeno[2,l-a'indene (VI), which was crystallized once 
from absolute ethanol to give the pure product, m.p. 222-223°; 
the infrared spectrum of the pure material was identical with 
that of the sample isolated from the attempted Diels-Alder 
reaction (see preceding) and also with that of the sample prepared 
from 45,5,96,10-tetrahydro-7.ff-indeno[2,l-a]indene (VIII -*• VI, 
see following).

Preparation of 5,10-Dibromo-7Ii-mdeno[2,l-a]indene (VI). 
A. By Thermolysis of Tetrabromide I.—A solution of 0.5 g. 
tetrabromide I in 50 ml. of o-dichlorobenzene was refluxed for 4 
hr., cooled, and mixed with ca. 50 ml. of ether. The resulting 
solution was washed with water, 5% aqueous sodium bicarbonate, 
and 5% aqueous sodium bisulfite; it was dried over magnesium 
sulfate and evaporated to dryness in vacuo. The residue was 
taken up in 50 ml. of 1:5 benzene-cyclohexane and chromato
graphed with the same solvent on a column (4 X 20 cm.) of 
grade I neutral alumina (Woelm) to give fractions: (A) 450 ml.,
containing 35 mg. of crude starting material; (B) 500ml., 24 mg. 
of VI, m.p. 205-206° (from ethanol); (C) 900 ml., 51 mg. of VI,
m. p. 210-213°; (D) 400 ml., 55 mg. of VI, m.p. 180-185°;
(E) 500 ml.; and (F) 350 ml. which were combined to give 70 
mg. of VI, m.p. 176-18°. The yield of VI was 200 mg. (48%).

(11) G. W . Griffin and D. F . Yeber, C h e m .  I n d . (London), 1162 (1961).
(12) Analyses were perform ed by  A. B ernhardt, M ülheim . M elting

points are uncorrected.

Infrared analysis of samples A through F showed the presence of a 
small amount of impurity (not 5,10-dibromobenzo[6]biphenyl- 
ene).

The thermolysis of tetrabromide I under the same conditions 
described earlier, but in the presence of 200 mg. of phenol (bro
mine scavenger), gave 333 mg. (92%) of virtually pure 5,10- 
dibromo-7I7-indeno[2,l-a]indene (VI), m.p. 218-221° (from 
benzene-methanol).

B. From 45,5,95,10-Tetrahydro-7.fl'-indeno[2,l-a]indene.—
A solution of 103 mg. (0.5 mmole) of 45,5,95,10-tetrahydro-7H- 
indeno[2,l-a]indene (VIII)1 in 10 ml. of carbon tetrachloride 
was refluxed with 356 mg. (2 mmoles) of V-bromosuccinimide 
while a solution of 50 mg. of benzoyl peroxide in 10 ml. of 1:4 
chloroform-carbon tetrachloride was added slowly from a Hersh- 
berg dropping funnel. When all of the peroxide solution had 
been added (3 hr.), the reaction mixture was cooled, filtered, and 
the filtrate was evaporated to an oil. The oil was mixed with 1.0 
g. of Bodium acetate and ca. 25 ml. of absolute ethanol and the 
resulting suspension was refluxed for 3 hr. The reaction mixture 
was evaporated to dryness in vacuo, the residue was extracted 
with 1 :5 benzene-cyclohexane, and the extract was chromato
graphed on a column (40 mm. X 20 cm.) of grade I neutral 
alumina (Woelm). The eluate containing the first brown zone to 
leave the column was collected and evaporated to dryness; 
the residue was recrystallized from absolute ethanol to give 26 
mg. (15%, based on VIII) of 5,10-dibromo-7/i-indeno[2,l-:i]- 
indene (VI), m.p. 215-218°.

Anal. Calcd. for Ci6H18Br2: C, 53.57; H, 2.24; Br, 44.39. 
Found: C, 53.29; H, 2.38; Br, 44.55.

The spectral properties of dibromide VI, i.e., its absorption in 
the ultraviolet [A**““  278 m«, log « 4.70; 379 (3.84); 402
(4.16); 428 (4.47)] and its infrared absorption F“ ' 6.19,
6.26, 6.34 (w); 7.03 (s); 7.49 (w); 8.32, 10.5, 13.5 « (s)],
compare favorably with those of the known dichloro analog
(VII),5'6 i.e., in the ultraviolet 273 me, log c 4.74; 382
(3.83); 397 (4.22); 423 (4.33)] and in the infrared F“ r 6.19,
6.27, 6.35 (w); 7.04 (m); 8.26, 10.3, 13.5 m (s)].

Hydrogenolysis of 5,10-Dibromo-7//-indeno[2,l-a]indene (VI).
—A suspension of 280 mg. (0.778 mmole) of dibromide VI in 5.0 
ml. of triethylamine was hydrogenated at atmospheric pressure in 
the presence of 5% palladium on charcoal. The reaction mix
ture consumed 54.3 ml. (STP) of hydrogen, out of an expected
66.4 ml. (STP). The reaction was filtered, the filtrate was 
poured into water, and the resulting suspension was extracted 
with benzene. Chromatography of the benzene extract on grade 
I neutral alumina (Woelm) gave 151 mg. (94%) of 45,5,95,10- 
tetrahydro-7ii-indene[2,l-o]indene, m.p. 104-105°, identical 
in its melting point and infrared spectrum with an authentic 
sample.7

Hydrogenolysis of Tetrabromide I.—A suspension of 200 mg. 
(0.384 mmole) of l,2,5,6-tetrabromo-3,4,7,8-dibenzotricyclo- 
[4.2.0.02’5]octa-3,7-diene (I) in 30 ml. of 2% ethanolic triethyl
amine was hydrogenated at atmospheric pressure in the presence 
of 100 mg. of 10% palladium on charcoal for 1.5 hr. The re
action mixture absorbed 51.4 ml. (STP) of hydrogen which is 
99% of the theoretical volume (6 moles of hydrogen per mole of 
tetrabromide). The reaction mixture was filtered, the filtrate 
was poured into water, and the resulting suspension was extracted 
with petroleum ether (b.p. 30-60°). The extract was passed 
through a short column of grade I neutral alumina and the 
eluate was evaporated to dryness in vacuo to give 78 mg. (97%) 
of dibenzo[o,e]cyclooctadiene (III), identical in its melting 
point and infrared spectrum with an authentic sample.13
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(13) M . P. C ava and  A. A. Deana, J .  A m .  C h e m .  S o c . ,  81, 4266 (1959).
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p-Polyphenyl containing a small amount of chlorine was prepared from benzene under mild conditions by 
treatment with ferric chloride. The polymer was identified by elemental analyses, infrared spectrum, X-ray 
diffraction pattern, pyrolysis products, and oxidative degradation. A minor amount of structural irregularity 
was indicated by the pyrolysis studies. The benzene-ferric chloride reaction also yielded a very small quan
tity of low molecular weight product composed mainly of chlorobenzene and 4,4 '-dichlorobiphenyl. The oxi
dative cationic mechanism for the polymerization is supported by the finding that ferric chloride easily con
verts 1,4-eyclohexadiene to benzene. The initially formed p-polyphenyl is readily transformed during reaction 
to a polymer possessing a darker color and a higher C/(H +  Cl) atomic ratio.

Recently it was shown that the aromatic nucleus can 
function as a monomer in polymerizations leading to 
homopolymers.2 For example, benzene was trans
formed in a simple, one-step procedure to p-polyphenyl 
by treatment with either aluminum chloride-cupric 
chloride2-3 or molybdenum pentachloride.4 Except 
for the synthesis of impure p-polyphenyl from poly-1,3- 
cyclohexadiene,5 previous attempts to prepare a highly 
homogeneous polyphenyl by classical methods have 
been unsuccessful. The pertinent literature has been 
summarized recently.3-4

We have found that when benzene is allowed to 
react with a 1:1 molhr ratio of ferric chloride-water 
for very short periods at about 70°, p-polyphenyl 
which contains a small amount of chlorine is formed 
(Table I). Since hydrogen chloride and ferrous 
chloride are also generated, the reaction apparently 
proceeds as indicated. .

+  2nFeCl2 +  2tiHC1
2nFeC)3

The structure of the rust-colored product was derived 
primarily from elemental analyses, infrared spectrum, 
X-ray diffraction pattern, pyrolysis products, and 
oxidative degradation. The polymer possessed a 
C/(H +  Cl) atomic ratio of 1.51, in good agreement 
with the limiting theoretical value of 1.5 for poly
phenyl.

T a b l e  I
P o l y m e r s  f r o m  B e n z e n e - F e r r ic  C h l o r id e - W a t e r

-—------- - -P o lym er—*-------
H,0/- C /-
FeCh, (H +  Cl),
m olar T  ime, Temp., Yield, — %— atom ic
ratio min. °c. g- C H Cl ratio
1.0 0.5 70 ±  2 3.9 88.38 4.69 6.00 1.51
1 .0“ 120 70 ±  8 8.1 84.23 3.43 11.35 1.87
0 .26 120 80 ± 2 4.2 82.74 2.42 13.50 2.46
“ See the Btandard procedure. 6 Ref. 11.

In the infrared spectrum, a strong band occurred at 
807 cm.-1 characteristic of para-substitution. Other 
absorption maxima were situated at 1001 cm.-1 
(para) and 1481 cm.-1 (C=C skeletel in-plane vibra-

(1) P aper IV  in the  series, Polym erization of A rom atic Nuclei; from the 
forthcom ing Ph.D . thesis of F. W. Koch.

(2) P . Kovacic and A. K yriakis, T e t r a h e d r o n  L e t t e r s ,  467 (1962).
(3) P. Kovacic and  A. K yriakis, J .  A m .  C h e m .  S o c . ,  85, 454 (1963).
(4) P. Kovacic and  R. M. Lange, J .  O r g .  C h e m . ,  28, 968 (1963).
(5) O. 8. M arvel and G. E. H artzell, J .  A m .  C h e m .  S o c . ,  81, 448 (1959).

tions). In addition, diffuse bands were detected at 
767, 1095, and 1400 cm.-1.

The X-ray diffraction pattern, which established the 
crystallinity of the polymer, gave d-spacings of 4.48, 
3.82, 3.16, 7.96, and 2.07 A., in decreasing order of in
tensity. These d-spacings correspond closely to the 
values reported for p-quaterphenyl: 4.49, 3.83, 2.04, 
3.14, and 1.76 A., in decreasing order of intensity.4 
The most intense d-spacing of 4.48 A. corresponds to 
the distance of 4.5 A. reported to be the length of a 
phenyl unit.5-6 The X-ray data provide support for 
the thesis that the rings are essentially co-planar (as 
in the lower p-polyphenyls6) and that the structure is 
predominantly para.5

Pyrolysis of the polymer in vacuo at 750-800° gave a 
sublimate in addition to residual material resembling 
carbon black. The sublimed product contained bi
phenyl, low molecular weight p-polyphenyls including 
terphenyl, quaterphenyl, and quinquephenyl, in addi
tion to uncharacterized higher molecular weight sub
stances. Identification was accomplished by compari
son of the melting points and the infrared and ultra
violet spectra with those of the authentic materials. 
Gas chromatographic analysis of the unpurified ter
phenyl revealed the presence of 10-15% of m-terphenyl. 
The meta isomer might arise from rearrangement7-8 
during pyrolysis, or from a small amount of irregular 
structure in the polymer, such as meta-linkages, poly
phenyl branches or cross links. The occurrence of a 
minor amount of p-chlorobiphenyl in the sublimate 
provides information concerning the terminal structure 
of the chains.

Chromic acid oxidation of the polymer yielded 
terephthalic acid, 4,4'-biphenyIdicarboxylic acid, p- 
chlorobenzoic acid, and unidentified acidic products. 
The dicarboxylic acids were characterized in the form 
of their dimethyl esters. It is reasonable to conclude 
that the terephthalic acid is derived from p-terphenyl 
units in the polymer chain, the 4,4'-biphenyldicarboxylic 
acid from p-quaterphenyl units, and the p-chlorobenzoic 
acid from end-group structures. The absence of iso
meric benzenedicarboxylic acids was established by 
gas chromatographic and infrared analysis of the un
purified dimethyl terephthalate.

Attention was also given to the low molecular 
weight products formed in the reaction. The benzene

(6) L. W. P ickett, P r o c .  R o y a l  S o c .  (London), 142A, 333 (1933); J .  A m .  

C h e m .  S o c . .  58, 2299 (1930).
(7) E . I i. Sm ith, Polyphenyls: L iterature  Search, U. S. A tom ic E nergy 

Commission, ER-8098, 1956.
(8) L. Silverman, e t  a l ., NAA-SR-1203, N orth  A m erican A viation, Inc.. 

1955.
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filtrate from the reaction mixture contained very small 
amounts of a gross mixture. In addition to chloro
benzene which was the major component, 4,4'-di- 
chlorobiphenyl was isolated by gas chromatography, 
and its identity revealed by comparison with authentic 
material. The biphenyl derivative can be considered 
to represent the dimer stage of the polymerization. 
Since ferric chloride readily chlorinates aromatic com
pounds, the presence of the chlorine substituents is 
understandable.9 Solvent extraction studies demon
strated the essential absence of low molecular weight 
extractable material in the polymer. Unfortunately, 
the high insolubility of the product prevents molecular 
weight determination by colligative or light scattering 
techniques. However, the position of the principal 
para-band and the absence of fine structure in the 
infrared spectrum indicate that the molecular weight 
is higher than that of the p-polyphenvl synthesized 
from poly-1,3-cyclohexadiene.36

The extreme insolubility and good thermal stability 
of the polymer are characteristic of p-polyphenyl.35 
After one-half hour in air at 450°, there was a weight 
loss of only 16%. In summary of the data relevant 
to the polymer configuration, the infrared and X-ray 
diffraction studies, pyrolysis products, and oxidative 
degradation point to a predominantly para-structure. 
However, thermal degradation also indicates a minor 
amount of irregularity, presumably brandling or cross- 
linking. On the basis of the experimental evidence, 
one may conclude that the polymer obtained with ferric 
chloride is very similar to the p-polyphenyl synthesized 
by the cupric chloride-aluminum chloride2 3 or the 
molybdenum pentachloride method.4

The concept of oxidative cationic polymerization 
provides a plausible interpretation of the reaction.

FeCl3 +  H20 W H20  • • >  FeCh W H+FeCl3(OH)-

Except for the oxidative aspect, the scheme closely 
resembles the generally accepted interpretation for 
olefin polymerization catalyzed by Lewis acids.10 
The necessity of a Bronsted acid cocatalyst in order for 
polymerization to occur has been demonstrated pre
viously.11 Presumably, ferric chloride functions both 
as the catalyst and oxidant. In order to test the hy
pothesis that cyclohexadiene units are converted to 
aromatic structures during the reaction, the dehydro
genation of 1,4-eyclohexadiene by ferric chloride was 
investigated. Reaction was found to occur readily 
with formation of benzene. The chlorine content of

(9) P. Kovaeie, C. Wu, and R. W. S tew art, J .  A m .  C h e m .  S o c . ,  82, 1917
(1960); P. Kovacic and N. O. Brace, i b i d . ,  76, 5491 (1954).

(10) See ref. 3 for leading references.
(11) P. Kovacic and C. Wu, J .  P o l y m e r  S c i . ,  47, 45 (i960).

the polymer might arise from nuclear chlorination by 
ferric chloride or from chain termination by chloride.

Alternative hypotheses should also be considered. 
For example, one-electron reduction of ferric chloride 
could conceivably provide a radical-carbonium ion12 
(I) as the initiating species.

I

Unless rhe polymerization conditions are carefully 
controlled, a product is obtained possessing a darker 
color and a C/(H +  Cl) atomic ratio greater than 1.5. 
Higher temperatures and increased reaction times 
favor the subsequent transformation which presumably 
involves tne conversion of p-polyphenyl to a polymer 
containing polynuclear structures (Table I). The in
crease in the atomic ratio is accompanied by a corre
sponding rise in chlorine content. The close similarity 
of the infrared spectra for the polymers of varying 
C/(H +  Cl) atomic ratio supports the contention that 
chlorinated polynuclear structures are present in the 
high ratio polymers. It is significant that the brown- 
black product is more susceptible to oxidative thermal 
degradation than is p-polyphenyl (Table II). The

T a b l e  II
T h e r m a l  a n d  O x i d a t iv e  S t a b i l i t y  o f  B e n z e n e  P o l y m e r s

—W t. loss, % ■

Tem p.,
°C . Polypheny!'1

C hlorinated
p-polyphenyP

Polynuclear
polymer"

350 0.49 0.35 2.08
400 0.99 0.94 4.88
450 16.15 2.70 56.89
500 55.50 15.55 95.59
550 97.0 73.0
600 100 99.9

“ C ,88.38%; H,4.69%; Cl,6.00%; C/(H +  Cl),atombratio 
1.51. 4 C, 72.40%; H, 3.54%; Cl, 23.60%; C/(H +  Cl), 
atomic ratio 1.47. c C, 75.05%; H, 1.96%; Cl, 20.15%; C/- 
(H +  Cl), atomic ratio 2.45; from C6H612 molesf-FeCh (1 mole) 
at reflux for 28 hr.

presence of polynuclear structures would be expected 
to darken the color and make the polymer more sus
ceptible to oxidative and substitutive attack. Since 
the p-polyphenyl obtained with ferric chloride is darker 
in color and undergoes oxidative thermal degradation 
more readily than the product from aluminum chloride- 
cupric chloride,3 it very likely contains a minor amount 
of polynuclear structure. The possible presence of 
trace amounts of metal catalyst complicates rationaliza
tion of the data on oxidative thermal stability.

Several interpretations come to mind relative to the 
subsequent transformation: (1) the direct linking of 
individual p-polyphenyl chains, and (2) a reaction of 
the polymer with benzene-ferric chloride leading to 
polynuclear structures. Item 1 appears unlikely 
since attempts to cross link p-polyphenyl by treatment 
with ferric chloride in liquid media were unsuccessful. 
Although there was a drastic rise in chlorine content 
due to chlorination by ferric chloride, the C/(H +  Cl) 
ratio did not increase (Table III).

(12) W. Aalbersberg, J . Gaaf, and 15- L. M ackor, J .  C h e m .  S e e . ,  905
(1961).



18 6 6 K o v a c ic  a n d  K och V o l . 2 8

T a b l e  III
P - P o l y f h e n y l - F e r r i c  C h l o r i d e

p-Polyphenyl, -—...... —'Polymer product

Solvent G.
C/H atomic 

ratio
H20/FeCl3,

molar
Time,

hr.
Yield,

g. C
-------%-----------

H Cl
C/(H + Cl), 
atomic ratio

ii-CsHls 114 1.42 0 9 6.3 79.31 4.88 9.86 1.28
n-CgHis 114 1.42 0.5 9 4.8 73.29 3.74 18.55 1.43
o-C6H4C12 147 1.50 0.5 6 4.8 72.40 3.54 23.60 1.45
o-C6H4C12 147 1.50 0 9 4.8 79.19 4.00 15.59 1.4.8
HsP 0 4 (85%.) +  P20 5 115 +  27.4 1.53 9 4.9 85.02 4.89 7.60 1.40
SnCl4 260 1.53 0 14 5.4 75. .10 4.00 18.69 1.38

Furthermore, there is positive evidence in support of 
the second interpretation. p-Polyphenyl was allowed 
to react with benzene and ferric chloride under condi
tions whereby benzene undergoes only a minute amount 
of polymerization (Tables IV and V). A significant 
increase both in weight and C/(H +  Cl) ratio resulted.

T a b l e  IV
P - P o l y p h e n y l - B e n z e n e - F e r r i c  C h l o r i d e  R e a c t i o n

Time,
hr.
2
4

Yield,
g.

5.9
6.1

------------------Product-------------------

----------------- %__---------------
C H Cl

84.05 3.58 11.58
84.30 3.92 10.62

CA
(H + Cl), 

atomic ratio
1.79
1.66

T a b l e  V
B e n z e n e - F e r r i c  C h l o r i d e  R e a c t i o n

' — Product----
CA

Time, Yield, (H + Cl),
hr. g. C H Cl atomic ratio
2 0.14 85.08 3.89 8.78 1.72
4 0.20 78.74 2.92 11.74 2.02

The polynuclear synthesis may take place as illus
trated.

Alternatively, protonation of the polymer could well 
produce sites capable of initiating polymerization.

The o-terpheuyl units might then be converted sub
sequently to polynuclear regions by intramolecular 
dehydrogenation. The initially formed fused ring 
system could conceivably facilitate further reaction. 
The problem of polynuclear formation is undergoing 
further investigation.

Experimental13
Materials.—The following reagent grade chemicals were used: 

benzene, thiophene free, Mallinckrodt Chemical Works, dried 
over sodium and distilled; anhydrous ferric chloride, sub-

(13) Melting points and boiling points are uneorrected. Elemental 
analyses were performed by Drs. Weiler and Strauss, Oxford, England.

limed powder, Matheson Coleman and Bell, or Fisher Scien
tific Co.; biphenyl, o-, in-, and p-terphenyl, 4-chlorobiphenyl, 
terephthalic acid, and p-chlorobenzoic acid, Eastman Kodak 
Co.; p-quaterphenyl, K and K; 4 ,4 '-biphenyldicarboxylic acid, 
Aldrich Chemical Co.; 4,4'-dichlorobiphenyl, Matheson Cole
man and Bell; m-octane, 99 mole %, Phillips Petroleum Co., dried 
over sodium and distilled; o-dichlorobenzene, distilled from 
lithium hydride.

Apparatus.—Beckman DK-2 ultraviolet spectrophotometer 
(chloroform or cyclohexane); Beckman IR-7 or Perkin-Elmer 
Model 237 infrared spectrophotometer (carbon disulfide or 
0.25-0.5% in potassium bromide); F and M Model 500 gas 
chromatograph, 6 ft., 20% silicone rubber on Chromosorb W, or 
12 ft., 15% silicone rubber on Chromosorb W, or 20 ft., 15% 
silicone grease on Chromosorb W; X-ray diffraction apparatus, 
copper Ka radiation (X 1.539 A.).

p-Polyphenyl from Benzene-Ferric Chloride. 1. General 
Procedure.—Water (1 mole) was added dropwise with stirring 
under nitrogen at 10-25° to a mixture of benzene (2 moles) and 
ferric chloride (1 mole). The reaction mixture was heated during 
20 min. to 70 ±  3°; whereupon hydrogen chloride was rapidly 
evolved and the contents darkened. After 30 sec., the mixture 
was quickly cooled and filtered. The residue was washed with 
benzene and then triturated repeatedly with boiling concentrated 
hydrochloric acid until the filtrate was colorless. After the 
polymer was treated with hot 2 M  sodium hydroxide, the acid 
triturations were repeated. The red-brown solid was washed 
thoroughly with distilled water, and dried at 140-150° for 2 hr. 
Precautions were taken to avoid contamination.

2. Low Molecular Weight Products.—The initial benzene 
filtrate from four reactions was washed with 3 A hydrochloric 
acid until the aqueous layer was colorless and then with water 
until the washings were neutral to litmus. After distillation of 
benzene from the dried organic layer, fractionation with an 
“Ace Minilab Apparatus” gave chlorobenzene, b.p. 125-131°,
3.5 g. The viscous liquid, 0.5 g., which remained was examined 
by gas chromatography and found to consist of a gross mixture. 
The major component, isolated by gas chromatography, was 
4,4'-dichlorobiphenyl, m.p. 140-144°.14 The infrared and ultra
violet spectra were essentially identical with those of the authentic 
material, m.p. 145-146°.

3. Analysis for Ferrous Chloride.—A mixture of benzene 
(2 moles), ferric chloride (1 mole), and water (1 mole) was al
lowed to react for 30 min. (see the general procedure). After 
filtration under nitrogen, the residue was stirred with 300 ml. of 
3 A hydrochloric acid and filtered. The solid was subsequently 
heated with about 400 ml. of 6 A hydrochloric acid, and filtered. 
The original organic filtrate was extracted with two 50-ml. 
portions of 3 A hydrochloric add. Dilution of the combined 
aqueous extracts to a volume of 1 1. was effected. Aliquots were 
titrated potentiometrieally with 0.1 A ceric ammonium nitrate 
standardized with ferrous sulfate (Beckman pH meter, saturated 
calomel reference, and platinum indicator electrode). Ferrous 
ion was found to be present in the combined extract to the extent 
of 0.33 mole.

Characterization of p-Polyphenyl. 1. X-Ray Diffraction Pat
tern.—d-Spacing of 4.48, 3.82, 3.16, 7.96, and 2.07 A in de
creasing order of intensity, were obtained.15

2. Infrared Spectrum.—Absorption maxima were present at 
767 (broad), 807, 1003, 1095, 1400 (broad), and 1481 cm.“1. 
The infrared spectrum of the polymer possessing a high C/(H

(14) We wish to thank C. E. Stephan for the isolation and characteri
zation of this compound.

(15) We are grateful to R. M. Lange for obtaining these data and to C. S. 
Smith for the use of the X-ray equipment.
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+  Cl) atomic ratio (2.45) (Table II) was very similar to that of 
p-polyphenyl, except for a broad band at 1585 cm.-1.

3. Solubility.—The polymer is essentially insoluble in boiling 
ethanol, ether, chloroform, xylene, and o-dichlorobenzene; 
0.35% dissolved in xylene, and 0.4% in chloroform. The 
soluble material consisted partly of tar.

4. Pyrolysis.—The thermal decomposition was carried out 
in vacuo as previously described.3'4 Infrared, ultraviolet, and 
gas chromatographic analyses were used in the identification of 
biphenyl, m .p . 69-70°, m.m.p. 69-70°; p-terphenyl, m.p.
209-210°, m.m.p. 209-210°; and 4-chlorobiphenyl (X°"cl3
256.5 m,«). p-Quaterphenyl melted at 304-305°, authentic 
material, m.p. 306-307°, m.m.p. 304-305°. The infra
red and ultraviolet spectra (X™013 299 mp) were identical with 
those of authentic p-quaterphenyl. p-Quinquephenyl was 
characterized by the infrared and ultraviolet spectra (X™x013 309 
m/i), and by m.p. 385-390°; authentic material, m.p. 
382-386°; lit .7 m.p. 395°. In addition, higher molecular weight 
sublimate was obtained whose infrared and ultraviolet spectra 
indicated a p-polyphenyl structure.

5. Oxidation.—An earlier procedure was followed.4 Di
methyl terephthalate melted at 139-140°, m.m.p. with 
authentic material, 139-140°. The gas chromatogram and 
infrared spectrum indicated the absence of the 1,2- and 1,3- 
isomers in the unpurified dimethyl terephthalate. Dimethyl- 
4,4'-biphenyldicarboxylate was identified by the infrared spec
trum and m.p. 210- 212°; the mixture melting point with 
authentic ester was undepressed. The infrared spectrum, 
melting point (237 °), and mixture melting point were used to char
acterize 4-chlorobenzoic acid.

6 . Thermal and Oxidative Stability.—Three types of 
benzene polymer (1 g. each) were placed in porcelain vessels 
and heated for 30-min. periods at temperatures which were 
increased by 50° increments in the 350-600° range. The data 
obtained are shown in Table II.

p-Polyphenyl-Ferric Chloride.—A mixture of p-polyphenyl3 
(4 g.), ferric chloride (81.1 g.), and an appropriate solvent was 
stirred at 80 ±  5°. Work-up was by the standard procedure. 
The data are summarized in Table III.

p-Polyphenyl-Benzene-Ferric Chloride.—A mixture of p-poly- 
phenyl3(4 g., C/H atomic ratio 1.47), ferric chloride (162.2 g.), 
and benzene (156.2 g.) was stirred at the reflux temperature 
under nitrogen. Precautions were taken (weighing in a dry 
box, dry apparatus, etc.) to minimize the water content of the 
system. The reaction mixture was worked up by the usual 
procedure. The results are shown in Table IV. Table V con
tains the data for control experiments carried out under the same 
conditions, but with no added p-polyphenyl.

Dehydrogenation of 1,4-cyclohexadiene with Ferric Chloride.-— 
Ferric chloride (1.62 g.) was added in portions with shaking to
1,4-cyclohexadiene (2 g.) while the temperature was kept at
1-43° by cooling. The liquid was decanted and subjected to 
gas chromatographic analysis. Benzene was identified by re
tention time and infrared spectrum. Also present were addi
tional products possessing higher retention times.
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Both 4- and 3-mercaptobenzenediazonium salts have been polymerized under various conditions to give 
red, insoluble infusible solids containing sulfide and diazosulfide bonds in equal amounts. On heating to 150- 
250°, about 80% of the nitrogen was lost. In order to characterize further the diazosulfide bond, several new 
diazosulfides have been synthesized.

One of the most useful procedures for the preparation 
of alkyl aryl sulfides is the reaction of aryl diazonium 
salts with alkyl mercaptide ions. I t has, however, 
been long known that aryl mercaptide ions react with 
aryl diazonium salts to give diazosulfides.1-2 3

RSe
ArN2® — ArSR +  N2

[ A r 'S e
1-------->- Ar'SN=NAr

We wish to report here on an investigation of the 
polymerization of mercaptodiazonium salts, an exten
sion of recent work on polymerization of diazooxides.3

When 3- or 4-mercaptoanilines were diazotized and 
then buffered to neutrality by sodium acetate, red- 
brown polymer was obtained in each case. The in
soluble polymers were found to contain about half the 
original nitrogen of the diazonium salt. The reaction 
apparently corresponds to the following stoichiometry.

2n eSC6H4N2® — >- -CSC6H4SN=NC6H4A-„ +  nN2 
I II

(p- and m-)

(1) A. H antsch and  H. Freese, B e r . ,  28, 3237 (1895).
(2) P . Jacobson, i b i d . ,  21, 3104 (1888).
(3) J. K . Stille, P . Cassidy, and L. Plum m er, J .  A m .  C h e m .  S o c . ,  85, 

1318 (1963); T . K unitake and  C. C. Price, 85, 761 i b i d . , (1963).

The presence of the azo link is indicated by the color, by 
the infrared spectra bands at 1465 and 1580 cm.-1 
(diazosulfide), at 810 cm.-1 (1,4-disubstituted ben
zene4) for p-II, and at 770 cm.-1 (1,3-disubstituted ben
zene) for to-II, and by the substantial loss of nitrogen 
which occurred on heating at 150-250°.

250°
-fSC6H4-)-H3N2C6H4-)- -— >- -fSC6H4%-6-(-SN2C6H4̂ - +  N2

p-:i  p-h i

The resulting polymer (p-III) showed the character
istic infrared peaks of poly(p-phenylene sulfide).6

The insolubility of the polymers, a weak infrared band 
at 870 cm.-1 (1,2,4-trisubstituted benzene) for p-II, 
and the failure to evolve all nitrogen on heating is 
consistent with some azo coupling on carbon.

HS
Such coupling would produce the trifunctional centers 

necessary for insoluble cross-linked polymer.
Of the three possible structures from self-condensa

tion, diazo coupling on sulfur, diazo coupling on carbon, 
and diazo displacement by sulfur, it thus appears that

(4) L. J . Bellamy, “ T he Infrared  Spectra of Complex M olecules,” John 
W iley an d  Sons, Inc., New York, N. Y ., 1958, p. 64.

(5) S. Tsunaw aki and  C. C. Price, J .  P o l y m e r  S c i . ,  in press.
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all three are involved in the formation of the polymer. 
There remains the interesting question as to why the 
ratio of diazo coupling on sulfur and diazo displacement 
by sulfur proceed at a ratio so nearly equal to one.

Experiment indicated that three different diazo- 
nium salts couple with thiophenol to give the diazo
sulfide as the only isolated product, although in yields 
of only about 50%.

ArN2® +  C6H6Se — ^  ArN=NSC6H5
I 1. reduction
y 2. oxidation

C6H5SSC6H6

IV. Ar = p-N02C6H4—
V. Ar = p-NOiCeHiSCsEh—

/C l
VI. Ar = 0 2N - / ' ) —

^ C l
VII. Ar = p-CeHsSCeHi

In the case of VII, the diazosulfide was isolated only 
as an oil in 33% yield.

The data suggest to us that the diazo displacement 
reaction may be favored by electron-donating groups, 
a view proposed earlier from kinetic studies.6 Thus 
dimerization of the initial zwitterion may occur by 
diazo displacement while subsequent reaction must 
then occur principally by coupling on sulfur.

2 ®SC6H4N2® — > [®SC6H4SC6H4N2®) +  N2

I
II

Experimental
Polymerization of Sulfhydrylbenzene Diazonium Salts.—4-

Aminothiophenol (3.13 g.) was diazotized, using 15 ml. of con
centrated hydrochloric acid, 1.80 g. of sodium nitrite, 130 ml. of 
water, and 0.3 g. of urea. After neutralizing by addition of 30 
ml. of 25% aqueous sodium acetate and 40 ml. of 4% aqueous 
sodium hydroxide, the mixture was stirred an additional 5 hr. 
and heated to 90°. The brown solid was collected by filtration, 
washed with hot water, and extracted with hot benzene. The red 
residue weighed 2.4 g. (82%), gradually darkened at 140°, but 
did not melt up to 300°. The infrared spectrum (KBr) showed 
absorptions at 670 (w), 810 (s), 870 (vw), 1000 (m), 1060 (m), 
1030 (m), 1090 (w), 1160 (s), 1185 (m), 1230 (s), 1270 (w), 1290 
(w), 1330 (w), 1380 (w), 1425 (m), 1465 (s), 1490 (m), 1580 (s), 
1620 (w), and 3060 (w) cm.-1. The residue did not dissolve in 
hot dimethylformamide, diphenyl ether, or nitrobenzene, although 
the solvents turned red.

Anal. Calcd. for C6H4SN: C, 58.98; H, 3.28; S, 26.24; N,
11.50. Found: C, 58.71; H, 3.82; S, 25.95; N, 11.51.

The red, benzene solution was concentrated and freeze dried 
to give 0.32 g. of red powder, m.p. 70-80°, mol. wt., 720. The 
infrared spectrum showed the same absorptions as tnat of the 
previous residue.

About 0.1 g. of the residue was heated in a vacuum sublimation 
flask with a finger type condenser at a fixed temperature for 1 
hr. in vacuo. After heating at 250°, the residue was a red powder 
weighing 80.8% of the original weight.

Anal. Calcd. for (C6H4S)6 (C6H4SN2): C.63.87; H, 3.58; S, 
23.42; N. 4.13. Found; C, 64.56; H, 3.14; 8,27.93; N, 4.37.

After heating at 150°, the residue was also a red powder weigh
ing 84.2% of the original weight.

Anal. Calcd. for (C6H4S)4 (C6H4SN2): C, 63.35; H, 3.57; 
S, 23.18; N, 4.90. Found: C, 63.80; H, 4.11; S, 27.43; N,
4.65.

(6) M . L. Crossley, R . H . Kienle, and  G. H . Benbrook, J .  A m .  C h e m .

S o c . ,  62, 1400 (1940).

The infrared spectra of these residues as potassium bromide 
disks were poorly resolved but showed absorption at 800, 1000, 
1060, 1080, 1170, 1380, and 1460 cm.-1, which were all observed 
in the spectra of poly(phenylene sulfide).5

3-Aminothiophenol (3.13 g.) was diazotized and polymerized 
by the same procedure as described in the previous experiment. 
The red residue weighed 1.8 g. (67%), gradually darkened above 
120°, and softened at 250-290°. The infrared spectrum of this 
residue as a potassium bromide disk was poorly resolved but the 
characteristic absorption of 1,3-disubstituted benzenes was ob
served at 770 cm.-1.

Anal. Calcd. for C6H4SN: C, 58.98; H, 3.78; S, 26.24; 
N, 11.50. Found: C, 58.83; H, 3.30; S, 26.19; N, 11.64.

The red extract was concentrated and freeze dried but gave 
only 0.01 g. of red paste.

Preparation of Diazosulfides, (a) 4-Nitrophenyldiazothio- 
benzene.—4-Nitroaniline (13.8 g.) was diazotized, using 30 ml. 
of concentrated hydrochloric acid, 300 ml. of water, and 7.6 g. of 
sodium nitrite. After adding to a solution of 12.1 g. of thiophenol 
in 120 ml. of 5% sodium hydroxide, the yellow solid was collected 
by filtration and recrystallized twice from ethanol to give pink 
leaflets (12.2 g„ 48%), m.p. 94-95° (lit.1 m.p. 96-97°); A“  
(log e); 223 mM (4.00), 267 mM (3.97), and 348 mM (3.96).

Anal. Calcd. for C12H9N30 2S: C, 55.60; H, 3.49; S, 12.37; 
N, 16.20; mol. wt., 259.2. Found: C, 55.66; H, 3.73; S, 
12.18; N, 15.89; mol. wt., 247.

The infrared spectrum (in KBr) showed peaks at 630 (w), 680 
(s), 695 (w), 840 (vs), 860 (m), 975 (s), 1010 (w), 1060 (w), 1090 
(m), 1100 (m), 1140 (w), 1305 (m), 1340 (vs), 1360 (w), 1390 (m), 
1420 (s), 1430 (m), 1465 (m), 1510 (vs), 1575 (m), 1590 (m), and 
3100 (w) cm.-1.

Treating an alcoholic solution of the compound with sodium 
dithionate and then oxidizing with hydrogen peroxide gave a 
yellow solid which, after recrystallization from methanol, yielded 
white needles, m.p. 60-61°, undepressed on admixture with 
authentic diphenyl disulfide (m.p. 60-61°).

(b) 4-(4-Nitrophenylthio)phenyldiazothiobenzene, m.p. 102° 
(dec.), was prepared in 49% (1.8 g.) yield, from 4-amino-4'- 
nitrodiphenyl sulfide (2.46 g.) by the same procedure as de
scribed.

Anal. Calcd. for C,aHI3N,02S2: C, 58.82; H, 3.57; N, 11.44; 
S, 17.46; mol. wt., 367.4. Found: C, 58.90; H, 3.62; N, 
11.29; S, 17.41; mol. wt., 381.

The ultraviolet spectrum in ethanol solution showed Amax (log 
e) 213 (3.15), 238 (4.15) and 344 m/i (4.14). The infrared spec
trum (in KBr) showed peaks at 685 (m), 700 (w), 740 (s), 760 
(m), 830 (s), 845 (s), 1000 (m), 1020 (w), 1060 (w), 1075 (s), 
1090 (w), 1110 (s), 1155 (w), 1170 (w), 1270 (w), 1330 (vs), 1360 
(w), 1390 (w), 1420 (w), 1435 (m), 1470 (m), 1500 (s), 1570 (s), 
and 1585 (m) cm.-1.

Reduction with sodium dithionate and then oxidation gave 
diphenyl disulfide.

(c) 4-Phenylthiophenyldiazothiobenzene, a pink oil at 0°, 
mol. wt., 330 (theory 322.5), was prepared in 33% (5.2 g.) yield 
from 10.0 g. of 4-aminodiphenyl sulfide, keeping always under 
0°. The ultraviolet spectrum in ethanol solution showed Amail 
(log <■) 210 (4.47), 243 (4.42), and 354 mM (4.25).

(d) 2,6-Dichloro-4-nitrophenyldiazothiobenzene.—2,6-Di-
chloro-4-nitroaniline (2.07 g.) was diazotized, according to the 
procedure of Schoutissen7 and added to a cold solution of thio
phenol (1.2 g.) in 200 ml. of 4% aqueous sodium hydroxide. The 
mixture was extracted with cold ether. The ether was added to 
methanol and cooled in Dry Ice to give a yellow precipitate. 
After reprecipitating in the same way, recrystallization from 
ethanol gave pink needles (1.8 g., 55%), m.p. 75-76°.

Anal. Calcd. for CI2H7C12N30 2S: C, 43.93; H, 2.11; Cl, 
21.61; N, 12.82; S, 9.77; mol. wt., 328.2. Found: C, 43.85; 
H, 2.12; Cl, 21.51; N, 12.70; S, 9.75; mol. wt., 330.

The ultraviolet spectrum in ethanol solution showed Amal (log 
*) 223 (4.10) and 317 m^ (3.91). The infrared spectrum (in KBr) 
had peaks at 680 (m), 695 (w), 705 (w), 735 (m), 740 (vw), 775 
(s), 800 (m), 860 (w), 885 (m), 910 (m), 1015 (w), 1060 (m), 1140 
(m), 1150 (m), 1180 (m), 1200 (m), 1270 (w), 1340 (vs), 1355 
(w), 1380 (m), 1430 (m), 1440 fs), 1465 (m), 1500 (m), 1520 
(s), 1570 (m), and 3090 (m) cm.-1.

Treatment with sodium dithionate and then hydrogen peroxide 
also gave diphenyl disulfide.

(7) H . A. J . Schoutissen, J .  A m .  C h e m .  S o c . ,  55, 4531 (1933).
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Bond tautomerism of 2-benzyl-l,3,4-trimethyl-l,2-dihydropyridine salts, controlled by salt form and solvent 
conditions, leads to cis- and ¿rans-forms of 2-benzyl-l,3,4-trimethyl-2.3-dihydropyridinium salts which were used 
for stereospecific benzomorphan syntheses. A novel benzyl-migration is also described.

The configuration of the alkyl groups at position 9 of 
benzomorphans significantly affects the analgesic 
potency of these substances.1 The more desirable 
trans- or /3-form (I) is usually the lesser isomer in the 
Grewe syntheses,2 where starting materials are A3- 
tetrahydropyridines (II).

R, = H, -OH, -OCHs 
R3, R4 = -alkyl 
R2 = -H , -alkyl

The desirability of having an intermediate which 
would undergo stereospecific ring closure to the /3- 
benzomorphan prompted this investigation, and to 
this end the A4-czs and -trans isomers of 2-benzyl-
l,3,4-trimethyl-l,2,3,6-tetrahydropyridine (IV) were 
prepared by way of the corresponding imminium dienes
(III). Migration of the benzyl group from position 
2 to position 6 of the dihydropyridine ring also is 
described.

CHo
PhCH2 N A , <.CN

CH,

III- CN
R = cis- or trans-CII3 
X = C104, Cl

IV

The crystalline perchlorate obtained from the reac
tion of the benzyl Grignard reagent with 1,3,4-trimeth- 
ylpyridinium bromide proved to be a mixture of V- 
perchlorate and its isomer Vl-perchlorate. The iso
mers could be cleanly separated by way of the salts 
of the cyano derivatives YII and VIII. Reduction 
with sodium borohydride gave IX and X and both 
oils were characterized through crystalline picrates. 
The structure of IX has been determined3 and that of 
its precursor V-perchlorate is assigned by reason of the 
lack of a maximum in its ultraviolet absorption above 
220 mp. The structure of X is based on the degradation 
of its derived benzomorphan (XII) to 1-methylnaph- 
thalene and on its n.m.r. spectrum which showed no 
vinylic hydrogen. I t  (X) was also synthesized by the 
action of the benzyl Grignard reagent on the cyano

(1) S. E . Fullerton , E. L. M ay, and E. D. Becker, J .  O r g .  C h e m . ,  27, 2144
(1962).

(2) R . Grewe, A. M ondon, and  E . N olte, A n n . ,  564, 161 (1949).
(3) E . M . F ry  and  E . L. M ay, J .  O r g .  C h e m . ,  26, 2592 (1961).

compound XI.4 The structure of Vl-perchlorate 
follows from its ultraviolet absorption maximum at 307 
m/x (e 4500), and from its lack of an ammonium band 
at ca. 4 p in the infrared.5

The absence of a maximum in the ultraviolet absorp
tion of V applies only to the salt freshly formed by 
acidifying a solution of the base. A freshly prepared 
solution of the perchlorate showed developing maxima 
at 265-270 m^ and at 300 mp, thereby giving clear 
testimony to its instability in solution.6-7 Attempts 
were made to force this transformation, and it was

(4) T his com pound is representative  of a  class of tetrahydropyrid ine 
derivatives not y e t in  the  lite ra tu re . T ins type  com pound is obtained 
readily  by  th e  action of sodium  borohydride on a pyridiniutn salt in the 
presence of cyanide ion and  will be th e  sub jec t of a  la te r report.

(5) B. W itkop, J .  A m .  C h e m .  S o c . ,  78, 2873 (1956).
(6) Previous work on double-bond mobilities in  d ihydropyridines has

been lim ited to  exam ples of 1,2- and  1,4-dihydropyridines substitu ted  on 
the  3-position b y  groups capable of resonance interaction  w ith ring unsatu ra
tion. T he results were no t useful in  th e  present work, (a) K . Wallenfels, 
H . Schiily, and  D. Hofm ann, A n n . ,  621, 108 (1959). (b) K. Sehenker and
J . Druey, H e l v .  C h i m .  A c t a ,  42, 1960, 2571 (1959). (c) W. T raber and P.
K arrer, i b i d . ,  41, 2066 (1958).

(7) Nucleophilic adducts have not been observed in the  course cf th is  
work. However, see K . W allenfels, H . Schuly, and D. Hofm ann, A n n . ,  

621, 188 (1959); A. G. Anderson and  G. Berkelham m er, J .  A m .  C h e m .  S o c . ,  

80, 992 (1958); ref. 6b.
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No change

V-CIO4 ---------->- VLC104
H ot E tO H

Data source 
Infrared only

Preparative only

E tO H  cfs-III-X Infrared and
S tro n g 'HJ X  =  C10;1’ C1 Preparative

C H 2CI2
V-Cl--------- >- trans-ll\-C\ Infrared and

or preparative
Hot E ton

Figure 1

found that, by heating an alcohol solution of V-per- 
chlorate for an hour under reflux, a 28% rearrangement 
to Vl-perchlorate could be achieved. The remainder 
of the material was an oil with properties of a quater
nary salt; it remains unidentified. The forcing condi
tions necessary to effect this isomerization rule out the 
possibility that Vl-perchlorate originally isolated from 
the Grignard product was derived from V-perchlorate 
in the work-up. This unexpected and unwanted re
arrangement was suppressed in strongly acid solutions, 
and was not that giving rise to the 300-m,u absorption 
mentioned.

This latter material formed readily at room tempera
ture, and was separated from unchanged V-perchlorate 
by way of the cyano derivatives,8 crystalline VH-hy- 
drobromide being separated from the unknown oily 
hydrobromide which was then transformed into a 
perchlorate. In this state it spontaneously lost hydro
gen cyanide to give a crystalline perchlorate isomeric 
with V-perchlorate. The new salt had a maximum in 
the ultraviolet at 298 niji (e 4200). It easily reverted 
to starting material in solution and never amounted to 
more than 30% in an equilibrated acid solution. Re
duction of the perchlorate gave a new tetrahydro isomer 
which readily isomerized in IX in hot hydrobromic 
acid, and which showed two C-methyl groups and one 
vinylic hydrogen. It gave the known benzomorphan,9 
isolated as the methiodide in 67% yield, on ring closure. 
Comparison of the benzomorphan with its /I isomer (see 
text following) put its configuration on a firm basis and 
permitted assignment of the cis structure to the pre
cursor diene (cis Ill-perchlorate).

When a hydrochloric acid solution of the V-chloride- 
m-III-hydrochloride mixture was layered with chloro
form and refluxed, the nature of the bond rearrange
ments was profoundly altered. By the action of 
sodium cyanide on the resulting salt, a crystalline base 
was obtained in 70% yield. An acid-induced loss of 
hydrogen cyanide was followed by formation of a 
crystalline perchlorate isomeric with V-perchlorate. 
It showed a maximum absorption in the ultraviolet 
at 282 mfi (e 5800). Its reduction gave a tetrahydro 
derivative which showed vinylic hydrogen and two C- 
methyl groups by n.m.r. spectra and which readily 
isomerized to IX in hot hydrobromic acid. Ring 
closure of the hydrochloride with aluminum chloride 
gave an 82% recovery of a benzomorphan, the struc
ture of which was confirmed by degradation to 1,2-

(8) N . J . Leonard and F. P. H auck, J r., J .  A m .  C h e m .  S o c . ,  79. 5279
(1957).

dimethylnaphthalene.9 On the basis of the rate of 
methiodide formation1 relative to that of the pre
viously obtained isomer, it was assigned the /3 con
figuration. Thus the rearrangement of the hydro
chloride under these conditions yielded trans-III- 
chloride. In contrast to cis-III-chloride, IransHi- 
chloride is stable in acid solution and a return to V- 
cliloride could not be effected.

The experimental evidence cited so far has included 
only as much as was necessary for describing the con
ditions of the three rearrangements and identification 
of the compounds involved. The relationships shown 
in Fig. 1 are taken hi part from infrared data, and 
repeat what has been described except for calling at
tention to the differences in the behavior of V-per
chlorate and V-chloride. As can be seen, the per
chlorate is stable in the aprotic solvent methylene 
chloride, but isomerizes in the presence of a proton 
source, namely the alcohol usually present in chloro
form, to the extent of 0.75%.

In like manner cfs-III-perchlorate is stable in methyl
ene chloride, but reverts to V-perchlorate in chloroform- 
0.75% ethanol. The equilibrium is thus approached 
from both sides, and the infrared diagrams become 
equivalent. The chloride of V, on the other hand, 
shows only as transients those bands at 5.86 and
5.96 ijl, which characterize V-perchlorate. Within an 
hour, bands at 6.01 and 6.26 ¡j. characteristic of 
¿rans-III-chloride become dominant. Even in the hot 
alcohol solution which promoted the V-perchlorate to
Vl-perchlorate isomerization, V-chloride again yields 
trans-H I-chloride.

The key to these differences probably lies in the ab
sorption, or lack of it, hi the 4 region of the infrared.5 
The perchlorate of V lacks absorption in this region, 
whereas V-chloride has a broad band at 4.0-4.3 fi. 
If, on the basis of the ammonium bands, V-chloride is 
partly thus,

III

with trans arrangement of benzyl and N-methyl 
groups, a 1,5-hydrogen transfer10 would account for the 
formation of ircros-III. In the case of the immonium 
salt, V-perchlorate, or with V-chloride in a strongly 
acid solution where the immonium structure might be 
favored, an equilibrium between A3 and A4 is obviously 
not only easily achieved, but strongly favors the cis 
arrangement for the alkyl groups; the most obvious 
implication is that the benzyl group inhibits the ap
proach of the proton donor to the sterically less favored 
position.

The bases of the salts which have been described can 
be obtained by decomposition of the salts with strong 
alkali, but insufficient base or even a trace of weak base 
in suspensions of V-perchlorate or Vl-perchlorate in 
alcohol yields the corresponding pyridinium and tetra-

(9) E. L. M ay and  E . M. Fry , J .  O r g .  C h e m . ,  22, 1366 (1957).
(10) A six-center concept has been used to  explain th e  th e rm al isom eriza

tio n  of 1,3-dienes. J . W olinsky, B. Chollar, and M. D. B aird, J .  A  m .  C h e m .  

S o c . ,  84, 2775 (1962). G. Buchi and  E . M . Burgess, i b i d . ,  84, 3104 (1962).
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hydropyridine salts.11 The identities of the former 
follow from their quaternary nature, analytical values, 
and absorption characteristics. Heating in alcohol 
solution alone is enough to cause disproportionation of 
Vl-perchlorate.

A prediction based on the relative stabilities of the 
carbanions12 would favor initial formation of the exo- 
endo diene from Vl-salts and from the as- and trans-
III-salts. In fact only irans-III-base was clearly 
exo-endo as shown by its n.rn.r. spectrum, with four 
vinylic hydrogens and one C-methyl group. The other 
two bases were mixtures, as shown by comparison of 
their infrared data with those of the bases, V and trans-
III. The relevant data are given in Fig. 2.

Bases V and VI were recovered unchanged from 
ethereal solutions of lithium aluminum chloride, but 
trans-lll was reduced to trans-IV in 71% yield under 
these conditions. Reduction by hydride reagent in 
solvents incapable of supplying the proton necessary 
to form the inxmonium ion appears anomalous. (The 
possibility of a pseudobase appears ruled out by the 
absence of 2.7-2.8-/x absorption.) Compounds V and 
VI were readily reduced by sodium borohydride in 
alcohol to give IX and X, respectively. It will be 
noted that in two of these examples, irons-III and VI, 
the reduction must have occurred after migration of 
both bonds and raises the question of a possible con
certed tautomerism. It is interesting that the single 
bond shift implicit for V in the basic reduction medium, 
can also be observed on acidification of a solution of the 
base (disappearance of ultraviolet maxima), whereas 
development of salt maxima are rapid in the other two 
cases, trans-lll and VI, where concerted migration in 
basic media is suspected. Analogous systems provide 
examples of stepwise,13 or possibly concerted611 bond 
migrations, and Opitz and Merz14 15 give an example 
of initial N-protonation, followed by two probable 
stepwise bond shifts.16

The successful use of cyanide ion4 as a competitor 
nucleophile in hydride reductions may eventually 
yield more information, and another potentially useful 
approach was initiated by Lyle, Nelson, and Anderson16 
in the use of deuterium to mark the nucleophilic site 
on the dihydropyridine ring. But because of the 
possibility of bond shifts due to proton abstraction, 
both methods seem limited to disproving an apparently 
concerted diene tautomerism.

Experimental
Microanalyses are by the Analytical Services Unit of this 

laboratory, Harold McCann, director. N.m.r. spectra, 60 Me., 
are with tetramethylsilane as internal reference standard; 
t  values are averaged; integrated benzene areas were used as 
standards. Ultraviolet spectra are by a Cary recording spectro
photometer, Model 14, and infrared spectra are by a Perkin- 
Elmer Infracord, Model 137. Melting points are uncorrected.

(11) F o r d isproportionation  of a  H antzsch  base see O. M uram , A n n . ,  

529, 115 (1937); O. M um m  and J. Diederichsen, i b i d . ,  538, 195 (1939).
(12) See A. Schriesheim and  C. A. Rowe, J r .,  J .  A m .  C h e m .  S o c ., 84, 

3160 (1962).
(13) J. L. Johnson, M. E . H err, J. C. Babcock, A. E . Fonken, J. E . 

S taSord, and  F . W. H eyl, i b i d . ,  78, 430 (1956); W. S. Johnson, V. J . Bauer, 
and R. W. F rank , T e t r a h e d r o n  L e t t e r s ,  72 (1961).

(14) G. Opitz and  W. M erz, A n n . ,  652, 139 (1962).
(15) For o ther exam ples of C- and  N -pro tonation  see R . L. H inm an 

and E. B. W hipple, J .  A m .  C h e m .  S o c . ,  84, 2534 (1962), and  references 
therein.

(16) R. E . Lyle, D. A. Nelson, and P. S. Anderson, T e t r a h e d r o n  L e t t e r s ,  

(13) 553 (1962).

trans-III 
302 (14200)

6.17 (s)

6.25 (sh)

cfj-III 
282 (4600) 
300-315 (4400)
6.06 (s)
6.18 (m)
6.32 (s), 6.24
(sa)

V
275 (4100) 
325(3800) 
6.05 (s)

6.32 (s), 6.23 
(sh)

VI

312(3600) 
6.04 (s)
6.14 (m)
6.32 (s), 6.24 
(sh)

Fig. 2. Ultraviolet maxima, m/z (e). Infrared (s)trong, 
(m)edium, (sh)oulder.

Mixture of 2-Benzyl-1,3,4-trimethyl-2,5-dihydropyridinium (V) 
and 6-Benzyl-l 3,4-trimethyl-5,6-dihydropyridinium (VI) Per
chlorates.—The Grignard reagent from 64 ml. (0.56 mole) of 
benzyl chloride in 500 ml. of ether solution was added to 68 g. 
(0.34 mole) of N-methyl-3,4-lutidinium bromide, previously 
layered with ether, and the suspension stirred for 1 hr. The 
grey adduct no longer showed a yellow spot on mashing with a 
stirring rod. The suspension was poured onto a mixture of 135 
ml. of 60% perchloric acid and ice while agitating vigorously. 
The salt partly crystallized, and the ether was decanted and crys
tallization aided by triturating the oily solid several times with 
30-60° petroleum ether. I t was recovered by filtering through 
a sintered-glass funnel, washing twice with water, and twice with 
chloroform. After drying overnight, it was again washed twice 
with chloroform. The solid weighed 62 g. and melted at 150- 
154°. From the aqueous acid-chloroform mother liquors, an
other 12 g. was obtained, m.p. 130-180°. The total crystalline 
yield was 70%. The main fraction could not be completely 
freed of the isomer (infrared evidence) by recrystallization from 
acetic acid, and the melting point was variable. The analytical 
sample melted at 143-146°.

Anal. Calcd. for C15H20CINO4: C, 57.41; H, 6.42. Found: 
C,57.45; H, 6.37.

6-Benzyl-l,3,4-trimethyl-5,6-dihydropyridinium perchlorate 
(VICIO,) was readily obtained from the lesser fraction by 
recrystallization from acetic acid. I t  melted at 196-199° 
with a slight sinter at 193°. Ultraviolet data for this salt was 
obtained by dissolving the sample in a little alcohol containing a 
drop of 60% perchloric acid, Xm„x 307 m/z (e 4500) > Xmin 235 m/z 
(el 100). Without acid, absorption at 275 m/z was evident. 
Disproportionation evidence is presented (p. 1872). Infrared 
bands (/z) in Nujol were at 5.96 (m), 6.26 (s), 8.09 (m), and 8.36 
(m). The last two peaks were valuable in detecting this compound 
in mixtures.

Anal. Calcd. for Ci6H2oC1N04: C, 57.41; H, 6.42. Found: 
C, 57.55; H, 6.35.

Base from Vl-perchlorate was obtained as an oil from the ac
tion of sodium hydroxide in dilute alcohol and was recovered 
from ether. In an ethereal solution it was held for 30 min. with 
lithium aluminum hydride, recovered, and converted back to the 
perchlorate for a 60% recovery. The neat oil showed an infra
red {11) pattern of peaks 6.04 (s), 6.14 (m), 6.24 (sh), 6.32 (s) 
which varied with different samples and, together with n.m.r. 
results, indicates a mixture. In ethanol, Xmax 312 m/t (e3600); 
Xmin 245 m/z (<E 2800).

N.m.r. data: 4.25 r  (=C H —) 0.7H; 5.2 r  (=C H —)
0.7H; 8.25 r  [=C(CH3)—C(CH3)=] 5.5H.

A sample of the cyano derivative made from the perchlorate 
was found to be an oil; hence there is no question of contamina
tion of the cyano base described next.

2-Benzyl-6-cyano-l ,3,4-trimethyl-1,2,5,6-tetrahydropyridine
(VII).—To 31.8 g. of crude VH-perchlorate, wet with water and 
layered with ether, was added a solution of 7.5 g. (1.5 X theory) of 
sodium cyanide dissolved in 35 ml. of water. The solid disap
peared on shaking. Hydrogen chloride was passed into the 
ethereal solution with precipitation of an oil which crystallized. 
Instability precluded solution in a hot solvent. I t  was purified 
by triturating in acetone, wt., 24.9 g. (89%), m.p. (rapid heating)
119-121° (gas). The oil from the acetone filtrate yielded C.92 
g. (2.9%) of Vl-perchlorate.

Anal. Calcd. for Ci6H,,N2C1; C, 69.42; H, 7.65. Found: 
C, 69.55; H, 7.56.
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The weakness of the cyano base is shown by dissociation of the 
salt in aqueous solution yielding the free base. The base was ob
tained solid from ether solution and was purified by recrystalliza
tion from petroleum ether (30-60°). I t  melted at 59.6-62°.

Anal. Calcd. for CleH20N2: C, 79.96; H, 8.39; N, 11.66. 
Found: C, 80.06; H, 9.03; N, 11.69.

In ethanolic solution at room temperature the hydrochloride 
rapidly underwent change. Ultraviolet absorption at 262 m/i 
increased to a maximum value, t 4400, in 20 min. The base 
showed no peak above 220 m/i except for benzene peaks at about 
260npx(i500).

2-Benzyl-l,3,4-trimethyl-l,2-dihydropyridine (V) and Its 
Perchlorate (VC104).—(The cyano group was eliminated without 
accompanying tautomerism by means of stannic chloride. The 
crystalline tin salt was not characterized.) The hydrochloride 
of VII, 0.26 g., partly dissolved in 4 ml. of dilute alcohol, was 
treated with 0.2 ml. of stannic chloride. The tin salt separated 
from the solution crystalline, m.p. 157-159°. I t  was converted 
to the base with sodium hydroxide and the base recovered with 
ether. Infrared bands (n) for the neat oil were at 6.05 (s),
6.23 (sh), 6.32 (s). Conversion to the perchlorate gave a salt 
which, in Nujol mull or chloroform, showed no absorption at 
about 4 fi, with bands at 5.86 and 5.96 /i, with only weak absorp
tion at 6.25 ¡i, and no maxima in 8.0-8.4-/t region (Nujol mull). 
These were the criteria used in establishing the absence of its 
isomers. The perchlorate, dissolved in ethanol acidified with 
perchloric acid, showed only benzene maxima above 220 m/i. 
Made alkaline with sodium hydroxide, the solution showed two 
peaks in ultraviolet, Xmai 275 m/i (e 4100), 325 (3800); Xmin 240 
(3000), 302 (3100).17 Reacidification gave back the original 
curve. When the perchlorate was dissolved in ethanol, absorp
tion at 268 m/t rose to a constant value, e 4500, in 2 hr. at room 
temperature. The perchlorate was recovered (93%) from base 
held for 8 min. in ethereal lithium aluminum hydride solution.

Rearrangement of 2-Benzyl-l,3,4-trimethyl-2,5-dihydropyri- 
dinium (V) Perchlorate to 6-Benzyl-l,3,4-trimethyl-5,6-dihydro- 
pyridinium (VI) Perchlorate.—2-Benzyl-6-cyano-l,3,4-trimethyl-
1,2,5,6-tetrahydropyridine (VII) hydrochloride (1.0 g.) was 
converted to the base and thence to the perchlorate. (This 
crystalline material was blank in the 6-,u region, hence still re
tained the cyano group, but subsequent attempts to make it 
showed the characteristic absorption of the dihydro salt.) I t 
was dissolved in 1.0 ml. of 95% ethanol and 0.05 ml. of acetic 
acid and the solution refluxed for 1.5 hr. The solution yielded 0.33 
g. of crystals melting at 165-185°. Recrystallized from acetic 
acid, it weighed 0.26 g. (28%) and melted at 185-191°. The 
infrared diagram and a mixture melting point established its 
identity. The remainder of the material was principally a 
quaternary salt which in alcohol absorbed at 265-270 m/t.

2-Benzyl-l,3,4-trimethyl-l,2,5,6-tetrahydropyridine (IX) has 
been obtained in 72% yield by the action of sodium borohydride 
on a solution of V in alcohol, in 78% yield by a similar reduction of 
VII, and in 71% yield by reduction of V-perchlorate with lithium 
aluminum hydride. All yields are as the picrate which has been 
reported.3

6-Benzyl-l,3,4-trimethyl-l,2,5,6-tetrahydropyridine (X). A.— 
This compound was obtained by the action of lithium aluminum 
hydride on a suspension of Vl-perchlorate in ether in 85% yield, 
and by sodium borohydride reduction of its derived base in alcohol 
in 73 % yield. Both yields are as the picrate salt which was puri
fied from alcohol, m.p. 130-132°.

Anal. Calcd. for C2iH24N40 7: C, 56.75; H, 5.44. Found: 
C, 56.73; H, 5.21.

N.m.r. data: No absorption in the 4-6-r region; 8.45 r 
[—C(CH3)=C(CH3)—] 6H.

B.—The cyano compound, obtained by action of sodium boro
hydride and cyanide ion on 3,4-lutidine methiodide, reacted with 
the benzyl Grignard reagent to yield an oil which gave a picrate. 
By means of mixture melting point and infrared diagram of the 
derived base, it was found to be identical to the previously 
described X-picrate.

Disproportionations. A.—2 - Benzyl - 1,3,4 -trimethyl- 2,5-di - 
hydropyridinium (V) perchlorate, 0.5 g. (0.0016 mole), in 0.5 ml. 
of 95% alcohol and 0.005 g. (0.00025 equiv.) of magnesium oxide 
on heating gave a solution which was boiled for 10 min. The 
solvent was removed and the remaining oil shaken with aqueous

(17) Extensive use lias been m ade of th e  double peak  characteristic  of 
1,2-dihydropyridines as opposed to  the  single band  shown b y  th e  1,4-isomers, 
ref. 6a,c. Cross conjugation involving th e  3 -substituen t has been con
sidered, ref. 6b, b u t th is  explanation is obviously no t re levan t here.

sodium carbonate solution and ether. The oil from the ether was 
converted to 0.14 g. of picrate, identified by mixture melting 
point and the infrared diagram of the derived base as the tetra- 
hydro compound IX. The material unaffected by base crystal
lized. Purified from alcohol, it weighed 0.16 g. (64%), m.p.
113-115°. In ethanol solution, it showed a maximum at 275 m/i 
(e8000), unchanged by alkali. A Nujol mull had bands (/1) at 6.17 
(s) and 6.35 (m).

Anal. Calcd. for C15H18C1N04: C, 57.78; H, 5.82. Found: 
C, 57.65; H, 5.88. On this evidence the compound is 2-benzyl-
1,3,4-trimethylpyridinhim perchlorate.

B.—6-Benzyl-l,3,4-trimethyl-5,6-dihydropyridinium (VI) per
chlorate, 0.5 g. in 1.5 ml. of 95% ethanol, and 0.005 g. of mag
nesium oxide was boiled for 15 min. On cooling the solution, 
crystals separated, wt., 0.24 g. (97%), m.p. 193-197°. Recrystal
lized, it melted at 195-197°. I t  had X„°H 272 m/i (e 6700). 
On making the solution alkaline, this peak was not affected but 
broad absorption appeared at 355 m/i (e 1100). Bands (/i) in a 
Nujol mull were at 6.11 (s) and at 6.24 (m).

Anal. Calcd. for C15H18C1N04: C, 57.78; H, 5.82. Found: 
C, 57.64; H, 5.80. This evidence identifies this compound as
6-benzyl-l ,3,4-trimethylpyridinium perchlorate.

Alcohol was removed from the preceding filtrate; the remaining 
oil decomposed with sodium carbonate as before. The base 
yielded a picrate, wt., 0.29 g. (82%), m.p. 128-130°. By mix
ture melting point it was proved to be identical with the sample 
of X-picrate described earlier. Disproportionation (about 10%) 
also resulted from refluxing an alcohol solution of Vl-perchlorate 
for 3 hr.

Rearrangements Using 2-Benzyl-6-cyano-l,3,4-trimethyl-l,2,-
5,6-tetrahydropyridine (VII) Hydrochloride.—The facile loss of 
hydrogen cyanide made use of this compound equivalent to that 
of its parent V-salt in acid solution.

A. CTs-2-Benzyl-l,3,4-trimethyl-2,3-dihydropyridmium (III) 
Perchlorate.—The hydrochloride of VII, 3.0 g., dissolved on 
heating in 27 ml. of 2.2 N  hydrochloric acid; the solution was 
boiled for 6 min. with loss of hydrogen cyanide. The yellow 
solution was chilled to 7° and an equally cold solution of 4.0 g. 
of sodium cyanide in 20 ml. of water was added rapidly. The 
yellow color vanished and an oil separated. The oil was taken 
into ether and the solution shaken with 1.8 ml. of 8.8 N  hydro- 
bromic acid. The crystalline hydrobromide of VII separated. 
After filtering, washing with 3 ml. of water, and drying under 
reduced pressure, it weighed 2.2 g. (63%), m.p. 138-140° (gas). 
Identity was established by reconversion to VII.

Anal. Calcd. for Ci6H2iN2Br: C, 59.82; H, 6.59. Found: 
C, 59.75; H, 6.43.

Sodium cyanide, 1.0 g., in 4 ml. of cold water was then added 
to the cold filtrate and the separated oil (ds-III-CN) shaken into 
ether. I t  was recovered by removing the ether under reduced 
pressure, taken up in petroleum ether (30-60°) to remove aque
ous material, and recovered again under reduced pressure. The 
yellow cyano derivative weighed 0.85 g. (33%). I t  was con
verted to the perchlorate by triturating with 0.6 ml. of 60%, 
perchloric acid and then adding water. Hydrogen cyanide was 
lost and the salt crystallized. It was washed with water, dried, 
and washed with acetic acid to remove a little color, wt., 0.9 g. 
(26% over-all), m.p. 118-125°. In ethanol containing perchloric 
acid, Xmai 298 m/j («4400); Xmin 235 m/i (el300). Infrared bands 
(m) in Nujol at 6.01 (s), 6.29 (s), and 8.18 (m). A weak band at
5.86 n is due to V-perchlorate and is increased by recry'stalliza- 
tion from acetic acid or from alcohol.

Anal. Calcd. for Ci6H2ilClN04: C, 57.41; H, 6.42. Found: 
C, 57.36; H, 6.65.

Lithium aluminum hydride reduction of residual perchlorate 
of this rearrangement yielded all four tetrahydro isomers, IX, 
cis-IV, X, and irans-IV, the latter being in trace amount. Iden
tification was by v.p.c. The base from ci's-III-perchlorate 
appeared in the infrared to be principally V. The neat oil 
showed bands (/i) at 6.06 (s), 6.18 (m), 6.24 (sh), and 6.32 (s). 
A return to the perchlorate gave back V-perchlorate.

B. 2-Benzyl-6-cyano-l ,3,4-trimethyl-l ,2,3,4-tetrahydropyri- 
dine (¿rans-III-CN).—Two grams of VH-hydrochloride in 8 
ml. of 6 N  hydrochloric acid layered with 16 ml. of chloroform was 
heated to the reflux temperature of the chloroform layer, with 
solution of the solid and loss of hydrogen cyanide. After re
fluxing for 4 hr., the chloroform was distilled from the pale yellow 
acid solution. Reduced to a small volume under reduced pres
sure, a little ammonium chloride separated. Sodium cyanide, 
0.9 g. in 7 ml. of cold water, was added to the chilled oil and
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triturated, with formation of the solid product which was dis
solved in ether. After removing ether under reduced pressure, 
the crystalline product was filtered from cold alcohol. I t  weighed
1.23 g. (70.5%) and melted at 88-90°.

Anal. Calcd. for Ci6H20N2: C, 79.96; H, 8.39; N, 11.66. 
Found: C, 80.15; H, 8.64; N, 11.80.

To the alcohol filtrate was added dilute perchloric acid with 
recovery of 0.42 g. (19%) of crystalline material. The infrared 
diagram showed a mixture of VI- and V-perchlorates.

One gram of VH-hydrochloride was heated in 1.0 ml. of 95% 
ethanol and 0.05 ml. of acetic acid. These are conditions for 
rearranging V-perchlorate to Vl-perchlorate, but none of the 
latter could be recovered. Instead, a 32% yield of the previous 
cyano derivative resulted from the action of sodium cyanide on 
the solution. The oily portion was converted to an oily per
chlorate which showed loss of cyanide (strong absorption in the
6-m region) but no bands at 8.09 and 8.36 p characteristic of
Vl-perchlorate.

irares-2-Benzyl-l ,3,4-trimethyl-2,3-dihydropyridmium (Irans-  
III) Perchlorate.—The previously described cyano compound, 
0.51 g., was treated with 1.1 ml. of 2.2 N  hydrochloric acid with 
formation of another crystalline material, probably the salt. 
It dissolved over the next 12 min., accompanied by liberation 
of hydrogen cyanide (vapor test with alkaline sodium picrate 
solution) and a lowering of the solution temperature. After an 
additional 20 min., the addition of 0.3 ml. of 60% perchloric acid 
gave an oil which crystallized, wt., 0.62 g. (93%), m.p. 115-118°. 
Recrystallized from alcohol, it melted at 116-1180. In ethanol it 
showed Xmai 282 mp (5800); Xmm 230 m/i (el600). Infrared 
maxima (p) in Nujol were at 6.00 (m), 6.26 (s), and 8.26 (m).

Anal. Calcd. for C15H20CINO4: C, 57.41; H, 6.42. Found: 
C, 57.50; H, 6.36.

N.m.r. data: 1.65 r  [—N(CH3)=CH —] 1H; 7.9 r  [—C- 
(CH3)=] 3H; 9.9 r  [—CH(CH3)—] 3H. The perchlorate was 
recovered (90%) after refluxing in alcohol-acetic acid; neither the 
condition of the V-perchlorate-Vl-perchlorate rearrangement nor 
did heating the hydrochloride salt in hydrochloric acid under con
ditions of the V-chloride-cis-III-chloride rearrangement result in 
change. The perchlorate likewise showed no rearrangement in 
chloroform.

Spectroscopic Evidence of the Formation of irans-III-Chloride 
from V-Chloride.—The hydrochloride made by passing hydrogen 
chloride into a methylene chloride solution of V showed the 5.86-p,
5.96- ju double peaks characteristic of V-perchlorate, as well as 
6.26-fi absorption with a broad band at about 4.2 p. In an hour 
at room temperature peaks at 6.00 and 6.26 p, characteristic of 
irans-III-chloride, were dominant with the 4.2-p absorption still 
present. The addition of perchloric acid resulted in elimination 
of the i.2-n absorption and appearance of a peak at 3.6 p, which 
was found by means of a blank to be due to hydrogen chloride. 
Positive identification was made by means of the crystalline 
cyano derivative but recovery was poor. The oily hydrochloride 
made from irans-III-base also showed absorption in the 4.2-^ 
region. The neat oil did not show absorption in this region.

Spectroscopic Evidence for the V-Perchlorate-as-III-Perchlo- 
rate Tautomerism.—A solution of V-perchlorate in chloroform 
(alcohol stabilized) showed development of 6.01- and 6.29-m 
bands, reaching an equilibrium with the original 5.86- and
5.96- jii bands in about 4 hr. This same equilibrium was reached 
by development of the 5.86- and 5.96-m bands in a chloroform 
solution of cis-III-perchlorate in approximately the same time. 
In methylene chloride this equilibration was not observed.

iraras-2-Benzyl-l ,3-dimethyl-4-methylene-l ,2,3,4-tetrahydro- 
pyridine (trans-ill) was obtained as an oil by the action of sodium 
hydroxide on fraras-III-perchlorate. In ethanol, Xma% 302 m/u 
(el4,200); Xmin 255 m/j(e3300). Infrared maxima (neat) {p) at
6.17 (s), and 6.25 (sh).

N.m.r. data: 4.15 r  (—CH =) 1H; 5.05 r (—C H =) 1H; 
5.40 r, 5.65 r  (=C H 2) 2H.

irans-2-B enzyl-1,3,4-trimethyl-l ,2,3,6-tetrahydropyridine 
{trans-IV).—Sodium borohydride, 0.58 g., was added to a cold 
suspension of 2.7 g. of 2-benzyl-6-cyano-l,3,4-trimethyl-l,2,3,6- 
tetrahydropyridine with vigorous gas evolution. The tempera
ture was maintained below 23°. After 2 hr. the suspension 
was chilled and 10 ml. of 3 N  hydrochloric acid added portion- 
wise with gas evolution. The solid in suspension successively 
became an oil, solidified, and dissolved. The acid solution 
was heated briefly to 50°. The solvent was removed under 
reduced pressure, sodium carbonate solution added, and the base 
taken into ether. The crystalline salt separated as hydrogen

bromide was passed into the ethereal solution; it was washed with 
acetone, wt., 2.7 g. (81%), m.p. 191-197°. Recrystallized from 
alcohol it melted at 198-199°.

Anal. Calcd. for CuHANBr: C, 60.81; H, 7.49. Found: 
C, 60.70; H, 7.31.

This hydrobromide was also recovered in 88% yield by the 
action of lithium aluminum hydride on frans-III-perchlorate, 
and in 71% yield by the action of lithium aluminum hydride on 
frans-III in ether solution. The picrate was made and purified 
from alcohol. I t melted at 114-116°.

Anal. Calcd. for C21H24N4O7: C, 56.75; H, 5.44. Found: 
C, 56.60; H, 5.68.

N.m.r. data: 4.6 r  [—C(CH3)=CH—] 1H; 8.2 r  [—C- 
(CH3)=] 3H; 8.6 t [—CH(CHS)—] 3H.

cis-2-Benzyl-l,3,4-trimethyl-l,2,3,6-tetrahydropyridine (cis- 
IV).—The perchlorate of cts-III, 1.3 g., was added to a cold solu
tion of 0.2 g. of lithium aluminum hydride in 11 ml. of ether. 
The solid rapidly dissolved. After decomposition of the excess 
reagent with ethyl acetate-water, the solution of the base in 
ether was shaken with 0.48 ml. (1 X theory) of 8.8 N  hydro- 
bromic acid. The oil which separated was freed of water under 
reduced pressure, dissolved in absolute ethanol, and again freed 
of solvent. The salt was recovered crystalline from acetone- 
ether. A second crop brought the weight to 0.73 g. (58%). 
Purified by adding ether to a solution in absolute ethanol, it 
melted 170-1710. The same material was obtained by the action 
of sodium borohydride on the oily cyano derivative (as-III-CN).

Anal. Calcd. for Ci5H22NBr: C, 60.81; H, 7.49. Found: 
C, 60.93; H, 7.57.

N.m.r. data: 4.7 r (=C H —) 1H; 8.3 7- [—C(CH3)=] 3H;
8.65 r  [—CH(CH3)—] 3H.

Isomerizations of cfs-IV- and trans-IV-Hydrobromides to IX- 
Hydrobromide.—A solution of 0.10 g. of cfs-IV-hydrobromide in 
0.4 ml. of 8.8 N  hydrobromic acid was held in the steam bath for 
2 hr. The base was recovered, then converted to the picrate 
(wt., 0.11 g.) which by mixture melting point was proved to be 
IX-picrate. In like manner 0.10 g. of irans-IV-hydrobromide 
yielded 0.12 g. of IX-picrate. Infrared diagrams confirmed these 
results.

2,4,9-Trimethyl-6,7-benzomorphan (XII) and Degradation to 
1-Methytnaphthalene.—A solution of the oily hydrobromide of 
X in 20 ml. of 8.8 N  hydrobromic acid was heated at reflux tem
perature for 5 hr. The solution was chilled, made alkaline with 
sodium hydroxide solution, and 3.4 g. of oil recovered with ether. 
In acetone solution the crude benzomorphan, 2.2 g., was con
verted to an oily methiodide which was heated in aqueous 
suspension with excess thallous hydroxide until the thallous 
iodide became granular. After filtering the solid, the solution 
was made alkaline with sodium hydroxide, boiled for 30 min., 
cooled, and extracted with ether to give 1.3 g- of methine base. 
Converted to the hydrobromide, an oil, this salt absorbed about 
1 mole of hydrogen in alcohol over Adams catalyst. The oily 
product was converted to the base and heated with 10% palla
dium-charcoal at 270° with distillation of an oil which showed 
about 12% 1-methylnaphthalene by v.p.c.

«-2,5,9-Trimethyl-6,7-benzomorphan.1!—An oily adduct 
formed when 0.2 g. of cfs-IV-hydrobromide was added to a sus
pension of 0.2 g. of aluminum chloride in 0.5 ml. of carbon disul
fide. The adduct was gummy but on triturating became an oil 
in about 2 min. After 3 hr. at room temperature the suspension 
was chilled and water added drop wise; carbon disulfide was de
canted from the white mush which was then washed with ether. 
Excess sodium hydroxide dissolved the aluminum hydroxide, 
and the basic product was recovered from petroleum ether 
(30-60°), wt., 0.14 g. The base in acetone solution was converted 
to a crystalline methiodide in 67% over-all yield, m.p. 214-220°. 
Recrystallized from alcohol-ethyl acetate, it melted at 218-222°, 
and a mixture melting point and infrared diagram showed it to be 
identical to the previously characterized sample.9

j3-2,5,9-Trimethyl-6,7-benzomorphan.—The hydrobromide of 
tram-IV, 2.7 g,, was added to a suspension of 2.8 g. of aluminum 
chloride in 8 m l. of carbon disulfide. The solids dissolved into an 
oily adduct on triturating. After 4 hr. the mixture was de
composed as in the above experiment to give 1.75 g. of an oil 
which, in acetone with methyl iodide, yielded a crystalline salt, 
wt., 2.7 g. (82% over-all), m.p. 225-231° (gas). Recrystallized 
from water, it melted at 232-239° with a sinter at 196°. Dried 18

(18) Configuration assignm ents for th e  a -  and  0-benzom orphans were 
m ade by E . L. M ay and  will be included in  a  subsequent publication.
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overnight at 100° under oil pump vacuum it lost 0.97% water 
and melted at 240-241° with a sinter at 201°.

Anal. Calcd. for C16H24NI: C, 53.78; H, 6.77. Found: 
C, 53.92; H, 6.59.

1,3-Dimethyl-l-(2-dimethylaminoethyl)-1,2- dihydronaphtha
lene Hydrobromide.—The methiodide of the /3-benzomorphan,
l . 8 g., was converted to the methohydroxide with thallous hy
droxide. After filtering the thallous iodide the aqueous solution 
was taken to an oil under reduced pressure and the base then 
heated in a bath at 170° (0.5 mm.) with distillation of a colorless 
oil at about 120° (0.5 mm.). In ether solution with hydrogen 
bromide it gave a crystalline salt, wt., 1.4 g. (88% over-all),
m. p. 170-174° (gas). Recrystallized from acetone, it melted at 
175-177°.

Anal. Calcd. for Ci6H24NBr: C, 61.93; H, 7.80. Found: 
C, 62.12; H, 8.12. An ethanol solution showed Xmax 265 m^ 
(e 9000).

l,3-Dimethyl-l-(2-dimethylaminoethyl)-l,2,3,4-tetrahydro-

naphthalene hydrobromide was obtained by reduction of the 
above salt in alcohol with Adams catalyst. I t  was recrystallized 
by adding ethyl acetate to a solution in alcohol-acetone, m.p. 
202-205°.

Anal. Calcd. for Ci6H26NBr: C, 61.53; H, 8.39. Found: 
C, 61.81; H, 8.47.

1,2-Dimethylnaphthalene was recovered as the picrate in 18% 
yield as one of the products resulting from the 280° palladium- 
charcoal decomposition of the tetrahydronaphthalene base from 
the preceding hvdrobromide.9 Identification was by a mixture 
melting point with a known sample.

Acknowledgment.—Nuclear magnetic resonance data 
were helpfully interpreted by Drs. E. D. Becker and
L. A. Cohen and recorded by Mr. R. B. Bradley; con
figuration assignments of the benzomorphans were 
generously made by Dr. E. L. May.
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The preparation of blocked and free dipeptides containing tryptophan and the synthesis of tryptophan benzyl 
ester are described.

In connection with our work on the specific cleavage 
of proteins at the tryptophyl residue, we found it 
necessary to prepare various peptides containing 
tryptophan as model compounds.

The only studies so far reported in the synthesis of 
tryptophan peptides are the early work of Abderhalden1 
and the work of Smith2 on the synthesis of protected 
tryptophyl peptides through carbobenzoxy tryptophyl 
chloride, and the preparation of tryptophylglycine3 
and arginyltryptophan4 5'60, as intermediates in the partial 
synthesis of a and /3 MSH.8b

All the protected tryptophan peptides listed in Table 
I and the corresponding free peptides listed in Table II 
previously have not been reported in the literature. 
They were synthesized by coupling carbobenzoxy-L- 
tryptophan with the appropriate amino acid benzyl 
ester by the dicyclohexylcarbodiimide (DCC) method.6

The blocked dipeptides containing C-terminal trypto
phan were prepared similarly from the appropriate 
carbobenzoxy-L-amino acid and n-tryptophan benzyl 
ester, except for carbobenzoxy-L-prolyl-L-tryptophan 
which was synthesized from carbobenzoxypropyl chlo
ride7 and free L-tryptophan.

Tryptophan benzyl ester hydrochloride has not been 
synthesized previously probably owing to the instability 
of tryptophan at the acid pH values and high tempera
ture needed for esterification. However, we succeeded 
in synthesizing this compound in 80% yield in one 
step by a modification of Erlanger’s method.8 The

(1) E . A bderhalden and  M . Kempe, B e r . ,  40, 2737 (1907).
(2) E . L. Sm ith, J .  B i o l . C h e m . ,  175, 39 (1948).
(3) K. Hofm ann, M. E . W oodner, G. Spihler, and E . T. Schwartz, J .  

A m .  C h e m .  S o c . ,  80, 1486 (1958).
(4) K . Hofm ann, W . D . Peckham , and  A. Rheiner, i b i d . ,  78, 238 (1956).
(5) (a) R . A. Boissonnaa, S t. G uttm an , R . L. Hugnenin, P . A. Yagnenond,

and  E d . S andrin , H e l v .  C h i m .  A c t a ,  41, 1867 (1958). (b) A very  recent
reference to  g lycy ltryp tophyl peptides and  peptide am ides is D. M . Theo- 
doropoulos and J . S. F ru ton , B i o c h e m i s t r y ,  1, 933 (1962), which reached us 
a fte r th is m anuscrip t was sent for publication.

(6) J . C. Sheehan and  G. P . Hess, J .  A m .  C h e m .  S o c . ,  77, 1067 (1955).
(7) E . A bderhalden and  H . Nxconburg, F e r  m e r i t f o r  s c k u n g ,  13, 573 (1933)<
(8) B. F. E rlanger and E . B rand, J .  A m .  C h e m . iSoc., 73, 3508 (1951).

method was to pass phosgene through a suspension of 
tryptophan in dioxane until the tryptophan was com
pletely dissolved, being converted to the N-carboxy- 
anhydride.9 About half the dioxane was distilled so 
as to remove the excess of phosgene. Benzyl alcohol- 
ether was added and two to three moles of gaseous 
hydrogen chloride per mole residue of tryptophan were 
passed through at 0°. After standing overnight, the 
ester precipitated. All of the benzyl esters used in this 
study were synthesized by this method.

The unblocked peptides listed were obtained by 
catalytic hydrogenation of the blocked peptides in the 
presence of palladium on charcoal.

The free peptides were chromatographically pure 
(butanol-acetic acid-water, 25:6:25). On basic hy
drolysis all gave tryptophan and the appropriate 
amino acid in a 1:1 ratio.

Experimental
All melting points are uncorrected. Prior to analysis the free 

peptides were dried at 80° in vacuo, over phosphorus pentoxide. 
Other compounds were dried in vacuo over phosphorus pentoxide 
at room temperature.

L-Tryptophan Benzyl Ester Hydrochloride.—Dry phosgene was 
passed at room temperature through a suspension of L-tryptophan 
(20.4 g.) in anhydrous dioxane (330 ml.) until a clear solution was 
obtained (about 45 min.). Phosgene was removed by a stream of 
dry nitrogen and half of the solvent was distilled in vacuo at 45°.

Benzyl alcohol (50 ml.) and dry ether (250 ml.), previously 
saturated with 2-3 moles of gaseous hydrogen chloride per mole 
residue of tryptophan at 0°, were added, and the solution was 
left overnight at room temperature. The ester which separated 
was filtered off and washed with ether. The product was re
crystallized from hot water; yield, 80%; m.p. 222°, [ a ] S6D  
+4° (c 2, methanol).

Anal. Calcd. for CisIRsNiCVHCl: C, 65.45; H, 5.78; N,
8.48. Found: C, 65.55; H, 5.83; N, 8.28.

Carbobenzoxy-L-tryptophan p-Nitrophenyl Ester.—Cbz-L-tryp- 
tophan (34 g.) wai dissolved in ethyl acetate and p-nitrophenol 
(14 g.) was added. The solution was cooled to 0° and dicyclo
hexylcarbodiimide (20.5 g.) was added. After 2 hr. at room tern-

(9) Ai Patchornik , M i Sela, and E . K atchalski, i b i d 76, 299 (1954)*



T a b l e  I
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B l o c k e d  D i p e p t id e s  op  l- T r y p t o p h a n

Yield, M.p., — Calcd.— 4----------- — Found—
Dipeptideff % °c. Form ula c H N c H N [a ]26D°

Z-L-Ala-L-tryr OBZ 78 105s c29h 29n 3o 6 69.72 5.85 8.41 69.52 6.00 8.60 - 2 2
Z-L-Leu-L-try OBZ 80 n o 6 c 32h 35n 3o 6 70.92 6.51 7.76 70.81 6.40 7.82 -2 7
Z-L-Phe-L-try OBZ 70 1355 C35H33N30 6 73.02 5.78 7.30 72.80 5.79 7.10 -  4
Z-L-Pro-L-try 70 183° c 24h 26n 3o6 66.20 5.74 9.65 66.35 5.78 9.80 - 2 0
Z-L-Try-L-try OBZ 90 75" C32H34N405 72.30 5.50 9.09 72.10 5.65 8.87 -  9
Z-L-Val-L-try OBZ 85 129'' c31h 33n 3o 5 70.58 6.26 7.96 70.65 6.38 8.08 -2 4
Z-L-Try-L-ala OBZ 80 153" C 29H 29N 30S 69.72 5.85 8.41 69.77 5.97 8.38 - 2 2
Z-L-Try-L-leu OBZ 83 114'' c 32h S5n 3o5 70.92 6.51 7.76 71.20 6.53 8.00 - 3 4
Z-L-Try-L-phe OBZ 89 130' c 36h 33n 3o5 73.02 5.78 7.30 72.90 5.90 7.58 - 2 2
Z-L-Try-L-try OMe 70 196" C31H30N4O5 69.13 5.50 10.50 69.15 5.48 10.30 -1 3
Z-L-Try-L-tyr OBZ 85 110" c36h 33n 3o8 71.05 5.62 7.10 70.97 5.80 7.02 -23
Z2-L-Tyr-L-try OMe 78 I76f C37H35N308 68.40 5.40 6.50 68.35 5.71 6.60 -  8
“ c l ,  methyl alcohol. Recryst. solvent: b Ethyl acetate-ether. c Ethanol. d Ethvl acetate-petroleum ether. e Ethyl acetate, 

1 Methanol. “ Abbreviations: Z = C7H,OCO, BZ = C6H5CH2.

T a b l e  II
F r e e  D i p e p t id e s  of  l- T r y p t o p h a n

Yield, ✓------------ Calcd.------------- - ------------- Found-
P ep tide % [ck]25d Form ula c H N C H N Reerystallization solvent

L -A la -L -try 85 +  19° c 14h 12n 3o 3 61.08 6.22 15.26 61.20 6.30 15.38 E t h y l  a l c o h o l - e th y l  a c e ta te
L -p h e -L - try 78 +  66 C20H2 1IN 3 0 3 H2 0 65.04 6.23 11.38 65.20 6.35 11.53 M e th y l  a l c o h o l - e th y l  a lc o h o l
L -p ro -L - try 85 -3 5 " C16Hi9N30 3H20 60.18 6.58 13.16 59.88 6.60 13.40 W a t e r - e t h y l  a lc o h o l
L -T ry -L - try 80 — 12c C22H22N 4 0 3 67.67 5.68 14.35 67.56 5.80 14.62 E t h y l  a l c o h o l - e th y l  a c e ta te
L -T ry -L -a la 95 +  28“ Ci4H12N30 3 61.08 6.22 15.26 60.92 6.45 15.05 W a t e r - e t h y l  a lc o h o l
L -T ry -L -leu 93 +  18“ c 12h 23n 3o 3 64.33 7.30 13.24 64.50 7.50 13.48 W a t e r - e t h y l  a lc o h o l
L -T ry -L -p h e 85 +  306 C20H21N 3o 3h 2o 65.04 6.23 11.38 65.30 6.40 11.54 M e t h y l  a l c o h o l - e th y l  a lc o h o l
L -T ry -L - ty r 88 +  8“ C2oH2iN30 4 65.38 5.76 11.44 65.23 5.67 11.22 E t h y l  a lc o h o l - e th y l  a c e t a t e

“ cl ,  water. 5 c 1, methyl alcohol. c c 1, ethyl alcohol. “ c 1, 6 Ar HCl.

perature, the dieyelohexylurea was filtered off and washed with 
ethyl acetate. The filtrate was evaporated to dryness and the 
crystalline residue was recrystallized from hot ethanol; yield, 
85%; m.p. 105°, [ a ] 25D  —4.5° (c 5, dimethylformamide).

Anal. Calcd. for C25H24N30 6: C, 65.35“; H, 4.57; N, 9.15; 
neut. equiv., 459. Found: C, 65.19; H, 4.22; N, 9.03; neut. 
equiv., 457.

The neutral equivalence value was determined by titration in 
ethanol with 0.1 M  sodium methoxide using thymol blue as in
dicator.10

Carbobenzoxy-L-tryptophyl-L-alanine Benzyl Ester.—To a
solution of L-alanine benzyl ester hydrochloride (21.5 g., 0.1 mole) 
in 150 ml. of dichloromethane was added triethylamine (14.4 ml.) 
and the solution was mixed with another solution of carbobenz- 
oxy-L-tryptophan (33.8 g., 0.1 mole) in 150 ml. of dichloro
methane at 0C. Then 20.5 g. of dicyclohexylcarbodiimide was 
added, and the solution was stirred overnight at room tempera
ture. Dieyelohexylurea was removed by filtration, and the fil
trate was washed with 0.5 N  hydrochloric acid, water, 5% sodium 
bicarbonate solution, and finally dried over sodium sulfate. The 
solvent was evaporated in vacuo. Upon adding ether, the resi
due crystallized, and was recrystallized from ethyl acetate; 
yield, 80%; m.p. 153°, [ q : ] 26d  —27° (c 1, methanol).

Anal. Calcd. for C29H29N30 3: C, 69.72; H, 5.85; N, 8.41. 
Found: C, 69.77; H, 5.97; N, 8.38.

The other protected tryptophyl dipeptides were made simi
larly (Table I).

(10) M . W ilchek and  A. Patchorn ik , B u l l .  R e s .  C o u n c i l  I s r a e l ,  11A, 239 
(1962).

Carbobenzoxy-L-phenylalanyl-L-tryptophan Benzyl Ester.—
This compound was prepared from earbobenzoxy-L-phenyl- 
alanine and L-tryptophan benzyl ester hydrochloride in the 
manner described earlier. The filtrate was washed with water, 
0.5 N  hot hydrochloric acid, hot water, 5%, sodium bicarbonate 
solution, water, and dried over sodium sulfate. The solvent was 
evaporated in vacuo. Upon adding petroleum ether, the oily 
residue crystallized and was recrystallized from ethyl acetate- 
ether; yield, 70%; m.p. 135°, [<*]%> —4° (c 5, methanol).

Anal. Calcd. for C36H33N30 5: C, 73.02; H, 5.78; N, 7.30. 
Found: C, 72.80; H, 5.99; N, 7.10.

The remaining tryptophan dipeptides were prepared simi
larly. Yields and analytical data are given in Table I.

L - T r y p to p h y l - L - a l a n i n e .—A solution of carbobenzoxy-L-tryp- 
tophyl-L-alanine benzyl ester (5 g.) in 80% methanol-water was 
hydrogenated in the presence of 0.5 g. of 10% palladium on 
charcoal for 4 hr. The catalyst was removed by filtration. 
The filtrate was evaporated in vacuo and, upon adding ethanol, 
the peptide crystallized, and was recrystallized from water- 
ethanol; yield, 95%, [ a ] 25D  +28° (c 1, water).

Anal. Calcd. for Ci4Hi2N30 3: C, 61.08; N, 6.22; N, 15.26. 
Found: C, 60.92; H, 6.45; N, 15.05.

All of the N and C terminal tryptophan peptides are soluble in 
methanol. The remaining free peptides were made similarly. 
Yields and analytical data are given in Table II.

Acknowledgment.—This investigation was supported 
by research grant no. A-5098 from the National In
stitutes of Health, IT. S. Public Health Service.
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The synthesis of the parent member of the “Uron” class, tetrahydro-4.ff-l,3,5-oxadiazm-4-one, was effected 
by the acid-catalyzed hydrolysis of tetrahydro-3,5-bis(methoxymethyl)-4.ff-l,3,5-oxadiazm-4-one. A com
pound previously reported to be tetrahydro-3,5-dimethyl-4if-l,3,5-oxadiazin-4-one was shown to be 1,3-di- 
methyl-l-methoxymethylurea. The synthesis of tetrahydro-3,5-dimethyl-4H-l,3,5-oxadiazin-4-one was effected 
by the hydrogenolysis of tetrahydro-3,5-bis(methoxymethyl)-4/f-l,3,5-oxadiazin-4-one in the presence of Raney 
nickel.

1 8 7 6  B e a c h e m , O p p e l t . C o w e n , S c h i c k e d a n t z , a n d  M a i e r  V o l . 2 8

In 1936 Kadowaki2 assigned the name “Uron” to a 
cyclic urea (I), tetrahydro-4//-l,3,5-oxadiazin-4-one, 
and described the preparation of N,N'-bis(methoxy- 
methyl)uron (II), tetrahydro-3,5-bis(methoxymethyl)- 
4/7-1,3,5-oxadiazin-4-one.

U  n
CH2 ch2 ch , ch2
l i  | ' |

H— / N—H CH3OCH2— b k / N — CH2OCH3
C

11 ii0  0
I II

Until now there has been some uncertainty concerning 
the nature of the so-called “Urons” and in fact I itself 
has recently been referred to by Marsh3 as a “hypo
thetical substance” presumably because it has never 
been reported.

We repeated Kadowaki’s preparation and obtained, 
as he did, a product having the correct carbon, hydro
gen, and nitrogen content for I I ; however, the methoxyl 
analysis was much too high and the total formaldehyde 
was much too low for this structure. In addition, the 
infrared absorption spectrum of this material had a 
strong NH band at 2.98 p which remained even when the 
product was fractionated carefully. An examination of 
this product by vapor phase chromatography clearly 
showed that Kadowaki had a mixture of two major and 
several minor components.

By the use of a preparative vapor phase chromato
graphic column the isolation of pure II was easily effected 
since it came off the column last. The product was 
identified as II by elemental, methoxyl, and total form
aldehyde analyses, and a molecular weight determina
tion.

Since attempts to prepare I by the cyclization of
1,3-bis (hydroxymethyl) urea were unsuccessful, an at
tempt was made to cleave selectively the methoxy- 
methyl groups of II by acid hydrolysis, using a dilute 
solution of dimedone since this reagent is acidic and will 
also tie up the released formaldehyde as methylenebis- 
dimedone. After hydrolyzing, the insoluble methylene- 
bisdimedone was filtered off and from the nitrate a 
colorless, crystalline solid melting at 170-171° was 
obtained. This material was identified as the long- 
sought parent “Uron,” I, by elemental analysis, total 
formaldehyde, and molecular weight determinations.

Kadowaki2 also reported the preparation of a low- 
melting compound, N,N'-dimethyluron (III), tetra- 
hydro-3,5-dimethyl-4Z/-l,3,5-oxadiazin-4-one, by the

(1 ) Presented a t the 142nd N ational M eeting of the A m erican Chem ical 
Society , A tlan tic  C it y ,  N . J . ,  September 1962.

(2) H . K ado w ak i, Bull. Chem. Soc. Japan, 11, 248 (1936).
(3) J .  T ,  M argh, Textile Recorder, 79, 55 (Ju ly , 1961).

ch2 ch2

ch3—n^ c /N — ch3

II
0
in

reaction of 1,3-dimethylurea with formaldehyde fol
lowed by cyclization; this claim was supported by excel
lent analytical data.

In 1958 Becher and Griffel4 reported on the infrared 
absorption spectra of several compounds of the “Uron” 
class, citing Kadowaki’s article and publishing a spec
trum in the 6-15-ju region of a product which they as
sumed to be III. We repeated the preparation of 
Becher and Griffel and found that the infrared absorp
tion spectrum of the product had a strong NH band at 
2.99 p. A comparison with the spectrum reported by 
Becher and Griffel showed that both spectra were identi
cal in the 6-15-/I region. Elemental, methoxyl and 
total formaldehyde analyses showed that the compound 
obtained by Becher and Griffel was actually 1,3-di- 
methyl-l-methoxymethylurea (IV).

Numerous attempts were made to prepare III by 
Kadowaki’s procedure but in every case the products 
were IV and the known compound tetramethyldimeth- 
ylenediureid2 (V).

V Î ?■

0
II

CH,— CH/ V-N—C—N—CH2OCH3 CH, CH,

IV
\  /  CH,-NV N-CH,

\\0
V

Since III was not obtained by either the procedure of 
Kadowaki or of that of Becher and Griffel, an attempt 
was made to prepare it by the hydrogenolysis of II in 
the presence of Raney nickel. This resulted in a low- 
melting crystalline solid which was subsequently 
identified as III; compound III had the same melting 
point as that originally reported by Kadowaki.2

Experimental
All melting points are uncorrected.
Tetrahydro-41?-l,3,5-oxadiazin-4-one (I).—A mixture of 2.0 g. 

(0.0105 mole) of II, 5.70 g. (0.0407 mole) of dimedone and 600 ml. 
of water was maintained at boiling temperature for 20 min., then 
cooled to room temperature, and filtered to separate the methvl- 
enebis(dimedone). The filtrate was concentrated at 1 mm., while

(4) H . J .  Becher and F .  G riffe l, Chem. Ber., 91, 2032 (1958).
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maintaining the temperature below 30°, to a volume of 20 ml. and 
filtered again to remove additional methylenebis(dimedone); 
the filtrate was again concentrated at 1 mm. to remove the re
maining water. The residue (1.10 g.), a tacky solid, on tritura
tion with an acetone-ethanol mixture gave a crystalline solid 
(0.30 g., m.p. 158-165°); recrystallization from acetonitrile 
gave colorless needles, m.p. 170-171°; infrared (Nujol mull): 
3.15, 3.27, 3.45, 5.95, 6.50, 6.95, 7.15, 7.27, 7.57, 8.60, 8.80,
9.07, 9.55, 9.72, 10.07, 11.50, 12.35 m-

Anal. Calcd. for C3H6N20 2: C, 35.3; H, 5.95; N, 27.40; 
CH20  (total), 58.64; mol. wt., 102. Found: C, 35.06; H, 6.07; 
N, 27.11; CH20  (total), 58.64; mol. wt., 104.6 ±  10.

Tetrahydro-3,5-bis(methoxymethyl)-4/7-l,3,5-oxadiazin-4-one 
(II). A. Method of Kadowaki.1 2—This procedure gave a liquid 
which on distillation in vacuo through a 6-in. Yigreux column 
gave 101.7 g. of product. (54%), b.p. 127-137° at 4 mm., re25d 
1.4675; infrared (film): 2.95, 3.42, 3.55, 6.02, 6.70, 6.87, 7.20,
7.50, 7.75, 8.57, 9.35, 9.80, 10.35, 10.75, 11.05, 11.87, 12.42,
12.95, 13.32, 14.27 m-

Anal. Calcd. for C7H14N2O4: C, 44.20; H, 7.42; N, 14.74; 
CH3O, 32.60; CH20 (total), 63.05. Found: C, 44.05; H, 7.49; 
N, 14.61, CHsO, 37.16; CH20  (total), 57.8; CH20 (free), none.

B. Isolation by Vapor Phase Chromatography.—Samples (50 
m 1 . )  of the reaction mixture prepared by the Kadowaki procedure 
were injected into an F&M Model 500 gas chromatograph con
taining a 12-ft. column packed with 20% silicon gum rubber on 
Chromosorb W, a flux calcined diatomaceous earth, while using a 
helium flow rate of 50 ml. per minute. The temperature condi
tions were maintained as follows: injection part, 270°, block, 
300°, and column, 200°. Using these conditions it was found that 
pure II (re2®d 1.4705) had a retention time of 15.4 min. (peak 
height); samples of II were collected in a tube cooled to —60°; 
infrared (film): 3.37, 3.50, 5.97, 6 .66, 6.82, 7.20, 7.50, 7.75,
8.57, 9.32, 9.80,10.32,10.75, 11.05,12.45, 13.35, 14.25 m-

Anal. Calcd. for C7Hi4N20 4: C, 44.20; H, 7.42; N, 14.74; 
CH30 , 32.60; CH20  (total), 63.05. Found: 0,44.04; H, 7.39; 
N, 14.76; CH30 , 32.49; CH20  (total), 63.66.

Tetrahydro-3,5-dimethyl-4//-l,3,5-oxadiazin-4-one (III).—An 
amount of 95.1 g. (0.50 mole) of II was dissolved in sufficient 
methanol to make 400 ml. of solution. The solution was charged 
to a 1-1. stainless steel autoclave together with 15 g. of Raney 
nickel and shaken at 150-165° for 10 min. and at 200° for 8 hr.; 
the autoclave was then cooled to room temperature and vented.

The methanolic solution on concentration in vacuo gave 59.8 
g. of crude product which on analysis by vapor phase chromatog
raphy showed three components; the last component was 
identified as starting material.

Distillation of the crude product under reduced pressure gave 
five fractions boiling over a range of 74-90° at less than 1 mm.;

vapor phase analysis of each fraction showed that no clear-cut 
separation was obtained. However, the second fraction (6.4 g., 
b.p. 74-77° at less than 1 mm.) had the greatest concentration 
of the first component. When this fraction was cooled at —60° 
to induce crystallization and twice recrystallized from ether at 
— 60°, the resulting solid (m.p. 36.4°, re26D 1.4808) was found to 
be chromatographically pure and identified as III; infrared 
(film): 3.40, 3.47, 6.05, 6.60, 6.82, 7.00, 7.15, 7.57, 7.95, 8.17,
9.05, 9.25, 9.65, 10.35, 12.40, 13.32 m.

Anal. Calcd. for CeHi0N2O2: C, 46.10; H, 7.74; N, 21.55; 
CH20  (total), 46.1. Found: C, 45.90; H, 7.75; N, 21.45; 
CH20  (total), 46.8.

The second component was not isolated; it is believed to be 
tetrahydro-1,3,5-trimethyl-4iT-l ,3,5-triazin-4-one because the 
addition of pure tetrahydro-1,3,5-trimethyl-4ff-l,3,5-triazin-4- 
one to the crude product greatly increased the peak height of the 
second component.

Tetrahydro-1,3,5-trimethyl-4H-l, 3,5-triazin-4-one.—An 
amount of 17.6 g. (0.20 mole) of 1,3-dimethylurea was dissolved 
in 33.2 g. (0.41 mole) of 37% formaldehyde and 31.0 g. (0.40 
mole) of 40% aqueous methylamine was added drop wise while 
maintaining the temperature below 35°. The reaction mixture 
was refluxed for 18 hr. and concentrated at 15 mm. to remove the 
water. The residue (29.0 g.) was distilled at 0.30 mm. through a 
micro Vigreux column and the fraction (7.35 g.) boiling at 65-67° 
was collected and identified as tetrahydro-1,3,5-trimethyl-4//-
1,3,5-triazin-4-one.

Anal. Calcd. for C6Hi3N30 : C, 50.39; H, 9.09; N, 29.35. 
Found: C, 50.33; H, 9.09; N, 29.35.

1,3-Dimethyl-l-methoxymethylurea (IV).—The procedure 
used was that described by Becher and Griffel.4 Distillation of 
the crude material through a 5-in. Vigreux column gave 75.3 g. 
(65%) of a colorless liquid (b.p. 99-100° at 1 mm., re26d 1.46261; 
infrared (film): 2.98, 3.40, 3.55, 6.10, 6.53, 7.10, 7.30, 7.73 8.0, 
8.15, 8.52, 8.70, 9.20, 9.35, 9.70, 10.32, 10.57, 11.06, 11.85,
12.55, 13.00 m-

Anal. Calcd. for C5H,20 2: C, 45.4; H, 9.15; N, 21.2; 
CH30 , 23.45: CH20  (total), 22.7. Found: C, 46.1; H, 3.33; 
N, 21.64; CHsO, 24.19; CH20  (total), 23.2.
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a-Cyanoalkyl thiocyanates, prepared from a-chloroalkyl and a-(4-toluenesulfonyloxy)alkyl cyanides, are 
shown to undergo cyclization to derivatives of 2-bromo-4-aminothiazole by means of hydrogen bromide. Hy
drogen chloride is unsatisfactory as a eyclizing agent whereas hydrogen iodide causes further reduction and leads 
directly to derivatives of the previously inaccessible 4-aminothiazoles. Attempts to apply this synthesis to the 
preparation of selenazoles were unsuccessful.

In earlier papers,12 we have shown that the cycliza
tion reaction of a,w-dinitriles can be used effectively 
for the synthesis of pyridine and isoquinoline com
pounds. For example, 3-hydroxyglutaronitrile is cy- 
clized to 2-amino-6-bromopyridine hydrobromide by

(1) P art II, F. Johnson, J. P. Panella, A. A. Carlson, and D. H. Hunne- 
man, J .  O r g .  C h e m . ,  27, 2473 (1962).

(2) P art III, F. Johnson and W. A. Nasutavicus, i b i d . ,  27, 3953
(1962).

hydrogen bromide and 2-cyanobenzyl cyanide with the 
same reagent leads exclusively to 3-amino-l-bromo- 
isoquinoline hydrobromide.

All previous work3 dealing with the action of an
hydrous hydrogen halides on dinitriles of the type 
under discussion has been devoted largely to systems in 
which the two nitrile groups were joined by a carbon

(3) This has been summarized in part II  (ref. 1).
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chain.4 We now report studies where the latter has 
been modified by the incorporation of a heteroatom, 
namely sulfur or selenium.

In view of the fact that the electron-accepting and 
electron-donating effect of divalent sulfur appear to be 
similar to those of a 1,2-phenylene group, it seemed 
likely that the cyclization of the appropriate cvano 
thiocyanates also might proceed in one specific direc
tion. In addition, if the cyclization were to be analo
gous to that of 2-cyanobenzyl cyanide then a-cyano- 
alkyl thiocyanates should lead to derivatives of the 
essentially inaccessible 4-aminothiazoles. We now 
report that this is the case and that the reaction of 
these dinitriles (I) with anhydrous hydrogen bromide 
proceeds exclusively to give 4-amino-2-bromothiazole 
hydrobromides (II).

'CH— S 
I I 
CN CN

I

was isolated and only when using 4-nitrobenzaldehyde 
could any solid material be obtained. This, however, 
proved to be 4-tolyl disulfone, undoubtedly formed by 
the following sequence.

CHO

N 02

n c - c h " OTo

C7H7S02C1 
KCN

n o 2

NCh iY o-C si0 - S 0 2- C 7H, N C .\c ^O
SOT

Cyanoalkyl Thiocyanates.—Of the required starting 
materials (I) only those where R = H or C6H6 were 
known in the previous literature. The former com
pound had been reported6 to be of use as a solvent for 
polyacrylonitrile (no preparative details were given), 
while Brintzinger and Schmahl6 had described it as a 
solid, m.p. 96-98°. They claimed its preparation by the 
action of potassium cyanide on chloromethylsulfenyl 
chloride in acetic acid. The phenyl homolog (I, 
R = CeHs) had been prepared7 8 twice previously by 
the action of ammonium thiocyanate on a-bromoben- 
zyl cyanide in alcohol. This latter method, obviously 
capable of much wider application, had the disadvan
tage of requiring a-halonitriles, materials often having 
disagreeable properties. Nevertheless, Taylor9 has 
pointed out that the analogous a-cyanoalkyl aryl- 
sulfonates are handled more easily and can be used as 
effectively as a-haloalkylnitriles in substitution reac
tions. As they also seemed to have the added benefit 
of easy preparation10 from the corresponding aldehydes, 
these at first appeared to be our starting materials of 
choice.

However, although we were able to prepare the pre
viously known a-cyanoalkyl 4-toluenesulfonates, the 
method10 failed completely to give solid products when 
applied to 2-methoxy-, 2,4-dimethoxy-, 4-chloro-, 3- 
and 4-nitro-, or 4-acetaminobenzaldehyde, terephthalde- 
hyde, cinnamaldehyde, or furfural. The use of meth- 
anesulfonyl chloride or benzenesulfonyl chloride in 
place of 4-toluenesulfonyl chloride in the reaction 
with 4-chlorobenzaldehyde was equally unsuccessful. 
In most of these cases a noncrystallizable viscous sirup

(4) T h e  ©niy ex c ep tio n s  a re  th io cy an o g en  [A. S od erb ack , A n n . ,  419, 217 
(1919); 465, 184 (1928)] a n d  th e  N ,N '-d ic y a n o g u a n id in e s  [D . W . K aiser, 
U . S. P a te n t  2 ,630,433 (1953); J .  J .  R o e m e ra n d  D . W . K a ise r, U . S. P a te n t  
2 ,658,893 (1953)].

(5) R . C . H o u tz  ( to  E . I .  d u  P o n t  d e  N e m o u rs  a n d  C o .), U . S. P a te n t  
2 ,404,727 (1946).

(6) H . B rin tz in g e r  a n d  H . S chm ah l, C h e m .  B e r . ,  87, 314 (1954).
(7) A. K re to v  a n d  A. P an ch e n k o , J .  R u s s .  P h y s .  C h e m .  S o c . ,  61, 1975 

(1929); C h e m .  A b s t r . ,  24, 4769.
(8) D . G . C oe, M . M . G ale , R . P . L in stead , a n d  C . J .  T im m o n s , J .  C h e m .  

S o c . ,  123 (1957).
(9) E . C . T a y lo r , G . A. B e rc h to ld , N . A. G oeckner, a n d  F . G . S tro eh m an n , 

J .  O r g .  C h e m . ,  26, 2715 (1961).
(10) J . D. Loudon and  I. Wellings, J .  C h e m .  S o c . ,  1780 (1959).

C7H7S02C1

n o 2 c h 3

c h 3

Properties of this material were in good agreement 
with those previously recorded1112 for this substance. 
The base-catalysed elimination of sulfinate ion from 
sulfonate esters of this type has been well documented 
by Loudon10 and by Taylor.9 However disulfone 
formation has not been observed previously, and the 
above reaction represents an alternate pathway for the 
disappearance of sulfinate anion. In the case of 4- 
chlorobenzaldehyde, further treatment of the crude 
reaction mixture with ammonium thiocyanate did give 
a very small amount of the required a-cyano-4-chloro- 
benzyl thiocyanate. This, however, was the only 
example of the aldehydes listed previously, where any 
conversion to the desired product could be achieved.

In those instances where the preparation of the a- 
cyanoalkyl 4-toluenesulfonate failed, recourse had to 
be made to the a-chloroalkyl cyanides. These were 
prepared by the action of thionyl chloride on the cyano
hydrins of a selection of the preceding aldehydes ac
cording to known procedures.1314

Whereas it was possible to convert the a-chloroalkyl- 
nitriles and a-cyanoalkyl 4-toluenesulfonates to the 
a-cyanoalkyl thiocyanates with thiocyanate ion in 
boiling alcohol, it was found that usually anhydrous 
dimethylformamide was a much more suitable solvent. 
Using this medium, the reactions were complete inside 
thirty minutes at room temperature, and the products, 
generally obtained in high yield, required little purifica
tion.

(11) T . P . H ilditeh, i b i d . ,  1524 (1908).
(12) E . v. M eyer, R . Naeke, and  M. Gm einer, J .  p r a k t .  C h e m .  63, [ii] 

167 (1901).
(13) W. H . Davies, A. W. Johnson, and  H. A. Piggott, J .  C h e m .  S o c . ,  352

(1945).
(14) A. H. Cook, J . Downer, and B. H ornung, i b i d . ,  502 (1941).
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RCH(CN)SCN
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-Analyses-
Cryst. M.p., Yield, Oalcd.— — —______ _

R from® °c. % Formula c H N s c H N s
c 6h 5 E-P 78-80 83 C9H»NsS‘
2-ClC6H4 E-P 86-88 89 CjHsClNsS 51.8 2.4 13.4 15.4 51.8 2.4 13.4 15.3
4-CIC6H4 E-P 78-80 83 C9H5C1N2S 51.8 2.4 13.4 15.4 51.8 2.0 13.3 15.4
2,4-Cl2C6H3 MC-P 136-138 96 c 9h 4ci2n 2s 44.5 1.7 11.5 13.2 44.2 1 .6 11.4 13.3
2-CHsOC6H4 MC-P 104-105 91 c10h 8n 2os 58.8 3.9 13.7 15.7 58.8 3.9 13.5 15.9
2-N02C«H4 MC-P 87-89 74 c 9h 6n 3o2s 49.3 2.3 19.2 14.6 49.1 2.3 19.1 14.7
4-CH3CONHCsH4 136-140 49 CuH9N3OSc

“ Solvent key: E — ether; P — petroleum ether (b.p. 30-60°); MC = methylene chloride. 6 Known compound; yield when 
ethanol used as solvent was 45%. c This material resisted purification by crystaJization and was used as such for further work.

A few failures were observed. a-Cvano-d-phenyl- 
ethyl 4-toluenesulfonate reacted with ammonium thio
cyanate in boiling ethanol to give a dark red solid 
which lacked a band in its infrared spectrum for the 
-SCN group, and from the same reaction in dimethyl
formamide only traces of starting material could be 
isolated. The reaction of a,a'-dichlorobenzene-l,4- 
bisacetonitrile (III) with ammonium thiocyanate in 
dimethylformamide was accompanied by some vivid 
color changes and the deposition of ammonium chloride, 
but only an extremely insoluble amorphous brown 
powder was obtained. The latter showed nitrile but 
no thiocyanate absorption in the infrared spectrum. It 
is possible that this product is polymeric in nature hav
ing been formed from the p-xylylene derivative (V) 
shown below.

C1CHCNl C1-C®CNrS Base ÒOf
C1CHCN

-C l0 .

V
C1CHCN

-H®”

III
■V /

polymer

Finally, the parent compound (I, R = H) deserves 
some attention. I t was prepared easily by refluxing 
chloroacetonitrile with ammonium thiocyanate in 
ethanol for a few hours, and proved to be a highly 
mobile liquid which could not be induced to crystallize 
at room temperature. Besides giving good elemental 
analytical data, its infrared spectrum showed bands at 
4.40 and 4.57 m in agreement with structure I (R = H). 
As Brintzinger, et al.f claimed this material to be a 
solid, we repeated their experiments. Although it was 
possible to isolate some yellow crystals of m.p. 160- 
170° (with effervescence) which had no infrared absorp
tion bands in the 4-5-ju region, we were unable to ob
tain any compound corresponding to that of these 
authors.

Table I lists the a-cyanobenzyl thiocyanates prepared 
for cyclization studies.

Thiazoles.—The reaction of the a-cyanoalkyl thio
cyanates with hydrogen bromide in an inert solvent 
(usually acetic acid or ether) occurred quite readily, in 
most instances a highly crystalline salt being obtained. 
These hydrolyzed rapidly in moist air but were found 
to be stable indefinitely at room temperature in a dry 
atmosphere. The product (II, R = H) from I

(R = H), to which most attention was given, had a 
good analysis for a compound containing two bromine 
atoms. That this is indeed the hydrogen bromide salt 
of a bromoaminothiazole and not an open chain analog 
such as YI, VII, or VIII, is suggested by the evidence 
that its infrared spectrum shows no absorption in the
4-5-/u region but does show considerable similarity to 
the hydrobromide salt of 3-amino-l-bromoisoquinoline 
around 3 ¡i. In addition, structure VI seems unlikely, 
as previous attempts16 to isolate the monohydrobro
mide adducts of simple nitriles have failed. If formed 
at all, they appear to disproportionate into nitrile and

CH2—S

N H = i  ¿ = N H
I I

Br Br 
VI

the nitrile dihydrobromide. Treatment of II (R = H) 
with acetic anhydride containing pyridine afforded a 
bromoacetaminothiazole (IX) which on hydrogena
tion led to 4-acetaminothiazole (X, R = H). The 
physical properties of the latter agreed well with those 
published16 for this compound, and by direct com
parison, were completely dissimilar to those of 2- 
acetaminothiazole. Clearly then the cyclization of 
I (R = H) by hydrogen bromide leads to 4-amino-2- 
bromothiazole hydrobromide and not to the alternate
2-amino-4-bromothiazole salt, a result in agreement 
with the corresponding cyclization2 of 2-cyanobenzyl 
cyanide. By analogy, similar structural assignments 
were made to those cyclized products prepared from

C CN
/  \

B rH H N  Br 
VII

CEO—S
I !

CN C=NH- HBr
I

Br
VIII

(15) F . K lages a n d  W . G rill, A n n . ,  594, 21 (1956).
(16) H* E rlen m ey e r a n d  D , M arkees*  H e l v .  C h i m . A c t a ,  29, 1229 (1946)*
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T a b l e  I I
P repa ration  o f  4-Acetam ino-2-bromothiazoles 

C H a C O N H ^ N ^ B r

Analyses-

R Method
Cryst.
from0

M.p.,
°c.

Yield,
% Formula C H

-Caled.-
Br N s c H

-Found-
Br N s

H A A-P 165 86 C6H6BrN2OS 27.2 2.3 36.1 12.7 14.5 27.1 2 . 0 3 5 . 9 1 2 . 7 14.7
C U E B MC-P 107-109 43 C8H„BrN2OS 36.5 4.2 30.4 10 .6 12 .2 36.6 3 . 9 30.3 1 0 . 6 12.3
C6H5 C EE 160-162 74 CuHJBrNjOS 4 4.5 3.1 26.9 9.4 10.8 44.5 3 . 0 27.1 9 . 2 10.7
2-ClC6H4 B EE 120-121 55 CnH8BrClN 2OS 39.8 2.4 8 .4 9.7 39.5 2 . 3 8 . 4 9.7
4-ClC6H4 B EE 182-183 80 CuHsBrClISfiOS 39.8 2.4 24.1 8.4 9.7 39.7 2 . 4 24.3 8 . 4 9.8
2,4-Cl2C6H3 B EE-P 134-136 94 CuILBrCUNOS 36.3 2.0 7.7 8.8 36.0 1 . 7 7 . 7 8.9
2-CH3OC6H4 C EE 143-145 83 CuHnBrNÄS 44.0 3.4 24.4 8 .6 9.8 43.6 3 . 4 24.2 8 . 4 9.7
2-N02C6H4 A EE 118-120 20 CnHsBrNAS 38.6 2.4 23.4 12.3 9.4 38.4 2 . 1 23.8 1 2 . 1 9.3
4-CH3CONHC6H4 C ET 229-233 88 Ci,H12BrN30 2S 44.1 3.4 22.6 1 1 . 9 9.1 43.9 3 . 3 22.4 1 2 . 0 8.8

a Solvent key: A = acetone; ET = ethanol; EE = ethyl acetate; others as in Table I.

I where R = alkyl or aryl. In general, these materials 
were characterized as their 4-acetamino derivatives by 
treatment with acetic anhydride, and the latter are 
listed in Table II. In some cases, if base was excluded 
during the acetylation step and the mixture heated, an 
N,N-bisacetylamino compound (XI) could be isolated 
as the sole product. This was converted easily to the 
monoacetyl compound by a mild basic hydrolysis.

Some solvolysis reactions of II (R = H) also were 
examined and appear to be rather complex. Treatment 
with water almost immediately led to a very insoluble 
substance which was unaffected by acetic anhydride in 
the presence of hydrogen bromide and acetic acid. Its 
elemental analysis corresponds well with that required 
by C3H5BrN2OS, and from its infrared spectrum and the 
fact that it releases bromide ion on treatment with 
sodium hydrogen carbonate we have assigned to it the 
structure 4-imino-2-oxothiazolidine hydrobromide. 
Treatment of II (R = H) with sodium hydrogen car
bonate solution gave a bright yellow insoluble material 
which within minutes began to decompose, changing 
eventually to a mottled purple substance which could 
not be recrystallized without further decomposition. 
If following the subsidence of effervescence, the moist 
material was immediately transferred to an excess of 
acetic anhydride in pyridine, a highly crystalline prod
uct could be isolated, which, from its elemental analysis 
is assigned the empirical formula C8Hi3BrN40eS2. 
Further work on the material is continuing. Lastly, 
boiling II (R = H) with hydrochloric acid led to thia- 
zolidine-2,4-dione (XII), identified by comparison with 
an authentic sample.17

The action of other halogen acids on I also was 
examined. The reaction of hydrogen iodide was more 
complex than that of hydrogen bromide. Thus, 
I (R = H) treated with hydrogen iodide in acetic acid 
initially gave a brown solid which quickly redissolved 
with the liberation of iodine. Addition of acetic anhy
dride after one hour then afforded 4-acetaminothiazole 
directly. When acetic anhydride was omitted and the 
reaction mixture was allowed to stand overnight, a 
black crystalline precipitate was formed. From its 
elemental analysis and its conversion by a basic solution 
of sodium thiosulfate to 4-acetaminothiazole, it appears

(17) W . D av ies , J .  A . M aclaren , anti L ,  R , W ilk inson , J, Chem. Soc., 3491
(1950).

to be a hydrogen iodide periodide (XIV, R = H) of the 
latter substance. Presumably these reactions proceed 
through a 4-amino-2-iodothiazole salt (XIII, R = H) 
which then undergoes reductive deiodination18 by the 
excess of hydrogen iodide present. Reductive cleavage

of the thiocyanate group also occurs for besides the 
expected 4-acetaminothiazole (X, R = 2, 4-CI2C6H3), 
hydrogen iodide treatment of I (R = 2, 4-Cl2C6H3) 
affords some 2,4-dichlorobenzyl cyanide.19 The former 
product was identified by hydrogenation of 4-aceta- 
mino-2-bromo-5-(2,4-dichlorophenyl)thiazole (IX, R =
2 ,4-CLC6H3) using a palladium catalyst, which removed 
only bromine from the molecule.

By contrast, hydrogen chloride treatment of I (R = 
H) in acetic acid did not lead to the desired 4-amino-2- 
chlorothiazole compounds. A precipitate did appear 
but acetylation with acetic anhydride afforded only a 
small amount of a compound containing no chlorine, 
whose elemental analysis is in agreement with that of 
CbH6N2S02. The infrared spectrum of the material 
showed bands at 3.05, 3.22, 5.90, and 6.17 p which sug
gests that it may be 4-acetamino-2-oxo-4-thiazoline. 
No further work was done with this compound.

Selenazoles.—An attempt was made to extend the 
above cyclization procedures to the preparation of 1,3- 
selenazoles. Cyanomethyl selenocyanate, prepared 
from potassium selenocyanate and chloroacetonitrile 
in boiling alcohol, when treated with hydrogen bromide

(18) Such facile deiodination in the thiazole series is not unprecedented. 
Y. Garreau [Compt. rend., 230, 448 (1950) 1 observed that 2-amino-4-iodo~5- 
methylthiazole was reduced to 2-amino«5-methylthiazole by a mixture of 
hydrogen chloride and allyl alcohol.

(19) P. B. Russell and G. H. Hitchings, J . Am. Chem. Soc., 73, 3763 
(1951).
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in ether, deposited selenium. After treatment of the 
reaction mixture with acetic anhydride, no 4-acetamino- 
2-bromoselenazole could be isolated. a-Cyano-2,4-di- 
chlorobenzyl selenocyanate (XV) behaved in much the 
same manner. However, in this case a trace of a sub
stance was obtained after acetylation whose infrared 
spectrum resembled that of the corresponding thiazole 
(IX, R = 2, 4-CI2C6H3). Unfortunately, insufficient 
material was obtained for analysis but it does appear to 
be the required XVI. Hydrogen chloride in the case of

XV caused selenium deposition and did not lead to any 
selenazole compound.

The reactions presented in this paper represent a new 
approach to the synthesis of thiazoles and in particular 
to 4-aminothiazoles. Although a number of 2,4-di
amino thiazoles are known,17’20 21 22 23“24 only a few derivatives 
of 4-aminothiazole itself have been reported. The 
previously mentioned 4-acetaminothiazole and its 
precursor 4-acetamino-2-chlorothiazole were prepared 
by Erlenmeyer and Markees16 while 4-amino-2,5-di- 
phenylthiazole, the only known free 4-aminothiazole, 
was synthesized by Taylor, et al.2& Nevertheless, no 
general synthetic pathway to these materials has been 
described before, and the methods presented here now 
make them easily available.

Further reactions of these compounds will be pre
sented in a later paper.

Experimental
Melting points were determined on a Fisher-Johns melting 

point block and are not corrected. Infrared spectra were re
corded on a Baird spectrophotometer Model no. 4-55 as films or 
as Nujol mulls. Hydrogen bromide (30-33%) in acetic acid was 
used as supplied by Eastman Kodak.

a-Chloro-2-methoxybenzyl Cyanide.—2-Methoxybenzaldehyde 
(82 g.) was added to a solution of sodium bisulfite (100 g.) in 
water (750 ml.). The mixture which became homogeneous al
most immediately was cooled to 12° and treated with a solution 
of potassium cyanide (45 g.) in water (100 ml.), with stirring dur
ing 30 min. This reaction solution was then extracted with ether 
(two 200-ml. portions) and organic phase dried over anhydrous 
magnesium sulfate. After removal of the latter, pyridine (5 ml.) 
was added, followed by a solution of thionyl chloride (80 g.) in 
ether (100 ml.). The second reagent was added during 40 min. 
at room temperature and thereafter the mixture was refluxed for 
6 hr. The ether layer was removed by decantation, washed twice 
with water (two 100-ml. portions), and, after drying over anhy
drous magnesium sulfate, evaporated to give a brown oil (79 g.). 
Distillation of this liquid under reduced pressure afforded only 
one fraction (45.4 g.), b.p. 113° (0.5 mm.), ?i 25d  1.5430, which 
solidified after standing at room temperature for two weeks, m.p.

(20) K . G a p a n a th i a n d  A. V e n k a ta ra m a n , P r o c .  I n d .  A c a d .  S c i . ,  22A , 359
(1945) .

(21) S. C . D e  a n d  P . K . D a t ta ,  S c i .  C u l l .  (C a lc u tta ) , 11, 150 (1945); 
C h e m .  A b s t r . ,  40, 1804 (1946).

(22) A. H . L a n d , C . Z iegler, a n d  J . M . S p rag u e , J .  O r g .  C h e m . ,  11, 617
(1946) .

(23) R . M . D o d so n  a n d  H . W . T u rn e r, J .  A m .  C h e m .  S o c . ,  73, 4517 
(1951).

(24) B . H . C h ase  a n d  J . W a lk er, J .  C h e m .  S o c . ,  4443 (1955).
(25) E . C . T a y lo r , J .  A . A n d erso n , a n d  G . A. B e rc k to ld , J .  A m .  C h e m .  S o c , ,

77. 5444 (1955).

40-42°. A sample redistilled for analysis boiled at 123° (3.3 
mm.), w25d 1.5429.

Anal. Calcd. for CnHgClNO: C, 59.5; H, 4.4; Cl, 19 5; N,
7.7. Found: C, 59.7; H,4.5; Cl, 19.4; N, 7.7.

a-4-Dichlorobenzyl Cyanide.—The procedure used was exactly 
the same as that of the preceding example. From 4-chlorobenz- 
aldehyde (21.1 g.) there was obtained a crude brown oil (24.5 g.) 
which when distilled under reduced pressure afforded pure a,4- 
dichlorobenzyl evanide (17.5 g.), b.p. 85-87° (0.18 mm.),
l .  5575.

Anal. Calcd. for CsHsCbN: C, 51.6; H, 2.7; Cl, 38.1; N,
7.5. Found: C, 51.5; H, 2.8; Cl, 38.2; N, 7.5.

4-Acetamino-a-chlorobenzyl Cyanide.—4-Acetamino-a-cyano- 
benzyl alcohol, m.p. 80°, was prepared in quantitative yield from
4-acetaminobenzaldehyde according to the procedure of Buck.26 
It exhibited bands in the infrared spectrum at 2.95 (-OH) and
6.01 fx (acetamino). Nitrile absorption was not apparent between 
4 and 5 fi, but this is not unusual with a-hydroxynitriles. This 
material (7 6 g.) was suspended in dry ether (50 ml.), and tri- 
ethylamine (4.1 g.) added, followed by a solution of thionyl 
chloride (15 g.) in ether (20 ml.). The latter was added drop wise 
during 20 min. and the suspended solid turned a yellow color but 
not dissolve. The mixture was refluxed for 1.5 hr. and water 
then added, whereupon all solid present went into solution. 
The ether phase was separated, washed with water, dried over 
anhydrous magnesium sulfate, and evaporated to dryness. The 
resulting brown material was crystallized from methylene 
chloride-ether (with charcoal decolorizing) to give a yellow solid,
m. p .  120-122° (4.15 g.). A sample recrystallized for analysis 
had m .p .124-127°.

Anal. Calcd. for Ci0H9C1N2O: C, 57.6; H, 4.3; Cl, 17.0; 
N, 13.4. Found: C, 57.8; H,4.1; Cl, 17.0; N, 13.4.

a ,a '-Dichlorobenzene-1,4-bisacetonitrile.—Terephthal- 
aldehyde (6.5 g.) was added to liquid hydrogen cyanide (50 ml.). 
After stirring for 1 min., the mixture became homogeneous, then 
within 3 min. a solid began to precipitate. Two hours later, the 
excess hydrogen cyanide was removed in vacuo and the residual 
solid, presumed to be terephthalaldehyde biscyanohydrin, sus
pended in ether (25 ml.). Thionyl chloride (18 g.) in ether (25 
ml.) was added dropwise and the mixture refluxed for 2 hr. The 
solution was washed with water (five 10-ml. portions), dried over 
magnesium sulfate, and the ether removed by distillation. The 
resulting solid (8.5 g.), m.p. 100-120°, when crystallized from 
methylene chloride-carbon tetrachloride afforded crystals (2.1 g.), 
m.p. 132-135°. Recrystallization from ether-petroleum ether 
(b.p. 30-60°) led to the pure material, m.p. 139-141°. Its in
frared spectrum showed a band at 4.41 ¡1.

Anal. Calcd. for C10H6C12N2: C, 53.4; H, 2.7; Cl, 31.5; 
N, 12.4. Found: C, 53.1; H, 2.6; Cl, 31.3; N, 12.4.

Q’-Cyano-5-phenylethyl 4-Toluenesulfonate.—Phenyl acet
aldehyde (24 g.) in 50% ethanolic solution was poured onto 4- 
toluenesulfonyl chloride (19 g.) and to this paste was added 
potassium cyanide (6.5 g.) in water (25 ml.) with cooling and 
stirring. After standing 5° overnight, the solid (12 g.) which 
had precipitated was removed by filtration and recryseallized 
from ethanol to give pure a-cyano-/3-phenylethyl 4-toluene- 
sulfonate (2.7 g.), m.p. 77-78°.

Anal. Calcd. for C16H15NO3S: N, 4.6; S, 10.6. Found: N, 
4.7; S, 10.9.

4-Tolyl Disulfone.—4-Nitrobenzaldehyde (15 g., 0.1 mole) 
and 4-toluenesulfonyl chloride (19 g., 0.1 mole) were dissolved in 
dioxane (100 ml.) and the resulting solution treated dropwise 
with potassium cyanide (6.5 g., 0.1 mole) in water (25 ml.). 
After standing overnight the mixture was diluted with a large 
volume of water and extracted with methylene chloride (two 100- 
ml. portions). This extract was dried over magnesium sulfate and 
evaporated to small bulk. Dilution with acetone then afforded a 
white crystalline precipitate (1.4 g.), m.p. 205-206°. Several 
recrystallizations raised the melting point to 210- 211° (reported11 
m.p. 212°). The infrared spectrum of this substance showed 
bands at 7.46 and 8.79 characteristic of a sulfone group.

Anal. Calcd. for Ci4Hi40 4S2: C, 54.2; H, 4.55; S, 20.7. 
Found: C, 54.3; H, 4.2; N, 20.9.

a-Cyanoalkyl Thiocyanates (I).—The requisite a-chlaroalkyl 
cyanide or a-cyanoalkyl 4-toluenesulfonate (0.02 mole) was dis
solved in anhydrous dimethylformamide (10 ml.) and a solution 
of dry sodium or ammonium thiocyanate (0.021 mole) in the 
same solvent (10 ml.) added in one portion at room temperature.

(26) J. S. Buck, ibid., 56, 3388 (1933).
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In most cases precipitation of ammonium or sodium chloride or 
the corresponding 4-toluenesulfonate salt was complete in half 
an hour. The mixture was then filtered into ice-water and the 
precipitate collected and crystallized from the appropriate sol
vent.

Cyanomethyl Thiocyanate.—To a solution of sodium thio
cyanate (40.5 g., 0.5 mole) in methanol (250 ml.) there was 
added chloroacetonitrile (37.75 g., 0.5 mole) in one portion. 
The mixture was refluxed for 22 hr., with good stirring and the 
sodium chloride (28 g.) then removed by filtration. The filtrate 
was evaporated under reduced pressure to remove methanol and 
the water-soluble residue taken up in methylene chloride, dried 
over calcium chloride, and stirred with decolorizing charcoal. 
The methylene chloride was then evaporated under reduced 
pressure. This procedure was necessary to remove traces of basic 
inorganic salts which, if still present when the crude product was 
distilled, led to an explosion.

The pale brown liquid was twice distilled through a 6-in. 
Yigreux column to give pure cyanomethyl thiocyanate, b.p. 100- 
101° (1.5 mm.) (30.9 g., yield 62.0%). A sample redistilled for 
analysis boiled at the same temperature and pressure and had 
» 26d  1.5088.

Anal. Calcd. for CaH2N„S: C, 36.7; H, 2.1; N, 28.6; S,
32.7. Found: C, 36.6; H, 1.9; N, 28.6; S, 32.9.

1-Cyanobutyl Thiocyanate.—To a mixture of butyraldehyde 
(21.6 g., 0.3 mole) and benzenesulfonyl chloride (53 g. 0.3 
mole) there was added dropwise with stirring a solution of potas
sium cyanide (19.5 g., 0.3 mole) in water (45 ml.). After stirring 
for 2 hr., the reaction mixture was poured into methylene chloride 
and water. The organic layer was separated, washed with water, 
dried over anhydrous magnesium sulfate, and the solvent re
moved under reduced pressure. The residual sirup (64 g.) was 
added to a solution of ammonium thiocyanate (18 g., 0.245 
mole) in ethanol (120 ml.) and the whole stirred at 40° for 4 hr. 
A yellow solid (7 g.) which had separated was removed by filtra
tion (this material was not investigated), and the filtrate concen
trated under reduced pressure. The semisolid residue wa3 stirred 
vigorously with ether and the undissolved solid removed by 
filtration. The ethereal extract was washed three times with 
water, dried over anhydrous magnesium sulfate, and the ether 
removed evaporatively. The liquid thus obtained was distilled 
and that fraction (11.6 g.) distilling at 85-98° (0.5 mm.) col
lected. Redistillation at the same pressure afforded pure 1- 
cyanobutyl thiocyanate (10.6 g., yield 25%), b.p. 95°, n2id 
1.4805. Its infrared spectrum showed absorption bands at 4.45 
and 4.60 m-

Anal. Calcd. for C6H8N2S: C, 51.4; H, 5.8; N, 20.0; S,
22.9. Found: C,51.5; H, 5.8; N, 19.9; S, 23.0.

Cyanomethyl Selenocyanate.—A solution of potassium seleno- 
cyanate (30 g.) in water (90 ml.) was added, in one portion, to 
chloroacetonitrile (31.5 g.) in methanol (250 ml.) and the mixture 
refluxed overnight. The solvents were removed under reduced 
pressure, and the residual sludge of oil and salt extracted with 
methylene chloride. The extract was stirred with anhydrous 
magnesium sulfate, and the methylene chloride and excess chloro- 
acetonitrile then removed under reduced pressure. The dark red 
oily product was fractionally distilled and that portion (15.4 g.) 
boiling at 131-134° (0.45 mm.) collected. Refractionation of 
this material through a 4-in. Vigreux column gave a fairly pure 
sample of cyanomethyl thiocyanate (13.3 g.), b.p. 118° (0.3 mm.). 
Its infrared spectrum showed bands at 4.44 (nitrile) and 4.62 n 
(selenocyanate).

Anal. Calcd. for C3H2N2Se: C, 24.8; H, 1.4; N, 19.3. 
Found: C, 25.0; H, 1.6; N, 19.4.

A later fraction (3.6 g.), b.p., 138-140° (0.45 mm.) obtained 
from the first distillation showed only a single band (at 4.44 fi) in 
its infrared spectrum and we consider this to be biscyanometh}'] 
selenide derived undoubtedly from some potassium selenide im
purity in the potassium selenocyanate.

2,4-Dichloro-a-cyanobenzyl Selenocyanate.—2,4-Dichloro- 
a-cyanobenzyl 4-toluenesulfonate (6.05 g.) dissolved in dimethyl- 
formamide (50 ml.) was treated with solution of potassium seleno
cyanate (2.5 g.) in water (7.5 ml.). The mixture was allowed to 
stand at room temperature for 20 hr. and then poured into ice- 
water. The solid precipitate was removed by filtration and 
dried (4.3 g., 89%). A sample recrystallized from methylene 
chloride-ether had m.p. 151-152° (softening at 142°). Its in
frared spectrum showed absorption bands at 4.45 (-CN) and 
4.62 ¡X (-SeCN).

Anal. Calcd. for CaH4Cl2N2Se: C, 37.3; H, 1.4; N, 9.7. 
Found: C, 37.2; H, 1.4; N, 9.6.

Cyclization of Dinitriles with Hydrogen Bromide. Method 
A.—The «-cyanoalkyl thiocyanate was dissolved in ten to 
twenty times its weight of dry ether, and anhydrous hydrogen 
bromide passed through the solution at 0° for 1.5 hr., or until 
precipitation of the solid appeared complete. The solid was re
moved by filtration under a dry atmosphere and then added to an 
excess of a 2:1 mixture of acetic anhydride-pyridine. After 2 hr. 
at room temperature, the mixture was poured into 20% aqueous 
sodium acetate and stirred for a short period. The resulting solid 
was removed by filtration, washed with water, and dried, then 
recrystallized from the appropriate solvent.

Treatment of cyanomethyl thiocyanate (3 g.) in this way led 
to the immediate deposition of a faintly yellow crystalline solid 
(6.6 g.) with no definite melting point. I t decomposed slowly at 
140-180°. Its infrared spectrum showed bands at 3.25, 3.88, 
6.40, and 6.65 3-Amino-l-bromoisoquinoline hydrobromide 
had corresponding bands in the same regions.

Anal. Calcd. for C3H4Br2N2S: C, 13.9; H, 1.6; Br, 61.5; 
N, 10.8; S, 12.3. Found: C, 13.8; H, 1.7; Br, 61.0; N, 10.6; 
S, 12.4.

Method B.—The a-cyanoalkyl thiocj'anate was dissolved in 
three times its weight of glacial acetic acid and added to a solu
tion of acetic acid containing three equivalents of hydrogen bro
mide with stirring at 10°. After 2 hr., a fivefold excess of acetic 
anhydride was added at the same temperature, and 2 hr. later 
the mixture poured into water containing a little pyridine. The 
precipitate was then treated as under method A.

Method C.—This was identical w ith  method B, except tha t a 
3 : 1 m ixtu re  of acetic anhydride-p\Tid ine was used to effect 
acetylation.

4-( N ,N-Bisacetylamino )-2-bromo-5-phenylthiazole.—a-Cyano- 
benzyl thiocyanate (1.0 g.) in benzene (30 ml.) was treated with 
hydrogen bromide for 45 min. and the precipitate collected and 
added to acetic anhydride (5 ml.). After heating for 30 min. at 
100°, the product was isolated in the usual way. Reervstalliza- 
tion from ethyl acetate gave the pure compound (1.59 g., 82%), 
m.p. 150-151°. Its infrared spectrum showed a band at 5.80 ¡i.

Anal. Calcd. for Ci3HnBrN20 2S: Br, 23.6; N, 8.3; S, 9.5. 
Found: Br, 23.6; N, 8.3; S, 9.3.

4-(N,N-Bisacetylammo)-2-bromo-5-(4-chlorophenyl)thiazole. 
—Using exactly the same procedure as before a-cyano-4-chloro- 
benzyl thiocyanate (1.3 g.) was converted to the title compound 
in 92% yield. The product was recrj'stallized from ethyl acetate, 
m.p. 202-204°.

Anal. Calcd. for C,3Hl0BrClN2O,S: C, 41.8; H, 2.7; N, 7.5; 
S, 8.6. Found: C, 41.7; H,2.5; N, 7.7; S, 8.5.

A sample (1.0 g.) of this material in ethanol (35 ml.) was re
fluxed for 30 min. with sodium hydrogen carbonate (0.23 g.) in 
water (10 ml.). Evaporative removal of the ethanol followed by 
dilution with water led to 4-acetamino-2-bromo-5-(4-chloro- 
phenylffhiazole (0.8 g.) identical in all respects with the material 
prepared as described earlier.

4-Acetaminothiazole.—A solution of 4-acetamino-2-bromothia- 
zole (0.22 g.) in ethanol (75 ml.) containing sodium acetate (84 
mg.) was stirred in an atmosphere of hydrogen with a 10% 
palladium-on-charcoal catalyst (50 mg.) for 3 hr. At the end of 
this time, hydrogen absorption ceased and the catalyst and sol
vent were removed in the usual way. Extraction of the residue 
led to 4-acetaminothiazole (0.12 g.), m.p. 176-178° (reported16 
m.p. 175-176°), which crystallized as flat blades from carbon 
tetrachloride. The infrared spectrum of this material with bands 
at 3.10 and 5.94 n was completely different from that of a speci
men of 2-acetaminothiazole of m.p. 203°.

Anal. Calcd. for C6H6N2OS: C, 42.2; H, 4.3; N, 19.7; S,
22.6. Found: C, 42.1; H, 4.2; N, 19.4; S, 22.5.

The Action of Hydrogen Iodide on Cyanomethyl Thiocyanate, 
(a).—A solution of cyanomethyl thiocyanate (2.0 g.) in acetic 
acid (10 ml.) was added dropwise to 13% hydrogen iodide in 
acetic acid (50 ml.). The dark brown solid that appeared quickly 
redissolved and after 1 hr. acetic anhydride (10 ml.) was added 
and the solution stirred for 2 hr. Isolation of the product by dilu
tion with water and methylene chloride extraction afforded 4- 
acetaminothiazole (0.7 g.), m.p. 174-178°, identical with a speci
men prepared by the procedure described previously.

(b).—When reaction was carried out as in method A but the 
addition ofacetic an hydride was omitted, and the reaction allowed 
to proceed for 24 hr., a highly crystalline black precipitate formed
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(4.7 g.). This was removed by filtration and washed with 
methylene chloride.

Recrystallization proved difficult and the material was analyzed 
as such.

Anal. Calcd. for C6H7I6N2OS: C, 7.7; H, 0.9; I, 81.6; N,
3.6. Found: C, 7.7; H, 0.6; 1,79.6; N, 4.1.

A specimen (0.5 g.) of this material treated with a mixture of 
sodium hydrogen carbonate and sodium thiosulfate solutions 
afforded 4-acetaminothiazole (82 mg., 91%), m.p. 175-178°.

4-Acetammo-5-(2,4-dichlorophenyl)thiazole. (a).—To a- 
cyano-2,4-dichlorobenzyl thiocyanate (1.2 g.) suspended in 
glacial acetic acid (10 ml.) there was added drop wise at 5° a 
solution (12 g.) of hydrogen iodide (10-12%) in the same solvent. 
After an additional 30 min. at this temperature, acetic anhydride 
(3 ml.) was added and the liquid allowed to stand for 2 hr. at 
room temperature, then poured into 20% sodium acetate solu
tion. Extraction with methylene chloride afforded a noncrystal- 
lizable gum which was redissolved in methylene chloride and per
colated through a silica gel (5 g.) column. The initial eluate 
yielded an oil which slowly crystallized affording 2,4-dichloro- 
benzyl cyanide (50 mg.), m.p. 57-58° (reported19 m.p. 58-59°). 
The infrared spectrum of this material had a band at 7.07 y char
acteristic of a methylene group in a benzyl cyanide S3rstem.

Further elution of the column with ethyl acetate led to a 
second oil which when recrystallized from methylene chloride- 
ether afforded 4-aeetamino-5-(2,4-dichlorophenyl)thiazole (0.35 
g.), m.p. 115-116°. This material did not depress the melting 
point of a specimen prepared according to the procedure follow
ing.

Anal. Calcd. for C„HsC12N2OS: C, 46.0; H, 2.8; Cl, 24.7; 
N, 9.8; S, 11.2. Found: C, 46.0; H, 2.6; Cl, 24.5; N, 9.7; 
S, 11.2.

(b).—4-Acetamino-2-bromo-5-(2,4-dichlorophenyl)thiazole (1.0 
g.) was dissolved in ethanol (60 ml.) containing potassium hy
droxide (0.23 g.) and the resulting solution stirred under hydrogen 
in the presence of a 10% palladium-on-charcoal catalyst (0.15 
g.). Hydrogen absorption had almost ceased after 2 hr. and the 
catalyst and solvent were removed by the usual methods. The 
residue was extracted with methylene chloride, and the extract 
concentrated and diluted with ether. Cooling to 5° caused 
crystallization of the product (0.45 g., 59% yield). A further 
crystallization from ethyl acetate gave the pure substance, m.p.
116-117°. Its infrared spectrum was identical with that of the 
material prepared by method a.

The Action of Hydrogen Chloride on Cyanomethyl Thiocyanate. 
—Cyanomethyl thiocyanate (0.1 g.) in ether (5 ml.) was satu
rated at room temperature with hydrogen chloride. After 1 hr. 
the yellow precipitate was removed and heated with acetic an
hydride (~ 5  ml.) until solution was complete. The mixture was 
then poured into sodium acetate solution and the product iso
lated by methylene chloride extraction. Crystallization of the

latter from acetone-petroleum ether (b.p. 66-67°) led to fine 
white needles, m.p. 202-206° (20 mg.).

Anal. Calcd. for C6H6N20 2S: C, 38.0; H, 3.8; N, 17.7; S,
20.3. Found: C, 38.1; H, 3.6; N, 17.5; S, 20.3.

Solvolysis Experiments with 4-Amino-2-bromothiazole Hydro
bromide . (a).—The hydrobromide (1.0 g.) was stirred vigorously 
with water (15 ml.) for 15 min. and the undissolved solid removed 
by filtration and dried (0.5 g.), m.p. >280°. Its infrared spec
trum showed bands at 5.92 and 6.20 y.

Anal. Calcd. for C3H5BrN20S: C, 18.3. H, 2.6; Br, 40.6; 
N, 14.2; S, 16.3. Found: C, 18.4; H, 2.5: Br, 40.4; N, 14.1; 
S, 16.0.

(b) .—The nydrobromide (4.0 g.) was added, with stirring, in 
one portion to 10% sodium hydrogen carbonate solution (200 ml.). 
As soon as effervescence had subsided, the solid was removed and, 
while still damp, added to a mixture of pyridme (20 ml.) and ace
tic anhydride (20 ml.) and the resulting mixture stirred for 1 hr. 
The clear solution was poured into water and the product iso
lated by methylene chloride extraction. The resulting brown gum 
crystallized easilj' from methanol and gave a highly crystalline 
solid (1.0 g.), m.p. 178-180° (effervesces at 110-120°). Two fur
ther crystallizations afforded the pure material, m.p. 184-185°, as 
large diamonds. Its infrared spectrum showed absorption at 
2.97, 3.05, 3.11, 3.12, 5.92, and 6.52 y.

Anal. Calcd. for C8H,3BrN40 6S2: C, 23.7; H, 3.2; Br, 
19.7; N, 13.8; S, 15.8. Found: C, 23.5; H, 3.2; Br, 20.0; N, 
13.8; S, 16.0.

(c) .—The hydrobromide (0.5 g.) was refluxed with 5 N  hydro
chloric acid (10 ml.) for 3 hr. Evaporation of the solution to 
dryness followed by crystallization of the residue from ether- 
petroluem ether (b.p. 30-60°) afforded colorless prisms of thia- 
zolidine-2,4-dione, m.p. 126-127° undepressed on admixture with 
an authentic specimen.

The Action of Hydrogen Bromide on a-Cyano-2,4-dichloro- 
benzyl Selenocyanate.—The selenocyanate (0.4 g.) was sus
pended in glacial acetic acid (4 ml.) and stirred while hydrogen 
bromide in acetic acid (1 g., 30% hy'drogen bromide) was added 
drop wise. The reaction mixture immediately became homogene
ous and turned a dark brown color. After 30 min., an excess of 
acetic anhydride was added and the solution then allowed to 
stand a further 3 hr. The mixture was poured into 20% sodium 
acetate solution and deposited selenium removed by filtration. 
The filtrate was processed by methylene chloride extraction which 
led to a small amount of a sirup. On standing in the refrigerator, 
this deposited crystals (6 mg.), m.p. 170° (softening at 160°). 
Its infrared spectrum showed bands at 3.09 and 6.00 y.
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In the presence of ruthenium catalyst, hydrogen attacks selectively only one aromatic ring in 9,10-dihydro- 
anthracene-9,10-endo-a,/3-succinic anhydride (I). Several diesters and an N-substituted imide were prepared 
from the resulting hydrogenation product (II). In the presence of Raney nickel, the action of hydrogen on I is 
nonselective. In contrast to I, hydrogenation of ll-methylol-9,10-dihydro-9,10-ethanoanthracene in the 
presence of ruthenium catalyst proceeds with attack on both aromatic rings. This difference is attributed to 
steric effects.

The Diels-Alder condensation of anthracene with 
dienophiles is a reversible, temperature-dependent 
reaction.2 At higher temperatures, usually above 
200°, the equilibrium is shifted in favor of the poly
cyclic hydrocarbon.3 Pyrolysis of anthracene adducts

(1) P a p e r  p re se n te d  b efo re  th e  D iv is io n  of F u e l C h em is try , 143rd  N a tio n a l 
M ee tin g  of th e  A m erican  C hem ica l S ocie ty , C in c in n a ti, O h io , J a n u a ry ,  1963.

(2) F o r  n u m e ro u s  re fe rences , see  M . C . K lo e tze l, O r g .  R e a c t i o n s ,  4,
C h ap . 1 (1948).

has been suggested as a means of purifying anthracene 
or unsaturated alcohols.4 The low thermal stability 
of these adducts excludes their use as potential starting 
materials for the preparation of polymers. It was 
thought that hydrogenation of one or both benzene

(3) (a) W . E . B a c h m a n n  a n d  M . C . K loetze l, J .  A m .  C h e m .  S o c . ,  60, 481 
(1938); (b ) R . N o rm a n  Jo n es , C . J .  G ogek , a n d  R . W . S h a rp e , C a n .  J .  R e 

s e a r c h ,  26B, 719 (1948).
(4) C . W . S m ith  a n d  R . T . H o lm , U . S . P a te n t  2 ,761,883 (1956).
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T a b l e  I
D i e s t e r s  (III) a n d  N - S u b s t i t u t e d  I m i d e  (IV)

Y ield , B .p ., °C . M o lecu la r
F o rm u la % a n d  n ^ D M .p ., °C . fo rm u la C a lcu la ted F o u n d

III-a 77 145-147° C20H24O4 c 73.14 7 3 . 4 9

H 7.37 7 . 5 3

Ill-b S o 220-225 C26H36O4 C 75.69 75.13
(1.5 mm.) 
1.5710

H 8.80 8.62

III-c 7 2 201-203 C24H28O4 C 75.76 75.86
(0.5 mm.) 
1.5420

H 7.42 7.62

Ill-d S 8 245-248 C34H52O4 C 77.82 77.67
(0.4 mm.) 
1.5025

H 9.99 10.01

IV 76 100-232 72-746 C26H35NO2 C 79.34 79.36
(0.6 mm.) H 8.96 9.08

V 3.56 3.30
° Recrystallized from hexane-ethyl acetate (10:1). 6 Recrystallized from petroleum ether (30-60c).

rings in these adducts would prevent the pyrolytic 
reversal reaction and produce compounds of higher 
thermal stability. This was found to be the case when 
two anthracene adducts, 9,10-dihydroanthracene-9,10- 
endo-a,/3-succinic anhydride (I)5 and 11-methylol-
9,10-dihydro-9,10-ethanoanthracene (VIII),6 were hy
drogenated in the presence of ruthenium catalyst. Hy
drogenation of adduct I under high pressure at 145- 
150° in the presence of ruthenium-on-alumina catalyst 
led to the absorption of three moles of hydrogen per 
mole of I, producing l,2,3,4,4a,9,9a,10-octahydroan- 
thracene-9,10-a,/3-succinic anhydride (II).

-b R = n-C4H9 
-c R = CH2=CH-CHz 
- d R = n -C 8H j7

The infrared and ultraviolet spectra were consistent 
with structure II. The ultraviolet spectrum was that 
of an ort/io-disubstituted benzene, and the infrared 
showed absorption bands characteristic of anhydride 
and ori/io-disubstituted benzene groups.

Under the conditions employed, only one benzene 
ring was hydrogenated. The failure of the second ben
zene ring to undergo hydrogenation can be explained 
by steric effects as follows. The molecule of adduct I, 
which contains a meso-dihydroanthracene skeleton, 
is nonplanar. I t has been shown that 9,10-dihydro- 
anthracene is bent about the line joining carbon atoms 
9 and 10, each half of the molecule being planar but the 
two halves inclined to each other at an angle of ap
proximately 145°.7'8 Assuming that addition of hy
drogen to the benzene rings requires a flatwise adsorp
tion of the unsaturated ring against the catalytic 
surface, it is likely that, due to the bent configuration of

(5) O . D ie ls  a n d  K . A ld er, A n n . ,  486, 191 (1931).
(6) K . A ld er a n d  E . W in d e m u th , C h e m .  B e r . ,  71B , 1939 (1938).
(7) W . G . F e r r ie r  a n d  J .  Ib a ll, C h e m .  I n d .  (L o n d o n ), 1296 (1954).
(8) A. H . B e c k e tt  a n d  B . A . M u lle y , i b i d . ,  146 (1955).

adduct I and to the hindering effect of the bulky an
hydride group, only one of the benzene rings can be 
hydrogenated.9 Inspection of the Godfrey molecular 
model of the adduct (I) confirms these expectations.

The hydrogenated adduct II, m.p. 145-165°, was a 
mixture of stereoisomers, and no attempt was made to 
separate them and determine their configuration. 
Several derivatives of interest as potential plasticizers 
or pesticides, such as the diesters (Ill-a, -b, -c, -d) 
and the N-substituted imide (IV), which were prepared 
by standard procedures from II, are listed in Table I.

The foregoing results show that in the presence of a 
ruthenium catalyst, a selective hydrogenation oc
curred, resulting in the reduction of the aromatic ring 
but not affecting the succinic anhydride group of the 
adduct (I). In contrast, the anhydride group is at
tacked when a substituted succinic anhydride10'11 
is hydrogenated in the presence of palladium or plati
num catalyst, the products obtained being hydroxylac- 
tones, lactones, and (¡-methyl acids. The reduction of 
adduct I in the presence of Raney nickel at 160° was 
also nonselective, providing a mixture of compounds. 
These were l,2,.3,4,4a,9,9a,10-octahydro-9,10-ethano- 
anthraeene-ll-methylol-12-carboxylic acid lactone (V), 
produced by an attack on the aromatic ring and the 
anhydride group; s-octahvdroanthracene (VI); and 
succinic anhjrdride (VII).

Products VI and VII could have been formed either 
by hydrogenolysis or thermal decomposition of the

(9) F o r  a  d iscuss ion  of th e  effect of s te ric  h in d ra n ce  on  c a ta ly t ic  h y d ro -  
g e n a tio n  o f p o lycyclic  a ro m a tic  com p o u n d s, see R . P . L in s te a d , W . 
D o erin g , S. B . D av is , P . L ev ine, a n d  R . W h e ts to n e , J .  A m .  C h e m .  S o c ., 64, 
1985-2026 (1942), a-nd R . P . L in stead  a n d  R . R . W h e ts to n e , J .  C h e m .  S o c . ,  

1 428 (1950 ).
(10) F . M ich a e l a n d  W . P eschke, C h e m .  B e r . ,  75, 1603 (1942).
(11) R . M cC rin d le , K . H . O verto n , a n d  R . A . R a p h a e l, B r o c .  C h e m .  S o c . ,  

313 (1961).
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adduct (I) followed by hydrogenation of the inter
mediates.

The lactone (V), m.p. 125-145°, was a mixture of 
stereoisomers.

In contrast to I, the hydrogenation of 11-methylol-
9,10-dihydro-9,10-ethanoanthracene (VIII) in the
presence of ruthenium catalyst proceeds further, with 
some reduction of both aromatic rings, affording a mix
ture of ll-methylol-9,10-ethano-l,2,3,4,4a,9,9a,10-octa- 
hydroanthracene (IX) and ll-methylol-9,10-ethano- 
perhydroanthracene (X) in a variable ratio depending 
upon the reaction time.

Hydrogenation of both aromatic rings of VIII oc
curred, since the hindering effect of the hydroxymethyl 
group is smaller than that of the rigid and bulky an
hydride group of I. As in the previous case, no at
tempt was made to separate the stereoisomers.

Experimental
1,2.3,4,4a,9,9a, 10-Octahydroanthracene-9,10-a,|3-siiccmic An

hydride (II).—A mixture of 83 g. of 9,10-dihydroanthracene-9,10- 
endo-a,(3-succinic anhydride (I) (m.p. 2t51-262°),3a 250 ml. of 
dioxane, and 6.0 g. of 5% ruthenium-on-alumina catalyst was 
placed in an “Aminco” autoclave, and hydrogen was admitted 
up to 1350 p.s.i. The vessel was shaken and heated for 16 hr. at 
145-148°, after which the absorption of hydrogen ceased. The 
amount of hydrogen absorbed corresponded to about 3 moles of 
hydrogen per mole of I. After cooling, the catalyst was removed 
by filtration and washed with acetone. The filtrate and the 
washing were combined, and the solvents were removed by dis
tillation, first at atmospheric pressure, then under vacuum. The 
solid residue, after washing with petroleum ether (30-60°), gave 
71 g. (84%) of l,2,3,4,4a,9,9a,10-oetahydroanthracene-9,10-a,/3- 
succinie anhydride (II), m.p. 145-165°. A sample of the anhy
dride, crystallized from ethyl acetate-petroleum ether, melted at 
175-177°. Infrared absorption maxima: 5.45, 5.70, and 13.0 n- 
Ultraviolet absorption spectrum in methylene chloride: Ama* 
247 mm (<= 248), 253 (270), 260 (297), 263 f216), and 267 (230).

Anal. Calcd. for CiSHis0 3: C, 76.57; H, 6.43; mol. wt.,
282.3. Found: C, 76.67; H, 6.57; mol. wt. (alkaline titra
tion), 283.3.

In order to determine its heat stability, II was heated for 6 hr. 
in air to 230-240°. A slight discoloration, but no degradation, 
occurred.

In a second experiment, a modified procedure was employed for 
purifying the crude hydrogenation product. After separation 
from the catalyst and removal of the solvent, the solid residue 
was heated with 5% sodium hydroxide for 5 min. on a steam bath. 
After cooling and washing with ether to remove the nonacidic 
products, the aqueous layer was acidified with 15% hydrochloric 
acid. The precipitated solid, after washing with water and dry
ing, gave the adduct (II) in a yield of 85%.

Hydrogenation of 9,10-Dihydroanthracene-9,10-a,(3-succinic 
Anhydride in the Presence of Raney Nickel.—An “ Aminco” 
bomb was charged with 27.6 g. of the adduct (I), 250 ml. of ethyl

(12) P re p a re d  b y  th e  m e th o d  of H . K rz ik a lla  a n d  E . W o ld an , G e rm a n  
P a te n t  740,142 (1943).

alcohol, and 10 ml. of Raney nickel catalyst, and hydrogen was 
admitted under 1330 p.s.i. at 25°. The bomb was shaken and 
heated at 160° for 20 hr. The amount of hydrogen absorbed 
corresponded to about 13.5 moles of hydrogen per mole of the 
starting adduct. After cooling, the solution of the hydrogenated 
product was separated from the catalyst by filtration, and the 
catalyst was washed with ether. The filtrates were combined and 
the solvents removed, first at atmospheric pressure, then under 
vacuum. The residue, composed of an oil and a solid, was treated 
with ethyl alcohol. The solid, insoluble in alcohol, was separated 
by filtration to give 4.8 g. of s-octahydroanthracene. The filtrate, 
after removal of the solvent by distillation, gave 20 g. of an oil.

In order to separate acidic products from nonacidic, the oil 
(18 g.) was heated on a steam bath with 120 ml. of 10% sodium 
hydroxide so.ution for 2 hr., and, after cooling, was extracted 
with ether. The nonacidic product, after elimination of ether, 
gave an additional 5.6 g. of s-octahydroanthracene. The total of 
s-octahydroanthracene isolated from the reaction mixture 
amounted to 10.4 g., or 56%. The alkaline solution was acidified 
with concentrated hydrochloric acid, and the precipitated solid 
was separated by filtration. The aqueous filtrate, after ether 
extraction and removal of the solvent, afforded 0.4 g. of succinic 
acid. The precipitated solid (6.0 g.) was crystallized several 
times from ethyl acetate to yield 1,2,3,4,4a,9,9a, 10-octahydro-
9.10- ethanoanthracene-ll-methylol-12-carboxylie acid lactone, 
m.p. 125-145°. Infrared absorption maxima; 5.7 (lactone) and
13.0 n (oriAo-disubstituted benzene ring).

Anal. Calcd. for Cl8H20O2: C, 80.56; H, 7.51. Found: C, 
79.74; H, 7.67.

Hydrogenation of 1 l-Methylol-9,10-dihydro-9,10-ethanoan- 
thracene IVin).—A mixture of 54 g. (0.228 mole) of 11-methylol-
9.10- dihydro-9,10-ethanoanthracene (m.p. 105-108°) (VIII),12 
250 ml. of ethyl alcohol, and 4.0 g. of 5% ruthenium-on-alumina 
catalyst was placed in an autoclave, and hydrogen was admitted 
up to 1630 p.s.i. The vessel was shaken and heated for 6 hr. at 
150°, after which the absorption of hydrogen ceased. The amount 
of hydrogen absorbed corresponded to about 3.8 moles of hydro
gen per mole of adduct. After removal of the catalyst and sol
vent, the residue was distilled to yield 46 g. (84%) of a colorless 
oil, b.p. 150-175° (0.6 mm.), n25d 1.5480, consisting of a mix
ture of ll-methvlol-9,10-ethanol-l,2,3,4,4a,9,9a,10-octahydro- 
anthracene and ll-methylol-9,10-ethanoperhydroanthracene in 
an approximate ratio of 3 to 1.

Anal. Calcd. for 3(C„H220) +  Cnli280: C, 83.89; H, 9.70; 
mol. wt., 244. Found: C, 83.87; H, 10.20; mol. wt., 248. 
(From determination of the hydroxyl content by acetj'lation 
method.)

Upon cooling, the oil solidified partially. The separated solid, 
1 l-methylol-C ,10-ethanoperhydroanthracene, crystallized from 
hexane, meltedat 102-104°. The infrared and ultraviolet spectra 
of the solid product showed complete disappearance of the aro
matic ring.

Anal. Calcd. for CnH280: C, 82.80; H, 11.36. Founc: C, 
82.71; H, 11.59.

A thermal stability test of the hydrogenated adducts IX and 
IX +  X was conducted as follows: Samples of the products were 
heated separately in air for 4 hr. at 235-240°. The products be
came colored, and according to infrared spectra, partial oxidation 
to the aldehydes occurred (infrared, 5.85 jx). However, no 
change in the carbon skeleton of the products was observed.

In a similar hydrogenation run, the crude product was sepa
rated from the catalyst, a fresh portion of the catalyst (4.0 g.) 
was added, and the mixture was hydrogenated further at 160° for 
an additional 17 hr. The reaction mixture contained approxi
mately 30% of IX and 70% of X.

A c k n o w le d g m e n t —This work was carried out by the 
Coal Chemicals Research Project, sustained by the 
United States Steel Corporation, to whom the author is 
grateful for permission to publish these results.
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In a study of the conversion of dehydroacetic acid to N-substituted lutidones by reaction with alkylamines, 
two compounds have been obtained which are considered to be intermediates in the reaction. A mechanism 
for the reaction is suggested and its relation to a general mechanism for the conversion of y-pyrones to -y-pyridones 
is considered.

The reaction of dehydroacetic acid with ammonia 
or primary amines to form lutidones has been known 
for many years.1-2 However, during this time there 
has been no comprehensive study of the reaction 
mechanism. In 1890, Feist3 proposed structure II for 
the compound formed from dehydroacetic acid and 
ammonia and suggested the following mechanism for 
its subsequent conversion into lutidone with excess

ammonia. An analogous mechanism may be assumed 
for the corresponding reaction with alkylamines.

We recently undertook a study of the mechanism of 
the conversion of dehydroacetic acid into N-substituted 
lutidones and isolated two intermediates. Dehydro
acetic acid reacted with an equivalent amount of 
aqueous methylamine forming a crystalline compound 
(m.p. 127-128°), with the empirical formula C9HxiN03. 
Ultraviolet spectrum was similar to that of dehydroace
tic acid [XmS11, 235 m̂ i (log e 4.08) and 311 (log4.16)]. 
The compound was readily converted back to dehydro
acetic acid in dilute hydrochloric acid. This evidence 
suggested that this compound was the Schiff base 
(Ilia) formed by addition of methylamine to the car
bonyl group of the acetyl side chain. N.m.r. spectrum 
(deuteriochloroform) showed three methyl groups, one 
of which was a doublet, and, since the coupling constant 
(J  = 5.0 c.p.s.) was the same as that for the N-methyl 
group in N-methylacetamide, the compound probably 
exists in the tautomeric form IH b .4 * * * * * * The compound 
yielded N-methylacetamide when oxidized with potas
sium permanganate.

When III (R = Me) was treated with methylamine 
it was converted into bis-2,7-methylaminohepta-2,5- 
dien-4-one (IV, R = Me). The n.m.r. spectrum of

(1) L . H a itin g e r . B e r . ,  18, 452 (1885).
(2) See re fe rences  in  K . D im ro th , A n g e w .  C h e m . ,  72 , 333 (1960).
(3) F . F e is t, A n n .  C h e m . ,  257 , 253 (1890).
(4) S. Ig u ch i, e t  a t . ,  C h e m .  P h a r m .  B u l l .  (T o k y o ), 7 , 323 (1959), h a v e  re

p o r te d  th e  fo rm a tio n  of co m pounds of ty p e  I l i a  from  th e  re a c tio n  b e tw e en
d e h y d ro a c e tic  ac id  an d  v a r io u s  a lk y lam in es  a n d  am ino  ac ids. H ow ever
in  th e  case of I l i a  (R  =  M e) th e  m e ltin g  p o in ts  q u o te d  fo r b o th  th e  h y d ra te d
a n d  a n h y d ro u s  fo rm  of th e  p ro d u c t w ere  ex a c tly  th o se  of N -m e th y llu tid o n e .
O n re p e a tin g  th e ir  e x p e rim en ta l p ro ced u re  we o b ta in e d  a  p ro d u c t w ith  th e
p h y s ica l co n s ta n ts  q u o te d  a n d  we iden tif ied  th is  as N -m e th y llu tid o n e  (m e lt
ing  p o in t, m ix tu re  m e ltin g  p o in t, u ltra v io le t, a n d  n .m .r.) .

this compound also exhibited the N-methyl group as a 
doublet (J  = 5.0 c.p.s.). The heptadienone was con
verted directly into N-methyllutidone with the elimina
tion of one equivalent of methylamine by boiling in 
water. Similarly dehydroacetic acid when heated with 
excess methylamine was converted directly into bis-
2,7-methylaminohepta-2,5-dien-4-one (IV). Under 
these conditions none of the intermediate (III) ac
cumulated. The same series of reactions was ob
served when ethylamine was used.

The mechanism of the conversion of dehydroacetic 
acid to N-methyl- or N-ethyllutidone can be described 
by the series of reactions I III -*■ IV V.

The simplest mechanism for the conversion of the 
compound IHb to the diaminoheptadienone (IV) would 
be an attack by a molecule of the amine on carbon 
atom 6, opening the pyrone ring which, after decarbox
ylation, would yield product IV. In order to verify 
this mechanism, we attempted to prepare the dienones 
(VI, R ^  R')- On treatment of compound III (R = 
Et) with an equimolar quantity of methylamine a 
mixture of products resulted. From this mixture,

0 0 0

A rb
H,C— -C H :! HC CH V

NH NH 
1 1,

NH NH
/  \

1
QH5

R R c6h5 c6h5 v n i
VI v n

3-ethylidene (a-methylamino) -6-methylpyran-2,4 - dione 
(IHb, R = Me) was isolated. Using an excess of 
methylamine the reaction with III (R = Et) yielded 
bis-2,7-methylaminohepta-2,5-dien-4-one (IV, R = 
Me) in greater than 50% yield. Similar results were 
obtained on treatment of III (R = Me) with ethyl- 
amine. In no case were mixed dienones IV (R ^  R') 
isolated. A major difficulty in a study of these re
action mixtures is the ease of conversion of the dienones
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to the N-substituted lutidones. This aspect of the 
work is still under review.

A considerable amount of literature exists on the 
conversion of 7-pyrones to 7-pyridones.25 In the 
normal course of the reaction no intermediates were 
obtained, the y-pyridone being isolated directly. How
ever, Borsche and Bonacker5 6 7 in 1921 observed that in 
the reaction of aniline with 7-pyrone bisoxymethylene- 
acetone dianilide (VII) was obtained. This compound 
could then be converted to N-phenyl-7-pyridone (VIII). 
Subsequent work by Campbell, et al. /  showed that 
heptadienones could be obtained when 2,6-dimethyl-
7-pyrone reacted with higher alkylamines and more 
recently Conley, et al.,8 have prepared the hepta
dienones IV (R = Me and R = Et) by treating 2,6- 
dimethyl-y-pvrone with the alkylamine in the cold. 
In a recent review5 it has been suggested that the isola
tion of these diaminoheptadienones does not necessarily 
mean that they are intermediates in the formation of 
the lutidone. However, we have now isolated the 
compounds IV (R = Me and R = Et) under the re
action conditions normally used for the preparation of 
the lutidone.9 This would suggest that IV is indeed 
an intermediate. I t would appear from our results 
that the mechanism proposed by Cavalieri10 11 12 must be 
modified, as suggested by Conley, et a l.8 to include IV 
as an intermediate. This is illustrated in Scheme 1.

A
R ' R

NH NH
I I

R ' R'
S chem e 1

Experimental1112
3-Ethylidene-(a-methylamino)-6-methylpyran-2,4-dione (IHb, 

R = Me).—Dehydroacetic acid (10.0 g.) was dissolved in 30% 
aqueous methylamine (10 ml.) and the solution was warmed on a 
steam bath. After 10 min. the reaction mixture was cooled and 
the crystals which had formed were collected (9.5 g.). Re- 
crystallization from ethanol gave 3-ethylidene(ar-methylamino)-
6-methylpyran-2,4-dione as prisms (6.6 g.), m.p. 126-127°.

Anal. Calcd. for C9HnN 03: C, 59.65; H, 6.12; N, 7.70. 
Found: C, 59.65; H, 5.97; N, 7.70. x“ °H, 235 mM (log e 4.08)
and 311 (4.16); infrared( CHC13), 5.90, 6.03, 6.18, and 6.34 fi.
N.m.r. (CDCh), r  values: 4.38 (singlet, 1H); 6.84 (center of
doublet, 3H); 7.38 (singlet, 3H); 7.9 (singlet, 3H).

Oxidation of 3-Ethylidene(a-methylamino)-6-methylpyran-2,4- 
dione.—A solution of the foregoing compound (1.80 g.) in water

(5) H . M eia lich  in  “ P y rid in e  a n d  its  D e r iv a t iv e s .’’ P a r t  I I I ,  E . K lingsberg , 
E d ., J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1962, p. 549.

(6) W . B orsche a n d  I .  B o n ac k e r, B e r . ,  54, 2678 (1921).
(7) K . N . C am p b ell, A. B . S pooner, an d  B . K. C am pbell, A b s tra c ts  of the  

118 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 , 1950.
(8) R . T . C on ley , E . N ow oew iat, a n d  W . G. R aid , C h e m .  I n d .  (L o n d o n ), 

1157 (1959).
(9) K . N . C am pbell, B . K . C am pbell, a n d  J . A ck erm an , J .  O t q . C h e m . .  16, 

221 (1950).
(10) L . F . C av a lie ri, C h e m .  R e v . ,  41, 525 (1947).
(11) All m e ltin g  p o in ts  a re  u n co rrec ted .
(12) N .m .r. sp e c tra  w ere ta k e n  on  a  V a rian  A -60 s p e c tro m e te r  using  

te tra m e th y ls ila n e  as  a n  in te rn a l reference.

(50 ml.) was stirred while 150 ml. of 5% aqueous potassium 
permanganate was slowly added. The temperature of the 
reaction was net allowed to rise above 30°. After the perman
ganate solution had been added, the stirring was continued for a 
further 30 min. The manganese dioxide then was filtered and 
washed well with water. The filtrate was acidified with dilute 
hydrochloric acid and evaporated to dryness under reduced 
pressure. The residue was dissolved in absolute ethanol 
and the insoluble potassium chloride was filtered and washed 
with ethanol. The filtrate was evaporated under reduced 
pressure and the residue chromatographed on an alumina column. 
N-Methylacetamide (88 mg., 12%) was eluted with benzene- 
chloroform (1:3).

Treatment of 3-Ethylidene(o:-methylamino)-6-methylpyran-
2.4- dione with Methylamine.—The compound (III, R = Me) 
(0.663 g.) was dissolved in 40% aqueous methylamine by gently 
warming on a steam bath. When solution was complete the 
warming was continued and after about 5 min. crystals precip
itated. The reaction mixture was cooled and the crystals 
were collected (0.546 g.), m.p. 158-160°. Recrystallization 
from absolute ethanol gave bis-2,7-methylaminohepta-2,5-dien-
4-one as needles, m.p. 162-163°.

Anal. Calcd. for CgHi6N20: C, 64.56; H, 9.59; N, 16.66. 
Found: C, 64.56; H, 9.77; N, 16.30. 372 mM (log e
4.37); infrared (CHC13), 6.13 and 6.35 ¡jl. N.m.r. (CDCla), r  

values: 5.39 (singlet, 2H); 7.10 (center of doublet, 6H); 8.15 
(singlet, 6H).

N-Methyllutiione (V, R = Me).—Bis-2,7-methylaminohepta-
2.5- dien-4-one (IV, R = Me) (0.338 g.) was dissolved in water 
(10 ml.) and the resulting solution heated under reflux. The 
methylamine which formed was passed into picric acid solution 
(0.520 g. of picric acid in 10 ml. of ethanol). After 1 hr. the 
reaction was stopped - and the methylamine picrate collected 
(0.375 g.), m.p. 210-211°, unchanged on mixing with an authentic 
sample. The reaction mixture was cooled and the white needles 
which separated were collected (0.211 g.) m.p. 247-248°, 
identical in all respects (melting point, mixture melting point, 
infrared spectrum, and ultraviolet spectrum) with a Known sample 
of N-methyllutidone.

Bis-2,7-methylaminohepta-2,5-dien-4-one (IV, R = Me).— 
Dehydroacetic acid (10.0 g.) was dissolved in 40% aqueous 
methylamine (25 ml.) and the resulting solution was warmed on a 
steam bath. After 10 min. the reaction mixture was cooled and 
the crystals which had formed were collected and recrystallized 
from ethanol yielding bis-2,7-methylaminohepta-2,5-dien-4-one 
(4.2 g.), m.p. 160-162°. The original mother liquor gave a 
second crop of crystals (0.7 g.), m.p. 246-248°, identified as 
N-methyllutidcne (melting point, mixture melting point, and ul
traviolet spectrum).

3-Ethylidene(a-ethylamino-6-methylpyran-2,4-dione (III, 
R = Et).—Dehydroacetic acid (10.0 g.) was dissolved in 70% 
aqueous ethylamine (10 ml.) and the resulting solution was 
warmed on a steam bath. After 10 min. the reaction mixture 
was cooled anc the crystals which formed were collected (11.0 
g.). Recrystallization from ethyl acetate gave 3-ethylidene(a- 
ethylamino)-6-methylpyran-2,4-dione (6.5 g.), m.p. 87-88°.

Anal. Calcd. for Ci0Hi3NO3: C, 61.58; H, 6.71; N, 7.70. 
Found: C, 61.39; H, 6.79; N, 7.30. X®*°H 236 mM (log 6 4.03) 
and 311 (4.18); infrared (CHC13), 5.90, 6.02, 6.24, and 6.33 ii.
N.m.r. (CDCh), t values: 4.42 (singlet, 1H); 6.6 (center of
multiplet, 2H); 7.40 (singlet, 3H); 7.92 (singlet, 3H); 8.69 
(center of triplet, 3H).

Reaction of 3-Ethylidene(a-ethylamino)-6-methylpyran-2,4- 
dione (III, R = Me) with Ethylamine.—The foregoing com
pound (0.698 g ) was dissolved in 70% aqueous ethylamine (5 ml.) 
and the resulting solution was warmed on a steam bath for 3 hr. 
At the end of this time crystals had formed. After cooling, the 
crystals were collected and recrystallized from absolute ethanol 
yielding bis-2,7-diethylaminohepta-2,5-dien-4-one as needles 
(0.488 g.), m.p. 90-91°.

Anal. Calcd. for CuH20N2O: C, 67.29; H, 10.27; N,
14.27. Found: C, 67.61; H, 10.52; N, 14.51. X®‘°H 375 mM 
(loge4.47); infrared(CHCh),6.13 and6 . 3 5 N.m.r.(CDClj), 
r values: 5.42 (singlet, 2H); 6.8 (center of multiplet, 4H);
8.15 (singlet, 6H); 8.82 (center of triplet, 6H).

N-Ethyllutidone (V, R = Et).—Bis-2,7-ethylaminohepta-2,5- 
dien-4-one (0.51 g.) was dissolved in water (8 ml.) and heated 
under reflux. The ethjdamine which formed was flushed out 
with nitrogen into picric acid solution (0.677 g. of picric acid in 5 
ml. of methanol). After 3 hr. the picrate which had formed was
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collected and recrystallized from methanol yielding ethylamine 
picrate (0.52 g.), m.p. 167-169°, unchanged on mixing with an 
authentic sample. The original reaction mixture was evaporated 
to dryness under reduced pressure and the residue was recrystal- 
lized from ethyl acetate. After two recrystallizations N-ethyl- 
lutidone (0.20 g.), m.p. 160-162°, was obtained.

Anal. Calcd. for C9H13NO: C, 71.45; H, 8.68; N, 9.27. 
Found: C, 71.04; H, 8.64; N, 9.39.

Bis-2,7-ethylammohepta-2,5-dien-4-one (IV, R = Et).— 
Dehydroacetic acid (5.0 g.) was dissolved in 70% aqueous ethyl- 
amine (25 ml.) and warmed on a steam bath for 30 min. On

cooling, crystals precipitated and these were collected (4.0 g.), 
m.p. 89-90°. Recrystallization from ethanol gave pure bis-
2,7-ethylaminohepta-2,5-dien-4-one as needles, m.p. 90-91°.
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The cleavage of ¿rans-9-decalylcarbinyl tosylate with lithium aluminum deuteride does not introduce deuterium 
into the fo-ans-9-decalylcarbinol or the p-tolyl disulfide formed by reduction p-toluenesulfinate ion generated 
in the cleavage reaction. It is concluded that the cleavage reaction occurs by nucleophilic attack of alumino- 
hydride ion on sulfonate sulfur.

A common side reaction in the lithium aluminum 
hydride reduction of alkyl tosylates is cleavage with 
regeneration of the parent alcohol.12 The most likely 
stoichiometry for this process involves the formation 
of p-toluenesulfinate ion with the liberation of hydrogen. 
p-Toluenesulfinic acid and its reduction products have 
been isolated from the reaction when cleavage is the 
predominant course of the reaction.1 2

Three possible mechanisms for the cleavage reaction 
may be considered. The most likely is direct nucleo
philic attack on sulfonate sulfur by aluminohydride 
ion to give an isomer of p-toluenesulfinic acid and 
alkoxide ion. Subsequent reaction with a hydride 
donor would liberate hydrogen to give p-toluenesulfinate 
ion. There are numerous examples of nucleophilic 
attack on sulfonate sulfur3 and this mechanism requires 
no further comment.

A more speculative mechanism involves the base- 
catalyzed elimination of the elements of p-toluene- 
sulfinic acid to give an intermediate carbonyl com
pound which would be rapidly reduced in a second 
step.

^  ^OSO,—< ^ > -C H 3  + A1HP —-

^ c = 0  +  - 0 2S ^ Q - C H 3 + AlHa + H2

This type of elimination has been observed in the 
reaction of a-p-toluenesulfonyloxy ketones with alkox- 
ides4 5 and in the conversion of an a-p-toluenesulfonyl- 
oxylactam to an a-ketolactam with potassium tert- 
butoxide.6

The third possible mechanism involves a quinonoid 
intermediate generated by proton abstraction from 
the methyl group of the p-toluenesulfonate portion of 
the molecule.

(1) H . S chm id  a n d  P . K a rre r , H e l v .  C h i m .  A c t a ,  32, 1371 (1949).
(2) D . H . R . B a r to n  a n d  C . J . W . B rooks, J .  C h e m .  S o c . ,  257 (1951).
(3) F o r  a  le ad in g  reference, see J .  F . B u n n e t t  a n d  J . Y . B a sse tt , J r . ,  

J. O r g .  C h e m . ,  27 , 2345 (1962).
(4) A. S. K en d e , O r g .  R e a c t i o n s ,  11, 285 (1960).
(5) W . G. K ofron , P h .D , th e sis , U n iv e rs ity  of R o ch e ste r, 1960.

AIH4 + CH3—^  ^  SO3R

c h 2= ( ^ ) = s 0 2 + R c r  + a ih 3 +  h 2

This intermediate would presumably be reduced to 
p-toluenesulfinate by a hydride donor.

To test these mechanisms we have examined the 
products from the cleavage of an alkyl tosylate with 
lithium aluminum deuteride. The first mechanism 
predicts no deuterium incorporation in the recovered 
alcohol or the p-toluenesulfinate and its reduction 
products. The second mechanism requires incorpora
tion of deuterium at the carbinol carbon atom and the 
third mechanism requires incorporation of deuterium 
into the methyl group of p-toluenesulfinic acid and its 
reduction products.

¿rims-9-Decalylcarbinyl tosylate was chosen as the 
alkyl tosylate because it is readily available and it has 
been shown to yield considerable cleavage product, 
irans-9-decalylcarbinol, upon lithium aluminum hy
dride reduction.6-7 In the present investigation, the 
reduction of ¿rans-9-decalylcarbinyl tosylate with 
lithium aluminum deuteride afforded ¿rans-9-decalyl- 
carbinol in 25% yield and p-tolyl disulfide in 2.5% 
yield. There was also a quantity of oil obtained 
which was undoubtedly deuterated ¿rans-9-methyi- 
decalin.6-7 It was found that the (rans-9-decalyl- 
carbinol contained 0.03 atom of deuterium per mole
cule.8 This evidence argues against the cleavage reac
tion proceeding by way of the aldehyde.

It is conceivable that part of the cleavage reaction 
occurs by attack of p-toluenethiolate ion, formed by 
reduction of p-toluenesulfinate, on sulfonate sulfur to 
give p-tolyl p-toluenethiolsulfonate. However, this 
seems unlikely because the reaction of cfs-3-benzyloxy- 
ircros-9-decalycarbinyl tosylate with benzyl mercaptide 
ion gives the benzyl thioether.6

(6) A. S. H ussey , H . O. L iao , a n d  R . H . B ak e r, J .  A m .  C h e m .  S o c . ,  75 , 
4727 (1953).

(7) W . G . D au b en , J . B . R o g an , a n d  E . J .  B lanz , J r . ,  i b i d . ,  7 6 , 6384 
(1954).

(8) D e u te riu m  an a ly s is  w ere ca rried  o u t b y  th e  fa lling  d ro p  m e th o d  by  
Jo se f N em e th , U rb a n a , 111.
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The details of the formation of p-tolyl disulfide are 
not clear. I t must be formed from p-toluenesulfinate 
ion originating in the cleavage reaction since the 
reaction of lithium p-toluenesulfonate with lithium 
aluminum hydride did not give p-toluenethiol or p- 
tolyl disulfide under the conditions used for the reduc
tion of ¿rans-9-decalycarbinyl tosylate. I t has been 
claimed that p-tolyl disulfide is a primary reaction 
product from the lithium aluminum hydride reduction 
of p-toluenesulfinic acid.9 However, disulfides are 
readily reduced by lithium aluminum hydride910 and 
in the present case the p-tolyl disulfide was probably 
formed by air oxidation of the corresponding thiol.

By comparing the infrared spectrum of the p- 
tolyl disulfide, obtained from the lithium aluminum 
deuteride reduction of irons-9-decalylcarbinyl tosylate, 
with spectra of known mixtures of p-tolyl disulfide-a,«'- 
d2 and normal p-tolyl disulfide, it was found to contain 
less than 0.2 atom of deuterium per molecule. The 
analysis is complicated by the fact that monodeuterated 
species might be present in the sample and the authentic 
p-tolyl disulfide-a,a'-d2 (described in the Experimental 
section) contained approximately 1.6 atoms of deuter
ium per molecule. However, the results indicate that 
the cleavage reaction does not proceed to the extent 
of 10% through the quinonoid intermediate.

The results are consistent with the lithium aluminum 
hydride cleavage of alkyl tosylates occurring by 
nucleophilic attack of aluminohydride ion on sulfonate 
sulfur. The evidence does not exclude the possibility 
of nucleophilic attack on oxygen. However, this 
alternative is less attractive since there seems to be 
no analogy for nucleophilic attack on oxygen of alkyl 
tosylates.

Experimental11
iran.s-9-Decalincarboxylic acid was prepared by the procedure 

of Koch and Haaf12 using 88% formic acid and 98% sulfuric acid 
as suggested by Pincock, Grigat, and Bartlett.13

irares-9-Decalylcarbinol.—(rans-9-Decalmcarboxylic acid was 
reduced as described by Dauben, Tweit, and MacLean14 to yield 
(rans-9-decalylcarbinol, m.p. 76-77° (lit.14m.p. 77-78°).

(rare.s-9-D ecalylcarbinyl Tosylate.—trans-9-Decalylcarbinol was 
converted to the tosylate, m.p. 139-141° (lit.14 m.p. 139.7— 
141.7°), as previously described.14

Reaction of iraras-9-Decalylcarbmyl Tosylate with Lithium 
Aluminum Deuteride.—To a slurry of 281 mg. of lithium alu
minum deuteride in 30 ml. of ra-butyl ether was added 1.00 g. of 
iroas-9-decalylcarbinyl tosylate and the resulting mixture was 
heated under reflux with stirring for 14 hr. The cooled reaction 
mixture was hydrolyzed with water and the inorganic salts were 
dissolved with 6 N  hydrochloric acid. The layers were separated 
and the aqueous layer was extracted four times with ethyl ether. 
The organic extracts were combined and washed with 5% sodium

(9) J .  S tra t in g  a n d  H . J .  B ac k er, R e c .  t r a v .  c h i m . ,  69 , 638 (1950).
(10) R . C . A rn o ld , A. B. L ien , a n d  R . M . A im , J .  A m . C h e m .  S o c . ,  72, 

731 (1950).
(11) A ll m e ltin g  p o in ts  a n d  b o iling  p o in ts  a re  u n c o rre c te d ; d is ti lla tio n s  

w ere ca rried  o u t  u s in g  a  65-cm . m odified  P o d b ie ln iak  ta n ta lu m  sp ira l co lum n . 
In f ra re d  s p e c tra  w ere  d e te rm in e d  in  ca rb o n  te tra c h lo r id e  so lu tio n  w ith  a  
B ec k m an  IR -7  in fra re d  s p e c tro p h o to m e te r .

(12) H . K och  a n d  W . H aa f, A n n . ,  618, 261 (1958).
(13) R . E . P incock , E . G rig a t, a n d  P . D . B a r t le t t ,  J .  A m .  C h e m .  S o c . ,  81, 

6332 (1959).
(14) W . G . D a u b e n , R . C . T w e it a n d  R . L . M acL ean , ib id ., 77, 54 (1955).

hydroxide, then water. The ether solution was dried over sodium 
sulfate and the ethyl ether was flash-distilled after which the n- 
butyl ether was distilled at atmospheric pressure. The residue 
was chromatographed on 15 g. of Woelm neutral alumina, grade
l. Elution with 100 ml. of 60—90° petroleum ether gave some 
oil which was discarded. Elution with 40 ml. of benzene (3%>- 
petroleum ether yielded 10 mg. (2.6%) of p-tolyl disulfide, m.p.
43-44°, after sublimation (lit.15 16 m.p. 46°). Elution with 100 
ml. of benzene gave a trace of gum and elution with 100 ml. of 
ether gave 131 mg. (25%) of (rans-9-decalylcarbinol, m.p. 76-77°. 
The infrared spectrum was identical with that of an authentic 
sample. Deuterium analysis showed 0.03 atom of deuterium per 
molecule.8

The infrared spectrum of the p-tolyl disulfide was identical with 
that of an authentic sample. The absorbancies at 1040 cm.“1 
(absent in p-tolyl disulfide-a,a'd2) and 1020 cm.“1 were compared 
for a series of known mixtures of p-tolyl disulfide and p-tolyl di
sulfide -a,a'-di and 0.2 atom of deuterium per mole would have 
been detected.

Toluene-a-d16 was prepared by the reaction of benzylmagne- 
sium chloride with impure deuterium oxide. The toluene-a-d 
was found to contain 0.78 ±  0.04 atom of deuterium per molecule 
by mass spectral analysis.17

p-Toluenesulfonyl Chloride-a-d.—Toluene-a-d was ehloro-
sulfonated by a standard procedure.18 19 From 92 g. of toluene-a-d 
there was obtained 30 g. (16%) of p-toluenesulfonyl chloride-a-d,
m. p. 67-68°, after two crystallizations from petroleum ether.

p-Toluenethiol-a-d.—p-Toluenesulfonyl chloride-o-d was re
duced with zinc dust using the procedure of Adams and Marvel.18 
From 15 g. of p-toluenesulfonyl chloride-a-d there was obtained
3.0 g. (30%) of p-toluenethiol-a-d, m.p. 42-43°, after crystalliza
tion from petroleum ether and sublimation (lit.20 m.p. 42-43°).

p-Tolyl disulfide-«,a'-d2 was prepared by the bromine oxida
tion21 of p-toluenethiol-a-d. A stirred solution of 1.0 g. of p- 
toluenethiol-tt-d in 100 ml. of ether waB cooled to —10° and 
treated with 2.9 g. of bromine. Stirring was continued for 20 
min. while the bromine color was discharged after which the ether 
was removed under reduced pressure. The residue was crystal
lized from aqueous ethanol and sublimed to yield 0.65 g. (66%) of 
p-tolyl disulfide-a,a'-d2, m.p. 43-44°. The infrared spectrum 
showed peaks at 2200 and 1430 cm.-1 not present in normal p- 
tolyl disulfide and greatly diminished bands at 1450, 1380, 1210, 
1105, and 1040 cm.-1 present in p-tolyl disulfide.

Attempted Reduction of Lithium p-Toluenesulfonate with 
Lithium Aluminum Hydride.—A slurry of 0.706 g. of anhydrous 
lithium p-toluenesulfonate and 0.76 g. of lithium aluminum 
hydride in 30 ml. of n-butyl ether was heated under reflux for 3 
days. The cooled reaction mixture was hydrolyzed with water 
and the inorganic salts were dissolved noth 6 N  hydrochloric acid. 
The layers were separated and the aqueous layer was extracted 
four times with ethyl ether. The organic extracts were combined 
and extracted with 5% sodium hydroxide solution. The ether 
solution was dried over sodium sulfate and distilled to a volume 
of 0.3 ml. Neither p-toluenethiol nor p-tolyl disulfide could be 
detected by thin-layer chromatography on silica gel with petro
leum ether (b.p. 60-90°) as solvent. Under these conditions 
both p-toluenethiol (Rf 0.45) and p-tolyl disulfide (f?t 0.32) were 
readily determined in known samples.

The basic extracts were acidified and extracted with ether. 
The ether extracts were evaporated to a small volume and neituer 
p-toluenethiol nor p-tolyl disulfide could be detected by thin- 
layer chromatography.

(15) R . L e u c k a rt, J .  p r a k t .  C h e m . ,  [2] 41, 179 (1890).
(16) A. S tre itw e ise r, J r . ,  D . E . V an  S ickle, a n d  W . C . L a n g w o rth y , J. Am. 

C h e m .  S o c . ,  84, 244 (1962), a n d  references  c ite d  th e re in .
(17) W e a re  g re a t ly  in d e b te d  to  D o n a ld  F . S w in eh a rt of th is  d e p a r tm e n t  

fo r  th e  m ass sp e c tra l an a ly s is .
(18) H . T . C la rke , G. S. B abcock , a n d  T . F . M u rra y , ‘O rgan ic  S y n th ese s ,”  

C oll. Vol. I ,  J o h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1941, p . 85.
(19) R . A d am s a n d  C . S. M arv e l, “ O rganio  S y n th ese s ,”  Coll. Vol I, 

J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1941, p . 504.
(20) E . F ischer, B e r . ,  48 , 96 (1915).
(21) J .  R eilly , ? .  J .  D ru m m , a n d  B . D a ly , P r o c .  R o y .  I r i s h  A c a d . ,  39B, 

515 (1930). C h e m .  A h s t r . ,  25, 1828 (1931).
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The spectra of three thermochromie substances, rubrene, tetracyclone, and dimethyfulvene, have been ex
amined over a range of temperature from —195 to 95°. As the temperature is lowered, rubrene spectra grow 
more intense and shift toward the red; tetracyclone absorption increases slightly and shifts toward the red; 
dimethylfulvene absorption increases but shows no red shift. When concentrations are corrected for thermal 
expansion, only the rubrene shows a notable increase in extinction coefficient.

Thermochromism is the visible, reversible change of 
color with temperature shown by several classes of 
molecules, most of them complex. The change may be 
spectacular, as with bianthrone, whose solutions turn 
from colorless to deep green on heating; for other re
ported thermochromie compounds the change in color 
ranges from slight to noticeable. Only for bianthrone, 
the spiropyrans, and the disulfides have the mechanisms 
of the thermochromie transitions been extensively 
studied.3

Possible mechanisms include: (1) a temperature-de
pendent equilibrium between differently colored forms, 
such as keto-enol, lactim-lactam, monomer-dimer, or 
equilibria involving configuration isomers, ring opening 
or the formation of ionic species or free radicals; (2) 
extension of conjugation in twisted or overcrowded 
molecules; (3) extrinsic effects such as thermal solvent 
expansion, temperature-sensitive solvent-solute inter
action, or absorption band broadening caused by ther
mal redistribution of molecular rotation energy levels;
(4) thermal excitation to low lying triplet states; (5) 
temperature-dependent, fluorescence. A further possi
bility for solid materials is change in crystal state.

Fig. 1.—Absorption spectra of rubrene in EPA (5.2 X 10~6 M): 
(1) at -195°; (2) at 25°.

(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  th e  N a tio n a l Science 
F o u n d a tio n , g ra n t 7307, a n d  in  p a r t  b y  th e  N a tio n a l Science F o u n d a tio n  
u n d e rg ra d u a te  research  p a r t ic ip a tio n  p ro g ram .

(2) T h e  d a ta  p re se n te d  a re  a b s tra c te d  fro m  th e  M .S. th e se s  of K . H . 
K im  a n d  L. S m ith , a n d  a n  u n d e rg ra d u a te  ho n o rs  p ro jo p t of T . B einecke.

(3) J . H . D ay , C h t t t i. R e t i ,  «8, 65 (1063).

The purpose of this investigation was to examine the 
temperature dependence of the spectra of solutions of 
thermochromie compounds which can be classed as 
“overcrowded” molecules.

E x p e rim e n ta l

Spectra were run on a Cary Model 14 spectrophotometer, using 
a specially made 1-cm. quartz cell mounted in a quartz dewar with 
optical windows (American Instrument Co.). Temperatures 
were regulated by filling the dewar with liquid nitrogen, with 
Dry Ice-acetone, or ice-salt. Higher temperatures were achieved 
with steam-heated thermal spacers in the cell compartment. 
Some of the spectra were also run on a Beckman D.U. spectro
photometer.

The EPA solvent and the methylcyclohexane were Spectro- 
grade quality (Matheson Coleman and Bell). Solutions were 
accurately made up at room temperature, and concentrations at 
other temperatures were corrected for thermal expansion from 
the following data; each solvent was used in a half-filled tube 3.5 
mm. in diameter and 35 cm. long, the meniscus marked at room 
temperature, and again at liquid nitrogen temperature. The 
difference in volume for EPA solvent was 22.5%. Data in the 
tables is for concentrations corrected for thermal expansion or 
contraction.

Several different samples of rubrene were used, some obtained 
from K and K Laboratories, some made in this laboratory by the 
method of Wittig and Waldi.4 Tetracyclone used was the 
product of K and K Laboratories. Dimethylfulvene was made 
in this laboratory.

R e s u lts

R u b r e n e .— Rubrene has been noted as thermo- 
chromic.5 Crystals of rubrene (5,6,11,12-tetraphenyl- 
naphthacene) appear brick red; powdered rubrene is 
bright orange. I t darkens on heating and finally 
provides a ruby red melt which reverts to its normal 
color on cooling. Solutions, which are notably fluores
cent, become more pink on heating, lighter and more 
yellow at low temperature.

Figures 1 and 2 show the spectrum of rubrene in EPA 
at various temperatures; the data appear in Table I.

Notable features are the increase in absorption in
tensity with decreasing temperature, as well as the 
regular shift of the whole absorption curve toward the 
red. The increase in absorption at low temperature 
remains considerable even when corrected for volume 
change of the solvent. Beer’s law is followed in all the 
solvents used.

T e tr a c y c lo n e .—Tetracyclone (tetraphenylcyclopen- 
tadienone) is a shiny black solid which melts to a deep 
purple. When a thin film of melt is allowed to cool 
between cover glasses to which pressure is applied at a 
point, it crystallizes in long needles radiating from the

(4) G . W ittig  a n d  D . W ald i, J .  p r n k t .  C h a m . ,  160, 242 (1942).
(8) A. S chonberg , A. M u ita fa , a n d  W . Aalser, J ,  A m ,  C h e m .  S o c . ,  76 , 4134 

(1954).
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T a b l e  I 
T h e  S p e c t r a  o f  R u b r e n e

J u l y , 1963

Solvent
Temp.,

°C. Absorption maxima (log extinction coefficient)
EPA -1 9 5 3025 (5.01) 4650 (3.74) 4970 (4.05) 5330 (4.10)

-7 5 2995 (4.98) 4600 (3.65) 4960 (3.94) 5260 (3.97)
- 5 2985 (4.96) 4990 (3.62) 4885 (3.90) 5230 (3.91)
26 2975 (4.95) 4585 (3.60) 4875 (3.87) 5220 (3.89)

Absolute - 7 5 2980 (4.98) 4600 (3.63) 4900 (3.92) 5250 (3.95)
ethanol - 5 2975 (4.96) 4580 (3.60) 4885 (3.88) 5225 (3.91)

26 2970 (4.96) 4575 (3.59) 4875 (3.86) 5220 (3.88)
Methylcy- 26 3000 (4.98) 4600 (3.63) 4910 (3.91) 5220 (3.93)

clohexane 95 2980 (4.93) 4600 (3.60) 4890 (3.87) 5225 (3.88)
Dimethyl 23 a 4650 (3.61) 4940 (3.93) 5280 (3.95)

phthalate 83 a 4680 (3.60) 4940 (3.90) 5260 (3.93)
Benzene** Room 3030 (5.07) 4650 (3.79) 4950 (4.07) 5300 (4.08)

“ Not measured. 6 From G. M. Badger, R. S. Pearce, H. J. 
Rodda, and I. S. Walker, J. Chem. Soc., 3151 (1954). See also 
ref. 10.

pressure point. These crystals are deep purple when 
observed by transmitted light looking along the long 
axis of the needles. Observed normal to the long axis, 
the crystals are transparent and colorless gray. Solu
tions of tetracyclone become brownish on heating, and 
more purple on cooling; color changes are definite 
without being striking. Figure 3 shows representative 
spectra; the data appear in Table II.

T a b l e  II
T h e  S p e c t r a  o f  T e t r a c y c l o n e  

Temp.,
Solvent °C. Absorption maxima (log extinction coefficient)

EPA -195 2660 (4.36) “ 5200 (3.03)
-7 5  2630 (4.40) 3460 (3.84) 5100 (3.10) 
- 5  2620 (4.37) 3370 (3.82) 5020 (3.12) 
26 2620 (4.35) 3340 (3.81) 5020 (3.12)

Absolute alco
hol 26 2620 (4.36) 3400 (3.81)

Benzene 26 “ 3420 (3.83) 5120 (3.12)
Benzene6 Room ° 3420 (3.83) 5120 (3.12)

0 Not measured. 6 S. B. Coan, D. E. Trucker, and E. I. 
Becker, J. Am. Chem. Soc., 75, 900 (1953). For spectra in other 
solvents, see also p. 1057, Vol. I, Organic Electronic Spectral 
Data, Interscience Publishing Co., 1960.

o
The longest wave length band near 5100 A. shows a 

regular shift toward the red as temperature is lowered, 
but there is no apparent change in intensity with 
temperature. The peak at 3400 A. shifts to the red as 
expected, with little or no increase in intensity other 
than that caused by increased concentration due to 
solvent contraction.

Dimethylfulvene.—Dimethylfulvene when freshly 
prepared is a light yellow golden liquid which becomes 
much lighter in color at low temperature, and becomes 
a deep red near the boiling point. In dilute solution the 
color changes are similar but not as marked. Typical 
spectra are recorded in Fig. 4 and Table III.

T a b l e  III
T h e  S p e c t r a  o f  D i m e t h y l f u l v e n e

Absorption maxima (log extinction
Solvent Temp., °C. coefficient)

EPA -195 2680 (4.24) 3500 (2.20)
-7 5 2640 (4.21) 3500 (2.16)
- 5 2630 (4.19) 3500 (2.14)
25 2630 (4.15) 3500 (2.12)

Benzene 25 a 3600 (2.06)
Absolute alcohol 25 a 3550 (2.06)
“ Not measured.

Fig. 2.'—Absorption spectra of rubrene in EPA (5.2 X 10 6 M): 
(1) at -195°; (2) at 25°.

Fig. 3.—Absorption spectra of tetracyclone in EPA (2.30 X 
IO-4 Ai): (1) at -195°; (2) at 26°.

Discussion
In seeking an explanation for the thermochromism of 

rubrene, it is first necessary to decide whether there 
is a temperature-dependent equilibrium between two 
chemical species. The fact that Beer’s law is obeyed 
over a range of concentrations rules out association 
equilibria, and e.p.r. spectra could detect no free radical 
formation.6 Rubrene is diamagnetic, which probably 
rales out an easily reached triplet state.7 The fact that 
no new peaks appear in the spectrum, and no old peaks 
disappear, makes the thermal generation of any new 
species of molecule unlikely as an explanation. Further 
evidence in this direction is the fact that a “heat of 
transformation” calculated from the usual plot of log 
emai vs. 1/T  is so small as to be within experimental 
error, whereas a similar calculation for the thermo- 
chromic spiropyrans gives a value of 6 to 7 kcal./mole. 
The simultaneous shift in absorption maxima and in

(6) Courtesy of Schlumberger Corp.
(7) E . M u lle r a n d  I .  M uller^RodlofE , A n n , ,  517, 134 (1085).
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Fig. 4.—Absorption spectra of dimethylfulvene in EPA (3.2 
1 0 - s M): (1) at -195°; (2) at -75°; (3) at 25°.

intensity as temperature is changed results in several 
isosbestic points, whose existence is further argument 
for the existence of a single chemical species.8

Since the eye looks at a sample, while the spectro
photometer looks through a sample, a room temperature, 
solution of rubrene in dimethyl phthalate was compared 
visually with a sample heated to 200°. Viewed by 
reflected light the cool solution was brilliant orange-red 
with a noticeable yellow fluorescence, while the hot 
solution was a warm red with no trace of yellow. When 
viewed by transmitted light, both the hot and the cold 
solutions appeared orange, with little noticeable dif
ference.

The shift of absorption peaks toward the red can be 
accounted for by the increase in refractive index of sol
vent as temperature is lowered.9 Badger and Pearce10 
measured the spectrum of rubrene in nineteen dif
ferent solvents and found a linear relationship between 
red shift and a function of the refractive index of the 
solvent. From this data they estimate that cooling to 
liquid nitrogen temperatures should cause a shift to 
the red of about 30 to 80 A., which estimate is sup
ported by the present data. However, they found that 
a slight decrease in absorption intensity accompanied the 
red shift caused by change of refractive index at room

(8) J .  R . M o rrey , J .  P h y s .  C h e m . ,  66, 2169 (1962).
(9) W . J .  P o tts , .Tr., J .  C h e m .  P h y s . ,  23, 65 (1955).
(10) G. M . B ad g e r a n d  R . S. P earce , S p e c t r o c h i m .  A c t a ,  4, 280 (1951).

temperature, the reverse of what happens when the 
red shift is caused by temperature lowering.

Clar11 measured spectra of several polynuclear hydro
carbons at room temperature and liquid nitrogen 
temperature. He also found a red shift of the order of 
20 to 30 A., and noted that the difference in intensities 
between maxima and minima more than doubled in 
going to the lower temperature. Similar results have 
been reported for naphthalene.12 The increase in 
absorption intensity remains to be accounted for.

Tetracyclone and Dimethylfulvene.—The visible 
color change in tetracyclone may be ascribed to the 
considerable red shift together with the apparent in
crease in intensity of the 3500 A. portion of the curve. 
The dimethylfulvene spectrum consists of a strong band 
in the ultraviolet and a weak broad band extending 
from 3000 A. to beyond 4500 A. The only change of 
visible spectrum is that of apparent increase in absorp
tion intensity with decreasing temperature, which is 
almost entirely a solvent contraction effect; there is 
no red shift. It seems remarkable that the eye should 
perceive so definite a color change due to a simple 
thermal expansion.

Examination of the spectra will show that they be
have differently as the temperature is lowered. The 
minima between peaks for rubrene have about the 
same red shift as do the peaks, and the minima lie 
lower as the peaks rise higher. For tetracyclone the 
minima have a smaller red shift than do the peaks; 
the order of intensity of the minima at 3100 A. are in 
the same order as the peaks at 3500 A., while the 
minima at about 4200 A. have almost equal intensity. 
In dimethylfulvene the minima at 3000 A. follow the 
order of the peaks.

The red shifts of rubrene and tetracyclone correspond 
to increase in solvent refractive index; the lack of anyo
shift in the dimethylfulvene 3500 A. peak seems re
markable from this standpoint, unless the phenyl 
groups on the first two compounds are somehow in
volved in the red shift.

Summary
The spectrum of rubrene undergoes a red shift with 

decreasing temperature which can be accounted for by 
increase in refractive index of solvent; the absorption 
intensity is approximately doubled at each absorption 
maximum as the temperature is lowered from room 
temperature to —195°. The observable thermochro- 
mism is believed due to the real spectral changes plus a 
temperature-dependent fluorescence. The apparent 
thermochromism of tetracyclone is probably due 
primarily to the red shift with lowering temperature. 
The apparent thermochromism of dimethylfulvene 
may be due to thermal expansion alone.

(11) E . C la r, i b i d . ,  i ,  110 (1950).
(12) A. N . T e ren in  an d  V. L. E rm a la e v , D o k l .  A k a d .  N a u k ,  S S S R ,  547 

(1952).
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l-Phenyl-2-methylpropyl 2-hydroperoxide and l-phenyl-2-methylpropyl 1-hydroperoxide have been prepared 
and subjected to thermal decomposition. From an examination of the rates and products it is concluded that 
they do not give concerted decomposition.

Investigations of peresters have shown that their 
thermal stability can be greatly modified by variations 
in the structure of the acyl radical.1-2 This has been a 
strong argument for, in the degradation of some per
esters, the simultaneous cleavage of both carbon-carbon 
and oxygen-oxygen bonds which has been called a con
certed decomposition.

The thermal stability of hydroperoxides, on the other 
hand, seems to be unresponsive to structural changes.3 
This is not surprising if the primary rupture is confined 
to the oxygen-oxygen bond.

R 3C—O—O—H — ^ R jC —O- +  -OH (l)

Conceivably the thermal decomposition could be an
alogous to those peresters which break in three, but for 
no hydroperoxides so far investigated has this been 
suggested. Product studies, where they have been 
done, have indicated the initial formation of an alkoxy

R3C—0 —0 —H — > R- +  R2C = 0  +  -OH (2)

radical4-5 as in equation 1.
Nevertheless concerted decomposition remained an 

attractive possibility for a hydroperoxide suitably con
structed ; that is, where one of the R groups would make 
a particularly stable, free radical and where all of the 
groups were sufficiently bulky to cause some crowding. 
The following is an account of the preparation and 
thermal degradation of two closely related hydroper
oxides, 1 -phenyl-2-methylpropyl 2-hydroperoxide (I), 
where these conditions obtain, and l-phenyl-2-methyl- 
propyl 1-hydroperoxide (II), where they do not.

CH3
I

C6H5—CH2—C—O—OH 
!

CHS

OH

() CHS
I I

c 6h 6—c h —c h
i

c h 3
II

Experimental
l-Phenyl-2-methylpropyl 2-Hydroperoxide.—A 0.2-mole sample 

of l-phenyl-2-methylpropanol-2 was mixed with 0.5 mole of 100% 
hydrogen peroxide and the temperature raised to 75°. A 0.07- 
ml. sample of 70% sulfuric acid was added with stirring over 
10 to 15 min.6 After 1 hr. the mixture was cooled and extracted 
with ether. Distillation gave an oil, b.p. 80-81° (0.01 mm.), 
which slowly crystallized. Recrystallization from pentane gave 
white needles, m.p. 44-44.6°, which on refluxing with acidified 
potassium iodide released 98% of the theoretical amount of 
iodine.

(1) P . D . B a r t le t t  a n d  R . R . H ia t t ,  J.  A m .  C h e m .  Soc., 80, 1398 (1958).
(2) P . D . B a r t le t t  a n d  R . E . P incock , ibid., 82, 1769 (1960).
(3) J . R . T h o m as , ibid., 7 7 , 246 (1955).
(4) E . R . B ell, J .  H . R a le y , F . F . R u s t, F . H . S eu b o ld , a n d  W . E . V au g h an , 

Discussions Faraday Soc., 10 , 242 (1951).
(5) M . s. K h arasch , A. F o n o , a n d  W . N u d en b e rg , J .  O r g .  C h e m . ,  16,

113 (1951).

The infrared spectrum of the hydroperoxide differed from that 
of the alcohol only in the regions of 2.8-3 and 11-12 n, indicating 
that no skeletonal rearrangement had occurred during the re
action. Reduction of the product with lithium aluminum hydride 
gave l-phenyl-2-methylpropanol-2. The n.m.r. spectrum was 
consistent only with the expected structure on one other, 2- 
phenyl-2-methylpropyl 1-hydroperoxide, a possibility that was 
excluded by the foregoing observations and by the pattern 
of products from the thermal decomposition.

l-Phenyl-2-methylpropyl 1-hydroperoxide was prepared by a 
similar procedure from l-phenyl-2-methylpropanol-l, except 
that the reaction was carried out at room temperature. The 
product was an oil, b.p. 50-51° (0.01 mm.), which liberated 99% 
of the theoretical amount of iodine. Its infrared spectrum was 
very similar to that of the starting alcohol.

¿-Butyl hydroperoxide was obtained from Lucidol Corp. 
It was separated from water and distilled, taking the fraction 
boiling at 33° (IS mm.).

Benzene used was Fisher reagent grade, dried over sodium, 
and distilled.

Kinetic Runs.—Dilute solutions of hydroperoxide in benzene 
were placed in sealed tubes and heated in a constant-temperature 
bath. The remaining amount of hyperoperoxide was deter
mined iodometrically. The presence or absence of oxygen was 
found to have negligible effect on the rates of decomposition and 
no effort was subsequently made to remove it. Plots of the log 
of hydroperoxide concentration vs. time gave straight lines.

Product Studies.—Solutions of hydroperoxide, 0.9 M in ben
zene, were heated at 165° for at least ten half-lives. The result
ing solution in benzene was analyzed with the Beckman GC-2 gas 
chromatograph.

Results and Discussion
In Table I are the first-order rate constants for the 

thermal decomposition in benzene of the two hydroper
oxides as well as those of (-butyl hydroperoxide done 
under the same conditions for comparison. Table II

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  T h e r m a l  D e c o m p o s i t i o n  i n  B e n z e n e

¿-B u ty l
H y d ro p e ro x id e  I  H y d ro p e ro x id e  I I  h y d ro p e ro x id e

T e m p ., h X  10« T e m p .,
°C . sec. “ l °C.

144.2 5.04 133.8
154.5 12.1 143.9
165.5 29.2 153.9
176.0 69.7 163.7

174
AH* 30 kcal. 293
AS* -11 ., 5 e.u. — 12.1

k  X  10« T e m p ., k  X  10«
sec. ̂ °C . sec.

3.18 154.5 4.29
8.95 161.7 9.27

20 169.3 20
40.3 174.6 40
97.7

kcal. 40.8 kcal.
e.u. +  12.2 e.u.

(6) T h is  p re p a ra tio n  w as a t te n d e d  b y  som e h a z a rd  a n d  w as alw ays 
c a rr ie d  o u t  b e h in d  a  s a fe ty  screen . O ccasio n a lly  a  w e ird  l ig h t  w as  seen  to  
flicker o v e r th e  su rface  of th e  m ix tu re  d u r in g  th e  a d d itio n  a n d  th is  w as 
som etim es, b u t  n o t a lw ays, fo llow ed  b y  exp losion . S u b se q u e n t findings 
in d ic a te  t h a t  th e  d a n g e r  lies in  a d d itio n  of su lfu ric  ac id  to  a n  a lc o h o l-  
h y d ro g en  perox ide  m ix tu re . A c id ifica tion  of th e  c o n c e n tra te d  hydro* 
perox ide  p r io r  to  i t s  a d d itio n  to  th e  a lcoho l h a s  e lim in a ted  th e  o ccu rren ce  
of exp losions in  p re p a ra tio n  of o th e r  h y d ro p ero x id es. H ow ever, th is  does 
n o t  o b v ia te  th e  n ee d  fo r  a ll n o rm a l p re c a u tio n s  in  th e  u se  of c o n c e n tra te d  
h y d ro g en  p erox ide . W e a re  g ra te fu l to  a  referee  fo r  in d ic a t in g  t h a t  th is  
h y d ro p e ro x id e  m a y  b e  p re p a re d  in  4 0 -6 0 %  y ie ld s , u s ing  3 0 -5 0 %  h y d ro 
perox ide.
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T a b l e  I I

P r o d u c t s  o f  t h e  T h e r m a l  D e c o m p o s i t i o n  i n  B e n z e n e

------ -—.——H y d ro p e ro x id e  I -•--- -------- ----s ------- -H ydroperox ide I I
P ro d u c t M ol. % P ro d u c t Mol. %

Acetone 81 7-Butyraldehyde 2
Toluene 28 Acetone 65
Benzyl alcohol 6 7-Propyl alcohol 3
Benzaldehyde
l-Phenyl-2-methyl-

9 Benzaldehyde 44

propanol-2 4 Benzoic acid 28
Benzoic acid 
Methanol

8
Trace

Methanol Trace

shows the major products of these decompositions de
termined by gas chromatography.

Measurement of the rates of homolysis of hydro
peroxides has always been complicated by their 
tendency to exhibit induced decomposition. The 
difficulty has been usually overcome by extrapolation 
to zero of rate measurements at several initial con
centrations,4 or by the inclusion of radical traps in the 
solution.3 The rates reported here were done with 
initial concentrations of hydroperoxide of 0.05 and 
0.033 M, considerably lower than those generally used. 
Initial concentrations lower than these did not affect 
the rate constants obtained appreciably and it was 
concluded that induced decomposition was negligible at 
these concentrations.

If, as expected, l-phenyl-2-methylpropyl 2-hydroper
oxide were to decompose in a concerted manner, it 
should show a marked decrease in thermal stability 
relative to other hydroperoxides. Instead, the rates of 
decomposition of the three hydroperoxides are remark
ably similar. Both hydroperoxides I and II have acti
vation enthalpies considerably lower than i-butyl 
hydroperoxide, but this is balanced almost completely 
by the large decrease in activation entropy. In fact a 
A H* of about 30 kcal. is usual for the homolytic cleav
age of hydroperoxides,3 and it is i-butyl hydroperoxide 
that is the anomalous one.

The presence of l-phenyl-2-methylpropanol-2 in the 
products from hydroperoxide I seems to prove that it 
cannot be undergoing a concerted decomposition. The 
benzyldimethylmethoxy radical survives long enough to 
abstract a hydrogen atom from the surrounding 
medium.7 The other products are as expected and 
easily explicable in terms of hydrogen abstraction 
radical fragmentation and recombination, and induced 
decomposition which undoubtedly occurs in the con

centrated solutions used for the product study. The 
large amount of acetone from hydroperoxide II is a 
bit surprising. Apparently cleavage of the initially 
formed radical to benzaldehyde and isopropyl radical is 
very facile. Decomposition of this radical to give iso- 
butyraldehyde was also noted, but no isobutyrophenone 
could be found.

Do these hydroperoxides, then, give a concerted 
decomposition? Generally speaking, the arguments in 
support of this mechanism fall into three categories: 
the rate of decomposition relative to that for similar 
compounds, entropies and energies of activation rela
tive to these same standards, and the products of reac
tion. Comparing only hydroperoxide I with ¿-butyl 
hydroperoxide, it would appear that concerted decom
position was quite possible. However, then one would 
have to admit hydroperoxide II to the ranks of con
certed decomposers, as well as a number of other hydro
peroxides which from structural considerations seem 
unlikely to homolyze in this manner.3 Convincing evi
dence for a concerted mechanism is, therefore, lacking.

While l-phenyl-2-methylpropyl 2-hydroperoxide may 
or may not undergo induced decomposition, the analo
gous perester, i-butyl phenylperacetate, does. The dif
ference may be explained by referring to the gain in 
energy from producing carbon dioxide by the perester, 
relative to that from producing acetone by the hydro
peroxide. In a simpler case where direct comparison is 
possible, this difference amounts to 20 kcal.

CH3—C02-----^  CH3- +  C02 +  17 kcal.8
(CH3)3CO- — >- CH3- +  (CH3)3CO -  3 kcal.9

Probably the fragmentation of benzyldimethylmeth
oxy radical is exothermic, but not enough to provide the 
kick necessary for the concerted decomposition.

Acknowledgment.—The authors wish to thank 
Professor Robert R. Fraser of the University of Ottawa 
for the n.m.r. spectra and interpretations. They are 
also grateful to the National Research Council for the 
grant under which these studies were carried out.

(7) H ow ever, i t  is possib le  t h a t  th e  sm all a m o u n t of a lcoho l a rise s  from  
som e tt .a -d im e th y lp h e n e th y l rad ica l p ro d u ced  n o t  b y  h o m o ly tic  c leav ag e  
o f th e  h y d ro p ero x id e , b u t  b y  in d u c ed  deco m p o sitio n . T h e  re s u lts  of 
K och i [J . K . K och i, J .  A m .  C h e m .  S o c . ,  84 , 1193 (1962)] o n  th e  m e ta l ion- 
c a ta ly z e d  d ec o m p o s itio n  of th is  h y d ro p e ro x id e  show ed  e q u iv a le n t am o u n ts  
of th e  p a r e n t  a lcohol in  th e  p ro d u c ts . T h is  d id  n o t p re v e n t  s p e c u la tio n  on 
a  m e ta l ion  ass is ted , co n c e rted  m ech an ism  fo r  d ecom position .

(8) I .  Jaffe , E . J . P ro sen , a n d  M . S cw arc, J .  C h e m .  P h y s . ,  27 , 416 (1957).
(9) P . G ray , T r a n s .  F a r a d a y  S o c . ,  62, 344 (1956).
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The literature contains a reference to hemihydrates of 
phenylglyoxals for which structure I has been pre
sumed.4 Prior to this publication the hemihydrates 
(I) and the normal hydrates (II) had often been con
fused. Evidence for structure I was based mainly on 
elemental analysis.4 We have prepared the hemihy- 
drate of p-methoxyphenylglyoxal and obtained proof 
for structure la.

OH
/R—C—C—H

A V
II

Ila, R = p-CH3OC6H4-
In connection with a study of the formation of /3-keto 

sulfoxides and their acid-catalyzed rearrangement into 
the hemimercaptals of a-ketoaldehydes,5 we have found 
that, while treatment of the condensation product (III) 
of dimethyl sulfoxide and methyl p-anisate with dilute 
hydrochloric acid gives the hemimercaptal (IV), the 
use of more concentrated acid leads to a sulfur-free 
compound proved to be la. In separate experiments 
la was also formed from IV in the presence of strong 
acid or by heating of the glyoxal hydrate (Ila).

CH3O —  y —  COCH2SOCH3 -----------

III

Ila 95~100°-> la CH30 - ^ ~ ^ - C 0 CH(QH)SCH3

IV

On the basis of elemental analysis, molecular weight 
determination, and infrared and integrated n.m.r. spec
tra we have been able to verify the bis(p-anisoylhydroxy- 
methyl) ether structure for la. The n.m.r. spectrum 
of la is particularly instructive and conclusively sup
ports structure la. In addition to the singlet for the 
methoxy group (r = 6.15, area = 6.0 units) and the a2b2 
system of the benzene ring protons at r = 1.85, area = 
4, and r = 3.06, area = 4, J  = 8.95 c.p.s., the spectrum 
contains a pair of doublets representing the Ha-C -

(1) R e a c tio n s  of R eso n an c e  S tab iliz ed  C a rb a n io n s , p a r t  V I. F o r  p a r t  V 
see G . A. R u sse ll, E . G . Jan z e n , a n d  E . T . S tro m , J .  A m .  C h e m .  S o c . ,  84, 
4155 (1962).

(2) S u p p o r te d  in  p a r t  b y  a  g r a n t  from  th e  A lfred  P . S loan  F o u n d a tio n .
(3) A lfred  P . S loan  F o u n d a tio n  F ellow , 1959-1963.
(4) R . B. M o ffe tt, B . D . T iffan y , B . D . A sp e rg ren , a n d  R . V. H e in ze lm an , 

J .  A m .  C h e m .  S o c . ,  79 , 1687 (1957).
(5) G. A . R usse ll a n d  H .-D . B ecker, A b s tra c ts  of P a p e rs , 142nd N a tio n a l 

M eetin g  of th e  A m erican  C h em ica l S ocie ty , A tla n tic  C ity , N . J . ,  S ep te m b er, 
1962, p . 3Q.

O H b  group in la.6 7 Deuterium exchange with deute
rium oxide proved H a  absorbs at r =  3.68, area =  2 
and H b  absorbs at r =  4.88, area = 2 with a coupling 
constant J ab of 10.3 c.p.s. Similar absorption has been 
found for the H  C O H  group in the hemimercaptals 
of phenylglyoxals.

The hydrate of p-methoxyphenylglyoxal had been 
prepared by Karrer and v. Segesser7a as well as by Sisido 
and Nozaki.7b The melting point as given by Sisido 
and Nozaki (110-114°) is close to the melting point we 
observed for the hemihydrate (107-109°). We, there
fore, prepared p-methoxyphenylglyoxal hydrate by the 
literature method.7b Its infrared spectrum was en
tirely different from that of la. Moreover, as reported ,7b 
the hydrate (Ila) melted at about 70°, resolidified at 
about 75°, and melted again at 107-108°. The re
solidified product did not depress the melting point of 
la.8 When Ila  was kept at 95-100° for four hours it 
was converted into la  in good yield. It can, therefore, be 
stated that the melting point reported for Ila  is ac
tually that of its dehydration product, la.

Experimental
Preparation of la from III.—A few minutes after dissolving 250 

mg. of III (1.18 mmoles), m.p. 101°, in 2.5 ml. of 18% hydro
chloric acid, the initially clear solution turned cloudy and an oil 
separated. The mixture was kept in an open beaker at rocm tem
perature for 6 days during which time the aqueous phase evap
orated to leave a crystalline residue. Washing with ether gave 
89 mg. (43%) of la  as colorless, ether-insoluble crystals, m.p.
107-109°, with a strong infrared absorption at 2.93 and £.98 y.

Anal. Calcd. for CisHigO,: C, 62.42; H, 5.24; mol. wt., 346. 
Found: C, 62.55; H, 5.24; mol. wt., 301 (dioxane).9

Preparation of la from IV.—A solution of 85 mg. of IV (0.4 
mmole), m.p. 89-92°, in a mixture of 3 ml. of ethanol and 1.2 ml. 
of 18% hydrochloric acid was kept on a steam bath for 1 hr. 
Evaporation of solvent during this period left an oily substance 
which was kept in an open beaker for 4 days. Upon washing with 
ether 47 mg. (67%) of la  was obtained as insoluble crystals, m.p. 
107-109°. The infrared absorption spectrum was identical with 
that of la  prepared from I I I .

Preparation of la from Ila.—Heating of 200 mg. of I l a  (m.p., 
ca. 70°), prepared according to the directions of Sisido and 
Nozaki,7b at 95-100° for 4 hr. in a test tube gave a solid mass 
which, when treated with a few drops of ethanol at room 
temperature, yielded a yellowish crystalline substance. Washing 
with ether gave 180 mg. (95%) of insoluble la, m.p. 107-109°, 
which did not depress the melting point of la  from III or IV and 
had an infrared absorption spectrum identical with that of la from 
III or I V .

Phenylosazone of p-Methoxyphenylglyoxal from la.—The
hemihydrate la  (25 mg.) was dissolved by heating in a solution 
of 0.5 ml. of ethanol, 0.2 ml. of water, and 1 drop of concentrated 
hydrochloric acid. After addition of 0.1 ml. of phenylhydrazine 
the reaction mixture was kept on a steam bath for 2 hr. A yellow 
solid was filtered off to yield the osazone of p-methoxyphenyl- 
glyoxal; m.p. 190° (lit.10m.p. 190°).

(6) T h e  sp ec tru m  w as m e asu red  fo r a  s a tu r a te d  so lu tio n  of l a  :n  ch loro- 
form -d a t  6C M c ./sec .

(7) (a) P . K a rre r  a n d  A. v . S egesser, H e l v .  C h i m .  A c t a , 18, 273 (1935); 
(b) K . S isido a n d  H . N ozak i, J .  A m .  C h e m .  S o c . ,  70 , 3326 (1948).

(8) M e ltin g  p o in ts  a re  u n c o rre c te d  a n d  w ere  o b ta in e d  u s in g  a  F ish er-  
Jo h n s  m e ltin g  p o in t b lock .

(9) D e te rm in e d  b y  a  th e rm o e lec tric  o sm o m etric  m e asu rem en t, S chw arzkof 
M ic ro a n a ly ic a l L a b o ra to rie s , W oodside , N . Y .

(10) C . W eygand , A n n . ,  459, 99 (1927).

R-

OH OH 

C—C—o —C—IC—R
I II

H O0  H 
I

la, R = p-CHsOCfJL-
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Synthesis of Ninhydrin1 , 2

H a n s - D i e t e r  B e c k e r  a n d  G l e n  A. R u s s e l l ®

Department of Chemistry, Iowa State University, Ames, Iowa 

Received January 4, 1963

We have found that ninhydrin readily can be synthe
sized in two steps from ethyl phthalate. Ninhydrin is 
usually prepared by a six-step synthesis starting from 
esters of phthalic acid.4 Other methods of preparation 
starting from 1,3-indandione or p-naphthoquinone give 
low yields of ninhydrin.6

We have reported recently that the condensation of 
esters with dimethyl sulfoxide in the presence of alkali 
metal alkoxides leads to (3-keto sulfoxides which in the 
presence of mineral acids undergo the Pummerer rear
rangement to give hemimercaptals of a-ketoaldehydes.6

OR-
RC02R ' +  CH3SOCH3 — ^

H sO +
RCOCH2SOCH3 -— >- RCOCH(OH)SCH3

When diethyl phthalate is used in this reaction, an 
intramolecular ester condensation leads to the forma
tion of the 1,3-indandione system. The reaction prod
uct isolated upon acidification with hydrochloric acid 
proved to be the a-chloro thioether (V). The forma
tion of V from I probably involves the as yet unisolated 
intermediates II-IV.

^ \ C 0 2Et
L II +CH3SOCH3 OR-

H ,0  +

HC1
h2o >

H ,0

The condensation occurs upon the addition of diethyl 
phthalate to a solution (or suspension) of an alkali metal 
alkoxide in anhydrous dimethyl sulfoxide under an at
mosphere of dry, oxygen-free nitrogen. Removal of the 
solvent by vacuum distillation leaves a salt (presumably 
the alkali metal salt of III) which is soluble in water. 
When the aqueous solution of this salt is added to 5 M  
hydrochloric acid V rapidly precipitates in a high state 
of purity. 1 2 3 4 5 6

(1) R e a c tio n s  o f R eso n an c e  S tab iliz ed  A nions, p a r t  V II . F o r  p a r t  V I 
see  H .-D . B ec k e r a n d  G . A . R usse ll, J .  O r g .  C h e m . ,  2 8 ,  1895 (1963).

(2) T h is  w ork  w as su p p o r te d  b y  a  g r a n t  from  th e  A lfred  P . S loan  F o u n d a 
tio n .

(3) A lfred  P . S lo an  F o u n d a tio n  Fellow , 1959-1963.
(4) L . F . F ie se r  a n d  M . F ie se r, "A d v a n c e d  O rgan ic  C h e m is try ,’'  R e in h o ld  

P u b lis h in g  C o rp ., N ew  Y o rk , N . Y ., 1961, p . 472.
(5) See D . J .  M cC a ld in , C h e m , . R e v . ,  60 , 39 (1960).
(6) G . A . R u sse ll a n d  H .-D . B ecker, A b s tra c ts  of P a p e rs , 142nd N a tio n a l 

M e e tin g  o f th e  A m erican  C hem ica l S oc ie ty , A tla n tic  C ity , N . J . ,  S ep te m b er, 
1962. p . 3Q .

When V is hydrolyzed in boiling water ninhydrin can 
be isolated in nearly quantitative yields. Because of 
the ease of hydrolysis V cannot be recrystallized from 
hydroxylic solvents. A color reaction typical of nin
hydrin was obtained when V (absorbed on filter paper) 
was treated with a solution of glycine and heated to 
80°.

Experimental7

Reagents.—Dimethyl sulfoxide (Crown Zellerbach Corp.) 
was distilled from calcium hydride at a pressure of about 1 mm. 
Sodium methoxide (Matheson Coleman and Bell) was used with
out purification. Diethyl phthalate was distilled under vacuum. 
In the condensation reaction described later it is important to 
use only anhydrous reagents since water has a deleterious effect 
due to the hydrolysis of the phthalate ester to phthalic acid.

2-Chloro-2-methylmercapto-l ,3-indandione (V).—Sodium 
methoxide (5.4 g., 0.1 mole) was suspended in 75 ml. of anhydrous 
dimethyl sulfoxide in a 250-ml. round-bottomed flask under an 
atmosphere of nitrogen. The suspension was stirred by a stream 
of nitrogen introduced by a gas inlet tube extending to the bottom 
of the flask. Diethyl phthalate (5.5 g., 0.025 mole) was added 
dropwise to this suspension. The reaction mixture, which turned 
yellow after about 5 min., was kept under nitrogen for 4 hr. at 
room temperature after which it was subjected to vacuum distilla
tion at 1-mm. pressure (bath temperature 65-70°) for 50 min. 
To the resulting sticky yellow residue 50 ml. of ether and 50 ml. of 
ice-water were added. The yellow aqueous layer was separated 
and added dropwise with stirring to a mixture of 60 ml. of water 
and 40 ml. of concentrated hydrochloric acid. The colorless 
precipitate which formed rapidly was removed by filtration and 
dried under vacuum to give V, 4.55 g. (80%), m.p. 63°. A 
sample recrystallized from ether containing a trace of ethanol had 
m.p. 63-64°.

Anal. Calcd. for C10H7ClO2; C, 52.90; H, 3.25; Cl, 15.44; 
S, 14.38; mol. wt., 226.6. Found; C,53.0; H,3.10; Cl, 15.61; 
S, 14.13; mol. wt., 226 (dioxane).8

The infrared absorption of V gave the characteristic indandione 
absorption at 5.70 and 5.85 y. as well as absorption due to the 
carbon sulfur bond at 8.05 y. Absorption characteristic of a 
sulfoxide at 9.8 y  was absent. The integrated n.m.r. (60 Mc./- 
sec.) spectrum gave aromatic hydrogen (unresolved), intensity
4.0, at 481 cycles relative to tetramethylsilane and methyl 
hydrogens, (singlet) at r  = 7.52, intensity 3.

Ninhydrin from V.—One gram of V was added slowly to 50 ml. 
of boiling water in a 100-ml. erlenmeyer flask. The slightly yellow 
solution was kept on a steam bath for 12 hr. during which most of 
the water evaporated. The concentrated aqueous solution was 
transferred to a 50-ml. beaker and evaporated on a steam bath 
for another hour to yield a crystalline residue which was dried 
under vacuum. The material thus prepared (775 mg., 99%) had 
m.p. 239-240° and an infrared spectrum identical with that of 
of commercial ninhydrin.

(7) A ll m e ltin g  p o in ts  a re  u n c o rre c te d  a n d  w ere  o b ta in e d  u s in g  a  F is h e r -  
J o h n s  m e ltin g  p o in t b lock .

(8) D e te rm in e d  b y  th e  th e rm o e le c tr ic  o sm o m e tric  m e th o d , S ch w arzk o p f 
M ic ro a n a ly tic a l L a b o ra to r ie s , W oodside , N . Y .

Preparation of /3-Keto Sulfones by Condensation
of Aromatic Esters with Dimethyl Sulfone1 , 2

H a n s - D i e t e r  B e c k e r  a n d  G l e n  A. R u s s e l l 3

Department of Chemistry, Iowa State University, Ames, Iowa 

Received January 4, 1963

We have reported previously that in dimethyl sul
foxide (DMSO) solution aromatic esters undergo a con-

(1) R e a c tio n s  of R eso n an ce  S tab iliz ed  A nions, p a r t  V I I I .  F o r  p a r t  V I I  
see J .  O r g .  C h e m , . ,  2 8 , 1896 (1963).

(2) T h is  w o rk  w as s u p p o r te d  b y  a  g ra n t from  th e  A lfred  P . S lo an  F o u n d a 
tio n .

(3) A lfred  P .  S loan  F o u n d a tio n  Fellow , 1959-1963.
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densation reaction with dimethyl sulfoxide in the pres
ence of alkali metal alkoxides to form /3-keto sulfoxides.4 
This suggested that other weak acids, such as dimethyl 
sulfone, should react with esters in dimethyl sulfoxide 
solution in the presence of alkoxide ions.

It is known that methyl ketones and esters readily 
undergo condensation in dimethyl sulfoxide containing 
sodium hydride to form /3-diketoUes.5 Moreover, reac
tion of dimethyl sulfone with ethyl benzoate in the 
presence of a sodium dispersion in benzene solution has 
been reported to give a 44% yield of the /3-keto sulfone6a 
while numerous cyclizations of co-methylsulfonyl esters 
(using sodium ethoxide in toluene) and «-methylsulfon- 
ylnitriles (using sodium amide in refluxing benzene) are 
reported.6

We have found that dimethyl sulfone in dimethyl 
sulfoxide solution containing potassium i-butoxide re
acts with ethyl benzoate at 50-60° to form «-(methyl- 
sulfonyl)acetophenone (la) in 90% yield. In a similar

D M S O
RCOOR' +  CH3S0 2CH3 ------------ ^ RCOCH2SO2CH3

K O C (C H j)s
I

la, R = phenyl
lb. R = p-methoxyphenyl

manner we have prepared w-(methylsulfonyl)-p-meth- 
oxyacetophenone (lb) in good yield. Thus, the con
densation reaction using dimethyl sulfoxide as the sol
vent appears to be the preferred method of synthesis.

We have also studied the condensation reaction of 
dimethyl sulfone with diethyl phthalate. This reac
tion had been attempted earlier with negative results in 
hope of preparing a benzothiepin derivative.4 5 6 7 In 
dimethyl sulfoxide solution the condensation also failed 
to yield identifiable products, although in the absence of 
dimethyl sulfone we have found that dimethyl sulfoxide 
condenses readily with diethyl phthalate to give an 
intermediate sulfoxide analogous to II.1 When the 
condensation reaction was performed in dimethylform-

C0 2Et

C0 2Et
+

CH3SO2CH3

D M F
K O C (C H 3)3

amide (DMF) solution, II was isolated in the form of a 
crystalline potassium salt which upon acidification with 
hydrochloric acid yielded colorless crystalline II in an 
over-all yield of 18%. The titration curve of II in 
aqueous solution resembles that of hydrochloric acid. 
In aqueous solution a 0.04 M solution of II gave a pH of
1.5 as measured by a calibrated glass electrode. This 
pH is approximately the same as found for 0.04 M  solu
tions of hydrochloric acid. The pKa value of II ob
viously is smaller than 2 but it can not be determined

(4) G . A . R ussell a n d  H .-D . B ecker, A b s tra c ts  of P a p e rs , 142nd N a tio n a l 
M ee tin g  of th e  A m erican  C hem ica l S ocie ty , A tla n tic  C ity , N . J . ,  S ep te m b er, 
1962, p . 3Q.

(5) J . J .  B loom field, J . O r g .  C h e m . ,  27 , 2742 (1962).
(6) (a) W . E . T ru c e  a n d  R . H . K n o sp e , J .  A m .  C h e m .  S o c . ,  77, 5063 

(1955) ; (b) W . E . T ru c e , W . W . B a n n is te r , a n d  R . H . K nospe , J .  O r g .  C h e m . ,  

27, 2821 (1962).
(7) W . E . T ru c e  a n d  F . J . L o tsp e ich , J .  A m .  C h e m .  S o c . ,  78, 848 (1956).

with any accuracy from the potentiometric titration 
curve.8

The strictures of the /3-keto sulfones prepared are 
supported by integrated n.m.r. spectra.9 In addition to 
the absorption of the aromatic protons (intensity 5) the 
spectrum of la exhibits a singlet at r = 5.37 (intensity 
2) for the methylene group and a singlet at r = 6.89 
(intensity 3) for the methyl group. The spectrum of lb 
has the following absorptions: protons (a2b2) at r =
2.04 and r  = 3.07 = 9.05 c.p.s.), total intensity 4;
a singlet at r  = 5.47 (intensity 2) for the methylene 
group; a singlet at r  = 6.12 (intensity 3) for the meth- 
oxy group; and a singlet at r = 6.89 (intensity 3) for the 
methyl group. The n.m.r. spectrum of II shows four 
aromatic protons, a singlet at r = 5.4 (intensity 1) for 
the methine group, and a singlet at r  = 6.7 (intensity 3) 
for the methyl group.

Experimental11’
Reagents.—Dimethyl sulfoxide (Crown Zellerbach Corp.) 

was dried over calcium hydride and distilled under vacuum 
with a bath temperature of 60°. Dimethyl sulfone was re- 
crystallized from chloroform. Potassium i-butoxide was sub
limed under vacuum.

w-(Methylsulfonyl)-acetophenone (la).—Potassium f-but- 
oxide (2.44 g.) was suspended in a solution of 1.882 g. (20 mmoles) 
of dimethyl sulfone in 15 cc. of dimethyl sulfoxide under dry, 
oxygen-free nitrogen. To this solution 1.5 g. of ethyl benzoate 
(10 mmoles) was added dropwise. The mixture was maintained 
at 50-60° for 90 min. with agitation from a stream of nitrogen 
introduced at the bottom of the flask. Addition of 100 cc. of ice- 
water and 10 cc. of 5 N  hydrochloric acid yielded 1.63 g. of a 
colorless crystalline precipitate, m.p. 105°. The filtrate was 
twice extracted with 100 cc. of ether to yield an additional 175 
mg. of colorless product. The total crude yield of la  was 1.8 g. 
(91%). Recrystallization from a chloroform-ethanol mixture 
raised the m.p. to 106-107° (lit.®1 m.p. 107.5-108°).

Anal. Calcd. for C»Hi0O3S (198.17): C, 54.54; H, 5.39; S,
16.12. Found: C, 54.54; H, 5.32; S, 16.23.

£0-(Methylsulfonyl)-p-methoxyacetophenone (lb).—Condensa
tion of methyl p-anisate (1.66 g., 10 mmoles) with 1.882 g. (20 
mmoles) of dimethyl sulfone in a manner similar to that em
ployed in the preparation of la , yielded 1.92 g. (89%) of crude lb, 
m.p. 135-136°. Recrystallization from chloroform, containing a 
little ethanol, gave colorless needles, m.p. 137-138°.

Anal. Calcd. for C,0Hi2O4S(228.20): C, 52.63; H, 5.30; 
S, 14.03. Found: C, 52.36; H, 5.25; S, 13.75.

2-(Metkylsulfonyl)-l,3-indandione.—Dimethyl sulfone (471 
mg., 5 mmoles) and 600 mg. of potassium i-butoxide were dis
solved in 10 cc. of dimethylformamide with agitation from a 
stream of dry, oxygen-free nitrogen. Diethyl phthalate (1.1 g., 
5 mmoles) was added dropwise to the solution at 50°. The mix
ture was agitated under nitrogen for an additional 30-min. period 
at 50°. After this time 10 cc. of water and 30 cc. of ether were 
added to the dark yellow reaction mixture. The yellow aqueous 
layer was separated and kept in an open Petri dish overnight. 
The resulting yellow oil was treated with 100 cc. of ethanol yield
ing a crystalline yellow potassium salt, which was separated by 
filtration, boiled briefly in 10 cc. of ethanol, filtered, and cried to 
give 250 mg. of product. This product when dissolved in 2 cc. of 
warm water followed by the addition of 0.5 cc. of 7.5 N  hydro
chloric acid yielded 210 mg. of colorless crystalline II (18.7%), 
m.p. 150-151°. Recrystallization from hot chloroform gave 
colorless prismatic needles, m.p. 150-151°. The substance turns 
yellow upon melting, forming colorless crystals on resolidification.

Anal. Calcd. for C,0H8O4S (224.16): C, 53.58; H, 3.60; S,
14.28. Found: C, 53.71; H, 3.63; S, 14.46; neut. equiv., 
(potentiometrically), 226.

(8) P re lim in a ry  re su lts  of a  s p e c tro p h o to m e tr ic  d e te rm in a tio n  of th e  
p K & o f th i s  u n u su a lly  s tro n g  ac id  in  perch lo ric  ac id  so lu tio n  b y  G . J . M iko l 
in d ic a te s  a  pJTa of —0.23.

(9) D e te rm in e d  a t  60 M c ./se c . in  ch lo ro fo rm -d  so lu tio n .
(10) M e lt in g  p o in ts  w ere d e te rm in e d  o n  a  F ish e r-Jo h n s  a p p a ra tu s  a n d  

a re  un co rrec ted .
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The infrared absorption of II in potassium bromide pellets did 
not indicate the presence of a hydroxyl group. The absence of 
an enolic structure was also consistent with the n.m.r. analysis.

Lithium Aluminum Hydride Reductions of 

Pyrazine Carboxylic Esters. Synthesis of 
Pyrazinealdehyde from Methyl Pyrazinoate

H e r m a n  R u t n e r  a n d  P a u l  E .  S p o e r r i

Department of Chemistry, Polytechnic Institute of Brooklyn, 
Brooklyn 1, New York

Received January 28, 1963

A search of the literature shows that only one 
pyrazinealdehyde, the 3-amino-2-pyrazinealdehyde,1 has 
been described. It was obtained by the acid hydrolysis 
of the rather inaccessible pteridine. However, the 
existence of pyrazinealdehyde I, at least as a transitory 
species, was confirmed by the in situ preparations of 
the 2,4-dinitrop.iciiylhydrazone and the thiosemi- 
carbazone2'3 via the McFadyen-Stevens reaction.

Kakemi, et. al.,4 used the same reaction to prepare 
nicotinoyl- and isonicotinoylhydrazones of I. Behun 
and Levine synthesized5 pyrazinealdehyde dimethyl 
acetal from sodium methoxide and dichloromethyl- 
pyrazine, but preliminary experiments to hydrolize 
the latter w'ere unsuccessful. We have obtained I in 
78% yield (as the 2,4-dinitrophenylhydrazone) by a 
novel, selective reduction of methyl pyrazinoate with 
lithium aluminum hydride. The reaction was carried 
out in tetrahydrofuran at —70° by “inverse” addition 
of 0.5 mole of lithium aluminum hydride per mole of 
ester. After standing at —70° for fifteen minutes, 
the reaction was stopped by adding glacial acetic acid.

A preliminary investigation of the reaction mech
anism suggests the formation of a soluble hemiacetal 
complex. Aldehyde is then liberated upon the addition 
of acid.

In a series of experiments, increasing amounts of 
lithium aluminum hydride were used and the corre
sponding yields of aldehyde were determined. An 
optimum yield of pyrazinealdehyde was obtained when 
0.5 mole of lithium aluminum hydride was allowed to 
react with one mole of methyl pyrazinoate while excess

(1) A. A lb ert, D . J .  B row n, a n d  H . C . S. W ood , J .  C h e m .  S o c . ,  2066 
(1956).

(2) T . I .  F a n d , d isse r ta tio n , P o ly te ch n ic  In s t i tu te  of B ro o k ly n , 1954.
(3) S. K u sh n e r, H . D a la lian , J . L . S an ju ro , F . L . B ach , J r . ,  S. F . Safir, 

V. K . S m ith , J r . ,  a n d  J .  H . W illiam s, J .  A m .  C h e m .  S o c . ,  74 , 3617 (1952).
(4) K . K ak em i, T . l in o ,  T . A rita , H . N ak ao , I .  S h im a d a , Y . Ik eg am i, a n d  

S. K ita z a w a , Y a k u g a k u  Z a s s h i ,  81, 1609 (1961); C h e m .  A b s t r . ,  56, 10142e 
(1962).

(5) J .  D . B e h u n  a n d  R . L ev ine , J .  O r g .  C h e m . ,  23 , 406 (1958).

of the reductant had only a negligible effect. In a 
number of experiments, pyrazinealdehyde was sub
stituted for methyl pyrazinoate and subjected to the 
stated lithium aluminum hydride reduction conditions. 
We were able to recover only small amounts of un
changed aldehyde, the remainder having undergone 
further reduction.

Pyrazinealdehyde is a light-sensitive, low melting 
solid (m.p. 31-33°, b.p. at 6 mm., 57-58°). It was 
characterized by conversion to the octahydroxanthene 
derivative as well as to the known 2,4-dinitrophenyl
hydrazone,2 nicotinoylhydrazone, and isonicotinoyl- 
hydrazone.4 I dissolves in a saturated sodium bi
sulfite solution with the formation of a soluble addition 
product. Like pyridine-2-aldehyde, which yields a- 
pyridyl-a-hydroxymethanesulfonic acid6 when treated 
with aqueous sulfurous acid, I forms an analogous re
action product. The aldehyde undergoes a Canniz
zaro reaction, yielding pyrazinoic acid and pyrazyl- 
methanol. Since the latter compound is as yet un
recorded in the literature, it was characterized by 
ultraviolet and infrared spectra and the preparation of 
its a-naphthylcarbamate derivative.

Benzoin condensation of I affords pyrazoin in 85% 
yield. The absence of carbonyl absorption in its in
frared spectrum as well as its behavior towards Till- 
mann’s reagent7 suggests an enediolic structure analo
gous to a-pyridoin.8 Prior to the described reduction 
procedure we attempted to obtain pyrazinealdehyde by 
the reduction of pyrazinoyl chloride with lithium tri-
i-butoxyaluminohydride.9 The yield of I, however, 
never exceeded 20% (as the 2,4-dinitrophenylhydra
zone) . The major product of this reaction was pyrazyl- 
methyl pyrazinoate, which was isolated in a 55% 
yield.

It was of interest to ascertain whether the low 
temperature reduction with lithium aluminum hydride 
could be extended to esters belonging to other series. 
Consequently, we initiated a series of experiments in 
which a number of esters were subjected to standardized 
reaction conditions. To simplify the experiments, 
only such esters were selected for which the correspond
ing aldehydes and their 2,4-dinitrophenylhydrazones 
were known, and the yields were determined by isolating 
the 2,4-dinitrophenylhydrazones. We found that while 
the reaction is not confined to methyl pyrazinoate it 
appears, however, to be limited to Tr-electron deficient 
systems. Aldehyde formation also is favored when 
the carbomethoxy group is in an electron deficient 
position. Thus, the three isomeric carbomethoxy- 
pyridines gave 75%, 12%, and 50% yields of the 
corresponding 2-, 3-, and 4-aldehydes. Quinoline-2- 
aldehyde was formed in 92% yield from methyl 
quinaldate. Ethyl acetate, methyl benzoate, diethyl 
phthalate, and benzonitrile failed to give carbonyl 
positive materials. Methyl o-nitrobenzoate produced 
only 5% of the expected aldehyde (probably because 
of steric hindrance), while the p-nitro ester reacted to 
the extent of 36% (a yield comparable to that of 4- 
carbomethoxypyridine).

(6) W . M a th e s  a n d  W , S auerm ilch , B e r . ,  84 , 648 (1951).
(7) S o lu tio n  of so d iu m  2 ,6 -d ic h lo ro p h en o l-in d o p h en o l.
(8) W . M a th e s , W . S auerm ilch , a n d  T . K le in , B e r . ,  84, 452 (1951).
(9) H . C . B row n a n d  B . C . S u b b a  R ao , J .  A m .  C h e m .  S o c . ,  80 , 5377

(1958).
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Experimental
All the melting points are corrected. The methyl pyrazinoate 

was prepared from pyrazinoic acid using the procedure described 
by Hall and Spoerri.10 Pyrazinoic acid was obtained by selenium 
dioxide oxidation11 of 2-methylpyrazine.12 13

Yield determinations of aldehydes were made via the 2,4- 
dinitrophenylhydrazones according to the method of Iddles, 
et al.w

Pyrazinealdehyde I —Methyl pyrazinoate (25.0 g., 0.181 mole) 
in 500 ml. of dry tetrahydrofuran was cooled to —70° under 
nitrogen. While maintaining the temperature at - 68° to 
— 73°, 268 ml. of 0.34 M  lithium aluminum hydride in tetra
hydrofuran14 (0.091 mole) was added with stirring over a period 
of 30 min. After stirring for an additional 15 min. at —75°, 
the reaction was stopped by slow addition of 25 ml. of glacial 
acetic acid. The light brown reaction mixture containing 0.142 
mole of I was evaporated in vacuo. The residue was dissolved in 
170 ml. of 2.5 N  hydrochloric acid and 100 ml. of chloroform. The 
aqueous layer was extracted eight times with 50-ml. portions of 
chloroform. The combined extracts were stirred with 50 ml. of 
water and 25 g. of sodium bicarbonate until neutral. After filtra
tion, the chloroform layer was dried with anhydrous sodium sulfate 
and concentrated in vacuo. Fractional vacuum distillation with 
tetraethyleneglycol dimethyl ether (Ansul ether 181) as chaser 
yielded 9.04 g. (46%) of pyrazinealdehyde, b.p. 57-58° at 6 
mm., as a light yellow liquid. Redistillation afforded 5.26 g. of 
pure I, b.p. 57.0-57.8° at 6 mm., m.p. 31-33°, b.p. (Emich) 
174°. The infrared spectrum of I (as a film) revealed a promi
nent band at 5.90 u (C = 0 ). I, octahydroxanthene, had m.p. 
(benzene-hexane) 176-177°.

Anal. Calcd. for C21H24N2O8: C, 71.57; H, 6 .86; N,
7.95. Found: C, 71.31; H, 7.08; N, 7.64.

I, 2,4-dinitrophenylhydrazone, had m.p. 239-240° (lit.2 m.p. 
239-240°).

I, nicotinoylhydrazone, had m.p. (ethyl acetate) 195-195.5° 
(lit.4 m.p. 195°).

I, isonicotinoylhydrazone, had m.p. (ethyl acetate) 197-198° 
(lit.4 m.p. 200°).

«-Pyrazyl-a-hydroxymethanesulfonic Acid (II).—Sulfur dioxide 
was bubbled into a cooled mixture of 0.35 g. of I in 17 ml. of 
chloroform and 5 ml. of water. Addition of 100 ml. of acetone 
and subsequent refrigeration yielded 0.46 g. (75%) of II as light 
yellow crystals. Recrystallized from water-acetone, II melts at
159-159.5° (partial dec., sealed capillary); neut. equiv., 192.2 
(theory, 190.1).

Pyrazoinf 1,2-dipyrazyl-1,2-ethenediol) (III).—Potassium cy
anide (0.2 g.) was added to 0.27 g. of I in 19 ml. of water. The 
solution darkens quickly with formation of yellow-brown crystals. 
The crystal slurry was stirred at room temperature for 1 hr., 
acidified with 0.2 ml. of glacial acetic acid, and filtered. Yield:
0.23 g. of III (85%), bronze colored crystals, m.p. (ethyl ace
tate) 218-219° dec.

Anal. Calcd. for CioHsN,^: C, 55.55; H, 3.73; N, 25.92. 
Found: C, 55.75; H, 3.86; N, 25.78.

Pyrazoin gives a positive Fehling test and decolorizes Till- 
mann’s reagent. The infrared spectrum of III (in potassium 
bromide) shows no significant absorption bands between 5.5 and
6.2 p .

Pyrazylmethanol (IV).—Pyrazinealdehyde (2.0 g.) and 3 ml. of 
40% aqueous sodium hydroxide were mixed in a test tube cooled 
in ice-water. The resultant white paste was stirred for 10 min., 
then diluted with 12 ml. of water. Carbon dioxide was bubbled 
into the clear solution until the pH was 8-9. Evaporation to 
dryness in vacuo, extraction of the residue with chloroform, and 
distillation yielded 0.60 g. (59%) of pyrazylmethanol as a 
colorless, hydroscopic oil; b.p. 59-62° at 0.1 mm., m.p. 35-36°, 
Infrared spectrum (film): 3.0 u (-OH), 9.40 p (-C-OH). 
Ultraviolet spectrum (in 95% ethanol): maxima at 266 mp, 
e 6700; 309 m^, <■ 800. For analysis, the a-naphthylcarbamate of 
IV was prepared; m.p. (benzene-hexane) 110-110.5°.

(10) S. A. Hall and P . E. Spoerri, J .  A m .  C h e m .  S o c .  62, 664 (1940).
(11) H. Gainer, J .  O r g .  C h e m . ,  24, 691 (1959).
(12) The 2-methylpyrazine used in this study was generously supplied by 

Wyandotte Chemicals Corp.
(13) H. A. Iddles, A. W. Low, B. D. Rosen, and R. T. Hart, A n a l .  C h e m . ,  

11, 102 (1939).
(14) The concentration of LAH was determined by gravimetric analysis 

of the aluminum with oxine.

Anal. Calcd. for Ci6Hi3N30 2: C, 68.80; H, 4.69; N, 15.04. 
Found: C, 68.65; H, 4.81; N, 14.99.

The residue from the chloroform extraction was dissolved in 
water and acidified with hydrochloric acid to liberate the pyraz
inoic acid. Yield: 1.02 g. (89%) white crystals, m.p. 224.5° 
dec., m.m.p. 224.5 dec.

Pyrazylmethyl Pyrazinoate.—This ester was formed in the 
reduction of pyrazinoyl chloride with lithium tri-f-butoxyalumino- 
hydride in tetrahydrofuran by the method of Brown and Subba 
Rao.9 With slow addition of the reductant over a 2-hr. period, a 
yield of 55%, of pyrazylmethyl pyrazinoate was obtained 
as colorless needles, m.p. (benzene-hexane) 115-115.5°.

Anal. Calcd. for CioHsNA: C, 55.55; H, 3.73; N, 25.92. 
Found: C, 55.64; H, 3.82; N, 25.83.

Saponification of the ester with 0.1 N  sodium hydroxide at 
room temperature for 1 and 2 days gave a saponification equiva
lent of 211 and 214, respectively (theory 216.2). The distilla
tion residue yielded pyrazinoic acid, m.p. 224.5° dec., unde
pressed on admixture with authentic pyrazinoic acid.

Lithium Aluminum Hydride Reduction Procedure on Esters 
Other than Methyl Pyrazinoate.—All reductions were conducted 
on a 1-mmole scale. The compound dissolved in 4 ml. of tetra
hydrofuran was stirred magnetically while cooling to —70° to 
— 75° in a methanol-Dry Ice bath. The lithium aluminum hy
dride solution (0.43 M ) was added from a 10-ml. buret (protected 
from the atmosphere by a nitrogen-filled balloon) over a period of
5-7 min. After an additional 15 min. at —70°, the reaction was 
stopped by adding 0.25 ml. of glacial acetic acid. On warming to 
room temperature the reaction mixture was poured into 55 ml. 
(1.1 mmoles) of saturated 2,4-dinitrophenylhydrazine in 2 N  
hydrochloric acid and allowed to stand for 48 hr. The 2,4- 
dinitrophenylhydrazone derivatives were filtered, washed with 
5% hydrochloric acid, then water, and dried at 120° for 1 hr. 
before weighing. As a control, the yield of pyrazinealdehyde
2,4-dinitrophenylhydrazone from methyl pyrazinoate was re
producible within 0.5% in four reductions performed on three 
different days.

Participation of a Neighboring Amide Group in 

the Decomposition of Esters and Amides of 

Substituted Phthalamic Acids1

J. A. S h a f e r  a n d  H. M o r a w e t z

Department of Chemistry, Polytechnic Institute of Brooklyn, 
Brooklyn 1, New York

Received February 15, 1963

The labilization of amide groups by a second neigh
boring amide function has been described recently for 
succinamide2 and for phthalamide.3 A similar labiliza
tion of benzyl esters has been reported also.4 Because 
of the predominance of amide groups in proteins, the 
possibility arises that these groups may also, in some 
cases, be involved in the mode of action of hydrolytic 
enzymes. This possibility seemed to justify a further 
study of activation by neighboring amide groups.

The attack of neighboring amide on amide or ester 
groups to form an imide intermediate proceeds at a 
rate inversely proportional to hydrogen ion concentra
tion, suggesting the following mechanism.

(1) Financial support of this research by the National Institu te of Health 
is gratefully acknowledged.

(2) B. Vigneron, P. Crooy, F. Kezdy, and A. Bruylants, B u l l .  s o c .  c h i m .  

B e i g e s ,  69, 616 (1960).
(3) P. Crooy, doctoral dissertation, Catholic University, Louvain, 1961.
(4) S. A. Bernhard, A. Berger, J. H. Carter, E. Katchalski, M. Sela, and 
Y. Shalitin, J .  A m .  C h e m .  S o c . ,  84, 2421 (1962).
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T a b l e  I

R a t e s  o f  I m i d e  F o r m a t i o n  f r o m  para S u b s t i t u t e d  M e t h y l  
N - ( P h e n y l )p h t h a l a m a t e s °

104fa
X . s e c .—*

H 3.9
CHS 3.8
N 02 2.8
CN 2.5

a Temp. = 25.3°, 40/60 v./v. dioxane-water, = 0.12, 
apparent pH = 7.8. Initial ester concentration 1.7 X 10-2 
to 2.7 X 10~2 mg./ml.

T a b l e  I I

This is assuming that K J  (H+) <C 1.
I t would be expected that an increase in the acidity 

of the neighboring amide function would increase the 
concentration of the amidate nucleophile but at the 
same time reduce its reactivity. Kinetic investigation 
of a series of compounds in which each R is a para sub
stituted phenyl group would then offer a convenient 
method for assessing the relative importance of these 
two factors5 and such a study was carried out on com
pounds of type I with X  = H, CN, NO2, and CIR.

R a t e s  o f  I m i d e  F o r m a t i o n  f o r  S o m e  P h t h a l a m i c  A c id  
D e r i v a t i v e s “

(1. m o le “ 1
sec . ~1)

Methyl N-methylphthalamate6 12,400
Methyl phthalamate“ 3,100
N,N'-Dimethylphthalamide'i 7.6
Phthalamide” 4.9

“ In aqueous solution, temp. = 25.9°, n = 0.1. 6 6 X 10“3
mg./ml. ‘ 6 X 10-3 mg./ml. d 5.9 X 10-2 mg./ml. e 3.2 X
10-1 mg./ml.

O _
C - N H - ^ ~ ^ - X

COCH3 
11 
O

I

Applying the classical Hammett treatment to the ef
fect of X on the reaction rate we obtain

l o g  ( k/ k ° )  =  ( p a  +  p i H *  ( 1

where pA and pi describe the sensitivity of XA and ki to 
substituent effects. Applying equation 1 to data for 
compounds with electron-withdrawing substituents in 
Table I and using <7* values recommended by Jaffe,6 
we obtain for pA +  pi a small negative value between 
— 0.1 and —0.2. (With this small substituent sensitiv
ity, the effect of p-methyl substitution would be expected 
to be negligible and the slight deactivation observed is 
not considered significant.) It may, therefore, be con
cluded that the increased concentration of the amidate 
ions resulting from increasingly electronegative sub
stituents is insufficient to compensate for their reduced 
nucleophilic reactivity. The fact that methyl N~ 
methylphthalamate (II) is four times more reactive 
than methyl phthalamate is qualitatively in the direc
tion to be expected from the results discussed earlier, 
although the magnitude of the effect is surprising since 
unsubstituted amides and N-methylamides would be 
expected to differ in acidity less than anilides and p- 
nitroanilides. The observation that there is a smaller

0
II
C— NHCH3

coch3 
II
o

II

(5) W e a re  in d e b te d  to  C . IT. W . H irs  fo r  su g g es tin g  th is  a p p ro ac h .
(6) H . Jaffe , C h e m .  R e v . ,  63 , 191 (1953).

difference between the reactivities of N-N'-dimethyl 
phthalamide (III) and phthalamide is not surprising, 
since the nucleophilicity of the attacking and leaving 
groups is being changed by similar factors.

I t may be pointed out that methanol is eliminated 
from the methyl esters of phthalamic acid and N-meth- 
ylphthalamic acid more rapidly than from methyl o- 
formylbenzoate, which has been described recently7 as 
the most reactive known methyl ester. This compari
son is of interest since the release of methanol is the 
primary process reflecting the efficiency of neighboring 
group attack on the ester function. On the other 
hand, since the imide intermediate formed from II is 
relatively stable (200-300 times less reactive than the 
parent ester), methyl o-formylbenzoate is converted 
faster to the corresponding acid. The stability of the 
imide intermediate has to be taken into account also in 
considering the possibility that an amide group might 
form part of the active site of an esteratic enzyme. 
This difficulty does not arise when the neighboring 
amide serves to activate another amide; the reactivity 
of the imide intermediate is then comparable to that of 
the parent amide.

Experimental
Materials.—Substituted N-phenylphthalamic acids were pre

pared according to a method previously described.8 9 The cor
responding silver salts were made by neutralizing the acid with 1 
N  ammonia and mixing the resulting solution with an equivalent 
of concentrated silver nitrate solution.

Methyl esters of substituted N-phenylphthalamic acids were 
prepared by treating overnight with vigorous stirring the dry 
silver salt with excess methyl iodide in dry benzene or acetone at 
room temperature. These methods are reported elsewhere.8'10 
The benzene or acetone was evaporated and the residue was 
taken up in chloroform. The resulting products were then pre
cipitated with hexane. The esters were crystallized three times

(7) M . L . B en d e r a n d  M . S. S ilver, J .  A m .  C h e m .  S o c . ,  84 , 4589 (1 9 6 2 ).
(8) M . L . S herrill, F . L . S chaeffer, a n d  E . P . S h o y er, i b i d . ,  50 , 474 (1928).
(9) M . M . S. H oogew erff a n d  W. A. V an  D o rp , l i e c .  i r a v .  c h e m . ,  18 , 

358 (1899).
(10) A. I .  V ogel, “ A T e x tb o o k  of P rac tic a l O rgan ic  C h e m is try ,”  3 rd  E d ., 

L o n g m an s , L o n d o n , 1959, pp . 388-339 .
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T a b l e  III
A n a l y s e s  o p  E s t e r s  S t u d i e d

Compound c
—Calcd.—  

H N C
—Pound----

II N
Dec.,

°C.
Methylphthalamate c 9h 9n o 3 60.33 5.06 7.82 60.20 5.12 7.90 98-102
Methyl N-methylphthalamate C .oH nN O s 62.17 5.74 7.25 62.17 5.90 7.50 112-114
Methyl N-phenylphthalamate c i5h 13n o 3 70.58 5.13 5.49 70.81 5.28 5.67 111-112
Methyl N-(p-methylphenyl)- c 16h 16n o 3 71.36 5.61 5.20 71.09 5.63 5.22 145-146

phthalamate
Methyl N-(p-nitrophenyl)- CU0H12N2O5 60.00 4.03 9.33 60.06 4.14 9.24 158-159

phthalamate
Methyl N-(p-cyanophenyl)- c i6h 12n 2o3 68.56 4.32 10.00 68.81 4.48 9.87 157-158

phthalamate 
a See ref. 9.

Rep . 
dec., °C.
98-102°

from chloroform-hexane at room temperature, and gave accept
able elemental analyses (Table III).

Substituted N-phenylphthalimides were prepared by heating 
the corresponding substituted anilines in refluxing glacial acetic 
acid for half an hour with phthalic anhydride.11 These imides 
have been reported previously and their melting points checked 
with those reported in the literature.

Ammonium phthalamate and ammonium N-methylphthala- 
mate were prepared by adding phthalic anhydride to concentrated 
ammonia or 25% aqueous methylamine according to a method 
described by Chapman and Stephen.12 The corresponding silver 
salts were prepared by dissolving the ammonium salts in water 
and adding an equivalent of concentrated silver nitrate solution.

Methyl N-methylphthalamate and methylphthalamate were 
prepared from their silver salts by methods described earlier.

All materials whose origin is not specified were obtained com
mercially in the highest purity available and purified when 
necessary, unpil their melting points corresponded to those 
previously reported.

Solutions.—Dioxane-water buffer was 40/60 v./v. The 
solution formally contained 0.0112 M Na2HP04, 0.0128 M  
NaH2P 04, and enough sodium chloride to make the ionic strength
0.12. The apparent pH was 7.8. In all other buffers water was 
the only solvent and the ionic strength was 0.10 with the concen
tration of ionized acid less than 0.02 M.

Measurements of pH were made with a Cambridge Research 
Model pH meter.

Kinetics.—The rate of disappearance of reactant or the appear
ance of product was followed with a Beckman DU spectro
photometer by observing the change in optical density (D ) with 
time in a thermostated cell. The following wave lengths were 
employed to study the various decompositions: phthalimide, 
N-methylphthalimide, N,N'-dimethylphthalamide, phthalamide, 
methyl phthalamate, and methyl N-methylphthalamate, 299 mp; 
methyl N-phenylphthalamate, 275 mu; methyl N-fp-methyl- 
phenyl) phthalamate, 281 m<i; methyl N-(p-nitrophenyl)phthala- 
mate, 320 m,u; methyl N-(p-cyanophenyl)phthalamate, 294 rap. 
For the esters plots of —ln (D — £%) or —ln (D„ — D) were 
linear in time, and their slopes gave the pseudo first-order rate 
constants. In the case of the decomposition of phthalamide and 
N,N'-dimethy]phthalamide, consecutive first-order reaction 
theory was used to obtain the rate of imide formation and de
composition. The formation of the imide intermediates was 
verified by the similarity between the rate constants assigned to 
the hydrolysis of the imides from the decomposition of the amides 
and to the rate constants observed from the separate hydrolyses 
of the imides.

Where the products were stable, they were identified by the 
similarity between their ultraviolet spectra and those of the 
expected products.

In the case of the methyl esters of the substituted phthalamic 
acids, the fact that the ultraviolet spectra of the esters ap
proached that of the corresponding imide was taken as verifica
tion of the postulated reaction path. However, here the true 
infinity reading had to be calculated from the extinction coeffi
cients of the imide and the concentration of the reactant, since 
in a time corresponding to ten half-lives of imide formation, the 
imide hydrolysis could not be neglected. Imide hydrolysis 
could be neglected during the first half-life of imide formation.

(11) A . I .  Vogel, “ A  Textbook of P ra c t ic a l Organic C h e m is try ,”  3rd 
E d . ,  Longm ans, London, 1959, p. 423.

(12) E .  Chapm an and H . Stephen, J. Chem. Soc., 127, 1791 (1925).

Derivatives of Sulfenic Acids. XLII.
3 - Chloroformylpr opanesulfenyl 

Chloride and 1,2 -Thiazan-3 -one1

N o r m a n  K h a r a s c h  a n d  R o b e r t  B. L a n g f o r d

Department of Chemistry, University of Southern California, 
Los Angeles 7, California

Received November 18, 1962

While aromatic sulfenyl chlorides have been studied 
in considerable detail,2 less attention has been given to 
aliphatic examples, although the works of Douglass and 
co-workers, and of Brintzinger and others are notable.3 
Aliphatic polyfunctional sulfenyl chlorides have been 
mentioned in only a few cases, and even those recorded 
are very little known.4

We now report the synthesis of 3-chloroformylpro- 
panesulfenyl chloride (II), by chlorinolysis of y-thio- 
butyrolactone (I), and describe the properties of the 
former compound. For laboratory scale, the prepara
tion of I is carried out conveniently by pyrolysis of y- 
mercaptobutyric acid,6 which is obtained, in turn, from 
y-butyrolactone via the isothiuronium bromide.6 
Treatment of I with chlorine, or with sulfuryl chloride, 
in anhydrous chlorinated solvents at —20° leads

H2C'

h2g-

h 2

w = o
I

— s

I

H-

C=0 

•N—R
S

III. R = H
IV. r = c6h6

(1) T h is  stud y was supported by a grant from the Stauffer Chem ical Co ., 
and contract DA-04-495-Ord 901 w ith  the A rm y  Research Office (D u rh am ).

(2) E a r l ie r  papers in  th is series; cf. also N . K h arasch , C hap . 32, “ Organic 
Su lfu r Com pounds,”  V o l. 1, Pergam on Press, 1961, pp. 375-396.

(3) I .  B . Douglass, ibid., pp. 350-360.
(4) I I .  B r in tz in g er, M . Langheck , and H . E llw an ger, Ber., 87, 320 (1954); 

H . B rin tz in g er, H . Schm ahl, and H . W itte , ibid., 85, 338 (1952 ); cf. also 
ref. 3.

(5) B .  Holmberg and E .  Schjanberg , Arhiv Kemi, Mineral. Geol, 14A, 
N o. 7 (1940 ); Chem. Absir., 35, 2113 (1941).

(6) L .  Schotte, Arkiv Kemi, 8 , 457 (1955).



1902 N o t e s V o l . 28

smoothly to high yields of 3-chloroformylpropanesul- 
fenyl chloride (II), a fuming, orange liquid.

Compound II was characterized by its ready reac
tion with cyclohexene to form 2-chlorocyclohexyl 3- 
chloroformylpropyl sulfide (V), assumed to be the trans 
adduct. By reaction of anhydrous ammonia and II, a 
first example of a new type of heterocyclic system, 1,2- 
thiazan-3-one (III), was obtained as the principal 
product. The substitution of aniline for ammonia in this 
reaction leads to 2-phenyl-l,2-thiazane-3-one (IV). 
The course of reactions of II, followed by disappearance 
of the color associated with the -SCI function, with 
cyclohexene, ammonia, and aniline clearly show the 
greater reactivity of the sulfenyl chloride function in 
comparison with the acyl chloride group.

Earlier examples of the chlorinolyses of thiol esters 
include the first preparation of 2,4-dinitrobenzenesul- 
fenyl chloride from 2,4-dinitrophenyl thiolbenzoate7 
and the studies of Douglass and Osborne,8 leading to 
alkyl sulfur trichlorides from methyl and ethyl thiol- 
esters. The formation of II from I is thus in agreement 
with the earlier examples.

The observed infrared absorption spectra of the com
pounds described are in agreement with the proposed 
structures. In particular, the absorption peak attrib
uted to the acidic carbonyl group shifted tc the an
ticipated frequency for the derivative in every case. 
Although it was not possible to obtain analytical re
sults of highest accuracy for II, due to its instability, 
the values obtained are not far off and are in line with 
decompositions involving loss of chlorine.

Experimental
y-Mercaptobutyric Acid.—A mixture of 430 g. of y-butyro- 

lactone (5.0 moles), 380 g. of thiourea (5.0 moles), and 1000 g. 
of hydrobromic acid (48%) was refluxed with stirring, for 6 hr. 
After cooling, 625 g. of sodium hydroxide in 625 ml. of water was 
added gradually with good stirring. (Caution! As the neutral 
point was approached, the mixture began to foam quite suddenly. 
Considerable care was required to prevent overflow.) After all 
the base had been added, the mixture was heated to reflux for 2 
hr. with stirring, cooled, and extracted with ether. The ether 
was discarded and the aqueous layer was acidified to pH 1 with 
concentrated hydrochloric acid. After cooling again it was 
extracted several times with ether. The combined ether ex
tracts were dried over calcium chloride. After removal of the 
ether on a water bath, under aspirator vacuum, the residual oil 
was distilled under reduced pressure. To avoid pyrolysis, care 
was taken to keep the pot temperature below 100°. B.p. 85- 
90° (2 mm.). Yield: 437 g. or 73%. The infrared spectrum 
shows a strong peak at ca. 1710 cm.-1, typical of carboxylic 
acids, and a weak mercapto peak at ca. 2600 cm. -1

3-Carboxypropyl 2,4-dinitrophenyl sulfide, a derivative, was 
prepared from y-mercaptobutyric acid by reaction with an 
equivalent of 2,4-dinitrobenzenesulfenyl chloride; m.p. 128- 
129°, after recrystallizing from aqueous methanol.

Anal. Calcd. for C,oH90 6N2S2: S, 20.0. Found: S, 20.15.
Pyrolysis of y-Mercaptobutyric Acid to y-Thiobutyrolactone.— 

A 240-g. sample of y-mercaptobutyric acid was heated slowly in 
a distilling apparatus, at atmospheric pressure. Removal of 
water was complete at 105°. The temperature then rose to 185°, 
at which point a second colorless liquid began to distil. The 
temperature stabilized at 197°, with no sign of any more water 
separating. At this point the residue was allowed to cool, and 
the distillate was separated from the water, dried over sodium 
sulfate, and returned to the pot. After drying the apparatus, 
distillation was continued under reduced pressure. B.p. 40-45° 
(1-2 mm.). Yield: 160 g. or 78%. The infrared spectrum 
showed a strong peak at ca. 1670 cm.-1, indicative of the carbonyl

(7) K . F rie s  a n d  W . B uclile r, A n n . ,  454, 258 (1927).
(8) I. B . D o ug lass  a n d  C . E . O sbo rne , J .  A m .  C h e m .  S o c . ,  75 , 4582 (1953).

group, but the peak at 2600 cm.-1 found in the mercapto acid 
had disappeared.

4-Mercaptobutyranilide, prepared as a derivative, was obtained 
by heating a sample of the thiolactone with aniline, giving a 
white solid, m.p. 88-89°, after recrystallization from benzene- 
ligroin mixture.

Anal. Calcd. for C10H13NOS: N,7.17. Found: N, 7.32.
Chlorinolysis of y-Thiobutyrolactone to 3-Chloroformylpro- 

panesulfenyl Chloride.—To a solution of 20.4 g. (0.2 mole) of 
y-thiobutyrolactone in 100 ml. of dry carbon tetrachloride, kept 
at —20° to —30°, was added, in small portions with good stirring, 
a solution of 14 g. (0.2 mole) of chlorine in 100 ml. of dry carbon 
tetrachloride, at the same temperature. The addition rate was 
regulated to prevent the exothermic reaction from causing the 
temperature to rise above —20°. A transient white precipitate, 
possibly the alkyl sulfur trichloride, formed with each addition 
of chlorine, but dissolved within several seconds into the stirred 
reaction mixture. An orange solution formed, becoming more 
colored as chlorine addition progressed. After chlorine addition 
was complete the reaction mixture was removed from the cooling 
bath and allowed to stand for a few minutes. The solvent was 
then removed under aspirator vacuum on a 40° water bath. A 
viscous orange liquid remained; crude vield: 35 g., theoretical,
34.4 g.

The crude material was immediately distilled under reduced 
pressure. B.p. 64-69° (1 mm.). Yield: 23.5 g. or 67%. This 
distillate was redistilled, b.p. 66- 68° (1 mm.). Yield: 14.5 g. 
or 61% of the first distillate.

The product was an orange colored, oily liquid which fumed in 
air, and had a sharp odor like the aliphatic carboxyl chlorides. 
When stored at room temperature in a sealed bottle, considerable 
pressure (HC1) formed within a day. An analytical sample 
which stood 3 days at room temperature showed a loss of about 
12% of its chlorine. To obtain a satisfactory elemental analysis, 
a freshly prepared and twice distilled sample was stored in Dry 
Ice and analyzed within 16 hr.

Anal. Calcd. for C4H6C120S: C, 27.76; H, 3.49; Cl, 40.98. 
Found: C, 28.39; H, 3.49; Cl, 40.06.

The infrared spectrum had a strong peak at 1790 cm.-1, 
typical of acid chlorides; nmd 1.6174.

2-Chlorocyclohexyl 3-Chloroformylpropyl Sulfide.—To a solu
tion of 6 g. of freshly prepared 3-chloroformylpropanesulfenyl 
chloride in 25 ml. of dry carbon tetrachloride at —10° was 
added a solution of 3 g. of cyclohexene in 25 ml. of dry carbon 
tetrachloride. This was added portionwise, with stirring, at a 
rate which did not let the exothermic reaction cause the tempera
ture to rise above 0°. Almost all of the orange color of the 
sulfenyl chloride had disappeared within 1 min. after addition 
of the cyclohexene was complete. Removal of the solvent under 
reduced pressure left a yellow colored liquid; crude yield: 9 g. 
The product was distilled under reduced pressure. B.p. 136- 
137° (1 mm.). Yield: 6.5 g. or 78%. When redistilled, b.p. 
was 128-129° (1 mm.). The product had a trace of yellow color, 
which was probably due to impurities.

Anal. Calcd. for CioH16C12OS: C, 46.63; H, 6.28; Cl,
27.39. Found: C, 47.24; H, 6.71; Cl, 27.92.

The infrared spectrum shows a sharp peak at 1790 cm.-1, 
typical of acid chlorides; h 2od  1.5276.

l,2-Thiazan-3-one.—To 20 g. of anhydrous ammonia in 300 
ml. of dry carbon tetrachloride at —20° was added, in small 
portions with good stirring, a solution of 17 g. of 3-chloroformyl
propanesulfenyl chloride9 in 100 ml. of dry carbon tetrachloride, 
also at —20°. There was a strong exothermic reaction and a 
large amount of white solid formed. The mixture was allowed 
to stand overnight, then warmed to room temperature, and 
filtered. After drying, the solid weighed 19 g. This material 
was stirred with 200 ml. of water at room temperature to re
move ammonium chloride, collected, and dried. Yield: 12 g., 
theoretical, 11.7 g. A sample was recrystallized from water four 
times to obtain a constant melting point; m.p. 160° (uneor.).

Anal. Calcd. for C4H7NOS: C, 41.00; H, 6.02; N, 11.96; 
S, 27.36. Found: C, 41.35; H, 6.08; N, 12.06; S, 27.15.

The infrared spectrum shows a sharp peak at 1650 cm.-1, 
typical of amides. In the ultraviolet, a maximum was noted at 
2510 A.

(9) C ru d e  3 -ch lo ro fo rm y lp ro p an e su lfen y l ch lo ride  a p p e a rs  to  b e  as 
s a tis fa c to ry  a s  red is tilled  m a te r ia l fo r sy n th e t ic  p u rp o ses . C o m p a riso n  of 
th e  in f ra re d  sp e c tra  of th e  c ru d e  a n d  red is tilled  m a te r ia l a lso  in d ic a te d  t h a t  
th e  p ro d u c t w as of h igh  p u r i ty  before d is ti lla tio n . B ecau se  of i ts  r a p id  
d ecom position , how ever, I I  w as p re p a re d  on ly  a s  re q u ire d  fo r im m e d ia te  use.
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2-Phenyl-l,2-thiazan-3-one.—To a solution of 17.3 g. (0.1 
mole) of 3-chloroformylpropanesulfenyl chloride in 100 ml. of 
dry carbon tetrachloride was added, dropwise with good stirring, 
at —20°, a solution of 9.1 g. (0.1 mole) of aniline and 16 g. (0.2 
mole) of pyridine, in 100 ml. of dry carbon tetrachloride. A 
white precipitate formed during the addition, but when the 
mixture was allowed to warm to room temperature over about 
2 hr., the precipitate became nearly black and tarlike. The 
solvent was decanted and the residue was dissolved in 200 ml. of 
hot methanol. After repeated treatment with decolorizing car
bon a light brown solution was obtained. Addition of 75 ml. 
of water to the boiling solution induced crystallization. On 
chilling a tan precipitate was obtained; m.p. 158-161°. Yield: 
11 g. After recrystallizing three times from 95% ethanol the 
product was obtained as white needles; m.p. 169-170°.

Anal. Calcd. for C10HUOHS: C, 62.15; H, 5.74; N, 7.26. 
Found: C, 62.43; H, 5.93; N, 7.02.

The infrared spectrum showed a peak at ca. 1650 cm.-1, 
typical of the carbonyl group in amides.10

(10) T h e  in f ra re d  s p e c tra  of a ll l iq u id s  w ere  m a d e  on  th e  n e a t liq u id s  
p ressed  b e tw e e n  so d iu m  ch lo rid e  p la te s . S o lids w ere  p re ssed  in  p o ta ss iu m  
b ro m id e  p e lle ts .

Derivatives of Sulfenic Acids. XLIII. The 

Chlorinolysis of Certain Aryl Benzyl Sulfides as 

a Route to Sulfenyl Chlorides1

N o r m a n  K h a r a s c h  a n d  R o b e r t  B. L a n g f o r d

Department of Chemistry, University of Southern California, 
Los Angeles 7, California

Received November IS, 196“2

The synthesis of 2,4-dinitrobenzenesulfenyl chloride 
(I) by catalytic chlorinolysis of bis(2,4-dinitrophenyl) 
disulfide has until now been the recommended method2 
for preparing this generally useful reagent. 3a>b This 
procedure, however, has certain disadvantages which 
occasionally cause the synthesis to fail even in the 
hands of investigators who are thoroughly familiar with 
the preparation. The major difficulty has been in as
suring the rigorously dry conditions or reagent puri
ties needed for the effective action of the catalyst. The 
long reflux periods required at elevated temperatures 
and the very low solubility of bis(2,4-dinitrophenyl) 
disulfide in the solvents usually used, carbon tetra
chloride or ethylene chloride, also present difficulties 
which led us to seek a more satisfactory synthesis of
2,4-dinitrobenzenesulfenyl chloride.

Other methods for preparing 2,4-dinitrobenzenesul
fenyl chloride include the chlorinolysis of 2,4-dinitro- 
phenyl thiolbenzoate,4 2,4-dinitrophenyl thiolacetate,6 
and the reaction of 2,4-dinitrobenzenethiol with chlo
rine.6 The preparation of sulfenyl chlorides by chlo
rinolysis of benzyl aryl sulfides has been reported by 
Zincke,7 and the formation, but not isolation of I by 
the cleavage of 2,4-dinitrophenyl benzyl sulfide (IV)

(1) T h is  s tu d y  w as su p p o r te d  b y  g ra n ts  fro m  th e  S tau ffe r C h em ica l 
C o m p a n y  a n d  th e  P e tro le u m  R esea rc h  F u n d  of th e  A m erican  C hem ica l 
S ocie ty .

(2) D . D . L aw son  a n d  N . K h a ra sch , J .  O r g .  C h e m .. 24, 858 (1958).
(3) (a) N . K h a ra sc h , J .  C h e m .  E d u c . ,  33, 585 (1956); (b) R . B . L an g fo rd  

a n d  D . D . L aw son , i b i d . ,  34. 510 (1957).
(4) K . F ries  a n d  W . B u ch le r, A n n . ,  454, 258 (1927).
(5) N . K h a ra sch  a n d  R .  3 .  L an g fo rd , u n p u b lish e d  w ork .
(6) G . W . P ero ld  a n d  H . L . F . S n y m an , J .  A m .  C h e m .  S o c . ,  73, 2379 

(1951).
(7) T . Z incke, B e r . ,  44, 769 (1911).

was recorded,8 In connection with a study of the scis
sion of carbon-sulfur bonds, we have now developed 
the latter method into a convenient and fully reliable 
procedure for the preparation of 2,4-dinitrobenzene
sulfenyl chloride.

2,4-Dinitrophenyl benzyl sulfide (IV) was prepared 
in 80-90% yields by reaction of 2,4-dinitrochloroben- 
zene with benzyl mercaptan, in the presence of pyridine. 
The resulting sulfide was readily cleaved to yield I, 
using either chlorine or sulfuryl chloride in chlorinated 
solvents. Because of the ease in handling, sulfuryl 
chloride was preferred for laboratory scale work. The 
reactions involved are shown.
2.4- (NOs)„C6HsC1 +  C6H5CH2SH +  C6H6N ->

2.4- (N02)2C6H3SCH2C6H6 +  C5H5N : HC1
2.4- (N02)2C8H3SCH2C6H6 +  S02C12  ^

2.4- ( N 02 )2 C6H3S Cl +  C6H5CH2C1 +  S02

The rapid reaction of the sulfuryl chloride with the 
sulfide possibly involves a first step wherein positive 
chlorine, from sulfuryl chloride, transfers to the sulfur 
atom. The formation of benzyl chloride in near quan-

L6H3(N02)2 S CH2—CßHö

titative yield was observed, but the question of whether 
a cyclic mechanism, as inferred, actually occurs is not 
answered by the present work.

2,4-Dinitrobenzenesulfenyl bromide (III) was also 
obtained easily by the brominolysis of 2,4-dinitro
phenyl benzyl sulfide. In the absence of catalysts, the 
reaction with bromine appears to be decidedly slower 
than that with chlorine, or sulfuryl chloride. However, 
in our experience with other methods for preparing this 
compound, the brominolysis of the benzyl sulfide is ad
vantageous.

The reaction of bromine with 2,4-dinitrophenyl 
benzyl sulfide (IV), in cold chloroform, was reported by 
Fromm9 to give an unidentified bromine-containing 
product, Ci3H9BrN204S. Our efforts to duplicate his 
work were unsuccessful, with no detectable amount of 
any such product being found. In all cases high yields 
of III were obtained. The sulfenyl bromide was iden
tified by preparation of previously known derivatives 
and comparison of infrared spectra and melting points.

The synthesis of sulfenyl chlorides by chlorinolysis 
of aryl benzyl sulfides also succeeded in the case of 2- 
nitrobenzenesulfenyl chloride (V). This product was 
obtained in good quality and yield from 2-nitrophenyl 
benzyl sulfide. Although Zincke and Dahm10 sug
gested this method for the synthesis of V they did not 
claim actually to have prepared the compound in this 
manner.

Efforts to obtain 4-nitrobenzenesulfenyl chloride by 
this method were not successful, however; in this case, 
bis(4-nitrophenyl) disulfide was obtained as the prin
cipal product. This difficulty in isolating 4-nitroben-

(8) R . H . B ak e r, R . M . D odson , a n d  B . R iegel, J .  A m .  C h e m .  S o c . ,  68, 
2636 (1946).

(9) E . F ro m m , A n n . .  396 , 89 (1913).
(10) T . Z incke a n d  A. D a h m , B e r . ,  45 , 3457 (1912).
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zenesulfenyl chloride is consistent with the results re
ported for other methods of preparing this compound.11 
A good preparation for this compound is still required.

The synthesis of 2,4,6-trinitrobenzenesulfenyl chlo
ride by the chlorinolysis of 2,4,6-trinitrophenyl benzyl 
sulfide was also attempted, but the sulfide was recovered 
unchanged after long heating with sulfuryl chloride. 
Ultraviolet irradiation of solutions of 2,4,6-trinitro
phenyl benzyl sulfide also failed to initiate its cleavage 
by chlorine.

1-Anthraquinonesulfenyl chloride (II) was also pre
pared conveniently by the cleavage of 1-anthraqui- 
nonyl benzyl sulfide with sulfuryl chloride. This sul- 
fenyl chloride was first reported by Fries,12 who treated 
bis(l-anthraquinonyl) disulfide with chlorine.

The intermediate 1-anthraquinonyl benzyl sulfide 
was obtained in good yield by the reaction of sodium 
benzyl mercaptide with 1-chloroanthraquinone.13 1- 
Anthraquinonyl benzyl sulfide has been reported by 
Gatterman,14 * who prepared it from 1-mercaptoanthra- 
quinone and a benzyl halide, and by Hoffman and 
Reid16 who used 1-anthraquinonesulfonic acid and 
benzyl mercaptan.

The synthesis of aromatic sulfenyl chlorides by 
chlorinolysis of aryl benzyl sulfides is undoubtedly ca
pable of considerable extension. However, substituent 
effects, steric factors, and the stability of the product 
under the reaction conditions will have to be taken into 
account in each case.

Experimental
2 .4- Dinitrophenyl Benzyl Sulfide (IV).—A mixture of 202 g. 

(1.0 mole) of 2,4-dinitrochlorobenzene (m.p. 50-52°), 400 ml. of 
methanol, 124 g. (1.0 mole) of benzyl mercaptan, and 87 g. (1.1 
moles) of pyridine was stirred and heated at reflux for 16 hr., 
cooled to 0°, washed with cooled methanol, and dried at 60-80°. 
Yield: 250 g. or 86%, m.p. 128-129° (lit. m.p. 128°).16

2.4- Dinitrobenzenesulfenyl Chloride (I).—To a suspension of 
232 g. (0.8 mole) of dry IV (material prepared previously gave good 
results without further purification) in 400 ml. of dry ethylene 
chloride was added, at room temperature, 119 g. (0.88 mole) of 
sulfuryl chloride. A mildly exothermic reaction raised the 
temperature 10-15°, and the solid dissolved within 1-2 min. 
The clear yellow solution which resulted was concentrated to an 
oil by heating on a steam bath under aspirator vacuum. After 
cooling to room temperature, four volumes of dry petroleum 
ether were added, with vigorous hand stirring. The oil quickly 
crystallized and the yellow, crystalline solid was collected, washed 
well with petroleum ether, and dried at 60-80°. The yield was 
160 g. or 86% of a product melting at 95-96° (lit.2 m.p. 96°). 
This material gave no melting point depression with samples of I 
which were prepared by the chlorinolysis of bis(2,4-dinitrophenyl) 
disulfide. Infrared spectra of the two materials were also 
identical. Derivatives with methanol, m.p. 125-126° (lit.3b 
m.p. 125°), and with cyclohexene, m.p. 118-120° (lit.3b m.p.
117-118°), were prepared.

By concentrating the petroleum ether solution from the previous 
preparation, a lachrymatory colorless liquid was obtained, b.p. 
80-82° (25 mm.). Infrared spectra of this liquid and a known 
sample of benzyl chloride (J. T. Baker, purified grade) were 
identical. Y’ield: 85 g. or 95.5 %.

2.4- Dinitrobenzenesulfenyl Bromide (III).—To a suspension of
2,4-dinitrophenyl benzyl sulfide in 150 ml. of carbon tetrachlo
ride was added, in portions, 16 g. of bromine. As there was no 
apparent reaction the mixture was heated, at first gently and then

0 1 )  T . Z incke a n d  S. L e n h a r t ,  A n n . ,  400 , 1 (1913).
(12) I t .  F ries , B e r . ,  45, 2908 (1912).
(13) W . J . S c o tt  an d  C . H . F . A llen, “ O rgan ic  S y n th e s e s ,"  C o ll. Vol. I I ,  

J o h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1943, p . 128.
(14) L. G a tte rm a n , A n n . ,  393, 113 (1912).
(l.r>) W . S. H offm an  a n d  E . E . R eid , ./. A m .  C h e m .  S o n . ,  45 , 1833 (1923).
(16) C . W illgerod t, B e r . .  18, 331 (1885).

at reflux, on a steam bath. After about 15 min. the solid had 
disappeared and the bromine color had become much less intense. 
On standing overnight at room temperature a crystalline precip
itate had formed. This was collected by filtration, washed with 
carbon tetrachloride and then petroleum ether, and dried in an 
80° oven to constant weight (only a few minutes were required). 
The orange colored crystals melted at 103° (uncor.) (lit.17 m.p.
104.5-105.5°). Yield: 15.5 g. On heating further the color
faded to pale yellow and the melt resolidified at about 140°. 
This solid decomposed at 270-280°. (Note: bis(2,4-dinitro-
phenyl) disulfide decomposed at 280°.) The adduct of III to 
cyclohexene corresponded to the known product.17

Concentration of the mother liquor on a 40° water bath 
under aspirator vacuum gave a residual oil which, on stirring with 
four volumes of petroleum ether, gave a second crop of III. 
Yield: 8.5 g. Combined yield: 24 g. or 86%.

On concentrating and distilling the wash liquids under reduced 
pressure a colorless, lachrymatory liquid was obtained, b.p. 
45-50° (2-4 mm.). Its infrared spectrum was identical with that 
recorded18 for benzyl bromide. Yield: 13.5 g. or 79%.

Identity of III was verified by preparation of its derivatives 
with cyclohexene, m.p. 120° (uncor.) (lit,.19 m.p. 123°). A 
comparison of the infrared spectra of I and II showed them to be 
nearly identical. No peaks which could be attributed to a 
benzyl group were present.

2-Nitrophenyl Benzyl Sulfide.—To a sodium methoxide solution 
prepared from 7.7 g. of sodium and 200 ml. of absolute methanol 
was added 41.3 g. of benzyl mercaptan in 100 ml. of methanol. 
To this was added, portionwise with swirling, a solution of 52.5 g. 
of 2-nitrochlorobenzene. There was no exothermic or apparent 
reaction. After heating for 1 hr. the mixture was allowed to 
stand at room temperature overnight. Beautiful large yellow 
crystals formed, m.p. 81-82°, on recrystallization from methanol, 
m.p. 83.5-84.5° (uncor.) (lit.20 m.p. 82-83°). Yield: 64 g. or 
78%. A second crop was obtained by chilling the mother 
liquor to —20°. Yield: 6.2 g.

2-Nitrobenzenesulfenyl Chloride.—To a suspension of 12.2 g. 
of 2-nitrophenyl benzyl sulfide in 80 ml. of carbon tetrachloride 
was added a solution of 6.8 g. of sulfuryl chloride in 25 ml. of 
carbon tetrachloride. The temperature rose about 5° and all 
but a few crystals of the sulfide had dissolved within a minute. 
These also disappeared on warming to 45°. After concentrating 
an oil, by heating on a steam bath under aspirator vacuum, 25 
ml. of carbon tetrachloride was added. To the resulting solu
tion was added, witli good stirring, 100 ml. of petroleum ether. 
The product precipitated as yellow needles. After chilling to 
— 20° the precipitate was collected, petroleum ether washed, and 
dried. Yield: 7.8 g. or 82%. M.p. 73-74° (lit.21 m.p.
73-74.5°). From the mother liquor aud washing benzyl chlo
ride was isolated and identified as before. Yield: 3.2 g. or
51%.

2,4,6-Trinitrophenyl Benzyl Sulfide.—To 24.7 g. of picryl 
chloride in 100 ml. of methanol was added 12.4 g. of benzyl mer
captan and 8.7 g. of pyridine. The mixture turned red when 
the pyridine was added, the temperature rose to 52°, and color 
faded to orange within 5 min. (Note: in one run the reaction
did not begin on addition of the pyridine, but on warming to 
about 50° on steam bath it was initiated. From that point on 
the reaction, and yield, appeared to be normal.) A yellow 
precipitate began to form within 5-10 min. After standing 30 
min. the mixture was chilled and the precipitate collected and 
washed with cold methanol. The product was dried at 80°. 
Yield: 30.5g. or90%; m.p. 109-110°; 112-113° after recrystal
lization from methanol.

Anal. Calcd. for C13H90 6S: C, 46.56; H, 2.71; S, 9.55. 
Found: C, 46.71; H, 2.90; S, 9.22.

Preparation of 1-Anthraquinonyl Benzyl Sulfide.—To a solu
tion of sodium methoxide, made by dissolving 2.74 g. of sodium 
in 300 ml. of absolute methanol was added 14.75 g. of benzyl 
mercaptan. After refluxing this mixture 1 hr., 28.6 g. of 1- 
chloroanthraquinone13 was added. Heating was continued for

(17) N . K h a ra sch , C . M . B uess, a n d  S. I . S tra sh u n , J .  A m .  C h e m .  S o c . ,
74 , 3422 (1952).

(18) S a d tle r  S ta n d a rd  S p ec tra , no. 2504, S a d tle r  R esea rch  L a b o ra to r ie s , 
P h ila d e lp h ia , 1959.

(19) N . K h a ra sch , D . P . M cQ u arrie , a n d  C . M . B uess, J .  A m .  C h e m .  S o c .
75, 2658 (1953).

(20) A. S ieglitz  a n d  H . K och , B e r . ,  58, 82 (1925).
(21) M . H . H u b ach e r, "O rg an ic  S y n th ese s ,” Coll. V ol. I I ,  J o h n  W iley  

a n d  Sons, In c ., N ew  Y ork , N . Y ., 1943, p. 455.
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15 hr. On cooling to room temperature the precipitate was 
collected and washed with three 100-ml. portions of hot methanol. 
The solid was then boiled with 500 ml. of methanol and filtered 
hot. Yield: 32 g. or 91%. M.p. 241-242°. Recrystalliza
tion from 6 1. of glacial acetic acid gave 31 g. of a product which 
had a melting point of 242°, in agreement with the literature 
value.

1-Anthraquinonesulfenyl Chloride.—To 21.75 g. of 1-anthra- 
quinonyl benzyl sulfide in 800 ml. of dry benzene was added 8.9 g. 
of sulfuryl chloride. The mixture was warmed and shaken until 
a reaction occurred ar_d a clear solution resulted. After filtering, 
the solution was allowed to cool to room temperature. The 
resulting crystalline precipitate was collected and the mother 
liquor was concentrated to obtain a second and a third crop. 
Yield: 17.9 g. or 99%. M.p. 220-223° (first crop), m.p.
216-220° (later crops) (lit. m.p. 224°). Recrystallization did 
not improve the melting point of the lower melting product.

Symmetrical Anhydrides of Hydroxy Acids1 2

J a n e  S. N e l s o n , L. A. G o l d b l a t t , a n d  T. H. A p p l e w h i t e

Western Regional Research Laboratory, Western Utilization 
Research and Development Division, Agricultural Research Service, 

U. S. Department of Agriculture, Albany 10, California

Received January 17, 1963

The symmetrical anhydrides of carboxylic acids con
taining unprotected hydroxyl functions apparently have 
not been prepared or described. This paper reports the 
synthesis and characterization of a series of these de
rivatives and establishes the symmetrical anhydrides 
of hydroxy acids as a known class of compounds.

In the course of amide syntheses using mixed car
boxylic-carbonic anhydrides of the hydroxy fatty acids 
obtainable from castor oil,2a b a series of experiments 
was performed to determine the reactivity of the second
ary alcohol functions under the reaction conditions em
ployed. The hydroxyl groups in these compounds were 
found to be unreactive at 0° toward ethyl chloroformate 
or toward the mixed carboxylic-carbonic anhydrides3 
formed from ethyl chloroformate and the triethvlam- 
monium salts of the carboxylic acids. Neither car
béthoxylation nor esterification could be discounted 
a p rio r i  since both types of reaction are known to take 
place with secondary alcohols4'5 under conditions suit
able for the mixed anhydride reaction.

Since the alcohol functions in question were quite 
inert it seemed worth while to determine if the mixed 
anhydride method could be utilized for symmetrical 
anhydride formation with these hydroxy acids, as has 
been done in a few cases involving other carboxylic 
acids,6'7 and if the products could be isolated despite

(1) P r e s e n te d  b e fo re  t h e  A m e r ic a n  C h e m ic a l  S o c ie ty  M e e t in g  in  M in i 
a tu r e ,  B e r k e le y ,  C a l if .,  D e c e m b e r  17, 19C2.

(2 ) (a )  1 2 -H y d ro x y ~ e is -9 -o c ta d e c e n o ic ,  1 2 - h y d ro x y - ir a n s -9 - o c ta d e c e n o ic ,  
1 2 -h y d ro x y o c ta d e c a n o ic ,  9 ,1 0 -d ih y d ro x y o c ta d e c a n o ic ,  a n d  9 ,1 0 ,1 2 - tr i-  
h y d r o x y o c ta d e c a n o ic  a c ;d s ;  (b )  T .  H . A p p le w h i te ,  J a n e  S. N e ls o n ,  a n d  L . A , 
G o l d b l a t t ,  J .  A m . O il C h e m is ts ' S o c ., 40, 101 (1 9 6 3 ).

(3) J .  I t .  V a u g h a n ,  J r . ,  J. A m .  C h em . S o c .,  73, 3 5 4 7  (1 9 5 1 );  R .  A . 
B o is s o n n a s ,  H elv . C h im . A c ta ,  34, 8 7 4  (1 9 5 1 );  T .  W ie la n d  a n d  H . B e r n -  
h a r d ,  A n n .  C h e m .,  572, 19 0  (1 9 5 1 ).

(4 )  N . F .  A lb e r t s o n ,  O rg. R e a c tio n s ,  12, 157 (1 9 6 2 ) , h a s  s u g g e s t e d  s u c h  
r e a c t io n s  a s  a  p o s s ib le  c a u s e  o f  d i f f ic u l tie s  i n  m ix e d  a n h y d r id e  s y n th e s e s  
u s in g  h y d r o x y  a m in o  a c id s .

(5 )  L . F .  F ie se r ,  “ E x p e r im e n ts  in  O r g a n ic  C h e m is t r y ,”  3 r d  E d . ,  D . C . 
H e a th  a n d  C o .,  B o s to n ,  M a s s . ,  1 9 5 5 , p .  3 1 8 , d e s c r ib e s  t h e  c a r b é th o x y la t io n  
o f a lc o h o ls  w i th  e th y l  c h lo r o f o rm a te .

(6 )  L . N .  A k im o v a  a n d  N . I .  G a v r i lo v ,  Z h . O bshch. K h im . ,  23, 4 1 7  (1 9 5 3 );  
C h em . A b s tr . ,  48, 3 9 0 4  (1 9 5 4 ).

(7 ) E .  S c h ip p e r  a n d  I .  N ic h o ls ,  J .  Am. C h em . S o c .  80, 5 7 1 4  (1 9 5 8 ).

1 v » I I 
3 4 5 6

W A V E L E N G T H  ( MI CRONS) .
Fig. 1.—Infrared spectrum of 9,10-dih3’droxyoctadecanoic 

anhydride: Nujol mull.

the presence of both hydroxyl and anhydride functions 
in the same molecule.

Reaction of the mixed carboxylic-carbonic anhydride 
of each hydroxy acid with one equivalent of the car- 
boxylate anion of the same acid (present as the triethyl- 
ammonium salt) in tetrahydrofuran at 0° gave a series 
of crystalline compounds, the symmetrical anhydrides, 
with melting points about 20° higher than those of the 
parent acids. These products (listed in Table I with 
yields and other pertinent data) have the expected in
frared spectra for symmetrical hydroxy acid anhydrides. 
A typical example (Fig. 1) shows the hydroxyl band 
at 3.0 p, and the paired carbonyl bands characteristic of 
carboxylic acid anhydrides.8

Though it has not been widely employed, this method 
of anhydride synthesis is a convenient, high yield pro
cedure. Attack of the carboxylic acid anion on the car
boxyl carbonyl of the mixed anhydride appears to be

0 0  °
! E - C - O H - N t & H i ) .

R—C—O—C—OC2H6-----------------------
O O

R—C—0--C —R +  C2II5OH +  C02 +  (C2H5)3N

rapid and straightforward. No detectable side reac
tions occurred in the cases reported here, and the yields 
were 95% or greater.

The hydroxy acid anhydrides are slowly decomposed 
at temperatures considerably above their melting points 
to give acidic material and polymeric esters. At ordi
nary temperatures, they apparently can be stored in
definitely. The 12-hydroxy-m-9-octadecenoic sym
metrical anhydride is best kept below 0°, but the other

(8 ) L . J .  B e l la m y , “ T h e  I n f r a r e d  S p e c t r a  o f  C o m p le x  M o le c u le s ,”  2 n d  
E d . ,  M e th u e n  a n d  C o . L td . ,  L o n d o n ,  1 9 5 8 , p . 127 .
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CRQ2O
IIo

R —

OH

CH3( CH2)5C—CH2CH=CH( CH2V- 

H
cis

OH
I

CH3(CH2)5C—CH2CH=CH(CH2)7-
I

H
trans
OH

CH3(CH2)5—C—(CH2)10-
I

H
OH OH OH
I I I

CH3( c h 2)5—c—o h 2—CH—CH( c h 2 )7-
I

H
OH OH
I I

CH3( CH, )7CH—CH( CH2 ),-

“ Washed and dried products (c/. text), 
chloride solution.

T a ble  I
H ydkoxy Acid Anhydrides

✓— In f ra re d  b a n d s -----•
Yield,® H y d ro x y l C a rb o n y l
%of

th e o ry
M .p .,
°C .

reg ion ,
P

reg ion ,
P

---------% c
C al cd. F o u n d

---------% H -
C alcd . F o u n d

95 35- 35.5 2.90' 

2.7 5d

5.56' 
5.76' 
5.50d 
5.714

74.7 74.5 11.5 11.4

96 64-64.5 3.0'

2.79d

5.52' 
5.76' 
5 .öD 
5.724

74.7 74.7 11.5 11.4

99 88-89 3.0' 5.52'
5.77'

74.2 74.1 12.1 12.1

Quant. 132-133 2.95'
3.02'

5.52'
5.72'

66.8 66.9 10.9 10.9

Quant. 91-92 3.0' 5.52'
5.72'

70.3 70.5 11.5 11.4

6 Recrystallized prior to analysis (c/. text). c Smear or Nujol mull. d Carbon tetra-

T a ble  I I
A n hydride  D eriv a tiv es

-—In f ra re d  bands®—' 
H y d ro x y l C arb o n y l

M.p., reg ion , reg ion , ---------%  C-------- . , ------ % H-------- "------- % ■N--------
C o m p o u n d ■°c. P P C alcd . F o u n d C alcd . F o u n d C alcd . F o u n d

9,10,12-Trihydroxyoctadecanamide 136-137 2.90 6.05 65.2 65.4 11.2 11.2 4.23 4.16
3.10

9,10-Dihydroxyoctadecanamide 113-113.5 2.96 6.08 68.5 68.4 11.8 11.7 4.44 4.45
3.10

12-Hydroxyoctadecanamide 111-112 2.88 6.02 72.2 72.1 12.4 12.2 4.68 4.68
3.00
3.08

12-Hydroxy-cfs-9-octadecenamide 65.5-66.5'’' 2.95 6.03 72.7 72.5 11.9 11.7 4.71 4.64
3.10 6.10

12-Hydroxv-Zrans-9-octadecenamide 86 .5- 87. & •* 2.90 6.02 72.7 72.5 11.9 11.8 4.71 4.52
2.95
3.03

9,10,12-Trihydroxyoctadecanoic acid 108' 3.00 5.90 65.0 65.1 10.9 10.8
9,10-Dihydroxyoetadecanoic acid 92.5-93.5/ 2.99 5.80 68.3 68.5 11.5 1 1 . 4

3.05 5.88
12-Hydroxyoctadecanoic acid 80-80.5" 3.10 5.90 72.0 71.9 12.1 11.9
12-Hydroxy-irans-9-octadecenoic acid 49.5-50* 3.00 5.90 72.5 72.4 1 1 . 4 1 1 . 3

3.07
12-Hydroxy-cis-9-octadecenoic acid Oil 2.95 5.85 *
“ Nujol mulls or smears. 6 M.p. 66°, J. Bouis, Ann. chim. phys., [3] 44, 77 (1855). c No depression on admixture with authentic 

sample. d M.p. 91-93°, T. H. Rowney, Jahresber. Fortschr. Chem., 533 (1855). e M.p. 108-109°, J. T. Scanlan and D. Swern, J. Am. 
Chem. Soc., 62, 2309 (1940). Starting material used here: 106-108°. 1 M.p. 94-95°, D. Swern, J. T. Scanlan, and G. B. Dickel, 
Org. Syn., 39, 15 (1959). Starting material used here: 92-93°. 'M .p . 80.5-81°, F. Straus, H. Heinze, and L. Salzmann, Chem.. 
Ber., 66, 631 (1933). Starting material used here: 79.5-80°. * M.p. 50.5-51.1 °, M. A. McCutchon, R. T. O’Connor, E. F. DuPre,
L. A. Goldblatt, and W. G. Bickford, J. Am. Oil Chemists’ Soc., 36, 115 (1959). Starting material used here: 49.8-50.9°. ' Identical
to starting acid with respect to infrared spectrum and Ft on a thin-layer chromatogram.

members of this series show no detectable change after 
standing at room temperature for several months.

These anhydrides are also relatively inert on treat
ment with water, dilute acid, or dilute alkali. This is 
evident in that organic solutions of the anhydrides can 
be washed with dilute acids, bases, or water without 
appreciable decrease in yield or purity.

The anhydrides rapidly react to form equimolar 
quantities of amide and parent acid on treatment with

ammonia followed by acidification. These derivatives 
have the correct infrared spectra, melting points, and 
elemental analyses (Table II).

O O  o  o
Il II 1. NHi || |!

R—G—O—C—R ------- > R—C—NH2 +  HO—C—R
2. H4

Since limited experimentation with lactic acid in 
mixed anhydride system led to inconclusive results and
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intractable mixtures, no attempt was made to pre
pare its symmetrical anhydride. We found that man- 
delic acid undergoes carbéthoxylation when treated 
with equimolar amounts of ethyl chloroformate and 
triethylamine in the usual mixed anhydride method. 
Similar results were reported earlier by Fischer and 
Fischer9 when they treated mandelic acid with excess 
methyl chloroformate. This procedure also appears in
applicable to phenols as exemplified by the results with 
p-hydroxycinnamic acid. Attempts to prepare the 
amide of this acid using the mixed anhydride method led 
to carbéthoxylation of the phenolic hydroxyl rather 
than to mixed anhydride formation, so again sym
metrical anhydride formation was not attempted. Ex
amination of the applications and limitations of this 
symmetrical anhydride-forming system with other 
hydroxy acids is now in progress.

Experimental10

All melting points were obtained in capillar}- tubes in an elec
trically heated block and are uncorrected. Infrared spectra were 
obtained as Nujol mulls; a Perldn-Elmer Model 137 Infracord 
with sodium chloride optics was used. Mixed carboxylic-carbonic 
anhydrides were prepared at 0° in tetrahydrofuran, as previously 
described,ib and used without isolation.

Symmetrical Anhydrides.—Table I. Equimolar quantities 
(typical 0.01-mole scale) of hydroxy acid and freshly distilled 
triethylamine were dissolved in about 50 ml. of tetrahydrofuran 
(THF) for each 0.01 mole of acid. This solution was added from 
a dropping funnel to a well stirred solution of the corresponding 
mixed anhydride in tetrahydrofuran kept at or near 0° with an 
ice-salt bath. One molar equivalent of acid salt was used for 
each equivalent of mixed anhydride. After this addition, the 
system was allowed to come to room temperature, with stirring, 
and to stand overnight. The solution was then filtered from the 
triethylamine hydrochloride, which had precipitated during prep
aration of the mixed anhydride, and the precipitate was washed 
with tetrahydrofuran. The filtrate and washings were combined 
and the solvent removed in vacuo at room temperature on a rotary 
evaporator. The product was taken up in ether or chloroform, 
depending on its solubility, and washed with dilute hydrochloric 
acid and 1 M sodium carbonate solution followed with water until 
the washes tested neutral to pH paper. The organic solutions 
were dried over magnesium sulfate, filtered, and returned to the 
rotary evaporator for removal of solvent at room temperature. 
Yields were determined at this point. After this work-up, all of 
the compounds were essentially pure (Table I) and free of starting 
acid (Fig. 1); the only further treatment prior to analysis in the 
case of the saturated hydroxy anhydrides and 12-hydroxy-rians-9- 
octadecenoic anhydride was drying in a vacuum oven at room 
temperature and 0.01 mm. The 12-hydroxy-ris-9-oetadeeenoic 
anhydride was recrystallized from petroleum ether at —10°, then 
dried at room temperature and 0.01 mm.

Anhydride Derivatives.—Table II. Anhydrous ammonia gas 
was passed through a solution of hydroxy acid anhydride in 
tetrahydrofuran at room temperature. The tetrahydrofuran was 
removed on the rotary evaporator to leave an equimolar mixture 
of hydroxy acid ammonium salt and the corresponding amide. 
Weights obtained corresponded to theory. These product mix
tures were dissolved in absolute methanol and separated on a 
column of macrorecticular quaternary ammonium ion-exchange 
resin.11 After recovery of the amide, a methanol solution of 
acetic acid was used to remove the hydroxy acid from the column. 
Each of the derivatives was recrystallized from 95% ethanol, the 
amides at room temperature and the slightly more soluble acids 
at 0°, and dried in vacuo at 40°.
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Secor for performing the elemental analyses.

(9) E . F isch e r  a n d  H . O. L. F isch er, C h e m . B e r . ,  47 , 768 (1914).
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The conversion of vicinal dibromides to olefins by re
action with iodide ion has been investigated by several 
groups.2“ 10 The reaction is usually reported to be 
first order in iodide ion and first order in dibromide. 
It has been shown that the elimination may follow a 
direct mechanism involving nucleophilic attack of 
iodide ion on bromine in a typical E2 process resulting 
in trans elimination7 or may involve Sn2 replacement of 
bromine by iodine on carbon followed by rapid collapse 
of the iodobromide.8 This process gives the appearance 
of cis elimination of the bromine atoms.9 The E2 
mechanism apparently is preferred except for 1,2-di- 
bromo compounds where displacement of the primary 
bromide is facile.

In connection with other work11 we had occasion to 
use the reaction of iodide ion with cinnamic acid dibro
mides as an analytical method. In view of the fact 
that third-order kinetics had been reported for this 
process and because the stereochemistry had not been 
studied, we investigated the reaction of erythro-2,3- 
dibromo-3-phenylpropionic acid, hereafter referred to as 
irans-cinnamic acid dibromide, in the solvents 80% 
aqueous acetic acid and 80% aqueous methanol. The 
reaction was followed by titrating the iodine liberated.

Results
irans-Cinnamic Acid Dibromide.—The conditions 

and specific rate constants obtained for the second- 
order reaction of bcms-cinnamic acid dibromide with 
iodide ion are listed in Table I. The order of the reac
tion with respect to iodide ion and with respect to di- 
bromo acid was determined by the method of initial 
slopes.12 The values for the order with respect to 
iodide ion as determined for three different sets of reac
tion conditions were 0.96, 0.98, and 0.97. Similarly 
the order with respect to dibromo acid was found to be
1.0. The effect of ionic strength and the specific ef
fect of bromide ion were tested by the addition of so
dium perchlorate or of potassium bromide. The specific 
rate constants were calculated from the rate expression 
for a second-order reaction in the integrated form. The

(1) C o lga te  U n iv e rs ity , H am ilto n , N . Y.
(2) A . S la te r , J .  C h e m .  S o c . ,  85, 1697 (1904).
(3) E . B iilm an n , R e c .  t r a v .  c h i m . ,  36, 313 (1917).
(4) C . F . v a n  D u in , i b i d . ,  43, 341 (1924 ); 45, 345 (1926 ); 47, 715 (1928).
(5) R . T . D illon , J .  A m .  C h e m .  S o c . ,  54, 952 (1932).
(6) T . L . D av is  a n d  R . H eggie , J .  O r g .  C h e m . ,  2 , 470 (1937).
(7) S. W in ste in , D . P re ssm an , a n d  W . G . Y o u n g , J .  A m .  C h e m .  S o c . ,  61, 

1645 (1939).
(8) J . H ine  an d  W . H . B rad e r, i b i d . ,  77, 361 (1955).
(9) W . M . S c h u b e rt , H . S tea d ly , a n d  B . S. R a b in o v itc h , i b i d . ,  77, 5755 

(1955).
(10) W . G . Lee a n d  S. I . M iller, J .  P h y s .  C h e m . ,  66, 555 (1962).
(11) E . R - T ru m b u ll, R . T . F in n , K . M . Ib n e -R a s a , a n d  C . K . S auers , 

. / .  O r g .  C h e m .  27, 2339 (1962).
(12) R . L iv in g s to n  in  W e issberger, “ In v e s tig a tio n s  of R a te s  a n d  M e c h 

an ism  of R ea c tio n s, T e ch n iq u e  of O rgan ic  C h e m is try ,” Vol. V I I I ,  I n te r 
science P u b lish e rs  In c ., N ew  Y ork , N . Y ., 1953, p. 182.
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T a b l e  I
R a t e  C o n s t a n t s  f o r  E l i m i n a t i o n  o f  C i n n a m i c  A c id  

D i b r o m i d e

a b
Added
anion ßC

T, °C . 
dt 0 .1

10<&2 1. 
m o le "1 
sec. ~l

%
Reac
tio n

0 . 0 3 0 0 . 2 4 0

S o lv e n t ,  8 0 %  a c e tic  a c id  

0 . 3 0  B r -  0 . 5 4  2 9 . 9 4 . 6 0 68
.0 3 0 .2 4 0 .2 4 2 9 . 9 4 . 3 0 7 6

.0 3 0 .1 8 0

1o00 .3 6 2 9 . 9 4 . 3 3 61

.0 3 0 .0 9 0 .0 9 2 9 . 9 4 . 0 8 4 4

.0 1 5 .2 4 0 .2 4 2 9 . 9 4 . 2 8 71

.0 3 0 . 1 8 0 .1 8 3 8 . 4 9 . 1 8 6 4

.0 3 0 .1 8 0 .1 8  B r - .3 6 3 8 . 4 9 . 4 2 6 5

.0 3 0 . 1 8 0 .1 8  B r ~ .3 6 3 8 . 4 9 . 4 7 6 4

.0 3 0 .1 8 0 .2 7  C l O r .4 5 3 8 . 4 1 0 .0 3 6 2

.0 1 5 .120 .12 4 6 . 0 1 7 .5 6

0 . 0 3 0 0 . 2 4

S o lv e n t ,  8 0 % , m e th a n o l 

0 . 2 4  2 5 . 0 1 .3 7 5 6

.0 1 3 4 .1 1 7 0 . 1 2  B r " .2 4 4 5 . 5 9 . 6 3 6 3

.0 1 3 4 .1 1 7 .12 4 5 . 5 9 . 4 3 6 3

° Initial molarity of irans-cinnamic acid dibromide. 6 Initial 
molarity of iodide ion. c ¡l = ionic strength.

values of k remained constant during each run, the mean 
deviations being on the order of 3-4%.

The product of reaction was shown to be frans-cin- 
namic acid, isolated in 88% yield from a run in 80% 
acetic acid. czs-Cinnamic acid was shown to be stable 
under the reaction conditions.

cis-Cinnamic Acid Dibromide.—-The reaction of threo-
2,3-dibromo-3-phenyl propionic acid (m-cinnamic acid 
dibromide) with iodide ion in 80% acetic acid or in 80% 
methanol was not simple. Only 40-50% of the theo
retical amount of iodine was liberated and an attempt 
to identify the products of reaction was not successful. 
I t was clear, however, that liberation of iodine from the 
cfs-dibromide was considerably slower than is the case 
for the trans isomer. The reaction in 80% acetic acid 
was followed and specific rate constants calculated from 
the initial slope of the rate of formation of iodine. As
suming that this is a measure of the elimination reaction 
and that the elimination is a second-order process, 
values for the specific rate constant were calculated. 
At 90.6° runs under identical conditions gave the values
5.5 X 10-4 and 6.0 X 10-4 1. mole-1 sec.-1. At 72.6° 
the specific rate constant was 1.9 X 10-4 1. mole-1 
sec.-1.

Discussion
The reaction of frans-cinnamic acid dibromide in 

80% acetic acid and in 80% methanol is first order in 
iodide ion and first order in dibromo acid. The reac
tion shows a slight positive salt effect and no retarda
tion by bromide ion. The difference between 80% 
acetic acid and 80% methanol as solvent for this reac
tion is not great, roughly a factor of two at 45°, and is in 
the direction of greater rate in the solvent of greater Y  
value.13 Much larger salt effects are reported for 
debromination reactions in absolute methanol,14 a

(13) A . H . Fa inberg  and S . W in ste in , J. Am. Chem. S o c 78, 2770 (1956).
(14) W . G. Young, D . P ressm an, and C. D . C o rye ll, ibid., 61, 1040

(1939).

solvent whose Y  value is much more negative than is 
that of 80% methanol. The positive salt effect and 
tendency for rate to be greater in a solvent of higher 
ion-solvating power indicate a greater role for solva
tion in the transition state than in the ground state. 
This is possible if release of the bromide ion has oc
curred to a considerable extent in the transition state 
since the solvation energy of bromide ion is expected 
to be greater than that of iodide ion.

The production of frans-cinnamic acid from the 
erythro-dibromide indicates trans elimination and taken 
together with the kinetic order indicates that the direct 
mechanism is operative in this case. The entropies of 
activation, —19.3 e.u. and —18.0 e.u. in aqueous acetic 
acid and methanol, respectively, are also consistent with 
this mechanism. Although the molecule contains a 
bromine atom in the benzylic position, apparently dis
placement on carbon does not compete successfully 
with the E2 mechanism. The absolute rate of reac
tion of cinnamic acid dibromide with iodide ion in 80% 
methanol is greater than the rate of 2,3-dibromobutane 
in 99% methanol by a factor of the order of 103 at 60°. 
To some degree this may be a solvent effect but it seems 
probable that the stabilization of the incipient double 
bond by conjugation with the phenyl and carboxyl 
groups is an important factor in this difference in 
rate.

A ratio for the reactivity of the erythro dibromide to 
the threo dibromide was determined by calculating the 
rate expected of the erythro compound at the tempera
ture where the threo compound was measured. The 
ratio for keryl]lT0/kthre„ was 85. This number is 
reasonable15 but of questionable significance because of 
the uncertainty in the meaning of the rate constant 
determined for the threo dibromide.

Experimental

efs-Cinnamic acid dibromide and ¿rares-cinnamic acid dibro
mide were prepared as described previously.11 Kinetic runs in 
80% acetic acid at temperatures below 50° were carried out by 
removing samples at intervals, quenching the reaction by running 
the sample onto crushed ice, and titrating the iodine quickly 
against thiosulfate. Runs in 80% methanol at 45° and the runs 
with rfs-cinnamic acid dibromide at 73° and 91° were conducted 
in sealed tubes. Blanks were run to correct for the formation of 
iodine from iodide ion by oxidative processes other than the 
one under investigation.

Isolation of trons-Cinnamic Acid.—A solution of 39.8 g. (0.249 
mole) of potassium iodide and 9.24 g. (0.030 mole) of trans-em- 
namic acid dibromide in 300 ml. of 80% acetic acid was heated at 
46° for 6 hr. The solvent was distilled at 40-50° at the aspirator. 
The residue was treated with 300 ml. of water containing 10 g. of 
potassium iodide. Insoluble material was collected on a Buchner 
funnel and washed with water. The solid was taken up in ether 
and washed with 0.1 N  thiosulfate solution. The ether was re
moved by distillation and the residue dried in a desiccator. 
The material weighed 3.91 g. (88%) and had m.p. 133-134°, 
m.m.p. with irons-cinnamic acid, 133-134°.

A solution of 4.0 g. (0.013 mole) of cfs-cinnamic acid, m.p. 57- 
58°, in 200 ml. of 80% acetic acid containing 20.0 g. of potassium 
iodide was heated at 46° for 6 hr. The reaction mixture was 
treated as described earlier to yield 3.52 g. of crude product. 
This material was recrystallized from low-boiling petroleum ether 
and 3.37 g. (84%) of as-cinnamic acid, m.p. 57-58°, was re
covered .

(15) D . Y . C u rt in , A bstracts of the jC,t.hi N ationa l Organic Sym p osium , 
1953, p. 40.
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It is common knowledge that benzene and similar 
aromatic compounds may be readily alkylated with an 
alkyl halide under Friedel-Crafts conditions. I t is, 
however, a curious fact that tetraphenylmethane can
not be prepared by such direct alkylation procedures.1 
Triphenylmethyl chloride fails to alkylate benzene as do 
similar systems which presumably involve an inter
mediate triphenylmethyl cation. Arguments have 
been presented2 that this cannot be due to steric hin
drance nor to instability of tetraphenylmethane for this 
substance is “thermally stable.”

It appeared reasonable that the thermal stability of 
tetraphenylmethane should have little or no relation
ship to the failure of the Friedel-Crafts alkylation re
action but rather the product might well be unstable 
with respect to reactants under the alkylating condi
tions. The alkylation process is acknowledged as being 
in some measure reversible; hence one might anticipate 
fairly ready dealkylation of the substituted benzene to 
generate the relatively stable triphenylmethyl cation 
and benzene. Accordingly we allowed tetraphenyl
methane to react with anhydrous aluminum chloride 
and hydrogen chloride in benzene solution. Hydrolysis 
of the reaction mixture gave an almost quantitative 
yield of triphenylcarbinol thus indicating facile deal
kylation of the substituted benzene.

J u l y , 1963

In contrast to its ready fragmentation in the pres
ence of aluminum chloride, tetraphenylmethane appears 
to undergo very little change in concentrated sulfuric 
acid at room temperature. At higher temperatures 
the characteristic ultraviolet spectrum of the triphen
ylmethyl cation could be detected in the solution al
though the bulk of the tetraphenylmethane could be re
covered unchanged from the solution.

The observance of similar behavior in related sub
stances is to be anticipated.

(1) C . A. T h o m as , “ A n h y d ro u s  A lu m in u m  C h lo rid e ,”  R e in h o ld  P u b lish 
ing  C o., N ew  Y ork , N . Y .. 1941, p . 11«.

(2) 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 o rk , N . Y .,1902, p . 357.

One might now postulate that the triphenylmethyl 
cation will alkylate benzene but due to an unfavorable 
equilibrium one fails to obtain significant quantities 
of product. As a simple test of this hypothesis we 
allowed 4-methyltriphenylmethyl chloride8 to react 
with benzene in the presence of aluminum chloride. If 
reversible alkylation and dealkylation occurs one would 
expect to generate a mixture of benzene, toluene, tri
phenylmethyl cation, and the cation derived from the 
original reactant. Such was evidently the case for 
hydrolysis of the reaction mixture afforded triphenyl- 
carbinol, diphenyl-4-tolylcarbinol, and a liquid frac
tion containing largely benzene but in which toluene 
could be identified by vapor phase chromatography.

Experimental
Dealkylation of Tetraphenylmethane.—A solution of 1.60 g. 

(0.005 mole) of tetraphenylmethane in 20 ml. of anhydrous 
benzene was saturated with anhydrous hydrogen chloride. Upon 
addition of 2 g. of anhydrous aluminum chloride the eolcrless 
mixture turned deep red in color. The mixture was warmed 
briefly on a steam cone, poured into water, and extracted with 
ether. Evaporation of the ether extract left a yellow solid residue 
which, upon decolorization with charcoal and crystallization, af
forded 1.25 g. of triphenylcarbinol, m.p. 162-163°. Admixture 
with authentic triphenylcarbinol gave no melting point depres
sion. The infrared spectrum was identical with that of authentic 
material.

Attempted Alkylation of Benzene.—A solution of 5.8 (0.02 
mole) of 4-methyltriphenylmethyl chloride and 4 g. of anhydrous 
aluminum chloride in 20 ml. of dry benzene was stirred for 6 hr. 
at room temperature and then warmed briefly on a steam cone 
and poured into ice-water. The organic material was extracted 
with ether and the extract was carefully fractionated by distilla
tion to give an aromatic fraction which by vapor phase chroma
tography analysis contained a small but definite quantify of 
toluene. The distillation residue afforded 0.47 g. of authentic 
triphenylcarbinol after much tedious handling. Somewhat im
pure diphenyl-4-tolylcarbinol was also recovered and identified by 
its infrared spectrum.

N o t e s

(3) A . B is trz y ek i a n d  J .  G y r, B e r . ,  3 7 , 655 (1904).

t-Butyl S-Methyl and S-Phenyl 

Thiolcarbonates1

Louis A. C a r p i n o

Department of Chemistry, University of Massachusetts, 
Amherst, Massachusetts

Received February 11, 1963

Since the first report2 in 1956 describing the use of the 
carbo-f-butoxv protective group its numerous advan
tages over other protective groups have become clear. 
Sufficient effort has been expended regarding the intro
duction and removal of this function that it has become 
one of the most valuable of all amino-protecting 
groups.3'4

(1) S u p p o rte d  b y  a  g r a n t  (R G -9706 ) from  th e  N a tio n a l I n s t i tu te s  of 
H e a lth .

(2) L . A. C a rp in c , A b s tra c ts  of th e  129 th  N a tio n a l M e e tin g  of th e  A m eri
c a n  C h em ica l S oc ie ty , D a llas , T ex ., A pril, 1956, p . 59 N .

(3) F o r  re fe rences  to  e a rlie r  w ork , see L . A . C a rp in o , J .  A m .  C h e m .  S o c . ,  

82, 2 7 2 5 ( I9 6 0 '.
,(4) F o r  recen t ex a m p les  of th e  a d v a n ta g e o u s  u ti liz a tio n  of th e  c a rb i - t -  

b u to x y  g ro u p  in  th e  sy n th e s is  of com p lex  p o ly p e p tid e s  a n d  references  to  
e a rl ie r  w ork of .th e  Swiss g ro u p , see R . S chw yzer a n d  A. T u n -K y ., I i e l v .  

C h i m .  A c t a , 45 , 859 (1962).
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It is, therefore, of interest to describe a simple method 
for the preparation of the heretofore difficultly acces
sible thiol ester, ¿-butyl S-methyl thiolcarbonate, un
doubtedly the best of the currently available inter
mediates for the preparation of ¿-butyl carbazate,5 pre
cursor of one of the most important carbo-f-butoxy- 
lating agents, ¿-butyl azidoformate.10’11

An earlier described synthesis8 of ¿-butyl S-methyl 
thiolcarbonate suffers from the disadvantage that ex
pensive, relatively inaccessible gaseous carbonyl sulfide 
is required. I t has now been shown that the thiol ester 
is readily obtained by reaction of commercially available 
methyl chlorothiolformate12 with ¿-butyl alcohol in re
fluxing chloroform in the presence of pyridine.13 The 
corresponding S-phenyl ester was also obtained in 
analogous fashion in 61% yield from phenyl chlorothiol
formate. Use of ¿-butyl S-phenyl thiolcarbonate might 
offer some advantage over the use of the methyl ester 
in the preparation of ¿-butyl carbazate by virtue of its 
increased reactivity toward hydrazine. The greater 
acidity of benzenethiol vs. phenol allows clean separa
tion of the resultant ¿-butyl carbazate and the coprod
uct benzenethiol thus avoiding a difficulty which arises 
in the use of the corresponding oxygen analog, ¿-butyl 
phenyl carbonate.3’6 7

Experimental14
¿-Butyl S-Methyl Thiolcarbonate.—To a solution of 53.6 ml. 

of pyridine and 62.6 ml. of ¿-butyl alcohol in 200 ml. of chloro
form which was stirred mechanically at room temperature there 
was added dropwise over 15-20 min. 66.4 g. of methyl chloro
thiolformate.12 The mixture was stirred and refluxed for 24 hr. 
and then washed in a separatory funnel with two 200-ml. portions 
of water, three 100-ml. portions of 5% hydrochloric acid, and 
finally 100 ml. of 1 AT sodium bicarbonate. The solution was 
dried over magnesium sulfate and most of the solvent removed 
by distillation at atmospheric pressure followed by the use of a 
water aspirator.

Distillation of the residue gave 61.5 g. (69%) of the ester, 
b.p. 62-65° (24 mm.). Redistillation through a 30-cm. helices- 
packed column gave 50 g. (56%) of the ester, b.p. 60-63° (24 
mm.), lit.3 b.p. 60-62° (20 mm.). Conversion of this ester to 
¿-butyl carbazate by heating in an oil bath at 105-110° for 24 hr. 
has already been described.3

¿-Butyl S-Phenyl Thiolcarbonate.—A solution of 62.6 ml. of 
¿-butyl alcohol and 53.6 ml. of pyridine dissolved in 200 ml. of 
chloroform was treated at room temperature with stirring over a 
period of 10 min. with 103.4 g. (81.6 ml.) of phenyl chloro
thiolformate.12 The solution was refluxed with stirring for 55 
hr. and worked up essentially as given for the corresponding 
methyl ester. Distillation from an ordinary Claisen flask gave 
70 g. (61%) of the thiol ester, b.p. 88.5° (1.2 mm.) to 102° (1.9

(5) Other methods which have been recommended for the synthesis of 
¿-butyl carbazate involve acylation of hydrazine by means of ¿-butyl phenyl 
carbonate,6 ¿-butyl p-nitrophenyl carbonate,7 8 and N^-butyloxycarbonyl- 
i midazole.9

(6) L. A. Carpino, J .  A m .  C h e m .  S o c . ,  79, 98 (1957).
(7) G. W. Anderson and A. C. McGregor, i b i d . ,  79, 6180 (1957).
(8) F . Eloy and C. Moussebois, B u l l .  s o c .  c h i m .  B e i g e s , 68, 409 (1959).
(9) W . Klee and M . Brenner, H e l v .  C h i m .  A c t a ,  44, 2151 (1961).
(10) L . A. Carpino, C. A. Giza, and B . A. Carpino, J .  A m .  C h e m .  S o c . ,  

81, 955 (1959), and earlier papers cited therein.
(11) R . Schwyzer, P . Sieber, and H . Kappeler, H e l v .  C h i m .  A d a , 42, 2622

(1959).
(12) We acknowledge with thanks generous gifts of methyl, ethyl, and 

phenyl chlorothiolformates from The Stauffer Chemical Co., New York, 
N. Y.

(13) A number of other bases and solvents proved to be unsatisfactory in 
the conversion, giving lower yields or other products. These included di- 
methylaniline, quinoline, triethylamine or pyridine in methylene dichloride, 
triethylamine in benzene, and trimethylamine or pyridine in dimethyl- 
formamide. We are indebted to David Collins for cheeking some of the 
preparations.

(14) Analyses are by Galbraith Laboratories, Knoxville, Tenn.

mm.). A center cut for analysis, distilled through a 30-cm. 
helices-packed column (95% recovery) had b.p. 86° (0.9 mm.).

Anal. Calcd. for CnHiAS: C, 62.83; H, 6.71. Found: 
C, 63.23 H, 7.02.

Conversion of ¿-Butyl S-Phenyl Thiolcarbonate to ¿-Butyl 
Carbazate.—A mixture of 21 g. of ¿-butyl S-phenyl thiolcarbonate 
and 10 g. of 64% hydrazine was heated in a water bath to 85-90° 
with swirling for a fewr minutes until the two phases coalesced. 
The resulting solution was warmed in the water bath at 75-80° 
for 3 hr. and then poured into a solution of 8 g. of sodium hy
droxide in 250 ml. of water. The resulting cloudy mixture was 
treated with decolorizing carbon at room temperature with 
occasional stirring for 1 hr. and filtered. The clear filtrate was 
extracted with ether in a continuous extractor for 48 hr.

Evaporation of the dried (magnesium sulfate) ether extract 
from a water bath with the aid of a water aspirator gave a color
less oil which solidified on cooling or seeding to give 10.5-11 g. 
(80-83%) of snow white crystals of ¿-butyl carbazate, m.p.
39.5-41° (lit.6 m.p. 41-42°).

Reductions of 3,6-Diphenyl-s-tetrazine1,2

P r i c e  T r u i t t  a n d  L i n d a  T r u i t t  C r e a g h

Department of Chemistry, North Texas State University, 
Denton, Texas

Received January 16, 1963

In the course of attempting to prepare 3,6-bis(hy- 
droxymethyl)-s-tetrazine via the reduction of 3,6-bis- 
(carboxy)-s-tetrazine with lithium aluminum hydride, 
it became apparent that the tetrazine ring was cleaved. 
In order to facilitate the study of this reduction, 3,6- 
diphenyl-s-tetrazine2 (I) was utilized instead of the 3,6- 
bis(carboxy)-s-tetrazine since the former is much 
easier and cheaper to prepare.

When I is slowly added to an ether solution of lithium 
aluminum hydride, there is an immediate loss of red 
color. Hydrolysis of the reaction mixture gives a 
yellow, ether-soluble product. This product has been 
identified as benzalazine by means of melting point, 
nitrogen analysis, and mixture melting point with an 
authentic sample of benzalazine. The infrared spec
trum of this material is identical with that of benzala
zine.

Hydrazine is identified as one of the products by the 
addition of benzaldehyde to the aqueous hydrolyzate. 
A yellow solid is recovered from this reaction and is 
identified as benzalazine. Ammonia is not observed 
as a product of the reduction. Sodium borohydride 
gives essentially the same results in this reaction. The 
reaction of I with sodium dithionite gives only 1,2- 
dihydro-3,6-diphenyl-s-tetrazine.2’3 The reduction of 
this dihydrotetrazine with lithium aluminum hydride 
gives benzalazine. Benzalazine is not changed when 
an ether solution of it and lithium aluminum hydride are 
refluxed overnight. The reduction of 3,6-diphenyl-s- 
tetrazine or l,2-dihydro-3,6-diphenyl-s-tetrazine with 
zinc dust and acetic acid gives 3,5-diphenyl-1,2,4,477- 
triazole.4 This triazole is not changed when it is 
warmed with lithium aluminum hydride overnight.

(1) S u p p o rte d  b y  a  g r a n t  (C Y 3908) from  th e  N a tio n a l C an c e r I n s t i tu te ,  
N a tio n a l I n s t i tu te s  o f H e a lth , 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 elfare , B e th esd a , M d . P re se n te d  a t  th e  S o u th w e s t R eg io n a l M ee tin g  
of th e  A m erican  C hem ica l S ocie ty , D a lla s , T ex ., D ecem ber, 1962.

(2) A . P in n e r , B e r . ,  26, 2126 (1893).
(3) P . C h ab rie s  an d  S. H . R e n a rd , C o m p t .  r e n d . ,  230 , 1673 (1950).
(4) R . H u isgen , J .  S auer, a n d  M . Seidel, A n n .  C h e m . ,  654, 146 (1962).
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Experimental
Reduction of 3,6-diphenyl-s-tetrazine (II). (A) Lithium 

Aluminum Hydride Reduction.—A 1-1. three-necked flask was 
fitted with a nitrogen inlet tube, stirrer, and a condenser 
topped with a calcium chloride drying tube which in turn was 
connected to a water trap. The flask was charged with 3.0 g. of 
lithium aluminum hydride and 250 ml. of ether. A steady 
stream of nitrogen was passed through the flask and a solution 
of 10 g. (0.043 mole) of 3,6-diphenyl-s-tetrazine6 in 100 ml. of 
anhydrous ether was added as rapidly as possible through the 
condenser. There was an immediate loss of purple color. The 
mixture was refluxed on a steam bath for 1 hr.

The mixture was cooled and 15 ml. of water was added drop- 
wise. This was followed by the addition of 250 ml. of 10% sul
furic acid. The yellow ether layer was separated, dried over 
sodium sulfate, and the ether evaporated. A yellow solid (6.8 g.) 
was collected, m.p. 92-93°. This was identified as benzalazine.

Treatment of II with nitric acid did not produce the charac
teristic purple color of tetrazines. The material did not depress 
the melting point of an authentic sample of benzalazine6 and 
infrared spectrum was identical with that of benzalazine.

Anal. Calcd. for Ci4Hi2N2: N, 13.45. Found: N, 13.62.
A 10-ml. sample of the aqueous hydrolyzate from above was 

heated on a steam bath with 0.1 ml. of benzaldehyde. A yellow 
solid soon separated and was identified as benzalazine, m.p.
92-93°. The infrared spectrum was also identical with that of 
benzalazine.

(B) Sodium Borohydride Reduction.—This reduction was 
carried out in the same manner as A except that methanol was 
used as a solvent. Five grams of II gave 2.2 g. of benzalazine, 
m.p. 91-93°.

(C) Sodium Dithionite Reduction.—A solution of 3 g. (0.013 
mole) of II, 20 ml. of water, and 15.6 ml. of 4.6 N  sodium hy
droxide was warmed on a steam bath and 6 g. of sodium hydro
sulfite added over a period of 15 min. The mixture was stirred 
and heated until all of the purple color disappeared. The mix
ture was cooled, filtered, and the precipitate was washed with 
benzene. The product, m.p. 183-184° (closed tube) and 190- 
192° (open tube), was identical with 1,2-dihydro-3,6-diphenyl-s- 
tetrazine3 which had been previously prepared by the reduction 
of 3,6-diphenyl-s-tetrazine with hydrogen sulfide.7

(5) J .  A lleg retti, J .  H ancock , and R .  S . K n u tso n , J, Org. Chem., 27, 1463 
(1962).

(6 ) H . H . H a t t , “ Organic Syntheses,”  C o ll. Vo l. I I ,  Jo h n  W ile y  and Sons, 
In c . ,  N ew  Y o rk , N . Y . ,  1943, p . 395.

(7) T .  C u rtu is , À . D a ra p sky , and E .  M u lle r, Ber., 40, 815 (1907).

Some Reactions of Hexaphenyldilead

A d o l f  W. K r e b s 1 a n d  M a l c o l m  C. H e n r y

Organic Chemistry Laboratory, Pioneering Research Division, 
Quartermaster Research and Engineering Command,

Natick, Massachusetts

Received January 24, 196S

At elevated temperatures, hexaphenyldilead is de
composed into tetraphenyllead and elemental lead, two 
moles of starting material yielding three moles of tetra
phenyllead.2 In the presence of acids, however, de
composition of hexaphenyldilead takes place at room 
temperatures.34

Halogen acids cleave, in a stepwise sequence, two of 
the phenyllead bonds in tetraphenyllead to yield, in 
the first step, benzene and triphenyllead halide.

(1) Research Fe llo w  sponsored b y  the Lead  Industrie s Association, 292 
Madison A ve ., New Y o rk , N . Y .

(2) F o r a review , see R .  W . Leeper, L .  Sum m ers, and H . G ilm an , Chem. 
Rev., 54, 101 (1954).

(3) P . R . Austin , J. Am. Chem. Soc., 53, 1548, 3514 (1931); 54, 3726 
G 932).

(4) H . G ilm an  and J . C . B a ilie , ibid., 61, 731 (1939).

Triphenyllead halide in turn further reacts to form 
additional benzene and diphenyllead dihalide (reactions 
2 and 3). Hexaphenyldilead, in comparison, when 
treated with halogen acids yields lead halide as well as 
triphenyllead halide, diphenyllead dihalide, and ben
zene.

We were interested in two aspects of these reactions: 
(a) if hexaphenyldilead decomposes to tetraphenyllead 
in the molar ratio of 2 :3, why the combined yield of *he 
products, triphenyllead halide and diphenyllead di
halide, has never been reported to surpass 50%3'4 
and (b) how it is possible to form lead halide in view 
of the fact that it is not formed under similar conditions 
in the reaction of either tetraphenyllead, triphenyllead 
chloride, or diphenylleaddi halide with halogen acids.

We have found that hexaphenyldilead, in the presence 
of two molar equivalents of acetic acid, did not react 
at room temperature when n-heptane or benzene were 
used as solvents. At reflux temperatures, however, 
the reaction proceeded smoothly. The products ob
tained were benzene (90% based on acetic acid), lead 
acetate (41%), tetraphenyllead (25%), triphenyllead 
acetate (18%), and some unchanged hexaphenyldilead 
(3%). When hexaphenyldilead was refluxed in acetic 
acid, however, lead acetate and diphenyllead diacetate 
were the only products isolated. In a similar manner, 
excess thiolacetic acid reacted with hexaphenyldilead 
yielding similar amounts of analogous compounds.

In accounting for the products formed, we have con
sidered the following reaction scheme.

Ph6Pb2 ^=±: [2Ph3Ph] — >- Ph4Pb +  [Ph2Pb] (1)
Ph4Pb +  HOAc----PhaPbOAc +  PhH (2)

PhsPbOAc +  HOAc — >- Ph2Pb(OAc)2 +  PhH (3) 
[Ph2Pb] +  2HOAc — >- Pb(OAc)2 +  2PhH (4)

The initial assumption is that hexaphenyldilead is 
thermally decomposed in the presence of acetic acid to 
tetraphenyllead and the relatively unstable diphenyl
lead. In the presence of less than an excess of acetic 
acid, reactions 2 and 4 are competitive, thus account
ing for the formation of lead acetate, tetraphenyllead, 
and triphenyllead acetate. In the presence of excess 
acetic acid, reactions 2 and 3 go to completion and 
the final products are diphenyllead diacetate and lead 
acetate (via reaction 4).

Since triphenyllead acetate and diphenyllead di
acetate are thermally stable under the conditions used, 
the accounting for the formation of lead acetate by an 
alternate reaction to reaction 4, such as a dispro
portionation of the triphenyllead acetate and diphenyl
lead diacetate, was ruled out. As no hydrogen evolu
tion was observed during the reaction, it appeared 
equally unlikely that the formation of lead acetate 
occurred from reactions of elemental lead and acetic 
acid or between a triphenyllead hydride intermediate 
and acetic acid.

Hexaphenyldilead has been reported to react with 
oxygen to yield triphenyllead oxide.6 6 In an analogous 
reaction with sulfur, we obtained triphenyllead sulfide 
in 59% yield; however, it was interesting to note that 
detectable amounts of tetraphenyllead and diphenyl
lead sulfide could be identified as by-products. This 
lends support to the reaction sequence given, particu-

(5) E .  K rause  and G . G . Reissaus, Ber., 55, 888 (1922).
(6 ) G . B a h r, Z. ancrg. allgem. Chem., 253, 334 (1947).
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larly as it applies to the decomposition of hexaphenyl- 
dilead (reaction 1).

As final evidence for decomposition of hexaphenyl- 
dilead into tetraphenyllead and diphenyllead. we 
studied the reaction of hexaphenvldilead with 1,2- 
dibromoethane. Recent studies have shown that 
hexaethyldistannane when treated with 1,2-dibromo- 
ethane yields as the main products triethyltin bromide 
and ethylene.7 When hexaphenyldilead reacted with
1,2-dibromoethane, the only nonvolatile products were 
tetraphenyllead (81%) and lead bromide (98%) based 
upon the assumed disproportionation of diphenyllead 
to tetraphenyllead and elemental lead followed by the 
reaction sequence shown.

2Ph6Pb2— s- 2Ph4Pb +  [2Ph,Pb]
[2Ph2Pb] — ^  Ph4Pb +  Pb
2Ph6Pb2 — > 3Ph4Pb +  Pb (5)
Pb +  BrCH2CH2Br — ^  CH2=C H 2 +  PbBr28 (6)

It seems consistent with the experimental data now 
available that hexaphenyldilead undergoes an initial 
decomposition to tetraphenyllead and elemental lead 
via the unstable intermediate diphenyllead. In the 
presence of acids this initially formed diphenyllead re
acts to form lead acetate and benzene (reaction 4)..

This reaction scheme would also explain why, in the 
presence of acids, the combined yields of triphenyllead 
halide and diphenyllead dihalides are stoichiometrically 
limited to 50%.

Experimental

All reactions were followed and products identified bjr thin 
layer chromatographic techniques using silica gel G as a solid 
phase and either carbon tetrachloride or benzene-hexane mixtures 
as solvents. A dithizone spray (6 mg./lOO ml. of chloroform) 
was used. Triphenyllead compounds gave yellow spots, di
phenyllead compounds gave red spots, and tetraphenyllead gave 
no color reaction with dithizone. Tetraphenyllead gave a 
yellow spot using a permanganate spray.

Melting points were determined with a Thomas-Hoover melting 
point apparatus. Where possible, mixture melting points with 
authentic samples and comparison of infrared spectra with those 
of authentic samples were used as confirmatory identification of 
the products.

Hexaphenyldilead was prepared by the established Grignard 
method. Careful purification by successive recrystallizations 
resulted in thin layer chromatograms in which the complete 
absence of tetraphenyllead was demonstrated.

Hexaphenyldilead-Acetic Acid (Ratio 1:2).—Hexaphenyldi
lead, 4.38 g. (5.0 mmoles), and glacial acetic acid, 0.60 g. (10 
mmoles), dissolved in 50 ml. of n-heptane was refluxed for 3 hr. 
No visible evolution of hydrogen was noted during the reaction. 
During the 3-hr. period, the reaction was followed by thin layer 
chromatographic techniques as described. Periodic sampling 
showed the disappearance of hexaphenyldilead and the formation 
of tetraphenyllead, lead(II) acetate, and triphenyllead acetate. 
After completion of the reaction, the liquid phase was distilled and 
investigated using v.p.c. techniques. Vapor phase chromatog
raphy indicated the liquid phase to contain only n-heptane and 
benzene and by comparison of peak sizes, the amount of benzene 
obtained in the reaction was calculated to be 0.7 g. (90%). The 
solid residue remaining after the removal of the solvent (4.11 g.) 
was extracted with boiling chloroform. The insoluble residue 
(1.31 g.) consisted of lead acetate, identified by its solubility in 
water and black precipitate with hydrogen sulfide. From the

(7) G . A . R azu vaev , N . S . V yazan k in , and Y u  I .  Dergunov, .7. Gen, 
C h e m .  (E n g . T ra n s l .) , 30, 1339 (1960).

(8) R azu va ev7 has carried out the analogous reaction w ith  hexaethyld i- 
lead and obtained s im ila r results. T h e ir explanation of the form ation of 
tetraethyllead as a consequence of the disproportionation of trie th y liead  bro
mide appeared to be inconsistent w ith their prio r description of the therm al 
s ta b ility  of triethyliead  bromide.

chloroform extract, 1.27 g. of tetraphenyllead was precipitated 
by adding alcohol and identified by mixture melting point. The 
mother liquor contained 0.87 g. of triphenyllead acetate and 0.13 
g. of unchanged hexaphenyldilead, identified by mixture melting 
point and infrared spectra.

Hexaphenyldilead-Acetic Acid (Excess).—A solution of 
hexaphenyldilead, 2.20 g. (2.5 mmoles), was refluxed in 20 ml. of 
glacial acetic acid for 5 min. During the reaction period, a 
white precipitate formed which, after the reaction was complete, 
was filtered and extracted with chloroform. The residue (0.81 
g.) was shown to be lead(II) acetate (99%), identified as before; 
the filtrate was evaporated under vacuum; the residue, m.p. 203- 
206°, recrystallized from benzene-acetic acid to yield 1.41 g. 
(94%) of diphenyllead diacetate, m.p. 208-209°. Mixture 
melting point with an authentic sample gave no depression.

Hexaphenyldilead with Excess Thiolacetic Acid.—A solution of
2.20 g. (2.5 mmoles) of hexaphenyldilead was dissolved in 20 ml. 
of thiolacetic acid and refluxed for 5 min. During the reaction 
0.50 g. of a black precipitate of lead sulfide formed, apparently 
from decomposition of lead (II) thiolacetate. This corresponds 
to an 89% yield of the latter compound. From the filtrate, 
after removal of the excess thiolacetic acid, there was obtained
1.58 g. of residue which was recrystallized from ethanol to yield 
0.90 g. (70%) of diphenyllead dithiolacetate, m.p. 94-95°. 
Thin layer chromatography of the mother liquor showed some 
triphenyllead thiolacetate and possibly diphenyllead sulfide 
[(C6H5)2PbS]„.

Hexaphenyldilead with Sulfur.—A benzene solution of 64 mg. 
(2 mmoles) of sulfur was added to a benzene solution containing
1.75 g. (2 mmoles) of hexaphenyldilead and left to stand for 10 
days at room temperature. After 1 hr., the clear solution had 
become turbid. After 10 days, 20 mg. of precipitate was fil
tered and the solvent evaporated under vacuum to leave a 
residue of 1.68 g. The residue was dissolved in chloroform, 
alcohol added, and, after a few minutes, a colorless precipitate, 
0.43 g. (24%) of hexaphenyldilead, settled out of solution 
(identified by infrared spectra). Some tetraphenyllead could be 
detected in this precipitate using thin layer chromatography 
techniques. The solvent was partially removed from the mother 
liquor; the precipitate that formed was filtered and recrystallized 
from ethanol. The yield was 1.02 g. (59%) of bis(triphenyllead) 
sulfide, m.p. 139-140°, identified by mixture melting point with 
an authentic sample. The remaining mother liquor contained 
some diphenyllead sulfide and bis( triphenyllead) sulfide according 
to thin layer chromatography experiments.

Hexaphenyldilead with 1,2-Dibromoethane.—Hexaphenyldi
lead, 4.39 g. (5 mmoles), dissolved in 30 ml. of warm 1,2-dibromo
ethane was refluxed for 15 min. The solution turned yellow 
followed by the formation of a white precipitate. The precipitate 
was filtered (3.83 g.), washed with solvent, and ether extracted 
with hot chloroform and the insoluble portion filtered. The 
insoluble residue (0.9 g., 98%) was identified as lead bromide by 
classical techniques. The chloroform and original 1,2-dibromo
ethane filtrates were combined, the solvents removed under 
vacuum, and the residue recrystallized from chloroform to yield 
3.14 g. (81% yield) of tetraphenyllead, m.p. 226-228°. The 
filtrate contained some unchanged hexaphenyldilead as shown by 
thin layer chromatography experiments.

Friedel-Crafts Isom erization. VI. A lum inum  
Chloride-Catalyzed Isom erization 

of Fluorobiphenyls

G e o r g e  A .  O l a h  a n d  M a x  W . M e y e r

Contribution No. SO from The Exploratory Research Laboratory 
Dow Chemical of Canada, Ltd., Sarnia, Ontario, Canada

Received October 11, 1962

Examples of phenyl group migration in substituted 
aromatics under Friedel-Crafts isomerization condi
tions are not numerous. Weingarten1 reported re-

(1) I I .  W eingarten, J. Org. Chem., 27, 2024 (1962).
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cently on the aluminum chloride-induced isomerization 
of chlorinated biphenyls. Investigating the isomeriza
tion of mono- and dichlorobiphenyls he assumed the 
transition state of phenyl migration to consist of a 
bridged phenonium ion as postulated by Cram.2 In the 
isomerization of chlorobiphenyls, however, the data do 
not permit an unambiguous decision whether or not 
isomerization takes place exclusively by phenyl migra
tion without chlorine migration also being involved.

In the previous paper of this series3 we reported on 
the aluminum chloride-induced isomerization of ter- 
phenyls. Results were explained by an intramolecular
1,2-phenyl-shift mechanism. The equilibrium com
position of terphenyl contained 63% meta and 37% 
para isomer. The absence of orf/io-terphenyl from the 
equilibrium mixture was explained on the basis of steric 
hindrance.

Results and Discussions
It seemed to be of interest to extend our investiga

tions to the aluminum chloride-catalyzed isomerization 
of fluorobiphenyls. It was hoped that the results would 
give (a) an unambiguous example of phenyl migration 
in the isomerization of halobiphenyls, as it was es
tablished previously that ring bonded fluorine is unable 
to undergo intra- or intermolecular migration under 
Friedel-Crafts conditions,1-4 and (b) to obtain informa
tion on the steric ortho effect in the formation of ortho- 
halobiphenyls by comparing previous results involving 
chloro and phenyl substituents to the much smaller 
fluorine substituent.

Isomerization of ortho-, meta-, and paro-fluorobi- 
phenyls with water-promoted aluminum chloride cata
lysts was carried out under similar conditions to those 
described previously.3 The results are summarized in 
Table I.

The equilibrium mixture obtained starting with any 
one of the isomers contained about 13% ortho-, 58% 
meta-, and 29% para-fluorobiphenyl. There is little 
variation in the composition of final mixture with tem
perature and time. The isomer distribution does not 
appear to be influenced by halogen exchange and elec
trophilic arylation reactions which usually accompany 
Friedel-Crafts isomerizations,5 and the experimental 
isomer distribution is believed to be close to thermo
dynamic equilibrium. In all runs besides some chloro
biphenyls and biphenyl (3-10%) there were formed 
varying amounts of insoluble material of higher mo
lecular weight. The inability of ring bonded fluorine to 
undergo migration, as found in previous work,3 was 
confirmed in the present case. From Table I it ap
pears that ortho- and para-fluorobiphenyl isomerize by 
an intramolecular 1,2-phenyl shift, the other isomer 
appearing only after the formation of a substantial 
amount of meta. A 1,2-shift is also assumed in the 
isomerization of mcto-fluorobiphenyl.

A comparison of the isomer distribution of fluoro
biphenyls with that reported for chlorobiphenyls and 
terphenyls gives the following information on the 
amount of ortho isomer and, consequently, on the steric 
requirements of the substituent group (Table II).

(2) D. J, C ram , J. A m .  C h e m .  S o c 71, 3863 (1949).
(3) G. A. Olah and  M . W. M eyer, J. Org. C h e m . ,  27, 3682 (1962).
(4) G. A. Olah, W. S. Tolgyesi, a n d  R . E . Dear, i b i d . ,  27, 3441, 3449, 

3455 (1962).
(5) G. A.Olah and  M . W. M eyer, ibid., 27, 3464 (1962).

T a b l e  I

IsOMEBIZA-TION OF FLUOROBIPHENYLS WITH WATER-PROMOTED 
Aluminum Chloride

%  Fluorobiphenyl isom er d istribution
Reaction Tem p ., ortho meta para

tim e °C norm alized
2-Fluorobiphenyl

5 min. 140 95.7 3.8 0.5
7 59.3 30.8 9.9

10 42.7 43.5 13.8
15 23.8 54.6 21.6
30 20.0 56.6 23.4
60 18.9 57.5 23.6
24 hr. 12 57 31

275 13 58 29
5 min. 200 14.4 59.4 26.2

10 18.0 51.1 23.9
15 16.5 57.5 26.0
20 15.8 57.5 26.7
25 15.8 57.9 26.S
30 14.2 59.4 26.4
60 13 57 30

3-Fluorobiphenyl
60 min. 140 14.6 59.1 26.3

180 14 60 26
30 200 12 58 30
60 13 59 28

4-Fluorobiphenyl
2 min. 140 0 1.5 98.5
4 0 10.5 89.5
6 0 23.6 76.4

10 5.2 48.3 46.5
15 6.3 51.7 42.0
30 7.5 58.2 34.3
60 9.0 60.3 30.7

120 10.5 59.9 29.6
240 10.2 58.8 31.0

5 m:n. 200 10.5 58.0 31 5
10 9.9 60.6 29.5
15 11.2 58.4 30.4
20 12.1 57.4 30.5
25 11.9 58.5 29.6
30 12.6 56.4 31.0
60 11.5 58.0 30.5

T a b l e  I I

I s o m e r  D i s t r i b u t i o n  o f  S u b s t i t u t e d  B i p h e n y l s

R—CeHi—C6H6 
%  Isom er in  equilibrium  m ixture

R ortho meta para
F 13 58 29
Cl 3 64 33
C6H6 0 63 37

The decreasing amount of ortho isomer is in accord
ance with the increasing steric requirement of the 
following groups.

F < Cl < C9H5 

Experimental
Materials.—ortho- and para-fluorobiphenvl were obtained from 

Columbia Organic Chemicals Co., Columbia, S. C. meia-Fluoro- 
biphenyl was prepared using the procedure as given by Elks, 
Haworth, and Hey.6

Isomerization Procedure.—The amounts of substrate and cat
alyst in each experiment were 2.0 g. of fluorobiphenyl and 0.3 g. 
of A12C16. T o this mixture 0.01 ml. of water was added from a 
syringe. Isomerizations were carried out in sealed tubes. Prod

(6) J .  E lk s , J .  W . H aw orth , and D . H . H e y , J. Chem. Soc., 1940, 1284.
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ucts were recovered by extraction with boiling carbon disulfide 
in the presence of water. After drying with calcium chloride the 
extract was submitted to gas-liquid chromatographic and in
frared analysis. The infrared analysis was carried out using the 
following bands.

ori/io-Fluorobiphenyl.................................  1110 cm.-1
meia-Fluorobiphenyl..................................  879 cm.-1
para-Fluorobiphenyl.................................  837 cm.
Biphenyl....................................................  737 c m r1 *

The accuracy of the infrared analyses based on mixtures of 
known composition is within ±3 relative %. The gas-liquid 
chromatographic analysis has been reported previously.1

Separation of the ortho isomer from the meta-para isomer 
was good, that of meta from para reasonable with a higher error 
of determination when the meta isomer was present only in small 
amounts. Separation of para and meta isomers on more loosely 
packed columns than those used in previous work7 gave shorter 
retention times and poorer separation. It was possible to obtain 
partial separation of mela-para isomers by lowering the column 
temperature to 160° with retention times of meta isomer of 55.6 
and para isomer of 56.5 min. (Previous retention times at 190° 
were 38 and 40 min. on the tightly packed columns used, but only 
18 min. under the same conditions, without separation, on pres
ently used looser column.) As these conditions were unsatis
factory, isomer mixtures were analyzed by combining gas chro
matography and infrared analyses. The ortho isomer was well 
separable from the combined para-meta isomers by gas chromatog
raphy and the para and meta isomers could be determined by in
frared analysis. Golay columns (polypropylene glycol) were tried 
and found unsuitable for the para-mieta separation.

The normalized per cent isomers in Table I are believed to be 
correct to within ± 1  unit, based on treatment and analysis of 
mixtures of known composition.

Acknowledgment.—We thank Dr. D. S. Erley of the 
Chemical Physics Research Laboratory, The Dow 
Chemical Co., Midland, Michigan, for carrying out the 
infrared analyses.

(7) G. A. Olah and  W. S. Tolgyesi, J .  O r g . C h e m 26, 2053 (1961).
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In contrast to other types of spectroscopy used in 
organic chemistry, nuclear magnetic resonance spec
troscopy can be used for quantitative analytical meas
urements without the knowledge of extinction coeffi
cients, since such a coefficient is constant and inde
pendent of the chemical environment of the nuclei 
under inspection. This makes n.m.r. spectroscopy 
a very powerful quantitative tool. So far, its appli
cation1 includes the measurement of extent of isotope 
substitution, the analysis of mixtures, per cents of 
hydrogen, proton counting, and interpretation of 
spectra in general, where integration is combined with 
chemical shift and splittings measurements.

We propose to apply n.m.r. integration for the 
determination of molecular weights. The method 
consists of comparing the integrated intensities of an 
added standard and a recognizable peak or group of

(1) “ Q uan tita tive  M easurem ents by  High Resolution N M R ," Varian
Associates technical inform ation  bulletin , Vol. 3, No. 1.

peaks of the unknown in a solution containing a known 
weight of standard and unknown. The molecular 
weight is then given by the following formula.

I , n W  M s
I  n. Ws

M  = the molecular weight of the unknown 
I s = the intensity of the standard 
I  = the intensity of the unknown
n = the number of protons in the recognizable peak or 

group of peaks of the unknown 
Mb = the number of protons of the standard peak 
W = the weight of the unknown 
IK, = the weight of standard 
Ms — the molecular weight of standard

The method can be combined with taking the
n.m.r. spectrum of the unknown; the only extra work 
required is the weighing of sample and standard, and 
the calculation. The values are not affected by dis
sociation and solvent interaction phenomena or various 
other effects that cause great errors in methods depend
ent on ideality in colligative properties of liquids. 
The error resulting from impurities is proportional to 
their weight and not to the molar amount. On the 
assumption that most impurities are smaller molecules 
than the unknown, this method gives smaller errors 
than the cryoscopic, etc., methods. The standard also 
serves as a marker for chemical shift calibration. 
Hopefully, in the future n.m.r. tubes and spectrometers 
can be standardized, stabilized, and precalibrated well 
enough, so that precise integrations can be performed 
without the use of a standard, similarly to our present- 
day ultraviolet intensity measurements.

On the other hand the method requires that at least 
one peak or group of peaks of the unknown be recog
nized as to the number of protons it contains; this 
absorption should not overlap with others, since other
wise the integration is very subjective. Molecules 
related as monomers and symmetrical dimers cannot 
easily be distinguished by the n.m.r. method, since 
they show very similar spectra. In some other cases 
too, difficulties arise in assigning a chosen absorption 
the number of hydrogens it represents. In general, 
however, one knows which hydrogens of a known 
starting material should end up unchanged in an 
unknown product under given reaction conditions, and 
use those for the determination. The choice can best 
be made once the n.m.r. spectrum is taken and perhaps 
integrated.

Experimental

The Standard.—Based on our experience the most suitable 
standard is hexamethyl cyclotrisiloxane, m.p. 64.5°, b.p. 133°, 
a very soluble inert solid, which can be removed by sublimation. 
There is no loss by sublimation if it is weighed last and dissolved 
and stoppered immediately. Its absorption at 9 c.p.s. is con
veniently outside other absorptions. Any other (preferably) 
single peak pure material can be used as standard if its absorption 
can be separately seen in the spectrum. All these standards 
mark the chemical shift scale at the same time, and no tetra- 
methylsilane is needed. Other possible standards include: 
iodoform at 294, benzoquinone at 406, p-dinitrobenzene at 507, 
and 1,3,5-trinitrobenzene at 566 c.p.s. The nitroaromatic 
standards should be used with caution, since occasional complex 
formation with aromatic unknowns offsets the results.

Procedure.—The unknown and standard should be weighed 
into the n.m.r. tube to give about equal intensities, completely 
homogenized with solvent, the spectrum taken, integrated, the 
chosen absorption and standard individually integrated accu
rately, utilizing the full chart range for the bigger of the two,
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T a ble  I
T est  of M olecular  W eig h t  D eterm in a tio n  by N .m .r .

M, M, Peaks used for
Unknow n caled. found integration

Acenaphthene 154.20 155.3“ c2h 4
148.3
152.9
152.4 Aromatic hydro
150.6 gens
153.6

4-i-Butylcyclo-
hexanol

cis and trans 156.26 150.3 i-Butyl group
mixture 150.1 H-C-O-

Dehydroabietonitrile 281.42 271.3 Four methyls
267.5 Aromatic Ha

2,4-Bispentarnethyl- 266.33 272.4 Methyl ester
enespiro-5-carboxy-
methylene-l,3-di-
oxacyclopentane in
form of methyl ester

2-p-Anisoylprcpionic 222.23 214.5 Lower aromatic H2
acid Me ester 223.0 Higher aromatic H2

217.7 Aromatic methoxy
211.0 Methyl ester
217.3 2-Methylene
226.0 H10 of Me’s and

C2H4
221.6 Aromatic H4

Anisaldéhyde 136.14 138.7 Methoxy
141.7 Aromatic H4

Iodoform 393.78 392.5 Single peak
Benzoquinone 108.09 110.9
p-Dinitrobenzene 168.11 174.1
1,3,5-Trinitrobenzene 213.11 221.9
Diphenylacetie acid 212.24 211.7 Tertiary H
Cholesterol 386.64 374. Sb Olefinic H
1,2-Diaeetoxy-4-p- 278.29 280.1 Lower aromatic H2

anisylbutene-3 271.0 Higher aromatic H2,
lower olefinic H

290.8 Acetates
288.8
283.6
270.5 Aromatic H4,

lower olefinic H
268.0 Higher olefinic

H-C-O-
281.9 Aromatic H4,

olefinic C2H2,
H-C-O-

p-Anisylacetic acid 166.18 163.0 Methylene,
167.1 methoxy
162.4 Lower aromatic H2

p-i-Butylacetanilide 191.26 198.8 Acetyl
196.86
187.0 ¿-Butyl

“ Different values based on the same peaks were determined 
using different Rt field strength and sweep time. s 1,3,5-Tri
nitrobenzene used as standard. Hexamethylcyclotrisiloxane 
served as standard in all other determinations.

tracing about five times in both directions. Substitute the 
average intensities and the weights into the formula. Note 
that for the purposes of the determination any solvent can be 
used whose absorption lies outside the standard and region of 
interest.

Possible Sources of Error.—Inhomogeneity might cause stand
ard and unknown to be exposed to different field strength inside 
the probe. Hydroxyl groups exchange with moisture in the 
solvent and should not be used in the determination. Overlap 
of peaks can seriously reduce the accuracy of the integration. 
Note that if two peaks of unequal intensity and/or shape overlap, 
it is erroneous to cut the region by a vertical line at the lowest

T a ble  II
E xam ples  of C onditions  for  M ea surem ents  on th e  Varian  

A 60 S pectro m eter

Filt. bandwidth 1 1 1 1
Rt field 0.02 0.12 0.6 0.14
Sw. time 500 500 50 500
Sw. width 500 1000 500 1000
Sw. offset 0 0 0 0
Spect. amplitude 1 . 6 10 32 4
Int. amplitude 20 50 20 8
Spin Yes Yes No Yes
Standard Sil" SiF SiF SiF
Mg. 110.8 11.852 51.6 35.7
Meq. 8.99 0.961 4.18 2.89
Unknown a CHL b C

Mg. 254.8 64.383 101.5 87.4
Obsd. peaks C2H4 CHL Arom. Ac
Meq. peaks 6.608 0.1636 1.083 1.372
No. traces 5 +  5 1 +  1 5 +  5 1 +  1
Solvent CDCL CDCL CCI4 CDCL
Ml. 0.5 0.5 0 . 6 0.9
“ Acenaphthene. 6 Dehydroabietonitrile. c p-f-Butylacet- 

anilide. d Sil, hexamethylcyclotrisiloxane.

point of the spectrum between the peaks. Errors from impurities, 
inaccurate weighing or reading of the integral are self-evident.

Procedures for precise integration are discussed in operating 
manuals; we mention only a few crucial points here. Saturation 
must be avoided. Errors from saturation are greatest if sample 
and unknown peak are of unequal shape or size. Fluctuations 
due to instability (noise) are corrected by averaging several 
traces. If overlap is not produced by peak broadening, the 
sample spinning can be stopped, much higher Rt field used with
out saturation, and noise greatly reduced.

Tables I and II illustrate the usefulness of the new method 
and give the relevant information on the conditions of some cf the 
measurements.

Acknowledgment.—The author wishes to express his 
gratitude to Dr. Gerald Dudek and Professor E. J. 
Corey for helpful comments and discussions and to the 
U. S. Public Health Service for a fellowship.
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Although hexafluorocyclopropane has been known 
for some time,1 hexachlorocyclopropane has not been 
reported previously.2 We have prepared this compound

(1) A. F. Benning, F. B. Downing, and J. D . P ark , to  K inetic Chemicals, 
Inc., U. S. P a ten t 2,394,581 (F ebruary  12, 1946).

(2) As this com m unication was being prepared to go to press, an  a b strac t 
by  S. W. Tobey and  R, C. W est reported  the synthesis of hexachlorocyclo
propane from tetrachloroethylene, chloroform, and potassium  hydroxide. 
Their work was presented before the  136th N ational M eeting of the  American 
Chemical Society, A tlantic C ity, N . J., Septem ber, 1962. M ore recently  
we learned through a  referee th a t  W. R. M oore, S. IS. K rikorian, and  J. E . 
LaPrade also have prepared this com pound and  m easured its  m ass spectrum .
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C12C=CC12 +  CC12— > C12C----- CCI2
\ /c

Cl2

by the reaction of dichlorocarbene with tetrachloroeth- 
ylene.

Experimental
A mixture of 204 ml. (2 moles) of tetrachloroethylene, 25 ml. of 

dimethoxyethane, and 185 g. (1 mole) of sodium trichloroacetate 
was stirred and refluxed until no more carbon dioxide was evolved 
(about 20 hr.). The cooled mixture was filtered, the sodium 
chloride was washed with three 50-ml. portions of »-hexane, and 
the combined filtrate and washings were distilled at 150 torr. to a 
final flask temperature of 115 °. The residue solidified on cooling. 
It was dissolved in 100 ml. of n-pentane; the solution was filtered 
and chilled to —60°. The crystals (31 g.) were recrystallized 
from absolute ethanol with a little charcoal to give 26 g. of 
hexachlorocyclopropane melting at 106°. (Found: C, 14.4; Cl,
85.3. C3C16 requires: C, 14.5; Cl, 85.5.)

Results
Hexachlorocyclopropane is a white, crystalline solid 

with a terpene odor. I t volatilizes readily at room 
temperature if left in the open; it is stable at 30° to 
acid, base, and permanganate. The low yield— 
10.4%, based on sodium trichloroacetate—might have 
been anticipated. Dichlorocarbene as a strong electro
phile adds readily to olefins with electron-donating sub
stituents, but would not be expected to give good 
yields with a highly chlorinated olefin. The composi
tion of the other reaction products is being investigated.

The mass spectrum of hexachlorocyclopropane shows 
a progression of ions of well defined identity. Peaks 
occur in groups, the profiles of which correspond to 
statistical distributions of Cl36 and Cl87 atoms in 
natural abundance3 and hence define clearly the 
number of chlorine atoms contained. Thus, the 
spectrum shows: C3C18+, C3C14+, C3C13+, C3Cb+,
C3C1+, C3+; C2Cl4+, C2C13+, a C l2+, C,C1+; CCI,+, 
CC12+, CC1+; Cl2+, and C1+. This spectrum was com
pared with that of the open-chain isomer, hexachloro- 
propene, and the spectra of the chlorinated isomers, 
in turn, were compared with those of cyclopropane and 
propene.

The four spectra are shown in Table I, with intensities 
expressed as per cents of total ion current. In the 
interest of simplicity, intensities of the isotopic variants 
of each ionic species have been summed; thus, the 
yield of each ion in the spectrum is measured by a 
single intensity value. Agreement between our spec
trum of hexachloropropene and that reported earlier4 
is only fair; however, the earlier report gave no in
formation either on the source and purity of the 
sample or on experimental conditions used in measuring 
the spectrum. The samples used in our work included 
commercial material and that made in our laboratories 
by dehydrochlorinating both symmetrical and asym
metrical heptachloropropanes with potassium hy
droxide in methanol.5 They all contained appreciable 
amounts of impurities, of which methyl trichloroacrylate 
was a major component; these impurities were not 
reduced below about 5% by gas chromatography.

(3) J . H . Beynon, “ M ass Spectrom etry  and  its  A pplications to  Organic 
C hem istry ,”  D. Van N ostrand  Com pany, Princeton, N . J ., 1960.

(4) H . R. Harless, presented before A .S .T .M . C om m ittee E-14 on M ass 
Spectrom etry , Chicago, 111., June, 1961.

(5) F. Bergm ann and  L . Haskelberg, J .  A m ,  C h e m .  S o c 63, 1437 (1941).

T a ble  I
M ass Spectra  of C3C16 and C3H6 I somers

Hexachloro-
Ion, cyclo- Hexachloro- Cyclo-

X  =  Cl or H  propane® propene®’0 propane Propene

C3Xe + 2.39 24.8 16.2
C3X5 + 37.6 32.5 23.2 25.9
c 3x 4+ 0.35 1.68 7.67 6.97
C3X P 6.68 11.2 18.1 20.1
C Ä  + 4.74 9.56 3.82 5.52
C3X + 5.84 7.32 2,92 4.20
C P 2.41 3.41 0.55 0.84
o 2x p 4.72 0.24 0.54
( h x p 1.84 0.98 9.45 10.7
C2X2+ 3.92 2.95 3.54 3.51
C2X+ 1.13 0.86 0.65 0.85
CXP 9.83 9.43 1.38 1.91
c x 2+ 5.62 1.71 1.80 1.39
c x + 6.27 4.19 0.74 0.74
c+ b b 0.46 0.55
X2+ 0.21 0.24 0.12 0.55
x + 5.75 6.83 c C

C3X6+2 2.13
C3X5+2 1.16
C3X4+2 0.39
C3X3+2 0.12
c 3x 2+2 0.97
C3x + 2 0.01
X2+2 0.52 c e

Species containing 4, 5, 
and 6 carbons 2 . 2 i d

a Corrected for HC1, presumably formed by a wall reaction 
in the ionization chamber. HC1 accounted for 0.76% of total 
ion intensity in the spectrum of hexachlorocyclopropane and 
1.20% in that of hexachloropropene. 6 Corrected for 3.6 vol. % 
methyl trichloroacrylate. c Not measured. d Due to unknown 
impurities.

Spectra of the chlorinated compounds were measured 
on a Consolidated Model 21-103 instrument with the 
inlet system at a temperature of 140° for the cyclic 
isomer and 250° for the olefin. Those of the hydro
carbons were measured on another 21-103 instrument 
with the inlet system at room temperature. All 
measurements were made with 70-v. electrons.

The spectra of the C3C16 isomers are generally similar, 
showing pronounced differences in relative intensity 
for only three singly charged ions: C3C16+, C2C14+, 
and CC12+. Respective intensities of these ions in 
the spectrum of hexachlorocyclopropane are zero6 and 
greater by factors of 20 and 3 than in that of the 
olefinic isomer. Spectra of the hydrocarbon analogs 
resemble each other even more closely. The parent 
peak of cyclopropane is the more intense by a factor of
1.5 and is, indeed, the most intense peak in the spec
trum of this compound. Intensity of C2H4+ in the 
spectrum of cyclopropane is only one-ninth that of 
C2C14+ in the spectrum of hexachlorocyclopropane; 
the spectrum of propene shows no measurable yield of 
C2H4+. Intensities of CH2+ in the two spectra differ 
but little. Distributions of doubly charged ions in the 
spectra of the chlorinated compounds differ sharply 
but, at present, inexplicably.

(6) We are indebted  to the referee for calling a tten tio n  to a  d iscrepancy 
betw een the  spectrum  of W. R . M oore, e t  a l . ,  and  an  earlier spectrum  of ours, 
m easured w ith  th e  inlet system  a t  250°, which contained sm all CaCh* peaks. 
Reducing the  tem pera tu re  to 140° removed these peaks, su b stan tia tin g  D r. 
M oore’s suggestion th a t  the  higher tem pera tu re  causes pyrolysis of hexa
chlorocyclopropane even a t  the  low sample pressure, 20 to  30 to rr., in  the 
in le t system . A bout 15% conversion to hexachloropropene had  occurred; 
no o ther p roducts were apparent.
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The close similarity of the spectra of CsX6 (X = H 
or Cl) isomer pairs, like that of C?H8 isomers,7'8 sug
gests that the isomers decompose under electron impact 
largely through common intermediates. In the case 
of the hydrocarbons, support for this suggestion can be 
drawn from evidence, based on appearance-potential 
measurements, that the C3H6+ ion derived from cyclo
propane does not have the cyclopropyl structure and is, 
in fact, the same chemical species as C8H5+ ions derived 
from acyclic compounds.910

The differences between the spectra of isomers sug
gest that all or most of the C2X4+ and part of the CX2+ 
are formed directly from parent ions with the original 
cyclopropane structure. The reactions involved pre
sumably resemble the reverse of that by which hexa- 
chlorocyclopropane was synthesized. The differences 
between the spectra of chlorinated and unchlorinated 
species apparently reflect the greater difficulty of forma
tion of C3CI6 from, and lower stability with respect to, 
C2C14 and CC12 than of CsH6 with respect to C2H4 and 
CH2. Such a view is in accord with the poor yield ob
tained by us in the synthesis of hexachlorocyclopropane 
and with chemical evidence indicating that CC12 is 
more stable than CH2. For example, dichlorocarbene 
is easily generated by low-energy processes such as the 
reaction of base with chloroform11 or thermal de
composition of sodium trichloroacetate12; preparation 
of methylene, on the other hand, requires photolysis of 
ketene or diazomethane.13

(7) S. M eyerscn and P. N. R ylander, J .  C h e m .  P h y s . ,  27, 901 (1957).
(8) S. M eyerson, J . D . M cCollum, and  P. N . R ylander, J .  A m .  C h e m .  S o c . ,  

83, 1401 (1961).
(9) F. H. Field, J .  C h e m . P h y s . ,  20, 1734 (1952).
(10) R. F . Pottie, A. G. H arrison, and F. P . Lossing, J .  A m .  C h e m . S o c . ,  

83, 3204 (1961).
(11) W. von E . Doering and  A. K. Hoffmann, i b i d . ,  76, 6162 (1954).
(12; W. M . W agner, P r o c .  C h e m .  S o c .  (London), 229 (1959).
(13) W. Kirmse, A n g e w .  C h e m . ,  73, 161 (1961).
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o- and p  -Carbomethoxycu myl Chlorides

J. L. C o tter , L. J. An d rew s , and R. M. K e e f e r
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Davis, California
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The solvolysis of o-carbophenoxybenzhydryl bro
mide takes place much more rapidly than does that of 
its para isomer.1 The relatively high reactivity of the 
ortho isomer has been explained on the assumption that 
its carbophenoxy group can participate electronically in 
the activation process by releasing electrons to the 
vacant p-orbital developing at the reaction center. 
The o- and p-carbomethoxybenzyl bromides, on the 
other hand, solvolyze at comparable rates. Failure of 
the carbomethoxy group to participate effectively in the 
reaction of the «-substituted benzyl bromide has been 
explained1'2 on the assumption that it is highly critical 
energetically for the development of positive charge on

(1) A. Singh, L. J . Andrews, and  R . M . Keefer, J .  A m .  C h e m .  S o c . ,  84, 
1179 (1962).

(2) R . E . Lovins, L. J . Andrews, and R. M . Keefer, i b i d . ,  84, 3959 (1962).

carbon at the reaction center that the p-orbital which is 
being vacated overlap the x electrons of the aromatic 
nucleus. For maximum overlap of this type the tri
gonal valences of the carbon atom in question must 
lie in the ring plane, an arrangement which is not favor
able for effective participation by the carbomethoxy 
group.

The present investigation, in which the hydrolysis 
rates of cumyl chloride and its o- and p-carbomethoxy 
derivatives have been determined, has been conducted 
to ascertain whether or not it is also important for 
stabilization of the cumyl cation (I), which is tertiary 
in character, that the vacant p-orbital on the exocyclic 
carbon overlap the x molecular orbital of the ring.

A summary of the results of the rate runs is given in 
Table I. As should be characteristic of a solvolysis 
in which bond breaking, rather than bond making, is the 
dominant feature of the activation process,3 the electron- 
withdrawing carbomethoxy substituent has been found 
to have a strong deactivating influence in cumyl chlo-

T a ble  I
R ate C onstants for  H ydrolysis of t h e  S ubstituted  C umyl 

C hlo rides

Solvent,
lOHRClh %  aqueous Tem p., 10 5fcs,
mole/I. acetone® °C. sec. ~ l

Cumyl chloride [C6H5C(CH3)2C1]
5.00 80 25.0 103
9.56 85 25.0 68.8
1.76 90 25.0 15.0

11.3 90 25.0 14.4
16.6 90 25.0 14.5

Av. fa (90% aq. acetone) 14.6

p-Carbomethoxyeumyl chloride6

3.69 70 25.0 4.68
8.06 70 25.0 4.65

10.8 70 25.0 3.68
Av. k. (25.0°) 4.34

3.86 70 36.0 19.0
7.66 70 36.0 14.8
8.36 70 36.0 14.9

Av. fa (36.0°) 16.2

o-Carbomethoxycumyl chloride'
3.04 70 25.0 11.3
3.94 70 25.0 11.0
6.65 70 25.0 9.2

Av. kt (25.0°) 10.5

4.04 70 36.0 36.8
4.45 70 36.0 33.6

Av. fa (36.0°) 35.2
“ Prepared by mixing 100> — x volumes of acetone with x

volumes of water to give (100 — x)%  of aqueous acetone.
b Values of Aa = 22 kcal./mole and A<S* = — 7 e.u.. have been
calculated for p-carbomethoxycumyl chloride using the average 
fa values at 25.0° and 36.0°. c Values of Ka = 19 kcal./mole 
and AS* = —16 e.u. have been calculated for o-carbomethoxy- 
cumyl chloride using the average kB values at 25.0° and 36.0°.

(3) C. G. Swain and W. P . Langsdorf, J r .,  i b i d . ,  73, 2813 (1951),
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ride hydrolysis (cf. ka values for the substituted and 
unsubstituted halides). Evidence that ortho participa
tion makes a dramatically significant contribution to 
the activation process for hydrolysis of o-carbome- 
thoxycumyl chloride has not been found. Under com
parable conditions the hydrolysis rate constant for the
o-substituted halide is only twice that for the -para iso
mer. Since in those cases in which the substituents are 
functionally incapable of participation the o-substituted 
benzyl,1 cumyl,4'5 and benzhydryl1 halides are (prob
ably because of unfavorable steric situations) generally 
somewhat less reactive than their para isomers,1 it can
not be concluded that the o-COOR group makes no 
contribution as a neighboring group in the hydrolysis 
of o-carbomethoxycumyl chloride. It does, however, 
appear that the o-COOR group participates consider
ably more effectively in benzhydryl halide solvolysis 
than in cumyl halide solvolysis. Two possible ex
planations for this difference may be proposed on the 
grounds that a perpendicular orientation of the plane 
of the trigonal bonds to the exocyclic carbon atom with 
respect to the ring plane is not the most favored con
formation for the cumyl cation (it is assumed in this 
discussion that the organic moiety of the transition 
state for hydrolysis of a cumyl halide is carbonium ion
like in character). Such a conformation provides for 
maximum ortho substituent participation.

It is proposed first that for maximum stabilization 
the vacant p-orbital of o-carbomethoxycumyl cation 
must indeed overlap the t orbital of the aromatic 
nucleus to a significant degree. In order that the plane 
of the trigonal valences of the exocyclic carbon of the 
latter ion fully coincide with the ring plane, the carbo- 
alkoxy group must, for steric reasons, be twisted some
what out of the ring plane. The fact that o-carbo- 
methoxycumyl chloride is somewhat more reactive than 
its para isomer may result, at least in part, because the 
carbomethoxy group of the ortho substituted halide is 
sterically prevented from entering the ring plane and 
thus cannot exert fully its electron-withdrawing effects 
on the polarization of the C-Cl bond.

Alternately it is proposed that the conformational 
situation in the o-carbomethoxycumyl cation is ac
tually such as to provide for maximum electron release 
by the carbomethoxy group to the reaction center. 
If this is the case, the stabilizing effect thus produced 
by the carbomethoxy group must be canceled to a 
considerable degree by the loss of stability which results 
because under these circumstances the vacant p-orbital 
at the reaction center cannot overlap the w orbital of the 
aromatic nucleus.

Experimental
Methyl o- and p-Isopropylbenzoates.—A sample of Eastman 

Organic Chemicals p-isopropylbenzoic acid was converted to the 
acid chloride by refluxing for 4 hr. with thionyl chloride. The 
excess thionyl chloride was removed by distillation, and the 
residue was added drop wise to methanol. The resulting solution 
was refluxed for 30 min. and then distilled to obtain methyl 
p-isopropylbenzoate, b.p. 124° (16 mm.), n2sd 1.6080.

Anal. Calcd. for C11H14O2: C, 74.13; H, 7.92. Pound: C,
74.49; H, 7.70.

To prepare methyl o-isopropylbenzoate, cumene was first 
nitrated by the procedure of Brown and Bonner,6 and the 0-

(4) H . C. Brown, J . I). B rady, M . Grayson, and  W. H. Bonner, J .  A m .  

C h e m .  S o c . ,  79, 1897 (1957).
(5) H. C. Brown, Y. O kam oto, and G. H am , ibid., 79, 1906 11957).
(6) H . C. Brown and W. H. Bonner, i b i d . ,  76, 605 (1954).

and p-nitrocumenes were separated by fractionation at reduced 
pressure. The p-nitrocumene, b.p. 127° (12.6 mm.), thus 
obtained was converted to 2-bromo-4-nitrocumene, b.p. 166-172° 
(26 mm.), by treatment with bromine in the presence of silver 
sulfate.7 The 2-bromo-4-nitrocumene was reduced to the 
corresponding amine, b.p. 175-178° (48 mm.), and the latter was 
deaminated by treatment of its diazonium salt with hypophos- 
phorus acid,7 to provide o-bromocumene, b.p. 104—110° (22.5 
mm.), n26D 1.5398. This was converted to o-isopropylphenyl- 
magnesium bromide by reaction with magnesium, activated with 
iodine, in tetrohydrofuran, and the Grignard reagent was carbon
ated4 to provide o-isopropylbenzoic acid, m.p. 61-64° (lit.4 
m.p. 63-64°). The acid was converted to methyl o-isopropyl
benzoate, b.p. 114-115° (16 mm.), n25d 1.5065, by the same 
procedure used in esterifying its para isomer.

Anal. Calcd. for CuE^O»: C, 74.13; H, 7.92. Found: 
C, 74.60; H, 7.88.

Preparation of the Cumyl Chlorides by Photochlorination.—
Cumene and methyl 0- and p-isopropylbenzoates undergo photo
chlorination rapidly in carbon tetrachloride. All attempts 
which have been made to isolate pure samples of the carbo- 
methoxycumyl chlorides from the crude photochlorination prod
ucts of the esters have been unsuccessful. Like other substituted 
cumyl chlorides4 these are highly unstable (with respect to the 
loss of hydrogen chloride) in the pure state. A procedure has, 
therefore, been developed for preparing crude samples of cumyl 
chloride and its carbomethoxy derivatives by photochlorination 
of cumene, or its substitution products, with considerably less 
than a molar equivalent of chlorine (to avoid formation of 
polychlorination products). Generally a substantial amount of 
chlorine was lost by volatilization during the photochlorination 
process. As documented later in more detail, a sample of 
cumyl chloride prepared in this way was essentially identical, 
insofar as solvolysis rate was concerned, with another sample 
prepared from phenyldimethylcarbinol and hydrogen chloride.

A typical preparation of a sample for rate work, using methyl 
o-isopropylbenzoate as starting material, is described. A 9.0-g. 
(0.051 mole) sample of the ester was cooled to 0°, and 25 ml. of a 
solution of 1.76 M  chlorine in carbon tetrachloride (established by 
iodometric analysis) was added dropwise to the ester with stirring. 
The mixture was irradiated simultaneously in a manner similar 
to that used for photobromination of substituted toluenes.8 
When addition of the chlorine solution was complete, the solvent 
was removed over a 1-hr. period at room temperature using a 
rotary film evaporator. The residue contained traces of carbon 
tetrachloride, removable only by prolonged evaporation, a 
procedure which was avoided because of possible decomposition 
of the substituted cumyl chloride.

To initiate a rate run a 5.04-g. sample of the colorless residue 
was diluted to 50.0 ml. with 70% aqueous acetone. A 5.00-ml. 
sample of this solution was dissolved in 75 ml. of aqueous ethanol, 
and the resultant solution was immediately analyzed for chloride 
by the addition of 5.00 ml. of 0.1 N  standard silver nitrate solu
tion followed by back titration with standard 0.1 A7 potassium 
thiocyanate according to the usual Volhard procedure. Assum
ing that tertiary chlorides, but not primary or secondary chlo
rides, are rapidly solvolyzed, in 80% aqueous ethanol9 under 
these conditions, the initial concentration of o-carbomethoxy
cumyl chloride in the aqueous acetone solution was calculated 
as 6.65 X 10 “2 M .

The Rate Runs with the Cumyl Chlorides.—Aqueous acetone 
solutions were prepared from the crude photochlorination prod
uct as described in the preceding paragraph. Samples (5 
ml.) of these rate mixtures were removed from time to time and 
shaken with mixtures of water and ether. The chloride contents 
of the aqueous phases were determined by the addition of 5 ml. 
of 0.1 N  silver nitrate followed by back titration with 0.1 N  
potassium thiocyanate solution using the standard Volhard 
procedures. Other details of the kinetic experiments, including 
the purification of solvents, were much the same as those of 
earlier experiments on the solvolysis of benzyl and benzhydryl 
bromides.1

The solvolysis rate constants, kB, as defined in equation 1

-d[R X ]/d t = &[RX] (1)

(7) M. Crawford and F. H. C. Stew art, J .  C h e m .  S o c . ,  4443 (1952).
(8) E . L. Eliel and D. E. R ivard, J .  O r g .  C h e m . ,  17, 1252 (1952).
(9) G. A. Russell and H. C. Brown, J .  A m .  C h e m .  S o c . ,  77, 4025 (1955) .
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were calculated from the slopes of plots log ( [v\ —v„]/[vt — !>„]) 
vs. time, where v is the volume of standard potassium thio
cyanate solution used in the Volhard analysis of rate samples 
and the subscripts, i, t, and ■*>, apply, respectively, to samples 
taken at the outset of reaction, at time t and at infinite reaction 
time. These plots generally were linear to at least 80% of com
pletion of the reactions, and the analysis for chloride ion at infinite 
reaction time checked well with the analysis for tertiary chloride 
at the outset of reaction (see preceding).

Two sets of check experiments were conducted to establish the 
validity of rate constants obtained in runs with unpurified 
samples of the carbomethoxycum.yl chlorides (obtained by the 
photochlorination procedure) as comparative measures of the 
relative reactivities of the tertiary halides. In the first case a 
pure sample of cumyl chloride was prepared from phenyldimethyl- 
carbinol and hydrogen chloride4 and its solvolysis rate in 90% 
aqueous acetone at 25° was compared with that of a crude sample 
prepared by photochlorination of cumene in an over-all proce
dure similar to that described for the runs on the carbomethoxy- 
cumyl chlorides. The hs values for these two samples were re
spectively 14.5 X 10-6 sec. -1 and 15.1 X 10-5 sec.-1.

The second check experiment was designed to determine the 
possible influence of unphotochlorinated cumenes and of traces 
of carbon tetrachloride solvent on solvolysis rate constants 
evaluated in rate runs using crude samples of the cumyl chlorides 
(prepared by the photochlorination procedure described earlier). 
A sample of cumyl chloride, prepared from phenyldimethylcarbi- 
nol and hydrogen chloride, was used in making a rate run (25°) 
in which the initial concentrations of materials in 90% aqueous 
acetone solution were 0.113 M  cumyl chloride, 0.590 M  carbon 
tetrachloride, and 0.31 M  cumene. The ka value for this run 
was 14.4 X 10-5 sec.-1

Acknowledgment.—The authors are indebted to the 
National Science Foundation for a grant in support of 
this research.
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While preparing 3,6-dichloropyridazine (I), Druey 
and co-workers3 isolated a small amount of another 
compound which on the basis of analytical, molecular 
weight, and infrared data was assigned the structure
3- (3 '-chloro-6 '(I'H )-pyridazinonyl) -6- chloropyridazine
(II).

II Cl

Feuer and Rubenstein4 published experimental 
details for obtaining this product in small yield (less 
than 11%) by means of a long and tedious process.

(1) Presented  before th e  Pacific Southw est Regional M eeting of the 
American Chem ical Society, D ecem ber 1, 1962.

(2) For paper I, see P . Coad, R . A. Coad, S. Clough, J . Hyepock, R. 
Salisbury, and C. W ilkins, J .  O r g .  C h e m ., 28, 218 (1963).

(3) J. Druey, K. M eier, and K. Eichenborger, H e l v .  C h i m .  A c t a ,  37, 121 
(1954).

(4) H. Feuer and H . R ubenstein, J .  O r g .  C h e m . ,  24, 811 (1959).

Since compound II would be a starting material with 
interesting possibilities for synthetic work, possessing 
two halogens with strikingly different activities toward 
substitution, a search was undertaken in this laboratory 
for a synthetic route for preparation of this compound 
from readily obtainable materials.

The approach to this goal was to accomplish a nu
cleophilic displacement of one of the halogens of com
pound I using 0-chloro-8- (2H)-pyridazi none (III) as 
the nucleophile. It is of interest to note the difference 
of activity toward nucleophilic substitution of the 
chloro atom in compound III and the chloro atoms in 
compound I. Actually, compound III is prepared by 
boiling compound I in 3 N  sodium hydroxide6 or in 10% 
hydrochloric acid.6 Once the pyridazinone is formed, 
the remaining chloro atom is stable toward nucleo
philic attack by these reagents. Since attempts to syn
thesize II in an aqueous media failed,3 4 different sol
vents were tested, such as xylene, tetrahydronaphtha- 
lene, and dichloropyridazine, the latter being the most 
successful. With a molar ratio of dichloropyridazine 
to 6-chloro-3 (277)-pyridazinone of 2:1, yields averaging 
66% of compound II were obtained. In addition, a 
small amount (about 11%) of a higher melting com
pound was obtained which differed markedly in physical 
properties and solubility from compound II. Ele
mental and spectral analysis suggest the formation of a 
bispyridazinonylpyridazine, compound IV.

IV

By changing the molar ratio of 3,6-dichloropyridazine 
to 6-chloro-3 (277)-pyridazinone from 2:1 to the re
verse ratio, 1:2, a 75% yield of compound IV was ob
tained. Compound IV was also prepared by heating 
compound II with excess compound III. It is of in
terest to note that compound III is stable at tempera
tures well over 200° and does not react with itself. 
Thus, the nucleophilic attack on compound II clearly 
occurs at the pvridazine ring carbon to give compound
IV.

This method was used successfully to prepare 3- 
(6'(l'//)-pyridazinonyl)-6-chloropyridazine (V) and 3,-
6-bis(6 '(lV 7)-pyridazinonyl)pyridazine (VI). 3,6-Di-
chloropyridazine (I) was condensed with 3 (217) pyri
dazinone (VII) in the preceding manner. Compound 
VII forms an extremely stable hydrate.7 Anhydrous 
VII was prepared previously by decarboxylation8’9 of 
carboxy-3 (277)-pyridazinone or by hydrogenation of
4,5-dichloro-3(277)-pyridazinone12 with isolation ac
cording to special techniques described by Eichenberger

(5) S. D u Breuil, i b i d . ,  26, 3382 (1961).
(6) H . Feuer and  H . R ubenstein, J .  A m .  C h e m .  S o c . ,  80, 5873 (1958).
(7) C. G rundm ann, B e r . ,  81, 6 (1948).
(8) F . M cM illan and J . A. King, J .  A m .  C h e m .  Soc., 77, 3376 (1955).
(9) S. Gabriel, B e r ., 42, 657 (1909).
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and co-workers10 and by Igeta.11 The method of 
Mowry12 was employed. However, significant im
provements in the synthesis of 4,5-dichloro-3(2ii)-pyrid- 
azinone and in the isolation of anhydrous VII have 
been made.

From the reaction of I with anhydrous VII, 3-(6'~ 
(l'fi)-pyridazinonyl)-6-chloropyridazine (V) was ob
tained in yields of approximately 33%. Only traces of 
compound VI (5% or less) could ever be obtained in 
this reaction regardless of variation of ratio of reac
tants, solvents, temperature, reaction time, or pH. 
Traces (approximately 5%) of a new compound were 
isolated, and on the basis of elemental and spectral 
analysis and chemical solubility it has been assigned 
the tentative structure, VIII. The major product in 
each run was black polymeric material. A small part 
of tins polymeric material was soluble in acid; a second 
small part was soluble in base; and the major portion 
was not soluble in acid, base, or common organic 
solvents.

The polymeric material was formed due to the ac
tivity of the hydrogens a to the ring nitrogen in 
compounds V, VI, and VII. It should be noted that 
a hydrogens are lacking in compounds II, III, and 
IV, and polymerization does not occur in these cases. 
Thus, the bifunctional nature of compound VII as an 
attacking nucleophile with centers at ring atoms 2 and 6 
becomes monofunctional in compound III with the 
lone center at ring atom 2 due to the replacement of the 
hydrogen at ring atom 6 with the more electronegative 
chlorine atom.

Experimental
3,6-Dichloropyridazine (I) was prepared by the method of 

Coad, Coad, et al.,2 from maleic hydrazide and phosphorus oxy
chloride with one modification. After the maleic hydrazide had 
dissolved in the phosphorus oxychloride, an equivalent amount of 
granular sodium chloride was added with a resulting evolution of 
hydrogen chloride. The mixture was heated an additional hour 
and was cooled, triturated, and extracted as previously described. 
Dichloropyridazine was obtained in a yield of 54%, m.p. 67-68° 
(lit.2 39%, m.p. 67-68°).

3-(3'-Chloro-6'(l'//)-pyridazinonyl)-6-chloropyridazine (II).—
A finely ground mixture of 5.96 g. (0.04 mole) of 3,6-dichloro- 
pyridazine and 5.35 g. (0.041 mole) of 6-chloro-3(2//)-pyridazi- 
none6 was placed in a three-necked flask equipped with a thermom
eter, a nitrogen inlet, and an exit tube. The exit tube was 
connected to a trap cooled with an ice-salt bath. The exit gases 
were titrated with standardized sodium hydroxide to follow the 
course of the reaction. The flask was heated in an oil bath 
maintained at 134°. The internal temperature of the contents of 
the flask was 120°. Gas was evolved continuously from the 
surface of the solution. At the end of 20 min. a second phase 
appeared. The reaction was stopped at the end of 30 min. by 
sudden cooling of the flask in an ice bath. Sweeping with nitro

(10) K. Eichenberger, R . Rom etsch, and  J . Druey, H e l v .  C h i m .  A c t a ,  

39, 1755 (1956).
(11) H . Igeta , C h e m . P h a r m .  B u l l . ,  8, 559 (1960).
(12) T . M owry, J .  A m .  C h e m .  S o c . ,  75, 1909 (1953).

gen was continued until all of the hydrogen chloride gas was 
removed. There was titrated 0.037 equivalent of acid. The 
solid was removed from the flask, powdered, and thoroughly 
ground in 50 ml. of cold 1 N  sodium hydroxide, and separated by 
filtration. The solid was added to 50 ml. of cold water. The 
supernatant liquid was neutralized with cold hydrochloric acid. 
The mixture was filtered. The residue was extracted with three 
100-ml. portions of boiling water. The extracts were combined 
and cooled. Slightly beige crystals of II were formed giving 3.0 
g., m.p. 149-151°. An additional amount, 3.5 g., m.p. 149-151°, 
of II was obtained by concentrating the filtrate to 50 ml. and 
cooling, yielding a total of 6.5 g. (67%) of II. Recrystallization 
from cyclohexane gave white needles, m.p. 151-152°. This 
material has an infrared spectrum identical with authentic II as 
prepared by the method of Feuer and Rubenstein.4 From the 
residue which was not dissolved during the hot water extractions,
l .  5 g., m.p. 263-264°, of pure compound IV was isolated.

3,6-Bis(3 '-chloro-6 '(1 'H )-pyridazinonyl )pyridazine (IV).—An 
intimately ground mixture of 5.96 g. (0.04 mole) of I and 10.44 g. 
(0.08 mole) of III was placed in a flask equipped as before. 
The bath was warmed to 160°, and hydrogen chloride was rapidly 
evolved. After 45 min. 0.064 mole of hydrogen chloride (80% of 
the stoichiometric amount) was evolved and the reaction rate 
markedly decreased. The mixture was poured into a mortar and 
ground with 100 ml. of cold 1 N  sodium hydroxide solution and 
separated by filtration. The solid was treated with 150 ml. of 
water and the supernatant liquid was neutralized with hydro
chloric acid. The mixture was boiled for 15 min. and filtered 
hot. This was repeated with an additional 500 ml. of boiling 
water. There remained a light gray powder, 10.1 g. (75% yield),
m. p. 263-264°, infrared carbonyl band at 5.93 ¡x. White crystals 
could be obtained from dioxane by continuous extraction of the 
light gray solid for 48 hr. However, only the color was altered. 
Melting point, analysis, and spectrum did not change.

Anal. Calcd. for CnHeChNeCh: C, 42.73; H, 1.77; N, 
24.92; Cl, 21.02. Found: C, 42.68; H, 1.86; N, 24.14; 
Cl, 20.1.

4,5-Dichloro-3(2//)-pyridazinone.—The method of Mowry12 
was modified. To a solution of 34 g. of hydrazine (95%) and 
500 ml. of water was added 110 ml. of concentrated hydrochloric 
acid. The solution was placed in a flask equipped for stirring 
and was heated to boiling. A boiling solution of 169 g. (1 mole) 
of mucochloric acid and 200 ml. of water was added slowly with 
stirring. The reaction was exothermic and heat was discontinued 
during the course of the addition. The mixture was stirred for 
15 min. and filtered warm. The precipitate was a beige solid, 
157 g. (95.2%), m.p. 200-202° (lit. m.p. 201-202°).12

3(2//)-Pyridazinone (VII). A. From 6-Chloro-3(2//)-pyrid- 
azinone (III). B. From 4,5-Dichloro-3(2Z/)-pyridazinone.—The 
Parr hydrogenation apparatus was used in the hydrogenolysis of 
0.4 mole of the respective halopyridazine using Shellacol,13 a slight 
excess of coned, ammonium hydroxide, and 5.0 g. of activated 10% 
palladium on carbon. The solution was cooled and filtered. 
The residue was washed with 50 ml. of Shellacol. The solution 
and wash were combined and flash distilled using a bath tempera
ture of at least 120° to prevent foaming and bumping. When the 
total volume was reduced to about 70 ml., 150 ml. of dry xylene 
was added and distillation was continued with a bath tempera
ture of about 160°. When the distillation temperature reached 
139°, an additional 150 ml. of hot dry xylene was added. The 
mixture was filtered hot, stoppered, and allowed to cool. Long 
pale yellow needles formed at room temperature to give 32 g. 
(85%), m.p. 102-103° (lit.9 m.p. 103-104°).

3-(6'(l'//)-Pyridazinonyl)-6-chloropyridazine (V). A. Tetra- 
lin as Solvent. Type I.—In a flask equipped with a thermometer, 
a nitrogen inlet, a dropping funnel, and a reflux condenser with 
exit tube, was placed 29.8 g. (0.2 mole) of I and 50 ml. of tetra- 
lin. The flask was heated with an oil bath at 205°; the internal 
temperature varied from 180-195° during the course of the 
reaction. Over a period of 1 hr. a hot solution of 9.6 g. (0.1 
mole) of VII in 50 ml. of tetralin was added through the dropping 
funnel. The reaction was continued for 2 hr. with smooth evolu
tion of hydrogen chloride, at which time 0.09 equivalent of 
hj'drogen chloride had been evolved. The mixture was filtered 
hot to remove a black solid. The bulk of this solid was insoluble 
in acid, base, and the usual organic solvents. The hot tetralin 
filtrate was cooled overnight. Beige crystals, 8.2 g., were 
formed which were fractionally recrystallized from Shellacol and

(13) Com m ercial Solvents Corp. anhydrous denatu red  ethanol.
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decolorized. The less soluble material, VIII, was isolated as 
white crystals, 1.5 g., m. p. 239-240°. The more soluble material 
was V. I t  was isolated as white crystals and recrystallized 
from butanol to give 6.6 g. (33%), m.p. 173-174°, carbonyl 
band at 5.92 fi.

Anal. Calcd. for CsH5C1N40: N, 26.87; Cl, 16.94. Found: 
N, 26.17; Cl, 16.6.

Type II.—Using a molar ratio of 1:1 of compounds I  and VII 
with the conditions described earlier, the yield of V dropped to
5.0 g. (25%). No compound VIII was found.

B. Compound I as Solvent.—Into an erlenmeyer flask 
equipped with a magnetic stirrer and thermometer was placed
30.0 g. of I. The flask was warmed to 130°. Over a period of 
45 min. 9.6 g. of VII was added. The yellow solution turned 
black and copious amounts of hydrogen chloride were evolved. 
The black melt was poured directly into a mortar, allowed to 
solidify, and ground to a fine powder. The powder (39.0 g.) 
was extracted for 4 hr. in a Soxhlet extractor. There remained 
after extraction 17.5 g. of the powder. This black powder was 
boiled in 500 ml. of Shellaeol and filtered hot. The precipitate,
5.0 g., was a black solid, the bulk of which was not soluble in base, 
acid, nor the usual organic solvents. The hot Shellaeol solution 
was treated with Norit and cooled. A black solid, 6.7 g., was 
separated. When recrystallized from butanol, using Norit as a 
decolorizing agent, there were produced white needles, 5.0 g. 
(25%), m.p. 173-174°.

C. Compound VII as Solvent.—In a three-necked flask 
equipped as described previously, was placed a finely ground 
mixture of 19.6 g. (0.2 mole) of VII and 14.9 g. (0.1 mole) of I. 
Once the internal temperature reached 118° the reaction became 
violent and exothermic. I t  was completed in 10 min. The 
black solid was removed from the flask, ground to a powder, and 
triturated consecutively with 3 N  ammonium hydroxide, 300 ml. 
of Shellaeol, and 300 ml. of ether. The black solid, 12.0 g., was 
extracted using a Soxhlet extractor for 48 hr. with dioxane. From 
the dioxane was isolated 1.3 g. of VI, m.p. 244-245°. None of 
compound V was isolated from the Shellaeol fraction.

Acknowledgment.—-The authors express their grati
tude to Miss June Hyepock for preparation of several 
of the starting materials. The authors are indebted 
to the Analytical Staff of Riker Laboratories, Inc., 
Northridge, California, for providing analytical data.

The Pyrolysis of Pyrazineethanol 
and 2-PyridineethanoI

3

mentation (equation 2) that of a unimolecular reaction, 
a change in the preheater assembly should affect the 
ratios of the products formed. The glass wool in the 
preheater, serving as a site for bimolecular elimination, 
was removed leaving the preheater as a hot tube with 
greatly diminished surface area. Samples of 1 were 
then chromatographed giving only traces of decomposi
tion at 225° and about 85% decomposition at 380°. 
From ratios of peak areas it was estimated that the de
composition proceeded almost exclusively (~99%) via 
equation 2, whereas with a packed preheater about 
10% of the decomposition proceeded via equation 1. 
That the decomposition products were in fact 2, 3, and 
4 was established by comparison of derivatives, reten
tion times, and physical measurements of collected 
samples.

Based on the foregoing observations the following 
mechanism involving a cyclic transition state was con
sidered for the formation of 3 and 4 from 1.

■N.

ry, ^
f t f
H ot-C ILO

As a test of this hypothesis samples of 2-pyridine- 
ethanol (5) and 4-pyridineethanol (6) were chromato
graphed over a range of preheater temperatures. Com
pounds 1 and 5 are structurally analogous and should 
undergo an analogous pyrolytic breakdown, while 6, 
though electrically similar,2 does not embody the struc
tural features required for facile fragmentation.

I k v in g  M. G o l d m a n 1

Department of Chemistry, Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts

Received February 4, 1963

Gas chromatographic examination of a sample o  ̂
pyrazineethanol (1) revealed the presence of small 
amounts of three lower boiling substances with reten
tion-times corresponding to vinylpyrazine (2), methyl- 
pyrazine (3), and formaldehyde (4). On the assump
tion that these minor peaks did not represent impurities 
in 1 but were artefacts formed in the preheater 
240°) of the chromatography column according to 
equations 1 and 2, samples of 1 were chromatographed 
at progressively higher preheater temperatures giving 
correspondingly larger amounts of the more volatile 
substances. At a preheater temperature of 370° only 
about 20% of the injected sample emerged unchanged.

If the dehydration (equation 1) were the result of a 
base-catalyzed bimolecular elimination and the frag

(1) (a) R esearch Associate, 1958-1960; (b) M edical R esearch L abora
tories, Chas. Pfizer and Co. Inc ., G roton, Conn.

CH2CH2OH

Samples of 5 were chromatographed at preheater tem
peratures of 195° to 390° giving the anticipated prod
ucts (equation 3). As in the pyrolysis of 1, only 
traces of decomposition occurred at 195° with progres
sively more up to about 90% at 390°. In analogy to

the pyrolysis of 1 about a per cent of 8 was formed. An 
additional small broad peak which emerged from the 
column prior to unchanged 5 was observed in the lower 
temperature runs and was shown to be 8, probably

(2) For discussions of sim ilarity  betw een the  pyridine 2- and  4-positions 
see (a) W . E . D oering and  R. A. N . Weil, J .  A m .  C h e m .  S o c . ,  69, 2461 (1947) 
and  (b) H . S. M osher, “ T he C hem istry  of th e  P yrid ines”  in E lder field, 
“ Heterocyclic C om pounds,” Vol. I, John  W iley and  Sons, Inc., New York, 
N. Y., 1950, p. 397.
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formed by dehydration of 5 during passage through the 
column.

The decomposition pattern seen in the chromatograms 
of 1 and 5 was not shown by 4-pyridineethanol (6). 
Samples of 6 were chromatographed at temperatures of 
190° to 355° giving over the entire range about 5% de
composition to 4-vinylpyridine, as seen in the appear
ance of a broad peak emerging prior to unchanged 6. 
The increased amount of column dehydration of 6 over 
5 is consistent with the possibility that the amines 
themselves catalyzed the dehydrations. At 355° there 
was only a suggestion of decomposition of 6 in the pre
heater. The pattern of small peaks indicated that the 
fragmentations at this temperature might be going via 
a different mechanism.8 9 10 11

Although these experimental findings do not rig
orously establish the mechanism or pyrolytic break
down of 1 and 5, they are consistent with the postulated 
cyclic transition state. The assumption of a unimolecu- 
lar mechanism is supported by (1) the observation that 
higher preheater temperatures (which would lead to in
creased vaporization of the injected samples) led to 
increased decomposition of 1 and 5 without affecting 6,
(2) the fact that both 5 and 6 are easily dehydrated 
when heated in the liquid state,3 4 and (3) reports that 
1, 5, and 6 are smoothly converted to the corresponding 
olefins when heated in the presence of potassium hy
droxide.5'6

The enamines of 3 and 7 which would be formed di
rectly in the pyrolyses of 1 and 5 are thought to tau- 
tomerize rapidly upon contact with the column packing. 
The proposed cyclic transition state is directly analo
gous to many of those from the ever-increasing catalog 
of reactions which are postulated to occur via 6-ring 
transition states. In another closely analogous reac
tion it has been shown that the carbinol 9 is converted 
to harmine and 2-methylcyclohexanone upon being

heated in a test tube at 240°.7 7 This interesting degra
dation was explained in terms of the same 6-ring transi
tion state as was postulated before, although the possi
bility of a bimolecular reaction in the melt is not ex
cluded.

Experimental8

Gas Chromatography. Pyrolysis.—The pyrolyses were carried 
out in the preheater section of a conventional gas chromatography

(3) Phenethyl alcohol exhibited a  sim ilar decom position p a tte rn  a t pre
heater tem pera tu res of 345—390°. F o r pyrolysis of phenethyl alcohol, see 
L. R. H erndon and  E. E. Reid, J .  A m .  C h e m .  S o c . ,  50, 3066 (1928).

(4) E . Profft, C h e m .  T e c h .  (Berlin), 8, 378 (1956).
(5) (a) L. J . K itchen and  E . S. H anson, J .  A m .  C h e m .  S o c . ,  73, 1838 

(1951): (b) J . M eisenheimer, J . Neresheimer, and  W. Schneider, A n n . ,  420, 
190 (1920).

(6) C f .  J . D . B ehun and  R . Levine, J .  A m .  C h e m .  S o c . ,  81, 5666 (1959),
who have dem onstra ted  a base-catalyzed reversal in  the  substitu ted  pyrazine- 
e thanol series (1,1-diphenylpyrazineethanol) where the  steric requirem ents 
favored th e  reversal (to  m ethylpyrazine and  benzophenone) ra th e r th a n  
dehydration.

apparatus. The short (12 X 90 mm.) glass preheater was heated 
by an external spiral of resistance wire. Preheater (pyrolysis) 
temperatures are probably correct to about ± 10° (external ther
mocouple). Helium was used at a flow rate of about 60 cc./min. 
A U-shaped Pyrex column (8 mm. o.d. X 7 ft.) was packed to a 
point 5 cm. from the preheater section. The column packing con
sisted of 30% of Dow-Corning “550” silicone fluid on Johns- 
Manville 60/80-mesh Chromosorb which had been pretreated 
with 3% methanolic potassium hydroxide. The exit to the de
tector block was constructed so as to facilitate sample collection 
in Dry Ice-cooled capillaries.

Materials.—Methylpyrazine (Wyandotte), and 2- and 4- 
methylpyridine (Eastman) were used without further purifica
tion. 2-Pyridineethanol (Aldrich) was purified by distillation, 
n26D 1.5359 (lit.5an20D 1.5374). The picrates of these substances 
were prepared in the usual way. Methylpyrazine picrate (ethyl 
acetate) had m.p. (capillary) 129-131° (lit.9 m.p. 133°).
2-Mehtylpyridine picrate (methanol) had m.p. (capillary) 166- 
167.5° (lit.10 m.p. 165°). 2-Pyridineethanol picrate (ethyl ace
tate) had m.p. (hot stage) 120.5-121° (lit.11 m.p. 120-121°).

Pyrazineethanol was prepared according to Kitchen and Han
son.6* The pure material (b.p. 84° at 0.5 mm.) had n 25D  1.5362 
lit.6a m 26) d  1.5378); picrate (ethyl acetate), m.p. (hot stage) 73- 
74°.

Anal.12 Calcd. for C,2H „08N5: 0,40.80; H, 3.14; N, 19.83. 
Found: C, 40.84; H, 3.18; N, 20.13.

Vinylpyrazine was available in 80% yield from pyrazine- 
ethanol.5a The pure olefin had re 25D  1.5542 (lit.6a n 20D  1.5565); 
picrate (ethanol), m.p. (capillary) 100-101.5° dec. (Iit.6a m.p. 
101°). Ultraviolet spectrum (ethanol): 229.5 m¿t, e 12,900;
286.5 m^, e 6900. The olefin instantly decolorized 2% perman
ganate whereas pyrazineethanol did not.

4-Pyridineethanol was prepared from 4-methylpyridine and 
formalin,13 n 2 i d  1.5410 (lit.14 n25d 1.5388), m.p. 8-9.5° (lit.14 15 
m.p. 13.1-13.3°); mol. wt., 123 (mass spectrum)16 *; m.p. (hot 
stage) 133-134.5° (lit.5b m.p. 134-135°).

4-Yinylpyridine14 was synthesized from 4-pyridineethanol by 
distillation from potassium hydroxide at 130°. The pure olefin 
had 243 m,u; picrate (benzene), m.p. (capillary) (135-160° 
changed form) 200-204° dec. (lit.5b m.p. 198-199° dec., sinter
ing at 158-165°).

Pyrolysis of Pyrazineethanol (Preliminary Runs).—Preheater 
(pyrolysis section) was packed with glass wool; column T, 205°; 
sample size, 2 /d. Pyrazineethanol was chromatographed at pre
heater temperatures of 245, 285, 315, 350, and 370° giving trace, 
trace, 10, 50, and 80% decomposition, respectively.16 New 
peaks appeared at retention times corresponding to those of air (a 
triplet with one major peak), methylpyrazine, and vinylpyrazine. 
Ratios of peak areas of vinylpyrazine to methylpyrazine were 3, 
1, and V9 at pyrolysis temperatures of 245, 285, and 370°, re
spectively.

Pyrolysis of Pyrazineethanol (Final Runs).—Preheater was 
empty; column T, 190°; sample size6 ¡A. Pyrazineethanol was 
chromatographed unchanged at preheater T, 190° (infrared spec
trum of eluate, retention time 13.6 min.). Pyrazineethanol was 
then chromatographed at preheater temperatures of 225, 265, 
305, 340, 360, and 380° giving <1, <1, 10, 30, 60, and 85% de
composition, respectively, to increasing amounts of two sub
stances with retention times of 0.8 and 2.7 min. The first peak 
(0.8 min.) was identified as formaldehyde by passage of the 
effluent helium through 3 ml. of an aqueous dimedon solution and

(7) C. F . H uebner, H . B. M acPhiïlam y, A. F . S t. André, and  E . Schlittler, 
J .  A m .  C h e m .  S o c . ,  77, 472 (1955).

(8) M elting points were taken  on a Kofler hot-stage microscope or in open 
capillaries (as noted) and  are no t corrected.

(9) C. Stoehr, J .  p r a k t .  C h e m . ,  51, 464 (1895).
(10) A. Ladenburg, A n n . ,  247, 7 (1888).
(11) W. Koenigs and G. H appe, B e r . ,  35, 1343 (1902).
(12) M icroanalysis by  S. M . Nagy, M assachusetts In s titu te  of Tech

nology.
(13) E . E . M ikhlina and  M . V. R ubtsov, Z h .  O b s h c h .  K h i m . ,  28, 103 

(1958); C h e m .  A b s t r . ,  52, 12864 (1958).
(14) H . C. Brown and  N. R. E ldred, J .  A m .  C h e m .  S o c . ,  71, 445 (1949).
(15) T he au th o r is gratefu l to  Prof. B iem ann for th is  spectrum  and  in te r

pretation .
(16) As approxim ated by  decrease in area of th e  peak  corresponding to

pyrazineethanol, 2- or 4-pyridineethanol.
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isolation (after 16 hr.) of formaldimedon (ethanol-water), m.p.
192-192.5°, pure or mixed with an authentic sample. The second 
peak (2.7 min.) was condensed in a small capillary and identified 
asmethylpyrazine; infrared spectrum (carbon tetrachloride) iden
tical with that of authentic material; picrate (ethyl acetate), m.p. 
127°, softening at 128.5-130.5°, pure or mixed with an authentic 
sample of methylpyrazine picrate (m.p. 129-131°).

A third peak corresponding in retention time (4.1 min.) to 
vinylpyrazine built up gradually to about 1% yield at 380°. 
Collection of this substance did not afford enough material for 
derivative formation, but instantaneous decoloration of perman
ganate provided additional support for the assignment of vinyl
pyrazine to this peak.

Pyrolysisof 2-Pyridineethanol.17—Preheater was empty; column 
T, 190°; sample size, 6 ¿d. 2-Pyridineethanol was chromato
graphed essentially unchanged18 at preheater T, 190° (infrared 
spectrum of eluate, retention time 11.2 min.). 2-Pyridineethanol 
was then chromatographed at preheater temperatures of 195, 
230, 265, 285, 310, 340, 370, and 390° giving <1, ~ 1 , 5, 10, 35, 
55, 70, and 90% decomposition, respectively, to increasing 
amounts of two substances with retention times of 0.8 and 2.6 
min. The first peak (0.8 min.) was identified as formaldehyde by 
conversion to formaldimedon (see preceding). Second peak (2.6 
min.) was identified as 2-methylpyridine; infrared spectrum 
(chloroform); picrate (methanol), m.p. 165°, softening at 166- 
167°, pure or mixed with an authentics ample of 2-methylpyridine 
picrate. A third peak of retention time 4.0 min. built up gradu
ally to about 1% yield at 370-390°. Two collections of this sub
stance did not afford material for derivative formation. This 
material decolorized permanganate instantly' and showed 
235 m^,19 thereby supporting the assignment of 2-vinylpyridine 
to this peak. A fourth broad peak, retention time 5.4—8.4 min., 
was present in the low-temperature runs but diminished in in
tensity at higher temperatures. Small samples were collected 
from 215° runs. This material decolorized permanganate in
stantly and showed XX®‘a°H 235 and 277.5 m^.19 An infrared 
spectrum (very weak, cavity cell, chloroform) showed all of the 
major bands for 2-vinylpyridine.20

Pyrolysis of 4-Pyridineethanol.—Preheater was empty; column 
T, 190°; sample size, 6 /d- 4-Pyridineethanol was chromato
graphed at temperatures of 190, 240, 280, 320, and 355° giving 
over the entire range about 5% decomposition to a low, broad 
peak of retention time 6.8-13.6 min. At 355° there was only a 
small amount (~1% ) of decomposition in the preheater to form 
peaks with retention times of 0.8, 1.0, 2.8, 3.2, 3.7, and 5.1 min. 
—a pattern which was qualitatively similar to that from a sample 
of phenethyl alcohol.4 The main peak, retention time 18.4 min., 
was collected and identified as unchanged 4-pyridineethanol (in
frared spectrum, chloroform). Material collected from the broad 
peak decolorized permanganate instantly and showed X®la°H 243 
m/x. An infrared spectrum (weak, cavity cell, chloroform) showed 
all of the major bands for 4-vinylpyridine.

Pyrazineethanol and 2-pyridineethanol21 can form strong intra
molecular H-bonds. I t  is interesting to compare the retention 
times of pyrazineethanol (13.6 min.) and 2-pyridineethanol (11.2 
min.) with that of 4-pyridineethanol (18.4 min.) which cannot 
form an intramolecular H-bond.22

Acknowledgment.—The author is indebted to Dr. 
Max Stoll of Firmenich et Cie., Geneva, for generous 
financial support, to Dr. F. D. Greene for helpful dis
cussions, and to Professor G. Buchi for many useful 
suggestions and continuing encouragement.

(17) In  a  prelim inary ru n  w ith a  p reheater packed w ith glass wool 2- 
pyridineethanol was chrom atographed over a  range of p reheater tem 
peratures. The decom position was analogous to  th a t  from th e  correspond
ing series with pyrazineethanol: new peaks emerged a t  re ten tion  tim es cor
responding to  air, m ethylpyridine, and 2-vinylpyridine (estim ated; no com
parison w ith au then tic  m aterial).

(18) Small peaks (~ 1 % ) a t  4.0 and  5.8-8.4 min.
(19) Sam ple rinsed from collection capillary directly  in to  cuvette. R . P. 

M ariella, L. F. A. Peterson, and  R. C . Ferris, J .  A m .  C h e m .  S o c . ,  70, 1494 
(1948), repo rt for 2-vinylpyridine Xmax 235 m/x, log t  4.1, and Xmax 278, 
m/x, log e 3.7.

(20) Satdler curve #6654.
(21) P . R . Schleyer, C. W intner, D . S. T rifan, and R. Bacskai, T e t r a 

h e d r o n  L e t t e r s , 14, 1 (1959), repo rt for 2-pyridineethanol Ar =  205.
(22) C. H. D eP uy  and  P. R . Story, T e t r a h e d r o n  L e t t e r s ,  6, 20 (1959), 

rep o rt th a t  in ternal H-bonding decreases re ten tion  time.
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A recent communication2 regarding the separation of 
cis- and irafts-cycloalkanediols by means of n-binyl- 
boronic acid prompts us to report some observations 
made about two years ago regarding the separation of 
the corresponding monoalkyl ethers by means of a 
lithium aluminum hydride-aluminum chloride reagent.3 
In attempts to equilibrate the epimeric 4-methoxycyelo- 
hexanols by this reagent (presumably4-5 A1HC12) as 
previously described for the corresponding 4-methyl- 
cyclohexanols6 we observed the immediate formation of 
a granular precipitate when ethereal solutions of the 
two alcohols were mixed with similar solutions of the 
hydride reagent. When the precipitate was collected, 
washed with ether, and then slurried with fresh ether and 
treated with 10% aqueous sulfuric acid, the 4-methoxy- 
cyclohexanol recovered from the ether layer was almost 
exclusively ( >95%) the cis isomer as indicated by gas 
chromatographic analysis and preparation of the 
known7 crystalline p-toluenesulfonate. In contrast, 
decomposition of the ethereal filtrate with 10% sulfuric 
acid led to ;rans-4-methoxycyclohexanol, identified by 
its crystalline hydrogen phthalate,7 and shown, gas 
chromatographically, to be 87% isomerically pure.

Similar results were obtained with the 3-methoxy- 
cyclohexanols. Here, again, the precipitated material 
returned mainly cis-3-methoxycyclohexanol (90% pure 
by gas chromatography), identified by its hydrogen 
phthalate,8 whereas the filtrate yielded the hitherto 
unknown iraws-3-methoxycyclohexanol, characterized 
as its 3,5-diritrobenzoate, in over 99% purity.

It was further observed that: (a) no separation oc
curred with the 2-methoxycyclohexanols (a precipitate 
formed but, upon decomposition, it yielded a mixture 
of isomers identical with the starting mixture); (b) 
the 4-methoxycyclohexanols yielded no precipitate with 
aluminum chloride alone and with lithium aluminum 
hydride alone they gave rise to a different precipitate 
which lead to little separation of isomers; (c) for ob
vious reasons, no precipitate formed from very trans
rich mixtures of 4-methoxycyclohexanol.

The previous observations may be explained readily if 
it is granted that the granular precipitates are intra
molecular chelates as depicted in Fig. 1. Clearly such 
chelates can form only from the cis-4 and cis-3 isomers 
(not the corresponding trans forms), but presumably

(1) Th e  R ad ia tio n  Laborato ry is operated under contract w ith  the 
U. S. Atom ic E n e rg y  Com m ission. T h is  note is taken  in  p a rt from the 
P h .D . dissertation of T .  J .  B .

(2) H . C . B row n and G . Zweifel, J. Org. Chem., 27, 4708 (1962).
(3 ) Cf. E .  L .  E lie l , Rec. Chem. Progr., 22, 129 (1961).
(4 ) E .  W iberg and M . Schm idt, Z .  Naturforsck., 6b, 460 (1951).
(5 ) G . G . E v a n s , J .  K .  Kennedy, and F .  P . D e l G reco , J. Inorg. Nucl. 

Chem., 4 , 40 (1957).
(6) E .  L. E lie l and M. N . R e ric k , J. Am. Chem. Soc., 82, 1367 (1960).
(7 ) D . S. Noyce, G . L. W oo, and B . R . Thom as, J .  Org. Chem., 26, 260

(1960).
(8 ) D . S. Noyce, B .  R . Thom as, and B . N . B a stia n , J. Am.  Chem* Soc., 

82, 885 (I9 6 0 ).
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they might be formed from both isomers of 2-methoxy- 
cyclohexanol. Analysis of the chelates proved difficult 
(and is responsible for the delay in the publication of 
these results), for once formed the solids (which are 
quite hygroscopic) cannot be redissolved without de
composition. However, material was eventually ob
tained which was free of lithium (flame test) and which 
gave satisfactory analyses for C, H, and A1 in the case of 
the 3-isomer and for A1 and Cl in the case of the 4- 
isomer.9

Isolation of the species shown in Fig. 1 supports the 
hypothesis3 that the active reagent formed from lithium 
aluminum hydride (1 mole) and aluminum chloride 
(>3 moles) is, in fact, AlHCh and that the complexes 
formed from this reagent and substituted cyclohexanols 
which are subject to equilibration by ketones6 are, in 
fact, of the composition R0A1C12.

The method here described probably lends itself to 
the separation of other epimeric pairs of alkoxycyclo- 
alkanols.

Experimental
4-Methoxycyclohexanol.—ds-Rich material was obtained by 

hydrogenating 124 g. (1.0 mole) of p-methoxyphenol in 300 ml. 
95% ethanol at 130° and 2000 p.s.i. in the presence of 10 g. of 
Raney nickel. The theoretical amount of hydrogen was ab
sorbed in 12 hr. The solution was filtered, concentrated, and 
partitioned between ether and water. The ether layer was 
washed, with 10% sodium hydroxide, followed by saturated 
aqueous sodium chloride, dried over magnesium sulfate, con
centrated, and the residue distilled at 108-113° (24 mm.) to give
100.1 g. (77%) 4-methoxyeyclohexanol. Gas chromatographic 
analysis on Tide (180°, He flow 24 ml./min.) indicated 61.6% 
cis isomer (retention time 13.7 min.) and 38.4% trans isomer 
(retention time 17.2 min.).

Chelate.—The mixed hydride reagent wTas prepared from 13.35 
g. (0.10 mole) of aluminum chloride in 75 ml. of anhydrous ether 
and 0.025 mole of ethereal lithium aluminum hydride (ca. 1 M). 
To this solution was added with stirring 13.0 g. (0.10 mole) of 
the previous mixture of 4-methoxycyclohexanols in 50 ml. of an
hydrous ether. The solution was stirred for 15 min., filtered in 
a dry atmosphere, and the precipitate was washed with four 
portions of anhydrous ether. I t  was dried in a desiccator at 
room temperature overnight for analysis.

Anal. Calcd. for C7H13A1CI20 2: Cl, 31.23; Al, 11.88.
Found: Cl, 31.12; Al, 11.91.

In another run, the solid was stirred with ether and 10% 
aqueous sulfuric acid until two clear layers resulted. The ether 
layer was separated, washed successively with water, saturated 
sodium carbonate, and brine, dried over magnesium sulfate, 
and concentrated to give 4.09 g. (31.5% over-all or 51.1% 
of total cis isomer) of cfs-4-methoxycyclohexanol of over 95% 
purity. The p-toluenesulfonate, formed in 75% yield, melted 
at 88-89.5° (lit.7 m.p. 87.8-88.2°). Infrared spectrum of the

alcohol was identical with one of pure cts-4-methoxyeyclohexanol 
kindly provided by D. S. Noyce.

The ethereal filtrate by similar treatment yielded 3.90 g. (30% 
overall, or 78% of total trans isomer) of ¿rans-4-methoxycyclo- 
hexanol of 87% purity, characterized by conversion to the 
hydrogen phthalate, m.p. 151-152° (lit.7 m.p. 148.6-149.0) in 
66% yield.

3-Methoxycyclohexanol.—Catalytic hydrogenation of 50.0 g. 
(0.40 mole) of m-methoxyphenol in 125 ml. 95% ethanol in the 
presence of 10 g. of 5% rhodium on alumina at 52 p.s.i. and room 
temperature was complete in 2.5 hr. The material was worked 
up as described for the 4-isomer to give 47.9 g. (92%) of 3-meth- 
oxycyclohexanol, b.p. 112-116° (28 mm.). Gas chromato
graphic analysis on a 5-ft. silicone QF-1 column at 155° and 40
ml. /min. of helium indicated the product to contain 45.5% 
trans isomer (retention time 8.3 min.) and 54.5% cis isomer 
(retention time 11.0 min.). In a second hydrogenation, the 
product was 60% trans isomer.

Chelate.—To the mixed hydride solution prepared from 20.0 
g. (0.15 mole) of aluminum chloride in 100 ml. of anhydrous 
ether and 0.0375 mole of ethereal lithium aluminum hydride 
was added 15.6 g. (0.12 mole) of 3-methoxycyclohexanol (60% 
trans) in 75 ml. of ether. The complex was collected after 30 
hr. and weighed 10.3 g.; it was dried in vacuo at 56° for 16 hr.

Anal. Calcd. for C7H13AICI2O2: C, 37.02; H, 5.77; Al, 11.88. 
Found: C.36.76; H, 6.08; Al, 11.90.

In another run, starting with 28.6 g. (0.22 mole) of material 
containing 45.5% trans isomer, 0.20 mole of aluminum chloride 
in 100 ml. of ether and 0.05 mole of ethereal lithium aluminum 
hydride there was obtained 26.8 g. of solid complex which was 
decomposed as described for the 4-isomer and yielded 11.4 g. 
(39.5% over-all or 72.5% of total cis isomer) of cz's-3-methoxy- 
cyclohexanol of 90% purity. This was characterized as the 
hydrogen phthalate, m.p. 103-104° (lit.8m.p. 104-105°), obtained 
in 51% yield.

Decomposition of the filtrate as described for the 4-isomer gave 
9.85 g. (34.5% over-all or 76% of total trans isomer) of trans-3- 
methoxycyclohexanol of over 99% purity (gas chromatography), 
b.p. 105-106° (24 mm.), n20n 1.4670. It was characterized as the
3,5-dinitrobenzoate, m.p. 104-105°.

Anal. Calcd. for Ci4Hi6N20 7: C, 51.85; H, 4.97. Found: 
C, 52.16; H, 5.28.

2-Methoxycyclchexanol.—Catalytic hydrogenation of guaiacol 
over rhodium on alumina (as described for 3-methoxycyclo
hexanol) yielded 2-methoxycyclohexanol, b.p. 66-67° (16 mm.), 
which was quite impure and required purification by preparative 
gas chromatography. The material collected was 90.3% cis 
and 9.7% trans. The pure trans isomer, b.p. 91.5-93.0° (24
mm. ), n2ad  1.4595 (lit.10 b.p. 72.5-73.2° (10 mm.), n 25D  1.4586), 
was obtained from cyclohexene oxide and methanol as previously 
described.10 A mixture of the two preparations (5.20 g.) con
taining 52.3% trans alcohol was converted to the solid chelate 
in the manner described earlier. The alcohol recovered from 
the chelate (4.15 g.) contained 53.1%, trans isomer whereas that 
recovered from the filtrate (0.58 g.) contained 73.1% trans 
isomer.

(10) S. W instein and  R . B. Henderson, J .  A m .  C h e m .  S o c . ,  65, 2190 
(1943).

Dibutyl 2-Brom oethaneboronatel

D. S. M a t t e s o n  a n d  .Ja m e s  D. L i e d t k e

Department of Chemistry, Washington Citate University 
Pullman, Washington

Received January 22, IdfiS

Radical-catalyzed additions to dibutyl ethylenebo- 
ronate have made a variety of new types of carbon-func
tional organoboron compounds available.2 Extension

(9) In n e r complexes of a lum inum  sim ilar to  those shown in  Fig. I  have 
been  described previously by  G . B äh r and  G . E . M üller, C h e m .  B e r . ,  88,
251 (1955),

(1) Supported  by  P H S research g ran t CY-5513 from th e  N ational In s ti
tu te s  of H ealth , Public H ealth Service.

(2) D. S. M atteson, J .  A m .  C h e m .  S o c . ,  82, 4228 (1960).



J u l y , 1963 N o t e s 1925

u ltrav io le t
CH2=CHB(OC4H 9)2 +  H B r---------->- BrCH2CH2B(OC4H9)2

to hydrogen bromide has resulted in the efficient prep
aration of dibutyl 2-bromoethaneboronate.

We expected that the 2-bromoethaneboronate would 
be deborobrominated in the presence of bases.3 The 
general reaction with a base, Z~, presumably proceeds 
via addition of the base to the boron atom.2
BrCH2CH2B(OC4H9)2 +  Z  >- BrCH2CH2B(OC4H9)2- — >

I
Z

B r- +  C2H4 +  ZB(OC4H 9)2---->-
BZ3 +  B(OC4H 9)3 (or solvolysis products)

Accomplishment of this elimination under mild condi
tions would, in addition to the method of synthesis, 
serve as a structure proof.2 Treatment with water 
at 25° has turned out to be sufficient.
BrCH2CH2B(OC4H 9)2 +  3H20  — ^

C2H4 +  B(OH)a +  HBr +  2C4H 9OH

The hope that weakly basic but highly nucleophilic 
reagents might displace bromide ion from dibutyl 2- 
bromoethaneboronate was realized only with iodide 
ion, which yielded the iodo compound, ICH2CH2B- 
(OC4H 9)2. Competition experiments indicated that 
allyl bromide reacts 4 to 5 times as fast as dibutyl 2- 
bromoethaneboronate with sodium iodide in acetone. 
Since allyl bromide reacts 65-70 times as fast as butyl 
bromide,4 the bromoethaneboronic ester must react a 
number of times as fast as ordinary alkyl bromides. 
A competition experiment with ethyl bromide con
firmed this order of reactivity, although the onset of 
side reactions after a time made it impossible to run the 
reaction long enough to get accurate data. This ac
tivating effect of the dibutoxyboryl group is consistent 
with the expectation that the boron atom should be 
electron-donating toward carbon in the absence of t- 
bonding2 and contrasts with the very slight deactivating 
effect (relative to hydrogen) of a carbethoxy group at 
the same position. However, there is some uncer
tainty in this interpretation because of some anoma
lously high reactivities in the carbonyl series.6

With reagents more basic than iodide ion, dibutyl 
2-bromoethaneboronate yielded only ethylene, bro
mide ion, and boric acid derivatives. The most care
fully studied reaction was that with sodium thiocyanate 
in acetone. Sodium bromide crystallized from the re
action mixture, ethylene was evolved in 90% yield, and 
the remaining solution contained tributyl borate and an 
unstable oily liquid partially immiscible with tributyl 
borate, presumably tri(iso)thiocyanoboron. Similar 
gas evolution and butyl borate formation occurred 
with potassium cyanate in acetone, aniline in tetrahy- 
drofuran, pyridine, sodium nitrite in dimethylforma- 
mide, and others. Even lithium bromide in acetone 
catalyzes the elimination after an induction period of a 
few minutes, and decomposition sets in within a few 
hours in the reaction mixtures with sodium iodide. 
Boron bromide (or iodide), a product which would re
sult from the elimination reaction in a nonbasic me
dium, is presumably the active catalyst in these auto-

(3) B. M. M ikhailov and P . M. Aronovich. I z v .  A k a i .  N a u k  S S S B ,  O t d .  

K h i m .  N a u k ,  927 (1961); C h e m .  A b s t r . ,  55, 2 4 5 4 «  (1961).
(4) P . D. B artle tt and L. J . Rosen, J .  A m .  C h e m .  S o c . ,  64, 543 (1942).
(5) J . Hine, “ Physical Organic C hem istry .” 2nd Ed., M cG raw -llill Book 

Co. Inc ., New York, N. Y., 1962, pp. 176-178.

catalytic decompositions; boron trifluoride etherate 
catalyzes similar decomposition.

In the hope that steric hindrance about the boron 
atom might retard elimination enough to permit dis
placements of bromide, the butyl ester was transesteri- 
fied with diisobutylcarbinol, chosen because tris(diiso- 
butylcarbinyl) borate hydrolyzes far more slowly than 
most borate esters.6 Somewhat surprisingly, the trans- 
esterificaticn proceeded without difficulty, suggesting 
that anions of the type BrCH2CH2B(OR)3_ are not in
termediates; the necessary proton shifts could be con
certed or acid catalyzed. Treatment of bis(diisobutyl- 
carbinyl) bromoetbaneboronate with sodium thiocya
nate resultdd in the usual elimination.

Experimental7

Dibutyl 2-Bromoethaneboronate.—Dibutyl ethyleneboronate 
(16.7 g.) in a Pyrex flask was kept at approximately 70°, stirred, 
and irradiated with a Hanovia 500-watt mercury vapor ultra
violet lamp for 4 hr. while hydrogen bromide was bubbled through 
the liquid. Distillation through a short column packed with Pod- 
bielniak nichrome helices yielded 18.2 g. (76%) of dibutyl 2- 
bromoethaneboronate, b.p. 48-50° (0.1 mm.).

Anal. Calcd. for Ci0H22BO2Br: C, 45.32; H, 8.37; B, 
4.08; Br, 30.16. Found: C, 45.54; H, 3.60; B, 4.34; Br,
29.94.

Dibutyl 2-Iodoethaneboronate.—A solution of 5.0 g. of sodium 
iodide and 6.21 g. of dibutyl 2-bromoethaneboronate in 30 ml. 
of acetone was allowed to stand under nitrogen in the dark 30 
min. After filtration of the sodium bromide the solution was 
distilled through a spinning band column to yield 1.5 g. (20%) of 
dibutyl 2-iodoethaneboronate, b.p. 66° (0.2 mm.), with up to 1 
g. loss in the forerun. The following infrared bands are useful 
for distinguishing the iodo from the bromo compound: 3.23 (m),
8.67 (m), 9.15 (w), 11.46 (w), 12.25 (w), 13.78 (w) microns for the 
iodo compound; 8.51 (m), 8.67 (w), 9.03 (w), 12.03 (w), 13.46 (w) 
for the bromo; the other bands differ only slightly.

Anal. Calcd. for Ci„H22B02I: C, 38.49; H, 7.11; B, 3.47; 
I, 40.67. Found: C, 38.73; H, 7.18; B, 3.68; I, 40.50.

Relative Rates.—A solution 0.5 M  each in allyl bromide, di
butyl 2-bromoethaneboronate, and sodium iodide in acetone was 
allowed to stand 45 min. at 23-25°. The yield of precipitated 
sodium bromide was 94%. Vacuum distillation yielded a mix
ture of the 2-haloethaneboronic esters shown by infrared com
parison with authentic mixtures to contain 26 (=1=3) mole per cent 
dibutyl 2-iodoethaneboronate. Assuming 100% completion of 
the reaction, the rate constant for allyl bromide is 4.5 times that 
for dibutyl 2-bromoethaneboronate. The uncertainties in the 
ratio of products and extent completion of the reaction lead to an 
uncertainty in the ratio of rate constants which we judge to be 
about ±25%. In a similar competition with ethyl bromide run 
90 tain, the resulting mole ratio of dibutyl 2-bromo- to 2-iodo- 
ethaneboronate was 47:53 (±5% ), but the reaction was esti
mated to be only 80-90% complete under these conditions and 
some tributyl borate formed as a by-product. Further confirma
tion of the order of rate constants, allyl >  dibutoxyboronoethyl 
> ethyl bromide, was obtained by examining the order of appear
ance of sodium bromide precipitates in a set of reaction mixtures 
at the same molar concentrations. The gradual appearance of 
the precipitates seemed to indicate that supersaturation suffi
cient to reverse any apparent order of reactivities was not 
occurring. These qualitative tests support the assumption that 
the competition experiments measure rate constants, not equilib
rium constants.

Bis(diisobutylcarbinyl) 2-Bromoethaneboronate.—Simple dis
tillation of butanol at 20 mm. from a mixture of 23.9 g. of di
butyl 2-bromoethaneboronate and 50 ml. of diisobutylcarbinol 
(redistilled) in a bath at 65° 2.5 hr., then up to 90°, then distilla
tion of diisobutylcarbinol at 0.2 mm. followed by fractionation of 
the residue yielded 33.4 g. (91%) of the diisobutylearbinyl ester, 
b.p. 92-93° ;0.1 mm.).

(6) H. Steinberg and D. L. H unter, I n d .  E n g .  C h e m . ,  49, 174 (1954).
(7) M ieroanalyses by  G albraith  Laboratories, Knoxville, Tenn.
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Anal. Calcd. for C2oH42B02Br: C, 59.31; H, 10.38; B, 
2.67; Br, 19.73. Found: C, 59.64: H, 10.43; B, 2.95; 
Br, 19.47.

Eliminations.—Treatment of 0.28 g. of dibutyl-2-bromoethane- 
boronate with 10 ml. of water yielded 96% of ethylene, confirmed 
by infrared comparison with an authentic sample. Treatment of 
0.5 g. of dibutyl 2-bromoethaneboronate with 0.6 g. of sodium 
thiocyanate in 3 ml. of acetone yielded 90% of ethylene in 2 hr. 
Tributyl borate (identified by infrared) and an unstable oil were 
isolated from the solution. The oil was only slightly soluble in 
butyl borate, but appeared to separate slowly over a period of 
several days. The infrared spectrum was consistent with the 
presence of thiocyano or isothiocyano groups. Extensive de
composition occurred on attempted distillation. Bis(diiso- 
butylcarbinyl) 2-bromoethaneboronate underwent similar elimi
nation in the presence of sodium thiocyanate to yield tris(diiso- 
butylcarbinyl) borate,6 m.p. 102°, further confirmed by micro
analysis. In the other eliminations mentioned in the discussion 
section, evolution of gas on mixing and isolation of butyl borate 
from the reaction mixture were considered sufficient evidence 
that elimination was occurring.

Acetylation of Serine during 
Bradykinin Synthesis

E. D. \Tcoi,AIDES AND H. A. DeWald

Parke, Davis and Company, Research Division,
Ann Arbor, Michigan

Received March J,, 1963

In a previous report1, we described two carbobenz- 
oxypentapeptide intermediates obtained during the syn
thesis of bradykinin which did not appear to be iden
tical, but which gave the same carbobenzoxyhexapep- 
tide on further reaction. The pentapeptides were ob
tained by different procedures. In the first case car- 
bobenzoxy-L-phenylalanine p-nitrophenyl ester reacted 
with L-seryl- l  - prolyl - l - phenylalanylnitro - l  - arginine

The solution to the problem of the two pentapeptides 
came with the attempted preparation of the O-acetyl 
analog of bradykinin. The intermediate carbobenzoxy
6-O-acetylserine pentapeptide was found to possess 
the physical properties of the pentapeptide obtained 
by the one plus four coupling. O-Acetyl analysis con
firmed the presence of this functional group in both 
compounds while the pentapeptide prepared by the 
two plus three reaction did not contain an O-acetyl. 
Reexamination of the other bradykinin intermediates 
from the hexapeptide to the tricarbobenzoxynonapep- 
tide also revealed the presence of O-acetyl groups. The 
results are given in Table I. The acetate group is un
doubtedly lost during hydrolysis of the protecting 
methyl ester since it does not appear in any of the 
products after this step.

The O-acetyl group on serine probably is introduced 
during the hydrobromine acid-acetic acid cleavage of 
the carbobenzoxy group since this side reaction has been 
reported previously.2 The consequences of this reac
tion are usually not troublesome and in practice we 
have found that the products containing this group are 
higher melting and more easily crystallized than pep
tides without it. Care should be exercised, however, in 
preparing peptides containing serine in which a step 
involving hydrolysis with alkali is not involved.

Experimental3
Carbobenzoxy-O-acetyl-L-seryl- l - propyl - l - phenylalanylnitro- 

i,-arginine Methyl Ester.—To a cold (5°) solution of 4.3 g. (0.0078 
mole) of L-propyl-L-phenylalanylnitro-i,-arginine methyl ester 
hydrobromide1 in 50 ml. of dimethylformamide was added 1.5 g. of 
triethylamine. After 5 min., the precipitate was removed by 
filtration; to the filtrate was added 3.2 g. (0.078 mole) of N- 
carbobenzoxy-O-acetyl-L-serine p-nitrophenyl ester.4'5 The yel
low solution was kept 18 hr. at 25°, diluted with 250 ml. of ethyl 
acetate, and washed with water, aqueous 5% sodium carbonate, 
water, dilute hydrochloric acid, dried, and evaporated. Ether was 
added giving a white solid which was recrystallized from meth-

1  a b l e T

B r a d y k in in  I n t e r m e d ia t e s

Form ula

1. CBZ-L-Phe-O-Ac-L-Ser-L-Pro-u-Phe-Nfb-i,- 
Arg-OCH3

C 43H 5.1N  9O 12

2. CBZ-Gly-L-Phe-O-Ae-L-Ser-L-Pro-L-Phe- 
N 02-L-Arg-0CH3

C ^H ß o N  10O 13

3. CBZ-L-Pro-Gly-L-Phe-O-Ac-L-Ser-L-Phe- 
N Oi-L-Arg-OCH3

CooH63NijOl4

4. CBZ-L-Pro-D-Pro-Gly-L-Phe-O-Ac-L-Ser-i,- 
Pro-L-Phe-N(\-L-Arg-OCH3

C 66H 70N 12O 16

.5. TRICBZ-L-Arg-L-Pro-u-Pro-Gly-u-Phe-O- 
Ac-L-Ser-L-Pro-L-Phe-NOi-L-Arg-OCHa

CttHmNuO*

methyl ester and secondly, carbobenzoxy-L-phenylalan- 
yl-L-seryl azide reacted with L-prolyl-L-phenylalanyl- 
nitro-L-arginine methyl ester. Both of the pentapep
tides were crystalline but differed in melting point by 
65° and in rotation by 15°. The infrared curves of the 
two compounds were not significantly different enough 
to confirm any structural anomalies. X-Ray diffrac
tion patterns of the two peptides revealed dissimilarities 
which could possibly be due to different crystalline 
forms, but seeding a solution of one of the pentapep
tides with the other failed to induce crystallization.

(1) E . D. Nicolaides and H . A. DeW ald, J .  O r g . C h e m 26, 3872 (1961).

-Calcd. % ------------------• -------------------- Found, %-
c

58.17
H

6.02
N

14.20
O-Ac

4.85
C

58.05
H

6.06
N

14.83
O-Ac

5.9

57.20 5.97 14.83 4.56 57.43 6.11 15.00 4.15

57.62 6.09 14.78 4.12 57.34 6.10 15.24 3.50

57.99 6.19 14.76 3.92 57.66 6.13 14.98 4.23

59.14 6.06 14.34 2.75 58.92 6.14 14.66 3.24

anol-ether, 4 g. (70%), m.p. 166-168°, [<*]23d -55.7° (c 1.06, 
dimethylformamide); reported5 m.p. 170-172°, [apD -56.6° 
(c 1.06, dimethylformamide).

Anal. Calcd. for C34H44N8Ou: C, 55.12; H, 5.98; N, 15.12. 
Found: C, 54.96; H, 6.17; N, 15.12.

Carbobenzoxy-L-phenylalanyl-O-acetyl-u-seryl-L-prolyl-L- 
phenylalanylnitro-L-arginine Methyl Ester.—To a cold (10°) 
solution of the carbobenzoxytetrapeptide, 7 g. (0.0095 mole), in 
100 ml. of glacial acetic acid was added 6 g. of anhydrous hydro

(2) St. G uU m ann and  R. A. Boissonnas, H e l v .  C h i m .  A c t a ,  41, 1852
(1958).

(3) M elting points were taken  using a T hom as-H oover cap illary  m elting 
po in t apparatu s  and are corrected.

(4) H . A. D eW ald and  E . D. Nicolaides, to be published.
(5) M. A. O ndetti, J .  M e d .  C h e m . ,  6 , 10 (1963).
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gen bromide. The solution was kept 2 hr. at 25°, poured into 11. 
of dry ether, and the precipitate removed, washed with ether, and 
dried in vacuo. The resulting crude hydrobromide salt of the 
tetrapeptide, 9 g., was dissolved in SO ml. of dimethylformamide, 
cooled to 0°, and 4 g. of triethylamine added. After 5 min., the 
solid was removed and 4.5 g. (0.0107 mole) of carbobenzoxy-L- 
phenylalanine p-nitrophenyl ester was added to the filtrate. 
The yellow solution was stirred 18 hr. at 25°, diluted with 250 ml. 
of ethyl acetate; the solution was washed with water, aqueous 
5% sodium carbonate, water, and dilute hydrochloric acid. 
The solution was dried over magnesium sulfate, evaporated to a 
small volume, and ether added. The solid was removed and 
recrystallized from dimethylformamide-ether; yield 5 g. (50%), 
m.p. 215-216°, [ a ] 23D —60° (c 1.1, dimethylformamide); re
ported6 m.p. 214^216°, [ck] 20d  —57° (c  1, dimethylformamide).

Anal. Calcd. for C„H53N90 12: C, 58.17; H, 6.02; N, 14.20; 
O-Ac, 4.85. Found: C, 58.10; H, 6.17; N, 14.29; O-Ac,
4.55.

Carbobenzoxyglycyl-L-phenylalanyl-O-acetyl-L-seryl-L-prolyl- 
L-phenylalanylnitro-L-arginine Methyl Ester.—The carbobenz- 
oxy group was removed from 3.5 g. (0.004 mole) of the penta- 
peptide with hydrobromic acid-acetic acid. The crude product 
was dissolved in 50 ml. of dimethylformamide, cooled to 5°, and 
1 g. of triethylamine added. The precipitate was removed and
1.5 g. (0.0045 mole) of carbobenzoxyglycine p-nitrophenyl ester 
was added to the filtrate. After 3 days at room temperature, 
the solution was diluted with four volumes of ethyl acetate giv
ing a white solid which was recrystallized from methanol-ether; 
3 g. (79%), m.p. 222-224°, [<*]23d —55.8° (c 1, dimethylform
amide).

Anal. Calcd. for C45H56N,0Oi3: C, 57.20; H, 5.97; N, 14.83; 
O-Ac, 4.56. Found: C, 57.19; H, 5.96; N, 14.92; O-Ac,
4.20.

Penicillin Sulfones

D. A. J o h n s o n , C. A. P a n e t t a , a n d  D. E. C o o p e r

Research and Chemical Development Divisions, Bristol Laboratories, 
Division of Bristol-Myers Company, Syracuse, New York

Received January 9, 1963

We wish to report an improved procedure for pre
paring penicillin sulfones. Recent syntheses1'2 have 
required that the carboxyl group be esterified during 
oxidation, and the protecting group be subsequently

(1) A. W. Chow, N . M . H all, and J. R . E . Hoover, / .  O r g .  C h e m ., 27, 
1381 (1962).

(2) E . G uddal, P. M oreh, and  L. Tybring , T e t r a h e d r o n  L e t t e r s ,  9, 381 
(1962).

removed by hydrogenolysis. Using potassium per
manganate in neutral aqueous solution, we prepared 
the sulfones of benzylpenicillin, 2,6-dimethoxyphenyl- 
penicillin (methicillin3), 5-methyl-3-phenyl-4-isoxazolyl- 
penicillin (oxacillin3), d - ( — )-a-aminobenzylpenicillin 
(ampicillin3), and d(-a-phenoxyethylpenicillin (phen- 
ethicillin3) by direct oxidation of their salts or free 
acids. Ampicillin was oxidized as its N-carbobenzyl- 
oxy derivative which yielded ampicillin sulfone on 
hydrogenolysis.

The products were easily isolated and purified in 
satisfactory yields. Infrared spectra of the sulfones 
showed the characteristic shift of the /3-lactam band 
from 5.6 to 5.50-5.53 a, and the appearance of bands at
7.6 and 8.9 p due to the sulfone group.

Experimental4
The sulfones prepared in this work, their physical constants, 

elemental analyses, and other data are listed in Table I.
General Procedure for the Preparation of Penicillin Sulfones.— 

The appropriate penicillin salt or free acid (0.035 mole) was added 
to 180 ml. of water, the pH was adjusted to 7.0-7.5, and the re
sulting solution was cooled to 0-5°. A solution of 5.5 g. (0.035 
mole) of potassium permanganate, 1.80 ml. of 85% phosphoric 
acid (specific gravity 1.70), and 140 ml. of water was added to 
the penicillin solution at such a rate as to keep the temperature 
below 10°. The pH was maintained between 6.0 and 7.5 using
5-10% aqueous sodium hydroxide or 10% phosphoric acid. 
About 10 min. after the addition, excess potassium permanganate 
was destroyed with sodium bisulfite, if necessary. The man
ganese dioxide was removed by passing the mixture through a 
Dicalite-preeoated filter, and the pH of the cooled filtrate was 
then slowly adjusted to 2.0-2.3 with 10% phosphoric acid. The 
penicillin sulfone-free acid which precipitated was collected and 
washed with cold water. I t was usually dried by storing overnight 
in a vacuum desiccator over Drierite.

Two compounds needing special comment are described. 
d ( — )-a-Aminobenzylpenicillin Sulfone.—d ( — )-a-N-Carbo- 

benzyloxyaminobenzylpenicillin sulfone, 7.5 g. (0.0146 mole) was 
added to 70 ml. of water and dissolved by adjusting the pH to 6.5 
with 10% sodium hydroxide. The previous solution was added to
7.5 g. of prehydrogenated 30% palladium-on-diatomaceous earth 
catalyst in 25 ml. of water and shaken under 48 p.s.i.g. of hydro
gen for 2.25 hr. Methyl isobutyl ketone (50 ml.) was added, the

(3) T he trade-m arks of B ristol L aboratories, a  division of B ristol-M yers 
Co., for methicillin, oxacillin, am picillin, and  phenethicillin are, respec
tively, S taphcillin, P rostaphlin , Polycillin, and  Syneillin.

(4) All m elting points are corrected. M icroanalyses were perform ed by 
R ichard  M . Downing, and the infrared  m easurem ents were perform ed by 
D avid F . W hitehead.

T a b l e  I
P e n i c i l l i n  S u l f o n e  F r e e  A c id s

-------Analyses--------- ----------.
M olecular Yield, M .p., R ecrystallization ✓--------Calcd.-------- - <------Found------ -

Penicillin sulfone form ula % °C . dec. solvent %  C % H % C % H

Benzyl CuiH.sNîOeS 84-87 123.0-124.0 Ethyl acetate and 
petroleum ether

52.46 4.95 52.70 5.14

2,6-Dimethoxyphenyl c 17h 20n .o8s 55-70 174.5-174.8 Ethyl acetate and 
petroleum ether

49.51 4.89 49.45 5.30

5-MethyI-3-phenyl-4- C19H19N3O7S 35-61 132.0-134.0 Water 52.65 4.42 52.74 4.49
isoxazolyl

d -(  — )-a-N-Carbobenzyl- 
oxyaminobenzyl- hemi-

( C24Hr6N80 8S )2H20 30-42 115.0-116.5 Ethyl acetate and 
petroleum ether

55.00 4.99 55.20 4.67

hvdrate“
d -( — )-ff-Aminobenzyl CißHiaNaOeS 30 228.6-229.4 Aerosol OT- 

methyl isobutyl 
ketone

50.39 5.02 50.80 5.05

<W-a-Phenoxyethyl(s?/m-
dibenzylethylenediamine

CfioHeoN 6O14S2 60 118.0-118.3 Methyl isobutyl 
ketone

58.05 5.81 57.70 5.86

salt)
“ Calcd. for water: 1.7%. Found: 1.6%



192 8 N o t e s V o l . 2 8

pH was adjusted to 2.0, and the mixture was passed through a 
Dicalite-precoated filter. The aqueous layer was then extracted 
with 6.5 g. (0.0146 mole) of Aerosol OT in 80 ml. of methyl iso
butyl ketone while the temperature was held at 0-5° and the pH 
held at 2.0. The organic layer was passed through a Dicalite- 
precoated filter and adjusted to a pH of 5.8 with triethylamine. 
Crystals of d -( — )-a-aminobenzylpenicillm sulfone separated. 
After stirring cold for 10 min. they were collected by filtration, 
washed with petroleum ether (b.p. 60-70°), and dried.

N,N'-Dibenzylethylenediamine Di-dZ-a-phenoxyethylpenicilli- 
nate Sulfone.—This sulfone was prepared by the general proce
dure described before with these exceptions. The aqueousjsolu
tion, after the manganese dioxide was removed, was mixed with 
300 ml. of methyl isobutyl ketone, and the pH was acjusted to 
2.0 with 10% phosphoric acid. The organic layer was dried 
over anhydrous sodium sulfate and, after the drying agent was 
removed, was treated with 4.2 g. (0.018 mole) of s?/m-dibenzyl- 
ethylenediamine. The crystalline dibenzylethylenediamine salt 
of dZ-a-phenoxyethylpenicillin sulfone precipitated almost 
immediately. After stirring cold for 1 hr., the mixture was 
filtered, washed with methyl isobutyl ketone and petroleum 
ether (b.p. 60-70°), and dried.

amine and formaldehyde. However, efforts to obtain 
the required tris(dimethylaminomethyl)hydroquinone 
were not successful.

A new way of synthesizing trimethylhydroquinone 
presented in this paper comprises only two steps from 
2-methylhydroquinone, which is the smallest in number 
ever attained in any procedures so far reported.

This investigation was carried out independently of 
the synthesis of trimethylhydroquinone from 4-benzyl- 
oxyphenol by Burke and co-workers.9

The conversion of 2-methylhydroquinone into tri
methylhydroquinone involves the following steps.

OH
c h 3

(CH3)2NCHs OH

OH
I

HCHO 
<CH3)2NH  ’ rc Cu-CrOo ■CHa

OH CH2N(CH3)2 

II

OHncH3% ^ C H 3
OH
III

Synthesis of Trim ethylhydroquinone

K ik u m a s a  S a t o  a n d  S h i g e h i r o  A b e

Department of Applied Chemistry, Faculty of Engineering, 
Yokohama National University, Yokohama, Japan

Received November 27, 1962

It is known that tocopherols (vitamin E) are syn
thesized by condensation of trimethylhydroquinone 
with phytol1 or its derivatives.2-6

Trimethylhydroquinone is an important starting 
material in synthesizing tocopherol. A number of in
vestigations on the synthesis of trimethylhydroquinone 
have been carried out with 2,3,5-trimethylbenzene,6
2.3.5- trimethylphenol,7 and 3,5-dimethylphenols as the 
starting material.

Recently Burke9 succeeded in a synthesis of tri
methylhydroquinone from 4-benzyloxyphenol.

Caldwell and Thompson8 prepared 3,5-dimethyl-2- 
dimethylaminomethylphenol by the condensation of
3.5- dimethylphenol with dimethylamine and formalde
hyde, which was then converted into 2,3,5-trimethyl
phenol.

They also prepared 2,5-dimethylhydroquinone from
2.5- bis(dimethylaminomethyl)hydroquinone, obtained 
in the condensation of hydroquinone with dimethyl-

(1) P . K arrer, H . Salmon, and  H . F ritzshe, H e l v .  C h i m .  A c t a ,  21, 309
(1938) ; H offm ann-La Roche and  Co., Swiss P a te n t 212,353 (1941); P. 
K a rre ra n d  O. Isler, U. S. P a te n t 2,411,968 (1946); O. E h rm an , G erm an 
P a te n t 1,015,446 (1958).

(2) H offm an-La Roche and  Co., Swiss P a te n t 208,446 (1940); P . K arrer 
and  O. Isler, IT. S. P a te n t 2,411,969 (1946).

(3) P . K arrer, R . Esher, H . Fritzsche, K . Keller, B. R ingier, and  H . 
Salmon, H e l v .  C h i m .  A c t a , 21, 939 (1938); P. K arrer and  H. Keller, i b i d . ,  

21, 1161 (1938); J . D . Surm atis and  J . W eber, U. S. P a te n t 2,723,278 
(1955); J . D . Surm atis and  J . W eber, C anadian  P a te n t 530,254 (1956).

(4) L. I .  Sm ith and  H. E . Ungnale, U. S. P a te n t 2,421,811 (1947).
(5) J . W eicht, C h e m .  L i s t y ,  52, 722 (1958); L. B laha, J .  H odosova, and  

J . W eicht, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  24, 2023 (1959); L. B laha 
and  J . W eicht, Czech. P a te n t 88,904 (1959).

(6) L. I. Sm ith, J. W. Opie, S. W awzoneck, and  W. P richard , J .  O r g .  

C h e m . ,  4, 318 (1939); A. Pongratz  and  K. L. Zirm, M o n a t s h . ,  83, 13 (1952); 
C. K . H ui, J .  V i t a m i n o l .  (Japan ), I, 8 (1957); F . L. G rinberg and  A. A. 
Svishchuk, U k r .  K h i m .  Z h . ,  23, 79 (1957).

(7) H . J . T euber and  W . R eu, C h e m .  B e r . ,  86, 1036 (1953); R . J .  Boscott, 
C h e m . I n d .  (L ondon), 201 (1955).

(8) W . T . Caldwell an d  T . R . Thom pson, J .  A m .  C h e m .  S o c 61, 765
(1939) .

(9) W. J . B urke, J. A. W arburton , J. L. Bishop, an d  J .  L. BiEs, J . O r g . ,  

C h e m . ,  26, 4669 (1961).

2-Methylhydroquinone (I) reacts smoothly with di
methylamine and formaldehyde to give 2-methyl-3,6- 
bis(dimethylaminomethyl)hydroquinone (II) in 72% 
yield.

The di-Mannich base (II), recrystallized from ether 
as colorless needles, is very unstable and upon heating 
or even exposure to air for a long time, polymerized to a 
dark brown sticky mass.

The base (II) was hydrogenolyzed in the presence of 
copper chromium oxide in dioxane at 180° under a pres
sure of about 140 atm. of hydrogen to trimethylhydro
quinone (III) in 58% yield. From the fact that the 
base (II) shows a sharp melting point (97-99°) and no 
characteristic absorption band for the free phenolic 
group in the infrared spectrum, the position of the 
dimethylaminomethyl groups must be 3,6- or 5,6- and 
not a mixture, and from the point of the spacial effect it 
may be the 3,6-disubstituted compound as’shown in II.

Similarly, 3,5-dimethylhydroquinone is converted 
into trimethylhydroquinone.

OH

CH?
CH2N(CH3)2
c h 3

OH H C O H . OH

CH3

OH 
f ^ G H s

CHa
OH

IV

^ C H 3l2NH v  C u-C r0 2̂  C H 3 ^ I J C H 3

OH
III

The condensation of 3,5-dimethylhydroquinone (IV) 
with dimethylamine and formaldehyde in dioxane under 
mild conditions gives 3,5-dimethyl-2-dimethylamino- 
methylhydroquinone (V) in 75% yield.

The hydrogenolysis of the mono-Mannich base (V) 
in dioxane gives trimethylhydroquinone (III) in 60% 
yield.

This represents a new and more practical synthesis of 
trimethylhydroquinone.

Experimental10
2-M-ethyl-3,6-bis(dimethylaminomethyl)hydroquinone (II).— 

To a solution of recrystallized 2-methylhydroquinone (I, 5.6 g.,

(10) M elting points a re  uncarrected. Infrared spec tra  were recorded 
with a  Shim adzu M odel AR 275 spectrophotom eter.
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0.04 mole, m.p. 124-125011) in dioxane (5.0 ml.) cooled in an ice 
bath was added 40% aqueous dimethylamine (9.1 g., 0.08 mole).

Then 38% aqueous formaldehyde (6.4 g., 0.08 mole) was 
added drop by drop to the previous mixture with stirring while 
keeping the temperature between 0-5°. The reaction mixture 
was allowed to stand in an ice-salt bath for 2 or 3 days, 
and the crude 2-methyl-3,6-bis(dimethylaminomethyl)hydro- 
quinone was obtained in a yield of 6.0—6.9 g. (62-72%) as a 
light brown solid. I t was readily soluble in cold water and or
ganic solvents. By concentrating the ethereal solution of the 
crude product at room temperature, under reduced pressure, the 
di-Mannich base crystallized as colorless needles, m.p. 97-99°.

Infrared, 3300-2000 (cm.-1) v str. OH; 1042 (cm.-1) v asym. 
XchI; 990.1 (cm.-1) v sym. 902.5 (cm.-1), 816.3 (cm.-1),
752.4 (cm.-1) v C-N, v C-C; 873.4 (cm.-1), 863.6 (cm.-1) 
* arom. C-H; 1192 (cm.-1), 1181 (cm.-1), 1160 (cm.-1), 1103 
(cm.-1), 1024 (cm.-1) v arom. C-H; 1195 (cm.-1), 1182 (cm.-1), 
1161 (cm.-1) v C-O.

Anal. Calcd. for Ci3H220 2X2: C, 65.54: H, 9.24: 17, 11.76. 
Found C, 65.36: H, 9.14: N, 11.60.

Trimethylhydroquinone (III).—2-Methyl-3,6-bis( dimethyl- 
aminomethyl)hydroquinone (II, 2.3 g., 0.01 mole) in dioxane 
(25 ml.) was hydrogenolized in the presence of copper chromium 
oxide12 (3.0 g.) under an initial hydrogen pressure (146 atm.) at 
J60° for 4 hr. After opening the bomb, the catalyst was re
moved by filtration, and the solvent distilled. A solution of 
concentrated hydrochloric acid (3 ml.) in water (14 ml.) was 
added to the residue. The mixture was saturated with sodium 
sulfate and extracted with ether three times and the extract was 
dried with calcium chloride. After removing the ether, the 
solid residue (0.8 g., 58% yield) was recrystallized from water, 
m.p. 167-168° (lit.13m.p. 170°).

Anal. Calcd. for C9Hi20 2: C, 71.05: H, 7.89. Found C, 
70.85: H, 7.85.

3,5-Dimethyl-2-dimethylaminomethylhydroquinone (V).—
Dimethylamine (40% aqueous, 3.5 g., 0.03 mole) was added to a 
solution of recrystallized 3,5-dimethylhydroquinone (IV, 4.2 g., 
0.03 mole, m.p. 150-151 °7) in ethanol (6.0 ml.) at room tempera
ture (15-20°). Then 38% aqueous formaldehyde (2.5 g., 0.03 
mole) was added drop by drop to preceding mixture with stirring 
while keeping the temperature between 15-20°. The oily layer, 
upon cooling in the ice-salt bath for a day, solidified to light 
brown crystals (4.0-4.5 g., 70-75% yield). They were insoluble 
in water or organic solvents and could not be purified by re
crystallization. By washing with the ether several times, the 
mono-Mannich base was obtained as white needles, m.p. 102- 
103°.

Anal. Calcd. for ChHi60 2N: C, 67.66: H, 8.78: N, 7.19. 
Found C, 67.60: H, 8.57: N, 7.49.

Trimethylhydroquinone (III).—3,5-Dimethy]-2-dimethyl-
aminomethylhydroquinone (V, 2.0 g., 0.01 mole) in dioxane 
(20 ml.) was hydrogenolized in the presence of copper chromium 
oxide12 (3 g.) under an initial hydrogen pressure of 146 atm. at 
160° for 4 hr. After opening the bomb, the catalyst was re
moved by filtration, and the solvent distilled. A solution of 
concentrated hydrochloric acid (3 ml.) in water (20 ml.) was 
added to the residue. The mixture was saturated with sodium 
sulfate and extracted with ether three times, and the extract 
was dried with calcium chloride. After removing the ether, 
the solid residue (0.9 g., 60% yield) was recrystallized from water, 
m.p. 168-169° (lit.13 m.p. 170°).

Anal. Calcd. for C.jHiTh: C, 71.05: II, 7.89. Found C, 
70.88: H, 7.91.

Acknowledgment.—The authors wish to express 
gratitude to Dr. Kuroiwa and the staff of the Tek- 
kosha Company for measurements of infrared spectra. 
The authors are also grateful to Mr. G. Shioya and 
Mr. K. Kurihara of our laboratory for their great help 
in carrying out the study presented in this report.

(11) K . Schniter, B e r . ,  20, 2283 (1887).
(12) P repared  by  sligh t modification of A dkins' m ethod, Lazier and  

Arnold, "O rganic Syntheses,”  Coll. Vol. I I , John  W iley and Sons, Inc .. New 
York, N . Y ., 1943, p. 144, note 11.

(13) R. N ietzki and  Schneider, B e r . ,  27, 1430 (1894).

D-gluco-L-glycero-3-Octulose, a Crystalline 
Ketose from  D-Erythrose
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Our continuing studies of syntheses of higher, 
branched-ehain aldoses1 and higher ketoses2 by aldol 
reactions have now led to discovery of the title com
pound (I), which is readily obtained from D-erythrose. 
Chromatography was used at first to obtain the crystal
line product, but, in subsequent preparations, I was 
isolated directly from the reaction mixture in a yield of 
16%. Compound I reduces Benedict solution, and, on 
chromatography, the new sugar travels slightly more 
slowly than D-glucose. I t  is readily visible with silver 
nitrate and sodium hydroxide sprays.

That compound I might be a branched-chain oetose,
e.g., a 3-C-formylheptitol related to the aldols obtained 
with aldose reactants,1 was ruled out by the stability it 
shows to hypoiodite oxidation. That it is, instead, a 
ketose follows from the isolation of two crystalline 
octitols after reduction. One of these octitols (II) is a 
new compound, but the other proved to be n-erythro-D- 
galacto-octitol (III), a known substance.3 Acetylation 
of compound III gives an acetate identical with d- 
erythro-L-galacto-octito\ octaacetate.3c'd

CH2OH 

HO(!n

H io H

H io H
I

HOCH 

H(*10H

H io H

c h 2o h1 c h 2o h
j

HOCH1 HOCH
I

L o HOCH1
HCOH HCOH1

HOCH
I

HOCH
i

HCOH
I

HCOH

HCOH
|

HCOH

CH2OII
j

CHsOH
II

¿H 2OH 
III

The normal-chain structure of III shows that a ketose 
having a carbonyl group at C-3 must have been pro
duced by an aldol reaction in which carbon atom 1 of an 
enolized tetrose molecule had attacked the carbonyl 
carbon atom of a second molecule of tetrose; thus, car
bon atoms 1 to 4 of a molecule of “D-erythrose-1,2- 
enediol” become carbon atoms 4 to 1 at the reducing 
end of the 8-carbon ketose, and carbon atoms 1 to 4 
of a molecule of n-erythrose become the remainder, 
namely, carbons 5 to 8, respectively. The configura
tions of the asymmetric carbon atoms of such a ketose 
should be the same as they were in the reactants at C-2, 
C-6, and C-7, and, according to earlier studies of aldol 
syntheses of ketoses,2 should be threo at C-4 and C-5.

(1) (a) R. Schaffer and H. S. Isbell, J .  A m .  C h e m .  S o c . ,  80, 756 (1958); 
(b) 81, 2178 (1959); (c) R . Schaffer, ibid., 81, 2838 (1959); (d) 81, 5452
(1959).

(2) R . Schaffer and  H . S. Isbell, J .  O r f f .  C h e m . ,  27, 3268 (1962).
(3) (a) E. Fischer, A n n . ,  270, 95, 101 (1892); (b) L. H . Philippe, Arm. 

c h i m .  p h y s . ,  26, 356 (1912); (c) R. M . H ann, Alice T . M errill, and  C. S. 
H udson, / .  A m .  C h e m .  S o c . ,  66, 1912 (1944); (d) the  au tho rs  are indebted 
to  N. K. R ichtm yer for a  sample of th is  com pound.
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In compound III, the configurations of its carbon 
atoms confirm those expectations, and, from this, the 
structure of the aldol product could be predicted to be 
that of I. However, in the alkaline medium in which it 
is formed, such a compound theoretically might isom- 
erize to other octuloses4 that would be reduced to 
compound III. All of these possibilities were elim
inated by degrading compound I with an equimolecular 
proportion of periodic acid,5 and finding D-arabinose 
and D-glucono-1,5-lactone among the products. No 
octulose structure other than that proposed for com
pound I can give both products; and, of the remaining 
5 ketoses, the 2-octulose could give only D-arabinose. 
Furthermore, compound I cannot be this 2-octulose, 
D-glycero-T>-gulo-octu\ose, for it is a known substance6 
whose properties are different from those of I. Thus, 
the new sugar has structure I; and compound II, the 
new octitol, is v-erythro-L-gulo-octitol.

The readiness with which D-erythrose undergoes aldol 
reaction to afford compound I makes it seem odd that 
the new sugar (or its phosphate) has not yet been ob
served in biological systems. Perhaps, this nondetec
tion is due to its low sensitivity to the orcinol trichloro
acetic acid spray, which produces a faint gray spot on 
paper chromatograms; however, under ultraviolet light 
a resulting yellow-orange fluorescence can be detected 
more readily. D-mcmno-3-Heptulose, which has been 
synthesized10 and crystallized,7 * reacts analogously. 
This behavior may be characteristic of 3-ketoses.

Further work on this and related aldol syntheses is in 
progress. Additional details will be published later.

Experimental
D-yluco-L-glycero-3-Octu\ose (I).—A solution of 2.4 g. of D- 

erythrose (prepared from 2,4-O-ethylidene-D-erythrose10) in 200 
ml. of a filtered, saturated solution of calcium hydroxide (pre
pared at 5°) was kept at room temperature until a maximum 
dextrorotation was reached (about 2 hr.), and then treated with 
excess carbon dioxide, filtered, and concentrated under reduced 
pressure. After removal of an additional precipitate, the con
centrate was taken up in methanol, from which compound I 
crystallized; yield 16%, m.p. 164-165°, [ a ] 26D +59.3° (c 10, 
water), no mutarotation observed.

Anal. Calcd. for C8Hi60 8: C, 40.0; H, 6.7. Found: C, 
39.8; H, 6.7.

On being paper chromatographed, I traveled only a little 
more slowly than D-glucose in 1-butanol-ethanol-water (40:- 
11:19) and in 1-butanol-pyridine-water (6:4:3). I t reacts 
readily with silver nitrate and sodium hydroxide sprays, but 
poorly with orcinol and trichloroacetic acid (faint gray that is 
yellow-orange under ultraviolet light), and gives no reaction 
with aniline hydrogen phthalate.

Degradation with Periodic Acid.—At 0°, a solution of 5 mg. 
of compound I in 1 ml. of water was treated with 5 mg. of periodic 
acid. The mixture was allowed to warm to room temperature 
after 1 hr., and, an hour later, a sample was paper chromato
graphed using 1-butanol-ethanol-water (40:11:19) containing 
1% of ammonium hydroxide. Aniline hydrogen phthalate spray 
gave a reddish pink color at a position corresponding to that for 
D-arabinose. The remainder of the oxidation mixture was 
neutralized with barium carbonate, treated with Amberlite IR- 
120 H+, and concentrated under reduced pressure. The con
centrate was dissolved in 2-methoxyethanol and reconcentrated, 
and this process was repeated several times. A sample of the 
concentrate was chromatographed in a solution of 1-butanol

(4) See J . C. Speck, Jr., A d v a n .  C a r b o h y d r a t e  C h e m . ,  13, 63 (1958).
(5) P. Fleury, J . Courtois, and  Lea Le D izet, B u l l .  s o c .  c h i m .  F r a n c e ,  

1664 (1959).
(6) N. K. R ich tm yer and T . S. Bodenheim er, J .  O r g .  C h e m . ,  27, 1892 

(1962).
(7) R. Schaffer, A bstracts  of Papers, 139th N ational M eeting  of the

Am erican Chemical Society, S t. Louie, M o., M arch, 1961, p. 4 d.

sa tu ra ted  w ith  w ater and contain ing  2%  of form ic acid . Silver 
n itra te  and sodium  hydroxide sprays show ed a  sp o t corresponding 
to  D-glucono-1,5-lactone. T he 3-octulose and  D-arabinose spo ts 
were n ear th e  sp o t for D-glucono-1,4-lactone, an d  th is  circum 
stance m ade difficult th e  positive identification of th is D-gluconic 
acid derivative , too .

Reduction with Sodium Borohydride.—At 0°, a stirred solution 
of 1 g. of I in 50 ml. of water was treated with 1 g. of sodium 
borohydride, and allowed to warm to room temperature over
night. Excess borohydride was decomposed with Amberlite 
IR-120 H+. Boric acid was removed by repeated evaporation 
with methanol; during this process, a new, crystalline material 
appeared. From the first crops, there was obtained D-erythro- 
L-ipiio-octitol (II), m.p. 164.5-165°, [cc] 23d  171° (in 5% ammo
nium molybdate8).

Anal. Calcd. for C8H180 8: C, 39.7; H, 7.5. Found: C, 
40.0; H, 7.7.

Acetylation with acetic anhydride in pyridine gave the octa- 
acetate, m.p. 110-111°, [«]%> 47° (c 0.4, chloroform).

Anal. Calcd. for C+IRiOie: C, 49.8; H, 5.9. Found C, 
49.8; H, 5.8.

The mother liquor contained some of II, together with d -  
erythro-L-galacto-octitol (III). The latter was obtained crystal
line from methanol-water. Its m.p. of 153-154°, undepressed 
mixture melting point, and the correspondence of its infrared spec
trum with that of the authentic material30'11 established its iden
tity . Its octaacetate, obtained from its interaction with acetic an
hydride in pyridine, had m.p. 88-89°, an undepressed mixture 
melting point, and an identity of infrared spectrum with that of 
authentic D-erythro-h-galacto-octito\ octaacetate.30’d

Acknowledgment.—The authors express their ap
preciation to R. A. Paulson of this bureau for micro
analyses.

(8) N . K . R ich tm yer and  C. S. H udson, J .  A m .  C h e m .  S o c . ,  73, 2249 
(1951).

3,4,6-Tri-0-acetyl-2-0-nitro-a-D-gIucopyranosyl 
Chloride and the Anomeric Tetraacetates 
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The synthesis of a-D-glucosides in a Koenigs-Knorr 
reaction3 has been of great difficulty either because of 
the unavailability of stable poly-0-acyl-/3-D-glucosyl 
halides or because of the tendency of these materials to 
react with hydroxylic compounds by a mechanism in
volving participation of the trans 2-O-acyl group in the 
displacement at C-l leading to products of the /3-d- 
configuration. Schlubach4 prepared an unstable tetra-
0-acetyl-/3-D-glucopyranosyl chloride from the treat
ment of tetra-O-acetyl-a-D-glucopyranosyl bromide 
with “active” silver chloride. Lemieux and Brice5 
reported an improved synthesis of this material by the 
action of titanium tetrachloride on /3-D-glucopyranose 
pentaacetate. The /3-D-glucosyl chloride readily isom- 
erized to the a-D-anomer and was thus unsuited for 
the synthesis of a-D-glucosides. Brig]6 has shown that

(1) Deceased.
(2) Research Associate (A. T.) and Fellow of the  Corn Industries  R esearch 

Foundation.
(3) W. Koenigs and E . K norr, B e r . ,  34, 957 (1901).
(4) H . H . Schlubach, i b i d . ,  59, 840 (1926).
(5) R . U. Lemieux and C. Brice, C a n .  J .  C h e m . ,  30, 295 (1952).
(6) P . Brigl, Z .  p h y s i o l .  C h e m . ,  116, 1 (1921).
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fusion of 0-D-glucose pentaacetate and phosphorus 
pentachloride yields 3,4,6-tri-0-acetyl-2-0-trichloro- 
acetyl-/3-D-glucopyranosyl chloride, from which 3,4,6- 
tri-0-acetyl-/3-D-glucopyranosyl chloride can be ob
tained. Wolfrom, Pittet, and Gillam7 reported the 
synthesis of /1-isomaltose octaacetate using stable
3,4,6-tri-0-acety]-2-0-nitro-/?-D-glucopyranosyl chloride 
as the glycosyl halide component of a modified Koenigs- 
Knorr reaction. This /+D-glucosyl chloride could not 
be anomerized7 without concomitant cleavage of the
2-O-nitro group, thus illustrating the deactivating 
power of the 2-O-nitro moiety.

It was of interest to attempt the synthesis of a /3-d - 
glucosyl bromide with a nonparticipating group sub
stituted on C-2. Low temperature nitration of 3,4,6- 
tri-O-acetyl-a-D-glucopyranosyl chloride8 yielded a 
sirupy product which resisted all efforts at crystalliza
tion. Elemental analysis and specific rotation indicated 
that this sirup was 3,4,6-tri-0-acetyl-2-0-nitro-a-D- 
glucopyranosyl chloride. Attempted conversion of this 
substance to the corresponding /3-D-glucopyranosyl bro
mide using the conditions cited by Schlubach4 yielded 
only recovered starting material. The nitrate group 
evidently deactivates the chloride to such an extent 
that halogen exchange would not occur, under the condi
tions used, with an “active” silver bromide prepared 
according to Schlubach.

Acetylation of 3,4,6-tri-0-acetyl-2-0-nitro-a-D-glu- 
copyranosyl chloride with mercuric acetate and acetic 
acid9 yielded crystalline l,3,4,6-tetra-0-acetyl-2-0- 
nitro-/3-D-glucopyranose and acetylation of 3,4,6-tri-O- 
acetyl-2-0-nitro-/3-D-glucopyranosyl chloride7 in the 
same manner yielded crystalline l,3,4,6-tetra-0-acetyl-
2-O-nitro-a-D-glucopyranose.

Experimental
3,4,6-Tri-0-acetyl-2-0-nitro-«-i)-glucopyranosyl Chloride.—A

mixture of 45 ml. of glacial acetic acid and 75 ml. of acetic 
anhydride was cooled to —20° (solid carbon dioxide-acetone), 
and 60 ml. of absolute nitric acid was added portion wise while 
maintaining the temperature below 0°. The solution was then 
cooled to —40° and 9.6 g. of 3,4,6-tri-0-acetyl-o:-D-glucopyTano- 
syl chloride8 was added portionwise, with vigorous stirring, while 
maintaining the temperature between —36 and —42°. The mix
ture was allowed to warm to 0°, with stirring, and the clear 
solution was poured into 2 kg. of ice with stirring. The ice was 
allowed to melt over a 2- to 3-hr. period, and the solid material 
was separated by filtration. The amorphous product was dis
solved in 250 ml. of ethylene dichloride, washed with aqueous 
sodium hydrogen carbonate, dried over calcium chloride, filtered, 
and the solvent removed under reduced pressure; yield, 7.47 g. of 
clear yellow sirup, [«]%> +125° (c 1.18, chloroform).

Anal. Calcd. for Ci2H,6C1NOi0: N, 3.79. Found: N, 4.15.
Attempted Synthesis of 3,4,6-Tri-0-acetyl-2-0-nitro-/3-D-gluco- 

pyranosyl Bromide.—A solution of 3,4,6-tri-O-acetyl-2-0-nitro- 
a-D-glucopyranosyl chloride (5 g.) in 50 ml. of ether (dried ac
cording to Schlubach4) was refluxed, with stirring, for 5 hr. with 
11 g. of “active” silver bromide (the silver bromide from 10 g. of 
silver nitrate according to Schlubach). The mixture was filtered 
and the residue washed with the same ether. The solvent was 
concentrated to a small volume under reduced pressure at low 
bath temperature. No crystalline material was obtained from 
this solution. Only sirupy starting material was recovered, 3.88 
g., [< * ]18d  +130° (c 2.0, chloroform).

(7) M . L. Wolfrom, A. O. P itte t, and I. C. Gillam, P r o c .  N a l J .  A c a d .  S c i .  

U . S . ,  47, 700 (1961).
(8) 1Î. U. Lemieux and  G. H uber, C a n .  J .  C h e m . ,  31, 1040 (1953).
(9) B, Lindberg, A c t a  C h e m .  S c a n d . ,  3, 1355 (1949); L. Asp and B.

Lindberg, i b i d . ,  6, 665 (1951); 6, 941 (1952); M . L. Wolfrom and D . L. 
Fields, T a p p i ,  40, .335 (1957).

1.3.4.6- Te:ra-0-acetyl-2-0-nitro-j3-n-glucopyranose.—The pre
viously described, sirupy 3,4,6-tri-0-acetyl-2-0-nitro-o:-D-gluco- 
pyranosyl chloride (2.5 g.) was dissolved in 20 ml. of 
glacial acetic acid containing 3.0 g. of mercuric acetate and main
tained at room temperature for 1 hr. with occasional shaking. 
The mixture was diluted with 75 ml. of chloroform, washed 
thrice with water, the chloroform layer dried over anhydrous 
calcium chloride, filtered, and the solvent removed under reduced 
pressure. The resulting sirup was crystallized from ether-petro
leum ether and recrystallized from hot ethanol; yield, 178 mg. 
(after three recrystallizations), m.p. 120-121°, [a]20n +21° (c 2, 
chloroform); X-ray powder diffraction pattern10: 9.94 s (2),
7.56 s (1), 5.59 s (3), 5.40 vw, 4.87 m, 4.29 vw, 4.06 m, 3.88 w, 
3.55 w, 3.25 w, 3.04 vw, 2.72 vw.

Anal. Calcd. for Ci4Hi9NOi2; C, 42.75; H, 4.83; N, 3.56. 
Found: C, 42.79; H, 4.95; N, 3.65.

1.3.4.6- T etra-O-acetyl-2-O-nitro-a-D-glucopyranose.—3 ,4,6-Tri- 
0-acetyl-2-0-nitro-|3-D -glucopyranosyl chloride7 (2.5 g .) was 
trea te d  w ith  m ercuric ace ta te  as described before; yield, 1.43 g. 
(a fte r th ree  recrysta lliza tions from  e thano l), m .p . 92-93°, [ a ] 22D  
+  107° (c 2, chloroform ); X -ray  pow der d iffraction p a tte rn 10; 
8.31 s (2), 7.23 m , 6.68 w, 5.63 m , 5.05 vw , 4.68 vs (1 ), 4.24 m,
4.04 m , 3.91 w, 3.74 s (3), 3.54 w , 3.43 w, 3.24 w, 3.03 vw , 2.89 
w , 2.72 vw , 2.51 vw , 2.27 vw , 2.18 w, 2.03 vw , 1.89 vw , 1.85 
vw.

Anal. Calcd. for Ci4Hi9NOi2: C, 42.75; H, 4.83; N, 3.56. 
Found: C, 42.97; H, 5.13; N, 3.80.

(10) In te rp lanar spacing, A., C uK « radiation . R elative intensities, 
estim ated  visually: s, strong; m, m edium ; w, weak; v, very. Strongest 
lines num bered, 1 strongest.

Oxidative Dim erization of Benzimidazole

J ohn H . M. H ill

Department of Chemistry, Hobart and William Smith Colleges, 
Geneva, New York

Received January 2, 1963

Benzimidazole (I) has been converted into A2’2'-bi- 
isobenzimidazolylidene (II), a nitrogen analog cf the 
unknown 2,2'-biisoindene,1’2 a dibenzofulvalene. Oxi
dation of I by potassium permanganate3 or potassium 
dichromate4 is known to produce imidazole-4,5-dicar- 
boxylic acid. Prolonged oxidation of I by lead dioxide 
in refluxing benzene produces II, if azeotropic drying is 
carried out simultaneously. This reaction is slow and 
inefficient and the same product can be prepared more 
efficiently by oxidation of 2,2'-bibenzimidazole (III) 
under the same conditions. In this case the reaction 
is complete in twenty-four hours.

In contrast to the fulvalenes,6 which it resembles in its 
planarity and molecular structure, II is stable to heat.

(1) C. Sandorfy, C o m p t .  r e n d . ,  230, 961 (1950).
(2) C* F. Koelsch, J .  A m .  C h e m .  S o c . ,  58, 1331 (1936).
(3) E . B am berger and  B. Berld, A n n . ,  273, 338 (1893).
(4) L. S. Efros, N. V. K hrom ov-Borisov, L. R. D avidenkov, and  M . M. 

Nedel, Z h .  O b s h c h .  K h i m . ,  26, 455 (1956); c f .  C h e m .  A b s t r . ,  50, 13881/ 
(1956).

(5) E . D. Bergm an, “ Progress in  Organic C hem istry ,”  Vol. 3, J. W. Cook, 
Ed , B u tterw orths, London, 1955, p. 81.
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It sublimes with decomposition above 200°. It is 
unaffected by cold dilute alkali, but it is destroyed by 
hot alkali or cold dilute mineral acid. From the prod
ucts of reaction with mineral acid, III can be isolated in 
small yield. II does not form a maleic anhydride ad
duct.

Structure II is indicated by the satisfactory elemen
tal analyses and molecular weight and by absorption 
and p.m.r. spectroscopy. Because of the symmetry of 
the molecule the infrared spectrum of II is simple. In 
chloroform it consists of five sharp peaks assignable as 
follows6: 3050 cm.-1 (C—H, aromatic or m-vinyl), 
1516 cm.-1, 1455 cm.-1, 1395 cm.-1 (C—C or C—N), 
1100 cm.-1 (C—H in-plane deformation). In a po
tassium bromide mull three additional peaks at 768 
cm.-1, 760 cm.-1 (very intense), and 728 cm.-1 are ob
served which can be assigned to C—H out-of-plane de
formation. The N—H region shows no absorption.

The p.m.r. spectrum7 of II in deuteriochloroform (80 
mg./ml.) shows only a symmetrical multiplet centered 
at 1.72 t . This multiplet is of the A2B2 type8 and is con
sistent with a structure having two pairs of equivalent 
protons on either end of the molecule. A very similar 
spectrum has been observed for naphthalene9 which has 
a similar arrangement of protons.

The possibility exists that the product from oxidation 
of I or III is quinoxalino [2,3-6 Iquinoxaline (IV), which 
would be expected to have a similar infrared and p.m.r. 
spectrum to that described for II. However compari
son of the absorption spectrum of IV in the visible and 
ultraviolet10 wTith that of II shows that II and IV are 
not the same. Although both compounds are red, II 
in carbon tetrachloride shows an intense maximum at 
409 mg with subsidiary maxima at 386 mg, 397 mg, and 
462 mg, while IV shows strong maxima at 395 mg, 410 
mg, 420 mg and, in contrast to II, strong absorption 
even at 600 mg. Furthermore reduction of II to III 
was carried out in good yield with hydrazine and Raney 
nickel.

Gieseman11 has presented evidence that isomerization 
of 1-tritylimidazoles to 2-tritylimidazoles proceeds by 
rearrangement of a 1-radical to a 2-radical after disso
ciation of the trityl group from the molecule. By 
analogy to this it is tentatively proposed that II is 
produced by initial formation of a 1-benzimidazolyl 
radical that isomerizes to a 2-benzimidazolyl radical by 
a 1,2-shift. Dimerization to III followed by oxidation 
produces a diradical that isomerizes to II. Formation 
of 1,1'-bibenzimidazole is a possibility, though at
tempts to prepare it by treatment of silver benzimid
azole with iodine in dry benzene at room temperature 
gave only III in poor yield. This indicates that dimeri
zation is slow compared to the 1,2-shift.

Experimental12
2,2'-Bibenzimidazole (III).—This was prepared as described13 

(except that diglyme was substituted for ethylene glycol. Ite-

(6) L. J . Bellamy, “ The In fra red  Spectra of Complex M olecules,”  2nd 
Ed., M ethuen, London, 1958, pp . 34, 65.

(7) T h e  p .m .r. spectrum  was determ ined a t  60 M e. w ith a  V arían A60 
spectrom eter using te tra m ethylsilane as an  in ternal standard .

(8) J . A. Pople, W . G. Schneider, and  H . J . Bernstein, “ H igh-resolution 
N uclear M agnetic R esonance,” M cG raw -H ill Book Co., Inc., New York, 
N . Y., 1959, p. 145.

(9) J . A. Pople, W. G. Schneider, and  H . J . Bernstein, C a n .  J .  C h e m .. 35,
1060 (1957).

crystallization from aqueous diethylene glycol gave a yellow 
powder, m.p. >350°.

I l l  was also prepared as follows: a solution of 5.4 g. (0.05 mole) 
of o-phenylenediamine and 3.0 g. (0.025 mole) of dithiooxamide 
in 150 ml. of ethanol was refluxed until the red color disappeared. 
The mixture was diluted to 300 ml. with water and the precipitate 
was crystallized from aqueous diethylene glycol to give 5.0 g. 
(91%) of III, m.p. >350°. (loge): 240mM (4.28), 251 mg
(4.18), 316 mg (4.42), 325 mg (4.51), 342 mg (4.43),380 mg (3.28), 
400 mg (3.41), 421 mg (3.45), 448 mg (3.15). The product was 
identical to that from the previous preparation as shown by com
parison of the infrared spectra (potassium bromide).

Anal. Calcd. for C14H10N4: N, 23.92. Found: N, 23.80.
A2'2'-Biisobenzimidazolylidene (II). A.—A mixture of 3.2 g. 

(0.025 mole) of I and 10 g. of lead dioxide14 in 100 ml. of benzene 
was refluxed for 240 hr.; water produced was removed continu
ously by azeotropic drying. The mixture was filtered while hot 
and cooled. Unchanged I that crystallized was removed by filtra
tion. The filtrate was concentrated to 25 ml., cooled, and filtered 
again. This filtrate was shaken with a 2% aqueous solution of 
silver nitrate adjusted to pH 9 with ammonia. The mixture was 
filtered and benzene layer of filtrate dried (magnesium sulfate) 
and evaporated to dryness in vacuo. The red residue was crystal
lized twice from carbon tetrachloride to give 0.26 g. (8.5%) of 
crimson needles, which decompose above 200° with sublimation 
to a green solid. The infrared spectrum (chloroform) of the 
crimson needles was superimposable on that of the product 
obtained subsequently.

B.—A suspension of 15 g. of lead dioxide14 and 2.0 g. (0.0085 
mole) of III in 100 ml. of benzene was refluxed for 24 hr.; the 
water produced -was removed continuously by azeotropic distilla
tion. The mixture was filtered hot and the filtrate and benzene 
washings of the residue were combined and concentrated to 10 
ml. Cooling overnight resulted in the separation of 1.3 g. (65%) 
of crimson needles which decomposed above 200° with sublima
tion to a green solid. r™/1': 3050 cm.-1, 1516 cm.-1, 1455 cm.-1, 
1395 cm.-1, 1100 cm. -1 (all sharp). (log e): 262mg(4.93).

(log «): 386 mg (4.33), 399 mg (4.30) shoulder, 409 mg 
(4.66), 435 mg (3.83), 462 mg (3.53).

Anal. Calcd. for Ci4H8N4: C, 72.40; H, 3.45; N, 24.15; 
mol. wt., 232. Found: C, 72.51; H, 3.73; N, 23.92; mol. wt., 
227, 239 (cryoscopic in benzene).

Reduction of II to III.—A solution of 0.36 g. (0.00155 mole) 
of II in 50 ml. of ethanol was treated with a few drops of hydra
zine hydrate and 0.19 g. of Raney nickel. The mixture was 
stored at 40° overnight, heated to reflux, and filtered hot. The 
filtrate was diluted with 50 ml. of water and III separated as a 
yellow powde, 0.28 g. (78%). The infrared spectrum (potassium 
bromide) of this material was superimposable on that of the 
authentic material.

Reaction of Silver Benzimidazole with Iodine.—A stirred 
suspension of 5.0 g. (0.022 mole) of silver benzimidazole15 in 150 
ml. of dry benzene at room temperature was treated with a 
solution of 2.53 g. (0.02 mole) of iodine in 50 ml. of dry benzene, 
which was added drop wise with stirring. Care was taken to ex
clude atmospheric moisture. Decolorization was slow. When 
the addition was complete the mixture was stirred for 2 hr. 
longer and filtered. On evaporation the filtrate gave 0.16 g. 
of I, m.p. 168-170°. The residue was washed with ethanol and 
then extracted in a Soxhlet with ethylene glycol for 4 hr. Dilu
tion of the extract with water gave III, 0.65 g. (27%), as a yellow 
powder. Its infrared spectrum (potassium bromide) was superim
posable on that of the authentic material.

Acknowledgment.—Thanks are due to Dr. J. L. 
Kice of Oregon State University for the p.m.r. spectrum 
and to the Research Committee of Hobart and William 
Smith Colleges for a grant-in-aid.

(10) G . M . Badger and I .  S. W alker, J .  C h e m .  S o c . ,  1 2 2  (1956).
(11) H . G iesem an and G . H alschke , C h e m .  B e r . ,  92, 92 (1959); H . Giese

man, H . Le tta u , and H -G . M anfe ld t, i b i d . ,  93, 570 (1960).
(12) Th e  in frared  and u ltrav io le t-v isib le  spectra were obtained on a 

P e rk in -E lm er M odel 21 spectrophotometer and a  Beckm an D B  spectro
photometer, respectively.

(13) T .  S. La ne , J .  C h e m .  S o c . ,  2238 (1953).
(14) T h e  lead dioxide was B a ke r Analyzed m aterial.
(15) F .  Feig l and H . G le ieh , M o n a t s h .  C h e m . ,  49, 385 (1928).
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Only slight differences have been reported in relative 
rates of carbon-hydrogen bond insertion by methyl
ene generated photochemically from diazomethane in 
the vapor and liquid phase,4a although methylene gen
erated by ketene photolysis in the vapor phase is con
siderably more selective.413 In order to ascertain the 
influence of solvents on the reactions of methylene, 
diazomethane has been photolyzed in a variety of 
solvent mixtures. The effect of benzene on the relative 
rates of the carbon-hydrogen bond insertion in 2,3- 
dimethylbutane (Table I) and the effect of various 
solvents on the reaction of methylene with benzene 
have been determined (Table II).

T a b l e  I
M éthylation  o f  2 ,3-D im eth y lbu ta ne  in  th e  P resen ce  o f  

B en z e n e  a t  25°

Benzene concn., M  

0.00 
1.97 
3 .93

2.3- D M P/-
2.2.3- TM B“

4.8 ±  0.4
5.1 ± 0 .1
5.1 ±  0.1 

Av. 5.0

V  kf>
0.81 ±  0.07 
0.85 ±  0.02 
0.85 ±  0.02 
0.835°

“ Ratio of 2,3-dimethylpentane and 2,2,3-trimethylbutane in 
the reaction product. 1 Relative reactivity of the primary and 
tertiary hydrogen atoms. c Doering, et al., ref. 4a, reported a 
value of 0.815.

Benzene as well as a variety of other aromatic sub
stances tested, did not appear to have any effect on 
the relative rates (1° vs. 3°) of the insertion reaction 
with 2,3-dimethylbutane. The low selectivity (ter- 
tiary/primary = 1/0.835) is consistent with an in
discriminate methylene43"6 not deactivated by the pres
ence of benzene. In addition, the relative reactivity of 
benzene and 2,3-dimethylbutane is independent of the 
benzene concentration. The experiments listed in lines 
5 and 7 of Table II indicated that, in 5.9 M  benzene,
2,3-dimethylbutane was (0.58 ±  0.06)0 as reactive as 
benzene, whereas in the presence of 2.2 M  benzene the 
relative reactivities were (0.56 ±  0.03)0 where 0 is a 
correction factor for conversion of the area ratio of 
cycloheptatriene and 2,2,3-trimethylbutane in a gas 
chromatograph into the mole ratios.

Various solvents had an effect on the relative amounts 
of cycloheptatriene and toluene formed in the reaction 
with benzene.6 The ability of solvents to increase the 
yield of cycloheptatriene relative to toluene (Table II) 
roughly parallels the ability of these solvents to affect 
the selectivity of the chlorine atoms.7 The change in 
selectivity of the chlorine atom has been shown to be 
due to the formation of ir-complexes with the aromatic 
solvent and to be proportional to the basicity and 
concentration of the aromatic molecule. A similar 
interaction of methylene with aromatic compounds to 
form a ir-complex seems likely since carbenes are elec
tron deficient. Thus, a possible explanation of the 
observed solvent effect is that an initially formed 
methylene-aromatic complex (I), where Ar is benzene 
or some other aromatic, can react with another molecule 
of benzene to yield cycloheptatriene or at least yield a 
higher ratio of cycloheptatriene to toluene than the 
unimolecular decomposition of I when Ar is benzene. 
An alternate explanation might be that aromatic sol-

T a b l e  II
R e a c t io n  o f  B e n z e n e  w it h  M e t h y l e n e

" Solvent, concn.
Benzene 

concn., M Temp.
CHT/-
toluene“

¿-Butylnaphthalene, 4.3 M 2.0 25 7.0 ±  0.2
Benzene 11.4 25 4.8 ±  0.4
i-Butylbenzene, 4 M b 2.0 25 4.4 ±  0.3
Chlorobenzene, 4 Mc 2.0 25 3.6 ±  0.4
2,3-Dimethylbutane, 3.6 M 5.9 25 4.2 ±  0.02'
2,3-Dimethylbutane, 4.9 4.0 25 4.0 ±  0.02'
2,3-Dimethylbutane, 6.1 M 2.2 25 3.8 ±  0.2
Cyclohexane, 7.5 M 2.0 25 3.7 ±  0.2
Vapor phase d 155 3.3 ±  0.2
Vapor phase d 180 3.1 ±  0.2
Vapor phase i 200 3.3 ±  0.2
Vapor phase Av. 3.2 ±  0.1'

“ Ratio of cycloheptatriene and toluene in reaction product- 
6 2,3-Dimethvlbutane (3.6 M) used as a cosolvent. '  2,3-Di- 
methylbutane (3.2 M) used as a cosolvent. d Approximately 
500 mm. of benzene and 250 mm. of nitrogen. e Standard 
deviation.

Ar +  CH2I
Ar = C.He Ar = CeHj

toluene •<--------- A r----->■ CH2 --------->■ cycloheptatriene
k b  k<s

I

jcsHe

cycloheptatriene +  toluene

vents somehow influence the ratio of kc/k t for the de
composition of I with Ar = benzene.

Methylene produced photolytically from diazo
methane is known to possess excess electronic8 as well

(1) Part VII. Solvent. Effects in the Reactions of Free Radicals and 
Atoms. For P art VI see T e t r a h e d r o n , 8, 101 (1960).

(2) This research was supported by a grant from the Petroleum Research 
Fund administered by the American Chemical Society. Grateful acknowl
edgment is hereby made to the donors of the Petroleum Research Fund.

(3) Alfred P. Sloan Foundation Fellow.
(4) (a) W. E. Doering, R. G. Buttery, R. G. Laughlin, and N. Chandhuri,

J .  A m .  C h e m .  S o c . ,  78, 3224 (1956); H. M. Frey, i b i d . ,  80, 5005 (1958).
(b) J. H. Knox and A. F. Trotman-Dickenson, C h e m .  I n d .  (London), 731
(1957); H. M. Frey and G. B. Kistiakowsky, J .  A m .  C h e m .  S o c . ,  79, 6373
(1957).

(5) D. B. Richardson, M. C. Simmons, and I. Dvoretzky, i b i d . ,  82, 5001
(1960); 83, 1934 (1961).

(6) Doering and Knox* [W. E. Doering and L. H. Knox, i b i d . ,  75, 297 
(1953)} report a ratio of cycloheptatriene to toluene (by distillation) of 32/9 
from liquid phase ultraviolet photolysis while Lemmon and Strohmeier 
((R. M. Lemmon and W. Strohmeier, i b i d . ,  81, 106 (1959)] report a ratio of 
3.5 (distillation) a t  20° from liquid phase photolysis with sunlight or ultra
violet radiation.

(7) G. A. Russell, i b i d . ,  80, 4987 (1958).
(8) H. M. Frey, i b i d . ,  82, 5947 (1960); F. A. L. Anet, R . F. W. Bader, 

and À.-M. Auwera, i b i d . ,  82, 3217 (I960).; G. Hertzberg and J. Shoosmith, 
N a t u r e ,  183, 1801 (1959).
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as excess kinetic and vibrational energy.9 The effect 
of aromatic solvents on the ratio of cycloheptatriene 
and toluene formed from benzene cannot be readily 
explained by the loss of this excess energy to the solvent 
since (1) this ratio is temperature independent in the 
vapor phase, and (2) solvents that affect this ratio do not 
affect the selectivity of the insertion reaction in 2,3- 
dimethylbutane or the relative reactivity of benzene 
and 2,3-dimethylbutane toward methylene. The latter 
observations also rules out a reversible formation of I, 
since such a process would be expeeted to affect the 
energy and hence the selectivity of methylene.

The fact that solvents affect the eycloheptatriene/- 
toluene ratio but not the relative reactivity of 2,3- 
dimethylbutane and benzene clearly indicates that 
there is some irreversibly formed intermediate in the 
reaction between benzene and methylene and would 
appear to exclude the formation of cycloheptatriene 
and toluene from two different electronic states of 
methylene. The present results add little to the ques
tion of the possible intermediacy of norcaradiene in the 
reactions of benzene and methylene.10 Of course, 
complex I could be interpreted as being a norcaradiene. 
Careful investigation by gas-liquid chromatography of 
the reaction products did not give evidence for any 
initially formed C7 hydrocarbons other than toluene 
and cycloheptatriene. Moreover, the ratio of areas of 
peaks attributed to cycloheptatriene and toluene did 
not change during reaction, after reaction, or upon 
heating. This result indicates that one of the peaks 
was not partially norcaradiene. If all toluene and 
cycloheptatriene are formed via an isomerization of a 
norcaradiene intermediate, the liquid phase results 
might be explained by postulating a different ratio of 
products from an energy rich norcaradiene (I) and a low 
energy norcaradiene formed from the transfer of meth
ylene from I to another molecule of benzene.

The ratio of cycloheptatriene to toluene formed in the 
vapor phase from the pyrolysis of diazomethane in the 
presence of benzene agrees closely with the ratio ob
served for photolysis experiments in cyclohexane solu
tion. These results are in agreement with the conclu
sion that methylene generated either photochemically or 
pyrolytically from diazomethane is initially in the 
singlet state,11 as evidenced by similar selectivities in a 
number of insertion reactions.12

Experimental
Diazomethane was generated in a 125-ml. distillation flask 

fitted with a small addition funnel and modified with a nitrogen 
inlet tube which extended to the bottom of flask. Immediate 
formation of diazomethane occurred upon the dropwise addition 
of ca. 1 M  N-methyl-N-nitroso-p-toluenesulfonamide in carbitol 
solution to 50 ml. of 50% aqueous potassium hydroxide which 
has been preheated to about 55°. As the diazomethane was 
formed it was carried by nitrogen to the reaction vessel through 
the side arm of the distillation flask and through a second inlet 
tube that extended to the bottom of the reaction vessel. The re
action vessel was constructed from a quartz tube 1.2 X 8 cm. and

(f>) H . M . F rey , P r o c .  R o y .  S o c .  (London), 250A, 409 (1959); 251A, 575 
(1900).

(10) See, for example, H . M eerwein, H . D isselnkôtter, F. H appen, H. 
R in te len , and  H. Vloed, A n n . ,  604, 151 (1957).

(11) P . S. Skell and  R. C. W oodworth, A m .  C h e m .  S o c . ,  78, 4496 
(1956); R . C. W oodworth and  P. S. Skell, i b i d . ,  81, 3383 (1959).

(12) B. S. R ab inov iteh  an d  D. W. Setser, i b i d . ,  83, 750 (1961); K. R.
Kopecky, G. S. H am m ond, and  P. A . Leermakers, i b i d . ,  84, 1015 (1962).

had a test tube bottom and a ground glass joint at the top for 
connection of the vessel to a condenser. The second inlet tube and 
the condenser were of one construction so the inlet tube entered the 
reaction vessel through the center of the glass joint. The system 
was swept with nitrogen prior to each experiment to remove 
oxygen. Generally a ratio of nitroso compound to substrate of 
1 to 5 was employed. After the diazomethane was generated 
and almost completely transferred to the reaction vessel, irradia
tion with a General Electric UA-2 lamp was begun with both the 
reaction vessel and the lamp immersed in a water bath. The 
irradiation was continued until the color of the diazomethane had 
disappeared. Generally about an hour was required except 
when large amounts of aromatic compounds were employed as 
solvents. Control experiments indicated that the cyclohepta- 
triene/toluene ratio did not change with irradiation over the 
period of time required for photolysis of diazomethane. How
ever, other control experiments indicated that these ratios were 
not reproducible when oxygen was present, the presence of oxy
gen always resulting in the destruction of some cycloheptatriene.

Prolonged irradiation destroys cycloheptatriene as does ex
posure to air in the absence of light. Table III gives the cyclo
heptatriene to toluene ratios observed as a function of irradiation 
time in experiments in which the diazomethane generated from 
10 mmoles of the nitroso compound was added to 90 mmoles of 
benzene.

T a b l e  I I I
E f f e c t  o f  I r r a d i a t i o n  T i m e  o n  

C y c l o h e p t a t r i e n e / T o l u e n e  R a t i o

CHT/-
Time, (hours) toluene

1.0« 4.68  ±  0.06
2 .0 4 .6 7  ±  0.03
6.0^ 4 .3 4  ±  0 .1 2 '
e>d 4 .5 6

1 2 d 4 .5 7

“ The diazomethane was consumed during the first hour of 
reaction. b Unknown substance having a retention time 0.74 that 
of toluene detected. c Area ratio (CHT +  unknown)/toluene =
4.58. d Irradiation stopped after 1 hr.

The product of photochemical decomposition of cyclohepta
triene was not investigated but was probably the A2.6-bicyclo- 
[3.2.0]heptadiene.13 Experiments using sunlight or illumination 
from a tungsten filament to decompose the diazomethane in 
benzene solution gave the same eycloheptatriene/toluene ratios 
(5.0 ±  0.2 vs. 4.8 ±  0.4). Under the conditions employed the 
yield of cycloheptatriene and toluene was in the range of 10% 
based on the nitroso compound or 2% based on benzene. The 
yield varied with the nature of the cosolvent.

The vapor phase reactions were carried out in a Pyrex tube
1.7 X 35 cm. The heated portion of the tube was 25 cm. in 
length. The diazomethane was generated in the same apparatus 
as used previously. Benzene was allowed to enter the reaction 
tube as the vapor from boiling benzene and the reaction products 
collected in a 0° trap. A control experiment showed that the 
cycloheptatriene/toluene ratio did not change under the condi
tions of the reaction.

In all cases gas-liquid chromatography was used for the analysis 
of the reaction products. Correction factors were determined to 
convert product area ratios obtained in the analysis to molar 
ratios. Since control experiments showed that passing a benzene 
solution of diazomethane through the gas-liquid chromatography 
unit gave cycloheptatriene and toluene, presumably by a metal- 
catalyzed reaction, all unchanged diazomethane was removed by 
degassing or destroyed by phenol before analysis. Gas-liquid 
chromatography was performed at 85° with a flow rate of 75 ml. 
of helium per minute. A 0.25 in. X 6 ft. squalene column in 
series with a 0.25 in. X 6 ft. methylsilicone grease column gave 
relative retention times of benzene, 0.40; toluene, 0.85; and 
cycloheptatriene, 1.0 (6.3 min.).

Phillips 99 mole % 2,3-dimethylbutane was redistilled before 
use. 2,3-Dimethylpentane and 2,2,3-trimethylpentane were ob
tained from the National Bureau of Standards. Cyclohepta
triene was prepared from norbornadiene by pyrolysis.14

(13) W. G. D auben and  R. L. Cargill, T e t r a h e d r o n ,  12, 186 (1961).
(14) W. G. Woods, J .  O r g .  C h e m . ,  23, 110 (1958).
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The reaction of 7-lactones with inorganic cyanides 
to give cyano acids apparently was first studied by 
Wislicenus2-3 and Blaise,4 5 and Blanc6 applied the re
action in structure determinations. More recently a 
patent611 and publication613 described improvements in 
the reaction as applied to y-butyrolactone and Price7 
has used it in a synthetic sequence. Reppe8 found that 
the reaction could be extended to 5-valerolactone to 
give 5-cyanovaleric acid. It was of interest to see if 
the reaction might be extended to the next higher 
homolog, the seven-membered ring lactone, e-capro- 
lactone.

When the reaction of dry powdered potassium 
cyanide with e-caprolactone was carried out at a tem
perature of 240-280°, a 95% yield of poly-e-capro- 
lactone was obtained and 95% of the potassium cyanide 
was recovered. However at 300° a rapid exothermic 
reaction, accompanied by decomposition, gave potas
sium 6-cyanohexanoate, isolated as its ethyl ester. 
The proof of structure was based on the hydrolysis of 
the cyano acid ester to pimelic acid, which was identical 
with an authentic sample. The yield in the e-capro- 
lactone-potassium cyanide reaction varied from 49- 
71% depending on the maximum temperature reached 
and the time the mixture was heated after the reaction 
began.9

Since the possibility existed that the reaction was 
taking place between the inorganic cyanide and the 
linear (or macrocyclic) polyester, the reaction was in
vestigated with an aliphatic ester. Indeed when the 
reaction of potassium cyanide and ra-butyl stearate 
(used because of its high boiling point) was carried out 
at 350°, valeronitrile was obtained, identical with an 
authentic sample. I t seems unusual that no reaction 
was observed with potassium cyanide and benzyl 
benzoate under the same conditions in view of the re
sults of Wislicenus3 with phthalide. However, Koelsch10 11 12 
previously had observed that y-phenyl-y-butyrolactone 
did not react at 250°.

The reaction is possibly best explained in terms of a 
competition between a reversible reaction of the 
cyanide ion at the carbonyl group and an irreversible,

(1) To whom inquiries should be addressed.
(2) W. Wislicenus, B e r . ,  18, 172 (1885).
(3) W. W islicenus, A n n . ,  233, 101 (1886).
(4) E . Blaise, C o m p t .  r e n d . ,  124, 89 (1897); B u l l .  s o c .  c h i m .  F r a n c e ,  (3) 

29, 335 (1903).
(5) G. Blanc, i b i d . ,  (3) 33, 886, 904 (1905).
(6a) G erm an P a te n t 707,853 (1941); (b) J . W. Reppe, A n n . ,  538, 158 

(1955).
(7) C. C. Price and  W. K aplan, J .  A m .  C h e m .  S o c . ,  66, 477 (1944).
(8) J .  W. Reppe, A n n . ,  596, 80 (1955).
(9) These conditions are probably n o t y e t optim al because th e  high tem 

perature accentuates the ir im portance. The use of a  suitable solvent 
offers an  a ttrac tiv e  possibility of im proving the  yield. R eaction conditions 
are som ewhat m ilder for 7 -butyro lactone and 5-valerolactone, w hich react 
a t  abou t 200°6b and 230°8, respectively.

(10) C. F. Koelsch, J .  A m .  C h e m .  S o c . ,  65, 2093 (1943).

probably much slower, nucleophilic attack of cyanide 
on the alkyl carbon of the ester.11

It is worth remarking that y,Y-dimethyl-7-butyro- 
lactone (I)4 and y-p-anisyl-Y-butyrolactone (II)7 give 
rearranged d-cyano acids.

R

R '

CH2—c h 2
J  I
C C =  O +  KCNV

NC—CH—CH2 
R \J  I 

XCH COOK 
/

R '
I, R  =  R ' =  C H 3 

IX, R  = p-CH 3OC6H 4; R ' =  H

Presumably d,7-unsaturated acids are formed by 
pyrolysis of these tertiary and benzylic esters and 
undergo rearrangement to a,/3-unsaturated acids to 
which the cyanide then adds. There was, however, 
no evidence of the formation of other isomeric cyano- 
hexanoic acids of unsaturated acids from e-caprolactone.

Experimental12
Ethyl 6-Cyanohexanoate.—A mixture of 5.7 g. (0.05 mole) of 

e-caprolactone and 3.26 g. (0.05 mole) of dry, powdered potas
sium cyanide was heated in a test tube in a nitrogen atmosphere 
initially at 210°. During a period of 22 min. the temperature 
was raised to 287°. The lactone refluxed for a short period at 
258° and then the mixture became quite viscous. A plot of pot 
temperature vs. bath temperature showed little deviation frcm a 
constant difference. After cooling the reaction mixture was 
treated with 50 ml. of acetone and the insoluble salt removed 
by filtration. The salt was shown to be potassium cyanide by 
formation of a white precipitate with silver nitrate and by giving 
a potassium color in the flame test. The isolation of 3.01 g. 
represented a recovery of 95.3%. The acetone filtrate was 
evaporated and heated at 80° at 3-mm. pressure for 3 hr. to give
5.17 g. of a brittle yellow-tan solid, m.p. ca. 60°. This poly-
6-caprolactone sample gave an infrared spectrum identical with 
an authentic sample of the polyester prepared by the thermal 
polymerization of e-caprolactone.

When the reaction of e-caprolactone (0.30 mole) and potassium 
cyanide (0.3 mole) was repeated at an even higher temperature, 
an exothermic reaction set in at 296° which continued for 4 min. 
The total heating time was 41 min. and the final temperature of 
reaction mixture 314°. The cooled residue was treated with 20 
ml. of concentrated sulfuric acid in 200 ml. of absolute ethanol 
and the precipitated potassium sulfate removed by filtration. 
An additional 200 ml. of absolute ethanol and 200 ml. of benzene 
were added to the filtrate and the resulting solution was refluxed 
for 10 hr. The reaction mixture was treated with potassium 
bicarbonate to neutralize the sulfuric acid and filtered to remove 
the solid potassium sulfate. The filtrate was stripped of solvent

(11) A sim ilar m echanistic pa th  is probably involved in the  reaction of 
methoxide ion w ith m ethyl benzoate [J. F . B unnett, M . M. Robison, and 
F. C. Pennington, J .  A m .  C h e m .  S o c . ,  72, 2378 (1950)] to  give dim ethyl 
e ther in 74%  yield. H ere the fa s t reversible reaction  regenerates the s tarting  
m aterials, hence the only p roduct possible is th a t  derived from the slower 
irreversible reaction. This paper discusses additional reactions of this type. 
In  the case of caprolactone i t  is possible th a t  the reaction could proceed 
through  the m onomeric lactone, despite the  fac t th a t  polym erization pre
cedes the  reaction which would form the cyano acid. A small am ount of 
the m onomeric lactone in reversible equilibrium  w ith  the  polym er could 
give rise to  the observed result.

(12) All m elting points and boiling points are uncorrected.
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and flash distilled to give 37.17 g. of crude product, b.p. 82- 
103° at 0.8-1.7 mm. Distillation through a Podbielniak column 
with 13 in. of “Heli-pak’f packing gave 3.73 g. of pure ethyl
6-cyanohexanoate, b.p. 99-100° at 1.3 mm., n3id 1.4292. The 
column holdup, 4.57 g., was 98% pure cyano ester and these two 
fractions represent a 16% yield. Other fractions contained con
siderable amounts of the cyano ester.

Anal. Calcd. for C9HI6N 02: C, 63.88; H, 8.94; N, 8.28. 
Found: C, 64.13; H, 8.54; N, 8.26.

A more effective method of separating the hydroxy ester from 
the cyano ester was found to be chromatography on alumina. 
Thirty grams of a mixture of the hydroxy ester and cyano ester 
(64% cyano ester by infrared analysis13) in 100 ml. of benzene 
was passed over a 1 X 12 in. column of wet packed chromato
graphic alumina (Fisher 80-200 mesh) and eluted with benzene. 
Five 200-ml. fractions were collected. The first fraction gave
16.9 g. of ethyl 6-cyanohexanoate after evaporation of the ben
zene. Infrared analysis of the material showed it to be 90% 
pure cyano ester with trace impurities of benzene and the hy
droxy ester. The other four fractions from the elution with 
benzene gave a total of 7.55 g. of residues which were mixtures of 
the hydroxy ester and the cyano ester. Elution of the column 
with 200 ml. of formula 30 ethanol gave an additional 6 g. of 
material, which by infrared analysis was shown to contain a 
maximum of 9% of the cyano ester and was predominately the 
hydroxy ester (some ethanol was present in the sample).

One gram 15.96 mmoles) of ethyl 6-cyanohexanoate was re
fluxed with 3 g. (54 mmoles) of potassium hydroxide in 15 ml. 
of water for 4.25 hr. The cooled hydrolysate was neutralized to 
pH 2 with concentrated hydrochloric acid and saturated with 
salt. The white solid which separated was filtered and the 
aqueous solution was extracted with three 30-ml. portions of 
ether. The residue from the evaporation of the ether was com
bined with the solid and recrystallized from benzene to give 
0.3 g. of pimelic acid, m.p. 104.5-106.5°. A mixture melting 
point with authentic sample of pimelic acid, m.p. 105-106°, gave 
no depression.

Valeronitrile.—A mixture of 6.51 g. (0.1 mole) of dry, powdered 
potassium cyanide and 34.1 g. (0.1 mole) of »-butyl stearate in 
a 250-ml. reaction flask equipped with a stirrer, thermometer, 
nitrogen inlet, and side arm for distillation was heated by means 
of a Woods metal bath (at 260° initially) to 350° during 40 min. 
During the next 8 min. a liquid distilled from the reaction flask. 
Thirty-four minutes additional heating up to 397° yielded little 
more distillate. Infrared analysis showed the nitrile to be con
taminated with alcohol. Redistillation of the distillate, 6.2 g., 
yielded 1.63 g. (19.7%) of valeronitrile, b.p. 139.8-140°, » 36d  
1.3908. The infrared spectrum of the product was identical with 
an authentic sample of valeronitrile (Eastman Kodak White 
Label).

(13) Infrared  analyses were performed by  H. J . Sloane and R . A. N yquist.

Steroids. LXX.1’2 The Preparation of 
Some Pentacyclic Steroid Derivatives

S a m u e l  G .  L e v i n e , M o n h o e  E .  W a l l , a n d  N a n c y  H. E u d y

Natural Products Laboratory, Research Triangle Institute, 
Durham, North Carolina

Received January 4, 1963

A recent reportlb from this laboratory describes the 
base-catalyzed condensation of acetone with steroidal 
A16-20-ketones to produce pentacyclic products con
taining a 16,17-butanoandrostane ring system. We 
describe here an alternate approach to this class of

(1) (a) Presen ted  in  p a rt a t  th e  A m erican Chem ical Society Southw est- 
S ou theast Regional M eeting, D ecem ber 7 -9 , 1961; (b) Paper L X IX , M . E. 
W all, S, Serota, H . K enney, and G. S. A bernethy, in press.

(2) T his work was carried ou t under con trac t SA-43-pl1-4351 of the 
Cancer C hem otherapy N ational Service Center, N ational Cancer In s titu te , 
N ational In s titu te s  of H ealth .

compounds employing a Diels-Alder reaction3 for the 
ring forming step.

3/3,20-Diacetoxy-pregna-5,16,20-triene (I),4 prepared 
by enol acetylation of 16-dehydropregnenolone acetate, 
reacted readily with dimethyl acetylene dicarboxylate 
to yield a mixture of epimeric (at C-16) adducts from 
which the major component, m.p. 197-198°, could be 
isolated by crystallization in 40-50% yield. The in
frared spectrum of this compound contained bands at 
1760 (enol acetate), 1730-1740 (esters), and 1640 
cm.-1 (olefin). These results as well as the elemental 
analysis, n.m.r. spectrum (see Experimental), and 
mode of formation are in agreement with structure II 
for the adduct; the 16/3-II configuration proposed for 
the ring juncture is based solely on the known preference 
for 16a- attack shown by other addition reactions5 
of 16-dehydro steroids.

Dehydrogenation of the new cyclohexadiene ring of 
the adduct II was accomplished in 69% yield6 by 
treatment with chloranil7 in refluxing chlorobenzene or 
simply by boiling in nitrobenzene.7 The aromatic 
product III could be crystallized from hexane, cyclo
hexane, or isopropyl alcohol. In each case, the prod
uct melted with evolution of gas within the range 120- 
130 °. The crystals from isopropyl alcohol showed weak 
hydroxyl absorption in the infrared at 3600 cm.-1 
and gave an elemental analysis which checked well 
for one-half molecule of isopropyl alcohol of crystal
lization. Similarly, a n.m.r. spectrum8 of the product 
from cyclohexane crystallization included a sharp singlet 
at 8.57 (6H) indicating a half mole of solvent of 
crystallization. Another noteworthy feature of this 
spectrum was evident in the high field methyl reso
nance region where two sharp singlets (3H each) were 
found at 8.91 and 8.98, respectively. The latter ab
sorption peak, present also in the spectrum of the 
adduct II, may be assigned to the C-19 angular methyl 
group.9 The C-18 methyl resonance which hi most 
steroids appears at higher field9 must, in this case, be 
identified with the lower field resonance line. This 
extreme deshielding of the C-18 methyl resonance is 
presumably caused by the magnetic anisotropy effect 
of the nearby aromatic ring.10

(3) M aleic anhydride has already been reported to undergo diene add ition  
reactions w ith  20-methylene-All!-pregnenes and  w ith . 20-acetoxy-A16’20- 
pregnadiene derivatives; see F . Sondheimer and  R. M eehoulam , J .  O r g .  

C h e m . ,  24, 106 (1959), and  references therein  cited. .
(4) R. B. M offett and  D. I. W eisblat, J .  A m .  C h e m .  B o e . ,  74, 2 i83  (1952).
(5) (a) D. K . Fukushim a and  T. F . Gallagher, i b i d . ,  73, 196 (1951); (b> 

J. Romo, M. Romero, C. D jerassi, and G. Rosenberg, i b i d . ,  73, 1528 (1951);; 
(c) H . H irschm ann, E . B. H irschm ann, and  M. A. D aus, i b i d . ,  74, 5391 
(1952); (d) D. Gould, F . Gruen, and  E. B. Hershberg, i b i d . ,  75, 2510 (1953);: 
(e) G. P. M ueller and B. Riegel, i b i d . ,  76, 3686 (1954); (f) D . Gould, E . L„ 
Shapiro, L. E. F inckenor, F . Gruen, and E. B. H ershberg, i b i d . ,  78, 3158; 
(1956); (g) J. Romo, T e t r a h e d r o n ,  3, 37 (1958); (h) R. H . M azur and  J . H . 
Celia, i b i d . ,  7, 130 (1959); (i) P . F . Beal and  J . E . Pike, J .  O r g .  C h e m . ,  26„ 
3887 (1961).

(6) A reasonable yield of dehydrogenation product was also ob tained  from  
th e  am orphous epim er m ixture rem aining afte r crystallization  of th e  ad d u c t 
I I  (see Experim ental).

(7) L. M . Jackm an  in  “ Advances in Organic C hem istry ,” Vol. I I ,  R . A 
Raphael, E. C. Taylor, and H. W ynberg, Ed., Interscience Publishers. 
Inc., New York, N . Y., 1960.

(8) T he n .m .r. spectra  were tak en  in m ethylene chloride solution on  a 
V arian Associates HR-60 spectrom eter using te tram ethy lsilane as a n  in te rna l 
s tandard  ( r  =  10.0). We th a n k  W allace Lawrence of th e  C hem strand 
Research L aboratories for running  these  spectra.

(9) J .  N . Shoolery and M. T . Rogers, J .  A m .  C h e m .  S o d . ,  80, 5121 (1958).
(10) L. M . Jackm an, “ Applications of N uclear M agnetic Resonance Spec

troscopy in Organic C hem istry ,” Pergam on Press, New Y ork, N . Y., 1959, 
Chap. 7.
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Treatment of the tetraester III with sodium meth- 
oxide in dry methanol resulted in the methanolysis of 
both acetyl groups and production of the phenolic diester
3-alcohol IV, imp. 258-261°, in 77% yield. The in
frared spectrum contained rather widely separated 
ester bands at 1720 and 1705 cm.-1, respectively, as 
well as alcohol and phenol hydroxyl absorption. Well 
defined but different ultraviolet spectra were obtained 
by measurement in neutral solution (\£S °H 220 and 
261 mit, 27,700 and e 9650) and in alkaline solution 
(kmaxNa0CH3 244 and 306 mp, 22,600 and e 11,000) in 
agreement with the presence of an ionizable phenolic 
chromophore.

The dihydroxy diester IV was found to react smoothly 
under conventional Oppenauer oxidation conditions 
producing the corresponding conjugated 3-ketone V in 
88% yield. The presence of a conjugated ketone in 
this compound was confirmed by the infrared spectrum 
("max01 1695 cm.-1) but was not immediately evident in 
ultraviolet spectrum (Xmax°H 266 m/t, e 34,500) (Fig. 2). 
It is apparent, however, that this spectrum represents 
the absorption contribution of the aromatic chromo
phore as well as the conjugated ketone chromophore. 
The absorption component due to the 3-keto-A4 system 
was roughly assessed by running a “spectrum” of the 
conjugated ketone V against a solution of the 3- 
hydroxy compound IV (in identical concentration) as 
a “blank.” This resulted in a symmetrical tracing in 
the region above 220 mp (where isolated double bond 
absorption is negligible; the curve had a maximum at 
242 mp (e 18,200) as expected for the A4-3-ketone 
chromophore.

The pentacyclic steroid derivatives reported here 
have been submitted to the Cancer Chemotherapy 
National Service Center, National Cancer Institute, 
National Institutes of Health, for biological evaluation.

Experimental11
3jS-20-Diacetoxypregna-5,16,20-triene (I).—The enol acetyla

tion of 3/3-acetoxypregna-5,16-dien-20-one was conveniently 
carried out on a large scale by a modification of Moffett and 
Weisblat’s procedure.4 A solution of 15 g. of p-toluenesulfonic 
acid monohydrate and 100 g. of the prior ketone in 2 1. of re
distilled isopropenyl acetate was heated so as to cause slow dis
tillation of solvent through an insulated Claisen head. Removal 
of acetone formed in the reaction was facilitated by passing a 
very slow stream of dry nitrogen through the system. The nitro
gen flow was stopped after 6 hr., by which time 150 ml. of solvent 
had been collected and the temperature of the reaction mixture 
reached 100°. Slow distillation was continued for a final period 
of 1.5 hr. The acid catalyst was then neutralized by adding 8.0 
ml. of pyridine, with swirling, to the cooled reaction mixture. 
Precipitated salt was removed by filtration through Celite. 
Evaporation of solvent at reduced pressure left a partly crystal
line residue which was triturated with wdrm heptane and again 
freed of solvent. The resulting crystalline solid was dissolved in 
a minimum volume of benzene and passed slowly through a 
column containing 200 g. of Florisil. The early eluates (devoid of 
starting material by infrared determination) were freed of solvent 
and the solid residue was then recrystallized from methylene 
chloride-heptane, giving 74.3 g. (66%) of the enol acetate as 
colorless prisms, m.p. 137-142°. Further recrystallization from 
methylene chloride-methanol raised the m.p. to 143-145° with
out causing any change in the infrared spectrum; Moffett and 
Weisblat report m.p. 144-146° for this compound.4

(11) M elting points were obtained  using a  Kofler ho t stage and are un
corrected. Optical ro ta tions were m easured a t  25° in chloioform and  in fra
red spectra  were run  in  carbon disulfide except where noted. T he pen ta
cyclic derivatives are nam ed as in paper L X IX  (ref. lb ).

■»

Dimethyl 3/3,4'-Dihydroxy-16o:-( 16,17-butanoandrosta-1' ,4' ,5- 
triene)-l',2'-dicarboxylate Diacetate11 (II).—A solution of 8.50 
g. (0.059 mole) of dimethylacetylene dicarboxylate and 23.23 g. 
(0.0583 mole) of 3/3,20-diacetoxypregna-5,16,20-triene (I) in 350 
ml. of dry benzene was heated under reflux for 16 hr. Removal 
of solvent at reduced pressure and crystallization of the residue 
from methanol gave 13.60 g. (43%) of the adduct II, m.p. 193- 
196°. An analytical sample, prepared by further crystallization 
from the same solvent, had m.p. 197-198°, [ct]d  —85°; rmax 
1730-1740 (3-acetat.e and methyl esters), 1760 (enol acetate), and 
1640 cm. -1 (olefin). The n.m.r. spectrum showed singlet methyl 
resonances at 9.05 (C13-CH3), 8.96 (C10-CH3), 8.00 (C2-OAc),
7.87 (CA-OAc), and 6.29 and 6.24 t  (methyl esters).

Anal. Caled. for C31H40O8: C, 68.86; H, 7.68. Found: 
C, 68.60; H, 7.45.

By concentrating original methanolic mother liquors, an addi
tional crystalline but wide melting fraction (5.80 g., 18%, m.p. 
approx. 180-190°) could be obtained. This material, as well as 
the final amorphous residue (12.05 g.), gave an infrared spectrum 
which was nearly identical with that of the pure isomer (m.p.
197-198°) except in the region 1130-^1150 cm.-1.

Dimethyl 3d,4 '-Dihydroxy-( 16,17-butanoandrosta-l ' ,3' ,5,16- 
tetraene)-l',2'-dicarboxylate Diacetate (III). A. Nitrobenzene 
Method.—A 5.9-g. sample of the adduct II, dissolved in 50 ml. of 
nitrobenzene, was heated to boiling and slowly distilled for 35 
min. Most of the solvent was then removed at reduced pressure 
and below 55° using a rotary evaporator. The viscous, coiored 
residue was dissolved in methylcyclohexane and adsorbed onto a 
column containing 100 g. of Florisil and prepared in the same 
solvent. The column was washed with 10% benzene in methyl
cyclohexane (200 ml.) and 20% benzene in methylcyclohexane 
(150 ml.) until elution of residual nitrobenzene was nearly com
plete. The reaction product was then eluted with benzene (500 
ml.) and 10% ether in benzene (300 ml.). Crystallization from 
cyclohexane gave 4.44 g. (69%) of the aromatization product III, 
m.p. 120-125°, with evolution of gas. The n.m.r. spectrum in
cluded an intense, sharp singlet at_8.57 (C4'-OAc) and 6.15 r
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Fig. 2.—Absorption spectra of dimethyl 4'-hydroxy-(16,17- 
butanoandrosta - l',3',4,16 - tetraene) - 3 - one - l ',2 ' - dicarbox-
ylate (V ) ,-------- ; dimethyl 3/3,4'-dihydroxy-( 16,17-butano-
androsta l',3',5,16-tetraene)-l',2'-dic,arboxylate (IV), ---------; V,
run against IV as a “blank”, ...........

(methyl esters). A sample was recrystallized from isopropyl 
alcohol giving colorless plates, m.p. 125-130°, with evolution of 
gas; [a]d —88°; rms* 1760 (phenolic acetate), 1735-1720 (3- 
acetate and methyl esters), 1583 (aromatic), and 3600 cm.-1 
(weak, isopropyl alcohol of crystallization).

Anal. Calcd. for C31H38CVO.5 C3H80: C, 68.64; H, 7.45. 
Found: C, 68.77; H, 7.49.

B. Chloranil Method.—The amorphous C-16 epimer mixture 
remaining after crystallization of adduct II (see preceding) was 
freed carefully of solvent by conversion to a dry foam and warm
ing in vacuo. A 9.80-g. sample of this material and 5.0 g. of 
chloranil were dissolved in 150 ml. of dry, redistilled chloro
benzene and heated under reflux for 16 hr. Solvent was then 
removed at reduced pressure; residue was taken up in benzene, 
washed with saturated aqueous sulfur dioxide, then with cold 
dilute sodium hydroxide, and finally with water until neutral. 
Dried (magnesium sulfate) benzene solution was decolorized by 
passage through 100 g. of Florisil. Benzene eluates were com
bined, concentrated, and the residue crystallized from isopropyl 
alcohol, yielding 5.72 g. (56%) of plates, m.p. 124-128° dec., 
identical with the aromatization product III prepared as de
scribed previously.

Dimethyl 3/3,4'-Dihydroxy(16,17-butanoandrosta-l',3',5,16- 
tetraene)-l',2'-dicarboxylate (IV).—The aromatization product 
III (34.3 g.) was dissolved in 1300 ml. of methanol (freshly dis
tilled from magnesium methoxide) containing sodium methoxide 
(from 3.57 g. of sodium). The solution was allowed to stand at 
25° for 54 hr. under a nitrogen atmosphere. A 10-ml. portion 
of glacial acetic acid was then added followed by 200 ml. of 
water. About 1 1. of solvent was then removed at reduced pres
sure leaving a colorless crystalline sludge. The solid was collected 
and washed with 50% methanol-water; drying overnight at 50° 
in vacuo gave 21.0 (77%) of phenolic product, m.p. 250-255°. 
A sample of this material, further purified by two recrystalliza- 
tiohs from acetone, had m.p. 258-261°, [a]™01" —107°;
*wio1 3460 (3-OH), 3150 (phenolic OH), 1720 and 1702 cm.“1 
(methvl esters); XX£?x°H 219 (30,800), 258 (10,300), 294 m/i 
(inflection, , 2810); XXi£N‘O0H* 244 (22,600), 306 mit (« 11,000).

Anal. Calcd. for C27H340 6; C, 71.34; H, 7.54. Found: C, 
71.16; H, 7.64.

Dimethyl 4'-Hydroxy-( 16,17-butanoandrosta-l',3',4,16-tetra- 
ene)-3-one-l'2'-dicarboxylate (V).—A solution of 5.0 g. of the 3-
alcohol IV and 50 ml. of cyclohexanone in 200 ml. of dry toluene 
was distilled until about 10 ml. of solvent was collected. A 
solution of 5.0 g. of aluminum isopropoxide in 50 ml. of toluene 
was added and the reaction mixture heated under reflux in a 
nitrogen atmosphere for 2 hr. About 100 ml. of toluene was then 
removed by distillation. The cooled reaction mixture was treated 
with ice (co. 100 g.) and 150 ml. of cold 5% hydrochloric 
acid. The precipitated product was found to be very poorly 
soluble in the common organic solvents but could be extracted 
with three 200-ml. portions of 10% isopropyl alcohol in chloro
form. The combined organic extracts were washed with dilute 
sodium bicarbonate, then water, and dried over sodium sulfate. 
The solution was concentrated, diluted with hot hexane, and the 
crystalline product collected. The conjugated ketone V (4.40 
g., 88%) had m.p. 315-317°. The material was inserted in a 
Soxhlet thimble and continuously extracted with the solvent 
mixture toluene-chloroform-isopropyl alcohol (3:1:1); this re
sulted in recrystallization but caused no change in melting point. 
The product lad  [a] p%ilno -25°; 1695 (conj. ketone),
1720 and 1730 (ester), and 3350 cm.~’ (phenolic OH); XBa,0H 224 
(35,900), 294 m^ (inflection, e 2770); XX i ^ N*OCH= 244 (38,300), 
and 306 m/x (e 11,400). An ultraviolet spectrum of the con
jugated ketone V was rerun in methanol using a solution of the
3-hydroxy compound IV (in identical concentration) as a “blank.” 
The resulting tracing showed a single maximum at 241 m/i (e
15,000).

Anal. Calcd. for CivHEsOe: C, 71.66; H, 7.13. Found: C, 
71.40; H, 7.19.

Synthesis of Compounds Containing Carbon- 
Mercury and Carbon-Tin Bonds1,2

V. L. M i l l e r  a n d  J o h n  K .  C h a n

Department of Agricultural Chemistry,
Western Washington Experiment Station,

Washington State University, Puyallup, Washington

Received December 26, 1962

The attempted preparation of compounds containing 
both carbon-tin and carbon-mercury bonds was re
ported in 1926.3 Later investigation of the reaction 
indicated a stepwise degradation of the aryl or alkyl 
tin compound by the monosubstituted or inorganic 
mercury compound.4 In the present investigation, the 
degradation of the substituted tin compounds was 
prevented by using disubstituted mercurials. This 
paper describes the synthesis of the tributyltin salt of

T a b l e  I
T r is u b s t it c t e d  T in  H a l o  E s t e r s

Compound
M.p.,
°c.

Calcd.
Sn

Found
Sn

Y ield ,“
%

Tri-re-butyl iodoacetate 68 2 5 .1 2 5 .5 50-60
Tri-re-propyltin iodoacetate 75 2 9 .5 29.7 50-60
Tri-n-butyltin iodopropionate 61 24 .3 24 .3 50-60
Tri-n-butyltin bromoacetate 64 2 7 .8 29.0 50-60
Tri-re-propyltin bromoacetate 73 30.8 30.9 50-60

“ Crystallized from petroleum ether.
(1) Portions of th is  work were reported  a t  th e  N orthw est Regional M eet

ing of th e  A m eiican Chem ical Society, Pullm an, W ash., June, 1962. Scien
tific paper no. 2280, W ashington A gricultural E xperim ent Stations, Pull
man, W ash. P ro ject 1525.

(2) Supported  in p a rt by  medical and  biological research funds, in itia tive  
171, S ta te  of W ashington.

(3) R. F . C ham bers and  P. C. Scherer, J .  A m .  C h e m .  S o c . ,  48, 1054 
(1926).

(4) A. N. N esm eyanov and  K. H. Kocheshkov, B e r . ,  67, 317 (1934).
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T able II
Quarternary Ammonium Compounds

X Y Z M.p., °C.° Hg
------Calcd._—------- ---- ,

Sn I Hg5 6

----Found--- -—
Snc l d Yield. %

I Yl—O4I1I9 H 168-170 21.9 13.0 13.9 2 1 . 6 1 2 . 7 13.8 52
Br R-C4H 9 H 155-157 23.1 13.7 23.1 13.3 72
I R-C4H 9 c h 3 145-148 21.3 12.6 20.8 12.3 84
I W-C4H 9 Cl 161 20.4 12.0 20.6 11.8 50
I 7 1-C3H7 H 168 23.0 13.6 22.6 13.2 51
Br r-C3H, H 165 24.3 14.4 23.6 14.3 70

R - ü g - f SSc v
(CH2)„COSnY3X“

X Y n R
I

M.p., °C. Hg

1 n-GiHs
1 <b

110-112 24.2

I n-C3H7 1 same 124 25.4
I re-GiHg 2 same 137 23.8

I 71-C4H 9
1 O

120 24.2

/ — \ 0 -1

I'* O / T
COSn(CH3)3 ii 143

L ch3 ch3 _ 2

-Cal cd.----
Sn I Hg6

----Found----
Snc l d Yield, %

14 .3 23.9 14 .7 75

1 5 .1 24.8 15 .5 75
14 .1 2 3 .7 13 .6 71

14.3 2 4 .5 14 .5 65

20.9 22.3 2 1.0 22.3  87

“ Uncorrected, with decomposition. b Using Whitton’s apparatus. c Kochesekov’s procedure (K. A. Kochesckov, “Investigation 
in the Field of Organotin Chemistry,” J. G. A. Luijten and G. J. M. vander Kerk, Ed., Tin Research Institute, Middlesex, England, 
1955, p. 83). d Fusion with sodium hydroxide and sodium carbonate followed by Winkler’s titration (L. W. Winkler, “Volumetric 
Analysis,” Vol. 3 ,1. M. Kolthoff and R. Belcher, Ed., Interscience Publishers, Inc., New York, N. Y., 1957, p. 247).

(carboxymethyl) [p-(p-dimethylaminophenylmercuri)- 
phenyl]dimethylammonium iodide (1) and related 
compounds.

Experimental
Table I lists trisubstituted tin halo esters prepared by heating 

the organic tin oxide or hydroxide6 with the calculated amount of 
iodoacetic acid, |3-iodopropionic acid, or bromoacetic acid.6’7

Mercuribis-4-dimethylaniline and derivatives,8 mercuribis-3- 
pyridine,9 and 3-pyridyImercuribenzene10 were prepared by 
known procedures.

Synthesis of I and other compounds (Table II) resulted when 
the calculated amount of mercuribis-4-dimethylaniline or other 
base and a slight excess of a trisubstituted tin halo ester were 
heated with stirring to 110° for 15 min. in a beaker in an oil 
bath. The mixture quickly melted, then set to a paste. After 
cooling, the pasty mass was transferred to a small mortar and 
ground with diethyl ether. The somewhat granular material 
was transferred to a paper thimble in an ASTM Method 17147 
extraction apparatus; more ether was added; and extraction was 
continued for at least 4 hr. An insoluble yellow powder remained 
in the thimble. Other compounds were prepared in exactly the 
same manner, except that heating was limited to 70° for 10 min. 
with mercuribis-3-pyridine or 3-pvridylmercuribenzene. Heating 
the compounds with solvents for recrystallization resulted in the

(5) T he trisu b stitu ted  tin  bases were furnished by  R . J . Zedler of the  M etal 
and T herm it Corporation, New York, N. Y.

(6) G. S. Sasin, J .  O r g .  C h e m . ,  18, 1142 11953).
(7) H. H. Anderson, i b i d . ,  22, 147 (1957).
(8) F . C . W hitm ore, “ Organic Com pounds of M ercury,”  Chem ical C ata

logue Com pany, New York, N . Y., 1921, p. 365.
(9) C. D. H urd  and  C. J . M orrissey, J .  A m .  C h e m .  S o c . ,  77, 4658 (1955).
(10) A. N. N esm eyanov and  I. F . Lutsenko, J .  G e n .  C h e m .  U S S R . ,  11, 382

(1941).

formation of gum. However, near saturated solutions of I in 
butyrolactone or dimethyl sulfoxide, on dilution with water, 
yielded a product with unchanged melting point and mercury 
analysis.

Approximate solubility of several of the compounds was 
determined by machine shaking with the solvent at room tem
perature for 16 to 24 hr. After filtration, the solution was ana
lyzed for mercury.11 The compounds prepared were rather 
insoluble; the water solubility tended to be the reverse of alcohol 
solubility (Table III). The alcoholic solutions of mercuribis-3- 
pyridine quaternary ammonium compounds frequently precipi
tated on standing. When sufficient material was available, the 
mercury analysis of the precipitate and the original materia) was 
the same. One per cent aqueous sodium sulfide caused no sepa
ration of black mercuric sulfide on standing a week with satu-

Table III
Aitroximate Solubility in mg. /ml. of Representative 

Compounds
.------------Solvent------------ -

mpound Water Ethanol

r 3 . 3 8 . 3

i i 6 28.6 1 . 2

n r 8 .4 5 . 3
IVd 1 .8 0 . 4

“ Tri-n-butyltin salt of (carboxymethyl )[p-(p-dimethylamino- 
phenylmercuri)phenyl]dimethylammonium iodide. 6 Tri-ra- 
butyltin salt of l-( carboxymethyl )-3-( 3-pyridylmercuri )pyri- 
dinium iodide. c Tri-n-butyltin salt of l-( carboxymethyl)-3- 
(phenylmercuri)pyridinium iodide. d Bis(trimethyltin) salt of 
(mercuridi-p-phenylene )bis [(carboxymethyl )dimethylammonium 
iodide].

(11) V. L. M iller and F. Swimberg, J r ., Anal, C h e m . ,  1», 391 (1957).
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c h 3 c h 3 CH* CH3 -  CH3 ' “ CH;I
\ / \ / 1 1

R—N+ I - R—X + OCOCIIJ- II—X 1 C(4lj
c h 2
[ ¡L<a h +

1
1 • 1

0
CO
1 CH,

1
Sn(C4H9)3

0 _ _

I
Sn(C4H,),

A B  C
R = mercurated base

Fig. 1.—Possible structural formulas.

rated aqueous I  or IV but II precipitated mercuric sulfide, 
instantly, and III on standing 12 to 24 hr.

Trimethyltin iodoacetate reacted with both dimethylamino 
groups of mercuribisdimethylaniline. The other tin halo esters 
combined with only one. Several attempts to add a second tri- 
n-butyl- or propyltin halo ester or methyl iodide failed.

The compounds prepared are believed to be the iodide of the 
quaternary ammonium base (Fig. 1A). Figure IB represents a 
substituted acetate of the quaternary ammonium base. Figure 
1C represents the addition of the tri-n-butyltin iodoacetate as a 
double salt of a tertiary base as suggested by Kraus and Greer12 
for the addition of trimethyltin salts to bases such as pyridine or 
aniline. The latter two compounds should be obtainable with 
esters or salts other than the bromoacetic or iodoacetic ester. 
However, when the chloroacetate, acetate, or iodide reacted 
at 100° with mercuribis-4-dimethylaniline, the only identifiable 
compounds obtained were the starting materials. Feigl’s test13 
for iodide was positive. I t is recognized that no rigorous proof 
of the proposed structure of I and analogous products has been 
possible; however, it does seem that the fact that several 
similar pairs of compounds do react to yield products with com
positions which indicate that corresponding types of reactions 
must have occurred in the several instances gives substantial 
justification to the proposed structure.

(12) C. A. K raus and W .  N . Greer, J .  A m .  C h e m .  S o c . ,  45, 3708 (1923).
(13) F . Feigl, “ Spot T ests, Inorganic A pplications,”  Elsevier Publishing 

Com pany, A m sterdam , 1954, p. 248.

Tem perature Dependence of Stereochemistry 
of Complex Metal Hydride Reductions

P. T. Lansbury and R. E. MacLeay

Department of Chemistry,
The State University of New York at Buffalo,

Buffalo 14, New York

Received December 17, 1962

Although appreciable attention recently has been 
focused on the effect of solvent and reagent composition 
on the stereochemistry of reduction by complex metal 
hydrides,1 little data appear in the literature on tem
perature effects on stereochemistry when other variables 
are held constant. Vail and Wheeler2 have recently 
observed minor changes in the relative amounts of 
3a- and 3+cholestanols when reductions of 3-cholestan- 
one were performed with various reducing agents and 
solvents at several temperatures. The general trend 
was toward increasing amounts of axial alcohol at 
higher temperature.2 We wish to report results on the 
temperature dependence of product stereochemistry, 
utilizing conformationally pure ketones, in which case 
increased temperature may result in either an increase

(1) H . H aubenstoek  and E . L. Eliel, J .  A m .  C h e m .  S o c . .  84, 2333 (1962).
(2) O. R . Vail and  D. M. S. Wheeler, J .  O r g .  C h e m . ,  27, 3803 (1962).

or decrease in the relative amount of axial alcohol, 
although both cases actually involve greater proportions 
of the major product at low temperature (an enthalpy 
effect).

The table shows some typical results of reduction of
3,3,5-trimethylcyclohexanone (I) (a hindered ketone) 
and 4-f-butylcyclohexanone (II) (an unhindered ketone) 
by excess lithium aluminum hydride and sodium boro- 
hydride (>one mole of reducing agent/mole of ketone) 
in various solvents, each combination of reagent and 
solvent being studied at several temperatures. The 
molar ratios of the complex metal hydride to the ketone 
were not kept constant, but it is felt that this has no 
effect on the stereochemistry since Haubenstoek and 
Eliel1 have shown that the stereochemistry of reduc
tions of 3,3,5-trimethylcyclohexanone with lithium 
aluminum hydride in either diethyl ether or tetrahydro- 
furan is independent of the proportion of reactants and 
order of addition. Entries 5a-d likewise show that this 
also applies in pyridine. Eliel and Haubenstoek have 
also shown that the relative proportion of ketone and 
reducing agent does not affect the stereochemical 
result in the reductions with sodium borohydride. It 
can be seen that I gives substantially greater amounts of 
axial alcohol (the major product) at lower temperatures, 
whereas there is a slight decrease in per cent axial (the 
minor product) when reduction of II  is performed at 
lower temperatures, as was observed with 3-choles- 
tanone.2 These data are rationalizable according to 
the earlier views of Dauben, Fonken, and Noyce3 
on “steric approach control” and “product develop
ment control” and by assuming that the transition state 
for reduction of unhindered ketones (e.g., II) does not 
resemble reactants but is well along the reaction co
ordinate toward product,4 thus leading mainly to 
equatorial alcohol. This latter view is supported by 
several recent studies of borohydride reduction of un
hindered ketones where linear-free energy relationships 
are obeyed6 6 with highly positive p values being ob
served (+2.6 for p-substituted acetophenones5 and 
+2.65 for 2- and 3-substituted fluorenones6). Hindered 
ketones, on the other hand, reach the transition state 
earlier (“steric approach control”), thus leading to a 
predominance of exo-attack.

The present work provides further examples of the 
effect of temperature and solvent on the stereochemistry 
of reduction of cyclic ketones. A practical aspect of the 
data is the indication that greatest stereoselectivity in 
the reduction of hindered ketones to axial alcohols can 
be achieved in good solvating media1 at low tempera
ture.

Experimental

In all the complex metal hydride reductions the ketone (ap
proximately 7 mmoles) was dissolved in 25 ml. of the indicated 
solvent (Table I), protected from the atmosphere, and cooled in a 
bath to the desired temperature. A molar excess of the complex 
metal hydride was then added in powdered form to the system 
and stirred for 15-30 min. with a magnetic stirrer, except for the 
sodium borohydride reductions in isopropyl alcohol which were 
stirred approximately 48 hr.

A0 reductions run at 0° or higher were essentially complete 
in the reduction period (less than 1% unchanged ketone),

(3) W . G. D auben, G. J . Fonken, and D. S. Noyce, J .  A m .  C h e m .  S o c . i  

78 ,2579(1956).
(4) M . G. Coombe and H. B. H enbest, T e t r a h e d r o n  L e t t e r s ,  404 (1961).
(5) H . K w art and T. T akeshita, i b i d . ,  84, 2833 (1962).
(6) G. G. Sm ith and R. P. Bayer, T e t r a h e d r o n ,  18, 323 (1962).
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T a b l e  I

C o m p le x  M e t a l  H yd r id e  R e d u c t io n s  o f  3,3,5 T r im e t h y lc y c lo iie x a n o n f , (I) a n d  4-?-Bu t y l c y c l o iie x a n o n e  (II)

Entry Reagent Solvent
Temp.,
°C.

Molar ratio, 
metal hydride 

to ketone I

% Axial 
alcohol from I 

(normalized)
% Unreduced 

ketone I

Molar ratio, 
metal hydride 

to ketone II

%  Axial 
alcohol from II 

(normalized)

%
Unreduced 

ketone II
1“ LiAlH4 Et»0 30 1 . 1“ 55® 2.6“ 1.2 8 <1
2 LÌAIH4 Et20 0 1.3 58 <1 1.2 7.5 <1
3 LiAlH4 Et»0 -4 0 1.1 61.5 < : 1.0 5 2.6
4 LiAlH,6 CJEX 27 1.0 71 <: 1.1 11.5 <1
5a LÌAIH4 COEN 0 1.05 75 < : 1.7 10.5 <1b L1AIH4 COEN 0 0.77 74 1.3

c LÌAIH4 C6H5N 0 0.50 76 0.8
d LÌAIH4 c 6h 5n 0 0.30 76 41.3

6 LÌAIH4 C5H5N -4 0 1.05 83 <1 1.1 8.5 30
7 LÌAIH4 THF 65 0.3S“ 74“ 7“
8 LÌAIH4 THF 27 1.2 76.5 <1 1.2 8 < :
9 L1AIH4 THF 0 1.3 82 <1 2.0 7.5 <1

10 LÌAIH4 THF -4 0 1.1 87.5 <1 2.0 4 .0 < :
11 NaBH4 CH sO H 27 1 . 2 80.5 <1 1.2 20 < :
12 NaBH4 c h 3o h 0 1.3 86 < 1 2.0 16.5 < :
13 NaBH4c C H 3O H -4 0 1 . 2 98 < 1 1.3 1 2 . 0 2
14 NaBH,'' c h 3o h -7 0 1 . 2 98 27.4
15 NaBH4 î-G-HîOH 27 1.4 57.5 < 1 1 . 4 12.5 < 1
16 NaBH, î-C3H,OH 0 1.4 62.0 < 1 1 . 5 13.0 < 1
“ Results taken from ref. 1. 6 There is no opportunity for lithium tetrakis(N-dihydropyridyl)aluminate to play a significant rule in

these reductions since it is slowly formed under these conditions and reduces dialkyl ketones only with great difficulty (P.T. Lansbury 
and J. 0. Peterson, J . Am. Chem. Soc., 83, 3537; 84, 1756 (1962)). The present reductions were accomplished within a few minutes by 
addition of lithium aluminum hydride to pyridine solutions of I and II. '  Although NaBH(OCH3)3 may be involved at 0° and 27°, 
there was very little hydrogen evolution at —40° and none at —70°, so one may consider solvated sodium borohydride to be the major 
reducing species. d Since large amounts of ketone remain unchanged under these conditions it is conceivable that some reduction might 
occur during work-up. This possibility w'as shown to be extremely remote since a semi quantitative kinetic run at —75°, using the 
usual work-up for each aliquot taken, showed that good second-order kinetics were obeyed (k? = 6.7 X 10-41./mole-sec.) when the data 
were treated by the method of Brown, et al., Tetrahedron, 1,214 (1957).

whereas several of the reductions at —40° did not proceed to 
completion in the allotted time. When the reducing agent was 
lithium aluminum hydride, the excess hydride was neutralized 
with methanol at the temperature at which the reduction was run 
before continuing with the work-up. The reaction mixtures 
were then poured into a mixture of ice, water, and ether and 
acidified with dilute hydrochloric acid. The crude product was 
taken up in ether, washed with sodium bicarbonate solution, 
saturated salt solution, and dried over anhydrous sodium sulfate. 
The ether solution was concentrated and the mixtures of cis- 
and trans-3,3,5-trimethyleyelohexanols and cis- and trans-i-t- 
butylcyclohexanols were analyzed by gas-liquid partition chroma
tography using an F & M Model 300 programmed temperature- 
gas chromatograph. Peak areas were calculated from the 
product of the peak height and half-height width.

Synthetic mixtures of the pure cis- and (rare,s-3,3,5-trimcth.yl- 
cyclohexanols, as well as mixtures of the alcohols and I were 
prepared and analyzed by gas chromatography. Since experi
mental and ‘ calculated results agreed within ±1% , no cor
rection factors were used. The separation was carried out on a
5-ft. column freshly prepared using 20% by weight of the ben
zene extract from commercial “ Tide” detergent on Chromosorb
P. Helium flow rate was approximately 120 ml. per min. and 
the temperature was programmed from 90° at a rate of 4.6° per 
minute. The ketone had a retention time of 7.67 min., the 
trans alcohol 10 min., and the cis alcohol 12.67 min.

Synthetic mixtures of pure cis- and frans-4-i-butylcyclohexanols 
were prepared and analyzed by gas chromatography in the same 
manner. The experimental results agreed with the calculated 
results within 1 % in the absence of 4-f-butylcyclohexanone up to 
20% of the ketone present in the mixture and within 2-3% up to 
40% of the ketone in the mixture, the ketone partially masking 
the cis alcohol when it is present in large amounts. The separa
tion was carried out on the same 5-ft. “Tide” column'using a 
flow rate of approximately 200 ml. per min. The temperature 
was programmed from 90° at 4.6° per min. The retention time 
of the ketone was 13.5 min., that of the cis alcohol 14.67 min., 
and that of the trans alcohol 16.67 min.

The crude product mixtures from the hydride reductions were 
analyzed in the previous manner. The only peaks observed were 
those corresponding to the ether solvent, which immediately

flashed off, the two alcohols and, in some cases where the reduc
tion was incomplete, the ketones. In the table the yields of 
axial alcohols are normalized to 100%.
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The Preparation of Certain 
Cyclopoly methylenecyclosiloxanes

F r a n c is  J. B a j e r  a n d  H o w a r d  W. P o s t

Department of Chemistry, The State University of New York at 
Buffalo, Buffalo 14, New York
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The hydrolysis of organosilicon dihalides generally 
results in the formation of a mixture of cyclic and linear 
organopolysiloxanes with the latter predominating. A 
survey reveals that usually the hydrolysis involves the 
use of dialkyl, diaryl, or alkyl-aryl substituted dichloro- 
silanes. Siloxane polymers resulting from the hydroly
sis of 1,1-dichloro-l-silacyclobutane and 1,1-dichlofd-
1-silacyclopentane have been described by Hersch.1 
This paper records the preparation and characterization 
of four crystalline polymers of the type [(CIh)-SiO]ff 
where x is 4 or 5 and y is 3 or 4.

(1) J .  M . Hersch, U. S. P a te n t 2,464,231 (1949).
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Experimental
Tetracyclopentamethylenecyclotetrasiloxane.—To a vigorously 

stirred suspension of 20.7 g. (0.85 g.-atom) of magnesium powder 
in 400 cc. of anhydrous diethyl ether was added, dropwise, a 
mixture of 34.1 g. (0.20 mole) of silicon tetrachloride and 92.0 g. 
(0.40 mole) of 1,5-dibromopentane. After a few milliliters of 
the mixture had been added, the reaction was initiated using a 
small crystal of iodine. After addition, the mixture was heated 
for 3 hr. after which it was left standing overnight. Hydrolysis 
was effected by the cautious addition of 200 ml. of a 10% hydro
chloric acid solution and the ether layer dried over anhydrous 
calcium chloride.

Distillation at low pressures yielded 17.5 g. of material, 
principally 1,5-dibromopentane. Using a steam heated con
denser, a viscous oil was obtained of which three fractions were 
collected: (1) b.p. 156-169°; (2) b.p. 173-187°; (3) b.p. 198- 
200° (0.07 mm.). Fractions 1 and 2 crystallized at room 
temperature while the viscous oil in fraction 3 required longer 
time. The crystals from fractions 1 and 2 were recrystallized 
from hot 95% ethanol giving a white product, 3.6 g., m.p. 71- 
73°.

Anal. Calcd. for C2oH4004Si4: C, 52.58; H, 8.82; Si, 24.59;
mol. wt., 457. Found: C, 53.17; H, 8.78; Si, 24.09; mol. wt., 
452.

Infrared absorption: strong, 2910, 2855, 1068, 783 cm.-1; 
medium, 1446, 1398, 1199, 1177 cm.-1; weak, 1460, 1343, 1290, 
1268, 1003, 856, 769 cm.-1.

Tricyclopentamethylenecyclotrisiloxane.—Similarly, 33.3 g. 
(0.19 mole) of 1,1-dichloro-l-silacyclohexane in 250 ml. of an
hydrous ether, was treated with 38.1 g. (2.12 moles) of crushed 
ice. The mixture was vigorously stirred and maintained at 
reflux for 1 hr. The ether layer was then washed with 50 ml. of 
water and again stirred at reflux with 50 ml. of a 5% solution of 
potassium hydroxide for an additional hour. The ether layer 
was washed once with 50 ml. of a 1% hydrochloric acid solution 
and twice with water, then dried over calcium chloride. Vacuum 
distillation, after release of the ether, yielded a material which 
crystallized in the condenser. This material, recrystallized from 
hot 95% ethanol, gave 2.4 g. of white crystals, m.p. 92-94°. 
The pot residue probably contained higher polycyclic compounds 
including the tetramer, as indicated by infrared data.

Anal. Calcd. for CI6H3o03Si3: C, 52.58; H, 8.82; Si, 24.59; 
mol. wt., 343. Found: C, 52.99; H, 9.12; Si, 24.16; mol. 
wt., 335.

Infrared absorption: strong, 2910, 2850, 1016, 1000, 784 
cm.-1; medium, 1445, 1398, 1175, 905 cm.-1; weak, 1460, 
1341, 1289, 1267, 1197, 855, 765 cm.-1.

Tricyclotetramethylenecyclotrisiloxane and Tetracyclotetra- 
methylenecyclotetrasiloxane.—In similar manner, 20 g. (0.82 
g.-atom) of magnesium powder suspended in 400 ml. of anhydrous 
ether was treated with 34 g. (0.20 mole) of silicon tetrachloride 
and 86 g. (0.40 mole) of 1,4-dibromobutane. After working up 
as before, and evaporation of the ether, 2.2 g. of a solid precipi
tated. This was filtered and recrystallized from hot heptane- 
octane mixture as fine white crystals, m.p. 199-201°, tricyclo- 
tetramethylenecyclotrisiloxane.

Anal. Calcd. for CnH»0,Si,: C, 47.95; H, 8.05; Si, 28.03; 
mol. wt., 301. Found: C, 48.18; H, 7.94; Si, 27.95; mol.wt., 
292 (Rast).

Infrared absorption: strong, 2940, 2865, 1408, 1074, 1034, 
1010 cm.-1; medium, 1454, 1249, 855, 739, 705 cm.-1; weak, 
1307, 1190, 1157, 907, 788 cm.-1; shoulder, 1467 cm.-1.

The remaining oil was distilled yielding 1,4-dibromobutane, 
b.p. 61-64° (5.4 mm.), and an uncharacterized silicon-containing 
liquid, b.p. 43-52° (5.4 mm.), showing Si-H infrared absorption. 
Further distillation yielded a solid, 2.8 g., m.p. 114-116°, 
tetracyclotetramethylenecyclotetrasiloxane.

Anal. Calcd. for Ci6H3204Sh: C, 47.95; H, 8.05; Si, 28.03; 
mol.wt., 401. Found: C, 48.17; H,8.23; Si, 28.25; mol.wt., 
415 (Rast).

Infrared absorption: strong, 2950, 2875, 1076, 1065 cm.-1; 
medium, 1455, 1410, 1249, 1014, 855, 704 cm.-1; weak, 1310, 
1192, 1155, 817, 790, 740, 672 cm.-1; shoulder, 1468, 1065 
cm.-1.

This synthesis was repeated by treating 31.0 g. (0.20 mole) of
1,1-dichloro-l-silacyclopentane in ether with 38.0 g. (2.10 moles) 
of crushed ice. After an hour of reflux, 95 ml. of a 5% potassium 
hydroxide solution was added and refluxing continued for another 
hour. The ether layer was then washed several times with 50-ml.

portions of water and dried over anhydrous calcium chloride. 
Evaporation of ether gave 0.8 g. of a crystalline solid, m.p.
199-201°, and a second solid, m.p. 115-116°. Infrared data 
were identical on the products prepared by these two methods.

Infrared absorption data were obtained using a Perkin-Elmer 
Model 21, linear in wave number, spectrophotometer equipped 
with sodium chloride optics. Solution spectra were recorded, 
using carbon tetrachloride and carbon disulfide, to cover 4000- 
1300-cm.-1 and 1300-650-em.-1 regions, respectively. All 
samples were run in a 0.08-mm. fixed thickness salt cell, uncom
pensated. Sample concentrations were as follows: 250 mg. of
solute per 2.5 ml. of carbon tetrachloride and 50 mg. of solute 
per 2.5 ml. of carbon disulfide, with the exception of tricvclo- 
tetramethylenecyclotrisiloxane where solubility difficulties made 
it necessary to use approximately 95 mg. of sample per 2.5 cc. 
of carbon tetrachloride.

Preparation of O rnithine from Methyl
2,5-Diazidovalerate

R. A. S t h o jn y  a n d  H. C. W h i t e

Edgar C. Britton Research Laboratory,
The Dow Chemical Company, Midland, Michigan

Received December 6, 1962

2,5-Dichlorovaleric acid is an attractive starting 
material for the synthesis of ornithine (2,5-diamino- 
valeric acid) because it can be prepared from carbon 
tetrachloride and ethylene followed by dehydrohalo- 
genation, chlorination, and hydrolysis.1-3 Direct 
ammonolysis of 2,5-dichlorovaleric acid gives the ring 
closed products proline and 2-tetrahydrofuramide4 
with no evidence for ornithine formation. In order to 
avoid these products, some source of nitrogen incapable 
of undergoing ring closure reactions is desirable for the 
synthesis of ornithine.

We have found that sodium azide displaces both 
chloro groups in methyl 2,5-dichlorovalerate to form 
methyl 2,5-diazidovalerate. Reduction followed by 
hydrolysis gave ornithine in 63% yield based on methyl
2.5- dichloro valerate.

(C H ihSO i
C1CH2CH2CH2CH(C1)C00CH3 +  N aN ,-------------- >

N3CH2CH2CH2CH(N3)COOCH3

1. H i-P d  C
N3CH2CH2CH2CH(N3)COOCH3----------------- >

2. HaO-HCl

H2NCH2CHoCH2CH( N H2 )COOCH3 • HC1

Methyl 2,5-dichlorovalerate was prepared using three 
moles of methanol and 2,2-dimethoxypropane6 in the 
presence of Dowex 50-H+. The reaction of methyl
2.5- dichlorovaleric acid and sodium azide goes smoothly 
in dimethyl sulfoxide at 60-65° and is 97.5% complete 
after five hours. Reduction of crude6 methyl 2,5-di-

(1) R . Joyce, W. H anford, and  J . H arm on, J .  A m .  C h e m .  S o c . ,  70, 2529 
(1948).

(2) A. N esm ejanov, V. Kose, and  R. Friedlina, D o k l .  A k a d .  N a u k ,  S S S R ,  

103,109(1955).
(3) F o r o ther routes to  ornithine see D. M. Greenberg, “ Amino Acids and  

P ro teins,’’ Charles C Thom as, Publisher, Springfield, 111., 1951, p. 153; S. 
Akabori, Y. Itum i, and  T . O kuda, N i p p o n  K a g a k u  Z a s s h i ,  77, 490 (1956); 
C h e m .  A b s t r .  52, 8958h  (1958); A. Nesm ejanov, e t  a l . ,  C h e m .  T e c h . ,  9, 139 
(1957).

(4) R. A. Stro jny , H. C. W hite, and E . J . S tro jny , O r g . C h e m . ,  27, 1240 
(1962).

(5) N. L orette  and  J . Brown, i b i d . ,  24, 261 (1959).
(6) M ethyl 2,5-diaridovalerate is a  distillable liquid, b.p . 85-93° (0.3 

m m .). The analysis of the  d istilla te  was low in  nitrogen, perhaps because 
of loss of nitrogen during  distillation.
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azidovalerate with hydrogen and 5% palladium on 
charcoal at 0-25° and atmospheric pressure was fol
lowed by hydrolysis to yield ornithine hydrochloride.

Experimental
Methyl 2,5-Dichlorovalerate.—A mixture of 2,5-dichloro- 

valeric acid (27.4 g., 0.16 mole), methanol (15.4 g., 0.48 mole),
2,2-dimethoxypropane (50 g., 0.48 mole), and a catalytic amount 
of dry, powdered Dowex 50-H+ was stirred at room temperature 
for 20 hr. and heated at 40-60° for 24 hr. After removal of the 
catalyst by filtration, distillation of the brown solution gave 18.1 
g. (61% yield) of ester, b.p. 72-73° (1 mm.). Vapor phase 
chromatography showed one peak and a trace impurity.

Anal. Calcd. for C6H10O2Cl2: C, 38.94; H. 5.45;'Cl, 38.32. 
Found: C, 39.34; H, 5.67; Cl, 38.69.

DL-Omithine Hydrochloride.—Methyl 2,5-dichlorovalerate 
(9.40 g., 0.05 mole) was added to a mixture of 50 ml. of dimethyl 
sulfoxide and 13.0 g. (0.20 mole) of sodium azide and stirred 
for 5 hr. at 60-65°. Water was added and the orange solution 
extracted with ether. An aliquot of the total aqueous portion 
was found to contain 97.5% of the theoretical amount of inorganic 
chloride on titration with silver nitrate. The ether solution was 
washed, dried, and evaporated under reduced pressure to yield 
a bright yellow liquid, presumably methyl 2,5-diazidovalerate.6

This product was taken up in 50 ml. of 95% ethanol and placed 
in a reduction flask equipped with a stirrer, a sintered glass 
sparger, and a gas outlet tube. One gram of 5% palladium on 
charcoal suspended in 50 ml. of ethanol was added. 'With ice 
cooling, hydrogen was bubbled in for 2 hr. A small amount 
of fresh catalyst and 8 ml. of concentrated hydrochloric acid were 
added and reduction allowed to continue for 1 hr. with ice cool
ing and 4 hr. at room temperature. Filtration, evaporation, 
and refluxing with 40 ml. of 5 N  hydrochloric acid for 4 hr. yielded 
a brown solution which was evaporated and redissolved in water. 
Passage through a column containing 70 g. of Dowex 50-H + 
and washing with water until the eluate was chloride-free fol
lowed by elution with ammonia gave, on evaporation, a basic 
oil containing 65% of the theoretical amount of ornithine by 
hydrochloric acid titration. Addition of hydrochloric acid to 
pH 3.8 and evaporation gave a tan-colored oil wrhieh, on tritura
tion with absolute methanol, yielded 5.8 g. (63% of theory) of d l - 
ornithine hydrochloride. An 85% recovery of white crystals 
containing 98.2% of the theoretical amount of chloride ion was 
obtained on recrystallization from water-ethanol. Comparison 
of our product with an authentic sample of DL-ornithine hydro
chloride showed them to possess identical infrared and n.m.r. 
spectra and identical Ri values on paper chromatography of 0.03 
in collidine-water (125:44) and 0.09 in ra-butyl alcohol-acetic 
acid-water (40:10:50).

Hydrogen Bonding in Pyrrylmethenes1

A l b e r t  J. C a s t r o , J o h n  P. M a r s h , J r ., a n d  
B r u c e  T. N a k a t a 2

Fig. 1.—Infrared spectra in carbon tetrachloride. Letters (A, B, 
and C) refer to solutions marked in Table I.

Department of Chemistry, San Jose State College,
San Jose 14, California

Received October 4, 1962

Some time ago Vestling and Downing3 presented 
infrared spectral evidence for hydrogen bonding in 
2,2' -(3,3',5,5' -tetramethyl - 4,4' - diethoxy carbonyl) di - 
pyrrylmethene (I) and in the 3,4',5-trimethyl-3',4- 
diethoxycarbonyl-5 '-bromo analog (II), both in carbon 
tetrachloride. The absence of dilution studies pre

(1) T h is  w ork  w as su p p o r te d  in  p a r t  b y  a  P H S  g ra n t , C-6255, from  
th e  N a tio n a l C an c e r I n s t i tu te  a n d  p re s e n te d  fo r th e  m o s t p a r t  a t  th e  A m eri
ca n  P e tro leu m  In s t i tu te  S y m posium  on  C h e m is try  a n d  P ro p e rtie s  of P e 
tro leu m  T y p e  S u lfu r a n d  N itro g e n  C o m p o u n d s , L a ram ie , W yo., J u ly  19, 1962.

(2) N a tio n a l Science F o u n d a tio n  U n d e rg ra d u a te  P a r t ic ip a n t  (N S F - 
G 21628).

(3) C. S. V estling  and J. R. Downing, J, A m .  Chem. S o c . ,  61 , 3511 (1939).

vented a decision between intermolecular hydrogen 
bonding and an intramolecular bonding as presented 
for I. A proposal of the latter type has been made

Me Me

independently by Brünings and Corwin4 from other con
siderations and such structures have been assumed5 a 
priori, although in fact this had not been established at

(4) K. J. Brünings and A. H. Corwin, i b i d . ,  66, 337 (1944).
(5) C f . ,  A. Albert, "Heterocyclic Chemistry,” The Athlone Press, Uni

versity of London, London, 1959, p. 144.
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T a b l e  I

C o m p o u n d

Pyrrole (III)

Dipyrrylmethene (I)

Alkyl —'Type of N H  stretch, vib.-—- --- ----- -
Molarity 

X 102
r—Stretch, vib.—* 

X, f i  A X, n A A /A a IIc X, f i A  A / A x  lk x, n A A / ^ A lk

2.954° 3.413 0.260 2.875 0.765 2.9 2.987 0 .123 0.47
2.265 3.413 .196 2.875 .610 3.1 2.982 .064 .33
1.482 3.415 .133 2.875 .440 3.3 2.980 .034 .26
1.133 3.412 .096 2.874 .343 3.6 2.978 .019 .20
1.479*’ 3.41V .518 3.098" 0.158 0.31
1.121 3.410 .399 3.099 .117 .29
0.740 3.413'* .259 3.101 .080 .31

.560 3.415 .207 3.097 .062 .30
1.252 3.415" .808 2.896" .271 0.34 3.045" .512 .63 3.138" .259 .32

3.199" .267 .33
1.242° 3.413 .789 2.896 .250 .32 3.043 .504 .64 3.141 .262 .33

3.201 .269 .34
0.913 3.416 .575 2.896 .214 .37 3.046 .369 .64 3.142 .191 .33

3.206 .198 .34
.621 3.417 .393 2.895 .168 .43 3.047 .244 .62 3.142 .126 .32

3.207 .130 .33
.457 3.415 .293 2.895 .140 .48 3.046 .170 .58 3.139 .090 .31

3.214 .093 .32
B in Fig. I. c C in Fig. I. d Uncorrected, see Experimental.

the time the study reported upon here was undertaken.6
The spectra of carbon tetrachloride solutions of 2,4- 

dimethyl-3-ethoxycarbonylpyrrole (III) (Fig. 1 and 
Table I), which is related to I, shows free and associated 
NH absorption bands7 at 2.874-2.875 and 2.977-2.987 
n, respectively. The maximum of neither band follows 
Beer’s law8 and that of the first shows a relative absorb
ance increase with dilution, whereas that of the second 
shows a relative absorbance decrease as seen in Table I. 
This is as would be expected for intermolecular associa
tion of the pyrrole. In striking contrast the spectra of 
solutions of methene I show no free NH and only a 
broad absorption with maxima at 3.097-3.101 n at all 
concentrations. Accordingly, the hydrogen bonding in 
I, in carbon tetrachloride, is indeed intramolecular. 
This is presumably the case for 2,2'-(3,4/,5-trimethyl- 
3',4-diethoxy carbonyl-5'-bromo) dipyrrylmethene (II)
and other 2,2'-dipyrrylmethenes.

The infrared absorption spectra of solutions of 2,2',- 
2" - (3,3',3",5,5',5" - hexamethyl - 4,4',4" - triethoxycar - 
bonyl)tripyrrylmethene (IV) (see Fig. 1 and Table 1) 
show a free NH band at 2.895-2.896 fi, that which is ap
parently an intermolecular associated NH band at 3.043- 
3.047 n, and absorption with maxima at 3.133-3.142 and 
3.201-3.214 /1, which could be due to intramolecular 
association. This would be compatible with a structure 
wherein two of the rings are associated as shown for 
dipyrrylmethene (I) and the NH of the third ring is 
left free for involvement in intermolecular association.

(6) W hile  th is  n o te  w as  b e in g  w r itte n  th e  a b s t r a c t  of th e  p a p e r  b y  L. P . 
K u h n  a n d  G . C . K le in sp e h n  a p p e a re d , A b s tra c ts  of P a p e rs , 142nd  N a tio n a l 
M ee tin g , o f th e  A m erican  C h em ica l S o c ie ty , A tla n tic  C ity , N . J . ,  S e p te m 
b e r, 1962, p . 842. T h e se  w orkers  r e p o r t  t h a t  in  a ll 2 f2 ',-d ip y rry lm e th e n e s  
s tu d ie d  b y  th e m  a n  N - H  . . . N  b a n d  is  p r e s e ts  [see J .  O t q . C h e m . ,  28, 
721 (1963)}. S ince s u b m it tin g  th e  m a n u sc r ip t, G . M . B ad g e r, R . L . N . 
H a rr is , R . A. Jo n es , a n d  J .  M . S asse, J .  C h e m .  S o c . ,  4329 (1962). u s in g  a  
ca lc iu m  fluoride  p rism , h a v e  defin ed  th e  in tra m o le c u la r  h y d ro g en -b o n d ed  N H  
s tre tc h in g  v ib ra tio n  in  su ch  co m p o u n d s  as  3 .0 21 -3 .100  n  in  ca rb o n  te t r a 
ch lo ride . O ur com p o u n d  I  is  d escribed  a s  a b so rb in g  a t  th e  lo n g e r w ave 
le n g th  a n d  a n  in te rm o le c u la r  asso c ia tio n  b a n d  w as s ta te d  a s  n o t  ob serv ed  for 
th e  m e th en es  ex a m in ed  in  d ilu te  o r  c o n c e n tra te d  so lu tions.

(7) N . F u so n , M . L . Jo s ien , R . L . P ow ell, a n d  E . U tte rb a c k , J .  C h e m .  

P f i y s . , 20 , 145 (1952).
(8) O bed ience w ith  th is  la w  is  show n  in  a  c o n s ta n t v a lu e  fo r  th e  re la tiv e  

ab so rb an ce , A / A  a . lk-9 A  p lo t of A ^ ik  a s  a  fu n c tio n  of c o n c e n tra tio n  gives 
a  s t r a ig h t  line  fo r each  c o m p o u n d  lis te d  in  T a b le  I .

(9) C f . ,  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  E d ., J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1958» p . 13, et. eeq.

Upon dilution the relative absorbance of the free NH 
vibration band increases noticeably. However, a 
change of any magnitude in the relative absorbance of 
the intermolecular association band is found only upon 
comparing the two more dilute solutions. This is 
understandable upon consideration of the relative areas 
of the two bands; a small change in the intensity of the 
broad intermolecular association band is accompanied 
by a much larger change in the intensity of the narrow 
free NH band (see Fig. 1). The solubilities of the 
dipyrrylmethene (I) and the tripyrrylmethene (IV) in 
carbon tetrachloride are much less than that of the 
pyrrole (III). Consequently the upper limit of concen
tration that could be used for the methenes is less than 
that for the pyrrole. Although the most concentrated 
solutions listed in Table I for none of the three com
pounds corresponds to a saturated solution, those for 
the methenes are concentrations judged to be as high as 
could be readily handled without concern for separation 
of the solute from the solution. With all three com
pounds the accuracy of measurement of the low broad 
absorbances for the associated NH bands, especially at 
low concentrations, defines an additional restriction.

Experimental
Infrared absorption data were obtained with a Beckman IR-4 

double beam spectrophotometer using a lithium fluoride prism 
and a compensating cell containing solvent in the reference beam. 
A fixed path length cell, 0.9787 mm., was used for the pyrrole 
solutions, and a variable path length cell, 3.1045 mm., was used 
for the solutions of the di- and tripyrrylmethene. Both types of 
cells were equipped with sodium chloride windows. Measure
ments were made using a scanning speed of 0.17 ¿i/min. and an 
instrument slit width of 0.23 mm. at 3.000 ju (spectral band width, 
0.075 m), which was automatically varied with the wave length 
according to the select control device of the instrument. The 
absorption bands of water at 2.856 m and of polystyrene film at 
3.3026 and 3.507 n were used for calibration of the wave length. 
The precision of such measurements is ±0.005 ¡i. Because of 
particular circumstances the calibration could not be applied to 
certain measurements in Table I and these are designated d .

Freshly distilled carbon tetrachloride was used as a solvent. 
Erroneous results were observed with methene I when this was 
not done.

Melting points were determined with a Fisher-Johns or a Kofler 
apparatus and are uncorrected.
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2,4-Dimethyl-3-ethoxycarbonylpyrrole (III), m.p. 75.0-75.2° 
(lit.10 m.p. 75-76°), was prepared by the hydrolysis of 2,4-di- 
methyl-3,5-dietho.xycarbonylpyrrole and decarboxylation of the 
resulting carboxylic acid as described by Knorr.10

2 ,2 '-(3,3' ,5,5 '-T etramethyl-4,4 '-di ethoxy carbonyl jdipyrryl- 
methene (I) was synthesized through the condensation of 7.80 g. 
of 2-formyl-3,5-dimethyl-4-ethoxycarbonylpyrrole and 6.68 g. of
2,4-dimethyl-3-ethoxycarbonylpyrrole in the presence of 4.66 ml. 
of 48.3% hydrobromic acid in alcohol. A solution of the pyrrole 
in 50 ml. of absolute ethanol was added dropwise to a stirred, hot 
solution of the aldehyde and acid in 150 ml. of absolute alcohol 
during a period of 30 min. and the resulting mixture was refluxed 
for an additional 40 min. The mixture was cooled in an ice bath 
and 12.1 g. of the crude hydrobromide was collected. After two 
recrystallizations from a mixture of chloroform and cyclohexane
11.1 g. (65%) of the purified methene hydrobromide was ob
tained as red crystals, having a blue reflex, m.p. 212.0-213.5° 
dec. Portions of the purified methane hydrobromide in chloro
form were shaken with an excess of ammonia in the same solvent. 
After filtering the resulting mixtures and evaporating the solvent, 
the residues were combined. The product was dissolved in a 
little chloroform and chromatographed on a column of Woelm 
alumina (nonalkaline, activity grade II). The middle fraction 
of the bright yellow ether eluate therefrom was collected, the sol
vent was evaporated, and the residue rechromatographed as 
before. Crystallization of the chromatographed product from 
acetone yielded beautiful, long, red needles of the methene 
(I), m.p. 186.8-188.1° dec. (lit.11 m.p. 190°).

2,2',2"-(3,3',3",5,5',5"-Hexamethyl-4,4',4"-triethoxycar- 
bonyl)tripyrrvlmethene (IV) was synthesized by the permanga
nate oxidation of the corresponding tripyrrylmethane12 in different 
runs. In a typical case the methene, m.p. 215.0-216.5° dec. 
(lit.12 m.p. 210.7-211.6°), was obtained in a yield of 63%.

Acknowledgment.— W e  a re  e s p e c ia lly  in d e b te d  to 
D r . N o rm a n  E . A lb e r t  fo r  s u g g e s tio n s  a n d  a ss is ta n ce  
w ith  c e r ta in  p h a se s  o f  th is  in v e s t ig a t io n .

(10) L. Knorr, Ann., 236, 322 (1886).
(11) A. H. Corwin and K. J. Brunings, J. Am. Chem. S o c . , 64, 2106 

(1942).
(12) A. J .  Castro, A. H. Corwin, J .  F . D e c k ,  and P . E . W ei, J. O r g .  Chem., 

24, 1437 (1959).
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Methyl aryl sulfones have been prepared by several 
methods1“4 all of which have limitations. We have

now found a new approach involving heating of an 
aromatic compound with methancsulfonic anhydride.

RH +  (C H aS02)20  — >  RSO 2 CH 3 +  CH 3SO3 H

The data, summarized in Table I, indicate the scope 
of this procedure. I t is evident that the CH3SO2 group 
enters primarily in the para position, although toluene 
also forms considerable ortho isomer. The structures 
indicated for new compounds were not proved, but for 
those derived from 1,4-xylene and from 1,2,4,5-tetra- 
methylbenzene (compounds 3 and 6), only one structure 
is possible if no rearrangement is assumed during reac
tion.

This procedure also has limitations under the condi
tions used. Use of pure reagents, especially with poly- 
methylated benzenes, obviated tar formation, as did 
also use of fresh methanesulfonic anhydride, which 
deteriorates upon standing. Use of tetrachloroethylene 
as reaction solvent at reflux (b.p. 121°) generally gave 
a much cleaner reaction than employing an excess of 
the compound treated, as did also reduction of the 
standard reaction time of sixteen hours in a number of 
cases, as indicated in Table I. Less reactive and more 
volatile compounds, such as toluene and chlorobenzene, 
require longer periods of reaction. The following 
compounds did not react: 1,2-dichlorobenzene, phenyl 
benzoate, phenyl methanesulfonate, triphenyl phos
phate, 2-nitroanisole, and 2-methoxybenzoic acid. 
Although anisole reacted normally, phenetole gave a 
good yield of phenyl methanesulfonate, as did also 
phenol and phenyl acetate. Intractable tars resulted 
from 1,2-xylene, 1,2,4-trimethylbenzene, pentamethyl- 
benzene, phenoxyacetic acid, thioanisole, 2-methyl- 
anisole, and 3-methylanisole. Naphthalene, ethyl
benzene, diphenyl oxide, and 2-phenylanisole appeared 
to react, but pure products could not be isolated. In
frared analysis of the product made from naphthalene 
showed it to comprise largely a mixture of the a- and 
d-methylsulfonyl derivatives. Where applicable, how
ever, the present method appears simple and conveni-

(1) C . M . S u te r , “ T h e  O rgan ic  C h e m is try  of S u lfu r ,”  J o h n  W iley  a n d  
S ons, In c .,  N ew  Y o rk , N . Y ., 1944, p . 660 ff.

(2) A . S choeberl a n d  A . W a g n e r, “ H o u b en -W ey l M e th o d e n  d e r  O rgan - 
ischen  C h em ie ,”  4 th  E d ., V ol. IX , T h iem e , S tu t tg a r t ,  1955, p . 227 fr.

(3) L . F ie ld  a n d  K . D . C la rk , J .  O r g .  C h e m . ,  22 , 1129 (1957).
(4) W . E . T ru c e  a n d  C . W . V riesen , J .  A m .  C h e m .  S o c . ,  75 , 5032 (1953).

T a b l e  I. M e t h y l  A r y l  S u l f o n e s  

S u b s titu te d
m e th an e - R eflux
su lfony l- tim e . Y ield , e-------M .P ., °c.-------. /-------%  S u lfu r-----

N o. C o m p o u n d  reac ted benzene fo rm ed hr. L it. F o u n d d T h e o r. F o u n d

1 Toluene 2- and 4-Methyl 20 53’ 88e 88 18.8 18.8
2 1,3-Xylene 2,4-Dimethyl 16 7 5 557 56 17.4 17.5
3 1,4-Xylene 2,5-Dimethyl S 42 a 45 17.4 17.5
4 1,2,3-T rimethylbenzene 3,4,5-Trimethyl 16 82"' a 121 16.2 16.6
4a 1,2,3-Trimethylbenzene 2,3,4-Trimethy 1 0 97 16.2 16.3
5 1,3,5-Trimethylbenzene 2,4,6-Trimethyl 8 75 130r 131 16.2 16.4
6 1,2,4,5-Tetramethylbenzene 2,3,5,6-Tetramethyl 4 60 a 133 15.1 15.1
7 Chlorobenzene 4-Chloro 24 10 $8' 97 16.6 16.7
8 Biphenyl 4-Phenyl 16 40 145* 144 13.8 IS. 8
9 Anisole 4-Methoxy 16 70 120* 120 17.2 17.3

10 4-Methylanisole 2-Methoxy-5-methyl 16 20 87’ 86 16.0 15.9
11 1,3-Dimethoxybenzene 2,4-Dimethoxy 8 50 O 105 14.8 15.1
a Average yields of fair quality crude. b Over half 2-isomer by infrared analysis. c Total for two isomers. d Uncorrected. • The 

4-isomer of ref. 4. > J. Troeger and C. Budde, J  prakt. Chem., (2) 66, 149 (1902). ‘ New compound. h A. Mangini, L. Ruzzier,
and A. Tundo, Bull. Sci. fac. chim. ind. Bologna, 14, 81 (1956); Chem. Abstr., 52, 19446 (1958). ’ Ref. 6 . 1 D. T. Gibson and S. 
Smiles, J. Chem. Soc., 2391 (1923).
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ent and, in some cases, gives good yields where estab
lished methods give poor yields or no product at all. 
Thus, 1,3,5-trimethyl-benzene yields 10% or less of 
the methylsulfonyl compound by the Friedel-Crafts 
procedure4 or by heating the hydrocarbon with meth- 
anesulfonic acid,5 and anisole forms only phenyl 
methanesulfonate by the Friedel-Crafts approach.4

Experimental

Typical Procedure.—Anisole (6.0 g., 0.056 mole), methane- 
sulfonic anhydride (9.0 g., 0.052 mole) (used as obtained from 
Distillation Products Industries) and tetrachloroethylene (50

(5) M . S. G ra n t  a n d  W . J . H ick in b o tto m , J .  C h e m .  S o c . ,  2520, (19591.

ml.) were refluxed briskly for 16 hr. The reaction mixture was 
extracted with two 25-ml. portions of warm water to remove 
methanesulfonic acid and unchanged anhydride. The aqueous 
extracts were then combined, cooled, and extracted with ether to 
recover any dissolved product. The ether extract and the tetra
chloroethylene solution of product were combined and evapo
rated to constant weight on a steam bath in a stream of air. 
The crude product solidified upon cooling and stirring. It was 
recrystallized from ra-butyi alcohol or from hot water. A mixture 
melting point with material prepared by an alternative proce
dure6 showed no depression.

The compounds in Table I have infrared spectra consistent 
with the structures indicated. The sulfone group showed ab
sorption at 1160 to 1120 and at 1350 to 1300 cm. -1 and the ether 
grouping at 1270 to 1230 cm.-1.

(6) C . M . S u te r a n d  H . L . H an sen , ./. A m .  C h e m .  S o c . ,  64 , 4101 (1932).

C o m m u n i c a t i o n s  t o  t h e  e d i t o r

Metallic Ion Effect in Mono- vs. Dialkylation of
Dipotassio Acetylacetone with Alkyl Halides1

Sir:
Although dipotassio acetylacetone (I, M = K) 

previously has been alkylated with molecular equiva
lents of several alkyl halides to form the corresponding 
monoalkyl derivatives II,2’3 the formation also of the 
dialkyl derivative III has been observed only with 
n-octyl bromide.3

M
CH3COCHCOCH2M CH3COCH2COCH2R

I II
RCH2COCH2COCH2R

III

A more thorough study of such reactions has now re
vealed that dialkylation generally accompanies mono
alkylation of dipotassio I (M = K) and, more sig
nificantly, that disodio acetylacetone (I, M = Na) 
undergoes almost exclusively monoalkylation.

The dialkali salts I ( M = K or Na), prepared from 
acetylacetone and two molecular equivalents of the 
corresponding alkali amide in liquid ammonia,2'3 were 
treated during ten-twelve minutes with approximately 
molecular equivalents of methyl, n-butyl, and n-octyl 
halides.

Although the mono- and dibutylation products and 
especially the mono- and dimethylation products are 
difficult to separate by distillation, the mixtures were 
readily resolved by vapor phase chromatography. 
However, the mono- and dioctylation products were 
separated easily by distillation as described elsewhere.3 
The results are summarized in Table I, in which yields 
are given for duplicate runs. The dialkylation yields 
are calculated on the basis of the stoichiometry shown 
in Scheme A.

(1) 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  (N S F -G 14527).
(2) C . R . H a u se r  a n d  T . M . H a rr is , J .  A m .  C h e m .  S o c . ,  80 , 6360 (1958).
(3) R . B. M e y e r  a n d  C . R . H au ser, J .  O r g .  C h e m . ,  25, 158 (1960).

T a b l e  I
A l k y l a t i o n s o f  D i a l k a l i  S a l t s  I w i t h  A l k y l  H a l i d e s  t o

F o r m  M o n o - a n d  D i a l k y l a t i o n  jP r o d u c t s  o f II AND III
D ia lk a li 11 I I I
s a l t  I , A lky l Y ield , Y ie ld ,“

M H alid e % %
Potassium Methyl iodide 35, 46 26, 18
Sodium Methyl iodide 59, 65 <1, <4
Potassium re-Butyl bromide 43, 53 16, 14
Sodium n-Butyl bromide 67, 73 < 1, <1
Potassium n-Octyl bromide 51, 57 14, 14
Sodium «-Octyl bromide 66, 79 < 2 ,  < 2

a Yield calculated based on the stoichiometry shown in 
Scheme A.

The identities of the monobutylation, monooctyla- 
tion, and dioctylation products were established as 
described previously.3 The identities of the mono- 
methylation (from sodio experiment) and dibutylation 
products were established by comparison of their cop
per chelates with authentic samples.4'6 The dimethyl
ation product wyas compared by v.p.c. with authentic
3.5- heptanedione.5 In all three cases monoalkylation 
had occurred at the 1-position and dialkylation at the
1.5- positions of 2,4-pentanedione. Incidentally, pre
vious studies3'6 of the alkylation of unsymmetrical 0- 
diketones indicated that the isomeric 1,1- and 1,3- 
dialkylation products IV and V, respectively, would not 
be expected.

R
R2CHCOCH2COCH3 RCHoCOCHCOCHa

IV V

Table I shows that a substantial amount of dialkyla
tion was obtained in each example involving the 
dipotassio salt of I, while little or none was obtained 
when the disodio salt was employed. The significance 
of these results is twofold. First, the alkylation of the 
sodio salt must clearly be recommended for most

(4) J .  T . A d am s a n d  C . R . H au se r, J .  A m .  C h e m .  S o c . ,  67, 284  (1945).
(5) J .  T . A d am s a n d  C . R . H a u se r , i b i d . ,  66, 1220 (1944).
(0) T . M . H a rr is  a n d  C . R . H au se r, i b i d . ,  81, 1160 (1959).
(7) S. D . W o rk  a n d  C . R . H au ser, J .  O r g .  C h e m . ,  28 , 725  (1963).
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synthetic purposes. Second, these observations have 
considerable theoretical significance. Although metal
lic cation effects have been observed before in the acyla
tion7 and aldol-type condensation8 of /3-diketone dian
ions, this represents the first observation of such an 
effect in alkylation reactions. The previously ob
served7’8 cation effects involved ionization of the car
bonyl reagent by the dianion. The present effect ap
pears to involve a proton transfer between dianion I 
and alkylation product Ha (Scheme A).

M
I +  RX — >- CH3C0CHC0CH2R (1)

Ha

M M
I +  Ha MCH2COCHCOCH2R +  CH3COCHCOCH3 (2) 

lib
M

lib  +  RX — >- RCH2COCHCOCH2R (3)
S c h e m e  A

The difference in the results obtained with potas
sium and with sodium might be explained on the basis 
that the ratio of the rates of alkylation (step 1) to pro
ton exchange (step 2) is somewhat less with the potas- 
sio salts (M = K) than with the sodio salts (M = Na). 
This permits a significant build up of potassio lib, which 
undergoes alkylation (step 3). This hypothesis is 
supported by the observation that with potassium, but 
not with sodium, the rate of addition of the alkyl halide 
affects the ratio of mono- and dialkylation observed. 
Thus, when n-butyl bromide was added to I (M = K) 
over a few seconds, considerably less dialkylation was 
observed than when the halide was added over two 
hours. In contrast, with disodio acetylacetone (I, 
M = Na) no more than a trace of the dialkylation prod
uct could be observed even when the «-butyl bromide 
was added over a two-hour period. Further study 
of this effect is in progress.

(8) R . J .  L ig h t a n d  C . R . H a u se r , J . O r g .  C h e m .  26, 1716 (1961).
(9) N a tio n a l S cience F o u n d a tio n  C o o p e ra tiv e  Fellow , 1961-1962 ; J a m e s  

B. D u k e  Fellow , 1962-1963.

D e p a r t m e n t  o f  C h e m i s t r y  K. G e r a l d  H a m p t o n 9
D u k e  U n i v e r s i t y  T h o m a s  M. H a r r i s

D u r h a m , N o r t h  C a r o l i n a  C h a r l e s  R. H a u s e r

R e c e i v e d  A p r i l  10, 1963

Hydrogenation of Aromatics with Complex 

Metal Catalysts

Sir:
The preparation of hydrogenation catalysts by the 

borohydride reduction of transition metal salts1 or by 
the aluminum trialkyl reduction of organic soluble metal 
salts2 has been described recently. Both of these 
catalyst systems are effective for the hydrogenation of 
olefins, the latter presumably by addition of tran-

(1) (a) R . P a u l, P . B u isson , a n d  N . J o se p h , C o m p t .  r e n d . ,  232, 627 (1951); 
(b) H . C B row n  a n d  C . A . B row n , J .  A m .  C h e m .  S o c . ,  84, 1493-1495  (1962).

(2) M . F . S loan , A . S. M a tla c k , a n d  D . S. B reslow , re p o r te d  a t  14 th  D e la 
w are  Science S y m posium , D e la w are  S ec tio n  of th e  A m erican  C h em ica l
S oc ie ty , U n iv e rs ity  of D elaw are , N ew ark , D e l., F e b ru a ry  23, 1963.

T a b l e  I
H y d r o g e n a t i o n  o f  A r o m a t i c s  w i t h  C o m p l e x  N i c k e l

Catalysts '1
Tem p ., Time, Yield,

°C. hr. Products %
Benzene 150-190 0.2 Cyclohexane 100
o-Xylene 150 3 .7 «s-l,2-Dimethylcyclo- 6 5 .5

bexane
lrans-l,2-Dimethylcyclo- 3 4 .5

hexane
Phenol 150-160 0.2 Cyclohexanol 92.1

Cyclohexanone 5 .2
Pyridine 150-174 3 Piperidine 98
Dimethyl 200 3.5 Dimethyl hexahydro- :oo

terephthal- terephthalate
ate

Dimethyl 150 0.4 Dimethyl hexahydro- 100
phthalate phthalate

Naphthalene 210 18 Tetralin 84
Decalin 13

a Initial pressure, 1000 p.s.i., 0.3-5.0 mole % nickel.

sition metal hydrides to the double bond followed by 
hydrogenolysis of the resultant transition metal alkyl. 
We now wish to report the facile hydrogenation of 
aromatic nuclei by transition metal complex catalysts. 
For such systems, the hydride addition mechanism is 
probably not valid.

When triethyl aluminum is added to nickel(II) 2- 
ethylhexanoate dissolved in a noncomplexing organic 
solvent such as heptane or benzene, an exothermic 
reaction occurs with the evolution of a gas which is 
greater than 95% ethane. The ultimate amount of 
gas evolution and the highest catalytic activity occurs 
at aluminum:nickel ratios of 3-4:1. The black reac
tion mixture is not separated by ultracentrifugation 
and is neither pyrophoric nor paramagnetic. This 
solution is an extremely effective catalyst for the 
hydrogenation of aromatics. For example, addition 
of 1000 p.s.i. of hydrogen to a benzene solution con
taining 0.3 mole % nickel gave complete hydrogena
tion in one-fifth hour, temperature increasing from 
150-190°. In comparison, hydrogenation of benzene 
with a like amount of nickel as 49% nickel on kiesel- 
guhr required eight hours under the same conditions. 
The hydrogenation of other aromatics is given in 
Table I. In general, the hydrogenations (Table I) pro
ceed more readily than the reported3 hydrogenations 
with Raney nickel or other supported nickel catalysts. 
Surprisingly, nitrobenzene or p-nitrophenol, so readily 
reduced by Raney or supported nickel catalysts, are 
relatively inert to hydrogenation with the present 
complex nickel catalysts. Other transition metal 
complex catalysts can be prepared similarly. Catalytic 
activity toward benzene hydrogenation decreases in 
the order Ni > Co > Fe > Cr > Cu.

Catalytic activity is very dependent on the asso
ciated anion or other electron donors present. While 
any carboxylate salt gives active catalysts, it is most 
convenient to use the soluble 2-ethylhexanoates or 
commercially available naphthenates. Halides give 
poor catalysts and the hydrogenation of benzene is

(3) (a) H . A dk ins , “ R ea c tio n s  of H y d ro g e n ,”  U n iv e rs ity  of W isconsin  
P ress , M ad iso n , W is., 1937; (b) H . A. S m ith , in  “ C a ta ly s is ,”  V ol. V,
P . H . E m m e tt,  E d ., R e in h o ld  P u b lish in g  C o., N ew  Y o rk , N . Y ., 1957, p . 
175.
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poisoned by triphenylphosphine. A similar sensitivity 
to electron donors has been reported in the oligomeriza
tion behavior of dienes with soluble nickel (0) cata
lysts.4

We do not believe the active catalyst is the free metal, 
but rather the metal hydride whose existence would be 
fleeting at the temperatures employed or a zero-valent 
metal ir-complex solubilized by organic ligands. In 
support of the latter, Wilke5 has reported that reaction

of nickel acetylacetonate and aluminum trialkyls in the 
presence of 1,5-cyclooctadiene gives the stable crystal
line complex, frzs-l,5-cyclooctadiene nickel(O).

(4) G . W ilke , A n g e w .  C h e m . ,  75, 10 (1963).
(5) G . W ilke, B . B ogdan o v ic , P . H e im b a e h , M . K ro n e r , a n d  E .  M u lle r , 

A d v a n .  C h e m .  S e r . ,  34 , 137 (1962).

C a l i f o r n i a  R e s e a r c h  C o r p o r a t i o n  S . J .  L a p p o r t e

R ic h m o n d , C a l i f o r n i a  W .  R .  S c h ü e t t

R e c e i v e d  A p r i l  29, 1963
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