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Under acid conditions, the cyclopropane ring of irares-2-(4-pyridyl)-a,a-diphenylcyclopropanemethanol (I) 
cleaves to a relatively minor extent to give derivatives of 4-(4-pyridyl)-l, 1-diphenyl-l-buten-4-ol accompanied 
by substantial amounts of recovered I. The relative resistance of I  to acid is contrasted to the lability of analogs 
in which the pyridine ring has been reduced and of others in which the cyclopropane ring has been replaced by a 
saturated ethylene chain and is interpreted in terms of electronic interaction between the pyridinium and cyclo
propane rings. The course of the reaction is suggestive of a concerted process. Catalytic hydrogenation of the 
methobromide salt of I gives the corresponding piperidine derivative without hydrogenolysis of the cyclopropane 
ring. Sodium borohydride reduction affords the related A3-piperideine. Catalytic hydrogenation of the metho
bromide salts of other substituted cyclopropylpyridines is associated with concomitant hydrogenolysis of the 
cyclopropyl group giving straight propylene chain derivatives. Analogs of I  in which the pyridine ring is re
placed by a dimethylaminopropyl group and in which the cyclopropane ring is replaced by acetylenic and by cis- 
and ¿raras-olefinic linkages have also been prepared. A useful synthesis of 4-ethynylpyridine has been devised.

The interesting pharmacological actions of trans- 
2-(4-pyridyl)-a,a-diphenylcyclopropânemethanol (I) on 
the central nervous system1-3 encouraged us to study 
the chemical properties of the pyridine-cyclopropane 
interacting system in greater detail. The preceding 
paper1 advanced physical evidence [ultraviolet (uv), 
pKa] in support of electronic interaction, particularly in 
the charged pyridinium cation. The present work con
siders implications of the behavior of I and certain of its

relatives when treated with acid and when subjected to 
conditions of catalytic hydrogenation. The effects 
of replacing the pyridine and cyclopropane rings with 
other moieties have also been investigated.

The effect of acid on cyclopropylcarbinols has been 
studied extensively following the classic paper of Rob
erts and Mazur;4 * the outcome depends on the struc

(1) T h e  p reced in g  p a p e r  in  th is  series: A . P . G ra y  a n d  H . K ra u s , J . Org. 
Chem ., 31 , 399 (1966).

(2) T o  w hom  co rresp o n d en c e  sh o u ld  b e  ad d re sse d : U n io n  C a rb id e  R e 
search  In s t i tu te ,  P . O. B ox  278, T a r ry to w n , N . Y .

(3) L . M iller, M . N ap o li, a n d  T . B . O ’D ell, A rch . In te rn . P harm acodyn ., 
1 6 6 ,3 1 3  (1967).

(4) J .  D . R o b e r ts  a n d  R . H . M a z u r , J .  A m er. Chem . Soc., 73 , 2509 (1951),
a n d  su ccee d in g  p a p e rs .

ture of the reactants and on the reaction conditions. 
Treatment with strong acid usually effects cleavage of 
the cyclopropane ring smoothly in the cold,4-6 although 
the action of acetic anhydride on appropriately sub
stituted cyclopropylcarbinols can result in predominate 
formation of simple dehydration products accompanying 
products of ring cleavage.6 The course of solvolytic 
reactions proceeding via cyclopropylcarbonium ions has 
been reviewed recently;7-8 under kinetically controlled 
conditions unrearranged cyclopropyl, ring-expanded 
cyclobutyl4-9 and ring cleavage products are generated 
in proportions apparently determined by the relative 
stabilities of the respective carbonium-ion canonical 
forms.4-7-8-10

Compound I proved to be comparatively resistant to 
acid treatment. When heated at 90-100° for 6 hr in 
1 N  sulfuric acid solution, 36% of I was recovered un
changed accompanied by 27% (based on recovered I) 
of the ring-cleaved product, 4-(4-pyridyl)-l,l-diphenyl- 
l-buten-4-ol (Ila) (eq 1), isolated as the hydrochloride 
salt. The structure of I la  was confirmed by its in-

(5) See, in ter  a lia , S . Ju lia , M . J u lia , a n d  L . B ra sseu r, B u tt. Soc. C him . 
F r., 1634 (1962); M . H a n a c k  a n d  H . E g g en sp e rg e r, A n n .,  663 , 31 (1963); 
Chem . B er., 96 , 1259 (1963).

(6) E .g ., see S. S arel, E . B reu e r, S h . E r ta g ,  a n d  R . S a la m o n , Is ra e l J .  
Chem ., 1 , 451 (1963); S . K . B eg idov , T .  V. D o m a re v a , a n d  I .  A. D ’y a k o n o v , 
Z h . Obshch. K h im .,  33 , 3426 (1963) [Chem. A bstr ., 60 , 5345 (1964)].

(7) M . H a n a c k  a n d  H . J .  S chneider, A ngew . Chem . In te rn . E d . E n g l., 6, 
666 (1967); see especia lly  p p  671, 672.

(8) A lso see  R . B reslow  in  “ M o lec u la r R e a rra n g e m e n ts ,”  Vol. I ,  P . de 
M ay o , E d .,  In te rsc ie n c e  P u b lish e rs , In c .,  N ew  Y o rk , N . Y ., 1963, p p  259 -273 .

(9) J .  W . W ilt a n d  D . D . R o b e rts , J .  Org. Chem ., 27 , 3430 (1962).
(10) C f. P . v o n  R . S ch ley er a n d  G . W . V an  D in e , J .  A m er. Chem . Soc., 88, 

2321 (1966), a n d  references  c ite d  th e re in .
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frared (ir), nuclear magnetic resonance (nmr) (one 
double-bond proton absorbing as a triplet), and uv 
(Table I, diphenylethylene absorption, essentially un
changed in acid) spectra. In the course of the prepara
tion of kilogram quantities of I hydrochloride required 
for clinical trials, ice-cold tetrahydrofur an-ether solu
tions of I were treated with cold, aqueous hydrochloric 
acid to precipitate the hydrochloride salt in good yield. 
When, however, combined mother liquors from several 
such runs were worked up, a small amount of the chloro 
analog of Ha (lib) was obtained in the form of its hy
drochloride salt, again showing diphenylethylene ab
sorption in the ultraviolet (Table I). Heating lib  as 
the base to a bath temperature of 185° caused dehydro- 
halogenation and formation of the yellow hydrochloride 
salt of the butadiene derivative (III) (eq 2), structure

confirmed by its ir, nmr, and uv (Table I, 1,1,4-tri- 
arylbutadiene, absorption, shifted in acid) spectra. 
The coupling constant of the multiplet ascribable to the 
acyclic double-bond protons in the nmr spectrum of III 
(J = 15 cps) suggests a trans configuration for the 
double bond adjacent to the pyridine ring.

The fact that bond a is cleaved rather than bond b 
and the direction of bond migration are of interest. 
Although the observed result could be rationalized in 
terms of thermodynamic rather than kinetic control, 
the course of the reaction is in accord with the idea of a 
concerted process, as shown in eq 1, without involve
ment of a carbonium-ion intermediate. Carbonium- 
ion formation from I with an already protonated pyri
dine ring, particularly if the electron-withdrawing effect 
is transmitted through the cyclopropyl group,1 should 
be a rather high energy process and this is reflected in the 
relative stability of I under acid conditions. Cer
tainly the carbon a to the pyridinium ring would be ex
pected to bear very little of the positive charge in any 
generated carbonium ion and, consequently, II would 
not be an obvious product of a carbonium-ion reaction. 
On the other hand, the rate of a concerted displacement 
at the a carbon would be enhanced by the electronic 
interaction of the positively charge pyridine ring with 
an approaching nucleophile. In this connection it is 
worth noting that, although phenyl substitution on the 
carbinyl carbon markedly enhances the rate of a sol-
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T a b l e  I
U l t r a v i o l e t  A b s o r p t i o n  M a x i m a ®

. ^max Clog «). •
C om pound B ase6 A cidc

I* 258 (3.44) 257 (4.21)
l i a 254 (4.14) 253(4.21)
l ib 254 (4.17) 254 (4.18)
III 247 (4.22) 256(4.19)

340(4.52) 384(4.52)
IVa 255.5 (3.40) 252 (3.75)
IVb 257 (3.36)
Va 253(4.24) 251(4.27)
Vb 256 (4.21) 251(4.23)
Via 258.5 (2.70) 258 (2.69>
VIb 258(2.85) 258 (2.85)'
IX 252 (4.18) 251 (4.15)
XI 258.5(2.62) 252 (4.28)9
X II 227 (4.22) 

260 (s) (3.78)
262 (4.04)

X III 253.5(3.20) 253 (3.18)
XIV 248 (4.16) 273 (4.30)
XVa 253.5(4.32) 281(4.33)
XVb 245 (s) (4.00) 267 (4.00)
XVI a 257.5(3.38) 254.5 (3.83)
XVIb 257.5(3.40) 255 (3.79)
1,1-Diphenylethylene 250 (4.04)*
1,1,3-Triphenylbutadiene 252 (4.20)*'
1,1,4-Triphenylbutadiene 240(4.2)*' 

268 (3.7) 
336 (4.6)

1,1-Diphenylbutadiene 287 (4.37)*
4-Vinylpyridine 242.5(4.12)*
“ Spectra were determined with a Bausch and Lomb spectronic 

505 recording spectrophotometer; absorption peaks were checked 
with a Beckman Model DU spectrophotometer. 6 Medium, 0.1 
N  sodium hydroxide in aqueous ethanol. c Medium, 0.1 N  hy
drochloric acid in aqueous ethanol. i See ref 1 . * Xmax 251 m/i 
(log e 4.07) after the acid solution had been allowed to stand for 
several hours. The neutralized solution showed Xmax 252 m/x (log 
e 4.07). 1 Absorption when spectrum was determined immedi
ately; after the solution had stood for 45 min at room tempera
ture, Xmax 252 m¿i (log e 3.30). 9 Immediate reading; after the 
solution had been allowed to stand for 1  hr at room temperature, 
Xmax 252 m/t (log e 4.81). h “Organic Electronic Spectral Data,” 
Vol. I, M. J. Kamlet, Ed., Interscience Publishers, Inc., New 
York, N. Y., 1960, p 557; solvent ethanol. ’ “Organic Electronic 
Spectral D ata”, Vol. I l l ,  O. H. Wheeler and L. A. Kaplan, Ed., 
1966, p 860; solvent acetonitrile. ’ “Organic Electronic Spectral 
Data,” Vol. II, H. E. Ungnade, Ed., 1960, p 687; solvent ethanol. 
* T. Holm, Ada Chem. Scand,., 17, 2437 (1963); solvent cyclo
hexane. 1 Reference h, p 138; solvent ethanol.

volytic process,11 attachment of phenyl at the 2 position 
of the cyclopropane ring has little influence on rate.12 
Of course, the influence of a phenyl substituent on car
bonium-ion stability may be somewhat equivocal8 and 
certainly less clear than that of a pyridinium substit
uent.

The lability to acid of the formally “ring-opened” 
analogs of I, 3-(4-pyridyl)-l,l-diphenyl-l-propanol 
(IVa) and especially 3-(4-pyridyl)-l,l-diphenyl-l-bu- 
tanol (IVb), synthesized by the methods indi
cated in the Experimental Section, may be con
trasted to that of I. The hydrochloride salt of I could 
be prepared without difficulty under various conditions 
in protic or aprotic solvents. Although the hydrochlo
ride salt of IVa could readily be prepared by treatment 
of an ice-cold benzene-chloroform solution of the base

(11) R . A. S neen  a n d  A . C . B a ro n , J .  A m er . Chem . Soc., 83, 614 (1961).
(12) R . A. S neen , K . M . L ew andow sk i, I .  A. I .  T a h a , a n d  B . R . S m ith , 

ibid., 83, 4843 (1961).
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with ethereal hydrogen chloride and recrystallization of 
the precipitated salt from ethanol, treatment of an ice- 
cold methanol solution of the base with ethereal hy
drogen chloride afforded isolated yields of 65% of IVa 
hydrochloride and 12% of the salt of the dehydrated 
product, 3-(4-pyridyl)-1,1-diphenyl-1-propene (Va). 
On the other hand IVb was so sensitive to acid that its 
hydrochloride salt could not be obtained under any 
conditions tried. Treatment of an ice-cold chloroform 
solution of IVb with ethereal hydrogen chloride yielded 
75% of the corresponding dehydrated product (Vb) as 
the sole isolated product. Not too much can be made 
of these observations, particularly since acid treatment 
of IVa and IVb involves simple dehydration with loss 
of a proton (eq 3), whereas that of I effects rearrange
ment with breaking of a carbon-carbon bond. The 
special instability of IVb, moreover, must reflect steric 
crowding by the methyl substituent which, though 
apparently slight, is enough to throw the balance over 
to the side of dehydration. Nevertheless, it is tempting 
to think about the possibility that the site of carbonium- 
ion formation in IVa and IVb may be more effectively 
insulated from the charged pyridinium ring. (Clearer 
support for this hypothesis is gained from a comparison 
with derivatives in which the pyridine ring has been 
reduced, vide infra.)

IVa,R =  H Va
b, R = CH3 b

Although perhaps not directly pertinent to this dis
cussion, it is of interest that a, a-dicyclopropyl-4-py- 
ridineethanol (XVIa) and a-cyclopropyl-a-phenyl-4- 
pyridineethanol (XVIb), in which the carbinol carbon 
is closer to the pyridine ring, were not unusually un
stable to acid.

OH

CH2— C—<1<y
XVIa, R = cyclopropyl 

b, R =  phenyl

Platinum-catalyzed hydrogenolysis of monoalkyl- 
substituted cyclopropanes, possibly proceeding in part 
via hydrogenation of a ring-opened intermediate,13 
occurs under mild conditions at room temperature and 
leads predominantly to branched-chain derivatives 
(hydrogenolysis of the unsubstituted, unhindered, 
carbon-carbon bond) accompanied by minor amounts 
of straight-chain products.13’14 Ease of palladium- 
catalyzed hydrogenolysis of phenyl-substituted cyclo
propanes decreases in the following order: trans- 1,2-

diphenyl- > phenyl- >  cis- 1,2-diphenyl- >  1,1-di- 
phenyleyclopropane (the last was not hydrogenolyzed 
under the reaction conditions).15 Phenylcyclopropanes 
are cleaved at the more substituted carbon-carbon 
bond and generally are hydrogenolyzed more readily 
than alkylcyclopropanes. The results have been ex
plained in terms of conjugative effects.15-16 

In view of these data it is of interest that Adams 
platinum-catalyzed hydrogenation of the methobromide 
salt of I 1 led smoothly, and without any appreciable 
cleavage of the cyclopropane ring, to a reasonably good 
yield (61%) of the N-methylpiperidine derivative, VIb. 
The same product was readily obtained by sodium 
borohydride reduction of the methobromide salt to 
yield trans-2- [4-(l-methyl-A3-piperideinyl)]-a,a-di- 
phenylcyclopropanemethanol (Via, the structure of 
which was confirmed by its ir and nmr spectra, the 
latter showing the retention of the cyclopropane ring 
attached protons) followed by rhodium-catalyzed hy
drogenation of Via (eq 4). In contrast, hydrogenation

Via

of the crude (predominantly trans but mixed with some 
of the cis isomer) methobromide salt of 4-(2-carbeth- 
oxycyclopropyl) pyridine1 over Adams platinum oxide 
gave the cyclopropane ring cleaved, unbranched, ethyl
7-(l-methyl-4-piperidine)butyrate (VII) as the only 
isolable product. Treatment of VII with 2 equiv 
of phenylmagnesium bromide produced the diphe- 
nylcarbinol VIII (eq 5), the structure of which was con
firmed by its ir and nmr spectra. A combination of 
decreased cyclopropane ring bond strength owing to 
opposing conjugative effects and decreased steric hin
drance can serve to explain this observed hydrogen
olysis. On the other hand, it is difficult to rationalize, 
on the basis of our earlier results and those reported in 
the literature,16 our finding that the methobromide 
salt of 2-(4-pyridyl)-l,l-diphenycyclopropane (XII), 
prepared by reaction of 4-vinylpyridine with diphenyl- 
diazomethane (see the Experimental Section for com
ments on this synthesis), was hydrogenolyzed over 
platinum oxide to give 3-(l-methyl-4-piperidyl)-l,l- 
diphenylpropane (XIII) as the only isolated product 
(eq 6), the structure of which was confirmed by spectral 
data. I t is worth noting, however, that in both in
stances hydrogenolysis involves the most substituted

(13) M . Y u . L u k in a , R u ss . Chem . R es.. 31, 419 (1962); see p p  427, 428.
(14) See J .  N ew h am  a n d  R . L . B u rw ell, J r . ,  J .  P h y s . Chem ., 66 , 1431

(1962), a n d  re fe rences  c ite d  th e re in .

(15) B . A . K azan sk ii, M . Y u . L u k in a , a n d  I .  L . S afo n o v a , D okl. A k a d . 
N u u k  S S S R ,  130, 322 (1960) [C h em .A b str ., 54, 10953 (I9 6 0 )] .

(16) See re f  13, p p  435, 436.
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(5)

VIII

carbon-carbon bond. The difference in behavior of 
the methobromide salts of I and XII may possibly be 
ascribed to steric interaction in the salt of XII, which 
slows hydrogenation of the pyridinium group enough to 
allow hydrogenolysis to precede reduction. When hy
drogenation of the pyridinium ring occurs first (as does 
happen with the salt of I) the cyclopropyl group is left 
unconjugated and therefore presumably more resistant 
to hydrogenolytic cleavage.16a

It is particularly useful to contrast the acid lability of 
Via and VIb to that of I inasmuch as the partial or 
complete saturation of the pyridine ring in Via and VIb 
eliminates orbital overlap between the it electrons of the 
pyridinium ring and the cyclopropane ring electrons as a 
possible cause of resistance to carbonium-ion forma
tion. In support of this concept, Via and VIb were 
found to be much more sensitive to acid than I. Via 
could be titrated with acetous-perchloric acid and 
could be converted into a reasonably stable hydro
chloride salt. However, whereas the ultraviolet ab
sorption spectrum of I in 0.1 N  hydrochloric acid 
showed no change after storage of the solution for up to 
1 week at room temperature and the spectral shift in 
going from basic to acid solution was completely rever
sible,1 the spectrum of Via in 0.1 N  hydrochloric acid 
changed quite rapidly from that of a simple benzene 
derivative to one reminiscent of a diphenylethylene in a 
matter of hours and this change was irreversible (Table 
I, see footnote e). The saturated compound VIb was 
especially sensitive to acid. Compound VIb could not 
be titrated with acetous-perchloric acid, giving evi
dence of decomposition during the titration, and could 
not be converted into a hydrochloride salt; the ultra
violet absorption spectrum of VIb in 0.1 N  hydrochloric

(16a) N o t e  A d d ed  in  P r o o f .— A  re c e n t c o m m u n ic a tio n , W . J .  I rw in  a n d  
F .  J .  M cQ u illin , Tetrahedron L ett., 2195 (1968), p ro v id e s  a d d i tio n a l s u p p o r
t iv e  ev id en ce  in  re g a rd  to  th e  in flu en ce  of e lec tro p h ilic  c o n ju g a tio n  o n  th e  
d ire c tio n  a n d  r a te  of h y d ro g en o ly sis  of th e  cy c lo p ro p y l g ro u p , co m p ares  
p la t in u m  vs. p a lla d iu m  as  h y d ro g en o ly tic  c a ta ly s ts , a n d  offers a  p la u sib le  
ra t io n a le  fo r  th e  o b se rv ed  re su lts .

acid started undergoing irreversible change immedi
ately on dissolution of the compound (Table I, see 
footnote/).17

It should be noted that the cyclopropane ring opened 
compound VIII also proved to be significantly more 
labile to acid than its approximate (one methylene 
group less) pyridine counterpart IVa. Compound 
VIII could be titrated with acetous-perchloric acid and 
its hydrochloride salt could be prepared by careful 
treatment of a cold chloroform solution of the base 
with ethereal hydrogen chloride. Use of a slight excess 
of hydrogen chloride under the same conditions effected 
essentially quantitative dehydration of the material to 
give the hydrochloride salt of 4-(l-methyl-4-piperidyl)- 
1,1-dipheny 1-1-butene (IX) (eq7).

IX

In order to ascertain the effect of replacing the pyridine 
ring of I by a dimethylaminopropyl group, 5-chloro-l- 
pentene was heated with ethyl diazoacetate in the pres
ence of cuprous cyanide to give ethyl 2-(3-chloro- 
propyl)cyclopropanecarboxylate in low yield and ac
companied by its dehydrohalogenated derivative. 
Treatment of the chloro compound with dimethyl- 
amine afforded ethyl 2-(3-dimethylaminopropyl)cy- 
clopropanecarboxylate (X) which reacted with phenyl- 
magnesium bromide to yield the desired 2-(3-dimethyl- 
aminopropyl)-«,a-diphenylcyclopropanemethanol (XI, 
configuration not established) (eq 8). I t  was intriguing

C1CH2CH2CH2CH=CH2 ■NiCHC00CiH5>.
CuCN

ClCH2CH2CH2 y —COOC2H5 +  CH2=CH-CH2- -y  COOC/t,

I
(CH2)2NCH2CH2CH2— y —COOCiHs —►

X
OH

(CH3)2NCH2CH2CH2— y -  c — )  (8)

XI

(17) U n fo rtu n a te ly , s ince th e  p ro d u c ts  of ac id  t r e a tm e n ts  of V ia  a n d  V Ib  
w ere  n o t iso la ted , n o th in g  defin itiv e  ca n  b e  sa id  a b o u t  th e ir  s tru c tu re s . T h e  
spec ia l la b ili ty  of V Ib , how ever, en tices  o n e  in to  s p ecu la tin g  a b o u t  th e  pos
s ib le  in v o lv em e n t of th e  basic  n itro g e n  (in  e q u ilib riu m  w ith  th e  p ro to n a te d  
fo rm ) in  th e  p rocess, e.g. eq i.
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to find that XI, with its basic nitrogen the same number 
of carbon atoms away from the cyclopropyl group, was 
at least as sensitive to acid as VIb and behaved toward 
acid in strictly comparable fashion, although the ex
tremely high extinction coefficient at 252 mu developed 
by a solution of XI in 0.1 N hydrochloric acid after 1 
hr at room temperature is not readily explicable (Table 
I, see footnote g).17

Analogs of I in which unsaturated groups replaced 
the cyclopropane ring were prepared from 4-ethynyl- 
pyridine since reactions of ethyl 4-pyridylacrylate with 
phenylmagnesium bromide or with phenyllithium 
afforded complex mixtures of 1,2- and 1,4-addition prod
ucts.18 To accomplish this end, a synthesis was de
veloped which provided 4-ethynylpyridine in up to 29% 
yield from 4-vinylpyridine hydrochloride, a consider
ably better yield than had previously been realized 
(see pertinent references cited in the Experimental 
Section). The key was simply a two-step dehydro- 
halogenation of 4-vinylpyridine dibromide involving 
initial treatment of the dibromide with triethylamine 
under mild conditions followed by harsh treatment of 
the monobromo product with fused potassium hy
droxide, care being taken to ensure minimum contact 
time of the product with alkali. Reaction of the so
dium salt of 4-ethynylpyridine with benzophenone 
afforded a, a-dipbenyl-y- (4-pyridi ne) propynol (XIV) 
in good yield. Lithium aluminum hydride reduction 
of XIV yielded imns-a,a-diphenyl-y-(4-pyridine)pro- 
penol (XVa) (Scheme I); the expected19 trans configu
ration was supported by the nmr spectrum of the prod
uct which showed a coupling constant of J  = 16 cps 
for the protons attached to the double bond. The cis 
isomer XVb was prepared by catalytic hydrogenation 
of XIV over Lindlar’s catalyst. Neither XVa or XVb 
showed any special acid lability.

Of the compounds reported, only Via produced 
central effects in animals comparable with those of I ,1’3 
but activity in this instance was associated with a 
significant peripheral anticholinergic action.

Experimental Section20
Effect of Acid on frans-2-(4-Pyridyl)-a,a-diphenylcyclopropane- 

methanol (I). A. 4-(4-Pyridyl)-l,l-diphenyl-l-buten-4-ol Hy
drochloride (Ila).—A solution of 24.0 g (0.08 mol) of I 1 in a mix
ture of 500 ml of 1 A  aqueous sulfuric acid and 50 ml of ethanol 
was heated on a steam bath for 6 hr. The cooled solution was 
made alkaline with aqueous ammonia and the precipitate was 
dissolved in benzene. The benzene solution was shaken with 3% 
aqueous hydrochloric acid and the precipitated hydrochloride 
salt was collected. Addition of dilute sodium hydroxide to a 
methanol solution of the only slightly water-soluble salt gave 
a precipitate which was taken into chloroform. Drying and 
removal of the chloroform and recrystallization from benzene- 
hexane afforded 8.7 g (36%) of recovered I, mp 168-169°; the 
mixture melting point was undepressed.

(18) U n p u b lish ed  w o rk  from  th is  la b o ra to ry .
(19) S ee J . D . C h a n le y  a n d  H . S o b o tk a , J .  A m er. Chem . Soc., 71 , 4140 

(1949); W . O roshn ik , G . K a rin a s , a n d  A . D . M eb an e , ib id ., 74 , 3807 (1952); 
E . B . B a tes , E . R . H . Jo n es , a n d  M . C . W h itin g , J .  Chem . Soc., 1854 (1954).

(20) M icro a n a ly se s  w ere  p e rfo rm e d  b y  th e  G a lb ra i th  L a b o ra to r ie s , K n o x 
v ille , T e n n . M e ltin g  p o in ts  a re  co rrec ted . “ B asic  n itro g e n s” w ere  d e te r 
m in ed  b y  t i t r a t io n  w ith  a c e to u s -p e rc h lo r ic  ac id , io n ic  h a logens  b y  p o te n -  
tio m e tr ic  t i t r a t io n .  In f ra re d  sp e c tra  w ere  d e te rm in e d  w ith  a  B ec k m an  
M odel IR -5  s p e c tro p h o to m e te r ; p e a k  po sitio n s  a r e  g iv en  in  rec ip ro ca l cen
tim e te rs  (c m -1) . N u c le a r  m a g n e tic  re so n an ce  sp e c tra  w ere  d e te rm in e d  w ith  
a  V a ria n  M o d e l A -60; p e r t in e n t  chem ica l sh if ts  a re  exp ressed  in  p a r ts  p e r  
m illion  (p p m ) dow nfield  from  te tra m e th y ls ila n e  a n d  coup ling  c o n s ta n ts  in  
cycles p e r second  (cps).
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Making the aqueous hydrochloric acid filtrate basic with 
sodium carbonate, extracting the alkaline mixture with chloro
form and drying, and removal of the organic solvent left a residue 
in the form of a yellow oil. An ice-cold ether solution of the oil 
was treated with ethereal hydrogen chloride to give a precipitate 
which was recrystallized from ethanol-ether and then from iso
propyl alcohol to yield 4.0 g (17%) of the hydrochloric salt of 
I la : mp 216-217° (the melting point of a mixture with the 
hydrochloride salt of I was markedly depressed); ir, vm.x (KBr), 
3320 (OH), 1633 and 1605 (pyridinium); nmr ((DMSO-de), 
multiplet centered a t S 7.27 (phenyl protons), triplet a t 6.23 (single 
double-bond proton).

Anal. Calcdfor C21H20CINO: C, 74.65; H, 5.97; Cl, 10.50. 
Found: C, 75.21; H, 5.99; ionic Cl, 10.48.

B. 4-Chloro-4-(4-pyridyl)-l, 1-diphenyl-l-butene Hydrochloride 
(lib).—In the course of work-up of larger scale runs of the Gri- 
gnard reaction used for the preparation of I ,1 concentrated, ice- 
cold tetrahydrofuran-ether solutions of I  were treated with cold 
5% aqueous hydrochloric acid to precipitate the I hydrochloride. 
Low melting, mother liquor fractions obtained from recrystalliza
tions of the hydrochloride salt were pooled and dissolved in 
methanol and the methanol solution was made alkaline with 
aqueous sodium hydroxide. The resultant precipitate was taken 
into chloroform and the chloroform solution was dried and 
concentrated to give a residue which was extracted with cold 
hexane (the material insoluble in the hexane proved to be I, 
mp 169-170° after recrystallization). Concentration of the 
hexane solution left a residual oil which was dissolved in ether. 
Treatment of the ether solution with ethereal hydrogen chloride 
gave a yellow precipitate which was recrystallized from mixtures 
of isopropyl alcohol, ether, and hexane to give l ib  hydrochloride 
as colorless crystals: mp 129-132°; ir, (KBr), OH stretch
ing absorption absent, 1637 and 1592 (pyridinium).

Anal. Calcd for C2,Hi9C12N: C, 70.79; H, 5.37; Cl, 19.90; 
ionic Cl, 9.95. Found: C, 70.35; H, 5.81; Cl, 19.53; ionic 
Cl, 9.72.

C. 4-(4-Pyridyl)-l,l-diphenyl-l,3-butadiene Hydrochloride 
(III).-—Heating of 14 g of crude l ib  (oil) under vacuum a t a 
bath temperature of 185° caused rapid gas evolution and the
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formation of a yellow solid. Recrystallization of the solid from 
isopropyl alcohol afforded 4.4 g of the hydrochloride salt of III 
as yellow crystals: mp 229-230°; ir, rm,, (KBr), OH band absent, 
1640 and 1593 (pyridinium); nmr (CDCh), singlet a t 5 7.39 
(phenyl protons), multiplet centered a t 6.94 (J  = 15 cps, double
bond protons).

Anal. Calcd for C2iH,8C1N: C, 78.86; H, 5.67; Cl, 11.09. 
Found: C, 78.55; H, 5.74; ionic Cl, 11.00.

3-(4-Pyridyl)-l,l-diphenyl-l-propanol (IVa).—To a stirred 
solution of approximately 0.3 mol of phenylmagnesium bromide 
in 300 ml of ether, cooled in an ice bath, was added 12 g of crude 
methyl d-(4-pyridine)propionate21 in 125 ml of dry ether. A 
vigorous reaction ensued. After the addition was complete, the 
reaction mixture was allowed to stand for 16 hr in the refrigerator 
and then poured with rapid stirring on a slurry of ice and 33 g 
of ammonium chloride. The ether layer was separated and the 
aqueous mixture was extracted with benzene. The combined 
benzene-ether solution was concentrated almost to dryness and 
diluted with hexane to precipitate a solid which was recrystallized 
from benzene to yield 6.4 g (30%) of IVa, mp 159-160°.

Anal. Calcd for C20H 19NO: N, 4.83. Found: basic N, 4.76.
The hydrochloride salt, prepared by treatment of an ice-cold 

benzene-chloroform solution of IVa with ethereal hydrogen chlo
ride and recrystallized from ethanol, showed mp 182-183° (gas 
evolution); ir, vmOI (KBr) 3340 (OH), 1630 and 1590 (pyridinium).

Anal. Calcd for C20H2„C1NO: C, 73.70; H, 6.18; Cl, 10.88. 
Found: C, 73.89; H, 6.16; ionic Cl, 10.83.

3-(4-Pyridyl)-l,l-diphenyl-l-propene Hydrochloride (Va).—To 
an ice-cold solution of 396 g of IVa in 61. of methanol was added, 
slowly with stirring, 300 ml of ethereal hydrogen chloride. After 
the mixture was stirred for about 45 min a t ice-bath temperature, 
it was diluted with ether to precipitate a combined total of 288 g 
(65%) of the hydrochloride salt of IVa, mp 179-180°. Concen
tration of the mother liquor to dryness, crystallization of the 
residual oil from ethanol, and recrystallization from isopropyl 
alcohol afforded 45.7 g (12%) of the hydrochloride salt of Va in 
the form of colorless crystals: mp 158-159.5°; ir, rmaI (KBr), 
OH band absent, 1628 and 1593 (pyridinium).

Anal. Calcd for CMHI8C1N: C, 78.04; H, 5.89; Cl, 11.52. 
Found: C, 78.11; H, 5.84; ionic Cl, 11.56.

3-(4-Pyridyl)-l,l-diphenyl-l-butanol (IVb).—A slurry of 9.0 g 
(0.23 mol) of powdered sodium amide and 25.0 g (0.23 mol) of
4-ethylpyridine (Eastman) in approximately 350 ml of liquid 
ammonia was stirred for 30 min and then a mixture of 45.3 g 
(0.23 mol) of diphenylethylene oxide22 in 150 ml of tetrahydro- 
furan was added in portions over a 30-min period. Stirring was 
continued and the evaporating ammonia was gradually replaced 
by tetrahydrofuran. After all of the ammonia had evaporated, 
the reaction mixture was heated a t reflux for 5 hr. A small 
amount of isopropyl alcohol was added to the cooled reaction 
mixture, followed by the dropwise addition of 350 ml of water. 
The tetrahydrofuran layer was separated and the water layer 
was extracted with ether. The combined organic layers were 
extracted with 5% aqueous hydrochloric acid. The acid extract 
was made alkaline to precipitate a red oil which was taken into 
ether. Drying and removal of the ether left a residue which was 
washed with hexane and recrystallized from isopropyl alcohol to 
yield 34.9 g (50%) of IVb as colorless crystals: mp 141-142°; 
ir, vm„  (KBr), broad OH stretching absorption, 1600 (pyridine).

Anal. Calcd for C2iH21NO: C, 83.14; H, 6.98; N, 4.62. 
Found: C, 83.29; H, 6.96; basic N, 4.52.

3-(4-Pyridyl)-l,l-diphenyl-l-butene Hydrochloride (Vb).—An 
ice-cold chloroform solution of 15.0 g of IVb was treated with 
ethereal hydrogen chloride and the acidified solution was diluted 
with more ether to precipitate an oil, which crystallized from a 
mixture of ethyl acetate, isopropyl alcohol, and ether, and was 
recrystallized from isopropyl alcohol-ether to give 11.8  g (75%) 
of Vb as colorless crystals, mp 162-164°. No other material 
could be isolated from mother liquors. After one additional 
recrystallization from isopropyl alcohol-ether, the material had 
mp 165-167°; ir, nm,, (KBr), OH band absent, 1625 and 1600 
(pyridinium).

Anal. Calcd for C2iH20C1N: C, 78.38; H, 6.26; Cl, 11.02. 
Found: C, 78.50; H, 6.57; ionic Cl, 10.97.

3-(4-Pyridyl)-l,l-diphenyl-l-propanol (IVa).—A solution of 
290 g (3.1 mol) of 4-picoline in 500 ml of dry tetrahydrofuran was 
added, dropwise with stirring over a 45-min period, to a slurry of

(21) A. R . K a tr i tz k y , J .  Chem . Soc., 2581 (1955).
(22) H . E . Z au g g  a n d  R . J . M ichaëls , J .  A m er. Chem . Soc., 80, 2770 (1958).

125 g (3.2 mol) of powdered sodium amide in approximately 
5 1. of liquid ammonia. After being stirred for an additional 2 hr, 
the reaction mixture was treated, dropwise over a 2.5-hr period, 
with a solution of 362 g (1.55 mol) of 2-chloro-l,1-diphenyl- 
ethanol.22 Stirring was continued, tetrahydrofuran was added to 
replace the evaporating ammonia, and finally the reaction mix
ture was heated a t reflux for 2.5 hr. A small amount of isopropyl 
alcohol followed by 1500 ml of water was added to the cooled 
reaction mixture. The tetrahydrofuran layer was separated and 
the water layer was washed with ether. The combined tetra- 
hydrofuran-ether layers were washed with water, dried, and 
evaporated to dryness. Crystallization of the residue gave 308 g 
(69%) of IVa, mp 157-159°, identical with the material obtained 
from methyl /3-pyridinepropionate.

trans-2-[4-( 1 -M ethyl-A 3-piperideinyl)] -a.a-diphenylcyclopro- 
panemethanol (Via).—To a stirred solution of 32.6 g (0.082 
mol) of the methobromide salt of I 1 in 150 ml of methanol was 
added 25 g (0.66 mol) of sodium borohydride dissolved in 150 ml 
of methanol a t a rate sufficient to maintain gentle reflux. After 
the addition was complete, the solution was heated at reflux for 
2 hr and concentrated, and the solid residue was taken up in 
water and exhaustively extracted with ether. Drying and re
moval of the ether and crystallization of the residue from benzene- 
hexane gave 22.6 g (86%) of Via: mp 154-156°; mp 156-158° 
after further recrystallization.

Anal. Calcd for C22H25NO: N, 4.39. Found: basic N, 
4.31.

The hydrochloride salt of Via, prepared in ice-cold chloroform- 
ether and recrystallized from isopropyl alcohol-hexane, showed 
mp 188-189° (gas evolution); ir, (KBr), 3330 (OH), 
1667 (double bond), 1597 (phenyl); pK'„ (80% Methyl Cellosolve) 
7.83; nmr (DMSO-de), multiplet centered a t S 7.37 (phenyl pro
tons), multiplet centered a t 5.40 (single piperideine double-bond 
proton), singlet a t 2.73 (N-CH3 protons), complex multiplet 
a t below 1.0  (cyclopropane protons).

Anal. Calcd for C22H26C1N0: C, 74.24; H, 7.36; Cl, 9.96; 
neut equiv, 355.9. Found: C, 74.05; H, 7.55; ionic Cl, 
9.76; neut equiv, 361.

¿rans-2-(l-Methyl-4-piperidyl)-a,a-diphenylcyclopropanemeth- 
anol (VIb). A .—Acetic acid was added dropwise to a suspension 
of 8 g (0.025 mol) of Via in ca. 200 ml of ethanol until all of the 
material had dissolved. The solution was shaken with 2 g of 
5% rhodium on carbon at 50 psi of hydrogen and room tempera
ture in an Adams-Parr apparatus. The calculated amount of 
hydrogen was taken up in 10 min. Dilute, aqueous sodium 
hydroxide was added to the filtered solution to precipitate a solid 
which was recrystallized from heptane to yield 5.7 g (71%) of 
VIb: mp 155-156°; mp 158-159.5° after further recrystalliza
tion from heptane; ir, ymax (CHC13), 3610 (OH), 1600 (phenyl); 
unstable in acid; titration with acetous-perchloric acid anomalous; 
hydrochloride salt could not be prepared.

Anal. Calcd for C22H27NO: C, 82.20; H, 8.47; N, 4.36. 
Found: C, 82.13; H, 8.55; N, 4.41.

B.—A solution of 16.0 g (0.04 mol) of the methobromide salt 
of I 1 in 200 ml of ethanol was shaken with 0.5 g of platinum oxide 
a t room temperature under 50-psi hydrogen pressure in an 
Adams-Parr apparatus. The calculated amount of hydrogen was 
taken up in 1 hr. The filtered solution was concentrated to 
one-half its volume, dilute aqueous ammonia was added, and the 
resultant precipitate was dissolved in ether. Drying and re
moval of the ether and recrystallization of the solid residue from 
benzene-hexane afforded 7.8 g (61%) of VIb, identical with the 
product obtained by method A above.

Ethyl y-( 1 -Methyl-4-piperidinejbutyrate (VII).—A solution of
73.0 g (0.25 mol) of the crude methobromide salt of 4-(2-carb- 
ethoxycyclopropyljpyridine1 in 200 ml of 50% aqueous ethanol 
was hydrogenated over 1 g of platinum oxide a t 50 psi and room 
temperature. Hydrogen uptake was complete in 4 hr. The 
filtered solution was concentrated, diluted with water and made 
alkaline with sodium carbonate. The oil that separated was 
dissolved in ether. Drying and removal of the ether and distilla
tion of the residual oil yielded 41.0 g (78%) of VII: bp 116-118° 
(4.5 mm); n22n 1.4600; ir, rm„x (CCI4) 1733 (ester carbonyl). 
This was probably a mixture of isomers in view of difficulties en
countered in isolating pure derivatives from it.

Anal. Calcd for Ci2H23N 02: N, 6.57. Found: basic N, 6.49.
The hydrochloride salt of VH showed mp 105-106° after re

crystallization from ethyl acetate; repeated crystallization from 
ethyl acetate raised the melting point to 146-148°; the ir spec
trum showed a band at rmax (CHC13) 1721 (ester carbonyl).
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Anal. Calcd for C,2H24C1N02: C, 57.70; H, 9.68; Cl, 14.20. 
Found: C, 57.64; H, 9.28; ionic Cl, 14.23.

4-(l-Methyl-4-piperidyl)-l,l-diphenyl-l-butanol (VIII).—To
the Grignard reagent prepared from 37.7 g (0.24 mol) of bromo- 
benzene and 7.2 g (0.3 g-atom) of magnesium in 250 ml of tetra- 
hydrofuran was added, dropwise with stirring a t ice-bath tem
perature, a solution of 21.1 g (0.01 mol) of crude VII in 200 ml of 
tetrahydrofuran. After addition was complete the reaction mix
ture was stirred a t room temperature for 3 hr, a 20% solution of 
ammonium chloride was added, and the reaction mixture was 
extracted with ether. The ether solution was extracted with 
dilute hydrochloric acid, the acid solution was made basic, and 
the oil precipitate was extracted with ether. No characterizable 
product could be isolated from the oil residue obtained from the 
ether solution. A white solid which remained undissolved during 
the ether extraction was recrystallized from heptane to give 6.5 
g (20%) of VIII as colorless crystals: mp 184-185°; ir, 
(KBr), broad absorption in OH stretching region, 1597 (phenyl); 
nmr (DMSO-de), multiplet centered a t 5 7.33 (phenyl protons),
2.64 (N-CH3 protons), C-CH3 peak absent.

Anal. Calcd for C22H29NO: C, 81.69; H, 9.04; N, 4.33. 
Found: C, 81.89; H, 9.21; basic N, 4.28.

Ethereal hydrogen chloride was added dropwise to a chloroform 
solution of 3.0 g of VIII, cooled in an ice bath, to the point at 
which the solution proved acid to moist pH paper. Dilution of 
the solution with hexane afforded a precipitate which was re
crystallized from isopropyl alcohol to give 2.0 g of the hydro
chloride salt of VIII as colorless crystals, mp 203-204° (gas 
evolution).

Anal. Calcd for C22H30C1NO: Cl, 9.85. Found: Cl, 9.94; 
ionic Cl, 9.80.

4-(l-Methyl-4-piperidyl)-l,l-diphenyl-l-butene Hydrochloride
(IX).—Dropwise addition of a slight excess of ethereal hydrogen 
chloride to an ice-cold chloroform solution of 3.0 g of VIII and 
dilution with ether gave a precipitate which was recrystallized 
from isopropyl alcohol-ether to yield 2.3 g of the hydrochloride 
salt of IX as colorless crystals: mp 210-211°, mixture melting
ponit with the hydrochloride salt of VIII markedly depressed; 
ir, rmax (KBr), OH band absent, 1595 (phenyl).

Anal. Calcd for C22H28C1N: C, 77.27; H, 8.25; Cl, 10.37. 
Found: C, 77.30; H, 7.82; Cl, 10.71.

Ethyl 2-(3-Dimethylaminopropyl)cyclopropanecarboxylate (X). 
A.—A solution of approximately 1 mol of ethyl diazoacetate1 in 
775 ml of xylene was added, dropwise with stirring, to a mixture 
of 100 g (0.95 mol) of 5-chloro-l-pentene and 3.6 g of cuprous 
cyanide in 250 ml of xylene heated on a steam bath. The addi
tion took 2 hr, during which a total of 27.2 1. of nitrogen was 
evolved. After being heated for 1 hr more, the mixture was 
allowed to cool and filtered and the filtrate was concentrated at 
atmospheric pressure to remove xylene and starting material. 
The residual oil was vacuum distilled and redistilled through a 
28-in. Nester-Faust spinning-band column to give 33.4 g (18%) of 
impure ethyl 2-(3-chloropropyl)cyclopropanecarboxylate, bp 
121-123° (16 mm), n 25d 1.4566. A forerun, boiling range 80- 
110° (16 mm), »%> 1.435-1.440, was found to be low in chlorine 
and apparently was largely ethyl 2-(2-propenyl)cyclopropane- 
carboxylate: ir, rmal (CHC13) 1725 (ester carbonyl), 1643
(double bond). A high boiling residue was not further char
acterized.

B.—A solution of 33.2 g (0.17 mol) of crude ethyl 2-(3-chloro- 
propyl)cyclopropanecarboxylate and 40.1 g (0.88 mol) of an
hydrous dimethylamine in 200 ml of benzene was heated with 
shaking a t 65-70° for 50 hr in a stoppered Parr pressure bottle. 
A total of 12.1 g (88%) of crude dimethylamine hydrochloride 
was filtered from the cooled reaction mixture. The filtrate was 
extracted with cold 5% hydrochloric acid solution; the aqueous 
extract was made basic with potassium carbonate and extracted 
with ether. Drying and removal of the ether followed by distilla
tion of the residual yellow oil afforded 24.8 g (72%) of X: bp 
118-119° (13 mm); w“d 1.4451; ir, (CHClj) 1715 (ester 
carbonyl); nmr (CDC13), quartet centered a t 5 4.15 (ethoxy 
CH2), triplet a t 1.27 (ethoxy CH3), singlet a t 2.90 [N-(CH3)2], 
complex multiplet centered a t about 1.0 (cyclopropane protons).

Anal. Calcd for CuH2iN0 2: N, 7.03. Found: basic N, 7.08.
The cyclohexanesulfamate salt of X, prepared in ether- 

isopropyl alcohol and recrystallized from ethyl acetate, showed 
mp 94-95°.

Anal. Calcd for Ci7H34N20 5S: C, 53.94; H, 9.05; S, 8.47. 
Found: C, 54.32; H, 9.13; Schoniger S, 8.52.

2-(3-D im ethylam m opropyl)-a,ff-diphenylcyclopropanem ethanol

(XI).—To an ice-cold slurry of the Grignard reagent prepared 
from 55 g (0.35 mol) of bromobenzene and 8.9 g (0.36 g-atom) of 
magnesium turnings in 225 ml of dry tetrahydrofuran was added, 
dropwise with stirring, a solution of 18.0 g (0.09 mol) of X in 
50 ml of tetrahydrofuran. After the addition was complete, the 
reaction mixture was allowed to warm to room temperature and 
stirring was continued for 2 hr. The reaction mixture was poured 
into 300 ml of saturated ammonium chloride solution and ex
tracted with ether. The ether extract was dried and evaporated 
to a thick oil residue that solidified on standing. This was dis
solved in ice-cold, dilute aqueous hydrochloric acid. The aqueous 
solution was washed with ether, made basic, and extracted with 
ether. Drying and removal of the ether left an oily solid which 
was crystallized from acetone and recrystallized from pentane 
to give'6.8 g (22%) of colorless crystals of X I: mp 90-92°; 
ir, rmax (CHCla) 3300 (OH), 1600 (phenyl); nmr (CDC13), 
multiplet centered at 8 7.33 (phenyl protons), singlet a t 2.11 
[N-(CH3)2], complex multiplet a t below 1.0 (cyclopropane 
protons); unstable to acid; titration with acetous perchloric 
acid anomalous; acid addition salt could not be prepared.

Anal. Calcd for CmH^NO: C, 81.50; H, 8.80; N, 4.53. 
Found: C, 81.47; H, 8.88; N, 4.71.

2-(4-Pyridyl)-l,l-diphenylcyclopropane Hydrochloride (XII).— 
A solution of 25.2 g (0.13 mol) of crude diphenyldiazomethane23 
and 14.7 g (0.14 mol) of 4-vinylpyridine in 150 ml of tetrahydro
furan was slowly warmed24 25 26 to reflux and heated a t reflux for 1 1  hr 
during which period nitrogen was slowly evolved. The cooled, 
dark solution was diluted with hexane and filtered from a small 
amount of precipitate; the filtrate was concentrated under 
vacuum to a small volume and diluted with ether. Extraction 
of the ether solution with 5% aqueous hydrochloric acid caused 
formation of a precipitate which was recrystallized from isopropyl 
alcohol to yield 29.4 g (73%) of the hydrochloride salt of X II 
in the form of colorless crystals: mp 237° dec; ir, ymal (CHC13) 
1633 and 1605 (pyridinium).

Anal. Calcd for C20H 1SC1N: C, 78.04; H, 5.89; Cl, 11.52. 
Found: C, 77.71; H, 5.77; ionic Cl, 11.51.

The methobromide salt of XII, prepared by treating an aceto
nitrile solution of the base (oil) with methyl bromide and recrystal
lized from isopropyl alcohol-ether, showed mp 226° dec.

Anal. Calcd for C2iH20BrN: C, 68.85; H, 5.50; Br, 21.82. 
Found: C, 68.84; H, 5.56; ionic Br, 21.75.

3-( l-Methyl-4-piperidyl)-l, 1 -diphenylpropane Hydrochloride
(X III).-A  solution of 16.1 g (0.044 mol) of the methobromide 
salt of X II in 250 ml of 90% ethanol was shaken with 0.5 g of 
platinum oxide in an Adams-Parr apparatus under a hydrogen 
pressure of 50 psi. The calculated amount of hydrogen was ab
sorbed in 1.5 hr. The filtered solution was concentrated to a 
smaller volume, diluted with water, made alkaline, and extracted 
with ether. Drying and removal of the ether left an oil which 
could not be crystallized. A dry ether solution of the oil was 
treated with ethereal hydrogen chloride and the precipitate 
recrystallized twice from isopropyl alcohol-ether-hexane and 
then from ethyl acetate-ether to give 4.3 g (30%) of the hydro
chloride salt of X III: mp 173-174° (further recrystallization
from ethyl acetate-ether raised the melting point to 177-178°); 
ir, vm&x (CHC13) 1600 (phenyl); nmr (CDCI3), singlet at 8 7.27 
(phenyl protons), triplet centered at 3.84 (diphenylmethyl CH), 
singlet at 2.73 (N-CH3).

Anal. Calcd for C21H28C1N: C, 76.45; H, 8.55; Cl, 10.75. 
Found: C, 76.63; H, 8.53; ionic Cl, 10.73.

4-Ethynylpyridine.25’26—A solution of 116 g (0.82 mol) of 4-

(23) D . A . S h irley , “ P re p a ra t io n  of O rgan ic  In te rm e d ia te s ,”  J o h n  W iley  
a n d  S ons, In c .,  N ew  Y ork , N . Y ., 1951, p  134.

(24) T h e  sam e  p ro d u c t w as o b ta in e d  w hen  th e  r e a c ta n ts  w ere  a llow ed  to  
s ta n d  a t  room  te m p e ra tu re  in  e th e r  so lu tio n  fo r  3 d a y s . W hen , h ow ever, d i
p h en y ld ia z o m e th a n e  w as a d d e d  to  excess 4 -v in y lp y rid in e  h e a te d  a t  130° in  
th e  p resen ce  of co p p e r p ow der, v e ry  l i t t le  n it ro g e n  w as e v o lv ed  a n d  a  p ro d 
u c t , w h ich  w as n o t  en tire ly  freed  from  im p u ritie s  b u t  w h ich  p ro b a b ly  w as a  
2 -p y razo lin e  d e riv a tiv e , w as iso la ted . T h is  m a te r ia l  w as s ta b le  to  h ea tin g  
a t  a b o v e  2 00°; deco m p o sitio n  a n d  n itro g e n  e v o lu tio n  to o k  p la c e  a t  h igher 
te m p e ra tu re s  b u t  w ith o u t fo rm a tio n  of a  c h a ra c te r iz a b le  p ro d u c t . I t  seem s 
lik e ly  t h a t  in  th e  p resen ce  of a  la rg e  excess o f 4 -v in y lp y rid in e  b ase  a t  th e  
h ig h e r te m p e ra tu re  re a rra n g e m e n t of th e  p re s u m a b ly  in i t ia lly  fo rm ed  
1 -py razo line  to  a  m o re  s ta b le  2 -p y razo lin e  s u p e rsed ed  loss of n itro g en .

(25) P ro c e d u re  p a t te rn e d  a f te r  t h a t  u sed  b y  D . L e av er, W . K . G ibson, 
a n d  J .  D . I t .  Y ass [J. Chem . Soc., 6053 (1963)] fo r p re p a ra tio n  o f 2 -e th y n y l-  
p y r id in e  in  3 0 %  y ie ld . C o n d itio n s  h a d  to  b e  m odified  in  o rd e r  t o  o b ta in  a 
c o m p arab le  y ie ld  of th e  4 isom er.

(26) U . H a u g  a n d  H . F t lr s t  [Chem. B er., 93, 593 (I9 6 0 )]  r e p o r t  m p  9 4 .5 - 
95° fo r  4 -e th y n y lp y rid in e  p re p a re d  b y  a n o th e r  m e th o d  in  3 .9 %  y ie ld .
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vinylpyridine hydrochloride (mp 240-243°, prepared from freshly 
distilled 4-vinylpyridine) in 550 ml of chloroform was treated, 
dropwise with stirring and cooling in an ice bath, with 262 g 
(1.62 mol) of bromine. After all of the bromine had been added, 
the reaction mixture was stirred for 1 hr at ice-bath temperature 
and then for 1 hr at room temperature. The reaction mixture 
was diluted with ether and the precipitated orange oil was washed 
with ether and treated with 500 ml of acetone to yield 209 g of 
the crude salt of 4-vinylpyridine dibromide, mp 148-150°.

A 60.2-g portion of the crude salt was treated with aqueous 
sodium carbonate and the resulting base was taken into ether. 
The yellow ether solution was dried over magnesium sulfate, 
concentrated to a volume of 350 ml, and treated with a solution 
of 22.2 g (0.22 mol) of triethylamine in 100 ml of tetrahydrofuran. 
The reaction mixture was stirred at room temperature for 2 hr 
and at reflux for 1.5 hr, 21 g of precipitated triethylamine 
hydrobromide was filtered off, and the filtrate was concentrated 
at reduced pressure to 39 g of an amber oil, presumed to be crude 
4^pyridyl-l -bromoethylene.

To an intimate mixture of 56 g (1 mol) of powdered potassium 
hydroxide and 50 g of paraffin (mp ~56°), magnetically stirred 
and heated in an oil bath at 160° under a reduced pressure of 
200 mm, 36 g of the crude 4-pyridyl-l-bromoethylene was added 
in small portions through a dropping funnel. The pressure was 
held at 200 mm for 1-2  min after the addition of each portion and 
then slowly reduced to 4 mm as the product distilled out of the 
reaction mixture and was collected in a recovery flask in the form 
of colorless crystals. This process was repeated until all of the 
material had been added. Recrystallization of the distilled ma
terial from pentane afforded 5.0 g of 4-ethynylpyridine, mp 95- 
97° .26 The mother liquor was concentrated and the residue was 
again subjected to treatment with potassium hydroxide-paraffin 
to provide an additional 1.6 g of 4-ethynylpyridme, mp 95-98°, 
for a total of 6.6 g, representing an over-all yield from 4-vinyl- 
pyridine hydrochloride of 29%.

a,a-Diphenyl-7-(4-pyridine)propynol (XIV).—To a stirred 
slurry of 7.8 g (0.2 mol) of sodamide in 300 ml of liquid ammonia 
was added 19.0 g (0.185 mol) of 4-ethynylpyridine followed by
33.7 g (0.185 mol) of benzophenone in 100 ml of dry ether. The 
evaporating ammonia was replaced by a total of 800 ml of ether 
and the reaction mixture was allowed to warm to room tempera
ture. After a small amount of isopropyl alcohol had been 
added, the reaction mixture was shaken with 2.5% aqueous 
hydrochloric acid to give a white precipitate which was suspended 
in dilute sodium carbonate solution and exhaustively extracted 
with a mixture of chloroform and ether. Drying and evaporation 
to dryness of the organic extract and recrystallization of the 
residue from benzene-pentane yielded 40.0 g (76%) of XIV as 
colorless plates, mp 187-188°.

Anal. Calcd for C20H i6NO: N, 4.91. Found: basic N, 4.89.
The methanesulfonate salt of XIV formed colorless needles from 

a mixture of isopropyl alcohol, ether, and hexane: mp 164r-165°; 
ir, Kmai (KBr) 3280 (broad OH band), 2235 (triple bond), 1638 
and 1602 (pyridinium).

Anal. Calcd for C2IH 19N04S: C, 66.12; H, 5.02; S, 8.41. 
Found: C, 66.75; H, 5.03; Schoniger S, 8.39.

trans-a,a-Diphenyl-Y-(4-pyridine)propenol (XVa).—A slurry of
1.48 g (0.039 mol) of lithium aluminum hydride in 250 ml of dry 
ether was added in small portions to a stirred mixture of 12.5 g 
(0.044 mol) of XIV in 200 ml of ether. After completion of the 
addition, the resulting orange reaction mixture was heated at 
reflux for 3 hr, allowed to cool to room temperature, and treated 
with 10 ml of ethyl acetate followed by 50 ml of water. The 
precipitated aluminum hydroxide was filtered off, the water layer 
was separated from the filtrate, and the ether layer was diluted 
with chloroform and dried over magnesium sulfate. Evaporation 
of the ether-chloroform solution to a smaller volume caused 
precipitation of XVa as a white solid: 5.3 g (42%); mp 178-179°, 
mp 178.5-180° after recrystallization from benzene-hexane. 
A mixture melting point with XIV showed a slight but definite 
depression.

Anal. Calcd for C2oH„NO: N, 4.87. Found: basic N, 4.80.
The methanesulfonate salt of XVa formed fine, colorless 

needles from isopropyl alcohol-ether: mp 178° (gas evolution); 
ir, rmax (KBr) 3310 (broad OH band), 1632 and 1604 (pyridi
nium); nmr (D20), singlet at S 7.48 (phenyl protons), 7.08 and
6.83 (double-bond protons, J tr<,n, = 16 cps).

Anal. Calcd for C2iH2INO«S: C, 65.77; H, 5.52; S, 8.36. 
Found: C, 65.96; H, 5.60; Schoniger S, 8.55.

cis-a,a-Diphenyl-7-(4-pyridme)propenol (XVb).—A solution of
15.4 g (0.054 mol) of XIV and 1.4 g of quinoline in 300 ml of 
methanol was hydrogenated over 1.4 g of freshly prepared 
palladium-calcium carbonate (Lindlar’s catalyst)27 at room 
temperature and atmospheric pressure.28 The calculated volume 
of hydrogen was absorbed in 1 hr. Concentration of the filtered 
solution to dryness under vacuum and recrystallization of the 
solid residue from benzene-heptane and from benzene-pentane 
yielded 7.0 g (49%) of XVb, mp 141-143°. Further recrystal
lization gave colorless needles: mp 147-149°, melting point
depressed on admixture with IVa; ir, pmas (KBr) 3150 (broad 
OH band), 1642 (double bond), 1600 (pyridine).

Anal. Calcd for C20H 17NO: N, 4.87. Found: basic N, 4.89.
I t  may be noted that a crystalline methanesulfonate but not a 

crystalline hydrochloride salt was obtainable from XVa; the 
reverse was true of XVb. The hydrochloride salt of XVb, re
crystallized from ethanol-ether, showed mp 168-168.5°; ir, 
rmax (KBr) 3350 (OH), 1630 and 1603 (pyridinium); nmr 
(DMSO-d6), multiplet centered at S 7.40 (phenyl protons), 
singlet at 6.93 (double-bond protons).

Anal. Calcd for C2„H18C1N0: C, 74.18; H, 5.60; Cl, 10.95. 
Found: C, 74.06; H, 5.54; ionic Cl, 10.97.

a,a-Dicyclopropyl-4-pyridineethanol (XVIa).—To a stirred 
slurry of 12.3 g (0.31 mol) of sodium amide in 400 ml of liquid 
ammonia was added 28.4 g (0.3 mol) of 4-picoline followed by 
the dropwise addition of a solution of 33.4 g (0.3 mol) of dicyclo
propyl ketone (Aldrich) in 150 ml of dry ether. The evaporating 
ammonia was replaced by an additional 500 ml of ether. The 
resultant reaction mixture was stirred for 1 hr at room tempera
ture and poured on cracked ice, the ether layer was separated, 
and the aqueous phase was extracted with fresh ether. The 
combined, dried ether solution was concentrated to dryness 
under vacuum and the residual oil was distilled to yield 20.4 g 
(34%) of XVIa as a colorless oil, bp 135-141° (0.2 mm), which 
crystallized on standing, mp 51-53°.

Anal. Calcd for C13H 17NO: N, 6.89. Found: basic N, 6.88.
The hydrochloride salt of XVIa, prepared by careful treatment 

of a cold ether solution of the base with ethereal hydrogen chlo
ride and recrystallized from acetonitrile, formed large colorless 
needles: mp 140-141°; ir, iw s (KBr) 3340 (OH), 1630 and 1592 
(pyridinium).

Anal. Calcd for C13H 18C1N0: C, 65.10; H, 7.56; Cl, 14.78. 
Found: C, 65.33; H, 7.65; Cl, 14.79.

a-Cyclopropyl-a-phenyl-4-pyridineethanol (XVIb).—A similar 
reaction of 4-picoline with cyclopropyl phenyl ketone (Aldrich) 
and recrystallization of the crude, distilled product [boiling range 
90-185° (0.1 mm)] from acetone-pentane yielded 7.95 g (19.5%) 
of XVIb, mp 98-99°.

Anal. Calcd for Ci6HnNO: N, 5.85. Found: basic N, 5.80.
The hydrochloride salt of XVIb, recrystallized from isopropyl 

alcohol, showed mp 189.5-190° (gas evolution); ir, vma.x (KBr) 
3340 (OH), 1628 and 1600 (pyridinium).

Anal. Calcd for Ci6H i8C1NO: C, 69.68; H, 6.58; Cl, 12.86. 
Found: C, 69.20; H, 6.60; ionic Cl, 12.96.

Registry No.—I, 6529"-62-0; Ha, 16898-00-3; Ha hy
drochloride, 16898-01-4; lib , 16898-02-5; lib  hydro
chloride, 16898-03-6; III, 16898-20-7; III hydrochlo
ride, 16898-04-7; IVa, 16898-05-8; IVa hydrochloride, 
16898-06-9; IVb, 16898-07-0; Va, 16898-08-1; Va hydro
chloride, 16898-09-2; Vb, 16898-10-5; Vb hydrochlo
ride, 16898-11-6; Via, 16898-12-7; Via hydrochloride, 
16898-13-8; VIb, 16898-14-9; VII, 16898-15-0; VII hy
drochloride, 16898-16-1; VIII, 16898-17-2; VIII hydro
chloride, 16898-21-8; IX, 16898-22-9; IX hydrochlo
ride, 16898-18-3; X, 16898-19-4; X cyclohexanesulfa- 
mate, 16898-23-0; XI, 16897-65-7; XII, 16897-73-7; 
XII hydrochloride, 16915-91-6; XII methobromide, 
16897-66-8; XIII, 16897-67-9; X III hydrochloride, 
16897-68-0; XIV, 16897-53-3; XIV methanesulfonate,

(27) H . L in d la r , Helv. C h im . A c ta , 35 , 446 (1952). W h e n  p a llad iu m  on 
ch a rco a l w as used , th e  s a tu r a te d  co m p o u n d  (IV a), iden tif ied  b y  co m p ariso n  
w ith  a u th e n tic  m a te r ia l, w as o b ta in ed .

(28) T h e  h y d ro g e n a tio n  cou ld  also b e  c a rried  o u t  in  a n  A d a m s -P a r r  
a p p a ra tu s  a t  40 p si.
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16897-54-4; XVa, 16897-55-5; XVa methanesulfonate, 
16915-95-0; XVb, 16897-69-1; XVb hydrochloride, 
16897-70-4; XVIa, 16897-71-5; XVIa hydrochloride, 
16897-74-8; XVIb, 16897-75-9; XVIb hydrochloride, 
16897-76-0; 4-ethynylpyridine, 2510-22-7.
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Very good yields of 4H-pyrido[l,2-a]pyrimidin-4-ones have been obtained in a one-stage synthesis by the con
densation of 2-aminopyridines with /3-keto esters or ethyl ethoxymethylenemalonate, and the corresponding 2,4- 
diones with diethyl malonate, in the presence of polyphosphoric acid (PPA). I t  is suggested that the cyclization 
of 2-acylacetamidopyridines with PPA to give pyrido[l,2-a]pyrimidin-4-ones involves the formation of N-(2- 
pyridyl)-/?-(2'-pyridylamino)crotonamides since the latter on treatment with PPA give the same products.

It has recently been shown by Staskun and 
Israelstam1 and Mallams and Israelstam2 that hy- 
droxyquinolines can be synthesized in one stage in good 
yields by heating arylamines with /3-keto esters in the 
presence of PPA. This method avoids the necessity 
of following the two-stage method of Conrad and 
Limpach.3-6 In an analogous way, we have now 
shown that pyrido [l,2-a]pyrimidin-4-ones can also 
easily be obtained in a one-stage process by condensing 
2-aminopyridines with /3-keto esters in the presence of 
PPA. The yields are much higher (in many cases 
80% or more) than those obtained by other methods 
using a two-stage procedure involving the intermediate 
2-acylacetamidopyridine (1) and its subsequent cy
clization to the pyrido [l,2-a]pyrimidin-4-one (2).

Optimum yields were obtained by heating 1 mol of the 
2-aminopyridine with 1.5 mol of /3-keto ester at 100° for 
about 1 hr together with a four- to sixfold quantity of 
PPA. Kato, et a l.7 have obtained a 28% yield of 
2-methyl-4H-pyrido[l,2-a]pyrimidin-4-one by treating 
2-aminopyridine with diketene.

Table I gives some of the pyrido [l,2-a]pyrimidin-
4-ones prepared, many of which are water soluble and 
pharmacologically active. 5-Nitro-2-aminopyridine 
failed to react.

Alkaline hydrolysis of these compounds yielded the 
2-aminopyridines from which they were derived. This 
according to Lappin8 proves that they were pyrido- 
[l,2-a]pyrimidines and not 1,8-naphthyridines. Fur
thermore, oxidation yielded 4-hydroxypyrimidines.

(1) B . S ta sk u n  a n d  S. S. Is ra e ls ta m , J .  Org. Chem ., 26, 3191 (1961).
(2) A . K . M allam s  a n d  S. S . Is ra e ls ta m , ib id ., 29, 3548 (1964).
(3) M . C o n ra d  a n d  L . L im p ach , Chem . B er., 20 , 944 (1887).
(4) M . C o n ra d  a n d  L . L im p ac h , ib id ., 21, 523 (1888).
(5) M . C o n ra d  a n d  L . L im p ac h , ib id ., 21, 1649 (1888).
(6) M . C o n ra d  a n d  L . L im p ac h , ib id ., 24, 2990 (1891).
(7) T . K a to , H . Y a m a n a k a , T . M itsu m a , a n d  M . A izum i, Chem . P h a rm . 

B ull., 12 (8), 910 (1964).
(8) G . R . L a p p in , J .  A m er. Chem . Soc., 70 , 3348 (1948).

Although some workers9-14 considered that the base 
obtained from 2-aminopyridine and ethyl acetoace- 
tate was 4-methyl-2H-pyrido[l,2-a]pyrimidin-2-one (3, 
Ri = R3 = H; R2 = CH3), Antaki and Petrow16

showed that the product was in fact the 2-methyl-4-keto 
isomer 2 (R, = R3 = H; R2 = CH3) by virtue of its 
alternate synthesis from 2-bromopyridine and ethyl 
/3-aminocrotonate.

The 4-keto structure was confirmed by Adams and 
Pachter16 who converted 3-bromo-2-phenyl-4H-pyrido- 
[l,2-a]pyrimidin-4-one into 2-phenylimidazo [1,2-a]- 
pyridine.

However, further evidence has now been adduced not 
only in support of the 4-keto structure, but also of a 
possible mechanism for the reaction. Kucherov13’14 
has shown that, when N-(5-chloro-2-pyridyl)-/3-(5 '- 
chloro-2'-pyridylamino)crotonamide (4, R, = R4 =
5-C1) is treated with sulfuric acid, a 7-chloropyrido- 
[l,2-a]pyrimidinone was formed, which he incorrectly 
regarded as the 2-keto isomer.

It was therefore decided to investigate the products 
obtained by cyclization of unsymmetrical crotonamides
(4) since the nature of these products would provide 
evidence both of the structure of the pyrimidinone 
and of a possible mechanism.

The conversion of the crotonamide into the pyrim
idinone probably occurs in two stages: first, hy
drolytic fission could occur at either bonds a or b with

(9) C . R . H a u se r  a n d  M . J .  W eiss, J .  Org. Chem ., 14, 453 (1949).
(10) F . P a lazzo  a n d  A. T a m b u rin i, A tt i  A ccad . L in ce i, 2 0  I ,  37 (1911); 

Chem . A bstr., 6, 1586 (1911).
(11) C r ip p a  a n d  S cevo la, Gazz. C h im . I ta l . ,  67, 327 (1937); Chem . Abstr.,

32, 166 (1938).
(12) S . N . K h itr ik , J .  Gen. Chem . U S S R ,  9 , 1109 (1939); Chem . Abstr.

33, 8615 (1939).
(13) V .  H .  K u ch ero v , J .  Gen. Chem . U S S R , 2 0 ,  1890 (1950); Chem . A bstr.,

45, 2951 (1951).
(14) V. H . K u ch ero v , J .  Gen. Chem . U S S R ,  2 1 ,  1145 (1951); Chem . A bstr.,

46, 5043 (1952).
(15) H . A n ta k i a n d  V. P e tro w , J .  Chem . Soc ., 551 (1951).
(16) R . A dam s a n d  I .  P a c h te r , J .  A m er. Chem . Soc., 74, 5491 (1952).
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T able I
4H-Pybido [1,2-a] pyrimidin-4-ones

R■ > -£ X

O' •r 2

r 3

R e g is try
no.

Y ield ,
%

Mp,
°C

L it.
yield,®

%
L it. m p , 

°C

--------A nal . %-----

R i R 2 Ra F o rm u la c H N c H N

H c h 3 H 96 123 NR 123-1246
9-CH3 c h 3 H 74 131-132 NR 130'
6-CH3 c h 3 H 16867-28-0 69 105 NR NR c ,0h 10n 2o 68.98 5.75 68.99 5.91
7-C1 c h 3 H 98 169-170 22d îôs-iee*
7,9-di-Br CHa H 16878-10-7 86 167 NR NR C9HeBr2N20 33.96 1.89 34.07 2.00
H c h 3 CHa 16867-29-1 86 120-121 NR NR Ci«H10N2O 68.98 5.75 68.91 5.68
7-CH3 CHa CHa 16878-11-8 80 129-130 NR NR ChH 12N20 14.89 14.80
7-Br CHa CAR, 16867-30-4 82 138-139 NR NR C„HuBrN20 49.44 4.12 49.40 4.06
H CHa c 2h 5 16867-31-5 76 92-93 NR NR CuH 12N20 14.89 14.90
6,8-di-CHs CHa c 2h 5 16867-32-6 88 128-129 NR NR Ci3H 16N20 72.21 7.41 72.46 7.62
H CHa Cl 16867-33-7 51 186-187 NR NR c 9h ,c in 2o 55.53 3.59 55.80 3.68
7-C1 CcH5 H 16867-34-8 54 170-171 NR NR c ,4h 9c in 2o 10.91 10.98
H CHaCl H 16867-35-9 44 169-170 NR NR c 9h ,c in 2o 55.53 3.59 55.58 3.65

« NR = not reported. bReference 15. c Reference 7. d Reference 13.

the formation of either the aminopyridine (5) and the 
/3-pyridylaminocrotonic acid (6) or the aminopyridine
(7) and the 2-acetoacetamidopyridine (8) (Scheme I).

Scheme I

/  \

6 8

The second stage would be the cyclization of either 
6 to give the pyrimidin-4-one (2, R2 = CH3; R3 = H) 
or of 8 which would be expected to give the pyrimidin- 
2-one (3, R2 = CH3; R3 =  H). I t  was found that the 
2-aminopyridine formed was in fact 5 and that the 
pyrido [1,2-a ]pyrimidinone formed contained the group 
R4, and hence it may be concluded that the pyrim- 
idinone is the 4-keto isomer 2 (Ri = R4; R2 = CH3; 
R3 = H).

A number of symmetrical and unsymmetrical or 
“mixed” crotonamides were prepared. Symmetrical 
crotonamides were obtained by the interaction of 
2-aminopyridines and the 2-acetoacetamidopyridine 
obtained from it and unsymmetrical crotonamides 
from 2-aminopyridines and a 2-acetoacetamidopyridine

derived from a different 2-aminopyridine according 
to Khitrik12 and Kucherov.14 Attempts to prepare 
crotonamides from 6-methyl-2-aminopyridines led to 
the formation of symmetrical di(6-methyl-2-pyridyl)- 
ureas. It is interesting to note that, when 5-chloro-2- 
aminopyridine was heated with 4-methyl-2-aceto- 
acetamidopyridine (2, Ri = 4-CH3; R2 = CH3; R3 = 
H), only the symmetrical crotonamide, N-(5-chloro-2- 
pyridyl)-/3-(5'-chloro-2'-pyridylamino)crotonamide (4, 
Ri = R4 = 5-C1) was isolated. The conversion of 
the crotonamides (Table II) into the pyrido [1,2-a]- 
pyrimidin-4-ones was effected by heating them with 
PPA.

The ultraviolet spectra of a number of pyrido [1,2-a]- 
pyrimidin-4-ones obtained by the one-stage synthesis 
were determined and compared with those of 9 and 10, 
obtained by Adams and Pachter.16 The 4H-pyrido- 
[l,2-a]pyrimidin-4-ones show a characteristic two-band 
spectrum, one with maximum at about 350 my being 
ascribed17’18 to the N-substituted pyridone-2-imine 
chromophore. The second band with maximum at 
about 245 my has been attributed19 to the —C =C — 
C = 0  chromophore of the pyrimidine moiety. The 
ultraviolet absorption spectra of the pyrido [1,2-a]- 
pyrimidinones prepared were found to be very similar 
to that of 4H-pyrido [1,2-a]pyrimidin-4-one (10).

aS i - 'S s r

l̂ o
9

The 4H-pyrido[l,2-a]pyrimidin-4-ones obtained in 
the one-stage synthesis were also obtained by the 
cyclization of alkyl jS-pyridylaminocrotonates (11) and

(17) H . A n tak i, ib id . ,  80, 3066 (1958).
(18) L. C. Anderson and N. V. Seeger, J .  A m er. Chem . Soc ., 71, 340 

(1949).
(19) H . Antaki, J.  Org. Chem ., 27, 1371 (1962).



Vol. S3, No. 8, August 1968 A mino H eterocycles 3017

Table II
N-(2-Pyridyl)-/S-(2'-pyridylamino)crotonamides

r—-----S u b s t itu e n ts -------- ' R e g is try
R i Ri no.

4-CH3 4 -CH 3 16878-12-9
5 -C H 3 5-CH, 16867-36-0
H 5-C1 16867-37-1
H 4 -CH 3 16867-38-2
H 5-CHs 16867-39-3
H 5-Br 16867-40-6
5 -CH3 5-C1 16867-41-7

Y ield ,
% M p , “C F o rm u la

35 152-153 C io H is N ^ O
48 171-173 Ci6H 18N40
36 194-195 C 14H 13C I N 1O
41 127-128 C 15H 16N 4O
36 162-163 C15H16N40
32 184-185 Ci4Hi3BrN40
36 198-199 C15H15C1N40

-------------------- A n a l, % ----------------------
•Calcd--------------'  ,--------------F ound-

c H C H
68.10 6.38 68.08 6.49
68.10 6.38 68.29 6.65
58.20 4.51 58.11 4.58
67.17 5.97 66.94 6.05
67.17 5.97 67.29 6.00
50.46 3.90 50.42 3.99
59.55 4.96 59.66 5.02

2-acylacetamidopyridines (12) in the presence of PPA. 
This method was shorter and offered better yields than 
the sulfuric acid method used by other workers.12-14

On the other hand, the mechanism for the formation 
of those pyrimidin-4-ones derived from 2-amino- 
pyridines, which form 2-acylacetamidopyridines, is 
more complicated. I t is suggested that in such cases a 
crotonamide is formed as an intermediate although no 
crotonamide was isolated in these reactions. However, 
Galasko and Israelstam21 have isolated a crotonamide 
in the cyclization of 2-acetoacetamidothiazoles to 
thiazolo[3,2-a]pyrimidin-5-ones on heating with PPA. 
The mechanism shown in Scheme II is therefore pro
posed for the direct synthesis of 4H-pyrido[l,2-<z]pyri- 
midin-4-ones from such 2-aminopyridines.

When preparing the acylacetamidopyridines it was 
found that the reaction between 6-methyl- and 4,6- 
dimethyl-2-aminopyridines and the a-methyl- and 
a-ethylacetoacetates did not yield any of the expected 
Q!-alkyl-2-acetoacetamidopyridines. As in the case of 
the preparation of the crotonamides mentioned above, 
dipyridylureas were formed instead, together with the 
corresponding methyl alkyl ketone. This is similar to 
the observation of Mallams and Israelstam2 who 
obtained diarylureas by the interaction of certain 
arylamines and a-alkyl acetoacetates, instead of a- 
alkylacetoacetanilides.

It should be noted that Allen, et al.,20 considered the 
compound obtained by the condensation of 3-methyl- 
2-aminopyridine and dilcetene to be 3-methyl-2-ace- 
toacetamidopyridine (12, IR = 3-CH3; R2 = CH3); 
we have shown that in fact this compound is 2,9- 
dimethyl-4H-pyrido [l,2-a]pyrimidin-4-one (2, R, =
9-CH3;R2 = CH3;R 3 = H).

Since the crotonates have been shown to undergo 
cyclization to pyrimidin-4-ones when heated in PPA, 
it may be assumed that the mechanism of the direct 
synthesis in cases where the 2-aminopyridine is known 
to give a crotonate, is straightforward.

R, = 3-CHs, 5-C1,5-Br, 3,5-diBr; R,* = CH3, C2H5

(20) C . A llen, J .  V an  A llan , a n d  C . W ilson, / .  A m er. Chem . Soc., 66, 1805
(1944).

Ri

Scheme II

+  CH3C0CH2C00ik
-R ,0 H

N nNH,

R, = H, 4-CH3, 5-CH3i S-Cils, 5-C1,5-Br

It is important to note that the yields of the pyrido- 
[1,2-a ]pyrimidin-4-ones obtained by the cyclization of 
2-acylacetamidopyridines in the presence of PPA were 
generally less than 50%, whereas by cyclization of 
the alkyl d-(aminopyridyl) crotonates with the same 
reagent were almost quantitative. The lower yield in 
the former cyclization may be ascribed to the fact that 
only one-half of the aminopyridine used goes to form 
the pyridopyrimidin-4-one so that 2 mol of the amino
pyridine are required to produce 1 mol of the pyrido- 
pyrimidin-4-one. In fact it was shown that, when an 
equimolecular quantity of 2-aminopyridine was added 
to the 2-acetoacetamidopyridine in the presence of 
PPA, the yield of 2-methyl-4H-pyrido[l,2-a]pyrimidin-
4-one was raised from 56 to 81%.

(21) G . G alasko  a n d  S. S . Is ra e ls ta m , p r iv a te  c o m m u n ic a tio n .
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Table III
3-C a b b e t h o x y -4H -p y r id o  [1,2 -a ] p y r im id in -4-o n e s

-Anal, %■

S u b s t i tu e n t  R
R e g is try

no.
Y ield ,

% M p , °C
L it.  m p , 

°C F o rm u la
,------------Caled-

c H
-----------F o u n d

c H

9-c h 3« 16878-14-1 79 144r-145 NR C 12H 12N 2O3 62.07 5.17 62.02 5.30
6 -C H 3 16867-53-1 86 148-149 NR C 12H 12N 2O3 62.07 5.17 62.30 5.15
6,8-di-CHa 16867-54-2 78 148-149 NR C nH uN A 63.41 5.69 63.52 5.80
7-Cl 16867-55-3 76 147-148 132-1336 C11H 9C1N203 52.28 3.56 52.21 3.60
7-Br 16867-56-4 81 155-156 134-1356 CnHaBrNA 44.44 3.03 44.65 3.41

“ Obtained from ethyl (3-methyl-2-pyridylamino)methylenemalonate, mp 68-69°. Anal. Caled for C14H 18O4N2'. C, 60.43; H, 6.47. 
Found: C, 60.47; H, 6.70. b Reference 8.

Although the various aminopyridines discussed above 
yielded pyrido [1,2-a ]pyrimidin-4-ones when allowed to 
react with /3-keto esters in the presence of PPA, it is 
interesting that in the case of 2,6-diaminopyridine the 
product obtained was 7-amino-2-hydroxy-l,S-naph- 
thyridine. This is in accordance with the work of 
others.8'22-24 It appears that the resonance structure
(13) of 2,6-diaminopyridine makes the most important

contribution to the molecule, and, together with the 
steric effect of the 6-amino group, position 3 is more 
likely to be attacked than the ring nitrogen.

A similar investigation was carried out to study the 
reaction between 2-aminopyridines and ethyl ethoxy- 
methylenemalonate (EMME) in the presence of PPA. 
A direct synthesis of 3-carbethoxy-4H-pyrido[l,2-a]- 
pyrimidin-4-ones (14) was thereby accomplished, the 
same compounds being obtained by the cyclization of 
the 2-pyridylaminomethylenemalonates (15) with PPA.

The malonates were made by using the method of 
Lappin,8 who cyclized the malonates by boiling them in 
diphenyl ether and obtained either the pyrimidin-4-one
(14) or the 3-carbethoxy-4-hydroxy-l,8-naphthyridine 
(16) depending on the nature and position of R.

16

Lappin8 found that pyrido [l,2-a]pyrimidin-4-ones
(13) were formed except when the substituent in posi
tion 6 of the 2-aminopyridine was an electron-releasing 
group, when the naphthyridine (15) was obtained 
instead. The fact that ethyl (6-methyl-2-pyridyl- 
amino)methylenemalonate when cyclized with PPA 
gave a pyrimidin-4-one and not a naphthyridine may be 
accounted for on the supposition that the pyridyl- 
aminomethylenemalonate is protonated to give the 
cation

H,C ;NHCH=C( COOEth

which is not possible when just heated alone. Cycliza
tion would thus occur at the ring nitrogen rather than 
at position 3. We found that pyrido [1,2-a Jpyrimidin-
4-ones were obtained in all cases using PPA, except 
with 2,6-diaminopyridine when a tar was obtained. 
The 3-carbethoxy-4H-pyrido [l,2-a]pyrimidin-4-ones
(14) prepared and cyclized are given in Table III.

When diethyl malonate was heated with 2-amino- 
pyridines at 160° for 2 hr with PPA, good yields of
2,3-dihydro-4H-pyrido [1,2-a]pyrimidine-2,4-diones (17) 
were obtained. Chichibabin22 23 24 * reported the formation 
of 2,3-dihydro-4H-pyrido [l,2-a]pyrimidine-2,4-dione 
(17, R = H) in unspecified yield by heating 2-amino- 
pyridine and diethyl malonate. When the latter 
compounds were heated with PPA at 130° during 1 hr, 
the malonamide (18, R = H) was obtained instead 
which was cyclized at 160° with PPA to the pyrimi- 
dine-2,4-dione (17, R = H).

R = H, 4-CH3,5-CH3

(22) O . S eide , Chem . Ber., 58, 352 (1925).
(23) A . E .  C h ic h ib ab in , ib id ., 57, 1168 (1924).
(24) G . R . L a p p in , Q. R . P e te rso n , a n d  C . E . W heeler, J .  Org. C hem ., 15,

377 (1950).

3-Methyl-2-aminopyridine was sufficiently reactive 
to give the pyrimidinedione (17, R = 9-CII3) merely on 
heating in the absence of PPA, no malonamide being
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isolated. In certain cases a malonamate (19) was iso
lated along with a malonamide which was also obtained 
by heating the former with PPA.

It would therefore seem reasonable to suggest that 
the mechanism for the one-stage synthesis of the pyrido- 
pyrimidinedione is as shown in the following route.
2-aminopyridine -f diethyl malonate — >■

2 -am in o p y rid in e
malonamate (19)------------------- > malonamide (18) — >

pyridopyrimidine-2,4-dione (17)

This mechanism is more likely than that proposed by 
Khalifa25 which postulates a rearrangement of the 
malonamate to a hypothetical 2-imino-N-carbethoxy- 
acetopyridine as an intermediate.

When 6-methyl- and 5-halo-2-aminopyridines were 
heated with diethyl malonate up to 170° in PPA, only 
the malonamide was obtained; neither a 1,8-naphthyri- 
dine nor a pyridopyrimidinedione was isolated; cf. 
report by Lappin.24

Experimental Section
All melting points were determined on an electrically heated 

copper block and are uncorrected.
Alkyl 0-(2-Pyridylamino)crotonates (11).—A mixture contain

ing 0.03 mol of the 2-aminopyridine and 0.03 mol of ethyl 0- 
aminocrotonate was heated at 140° for 1 hr. The reaction prod
uct was cooled and treated with dilute ethanol. The crude prod
uct (yields varying from 50 to 65%) was crystallized from ethanol 
to give colorless needles. The same products, in similar yields 
were obtained using Kucherov’s method.14 The following are 
new alkyl 0-(2-pyridylamino)crotonates (1 1 ) obtained. Ri and 
R3 substituent, % yield, melting point, and analysis are 
given: 5-C1, CH3, 52%, 89-90° (Calcd for C10H 11CIN2O2: C, 
52.97; H, 4.86. Found: C, 53.03; H, 5.01); 3-CH3, C2H6, 
48% 63-64° (Calcd for C12Hi6N20 2: C, 65.46; H, 7.27.
Found: C, 65.36; H, 7.12); 3-CH3, CH3, 45%, 83-84° (Calcd 
for C11H 14N2O2: C, 64.08; H, 6.79. Found: C, 64.05; H, 
6.83), 3,5-di-Br, CH3, 61%, 115-116° (Calcd for C10H 10Br2N2O2: 
C, 34.29; H, 2.86. Found: C, 34.35; H, 2.96).

Cyclization of Alkyl 0-(2-Pyridylamino)crotonates.—About
1.0 g of the crotonate 11 and 8.0 g of PPA were heated for 30 
min at 140° with frequent stirring. The reaction product was 
cooled and neutralized with 2 N  NaOH to give the pyrido[l,2-a]- 
pyrimidin-4-one (crude yield 70-90%) crystallized from petroleum 
ether (bp 80-100°) or dilute ethanol as colorless needles.

2-Acylacetamidopyridines (12).—A mixture of 0.1 mol of the 
2-aminopyridine and 0.2 mol of 0-keto ester was heated for 1 hr 
at 150-160°. On cooling, the product solidified. The solid was 
triturated with 1% NaOH to remove unchanged reactants. The 
crude product (yields 75-95%) was crystallized from either 
water or dilute ethanol as colorless needles. The compound gave 
a purple color with an ethanolic solution of ferric chloride. 
New acylacetamidopyridines were obtained. Substituents, % 
yield, meltingpoint, and analysis are given: group 1, Ri = 4-CH3, 
R2 =  CH3, 75%, 122-123° (Calcd for C10H 12N2O2; C, 62.50; 
H, 6.25. Found: C, 62.39; H, 6.34.); Ri = 5-CH3, R2 
= CH3, 78%, 152-153° (Calcd for Ci0H 12N2O2: C, 62.50;
H, 6.25. Found: C, 62.54; H, 6.31); Ri = 6-CH3, R2 = CH3, 
65%, 104° (Calcd for CioH i2N20 2: C, 62.50; H, 6.25. Found: 
C, 62.51; H, 6.29); group 2, Ri = 4-CH3, R2 = C6H5, 76%, 
134° (Calcd for Ci6HuN20 2: N, 11.02. Found: N, 11.20); 
R, = 5-CH3, R2 =  C6H6, 74%, 162-163° (Calcd for Ci6H,4N20 2: 
N, 11.02. Found: N, 10.93); Ri = 6-CH3, R2 = C6H6, 84%, 
78-79° (Calcd for Ci5H„N20 2: N, 11.02. Found: N, 10.98); 
R, = 5-C1, R2 = C6H6, 98%, 161-162° (Calcd for C14H„C1N20 2: 
N, 10.20. Found: N, 10.39); Ri = 5-Br, R2 = C6H6, 89%, 
159-160° (Calcd for Ci4H„BrN20 2: N, 8.77. Found: N, 8.65).

Cyclization of 2-Acylacetamidopyridines to Pyrido[l,2-o]- 
primidin-4-ones (2).—A mixture of 0.01 mol of the 2-acylacet- 
amidopyridine and ten times the weight of PPA was heated at

(25) M . K h a lifa , B u ll. Fac. P h a rm . (C airo  U n iv e rs ity ) , 1 , 149 (1961); 
Chem. A bstr ., 61 , 5643 (1964).

140° with frequent stirring until the mixture became a dark red. 
I t  was then cooled and neutralized with 2 N  NaOH and recooled 
in ice. The product was filtered, and the crude product was 
crystallized from petroleum ether (bp 60-80°) yielding colorless 
needles.

N-(2-Pyridyl)-0-(2'-pyridylamino)crotonamides (4). A. Sym
metrical Crotonamides.—A mixture of 0.1 mol of 2-aminopyridine 
and 0.05 mol of 0-keto ester was heated at 140° for 3 hr. The 
reaction, after solidifying, was triturated with hot water. The 
crude material was crystallized from ethanol yielding colorless 
needles. The hot washings gave a small quantity of the 2- 
acylacetamidopyridine on cooling.

B. Unsymmetrical Crotonamides.—A mixture of 0.02 mol 
of a 2-aminopyridine and 0.02 mol of an acetoacetamidopyridine 
derived from a different 2-aminopyridine was refluxed in alcohol 
containing 1 drop of concentrated H2SO4 for 3 hr. On cooling, 
the crotonamide separated and crystallized from ethanol as 
colorless needles.

Conversion of Crotonamides (4) into Pyrido[l,2-a]pyrimidin-4- 
ones (2).—A mixture of 0.005 mol of 4 and ten times that weight 
of PPA was heated at 150° with frequent stirring for 1 hr. After 
cooling and neutralizing with 2 N  NaOH, the resulting solution 
was extracted with chloroform. The pyrimidin-4-one was ob
tained from the chloroform layer and crystallized from petro
leum ether (bp 60-80°). Mixture melting points with pyrimidin-
4-ones obtained by other methods were not depressed.

The aqueous layer on extraction with ether yielded a small 
quantity of the 2-aminopyridine (5).

Direct Synthesis of Pyrido[l,2-a]pyrimidin-4-ones (2) from 
2-Aminopyridines and 3-Keto Esters Using PPA.—A mixture 
of 0.1 mol of a 2-aminopyridine, 0.15 mol of 0-keto ester, and six 
times the weight of the former of PPA was heated a t 100° with 
frequent stirring (the 4- and 5-halo-2-aminopyridines required 
temperatures of up to 160°). After 1 hr the reaction mixture, 
which was a deep red color, was cooled and neutralized with 2 
N  NaOH to give, after cooling in ice, the pyrimidin-4-one. 
Crystallization from petroleum ether (bp 60-80°) or ethanol gave 
colorless needles. Uv spectra of the 2-methyl compounds showed 
maxima at 350 and 245 m^, while the 2-phenyl analogs showed 
maxima at 350 and about 260 m/i.

Cyclization of Ethyl 2-Pyridylaminomethylenemalonates.—A 
mixture of 0.005 mol of ethyl 2-pyridylaminomethylenemalonate26 
as prepared by Lappin8 and ten times its weight of PPA was 
heated for 4 hr at 110° with frequent stirring. The cooled re
action product was carefully neutralized with dilute ammonia. 
On cooling in ice for several hours a 3-carbethoxy-4H-pyrido- 
[l,2-a]pyrimidin-4-one separated in 70-90% yields. Crystalliza
tion from ethanol gave colorless needles.

Direct Synthesis of 3-Carbethoxy-4H-pyrido[l,2-a]pyrimidin- 
4-ones (14) Using PPA.—A mixture of 0.01 mol of the 2-amino
pyridine, 0.01 mol of EMME, and eight times the weight of the 
2-aminopyridine of PPA was heated at 110-120° for 2-3 hr 
with stirring. The cooled reaction product was neutralized with 
dilute ammonia to give 14, crystallized from ethanol. A mixture 
melting point with the product obtained by the cyclization of 
the malonate was not depressed.

Direct Synthesis of 2,3-Dihydro-4H-pyrido[l,2-a]pyrimidine-
2,4-diones (17).—A mixture of 0.02 mol of the 2-aminopyridine, 
0.02 mol of diethyl malonate, and six times the weight of 2- 
aminopyridine of PPA was heated for 2 hr at 170° with stirring 
and the reaction product was neutralized with 2 N  NaOH to give 
17 in 60-70% yields. The melting point of two pyrimidine-2,4- 
diones were found to be different from those quoted in the litera
ture, viz., R = H, mp 305-308° (lit. mp 295-298° 21), and R =
8-CHs, mp 253-255° dec (lit. mp 270° dec“ ).

Di(2-pyridyl)malonamides (18).—A mixture of 0.02 mol of 
the 2-aminopyridine, 0.02 mol of diethyl malonate, and eight 
times the weight of the amine of PPA was heated at 130° with 
stirring. The cooled reaction product was neutralized with 2 
N  NaOH to give 18 in 30-40% yields. Crystallization from 
ethanol gave colorless needles. Three malonamides were found 
to have melting points different from those given by Lappin,25 
viz., R  = H, 226-227° dec (235°); R = 5-CH3, 207-209° 
dec (200° dec); and R = 6-CH3, 161-162° (145-146°).

(26) T h e  m e ltin g  p o in ts  g iven  b y  Lappin* fo r e th y l (5 -ch lo ro -2 -p y rid y l-  
am in o )m e th y le n e m a lo n a te  a n d  th e  co rrespond ing  5 -b rom o- w ere  fo u n d  to  
b e  in c o rrec t. T h e y  s h o u ld  be, resp ec tiv e ly , 131—132 a n d  135—136° (C a lcd  
fo r CisHifiClNzO«: C , 52.26; H , 5.03. F o u n d : C , 52 .38; H , 5 .24 . C a lcd  fo r 
C isH isB rN 2O4: C , 45 .47; H , 4.38. F o u n d : C , 45 .71; H , 4 .40).
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Three synthetic approaches to the highly strained 2-methylenethiete 1,1-dioxide ring system have been evalu
ated. The retro Diels-Alder route wherein the 9,10-ethanoanthracene moiety was employed as a blocking group 
for the exocyclic double bond met with failure when it was recognized that the temperatures required to liberate 
anthracene were well above those at which the desired tetravalent sulfur heterocycles decomposed. The Hof
mann degradation approach suffered from the fact that 2a-dialkylaminoalkyl-3-dialkylaminothietane 1,1-dioxides 
such as 13 and 14 displayed a propensity for ring cleavage when treated with methyl iodide. Two intermediate 
methiodides, could, however, be isolated. When subjected in turn to the conditions of Hofmann elimination, 
these methiodides were found to be especially prone to déméthylation. Alternatively, N-oxide degradation of 
2a-dialkylaminoalkyl-3-dialkylaminothietane 1,1-dioxides, although not an entirely general procedure, was 
found to give rise to two methylenethiete dioxides. Pertinent mechanistic implications of the above reactions 
and the physical and spectral properties of the title sulfones are presented in some detail.

A common and fundamental property of unsaturated 
four-membered-ring heterocycles such as la - c  is the

Q  -  Q
la,X =N R
b, X =  0
c , X =  S
d, X =  S02

ease with which these molecules undergo electrocyclic 
bond reorganization with ring cleavage. Numerous 
past investigations have suggested the intermediacy of 
molecules such as 1 in a variety of chemical and photo
chemical transformations, but, in general, attempts at 
isolation have been unsuccessful and rearrangement 
products have resulted. Recently, however, the iso
lation of thiete ( lc )6a and a bicyclic thiete derivative615 
has been described; as expected, both substances have 
proven to be quite reactive at ambient temperatures.

It was recognized several years ago that the hetero
cyclic system in question, 1, was uniquely stabilized 
when the hetero ring substituent was the sulfone group. 
Since the preparation of thiete 1,1-dioxide (Id) was 
first described and its chemical behavior examined in a 
preliminary fashion,6 the chemistry of this ring system

(1) F o r  p a p e r  X X X I X  o f th is  series, see  L . A. P a q u e t te  a n d  M . K . S co tt , 
J.  Org. Chem., 33, 2379 (1968).

(2) T h is  w o rk  w as g en e ro u s ly  su p p o r te d  b y  G ra n t  G P -5977  from  th e  
N a tio n a l S cience F o u n d a tio n .

(3) A lfred  P . S lo an  F o u n d a tio n  R esea rc h  Fellow .
(4) N a tio n a l S cience  F o u n d a tio n  U n d e rg ra d u a te  R esea rch  P a r tic ip a n t, 

s u m m e r 1966.
(5) (a) D . C . D ittm e r , K . T a k a h a s h i, a n d  F . A . D av is , Tetrahedron L e tt., 

4061 (1967); (b ) D . C . D it tm e r  a n d  F . A. D av is , J.  A m er. Chem . Soc., 8 7 , 
2064 (1965).

(6) (a) D . C . D it tm e r  a n d  M . E . C h r is ty , J.  Org. Chem ., 26, 1324 (1961); 
(b ) D . C . D it tm e r  a n d  M . E . C h ris ty , J.  A m er. Chem . Soc., 8 4 , 399 (1962).

has received considerable attention7 and a number of 
stable derivatives are now known.7,8 It was our intent 
to investigate in some detail the synthesis and prop
erties of exocyclic methylene derivatives of thiete di
oxide, e.g., 2, in order to examine the effects which are 
produced by extension of the w-electron system in the 
indicated manner. That molecules such as 2 would be

2

reactive and be subject to diverse types of reactions was 
anticipated on the basis of analogy to the chemical be
havior of methylenecyclobutenes. For example, hy
drocarbons 3-5 are known to polymerize readily and

(7) (a) D . C . D it tm e r  a n d  N . T a k a sh in a , Tetrahedron L ett., 3809 (1964); 
(b) L . A. P a q u e t te , J .  Org. Chem ., 30, 629 (1965); (c) L . A . P a q u e t te  a n d  
T . R . P h illip s , ib id ., 30, 3883 (1965); (d) L . A . P a q u e t te  a n d  M . R o sen , u n 
p u b lish e d  re su lts ; (e) D . C . D it tm e r  a n d  F . A. D av is , ib id ., 32, 3872 (1967).

(8) (a) W . E . T ru c e , J . R . N orell, J .  E . R ic h m an , a n d  J .  P . W alsh , Tetra
hedron L ett., 1677 (1963); (b) R . H . H asek , P . G . G o tt ,  R .  H . M een , a n d  J .  C . 
M a r tin , J .  Org. Chem ., 28, 2496 (1963); (c) G . O p itz  a n d  H . S chem pp , Z . 
N aturforsch ., 19b , 78 (1964); (d) W . E . T ru c e  a n d  J .  R . N ore ll, J .  A m er. 
Chem. Soc., 85, 3236 (1963); (e) D . C . D it tm e r  a n d  F . A. D av is , J .  Org. 
Chem ., 29, 3131 (1964); (f) G . O p itz  a n d  H . S chem pp , A n n .,  684, 103 (1965); 
(g) R . H . H asek , R . H . M een , a n d  J .  C . M a r tin , J .  Org. Chem ., 30, 1495 
(1965); (h) J .  N . W ells a n d  F . S . A b b o tt ,  J .  M ed . C hem ., 9, 489 (1966); (i) 
L . A. P a q u e t te  a n d  M . R osen , J .  A m er. Chem . Soc., 89, 4102 (1967); (j) L . A. 
P a q u e t te  a n d  M . R osen , J .  Org. Chem ., 33, 2130 (1968).
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spontaneously at room temperature.9 As the degree 
of substitution on 3 is significantly increased, however, 
the carbocycle is seen to acquire moderate stability as 
gauged by the behavior of 3-methylene-l,4-diphenyl-2- 
methylcyclobutene.10

The present paper delineates the various synthetic 
approaches which have been examined in the prepara
tion of 2 and its derivatives, whereas the ensuing arti
cle11 describes various chemical reactions of this un
saturated heterocyclic system.12

Results

The Retro Diels-Alder Route.—Our initial approach 
was designed to take advantage of the fact that 9,10- 
ethanoanthracene derivatives decompose at somewhat 
elevated temperatures to generate anthracene and un
saturated compounds. Specifically, the intent was to 
construct a thiete dioxide derivative which incorporated 
the partially reduced anthracene ring as a blocking 
group for the exocyclic double bond. This reactive site 
of unsaturation was then to be introduced at the final 
stage of the synthesis. The synthesis is outlined in 
Scheme I. The stereochemistry of 8 was assigned sub
sequent to consideration of nonbonded strain minimi
zation available to each of the two possible transition 
states leading to cycloaddition. The trans relation
ship of the pyrrolidino and phenyl groups in 10 is as
signed on the basis of the nmr coupling constant (10.0 
Hz) of the four-membered sulfone ring protons. Ear
lier, application of the Karplus correlation13 to the 
thietane dioxide ring system was shown to be reliable.14 
The stereochemical assignment depends further upon 
recognition of the fact that the small heterocyclic ring 
exists in a puckered coformation15 with the two sub
stituents in question occupying trans equatorial posi
tions and the protons exhibiting a dihedral angle of 
approximately 180°.16 The spatial arrangement of the 
pyrrolidino and phenyl groups relative to the ethano- 
anthracene superstructure in 10, although somewhat 
less convincing, is believed to be as indicated in Scheme 
I on the basis of steric factors operating in the cyclo
addition process and because 10 does not form a meth- 
iodide salt.

Sulfones 9, 11, and 12 were found to be quite stable 
to 250°. Pyrolysis of 9 and 11 at approximately 300° 
under a nitrogen atmosphere at various reduced pres
sures resulted in the vigorous liberation of anthracene 
and sulfur dioxide, and formation of an intractable 
yellow solid (in the cold traps) and a brittle, black 
glassy residue. Under these conditions, 12 merely 
distilled with slight decomposition; at 400°, however, 
similar decomposition products were observed. As 
will become apparent, the failure of this synthetic

S c h e m e  I

scheme can be traced to the instability of the four- 
membered-ring sulfones at the temperatures required 
to remove the anthracene blocking group.

The Hofmann Degradation Approach.—The reaction 
of sulfenes with l,3-bis(dialkylamio)-l-alkenes is now 
recognized to produce a mixture of products from which 
2 -a- dialkylaminoalkyl - 3 - dialkylaminothietane 1,1 - di
oxides such as 13 and 14 can be isolated under strictly

(CH3)2Nn .C6H5

j - S 0 2

V ch3)2
13

(CH3)2Nv
j - s o 2

CH3—\
NN(CH3)2

14

(9) (a) D . R . H o w to n  a n d  E . R . B u ch m an , J .  A m er , Chem , Soc., 78 , 4011 
(1956); (b) D . E . A p p le q u is t a n d  J .  D . R o b e rts , i b i d . ,  78, 4012 (1956).

(10) A. T .  B lo m q u is t a n d  Y . C . M ein w ald , i b i d . ,  81, 667 (1959).
(11) L . A. P a q u e t te  a n d  M . R o sen , J .  Org. Chem ., 33, 3027 (1968).
(12) P o rtio n s  of th is  w o rk  w ere  p re se n te d  a t  th e  154 th  N a tio n a l M ee tin g  

o f th e  A m erican  C hem ica l S o c ie ty , C h icag o , 111., S e p t 1967, p  S14.
(13) M . K a rp lu s , J .  Chem . P h y s ., 30, 11 (1959); M . K a rp lu s , J .  A m er. 

Chem . Soc., 85, 2871 (1963).
(14) L . A. P a q u e t te ,  J .  Org. Chem ., 29, 2854 (1964).
(15) F o r  a  su m m a ry  o f th e  d a ta  p e r ta in in g  to  th is  q u es tio n , see fo o tn o te s  

17-21 of re f  8i.
(16) B ecau se  of th e  f a c t t h a t  p u ck e rin g  of th e  th ie ta n e  d iox ide  rin g  h a d  n o t  

b ee n  co nc lu sive ly  es ta b lish ed  w h en  re f  14 a p p e a re d , th e  a s s ig n m e n ts  of con
fig u ra tio n  in  th is  p a p e r  (s tru c tu re s  Y  a n d  V I) sh o u ld  b e  rev e rsed  to  com pen 
s a te  fo r th is  c o n fo rm a tio n a l b ias.

controlled conditions.8* In view of the disposition of 
the tertiary amino groups in these sulfones, a study of 
the Hofmann degradation of their derived methiodides 
was initiated in the expectation that derivatives of 
methylenethiete dioxide would result.

Exposure of 13 to methyl iodide in methanol solution 
at room temperature resulted in a gradual exothermic 
reaction and precipitation of a yellow crystalline solid 
(ica. 41% yield) which consisted of a mixture of mono- 
methiodide 15 and tétraméthylammonium iodide (see 
Scheme II). Chromatographic work-up of the non-



3022 P a q u e t t e , R o s e n , and  S tu c k i The J o u rn a l o f O rganic C h em istry

S c h e m e  II
(CH3)2NS__/C6H5

t— r  c h 3i

J-so2
S N(CH3)2

13

CjH5OH

25°

__ A 6 * * 5

A  r + (CĤN+r +
' n (ch3)3 1

15

/ so2ch- ch2
(CH3)2NCH=C

/
S02CH2CH2N(CH3)3

\
+  (CH3)2NCH=C

c6h 5 c6h5
r

16 17
\  L(CH,),NH /  

2.CH 3I

crystalline residue on neutral alumina afforded two 
additional crystalline solids, 16 (17%) and 17 (6.5%). 
Elution of 15 through an Amberlite IRA-400 ion-ex
change column (hydroxide form) and careful removal 
of water gave 2-(benzylsulfonyl)-N,N-dimethylethyl- 
amine (18) as the only characterizable product.

C6H5CH2S02CH2CH2N(CH3)2
18

A similar ring cleavage was noted in the attempted 
quaternizaton of 14 with methyl iodide. In addition 
to a crystalline monomethiodide (19) which was de
posited from the solution in 67% yield, careful chroma
tography of the noncrystalline residue also permitted 
isolation of the known vinyl enamino sulfone 20 (15%) 
and a small quantity of tétraméthylammonium iodide 
(Scheme III). Hofmann degradation of 19 afforded 
only the déméthylation product 14.

S c h e m e  III
(CHAN. CH3I,CH3OH,25°.

C H , - ^
NN(CH3)2

IRA-400

14

(CH3)2N R  H /C H ,
c=c. }c=c 

y/  N j/  xh
0 2

(CH3)2N

CH,
S02■CHJ +

N(CH3)2
19

+  (CH3)4N+r

20

Such results indicate that 13 and 14 exhibit a marked 
propensity for ring cleavage under the conditions of 
quaternization. A mechanistic rationalization of this 
phenomenon demands that the 2a-amino substituent 
be the more nucleophilic nitrogen center and thus be 
subject to more rapid quaternization. This newly 
generated electron-deficient site (see 21) is now subject 
to ready ejection (as trimethylamine) by migration of 
electrons from the 3-amino substituent with synchro
nous rupture of the four-membered ring as shown in 
Scheme IV.17

Undoubtedly the most surprising result was the 
strong preference exhibited by 15 and 19 for déméthyl
ation under the Hofmann elimination conditions. In 
this regard, we propose that 18 arises by loss of meth-

(17) P re c e d e n t fo r th is  m ech an ism  h as  b ee n  d escrib ed  re c e n tly : L . A.
P a q u e t te  a n d  M . R o sen , Tetrahedron L ett., 311 (1966).

13 or 14

S c h e m e  IV 

(CH3)2N ? / R '

R
_ C L -s o 2

n (ch3)3 r  
21

-M e 3N

(CHAN,  ¿
Kj I xv ^  16 or 20

anol directly from 15 or from the methiodides of inter
mediates 22 and 23 and not from 24 since the latter is 
rapidly transformed into alcohol 25 under the reaction 
conditions (see Scheme V). The remainder of the 
proposed mechanism receives support from the fact 
that thiete dioxide and 3-hydroxythietane 1,1-dioxide 
likewise undergo ring cleavage to dimethyl sulfone in 
basic solution.6b

S c h e m e  V

f = T  IRA -400
^ s o 2 r

'N(CH3)3

15

^ CeHr, y q — CfiHs

A-S02 

XN(CH3)2

/ H
0~ C  CHAHs

J —
WCH3)2

23

HaO

OH"

S -S O t

'N(CH3)2
22

C6H5CH2S02CH2CH2N(CH3)2
18

C6H5CH2S02CH2CH2N(CH3)3r  lgA 400 > C6H5CH2S02CH2CH20H 
24 25

T h e  N -O x id e  R o u te .—Treatment of either 13 or 14 
with hydrogen peroxide in methanol solution gave in 
each case a brown oily liquid which could not be con
verted into a picrate and decomposed when heated 
in vacuo. However, when 13 was treated with excess 
30% hydrogen peroxide in acetic acid-acetic anhydride 
solution at room temperature for 1 day, there resulted 
an oily residue which after chromatography on neutral 
alumina gave the methylenethiete dioxide 26 in 37%

30% H A  

HQAc-AcjO

yield. All spectra were recorded on freshly prepared 
samples of 26 for this sulfone gradually becomes colored 
at room temperature and polymerizes to a solid which 
is insoluble in all of the common organic solvents. We 
have observed that 26 is soluble in chloroform and ace
tonitrile but only slightly soluble in carbon tetrachlo
ride; however, these solutions quickly turn red in color 
on standing and the sulfone cannot be recovered. De-
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com pos ition  was no ted  to  be m in im a l in  e the r fro m  
w h ich  26 can be re c rys ta llize d . T h e  u lt ra v io le t  spec
tru m  o f th is  m a te r ia l was cons is ten t w ith  a 1 -pheny l- 
b u ta d ie n y l ch rom ophore  and is com pared in  T a b le  I  
w ith  th e  repo rted  va lues o f tw o  ca rbocyc lic  analogs.

acetylene. Precedence fo r  th e  in te rv e n t io n  o f a cyc lic  
su lfin a te  ester has been fo u n d  in  th e  p y ro ly s is  and ele- 
tro n  im p a c t o f d ibenzo th iophene  5 ,5 -d iox ide18 and in  th e  
th e rm a l rearrangem en t o f tw o  th ie te  d iox ides .19

T a b l e  I
C o m p a r i s o n  o p  t h e  U l t r a v i o l e t  S p e c t r a  o f  26 

w i t h  Two M e t h y l e n e c y c l o b u t e n e s

26
X ether max >

mju (e)

291 (3 3 ,4 0 0 )

5
Xisooctane a max >

mm («)
2 1 2 (4 ,6 0 0 )
2 1 9 (3 ,7 6 0 )
2 2 5 (3 ,9 6 0 )
2 3 3 (3 ,6 4 0 )
2 9 1 (7 ,2 5 0 )

“ Reference 9. 6 Reference 10.

Xisooctane ft max i m u  (e)

228(12,000)
235(9,120)
292(26,900)
302(25,100)
316.5(sh )(13,200)

T h e  mass spectrum  o f 26 (see T a b le  I I )  shows a m olec
u la r  io n  (m /e  192) and a base peak a t m / e  128. T h is  
fra g m e n ta tio n  can be exp la ined  b y  th e  sequentia l loss 
o f th e  e lem ents o f s u lfu r  m onox ide  (m / e  144) and 
oxygen fro m  an in te rm e d ia te  cyc lic  su lfin a te  such as 
28 o r 29 (see Scheme V I ) . T h e  ion  corresponding  to  th e  
base peak appears to  fra g m e n t to. acetylene and p h e n y l-

T a b l e  I I
P r i n c i p a l  M a s s  S p e c t r a l  P e a k s  i n  2 - M e t h y l e n e t h i e t e  

1 , 1 - D i o x i d e s  2 6  a n d  3 2

26---------------------- .--------------------- 32-

m /e
Relative 

abundance, % m /e
R e la tiv e  

abundance, %
192 34 268 23
144 68 220 10
129 12 204 32
128 100 203 15
127 26 202 20
126 10 105 30
105 28 103 10
102 43 102 100

101 10

T h e  successful p re p a ra tio n  o f m e th y le n e th ie te  d iox ide  
26 b y  th e  N -o x id e  ro u te  p ro m p te d  an exam ina tio n  o f 
th e  g e n e ra lity  o f th e  procedure. A c c o rd in g ly , ou r 
a tte n tio n  was n ex t tu rn e d  to  th e  deg rada tion  o f th ie tan e  
d io x id e  29. T h e  synthesis o f 29 was achieved b y  
tre a t in g  l,3 -b is ( l-p ip e r id in o )-3 -p h e n y l- l-p ro p e n e  (28) 
w ith  pheny lsu lfene ; i t  shou ld  be no ted  th a t  l- (b e n z y l-  
s u lfo n y l)p ip e r id in e  (30) and th e  enam ino su lfone 31 
accom panied th e  p ro d u c tio n  o f 29, as a n tic ip a te d  fro m  
ea rlie r w o rk 81 (see Scheme V I I ) .  W h e n  an acetic  a c id -

S c h e m e  VI
M ass  S p e c t r a l  C r a c k i n g  P a t t e r n  f o r  26

26
electron

impact

HC=CH +

" ÇA"+ ■ ÇA
J j 3

and/ or i r °dfcf c h 2°
0 . -

m/e 192

1 I
ç a "

+
Ç A

A oll

c

c h 2s

0

c h 2 o-

_

1

C A '
+ CgH5

r ^ O -

l

____
1

(m/e 144)

[CeH5CsCH]+ 
(m/e 102)

(base p e a k ,  m/e 1 2 8 )

S c h e m e  V II

cmVH^sqci
(C,HS),N

c6h sc h 2S02nQ  +  c6h ;ic h 2so 2c h = c h n ^ >  +

30 31

HA
H0Ac-Ac20

acetic  a nh yd rid e  s o lu tio n  o f 29 was tre a te d  w ith  30%  
h yd ro ge n  peroxide , th e  m e th y le n e th ie te  d iox ide  32 was 
p roduced  in  8 5%  y ie ld . T h is  s tra ined  heterocyc le  is 
q u ite  s tab le  und e r n o rm a l la b o ra to ry  cond itions . T h e  
su lfone  is inso lub le  in  e the r and carbon  te tra c h lo r id e  
b u t  so lub le  in  ch lo ro fo rm , and  is  eas ily  c ry s ta lliz e d  fro m  
te tra h y d ro fu ra n . T h e  n m r sp ec tru m  o f 32 is consis ten t 
w ith  th e  gross s tru c tu re ; how ever, because th e  r in g  
v in y l  p ro to n  resides u n d e r th e  a ro m a tic  envelope and 
th e  second v in y l  p ro to n  is  a b ro a d  s ing le t, a d e fin it iv e

(18) E . K . F ie ld s  a n d  S. M ey erso n , J .  A m er. Chem . Soc., 88, 2836 (1966); 
cf. a lso  re f  7e.

(19) (a) D . C . D ittm e r , R . S . H en io n , a n d  N . T a k a s h in a , A b s tra c ts , 153rd 
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 , M ia m i B each , F la ., 
A p ril 1967, P O 101; (b ) R . W . H o ffm an n  a n d  W . S ieber, A n n .,  703, 96 (1967).
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assignm ent of the geom etric configuration about the  
exocyclic double bond was not possible on th e  basis of 
such a spectral analysis. However, consideration of 
steric factors at play in the elim ination step, coupled  
w ith  an analysis of the nmr spectral properties of the  
D iels-A ld er adduct of 32 w ith  1,3-diphenylisobenzo- 
furan,11 perm it th e conclusion th at 32 is of th e indicated  
stereochem istry. T hat th is m ethyleneth iete dioxide 
possesses a diphenylbutadienyl chromophore is ap
parent from its  u ltraviolet spectrum  in chloroform  
(see E xperim ental S ection ); th is spectrum  is roughly  
comparable w ith  th a t reported for trans,trans- 1,4-di
phenyl- 1,3-butadiene.20 The m ass spectrum  of 32 dis
plays a fragm entation pattern analogous to  thao of 26 
(see T able II).

T he first indication th at th e N -oxide degradation  
pathw ay was not com pletely general cam e from  an 
attem pt to prepare the parent of the m ethyleneth iete  
dioxide series (35). The synthesis of th e requisite 
th ietane dioxide 34 was effected from  the known 1,3- 
bis(l-p iperid ino)-l-propene (33) and sulfene; treatm ent 
of 34 w ith  hydrogen peroxide in the usual m anner gave  
a sm all am ount of yellow  oil which displayed an infrared 
spectrum  indicative of the presence of an enam ine func
tion and nmr absorptions consistent w ith  th e presence of 
a piperidino group. T his m aterial could not be ob
tained crystalline and was not characterized further.

R 2N -. h ,o,
□  ------#—

S '  S02 HOAc-Aĉ O
NR'z

34,R2 =  R ',-(C H 2)5,R " “ H 
14,R =  R' =  R "=C H 3 
37,R2= R 2' =  (CH2)5,R " =  C6H5

In  the sam e way, 14 and 37 afforded oily  mixtures, 
th e com ponents of w hich still contained nitrogen. In  
these latter exam ples, the ring system  is apparently  
cleaved in a manner analogous to the sequence of events  
triggered by m ethyl iodide. A  reasonable hypothesis is 
th at N -oxide form ation occurs in itia lly  at th e 2a-nitro- 
gen atom ; if th e  resulting N -oxide is endowed w ith  ap
preciable stability , the remaining nitrogen is subse
quently oxidized and the m ethyleneth iete dioxide ul
tim ately  formed. I f  the interm ediate m ono-N -oxide is 
prone to cleavage in order to  relieve th e strain inherent 
in  the four-membered ring, then  the desired unsaturated  
heterocycles are not produced.

In  sum m ary, th e synthesis of the first derivatives of 
the highly strained m ethyleneth iete dioxide system  has 
been achieved. I t  is apparent th at the stab ility  of th is  
group of heterocycles is m arkedly dependent upon sub
stitution , particularly phenyl substitution. In  this 
respect, a favorable comparison w ith the properties of 
m ethylenecyclobutenes can be seen .9’10 M eth yl
eneth iete dioxides now join thiirene dioxides21 in the

H
35, R" = H
36, R" = CH3 
38, R" = C6H5

growing list of strained and reactive tetravalent sulfur 
heterocycles which have been recently synthesized or 
recognized as reaction interm ediates.

Experimental Section22
l-[(9,10-Dihydro-9,10-ethanoanthracen-l l-ylidene)methyl] - 

pyrrolidine (7).—A solution of 150.0 g (0.64 mol) of 9,10-di- 
hydro-9,10-ethanoanthracene-ll-carboxaldehyde (6)23 and 58.0 
g (0.96 mol) of pyrrolidine in 550 ml of toluene was heated under 
a Dean-Stark trap at reflux for 2 hr. The mixture was cooled 
and concentrated in vacuo to give a yellow solid which was dis
solved in 1200 ml of anhydrous ether. This solution was con
centrated to ca. 600 ml and cooled to give 140.2 g (76.3%) of 
a light yellow crystalline solid, mp 118-120°. Recrystallization 
from ether yielded flakes of 7: mp 125-127°; X“ )1 6.02 u

(> C = C -N < ); ttms*1 8.26-8.56 (complex pattern, 4 H, -CH 2-  
of pyrrolidino group), 7.48 and 7.43 (merging doublets, J  = 2.5 

I
Hz, 2 H, -CH 2-C = C ), 6.86-7.19 (complex pattern, 4 H, 
(-CH2- )2N - of pyrrolidino group), 5.66 (triplet, J  = 2.5 Hz, 
1 H, >CH -CH 2-), 5.51 (singlet, 1 H, > C H -C = C H -N < ),

I
3.83 (broad singlet, 1 H, vinyl proton), and 2.46-3.06 (complex 
pattern, 8 H, aromatic ring protons).

Anal. Calcd for C2,H2,N: C, 87.76; H, 7.37. Pound: C, 
87.41; H, 7.30.

l-(9,10-Dihydrospiro [9,10-ethanoanthracene-l 1,2 '-thietan] -3 
yl)pyrrolidine S,S-Dioxide (8).—A stirred solution of 90.0 g 
(0.314 mol) of 7 and 33.0 g (0.327 mol) of triethylamine in 500 ml 
of dry tetrahydrofuran under a nitrogen atmosphere was treated 
dropwise a t —10° with a solution of 37.0 g (0.323 mol) of meth- 
anesulfonyl chloride in 120 ml of the same solvent during 45 min. 
Upon completion of the addition, the mixture was allowed to 
warm slowly to room temperature and was stirred at that tem
perature for 6 hr. Filtration of the slurry afforded a solid mix
ture of triethylamine hydrochloride and adduct. The solid 
mixture was dissolved in water and the insoluble material was 
filtered and washed with water, methanol, and ether to yield
71.2 g of a slightly colored solid, mp 232-233° dec. The re
action filtrate was concentrated in vacuo and the resulting solid 
was slurried with methanol, filtered, and washed further with 
methanol, acetone, and ether to afford 27.8 g of a light brown 
solid, mp 192-194° dec. The total yield of crude 8 was 99.0 g 
(86.1 %). One recrystallization of the combined solids from 
acetone-methanol gave 85.0 g (74.1%) of colorless 8, mp 237- 
238° dec. An analytical sample was obtained from acetone as 
fine white crystals: mp246.5°dec; X^T17.70 and 8.80 u (-S02-). 
The compound was too insoluble in organic solvents for useful 
nmr studies.

Anal. Calcd for C22H23N 02S: C, 72.03; H, 6.34; S, 8.77. 
Found: C, 72.29; H, 6.32; S, 8.71.

9,10-Dihydrospiro [9,10-ethanoanthracene-l 1 ,2 ' [2H] -thiete] 
l',l'-D ioxide (9).—The methiodide of 8 was prepared by re
action with excess methyl iodide in refluxing acetone. The 
salt was filtered from the warm reaction mixture and was ob
tained as a light brown solid, mp 186-188° dec (frothing). Con
centration of the filtrate in vacuo gave unreacted starting material 
which was reutilized in the methiodide preparation. The methio
dide was not purified for analysis and was used directly for the 
next reaction.

A stirred slurry of 10.0 g (0.019 mol) of this methiodide, ca. 
5 g (0.022 mol) of freshly prepared silver oxide, and 600 of water 
was refluxed for 2 hr. A reaction was evidenced by the presence 
of free amine and a color change from brown to black in the 
reaction vessel. The mixture was cooled and the solid was filtered 
and extracted with chloroform. The chloroform solution was 
dried and filtered through Celite to afford, after removal of the

(20) ^max 328 m /i (« 41 ,000); see R . A. F r ie d e la n d  M . O rch in , “ U ltra v io le t 
S p e c tra  of O rgan ic  C o m p o u n d s ,”  J o h n  W iley  a n d  S ons, In c .,  N ew  Y ork , 
N . Y ,, 1951, S p e c tru m  N o . 129; E . A. B rau d e , A n n . R ep t. Progr. Chem. 
(C h em . Soc. L o n d o n ), 42, 105 (1945).

(21) (a) L . A . C a rp in o  a n d  L . V. M cA dam s, I I I ,  J .  A m er. C hem , Soc., 87, 
5804 (1965); (b ) L . A. C a rp in o  a n d  R . H . R y n b ra n d t ,  ib id ., 88 , 5682 (1966); 
(c) see  a lso  L . A . P a q u e t te  a n d  L . S. W itte n b ro o k , Chem. C om m un., 471
(1 9 6 6 ) ; L . A. P a q u e t te  a n d  L . S. W itte n b ro o k , J .  A m er. Chem . Soc., 89 , 4483
(19 6 7 ) ; L . A . P a q u e t te , L . S. W itte n b ro o k , a n d  V. V. K an e , ib id ., 89 , 4487 
(1967).

(22) M e lt in g  p o in ts  w ere d e te rm in ed  w ith  a  T h o m a s -H o o v e r  m e ltin g  p o in t 
a p p a ra tu s  a n d  a re  co rrec ted . In f ra re d  sp e c tra  w ere  reco rd e d  w ith  a  P er- 
k in -E lm e r In f ra c o rd  M od el 137 sp e c tro m e te r  f i t te d  w ith  so d iu m  ch lo ride  
p rism s. U ltra v io le t sp e c tra  w ere d e te rm in ed  w ith  a  C a ry  14 reco rd in g  
sp e c tro m e te r . N u c le a r  m ag n e tic  re so n an ce  s p e c tra  w ere  o b ta in e d  w ith  a  
V arian  A -60 sp ec tro m e te r  p u rc h a se d  w ith  fu n d s  m a d e  av a ila b le  th ro u g h  
th e  N a tio n a l S cience F o u n d a tio n . T h e  m ass s p e c tru m  w as m e asu red  w ith  
an  A E I  M S-9  m ass  s p e c tro m e te r  a t  a n  ion iz in g  en e rg y  of 70 eV . T h e  
m icro an a ly se s  w ere p e rfo rm ed  b y  th e  S can d in a v ia n  M ic ro a n a ly tic a l L a b o 
ra to ry , H erlev , D en m a rk .

(23) F . W eiss a n d  R . R u sch , B u ll. Soc. C him . F r ., 550 (1964).



chloroform, a light brown solid. Recrystallization of this solid 
from acetone gave 4.95 g (88.7%) of 9, mp 220-222° dec. An 
analytical sample was obtained from acetone: mp 226-228° dec;

7.69 and 8.65 u (-SO2-); r?Sgla 8.04 and 7.30 [AB quartet 
(further split by /  = 2.5 Hz), J  -  14.0 Hz, 2 H, -CH 2-], 
5.59 (triplet, J  = 2.5 Hz, 1 H, >CH -CH 2-), 5.24 (singlet, 1 H, 
>CH-C < ), 3.59 (doublet, J  = 4.0 Hz, 1 H, non-a-sulfonyl 
vinyl proton), 3.32 (doublet, J  =  4.0 Hz, 1 H, a-sulfonyl vinyl 
proton), and 2.42-2.97 (complex pattern, 8 H, aromatic ring 
protons).

Anal. Calcd for Ci8H i40 2S: C, 73.44; H, 4.79; S, 10.87. 
Found: C, 73.60; H, 4.89; S, 11.00.

l-(9,10-Dihydro-4'-phenylspiro[9,10-ethanoanthracene-ll,2'- 
thietan] -3 '-yl)pyrrolidine S,S-Dioxide (10).—To a rapidly 
stirred solution of 26.0 g (0.091 mol) of 7 and 9.5 g (0.094 mol) 
of triethylamine in 150 ml of dry tetrahydrofuran cooled to 
—10° was added dropwise under a nitrogen atmosphere during 
30 min a solution of 17.5 g (0.092 mol) of phenylmethane- 
sulfonyl chloride in 75 ml of the same solvent. After the addition, 
the mixture was warmed to room temperature and stirred for 6 
hr. The triethylamine hydrochloride24 was filtered and the 
filtrate was concentrated in vacuo to give a yellow froth which, 
when slurried with 250 ml of methanol a t room temperature, 
gave 28.0 g of 10 as a light brown solid, mp 178-180° dec (second 
crop, 4.70 g, mp 165-177° dec, total yield 81.8%). An 
analytical sample was obtained from acetone-methanol: mp
184-185° dec; X|2a* 7.65, 8.70, and 9.00 u (-S0 2-); r?Ssl! 
8.25-9.00 (multiplet with a superimposed singlet a t ~8 .9 , 8 H, 
pyrrolidino group), 7.24 and 7.19 (merging doublets, J  = 2.5 
Hz, 2 H, >C H -C H ,-C < ), 6.40 (doublet, J  = 10.0 Hz, 1 H, 
> N -C H <), 5.50 (triplet, ./ = 2.5 Hz, 1 H, >CH -CH 2-), 5.00 
(singlet, 1 H, > C H -C < ), 4.58 (doublet, ./ =  10.0 Hz, 1 H, 
a-sulfonyl proton), and 2.28-2.98 (complex pattern, 13 H, aro
matic ring protons).

Anal. Calcd for C28H2,N 02S: C, 76.15; H, 6.16; N, 3.17; 
S, 7.26. Found: C, 75.82; H, 6.30; N, 2.98; S, 7.30.

9,10-Dihydro-4'-phenylspiro[9,10-ethanoanthracene-ll,2'[2H]- 
thiete] 1', 1'-Dioxide (1 1 ).—A stirred mixture of 10 (12.0 g, 0.027 
mol) in 100 ml of glacial acetic acid and 100 ml of acetic anhydride 
was treated dropwise during 15 min at —10° with 18.0 g (0.16 
mol) of 30% hydrogen peroxide solution. The homogeneous 
reaction mixture was warmed to room temperature and stirred 
for 18 hr during which time a colorless solid was seen to crystal
lize from the solution. The solid was filtered and washed with 
methanol and ether to yield 7.7 g (76.5%) of colorless 11, mp 
240-242° dec. An analytical sample was obtained from acetone- 
methanol: mp 250-251° dec; X“ ,01' 7.69 and 8.71 u (-S02-); 
ttms13 5.16 (singlet, 1 H, > C H -C < ), 3.62 (singlet, 1 H, vinyl 
proton), and 2.50-2.95 (complex pattern, 13 H, aromatic ring 
protons).

Anal. Calcd for C24H 180 2S: C, 77.81; H, 4.90; S, 8 .66. 
Found: C, 77.69; H, 4.96; S, 8.58.

9,10-Dihydrospiro [9,10-ethanoanthracene-l 1,2 '-thiethane] 
l',l'-D ioxide (12).—A mixture of 6.0 g (0.02 mol) of 9, 250 ml 
of acetone, and 1.0 g of 10% palladium on carbon was shaken 
under 50 psig of hydrogen for 25 hr a t room temperature. The 
catalyst was filtered, and the filtrate was evaporated to give a 
colorless solid. Recrystallization from methanol gave 5.50 g 
(91.3%) of 12 , mp 207-208°. Pure 12 was obtained from metha
nol: m p207.5-208.5° (slight coloration); X°®cl37.62,8.63 and 8.85 
u (-S02-); t™ ?13 7.72-8.72 [complex pattern, 3 H, >CH -CH 2-  
C< (one such proton) and -C H 2-CH 2-S 0 2- ] , 7.17 [low field 
portion of an AB quartet (further split by /  =  2.5 Hz), J  = 14.0 
Hz, 1 H, >CH-CH 2-C <  (one such proton)], 6.29 (doublet of 
triplets, J  = 9.0 and 2.5 Hz, 2 H, «-sulfonyl protons), 5.63 
(multiplet, 1 H, >CH -CH 2-), 5.22 (singlet, 1 H, > C H -C < ), 
and 2.41-3.09 (complex pattern, 8 H, aromatic ring protons).

Anal. Calcd for C18H 160 2S: C, 72.94; H, 5.44; S, 10.82. 
Found: C, 72.89; H, 5.49; S, 10.76.

Reaction of 2-Phenyl-3-dimethylamino-4-dimethylammo- 
methylthietane 1,1-Dioxide (13) with Methyl Iodide.—Addition 
of 4.5 g (0.032 mol) of methyl iodide to a stirred solution of 3.0 
g (0.0105 mol) of 13 in 20 ml of methanol resulted in a gradual 
exothermic reaction. After the initial reaction had subsided, 
the mixture was kept a t room temperature for 1  day during which
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(24) D isso lu tio n  of th is  s a l t  in  w a te r  a n d  e x tra c tio n  o f th e  aq u e o u s  so lu 
tio n  w ith  m e th y le n e  ch lo rid e  g a v e  no a d d itio n a l m a te r ia l. B as ifica tio n  of th e
aq u eo u s  p h a se  a n d  re e x tra c t io n  likew ise  g a v e  no  a d d itio n a l p ro d u c t(s ) .

time there precipitated 1.7 g (40.8% based on pure 15) of a 
yellow crystalline solid, mp 204-205° dec. Recrystallization of 
this material from aqueous methanol yielded pure 2-phenyl-4- 
dimethylaminomethyl-2-thiete 1 , 1-dioxide methiodide mono
hydrate (15) as a colorless highly crystalline solid: mp 204-205° 
dec; X” “" 1 2.90 (H20 ) and 7.55 and 8.85 M (-S 02-) ;  X*‘°h 266 
ntyi (« 8080). Examination of the filtrates afforded tétraméthyl
ammonium iodide, mp >250°.

Anal. Calcd for CisHiJNOaS• H20 : C, 39.30; H, 5.07;
N. 3.53; S, 8.07. Found: C, 39.09; H, 5.38; N, 3.33; S, 
8.14.

The filtrate from the removal of 15 and tétraméthylammonium 
iodide was concentrated under reduced pressure and chromato
graphed on neutral alumina. Elution of the column with ether 
yielded 0.45 g (17.4%) of l-dimethylamino-2-phenyI-3-thia-l,4- 
pentadiene 3,3-dioxide (16), mp 101-103° from carbon tetra
chloride (lit.8* mp 102-103°).

Continued elution with methanol-chloroform (1:1) gave an 
oily solid which afforded 0.3 g (6.46%) of pure l,5-bis(di- 
methylamino)-2-phenyl-3-thia-l-pentene 3,3-dioxide 5-methiodide 
monohydrate (17) upon trituration with ether: mp 220-221° 
(methanol); X™°' 2.90 (H20), 6.10 (-C = C -N < ), 7.70, and 8.90 
u (-S02-); X ^? 2.47 m^ (e 14,140), 266 sh (10,450) and end 
absorption.

Anal. Calcd for Ci5H26IN 20 2S-H20 : C, 40.72; H, 6.15;
N, 6.33; S, 7.25. Found: C, 39.91; H, 6.03; N, 6.52; S,
7.06.

Unequivocal Synthesis of 17.—A cooled ( — 10°) solution of
O. 02 g (0.08 mol) of 16 in 5 ml of dry tetrahydrofuran was treated 
with excess dimethylamine. After remaining a t 0° for 1 day, 
the mixture was concentrated to give an oil which was immediately 
treated with methyl iodide in refluxing methanol solution for 2 hr. 
On cooling, there was deposited 0.03 g (84.0%) of a crystalline 
material, mp 220- 221° (methanol), identical in all respects 
with 17.

Hofmann Degradation of 15.—A solution of 6.45 g (0.016 
mol based on pure 15) of the mixture of 15 and tétraméthylammo
nium iodide in hot water was passed through a column of Amber- 
lite IRA-400 ion-exchange resin (hydroxide form). The total 
eluate was concentrated to ca. 50 ml in vacuo and extracted with 
chloroform to yield 1.7 g (46.1% based on pure 15) of an 
oily crystalline solid. Recrystallization of this material from 
ether-petroleum ether (bp 60-80°) gave rodlike crystals of 
2-(benzylsulfonyl)-N,N-dimethylethylamine (18), mp 69-70° 
(lit.8* mp 68-69°).

Anal. Calcd for CuH „N 02S: C, 58.11; H, 7.54; N, 6.16; 
S, 14.11. Found: C, 58.27; H, 7.60; N, 6.10; S, 13.99.

Reaction of 2-(a-Dimethylaminoethyl)-3-dimethylaminothie- 
tane 1 ,1 -Dioxide (14) with Methyl Iodide.—Addition of 10.0 g 
(0.07 mol) of methyl iodide to a solution of 5.0 g (0.022 mol) of 
14 in 50 ml of methanol resulted in a gradual exothermic reaction. 
After the initial reaction had subsided, the mixture was kept a t 
room temperature for one day during which time there precipi
tated a colorless solid. This solid [5.5 g (67.1%), mp 168-169° 
dec] was filtered and the filtrate was saved. All attempts to 
recrystallize this material from aqueous methanol-ether gave 
poor (10%) recovery of the solid, mp 173-175° dec. Analysis 
of the unpurified material for iodine identified it as the mono- 
methiodide 19.

Anal. Calcd for CioH23IN20 2S: I, 35.03. Found: I, 35.49.
The above filtrate was concentrated in vacuo and chromato

graphed on neutral alumina. Elution of the column with ether 
afforded 0.6 g (15.1%) of an oil which was identical in all respects 
with l-dimethylamino-3-thia-l,4-hexadiene 3,3-dioxide (20). 
The crude oil was hydrogenated over 10% palladium on carbon 
and a methiodide was prepared from the hydrogenated material, 
mp 166° (lit.8* mp 166° dec).

Continued elution with methanol-chloroform (1:4) gave 0.1 g 
of tétraméthylammonium iodide, mp 250°.

Attempted Hofmann Degradation of 19.—A solution of 4.0 g 
(0.011 mol) of 19 in hot water was passed through a column of 
Amberlite IRA-400 ion-exchange resin (hydroxide form). The 
total alkaline eluate was reduced to one-half its volume in vacuo 
a t 60-70°. The remaining solution was concentrated under re
duced pressure a t —70° to 1.5 g (61.6%) of a brown oil. The 
oil was similar in all respects to 14 (with the exception that its 
infrared spectrum displayed a medium intensity absorption at
6.1 u due to small amounts of an enamine impurity). A methanol 
solution of this material gave on reaction with methyl iodide the 
above methiodide (19), mp 165-166° dec, in good yield.
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Hofmann Degradation of 18.—The methiodide salt of 18 was 
prepared with methyl iodide in refluxing methanol in 93.4% 
yield, mp 212-213° dec (from aqueous methanol).

A solution of 10.0 g (0.027 mol) of this methiodide (24) in hot 
water was passed through a column of Amberlite IRA-400 ion 
exchange resin (hydroxide form). The total eluate was concen
trated in vacuo and extracted with chloroform to yield 2.3 g 
(43.4%) of colorless solid. Recrystallization from ethyl acetate- 
petroleum ether gave flakes of 2-(benzvlsulfonyl)ethanol (25): 
mp 74° (lit.26 mp 97°, needles from water); X™„cl3 2.90 (-OH) and 
7.60 and 8.96 n (—S02—); r S ? 3 6.98 (triplet, J  = 5.5 Hz, 2 H, 
-SO2CH2CH2-), 6.80 (singlet, 1 H, -CH 2OH), 6.05 (triplet, 
J  = 5.5 Hz, 2 H, -CH 2OH), 5.70 (singlet, 2 H, benzylic protons), 
and 2.67 (singlet, 5 H, phenyl group).

Anal. Calcd for C9H1A S : C, 53.98; H, 6.03; S. 16.02. 
Found: C, 54.14; H, 6.05; S, 15.71.

2-Methylene-4-phenyl-2H-thiete 1,1-Dioxide (26).—A solution 
of 13 (7.0 g, 0.025 mol) in 15 ml of glacial acetic acid and 15 ml 
of acetic anhydride contained in a 100-ml, round-bottomed flask 
equipped with a magnetic stirring bar and cooled to —10° was 
treated dropwise with stirring during 10 min with 14.0 g (0.123 
mol) of 30% hydrogen peroxide. The reaction mixture was 
stirred a t 0° for an additional 30 min and at room temperature 
for 17 hr, again cooled in ice, and neutralized with a 25% sodium 
hydroxide solution. Three runs as above were combined and 
concentrated in vacuo for 1.5 hr a t 60° and a t 30° to proximate 
dryness. The solid residue was dissolved in a minimum amount 
of water and the solution was extracted with chloroform. The 
organic extract was separated, dried over anhydrous potassium 
carbonate, and concentrated to a brown oil. Chromatography 
of this oil on neutral alumina yielded upon elution with ether- 
petroleum ether (1:1) and ether 5.40 g (37.6%) of a light yellow 
crystalline solid, mp 83-85° dec.26 Rapid recrystallization 
from ether-petroleum ether gave pure 26 as a colorless, highly 
crystalline solid: mp 86- 88° dec; 7.66, 8.40, 8.67, and
8.90 u (-SO*-); X lh," 291 mM ( . 33,400); r ? S s '3 2.53 (singlet, 
6 H, phenyl group and styrene proton), 4.45 (doublet of doublets, 
J  = 4.0 and 1.0 Hz, 1 H, methylene proton), and 4.66 (doublet, 
J  = 4.0 Hz, 1 H, methylene proton).

Anal. Calcd for Ci„H80 2S: C, 62.48; H, 4.19; S, 16.68. 
Found: C 62.34; H, 4.47; S, 16.34.

2-Phenyl-3-(l-piperidino)-4-(l-piperidinophenylmefciyl)thie- 
tane 1,1-Dioxide (29).—To a rapidly stirred solution of 18.6 g 
(0.065 mol) of 2827 and 6.8 g (0.067 mol) of triethylamine in 100 
ml of dry tetrahydrofuran cooled to —10° was added dropwise 
under a nitrogen atmosphere a solution of 12.5 g (0.066 mol) of 
phenylmethanesulfonyl chloride in 100 ml of the same solvent. 
Upon completion of the addition, the mixture was permitted 
to warm to room temperature and was stirred at that temperature 
for 4 hr. The triethylamine hydrochloride24 was filtered and 
the filtrate was evaporated to give a brown oily solid which was 
chromatographed on neutral alumina. Elution of the column 
with petroleum ether-ether (3:1) gave 9.45 g of a brown solid. 
Two recrystallizations of this material from ether afforded 6.0 g 
(20.7%) of 29 as a light brown solid, mp 156-157°. Further 
purification from ether gave pure 29: mp 161-162°; X°“ 4 7.59,
8.56, 8.84, and 9.06 M (-S02-); t^ S 3 8.57 (multiplet, 12 H, 
-CH 2-  of piperidino groups), 7.22-7.83 [multiplet, 8 H, (-CH2- ) 2- 
N - of piperidino groups], 6.32 (broad triplet, J  = 8.0 Hz, 
1 H, >C H -N < ), 5.77 (broad doublet, J  -  11.0 Hz, C6H5-  
C H -N <), 5.00 (complex pattern, 1 H, nonbenzylic a-sulfonyl 
proton), 4.62 (broad doublet, J  = 8.0 Hz, 1 H, benzylic a- 
sulfonyl proton), and 2.70 (singlet, 10 H, phenyl groups).

Anal. Calcd for C26H34N20 2S: C, 71.19; H, 7.81; N, 6.39. 
Found: C, 71.21; H, 7.91; N, 6.23.

Continued elution with petroleum ether-ether (3:1 and 1:1) 
and ether yielded 7.0 g of an oil which contained some 29. 
Recrystallization of this material from ether afforded 3.45 g 
(21.8%) of colorless flakes, mp 125-127°. Further purification 
from carbon tetrachloride gave pure l-(benzylsulfonyl)p:peridine 
(30), mp 137° (lit.26 mp 136-138°). 25 26 27 28

(25) E . F ro m m  a n d  H . Jo rg , Chem. B er., B8B, 304 (1925).
(26) T h e  com bined  e lu a tea  w ere  c o n c e n tra te d  to  a  sm all v o lu m e a n d  th e  

so lid  w as c ry s ta lliz ed  from  th e  so lu tio n . P e tro le u m  e th e r  w as a d d e d  to  cause  
fu r th e r  c ry s ta lliz a tio n  a n d  th e  m a te r ia l w as rem o v ed  b y  f il tra tio n . I n  th is  
w ay , p u re  2 6  cou ld  b e  iso la ted  a n d  i t s  deco m p o sitio n  m in im ized .

(27) C . M an n ic h , K . H an d k e , a n d  K . R o th , Chem . Ber., 6 9 , 2112 (1936).
(28) O. E isleb , G e rm a n  P a te n t ,  735,866 (A p ril 22, 1943); Chem . A bstr . 

3 8 , 4101 (1944).

Further elution of the column with chloroform-ether (1:1) 
gave a brown oil which upon trituration with ether afforded 0.5 g 
(2.86%) of a brown crystalline solid, mp 86- 88°. Recrystalliza
tion from ether gave analytically pure 2-(l-piperidino)-l- 
phenylmethanesulfonylethylene (31): mp 91-92°: X°“ 4 6.16
(C = C -N < ), 7.66 and 9.00 u -S 0 2~); t5£sU 8.47 (multiplet, 6 
H, -C H 2-  of piperidino group), 6.96 (multiplet, 4 H, (-CH2-)N - 
of piperidino group), 5.83 (broad singlet, 2 H, benzylic protons),
5.32 and 3.30 (doublets, J  = 13.0 Hz, 1 H each, vinyl protons), 
and 2.67 (singlet, 5 H, phenyl group).

Anal. Calcd for ChH,9N 02S: C, 63.36; H, 7.22; N, 5.28. 
Found: C, 63.41; H, 7.24; H, 5.17.

2-Benzylidene-4-phenyl-2H-thiete 1,1-Dioxide (32).—A stirred 
mixture of 29 (5.0 g, 11.4 mmol) in 20 ml of glacial acetic acid 
and 15 ml of acetic anhydride was treated dropwise during 5 
min a t —10° with 6.0 g (0.053 mol) of 30% hydrogen peroxide. 
The reaction mixture was permitted to warm to room temperature 
and was stirred for 19 hr, again cooled in ice, and neutralized 
with a 25% sodium hydroxide solution. The yellow oily solid 
which precipitated during neutralization was extracted with 
chloroform and the organic solution was dried over potassium 
carbonate. (The aqueous layer from the extraction afforded 
no additional material after concentration to dryness and extrac
tion of the salt residue with chloroform.) The dried chloroform 
extract was filtered and concentrated in vacuo to give an oily 
solid which afforded, on trituration with ether, 1.82 g of a yellow 
solid, mp 209-210° dec. The filtrate was concentrated and chro
matographed on neutral alumina. Elution of the column with 
ether gave 0.8 g of the same material (total yield 85.3%), mp 
208-210° dec. Recrystallization of the combined solids from 
tetrahydrofuran-petroleum ether afforded pure 32: mp 212-
213° dec; X°=C1S 6.02 (> C = C < ), 7.63 and 8.70 m (-S 02-);  
X™ 013 366 (sh) mM (e 23,450), 349 (40,200), 337 (38,800), and 240 
(12,850); t?Ss’3 3.49 (singlet, 1 H, exocyclic styrene proton), 
2.31-2.79 (broad singlet, 11 H, phenyl groups and ring proton).

Anal. Calcd for Ci6H 120 2S: C, 71.61; H, 4.51; S, 11.95. 
Found: C, 71.39; H, 4.24; S, 12.26.

2-( 1 -Piperidinomethyl )-3-( 1 -piperidino )thietane 1 ,1 -Dioxide 
(34).—A solution of 10.00 g (0.099 mol) of triethylamine and
20.0 g (0.096 mol) of l,3-bis(l-piperidino)-l-propene (33)27 in 
50 ml of dry tetrahydrofuran was treated in the usual manner 
with 11.0 g (0.096 mol) of methanesulfonyl chloride in 50 ml of 
the same solvent. Removal of the triethylamine hydrochloride 
and concentration of the filtrate yielded an oily liquid which 
afforded, on trituration with ether a t 0°, 16.0 g of a brown crys
talline solid, mp 62-64° (second crop, 2.5 g, mp 58-60°, total 
yield 67.3%). Recrystallization from ether-petroleum ether 
gave pure 34: mp 67-68°; X™ 4 7.54, 8.39, 8.78, and 9.07 n 
(—S02—); t™s'3 8.50 (broad singlet, 12 H, -C H 2-  or piperidino 
groups), 7.58 [multiplet, 8 H, (-CH2- )2N - of piperidino groups], 
6.92-7.28 [complex pattern (five sharp lines), 3 H, -C H 2N < 
and > C H N < ], 6.08 (doublet, J  = 8.0 Hz, 2 H, -C H 2S02-), 
and 5.45-5.85 (multiplet, 1 H, >CH S02-).

Anal. Calcd for Ci4H26N20 2S: C, 58.69; H, 9.15; N, 9.78. 
Found: C, 58.68; H, 9.23; N, 9.48.

Chromatography of the residues obtained from concentra
tion of the above mother liquors on neutral alumina gave, on 
elution of the column with ether, a small quantity of additional 
34, mp 67-68°. Elution with petroleum ether-ether (1:1) 
gave a mixture of 34 and l-(methylsulfonyl)piperidine (char
acteristic X™ 4 10.4 u for sulfonamide but not characterized any 
further), mp 40-55°. Further elution with chloroform-ether 
(1:9) gave colored oils which displayed intense absorption in the 
infrared spectrum at 6.10 m-

2-(l-Piperidinophenylmethyl)-3-(l-piperidino)thietane 1 , 1-Di
oxide (37).—A stirred solution of 20.0 g (0.07 mol) of 2827 and
7.3 g (0.07 mol) of triethylamine in 60 ml of anhydrous tetra
hydrofuran under a nitrogen atmosphere was treated dropwise 
a t —10° with a solution of 8.1 g (0.07 mol) of methanesulfonyl 
chloride in 50 ml of the same solvent. The addition required 1 
hr. Upon completion of the addition, the mixture was permitted 
to warm slowly to room temperature and was stirred a t that 
temperature for 8 hr. The mixture was filtered to remove the 
precipitated triethylamine hydrochloride, and evaporation of 
the filtrate afforded a brown viscous oil. The oil became crystal
line after standing a t room temperature for 1 day. The partially 
crystalline mixture was mixed with ether and cooled to 0° to 
afford 14.45 g of yellow solid, mp 125-127°. Further recrystal
lization of this material from ether-petroleum ether gave pure 37 
as a colorless fluffy solid: mp 129-130°; X™ 4 7.50 8.40, and
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9.10 n (-SO2-); r S s 1J 8.11-8.92 (multiplet, 12  H , -C H 2-  of 
piperidino groups), 7.25-8.08 [multiplet, 8 H, (-CH2- )2N - of 
piperidino groups], 6.56 (broad triplet, J  = 6.0 Hz, H, 
>C H N <, 6.07 and 5.88 [singlet and doublet (J  = 3.0 Hz), 
respectively, 3 H, -CH 2-S 0 2-  and C6H5-C H -N < , respectively], 
4.93 and 5.13 (doublet of doublets, J  =  12.0 and 6.0 Hz, 1 H, 
>C H -S02-), and 2.75 (singlet, 5 H, phenyl group).

Anal. Calcd for C,0HMN,O2S: C, 66.26; H, 8.34; N, 7.73; 
S, 8.85. Found: C, 66.49; H, 8.46; N, 7.69; S, 8.97.

All filtrates and insoluble residues were combined and chro

matographed on neutral alumina. The only material isolated was 
37 and the total weight obtained by direct crystallization and 
chromatography was 15.5 g (61.0%).

Registry No.—7, 16808-51-8; 8,16808-52-9; 9, 16808-
53-0; 10,16808-54-1; 11,16808-55-2; 12,16808-56-3; 15, 
16808-57-4; 17, 16808-58-5; 19, 16793-41-2; 25, 16793- 
42-3; 26,16793-43-4; 29, 16791-06-3; 31 ,16790-87-7; 32, 
16790-88-8; 34, 16790-89-9; 37, 16790-90-2.

U nsaturated H eterocyclic System s. X L I . Selected Reactions 
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2-Methylene-4-phenyl-2H-thiete 1,1-dioxide (1 ) could be hydrogenated in two distinct stages to a dihydro and 
tetrahydro derivative, respectively. This strained sulfone (1) was also found to undergo ready Michael reaction 
with dimethylamine. When exposed to 1,3-diphenylisobenzofuran, both 1 and its phenyl congener 7 gave rise 
to Diels-Alder adducts. In each instance, a single adduct was formed. The stereochemistry of the adducts 
and the stereospecificity of the processes have been assigned on the basis of spectral data and steric considera
tions. Irradiation of 1 in diethyl ether leads to the formation of a lone (2 +  2t ) dimer. Spectral analysis and 
dipole moment data establish the structure of the dimer as that of the trans-1,2-cyclobutane derivative 14. The 
probable mechanistic pathways for the stereoselective photocyeloaddition are discussed.

The preceding paper describes the first synthesis of 
highly unsaturated and reactive methylenethiete di
oxides.1 The “cross conjugation” of the butadiene 
chromophore with the sulfonyl group in such mole
cules, when considered together with the relatively high 
degree of ring strain, makes the system a particularly 
suitable subject for experimental evaluation of chem
ical reactivity, bond hybridization, and involvement of 
d orbitals at the heteroatom. Although the geometri
cal parameters (i.e., interorbital and internuclear 
angles) for a molecule such as 1 have not yet been eval
uated, a number of modified physical and chemical 
properties can be expected because of varied hybridiza
tion at the vinylic carbon atoms. Although the four 
carbon centers fall roughly into two sets of similarly 
hybridized atoms, their relative reactivities were an
ticipated to differ significantly and to lend to the mole
cule properties which are not normally seen in un
strained a,/?-unsaturated sulfones or thiete dioxides. 
The present paper describes the chemical properties of 1 
and 7, of which reactions have been selected in an at
tempt to provide insight into the reactivity differences 
of the exocyclic and endocyclic double bonds.4

2H-thiete 1,1-dioxide (2) principally on the basis of 
its nmr spectrum (see Experimental Section). When 
the pressure of hydrogen was increased to 50 psig and 
the catalytic hydrogenation allowed to proceed for 
58 hr, thietane dioxide 3 was formed in greater than 
90% yield (Scheme I).

S c h e m e  I

H2,l<W Pd-C 

atm. pressure

H2,10#P d-C  

50 psig

Exposure of 1 to a cold ethereal solution of dimethyl- 
amine (eq 1) led to the formation of 2-dimethylamino- 
methy 1-3-dimethy lamino-4-pheny lthietane 1,1-dioxide
(4), mp 76-78°, isomeric with the sulfone of identical

Results and Discussion
When a dilute solution of 1 was hydrogenated at 

atmospheric pressure over 10% palladium on charcoal, 
there resulted a rapid uptake of hydrogen which ceased 
before 1 equiv was consumed. The resulting dihydro 
derivative was easily identified as 2-methyl-4-phenyl-

(1) F o r  p a r t  X L  o f th is  series, see  L . A . P a q u e t te ,  M . R osen , a n d  H . 
S tu ck i, 33 , 3020 (1968).

(2) T h is  ■work w as  g en e ro u sly  s u p p o r te d  b y  G ra n t  G P-5977  fro m  th e  
N a tio n a l S cience  F o u n d a tio n .

(3) A lfred  P . S loan  F o u n d a tio n  R esea rc h  Fellow .
(4) O ur in te n d e d  g oa l w as so m e w h a t b ec lo u d ed  b y  th e  fa c t  t h a t ,  of th e  tw o  

kn o w n  a n d  av a ila b le  m e th y le n e th ie te  d iox ides (1 a n d  7 ) , o n ly  7 possesses tw o  
id e n tic a lly  s u b s t i tu te d  (ex cep t fo r th e  r in g ) d o u b le  b o n d s . H ow ever, a s  w ill 
b e  seen , th e  chem ica l b e h a v io r  of 1 is su ffic ien tly  d ia g n o stic  of th e  d ive rg en ce
in  re a c tiv i ty  b e tw e en  th e  tw o  s ite s  of u n s a tu ra t io n  to  b e  of in te rp re tiv e  v a lu e .

'CH^H
ether

(CH3)2N CH2N(CH3)2

Q H '
J - so 2

(1)

gross structure, mp 91-93°,5 utilized in the preparation 
of l .1 The stereochemical relationship of the two iso
mers could not be established with certainty owing to 
unresolvable complexities of certain nmr absorptions 
and the lack of appropriate model compounds.

Reaction of equimolar quantities of 1 and 1,3-di
phenylisobenzofuran (5) in refluxing benzene solu-

(5) L . A . P a q u e t te  a n d  M . R o sen , J .  A m er. Chem . Soc ., 89 , 4102 (1967).
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tion (eq 2) for 16 hr afforded in 79% yield a single 
crystalline 1:1 adduct which had been assigned struc
ture 6. In confirmation of the structural assignment, 
the nmr spectrum of 6 displayed only an AB quartet 
(J = 13.0 Hz) at r 6.67 and 7.17 (methylene protons) 
and a singlet at 3.38 (styrene proton) in addition to the 
aromatic proton absorption.

A similar Diels-Alder condensation of 5 with 2- 
benzylidene-4-phenyl-2H-thiete 1,1-dioxide (7) led to 
the spiro sulfone 8 (eq 3). The cis relationship of the

endoxy bridge and the sulfonyl group follows from the 
steric considerations presented below. A decision as to 
whether the phenyl group is of the exo or endo configura
tion was attained from a comparative analysis of the 
nmr spectra of 8 and 6. Thus, whereas 6 exhibited a 
singlet at r 3.38 for the styryl proton, the spectrum of 
8 displays the same proton at 3.94. The magnitude of 
this upfield shift is most readily understood in terms of 
diamagnetic shielding experienced by the styryl pro
ton in 8 because of its proximity to the face of the ben
zene ring in question. I t follows therefore that this 
phenyl substituent occupies the endo position and that 
the structure of methylenethiete dioxide 7 is that 
in which the benzylidene phenyl group is trans to the 
sulfonyl function.1

Diels-Alder additions to methylenethiete dioxides 
thus clearly prefer involvement of the exocyclic double 
bond. The formation of lone adducts in these cyclo
additions is interesting and suggests steric control in the 
transition states leading to 6 and 8. Inspection of dia
grams 9 and 10 reveals that in the first transition state 
the bulky space-filling sulfonyl group is forced to lie in 
close proximity to the underface of the planar isobenzo- 
furan molecule. Such nonbonded interaction can be 
expected to raise the energy associated with 9 to the 
point where transition state 10 becomes the only low 
energy pass available to the reacting components.

Endoxy sulfone 6 was reversibly protonated in hot 
polyphosphoric acid (80% recovery after quenching 
in water subsequent to 12-hr exposure at 100°). How
ever, when 6 was refluxed in an acetic acid solution of 
anhydrous hydrogen bromide, there resulted a mixture 
consisting chiefly of monobromide 12 and traces of

dibromide 13. The gross structural assignment of 12 
was substantiated by elemental analysis and spectral 
data (see Experimental Section); the exact position of 
attachment of the bromine was not established. On 
the basis of the above data and precedent concerning 
the acid-catalyzed dehydrative expulsion of sulfur 
dioxide from a thietane dioxide,6 the pathway in Scheme 
II is proposed. Protonation of 6 at the endoxy bridge

S c h e m e  I I

12 13

can lead with the proper migration of electrons (as 
shown) to the expulsion of sulfur dioxide. The result
ing tertiary carbinol is without doubt rapidly dehy
drated to attain the additional resonance energy of the 
naphthalene ring. Electrophilic addition of hydro
gen bromide to the resulting acetylene (11) produces 
the observed products.

Irradiation of a dilute ether solution of 1 with an 
Hanovia 200 W mercury arc for 5 days gave in 12% 
yield a lone crystalline photodimer (4). The dimeric 
nature of this material was derived from its elemental 
analysis and mass spectrum. The latter displayed a 
molecular ion at m/e 384 (18% of base), a peak at m/e 
192 (47% of base) corresponding to the molecular ion 
of the monomer, and peaks at m/e 144 (base) and 128 
(86% of base) which result from the loss of sulfur mon
oxide and oxygen, respectively and consecutively, from 
the monomer unit. The nmr spectrum of 4 denoted the 
presence of two vinyl protons, and the ultraviolet ab
sorption curve confirmed the presence of two a-sul- 
fonyl styrene chromophores. These data established 
the fact that dimerization had occurred exclusively at 
the exocyclic double bond. On the basis of this anal
ysis, four possible structures for the dimer are theoret
ically possible: cfs-1,2 (14a), trans-1,2 (14b), cfs-1,3 
(14c), and trans-1,3 (14d).

The nmr spectrum of 14d can be expected to display a 
sharp singlet for the cyclobutane protons since rapid 
inversion of the puckered cyclobutane ring at room 
temperature would effectively average the four protons 
and cause them to be magnetically equivalent. In 
contrast, the cyclobutane methylene groups of dimer

(6) L . A . P a q u e t te  a n d  T . R . P h illip s , J .  Org. Chem ., 30 , 3883 (1965).
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14c would very likely give rise to a symmetrical AB 
pattern in which the individual peaks would probably 
be further split by transannular coupling. Precedent 
for this analysis has been derived from the spectra of 
the isomeric l,3-dihalo-l,3-dimethylcyclobutanes.7 In 
the cis-1,2 structure (14a), one hydrogen of each methy
lene group is seen to be cis to a sulfonyl group and there
fore subject to its field effect; a significant difference in 
chemical shift between the two types of protons would 
very likely result. With regard to the corresponding 
trans compound (14b), these effects would be somewhat 
minimized and large chemical-shift differences would 
perhaps not be seen. In actuality, the photodimer 
shows a broad temperature-independent multiplet 
centered at r 7.27 (Wi/2 = 3.7 Hz) for the methylene 
protons. Although this observation eliminated the
1,1,3,3-tetrasubstituted cyclobutane formulations (14c 
and d) from consideration, it remained to differentiate 
between 14a and b.

The dipole moment of the dimer was 2.7 ± 0.5 D. in 
benzene solution. Whereas the dipole moments of 
cis isomers 14a and 14c can be expected to be very large 
(8-10 D.),8 those of trans isomers 14b and 14d would be 
expected to have canceling bond moments. Since 14d 
had already been eliminated as the correct structure, it 
became clear that the photodimerization of 1 had given 
rise exclusively to the trans-1,2 dimer (14b). The 
substance possesses a small, but significant, dipole 
moment since the two hetero rings probably cannot 
attain the conformation where the two dipoles are 
completely opposed.

Irradiation of 7 under analogous conditions for 
varying lengths of time gave no characterized products. 
The viscous yellow oils which resulted in these attempts 
contained no sulfonyl absorption in their infrared 
spectra.

The photodimerization of 1 to 14b represents yet 
another example of a symmetry-allowed photochemical 
2 +  2 cycloaddition.9 The question of whether the

(7) K . G rie sb au m , W . N aegele , a n d  G . G . W anless, J .  A m er . Chem , Soc., 
87, 3151 (1965).

(8) F o r  a n  ex cellen t d iscuss ion  of su lfo n e  d ipo le  m o m en ts , see C . C . P r ice  
a n d  S . O ae, “ S u lfu r  B o n d in g ,”  T h e  R o n a ld  P re ss  C o ., N ew  Y o rk , N . Y ., 
1962, p p  6 7 -7 3 .

formation of the oyclobutane ring is concerted or pro
ceeds by means of attack of a photochemically excited 
(it -► 7T*) molecule of 1 upon a ground-state counterpart 
(as illustrated) cannot be answered on the basis of the 
available data. It should be noted, however, that the 
two odd electrons in 15 enjoy appreciable resonance

delocalization. The high degree of stereoselectivity 
observed in the photodimerization process can be seen 
to result from minimal steric interference of the two 
sulfonyl groups in the most favorable transition state.

Both 1 and 7 failed to react when refluxed in benzene 
or toluene with diiron enneacarbonyl. No character- 
izable products were found on attempted cyclopropana- 
tion with trimethylsulfonium bromide and potassium 
f-butoxide in dimethyl sulfoxide solution at room tem
perature. 10

Experimental Section11
Partial Hydrogenation of 1.—A solution of 0.5 g (2.6 mmol) of

1 in 50 ml of ether containing 300 mg of 10% palladium on carbon 
was placed in an atmospheric hydrogenation apparatus. The 
uptake of hydrogen was rapid but ceased before 1 equiv was con
sumed. The catalyst was removed by filtration, and the filtrate 
was concentrated to give a colorless solid which possessed an 
unpleasant odor and contained starting material. Recrystalliza
tion of this mixture from ether-petroleum ether afforded 0.25 
g (49.5%) of 2-methyl-4-phenyl-2H-thiete 1,1-dioxide (2) as a 
slightly colored solid, mp 104-107°. An analytical sample of
2 was obtained from ether: mp 111-112°; X“ “ 7.62, 8.47, and
8.80 n (-SO2-); X®‘°H 255 (e 17,270); t?£s 8.48 (doublet, 
J  = 7.0 Hz, 3 H, methyl group), 5.25 (broad quartet, J  = 7.0 
Hz, 1 H, a-sulfonyl proton), 3.10 [singlet (slightly split), J  = 2.0 
Hz, 1 H, styrene proton], and 2.60 (singlet, 5 H, phenyl group).

Anal. Calcd for CioH100 2S: C, 61.83; H, 5.18; S, 16.51. 
Found: C, 61.95; H, 5.32; S, 16.45.

Complete Hydrogenation of 1.—A solution of 0.2 g (1.05 
mmol) of 1 in 30 ml ether containing 100 mg of 10% palladium on 
charcoal was shaken under 50 psig of hydrogen for 54 hr a t room 
temperature. The catalyst was removed by filtration and the 
filtrate was concentrated to give 0.2 g (>90%) of a colorless 
solid, mp 95-97°. Recrystallization from ether-petroleum 
ether (bp 60-80°) afforded pure 2-methyl-4-phenylthietane 1,1- 
dioxide (3): mp 107-109°; x£2‘ 7.62, 8.47, and 8.80 n (—SO2—); 
iw C!l 8.48 (broad doublet, J  = 7.0 Hz, 3 H, methyl group), 
7.25-7.75 (multiplet, 2 H, ring methylene protons), 5.55-5.95 
(multiplet, 1 H, nonbenzylic a-sulfonyl proton), 4.68 (multiplet, 
1 H, benzylic a-sulfonyl proton), and 2.60 (singlet, 5 H, phenyl 
group).

(9) R . H o ffm an n  a n d  R . B . W o o d w ard , J .  A m er. Chem . Soc ., 87 , 2046 
(1965).

(10) W . E . T ru c e  a n d  V. V. B ad iger, J .  Org. C hem ., 29, 3277 (1964).
(11) M e ltin g  p o in ts  w ere  d e te rm in e d  w ith  a  T h o m a s -H o o v e r  m e ltin g  

p o in t  a p p a ra tu s  a n d  a r e  co rrec ted . I n f ra re d  s p e c t ra  w ere  reco rd e d  w ith  a 
P e rk in -E lm e r  In f ra c o rd  M od el 137 s p e c tro m e te r  f i t te d  w ith  so d iu m  ch lo ride  
p rism s. U ltra v io le t  s p e c tra  w ere  d e te rm in e d  w ith  a  C a ry  14 reco rd ing  
sp e c tro m e te r . N u c le a r  m a g n e tic  re so n an ce  s p e c tra  w ere  o b ta in e d  w ith  a  
V a ria n  A -60 s p e c tro m e te r  p u rc h a s e d  w ith  fu n d s  m a d e  av a ila b le  th ro u g h  th e  
N a tio n a l S cience F o u n d a tio n . T h e  m ass  sp e c tru m  w as m e asu red  w ith  a n  
A E I  M S-9  m ass  s p e c tro m e te r  a t  a n  ion iz ing  en e rg y  of 70 eV . T h e  m icro 
a n a ly se s  w ere  p e rfo rm e d  b y  th e  S c a n d in a v ia n  M ic ro a n a ly tic a l L a b o ra to ry , 
H e rlev , D e n m a rk .
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Anal. Calcd for CioH120 2S: C, 61.19; H, 6.16; S, 16.34. 
Found: C, 61.18; H, 6.17; S, 16.22.

Reaction of 2-Methylene-4-phenyl-2H-thiete 1,1-Dioxide (1) 
with Dimethylamine.—Into a cold ( — 20°) solution of 0.30 g 
(1.6 mmol) of 1 in 20 ml ether was distilled excess dimethylamine 
and the resulting brown mixture was left overnight a t 0°. Evapo
ration of the solution and trituration of the residual brown oil 
with ether afforded on cooling 0.20 g (45.5%) of 2-dimethyl- 
aminomethyl-3-dimethylamino-4-phenylthietane 1,1-dioxide (4), 
mp 76-78°. Recrystallization from ether gave pure 4 (unassigned 
isomer): mp 84-85°; x£2‘ 7.50, 8.55, and 8.67 n (-SO2-);

7.83 and 7.60 (two singlets, 6 H each, dimethylamino 
groups), 6.90 (doublet, J  = 6.0 Hz, 2 H, -C H 2NMe2), 6.43 
(doublet, J  = 10.0 Hz, 1 H, >CHNM e2), 5.55-5.95 (multiplet, 
1 H, nonbenzylic a-sulfonyl proton), 4.82 (doublet, J  = 10.0 Hz, 
1 H, benzylic proton), and 2.52 (singlet, 5 H, phenyl group).

Anal. Calcd for C14H22N2O2S: C, 59.54; H, 7.85; N, 9.92. 
Found: C, 59.63; H, 7.85; N, 9.57.

3,4-Dihydro-l,4,4'-triphenylspiro[l,4-epoxynaphthalene-2(lH),- 
2'[2H-]thiete] l',l'-D ioxide (6).—A solution of 0 .7g (2.6mmol) 
of 1,3-diphenylisobenzofuran (5)12 and 0.5 g (2.6 mmol) of 1 
in 10 ml of benzene was refluxed for 16 hr under an atmosphere 
of nitrogen. The resulting brown solution was concentrated 
to an oil which was chromatographed on neutral alumina. Elu
tion of the column with ether-petroleum ether (1:2) afforded
1.15 g (79.2%) of colorless adduct, mp 210-212° dec. An analyti
cal sample of 6 was obtained from benzene-petroleum ether: mp 
207-209°, with prior formation of yellow color at 165°; X™0'3 
7.67 and 8.69 n (-SO2-); x“ °H 262 mM (<= 27,900); r ? ^ 1* 6.67 
and 7.17 (AB quartet, J  = 13.0 Hz, 2 H, methylene protons),
3.38 (singlet, 1 H, styrene proton), 2.20-3.15 (complex pattern 
with singlet a t 2.68, 17 H, fused aromatic ring protons and phenyl 
groups), and 1.88 (complex pattern, 2 H, fused aromatic ring 
protons).

Anal. Calcd for CsoRsAS: C, 77.89; H, 4.80; S, 6.93. 
Found: C, 78.21; H, 4.92; S, 6.74.

3,4-Dihydro-l ,3,4,4'-tetraphenylspiro [1,4-epoxynaphthalene- 
2(lH),2'[2H-]thiete] l',l'-D ioxide (8).—A solution of 1.05 g 
(3.8 mmol) of 1,3-diphenylisobenzofuran (5) and 1.0 g (3.7 mmol) 
of 7 in 15 ml of toluene was refluxed for one day under an a t
mosphere of nitrogen. The toluene was removed in vacuo and 
the yellow residue was chromatographed on neutral alumina. 
Elution of the column with ether-petroleum ether (1:3) gave 
0.4 g (20.0%) of yellow adduct, mp 211-213° dec. Recrystalliza
tion of this material from benzene-petroleum ether gave colorless 
crystals of 8: mp 216°, with prior formation of yellow color at 
190°; X“ cla 7.66 and 8.69 n (-SO2-); X*‘°H 263 mM _(e 12,970) 
and end absorption; r°°013 5.40 (multiplet, 1 H, benzylic proton),

3.94 (broad singlet, 1 H, styrene proton), 2.28-3.18 (complex 
pattern with singlet superimposed a t 2.92, 22 H, fused aromatic 
ring protons and phenyl groups), and 1.68-1.91 (complex 
pattern, 2 H, fused aromatic ring protons).

Anal. Calcd for C36H260 3S: C, 80.27; H, 4.87; S, 5.95.
- Found: 'C ,  80.20; H, 4.95; S, 5.94.

Further elution of the column with ether-petroleum ether (1:1) 
and ether gave 1.5 g of an oily solid. Recrystallization of this 
material from benzene-petroleum ether afforded 0.45 g of a 
mixture of 8, dibenzoyl ethylene, and 7, mp 162-165°.

Treatment of 6 with Hydrogen Bromide.—A stirred mixture of 
0.65 g (1.4 mmol) of 6 and 10 ml of glacial acetic acid containing 
0.5 ml of acetic anhydride was treated with gaseous hydrogen 
bromide for 5 min. The resulting red solution was refluxed for 
16 hr whereupon it turned dark brown. The solution was cooled 
and poured into water, and the organic components were ex
tracted with chloroform. Usual work-up of this solution gave 
0.9 g of a brown oil. Chromatography of this material on neutral 
alumina afforded, on elution with petroleum ether-ether (3:1), 
0.5 g (77.0%) of 12, as a colorless waxy solid, mp ca. 73° (prior 
softening a t 63°). Molecular distillation of this material a t ca. 
120° (0.02 mm) and recrystallization from methanol gave pure 
12: mp 68-70°; X“ ,11 14.33 n (aromatic system); X®‘°H 310 (e 
20,150), 285 (32,750), and 236 mM (37,400); rS£s 3.16 (singlet, 
1 H, vinyl proton), and 2.10-3.05 (complex pattern, 20 H, 
aromatic protons).

Anal. Calcd for C3oH2iBr: C, 78.09; H, 4.59. Found: C, 
77.63; H, 4.21.

Photolysis of 1. ¿raras-2,7-Diphenyl-l,6-dithiadispiro[3.0.3.2]- 
deca-2,7-diene 1,1,6,6-Tetraoxide (14b).—A stirred solution of
5.1 g (0.027 mol) of 1 in 450 ml of ether was irradiated under 
nitrogen with a Hanovia 200 W mercury arc for 5 days. Work-up 
gave a black oily solid which was chromatographed on neutral 
alumina. Elution of the column with ether-petroleum ether 
(1:1) afforded 0.9 g of starting material and 0.5 g (11.9% based 
on unrecovered 1) of photodimer 14b, mp 231° dec. An analytical 
sample of 14b was obtained from acetone: mp 232° dec (sintering 
a t ca. 205°); X™cls 7.62 and 8.64 ¡x (-S02-); X®“ H 258 mM 
(e 36,900), slight shoulder at 266, and end absorption;
7.27 [multiplet, 4 H, -f-CH2-}-2], 2.47 (singlet, 10 H, phenyl 
groups), and 2.10 (singlet, 2 H, vinyl protons).

Anal. Calcd for C20H 16O4S2: C, 62.48; H, 4.20; S, 16.68. 
Found: C, 62.31; H, 4.29; S, 16.65.

Registry No.—2, 16791-00-7; 3, 16791-01-8; 4, 16791- 
02-9; 6, 16791-03-0; 8, 16791-04-1; 14b, 16791-05-2.
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Reaction of triphenylamine with an aromatic carboxylic acid in polyphosphoric acid (PPA) gave 9-aryI-10- 
phenyl-9-acridanol (2) in yields as high as 50%, together with a mixture of para-acylated triphenylamines; acrida- 
nol 2 arises by cyelization of an intermediate ortho-acylated triphenylamine. Certain para-monoacylated tri
phenylamines were rearranged in PPA a t 190° into the corresponding acridanols 2 in ~50%  yield; p-di- and 
-tribenzoyltriphenylamines under similar conditions gave nuclear-substituted acridanols. The intermolecularity 
of the above transformations is supported. Acylation of triphenylamine with acid anhydrides and acid chlorides 
in the presence of anhydrous stannic chloride proceeded readily in benzene solution and provided para-acylated 
triphenylamines.

The Friedel-Crafts and other electrophilic substitu
tion reactions of triphenylamine have been recently 
studied.1-4 A consideration of the findings that the 
products were para-substituted derivatives led Baker, 
et al.,* to conclude that the ortho positions in triphenyl
amine were sterically hindered. However, a prelim
inary account1 2 3 4 5 of the formation of 9,10-diphenyl-9-ac- 
ridanol (2a) from triphenylamine and benzoic acid in 
polyphosphoric acid (PPA) indicated otherwise. This 
synthesis has now been developed and extended to pro
vide a convenient new route to the little-known acri
danols 2, in which ortho acylation of triphenylamine 
features prominently.

From equimolar amounts of triphenylamine and an 
aromatic acid in PPA at 120-125° for 0.5 hr, under 
which conditions rearrangement of para-acylated tri
phenylamines into acridanols did not occur (see below), 
the corresponding 9-aryl-10-phenyl-9-acridanol (2), 
essentially free of ketone impurity, was afforded in 
about 10% yield (Table I) . The acid-soluble products 
were formulated as acridanol 2 on the basis of their 
properties, analysis, and infrared spectra; in several in
stances the assigned structures were confirmed by com
parison with authentic material prepared from N- 
phenylacridone and the appropriate arylmagnesium 
bromide.6

Compensating for the poor yields of acridanol in the 
direct synthesis were the advantages of rapidity and ap
parent general applicability of the method, and the ease 
of isolation of the product, as compared with the pro
cedure6 utilizing Grignard reagents. However, not all 
aromatic acids were successfully employed in the new 
method, and 4-nitrobenzoic acid, for example, failed to 
yield acridanol. Glacial acetic acid gave a trace of 
what may have been the corresponding acridanol, but 
the reaction with aliphatic acids was not generally ex
amined.

The direct synthesis, which resembles Popp’s mod
ification of the Bernthsen acridine reaction6 with tri
phenylamine in place of diphenylamine, undoubtedly 
involves preliminary formation of 2-acyltriphenylamine 
as an intermediate. That such an ortho acylation is 
sterically feasible was demonstrated by forming 2,7-di- 
methyl-9-phenyl-10-(p-tolyl)-9-acridanol (2m) in nearly

(1) B . S ta sk u n , J .  Org. Chem ., 29, 2856 (1964).
(2) C . J .  F ox  a n d  A . L . Jo h n so n , ib id ., 29 , 3536 (1964).
(3) C . J .  F o x  a n d  A . L . Jo h n so n , M akrom ol. Chem ., 82, 53 (1965).
(4) T . N . B ak e r, W . P . D o h e r ty , W . S. K elly , W . N ew m ey er, J .  E . R ogers , 

R . E . S pa ld in g , a n d  R . I .  W a lte r , J .  Org. Chem ., 30, 3714 (1965).
(5) L . H . C one, J .  A m er. Chem . Soc., 36, 2101 (1914).
(6) F . D . P o p p , J .  Org. C hem ., 27, 2658 (1962).

quantitative yield from 4,4',4"-tritolylamine (lh) and 
benzoic acid in PPA. In support of the suggested in
termediate, 2-benzoyl triphenylamine (la) underwent 
facile and quantitative conversion into 2a in PPA at 
120°; this cyelization was effected also by anhydrous 
aluminum chloride, anhydrous stannic chloride, boron 
trifluoride etherate, and concentrated sulfuric acid.

la, R  = 2-C6H5CO; R, =  R2 = H
b, R =  3-C6H5CO; R, =  R2 =  H
c, R = 4-C6H5CO; R, =  R2 = H
d, R = 2-C6H5CO; R, =  4'-CeH6CO; R2 = H
e ,  R =  4-CeH6CO; R4 =  4'-CeH5CO; R2 =  H
f, R = 2-C6H6CO; R, = 4'-C6H5CO; R2 = 4"-C6H5CO
g, R  = 4-C6H5CO; R, = 4'-CeH6CO; R2 =  4"-CeH5CO
h, R  =  4-CHs; R, =  4'-CH3; R2 =  4"-CH3
i, R = 2-CeH5CO; R4 = 4'-CH3; Rz = 4"-CH3
j, R = 3-C6H5CO; R, = 4'-CH3; R2 = 4"-CH,
k, R = 4-p-CH3C6H4CO; R, = R2 = H
l, R  =  4-p-CH3C6H4CO; R i = 4'-p-CH3C6H4CO; R2 = H
m, R = 4-CH3CO; R, = R2 = H
n, R = 4-n-C5H„CO; R, = R2 = H

2a, R — R2 = C 3H6; R i — R3 = H
b, R = o-CH3C3H4; Ri = R3 = H; R2 = Cells
c, R — ot-CH3C6H4; R, = R3 = H; R2 = Cells
d, R = p-CH3CeH4; Rt = R3 = H; R2 — Cells
e, R — o-BrCeH4; R, = R3 — H; R2 — Cells
f, R  — m-BrCeER; R4 — R3 = H; R 2 — Cells
g, R = p-BrCeH4; Ri = R3 = H; Rü = CeHs
h, R = o-ICeII4; R, = R3 = H; R^ = CeHs
i, R =  j)-FCeH4; R, — R3 — H; R2 =  CeHs
j, R  = CeHs; Ri = R3 = H; R2 = p-CeH5COCeH4
k, R = CeHs; Ri =  CsH5CO; R2 = p-CeHsCOCe^; R3 = H
l, R = CeHs; R, =  CH3; R2 = p-CH3CeH4; R 3 = H
m, R — CeHs; Ri = R3 =  CH3; R2 = p-CII3( 4 i,
n, R = p-CH3CeH4; Ri — R 3 = H; R2 = p-Ci13C , 4 ) ( ' tl R

In addition to acridanol 2a, the acylation of triphenyl
amine with benzoic acid afforded an acid-insoluble mix
ture of unreacted triphenylamine, 4-benzoyltriphenyl- 
amine (le), 4,4'-dibenzoyltriphenylamine (le), and
4,4,,4,,-tribenzoyltriphenylamine (lg); each acyl de
rivative was identified unequivocally by comparison 
with authentic material prepared by an appropriate
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T a b l e  I

D ir e c t  S y n t h e s is  o f  S u b s t it u t e d  9-A c r id a n o ls  (2) fro m  T r ip h e n y l a m in e  ( 1 .2  g, 0.005 m ol)

A ro m atic
W e ig h t of 
a ro m a tic M o la r R eacn Y ield, Pimi ti 4 PA -A cridano l ^ a ic a , /o JULU-1, /Q

ac id ac id , g ratio® te m p , °C M ethod^ p ro d u c t %« M p , °C F o rm u la c H N C H N

B enzo ic 0 .3 1 :0 .5 120-125 A 12*«
0 .6 1 :1 120-125 A 12**
1 .2 1 :2 120-125 A n d
2 .4 1 :4 120-125 A 17** 175-177*
0 .3 1 :0 .5 155-160 A 2ac 34*«
0 .6 1 :1 155-160 A 15-25'* C kH i .N O 8 5 .9 3 5 .4 8 4 .0 1 8 6 .0 0 5 .6 2 3 .8 9
0 .6 1 :1 155-160 B 23d
0 .3 1 :0 .5 190-195 A 48*«
0 .6 1 :1 190-195 A 25-35'*
0 .6 1 :1 190-195 B 47 d

2 -T o lu ic 0 .3 5 1 :0 .5 160 A 35*«
0 .7 l :  1 155-160 A 2b^ 14** 191-192 C 26H 2iN O 8 5 .9 2 5 .8 2 3 .8 5 8 5 .8 0 5 .7 0 3 .5 8
0 .7 1 :1 160 B 28<*

3 -T o lu ic 0 .7 1 :1 190 B 2 cG 38s 143-144 C jgH kN O 8 5 .9 2 5 .8 2 3 .8 5 8 5 .9 0 5 .7 5 3 .7 5
4 -T o lu ic 0 .7 1 :1 120-125 A 10<*

0 .7 1 :1 155-160 A 2d* 25« 174-176 C k H kN O 8 5 .9 2 5 .8 2 3 .8 5 8 5 .8 1 5 .9 1 3 .7 5
0 .3 5 1 :0 .5 190 A 48*«
0 .7 1 :1 190 B 45-50**

2 -B rom obenzo ie 1 .0 1 :1 160 A 12**
1 .0 1 :1 195 A 2e 26** 187-189 C aH iaB rN O 7 0 .1 0 4 .2 3 3 .2 7 7 0 .3 0 4 .2 3 3 .3 8
1 .0 1 :1 190 B 22**

3-B rom obenzo ic 1 .0 1 :1 195 B 2f 23** i CiGHisBrN O
4-B rom obenzo ic 1 .0 1 :1 120-125 A 2g 7** 197-199 C 26H isB rN O 7 0 .1 0 4 .2 3 3 .2 7 7 0 .1 1 4 .2 3 3 .3 4

1 .0 1 :1 190 B 19**
2 -Iodobenzo ic 1 .2 1 :1 190 B 2h 9** 200-203 C k H isIN O 6 3 .1 7 3 .8 2 2 .9 5 6 3 .1 5 3 .9 4 2 .8 7
4 -F lu o ro b en zo ie 0 .7 1:1 120-125 A 10**

0 .7 1 :1 190-195 A 2i 15" 176-179 C kH isF N O 8 1 .7 2 4 .9 4 3 .8 1 8 1 .3 3 4 .9 6 3 .6 9
0 .7 1 :1 190 B 21**

° Triphenylamine/aromatic acid. 1 Method A, reactants were stirred together in PPA (10 g) for 0.5 hr. Method B, aromatic acid 
was added portionwise over 0.25 hr to a solution of amine in PPA and stirring was continued for an additional 0.25 hr. « Crude acrida- 
nol. ** Negligible ketone impurity present. « Yield based on aromatic acid. f L it.5 mp 178°. « Structure established by comparison
with product of Cone5 synthesis. h Product contaminated with acylated acridanol; purification proved troublesome and required a 
number of recrystallizations. * Acridanol not purified.

T a b l e  I I
S u b s t i t u t e d  T r i p h e n y l a m i n e s  ( 1 )  P r e p a r e d  b y  U l l m a n n  R e a c t i o n

Y ield , <----------C a lcd , %• /*----------F o u n d , % ----------V
R eactan ts®  (w eigh t, g) %b P ro d u c t M p , °C F o rm u la c H N C H N

Diphenylamine (1«), 2-iodobenzophenone (1.5) 40 la 127-128 c 26h 19n o 85.93 5.48 4.01 85.87 5.42 4.11
Diphenylamine (1«), 3-iodobenzophenone (1.5) 40 lb 139-140 c 26h 19n o 85.93 5.48 4.01 85.82 5.54 4.29
Diphenylamine (1«), 4-iodobenzophenone (1.5) 
4,4'-Dibenzoyldiphenylamine (0.3),

60 lc 127-128 c 26h 19n o 85.93 5.48 4.01 85.74 5.69 4.20

iodobenzene (0.7«) 
4,4'-Dibenzoyldiphenylamine (1.2),

50 le 143-144 032H23N 02 (81.50 5.34 2.97)** 81.83 5.40 3.31

2-iodobenzophenone (1.5«) 
4,4'-Dibenzoyldiphenylamine (0.8),

70 If 150-151 c 39h 27n o 3 84.00 4.88 2.51 84.07 4.91 2.61

4-iodobenzophenone (1.5«) 50 lg 176-177« C39H27N03 84.00' 4.88 2.51 83.98 4.83 2.69
4,4'-Ditolylamine (1), 4-iodotoluene (1.1) 20 lh 115-116*' c 21h 21n 87.76 7.37 4.87 87.84 7.41 4.82
4,4'-Ditolylamine (1), 2-iodobenzophenone (1.5) 50 li 140 c 27h 2Sn o 85.91 6.14 3.71 85.66 6.15 3.88
4,4'-Ditolylamine (1), 3-iodobenzophenone (1.5) 50 lj 105-107 c 27h 23n o 85.91 6.14 3.71 85.89 6.20 3.51
Aniline (5°), 4-iodobenzophenone (1.5) 30 0 148-149 CisHisNO 83.49 5.53 5.13 83.51 5.58 5.22

° Amine, iodo compound. 6 Pure compound; recrystallizations from aqueous acetone. The crude yields are not maximal and im
provements may well be possible. All the products were obtained as yellow crystals, except 4-benzoyltriphenylamine ( lc , colorless) and 
4,4',4"-tritolylamine (lh, buff). « Excess of reactant. d Calcd for C32H23N 02-H20. Compound le  crystallized from aqueous acetone 
as the monohydrate, mp 143-144°, as was indicated by analysis and by the (weak) absorption at 2.70 and 2.77 m in the infrared spectrum. 
« Lit.2 mp 173.5-175.5°. ■* H. Wieland [Ber., 40, 4279 (1907)] reports mp 117°. » 4-Benzoyldiphenylamine.

Ullmann7 reaction (Table II). The composition of the 
acid-insoluble product varied with the molar ratio of re
actants employed. Thus, with benzoic acid in large 
excess (4:1), 4,4',4/,-tribenzoyltriphenylamine (Ig), was 
obtained in 80% yield [together with 2a in improved 
and apparently maximal yield (17%)]; this is a much 
more convenient preparation of lg than that from ben
zoyl chloride and aluminum chloride.2

When the synthesis of acridanol 2a from equimolar 
amounts of reactants was conducted at 160 and 190°, 
the yield of acid-soluble product was increased, but 
this now showed (weak-medium) carbonyl absorption 
in the infrared and was, as found subsequently, con

(7) F . U llm an n , Ber., 36, 2382 (1903).

taminated with C-acylated acridanol. Certain other 
aromatic acids, however, furnished the acridanol 2 virtu
ally free of ketone impurity, even at these elevated re
action temperatures (Table I) .

That the C-acylated acridanols were not derived by 
nuclear acylation of acridanol 2 was shown by recover
ing acridanol 2a unchanged after treatment with ben
zoic acid in PPA at 190°. Their presence became ex
plicable when it was found that certain of the para- 
acylated triphenylamines could be transformed by PPA 
into acylated acridanols.

A variety of pure acylated triphenylamines were 
treated with PPA at 190-195° for 0.5 hr with the fol
lowing results; other observations pertaining to a mech
anism are included.
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4-Benzoyltriphenylamine (lc), although unaffected 
at 120-125°, was rearranged at the higher reaction tem
perature into 9,10-diphenyl-9-acridanol (2a) in 45% 
yield; also formed was triphenylamine and other 
material of unknown constitution. 4-(p-Toluoyl) tri
phenyl amine (lk) likewise afforded 9-(p-tolyl)-10- 
phenyl-9-acridanol (2d) in 55% yield. I t was of prepar
ative and mechanistic significance that the acridanols 
derived in this manner were contaminated with minor 
amounts only of ketone impurity. In support of an 
intermolecular process, reaction lc —► 2a when con
ducted in the presence of 4,4,,4"-tritolylamine (lh) 
gave acridanol 2a together with 2,7-dimethyl-9-phenyl-
10-(p-tolyl)-9-acridanol (2m).

Nuclear-acylated acridanols were obtained on sub
jecting p-di-and triacylated triphenylamines to the 
action of PPA at 190-195° for 0.5 hr. Thus, 4,4'-di- 
benzoyltriphenylamine (le) was converted (50%) into 
a mixture of acridanol 2a and 10-(p-benzoylphenyl)-9- 
phenyl-9-acridanol (2j); benzoic acid sublimed during 
reaction; its presence was indicative of an intermolec
ular process. The acid was liberated also when 4,4',4"- 
tribenzoyltriphenylamine (lg) was transformed (40%) 
into acridanol 2j and 2-benzoyl-10-(p-benzoylphenyl)-
9-phenyl-9-acridanol (2k). The products 2j and 2k 
were identified by comparison with samples derived by 
cyclization of the appropriate 2-benzoyltriphenylamine 
in PPA or concentrated sulfuric acid. In this respect, 
the reaction of 2,4',4"-tribenzoyltriphenylamine (If), 
to give acridanol 2k, which involved electrophilic at
tack on a deactivated nucleus, was noticeably slow com
pared with that of 2-benzoyltriphenylamine (la) under 
similar conditions.

Although the acyl groups in 4,4 ',4 ' '-tribenzoyltri- 
phenylamine (lg) were not sterically hindered, the com
pound nevertheless suffered extensive deacylation in 
PPA at 190° (c/. Balaban, et al.8) as was demonstrated 
by heating in the presence of excess triphenylamine to 
give 9,10-diphenyl-9-acridanol (2a) as the sole acid- 
soluble product of reaction.

The above observations and results may be ration
alized in terms of the tentative intermolecular processes 
assumed to occur at 190-195° and depicted in Schemes 
I (lc -*■ 2a), II (le -*■ 2a +  2j), and III (lg -*■ 2j +  2k).

S c h e m e  I

c 6H5Nc/ ) H  c6h 5̂ o h

c6h 5/ N 's c6h 5 c6h 5/ N 'n c6h 5
A

-r s o 
V ° H

TPA  +  C6H5CO — ► la 2a

C e H / X CeH5 

B

(8) M . F ran g o p o l, A. G en u n ch e , N . N eg o ita , P . T . F ran g o p o l, a n d  A . T .
B a lab an , Tetrahedron, 23 , 841 (1967).

S c h e m e  I I

as in  S chem e I  .
le  (+H + ) ^ .... ........ * lc +  CsHiCO — Id — >- 2j

I S chem e I  
> 2a

S c h e m e  III
as in  S chem e I  +

lg (+H +) ; — ■—  ±  le  +  C6H5CO — >■ If — >- 2k
S chem e I I  

1--------^ 2j

4-Benzoyltriphenylamine (lc) and benzoic acid in PPA 
at 120-125°, however, gave the para-acylated deriva
tives le  and lg, and negligible acridanol 2j (and thus Id); 
competitive ortho acylation is inhibited presumably be
cause of the proximity to the reaction site of the posi
tively polarized N atom. The production of acridanol 
2j via  lc as in Scheme II may become feasible at 190° 
if lc is less extensively protonated at the higher tem
perature.

I t is noteworthy that the raefa-acylated bases, viz.,
3-benzoyltriphenylamine (lb) and 3-benzoyl-4',4"-di- 
methyltriphenylamine (lj), failed to rearrange into 
acridanols in PPA at 190-195; in this respect it is signifi
cant that these substances are incapable of providing 
structural contributions analogous to A and B (Scheme
I ) .

In the light of the behavior of the various para-ac- 
ylated triphenylamines in PPA, a modified procedure 
for acylating triphenylamine with aromatic acids was 
adopted and led to improved yields (10-50%, depend
ing on the nature of the aromatic acid) of acridanol 2 
practically free of ketone impurity (Table I). Thus, 
addition portionwise, of benzoic acid to a solution of an 
equimolar amount of triphenylamine in PPA at 190- 
195°, gave acridanol 2a in 47% yield. A similar im
provement was achieved more conveniently by mixing 
the amine and benzoic acid in the molar ratio 2:1 and 
heating with PPA. In these reactions triphenylamine,
the least deactivated and hence most reactive substrate

+
competing for acylium ion, RCO, was present in excess 
throughout, with the result that those processes giving 
rise to C-acylated acridanols (Schemes II and III) were 
effectively curtailed; moreover, the yield of product was 
augmented by rearrangement of 4-benzoyltriphenyl- 
amine (lc) under the reaction conditions prevailing.

When treated with 4-toluidine in PPA acridanol 2a 
was converted into what appeared to be 9,10-diphenyl-
9-p-tolylaminoacridan (3).

9 ,10-D ia ry l-9-acridanols  3033

The facility with which triphenylamine undergoes 
electrophilic substitution has been noted.1-2'4 It is pos
sible in fact to acylate the amine with acid anhydrides 
and acid chlorides using benzene as the solvent. Re
fluxing a benzene solution of equimolar amounts of tri
phenylamine and benzoic anhydride (or benzoyl chlo
ride) and excess anhydrous stannic chloride for 1 hr, for
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A c y la tin g  a g e n t

Benzoyl chloride

4-Toluoyl chloride 
Benzoic anhydride

n-Hexanoic anhydride 
Acetic anhydride 
Benzoyl chloride

T a b l e  III
A c y l a t io n  o p  T r i p h e n y l a m i n e  (1.2 g, 0.005 mol) i n  B e n z e n e  S o l v e n t  (15 ml)

Lew is ac id

Anhydrous stannic chloride

Anhydrous aluminum chloride

4-Toluoyl chloride
“ Triphenylamine/acylating agent/Lewis acid.

M o la r  ra t io  of 
r e a c ta n ts “ R e a c tio n  p roducts^  (y ie ld , % )c

1:1.05:4 TPAd (—15), lc (70), le  (<5), lg (negligible)
1 :2 .4:8 TPA (negligible), lc (small), le (~40), lg (~25)
1:1:4 TP A (25), lke (65)
1 : 1 . 1:8 TPA (5), lc (69), le  (6), lg (<5), 2a (<5)
1:3.3:12 TPA (negligible), lc (negligible), le  (~50), lg  (~20)
1:1 .1 :4 In ' (60)
1:1 .1 :4 lm" (65)

1 : 1 :2 .7 TPA (~40), lc (~15), le (~15)
1:4:4 .5 TPA (—10), lc +  le  (small), lg (65-70)
1 :2 .2 :2 .5 TPA (negligible), lk  (~3), IF (>30)

1 Separated on a silica gel column; identity confirmed by comparison with Ullmann
product (Table II). 0 Crude yield reported, based on triphenylamine. d Triphenylamine. e Pale yellow crystals from aqueous ace
tone, mp 92-93°. Anal. Calcd for C26H21NO: C, 85.92; H, 5.82; N, 3.85. Found: C, 85.63; H, 5.72; N, 3.76. < Colorless, viscous 
gum, bp 200-209 (0.1 mm) [lit.2 bp 230-235° (0.5 mm)]. Anal. Calcd for C24H25NO: C, 83.92; H, 7.34; N, 4.08. Found: C, 84.05;
H 7 32- N, 4.03. » Colorless crystals from aqueous acetone, mp 143-144° (lit.2 mp 142-143°). h Yellow crystals from aqueous ace
tone, mp 205-206°. Anal. Calcd for C34H27N 02: C, 84.79; H, 5.65; N, 2.91. Found: C, 84.47; H, 5.70; N, 2.91.

example, afforded 4-benzoyltriphenylamine (lc) in 70% 
yield. This method was likewise successful for other 
para-monoacylated triphenylamines (Table III). Util
ization of an excess of benzoyl chloride in the presence of 
anhydrous aluminum chloride under similar conditions, 
led to 4,4',4"-tribenzoyltriphenylamine (lg) in —70% 
yield. Products containing a high proportion of para- 
diacylated triphenylamine resulted from use of other 
molar proportions of reactants (Table III).

Experimental Section9
Direct Synthesis of 9-Aryl-10-phenyl-9-acridanols (2) from Tri

phenylamine and Aromatic Acids (Table I). General Procedure.
—Equimolar amounts of triphenylamine (1.2 g, 0.005 mol) 
and aromatic acid were stirred together with PPA (10 g, Riedel-de 
Haen) at 120-125° for 0.5 hr. After cooling and addition of 
water (~ 50  ml), acid-insoluble material A was removed, and 
the (charcoaled) filtrate made alkaline with 5 N  sodium hydroxide 
to deposit acridanol 2 (7-12%; negligible carbonyl absorption 
at 6.0-6.05 n in the infrared), which was purified by reprecipita
tion from dilute hydrochloric acid and subsequent recrystalliza
tion from either aqueous acetone, aqueous pyridine, or petroleum 
ether (bp 80-100°). A mixture of 2 and nuclear-acylated 
acridanol resulted from reaction at 160 or 190° (Table I).

Improved yields of acridanol 2, likewise virtually free of ketone 
impurity, were afforded (i) by stirring triphenylamine (1.2  g) 
and aromatic acid in the molar ratio 2:1, with PPA (10 g) at 
190-195° for 0.5 hr, and also (ii) by adding the aromatic acid 
portionwise over a period of 0.25 hr to a stirred solution of an 
equimolar amount of triphenylamine (1.2 g) in PPA (10 g) at 
190-195° and continuing the heating for an additional 0.25 hr.

Details of the synthesis performed under a variety of conditions 
as well as other relevant data are given in Table I.

The acridanols 2 dissolved readily in dilute mineral acids and 
in dilute acetic acid and formed green solutions which exhibited a 
striking “ Flourescein” -like fluorescence in ordinary light. The 
infrared spectra of the acridanols 2 (listed in Table I) and com
pounds 21 and 2m were very similar in the 2.7-8.6-^ region and 
all showed sharp peaks at or near 2.80 (m) (OH stretching), 
6.20 (s) (medium peak in 2m), 6.60 (m), 6.70 (s), 6.85 (s), 7.40 
(s), 7.60 (m), 7.80 (m-s), 8.60 (m), and 9.7-9.8 (s) n. The mass 
spectra of the acridanols 2 (2a, c, and m) all showed a parent

(9) M e ltin g  p o in ts  a re  u n co rree ted . In f ra re d  sp e c tra  c o n s is te n t w ith  th e  
p ro p o sed  s tru c tu re s  w ere  o b ta in e d  fo r a ll new  co m pounds a n d  w ere  reco rded  
on  a  P e rk in -E lm e r  In f ra c o rd  M od el 137 sp e c tro p h o to m e te r  u sing  a  1-mg 
sa m p le  p e r  300 m g  of p o ta ss iu m  b ro m id e . M ass  sp e c tra  w ere  d e te rm in ed  
fro m  a n  A E I  M o d el M S-9 m ass  sp ec tro m e te r  (70 eV ). T h in  la y e r  ch ro m a
to g ra p h y  (tic) w as ca rried  o u t w ith  silica gel G ; th e  m ob ile  p h ase  w as benzene 
c o n ta in in g  1%  ac e to n e , a n d  sp o ts  w ere  lo c a ted  b y  v isu a l in sp ec tio n  a n d /o r  
b y  th e ir  fluorescence  in  u lt ra v io le t  lig h t (350 ran). C o lu m n  c h ro m a to g ra p h y  
w as p e rfo rm e d  w ith  silica gel (K ieselgel, M erck ; 0 .0 5 -0 .2 0  m m ) u sed  w ith o u t 
p r e t r e a tm e n t;  th e  p rog ress  of th e  sep a ra tio n s  w as fo llow ed in  u lt ra v io le t  
lig h t (350 m/x).

peak M, and peaks at M — OH, M — R, and (M — OH — 
R +  1).

Examination (tic9) of the acid-insoluble material A above, 
derived from benzoic acid, showed it to contain triphenylamine,
4-benzoyltriphenylamine (lc), 4,4'-dibenzoyltriphenylamine (le), 
4,4',4"-tribenzoyltriphenylamine (lg), and other (unchar
acterized) compounds. When acid-insoluble A (1.4 g) was 
dissolved in a minimal amount of benzene and chromatographed 
on silica gel (30 g) with benzene as the eluent, it afforded tri
phenylamine (fraction 1, purple fluorescence9), 0.48 g (40% 
recovery); compound lc (fraction 2, blue fluorescence), 0.30 g 
(~17% ); compound le (fraction 3, blue-purple fluorescence), 
0.30 g (~15% ); and compound lg (fraction 4, blue-purple 
fluorescence), 0.10 (~ 4% ). The latter (base lg) could be readily 
eluted from the column by means of benzene-acetone (20: 1 ).

With increase of benzoic acid in the acylation the content of 
di- and triacylated derivatives le  and lg in the acid-insoluble 
product A was enhanced at the expense of triphenylamine and 
compoimd lc. Treatment of triphenylamine (1.2  g) with a 4 M  
proportion of benzoic acid (2.4 g) in PPA (10 g) at 120-125° for 
0.5 hr, gave, in addition to acridanol 2a (0.30 g, 17%), crude 
4,4',4"-tribenzoyltriphenylamine (lg, 2.3 g, 80%) contaminated 
(tic) by a small amount of compound le  and free of triphenyl
amine and base lc.

2,7-Dimethyl-9-phenyl-10-(p-tolyl)-9-acridanol (2m) was pre
pared by stirring 4,4',4"-tritolylamine (lh, 0.25 g) with excess 
benzoic acid (0.15 g) in PPA (5 g) at 110-130° for 0.5 hr. After 
addition of water, the mixture was filtered, and the green fluores
cent solution was made alkaline to deposit acridanol 2m (0.30 g, 
~90% ). Recrystallization of this from aqueous acetone gave 
colorless crystals, mp 149-150°.

Anal. Calcd for C28H25NO: C, 85.90; H, 6.44; N, 3.58. 
Found: C, 85.74; H, 6.49; N, 3.53.

9,10-Diphenyl-9-(p-tolylamino)acridan (3).—Acridanol 2a (0.2 
g) was reacted with an excess of 4-toluidine (0.2 g) in PPA (4 g) 
at 120-125° for 0.5 hr. Addition of water afforded a yellow- 
green fluorescent solution; this was filtered from negligible 
insoluble impurity and made alkaline to deposit crude 3 con
taminated with 4-toluidine. Recrystallization from aqueous 
acetone gave colorless crystals, mp 199-201°, soluble in dilute 
mineral acid affording a green fluorescent solution.

Anal. Calcd for C32H26N2: C, 87.63; H, 5.98; N, 6.39. 
Found: C, 87.05; H, 5.92; N, 6.14.

The infrared spectrum of 3 revealed acridanol 2a to be absent 
and displayed a weak absorption at 2.95 (NH stretching) and a 
medium peak at 12.2 a (para substitution).

Preparation of Substituted Triphenylamines by the Ullmann 
Reaction (Table II).—The general procedure is illustrated for 
2-benzoyltriphenylamine (la). A mixture of diphenylamine 
(1 g, excess), 2-iodobenzophenone (1.5 g), anhydrous potassium 
carbonate (0.8 g), and copper powder (50 mg) in nitrobenzene 
(10 ml) was refluxed for 5-6 hr. After removal of the solvent by 
steam distillation, the insoluble residue was extracted with 
benzene and the dried, concentrated extract was chromato
graphed on silica gel (40 g) using benzene as the eluent. A
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fraction with a strong yellow fluorescence9 was evaporated to 
afford crude la , recrystallized as yellow crystals from aqueous 
acetone, mp 127-128°.

Details of the various acylations are collected in Table II.
4,4'-Dibenzoyldiphenylamine.—Ullmann reaction of 4-iodo- 

benzophenone (1.5 g) with 4-aminobenzophenone (1.2 g, excess) 
as above gave, after removal of nitrobenzene solvent, a dark 
brown insoluble product. This was extracted successively with 
2 N  hydrochloric acid and with methanol to remove undesirable 
material, and the residue of 4,4'-dibenzoyldiphenylamine (1 g, 
~54% ) was recrystallized from 90% (v/v) acetic acid; the 
pale green crystals, mp 241-242°, were identical (mixture 
melting point and infrared spectrum) with those from the acyla
tion of diphenylamine with benzoic acid in PPA .1

Acylation of Triphenylamme in Benzene Solution (Table III).— 
The following preparation illustrates the general procedure. A 
solution of triphenylamme (1.2 g, 0.005 mol) and benzoic an
hydride (1.25 g, 0.0055 mol) in benzene (15 ml) was treated with 
anhydrous stannic chloride (10.5 g, 0.04 mol) and refluxed for 
1 hr during which period hydrogen chloride was evolved and 
some crystalline material separated. Water and benzene were 
added and a substance B, sparingly soluble in both the aqueous 
and organic phases, was filtered off. The benzene layer (~50  
ml) was washed with 2 N  sodium hydroxide and water, dried 
(anhydrous magnesium sulfate), concentrated (rotary evapora
tor), and chromatographed9 on silica gel (30 g) using benzene as 
the eluent to afford the following products (crude yield): tri- 
phenylamine (0.06 g, 5%), lc (1.2 g, 69%), le (0.14 g, 6%), and
Ig (< 0.1 g).

Product B above appeared to be a complex of acridanol 2a and 
SnCh (or HjSnCb) (see below) and dissolvedg radually on 
warming with 1 N  hydrochloric acid; addition of alkali to the 
green fluorescent solution gave acridanol 2a (0.06 g, 4%) identi
fied by its infrared spectrum.

Other acid anhydrides and also acid chlorides were treated 
similarly with triphenylamme in the presence of anhydrous 
stannic chloride or anhydrous aluminum chloride, and the 
relevant details and results are shown in Table III.

Formation of 9-Acridanols by Cyclization of 2-Benzoyltri- 
phenylamines. 9,10-Diphenyl-9-acridanol (2a).—The crudeprod- 
uct, obtained in methods A-E below, was in each case identified 
as acridanol 2a by its infrared spectrum.

A. —2-Benzoyltriphenylamine (la, 0.2 g) dissolved readily 
in concentrated sulfuric acid (1.5 ml) with an exothermic effect, 
and a green fluorescent solution was obtained instantly. After 
remaining at ~20° for 0.5 hr, this was poured into water and the 
solution made alkaline to deposit crude acridanol 2a in quantita
tive yield (0.2 g).

B. —Compound la  (0.3 g) and anhydrous aluminum chloride 
(0.4 g) were intimately mixed and heated at -~120°; a vigorous 
reaction set in with evolution of hydrogen chloride and yellow 
fumes. The temperature was kept at 120-140° for 5 min, warm 
1 N  acid HC1 was added, and the filtered solution made alkaline 
to furnish acridanol 2a in quantitative yield (0.29 g).

C. —2-Benzoyltriphenylamine (la, 0.1 g) was stirred with 
PPA (2 g) at 110-120° for 20 min. The mixture was treated 
with water and the solution was basified to give acridanol 2a 
(0.09 g, ~90% ). When conducted at 20° for 0.5 hr, the reaction 
led to acridanol 2a in ~ 20% yield.

D. —Addition of boron trifluoride etherate (2 ml) to amine la  
(0.2 g) resulted in a green fluorescent solution. After 0.5 hr, 
this was treated with water which caused a yellow solid to deposit. 
The ether was evaporated and the insoluble material (suspected 
of being a complex of acridanol 2a and HBF4 or BF3) was warmed 
with hot 2 N  hydrochloric acid until dissolved; basifieation of 
the solution yielded acridanol 2a (0.18 g, ^90% ). A similar 
sparingly soluble complex was precipitated on addition of an 
aqueous solution of NaBFs to a solution of acridanol 2a in 2 N  
hydrochloric acid.

E. —A solution of amine la  (0.1 g) in anhydrous stannic chlo
ride (2 ml, excess) after remaining at ~ 20° for 1  hr was poured 
into 1 N  hydrochloric acid to afford a yellow fluorescent mixture 
with much insoluble material. The latter was filtered off and 
warmed with 1 N  hydrochloric acid when it dissolved; basifica- 
tion of the solution gave acridanol 2a (~50% ). A similar com
plex was deposited on mixing together 1 N  hydrochloric acid 
solutions of acridanol 2a and stannic chloride.

2-Methyl-9-phenyl-10- (p-toiyl )-9-acridanol (21).—2-Benzoyl- 
4' ,4"-dimethyltriphenylamine (li, 0.5 g) dissolved readily in 
concentrated sulfuric acid (4 ml) with an exothermic effect.

After 0.25 hr at ~ 20°, water was added and the green fluorescent 
solution basified to give crude 21 (0.48 g, <~95%) which was 
recrystallized as colorless crystals from aqueous acetone, mp
139-140°.

Anal. Calcd for C27H23NO: C, 85.91; H, 6.14; N, 3.71.
Found: C, 86.04; H, 6.16; N, 3.74.

Formation of 9-Acridanols by Rearrangement of 4-Acylated 
Triphenylamines. 9,10-Diphenyl-9-acridanol (2a).—4-Benzoyl- 
triphenylamine (lc, 1.0 g) was stirred with PPA (10 g) at 190- 
195° for 0.5 hr and the mixture was treated with water. Acid- 
insoluble material C (0.5 g) was removed, and the green fluores
cent filtrate was made alkaline to deposit acridanol 2a (0.45 g, 
45%; negligible carbonyl absorption) identified by its infrared 
spectrum. Product C was a mixture (tic) of triphenylamme, 
trace amounts of bases lc and le, and other substances (unidenti
fied). The conversion into 2a was less (15-20%) a t 155-160°, 
and negligible at 120-125°.

10-Phenyl-9-(p-tolyl)-9-acridanol (2d) was formed (0.38 g, 
55%) virtually free of ketone impurity, from 4-p-toluoyltri- 
phenylamine (lk, 0.7 g) and PPA (7 g) at 190-195° for 0.5 hr, 
and was identical (infrared spectrum) with acridanol 2d derived 
from p-tolylmagnesium bromide and N-phenylacridone.

Under similar conditions 3-benzoyltriphenylamine (lb) and 
3-benzoyl-4',4''-dimethyltriphenylamine (lj) were each con
verted into an acid- and alkali-insoluble solid which showed weak 
carbonyl absorption in the infrared spectrum. A trace of sus
pected acridanol was formed from lj (as evidenced by the green 
fluorescence of the acid reaction solution).

4-Acetyltriphenylamine (lm ) decomposed to an acid- and alkali- 
insoluble charcoal-like product; treatment with PPA at 140° 
for 0.5 hr afforded much unchanged lm  and a trace of acridanol. 
An excess of anhydrous aluminum chloride (0.5 g) acting on 4- 
benzoyltriphenylamine (lc, 0.5 g) at 190° for 0.5 hr failed to 
yield acridanol 2a; the acid-insoluble product (0.45 g) obtained 
after addition of water was a mixture (tic) of triphenylamme, 
base lc (and perhaps le), and other material (unidentified).

Equimolar amounts of amine lc (0.35 g) and benzoic acid (0.12 
g) in PPA (4 g) were stirred at 120-125° for 0.5 hr. Addition of 
water afforded an acid-insoluble mixture (tic) of compounds le  
and Ig, while the green fluorescent filtrate contained negligible 
base.

Intermolecularity of the Amine lc —► Acridanol 2a Rearrange
ment.—A mixture of 4-benzoyltriphenylamine (lc, 0.1 g) and 
4,4',4''-tritolylamine (lh, 0.05 g) in PPA (2 g) reacted at 
195-200° for 0.5 hr to furnish ~ 50  mg of acid-soluble base. 
This was found (infrared and mass spectra) to consist of acridanol 
2a together with 2,7-dimethyl-9-phenyl-10-(p-tolyl)-9-acridanol 
(2m).

Formation of Acylated Acridanols by Rearrangement of Di- 
and Triacylated Triphenylamines. 10-(p-Benzoylphenyl)-9- 
phenyl-9-acridanol (2j).—4,4'-Dibenzoyltriphenylamine (le, 0.8 
g, free of mono- and tribenzoyltriphenylamine impurity by tic) 
was stirred with PPA (15 g) at 190-195° for 0.5 hr, during which 
period a trace of benzoic acid (identified by its infrared spectrum) 
sublimed. After cooling and addition of water, insoluble material 
D (0.4 g; tic showed negligible base le  present) was removed, 
and the filtrate was made alkaline to afford a buff-colored product 
(0.3 g) composed (infrared and mass spectra) of acridanols 2a 
and 2j. The solution of product D in glacial acetic acid (5 ml) 
was diluted with 1 N  hydrochloric acid, the mixture was filtered 
hot (charcoal), and the green fluorescent filtrate was made 
alkaline to deposit crude 2j. This was purified by reprecipitation 
from its (charcoaled) benzene solution with petroleum ether (bp 
80-100°) and proved to be indentical (infrared spectrum) with 
acridanol 2j prepared as follows. The Ullmann reaction of 4- 
benzoyldiphenylamine (0.05 g, Table II) with 2-iodobenzo- 
phenone (0.2 g, excess) as before gave, after removal of nitro
benzene, crude 2 ,4 '-dibenzoyltriphenylamine (Id) which was 
warmed (90°) with concentrated sulfuric acid (1 ml) for 0.5 hr. 
Addition of water and filtration of the hot (charcoaled) mixture 
gave a green fluorescent solution, from which was obtained acrida
nol 2j characterized by spectral analysis. Infrared absorption 
was at 2.85 (m) (OH stretching) and 6.0 n (s) (CO stretching), 
and the spectrum which was similar to that of acridanol 2k 
(see below) could be distinguished from the latter by comparison 
of the relative intensities of the respective absorptions at 6.85, 
7.4r-7.8, 13.0, and 13.85 n- The mass spectrum (70 eV) showed 
a weak parent peak at m/e 453, a medium peak at m/e 436 
(M — OH), a medium peak at m/e 376 (M — Cells), and a 
base peak at m/e 360 (M — OH — CeHs +  1).
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2-Benzoyl-10-(p-benzoylphenyl)-9-phenyl-9-acridanol (2k).— 
4,4',4"-Tribenzoyltriphenylamine [lg, free (tic) of mono- and 
dibenzoytriphenylamine impurity] was stirred with PPA (20 g) 
at 190-195° for 0.5 hr; a small amount of benzoic acid (identified 
by its infrared spectrum) sublimed. After cooling, water (~ 50  
ml) was added, acid-insoluble material E (0.6-0.7 g, tic showed 
negligible base lg) was removed, and the filtrate was made 
alkaline to deposit a pale yellow solid (0.2 g) shown by its in
frared and mass spectra to be a mixture of acridanols 2j and 2k. 
Product E  was dissolved in glacial acetic acid (5 ml) and treated 
as for D above to provide crude acridanol 2k (0.2 g) which was 
purified by dissolving in benzene and adding petroleum ether 
(bp 80-100°) to afford a buff-colored solid, mp 115-120°.

Anal. Calcd for CssIIkNCL-HjO: C, 81.37; H, 5.08; N, 
2.43. Found: C, 81.70; H, 5.31; N, 2.46.

The mass spectrum showed a very weak parent peak at 
m /e 557, a weak peak at m /e 540 (M — OH), a weak peak at 
m /e 481 (M — C6H5 + 1 ), a weak peak at m/e 464 (M — OH — 
C6H5 +  1 ), a base peak at m /e 436 (M — OH — C6H5CO +  1), 
and a medium peak at m/e 360 (M — OH — C6H5COC6H4 + 1 ) .

A sample of acridanol 2k was prepared unambiguously by 
cyclization of 2,4',4"-tribenzoyltriphenylamine (If, 0.15 g) 
with PPA (5 g) at 120-125° for 0.5 hr. Addition of water (~100 
ml) to the orange fluorescent solution gave a sparingly soluble 
gum which was separated by decantation and dissolved in glacial 
acetic acid (5 ml). The acid solutions were combined, warmed 
to dissolve the sparingly soluble acridanol 2k, filtered hot (char
coal), and made alkaline to afford crude 2k (0.18, ~70% ) which 
was identical (infrared and mass spectra) with the rearrangement 
product of lg. In  concentrated sulfuric acid (1 ml) conversion

of amine If (0.2 g) into acridanol 2k proceeded very slowly at 
20° compared with the conversion amines lc  and li; reaction at 
90° for 1 hr afforded base 2k in ~20%  yield.

Deacylation of 4,4',4"-Tribenzoyltriphenylamine (lg).—A 
mixture of the amine (lg, 0.3 g) and excess of triphenylamine 
(1 g) in PPA (10 g) was stirred at 190° for 0.5 hr. After addition 
of water and removal of acid-insoluble material, the green 
fluorescent filtrate was made alkaline to give 9,10-diphenyl-9- 
acridanol (2a, 0.25 g, 45% yield, based on complete deacylation 
of amine lg) which showed no carbonyl absorption in its infrared 
spectrum.

Registry No.—la, 16911-31-2; lb, 16911-32-3; lc, 
16911-33-4; le, 16911-34-5; If, 16911-35-6; lg, 1183- 
66-0; lh, 1159-53-1; li, 16959-98-1; lj, 16959-99-2;
4-benzoyldiphenylamine, 4058-17-7; 2a, 16911-37-8; 2b, 
16911-38-9; 2c, 16911-39-0; 2d, 16911-40-3; 2e, 16960-
00-2; 2f, 16960-01-3; 2g, 16911-41-4; 2h, 16911-42-5; 2i, 
16911-43-6; 2j, 16911-44-7; 2k, 16911-45-8; 21, 16911-
46-9; 2m, 16911-47-0; 3, 16911-48-1; triphenylamine, 
603-34-9.
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The addition of chlorosulfonyl isocyanate to allenes (2,4-dimethyl-2,3-pentadiene, 2-methyl-2,3-pentadiene,
2,3-pentadiene, 3-methyl-l,2-butadiene, pentamethyleneallene, 1,3-diphenylpropadiene, phenylpropadiene, and 
cyclononadiene) has been studied. In all cases, initial electrophilic attack occurred at the central carbon atom 
of the allenic system to produce, in the transition state, an allyl-type stabilized carbonium ion. Structures of 
the N-chlorosulfonyl-^-lactam cycloadducts and/or 2-carboxamido-l,3-butadiene products have been established 
on the basis of nmr spectroscopy and conversion into authentic derivatives prepared independently by the reac
tion of chlorosulfonyl isocyanate with the appropriate olefin. In the case of 3-methyl-1,2-butadiene, a third 
product identified by degradation and synthesis as I-chlorosulfonyl-l-(2-earboxy-3-methyl-2-butenyl)urea was 
obtained. Chlorosulfonyl isocyanate added stereospeeifically to cis- and irans-/3-methylstyrene to lead to the cis- 
and trans-i3-lactam, respectively, hydrolysis of which led to erythro- and ¿lim>-3-amino-2-methyl-3-phenylpro- 
panoic acid hydrochloride. This experimentally determined relationship permitted assignment of the geometry 
of a number of /3-lactam, carboxamido-1,3-butadiene, and amino acid products.

With a few exceptions, the principal mode of electro
philic (E+) addition to cyclic and 1,3-disubstituted, 
straight-chain allenes has been via path a, while al
iéné itself and monosubstituted allenes react predom
inantly via the vinyl carbonium (4) route (path b).4 
Attack by the nucleophile (N- ) on carbonium ions 2 1 2 3 4

(1) T h is  researc h  w as s u p p o r te d  b y  P u b lic  H e a lth  S erv ice  R e sea rc h  G ra n t  
N o . 1-R01-A 108-063-01 fro m  th e  N a tio n a l I n s t i t u te  of A llergy  a n d  In fec tio u s  
D iseases  a n d  th e  D e p a r tm e n t of th e  A rm y , U . S. A rm y  M ed ic a l R esea rc h  
a n d  D ev e lo p m en t C o m m an d , O ffice of th e  S u rgeon  G enera l, u n d e r  C o n tra c t 
D A -49-193-M D -2992 . T h is  is C o n tr ib u tio n  N o. 339 to  th e  A rm y  R esea rch  
P ro g ra m  on  M a la r ia .

(2) P re s e n te d  in  p a r t  b e fo re  th e  O rgan ic  D iv is ion , 151st N a tio n a l M eetin g  
of t h e  A m erican  C h em ica l S oc ie ty , P it t s b u rg h , P a . ,  M a rc h  1966, A b s tra c ts , 
p  K 76 , a n d  a t  th e  F i r s t  In te rn a t io n a l  C ongress of H e te ro c y c lic  C h em is try , 
th e  U n iv e rs ity  of N ew  M exico , A lb u q u erq u e , N . M ., J u n e  12-15, 1967, P a p e r  
N o . 76.

(3) T a k e n  en tire ly  fro m  th e  P h .D . T hesis  of J . F . K elly , 1969.
(4) F o r  r e le v a n t  references, inc lu d in g  excep tions , cf. R . K . S h a rm a , B . A. 

S h o u ld e rs , a n d  P . D . G a rd n e r , J .  Org. Chem ., 32, 241 (1967); W . A. W a te rs  
a n d  E . F . K iefer, J .  A m er. Chem . Soc., 89 , 6261 (1968); a n d  tw o  re c e n t re 
v iew s of a lle n e  c h e m is try : A. A. P e tro v  a n d  A . V. F ed o ro v a , R u ss . Chem. 
Rev., 33 , 1 (1964); H . F isch e r  in  “ C u m u len es ,”  S. P a te i, E d ., In te rsc ien ce  
P u b lis h e rs , In c . ,  N ew  Y o rk , N . Y ., 1964, p p  1060-1083.

4

I /■ Ç -Ç = C ^  (a)

N E 
3

; c = c - c -  
I i 

N E
5

(b)

and 4 complete the reaction to observed products 3 and 
5, respectively.

Recently we reported that the stepwise 1,2-dipoIar 
cycloaddition of chlorosulfonyl isocyante (CSI) to al
lenes [2,4-dimethyl-2,3-pentadiene (6a), 3-methyl-l,2- 
butadiene (6d), pentamethyleneallene (6e) and 1,2-cy- 
clononadiene (6h) ] proceeded via path a to produce ini
tially, in the transition state, an allyl-type stabilized 
carbonium ion (7) leading ultimately to /3-lactams (8, 9) 
and/or from the aqueous extract, 2-carboxamido-l,3-
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butadienes (10).6 The reaction between CSI and 6d 
produced a third product (11) which seemed to be an 
adduct of 2 equiv of CSI with one of 6d.5 6 In this paper, 
we (i) report on CSI addition to allenes 2-methyl-2,3- 
pentadiene (6b), 2,3-pentadiene (6c), 1,3-diphenylpro- 
padiene (6f), and phenylpropadiene (6g); (ii) provide 
experimental details of the reaction between CSI and 
6a h, with proof of structure of both /3-lactam and diene 
amide products; (iii) identify 11 by degradation and 
independent synthesis; (iv) provide experimental evi
dence for the stereospecific cycloaddition of CSI to 
cis- and irans-/3-methylstyrene (cis and trans 16g),6 and 
(v) use this information to establish the geometry of a 
number of products.

Addition of CSI to allenes 6a, b, d, and e led to both 
N-chlorosulfonyl-/3-lactams and dienes: respectively,
l-chlorosulfonyl-4,4-dimethyl-3-isopropylidene-2-azeti- 
dinone (8a, 67%) and 3-methyl-2-isopropylidene-3-bu- 
tenamide (10a, 28%); l-chlorosulfonyl-3-ethylidene-
4,4-dimethyl-2-azetidinone (37%) (a 13:87 cis 8b- 
trans 8b mixture)7 and 2-ethylidene-3-methyl-3-buten- 
amide (25%) (a 29:71 cis 10b-trans 10b mixture);713
1- chlorosulfonyl -3 - methylene - 4,4 - dimethyl - 2 - azeti- 
dinone (8d, 23%), 3-methyl-2-methylene-3-butenamide 
(lOd, 36%), and l-chlorosulfonyl-l-(2-carboxy-3-meth- 
yl-2-butenyl)urea (11, 23%); and l-chlorosulfonyl-3- 
methylene-l-azaspiro[3.5]nonan-2-one (8e, 40%) and
2- (l-cyclohexenyl)-2-propenamide (lOe, 32%) (Chart 
I) . Allene 6c produced only diene 2-ethylidene-3-buten- 
amide (10c, 31%), whereas 6f, g, and h led only to 
N-chlorosulfonyl-d-lactams, 3-benzylidene-l-chlorosul- 
fonyl-4-phenyl-2-azetidinone (8f, 63%), 1-chlorosul- 
fonyl-3-methylene-4-phenyl-2-azetidinone (8g), and 10- 
chlorosulf onyl- 10-azabicy clo [7.2.0 ]undec-l - ene -11 - one 
(8h, 89%) (Chart I). No isolable products were ob
tained from the reaction of 1,2-heptadiene or 4-phenyl-
1,2-butadiene with CSI. Cycloadduct 8g was obtained 
in good yield as evidenced by the infrared spectrum, but 
polymerized within minutes via ring opening (since 
the carbonyl band at 5.5 g. shifted rapidly to ca 5.9 m)- 
Immediate benzenethiol-pyridine reduction of 8g per
mitted the isolation of the stable /3-lactam (9g) in 8% 
over-all yield. Similarly, reduction of 8a, b, d-f, and h 
provided the unsubstituted /8-lactams, 9a, b, d-f, and h, 
respectively, in yields of 55-91%. In general, proof of 
/3-lactam structures 9a, b, and d-h was established by 
acid hydrolysis to unsaturated amino acid hydrochlo-

(5) E . J . M o rico n i a n d  J .  F . K elly , J .  A m er. Chem . Soc., 88, 3657 (1966).
(6) E . J .  M o rico n i a n d  J . F . K elly , Tetrahedron L ett., 1435 (1968).
(7) (a) B ased  on  n m r  an a ly s is  of th e  u n s u b s t i tu te d  |8 -lactam  p ro d u c t m ix

tu r e  cis 9 b  a n d  trans  9 b ;  (b) th e  cis  o r trans  d e s ig n a tio n  re fe rs  to  th e  p o s itio n
of th e  olefinie m e th y l g ro u p  cis  o r  trans  to  th e  a d ja c e n t C = 0  g roup .

rides 12a, b, and d-h, which on hydrogenation led re
spectively, to 13a, b, and d-h. Amino acid hydrochlo
rides 13a, b, and d-g were independently prepared by the 
following sequence of reactions: (i) cycloaddition of
CSI to 2,4-dimethyl-2-pentene (16a), 2-methyl-2-pen- 
tene (16b), 2-methyl-2-butene (16d), ethylidenecyclo- 
hexane (16e), irans-l,3-diphenylpropene (16f), and cis- 
and irnns-/3-methylstyrcnes (cis 16g and trans 16g) led 
to the N-chlorosulfonyl-/3-lactam products (17a, b, and 
d-g, respectively); (ii) reduction to d-lactams 18a, b, 
and d-g, respectively; and (iii)acid hydrolysis to 13a, b, 
and d-g. Proof of structure of diene amides lOa-e was 
achieved by reduction to the following saturated de
rivatives: diisopropylacetamide (15a),8 2-isopropyl- 
butanamide (15b),9 2-ethylbutanamide (15c),10 2,3-di- 
methylbutanamide (15d),6’u and 2-cyclohexylpropan- 
amide (15e),12 respectively. In the case of lOd, hy
drogenation over Pd-C gave an 85% yield of partially 
reduced 2,3-dimethyl-2-butenamide (14d) and 15% of 
15d. We must revise our earlier suggestion18 and now 
conclude that the conversion lOd -*■ 14d must involve
1,4 reduction since neither of the independently pre
pared “1,2-reduction” products 2-methyl-3-methy- 
lenebutanamide (19d) and 3-methyl-2-methylenebutan- 
amide (20) isomerize to 14d under the catalytic condi-

CH2 c h 2

CH3CCH(CH3)CONH2 (CH3)2CHCCONH2
19(1 20

tions (5% Pd-C) employed. Finally, minor products 
(4-8%) of the addition of CSI to 16a, b, and d included
3-methyl-2-isopropyl-3-butenamide (19a), 2-ethyl-3- 
methyl-3-butenamide (19b), and 19d, respectively. 
Hydrogenation of 19a and b led to quantitative con
version into 15a and b, respectively, as did 14d, 19d, 
and 20 into 15d.

Structure of 11 (Chart II).—The identity of 11 was 
established as l-chlorosulfonyl-l-(2-carboxy-3-methyl-
2- butenyl)urea by benzenethiol-pyridine reduction to 
l-(2-carboxy-3-methyl-2-butenyl)urea (22). Both the 
ozonation of 11 and permanganate-periodate oxidation 
of 22 produced acetone, isolated as the 2,4-DNP deriva
tive, thus suggesting the same isopropylidene moiety in 
each. Catalytic reduction of 22 led to l-(2-carboxy-
3- methylbutyl)urea (23), alkaline hydrolysis of which
gave 2-carboxy-3-methylbutylamine (24). Benzoyla- 
tion of 24 under Schotten-Bauman conditions led 
to crystalline l-benzamido-2-earboxy-3-methylbutane 
(25). A parallel sequence of reactions on 22 26
27 with a final catalytic reduction also led to 25. Al
though 23 and 24 were isolated, purified, and character
ized, the reaction sequence 22 —> 23 -*■ 24 —► 25 could 
be accomplished in 47% over-all yield without isolation 
of intermediates. Authentic 25 was prepared from 
diethyl isopropylmalonate (28) via the half-ester (29), 
followed by a Mannich reaction to ethyl 3-methyl-2- 
methylenebutanoate (30) and its hydrolysis to 31. A 
Michael addition of HBr to 31 led to 2-bromomethyl-3-

(8) F . C . B. M arsh a ll , J .  Chem. Soc., 2754 (1930).
(9) G . S. S lom p , J r . ,  a n d  J .  L . Jo h n so n , J .  A m er . Chem . Soc., 80 , 915 

(1958).
(10) H . K och  a n d  F . H illb e ra th , B er., 73 , 1171 (1940).
(11) C . D . N en itze scu  a n d  I . C hicos, ib id ., 68, 1584 (1935).
(12) R . S. T h a k u r , J .  Chem . Soc., 1481 (1933).
(13) R efe ren ce  5, fo o tn o te  11.
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n

C h a r t  II

Os
---------->

O

c h 3

C eH sS H -P y r, 
<1 ac e to n e

COoH

(CH3)2C =C C H 2NHR 
22, R = CONH2
26, R  = H
27, R = C O C Ä

K M qO«-
N alO s  C 02H

I
(CH3)2CHCHCH2NHR

23, R =  CONH2
24, R = H
25, R =  COC6H5

c o 2c 2h 6

(CH3)2CHCH

^ C O íR
28, R =  C2H5
29, R = H

I C H iO , E t iN H

A

N H s

CHj C02H
H B r

(CH3)2CHCC02R ---------->  (CHj)2CHCHCH2Br
30, R =  C2Ü5 32
31, R = H

blet upfield (0.54 ppm) relative to the irows-methyl pro
tons (R4) in irons 17g.16’16

Benzenethiol-pyridine reduction of cis and trans 17g, 
respectively, led to cis and irons 18g; acid hydrolysis 
quantitatively converted the cis-i3-lactam into erythro- 
3-amino-2-methyl-3-phenylpropanoic acid hydrochlo
ride (erythro 13g), whereas the irans-/3-lactam led to the 
threo isomer (threo 13g). This experimentally estab
lished relationship (cfs-/3-lactam ->■ erythro-amino acid 
and £rons-/3-laetam -*■ threo-amino acid) permitted the 
identification and assignment of the geometry of a 
number of products, (i) The reduced, acid hydrolysis 
product of 9g was spectroscopically determined to con
sist of a 63:37 mixture of erythro 13g and threo 13g. 
(ii) Leuckart reduction of ethyl 2-benzoylpropanoate 
(33) led to an 18% yield of 13g identified as threo 13g.

o  c h 3
1. H C O îN H ,

Cense—CHC02C2H6 ---------------->- threo 13g
a a 2. H C l, reflux

methylbutanoic acid (32), treatment of which with 
aqueous ammonia led to the primary amine 24 and ul
timately 25.

The mechanism of formation of 11 is consistent with 
the initial formation of the allyl carbonium ion 7 (path 
a), followed successively by the 1,4-dipolar cycload
dition of 7b to a second molecule of the electrophilic 
dipolarophile CSI and hydrolytic cleavage to 11.14

(CH3)2CC=CH2

C = 0
I

NS02C1
7a

(CH3)2C=CCH2

¿ = 0  ^
I

NS02C1

7b
(CH,)2c ^  c h2

Is’S02Cl

< / 7 +

H.0

S02C1

Product Geometry.-—We recently reported the stereo
specific cis addition of CSI to cis- (cis 16g) and trans-fi- 
methylstyrene (trans 16g) to yield 2 -f 2 cycloadducts, 
N-chlorosulfonyl-cfs- (cis 17g) and -£raws-3-methyl-4- 
phenyl-2-azetidinone (trans 17g).6 The retention of 
configuration of R1-R 4 in cis and trans 17g is unequivo
cally supported by nmr data. Thus the eclipsed cis 
protons in cis 17g show the expected vicinal coupling of
7.25 Hz while the trans-skewed protons in trans I7g 
displayed vicinal coupling of 4.00 Hz. Furthermore, 
the methyl protons (R3) in cis 17g are in the shielding 
region of the cfs-phenyl ring (R2) and appear as a dou-

(iii) The reaction sequence commencing with allene 
6f -*■ 8f -*• 9f -*• 18f led solely to the cis isomer of
3-benzyl-4-phenyl-2-azetidinone (cis 18f) since acid 
hydrolysis of cis 18f quantitatively converted it into 
en/£/iro-3-amino-2-benzyl-3-phenylpropanoic acid hy
drochloride (erythro 13f). The alternative route to 
this amino acid (via 9f -*■ 12f -► 13f) also produced only 
erythro 13f. The homogeneity of cis 18f further sug
gested that the olefinic phenyl substituent (R3) in the 
N-chlorosulfonyl-d-lactam precursor 8f is trans to the 
carbonyl group.7b (iv) The reaction sequence com
mencing with the olefin trans 16f — 17f —»- 18f led solely 
to the trans isomer of 3-benzyl-4-phenyl-2-azetidinone 
(trans 18f) since acid hydrolysis quantitatively con
verted it into £/ireo-3-amino-2-benzyl-3-pheriylpro- 
panoic acid hydrochloride (threo 13f). (v) Finally, a
Mannich reaction on benzylmalonic acid (34) led to 
2-benzylcinnamic acid (35, 19%) and an 18% yield of a 
58:42 erythro-threo mixture of 13f. Earlier in this

CH2C6H5
C eH sC H O ,

C6H6CH2CH(C02H )2 --------- >  C6H5C H = C C 02H +  13f
34 NHs 35

paper, we had noted that the addition of CSI to 2-meth- 
yl-2,3-pentadiene (6b) had led to cis-trans isomers of 
both 8b and 10b in which the less sterically hindered 
trans isomer predominated.7b These conclusions were 
based on an nmr analysis of 9b (reduction product of 
8b) and 10b. Thus, in both cis 9b and cis 10b, the 
olefinic methyl group is in the plane of and proximate to 
the adjacent C = 0  group, and appears downfield (0.21 
and 0.44 ppm, respectively) in the nmr spectrum, rel
ative to the same substituent in irons 9b and irons 10b.

(14) A t th e  F i r s t  I n te rn a t io n a l  C ong ress  of H e te ro c y c lic  C h e m is try ,2 R . 
H u isgert re p o r te d  o n  “ 1 ,4-D ip o la r  C y c lo ad d itio n . A G en e ra l P r in c ip le  of 
H e te ro c y c lic  S y n th e se s .”  T h e  fo rm a tio n  of 11 is a  specific ex am p le  of th is  
s y n th e t ic  p r in c ip le . A  re la te d  ex am p le  h a s  re c e n tly  b ee n  re p o r te d  [H . 
U lric h , B . T u c k e r , a n d  A . A . R . S ay igh , J .  A m er. Chem . Soc,, 90 , 528 (1968)].

(15) K . D . B a rro w  a n d  T . M . S po tsw ood , Tetrahedron L ett., 3326 (1965).
(16) S im ila r s te reospec ific ity  w as o b se rv ed  in  th e  cy c lo a d d itio n  o f C S I t o  

cis- (cis  16i) a n d  iran s-3 -h ex en e  (trans  16 i). A n a ly tic a l a n d  s p e c tra l  d a ta ,  
a n d  re su lts  of decoup ling  ex p e rim en ts  fo r cis a n d  trans  17g , a n d  cis a n d  tra n s  
1 7 i a re  su m m a rized  in  th e  E x p e r im e n ta l S ection .
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E xp e rim e n ta l S e c tio n 17-22
Reaction of CSI with AUenes (16).—The general procedure 

used was as follows. A solution of the allene in anhydrous ether 
(15 ml/0.1 mol) was added dropwise to an ice bath cooled, stirred 
solution of an equimolar amount of CSI in the same solvent (20 
ml/0.1 mol). The solution was stirred until the ir spectrum 
showed the absence of the allene and isocyanate peaks (ca. 5.1 
and 4.4 y, respectively) (15 min to 3 hr) and poured onto 10-20 
g of ice. The ether layer was extracted with eight 15-ml portions 
of water and the aqueous extracts were combined with the water 
layer. The ether moiety was dried (NaaSOi) and evaporated to 
dryness imder a N2 stream. The residue was extracted or dis
solved in boiling solvent; the solution was decolorized (charcoal) 
and cooled to — 20° to give the N-chlorosulfonyl-0-lactam product
(8). Concentration of the filtrate occasionally gave additional 
amounts of product.

The combined aqueous extracts were extracted for 4^5 days 
(Raab extractor) with CH2CI2. The methylene chloride solu
tion after work-up led to the unsaturated amide product (10).

Variations in isolation procedure for 8 and 10 are noted under 
each allene.

2,4-Dimethyl-2,3-pentadiene (6a) (10.0 g, 0.10 mol) gave 16.3 
g (67%) of l-chlorosulfonyl-4,4-dimethyl-3-isopropylidene-2- 
azetidinone (8a): mp 71-72° (from hexane); uv max (CH3OH), 
241 my (« 22,000); ir (KBr), 5.58 y  (C = 0 ).

Anal. Calcd for C8Hi2N 03SCl: C, 40.45; H, 5.09; N, 5.89. 
Found: C, 40.55; H, 5.13; N, 6.20.

Evaporation of the CH2CI2 extract led to crude 3-methyl-2- 
isopropylidene-3-butenamide (10a) which was dissolved in 50 ml 
of ether and decolorized (charcoal), and 50 ml of hexane was 
added. The solution was boiled until the temperature reached 
50° and then cooled to give 4.0 g (29%) of pure 10a as needles: 
mp 134^135° dec and sublimes; ir (KBr), 6.09 y (C = 0 ).

Anal. Calcd for C8H i3NO: C, 69.04; H, 9.41; N, 10.01. 
Found: C, 68.88; H, 9.37; N, 10.11.

2-Methyl-2,3-pentadiene (6b) (8.2 g, 0.1 mol) gave 8.3 g 
(37%) of l-chlorosulfonyl-3-ethylidene-4,4-dimethyl-2-azeti- 
dinone (8b) after extraction with five 30-ml portions of boiling 
pentane: mp 92-93° (from pentane); uv max (CH3OH), 229 
mM («23,500); ir (KBr), 5.58 m ( 0 = 0 ) .

Anal. Calcd for CjHioNOaSCl: C, 37.59; H, 4.51; N, 6.26. 
Found: C, 37.72; H, 4.73; N, 6.10.

The methylene chloride extract was evaporated to 25 ml in 
vacuo and poured slowly into 150 ml of boiling hexane. The 
boiling was continued until the CH2CI2 had evaporated. The 
hexane was decanted and the residual oil was further extracted 
with three 25-ml portions of boiling hexane. The hexane ex
tracts were combined and were evaporated to 100 ml, cooled, and 
filtered to give 3.2 g (25%) of a 29% cfs-71% irons mixture of 
2-ethylidene-3-methyl-3-butenamide (10b): mp 55-57°; uv max 
(CH3OH), 227 my (e 23,100); ir (KBr), 6.08 y (C = 0 ); nmr

(17) M e ltin g  p o in ts  a re  co rrec ted ; b o iling  p o in ts  a re  u n co rrec ted . T h e  
in fra re d  sp e c tra  w ere reco rd e d  on  a  P e rk in -E lm e r 337 g ra t in g  sp ec tro p h o 
to m e te r ;  u lt ra v io le t  s p e c tra  w ere reco rd e d  on  a  C a ry  15 sp ec tro p h o to m e te r . 
N m r sp e c tra  w ere o b ta in e d  o n  a  V a ria n  A ssociates A -60A  sp e c tro m e te r  
u sing  T M S  as  a n  in te rn a l  s ta n d a rd  in  o rg an ic  so lv en ts  a n d  th e  D O H  p ea k  
(5 4.67) in  D 2O so lu tio n s . D o u b le  re so n an ce  e x p e rim en ts  on  cis  a n d  trans  
17g a n d  cis a n d  trans  17i (T a b le  I )  w ere c o n d u c ted  w ith  a  V a ria n  A ssocia tes 
6058A sp in  decoup ler. F u ll n m r  d a ta  a re  av a ila b le  in  re f  3. G as  ch ro m a to 
g ram s w ere ru n  on  a  P e rk in -E lm e r 880 in s tru m e n t  w ith  a  flam e io n iza tio n  
d e te c to r  a n d  u sing  a  co lu m n  p ac k ed  w ith  10%  S E  30 on  C h ro m o so rb  W . 
M icro an a ly ses  w ere p erfo rm e d  b y  S ch w arzk o p f M ic ro a n a ly tic a l L a b o ra to ry , 
W oodside , N . Y . C S I w as o b ta in e d  from  A m erican  H o e c h s t C o rp . 2- 
M e th y l-2 ,3 -p e n ta d ie n e  (6 b ), 2 ,3 -p e n ta d ie n e  (6c), a n d  p h en y lp ro p ad ien e  
(6g) w ere p re p a re d  fro m  th e  a p p ro p r ia te  olefin u s in g  S k a tte b p l’s g en e ra l tw o- 
s te p  p ro c e d u re ;17 18 3 -m e th y l-1 ,2 -b u ta d ie n e  (6d) a n d  p e n ta m e th y le n e  a l le n e  
(6e) w ere sy n th es iz ed  b y  re d u c t io n  of 3 -c h lo ro -3 -m e th y l- l-b u ty n e  a n d  
1 -e th n y l-l-ch lo ro cy c lo h ex an e , re sp ec tiv e ly , using  li th iu m  a lu m in u m  h y d rid e  
in  te tr a h y d ro fu ra n ;19 1 ,2 -cy c lo n o n ad ien e  (6h) w as p re p a re d  in  th e  one-s tep  
p ro ced u re  fro m  cy c lo o c ten e .20 1 ,3 -D ip h en y lp ro p ad ien e  (6f) w as sy n th es iz ed  
via  p ro to tro p ic  re a r ra n g e m e n t o f 1 ,3 -d ip h e n y lp ro p y n e  b y  a d s o rp tio n  o n  a  
bas ic  a lu m in a  co lu m n ;21 fra n s - l,3 -d ip h e n y lp ro p e n e  (16f) w as p re p a re d  b y  
th e  B am fo rd -S te v e n s  p ro ced u re .22 2 ,4 -D im e th y l-2 ,3 -p e n ta d ie n e  (6a) an d  
all o th e r  olefins (1 6 a -e , g , a n d  i) w ere o b ta in e d  fro m  th e  C h em ica l S am p les  
C o.

(18) L . S k a tte b p l, A cta  Chem . Sca n d ., 17, 1683 (1963).
(19) W . J .  B a iley  a n d  C . I t .  P fe ife r, J .  Org. Chem ., 2 0 , 95 (1955).
(20) K . G . U n tc h , D . J .  M a r tin , a n d  N . T . C aste llucei, ib id ., 3 0 , 3572 

(1965).
(21) T . L . J a c o b s  a n d  D . D a n k e r , ib id ., 2 2 , 1424 (1957).
(22) W . R . B am fo rd  a n d  T . S. S tev e n s , J .  Chem . Soc., 4735 (1952).

(CDCI3), for cis 10b, 5 6.40 (broad singlet, 2, NH2), 5.67 (q, 1, 
J  = 7 Hz, = C H C H 3), 5.05 and 4.85 (two broad singlets, 2, 
= C H 2), 1.84 (s, 3, CH3), and 1.78 (doublet with one peak under 
methyl singlet, 3, = C H C H 3); for trans 10b, 6 7.20 (broad sing
let, 2 , NH2), 6.65 (q, 1, /  = 7 Hz, = C H C H 3), 5.23 and 4.95 
(two broad singlets, 2, = C H 2), 1.84 (s, 3, CH3), and 1.71 (d, 3, 
/  = 7 Hz, = C H C H S).

Anal. Calcd for C7H 11NO: C, 67.17; H, 8.86; N, 11.19. 
Found: C, 66.81; H, 9.13; N, 10.81.

2.3- Pentadiene (6c) (4.2 g, 0.062 mol) gave 2.1 g (31%) of 
3-carboxamido-1,3-pentadiene (10c). After extraction of the 
ether layer with water, the combined aqueous extracts were then 
extracted with methylene chloride (Raab extractor) for 5 days. 
The methylene chloride extract was evaporated to dryness, and 
the residue was extracted with three 20-ml portions of boiling 
hexane to give, on cooling, 10c: mp 100-102°; uv max (CH3- 
OH), 220 him (« 20,200); ir (KBr), 6.08 y (C = 0 ).

Anal. Calcd for C6H9NO: C, 64.85; H, 8.15; N, 12.60. 
Found: C, 64.52; H, 8.19; N, 12.35.

3-Methyl-l,2-butadiene (6d) (5.0 g, 0.074 mol) gave 3.5 g 
(23%) of l-chlorosulfonyl-4,4-dimethyl-3-methylene-2-azetidi- 
none (8d) after extraction with three 30-ml portions of boiling 
pentane: mp 51-52° (from pentane); uv max (CH3OH), 218 
my (e 10,000); ir (KBr), 5.52 y (C = 0 ).

Anal. Calcd for C6H8N 0 3SC1: C, 34.37; H, 3.85; N, 6.68. 
Found: C, 34.51; H, 4.03; N, 6.80.

After the boiling pentane extraction, the yellow, semisolid 
residue was extracted with three 30-ml portions of boiling ether. 
Hexane was added to the hot combined ether extracts to the cloud 
point. The solution was boiled again, decolorized (charcoal), 
and filtered. Additional hexane was added (total ca. 50 ml), 
and the solution was boiled until l-chlorosulfonyl-l-(2-carboxy-3- 
methyl-2-butenyl)urea (11) began to precipitate. After cooling, 
11 was filtered. Further concentration of the filtrate led to addi
tional 11: total yield 2.3 g (23%) (from ether-hexane); mp 126- 
127°; uv max (CH3OH), 215 my (« 12,000); ir (KBr), 5.95 and
6.13 m (C = 0 ).

Anal. Calcd for C7H11N2O5SCI: C, 31.06; H, 4.10; N,
10.35; mol wt, 271. Found: C, 31.66; H, 4.38; N, 10.36; 
mol wt (isothermal distillation), 288.

The methylene chloride extract was evaporated to dryness and 
the residue was recrystallized from ether-hexane to give 2.9 g 
(36%) of 3-methyl-2-methylene-3-butenamide (lOd), mp 70° 
(with polymerization). Amide lOd polymerizes on standing in the 
solid state within 1 day, but it is stable for several days in ether 
solution: uv max (CH3OH), 223 m/i (« 7800); ir (KBr), 6.09 
M (C = 0 ).

Anal. Calcd for C6H9NO: C, 64.85; H, 8.15; N, 12.60. 
Found: C, 64.93; H, 8.24; N, 12.32.

Pentamethyleneallene (6e) (10.0 g, 0.09 mol) gave 9.15 g 
(40%) of l-chlorosulfonyl-3-methylene-l-azaspiro[3.5]nonan-2- 
one (8e): mp 96-97° (from hexane); uv max (CH3OH), 215 
m/i (« 2200); ir (KBr), 5.56 y (C = 0 ).

Anal. Calcd for C9H ijN 0 8SC1: C, 43.28; H, 4.85; N, 5.61. 
Found: C, 43.44; H, 5.02; N, 5.86.

The methylene chloride extract was evaporated in vacuo to 
dryness, and the residue was recrystallized from ether-hexane 
to give 2.4 g (32%) of 2-(l-cyclohexenyl)-2-propenamide (lOe): 
mp 135-137°; uv max (CH3OH), 234 him (« 8,500); ir (KBr), 
6.05 m (C = 0 ).

Anal. Calcd for C9H 13NO: C, 71.48; H, 8 .66; N, 9.27. 
Found: C, 71.78; H, 8.76; N, 9.38.

1.3- Diphenylpropadiene (6f) (2.0 g, 0.01 mol) gave 2.2 g (63%) 
of 3-benzylidene-l-chlorosulfonyl-4-phenyl-2-azetidinone (8f). 
After addition of 6f to CSI, the mixture was stirred for 1 hr at room 
temperature, after which it was poured into 50 ml of hexane. 
Crude 8f was filtered and recrystallized from ether-hexane to 
give 8f as needles: mp 98-99°; uv max (CH3OH), 219 him (e 
6100) and 304 (13,000); ir (KBr), 5.58 y (C = 0 ).

Anal. Calcd for C16H 12N 0 3SC1: C, 57.57; H, 3.62; N, 4.20. 
Found: C, 57.31; H, 3.64; N, 4.24.

Phenylpropadiene (6g) (6.4 g, 0.06 mol) gave 0.62 g (8%) of 
3-methylene-4-phenyl-2-azetidinone (9g). After addition of 6g 
to CSI, the mixture was stirred for 2 hr and cooled to —40°; 10.5 
g (0.095 mol) of thiophenol was added quickly, followed by slower 
addition (30 min) of 4.5 g (0.055 mol) of pyridine. The mixture 
was stirred for an additional hr at —40°, after which 75 ml of 
ethanol were added. The solution was evaporated in vacuo to a 
volume of 50 ml and then cooled to —20°. The precipitated 
diphenyl disulfide was filtered, and the filtrate was evaporated
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in vacuo. The residual oil was dissolved in the minimal amount 
of ether, deposited on a 2 X 25 cm column (Woelm neutral alu
mina, activity grade I), and eluted successively with equal 
volumes (200 ml) of hexane, CCh, and CHCI3. Crude 9 appeared 
in the CCh fraction, and after evaporation of the solvent, was 
recrystallized twice from hexane to give pure 9g: mp 106-107°; 
ir (KBr), 5.75 and 5.84 M (C = 0 ).

Anal. Calcd for C10H9NO: C, 75.45; H, 5.70; N, 8.80. 
Found: C, 75.58; H, 5.68; N, 8 .88.

1 ,2-Cyclononadiene (6h) (2.5 g, 0.02 mol) gave 4.7 g (89%) 
of 10-chlorosulfonyl-10-azabicyclo[7.2.0]undec-l-en-ll-one (8h) 
after extraction with three 20-ml portions of boiling pentane. Re
crystallization several times by cooling in Dry Ice-acetone bath, 
filtering, redissolution in pentane, and cooling to Dry Ice-acetone 
temperature gave pu re8h: mp 45-46°; uvm ax (CH3OH), 234 
m/i (« 14,500); ir (KBr), 5.51 m (C==0).

Anal. Calcd for CioHhNOsSCI: C, 45.54; H, 5.35; N, 5.31. 
Found: C, 45.47; H, 5.47; N, 5.09.

Benzenethiol-Pyridine Reduction of N-Chlorosulfonyl-0-Lac- 
tams (8) to 0-Lactams 9.—The general procedure used was as 
follows. A solution of pyridine (20% mol excess) in acetone 
(15 ml/0.1 mol) was added dropwise (30 min) to a stirred solu
tion of 8 and benzenethiol (2 equiv) in acetone (25 ml/0.1 mol), 
maintained at —30°. After stirring for an additional 30 min, 
an amount of water, equal to the volume of solvent acetone, was 
added slowly with stirring. The precipitated diphenyl disulfide 
was filtered, and the filtrate was extracted with six 25-ml por
tions of ether. The combined ether extracts were dried (NaeSCh) 
and evaporated to dryness, and the residue was recrystallized 
to give 9. Any variations in isolation procedures for 9 are noted 
under each 0-lactam.

Compound 8a (11.9 g, 0.05 mol) gave 7.0 g (77%) of 4,4- 
dimethyl-3-isopropylidene-2-azetidinone (9a): mp 99-100° (from 
hexane); uv max (CH3OH), 217 him (e 16,900); ir (KBr), 5.78 
and 5.85 /* (C = 0 ).

Anal. Calcd for C8H i3NO: C, 69.04; H, 9.41; N, 10.01.
Found: C, 68.78; H, 9.58; N, 9.82.

The cis-trans 8b mixture (4.5 g, 0.03 mol) gave 2.4 g (64%) of 
a 13% cis-87% irons mixture of 3-ethylidene-4,4-dimethyl-2- 
azetidinone (9b): mp 56-57° (needles from hexane); ir (KBr), 
5.71 m (C = 0 ); nmr (CDC13), for trans 9b, $ 7.65 (broad singlet, 
1, NH), 6.03 (q, 1, J  = 7 Hz, = C H ), 1.73 (d, 3, /  = 7 Hz, 
= C H C H 3), and 1.47 (s, 6, CH3), for cis 9b, 5 7.65 (broad singlet,
1, NH), 5.61 (q, 1, /  = 7 Hz, = C H ), 1.94 (d, 3, J  = 7 Hz,
= C H C H 3), and 1.38 (s, 6, CHa).

Anal. Calcd for C,HnNO: C, 67.17; H, 8.86; N, 11.19.
Found: C, 67.33; H, 8.81; N, 11.47.

Compound 8d (10 g, 0.125 mol) gave 6.15 g (55%) of 3-meth- 
ylene-4,4-dimethyl-2-azetidinone (9d). After evaporation of the 
ether extracts to dryness, the residual yellow oil was extracted 
with six 40-ml portions of boiling pentane. On cooling, 9d 
crystallized as long needles. Sublimation (50°, 1 mm) led to 
analytically pure 9d: mp 64r-65°; uv max (CH3OH) 229 my 
(e 2900); ir (CS2), 5.63 and 5.69 M (C = 0 ); Raman (CHC13), 
3.24 (= C H 2), 5.80 (monomer C = C ), and 5.89/i (dimer-polymer 
C = C ).

Anal. Calcd for C6H9NO: C, 64.83; H, 8.17; N, 12.60. 
Found: C, 65.15; H, 8.42; N, 12.59.

Compound 8e (1 1 . 1  g, 0.045 mol) gave 4.5 g (68%) of
3-methylene-l-azaspiro[3.5]nonan-2-one (9e): mp 114-115°
(needles from hexane); uv max (CH3OH), 227 m/x (e 2300); 
ir (KBr), 5.73 and 5.83 m (C = 0 ).

Anal. Calcd for C9H 13NO: C, 71.48; H, 8.66; N, 9.27. 
Found: C, 71.76; H, 8.69; N, 9.50.

Compound 8f (2.0 g, 0.006 mol) gave 1.25 g (91%) of
3-benzylidene-4-phenyl-2-azetidinone (9f). After addition of 
water, the solid which precipitated contained both diphenyl di
sulfide and 9f. This solid material was filtered and washed suc
cessively with three 30-ml portions of H20  and five 30-ml portions 
of cold hexane. The residual crude 0-lactam was recrystallized 
from acetone: mp 219-221°; uv max (CH30H ), 222 m/i (<■
9000) and 272 (10,700); ir (KBr), 5.77 and 5.88 m (C = 0 ).

Anal. Calcd for Ci6H i3NO: C, 81.68; H, 5.57; N, 5.95. 
Found: C, 81.97; H, 5.54; N, 6.16.

Compound 8h (3.0 g, 0.011 mol) gave 1.15 g (40%) of 10- 
azabicyclo[7.2.0]undec-l-en-ll-one (9h): mp 144-145° (from 
hexane); uv max (CH3OH), 212 m /i (e 11,400); ir (KBr), 5.71 
and 5.81 n (C = 0 ).

Anal. Calcd for Ci0H 15NO: C, 72.69; H, 9.15; N, 8.48. 
Found: C, 72.70; H, 9.24; N , 8.60.

Concentrated Hydrochloric Acid Hydrolysis of 0-Lactams 9 
to Amino Acid Hydrochlorides (12).—-The general procedure 
used was as follows. Concentrated HC1 (2 ml/g) was added to 
analytically pure 9 and stirred for 30 min. The excess H20  and 
HC1 was removed in vacuo to give a quantitative yield of pure 12 . 
In the specific cases noted, heating was required to effect hydroly
sis and/or an acetone wash was used.

Compound 9a gave 3-amino-3-methyl-2-isopropylidenebutanoic 
acid hydrochloride (12a): mp 215° dec; ir (KBr), 5.84/4 (C = 0 ).

Anal. Calcd for C8H 16N 02C1: C, 49.61; H, 8.33; N, 7.23. 
Found: C, 49.38; H, 8.24; N, 7.34.

Compound 9b gave 3-amino-2-ethylidene-3-methylbutanoic 
acid hydrochloride (12b): mp 213° dec; ir (KBr), 5.97 m
(C = 0 ).

Anal. Calcd for C7H 14N 02C1: C, 46.80; H, 7.86; N, 7.79. 
Found: C, 46.59; H, 7.80; N, 7.55.

Compound 9d gave 3-amino-2-methylene-3-methylbutanoic 
acid hydrochloride (12d): mp 168° dec; ir (KBr), 5.89 m
(0 = 0 ).

Anal. Calcd for C6H 12N 02C1: C, 43.52; H, 7.30; N, 8.46. 
Found: C, 43.60; H, 7.29; N, 8.69.

Compound 9e gave 2-(l-aminocyclohexyl)-2-propenoic acid 
hydrochloride (12e) after washing with cold acetone: mp 2 1 1 ° 
dec; ir (KBr), 5.90 m (C = 0 ).

Anal. Calcd for C9H 16N 0 2C1: C, 52.55; H, 7.84; N, 6.81. 
Found: C, 52.78; H, 8.09; N, 6.64.

Compound 9f was heated at 80° in concentrated HC1 for 30 min 
to give 3-amino-2-benzylidene-3-phenylpropanoic acid hydro
chloride (12f). The residue was treated with 25 ml of boiling 
acetone and filtered: mp 251-252° dec; uv max (CH3OH), 257 
m/i (e 18,600); ir (KBr), 5.92 /* (C = 0 ).

Anal. Calcd for Ci6HI6N 02C1: C, 66.32; H, 5.57; N, 4.83. 
Found: C, 66.15; H, 5.63; N, 5.16.

Compound 9g gave 3-amino-2-methylene-3-phenylpropanoic 
acid hydrochloride (12g) after washing with cold acetone: mp
197° dec; ir (KBr), 5.78 M (C = 0 ).

Anal. Calcd for C10H 12NO2Cl: C, 56.23; H, 5.66; N, 6.56. 
Found: C, 56.22; H, 5.64; N, 6.26.

Compound 9h gave 3-amino-2-carboxy-l-cyclononene hydro
chloride (12h): mp 145-146° dec; uv max (CH3OH), 212 m/i 
(e 12,500); ir (KBr), 5.81 /i (C = 0 ).

Anal. Calcd for Ci0H i8NO2C1: C, 54.67; H, 8.26; N, 6.38. 
Found: C, 54.58; H, 8.37; N, 6.64.

Catalytic Reduction of Amino Acid Hydrochlorides (12) to 
Amino Acid Hydrochlorides (13).—The general procedure used 
was as follows. A mixture of 1.0 g of 12 in 75 ml of ethanol and 
0.2 g of catalyst was hydrogenated in a Paar apparatus under 
50 psi H2 for 3 hr. The catalyst was filtered and the solvent was 
evaporated to dryness. The residue was washed with warm 
acetone to leave a quantitative yield of 13. The catalyst for 
each hydrogenation is parenthetically noted.

Hydrogenation (P t02) of 12a gave 3-amino-3-methyl-2-iso- 
propylbutanoic acid hydrochloride (13a): mp 209° dec; ir
(KBr), 5.73 /i (C = 0 ).

Anal. Calcd for C8H i8N 02C1: C, 49.10; H, 9.28; N, 7.16. 
Found: C, 49.39; H, 9.15; N, 7.21.

Hydrogenation (P t0 2) of 12b gave 3-amino-2-ethyl-3-methyl- 
butanoic acid hydrochloride (13b): mp 111-115° dec; ir (KBr)
5.85 m (C = 0 ).

Anal. Calcd for C,H16N 02C1: C, 46.28; H, 8.88; N, 7.71. 
Found: C, 45.96; H, 9.24; N, 7.80.

Hydrogenation (5% Pd-C) of 12d gave 3-amino-2,3-dimethyl- 
butanoic acid hydrochloride (13d): mp 125-130° dec; ir (KBr),
5.88 n (C = 0 ).

Anal. Calcd for CeHuNChCl: C, 42.99; H, 8.42; N, 8.36. 
Found: C, 42.52; H, 8.59; N, 8.31.

Hydrogenation (5% Pd-C) of 12e gave 2-(l-aminocyclohexyl)- 
propanoic acid hydrochloride (13e): mp 209° dec; ir (KBr),
5.88 n (C = 0 ).

Anal. Calcd for C9H,8N 0 2C1: C, 52.04; H, 8.74; N, 6.74. 
Found: C, 51.98; H, 8.88; N, 6 .68.

Hydrogenation (10% Pd-C) of 12f gave erythro-3-amino-2- 
benzyl-3-phenylpropanoic acid hydrochloride (erythro 13f): 
mp 236-237° dec; ir (KBr), 5.80 and 5.88 y (C = 0 ). This 
compound could not be obtained sufficiently pure for analysis.

Compound 13f was also obtained by hydrogenation (10% 
Pd-C) of 9f to ci's-3-benzyl-4-phenyl-2-azetidinone (cis 18f) 
(95%) which was quantitatively converted into 13f by treatment 
with concentrated HC1. Compound cis 18f had the following 
properties: mp 121-122° (from hexane); ir (KBr), 5.70 /t
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(C = 0 ); nmr (CDC13), 8 8.40 (broad singlet, 1, NH) 7.50-6.70 
(multiplet with main peak at 7.29, 10, C6Hr,), 4.82 (d, 1 , J  =  5.5 
Hz, CH) 4.05-3.55 (m, 1, CHCH2), 2.58 (eight lines, the AB 
portion of an ABX pattern, 2, J a b  = 15 Hz, J b x  = 7 Hz, / a x  = 
9 Hz, A xab = 22 Hz, CH2).

Anal. Calcd for Ci6H i5NO: C, 80.98; H, 6.37; N, 5.90. 
Found: C, 81.05; H, 6.62; N, 5.90.

Hydrogenation (P t0 2) of 12g gave a 63:37 mixture of erythro- 
and ifereo-3-amino-2-methyl-3-phenylpropanoic acid hydrochloride 
(13g) as shown by nmr comparison with authentic samples: 
mp 200-201° dec; ir (KBr) 5.80 y  (C = 0 ).

Anal. Calcd for: Ci0H i4NO2C1: C, 55.69; H, 6.54; N,
6.49. Found: C, 55.60; H, 6.40; N, 6.40.

Hydrogenation (P t0 2) of 12h gave 2-aminocyclonanecarboxylic 
acid hydrochloride (13h): mp 214-215°; ir (KBr), 5.88 y  
(0 =0 ).

Anal. Calcd for C10H20NO2Cl: C, 9.09; H, 54.17; N, 6.32. 
Found: C, 9.10; H, 53.80; N, 6.36.

Catalytic Reduction of Carboxamido-1 ,3-butadienes (10) to 
Saturated Amides (15).-—Quantities of reactants and reductive 
and work-up procedures were the same as those in the quantitative 
conversion of 12 into 13.

Hydrogenation (P t0 2) of 10a gave diisopropylacetamide (15a): 
mp 147-148° (from ether-hexane) (lit.8 mp 148-148.5°); ir 
(KBr), 6.06 y  (C = 0 ).

Hydrogenation (PtO) of 10b gave 2-isopropylbutanamide (15b): 
mp 130-131° (from ether-hexane) (lit.9 mp 133-134°); ir (KBr),
6.08 y  (C = 0 ).

Hydrogenation (P t0 2) of 10c gave 2-ethylbutanamide (15c): 
mp 107-108° (from ether-hexane) (lit.10 mp 107°); ir (KBr)
6.06 M (C = 0 ).

Hydrogenation (5% Pd-C) of lOd gave 2,3-dimethyl-2- 
butenamide (14d) (85%) and 2,3-dimethylbutanamide (15d) 
(15%). Both lOd and 14d were quantitatively reduced to I5d 
usingP t02 catalyst. Compound 14dhad the following properties: 
mp 128-129° (from ether-hexane) (lit.23 mp 130.5°); uv max 
(CH3OH), 218 m y  (e 3700); ir (KBr), 6.02 y  (C = 0 ). Evapora
tion to dryness of the mother liquors from the ether-hexane 
recrystallization gave I5d: mp 129° (from ether-hexane)
(lit.11 mp 129°); ir (KBr), 6.03 y  (C = 0 ).

Hydrogenation (5% Pd-C) of lOe gave 2-cyclohexylpropan- 
amide (15e): mp 156-157° (from ether-hexane) (lit.12 mp 156- 
157°); ir (KBr), 6.06 y  (C = 0 ).

Reactions of CSI with Olefins (16).—The general procedure 
used was the same as for the reaction of CSI with allenes. Solid 
residues were recrystallized while the purity of liquids was 
checked by gas chromatography.

The combined aqueous extracts were extracted for 4-5 days 
(Raab extractor) with CH2C12. The CH2C12 extract was evapo
rated to dryness, and the residue was recrystallized to give 19.

Variations in solvents and work-up procedure are noted under 
each olefin.

2,4-Dimethyl-2-pentene (16a) (10 g, 0.10 mol) gave 20.6 g 
(87%) of l-chlorosulfonyl-4,4-dimethyl-3-isopropyl-2-azetidinone 
(17a): mp 55-56° (from hexane); ir (KBr), 5.57 y  (C = 0 ).

Anal. Calcd for C8H 14N 0 3C1: C, 40.08; H, 5.89; N, 5.84. 
Found: C, 40.50; H, 5.83; N, 6.36.

3-Methyl-2-iospropyl-3-butenamide (19a) (0.5 g, 4%) had mp 
123-124° (from ether-hexane); ir (KBr), 6.04 y  (0 = 0 ) .

Anal. Calcd for C8H 16NO: C, 67.98; H, 10.71; N, 9.92. 
Found: C, 68.04; H, 10.97; N, 10.06.

2-Methyl-2-pentene (16b) (20 g, 0.24 mol) gave 46 g (87%) 
of 1-chlorosulfonyl 3-ethyl-4,4-dimethyl-2-azetidinone (17b), a 
liquid which showed a single peak on vpc but decomposed before 
elemental analyses could be obtained: ir (neat), 5.50 y  (C—O).

2-Ethyl-3-methyl-3-butenamide (19b) (3.0 g, 6%) had mp 58- 
60° (from ether-hexane); ir (KBr), 6.05 y  (C = 0 ).

Anal. Calcd for C,Hi3NO: C, 66.10; H, 10.30; N, 11.01. 
Found: C, 65.91; H, 10.52; N, 11.29.

2-Methyl-2-butene (16d) (10 g, 0.14 mol) gave 21.1 g (70%) 
of l-chlorosulfonyl-3,4,4-trimethyl-2-azetidinone (l7d): mp
44r-45° (from 30-60° petroleum ether) (lit.24 mp 44r-45°); ir 
(KBr), 5.52 y  (C = 0 ).

2-Methyl-3-methylenebutanamide (19d) (1.3 g, 8%) had mp 
100-101° (from ether-hexane) (lit.23 mp 104-105°); ir (KBr),
6.02 y  (C==0).

Ethylidenecyclohexane (16e) (11 g, 0.10 mol) gave 23.5 g

(23) E .  J .  C o rey , J .  A m er. Chem . Soc., 75, 1163 (1955).
(24) R . G ra f, A n n .,  661, 111 (1963).

(94%) of l-chlorosulfonyl-3-methyl-l-azaspiro[3.5]nonan-2-one 
(I7e). After the addition of 16e to CSI, both in ether solvent, 
I7e precipitated and was filtered. Evaporation of the filtrate 
gave additional amounts of I7e: mp 89-90° (from hexane); 
ir (KBr), 5.51 y  (C = 0 ).

Anal. Calcd for C9H i4N 03SC1: C, 42.94; H, 5.61; N, 5.56. 
Found: C, 43.15; H, 5.62; N, 5.60.

trans-1 ,3-Diphenylpropene (16f) (4.0 g, 0.028 mol) gave 6.2 g 
(68%) of l-chlorosulfonyl-fowis-3-benzyl-4-phenyl-2-azetidinone 
(I7f). The solvent used was methylene chloride. After the 
usual work-up, the residue was extracted with seven 20-ml 
portions of boiling pentane and cooled: mp 65-66° (from pen
tane); ir (KBr), 5.50 y  (C = 0 ).

Anal. Calcd for Ci6H 14N 08SCl: C, 57.23; H, 4.20; N, 4.17. 
Found: C, 57.04; H, 4.54; N, 4.33.

l-Chlorosulfonyl-cis-3-methyl-4 phenyl-2-azetidinone (cis 17g). 
—A solution of 6.0 g (0.05 mol) of cis-/3-methylstyrene (cis 16g) 
in 10 ml of CH2C12 was added to a stirred solution of 7.1 g (0.05 
mol) of CSI in 20 ml of CH2C12 a t room temperature. The solu
tion was stirred for an additional 5 hr and then poured onto 20 g 
of ice. The CH2C12 layer was separated and evaporated under a 
N2 stream. The residue was dissolved in 50 ml of ether, de
colorized twice with charcoal and filtered. Hexane (50 ml) was 
added to the filtrate and the solution was boiled until the tempera
ture rose to 45°. Cooling led to the precipitation of the major 
portion of cis I7g while further concentration of the mother 
liquor and cooling, yielded an additional amount: total yield
10.6 g (82%): mp 54-55°; ir (KBr), 5.51 y  ( C = 0 ).26

Anal. Calcd for Ci0H 10NO3C1: C, 46.25; H, 3.88; N, 5.39. 
Found: C, 46.48; H, 4.09; N, 5.26.

l-Chlorosulfonyl-fr<ms-3-methyl-4-phenyl-2-azetidinone (trans 
I7g).—Similar treatment of irares-d-methylstyrene (trans 16g) 
(6.0 g, 0.05 mol) gave 11.1 g (85%) of trans I7g: mp 45-46°; 
ir (neat), 5.50 y  ( 0 = 0 ).26

Anal. Calcd for CioH i0N 0 3SC1: C, 46.25; H, 3.88; N, 5.39. 
Found: C, 46.49; H, 3.90; N, 5.71.

l-Chlorosulfonyl-os-3,4-diethyl-2-azetidinone (cis 17i).—The
procedure used for the preparation of cis I7i from cts-3-hexane 
(cis 16i) was similar to that for cis l7g, except for the reaction 
time (2 days) and solvent (50 ml of ether). The ether solution 
was extracted with seven 15-ml portions of water. The ether 
solution was dried (Na2S04) and evaporated to dryness. The 
residue was extracted with four 30-ml portions of boiling petro
leum ether (30-60°), and the resulting solution, cooling to —20°, 
deposited a major portion of cis I7i. Concentration of the filtrate 
and again cooling to —20° led to additional amounts of cis 17i. 
Thus 5.0 g (0.06 mol) of cis 16i gave 6.3 g (47%) of cis 17i. 
N-chlorosulfonyl-(3-lactam cis 17i is a liquid at room temperature; 
although vpc and nmr spectra of freshly prepared samples indi
cated a single product,26 all attempts to obtain a sample of ele
mental analysis were frustrated by its ease of decomposition: ir 
(CC14), 5.49 y  (C = 0 ).

l-Chlorosulfonyl4rans-3,4-diethyl-2-azetidinone (trans I7i).— 
irans-3-Hexene (trans 16i) (10 g, 0.12 mol) gave, after a reaction 
time of 48 hr (24 hr at room temperature and 24 hr at a gentle 
reflux), 20.1 g (74%) of liquid trans I7i: ir (CC14), 5.49 y  
( C = 0 ).26

The aqueous extracts from cis and trans I7i gave, respectively, 
0.3 g (4%) and 0.5 g (3%) of 2-ethyl-3-pentenamide (19i): mp 
76-77° (from hexane); ir (KBr), 6.01 y  (C = 0 ).

Anal. Calcd for C;Hi3NO: C, 66.10; H, 10.30; N, 11.01. 
Found: C, 66.21; H, 10.45; N, 11.26.

Benzenethiol-Pyridine Reduction of N-Chlorosulfonyl-/3-Lac- 
tams (17) to /3-Lactams (18).—The procedure used was similar 
to tha t employed in the reduction of 8 to 9.

Compound 17a (19 g, 0.077 mol) gave 7.7 g (72%) of 4,4- 
dimethyl-3-isopropyl-2-azetidinone (18a): mp 58-59° (from
hexane); ir (KBr), 5.69 and 5.82 y  (C = 0 ).

Anal. Calcd for C8H 15NO: C, 68.04; H, 10.71; N, 9.92. 
Found: C, 68.21; H, 10.87; N, 9.86.

Compound 17b (22 g, 0.20 mol) gave 8.3 g (65%) of 3-ethyl-
4,4-dimethyl-2-azetidinone (18b): bp 64-66° (0.2 mm); ir
(neat), 5.75 y  (C = 0 ).

Anal. Calcd for C7H 13NO: C, 66.10; H, 10.30; N, 11.01. 
Found: 0 ,65.91; H, 10.26; N, 11.12.

Compound I7d (10.6 g, 0.05 mol) gave 3.1 g (50%) of 3,4,4- 
trimethyl-2-azetidinone (18d): bp 62-63° (0.4 mm) (lit.24 bp
74A75° (0.5 mm)); ir, 5.78 y  (C = 0 ).

(25) A ll n m r d a ta  a re  su m m a rized  in  T a b le  I .
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T a b l e  I
N m r  D a t a  o p  a s  a n d  trans 17g a n d  cis a n d  trans 17i°

C om pd

cis I7g

trans 17g

translTi

C hem ica l
S u b s t itu e n t s h if t  (ô) Area'*' M u ltip lic ity C o up ling  c o n s ta n t, H z

Ri (Hx) 5.52 1 Doublet Jmx = 7.25
R2 7.42 5 Singlet
r 3 0.94 3 Doublet J am = 7 . 5 0
R4 (Hm) 3.92 1 Pentet

R i (Hx) 4.89 1 Doublet J u x  =  4.00
r 2 7.49 5 Singlet
Rs (Hm) 3.51 1 Quartet of doublets
r 4 1.50 3 Doublet J a m  = 7 . 6 0

R i (Hx) 4.32 1 Six peaks“ J  a x  = J mx =  7.50 
J Bx =  5.75

CH2’s in R2, Rs 2.20-1.50 4 Multiplet
CH3’s in R2, Rs 1.30-0.80 6 Multiplet
R4 (Hm) 3.52 1 Quartet“ J  A'M = J  B'M = J m x  = 7.50

Ri (Hx) 4.00 1 Pentet1d J  AX = 7.50
J  BX = J MX = 3.75

CHj’s in R2, R4 2.30-1.60 4 Multiplet
CH3’s in R2, R4 1.40-0.80 6 Multiplet
R3 (Hm) 3.16 1 Triplet of doublets J  A'M == J  B'M = 7.50

« Spectra were determined in CDC13 (cis and trans I7g) and CC14 (cis and trans 17i); 8 values are reported with an accuracy of ±0.005 
ppm while J  values have an accuracy of ±0.05 Hz. 6 Actually an ABMX pattern where two pairs of lines overlap giving the observed 
six lines. « Actually an A2MX pattern where J a m  =  J m x ) thus the eight expected lines overlap to give the observed quartet. d Actu
ally an ABMX pattern where J Bx =  J m x  =  J a x /s ; thus the eight expected lines overlap to give the observed pentet.

Compound I7e (20 g, 0.08 mol) gave 10.8 g (71%) of 3-methyl- 
l-azaspiro[3.5]nonan-2-one (18e): mp 62-63° (from hexane); 
ir (KBr), 5.68 and 5.75 y (C = 0 ).

Anal. Calcd for C9H 15NO: C, 70.55; H, 9.87; N, 9.14. 
Found: C, 70.85; H, 9.82; N, 8.96.

Compound trans 17f (1.0 g, 0.003 mol) gave 0.65 g (93%) of 
frans-3-benzyl-4-phenyl-2-azetidmone (trans 18f): mp 141-142° 
from ether-hexane); ir (KBr), 5.71 and 5.82 y (C = 0 ); nmr 
(DMSO-d6), 8 7.75-6.90 (multiplet with main peak at 7.27, 11, 
CeHs and NH), 4.42 (d, 1, J  =  2 Hz, CHC6H5), 3.50-2.85 (m, 1, 
CH), and 3.18 (d, 2, /  = 2 Hz, CH,).

Anal. Calcd for Ci6H 15NO: C, 80.98; H, 6.37; N, 5.90. 
Found: C, 81.27; H, 6.26; N, 5.70.

Compound cis I7g (3.9 g, 0.015 mol) gave 2.3 g (96%) of 
as-3-methyl -4-phenyl~2-azetidinone (cis 18g) after extraction of 
the residue with four 15-ml portions of boiling hexane followed 
by cooling of the extracts to —20°: mp 105-106°; ir (KBr), 
5.68 and 5.88 y  (C = 0 ).

Anal. Calcd for Ci0HuNO: C, 74.51; H, 6 .88; N, 8.69. 
Found: C, 74.37; H, 7.07; N, 8.68.

Compound trans I7g (3.9 g, 0.015 mol) gave 2.1 g (87.5%) of 
frans-3-methyl-4-phenyl-2-azetidinone (trans 18g) using the same 
isolation procedure as for cis 18g: mp 99-100°; ir (KBr), 5.68 
and 5.82 y (C = 0 ).

Anal. Calcd for Ci0HuNO: C, 74.51; H, 6 .88; N, 8.69. 
Found: C, 74.63; H, 6.91; N, 8.47.

Compound cis l7i (4.5 g, 0.02 mol) gave 1.7 g (68%) of cis-
3,4-diethyl-2-azetidinone (cis 18i) after extraction of the residue 
with five 30-ml portions of boiling hexane followed by evaporation 
of the hexane extracts to a volume of 40 ml and cooling to —20°: 
mp 49-50°; ir (CC14), 5.67 and 5.70 y  (C = 0 ).

Anal. Calcd for C7H 13NO: C, 66.10; H, 10.30; N, 11.01. 
Found: C, 65.91; H, 10.28; N, 10.75.

Compound trans I7i (4.5 g, 0.02 mol) gave 2.1 g (80%) of 
irans-3,4-die thyl-2-azetidinone (trans 18i) after evaporation of 
the hexane extracts followed by distillation in vacuo: bp 72-73° 
(0.3 mm); ir (CCI4), 5.63 and 5.70 y ( 0 = 0 ) .

Anal. Calcd for C7H i3NO: C, 66.10; H, 10.30; N, 11.01. 
Found: C, 65.88; H, 10.33; N, 11.34.

Concentrated Hydrochloric Acid Hydrolysis of (3-Lactams 18 
to Amino Acid Hydrochlorides (13).—The general procedure used 
was the same as that for the conversion of 9 into 12 . Thus 
18a, 18b, 18d, 18e, trans 18f, cis 18g, trans 18g, cis 18i, and 
trans 18i were quantitatively and respectively converted into

13a, 13b, 13d, 13e, threo 13f, erythro 13g, threo 13g, meso 13i, 
and dl 13i.

f/weo-3-Amino-2-benzyl-3-phenylpropanoic acid hydrochloride 
(threo 13f) had mp 227° dec (after boiling acetone wash); ir 
(KBr), 5.83 y (C = 0 ).

Anal. Calcd for C16HI8N 02C1: C, 65.86; H, 6.22; N, 4.80. 
Found: C, 65.71; H, 6.44; N, 4.72.

en/i/ira-3-Amino-2-methyl-3-phenylpropanoic acid hydrochlo
ride (erythro 13g) had the following properties: mp 221-223° 
dec; ir (KBr), 5.85 and 6.03 y ( 0 = 0 ) ;  nmr (D ,0), 8 7.41 (s, 5, 
CeHs), 4.50 (d, 1, J  = 8 Hz, CHC6H6) 3.20 (rough pentet, 1 J  = 
7 Hz, CHCH3), and 1.23 (d, 3, /  = 7 Hz, CH3).

Anal. Calcd for Ci0H i4NO2C1: C, 55.69; H, 6.54; N, 6.49. 
Found: C, 55.44; H, 6.68; N, 6.50.

i/weo-3-Amino-2-methyl-3-phenylpropanoic acid hydrochloride 
(threo 13g) had the following properties: mp 243-244° dec;
ir (KBr), 5.80 y ( 0 = 0 ) ;  nmr (D20), 8 7.48 (s, 5, C6H 5), 4.53 
(d, 1, J  = 10 Hz, CHC6H5), 3.40-2.80 (m, 1, CHCH„), and
1.00 (d, 3, J  = 7 Hz, CH,).

Anal. Calcd for C10H 14NO2Cl: C, 55.69; H, 6.54; N, 6.49. 
Found: C, 55.71; H, 6.76; N, 6.26.

meso-3-Amino-2-ethylpentanoic acid hydrochloride (meso 13i) 
had mp 175-176° dec; ir (KBr), 5.89 y ( 0 = 0 ) .

Anal. Calcd for C,Hi,N0,Cl: C, 46.28; H, 8.88; N, 7.71. 
Found: C, 45.98; H, 8.87; N, 7.50.

dZ-3-Ammo-2-ethylpentanoic acid hydrochloride (dl 13i) had 
mp 215-216° dec; ir (KBr), 5.86 y ( 0 = 0 ) .

Catalytic Reduction of /3,y-Unsaturated Amides (19) to Amides
(15).—The general procedure used was the same as that for the 
conversion of 10 into 15. Thus 9a, b, d, and i were quantita
tively and respectively converted into 15a, b, d, and i.

Preparation of 3-Methyl-2-methylenebutanamide (20).—3- 
Methyl-2-methylenebutanoic acid (5.0 g) and thionyl chloride 
(7 g) were refluxed for 1 hr, followed by evaporation of the excess 
SOCl2. The crude acid chloride was slowly added to 15 ml of 
28% aqueous NH3 maintaining the reaction temperature at 0°. 
The crude amide was filtered and dissolved in ether; the ethereal 
solution was dried (MgS04) and filtered, and 40 ml of hexane was 
added. The resulting solution was boiled until crystallization 
commenced, and then cooled to give 3.1 g (62%) of 20: mp
103-104° (lit.26 mp 104-105°); ir (KBr) 6.07 y (C = 0 ).

(26) V. P . G o lm ov  a n d  N . M . A fan ’ev , Z h . Obshch. K h im .,  22, 1953
(1952); Chem. A b s t r 47, 9269b (1953).
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Treatment of either 19d or 20 (1 g) in 10 ml of ethanol with 
0.2 _g of 5% Pd-C  for 5 hr led only to recovery of starting ma
terial. Introduction of hydrogen into the system (50 psi) 
resulted in the quantitative conversion of both 19d and 20 into 
15d in 15 min.

Ozonation of l-Chlorosulfonyl-4,4-dimethyl-3-methylene-2- 
azetidinone (8d).—Excess ozone was bubbled through a cooled 
( — 78°) solution of 0.523 g (2.50 mmol) of 8d in 100 ml of CH2C12 
with absorption of only 1.37 mmol of ozone. The solution was 
warmed to ambient temp, 25 ml of water was added and the two- 
phase system was refluxed overnight. The water layer was 
separated and added to 75 ml of a 10% alcoholic solution of 2,4- 
DNP-HC1. The precipitated product was filtered and recrystal
lized from methanol-water to give formaldehyde 2,4-dinitro- 
phenylhydrazone, mp 166° (lit.27a mp 166°).

Diels-Alder Adduct of 3-Methyl-2-methylene-3-butenamide 
(lOd).—An admixture of solutions of 1.1 g (0.01 mol) of lOd in 
20 ml of ether and 1.1 g (0.01 mol) of maleic anhydride in 30 ml 
of ether precipitated, after standing overnight, 1.9 g (90%) 
of l-carboxamido-2-methyl-l-cyclohexene-4,5-dicarboxylic anhy
dride: mp 160-161° (after cold acetone wash); ir (KBr), 5.41 
and 5.73 (anhydride C = 0 )  and 6.10 p (amide C = 0 ) .

Anal. Calcd for Ci0HnNO4: C, 57.41; H, 5.30; N, 6.70. 
Found: C, 57.50; H, 5.43; N, 6.44.

l-(2-Carboxy-3-methyl-2-butenyl)urea (22).—Pyridine (4.0 g, 
0.05 mol) in 20 ml of acetone was added (30 min) to a cooled 
( — 30°) and stirred solution of 10.4 g (0.04 mol) of 1-chloro- 
sulfonyl-l-(2-carboxy-3-methyl-2-butenyl)urea (11) and 8.8 g 
(0.08 mol) of benzenethiol in 100 ml of acetone. The solution 
was stirred for an additional 30 min at —30°. Addition of 150 
ml of petroleum ether (30-60°) precipitated a semisolid product 
which was filtered and washed several times with petroleum ether 
and then dissolved in 40 ml of hot water. The hot solution was 
decolorized (charcoal) and cooled to crystallize 4.5 g (70%) 
of 22. One recrystallization from acetone gave 22: mp 177-178°; 
uv max (CH3OH), 217 mM (e 8000); ir (KBr) 5.98 and 6.10 p 
(0 = 0 ).

Anal. Calcd for C7H12N203: C, 48.83; H, 7.02; N, 16.27. 
Found: C, 49.00; H, 7.19; N, 15.98.

Ozonation of 11.-—Excess ozone (6 mmol) was bubbled through 
a cooled solution ( — 78°) of 1.4 g (5.2 mmol) of 11 in 100 ml of 
ethyl acetate. The solution was then flushed with nitrogen and 
warmed to ambient temperature; 25 ml of water was added and 
the two phase system was refluxed overnight. After cooling, 
the water layer was separated and added to a 10% ethanolic 
solution of 2,4-DNP-HCl. After 1 hr, the crude hydrazone was 
filtered and recrystallized from methanol-water to give 0.25 g 
(20%) of acetone 2,4-dinitrophenylhydrazone, mp 128° (Iit.27b 
mp 126°).

Oxidation of 22 with K M n04-N aI04.—To a potassium carbon
ate buffered (pH ~ 8) solution of 0.86 (0.005 mol) of 22 in 75 ml 
of water was added 80 ml of an oxidation mixture composed of 
0.31 g of K M n04 and 21.0 g of N aI04 in 200 ml of water. The 
mixture was stirred for 90 min at room temperature after which 
15 g of NaHSOa was added to destroy excess oxidant. The solu
tion was warmed to 80° and a nitrogen stream was dispersed 
into the solution exiting into 25 ml of 10% ethanolic 2,4-DNP- 
HCl solution. The stream was continued until no more precipi
tate formed. The crude material was filtered and recrystallized 
from methanol-water to give 0.9 g (74%) of acetone 2,4-dinitro
phenylhydrazone, mp 127-128°.

1- (2-Carboxy-3-methylbutyl)urea (23).—Hydrogenation (0.1 g 
P t0 2) of 22 (2 g) in 100 ml of ethanol in a Paar apparatus under 
50 psi of hydrogen (4 hr) gave 23: mp 131-132° (from acetone); 
ir (KBr), 5.83 and 6.09 p (C = 0 ).

Anal. Calcd for C7H 14N20 3: C, 48.26; H, 8.10; N, 16.08. 
Found: C, 48.57; H, 8.08; N, 15.91.

2- Carboxy-3-methylbutylamine (24).—A solution of 23 in 30 
ml of 25% aqueous KOH was refluxed 12 hr. After cooling and 
neutralization with concentrated HCI, the solution was evapo
rated to dryness in vacuo. The residue was extracted with two 
25-ml portions of boiling absolute ethanol and the ethanol ex
tracts also were evaporated to dryness. The residue was again 
extracted with boiling absolute ethanol. Evaporation of this 
ethanolic solution led to 24 (0.40 g, 15%): mp 215° dec; ir 
(KBr), 6.18, 6.40, and 6.68 p (C (V  and +NH3).

(27) E .  L . S h rin er, R . C . F u so n , a n d  D . Y . C u r tin , "S y s te m a tic  Id e n tif ic a 
t io n  of O rg an ic  C o m p o u n d s ,”  4 th  ed ., J o h n  W iley  a n d  S ons, In c ., N ew  Y ork ,
N . Y ., 1958: (a) p  283; (b) p  316.

l-Benzamido-2-carboxy-3-methylbutane (25).—A 25% aqueous 
KOH solution (30 ml) was added (15 min) to a stirred solution 
composed of 1.0 g of 24 and 1.5 g of benzoyl chloride. Stirring 
was continued for an additional 15 min, after which the solution 
was acidified to pH 4 (congo red) and cooled. The solution was 
extracted with three 20-ml portions of ether; the combined ether 
extracts were dried (MgSO„) and 40 ml of hexane was added. 
The solution was evaporated slowly (steam bath) until the cloud 
point. On cooling 0.9 g (51%) of 25 crystallized: mp 174-175°; 
ir (KBr), 5.91 (acid C = 0 )  and 6.12 p (amide C = 0 ) .

Anal. Calcd for Ci3H i7N 03: C, 66.36; H, 7.28; N, 5.95. 
Found: C, 66.33; H, 7.47; N, 6.11.

l-Benzamido-2-carboxy-3-methyl-2-butene (27).—Urea 22 (2.4 
g) was refluxed (12 hr) in 25 ml of 30% aqueous KOH to give 
an aqueous solution of the salt of l-amino-2-carboxy-3-methyl-2- 
butene (26).28 Benzoylation of 26 was accomplished in the same 
manner as the preparation of 25 to give 2.4 g of 27. Benzoylation 
of the water layer (after the ether extraction) ultimately led to 
an additional 0.2 g of 27: total yield 77%; mp 149-150°;
uv max (CHaOH), 225 mM (e 18,000); ir (KBr), 5.98 and 6.20 
p (C = 0 ).

Anal. Calcd for Ci3H i5N 03: C, 66.94; H, 6.48; N, 6.00 
Found: C, 66.93; H, 6.72; N, 5.98.

Hydrogenation (P t0 2) of 27 quantitatively converted it into 
25. Further, hydrogenation (P t02) of 22, followed successively 
by saponification with aqueous KOH and treatment with benzoyl 
chloride, also led to 25 in 47% over-all yield.

Preparation of 25 from Diethyl Isopropylmalonate (28).—  
Saponification of 200 g (0.99 mol) of 28 in 650 ml of absolute 
ethanol with 60 g (1.07 mol) of KOH in an equal volume of the 
same solvent led ultimately to 151 g (88%) of ethyl isopropyl- 
malonic acid ester (29) as an oil28 29 which was used without further 
purification.

Diethylamine (62 g, 0.85 mol) was added slowly with stirring 
to 146 g (0.85 mol) of 29 at 0° followed by more rapid addition 
of 85 ml of 40% aqueous CH20  solution (1.0  mol). After several 
hours, the solution clouded and C 02 began to evolve slowly. 
After 24 hr, the two-phase system was separated, and the lighter 
moiety was dissolved in 50 ml of ether and dried (MgS04). 
Evaporation of the ether followed by distillation in vacuo gave 
73 g (60%) of ethyl 3-methyl-2-methylenebutanoate (30), bp 
57-58° (932 mm) (lit.30 bp 150°). Saponification of 20 g (0.16 
mol) of 30 with 20 g of KOH in 125 ml of water led, after acidifi
cation, to 15.5 g (97%) of 3-methyl-2-methylenebutanoic acid 
(31), bp 71-72° (4 mm) (lit.30 bp 100° (19 mm)).

Anhydrous hydrogen bromide was bubbled slowly into a 
solution of 5.0 g of 31 in 30 ml of CHC13 until an ir spectrum of 
the solution showed the absence of the C = C  absorption at 6.15 
p (ca. 6 hr). The chloroform solution was evaporated in vacuo 
leaving the crude 2-bromomethyl-3-methylbutanoic acid (32) as 
an oil which was used without further purification. This crude 
material was dissolved in 50 ml of aqueous NH3 (28%) and the 
tightly capped flask was stirred for 24 hr at 45-50°. The mixture 
was then evaporated to dryness in vacuo; the residue was ex
tracted with two 30-ml portions of boiling absolute ethanol. 
This too was evaporated to dryness, and the resulting residue 
was dissolved in a minimum volume of hot absolute ethanol. 
Addition of ether to the cloud point of the ethanolic solution, 
followed by cooling, gave 3.7 g (65%) of 24, mp 215°. Benzoyla
tion of 24 gave 25, identical in all respects with that obtained 
via the degradation of 1 1 .

Leuckart Reduction of Ethyl 2-Benzoylpropanoate (33).—A
mixture of 20 g (0.097 mol) of 3331 and 25 g (0.40 mol) of ammo
nium formate was slowly heated in an oil bath to 185-190°, at 
which temperature it was maintained for 4 hr. The water formed 
was removed with a Dean-Stark apparatus. After cooling, the 
mixture was dissolved in 40 ml of ether and washed with four 50-ml 
portions of H20 . The ether layer was then evaporated to dryness 
and 50 ml of concentrated HCI added to the residue. This mix
ture was refluxed 4 hr and evaporated in vacuo, and the residue 
was recrystallized from methanol-ether to give 4.1 g (18%) of 
threo 13g, identical in all respects with that obtained from the 
hydrolysis of trans 18g.

(28) T h is  cou ld  b e  iso la ted  in  co n v e n tio n a l fa sh io n  a s  th e  z w itte r io n  of 26, 
m p  238° dec.

(29) E . J. C orey , J .  A m er. Chem . Soc., 74, 5897 (1952).
(30) G . D arzen s , Com-pt. R end ., 152, 445 (1911).
(31) R . H . K im ba ll, G . D . Jefferson , a n d  A. B . P ik e , "O rg an ic  S y n th e s e s ,”  

Coll. Vol. I I ,  J o h n  W iley  a n d  S ons, In c ., N ew  Y o rk , N . Y ., 1943, p  284.
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Mannich Reaction on Benzylmalonic Acid (34).— A mixture 
of 30 g (0.16 mol) of 34 (K & K  Laboratories), 16.6 g (0.20 mol) 
of benzaldehyde, and 20 ml of 10% alcoholic NIL was heated 
for 1 hr on a steam bath and then 3 hr at 130° in an autoclave. 
The mixture was then added to 100 ml of 30% aqueous K2CO3 
solution and the whole was extracted with three 70-ml portions 
of ether. The aqueous residue was slowly acidified with con
centrated HC1 and, on cooling, precipitated 7 g (19%) of 2- 
benzylcinnamic acid (35), mp 159-160° (from ethanol-water) 
(lit.32 mp 160°). The aqueous filtrate was extracted with three 
50-ml portions of ether. The ether extracts were dried (MgS04) 
and evaporated to dryness and the residue was recrystallized 
from ethanol-ether to give 8 g (18%) of a 58:42 erythro-threo 
mixture of 13f as determined by nmr spectroscopy: mp 226-227° 
dec; ir (KBr), 5.87 and 5.90 g (C = 0 ).

Registry No.—8a, 13086-19-6; 8b, 16934-01-3; 8d, 
13088-65-8; 8e, 13085-96-6; 8f, 16934-04-6; 8h, 13085-
97-7; 9a, 13085-98-8; 9b (cis), 16933-57-6; 9b (tram), 
16933-58-7; 9d, 13085-95-5; 9e, 13085-99-9; 9f, 16933-
61-2; 9g, 16933-62-3; 9h, 13086-00-5; 10a, 16933-64-5; 
10b (cis), 16933-65-6; 10b (trans), 16933-66-7; 10c, 
16933-67-8; lOd, 13088-60-3; lOe, 16933-69-0; 11,16933-

(32) W . M . R ad io n o v  a n d  E . A. P o s to v sk a ja , J .  A m er. Chem . Soc., 51, 
841 (1929).

70-3; 12a, 16933-71-4; 12b, 16933-72-5; 12d, 16933-73-6; 
12e, 16933-74-7; 12f, 16933-75-8; 12g, 16933-76-9; 12h, 
16933-77-0; 13a, 16933-78-1; 13b, 16933-79-2; 13d, 
16933-80-5; 13e, 16933-81-6; 13f (threo), 16933-82-7; 
13f (erythro), 16933-83-8; 13g (threo), 16933-84-9; 13g 
(erythro), 16933-85-0; 13i (meso), 16933-86-1; 13i (dl), 
16933-87-2; 17a, 16933-88-3; 17e, 16933-89-4; 17f, 
16933-90-7; 17g (as), 16933-91-8; 17g (trans), 16933-
92-9; 17i (cis), 16933-93-0; 17i (trans), 16933-94-1; 18a, 
16933-95-2; 18b, 16933-96-3; 18e, 16933-97-4; 18f (cis),
16933- 98-5; 18f (trans), 16933-99-6; 18g (cis), 16934-
12-6; 18g (trans), 16934-13-7; 18i (cis), 16934-14-8; 18i 
(trans), 16934-15-9; 19a, 16934-16-0; 19b, 16934-17-1; 
19i, 16934-18-2; 22, 16934-19-3; 23, 16934-20-6; 24,
16934- 21-7; 25, 16934-22-8; 27, 16934-23-9; 1-carbox- 
amido-2-methyl-l-cycIohexene-4,5-dicarboxylic anhy
dride, 16934-24-0; chlorosulfonyl isocyanate, 1189-71-5.
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Of several possibilities, only the Stevens rearrangement product arising from enlargement of the azetidine ring 
was obtained from the reaction of 1,1,3,3-tetramethylazetidinium iodide (1 ) with potassium amide in liquid am
monia. Similarly, l-benzyl-l,3,3-trimethylazetidinium iodide (8) gave only the ring-enlarged Stevens product 
even though, in this case, a Sommelet product was also possible. In  contrast, l,l-dibenzyl-3,3-dimethylazeti- 
dinium bromide (13) gave a 98% yield of the Sommelet product plus a small amount of the Stevens product 
with the azetidine ring retained. Ion-pair mechanisms best account for these results.

The reaction with sodium amide in liquid ammonia of 
tetraalkylammonium halides possessing a benzylic hy
drogen was found by Kantor and Hauser4 to be an ex
cellent method for effecting the Sommelet rearrange
ment.5 Subsequently Hauser and coworkers estab
lished, by two independent proofs,6 that the mecha
nism for this reaction involved nucleophilic attack by an 
ylide carbon at the ortho position of the aromatic ring 
followed by tautomeric rearomatization.

The investigation of a number of quaternary salts 
of this type led to the implication that sodium amide in 
liquid ammonia was quite selective and gave exclu
sively either the Sommelet or the Stevens7 (e.g., with

(1) P a r t  I I I  : A. G . A nderson , J r . ,  a n d  M . T . W ills, J .  Org. Chem ., 33 , 2123 
(1968).

(2) F ro m  th e  P h .D . T h esis  o f M . T . W ills, U n iv e rs ity  of W a sh in g to n .
(3) S u p p o r te d  in  p a r t  b y  S ta te  of W a sh in g to n  I n i t ia t iv e  171 F u n d s  for 

R e se a rc h  in  B io logy  a n d  M ed ic ine .
(4) S. W . K a n to r  a n d  C . R . H a u se r , J .  A m er. Chem. Soc., 73 , 4122 (1951).
(5) (a) M . S o m m ele t, C om pt. R en d ., 205 , 56 (1937) ; (b) H . E . Z im m erm an , 

“ M o le c u la r  R e a rra n g e m e n ts ,”  p a r t  I ,  P . d e  M ay o , E d ., In te rsc ie n c e  P u b 
lishers, In c .,  N ew  Y o rk , N . Y ., 1963, p p  3 4 5 -406 ; (c) D . J .  C ra m , “ F u n d a 
m e n ta ls  of C a rb a n io n  C h e m is try ,”  A cadem ic  P ress  In c . ,  N ew  Y o rk , N . Y ., 
1965, p p  223-229 .

(6) F . N . Jo n es  a n d  C . R . H a u se r , J .  Org. C hem ., 20 , 2979 (1961); C . R . 
H a u s e r  a n d  D . N . v a n  E a n a m , J .  A m er. Chem . Soc., 79 , 5512, 6280 (1957); 
J .  Org. C hem ., 23 , 865 (1958).

benzhydrylbenzyldimethylammonium ion8) rearrange
ment. More recent studies have shown that these 
early results were, at least in part, caused by a fortu
itous choice of quaternary salts. Thus Jones, et al.,9 
Fery and Wilputte-Steinert,10 Bumgardner,11 and Jenny 
and Druey12 have found examples in which the Stevens 
rearrangement accompanies the Sommelet rearrange
ment, and Klein and Hauser13 have discovered that 
benzhydryltrimethylammonium ion, which had pre
viously been reported to give only the Sommelet prod
uct, actually forms ca. 15% Stevens product.

The behavior of quaternary ammonium salts which 
do not possess a benzylic or similarly activated methy
lene group with alkali metal amides in liquid ammonia

(7) T . S . S tev en s, E . M . C re ig h to n , A . B . G o rd o n , a n d  M . M acN ico l, 
J .  Chem . Soc., 3193 (1928); T . S. S tev e n s , ib id ., 2107  (1930). T h e  m ech an is
tic  re la tio n sh ip  of th e  S tev e n s  a n d  S o m m ele t r e a r ra n g e m e n ts  h a v e  b ee n  d is
cussed  b y  D . J .  C ra m 60 a n d  H . E .  Z im m er m a n .6l>

(8) C . R . H au se r, R . L . M a n y ik , W . R . B rasen , a n d  P . L . B ay less, J .  Org. 
Chem ., 30 , 1119 (1955).

(9) G , C . Jo n es , W . Q. B ea rd , a n d  C . R . H a u se r , ib id ., 28 , 199
(1963).

(10) L . P . A. F e ry  a n d  L . W ilp u tte -S te in e r t, B u ll. Soc. C h im . Beiges, 73 , 
154 (1964).

(11) C . L . B u m g a rd n e r , J .  A m er. Chem . Soc., 85 , 73 (1963).
(12) E . F . J e n n y  a n d  J .  D ru e y , A ngew . C hem ., 74 , 152 (1962).
(13) K . P . K le in  a n d  C . R . H au se r, J .  Org. C hem ., 31 , 4275 (1966).
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has been relatively little studied. Wittig and Burger14 
found that dimethylpyrrolidinium bromide gave Hof
mann elimination products, dimethylpiperidinium bro
mide gave elimination and displacement products, and 
dimethylhexamethyleneammonium bromide gave a 
single elimination product. Thus no rearrangements 
were detected. The only rearrangement of such a 
system, to our knowledge, was found accidentally by 
Grovenstein and Rogers15 to occur in the sodium- 
ammonia reduction of 2,2,2-triphenylethyltrimethyl- 
ammonium iodide. A 93% yield of the Stevens prod
uct, 3,3,3-triphenylpropyldimethylamine, was obtained. 
The migration of the triphenylethyl (rather than a 
methyl) group was attributed to steric and electronic 
effects.

As a part of a study of tertiary and quaternary aze
tidines, we have examined the reactions of a series of 
methyl and benzyl quaternary azetidinium salts with 
alkali metal amides in liquid ammonia and have found 
that essentially exclusively Stevens or Sommelet rear
rangements occur, depending on the structure of the 
quaternary ions.

Results and Discussion
1,1,3,3-Tetramethylazetidinium Iodide (1).—The

quaternary ion of this salt has two different types of 
a-hydrogens: those on the methyl and those on the 
ring'methylene groups. The carbon-hydrogen bonds 
in the former would be sp3 or nearly so, but the bonds 
in the latter would have relatively more S character 
and therefore would be more acidic.16 The methylene 
hydrogens would be more sterically hindered, however, 
and thus the actual difference between the acidities of 
these and of the methyl hydrogens could be small. 
Qualitatively, therefore, both possible ylides (2 and 3) 
would be expected to be formed in appreciable amounts 
and four Stevens rearrangement products (4, 5, 6, and
7) could result via the usual ionic mechanism (Scheme
I) .

S c h e m e  I

The reaction of 1 with potassium amide and liquid 
ammonia gave the Stevens product (4) in 70% yield. 
A small quantity (<1%) of higher molecular weight 
material of the same empirical formula was also ob
tained. The structure of 4 was indicated by the forma
tion of a methiodide and a picrate, and by the nmr 
spectrum which consisted of a six-proton singlet at 1.03 
ppm17 (geminal methyls), two two-proton triplets (J  =

(14) G . W ittig  a n d  T . F . B u rger, A n n .,  632, 85 (1960).
(15) E .  G ro v en s te in  a n d  L . C . K ogers, J .  A m er. Chem . Soc., 86 , 854 (1964).
(16) C . J u a n  a n d  H . S. G u to w sk y , J .  Chem . P h y s ., 37, 2198 (1962).
(17) C h e m ica l-sh ift v a lu es  a re  re p o r te d  a s  5 v a lu es  in  p a r ts  p e r  m illion  

re la tiv e  to  te tra m e th y ls ila n e  as  a n  in te rn a i s ta n d a rd .

3.5 cps) at 1.49 and 2.44 ppm (adjacent methylenes), a 
two-proton singlet at 2.14 ppm (isolated methylene), 
and a three-proton singlet at 2.17 ppm (N-methyl). 
None of the other three rearrangement products was 
found, nor were products derived from the nucleophilic 
attack on 1 by amide ion.

Thus the mechanism for this reaction must strongly 
favor the formation of 4 relative to the formation of 
5, 6, or 7. Concerted processes did not appear to do 
this. An ion-pair mechanism, however, would release 
the strain of the four-membered ring only in the transi
tion of 2 to the ion-pair intermediate leading to 4 
(eq 1). A further possibility was the rearrangement of 
ylide 3 to 4 by a carbene mechanism.18 The addition of 
a 5 molar excess of cyclohexene to one run, however, 
did not produce a detectable amount of a norcarane 
product.

4 (1)

l-Benzyl-l,3,3-trimethylazetidinium Iodide (8).—
This salt possesses three types of a hydrogens including 
a benzylic group. Thus three ylides are possible and, 
from these, seven Stevens and two Sommelet products 
are possible. Although the benzylic hydrogens are 
the most acidic and the corresponding ylide can undergo 
only a Stevens rearrangement, a number of examples 
are known5'9-13 where the Sommelet rearrangement is 
dominant even though it involves a more basic ylide 
than the competing Stevens. Puterbaugh and Hauser19 
have obtained evidence for the conversion of the less 
basic into the more basic ylide in such a case, and have 
suggested that the second ylide is in direct equilibrium 
with the first via a cyclic 1,3-prototropic shift or similar 
process. Although quantitative data on the acidities 
of the species involved is not available, qualitative 
considerations20 point to proton transfer by equilibria 
with the ammonia solvent as an alternative possibility. 
In either scheme (eq 2) the more basic ylide is irre-

M+

PhCHN(CH3)3 T  +  NH3

+ #
PhCH2N(CH3)3r  +  M+NHT _ (2)

\  M+ :CH2

PhCH2N(CH3)2r  +  m 3 
+

(18) G . W ittig  a n d  R . R o iste r, A n n .,  599, 1 (1956); V. F ra n z e n  a n d  G. 
W ittig , Angew . Chem., 72, 417 (1960); G . W ittig  a n d  D . K rau se , A n n .,  679, 
34 (1964); F . W ey g an d , H . D an ie l, a n d  A. S chro ll, B er., 97, 1217 (1964).

(19) W . H . P u te rb a u g h  a n d  C . R . H au se r, J .  A m er. Chem . Soc., 86, 1105
(1964).

(20) T e tra m e th y la m m o n iu m  io d id e  is m e ta la te d  b y  p h e n y llith iu m  [G . 
W ittig  a n d  M . H . W e tte rlin g , A n n .,  557, 193 (1947) ] b u t n o t b y  ben zy lso d iu m  
[W. S ch len k  a n d  J . H o ltz , B er., 50, 274 (1917)). Th&se find ings w ould  p lace 
th e  a c id ity  of th e  co m p o u n d  b e tw e en  th o s e  of benzene  a n d  to lu en e , a n d  g ive 
a n  e s tim a te d  p K a  of 36 on  th e  M o E w e n -S tre i tw ie s e r -A p p le q u is t-D e ss y  
sca le .50 A benzy lic  m e th y le n e  g ro u p  a d ja c e n t to  th e  p o s itiv e  n itro g e n  w ould 
b e  ex p e c ted  to  b e  ca. 2 p K a u n its  m o re  ac id ic . S in ce  th e  p K & of am m o n ia  is 
e s tim a te d  to  b e  35 (R . P . Bell, " T h e  P ro to n  in  C h e m is try ,”  C o rnell U n i
v e rs ity  P ress, I th a c a , N . Y ., 1959) o r  36 [N. S. W ooding  a n d  W . C. H igginson, 
J .  Chem. Soc., 774 (1952)], th e  a c id it ie s  of th e  <* h y d ro g e n s  a n d  of th e  
a m m o n ia  a re  n o t g re a t lv  d iffe ren t.
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versibly removed by conversion into the Sornmelet 
product, and it is not unlikely that both are operative.

When 8 was treated with potassium amide and liquid 
ammonia the solution became blood red in color and a 
79% yield of a Stevens rearrangement product (9) was 
obtained. No Sornmelet or other Stevens products 
were found (eq 3). The conversion of 9 into the meth- 
iodide derivative and then Hofmann degradation (eq 3)

gave 4-dimethylamino-3,3-dimethyl-l-phenyl-l-butene
(10), which was readily characterized by its nmr and 
ultraviolet spectra. The identification of 9 was con
firmed by the Leuckart methylation of 2-phenyl-4,4-di- 
methylpyrrolidine (11).21

The reaction of 8 with sodium amide and liquid am
monia at a temperature ( — 50 to —45°) lower than 
that ( — 33°) used in the reaction with potassium amide 
resulted in the formation of a yellow-green color. 
There was obtained a 69% yield of 9 and a high boiling 
product which was not characterized.

As the benzylic hydrogens in 8 are probably about 
100 times more acidic than the other a hydrogens,60 
the benzylic ylide (12) would be formed the most read
ily. In addition, the rate of rearrangement of 12 must 
also be relatively fast since neither of the other pos
sible rearrangement products from the methyl ylide 
(the Stevens as from 2 or the Sornmelet as from 17) was 
found. Again, no compounds which could have arisen 
from the ring carbanion ylide were detected and it is 
felt that an ion-pair mechanism as shown (eq 4 )  best 
accounts for the results.

:n T
CH,

CHPh

12

/v ,n 3 
NSCH, CHPh

(4)

1,1-Dibenzyl-3,3-dimethylazetidinium Bromide (13).
—From the reaction of 13 with either potassium amide 
or lithium amide in liquid ammonia were obtained a 
98% yield of a Sornmelet rearrangement product (14) 
and 2% yield of a Stevens rearrangement product (15) 
(see Scheme II). Potassium amide caused the reaction 
mixture to become red-brown in color whereas no color 
was produced with lithium amide. The expected ring- 
expanded Stevens product (16) was not found. To be 
certain that 16 was not present, it was synthesized 
by the lithium aluminum hydride reduction of the 
benzamide derivative of 11 and its gas chromatographic 
properties were determined and compared with those 
of 14 and 15. The identity of the Sornmelet product
(14) was shown by its nmr spectrum and the compari
son of the nmr spectrum of its methiodide derivative 
with that of the independently synthesized metho- 
bromide. The latter was prepared by the reaction

(21) A . G . A nderson , J r . ,  a n d  M . T , W ills, J .  Org. Chem ., 32, 3241 (1967).

>C :n x

,CH,Ph

sCH,Ph
Br~

13

f
y j

S c h e m e  II
Ph Ph

)x(^NCH + )<^NCHCH2Ph

¿rCHl 15
14

O

NCH2Ph LiAffl,

>Cl(NCPh 

Ph
11

16

of 1,3,3-trimethylazetidine with bromophenyl-o-tolyl- 
methane.

The exclusive Stevens rearrangement with ring ex
pansion found for both 1 and 8 made the results with 
13 somewhat unexpected. This was especially true 
with respect to formation of 15 rather than 16. Thus 
both products obtained must arise from the benzyl 
carbanion ylide (17), and the ion pair shown is con-

Sornmelet 14

x K
CH,Ph

CHPh ___Stevens

17 X 5-
:CH2Ph
CHPh 15

sidered to be the most likely intermediate in the Stevens 
rearrangement. In a separate experiment the reaction 
of 13 with sodium ethoxide in ethanol appeared to give 
selective (96%) nucleophilic displacement at a ring 
methylene rather than at a benzylic or ortho carbon.

Experimental Section22
Reaction of 1,1,3,3-Tetramethylazetidinium Iodide ( l )1 with 

Potassium Amide in Liquid Ammonia.—A solution of 59 mmol 
of KNH2 in 150 ml of liquid NH3 was prepared in the manner 
described by Hauser and Harris23 from 2.3 g (59 mg-atom) of K 
metal which had been washed free of mineral oil with isooctane. 
Commercial anhydrous NH3 was dried by allowing it to vaporize 
through a tube filled with solid NaOH. Freshly distilled cyclo
hexene (10 ml)24 and then 4.2 g (17.5 mmol) of pulverized 1 were 
added, the latter in portions over a period of 10 min with stirring. 
No color developed. Stirring was continued at the boiling point 
( — 33°) for 10 hr. After the careful addition of 3 g (59 mmol) of 
solid NH4C1, 100 ml of ether was added slowly and the NH3 was 
allowed to evaporate (overnight). The residual mixture was 
filtered, the solid salts were washed with ether, and the total 
filtrate was extracted with two 50-ml portions of 5% H2S04. 
The acidic extract was washed with two 50-ml portions of ether, 
then cooled and made strongly basic with 50% NaOH solution.

(22) M e ltin g  p o in ts  w ere  ta k e n  o n  a  T h o m a s -H o o v e r  c a p illa ry  m e ltin g  
p o in t a p p a ra tu s  a n d  a re  u n co rrec ted . U ltra v io le t  sp e c tra  w e re  reco rd e d  
w ith  a  C a ry  M odel 14 reco rd ing  s p ec tro p h o to m e te r . I n f ra re d  s p e c t ra  w ere 
reco rded  w ith  a  P e rk in -E lm e r M odel 21 in fra re d  s p e c tro p h o to m e te r . M ass 
sp ec tra  w ere  reco rded  b y  M r. R . B u d d em eie r on  a  C o n so lid a ted  E n g in ee rin g  
C orp . m ass  sp ec tro m e te r, T y p e  21-103. N u c le a r  m ag n e tic  re so n a n c e  
sp e c tra  w ere  reco rd e d  o n  a  V a rian  A ssociates M odel A-60 a n a ly tic a l n m r  
sp ec tro m e te r  a n d  v a lu es  a re  re p o rte d  in  p a r t s  p e r  m illion  (5) r e la tiv e  to  
te tra m e th y ls ila n e  a s  a n  in te rn a l s ta n d a rd . V ap o r p h a se  ch ro m a to g ra p h ic  
an a ly ses  w ere  p erfo rm e d  on  a n  A ero g rap h  M o d el 600 (H y -F i)  a p p a ra tu s  
using  a  0 .125-in. b y  5 -f t co lum n  o f 20%  cyanosilicone  (X F -1150 ) o n  6 0 -8 0  
m esh  C h rom oso rb  W  un less  o th e rw ise  in d ic a te d . E le m e n ta l an a ly se s  w ere  
p erfo rm e d  b y  D r. A . B e rn h a rd t , M ax  P la n c k  I n s t i tu te ,  M filhe im  (R u h r ) ,  
G e rm an y .

(23) C . R . H a u se r  a n d  T . M . H a rr is , J .  A m er. Chem. Soc., 80 , 6360 (1958).
(24) O th e r  ru n s  w ere  id e n tic a l excep t t h a t  no  cyc lohexene w as a d d e d .
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A solution of the organic layer in 70 ml of ether was dried (CaSCh), 
concentrated by distillation through a 50-cm glass helices packed 
column, and the residue was transferred to a small one-piece 
distillation apparatus. 1,3,3-Trimethylpyrrolidine (4) was col
lected (0.95 g) as a colorless liquid: bp 110-111°; to25 26d 1.4192.26 
The ethereal forerun on treatment with picric acid gave 1 g of 
the picrate salt of 4, corresponding to 0.31 g of the amine. The 
total yield was thus 1.26 g (70%). The methiodide derivative 
was obtained as granular crystals, mp 330-332°. A sample of 4 
gave a single peak on vapor phase chromatography over silicone 
(20 ft), Ucon Polar, and polyester columns: nmr (CCI4), S 1.03 
(s, 6), 2.14 (s, 2), 2.17 (s, 3), 1.49 (t, 2, J  = 3.5 Hz), and 2.44 
(t, 2, J  = 3.5 Hz).

Anal. Calcd for C7H 15N: mol wt, 113. Found (mass spec
troscopy): mol wt, 113.

Recrystallization of the picrate twice from absolute ethanol 
afforded the analytical sample, mp 220-224° dec (lit.26 mp 226- 
227°).

Anal. Calcd for Ci3H 18N40 7: C, 45.61; H, 5.30; N, 16.35. 
Found: C, 45.63; H, 5.29; N, 16.32.

The residue from the distillation yielded 15 mg of colorless 
plates: mp 103-104°; nmr (CCI4), 5 0.84 (s, 9 or 10 ), 1.99 (s, 2), 
and 2.44 (s, 4). A picrate, after recrystallization from ethanol, 
melted at 263-266° dec. The substance was not characterized 
further.

Anal. Calcd for (C13H,8N40,)„: C, 45.61; H, 5.30; N,
16.35. Found: C, 45.79; H, 5.38; N, 16.36.

2-Phenyl-l,4,4-trimethylpyrrolidine (9).—A mixture of 0.7 g 
(4 mmol) of 4,4-dimethyl-2-phenylpyrrolidine,21 1 g (20 mmol) of 
formic acid, and 0.5 ml (6 mmol) of aqueous 37% formaldehyde 
was heated to 95° and maintained at this temperature for 8 hr. 
The mixture was cooled, 3 ml of 4 A’ aqueous HC1 was added, and 
the whole was then evaporated to dryness under reduced pres
sure. The brown, crystalline residue was dissolved in water 
and the basified (NaOH) solution was extracted with ether. 
The ethereal extract was dried (Na^SOi), concentrated, and dis
tilled, giving 0.6 g (80%) of 9 as a colorless oil: bp 100- 10 1° (6 
mm), bp 43-44° (0.2 mm); m26D 1.5030. Vapor phase chro
matography at 120° of a sample gave a single peak with a reten
tion time of 3 min. After recrystallization from ethanol, the 
picrate melted at 111-113° and the methiodide, obtained as tiny, 
tan needles, melted at 201-202°. The infrared and nmr spectra 
were recorded.

Anal. Calcd for C,3H 19N: C, 82.47; H, 10.12; N, 7.40. 
Found: C, 82.54; H, 10.00; N, 7.47.

4-Dimethylamino-3,3-dimethyl- 1-phenyl- 1-butene (10).—A
solution of 0.58 g (3.07 mmol) of 2-phenyl-l,4,4-trimethylpyr- 
rolidine (9) in 3 ml of acetonitrile was treated with excess CH3I 
and then stirred for 2 hr. After evaporation of the solvent and 
excess CH3I, 2 ml of H20  and 0.46 g (6 mmol) of Ag20  were 
added and the mixture was stirred for 3 hr. After filtration 
and evaporation of the filtrate to dryness under reduced pressure, 
the residue (presumed to be the quaternary ammonium hydrox
ide) was heated at 100-150° (0.5-0.1 mm). There was obtained 
0.2 g (33%) of 10 as a colorless oil, bp 89-90° (1 mm). Vapor 
phase chromatography on a Craig polyester column at 175° gave 
a single peak with a retention time of 10 min; ir (CCI4), 6.22 m 
(weak, conjugated double bond); uv max (95% EtOH) m/i (log 
e) at 250 (4.04), 284 (2.98), and 292 (2.79); nmr (CCh), 8 1.07 
(s, 6), 2.16 (s, 2), 2.20 (s, 6), 6.16 (s, 2), and 7.13 (m, 5).

The methiodide, after three recrystallizations from ethanol, 
melted at 185-186°.

Anal. Calcd for Ci6H24N I: C, 52.15; H, 7.01; N, 4.06. 
Found: C, 52.08; H, 7.14; N, 3.93.

Reaction of l-Benzyl-l,3,3-trimethylazetidinium Iodide (8) 
with Alkali Amide and Liquid Ammonia. A. With Potassium 
Amide.—To a solution of 60 mmol of KNH223 in 150 ml of liquid 
NH3 was added 6.4 g (20 mmol) of 8 in portions over a period of 
1 hr and the mixture was then stirred at —33° for 2 hr. During 
the addition the solution became deep red in color. The addi
tion of 4 g of solid NH4C1 discharged the color. Ether (65 ml) 
was added and then the NH3 was evaporated. Filtration and 
evaporation of the ether gave 3.2 g of reddish oil. Distillation 
of 2.7 g of this product afforded 2.5 g (corresponding to 79%) of 
2-phenyl-l,4,4-trimethylpyrrolidine (9) as a colorless oil, bp

(25) N . J .  L e o n a rd  a n d  V. W . G ash , J .  A m er. Chem , Soc., 76, 2781 (1954). 
T h e se  a u th o r s  re p o r te d  b p  77—79° a n d  n 20D  1.3842 fo r 4. T h e  d isc re p an cy  
b e tw e e n  th e s e  v a lu es  a n d  th o se  of th e  p re s e n t w ork  led to  th e  fu r th e r  ch a ra c 
te r iz a t io n  o f o u r  p ro d u c t.

105-106° (10 mm). Vapor phase chromatography of the prod
uct showed only one component and the substance was identical 
(infrared and nmr spectra, vpe retention time, and mixture 
melting point of picrate) with an authentic sample.

Treatment of 9 with excess CH3I, then with Ag20, and, finally, 
heating under reduced pressure as described for the preparation 
of 10 gave a product which was identical (ultraviolet, infrared, 
and nmr spectra) with an authentic sample of 10 .

B. With Sodium Amide.—To a cooled ( — 50°), stirred sus
pension of 5.85 g (0.15 mol) of NaNH2 in 300 ml of liquid NH3 
was added 15.9 g (0.05 mol) of 8 in portions over a period of 1.5 
hr and then stirring was continued at —50 to —45° for 1 hr. 
The color of the reaction mixture was yellow-green. After the 
addition of 7.4 g of solid NH4C1 the mixture was worked up as 
described in part A and there was obtained 6.52 g (69%) of 9, bp 
43-44° (0.2 mm), plus some higher boiling material which was 
not identified.

l-(Phenyl-o-toIylmethyl)-l,3,3-trimethylazetidinium Bromide.
—An equimolar (6 mmol) mixture of phenyl-o-tolylmethyl 
bromide [bp 141-145° (0.8 mm), lit.26 bp 136-138° (0.3 mm); 
n 26D 1.6154], prepared from the treatment of the corresponding 
carbinol27 with HBr,28 and 1,3,3-trimethylazetidine1 in CH3CN 
(5 ml) was stirred at room temperature for 4 hr and then diluted 
with ether. The precipitated bromide salt was recrystallized 
from ethanol-ether, mp 124-130°. The nmr spectrum was 
identical with that of the corresponding iodide obtained from 14.

Reaction of l,l-Dibenzyl-3,3-dimethylazetidinium Bromide
(13) with Alkali Amide in Liquid Ammonia. A. Potassium 
Amide.—To 60 mmol of KNH223 in 150 ml of liquid NH3 was 
added 7 g (20 mmoles) of 13 in portions over a period of 1 hr and 
the mixture was stirred at — 33° for 2.5 hr. The red-brown color 
which developed was discharged when 4 g of solid NH4C1 was 
added. After the addition of 75 ml of ether, the NH3 was al
lowed to evaporate. Filtration and then evaporation of the 
ether left 5.6 g of a viscous yellow oil which solidified on standing. 
Distillation gave 5.2 g (98%) of a colorless oil [bp 108-110° 
(0.15 mm), nKo 1.5519] which solidified on standing, mp 48-51°. 
The nmr spectrum corresponded to that expected for 3,3-di- 
methyl-l-(phenyl-o-tolylmethyl)azetidine (14).

Anal. Calcd for Ci9H23N: C, 85.99; H, 8.73; N, 5.28. 
Found: C, 85.96; H, 8.71; N, 5.38.

The picrate after one recrystallization from ethanol melted at 
233-234°. The structure of 14 was confirmed by the identity of 
the nmr spectrum of its methiodide, mp 150-156° dec (after 
recrystallization from ethanol), with that of a synthetic sample 
of the corresponding methobromide.

Anal. Calcd for C20H26NI: C, 58.97; H, 6.43; N, 3.44. 
Found: C, 59.10; H, 6.48; N, 3.56.

Vapor phase chromatography of the product at 190° indicated 
it to consist of 98% 14 and 2% a substance which was identi
fied by its retention time as 3,3-dimethyl-l-(l,2-diphenyIethyl)- 
azetidine (15).21 No evidence for the presence of 16 was found.

B. With Lithium Amide.—To the LiNH2 formed from 0.105 
g (15 mg-atoms) of Li wire and 50 ml of dry liquid NH3 as given 
in the literature29 was added with stirring 1.73 g (5 mmol) of 13 
over a 20-min period and stirring was continued at —33° for 4 
hr. No color developed. The mixture was worked up as de
scribed under part A and afforded 1.28 g (97%) of product as a 
yellow oil which was identical (picrate, mp 233-234°; vapor phase 
chromatographic analysis showed 98% 14 and 2% 15) with that 
obtained in A. No 16 was found.

l-Benzyl-4,4-dimethyl-2-phenylpyrrolidine (16).—Benzoyl 
chloride (1.4 g, 10 mmol) was slowly added to 0.85 g (5 mmol) of
4,4-dimethyl-2-phenylpyrrolidone,21 with stirring, followed by 4 
ml of 10% NaOH. Stirring was continued for 30 min and the 
mixture was then extracted with 50 ml of ether. The ethereal 
extract, after being washed with dilute sodium hydroxide and 
then water, was evaporated to dryness. Recrystallization of 
the residue from aqueous ethanol and then from absolute meth
anol gave 1.3 g (61%) of a product presumed to be the benzoyl 
derivative, mp 104-106°.

A solution of the derivative in 30 ml of dry ether was added 
over a 5-min period to 30 ml of ether containing 0.5 g of LiAlHi.

(26) I . L a p k in  a n d  O. M . L a p k in a , J .  Oen. C hem . U S S R  (E n g . t r a n s i .) ,  
26, 911 (1955).

(27) J . F . N o rris  a n d  J . T . B lake , J .  A m er. Chem . Soc., 60 , 1808 (1928).
(28) A . H . W ragg , T . S . S tev e n s , a n d  D . M . O stle , J .  Chem . Soc., 4057 

(1958).
(29) C . R . H a u s e r  a n d  W . H . P u te rb a u g h , J . A m er . Chem . Soc., 75, 1068 

(1953).



3050 F ranck  and  B ernady The J o u rn a l o f O rganic C h em istry

The mixture was refluxed for 4 hr, treated with 2 ml of saturated 
Na2CC>3, filtered, and finally extracted with 30 ml of 5% aqueous 
HC1. The acidic extract was extracted with ether and then 
basified with excess 50% NaOH. The organic layer which 
formed was taken up in ether and the dried (Na2SO.i) ether solu
tion was evaporated to dryness. Distillation of the residue under 
reduced pressure gave 0.72 g (55%) of 16 as a colorless oil [bp 
119-120° (0.2 mm), ti24d 1.5467] which solidified on standing, mp
48.5-49.5°. The nmr spectrum was consistent with the struc
ture assigned.

Anal. Calcd for C19H23N: C, 85.99; H, 8.73; N, 5.28. 
Found: 0,86.14; H, 8.84; N, 5.36.

The picrate melted at 125-127° after recrystallization from 
ethanol.

Reaction of l,l-Dibenzyl-3,3-dimethylazetidmium Bromide 
(13) with Sodium Ethoxide.—Compound 13 (5 mmol, 1.73 g) 
was added to 50 ml of ethanol containing 20 mmol (1.36 g) of 
sodium ethoxide and the homogeneous solution was refluxed for

10 hr. Water (25 ml) was then added and the ethanol was re
moved by distillation. An ethereal extract of the residue was 
dried over Na2S04 and the solvent was then evaporated. The 
yellow oil (1.5 g, 96%) which remained, «.%> 1.5268, was indi
cated to be 3-dibenzylamino-2,2-dimethyl-l-ethoxypropane by 
its relatively long (10.5 min) retention time on vapor phase chro
matography at 195°, by its infrared spectrum, and by its nmr 
spectrum (CCL,): S 0.75 (s, 6), 2.42 (s, 2), 3.02 (s, 2), 3.54 (s, 4),
1.05 (t, 3 , /  = 3.5 Hz), 3.26 (q, 2 , /  = 3.5 Hz), and 7.20 (m, 10).

Registry No.—4, 16911-20-9; 4 methiodide, 16959-
96-9; 9 ,16911-21-0; 9 picrate, 16911-22-1; 9 methiodide, 
16957-22-5; 10, 16911-23-2; 10 methiodide, 16911-24-3; 
14, 16911-25-4; 14 methiodide, 16911-26-5; 14 picrate, 
16911-27-6; 16, 16911-28-7; 16 picrate, 16911-29-8;
3-dibenzylamino-2,2-dimethyl-l-ethoxypropane, 16911-
30-1; ammonia, 7664-41-7.
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The pyrrolo[l,2-a] indole anion 8 has been acylated by a group of electrophiles, including ethyl carbonate, ethyl 
chloroformate, dimethyl oxalate, phenyl isocyanate, and carbon dioxide. Its tridentate character has been 
demonstrated by the isolation of products arising from attack at the 1, 3, and 9 positions. One product, the ester 
11, is the first simple example of the 3H-pyrrolo[l,2-a]indole system. The chemistry of ester 11 was studied, to 
no avail, as a possible route to the mitomycin structural array 1 or 2.

The tetracyclic array of the mitomycins 1 and the 
stereochemically simpler aziridinomitosenes 2 is a

O CH2OCONH2 0 CH2OCONH2

X-s /Y A¡ C p A f ]rw
chA Y ' N  A [>•—Z ch3̂ Vl' n\ A n—z

o 0

1 2

unique heterocyclic system with potent biological ac
tivity.2 Substantial progress has been made by a Le
derle group3 in the elaboration of synthetic pathways to 
various tricyclic derivatives in the pyrrolo[l,2-a]indole 
series. However, the final attainment of a tetracyclic 
product by attaching an aziridine moiety to the tri
cyclics using a variety of cyelization methods was not 
achieved.

Our paper approach to the synthetic problem of az
iridine annelation was to obtain a tricyclic compound 3 
with unsaturation in the position appropriate for ring 
addition via the elegant method of dipolar addition of 
azide4 followed by subsequent photochemical decom-

R \
N  V N' a* A
J  +  RN3 — ► J L .n^N

(1) (a) Presented at the Third Middle Atlantic Meeting of the American
Chemical Society, Philadelphia, Pa., Feb 2, 1968, Abstracts, p H74. (b)
Taken from the Ph.D. Thesis of K. F. B., Fordham University, 1968. (c)
This research was supported by a grant from the Public Health Service, NIH 
GM 12758, for which we are most grateful.

(2) (a) J. S. Webb, D. B. Cosulich, J. H. Mowat, J. B. Patrick, R. W. 
Broschard, W. E. Meyer, R. P. Williams, C. F. Wolf, W. Fulmor, C. Pidacks, 
and J. E. Lancaster, J .  A m er. Chem . Soc., 84 , 3187 (1962); (b) J. B. Patrick, 
R. P. Williams, W. E. Meyer, W. Fulmor, D. B. Cosulich, R. W* Broschard, 
and J. S. Webb, ib id ., 86, 1889 (1964).

(3) (a) G. R. Allen, Jr., J. F. Poletto, and M. J. Weiss, J .  Org. C hem ., 30, 
3897 (1965); (b) G. R. Allen, Jr., and M. J. Weiss, ib id ., 30, 2904 (1965); 
(c) W. A. Remers, R. H. Roth, and M. J. Weiss, ib id ., 30 , 2910 (1965).

(4) R. Huisgen, G. Szeimies, and L. Mobius, Chem. B er., 100, 2494 (1967).

position of the resultant triazoline.6 The major draw
back to our scheme was that the simple 3H-pyrrolo- 
[l,2-a]indole structure 3 was not known. The early 
report of a dehydrative acetylation of N-phenacyl- 
anthranilic acid to afford 9-hydroxy-3-keto-l-phenyl- 
3H-pyrrolo[l,2-a]indole (4) is not correct.6-7 The ena- 
mine 5, not completely characterized, may be an example 
of the desired system.3b An authentic, but more com
plex, 3 H derivative, the 3-methylenecarboxylate 6, has

been characterized as well.8 Two independent syn
theses directed toward the preparation of the simple 
heterocycle 3 both afforded the isomeric 9H-pyrrolo~ 
[l,2-a]indole (7). The Hofmann elimination route 
(Scheme I, path l)3b and the elegant and general hetero
cyclic synthesis via a vinylphosphonium salt (Scheme 
I, path 2)9 are usually unambiguous, position-specific

(5) P. Schemer, J .  Org. Chem ., 30, 7 (1965).
(6) (a) M. Scholtz, Chem . B er., 51 , 1646 (1918); (b) R. Wegsehnieder, 

ib id ., 52, 1705 (1919).
(7) R. W. Franck and J. Usilton, Fordham University, unpublished re

sults, 1966.
(8) W. A. Remers, J .  A m er. Chem . Soc., 86, 4608 (1964).
(9) E. E. Schweizer and K. K. Light, J .  Org. C hem ., 31, 2912 (1966).
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methods. Thus, it must be concluded that the 3 H 
product is less stable than the 9 H isomer, a fact which 
is supported by Hiickel molecular orbital calcula
tions.315’8'10 Our attention was directed toward ob
taining a 3 H isomer that was stabilized relative to the 
9 H compound. We proposed to accomplish this goal 
via utilization of the anion 8 of heterocycle 7, previously 
described by Huisgen.11 The reported alkylation of 
the anion with diethylaminoethyl chloride apparently 
gave exclusively the 9-alkyl product 9. It was our 
plan to study the introduction of acyl groups in a sim
ilar manner.

The anion 8 is prepared by treating the heterocycle 
7 with butyllithium. When the reaction with diethyl
aminoethyl chloride was repeated, the discharge of the 
green anion (estimated visually) took 20 hr. Three 
products were detected by vapor phase chromatog
raphy (vpc) of the reaction mixture. The major prod
uct (85%) was the 9-alkyl compound 9, its structural 
assignment based on an nmr spectrum with 3 pyr
role protons. Also, the 9,9-dialkyl product 10 (12%) 
was isolated, its characterization based on its nmr with 
3 pyrrole and 28 diethylaminoethyl protons. The 
third product (3%) was not characterized. The forma
tion of bisalkyl product can be explained by invoking 
equilibration of anion 8 with monoalkyl 9 to afford neu
tral 7 and the anion of 9. When the anion 8 was added 
to excess diethyl carbonate, instantaneous reaction was 
observed. Immediate work-up of the mixture afforded 
material which could be purified by silica gel chroma
tography to yield recovered 7 (33%) and 9-carbethoxy- 
3H-pyrrolo[l,2-a]indole (11) (18%). Strong evidence

for the proposed structure is the appearance of 2 
vinyl protons in the nmr spectrum of 1 1 ; the lines ap
peared as doubled triplets at 5 6.32 and 6.77 («/j2 = 6.0 
and J i3 = J 23 = 2.0 Hz, the Ju  being far outside the

(10) C. Sherr, R. Cloney, K. Bernady, E. Leser, and R. W. Franck, Ford- 
ham University, unpublished results, 1967.

(11) E. Laschtuvka and R. Huisgen, Chem . Ber., 93 , 81 (1960).

limit for vicinal coupling in pyrroles).12 The grouping 
of uv maxima in the 240-and 320-m/j region with a min
imum at 280 n\fi (compare pyrrole 7, uv max 265 m/i) is 
in agreement with every 2-vinylindole that we know 
of.13 That the 3 H isomer in this system could be more 
stable than the 9 H isomer is supported by molecular 
orbital calculations.10 The recovery of starting hetero
cycle 7 can be explained by considering that the inter
mediate acylation product 12 , more acidic than 7, re
acts with anion 8 to form anion 13 and neutral 7. This

proton transfer must occur more rapidly than conden
sation of 8 with diethyl carbonate. Eventual work-up 
by protonation of 13 affords the product 11. A more 
reactive acylating agent, ethyl chloroformate, was used 
so that the acylation of 8 would be a faster process. 
The products isolated were the 9,9-bis acylated product 
14 (13%) (3 pyrrole and 10 ethyl protons in the nmr) 
and recovered starting material 7 (35%). This course 
must come from further acylation of anion 13, with 
ethyl chloroformate being more reactive than diethyl 
carbonate which does not give bis acylation with short 
reaction time. When carbon dioxide was employed as 
the electrophile with anion 8, 9-carboxy-3H-pyrrolo- 
[l,2-a]indole (15) was isolated in 7% yield and starting

CO2C2H5
'02C2H5

COOH

15

7 was recovered in 74% yield. The acid 15 lost C02 on 
melting and also upon column chromatography. When 
dimethyl oxalate was the electrophile in the condensa
tion, the major product isolated by chromatography was 
the 1-substituted 9 H compound 16 (13%). Its struc-

16

(12) A. R. Katritzky in “Physical Methods in Heterocyclic Chemistry,” 
Vol. II, A. R. Katritzky, Ed., Academic Press Inc., New York, N. Y., 1963,
p 128.

(13) (a) N. Neuss, “Physical Data of Indole and Dihydroindole Alka
loids,” Eli Lilly and Company, Indianapolis, Ind., 1963. (b) R. N. Schut
and T. J. Leipzig, J .  H eterocycl. Chem ., 3 , 101 (1966). (c) H. Zinnes, R. A. 
Comes, and J. Shavel, Jr., J .  Org. C hem ., 30 , 105 (1965). (d) U. Renner,
K. A. Jaegi, and D. A. Prins, Tetrahedron L ett., 3697 (1965). (e) U. Renner 
and P. Kernweisz, E xp erien tia , 19, 244 (1963). (f) J. A. Joule, H. Montiero,
L. J. Durham, B. Gilbert, and C. Djerassi, J .  Chem . Soc., 4473 (1965). (g)
D. Beck, K. Schenker, F. Stuber, and R. Zurcher, Tetrahedron L ett., 2285
(1965). (h) There is also a good correspondence in uv maxima with the
isomeric chromophore of vobasine methine (i): U. Renner, D. A. Prins, A. L.
Burlingame, and K. Biemann, H elv. Chem . A c ta , 46 , 2186 (1963). We thank 
Dr. W. I. Taylor of Ciba Laboratories for suggesting this comparison.
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tural assignment is based on the nmr showing two pyr
role protons and no deshielded aromatic proton (at C8) 
characteristic of the anisotropic effect of a carbonyl at 
the 9 position. Also a 1% yield of the 3-oxalylated 
compound 17 was obtained. A sample of 17 was inde
pendently prepared via oxalylation of 7. In addition,

C0C02CH3
17

34% recovery of 7 was obtained. The anion 8 was 
condensed with phenyl isocyanate, since the initial 
condensation product 18, being anionic, would not 
participate in a proton transfer with 8 since the result 
would be a dianion. In the event, the products iso
lated were the 9,9-diacylated compound 19 (3%), the 
1-acyl product 20 (1%), the 3-acyl isomer 21 (14%), 
and recovered 7 (13%). All the products had nmr 
spectra consistent with the 9H-pyrrolo system. The 
products isolated are an example of the trapping of all 
three positions of the tridentate anion 8 in a single re
action.

stand for 24 hr prior to work-up, the yield of diester 22 
increased to 6% and monoester 1 1  was present in less 
than isolable quantity (detected only by tic). The 
difference in structure of the bis acyl product obtained 
under these conditions compared with the rapid reaction 
with ethyl chloroformate suggests that the latter case 
is one of kinetic control of product formation, while the 
former is a case where thermodynamic factors deter
mine the product formed. The conclusions that we can 
draw about the reactions of the carbanion 8 are that 
the nature of the acylating agent does play some role in 
the determination of the product in a way that we can
not as yet interpret. Also, we note that this system is 
a case of a demonstrably tridentate carbanion.

With ester 1 1 , the first simple member of the 3H-pyr- 
rolo[l,2-a]indole class, in hand, we set out to study its 
chemistry to determine whether an aziridine function 
could be introduced as had been planned originally. 
Hydrogenation of the vinylic double bond of 11  to af
ford indole ester 23 proceeded in 99% yield. This was

o r  'NPh

V-/ CONHPh

20

All the acylations appeared to be instantaneous re
actions whereas the alkylation first described was slow. 
Since the alkylating agent contained a tertiary amine 
grouping, it was hypothesized that this amine function 
was forming a stable coordination complex with anion 8, 
a well-known phenomenon of tertiary amines and organ- 
olithiums.14 Further, we felt that the complex was un- 
reactive and only its dissociation to free organolithium 
would provide a species that would alkylate or acylate. 
Thus the acylation with diethyl carbonate was repeated 
with prior addition of triethylamine to preformed anion 
8. The reaction was slowed markedly with incomplete 
discharge of the color of anion 8 after 4 hr. Work-up 
of the mixture at this point afforded the previously ob
tained 3 H ester 1 1  (9%), the 1,9 diester 22 (3%), and 
recovered 7 (76%). The diester 22 was clearly in the 
9 H, or pyrrole, series, with its longest wavelength uv 
maximum at 272 m/u and with two typical pyrrole pro
tons at 5 6.89 and 7.15 (J = 3 Hz). In a similar ex
periment where the reaction mixture was allowed to

(14) C. G. Screttas and J. F. Eastham, J .  A m e r . C h em . S o c ., 87, 3726
(1965).

23

the only usable reaction we could perform with 1 1 . Our 
first attempts at aziridine introduction at the vinylic 
bond were based on the method of triazoline formation 
(vide supra).4,6 No useful result was obtained upon re
action of 1 1  with methyl azide, p-bromophenyl azide, 
or carbethoxy azide, over a gamut of conditions and 
solvents. Since the dipolar addition reaction of azides 
has been shown to be sensitive to steric effects, ring 
strain features, and bond polarities,4 and since none of 
the favorable sort of features is incorporated in 1 1 , the 
failure of this approach was not totally unexpected. 
We then turned to the less discriminate method of ni- 
trene insertion as a means of aziridine synthesis.15 
Both photochemical and ordinary methods of nitrene 
generation were used. Many products were detected 
by tic. One preparative tic fraction was isolated which 
had ir and uv spectra (see Experimental Section) which 
were in agreement with what one would have predicted 
for the desired product, but a satisfactory nmr spectrum 
could not be obtained. The iodine isocyanate method 
of aziridine synthesis was examined16 and found want
ing. This was expected since the simpler electrophilic 
attack of ester 11  by bromine had given a very complex 
mixture. Our investigations with ester 11  have been 
suspended at this point while our laboratory turns to 
other varieties of unsaturated tricyclics.

(15) (a) J. S. McConaghy, Jr., and W. Lwowski, ib id ., 89, 2357 (1967); (b) 
W. Lwowski and T. J. Maricich, ib id ., 87, 3630 (1965); (c) W. Lwowski and 
T. W. Mattingly, Jr., ib id . , 87, 1947 (1965).

(16) A. Hassner, M. E. Lorber, and C. Heathcock, J .  O rg . C h e m ., 32, 540 
(1967).
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Experimental Section17-18
9H-Pyrrolo[l,2-a]indole (7).—Material of mp 90-91°, pre

pared as previously described, was used in the following experi
ments.19

Lithium Anion of OH-Pyrrolo[ 1,2-a]indole (8).—The anion em
ployed in the subsequent condensations was prepared by addition 
of a 10 M  % excess of a hexane solution of ra-butyllithium (Foote) 
to an approximately 0.3 M  solution of 9H-pyrrolo[l,2-a]indole 
in anhydrous diethyl ether. The solution was stirred for 15 min 
before further reaction at which time it appeared a Brunswick 
green.

Condensation of the Anion with /5-Chloroethyldiethylamine.11—
To a solution of the anion (3.00 mmol) in 20 ml of anhydrous 
diethyl ether was added a solution of 410 mg (3.02 mmol) of 
/3-chloroethyldiethylamine in 2 ml of diethyl ether. The mixture 
was stirred for 20 hr after which the lithium chloride was filtered 
off and the solvent was removed. The resulting oil was evap- 
oratively distilled at 140-150° (0.30 mm) yielding 20 mg of start
ing hydrocarbon followed by 645 mg of a pale yellow distillate 
whose tic, vpc, and nmr spectrum revealed it to contain a trace of
7 and a mixture of alkylated products. A benzene solution of
the distillate was subjected to gas chromatography at 247°. 
The mixture was resolved into three components of retention 
times of 4.4, 5.5, and 7.7 min in a ratio of 15:1:3.5, respectively. 
Samples of each component were collected and analyzed by nmr. 
The first component appeared to be the monoalkylated product
9-/3-diethylaminoethyl-9H-pyrroIo[l,2-a] indole (9): nmr (CC14), 
S 0.95 (t, 6, CH3CH2), 1.97 (m, 2, CH2CH), 2.50 (m, 6, CH2N),
3.98 (m, 1, HC-9), 6.03 (dd, 1, HC-1), 6.28 (t, 1, HC-2), 6.95 
(dd, 1, HC-3), 7.00-7.33 (m, 4, aromatic). Insufficient amounts 
of the second component were collected to permit identification. 
The third component appeared to be the dialkylated product,
9,9-di-/3-diethylaminoethyl-9H-pyrrolo[l,2-a] indole (10): nmr
(CC14), 5 0.78 (t, 12, CH3), 2.00 (broad s, 4, CH2), 2.29 (m, 12, 
CH2N), 6.02 (m, 1, HC-1), 6.32 (m, 1, HC-2), 6.98 (m, 1, HC-3),
7.05-7.38 (m, 4, aromatic).

Condensation of the Anion with Diethyl Carbonate. 9-Car- 
bethoxy-3H-pyrrolo[l,2-a]indole (11).—A solution of the anion
8 (33.82 mmol) in 110 ml of anhydrous ether was added as rapidly 
as possible to an ice-cooled solution of 4.0 g (34 mmol) of diethyl 
carbonate, redistilled from P2Os, in 40 ml of diethyl ether. The 
resulting mixture was immediately hydrolyzed with ice and dilute 
hydrochloric acid. Standard work-up afforded a deep red oil. 
Tic of the oil displayed the presence of starting hydrocarbon and 
one major new product: ir (CCI4), 1705 cm-1 (C = 0 ). The oil 
was chromatographed on a column of 180 g of alumina. Elution 
with hexane yielded 1.723 g (32.8%) of starting hydrocarbon. 
Elution with 1:4 benzene-hexane followed by 1:1 benzene-hex
ane afforded 2.111 g of a reddish oil which crystallized from 
hexane-benzene to give 1.158 g of tan crystals, mp 74.5-76.5°. 
The mother liquors gave a second crop of 0.19 g, mp 75.0-76.5°, 
for a total yield of 17.6%. An analytical sample of the ester,
9-carbethoxy-3H-pyrrolo[l,2-a]indole, was prepared by evapora
tive distillation at 140-160° (0.15 mm) and crystallization from 
hexane: mp 76.5-78.5°; ir (CC14), 1700 cm-1 (C = 0); ir (CS2), 
692 and 684 cm-1 (cis C=C); uv max (isooctane), 227 m/i (e 
28,000), 248 (16,000), 253 (16,000), 265 sh (3000), 310 sh
(12,000), 320 (13,000), 336 sh (9200), 357 (4200); uv max (95% 
C2H6OH), 229 mM (e 33,000), 237 (32,000), 318 (17,000); nmr 
(CCh), S 1.35 (t, 3, CH„), 4.02 (t, 2, J a = J 23 = 2 Hz, CH2N),

(17) All reactions described within were conducted under an atmosphere 
of nitrogen using the apparatus of Johnson and Schneider.18 The standard 
reaction work-up, unless otherwise noted, involved washing the organic 
reaction solvent with dilute sodium bicarbonate solution, distilled water, and 
saturated sodium chloride. The organic solvent was then dried with anhy
drous sodium sulfate and evaporated at reduced pressure. Column chroma
tography was performed with neutral Woelm alumina, activity III, and with 
Davison silica gel (100-200 mesh). Melting points were determined on a 
Fisher-Johns apparatus and are uncorrected. Analyses were done by Spang 
Microanalytical Laboratory, Ann Arbor, Mich. Vpc analyses were deter
mined with an F & M instrument on a 6 ft X 0.125 in. 10% SE-30 on a fire
brick column. Infrared spectra were obtained with a Perkin-Elmer 337 grat
ing spectrophotometer. Ultraviolet spectra were taken with a Cary 15 spec
trophotometer. Nmr spectra were measured with a Varían A-60 instrument, 
probe temperature 38°, with signals reported relative to internal tetramethyl- 
silane, 8 0.00 ppm.

(18) W. S. Johnson and W. P. Schneider, O rg. S y n . ,  30, 18 (1950).
(19) V. J. Mazzola, K. F. Bernady, and R. W. Franck, J .  O rg . C h e m ., 32, 

486 (1967).

4.23 (q, 2, CH20 ), 6.32 (dt, 1, J n =  6.0, J 23 =  2.0 Hz, HC-2), 
6.77 (dt, 1, J n = 6.0, J 23 = 2.0 Hz, HC-1), 6.85-7.13 (m, 3, 
HC-5, HC-6, HC-7), 8.02 (m, 1, HC-8); nmr (acetone-d6), & 1.38 
(t, 3, CH3), 4.33 (q, 2, CH20 ), 4.64 (t, 2, J u  =  J 23 = 2.0 Hz, 
NCH2), 6.87 (dt, l , J n =  6, J 23 =  2.0 Hz, HC-2), 6.98-7.29 (m, 
4, HC-1, three aromatic), 8.17 (m, 1, HC-8).

Anal. Calcd for Ci4H13N 02: C, 74.0; H, 5.8; N, 6.2. 
Found: C, 74.0; H, 5.8; N, 6.1.

In a subsequent experiment, the crude red oil was analyzed by 
vpc which indicated the presence of starting 7 and one major 
product, namely 11. Several minor peaks were also noted in the 
chromatogram, but these were small in area relative to the two 
components noted above. In experiments in which the anion 
was added over a longer period of time, or in which the anion 
was added rapidly, but the mixture was allowed to stir with ice 
cooling for several hr, the amoimt of ester 11 was found to de
crease with time, until it was no longer evident in the reaction 
mixture upon vpc analysis. No new volatile product developed 
during this time. In one scaled-up experiment, the anion 8 was 
added to a large excess of diethyl carbonate. Upon chromatog
raphy of the reaction mixture on silica gel, a new ester was eluted 
from the column after starting 7 had been removed but before 
the major product 11 was recovered. Evaporative distillation 
of this new fraction at 120-130° (0.15 mm) produced 40 mg of a 
pale yellow oil which could not be induced to crystallize. This 
ester appeared to be 3-carbethoxy-9H-pyrrolo[l,2-a]indole:

C02C2H5

ir (CCU), 1712 cm 1 (ester C = 0 ); nmr (CC14), S 1.33 (t, 3, 
CH3), 3.61 (broad s, 2, ArCH2), 4.25 (q, 2, OCH2), 5.93 (dt, 1, 
J n  =  3.4 Hz, J 19 <  0.5 Hz, HC-1), 6.93-7.27 (m, 4, HC-2, three 
aromatic), 8.63 (m, 1 , HC-5).

9-Carbethoxy-1,2-dihydro-lH-pyrrolo [ 1,2-a] indole (23).—A 
solution of 166 mg (0.730 mmol) of ester 11 in 20 ml of absolute 
ethanol was hydrogenated over 54 mg of a 5% palladium-on- 
carbon catalyst at room temperature and atmospheric pressure. 
Hydrogen (1 equiv) was consumed in 2 min and the mixture was 
stirred for 12 min with no additional gas uptake. Upon removal 
of the catalyst and solvent, there was obtained 166 mg (99%) 
of crystals, mp 95-95.5°. An analytical sample was prepared by 
crystallization from hexane: mp 95.5-96.0°; ir (CCI4), 1698 cm-1 
(ester C = 0 ); ir (CS2), absence of cis C =C  at 692 and 684 
cm-1; uv max (isooctane), 217 m/i (e 34,000), 229 (26,000), 245 
sh (11,000), 275 sh (9700), 283 (12,000), 292 (11,000); nmr 
(CCl,), 5 1.30 (t, 3, CH3), 2.27 (m, 2, NCH2CH2), 2.78 (m, 2, 
NCH2CH2CH2), 3.53 (t, 2, / 23 = 7 Hz, NCH2), 4.17 (q, 2, OCH2),
6.75-7.11 (m, 3, aromatic), 7.95 (m, 1, HC-8).

Anal. Calcd for Ci4Hi5N02 : 6 , 73.3; H, 6.6; N, 6.1. 
Found: C, 73.3; H, 6.6; N, 6.2.

Condensation of the Anion 8 with Ethyl Chloroformate. 9,9- 
Biscarbethoxy-9H-pyrrolo[l,2-a]indole (14).—-A solution of 12.9 
mmol of the anion 8 was added to an ice-cooled solution of 2.8 g 
(26 mmol) of redistilled ethyl chloroformate in 50 ml of diethyl 
ether. The mixture was stirred for 20 min and then poured 
into water. The organic layer was worked up in' the usual man
ner and the solvent was removed to yield a red oil, ir (CCI4) 1750 
cm-1, the vpc of which showed one major product other than 
regenerated 7. The reaction product was chromatographed on 
100 g of silica gel. Elution with CC14 afforded 700 mg (35%) of
7. Elution with CHC13 yielded a red oil which was evaporatively 
distilled at 125-145° (0.01 mm) to afford 573 mg of a pale yellow 
oil. This oil, diester 14, was crystallized from hexane-chloro
form to yield 475 mg (13%) of crystals, mp 111-113°. An 
analytical sample was prepared by crystallization from hexane- 
chloroform: mp 115.0-115.5°; ir (CC14), 1755 cm-1 (unconju
gated ester C = 0 ); uv max (isooctane), 212 (e 21,000), 269
(13,000); nmr (CDC13), S 1.23 (t, 6, CH3), 4.24 (q, 4, OCH2),
6.46 (m, 2, HC-1, HC-2), 7.10 (dd, 1, J I3 =  1.5, J 23 = 2.6 Hz, 
N-HC-3), 7.15-7.43 (m, 3, aromatic), 7.80 (m, 1, HC-8).

Anal. Calcd for C17H„N04: C, 68.2; H, 5.7; N, 4.7. 
Found: C, 68.2; H, 5.8; N, 4.7.
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Condensation of Anion 8 with Carbon Dioxide. 9-Carboxy- 
3H-pyrrolo[l,2-a]indole (15).—To a stirred, ice-cooled solution 
of 32.9 mmol of the anion 8 in 110 ml of diethyl ether was added 
gaseous C02, dried by passing it through a column of molecular 
sieves, until the green color of the anion was discharged. The 
mixture was then poured into water and the ethereal layer 
separated. The aqueous layer was extracted with ether; the 
combined ether layers were worked up in the usual way to afford
3.36 g of 7, mp 86-90°. The aqueous layer was acidified with 
cold, dilute HC1 and the resulting precipitate was extracted into 
ether and worked up as usual to yield 2.20 g of an acid mixture, 
shown by tic to consist of one major product. The mixture was 
chromatographed on silica gel. Elution with CHC13 yielded 525 
mg of 7 (decarboxylation on the column?) to make a total of 74% 
recovered starting material. Elution with 1:49 acetic acid- 
chloroform yielded 478 mg (7%) of acid 15 homogeneous on tic, 
mp 180-210° (decarboxylation). No other product could be 
eluted from the column. Acid 15 was sublimed at 165° (0.14 
mm) and crystallized from ethanol: mp 213-215° (decarboxyla
tion): ir (KBr), 1645 cm“1 (acid C = 0 ); uv max (95% C2H5OH), 
225 mp (e 22,000), 253 (17,000), 318 (12,000).

Anal. Calcd for CI2H9N 02: C, 72.4; H, 4.6; N, 7.0. 
Found: C, 72.5; H, 4.6; N, 7.0.

Condensation of the Anion 8 with Dimethyl Oxalate.—A solu
tion of 19.3 mmol of the anion 8 was added as rapidly as possible 
to an ice-cooled solution of 2.36 g (20 mmol) of dimethyl oxalate 
in 60 ml of ether. After complete addition of the anion, the 
mixture was hydrolyzed with ice and dilute HC1. The usual 
work-up gave a red oil, whose tic showed the presence of 7 and 
several new spots: ir (CC14), 1740 (ester C = 0 ), 1686 cm“1 
(conjugated C = 0 ). The crude product was chromatographed 
on a column of 100 g of silica gel. Elution with hexane and 1:1 
hexane-benzene yielded 1.01 g (33.6%) of 7. Elution with ben
zene afforded 1.13 g of a red oil which crystallized from benzene to 
yield ester 16 as 320 mg of black crystals, mp 133.5-136°. The 
mother liquors were chromatographed on alumina with benzene 
as eluent. Two yellow bands developed. The first one removed 
afforded 60 mg of an oil which crystallized from hexane-benzene 
to give 45 mg of crystals, mp 78-81 °. The second band gave 320 
mg of an oil which could be crystallized from hexane-benzene to 
afford 280 mg of material, mp 135-136°, which was identical 
with ester 16 obtained in the initial chromatography. The com
bined yield of methyl 9H-pyrrolo[ 1,2-a] indole-1-gly oxalate (16) 
was 600 mg (13%). The analytical sample was recrystallized 
from hexane-benzene: mp 136.5-138.0°; ir (CC14), 1745 (ester 
C = 0 ), 1675 cm“1 (conjugated C = 0 ); uv max (isooctar.e), 239 
mp (e 13,000), 282 (11,000), 289 (13,000), 299 (13,000); nmr 
(CDClj), S 3.95 (s, 3, OCHs), 4.08 (s, 2, ArCH2), 6.9S (d, 1, 
J 23 = 3.0 Hz, HC-2), 7.20-7.70 (m, 5, HC-3, aromatics).

Anal. Calcd for Ci4HnN 03: C, 69.7; H, 4.6; N, 5.8. 
Found: C, 69.6; H, 4.7; N, 5.9.

The lower melting column fraction was evaporatively distilled 
at 120-140° (0.20 mm) and crystallized from hexane to afford 
35 mg of yellow crystals, mp 98.0-98.5°, which were identical in 
their ir, uv, mp, and tic characteristics with methyl 9H-pyrrolo- 
[l,2-a]indole-3-glyoxalate (17) prepared independently. The 
yield of this ester in this reaction was 1 %.

Methyl 9H-Pyrrolo[l,2-a]indole-3-glyoxalate (17).—Following 
the procedure of Remers,18 254 mg (2.0 mmol) of oxalyl chloride 
was added to an ice-cooled, stirred solution of 310 mg (2.0 mmol) 
of 7 in 5 ml of CH2C12. After stirring for 15 min, the solvent was 
removed and the yellow-brown acid chloride was treated with 3 
ml of methanol and 300 mg of Na2C03. The mixture was stirred 
at room temperature for 2.5 hr and then at reflux for 2 min. In
soluble material was filtered off and the solvent was removed. 
The crude residue was chromatographed through alumina using 
benzene as eluent. Crystallization of the material from the 
column with methanol afforded 166 mg (34.4%) of ester 17, mp
96.5-98.5°. The analytical sample was prepared via crystalliza
tion from hexane as long, pale yellow needles: mp 98.5-99.5°; 
ir (CC14), 1743 (ester C = 0 ), 1662 cm“1 (conjugated C = 0); uv 
max (isooctane), 233 mp (« 9500), 279 (7700), 286 (8809), 312
(13,000); nmr (acetone-d6), 8  3.43 (s, 5, ArCH2, OCH3), 5.85 
(dt, 1, / 12 = 4.0, J a  =  1.0 Hz, HC-1), 6.62-7.05 (m, 4, HC-2, 
aromatic), 8.15 (m, 1 , HC-5).

Anal. Calcd for Ci4HuN 03: C, 69.7; H, 4.6; N, 5.8. 
Found: C, 69.7; H, 4.5; N, 5.9.

Condensation of the Anion 8 with Phenyl Isocyanate.—A
solution of 3 mmol of anion 8 was added rapidly to an ice-cooled 
solution of 640 mg (5.37 mmol) of redistilled phenyl isocyanate in

10 ml of ether. The mixture was stirred for 5 min and then hy
drolyzed with ice and dilute HC1. Work-up afforded a crude 
product, ir (CC14) 1721 and 1683 cm“1, whose tic indicated the 
presence of at least three new compounds. The crude product 
was chromatographed on alumina. Elution with hexane af
forded 57 mg (13%) of 7. Elution with 1:1 hexane-benzene 
gave 158 mg of a product which could be crystallized from ben
zene-ethanol to afford 117 mg (14%) of N-phenyl-9H-pyrrolo- 
[l,2-a]indole-3-carboxamide (21), mp 200-202°. The analytical 
sample was prepared from benzene-ethanol: mp 202-203°; ir 
(KBr), 3305 (NH) and 1654 cm“1 (C = 0); uv max (isooctane), 
241 mp (e 9700), 287 sh (23,000), 293 (24,000); nmr (DMSO), 
8  3.95 (broad s, 2, CH2Ar), 6.30 (dt, 1, J a  = 3.5 Hz, J w = 1.0, 
HC-1), 7.15-7.65 (m, 8, HC-2, NH, aromatics), 7.92 (m, 2, 
aromatics), 8.57 (m, 1 , HC-5).

Anal. Calcd for Ci8H14N20: C, 78.8; H, 5.1; N, 10.2. 
Found: C, 78.9; H, 5.1; N, 10.1.

Elution of the column with benzene afforded 99 mg of a mix
ture which was fractionally crystallized from ethanol. The 
product isolated in this manner was 10 mg of N-phenyl-9H- 
pyrrolo[l,2-o]indole-l-carboxamide (20) (1% yield), mp 154- 
156°. An analytical sample was prepared by recrystallization 
from ethanol: mp 155-156°; ir (KBr), 1712 cm“1 (C = 0); uv 
max (isooctane), 235 mp (e 14,000), 278 (16,000), 284 (16,000), 
288 (15,000); nmr (CDCI3), 8  4.19 (s, 2, CH2Ar), 6.71 (d, 1, 
J a  =  2.5 Hz, HC-2), 7.00-7.80 (m, 11, HC-3, NH, aro
matics).

Anal. Calcd for Ci8Hi4N20: C, 78.8; H, 5.1; N, 10.2. 
Found: C, 78.9; H, 4.9; N, 10.5.

The mother liquors from the above fractional crystallization 
were evaporated, and the residue was crystallized from hexane- 
benzene to afford 30 mg (3%) of N,N'-diphenyl-9H-pyrrolo- 
[1,2-a]indole-9,9-dicarboxamide (19), mp 180-184°. An an
alytical sample was prepared from benzene-hexane: mp 186.5- 
188.0°; ir (KBr), 1680 cm“1 (C = 0); uv max (isooctane), 248 
mp (i 44,700); nmr (CDC13), 8  6.67 (m, 2, HC-1, HC-2), 7.14-
7.72 (m, 16, HC-3, NH, aromatics), 8.08 (m, 1, HC-5).

Anal. Calcd for C25H19N30 2: C, 76.3; H, 4.9; N, 10.7. 
Found: C, 76.3; H, 4.9; N, 10.7.

Condensation of the Anion 8, Complexed with Triethylamine, 
with Diethyl Carbonate.—To a solution of 3.0 mmol of the anion 
8 was added 310 mg (3.1 mmol) of triethylamine, and the result
ing solution was allowed to stand for 2.5 hr. Then 390 mg (3.3 
mmol) of diethyl carbonate was added to the solution. The 
usual discharge of the deep green color did not take place. The 
solution was stirred for 2.5 hr and then it was treated with ice 
and dilute HC1. Work-up yielded an oil whose tic showed the 
presence of 7, 11, and a new product. The oil was chromato
graphed on alumina. Benzene elution afforded, in order, 356 
mg (76.3%) of 7, 89 mg of crude 11 , and 60 mg of anew ester, 22. 
The crude ester 11 was distilled at 140-160° (0.15 mm) and crys
tallized from pentane-benzene to yield 60 mg (9%) of pure ester, 
mp 76-77.5°. The new ester 22 was distilled at 140-160° (0.15 
mm) and crystallized from pentane-benzene to yield 26 mg (3%) 
of l,9-dicarbethoxy-9H-pyrrolo[l,2-a] indole, mp 92-93°. The 
analytical sample was recrystallized from pentane-benzene: mp
92.5-93.5°; ir (CC14), 1755, 1740, and 1725 cm“1 (C = 0); uv 
max (isooctane), 212 mp (e 33,000), 230 (17,000), 237 sh (15,000), 
272 (17,000); nmr (CDC13), 8  1.25 (t, 3, CH3), 1.33 (t, 3, CH3),
4.33 (q, 4, OCH2), 5.07 (s, 1 , HC-9), 6.89 (d, 1 , / 23 = 3.0 Hz, 
HC-2), 7.15 (d, 1 , J n = 3.0 Hz, HC-3), 7.31-7.59 (m, 4, aro
matic).

Anal. Calcd for C17H„N04: C, 68.2; H, 5.7; N, 4.7. 
Found: C, 68.1; H, 5.8; N, 4.9.

In a similar experiment, the reaction solution was allowed to stir 
for 24 hr after the addition of diethyl carbonate. At this time, 
the green color was discharged. Work-up and chromatography 
gave 70% of recovered 7 and diester 22 in 6% yield, mp 92.5- 
93.5°. Only traces of 11 were detected.

Nitrene Addition to 9-Carbethoxy-3H-pyrrolo[l,2-a]indole- 
i l l ) .—A solution of 227 mg (1.00 mmol) of ester 11 and 1.20 g 
(10.4 mmol) of ethyl azidoformate in 3.8 ml of methylene chlo
ride was irradiated in a Pyrex tube under an atmosphere of N2 
with a Hanovia 100-W high-pressure lamp until 35 ml of N2 was 
evolved.16 The reaction mixture was then worked up by chro
matography on alumina. Benzene elution gave recovered 11 
(22%). Then 16 mg of material was obtained which exhibited 
carbonyl bands in the ir different from 11. This product was 
chromatographed on tic plates using silica gel G and 9 :1 ben
zene-ether as developing solvent. A fraction (4 mg) was ob-
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tamed: mp 164-165.5°; ir (CC14), 1735 (carbamate C = 0 ), and 
1705 cm-1 (conjugated ester C = 0); uv max (isooctane), 209 
mu. (e 28,000), 217 sh (26,000), 232 (22,000), 277 (6400), 287 
(7100), 294 (6800). An interpretable nmr using a computer of 
average transients could not be obtained. The compound was 
not further characterized.

Registry N o—9, 16916-03-3; 10, 16916-04-4; 1 1 , 
16916-05-5; 14, 16960-03-5; 15, 16916-07-7; 16, 16916- 
08-8; 17,16916-09-9; 19,16916-10-2; 20, 16916-11-3; 2 1 , 
16916-12-4; 22, 16916-13-5; 23, 16916-14-6; 3-carbeth- 
oxy-9H-pyrrolo [1,2-a lindóle, 16916-06-6.
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Dibutyl iodomethaneboronate has been synthesized by reaction of iodomethylmercuric iodide with boron tri
bromide followed by esterification with 1-butanol. Nucleophiles including alkoxides, amines, carbanions, and 
mercaptides displace iodide from dibutyl iodomethaneboronate to yield the corresponding substituted methane- 
boronic acid derivatives. Several boron-containing pyrimidines have been prepared by the reaction of the iodo- 
methaneboronic ester with mercaptopyrimidines.

Reasons for studying carbon-functional boronic esters 
include observations of strong neighboring-group effects 
of boron2-4 and the possibility of finding an effective 
compound for the 10B neutron capture therapy of brain 
tumors.6 Displacement of halide from an a-haloal- 
kaneboronic ester is a potentially useful approach to a 
wide variety of substituted boronic esters.3’4 5 However, 
it turned out that alkoxide ion often reacts much faster 
than more highly desired other nucleophiles, even 
mercaptides, in displacement of bromide from such 
compounds as dibutyl 2-bromopropane-2-boronate, 
owing to preliminary attack of the more basic anion on 
the boron atom. We thought it likely that reagents 
more nucleophilic toward carbon would react faster than 
those more basic toward boron if the transition state 
could be given more “ S n 2  character.” Reduction of 
chain branching would accomplish this end, and a halo- 
methaneboronic ester, XCH2B(OR)2, was therefore de
sired. A second advantage of such a compound would 
be the incorporation of a minimum of extraneous 
carbon along with the boron in compounds synthesized 
for potential biological properties.

Synthesis of ICH2B(OBu)2.—Our previous syntheses 
of a-haloalkaneboronic esters involved radical2 or ionic3 
additions to alkeneboronic esters. An entirely new 
approach was therefore needed to make a halomethane- 
boronic ester. Chlorination of di-f-butyl methane- 
boronate with f-butyl hypochlorite yielded a little chlo- 
romethaneboronic ester after a lot of effort.6 We there
fore tried treating iodomethylmercuric iodide7 with 
boron tribromide. After esterification of the product 
with 1-butanol, a low yield of dibutyl iodomethaneboro
nate (1) was obtained. Sodium iodide greatly im-

(1) (a) Prelim inary communication: D. S. M atteson and T. C. Cheng,
J .  O rg a n o m e n ta l C h e m ., 6, 100 (1966). (b) Supported b y  U.S. Public Health
Service G rant CA-05513 from the N ational Cancer Institute, (c) Alfred P. 
Sloan Foundation  Fellow, (d) Abstracted in part from  the Ph .D . Thesis 
of T.-C. Cheng, 1968.

(2) D . S. Matteson and R . W. H . M ah , J .  A m e r .  C h em . S o c ., 85, 2599 
(1963).

(3) D . S. Matteson and G. D . Schaumberg, J .  O rg . C h em ., 31, 726 (1966).
(4) D . S. Matteson, O rg a n o m eta l. C h em . R e v ., 1, 1 (1966).
(5) A . H . Soloway in “Progress in  Boron  Chem istry,” Vol. 1, H . Steinberg 

and A. L. M cCloskey, Ed., T he  M acm illan  Co., N ew  York, N . Y., 1964, 
p 203 .

(6) D .  S. Matteson, J .  O rg . C h e m ., 29, 3399 (1964).
(7) E . P. Blanchard, Jr., D . C. Blomstrom, and H . E .  Sim mons, J .  O rg a n o 

m e ta l. C h e m ., 3, 97 (1965).

ICH2HgI +  BBrs +  Nal — >
B u O H

Hgl2 +  NaBr +  ICH2BBr2------- >  ICH2B(OBu)2
1

proved the yield, evidently because it complexes with 
the mercury atom and makes it a better leaving elec
trophile.

After trying numerous variations, it was found that 
the best reaction conditions were about 1 day of vig
orous stirring at 25°, with a large excess of boron tri
bromide and a moderate amount of methylene iodide, 
the quantity trapped in the iodomethylmercuric iodide 
on recrystallization ( ~ 20%) being about right. Care
ful vacuum drying of the ICH2HgI cut the yield in half, 
though increasing the amount of methylene iodide did 
not seem to help. I t is possible that the CH2I2 func
tions by increasing the slight solubility of the ICH2HgI 
in the boron tribromide or by modifying the surface or 
mechanical properties of the mercury compound.

Although we are not sure that our yield (40% based 
on crude ICH2HgI) is the best possible, it appears that 
instability of either the iodomethylmercury or boron 
compound may be a limiting factor. Heat or ultra
violet light increased the amounts of various by-prod
ucts containing the B-CH2-B linkage, as shown by the 
appearance of several nmr peaks at r 9.5-10. The 
boron tribromide treatment worked better for conver
sion of methylenedimercuric iodide,7 CH2(HgI)2, into 
bis(dibromoboryl)methane, CH2(BBr2)2,la but this ap
proach to methanediboronic acid has now been super
seded by the much more efficient direct reaction of 
methylene chloride, lithium, and dimethoxyboron chlo
ride.8

The crude dibutyl iodomethaneboronate (1 ) con
tained variable amounts of bromomethaneboronic ester, 
revealed by the Br-CH2-B nmr peak at r 7.6. (For 
comparison, the corresponding C1-CH2-B peak is at r
7.2,6 the I-CH2-B peak at r 7.95.) The bromo com
pound has about the same boiling point as tributyl bo
rate and was not isolated. Sodium iodide in acetone 
converted into the iodo compound (1 ).

Displacement Reactions.—As anticipated, dibutyl 
iodomethaneboronate (1 ), when treated with a wide

(8) R . B. C astle and  D . S. M atteson, J . Amer. Chem. Soc., 90, 2194
(1968).
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variety of nucleophilic reagents, gave simple displace
ment products. Reagents having nucleophilic sites on 
oxygen, nitrogen, carbon, and sulfur were tested.

Hydroxymethaneboronic acid presented the problem 
of high water solubility. To avoid the need for sepa
rating it from inorganic salts and to avoid conversion of 
the boronic acid into a salt, an ion-exchange resin was 
used in the bicarbonate form as the source of base to 
displace iodide from the iodomethyl compound (1). 
The dimeric cyclic ester (2) was isolated. We have 
previously prepared the analogous derivative from sol
volysis of 2-bromopropane-2-boronic acid,3 and the prep
aration of 2 from borane carbonyl has been reported.9

HOB^°v CH2
ICH2B(OBu)2 +  H20  +  HC03“ —*  | |

H2(X 0 /B 0H

1 2

Ammonia and amines react readily with 1. We 
were unable to isolate aminomethaneboronic acid from 
inorganic salts and boric acid, a usual by-product from 
reactions of 1. Dimethylaminomethaneboronic acid, 
(CH3)2N-CH2B(OH)2, was obtained in partially puri
fied form and was characterized as the catechol ester. 
Piperidine yielded a much easier product to handle. 
Piperidinomethaneboronic acid (3) was converted into 
the catechol ester and methylated with methyl iodide to 
yield a quaternary ammonium derivative postulated to 
have the zwitterion structure (4). Thus, it appears

< ^ N C H 2B(OH)2
1. catechol

2, CH j1,H20

3

that the group N-CH2-B  in various forms does not hy
drolyze unduly readily. Phthalimidomethaneboronic 
acid was also prepared very easily from 1, but were un
able to isolate any aminomethaneboronic acid after 
basic hydrolysis.

Schaeffer and Todd have reported the reaction of 
chloromethyldimethylborane, C1CH2B(CH3)2, with so
dium azide.10 We treated our iodomethaneboronic ester 
with sodium azide in 1-butanol, but degradation to 
formaldehyde (isolated as the 2,4-dinitrophenylhydra- 
zone) and butyl borate (isolated as boric acid after hy
drolysis) occurred. The instability of the azide is prob
ably due to a /3 elimination of boron and nitrogen.

B u O H  +
N3CH2B(OBu)2-------N=NNIICHsB(OBu)3 — >

N2 +  H N=CH 2 +  B(OBu)a

c h 2o

Carbanions from active methylene compounds are 
readily alkylated by dibutvl iodomethaneboronate (1). 
Successful reactions have been carried out with malo- 
nonitrile,la methyl cyanoacetate, dimethyl malonate, 
and diethyl acetamidomalonate. Products were also 
obtained from diethyl malonate and dibutyl malonate, 
but these appeared to decompose partially on distilla
tion and were not obtained pure.

t -B u O K
ICH2B(OBu)2 +  CH2(C02CH3)2------ >-
___________  (CH30 2C)2CHCH2B(0Bu)2

(9) L. J. M a lone  and M .  R . Manley, In o r g . C h e m ., 6, 2260 (1967).
(10) R . Schaeffer and L. J. Todd, J .  A m e r . C h em , S o c ,t 87, 488 (1965).

It was hoped that the diethyl acetamidomalonate 
derivative (5) could be converted into a borono-sub- 
stituted amino acid by hydrolysis. However, treat
ment with acid or base resulted in deboronation. The 
d relationship of the boronic acid and acetamido groups 
probably results in an elimination reaction. Several 
examples of related eliminations are known.4

(Et02C)2CNHAc +  OH" — >-

CH2B(OH)2
5

B(OH)3 +  AcNH2 +  (Et02C)2C=CH2 ■— hydrolysis products

Reaction of the methyl cyanoacetate derivative, 
methyl a-cyano-d-dibutoxyborylpropionate (6), with 
thiourea in the presence of potassium i-butoxide fol
lowed by treatment with water yielded the expected 2- 
mercapto-4-oxy-5 - oxyboromethyl-6- iminopyrimidine 
(7). However, two molecules of this compound crys
tallized in a tight complex with one molecule of boric 
acid plus the elements of water. Distillation of meth
anol from a suspension of 7 did not alter the elemental 
composition, indicating that the boric acid was tightly 
chelated. Several structures might be written for such 
a chelate. To prove that 7 contained carbon-bound 
boron, it was boiled in 50% methanol to cause hydro
lytic deboronation. The nmr spectrum in dimethyl 
sulfoxide-d6 showed the disappearance of the CH2B peak 
at r 8.46 and its replacement by a methyl peak at r  6.90 
which was partially accomplished after 2 hr and com
plete after 17 hr.

/
(BuO)2BCH2CH

CO,CH, h2n
\

\
CN

c= s
H,N

1, t-BuOK

2. H20

The product of the reaction of the cyanoacetic ester 
derivative (6) with guanidine was even more labile, and 
we were not able to obtain it except as a mixture with 
its deboronation product. Attempts to condense thio
urea with the malononitrile derivative, (BuO)2BCH2CH- 
(CN)2, gave only deboronated pyrimidine.11 Reaction 
of dibutyl 1-iodoethaneboronate, (BuO)2BCHICH3,3 
with malononitrile and potassium i-butoxide gave a 
rather low yield of the alkylated malononitrile, (BuO)2- 
BCH(CH3)CH(CN)2, and the product from reaction of 
this compound with thiourea appeared to be pyrimidine 
analogous to 7. However, recrystallization seemed to 
cause either loss of boron or concentration of deborona
tion product, and we were unable to obtain a satisfac
tory analysis.11

The ease of deboronation of these compounds is to
tally unexpected. No satisfactory scheme for hydro
lytic deboronation is possible, since a carbanion electron 
pair on the carbon from which the boron departs cannot 
be delocalized into the pyrimidine ring. It does no

(11) Unpublished work with J. Ebbert.
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good to assume that the pyrimidine structures are 
wrong for this purpose, since the charge cannot be de
localized in any reasonable alternative structure. 
Base-catalyzed elimination of boron and cyanide from 
the starting cyano compounds such as (BuO)2BCH2CH- 
(CN)2 is conceivable and may help cause the low yields, 
but there is good evidence that the carbon-boron bond 
survives in compounds such as 7 which contain no cyano 
group. Some sort of oxidative cleavage to a quinoidal 
structure is a speculative possibility, since the quinoidal 
material could serve as the oxidizing agent in a chain

Ç— CH2B(OH),

process.

0 0

HN'^x C=CH2 H I ^ N
1 1 +  1

S= % * C\  .
HSCV j  

N
NH, NH,

x
HN-^-CCHj

- S C V X
+

NH,

h n^ c= ch2

s=cv c\
+  B(OH)j

NH,
An unusual mechanism of this general type is not un

reasonable in view of the highly exothermic character 
(perhaps 30 kcal/mol or more4) of deboronation.

Dibutyl iodomethaneboronate (1 ) also alkylates en- 
amines, as shown by the conversion of l-(l-pyrrolidi- 
nyl) cyclohexene into 2-(dibutoxyborylmethyl) cyclo
hexanone (8).

+  ICH2B(OBu)2 — * 

1

.CH,B(OBu)2
1. H2Q

2. BuOH

8

Mercaptide ions displace halide from all but the most 
highly branched a-haloalkaneboronic esters;2-4 so it is 
hardly surprising that iodomethaneboronic ester (1 ) re
acts efficiently with thiolacetate ion. Acetylthiometh- 
aneboronic acid, CH3COSCH2B(OH)2, has been ob
tained by hydrolysis of the ester. However, a number 
of attempts to hydrolyze the acetyl group with acid or 
base to obtain mercaptomethaneboronic acid, HSCH2B- 
(OH)2, resulted in deboronation. The instability of 
this compound was as much unexpected as that of the 
pyrimidines described in a preceding paragraph. A 
somewhat similar mechanism, involving oxidation of 
HSCH2B(OH)2 to S=CH, with the latter serving as the 
oxidizing agent for the next step in a chain mechanism, 
is plausible. The exclusion of air from the reactions 
was not rigorous enough to preclude direct air oxidation, 
if that was unusually rapid. I t is doubtful that the 
deboronation is purely hydrolytic, in view of the ap
parent stability of analogous alkylthioboron com
pounds.3

Thiourea underwent reaction with the iodomethane
boronic ester (1 ) in the usual manner.3 The thioureido- 
methaneboronic acid was isolated as its catechol ester

and also as the chelated anhydride with malonic acid 
(9). Similar chelates, which are surprisingly stable to
ward hydrolysis, have been reported previously.12

0
II
C -Q

H,C V
H

nh 2

Ç - 0

We had been totally unsuccessful in previous at
tempts to alkylate mercaptopyrimidines with a- 
haloalkaneboronic esters.3 However, dibutyl iodo
methaneboronate (1 ) underwent reaction readily 
with 2-thiobarbituric acid, 2-mereapto-4-oxy-6-methyl- 
pyrimidine, 2-mercapto-4-oxy-6-phenylpyrimidine, 2- 
mercapto - 4 - oxy - 6 - propylpyrimidine, 2-mercapto - 4- 
oxy-6-carboxypyrimidine, and 6-mercaptopurine in 
refluxing acetonitrile to yield the S-boromethyl 
derivatives. These are not the usual conditions for 
alkylating mercaptopyrimidines,13 and methyl iodide 
does not react with 2-mercapto-4-oxy-6-methylpyrimi- 
dine in acetonitrile. Although it is well established 
that S-alkylation occurs in preference to N-alkylation 
in alkaline solution,13 data which support S-alkylation 
under neutral conditions14 are less common. To sup
port the structural assignments, dibutyl iodomethane
boronate (1 ) was added to an aqueous alkaline solu
tion of 2-mercapto-4-oxy-6-methylpyrimidine and an 
80% yield of the same product that resulted from reac
tion in acetonitrile was obtained. (Nmr spectra were 
weak at best owing to low solubilities and do not distin
guish S-CH2-B from N-CH2-B.)

The S-boromethyl-substituted mercaptopyrimidines 
were obtained in varying degrees of hydration or de
hydration. The boronic acid form of 6-(dihydroxy- 
borylmethy!thio)purine (10) crystallized with 1 mol

(12) D . S. Matteson and G. D . Schaumberg, J . O rg a n o m eta l. C h e m ., 8, 359 
(1967).

(13) G. W . Kenner and A. Todd  in “Heterocyclic Com pounds,” Vol. 6, 
R . C. Elderfield, Ed., John W iley  and Sons, Inc., N ew  Yo rk , N . Y., 1957, p 
283.

(14) M .  Gordon, J .  A m e r . C h em . S o c ., 73 , 984 (1951).
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of water. More often, the products had the composi
tion of a boronic anhydride. For example, 2-mercapto-
4-oxy-6-methylpyrimidine yielded a derivative formu
lated as 2-(hydroxyboromethylthio)-4-oxy-6-methyl- 
pyrimidine (1 1 ), and this could be dehydrated to 
material formulated as oxybis(2-boromethyhhio-4- 
oxy-6-methylpyrimidine) (12). However, structure 
12 probably does not give a complete picture of what 
happens, since the main changes in the infrared spec
trum on dehydration include loss of the OH band near
2.9 n together with loss of a strong band near 6.0 y, 
which is probably the carbonyl group. Some sort of 
cage structure such as 13 is a likely possibility and would 
account for the observed spectral changes. There is 
no way to measure the actual molecular weight of these 
exceedingly insoluble compounds, nor to decide be
tween these and other possible arrangements of the 
labile B -0  and B-N bonds.

Dibutyl iodomethaneboronate and 2-mercapto-6- 
oxypurine yielded a bis(boromethyl) derivative, 
postulated to be S,7-bis(dihydroxyborylmethyl)-2- 
mercapto-6-oxypurine since the sulfur and the 7- 
nitrogen are probably the most nucleophilic sites.

Biological Tests.—The pyrimidine compounds re
ported here have been submitted to Dr. A. H. Soloway, 
Northeastern University, to test for possible boron 
concentration in brain tumors in mice. The insolubility 
of these materials presents problems, and none has 
shown desirable biological properties. Other com
pounds tested with negative results include methane- 
diboronic acid, iodomethaneboronic acid, hydroxy- 
methaneboronic acid, dimethylaminomethylmethane- 
boronic acid, S-thioureidomethaneboronic acid, and 
thioacetylmethaneboronic acid.

Experimental Section
Inert atmospheres (nitrogen or argon) were routinely used for 

all reactions.
Dibutyl Iodomethaneboronate (1).—Iodomethylmercuric io

dide7 was recrystallized once from methylene iodide, collected 
by suction filtration, and used directly without further drying. 
The methylene iodide content appeared to be about 20%; 
yields were much reduced if this was removed. Iodomethyl
mercuric iodide (100 g), dry sodium iodide (53 g), and boron 
tribromide (250 ml) were stirred vigorously under argon at 
20-25° for 24 hr. The stirrer was a Trubore Teflon-paddle 
type lubricated with equal parts of Kel-F 90 chlorofluorocarbon 
grease and perchlorobutadiene, mixed hot, which withstood the 
boron bromide vapors. All liquid volatile up to -~130° (0.5 mm), 
as indicated by the residual mercuric iodide turning yellow, was 
distilled under vacuum and collected at —75°. (CA U TIO N : 
Methylene chloride was used for the Dry Ice bath, since this 
quantity of boron tribromide is extremely hazardous in case of 
accidental contact with most other solvents.) Most of the boron 
tribromide was recovered (suitable for recycling) by redistillation 
at atmospheric pressure through a short column, stopping the 
distillation as soon as it became slow to avoid overheating the 
residue, which consisted of bromomethylboron dibromide and 
iodomethylboron dibromide. These were distilled under vacuum 
up to about 40° (0.5 mm), then diluted with 50 ml of toluene, and 
stirred at —75° during the drop wise addition of 50 ml of n-butyl 
alcohol. The 1-butanol and toluene were removed under vacuum, 
and the residue of butyl borate, bromomethaneboronate, and 
iodomethaneboronate was stirred overnight with 50 ml of 1- 
butanol, 15 ml of acetone, and 15 g of sodium iodide. After simple 
vacuum distillation from the salts, the dibutyl iodomethane
boronate was isolated by careful fractionation with a spinning- 
band column: bp 61-63° (0.1 mm); yield 22-26 g (35-40%); 
nmr (neat) t 7.95 (s, ICH2B) plus C4H90  peaks.

Anal. Calcd for C9H20BIO2: C, 36.30; H, 6.72; B, 3.63; 
I, 42.61. Found: C, 36.58; H, 6.76; B, 3.71; I, 42.86.

Iodomethaneboronic Acid.—Exposure of 1 g of dibutyl iodo
methaneboronate to the air in a thin layer until it had all been 
converted into solid (3 days) yielded iodomethaneboronic acid: 
mp 70-71°; nmr (D20 ) r -5 .4 3  (s, OH), ~7 .75  (s, CH2).

Anal. Calcd for CH4B I02: C, 6.46; H, 2.15; B, 5.82; I,
68.33. Found: C, 6.68; H, 2.19; B, 5.61; I, 68.48.

Dibutyl butoxymethaneboronate was prepared from dibutyl 
iodomethaneboronate and sodium butoxide in 1-butanol as 
described for similar compounds:3 bp 63-64° (0.1 mm); ir 
(neat) (5-16 y) 7.04 (s), 7.48 (s), 8.00 (s), 9.00 (s), 10.28 (m),
12.01 (m), 13.56 (m).

Anal. Calcd for Ci3H2dB0 3: C, 64.20; H, 11.93; B, 4.10. 
Found: C, 64.03; H, 12.10; B, 3.93.

B,B-Dihydroxy-2,5-dibora-l,4-dioxane (2), the cyclic semiester 
of hydroxymethaneboronic acid, was prepared by stirring 8.5 g 
of Dowex 1-X8 anion-exchange resin which had been converted 
to the bicarbonate form with 4 g of dibutyl iodomethaneboronate 
and 20 ml of water under argon for 3 days. The solution was 
filtered and concentrated under vacuum, and the solid residue 
was recrystallized from about 3 ml of water and 5 ml of acetone: 
yield 1.3 g (84%); mp 147-148°; nmr (D20 ) r ~ 6 .4  (s, CH2), 
~5.32 (s, OH).

Anal. Calcd for C2H6B204: C, 20.87; H, 5.23; B, 18.70. 
Found: C, 20.86; H, 5.29; B, 18.93.

Catechol Ester of Piperidinomethaneboronic Acid (3).—Dibutyl 
iodomethaneboronate (3 g) was added drop wise to 10 ml of piperi
dine in 20 ml of 1-butanol and stirred 10 min. The precipitated 
piperidine hydriodide was removed by filtration and the filtrate 
was concentrated. No way was found to crystallize the residue 
of piperidinomethanboronic acid, which was dissolved in 20 ml 
of acetonitrile and 5 ml of distilled water and treated with 1.08 g 
of catechol. The catechol derivative crystallized at once and was 
collected and washed repeatedly with water, ethanol, ether, and 
acetone. The yield was 1.2 g (50%): the product did not melt up 
to 250°; ir (KBr, 5-16 y) 6.72 (s), 6.86 (w), 6.95 (w), 7.3 (w),
8.02 (s), 8.16 (w), 8.7 (w), 9.11 (w), 9.92 (w), 10.13-10.23 (w), 
10.59-10.68 (w), 10.92-11.0 (w), 11.26-11.4 (w), 12.3-12.5 
(w), 13.70 (w).

Anal. Calcd for Ci2II16BN 02-H20: C, 61.05; H, 7.72; B, 
4.60; N, 5.96. Found: C, 61.36; H, 7.53; B, 4.48; N, 5.76.

Dimethylaminomethaneboronic acid was prepared and isolated 
as the catechol ester in the same manner as the piperidine com
pound, substituting dimethylamine in the procedure. In this 
case the catechol ester did not crystallize until the acetonitrile 
was evaporated and the residue was dissolved in 20 ml of water 
and kept in the refrigerator several days. The yield was 1.2 g 
(85%): mp 123-124°; nmr (CD3SOCD3) r 7.33 (s, CH3), 7.96 
(s, NCH2B), plus aromatic and OH peaks.

Anal. Calcd for C9Hi2BN 02-2H20: C, 50.74; H, 7.56;
B, 5.06; N, 6.57. Found: C, 50.87; H, 7.67; B, 4.89; N,
6.74.

The N-methyl derivative of the catechol ester of piperidino- 
methaneboronic acid (4) resulted when the piperidino compound 
was treated with methyl iodide in dimethyl sulfoxide. The 
methylated compound contained hydroxide (presumably co
ordinated to the boron) instead of iodide and was recrystallized 
from dimethyl sulfoxide: it did not melt up to 250°; nmr 
(CD3SOCD3), t 3.64 (C6H4), 6.2 (s, N-CH3), 7.9 (s, NCH2B), 
plus piperidino and OH absorptions.

Anal. Calcd for Ci3Hi8BN 03-H20: C, 60.49; H, 8.20; B, 
4.19; N, 5.43. Found. C, 60.73; H, 8.11; B, 4.05; N, 5.03.

Phthalimidomethaneboronic acid was prepared by refluxing
2.8 g of potassium phthalimide and 4 gof dibutyl iodomethane
boronate in 35 ml of 1-butanol for 8 hr, adding water, extracting 
into ether, and crystallizing the product from water. The yield 
was 2.5 g (90%), mp 134-135°.

Anal. Calcd for C9H8BN 04: C, 52.73; H, 3.93; B, 5.28; 
N, 6.83. Found: C, 52.87; H, 3.97; B, 5.10; N, 7.03.

Catechol Ester of S-Thioureidomethaneboronic Acid.—Dibutyl 
iodomethaneboronate (3 g) and 0.74 g of thiourea were refluxed in 
50 ml of acetonitrile for 3 hr, treated with 50 ml of water, and 
concentrated under vacuum to yield a residue of crude, hygro
scopic S-thioureidomethaneboronic acid hydriodide. Treatment 
with catechol in water precipitated the catechol ester in 83% 
yield: mp 259-260° dec; nmr (CD3SOCD3) t 3.55 (s, C6H4), 
6.66 (s, NH), 7.93 (s, SCH2B).«

(15) The  infrared curve of this compound recorded on a Beckm an IR -8  
is reproduced in T.-C. Cheng’s Ph.D . Thesis, W ashington  State U niversity, 
1968, available from U niversity  M icrofilms, Inc., A n n  Arbor, M ich.
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Anal. Calcd for C8H9BN20 2S: C, 46.18; H, 4.36; B, 5.20; 
N, 13.47; S, 15.41. Found: C, 46.14; H, 4.34; B, 5.33; N, 
13.36; S, 15.56.

The malonic acid chelate of S-thioureiodomethaneboronic acid
was prepared by treatment of the crude hydriodide salt with 
malonic acid in water,3 decomposing near 325° without melting: 
nmr (CD3SOCD3) t 6.75 (s, COCH2CO), 7.85 (s, BCH2S),
1.5 (broad, NH ).15

Anal. Calcd for C5H7BN20 4S: C, 29.73; H, 3.49; B, 5.36; 
N, 13.87; S, 15.87. Found: C, 29.66; H, 3.70; B, 5.23; N, 
13.86; S, 15.96.

Dibutyl Acetylthiomethaneboronate.—A solution of 15 mmol 
of sodium butoxide and 1.3 g of thiolacetic acid in 25 ml of 1- 
butanol was stirred with 5 g of dibutyl iodomethaneboronate for 
2 hr, 50 ml of water, and 50 ml of ether were added, and the 
organic phase was washed with saturated aqueous NaCl and dried 
(MgS04). The product was distilled through a spinning-band 
column: 3 g (70%); bp 81-82° (0.1 mm); nmr (neat), r 7.99 
(s, COCH3), 8.09 (s, BCH2S), plus typical C4H90  pattern.

Anal. Calcd for CnH23B 03S: C, 53.67; H, 9.42; B, 4.39; 
S, 13.03. Found: C, 53.93; H, 9.47; B, 4.18; S, 13.12.

Acetylthiomethaneboronic acid was prepared from 2 g of the 
butyl ester and 10 ml of water by vacuum distillation of the 
BuOH-H20  azeotrope and recrystallized from 2 ml of water: 
mp 100-101°.

Anal. Calcd for C3H,B03S: C, 26.90; H, 5.72; B, 8.08; 
S, 23.93. Foimd: C, 27.15; H, 5.15; B, 8.25; S, 23.96.

Dimethyl (Dibutoxyborylmethyl)malonate.—A solution of the 
sodium salt of dimethyl malonate was prepared from 3.55 g of 
the ester and an equimolar amount of sodium i-butoxide (from 
NaH) in 50 ml of i-butyl alcohol and 8 g of dibutyl iodomethane
boronate was added dropwise. After 3 hr, 50 ml of water and 
100 ml of ether were added, the water layer was washed with 50 
ml of ether and 20 ml of 1-butanol, and the combined organic 
phase was dried (MgS04). Distillation through a spinning-band 
column yielded 4.4 g (55%): bp 115-117° (0.4 mm); ir (neat)
5.8 ju (C = 0 ).

Anal. Calcd for Ci4H27B 0 6: C, 55.64; H, 9.01; B, 3.58. 
Found: C, 55.90; H, 9.29; B, 3.56.

Methyl a-cyano-/3-dibutoxyborylpropionate (6) was similarly 
prepared from methyl cyanoacetate: bp 100-101° (0.1 mm);
ir (neat) 4.45 (C =N ), 5.72 /u (C = 0).

Anal. Calcd for Ci3H24B N 04: C, 58.01; H, 8.99; B, 4.02; 
N, 5.20. Found: C, 57.99; H, 9.01; B, 3.95; N, 4.99.

Diethyl Acetamido(catechylborylmethyl)malonate.—Reaction 
of diethyl acetamidomalonate gave a product which could not be 
distilled and did not yield a crystalline boronic acid on treatment 
with water. Aqueous catechol converted the boronic acid into 
the crystalline catechol derivative, which was recrystallized from 
acetone and did not melt below 200°: nmr (CD3SOCD3), r 
~3.3-3 .5  (C6Ht), ~8 .1  (s, CH3CO), ~ 8 .4  (s, CH2B), plus 
ethoxy pattern; ir (KBr, 5-16 n) 5.71 (s), 5.80 (m), 6.2 (s),
6.42 (s), 6.73 (s), 7.03 (w), 7.24 (w), 7.32 (m), 7.5 (w), 7.67 
(m), 7.78 (m), 8.05 (s), 8.13 (s), 8.32 (m), 8.40 (m), 8.95 (m),
9.1 (m), 9.35 (w), 9.71 (m), 9.85 (w), 9.92 (w), 10.6 (w), 11.10 
(m), 11.51 (w), 12.15 (w), 13.10 (w), 13.20 (w), 13.41 (m), 
13.63 (s).

Anal. Calcd for Ci6H20BNO7: C, 55.04; H, 5.77; B, 3.10; 
N, 4.01. Found: C, 54.88; H, 5.77; B, 3.20; N, 4.16.

2-(Dibutoxyborylmethyl)cyclohexanone (8).— A solution of
2.03 g of the pyrrolidine enamine from cyclohexanone16 and 4 g 
of dibutyl iodomethaneboronate in 50 ml of benzene was refluxed 
18 hr. Water (20 ml) was added, and the mixture was refluxed 
another 0.5 hr. Sulfuric acid (10%, 10 ml) was added, and the 
product was extracted with three portions of ether (100 ml) 
mixed with 1-butanol (20 ml) and then was isolated by short- 
path distillation at ca. 65° (0.1 mm): ir (neat) 3.43 (s, C-H), 
5.93 (s, C = 0 ), 7.6 M (s, B-O).16

Anal. Calcd for C15H29B03: C, 67.17; H, 10.90; B, 4.03. 
Found: C, 67.19; H, 10.77; B, 3.96.

2-(S-Hydroxyboromethyl)thiobarbituric Acid.—Dibutyl iodo
methaneboronate (3 g) and 1.33 g of 2-thiobarbituric acid were 
refluxed in 50 ml of acetonitrile for 3 hr, cooled, and treated with 
40 ml of water to cause crystallization of the product, 1.6 g (87%). 
The analytical sample was recrystallized from a mixture of 
dimethylformamide, dimethyl sulfoxide, and water and decom-

(16) G. S tork, A. Brizzolara, H . Landesm an, J . Szmuszkovicz, an d  R.
Terrell, J .  A m e r .  C h em . S o c ., 85, 207 (1963).

posed without melting at 300°: ir (KBr) 2.9 (OH), 3.25
(NH or OH), 3.4, 3.5 (CH), 6.0, 6.2 M (C = 0 , C = N ).16

Anal. Calcd for C5H5BN20 3S: C, 32.46; H, 2.72; B, 5.85; 
N, 15.14; S, 17.33. Found: C, 33.00; H, 2.74; B, 5.65; 
N, 15.28; S, 17.43.

Oxybis[2-(S-boromethyl)thiobarbituric acid] resulted when 
the foregoing compound was recrystallized from ethanol (1 
l./g): uv max (EtOH), 275 mM (e 12,700), 256 (19,400), 230 
(12,800); ir spectrum (KBr) identical with hydrated precursor.16

Anal. Calcd for CioHsB2N405S2: C, 34.12; H, 2.29; B,
6.16; N, 15.91; S, 18.22. Found: C, 34.09; H, 2.43; B, 5.96; 
N, 15.90; S, 18.08.

2-Hydroxyboromethylthio-4-oxy-6-methylpyrimidine (11) was
prepared in the same manner as the thiobarbituric acid analog, 
substituting 2-mercapto-4-oxy-6-methylpyrimidine in the in
gredients. The first fraction which crystallized, mp ~260°, 
gave an analysis which was not quite correct for C6H7BN20 2S (C 
2% low). After 2 days storage at 5°, a second crop was collected 
from the aqueous acetonitrile mother liquor, 1 g (45%), mp 
326-334° dec, correct analysis for the dihydrate (or mono
hydrate of the boronic acid having the ring opened). The in
frared spectra (KBr) of the two forms were the same: 2.90,
2.98, 3.10 (OH, NH), 6.02 (C = 0 ), 6.20, 6.27, 6.37, 6.48,
6.58 ju (pyrimidine).16

Anal. Calcd for C6H7BN20 2S-2H20: C, 33.05; H, 5.09; 
B, 4.96; N, 12.85; S, 14.71. Found: C, 33.00; H, 5.10; 
B, 5.01; N, 13.03; S, 14.47.

Oxybis(2-boromethylthio-4-oxy-6-methylpyrimidine) (12 or 13)
was prepared by heating either of the two hydrates described in 
the preceding paragraph to ^100° under vacuum (0.1 mm) for 
2-4 hr. The analytical sample was recrystallized from a large 
volume of ethanol: uv max (EtOH) 274 mjx (e 22,900), 237
(66,500); ir (KBr) 2.9 (weak, residual OH), 6.0 (weak, residual 
C = 0 ), 6.2-6.3, 6.50, 6.70 n (pyrimidine), numerous other dif
ferences from hydrated form.15

Anal. Calcd for Ci2Hi2B2N40 3S2: C, 41.65; H, 3.50; B,
6.25; N, 16.17; S, 18.53. Found: C.41.84; H, 3.51; B, 6.08; 
N, 15.95; S, 18.25.

The catechol ester of 2-hydroxyboromethylthio-4-oxy-6- 
methylpyrimidine was prepared by stirring a suspension of 0.5 g 
of the pyrimidine in 25 ml of water with 0.3 g of catechol for 1.5 
hr at 25°. The crystalline product (0.7 g) was washed repeatedly 
with water, and acetone: mp 265-270°.

Anal. Calcd for C12H13BN20 4S: C, 49.33; H, 4.48; B,
3.70; N, 9.59; S, 10.97. Found: C, 49.69; H, 4.57; B, 3.57; 
N, 9.75; S, 11.02.

Oxybis(2-boromethylthio-4-oxy-6-phenylpyrimidme) was pre
pared by the same method described for the thiobarbituric acid 
analog, substituting 2-mercapto-4-oxy-6-phenylpyrimidine in the 
ingredients: mp 328-331° dec.16

Anal. Calcd for C22H16B2N40 3S2: C, 56.20; H, 3.41; B, 
4.60; N, 11.92; S, 13.64. Found: C, 56.09; H, 3.40; B,
4.57; N, 11.94; S, 13.51.

Oxybis(2-boromethylthio-4-oxy-6-propylpyrimidine) was simi
larly prepared from 2-mercapto-4-oxy-6-propylpyrimidine and 
did not melt below 250°.15

Anal. Calcd for Ci6H2oB2N40 3S2: C, 47.79; H, 5.01; B, 5.38; 
N, 13.93; S, 15.95. Found: C, 47.61; H, 4.88; B, 5.15; N, 
14.13; S, 15.70.

6-(Dihydroxyborylmethylthio)purine was similarly prepared 
from 6-mercaptopurine and recrystallized by dissolving in 50 ml 
of water and precipitating with 100 ml of acetone: mp 235- 
244° dec; ir (KBr) 2.9 (s), 6.27 (s), 6.79 (m), 6.90 (m), 7.15 
(m), 7.50 (m), 7.65 (w), 7.95 (m), 8.20 (w), 8.74-9.30 (m), 9.8 
(m), 10.6 (w), 11.30 (m), 12.0-12.5 (m), 12.7 (w), 14.5 (w),
15.50 m (m).

Anal. Calcd for C6H7BN40 2S-H20: C, 31.60; H, 3.97;
B, 4.74; N, 24.56; S, 14.06. Found: C, 31.46; H, 4.04; B, 
4.97; N, 24.13; S, 13.63.

S,7-Bis(dihydroxyborylmethyl)-2-mercapto-6-oxypurine was
similarly prepared from 2-mercapto-6-oxypurine and recrystal
lized from ethanol-water and decomposed at 330° without 
melting.16

Anal. Calcd for C7HioB2N4C>5S-H20: C, 27.85; H, 4.01; 
B, 7.16; N, 18.56; S, 10.62. Found: C, 28.14; H, 3.35; 
B, 7.18; N, 18.94; S, 10.61.

2-(Dihydroxyborylmethylthio)-4-carboxyuracil was similarly 
prepared from thioorotic acid, was not recrystallized, but was 
washed with water, acetone, and then boiling 1,2-dimethoxy- 
ethane, and decomposed at 250° without melting (up to 350°).16

' fa J iT r iin fn i* ? ?
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Anal. Calcd for CsHvBNjOsS: C, 31.33; H, 3.07; B, 4.70; 
N, 12.18; S, 13.94. Found: C, 31.07; H, 2.69; B, 4.74; N, 
11.89; S, 13.95.

2-M ercapto-4-oxy-5-(oxyborom ethyl)-6-im inopyrim idine (7).—• 
A solution of 0.85 g of thiourea, an equimolar quantity of potas
sium i-butoxide, and 3 g of methyl a-cyano-/3-dibutoxyboryl- 
propionate in 40 ml of i-butyl alcohol was kept at 70° for 2 hr, 
then neutralized (to pH paper, pH about 7) with glacial acetic 
acid, and diluted with 40 ml of water. The product crystallized 
together with some boric acid, evidently tightly held in a chelate 
since attempted removal as the methyl borate azeotrope did not 
change the composition: yield 0.57 g (21%), recrystallized from 
methanol-water; nmr (CD3SOCD3) t 8.46 (s, CCH2B), 6.16 
(s, NH, SH); decomposed at 250° without melting up to 350°; 
ir (KBr) 3.0 (NH), 6.1-6.5 ¡i (pyrimidine).15

Anal. Calcd for C10H13B3N6O6S2: C, 29.30; H, 3.20; B, 
7.92; N, 20.50; S, 15.65. Found: C, 29.29, 29.27; H, 3.79, 
3.74; B, 7.95 7.75; N, 19.97, 20.27; S, 15.80, 15.68.

A sample of the pyrimidine 7 without chelated boric acid was 
obtained on one occasion, but we were unable to purify it to the 
usual analytical standard. The reaction mixture was treated 
with acetic acid and then water, as described in the preceding 
paragraph, and was then extracted with a mixture of 1-butanol 
and ether. The aqueous phase was concentrated, and the oily 
residue was treated with acetone and allowed to stand for 1 month 
in the refrigerator to crystallize it.

Registry No.—1, 13251-29-1; iodomethaneboronic 
acid, 16876-23-6; dibutyl butoxymethaneboronate, 
16876-24-7; 2, 13536-41-9; catechol ester of 3, 13251-
31-5; dimethylamiiiomethaneboronic acid catechol 
ester, 16876-27-0; 4, 16973-90-3; phthalimidomethane- 
boronic acid, 16876-28-1; catechol ester of S-thioureido- 
methaneboronic acid, 16876-29-2; dibutyl acetylthio- 
methaneboronate, 16876-30-5; acetylthiomethanebor- 
onic acid, 16876-31-6; dimethyl (dibutoxyborylmethyl)- 
malonate, 16876-32-7; 6,16876-33-8; diethyl acetamido- 
(catechylborylmethyl)malonate, 16876-34-9; 8, 16876-
35-0; 9, 16876-36-1; 2-(S-hydroxyboromethyl)thiobar- 
bituric acid, 16876-37-2; oxybis[2-(S-boromethyl)thio- 
barbituric acid], 16876-38-3; 10, 16876-39-4; 11, 16876- 
40-7; catechol ester of 11, 16915-93-8; 12 , 16876-41-8; 
13, 16876-42-9; oxybis(2-boromethylthio-4-oxy-6-phen- 
ylpyrimidine), 16876-43-0; oxybis(2-boromethylthio-
4-oxy-6-propylpyrimidine), 16876-44-1; S-7-bis(dihy- 
droxy borylmethyl) -2-mercapto-6-oxypurine, 16876-45- 
2; 2 - (dihydroxyborylmethylthio) - 4 - carboxyluracil,
16876-46-3.
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The solvolysis of optically active irans-2-hydroxymethyleyclohexyl brosylate yields ¿rans-2-hydroxymethyl- 
cyclohexanol with complete retention of optical activity. This result may be attributed to the intervention of 
a four-membered oxonium ion intermediate or reaction of the carbonium ion with solvent before any conforma
tional change. The solvolyses of ¿rans-2-hydroxymethylcyclopentyl /3-naphthalenesulfonate and threo- 1-hy- 
droxy-2-methyl-3-butyl (3-naphthalenesulfonate proceed with elimination, rearrangement, and complete inver
sion of configuration which indicates that these compounds are not suitable for generating the intermediate re
sponsible for trans addition in the Prins reaction. The solvolysis of cfs-2-hydroxycyclohexylcarbinyl brosylate 
yields no Zrares-2-hydroxymethylcyclohexanol. a compound which would be expected if four-membered-ring 
oxonium-ion intermediates were important in these reactions.

One of the most interesting features of the Prins re
action is the highly stereoselective trans addition found 
with simple alicyclic and acylic olefins. The Prins re
action of cyclohexene has been studied most extensively 
and the major products of the reaction are derivatives 
of ¿rans-2-hydroxymethylcyclohexanol with only traces 
of the cis isomers.3-5 Similarly, the Prins reactions of 
cis- and frans-2-butene appear to yield mainly the prod
ucts of trans addition6 and we find only a trace of the 
cis addition product in the Prins reaction of trans-2- 
butene.

A case of nonstereospecific addition has been reported 
by LeBel, Liesemer, and Mehemedbasich who find that 
the Prins reactions of cis- and frans-4-octene yield prod
ucts of both cis and trans addition.7 Moreover, the

(1) Acknowledgment is made to the donors of the Petroleum Research 
Fund, administered b y  the American Chemical Society, for support of this 
research. T h is investigation was supported in part b y  a Pub lic Health 
Service Research Career Development Aw ard No. 1-K3-NB-28.105 from the 
N ationa l Institute of Neurological Disease and Blindness.

(2) Alfred P. Sloan Research Fellow, 1965-1967.
(3) A . T. Blom quist and J. W olinsky, J .  A m e r . C h em . S o c ., 79, 6025 (1957).
(4) E . E . Sm issm an and R . E. Mode, ib id . , 79, 3447 (1957).
(5) L. J. Dolby, C. N . Lieske, D . R .  Rosencrantz, and M .  J. Schwarz, 

ib id . , 85, 47 (1963).
(6) M .  Hellin, M .  Davidson, D . Lumbroso, P. Giuliani, and F. Cousse- 

mant, B u l l .  S o c . C h im . F r ., 2974 (1964).
(7) N . A. LeBel, R . N . Liesemer, and E . Mehemedbasich, J .  O rg. C h em ., 

28, 615 (1963).

two olefins give different ratios of trans to cis addition. 
However, this lack of stereoselectivity may be the re
sult of working in dioxane solution since dioxane is 
known to alter the stereochemistry of solvolysis re
actions.8 This possibility is also supported by the ob
servation that the Prins reaction with cyclohexene in 
dioxane solution affords a 20% yield of the cis addition 
product.9

Several mechanisms have been proposed to account 
for the stereoselectivity of the Prins reaction with sim
ple olefins. The mechanism which has been men
tioned most frequently involves an intermediate four- 
membered-ring oxonium ion.3'7'10’11 The second mech
anism involves a three-membered bridged ion similar to 
the intermediates suggested for other examples of 
electrophilic additions to double bonds.6’12'13 It is 
fair to say that no data have been presented which un-

(8) A . Streitwieser, Jr., and S. Andreadas J .  A m e r . C h em . S o c ., 80, 6553 
(1958); A. Streitwieser, Jr., and W . D . Schaeffer, ib id ., 79, 6233 (1957); 
H . Weiner and R. Sneen, ib id ., 84, 3599 (1962); 87, 292 (1965).

(9) M .  Schwarz, unpublished observation.
(10) L. Bernardi and A. Leone, T e tra h e d ro n  L e tt . , No. 10, 499 (1964).
(11) E. Smissman, R . A. Schnettler, and P. S. Portoghese, J .  O rg . C h e m .,  

30, 797 (1965).
(12) K .  C. M u rd o ck  and R . B. Angier, J .  A m e r . C h e m . S o c ., 84, 3758 

(1962).
(13) G. Fodor and I.  Tomoskozi, R e v . C h im . (Bucharest), 7, 835 (1962).
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ambiguously implicate either of these intermediates in 
the Prins reaction, but the stereospecific formation of 
two bicyclic alcohol side products in the Prins reaction 
with cyclohexene cannot be rationalized in terms of 
four-membered-ring oxonium ions.14 15’16

As a general approach to the mechanism of the Prins 
reaction we have attempted to generate the possible 
intermediates in solvolysis reactions and discern their 
intervention from the structures and distribution of the 
products. This approach was successful in demon
strating that the bicyclic alcohols formed in the Prins 
reaction of cyclohexene could arise from a common 
intermediate16 and further that a mechanism for the 
Prins reaction in acetic acid involving six-membered 
acetoxonium ions is quite unlikely.16 In an earlier 
study of the solvolysis of ¿rans-2-hydroxymethylcyclo- 
hexyl brosylate, an unusually large fraction of retention 
of configuration was observed.5 I t was suggested that 
the diol of retained configuration could have been 
formed from the intermediate responsible for stereo
selective trans addition in the Prins reaction.6

At the time these experiments were initiated it ap
peared that a distinction between the three-membered 
bridged ion and the four-membered oxonium ion should 
be possible since the oxonium ion would be capable of 
maintaining optical activity but the three-membered 
cyclic ion would not. This latter conclusion is now sus
pect. However, more promising compounds for dis
playing a racemic intermediate are ¿Areo-2-methyl-l- 
hydroxy-3-butyl arensulfonates and imns-2-hydroxy- 
methylcyclopentyl arenesulfonates.

ch2oh

H3Cn ____ /CH3
E l  V 7 S t

CH2OH

I t  was also of interest to examine the product from 
the solvolysis of ws-2-hydroxycyclohexylcarbinyl bros
ylate. If the solvolysis of ¿rans-2-hydroxymethyl- 
cyclohexyl brosylate produces in part a four-membered 
cyclic oxonium ion which is responsible for the forma
tion of the ¿ra?is-2-hydroxymethyleyclohexanol, then 
it seems reasonable that m -2-hydroxycyclohexylcar- 
binyl brosylate should give the same oxonium ion which

(14) L . J. Do lby, J .  O rg. C h em ., 27, 2971 (1962).
(15) L . J. D o lb y  and M .  J. Schwarz, ib id ., 28, 1456 (1963).
(16) L. J. D o lb y  and M .  J. Schwarz, ib id ., 30, 3581 (1965).

OBs

would be evidenced by the formation of some trans-2- 
hydroxymethylcyclohexanol.

Some of the above solvolysis reaction were examined 
in an effort to detect, in simplest terms, the 1,2 mi
gration of a hydroxymethyl group. In an effort to 
find another system which might show this process we 
examined the solvolysis of the monotosylate of 2,2-di- 
methyl-1,3-propanediol. Although this neopentyl sys
tem is not one which would be derived by a Prins re
action, it offers the opportunity to measure the migra
tory aptitude of the hydroxymethyl group compared 
with that of a methyl group.

Synthesis.—Optically active frans-2-hydroxymethyl- 
cyclohexanol was obtained from the hydroboration of 
1-hydroxymethylcyclohexene with the trialkyldiborane 
obtained from ( —)-a-pinene followed by oxidation 
with hydrogen peroxide.17 The absolute configuration 
of the ( —)-frans-2-hydroxymethylcyclohexanol ob
tained in this manner was established as 1R:2S. A 
sample of ¿rans-2-hydroxycyclohexanecarboxylic acid 
was partially resolved via the brucine salt.18 The 
(+ )-2r<ms-2-hydroxycyclohexanecarboxylic acid, which 
has been shown to have the 1S:2S configura
tion,18 was esterified with diazomethane and re
duced with lithium aluminum hydride to yield (1$: 2R)- 
(+)-irans-2-hydroxymethylcyclohexanol. The optic
ally active ¿rans-2-hydroxymethylcyclohexanol was 
converted into the required brosylate as previously 
described.16

The required arenesulfonate of ¿/¿reo-2-methyl-3- 
hydroxybutanol was prepared by a sequence involving 
the hydroboration of the benzyl ether of tiglic alcohol 
with triisopinocampheyldiborane followed by oxidation 
with hydrogen peroxide to afford ¿Areo-2-methyl-3- 
hydroxybutyl benzyl ether. The desired ether was 
contaminated with approximately 30% isomeric 2-hy- 
droxy-2-methylbutyl benzyl ether from which it was 
separated by preparative vapor phase chromatography. 
Although the ¿/ireo-2-methyl-3-hydroxybutyl benzyl 
ether obtained in this manner was optically active, 
treatment with /3-naphthalenesulfonyl chloride afforded 
a crystalline naphthalenesulfonate which showed only 
a trace of optical activity. Hydrogenolysis of this ma
terial proceeded with some difficulty to afford the de
sired hydroxy ^-naphthalenesulfonate as an oil.

The required ¿rans-2-hydroxymethyleyclopentyl /3- 
naphthalenesulfonate was prepared by the diborane re
duction of the ^-naphthalenesulfonate of methyl trans-

(17) H . C. Brown, N . R . Ayyangar, and G. Zweifel, J .  A m e r .  C h em . S o c .,  
86, 1071 (1964); H . C. Brown, N . R .  Ayyangar, and G. Zweifel, ib id ., 86, 
397 (1964).

(18) J. Sanchez Rea l and J. Pascual, A n .  R e a l S o c . E s p a n .  F i s .  Q u im ., S e r .  
B , 49, 445 (1953); J. Faixat, A. Fevrer, and J. Pascual, ib id . , 57, 705 (1961); 
C h em . A b s tr . , 57, 5812 (1962).
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2-hydroxycyclopentanecarboxylate, The methyl trans- 
2-hydroxycyclopentanecarboxylate was obtained by the 
sodium borohydride reduction of a mixture of 2-carbo- 
ethoxycyclopentanone and 2-carbomethoxycyclopen- 
tanone which resulted in a mixture of the cis- and trans
hydroxy esters. The mixed hydroxy esters were sepa
rated by fractional distillation into cis and trans isomers 
and transesterification with methanol of the trans
hydroxy ester mixture afforded pure methyl trans-2- 
hydroxycyclopentanecarboxylate which was converted 
into the /3-naphthalenesulfonate in the usual manner. 
The remaining arenesulfonate, 3-hydroxyl-2,2-dimethyl- 
propyl tosylate, was prepared by treating the parent 
diol with a limited amount of p-toluenesulfonyl chlo
ride.

/3-naphthalenesulfonate was carried out as described for 
¿rans-2-hydroxymethylcyclohexyl brosylate. Four of 
the ten peaks observed in the vapor phase chromato
gram of the products accounted for 91% of the peak 
area. No ¿raw,s-2-hydroxymethylcyclopentanol was 
found in the products although it was readily separated 
from the other products by vaporphase chromatography.

_____ ch2oh

c r  —
ONaS -  c x

^OH

/ ^ . ch2oh

L _ r

33% 20%
OH

l ^ j — ch2oh  +
r/ \ ^ C H 2OH
L J

8% 30%

Results
Optically active irans-2-hydroxymethylcyclohexyl 

brosylate was solvolyzed in aqueous acetone containing 
enough phosphate buffer to maintain the pH at 6 at the 
end of the reaction. The solvolysis gave 3-hydroxy- 
methylcyclohexene in 60% yield and a mixture of cis- 
and ¿rans-2-hydroxymethylcyclohexanols in 30% yield 
of which 35% was the trans isomer. Another compo
nent, 1-hydroxymethylcyclohexanol (8%) was identified 
by comparison with an authentic sample. The un
saturated alcohol and the two 1,3-diols were reported 
products from the solvolysis in aqueous dioxane and 1- 
hydroxymethylcyclohexanol is undoubtedly the un
identified compound previously reported.6 The 1,3- 
diols were not directly separable by vapor phase chro
matography but were collected as a mixture. The mix
ture of 1,3-diols was converted into the corresponding 
acetonides which are easily separated by vapor phase 
chromatography. Since this work was carried out with 
only partially resolved material, it was not possible to 
compare the optical activity of the ¿rans-2-hydroxy- 
methylcyclohexanol obtained from solvolysis with that 
of the starting ¿rans-2-hydroxymethylcyclohexanol. 
Accordingly, a sample of the fraws-2-hydroxymethyl- 
cyclohexyl brosylate used in the solvolysis experiment 
was cleaved with sodium amalgam19 to regenerate op
tically active ¿rans-2-hydroxymethylcyclohexanol which 
was converted into the acetonide and compared with the 
solvolysis product. The acetonides of the optically 
active fr'ans-2-hydroxymethylcyclohexanols have spe
cific rotations much smaller than and opposite in 
sign to those of the parent diols. Thus it was con
venient to measure the rotations of the acetonides in 
aqueous ethanol which was 0.2 M  in strong acid and re
sulted in rapid and quantitative hydrolysis of the ace
tonides to the parent diol. The specific rotations at 
four wavelengths of the hydrolyzed acetonides of trans- 
2-hydroxymethylcyclohexanol from the sodium amal
gam cleavage and solvolysis of the optically active trans- 
2-hydroxymethylcyclohexyl brosylate were indistin
guishable (see Experimental Section). This result 
establishes that the irans-2-hydroxymethylcyciohex- 
anol obtained from the solvolysis of frans-2-hydroxy- 
methylcyclohexyl brosylate is formed without the inter
vention of a racemic intermediate.

The solvolysis of ¿rans-2-hydroxymethylcyclopentyl
(19) P. Levine and J. Compton, J .  A m e r .  C h em . S o c ., 67, 2306 (1935); 

K .  Freudenberg and F . Braum s, B e r ., 55, 3233 (1922); C. A. Grob and D . A. 
Prins, H elv . C h im . A c ta , 28, 840 (1945).

The m-2-hydroxymethylcyclopentanol was identi
fied by comparison with an authentic sample and the 
other products were identified from their spectral prop
erties. The only significant feature of this result is 
that the substitution product is formed with complete 
inversion of configuration as expected in a normal sol- 
volytic process.

The solvolysis of ¿A.reo-2-methyl-l-hydroxy-3-butyl 
/3-naphthalenesulfonate gave products similar to those 
obtained in the solvolysis of ¿rans-2-hydroxymethyl- 
cyclopentyl /3-naphthalenesulfonate.

ONaS
CH3s. I

y ll— CH— CH3 — ►

CH2OH
threo

OH

>ch2oh
ch3ch= cC

ch3
ch3N I ott , 26%

CH—CH— CH3 +
ch2oh

CH2OH CH3CH2— c —OH
erythrof33% \

ch3
17%

The isomeric 1,3-diols were not directly separable by 
vapor phase chromatography and the 1,3-diol from the 
solvolysis reaction was collected by vapor phase chro
matography and converted into the corresponding cyclo- 
pentanone ketal. Analysis of the cyclopentanone ket- 
als which were readily separable by vapor phase chro
matography indicated that the product 1,3-diol from the 
solvolysis reaction was 95% en/ii/iro-2-methyl-l,3-bu- 
tanediol and 5% threo-diol. Sodium amalgam cleavage 
of the starting arenesulfonate gave a mixture of diols 
containing 97% threo-dio\ and 3% erythro-diol. Thus 
the solvolysis proceeds with essentially complete inver
sion of configuration.

The solvolysis of m-2-hydroxycyclohexylcarbinyl 
brosylate affords 17% 2-methylcyclohexanone, 76% 
as-2-hydroxymethylcyclohexanol, and 7% trans-1- 
methyl-l,2-cyclohexanediol identified by comparison 
with an authentic sample. No irans-2-hydroxymethyl- 
cyclohexanol was formed.

The solvolysis of 2,2-dimethyl-3-hydroxypropyl tos
ylate in water with an acetate buffer gave only 2- 
methylbutanal and a small amount of 2,2-dimethyl-l,-
3-propanediol. When the solvolysis was carried out
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using a phosphate buffer at slightly higher pH, the re
action produced several more products. I t appears 
that the solvolysis proceeds almost exclusively by 
methyl migration. I t  may be that the primary prod
ucts of the reaction are mainly unsaturated alcohols 
which are rearranged to 2-methylbutanal in the more 
acidic acetate buffer system.

Discussion
The observation that the solvolysis of trans-2-hy- 

droxymethylcyclohexyl brosylate affords the irans-diol 
with complete retention of optical activity may be taken 
as evidence for a four-membered oxonium-ion inter
mediate. However, another analysis is possible. Re
cent investigation by Berson and his collaborators20 
has established that a carbonium ion may be captured by 
solvent before it undergoes even a subtle conformational 
change. Thus in the case of irans-2-hydroxyrnethyl- 
cyclohexyl brosylate it is not certain that the three- 
membered bridged intermediate would result in racemi- 
zation. The initially formed ion must undergo confor
mational change or capture by solvent would be ex
pected to give the irans-diol by irans-diaxial opening re
sulting in optically active irans-diol of the same con
figuration as the starting hydroxy brosylate.

CH2OH

,CH2OH
L . ± \ / \

CH2— CH— CH— CH2

feoH

The corresponding bridged intermediates which could 
be formed from irans-2-hydroxymethylcyclopentyl and 
i/ireo-l-hydroxy-2-methyl-3-butyl arenesulfonates would 
be racemic or present only a small barrier to racemi- 
zation. However, since these arenesulfonates solvolyze 
with complete inversion of configuration, it is not pos
sible to draw any further conclusions regarding the 
intervention of three-membered bridged intermediates 
in the solvolysis of irans-2-hydroxymethylcyclohexyl 
brosylate.

The solvolysis of the monotosylate of 2,2-dimethyl-1,-
3-propanediol also failed to reveal any products re
sulting from the 1,2 migration of a hydroxymethyl 
group. In this case, migration of a hydroxymethyl

(20) J. A. Berson and M. S. Poonian, J .  A m e r .  C h em . S o c ., 88, 170 (1966); 
J. A. Berson and P. Reynolds-Warnhoff, ib id ., 86, 595 (1964); J. A. Berson 
and D. Willner, ib id . ,  86, 609 (1964); J. A. Berson and J. J. Gajewski, ib id . ,  
86, 5020 (1964).

group would have resulted in the formation of unsat
urated 3-methylbutanols or 3-methylbutanal which 
could not be detected among the solvolysis products.

The solvolysis of cfs-2-hydroeyclohexylcarbinyl bros
ylate was examined to provide a direct test for the 
intervention of four-membered oxonium ions in the 
solvolysis of irans-2-hydroxymethylcyclohexyl bros
ylate. Both arenesulfonates could give in part the 
same four-membered cyclic oxonium ion and there 
should be some overlap in the products of the reaction. 
In particular, if the irans-2-hydroxymethylcyclohexanol 
obtained from b*ans-2-hydroxymethylcyclohexyl bros
ylate is properly ascribed to a four-membered cyclic 
oxonium ion, then the solvolysis of cis-2-hydroxycyclo- 
hexylcarbinyl brosylate should also afford some irans- 
diol.

In fact, the solvolysis of cfs-2-hydroxycyclohexyl- 
carbinyl brosylate does not give any of the irans-diol 
and this result weighs heavily against the intervention 
of four-membered cyclic oxonium ion intermediates in 
these reactions. I t might be argued that cfs-2-hydroxy- 
cyclohexylcarbinyl brosylate and trans-2-hydroxy- 
Imethylcyclohexyl brosylate give different oxonium ions. 
Presumably the difference would be in the degree of 
bonding between the oxygen and the two carbons in
volved. If this is the case, the four-membered cyclic 
oxonium ions are grossly different from five- and six- 
membered cyclic oxonium ions.21

Experimental Section22

Methyl ( +  )-frans-2-Hydroxycyclohexanecarboxylate.—A sam
ple of (±)-frans-2-hydroxycyclohexanecarboxylic acid was 
partially resolved as described by Real and Pascual18 to afford 
(-f)-fra?is-2-hydroxyeyclohexanecarboxylic acid: mp 104-106°; 
[ci]D 26.8 (c 0.155, chloroform). The acid (11.3 g) was esterified 
with diazomethane to afford 13.3 g of methyl ( +  )-trans-2- 
hydroxycyclohexaneearboxylate: bp 90-93° (2.5 mm) [lit.5
bp 100-103° (6 mm)]; [<*]d 27.0 (c 0.426, ethanol).

Lithium Aluminum Hydride Reduction of Methyl ( +  )-trans-2- 
Hydroxycyclohexanecarboxylate.—The ester obtained above was 
reduced with lithium aluminum hydride as previously described5 
to afford (+)-frams-2-hydroxymethyIeyclohexanol: bp 128-130° 
(2.3 mm) [lit.5 bp 122-124° (2 mm)]; [<*]d 21.8 (c 0.913, ethanol).

( —)-frems-2-Hydroxymethylcyclohexanol.—In a dry 5-1. 
three-necked flask equipped with a thermometer, pressure
equalizing dropping funnel, stirrer, and a condenser was placed 
1308 ml of 0.87 M  diborane (1.13 mol) in tetrahydrofuran. The 
flask was cooled in a Dry Ice-acetone bath while 462 g (3.4 mol) 
of a-pinene in 420 ml of tetrahydrofuran was added dropwise 
during 20 min while purging with dry nitrogen. The reaction 
mixture was stirred at 0° for 3 hr after which a solution of 63 g 
(0.56 mol) of 1-hydroxymethylcyclohexene in 135 ml of tetra
hydrofuran was slowly added (hydrogen evolution). The result
ing solution was stirred at 5° for 10 hr, then treated with water 
to decompose the residual hydride.

The reaction mixture was treated with 453 g of 30% hydrogen 
peroxide at 30° while the pH was maintained at 7-9 by the con
current addition of 3 M  sodium hydroxide.23 After stirring for 
30 min, the mixture was refluxed overnight. Most of the solvent 
was removed by distillation and the organic layer was separated 
and dried over magnesium sulfate. Isopinocampheol and other

(21) H. W. Heine, A. D. Miller, W. H. Barton, and R. W. Greiner, 
ib id ., 75, 4778 (1953); D. S. Noyce and B. N. Bastian, ib id ., 82, 1246 (1960); 
S. Winstein, E. Allred, R. Heck, and R. Glick, T e tra h e d ro n , 3, 1 (1958).

(22) All melting points and boiling points are uncorrected. Distillations 
were carried out with a 130-cm modified Podbielniak tantalum spiral column 
or a 92-cm spinning-band column. Proton magnetic resonance spectra were 
determined with a Varian A-60 spectrometer using tetramethylsilane as 
internal standard. Aerograph Models A-90-P and Autoprep A-700 gas 
chromatographs were used for vapor phase chromatography. Optical rota
tions were measured with a Perkin-Elmer Model 141 polarimeter.

(23) H. C. Brown and K. A. Kelbys, J .  A m e r .  C h em . S o c ., 86, 1791 (1964).
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terpenoid material was distilled under reduced pressure to leave 
a pot residue which showed a postive flame test for boron. 
Methanol was added to the residue and its was distilled through 
a 50-cm Vigreux column until boron could not be detected in the 
distillate. Fractional distillation gave a forerun containing 
terpenoid materials and 47 g (65%) of (— )-irans-2-hydroxy- 
methylcyclohexanol, bp 142-142.5° (13 mm) [lit. bp 122-124° 
(2 mm)]. The infrared and nmr spectra were identical with those 
of an authentic sample of irons-diol. The rotation of the diol was 
measured at five wavelengths: [«Ks —8.7°, [a]s46 —10.0, [a]43e 
-1 7 .4 ° , [a]365 -27 .2 ° , and [<*]313 -40 .7 °  (c 0.541, ethanol).

Optically Active irons-2-Acetoxymethylcyclohexyl Brosylate.— 
A sample of (— )-trans-2-hydroxymethylcyclohexanol (5.40 g) 
was converted into the acetate brosylate as previously described.18 
Crystallization of the crude product afforded 7.0 g (43%) of 
irans-2-acetoxymethylcyclohexyl brosylate, mp 79-93°, which 
showed spectral properties identical with those of an authentic 
sample of racemic material. The broad melting range is un
doubtedly caused by the fact that only partially resolved diol was 
used.

( — )-trans-2-Hydroxymethylcyclohexyl Brosylate.—The opti
cally active irons-2-acetoxymethylcyclohexyl brosylate (7.0 g) 
obtained above was subjected to methanolysis as previously 
described.6 Crystallization from ether-petroleum ether (bp 
30-60°) yielded 4.52 g of the hydroxy brosylate (72%) in the 
first crop and a second small crop of much greater otpical ac
tivity. These two crops were combined and crystallized again 
to yield two crops. The first crop (5.06 g) showed mp 63-66°, 
D]578 —2.25 (c 0.71, ethanol), and the second crop (0.5 g) 
showed mp 55-60°, [a]578 —30.9 (c 0.90, ethanol). These two 
crops were dissolved and combined to yield the (— )-trans-2- 
hydroxymethylcyclohexyl brosylate, [aKs —3.07 (c 2.70, 
ethanol), employed in the solvolysis experiment.

cis- and frans-2-Carbomethoxycyclopentanols.—A mixture of 
2-carbomethoxycyclopentanone and 2-earbethoxycyclopenta- 
none was reduced with sodium borohydride as described by 
Pascual.24 The cis and trans mixed esters were separated using 
5 ft X 0.25 in. column packed with 20% Carbowax 20M on fire
brick. Fractionation of the crude product from the reduction of 
16 g of mixed 2-carboalkoxycyclopentanones afford the following: 
fraction 1, 7.72 g, bp 92-100° (10 mm), 5.2% trans; fraction 
2; bp 100-105° (10 mm), 14.5% trans; fraction 3, 8.34 g, bp 
105-106° (10 mm), 48% trans; fraction 4, 4.90 g, bp 72-74° 
(0.35 mm), 95% trans; and pot residue, 9.0 g. A sample of 
trans rich hydroxy esters was transesterified with methanol- 
perchloric acid and separated by preparative vapor phase 
chromatography to afford pure irtms-2-carbomethoxycyelo- 
pentanol, n Kd 1.4582 (lit.25 n26D 1.4569), and some cis-2-carbo- 
methoxycyclopentanol. The 3,5-dinitrobenzoate of cis-2- 
carbomethoxycyclopentanol was prepared and melted at 98.5- 
99.5° [lit.26 mp 103-103.5°].

cfs-2-Hydroxymethylcyclopentanol was prepared by lithium 
aluminum hydride reduction of the mixed ethyl and methyl esters 
of cfs-2-hydroxycyclopentanecarboxylic acid. The material 
distilled at 123-125° (10 mm) [lit.26 bp 160-165° (30 mm)] and 
melted at 31-33° after crystallization from ether.

Anal. Calcd for C6Hi20 2: C, 62.00; H, 10.47. Found: C, 
61.64; H, 10.36.

irans-2-Carbomethoxycyclopentyl /3-Naphthalenesulfonate.—A
stirred solution of 10 g of trans-2-carbomethoxycyclopentanol in 
dry pyridine (100 ml) was cooled to 0° and treated with 28 g of 
/3-naphthalenesulfonyl chloride. The reaction mixture was stirred 
overnight at room temperature and processed in the usual manner. 
The crude product was crystallized from ether to afford 12.0 g 
(52%) of irans-2-carbomethoxycyclopentyl /3-naphthalenesulfo- 
nate, mp 69-79°, unchanged on further crystallizations.

Anal. Calcd for CnHisSCh: C, 61.06; H, 5.39. Found: C, 
60.87; H, 5.30.

trans-2-VLydroxymethylcyclopentyl /3-Naphthalenesulfonate.—-
In a three-necked flask fitted with a dropping funnel, condenser, 
and drying tube was placed 8.5 g of ircms-2-carbomethoxycyclo- 
pentyl /3-naphthalenesulfonate in dry tetrahydrofuran (40 ml). 
The reaction vessel was cooled in an ice bath and 125 ml of 
diborane (1 Ai) in tetrahydrofuran was added. The reaction

(24) J. Pascual and J. Vinas, B u l l .  S o c . C h im . F r ., 1430 (1960).
(25) J. Pascual and F. Lacasa, A n .  R e a l. S o c . E s p a n .  F is .  Q u im ., S e r . B ,  

61, 551 (1955).
(26) A. S. D reiding and J. A. Hartman, J .  A m e r .  C h em . S o c ., 75, 939 

(1953).

mixture was refluxed for 2 hr and hydrolyzed with water followed 
by 15 ml of 6 N  hydrochloric acid. Most of the solvent was 
evaporated, the organic layer was separated, and the aqueous 
layer was extracted with ether. The combined organic extracts 
were washed with water and dried over magnesium sulfate. The 
crude product obtained in nearly quantitative yield was crystal
lized at low temperature from carbon tetrachloride, but the 
material melted upon warming to room temperature.

irans-2-Acetoxymethylcyclopentyl /3-naphthalenesulfonate was 
prepared by acetylating some of the material obtained above with 
acetyl chloride and pyridine. The material crystallized from 
ether-hexane and showed mp 85.5-86.5°.

Anal. Calcd for C,8H20SO6: C, 62.06; H, 5.70. Found: C, 
62.28; H, 5.93.

erythro-2 -Methyl-1,3-butanediol.—In a stainless steel bomb 
was placed 70 g of paraformaldehyde and a solution of 87 g of 
concentrated sulfuric acid and 206 ml of water. The sealed bomb 
was heated at 80° for 1 hr and then cooled in a Dry Ice-acetone 
bath. irans-2-Butene (88 g) was added and the sealed bomb was 
heated for 2 hr at 80-130° with rocking. The cooled bomb was 
opened and the reaction mixture was neutralized with aqueous 
sodium hydroxide after which it was continuously extracted with 
ether. Preparative vapor phase chromatography on a 10 ft X 
3/s in. column packed with 10% cyanoethoxypropane on firebrick 
afforded cfs-4,5-dimethyl-l,3-dioxane, which showed the same 
spectral properties noted previously.6

A 2.0-g sample of cfs-4,5-dimethyl-l,3-dioxane was refluxed for 
7 days with methanolic sulfuric acid (0.1 N ). The sulfuric acid 
was neutralized with sodium bicarbonate and the mixture was 
filtered and concentrated. The residue was purified by vapor 
phase chromatography on a 10 ft X 0.25 in. column packed with 
cyanoethyl sucrose in Chromosorb G to afford erythro-2-methyl-
1,3-butanediol. The nmr spectrum of the material obtained in 
this manner exhibited four signals ascribed to the two methyl 
groups (r 8.77, 8.87, 9.07, and 9.18).

Anal. Calcd for C5Hi20 2: C, 57.76; H, 11.54. Found: C,
57.51, H, 11.43.

Cyclopentanone Ketal of eri/ifiro-2-Methyl-l,3-butanediol.—A 
sample of the diol obtained above was heated with a 2 M  excess 
of cyclopentanone at 80° overnight. Dry benzene was added 
and the water-benzene azeotrope was distilled through the Pod- 
bielniak column. The residue was subjected to glpc on a 20 ft X 
0.25 in. column packed with silicone XF 1150 on Chromosorb P. 
The material contained 96% of the cis ketal (from the erythro- 
diol) and 4% of its epimer. The nmr spectrum of the cis ketal 
showed two signals at t 8.92 and 9.01 (6 H) ascribed to the two 
methyl groups and a multiplet at r 8.3 ascribed to the cyclo
pentane protons.

Anal. Calcd for Ci0Hi8O2: C, 70.65; H, 10.67. Found: C, 
70.55; H, 10.54.

Tiglic alcohol was prepared by the reduction of tiglaldehyde us
ing aluminum hydride prepared in situ as described by Jorgen
son.27 Tiglic alcohol, bp 133-139° (lit.28 bp 133-140°), was ob
tained in 74% yield.

i/ireo-2-Methyl-l,3-butanediol.—Hydroboration-oxidation of 
tiglic alcohol was carried out in the conventional manner.29 
The crude product was processed as described for ( — )-trans-2- 
hydroxymethyleyclohexanol. Distillation afforded slightly im
pure diol, bp 95-114° (18 mm), in 76% yield. Vapor phase 
chromatography on a 5 ft X 0.25 in. column packed with 20% 
Carbowax 20M showed an impurity (5%) with the same retention 
time as 2-methyI-l,2-butanediol. The nmr spectrum of the pure 
threo-2-methyl-l,3-butanediol showed peaks at t 8.82, 8.92, 
9.13, and 9.25 attributed to the two methyl groups. Mixtures of 
the erythro- and ¿ftreo-diols show eight peaks in the region r
8.8-9.3.

Anal. Calcd for C5H120 2: C, 57.76; H, 11.54. Found: C, 
57.68; H, 11.83.

The cyclopentanone ketal of iAreo-2-methyl-l,3-butanediol was
prepared as described for the erythro isomer. The nmr spectrum 
showed a doublet (3 II) at r 8.93, /  = 7 cps, and a doublet (3 H) 
at t  9.02, /  = 7 cps, ascribed to the two methyl groups. The 
cyclopentane protons appeared as a multiplet at r 8.3.

Anal. Calcd for C10HI8O2: C, 70.65; H, 10.67. Found: C, 
70.59; H, 10.65.

(27) M .  Jorgenson, T e tra h e d ro n  L e tt . , 559 (1962).
(28) A. Lauchenauer and H . Sching, H elv . C h im  A c ta , 34, 1514 (1951).
(29) H . C. Brow n and K .  A. Kelbys, J .  A m e r . C h em . S o c ., 86, 1791 (1964).
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Tiglyl Benzyl Ether.—To a stirred mixture of 16 g of sodium 
hydride and 590 ml of dry N,N-dimethylformamide was added
52.5 g of tiglic alcohol. Benzyl chloride (130 g) was slowly added 
to the resulting suspension and the mixture was stirred for 36 
hr. The mixture was hydrolyzed with water and the crude 
product was isolated by extraction with hexane. Fractional 
distillation afforded 46 g of pure tiglyl benzyl ether, bp 126-128° 
(21 mm).

Anal. Calcd for Ci2Hi60: C, 81.77; H, 9.15. Found: C, 
81.20; H, 9.23.

(— )-iAreo-2-Methyl-3-hydroxybutyl Benzyl Ether.—Tiglyl ben
zyl ether (46 g) was subjected to hydroboration-oxidation as 
described for the preparation of (— )-irares-2-hydroxymethyl- 
cyclohexanol. The crude product was fractionally distilled to 
yield a forerun of terpene material and the following fractions: 
fraction 1, 7.5 g, bp 100-105° (3 mm); fraction 2, 19 g, bp 105- 
114° (3 mm); fraction 3, 24 g, bp 114-140° (1.5 mm). The first 
two fractions were separated by preparative glpc on a 10 ft X 3/ s 
in. column packed with 5% Carbowax 20M on Chromosorb G. 
A total of 11 g (22%) of ( — )-flireo-3-hydroxy-2-methylbutyl 
benzyl ether, [a]578 5.16 (c 3.94, CC14), was obtained along with 
5 g (10%) of 2-hydroxy-2-methylbutyl benzyl ether. The nmr 
spectrum of the ftreo-3-hydroxy-2-methylbutyl benzyl ether 
showed normal absorption for the benzyloxy group and four 
sharp signals (6 H) at r 9.23, 9.12, 8.98, and 8.89 ascribed to the 
two methyl groups.

Anal. Calcd for Ci2Hi80 2: C, 74.29; H, 9.35. Found: C, 
74.16; H, 9.13.

The nmr spectrum of the 2-hydroxy-2-methyl-l-butyl benzyl 
ether showed normal benzyloxy absorption, a triplet (3 H) at t
9.15 ( J  =  7 cps), and a singlet (3 H) at t  8.92 ascribed to the 
two methyl groups.

Anal. Calcd for Ci2H180 2: C, 74.29; H, 9.35. Found: C, 
74.13; H, 9.18.

2-Methyl-l,2-butanediol.—A mixture of 1.2 g of the 2-hy- 
droxy-2-methyl-l-butyl benzyl ether and 0.4 g of 30% palladium 
on carbon in 40 ml of ethanol was hydrogenated at room tem
perature. The theoretical amount of hydrogen was absorbed 
overnight to furnish a quantitative yield of the diol which was 
purified by vapor phase chromatography using a 5 ft X 0.25 in. 
column poked with 20% Carbowax 20M on firebrick. The nmr 
spectrum showed a singlet at r 8.92 (3 H) and a triplet r 9.10 
{ J  — 7 cps) (3 H), attributed to the two methyl groups. The 
bis(p-nitrobenzoate) derivative melted at 106-107° (lit.30 mp 
107-109°).

The (S-naphthalenesulfonate of iftreo-2-methyl-3-hydroxybutyl 
benzyl ether was obtained from the corresponding alcohol by the 
action of (J-naphthalenesulfonyl chloride in pyridine. The 
arensulfonate was obtained in 49% yield as plates, mp 36.5-38.5°, 
on crystallization from ether-hexane. The crystalline material 
showed only very slight optical activity.

Anal. Calcd for C22H24S 04: C, 68.72; H, 6.29. Found: C, 
68.78; H, 6.48.

(fweo-l-Hydroxy-2-methyl-3-butyl (¡-Naphthalenesulfonate.—
A mixture of 5.5 g of the (i-naphthalenesulfonate of threo-2- 
methyl-3-hydroxybutyl benzyl ether, 15 drops of 2% palladium 
chloride in 2 IV hydrochloric acid, and 0.74 g of 30% palladium 
on carbon in ethyl acetate (70 ml) was hydrogenated at room 
temperature. After 5 hr the theoretical amount of hydrogen had 
been absorbed. The spectra of the crude product indicated that 
some of the material had been acetylated after hydrogenolysis 
and the entire crude product was subjected to methanolysis as 
previously described.6 The product from the methanolysis re
action showed the anticipated spectra properties but it was not 
obtained in crystalline form.

2-Methyl-2-hydroxymethylpropyl Tosylate.—A solution of 2,2- 
dimethyl-1,3-propanediol in 3 ml of pyridine was cooled to 0° 
and a solution of 1.22 g of p-toluenesulfonyl chloride in pyridine 
(4 ml) was added with stirring. The mixture was stored at room 
temperature for 1.75 hr and processed in the usual manner. The 
crude product was chromatographed over silica gel with chloro
form to give 400 mg (16%) of the ditosylate, mp 117-118° (lit.31 
mp 116-120°) after crystallization from chloroform-petroleum 
ether (bp 30-60°). Continued elution with chloroform afforded 
the monotosylate, 810 mg (50%), which could not be crystallized.

(30) R. E. Bowman, A. Campbell, and W. R. N. Williamson, J .  C h em . 
S o c ., 3864 (1964).

(31) R. F. Brown and N. van Gulick J .  A m e r . C h em . S o c ., 77, 1089 (1955).

Anal. Calcd for Ci2Hi80 4S: C, 55.81; H, 6.97. Found: C, 
55.74; H, 7.00.

Solvolysis of (-)-trans-2-Hydroxymethylcyclohexyl Brosylate.
—A solution of 4.0 g of the hydroxy brosylate, 80 ml of acetone, 
and 100 ml of 1.26 M  phosphate buffer (pH 6.8) was heated under 
reflux for 30 hr and processed as previously described.6 The 
product mixture contained 60% 3-hydroxymethylcyclohexene, 
30% cis- and ¿rans-2-hydroxymethyl cyclohexanols, 8% 1- 
hydroxymethyleyclohexanol identified by comparison with an 
authentic sample prepared previously,16 and 2% unidentified 
products. The mixture of cis- and ¿rcms-2-hydroxymethylcyclo
hexanols (0.163 g, 11%) was collected and converted into the 
corresponding acetonides which were separated as previously 
described.16 Because the rotation of the optically active aceto
nides are much smaller and opposite in sigh to those of the corre
sponding diols, the acetonide was hydrolyzed in situ using 80% 
ethanol-water 0.2 M  in p-toluenesulfonic acid. This solvent 
caused rapid and complete hydrolysis of the acetonide. The 
rotation of the diol was measured at five wavelengths: [a] 22578 
-6 .8 5 ° , M 22*« -7 .77°, [a] 22«6 -1 2 .6 ° , M 22365 -  19.2°
(c 2.51).

Sodium Amalgam Cleavage of ( — )-frons-2-Hydroxymethyl- 
cyclohexyl Brosylate.—A solution of 0.45 g of the hydroxy 
brosylate in 30 ml of dry methanol was stirred overnight with 
13 g of 4% sodium amalgam.32 The resulting mixture was 
made slightly acidic with anhydrous hydrogen chloride and then 
basified to pH with anhydrous potassium carbonate. The mix
ture was filtered and the solid was extracted with hot ether and 
combined with the filtrate. Evaporation of the organic extracts 
and vapor phase chromatography afforded 0.083 g (50%) of 
( — )-frans-2-hydroxymethylcyclohexanol which was converted 
into the acetonide. The rotation of the diol resulting from the 
in situ hydrolysis of the acetonide was measured at four wave
lengths: W 22578 -6 .8 9 ° , [a] 22s46 -7 .8 4 ° , H 22436 -13 .2° ,
[a]22365 -  20.1° (c 4.61).

Solvolysis of ¿/ireo-l-Hydroxy-2-methyl-3-butyl (¡-Naphthalene- 
sulfonate.—A solution of 2.0 g of the arenesulfonate, 60 ml of 
acetone, 66 ml of 1.26 M  phosphate buffer (pH 6.8), and 50 ml 
of water was refluxed for 60 hr. The acetone was distilled under 
a fractionating column and the aqueous residue was continuously 
extracted with ether. Vapor phase chromatography of the prod
uct on 10 ft X 0.25 in. column packed with 5% cyanoethyl- 
sucrose on Chromosorb G showed six products. The following 
products were isolated and identified (the yields correspond to 
the percentage of the peak area): tiglic-angelic alcohol mixture 
(26%), 2-methyl-2-hydroxybutanol (17%), 2-methyl-3-hydroxy- 
butanol. The 1,3-diol mixture (119 mg) isolated by glpc was 
dissolved in benzene and cyclopentanone after which some of 
thé benzene was distilled to yield the cyclopentanone ketal. 
The ketal was subjected to glpc on a 20 ft X 0.25 in. column 
packed with 10% silicone XF 1150 on Chromosorb P and found 
to contain 95% of ketal derived from the erythro-diol and 5% 
of its diastereomer. A sample of the arenesulfonate was cleaved 
with sodium amalgam and the diol obtained was converted into 
the cyclopentanone ketal which was found to contain 97% 
ketal derived from the threo-diol and 3% isomeric ketal.

Solvolysis of irans-2-Hydroxymethylcyclopentyl (¡-Naphthalene- 
sulfonate.—A solution of 4 g of the arenesulfonate, 100 ml of 
acetone, 120 ml of 1.26 M  phosphate buffer (pH 6.8), and 60 
ml of water was heated under reflux for 55 hr. The reaction 
mixture was processed as described for the solvolysis of trans- 
2-hydroxymethylcyclohexyl brosylate. Vapor phase chromatog
raphy on a 5 ft X 0.25 in. column packed with 20% Carbowax 
20M on firebrick at 200° indicated the presence of ten compo
nents, but the mixture did not contain any irares-2-hydroxy- 
methylcyclopentanol. cfs-2-Hydroxymethylcyclopentanol com
pressed 33% of the material and three other components were 
tentatively identified. The first eluted component (30%) ap
peared to be 2- or 3-hydroxymethylcyclopentene : nmr, multiplet 
at t 4.35 (2 H), vinyl protons; doublet at r 6.60 (2 H), J  = 6 cps, 
carbinyl protons. The second component (20%) appeared to be 
l-hydroxymethylcyclopentene: nmr, multiplet at r 4.48 (1 H), 
vinyl proton; singlet at t 5.95 (2 H), carbinyl protons. The 
third component (8%) appeared to be 1-hydroxymethylcyclo- 
pentanol: nmr, singlet at r 6.49 (2 H) carbinyl protons; broad 
singlet at t 8.34 (8 H).

(32) W. B. Renfrow, Jr., and  C. R . H auser, “ Organic Syntheses,” Coll.
Vol. I I ,  John  W iley and  Sons, Inc., New York, N . Y., 1943, p 609.
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Solvolysis of cis-2-Hydroxycyclohexylcarbinyl Brosylate.—
A solution of 3.52 g of the hydroxy brosylate, prepared as pre
viously described, 100 ml of acetone, 83 ml of 1.26 M  phosphate 
buffer (pH 6.8), and 60 ml of water was refluxed for 151 hr. The 
reaction mixture was processed in the usual manner and glpc 
on a 5 ft X 0.25 in. column packed with 20% Carbowax 20M on 
firebrick gave three products (in order of elution): 2-methyl- 
cyclohexanone (17%) identified by comparison with an authentic 
sample, cfs-2-hydroxymethyl cyclohexanol (76%), and trans-2- 
hydroxy-l-methylcyclohexanol (7%) identified by comparison 
with an authentic sample, mp 78-80° (lit.33 mp 85°), prepared 
as previously described.33 A component of shorter retention 
time than 2-methylcyelohexanone was found to be formed from 
acetone when exposed to the reaction solvent in the absence of 
the hydroxy brosylate.

Solvolysis of 2-Methyl-2-hydroxymethylpropyl Tosylate.—
A mixture of 1.95 g of the tosylate and 50 ml of 0.4 M  acetate 
buffer (pH 4) was heated in a sealed tube at 115° for 72 hr. The 
mixture was continuously extracted with ether and the ether 
was distilled under a factionating column. The residue was found 
to contain 95% 2-methylbutanal and 5% 2,2-dimethyl-l,3- 
propanediol by glpc using a 5 ft X 0.25 in. column packed with 
5% SE 30 on Chromosorb W at 120°. An alliquot of the reaction 
mixture was treated with 2,4-dinitrophenylhydrazine solution 
to afford 2-methylbutanal 2,4-dinitrophenylhydrazone, mp

(33) S. Nametkin and A. Jarzeff, B e r ., 56, 1803 (1923).

125-126° (lit.34 mp 120°). The yield corresponded to 32% 
based on starting arenesulfonate. Another experiment afforded 
2-methylbutanal 2,4-dinitrophenylhydrazone in 36% yield. A 
weighed sample of pure 2-methylbutanal gave the 2,3-dinitro- 
phenylhydrazone in 36% yield.

Registry No.—(— )-£raws-2-hydroxymethylcyclohexyl 
brosylate, 16897-79-3; cfs-2-hydroxymethylcyclopenta- 
nol, 1883-85-8; £rans-2-carbomethoxycyclopentyl (3- 
naphthalenesulfonate, 16897-81-7; trans-2-acetoxy- 
methylcyclopentyl /3-naphthalenesulfonate, 16897-82-8; 
eryi/iro-2-methyl-l,3-butanediol, 16897-83-9; cyclopen- 
tanone ketal of ery£/i,ro-2-methyl-l,3-butanediol, 16897- 
84-0; £Areo-2-methyl-l,3-butanediol, 16897-85-1; cyclo- 
pentanone ketal of ¿/¡.reo-2-methyl-l,3-butanediol, 
16897-86-2; tiglyl benzyl ether, 16897-87-3; (-)-threo- 
methy 1-3-hydroxy butyl benzyl ether, 16897-88-4; 2-hy- 
droxy-2-methyl-l-butyl benzyl ether, 16897-89-5; 
/3-naphthalenesulfonate of £/ireo-2-methyl-3-hydroxy- 
butyl benzyl ether, 16897-90-8.

(34) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic 
Identification of Organic Compounds,” John Wiley and Sons, Inc., New 
York, N. Y , p 320.
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The photorearrangement of N-f-butyl- and N-methyl-N-chloroalkanesulfonamide in benzene and in acid solu
tion was studied with the object of preparing y- and 5-chloroalkanesulfonamides, intermediates for sultam syn
thesis. In benzene, y- and 5-chloroalkanesulfonamides were formed almost exclusively from N-f-butyl deriva
tives, while, in the reaction of N-methyl-N-chlorobutanesulfonamide, ¿J-chlorobutanesulfonamide was appar
ently formed in addition to y- and 5-chlorobutanesulfonamides. In acid solution (H2SO4-ACOH), on the other 
hand, the rate of formation of 7-chloro derivatives increased and that of /3-chloro derivatives decreased owing to 
the relatively higher reactivity of the protonated sulfonamide radical for intramolecular hydrogen abstraction. 
The isolation of each rearranged product from the reactions was undertaken and N-f-butyl-7-ehlorobutanesul- 
fonamide N-f-butyl-S-chloropentanesulfonamide, and N-i-butyl-y-chloropentanesulfonamide were obtained pure.

In studies on the free-radical rearrangement of N-halo 
compounds, the synthesis of pyrrolidine derivatives 
from N-haloamines (Hofmann-Loffler reaction1) and 7- 
lactone formation from N-haloamides2“ 6 and N-halo- 
imides6 have been reported.

Although N-alkyl-N-chloroarylsulfonamides are re
ported to rearrange to N-5-chloroalkyl derivatives7 
under similar reaction conditions as the Hofmann- 
Loffler reaction (Scheme I), the analogous rearrange
ment of N-alkyl-N-chloroalkanesulfonamides has not 
yet been reported.

In a previous paper,8 the authors reported that N- 
alkyl-N-chloroalkanesulfonamides readily rearrange to 
the corresponding chloroalkanesulfonamides under the 
influence of photoirradiation or heat (Scheme II).

The purpose of the present study was to investigate

(1) M .  E .  Wolff, C h em . R e v ., 63, 55 (1963).
(2) D . H . R. Barton  and A. L . J. Beckwith, P ro c . C h em . S o c ., 335 (1963).
(3) D . H. R. Barton, A. L. J. Beckwith, and A. Goosen, J .  C h em . S o c ., 181 

(1965).
(4) A. L. J. Beckw ith and J. E . Goodrich, A u s t .  J .  C h e m ., 18, 747 (1965).
(5) R. S. Neale, N . L. M arcus, and R. G. Schepers, J .  A m e r , C h em . S o c .,

88, 3051 (1966).
(6) R. C. Petterson and A. Wambsgans, ib id . , 86, 1648 (1964).
(7) G . H . Coleman, P ro c . I o w a  A c a d . S c i . , 46, 217 (1939).
(8) M .  Okahara, T. Ohashi, and S. Kom ori, T e tra h e d ro n  L e t t . , 1629 (1967).

Schem e I

ch2—  ch2
R -C H  J h2 

N 
H

Scheme II
hv or heat

RCH2CH2CH2CH2S02NR'  ----- — >- RCH2CHCH2CH2S02NR'
benzene

Cl
la, b, c

Cl H
Ila, b, c

RCHCH2CH2CH2S02NR'
I I

Cl H
Ilia, b, c

RCH2CH2CH2CH2S02NR'
I

H
IVa, b, c

a, R = H; R' = ¿-C4H9
b, R = H; R' = CH3
c, R = CH3; R' =  t-C4H9
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T a b l e  I
P r o p e r t i e s  a n d  A n a l y s e s  o f  N - C h l o r o s u l f o n a m i d e s

Cl
I

R S C h N R '

R = n-C4H9; R' = i-C4H9 
R = ra-C4H9; R' =  CH8 
R = n-CsHu; R' = i-C4H9 

“ In ethanol. 1 Positive chlorine.

Bp, °C
( m m )  n 20D

86-87 (0.2) 1.4718
99-100(4) 1.4690

110(2) 1.4727
c Values in parentheses are

I r  absorptions, cm -1

2960, 1360, 1155, 625, 587 
2960, 1350, 1150, 615, 570 
2960, 1345, 1150, 620, 570 

calculated values.

U v  absorptions® 
max, m/i (c) Cl, % btC

274(150) 15.3(15.56) 
265(106) 18.9(19.09) 
275 (182) 14.4(14.24)

T a b l e  II
P h o t o r e a r r a n g e m e n t  o f  N - C h l o r o s u l f o n a m i d e s  i n  B e n z e n e “

/----------------------------------- Reaction product-
C l Reaction Recovery Original 7 -Chloroalkane- o-Chloroalkane-
1 Concn, time, rate/ Cl, sulfonam ide/ sulfonamlde,“ sulfonamide,“

R S 0 2 N R ' mol/1. min % % % % %
R = 7i-C4H9 ; R' = t-CJh 0.20 25 90 12.3 24.0 60.2 14.0
R = w-C4H9; R' =  i-C4H9 0.26 30 91 12.1 26.0 60.9 12.1
R = n-C4H9; R' = f-C4H9 0.52 30 90 13.0 19.7 61.9 15.1
R = n-C4H9; R' = ¿-C4H9 1.03 25 93 14.0 14.6 67.1 17.2
R = n-C4H9; R' = ¿-C4H9 1.94 25 91 14.1 17.7 62.0 15.9
R = n-C4H9; R' = ¿-C4H9 2.58 25 92 13.6 18.6 60.5 15.5
R = n-C4H9; R' = i-C4H9 Neat 30 91 14.0 20.1 50.8 14.1
R = n-C4H9; R' = CH 0.27 35 85 8.8 48.6 20.3 0.5
R = n-CsHu; R' = Z-C4H9 0.85 20 93 13.1 19.9 42.1 38.0
R = n-C6Hu; R' = f-C4H9» 0.85 120 92 11.8 23.0 40.3 37.1 .

“ Irradiation with a 150-W high pressure mercury lamp, 10-15°, under nitrogen unless specified otherwise. b The weight of the prod
uct obtained/the weight of N-chlorosulfonamides X 100. ‘  Weight percent based on recovered reaction product, average values.
d A compound (13.2%) thought to be /3-chloro derivative was present in the reaction mixture in addition to those listed. « Very small 
amount of crystal identified as chlorinated benzene was isolated from the reaction mixture. 1  Average molecular weight of the reaction 
mixture, 192. » Irradiation with a 30-W low pressure mercury lamp, 10-13°, under nitrogen.

more fully the synthetic aspects of this new rearrange
ment.

Results and Discussion
The starting materials, N-f-butyl- and N-methyl-N- 

chloro-n-butanesulfonamide and N-f-butyl-N-chloro-n- 
pentanesulfonamide, were prepared by chlorinating the 
corresponding sulfonamides by the procedures previ
ously described.8

These N-chlorosulfonamides are stable and can be 
purified by distillation at reduced pressure; their prop
erties and chlorine content are shown in Table I.

The N-chlorosulfonamides were irradiated in benzene 
or acid solution at 10-15° under nitrogen with a high or 
low pressure mercury arc lamp equipped with a quartz 
filter until the positive chlorine content of the solution 
was negligible. Positive chlorine disappeared within 
35 min in benzene solution, whereas in acid solution the 
reaction needed a longer time. The reaction product 
from benzene solution was recovered almost quantita
tively after the removal of the solvent; it was analyzed 
by glpc.

Glpc analysis of the products generally showed three 
major peaks. One peak was identified as the original 
sulfonamide (IVa, b) and, from N-f-butyl- or N-methyl- 
N-chloro-n-butanesulfonamide, two other peaks were 
identified as N-alkyl-7-chlorobutanesulfonamide (Ha, b) 
and N-alkyl-5-chlorobutanesulf onamide (Ilia, b), respec
tively, by means of a comparison of their retention 
times with those of the authentic compounds.

However, in the gas chromatogram of the product 
from N - chloro - N - methyl - n - butanesulf onamide, the 
peak of ô-chlorobutanesulfonamide was very small, and 
another peak was observed preceding the peak of lib. 
This peak was supposed to correspond to N-methyl-/3- 
chlorobutanesulfonamide (VIII) by comparing the gas

chromatogram with that of the photochlorination prod
uct of N-methyl-n-butanesulfonamide.9

In the case of N-i-butyl-N-chloro-n-pentanesulfon- 
amide, two peaks in the gas chromatogram were also 
identified as N-i-butyl-y- and -5-chloropentanesulfon- 
amide, respectively, by nmr analysis of the isolated 
products, and the peaks corresponding to the other iso
mers, that is /3- or e-chloropentane,sulfonamide, were not 
observed. Quantitative analysis of the rearranged 
products was also done by glpc. Results of the reaction 
in benzene are shown in Table II.

In the reaction of N-f-butyl-N-chloro-n-butane- 
sulfonamide, not much difference was observed in the 
composition of the products over the concentration 
range 0.20-2.58 mol/1.

Formation of products of higher molecular weight was 
suggested in the irradiation of N-chloro-N-methyl-n- 
butanesulfonamide because the total amount of each 
compound, determined by glpc, was rather low (about 
83%) and the average molecular weight of the reaction 
mixture was slightly higher than the calculated value. 
Intramolecular dehydrochlorination is presumed to 
occur competitively in this case, where hydrogens are 
present on the carbon atom adjacent to nitrogen, as ob
served by Neale6 in the rearrangement of N-halo-N- 
methylamides.

When the reaction was carried out in acid solution 
(H20-H 2S04-Ac0H), the recovery rate of the product 
decreased slightly, and the amount of unsubstituted

(9) A lthough this compound could not be isolated in  the pure state, it was 
ascertained to contain one bound chlorine atom  in  the molecule. Also, in 
photochlorination of m any aliphatic compounds,10“12 it is known that the 
retention times of the position isomers increase in  order of the increase of the 
position number of chlorine, that is, 1 <  2 <  3 . . . .

(10) L. Horner and L. Schlafer, A n n .  C h e m ., 635, 31 (1960).
(11) H . S ingh and J. M .  Tedder, J .  C h em . S o c ., S e c t. B ,  608 (1966).
(12) M . Okahara, S. Yanagida, and S. Kom ori, T e c h . R e p t .  O sa k a  U n iv .,  

17, 205 (1967).
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T a b l e  III
P h o t o r e a r r a n g e m e n t  o f  N -C h l o r o su l f o n a m id e  in  H20 -H 2SC>4-A c0 H

-̂---------------------------------------Reaction product-

Cl Reaction Recovery Unsubstituted -y-Chloroalkane- 5-Chloroalkane-
1 time, rate, Cl, sulfonamide, sulfonamide, sulfonamide,

RSO2NR' min % % wt %» wt %“ wt % a

R = W-C4H 9 ; R ' = C W ~ d 240 70 9.6 47.9 36.8 0.5
R = ji-CsHu ; R ' = ¿-CiHA« 90 75 1 0 . 1 32.4 43.6 24.0
R = n-C5Hu; R ' =  Î-C4H 9/ ■« 50 78 1 0 . 8 28.9 43.1 27.6
R = n -C5Hu ; R ' =  ¿-C4H 5/ v 45 82 10.3 32.1 40.6 27.1

» Weight percent based on recovered reaction products, average value. b Irradiation with a low pressure mercury arc lamp (30 W) 
inside the reaction vessel. c Ten grams of sample dissolved in 140 g of acid solution (a mixture of 11.2 g of H2S04, 50.6 g of H20, and 
78.2 g of AcOH). d A compound (7.0%) thought to be N-methyl-N-<8-chlorobutanesulfonamide was found in the reaction product in 
addition to the compounds listed. e The sample (2.3 g) dissolved in 40 g of acid solution (H2SC>4, 4.8 g; AcOH, 13.5 g; II20 , 21.7 g). 
/  Irradiation with a high pressure mercury arc lamp (150 W) inside the reaction vessel. c Ten grams of sample dissolved in 264 g of 
acid solution (H2S04, 30.6 g; AcOH, 139.6 g; H20, 93.8 g).

original sulfonamides increased, but the formation of 
y-chloroalkanesulfonamide was greatly raised as shown 
in Table III.

The higher ratio of formation of y- to o-chloroalkane- 
sulfonamide in acid solution is assumed to be due to the 
relatively higher reactivity of intramolecular hydrogen 
abstraction by the protonated sulfonamide radical (VI) 
in the competition between intra- and intermolecular 
hydrogen abstraction. However, the decomposition of 
the intermediate conjugate acid (V) to unsubstituted 
sulfonamides (IV), as reported by Buckles,13 and 
Derbyshire14 15 with N-bromoamides and N-bromosuc- 
cinimides, would occur to a certain extent.

H
H 1 +| y  RS02IS+R' +  Cl-

rso2n r ' rso2n +r ' c f  VI
1 I ^  RS02NHR' +  Cl+

At the step of hydrogen abstraction, three processes 
are supposed to occur competitively, i.e., the intra
molecular hydrogen abstraction by sulfonamide radical 
(process 1 ), the intermolecular hydrogen abstraction by 
sulfonamide radical (process 2), and the hydrogen ab
straction by chlorine atom (process 3).

In the decomposition of N-i-butyl-N-chloro-w-alkane- 
sulfonamides in benzene, process 1 is the main process 
but process 2 would participate competitively to an 
appreciable extent in the reaction. On the other hand, 
in the decomposition of N-chloro-N-methyl-n-butane- 
sulfonamide in benzene, process 3 is supposed to be the 
main process because the distribution of products is 
similar to that obtained in the photochlorination of 
N-methyl-n-butanesulfonamide in benzene.

In the decomposition of N-i-butyl-N-chloro-n-pen- 
tanesulfonamide in acid solution, the higher formation 
ratio of y- to 5-chloro derivative strongly suggests that 
process 1 is the main process and process 2 is retarded 
owing to the solvation and the electrostatic repulsion 
between the positively charged species.16

Furthermore in the decomposition of N-chloro-N- 
methyl-n-butanesulfonamide in acid solution, perhaps 
the three processes competitively occur. However, 
processes 2 and 3 are supposed to be suppressed to some 
extent because the formation of a compound thought to 
be /3-chloro derivative was found to be small.

Isolation of the rearranged products from the reaction 
mixture was also undertaken. Unsubstituted sulfon
amides could be separated by distillation under reduced 
pressure. N-i-butyl-y-chlorobutanesulfonamide (Ha) 
was isolated as a white crystalline solid from the reaction 
product of N-f-butyl-N-chloro-n-butanesulfonamide 
(la) by adding petroleum ether, but isolation of N-f- 
butyl-5-chlorobutanesulfonamide (Ilia) in the pure 
state was unsuccessful because its content was generally 
small.

On the other hand, analogous treatment of the reac
tion product from N-i-butyl-N-chloro-n-pentanesul- 
fonamide (Ic) afforded a pure compound as a white 
crystalline solid, corresponding to the peak having a 
longer retention time in the gas chromatogram. This 
compound was confirmed to be N-ributyl-5-chloro- 
pentanesulfonamide (IIIc) because the nmr signal of the 
terminal methyl protons (r 8.50) was a doublet.

From the filtrate obtained after removing N-ributyl-
5-chloropentanesulfonamide, a white crystal was iso
lated by column chromatography on active alumina. 
This compound was confirmed to be N-f-butyl-y- 
chloropentanesulfonamide (lie) because, in its nmr 
spectrum, the terminal methyl protons (r 8.93) was a 
triplet and the methylene protons (r 6.72) adjacent to 
N-ributylsulfonamide group was a triplet.

Furthermore a five-membered-ring sultam, N-i-butyl-
3-ethylpropane sultam (VII), was isolated from the reac
tion mixture obtained by the alkali treatment of the 
irradiation product of N-i-butyl-N-chloro-n-pentane- 
sulfonamide.

CH3CH,CHCH2CH2S02N-i-C4H9 

Cl H

KOH
ch3ch2ch—  ch2

<-C4H9Nx  ^CH, 
S02 

VII

(13) R. E. Buckles, J .  A m e r . C h em . S o c ., 71, 1157 (1944).
(14) C. Derbyshire and W. A. Waters, J .  C h e m . S o c ., 573 (1950).
(15) Also, a referee has pointed out that a six-membered transition state 

is stereochemically more favorable for the protonated N radical than for the
neutral radical.

The structure of this five-membered-ring sultam was 
confirmed by its nmr spectrum in which the absorption 
(t 9.10) of the terminal methyl protons in the side-chain 
ethyl group was found to be split into a triplet.
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Experimental Section16
N-l-Butyl-n-butanesulf onamide.—n-Butanesulfonyl chloride 

(78.4 g, 0.5 mol), prepared as described by Douglass and John
son,17 was added to an ether solution (200 ml) of ¿-butylamine 
(95.2 g, 1.3 mol) with stirring at 5° over 1 hr. After removal of 
precipitated ¿-butylamine hydrochloride, the ether solution was 
washed with water and dried over anhydrous sodium sulfate. 
The residue, obtained by evaporation, was distilled under reduced 
pressure to yield N-i-butyl-w-butanesulfonamide [72.4 g (75%)]: 
bp 155-156° (6 mm); ti20d 1.4530. Characteristic infrared 
bands appeared at 3280, 2960, 1320, 1140, and 1000 cm-1.

Anal. Calcd for C8Hi9N 0 2S: C, 49.69; H, 9.93; N, 7.25. 
Found: C, 49.68; H, 9.95; N, 7.12.

N-Methyl-n-butanesulfonamide.—As described above, n- 
butanesulfonyl chloride (78.4 g, 0.5 mol) was allowed to react 
with a 30% aqueous solution of methylamine (130 g) yielding 
N-methyl-n-butanesulfonamide (60.4 g, 80%): bp 147-148° 
(4 mm); n 20D 1.4528. Characteristic infrared bands appeared 
at 3300, 2960, 1320, and 1140 cm-1.

Anal. Calcd for C6Ha3N 02S: C, 39.70; H, 8.68; N, 9.26. 
Found: C, 39.65; H, 8.50; N, 9.35.

N-l-Butyl-n-pentanesulfonamide.—Reaction of n-pentane- 
sulfonyl chloride (50 g) with ¿-butylamine (48.2 g) in ether (200 
ml) afforded N-l-butyl-n-pentanesulf onamide (49.7 g, 83%): 
bp 125-126 (2 mm); to20d 1.4531. Characteristic infrared bands 
appeared at 3280, 2960, 1450, 1320, and 1130 cm-1.

Anal. Calcd for C9H2lN 0 2S: C, 52.15; H, 10.21; N, 6.76. 
Found: C, 52.02; H, 10.23; N, 6.56.

N-Chlorination of N-Alkylalkanesulfonamides.—N-Alkyl-n- 
alkanesulfonamide (0.1 mol) was suspended in water (150 ml) 
in the presence of sodium hydroxide (4 g). Chlorine gas was 
passed into the stirred suspension at 5-10° until the yellow color 
of chlorine persisted. The insoluble yellow oil that separated as 
a lower layer was washed with water and dried over anhydrous 
sodium sulfate. The colorless liquid obtained in quantitative 
yield was almost pure and could be further purified by distillation 
at reduced pressure. The properties of N-chloro-N-alkyl-n- 
alkanesulfonamides are described in Table I.

The Photorearrangement of N-l-Butyl-N-chloro-n-butane- 
sulfonamide in Benzene.—N-l-Butyl-N-chloro-n-butanesulfon- 
amide (10 g) in anhydrous benzene (85 ml) was irradiated at
10-15° under nitrogen with a high pressure mercury arc lamp 
inside the reaction flask until the active chlorine content of the 
solution was negligible. After evaporation of the solvent, a 
pale yellow viscous liquid (9.3 g) was obtained. This product 
contained three main compounds, as shown by glpc analysis on 
a column of 10% Apiezon L grease or silicone grease DC 200 
on Diasolid L (60-80 mesh, 1 m, column temperature 210°, 
hydrogen carrier gas, 150 cc/min). Components were identified 
as IVa, Ila, and Ilia , in order of increasing retention time, by 
comparison of their retention times with those of the pure com
pounds. Quantitative analysis was done by glpc using N- 
methyl-n-propanesulfonamide as an internal standard. Results 
of the reaction at various concentrations are shown in Table II.

The Photorearrangement of N-l-Butyl-N-chloro-n-pentane- 
sulf onamide in Benzene.—Irradiation of N-t-butyl-N-chloro-n- 
pentanesulfonamide (35 g) in anhydrous benzene (180 ml) with 
a high pressure mercury arc lamp produced a yellow viscous 
liquid (32.6 g) which was found to contain only three compounds, 
identified as IVc (19.9%), l ie  (42.1%), and IIIc (38.0%). The 
similar result was obtained in the decomposition reaction using 
a low pressure mercury arc lamp (Table II). Glpc was on a 
column of Triton X-305 10% on Diasolid L (60-80 mesh, 1 m, 
column temperature, 170°, hydrogen carrier gas, 150 cc/min).

The Photorearrangement of N-Chloro-N-methyl-n-butane- 
sulfonamide in Benzene.—Irradiation of N-chloro-N-methyl-n- 
butanesulfonamide (10 g) in anhydrous benzene (200 ml) pro
duced a pale yellow liquid (8.5 g; Cl, 8.8%). This was analyzed 
by glpc on a column of Triton X-305 10% on Diasolid L (60-80

(16) Infrared spectra ( K B r  d isks or liquid films) were recorded on a N ihon  
Bunko  instrument; nm r spectra were obtained in  C C U  or C D C I 3 solution. 
G lpc analyses were conducted using Apiezon L  grease 10% , silicone D C  200 
1 0 % , or T riton  X -305  1 0 %  on D iaso lid  L, 60-80 mesh, 4.5 mm  X  1 m column. 
Titrations for positive chlorine were conducted b y  sodium  thiosulfate assay 
of iodine liberated from 1 0 %  aqueous K I  acidified w ith 0.1 N  hydrochloric 
acid. Petroleum ether had bp 40-60°. The  commercial, pure grade of 
benzene was dried over sodium  wire and used as the reaction solvent.

(17) I. B. Douglass and J. B. Johnson, J .  A m e r .  C h e m . S o c ., 60, 1486 
(1938).

mesh, 1 m, column temperature, 174°, hydrogen carrier gas, 
115 cc/min). It contained IVb (48.6%), lib  (20.3%), VIII 
(13.2%), and Illb  (0.5%).

A small amount (about 70 mg) of white crystals (mp 153°) also 
separated from the reaction products. By ir and elemental 
analysis, it was identified as chlorinated benzene.

Anal. Calcd for C6H6Cl6: C, 24.78; H, 2.08. Found: C, 
25.02; H, 2.49.

The Photochlorination of N-Methyl-n-butanesulfonamide.—
N-methyl-n-butanesulfonamide (6 g) was dissolved in benzene 
(120 ml), and chlorine gas was passed into the solution at 10-13° 
under irradiation with a high pressure mercury arc lamp. The 
yellow viscous liquid obtained after removing benzene (Cl, 3.8%) 
was analyzed by glpc and foimd to contain IVb (78.3%), lib  
(8.8%), Illb  (trace), a compound assumed to be N-methyl-(3- 
chlorobutanesulfonamide (VIII) (6.2%), and the chlorinated 
benzene.

Photorearrangement of N-Chloro-N-methyl-re-butanesulf on
amide and N-t-Butyl-N-chloro-n-pentanesulfonamide in Acid 
Solution.—N-Chloro-N-methyl-n-butanesulfonamide (10.0 g) in 
acid solution (11.2 g of H2S04, 50.6 g of H20 , 78.2 g of AcOH) was 
irradiated with a low pressure mercury arc lamp (30 W) at 10- 
15° under nitrogen until the active chlorine was negligible. 
The reaction mixture was poured onto ice, and the organic 
layer was extracted with ether. The pale yellow liquid obtained 
(7.0 g; Cl, 9.6%) was analyzed by glpc and found to contain 
IVb (47.9%), lib  (36.8%), VIII (7.0%), and a trace amount of 
Illb . N-l-Butyl-N-chloro-n-pentanesulfonamide (2.3 g) was 
also irradiated in an analogous manner in acid solution (4.8 g of 
H2S04, 13.5 g of AcOH, and 21.7 g of H20). The yellow liquid 
obtained (1.7 g; Cl, 10.1%) was found to contain IVc (32.4%), 
l ie  (43.6%), and IIIc (24.0%) by glpc using a Triton-X column. 
Similar results were obtained in the decomposition using a high 
pressure, mercury arc lamp (Table III).

Preparation of Authentic Compounds. N-t-Butyl-5-chloro- 
butanesulf onamide.—4-Chlorobutanesulfonyl chloride [57 g, 
0.3 mol; bp 108° (0.8 mm), lit.18 bp 110-112° (1-1.5 mm)] was 
prepared from 4-chlorobutyl acetate as described by Helfreich.18 
It was added with stirring to an ethereal solution of ¿-butylamine 
(44 g, 0.6 mol) at 5°. After removing ¿-butylamine hydrochlo
ride, the ether was evaporated, leaving white crystalline N-l- 
butyl-5-chlorobutanesulfonamide. This was recrystallized from 
a small amount of ether: yield, 47.7 g (70%); mp 39.5°; nmr 
(in CDC13), r 5.58 (singlet, 1 H), 6.45 (triplet, 2 H), 6.95 (triplet, 
2 H), 8.05 (quintet, 4 H), and 8.61 (singlet, 9 H).

Anal. Calcd for C8H18C1N02S: C, 42.18; H, 7.98; N, 6.15; 
Cl, 15.56. Found: C, 42.05; H, 8.01; N, 6.30; Cl, 15.3.

N-i-Butyl-y-chlorobutanesulf onamide.—3-Chlorobutanesulfo- 
nyl chloride was prepared by passing chlorine in the presence 
of water into a-acetyl-y-chlorobutyl mercaptan (16.6 g), which 
was prepared by the addition of thiolacetic acid to 3-chloro-l- 
butene [bp 64-66° (760 mm), lit.19 bp 63° (748 mm)], with rapid 
stirring at 5° until the aqueous layer became yellow. The yellow 
oil that separated was extracted with ether, washed with water, 
and dried over anhydrous sodium sulfate. Distillation of the 
residue obtained by evaporation of the ether afforded 3-chloro- 
butanesulfonyl chloride: yield, 11.2 g (62%); bp 95-97° (6 mm).
3-Chlorobutanesulfonyl chloride (19.1 g, 0.1 mol) was added to 
an ether solution (100 ml) of ¿-butylamine (14.6 g, 0.2 mol) with 
stirring at 5° over 1 hr. After removing ¿-butylamine hydro
chloride and ether, white crystals were obtained. The product 
was recrystallized from a small amount of ether: .yield, 15.9 g 
(70%); mp 63.0°; nmr (in CDCI3), t 5.30 (singlet, 1 H), 5.90 
(multiplet, 1 H), 6.75 (triplet, 2 H), 7.80 (multiplet, 2 H),
8.42 (doublet, 3 H), 8.60 (singlet, 9 H).

Anal. Calcd for C8Hi8C1N02S: C, 42.18; H, 7.98; N, 6.15; 
Cl, 15.56. Found: C, 42.30; H, 8.18; N, 6.30; Cl, 15.7.

N-Methyl-5-chlorobutanesulf onamide.—4-Chlorobutanesulfo- 
nyl chloride (19 g) was added with stirring to an aqueous solution 
(23 g) of methylamine at 5°. The yellow oil that separated was 
extracted with dichloromethane, washed with water, and dried 
over anhydrous sodium sulfate. Distillation of the residue ob
tained by evaporation of the solvent afforded N-methyl-5- 
chlorobutanesulfonamide (12.9 g): bp 140-142° (0.2 mm);
nmr in CDC13 r 5.40 (1 H), 6.45 (triplet, 2 H), 6.93 (triplet, 2 
H), 7.20 (doublet, 3 H), 8.08 (quintet, 4 H).

(18) B. Helfreich and K .  G. Kleb, C h em . B e r ., 93, 91 (1960).
(19) A . L. Henne, H . Chanan, and A. Turk, J .  A m e r .  C h e m . S o c ., 63, 3474

(1941).
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Anal. Calcd for C5H12CINO2S: 0,32.35; H, 6.52; Cl, 19.09. 
Found: C, 32.30; H, 6.31; Cl, 19.3.

N-Methyl-7-chlorobutanesulfonamide.—3-Chlorobutanesulfo- 
nyl chloride (19.1 g, 0.1 mol) was added with stirring to a 30% 
aqueous solution of methylamine (24 g) at 5°. The yellow oil 
that separated was treated as described for N-methyl-5-chloro- 
butanesulfonamide. Distillation of the residue obtained by 
evaporation of the solvent afforded N-methyl-7-chlorobutane- 
sulfonamide (11.1  g): bp 134-135° (0.1 mm); nmr ir_ CDCI3 
t 5.45 (singlet, 1 H), 5.85 (multiplet, 1 H), 6.80 (triplet, 2 H), 
7.20 (doublet, 3 H), 7.80 (multiplet, 2 H), 8.43 (doublet, 3 H).

Anal. Calcd for C5Hi2C1N02S: C, 32.35; H, 6.52; Cl, 19.09. 
Found: C, 32.15; H, 6.41; Cl, 18.8.

Isolation of the Rearranged Products from the Reaction Mix
ture. Isolation of N-TButyl-ra-butanesulf onamide.—The viscous 
liquid obtained in the photorearrangement was distilled under 
reduced pressure and a fraction of bp 120- 122° (2 mm) was ob
tained. The ir and nmr spectra of this fraction were the same 
as those of known N-i-butyl-n-butanesulfonamide.

Isolation of N-i-Butyl-y-chlorobutanesulf onamide.—A white 
precipitate was obtained when petroleum ether was added 
to the viscous liquid (9.0 g) obtained in the photorearrangement. 
The precipitate was collected by filtration and washed with cold 
light petroleum ether and then recrystallized from petroleum ether 
solution (yield 3.8 g), mp 63.0°, not depressed by mixture with 
the authentic compound. The ir and nmr spectra of this com
pound were the same as those of authentic N-f-butyl-y-chloro- 
butanesulf onamide.

Isolation of pure N-f-butyl-6-chlorobutanesulfonamide was 
unsuccessful because of its low initial content and the small 
difference in solubility in petroleum ether between 7- and 5- 
ehlorobutanesulfonamides.

Isolation of N-f-Butyl-8-chloropentanesulf onamide.—By adding 
petroleum ether to the reaction product (32.6 g; Cl ,13.1%) 
obtained from N-f-butyl-N-chloro-n-pentanesulfonamide (35.0 
g), a white precipitate was obtained. This precipitate was 
collected by filtration, washed with cold petroleum ether, and 
recrystallized from petroleum ether. The white crystals (11 g), 
mp 59°, were identified as N-f-butyl-5-chloropentanesulfcnamide 
(IIIc) by the infrared and nmr spectra and elemental analysis. 
Characteristic infrared bands appeared at 3380, 2960, 1320, 
1140, and 1020 cm-1; nmr (in CC14) bands were at r 4.70 (1 H),
6.00 (multiplet 1 H), 6.90 (triplet, 2 H), 8.15 (multiplet, 4 H),

8.50 (doublet, 3 H), and 8.60 (singlet, 9 H).
Anal. Calcd for C9H20ClNO2S: C, 44.71; H, 8.34; Cl, 14.24, 

Found: C, 44.36; H, 8.36; Cl, 14.5.
Isolation of N-i-Butyl-7-chloropentanesulfonamide.—The fil

trate (10.0 g) obtained by the treatment described above was 
passed through an active alumina column and eluted with car
bon tetrachloride. N-f-Butyl-7-chloropentanesulfonamide (3.0 
g) was isolated as a white crystal and purified by recrystalliza
tion from the petroleum ether solution, mp 42°. Characteristic 
infrared bands appeared at 3380, 2960, 1320, and 1140 cm-1; 
nmr (in CDCI3) bands were at r 5.70 (1 H), 6.00 (multiplet,
1 H), 6.72 (triplet, 2 H), 7.83 (multiplet, 2 H), 8.30 (multiplet,
2 H), 8.60 (singlet, 9 H), 8.93 (triplet, 3 H).

Anal. Calcd for C9H20ClNO2S: C, 44.71; H, 8.34; N, 5.79; 
Cl, 14.24. Found: C, 44.52; H, 8.51; N, 5.68; Cl, 14.3.

Isolation of N-f-Butyl-3-ethylpropanesultam.—The viscous 
liquid (24 g) obtained in the photoirradiation of N-chloro-N-f- 
butyl-n-pentanesulfonamide was dissolved in ethanol. Potassium 
hydroxide (6 g) was added, and the solution was refluxed for 3 
hr. The salt that formed was filtered off, and the ethanol was 
evaporated. The residue (19 g) was dissolved in ether (50 ml), 
and the ether solution was extracted with water (50 ml). After 
evaporation of water, a yellow liquid (2 g) was obtained from the 
aqueous layer. This product was found to be almost pure by 
glpc, but it was further refined on a silica gel column. Char
acteristic infrared bands appeared at 2960, 1300, 1220, and 1135 
cm-1; nmr (in CDCI3) bands were at t 6.60 (multiplet, 1 H),
6.90 (triplet, 2 H), 7.80 (multiplet, 2 H), 8.40 (multiplet, 2 H), 
8.60 (singlet, 9 H), and 9.10 (triplet, 3 H).

Anal. Calcd for C9Hi9N 02S: C, 52.66; H, 9.33. Found: 
C.53.06; H, 9.63.

Registry N o—la, 16339-81-4; lb, 16867-16-6; Ic, 
16867-17-7; Ha, 16339-82-5; lib , 16867-19-9; lie,
16867-20-2; Ilia , 16339-83-6; Illb , 16867-22-4; IIIc,
16867-23-5; IVa, 16867-24-6; IVb, 16867-25-7; IVc,
16867-26-8; VII, 16867-27-9.
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Spectral displacements on N-alkylation and N,N-dialkylation of picramide are discussed in terms of induc
tive and steric effects. The phenomenon, stereic enhancement of resonance, is considered to operate in this series.

In earlier papers of this series, it was proposed that an 
effect, characterized as steric enhancement of resonance, 
might explain progressive bathochromic displacements 
of ultraviolet maxima and longer wavelength band 
edges with increasing bulk of the substituent group 
in the l-alkyl-2,4-dinitrobenzenes,1 1-alky 1-2,4,6-tri- 
nitrobenzenes,2 and N,N-dialkyl-2,4-dinitroanilines.3 
We wish now to suggest that the same phenomenon ac
counts for spectral shifts in the N-alkyl- and N,N-di- 
alkylpicramides, and discuss some aspects of confor
mation which may be deduced from the spectra.

(1) H . G. Adolph, B. Johnson, and M .  J. Kam let, J . O rg. C h e m ., 30, 2864 
(1965).

(2) M .  J. Kam let, J. C. Hoffsommer, and H . G. Adolph, J .  A m e r . C h em . 
S o c ., 84, 3925 (1962).

(3) M .  J. Kam let, H . G. Adolph, and J. C. Hoffsommer, ib id . , 86, 4018 
(1964).

The ultraviolet spectrum of picramide (1 ) in meth
anol shows two N—>-V bands above 250 m/r (Table I 
and Figure 1). F rom comparison with 2-nitro-, 4-nitro-,
2,4-dinitro- and 2,6-dinitroaniline spectra,3 the max-

T a b l e  I

S p e c t r a  o f  P i c r a m i d e  D e r i v a t i v e s  i n  M e t h a n o l “

(R 2 + N = C i— C 4 = N O s -)  (R i + N = C i - * - C s = N O ! - )
/■------------transition------------ > *■ ------ transition---------«,
^maxi % ax . Xmax» J'maxi

Picram ide m fi cm -1 «max n\fx cm -1 «max
1. U  nsubstituted 318 31,450 12,000 407 24,570 7,900
2. N -M e th y l- 337 29,670 14,700 408 24,510 6,290
3. N -E th y l- 338 29,590 14,960 410 24,390 6,120
4. N -Isop ropy l- 337.5 29,630 14,330 410 24,390 5,610
5. N ,N -D im ethy l- (335) (29,850) (9,400)

371 26,950 11,670
6. N ,N -D ie th y l- (335) (29,850) (6,750)

384 26,040 10,200

“ Values in parentheses are for shoulders or inflections.
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imum at 318 mp (e 12,000) has been attributed to 
the (H2+N = C i-^C4= N 0 2_) electronic transition, and 
that at 407 mp (e 7900) has been attributed to the two 
mutually equivalent (H2+N = C i-*-C2= N 0 2~) transi
tions. This band assignment has received confirma
tion in a novel manner.4 5 Spectra of 1 and 2,3,4,6-tet- 
ranitroaniline in dioxane were compared and, based on 
the above assignments, the angles of twist from planar
ity, 8, of the 4-nitro substituent in the latter compound 
was estimated from Braude’s relationship6 (eq 1) and

COS2 8 =  e /e o  ( 1 )

the angle of twist of the 2-nitro substituent from a modi
fication of the expression in eq 1 (eq 2). These angles

COS2 8 =  (e — 1/ 26o ) / 1A eo ( 2 )

of twist estimated from the spectra corresponded closely 
to values of 8 observed in a total crystal structure de
termination.4’6

On N-alkylation of 1 [N-methyl- (2), N-ethyl- (3) 
and N-isopropylpicramide (4) ], two effects are observed 
in the spectra: (a) progressive reductions in intensity
of the (RH+N==Ci->C2= N 0 2~) band with increasing 
bulk of R, but with no appreciable displacement in po
sition, and (b) bathochromic-hvperchromic shifts of the 
(RH+N=C i-*C4= N 0 2-) band from 318 to 337-338 
mp.

Rn  ^
O N 0
n  n  N

o * '  x ç (0 - ç r  ^ 0

Nv
o y  % 0

1, R = R '= H
2 , R =C H 3;R' =  H
3 , R =  C2H5;R' =  H
4, R =  (CH3)2CH; R' =  H
5 , R =  R' =  CH3
6 , R = R'=C2H.5

The first of these effects is readily rationalized in 
terms of classical steric inhibition of resonance. Max
imum resonance stabilization in 2-4 is achieved in the 
conformer wherein the alkylamino group remains co- 
planar with the ring. The resulting molecular crowd
ing imposes a twist from planarity on one of the o-nitro 
groups, with consequent diminished absorption in
tensity in the electronic transition involving this sub
stituent.

I t is possible to arrive at some rough estimates of the 
values of 9 for these twisted o-nitro groups. The 408- 
410-mp bands of 2- 4 are superimposed on the tails of 
the 337-338-mp bands. Assuming that the latter re
semble the spectral envelopes for the corresponding N- 
alkyl-4-nitroanilines (i.e., the same ratio of e/emax at 
the same Av),  these tails would in each case contribute

(4) C. D ickinson, J. R . Holden, and M . J. Kam let, P ro c . C h em . S o c ., 232 
(1964).

(5) E .  A. Braude in “ Determ ination of Organic Structures by Physical 
Methods,” E . A . Braude and F. C. Nachod, Ed., Academic Press, N ew  York, 
N . Y., 1955, p 172.

(6) C. D ickinson, J. M .  Stewart, and J. R . Holden, A c ta  C rys ta llo g r ., 21,
663 (1966).

Figure 1.—Spectra of picramide derivatives in methanol:
picramide, ---------; N-methyl, • • • N-ethy],-------—• — ;
N-isopropyl,............; N,N-dimethyl,— --------; N,N-diethyl,
—A—A—.

~1700 to «409 of 2-4.7 The residual molar extinction 
coefficients due to the (RH+N=C i-»-C2= N 0 2~) 
transitions would therefore be ~4590 for 2, ~4420 for 
3, and ~3910 for 4. Assuming that the unhindered
o-nitro groups in 2-4 remain totally coplanar, and that 
their full contributions to 6max of the 408-410-mp bands 
are realized, the angles of twist of the displaced nitro 
groups may be calculated from eq 2.7 These estimated 
values of 6 are 66° for 2, 70° for 3, and 90° for 4.

The influence of substituents on the 318-mp band of 
1 requires more detailed analysis. N-Alkylation has a 
bathochromic-hyperchromic effect on the spectra of 
most aniline derivatives.3’8 This is attributed to in
ductive electron release by alkyl which results in in
creased ground-state electron density on nitrogen and 
consequently lower energy requirements in the 
(RH+N=Cr-*-C4=X ~) electronic transition. Whereas 
such must account, in part, for the 19-20-mp spectral 
displacements in 2-4 relative to 1, the further effect, 
stereo enhancement of resonance, may also come into play.

As the o-nitro groups are twisted from planarity in 
2-4, they exert only fractional electron withdrawal 
(inductive but not mesomeric). Ground-state electron 
densities on the amine nitrogens are therefore higher 
than in hypothetical totally coplanar 2-4 and the 
(RH+N=C i-»-C4= N 0 2_) electronic transition ener
gies are lowered further. In effect (RHN—Ci=C4— 
N 02 <-» RII +N=C i-*-C4= N 0 2 ~) resonance is en
hanced in consequence of the steric interactions between 
N-alkyl and o-nitro which inhibit (RHN—C i=C2— 
N 02 <-*• RH+N=C i-^C2= N 0 2~) resonance.

(7) Band  overlap in  1 is appreciably less than in 2 -4  (Figure 1). From  
sim ilar reasoning, the contribution of the tail of the 318-m/t band to absorp
tion at 407 m/i is alm ost nil. T he  full value of 7900 is therefore taken for eo 
in  the calculations.

(8) M .  J. Kam let, I s r a e l  J .  C h e m ., 1, 428 (1963).
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We may evaluate the relative magnitudes of induc
tive and steric effects by comparing spectral displace
ments on N-alkylation (Armax, Table II) in the pic- 
ramide series with those in the 4-nitro- and 2,4-dini- 
troanilines,9 where the inductive but not the steric ef
fect is observed.10 In the latter two series, the spectral 
shifts in the N-methyl- and N-ethyl- relative to the un
substituted derivatives are about the same, Armax 
— 1020 to —1050 cm- 1 .3 In 2 relative to 1, however, 
Ai'max —1780 cm-1, and in 3 relative to 1, Amax —1860 
cm-1. We attribute these increased displacements 
(AArmax —730 and —810 cm-1) to the steric enhancement 
of resonance phenomenon.

T able II
Spectra l  D isplacem ents on N -A lk y la tio n , 

(R2+N==Ci-*C4= N 0 2- ) B and
Contribution

r  “— APmaxĈ max m̂ax )> cm 1 ' of Steric

X 4-N02C6H4X
2,4-(NOi),

CsHiX
2,4.6-(NOa)3- 

C6H2X
enhancement,
AAVmax, cm">

CHSNH- —1050 -1020 —1780 -7 3 0
c 2h 5n h - —1050 -1020 —1860 -8 1 0
(CH3),N- -1310 -2590“ -4500 -3190
(C2H5)2N- -1540 -3090“ -5410 -38703

» These shifts also show the effects of steric enhancement of 
resonance.8 b Includes contribution of ring deformation; see text.

The spectral effects of steric enhancement of resonance 
are more pronounced, albeit with some complications, 
in N,N-dimethyl- (5) and N,N-diethylpicramide (6), 
which show single maxima at 371 m̂u (e 11,670) and 
384 m/u, (e 10,200), respectively. The complications 
arise from the lowered absorption intensities in 5 and 6 
relative to 2 and 3,11 and from a minor shoulder at ~335 
m/r in 5 which becomes more strongly evident in 6 
(Figure 1).

Possible (R2+N=Cr->-C2==N02-) bands ir_ the 
dialkylpicramides may be disposed of summarily. 
Both the 2- and the 6-nitro groups appear to be suf
ficiently twisted from planarity in all stable confcrmers 
that any absorptions at 400-425 m/r due to such ortho 
interactions12 are of sufficiently low intensities that not 
even inflections may be discerned on the longer wave
length band edges to mark their contributions to the 
spectral envelopes of 5 or 6.

Substituent effects on the (R2+N=C i->C4= N 0 2-) 
electronic transition may be rationalized on the as
sumption that 5 and 6 exist, in each case, as mixtures of 
two comparably stable rotational conformers, A and B : 
rotomers 5A and 6A in which the two o-nitro groups 
are twisted and the dialkylamino groups are essentially 
coplanar with the rings [possibly the Cx—C2—N(02) 
and the Cr—C6—N(()•<) bond angles are expanded from 
120° and the Ci—C2 and Ci—C6 bond distances are in

(9) N o  steric effect is observed in the m onoalky 1-2,4-dinitroanilines which 
can easily assume the s - tr a n s  conformation, but steric enhancement is ob
served in this series on dialkylation.3

(10) A  further m inor complication due to the effects of changing hydrogen 
bonding on the spectra is discussed in ref 8, but has been ignored here. If  the 
influence of changing hydrogen bonding is taken into account in  all three 
series, the spectral displacements ascribed to steric enhancement become 
slightly  greater.

(11) T he  norm al effect of N -a lkylation  is hyperchromic as was observed 
in 2 and 3 relative to 1. In  the 4-nitroaniline series the order of extinction 
coefficients is E t 2N  >  M e 2N  =  E t N H  >  M e N H  >  H 2N ; in  the 2,4-dinitro- 
aniline series the order is E t 2N  =  M e 2N  >  E t N H  =  M e N H  >  H 2N . 3

(12) Positions of the (R 2 +N = C r —► C 2— N O 2 ")  bands in  2-nitroanilines 
are displaced relatively little from 400 to 410 m/x b y  a wide variety of N  and
ring substituents.3

creased from normal values to allow this coplanarity]; 
rotomers 5B and 6B in which the nitro groups are 
twisted as before, but increasing steric requirements 
also impose a twist (or possibly a folding back from 
planarity) on the dialkylamino groups.13

From a priori considerations, it would be expected 
that the A rotomers would become decreasingly stable 
relative to the B rotomers and that the population of 
the latter would increase with increasing bulk of the 
alkyl substituents. On this basis the weakening 371- 
and 384-m/u maxima are attributed to the (R2+N =C i—»- 
C4= N 0 2~) electronic transitions in rotomers 5A and 
6A; the strengthening 335-mju inflections are attributed 
to the same electronic transitions, but in rotomers 5B 
and 6B.

It is convenient to examine the phenomena which 
come into play on N,N-dialkylation of picramide by 
considering first the effects on the A rotomers of 5 and 6 
relative to 1-4, then on the B rotomers, and finally on 
the summations as reflected in the total spectral en
velopes.

In 5 A and 6A the maxima are displaced by —4500 and 
— 5410cm-1, respectively, relative to 1 (Armax, TableII). 
These compare with shifts of —1310 and —1540 cm-1, 
respectively, for N,N-dimethyl- and N,N-diethyl-4- 
nitroaniline relative to 4-nitroaniline, which reflect the 
inductive influence of two alkyl groups. The increased 
spectral displacements (A A i 'J  we attribute, as before, 
to steric enhancement of resonance. The 2- and 6-nitro 
substituents exert only fractional electron withdrawal 
compared with hypothetical totally coplanar 5 and 6. 
The electron densities on amine nitrogens are con
sequently higher, and the (R2+N==Ci—*C4= N 0 2-) 
electronic transition energies are consequently lower.

With 5B and 6B two offsetting phenomena influence 
the band positions and intensities. Noncoplanarity of 
the 2- and 6-nitro groups introduces steric enhancement; 
noncoplanarity of the dialkylamino group introduces 
steric inhibition of (R2N—Ci=C4—N 02 <-> R2+N =  
Ci->C4= N 0 2_) resonance. The former effect is strongly 
bathochromic and weakly hyperchromic; the latter is 
weakly hypsochromic and strongly hypochromic (low
ers e). In combination, these phenomena lead to posi
tions of the shoulders in 5 and 6 which do not differ 
markedly from those of the maxima for the monoalkyl 
derivatives 2-4. The dominant result is in a strongly 
reduced absorption intensity (steric inhibition in the 
B rotomer).

Summations for the mixtures of rotomers, i.e., total 
spectral envelopes attributable to (R2+N = C i->-C4=  
NO,- ) transitions, show appreciable band broadening 
in 5 and 6 relative to 2-4 (compare band widths at half
heights) and decreasing integrated absorption inten
sities as the population of the B rotomer increases.

One further question deserves discussion. If, as the 
spectrum seems to show, the angles of twist of the 2- 
and 6-nitro groups already approach 90° in the A ro
tomer of 5, why is there an increased AATmax in going 
from 5A to 6A? It has been mentioned that, to ac-

(13) A contrary viewpoint has been taken by Gould, who suggests that a 
4.8 unit increase in pK  relative to 1 derives from a preferred conformation in 
5 wherein the 2- and 6-nitro groups remain coplanar and the dialkylamino 
group is twisted from planarity: E. S. Gould, “Mechanism and Structure in 
Organic Chemistry,” Holt, Rinehart and Winston, New York, N. Y., 1959, 
p 237. While the latter conformation is inconsistent with the spectra, the 
conformations suggested here are completely consistent with the pK  values.
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commodate coplanar dialkylamino groups, the Ci—C2— 
N(02) and Ci—C6—N(02) angles in A rotomers might 
be expanded from 120° and Ci—C2 and Ci—C6 bond 
distances could also increase from normal values. In
ternal ring angles might also change, and even bending 
or folding of the benzene ring is not out of the question.14 
Increased molecular distortions of these types with in
creasing substituent bulk in compounds closely related 
to 5 and 6 may be observed in a comparison of total 
crystal structures of N-nitro-N-methylpicramide (tet- 
ryl)15 and N-nitro-N-trifluoroethylpicramide.16

Ingraham has commented on a slight bathochromic 
effect of molecular distortion in benzene derivatives.17 
Additional effects of these types, which would be ex
pected to increase from dimethyl to diethyl, might ac
count for the increased AArmax.

It deserves comment that, had we considered the 
spectrum of 6 ab initio, an analysis such as the above 
would have been all but impossible. Only by examin-

(14) In  the crystal, the ring of 2,3,4,6-tetranitroaniline shows a slight boat 
shape in the C i— C 4 axis. B on d  distances and internal and external bond 
angles also differ appreciably from  normal values.6

(15) H . Cady, A c ta  C ry s ta llo g r ., 23, 601 (1967).
(16) J. R . Holden and C. D ickinson, to be published.
(17) L. L . Ingraham  in “Steric Effects in  Organic Chem istry,” M .  S. 

Newman, Ed., John W iley  and Sons, Inc., New  York, N . Y., 1956, p 500.

ing trends, first on monoalkylation, then on dialkyl
ation, and by observing the progressive growth of one 
band and coneommitant shrinking of another with in
creasing alkyl bulk, were we able to arrive at the above 
assignments.

Experimental Section
All materials were commercially available or prepared by 

literature methods from pieryl chloride and the appropriate mono- 
or dialkylamine. They were purified by standard means to 
meet conventional spectrophotometric criteria of purity. Ab
sorption spectra were determined in methanolic solution using 
a Cary Model 14 recording spectrophotometer with matched 1-cm 
silica cells. Concentrations were 3-5 X 10-6 M .  Previously 
described precautions18 were taken to guard against photochemi
cal transformations.

Registry No.—I, 489-98-5; 2, 1022-07-7; 3, 7449-27-6; 
4, 16876-54-3; 5, 2493-31-4; 6, 13029-07-7.
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Preparative procedures are described for a new class of compounds containing the FC(N02)2-  moiety. Three 
general synthesis methods are most useful in this series: (1) fluorination of 1,1-dinitro carbanion salts with per-
chloryl fluoride; (2) aqueous fluorination of 1,1-dinitro carbanions (the Grakauskas reaction); (3) reactions of 
fluorotrinitromethane with a variety of nucleophiles.

In the course of studies concerning the chemistry of 
polynitroaliphatic compounds, a program was ini
tiated at this laboratory with the aim of developing 
synthesis methods for fluorodinitromethyl analogs, 
then undescribed, of known trinitromethyl and other 
halodinitromethyl compounds.2-6 In this and the 
following papers, we wish to report some of the results 
of this work and, in addition, describe a number of

(1) Part I:  H . G. Adolph and M .  J. Kam let, J .  A m e r .  C h em . S o c ., 88,
4761 (1966). See also l-fluoro-l.l-d in itroalkanes [M . J. Kam let, U. S.
Patent 3,366,697 (Jan 30, 1968)] and 4-fluoro-4,4-dinitrobutyrie acid [M.
J. Kam let, U. S. Patent 3,356,714 (Dec. 5, 1967)].

(2) P. Noble, F. G. Borgardt, and W . L. Reed [C hem . R e v ., 61, 19 (1964)] 
provide a comprehensive review of the polynitroaliphatic chem istry field 
through 1963.

(3) Occasional reports on fluorodinitromethyl compounds have ap
peared in the literature during the past year, but these generally make refer
ence to earlier work b y  us or Grakauskas and Baum  (see following paper4) 
in  the form of private communications. These include fluorodinitroalkyl 
esters of monocarboxylic acids [O. S. Schaeffler, U . S. Patent 3,316,292 (April 
25, 1967)], fluorodinitroalkane preparation [M . Graff, W . E. McQuistion, 
and J. W . Sterling, U. S. Patent 3,274,264 (Sept 20, 1966) ], and heat of forma
tion and properties of fluorotrinitromethane [M . F. Zimmer, R. A. Robb,
E. E . Baroody, and G. A. Carpenter, J .  C h em . E n g . D a ta , 11, 577 (1966)].
W hile the present paper was in  process of revision, a report appeared de
scribing solid phase fluorinations of potassium  nitroform and dipotassium 
1 ,1 ,2 ,2 -tetranitroethane to yield, in te r  a lia , some of the products reported 
here. A  fluorine-nitrogen m ixture was passed over these salts in  a matrix 
of potassium  fluoride and granulated copper.5

(4) V. Grakauskas and K .  Baum, J .  O rg. C h e m ., 33, 3080 (1968).
(5) L. T. Eremenko, F. Ya. Natsibullin, and I. P. Borovinskaya, I z v .  A k a d .

N a u k  S S S R ,  S e r . K h im . ,  429, 431 (1968).

novel fluorodinitromethyl derivatives for which the 
corresponding C(N02)3-  or RC(N02)2-  analogs are as 
yet unknown.

Pathways for the synthesis of fluorodinitromethyl 
compounds considered at the outset and during the 
course of this investigation included (a) introduction of 
a second nitro group into compounds already contain
ing the fluoronitromethyl function; (b) introduction of 
two nitro groups into simple or activated monofluoro- 
hydrocarbons; (c) introduction of fluorine into 1 ,1-di
nitro compounds. Since 1,1-dinitroalkanes had pre
viously been reported in considerable number and were 
fairly readily available,2 we have directed our attention 
primarily to pathway c.

An analogy for the introduction of fluorine existed 
in the ease with which 1 ,1-dinitro carbanions reacted 
with chlorinating and brominating agents to form the 
corresponding chloro- and bromodinitromethyl com
pounds.2

RC(N02)2-  +  Clj — >■ RC(N02)2C1 +  C l-

Accordingly, the problem was one of finding suitable 
fluorinating agents which would selectively attack the 
dinitromethyl anion in a manner similar to the re
action with chlorine, while leaving intact as wide as



possible a variety of other type functionality in the 
molecule.

Fluorination with Perchloryl Fluoride.—Although no 
such agents were known to us when this study was 
undertaken,6 the first reports on perchloryl fluoride as a 
selective fluorinating agent were published soon there
after by Inman, Oesterling, and Tyczkowski,7 who de
scribed the reactions of the sodium salts of such active 
methylene compounds as acetoacetic ester, malonic 
ester, and 2,4-pentanedione with perchloryl fluoride to 
yield primarily the difluoro derivatives at the active 
methylene sites.
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R c^ cf2 +  ClOf 
R— y

0

These reactions presumably involved attack of the 
carbanion on fluorine with displacement of chlorate ion 
and seemed to parallel the desired fluorination of 1 ,1 -di- 
nitroalkane ions mechanistically. The question re
mained to be answered, however, as to whether the 
less basic dinitro carbanions would be sufficiently re
active and whether their ambident nature2 would lead 
to a multiplicity of products deriving from C and 0  
fluorination.8

In four instances the reactions of the potassium 
salts of the 1 ,1-dinitro compounds with perchloryl 
fluoride in methanol or aqueous methanol at 25-40° 
proved to be relatively straightforward. From po
tassium dinitromethylbenzene we obtained in 95% 
yield fluorodinitromethylbenzene (I) which on nitra
tion with HNO3-FSO3H was converted into a mono- 
nitro derivative, presumably a-fluoro-a, a,3-trinitro
toluene (II). Potassium 1,1-dinitroethane and po
tassium 1,1-dinitropropane yielded 54% pure 1-fluoro- 
1 ,1-dinitroethane (III) and 59% l-fluoro-l,l-dinitro- 
propane (IV), respectively. Potassium methyl 4,4-di- 
nitrobutyrate gave 93% methyl 4-fluoro-4,4-dinitro- 
butyrate (V), characterized as the corresponding 
butyric acid (VI), into which it was converted in prac-

RC(N02)2-K+ +  FCIO3 — RC(N02)2F +  KClOa
I, R = C6H6-

III, R = CHS-
IV, R = C2H6-
V, R = MeOOCCH2CH2-

H N O 3, F S O a H
I -------------->- 3-N02C6H4C(N02 )2F

II
coned HC1

y --------- >* c f (n o 2)2c h 2c h 2c o o h
v i

(6) O ur original intent was to investigate n itry l fluoride as a fluorinating 
agent. W e  had earlier found that, depending on  the solvent and substrate, 
n itry l chloride reacted w ith 1,1-dinitro carbanion salts to yield either the 
trin itro or the chlorodinitro derivative: unpublished information.

(7) C. E . Inm an. R . E. Oesterling, and E. A. Tyczkowski, J . A m e r .  C h e m . 
S o c ., 80, 6533 (1958); S .  Gershon, et a l., J .  O rg. C h em ., 31, 916 (1966).

(8) W h ile  this work was in  progress, H . Shechter and A. B. Roberson,
Jr. [ J . O rg. C h em ., 25, 175 (I960)] reported that C  fluorination occurred in
the reaction of a number of mononitro carbanions w ith P F  in  methanol, but
that oxidation (presum ably arising from O fluorination) was a major side
reaction.

tically quantitative yield by refluxing with concentrated 
hydrochloric acid.

With potassium or sodium 2,2-dinitroethanol the 
fluorination reaction was very much more complex. 
Under a variety of conditions the best yields of 2-fluoro-
2,2-dinitroethanol (VII) ranged from 20 to 25%. Of

H0CH2C(N02)2-M + +  FClOs — >
H0CH2C(N02)2F +  MClOs 

VII

the solvents tried in this case, only in aqueous meth
anol and in DMF, in which the salts are somewhat 
soluble,9 did reaction take place at a reasonable rate. 
In such solvents the dinitroethanol anion participates 
in a series of formylation-deformylation equilibria 
involving 2,2-dinitro-l,3-propanediol together with 
smaller amounts of dinitromethane, 2,2,4,4-tetranitro-l- 
butanol (from dinitroethanol and dinitroethylene), and
2,2,4,4-tetranitro-l,5-pentanediol.10 Certain of these 
species would also be expected to react with perchloryl 
fluoride and, by contrast with the previous examples, 
the products obtained from the fluorinations of the 
dinitroethanol salts were complex mixtures. Only by 
repeated fractional distillation was a reasonably pure 
sample of VII obtained.

Unsuccessful attempts to fluorinate 1,1-dinitroalkane 
salts with perchloryl fluoride involved 2,2-dinitro- 
ethylamine zwitterion11 in a methanol-water-ether 
mixture and potassium nitroform in a variety of sol
vents. The failure of the latter to react was not un
expected in view of the lower basicity (pK of nitroform 
= ca. 0)12 and nucleophilicity of the trinitromethide 
anion compared with those of the dinitro carbanions 
(pK  values of parent dinitro compounds range from
3.5 to 6.5).12

Fluorination with Elemental Fluorine.—Soon after 
our initial work on the perchloryl fluoride fluorination of 
dinitro carbanions, it was shown by Grakauskas that 
many types of fluorination reactions could be carried 
out by the surprisingly simple expedient of passing a 
stream of a nitrogen-fluorine mixture into an aqueous 
solution of the appropriate substrate.13 Among the 
reactions carried out by Grakauskas £0 demonstrate the 
versatility of this most useful technique were aqueous 
fluorinations of the potassium salts of 1 ,1 -dinitroethane 
and 2,2-dinitroethanol. The products, l-fluoro-l,l-di- 
nitroethane and 2-fluoro-2,2-dinitroethanol, were the 
same as we had obtained by the perchloryl fluoride 
method, but the yields as well as the purity of the prod
uct in the fluorodinitroethanol preparation were vastly 
improved.

(9) See Experim ental Section for a discussion of factors governing choice 
of solvents in  perchloryl fluoride fluorinations.

(10) Sum m ary Report No. 461, Aerojet Engineering Corp., Azusa, 
Calif., Ju ly  20, 1950 (available through the Defense Docum entation Center, 
Cam eron Station, Alexandria, Va.); K .  Klager, J. P. K ispersky, and E. 
Hamel, J .  O rg. C h e m ., 26, 4368 (1961).

(11) M .  J. Kam let and J. C. Dacons, ib id . , 26, 3005 (1961).
(12) (a) V. I. Slovetskii, S. A. Shevelev, V. I. Erashko, L. I. B iryukova, A.

A. Fainzil'berg, and S. S. N ovikov, I z v .  A k a d .  N a u k  S S S R ,  S e r . K h im . ,  655 
(1966). (b) M .  E . Sitzmann, H . G. Adolph, and M . J. Kam let, J .  A m e r .
C h em . S o c ., 90, 2815 (1968).

(13) Because of the novelty, extreme versatility, and utility of this pro
cedure, we have taken the liberty of nam ing it the Grakauskas reaction. 
Very little of G rakauskas’ work has yet appeared in  print (what has, indeed, 
is reported by  other later workers) and we w ish to thank D r. G rakauskas 
for m aking m uch of this information available to us in  a series of private 
communications. See following paper.4
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We have extended the aqueous fluorination of di- 
nitro carbanions to compounds containing a variety of 
additional functional groups to explore the scope of the 
Grakauskas reaction.

f ,/n 2
RC(N02)2-K + — >  RC(N02)2F

V, R = MeOOCCH2CH2-  (88%) 
VIII, R = EtOOC- (61%)

IX, R = CH8OCH2-  (76%)

Since attack of fluorine occurs on the carbanion, and 
since partially ionized 1 ,1-dinitroalkanes tend to un
dergo various types of self-condensation,14 15 the reaction 
mixture is preferably maintained at a pH which ensures 
essentially complete ionization of the substrate. Most 
aqueous fluorinations of 1 ,1-dinitro compounds were 
therefore carried out in a pH range of 8-10. In the 
fluorination of potassium ethyl dinitroacetate, the 
presence of base led to the formation of ca. 20% fluoro- 
dinitromethane (X) as a by-product, probably as a re
sult of hydroxide attack on the ethyl fluorodinitro- 
acetate.16

CF(N02)2— G
0— R

OH

[FC(N02) f  +  C02 +  ROH] — ► FC(N02)2H

The aqueous fluorination of dipotassium bis(2,2-di- 
nitroethyl)formal, obtained by the alkaline hydroper
oxide reduction of bis(2,2,2-trinitroethyl)formal, pro
ceeded smoothly at both ends of the chain, afford
ing bis(2-fluoro-2,2-dinitroethyl)formal (XI)16 in 55% 
over-all yield.

,o—c h a n o 2)3 h o  koh / 0- ch2c(no2)2- k  Fz/N2 
ch2 — ;— ► CW _ . -------- *
X 0 -C H 2C<N02)3 N 0 -C H 2C(N02) k +

/ O — CH2C(N02)2F
ch2
^ 0 — CH2C(N02)2F 

XI

This illustrates a general method whereby a trinitro 
compound may be reduced to the dinitro carbanion salt 
with alkaline hydroperoxide17 or potassium iodide18 
and thence converted into the corresponding fluoro- 
dinitro derivative.

Under the conditions of the aqueous fluorination, 
fluorine also attacks amides, amines, and urethans on 
nitrogen.19 The fluorination of dipotassium N,N'-bis- 
(2,2-dinitroethyl)urea, which in addition to the car-

(14) Fo r example, an autocondensation product is formed wherever 1,1- 
dinitroethane coexists in  appreciable concentrations with its carbanion: 
J. S. Belew, C. E .  Grabiel, and L. B. Clapp, J .  A m e r .  C h e m . S o c ., 77, 1110 
(1955).

(15) A  sim ilar cleavage of negatively substituted esters which does not 
proceed through the corresponding carboxylic acid has been reported by, 
among others, E .  Bergman, J .  O rg . C h e m ., 23, 476 (1958).

(16) T h is material was first prepared b y  the condensation of V I I  w ith 
formaldehyde in  strong sulfuric acid b y  D r. F. E .  M a rt in  of the Aerojet- 
General Corp., whose priority in  this regard we herewith acknowl
edge. A  single trial at perchloryl fluoride fluorination of dipotassium 
bis(2,2-dinitroethyl)formal yielded ca . 3 %  X I .

(17) D . J. Glover, T e tra h e d ro n , S u p p l .  1, 19, 219 (1963), and references 
cited therein.

(18) D . J. G lover and M .  J. Kam let, J .  Org. C h e m ., 26, 4734 (1961).
(19) V. Grakauskas, “ D irect F luorination  of A lk y l Carbam ates in  Solu

tion,” Th ird  International Sym posium  on Fluorine Chemistry, Munich, 1965.

banion sites can also undergo reaction at the urea ni
trogens, therefore provided an opportunity to obtain 
qualitative information about the relative reactivity of 
the two nucleophilic centers. Although both reactions 
proceeded at not markedly dissimilar rates, C fluorin
ation was somewhat more rapid, permitting the isola
tion of N,N'-bis(2-fluoro-2,2-dinitroethyl)urea (XII) 
in moderate yield; in addition, N-fluorinated but other
wise unidentified by-products were formed.

< NH— CH2C(N02)2~K+ 

NH— CH2C(N02)2~K+

y jt i,  — CH2C(N02)2F

S'"NH— CHitXNOühF
x n

In isolated instances, perchloryl fluoride may be the 
more advantageous for the fluorination of 1 ,1-dinitro 
salts. Thus, it has been shown that carbon-carbon 
double bonds are attacked by fluorine under conditions 
of aqueous fluorination, while the use of perchloryl 
fluoride in the fluorination of 4,4-dinitro-l-butene salts 
left the unsaturation in the molecule intact.20 I t  is 
also possible that, with compounds containing an amide 
function in addition to the dinitromethyl group, per
chloryl fluoride will give better results because of its 
relative inertness toward amide nitrogen. In general, 
however, the Grakauskas method with elemental fluo
rine is to be preferred. I t  is safer,21 gives at least as 
good or better yields in most cases where both pro
cedures have been tried, and, except for the initial setup 
of the fluorination apparatus, is more convenient to 
carry out because of a generally much simpler work-up 
of the reaction mixture.

Preparation of Fluorodinitromethyl Compounds from 
Fluorotrinitromethane.—Although perchloryl fluoride 
and aqueous fluorination allow the preparation of a 
wide variety of substituted fluorodinitromethanes, a 
third method, which is indirectly based on the Grakaus
kas reaction, permits the synthesis of a variety of 
materials for which the corresponding 1 ,1 -dinitro car
banion salts are not accessible. We have found that 
fluorotrinitromethane, obtained by the aqueous fluo- 
rination of nitroform salts,22 reacts with certain nucleo
philes with formal substitution of one of the nitro 
groups. This is in marked contrast to tetranitro- 
methane and chloro- and bromotrinitromethane, whose 
reactions with a variety of bases and reducing agents 
generally lead to nitroform anion.28

X-C)' Br.NOa

B: +  XC(N02)3 x - f

<XN02)3_ +  [b- x] 

FC(N02)2B +  N o r

Thus, the reactions of fluorotrinitromethane with 
sodium ethoxide and sodium trifluoroethoxide, using

(20) P rivate communication, D r. M .  B . Frankel,. Roeketdyne Corp., 
Canoga Park, Calif.

(21) See Experim ental Section for a discussion of some hazards in  per
chloryl fluoride fluorinations. W e know of at least one very serious accident 
resulting from  the use of this material: private communication, Professor
E. D . Bergmann, The Hebrew University, Jerusalem.

(22) K .  Baum  and V. Grakauskas, private communication. Later 
workers (Zimmer, et a l .3) have acknowledged us as the authors of a private 
communication regarding the synthesis of this material, while in  fact we 
were only transm itting information first obtained from B aum  and Gra
kauskas. See following paper.4

(23) (a) A. Hantzsch, C h em . B e r ., 39, 2479 (1906); Chattaw ay and H a r
rison, J .  C h em . S o c ., 109, 173 (1916). (b) A. K .  M acbeth  and D .  D . Pratt, 
ib id ., 119, 333 (1921); K .  Klager, A n c d . C h e m ., 23, 534 (1951).
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the parent alcohols as solvents, gave the corresponding 
fluorodinitromethyl ethers in moderate to good yields.

CF(N02)3 +  RO-Na+ — ^  CF(N02)20R  +  NaN02
XIII, R = C2H6-  (74%)
XIV, R = CF3CH2-  (55%)

The structures of these ethers were assigned on the 
basis of analytical results which confirmed the presence 
of nitro and ethoxy groups in X III in the ratio of 2:1 
(see Experimental Section). A peroxide or O-ether 
structure of the type

A possibly related reaction of fluorotrinitromethane, 
which constitutes a useful synthesis of 2-fluoro-2,2-di- 
nitroethanol (VII), was found in its reduction by alka
line hydrogen peroxide in the presence of formaldehyde.
CF(N02)3 +  -OOH — [FC(N02)20 0 H  +  N 02-]i cmo

[FC(N02)2H +  0 2] — >
FC(N02)2CH20H

VII

Fv
^C=N

o 2isr X OOR

was ruled out primarily on the basis of the ultraviolet 
spectrum which showed Xma°H 285 my (e ca. 95). Low 
intensity absorption near 280 my is characteristic of 
unconjugated nitro- and polynitroaliphatics24 (e 25 to 
35 per nitro group),26 and is in marked contrast with the 
spectral behavior of 1,1-dinitroalkane ucz'-ethers which 
typically show high intensity absorption at 315-320 
m y  (e 6000-9000).26

The analogous reaction of fluorotrinitromethane 
with sodium azide in dimethylformamide afforded 
fluorodinitromethyl azide in approximately 35% yield.

CF(N02)3 +  N8-  — FC(N02)2N3 +  N 02-
XV

With potassium fluoride in sulfolane, the correspond
ing reaction provided difluorodinitromethane (XVI), 
which has also been reported to result from photochem
ical addition of N20 4 or N 02C1 to difluorodiaziridine.27

CF(N02)3 +  F~ — ► CF2(N02)2 +  N O f
XVI

Fy  SN
+ N2O4

Although no unequivocal evidence is available at 
this time, it is likely that these reactions involve simple 
nucleophilic substitutions of a nitro group with the 
nucleophile attacking on carbon rather than on nitrogen 
or oxygen as is more frequently observed in polynitro- 
aliphatic chemistry,17,18 or on halogen, as must be 
the case with the other halotrinitromethanes. Two 
factors may contribute to the different pathways taken 
in the reactions of B: with X-C(N02)3 or R-C(N 02)3. 
The carbon atom is, of course, sterically most accessible 
where X = F, leading to an increased rate of nucleo
philic attack on carbon; the decreased stability of the 
fluorodinitromethide leaving group relative to trini- 
tromethide or other dinitro carbanions [evidenced by 
the following pX’s: C(N02)8H, 0.17; C1C(N02)2H, 
3.53; BrC(N02)2H, 3.6; CH3C(N02)2H, 5.21; FC(N02)2- 
H, 7.70]1,28 may contribute to a lowered rate of nu
cleophilic attack on oxygen or nitrogen.

(24) V. I. Slovetskii, e t a l., I z v .  A k a d .  N a u k  S S S R ,  O td . K h im .  N a u k ,  
1709 (1960); 330 (1961).

(25) T he  slightly higher extinction coefficient for X I I I  causes us no con
cern since this absorption is  superimposed on the tail of a high-intensity 
shorter wavelength band whose m axim um  is below 200 m/x. T h is  latter 
band seems to be displaced bathochrom ically (as best one can judge from 
its tail) relative to the corresponding band for other nitroaliphatics.

(26) A . I. Ivanov, I.  E . Chlenov, V. A . Tartakovskii, V. I.  Slovetskii, and 
S. S. N ov ikov, I z v .  A k a d .  N a u k  S S S R ,  O td . K h im .  N a u k ,  1491 (1965).

(27) R . A. M itsch, J .  H e te ro cy c l. C h e m ., 1, 233 (1964).
(28) A . I.  Ivanov, V. I.  Slovetskii, S. A . Shevelev, V. I. Erashko, A. A. 

Fa in z il’berg and S. S. N ov ikov, Z h .  F iz .  K h im . ,  40, 2298 (1966).

In this case, however, the over-all result of the reaction 
can also be explained in terms of attack by hydroper
oxide ion on oxygen or nitrogen of one of the nitro 
groups with displacement of fluorodinitromethide ion.29
CF(N02)3 +  -OOH — =►

FC(N02)2-  +  [0=NOOOH or 0 2NOOH]

When this reaction is carried out in the absence of form
aldehyde, fluorodinitromethane is obtained, but only 
in moderate yield because of the instability of this 
material under the reaction conditions.30

Referring to the ethers X III and XIV, it should be 
mentioned that references to compounds containing 
the -0 -C (N 02)2-  moiety are few. Belew, Grabiel, and 
Clapp14 have suggested

N02 N02

SKxjc

n o 2 no2

CH3C=NOÇCH3 and CH3C =N — CCH3 

N02 O N02

as possible structures for the autocondensation prod
uct of 1,1-dinitroethane. Although the available in
formation did not allow an unequivocal choice, they 
expressed a preference for the -C =N 0C (N 02)2-  struc
ture and, more recently, spectra of this material and its 
derivatives were reported to provide confirmatory evi
dence in this regard.31 It is worth comment, however, 
that compounds closely analogous to the alternative 
nitrone structure, i.e.

O

ÎJ02 no2

and H0CH2C=N— CCH2OH
I I
0 no2

are likely intermediates in the reported32 self-conden
sation of potassium 2,2-dinitroethanol in dilute sul
furic acid to form 2,4,6-trinitropyridine 1-oxide.

More closely akin to X III and XIV, both in structure 
and in proposed mode of formation, is 5-chloromethyl-
2,2-dinitrotetrahydrofuran, which is reported33 to arise 
from the oxy anion of l-chloro-5,5,5-trinitro-2-pentanol

C1CH2CHCH2CH2C(N02)3 0H ort'Bu0 > J T “ U n o 2
L  cich2̂ o^ no2

(29) J. C. Hoffsommer has shown that in  the analogous reaction of
tetranitromethane w ith ¿-butyl hydroperoxide the nucleophile attacked on 
oxygen of one of the nitro groups: Ph .D . Dissertation, George W ashington
University, Washington, D . C., 1965.

(30) T he  chem istry and properties of fluorodinitromethane will be de
scribed in a subsequent paper in  this series.

(31) A. I. Ivanov, L. A . U stynyuk, V. I.  Slovetskii, A . A . Fa inz il’berg, 
and S. S. N ov ikov, Z h .  O rg a n . K h im . ,  2, 763 (1966).

(32) K .  D . Gunderm ann and H . U. Alles, A n g e w . C h e m ., 78, 906 (1966).
(33) E. Steininger, ib id . , 77, 427 (1965).
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T a b l e  I

P r e p a r a t i o n  a n d  P h y s i c a l  P r o p e r t i e s  o f  F l u o r o d i n i t r o m e t h y l  C o m p o u n d s

------ Compound----------------- ■> Yield, Mp, Bp,
No. Z- = FC(N02)2- Method of preparation0 % °c °C (mm)

X Z-H Hydrolysis of VIII b 65 (80)
Reduction of FC(N02)3 —40 125 (760)

h i Z-CH3 PF fluorination 54 41 (20)
Aqueous fluorination 65 57 (44)

IV z- c h 2c h 3 PF fluorination 59 145 (760)
VII Z-CIUOH PF fluorination 25 12 55 (0 .5)

FC(N02)3 reduction +  CH20 90
IX Z-CH2OCH3 Aqueous fluorination 76 48 (4.0)
XI [Z-CH20 ]2CH2 PF fluorination ~ 3 0*

Aqueous fluorination 5 5 11-12
XII [Z-CH2NH]2C = 0 Aqueous fluorination 30 218-219*'

V z- c h 2c h 2c o o c h 3 PF fluorination (93)° (2-3)°
Aqueous fluorination (88)»

VI z- c h 2c h 2co o h Hydrolysis of V 77d 38-39
I z- c 6h 5 PF fluorination (95 y

II Z-C6H4-N 0 2-m Nitration of I 73f 31-32
VIII Z-COOC2H6 Aqueous fluorination 61»
XIII z- o c h 2c h 3 FC(N02)3 +  ethoxide 74 61 (20)
XIV z- o c h 2c f 8 FC(N02)3 +  c f 3c h 2o - 55 45 (15)
XV z- n 3 FC(N02)3 +  azide 34 45 (60)

XVI Z-F FC(N02)3 +  fluoride 59
PF = perchloryl fluoride. 6 Obtained in ca. 20%  yield in aqueous fluorination leading to VIII. ° Values in parentheses are

crude products; material was not purified, but was characterized by conversion into VI. d Over-all yield for two steps (aqueous or 
PF fluorination and hydrolysis) based on potassium methyl 4,4-dinitrobutyrate. e Yield is for crude material. Characterized by con
version into II. 1 Yield based on crude I. 9 X (ca. 20%) obtained as a by-product. h Metastable polymorph. * A metastable poly
morph has been found, mp 185-186°.

through an apparently analogous displacement of a 
nitro group by an alkoxy group with the assistance of 
ring formation.

Physical and Spectral Properties of Fluorodinitro 
Compounds.—A summary of the physical properties 
of the new fluorodinitromethyl compounds prepared in 
this study is given in Table I. Table I also allows a 
facile comparison of yields where several preparative 
methods have been used.

As already mentioned, the FC(N02)2- group ex
hibits no distinct absorption in the uv spectrum other 
than the low-intensity band near 280 him characteristic 
of the unconjugated nitro groups.24 Similarly, the fre
quencies of the symmetrical and asymmetrical nitro 
stretching vibrations in the infrared are only minimally 
displaced from their positions in the spectra of other 
negatively substituted nitroaliphatics,84 and were found 
in the ranges 1290-1330 and 1600-1630 cm-1 for all 
compounds studied. A set of two bands at ca. 800 
and 850 cm-1, with the rather constant relative ratios 
2:1, was found in all FC(N02)2-  compounds investi
gated except X (750, 830 cm-1) and III (770, 850 cm-1). 
These maxima, which are also found in some trinitro- 
methyl compounds, are probably associated with the 
C-N bonds and are therefore not necessarily indicative 
of the-fluorodinitromethyl group. Except in one case, 
specific C-F absorption could not be identified with 
certainty in these compounds owing to the presence of 
several bands in the 1000-1100-cm-1 region. Impor
tant features in the infrared spectra of some of the 
materials discussed here are summarized in Table II.

The pmr spectra of the FC(N02)2CH2-  group in var
ious of the compounds reported here exhibited a doublet 34

(34) J. F. Brown, Jr., J .  A m e r .  C h em . S o c ., 77, 6341 (1955); V. I. Slovet- 
skii, A. A. Fa inz il’berg, V, I. Gulevskaya, and S. S. N ovikov, I z v .  A k a d .  
N a u k  S S S B ,  O td . K h im .  N a u k ,  683 (1961); see also ref 24.

T a b l e  I I

P r i n c i p a l  I n f r a r e d  B a n d s  o f  S o m e  
F l u o r o d i n i t r o m e t h y l  C o m p o u n d s

N 0 2 N O s 750-900
Com pd assym sym C - F region Miscellaneous

VII 1600 1320 802, 852
VIII 1605 1308 795, 845 1780, —COOR
III 1600 1330 770, 850
IX 1605 1320 800, 850
V 1600 1322 802, 845 1740, —COOR
XI 1605 1320 798, 850
X 1610 1325 750, 830
XVI 1630 1330 805, 860
FC(N02)3 1625 1290 1018 805, 855
XIII 1610 ? 805, 840
XIV 1608 1310 800, 850 1185, C—O?

( / h f  = 16-19 cps) at S 4.5 to 5 (relative to TMS) in 
CCI4 or CDCI3 solutions.

Experimental Section
General (Caution!).—Most of the starting materials and prod

ucts described in this paper are explosives of moderate to con
siderable sensitivity to initiation by impact, shock, friction, or 
other means. They should therefore be handled with care. Fur
thermore, many fluorodinitro compounds show varying degrees 
of toxicity; fluorodinitromethane and particularly fluorodinitro- 
ethanol may cause painful burns when brought into contact with 
the skin.

Microanalyses and molecular weight determinations were by 
Professor Mary H. Aldridge, American University, Washington,
D. C., and Mr. D. J. Glover of this laboratory. Methodic 
difficulties were encountered in obtaining reproducible analytical 
results on a number of the fluorodinitro compounds reported here 
and somewhat larger than usual deviations from calculated values 
were therefore occasionally judged acceptable. Melting and 
boiling points are uncorrected.

Fluorination with Perchloryl Fluoride (Caution!).—Many of 
the procedures described below involve filtrations of potassium 
chlorate from mixtures containing both combustible solvents
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and explosive organic materials and it should be recognized 
that during these filtrations one goes through a stage where the 
chlorate-fuel-explosive ratio may represent a potentially hazard
ous situation. For this reason the filtration operations are well 
shielded and the filter cakes are exhaustively washed with addi
tional solvent before being allowed to air dry.

Perchloryl fluoride was purchased from the Pennsalt Chemicals 
Corp. and was used without further purification.35 Reactions 
of potassium or sodium dinitro compounds with perchloryl 
fluoride were carried out by bubbling the gas into a well-stirred 
suspension of the salt. Apparatus generally involved a gas inlet 
tube and stirrer in a three-necked, round-bottomed flask sur
mounted by a reflux condenser and with bubble counters fore 
and aft. After introducing the salt and solvent, most of the air 
was purged from the system by blowing through a rapid stream 
of perchloryl fluoride which was vented to the hood. The rate 
of input was then cut back until there was a partial vacuum in 
the system as shown by the liquid level rising in the bubble 
counter aft, this partial vacuum being due to uptake of the 
perchloryl fluoride by the solvent in forming a saturated solution. 
Reaction with the salt of the dinitro compound was then evi
denced by a rapid gas input with the partial vacuum being main
tained. Generally, where reaction took place, the rate was de
termined by the speed of solution of the gas. Increasing the 
stirring rate increased the perchloryl fluoride uptake; decreasing 
it had the converse effect.

Where reaction took place it was also evidenced by the gradual 
solution of the yellow dinitro salt and precipitation of white 
potassium chlorate. Preferred solvents were those in which per
chloryl fluoride and the dinitro salt had mutually maximal solu
bilities. Thus, reactions were extremely slow in ether in which 
the dinitro salt was insoluble and in water in which the perchloryl 
fluoride was relatively insoluble. Methanol was a more rapid 
solvent, aqueous methanol was faster, and dimethylformamide 
the most rapid solvent tried.

Temperatures were chosen between 0 and 50° to give the most 
convenient rates and, except in one case, temperature control 
was easy. The reactions appeared to be slightly exothermic 
and could be held at the desired temperature by varying the 
perchloryl fluoride input rate and by moderate cooling. A self- 
sustaining exothermal decomposition (fume-off!) took place with 
potassium methyl 4,4-dinitrobutyrate in DMF, but in the slower 
solvent, methanol, the reaction was easily controlled.

Fluorodinitromethylbenzene (I).—A suspension of 9.7 g of 
potassium dinitromethylbenzene in 200 ml of methanol was main
tained at 25° while perchloryl fluoride was slowly bubbled in. 
After the yellow-orange salt had been replaced by a white pre
cipitate and the color of the solution had changed to pale char
treuse (ca. 1.5 hr), 120 ml of ether was added to the reaction 
mixture, and 5.1 g of potassium chlorate was filtered off. Strip
ping off the solvent, adding ether, filtering off an additional 0.2 
g of potassium chlorate (total 98%), and again stripping off the 
ether in vacuo gave 8.30 g (95%) of crude I as a yellow oil. This 
material was not purified further, but was converted into and 
analyzed as its TO-nitro derivative (see below).

a-Fluoro-a,a ,3-trinitrotoluene (II).—Portionwise addition of
3.3 g of crude fluorodinitromethylbenzene at 0-5° to a stirred 
mixture of 10 ml of 96% nitric acid and 10 ml of fluorosulfonic 
acid caused vigorous bubbling, evolution of brown fumes, and the 
eventual formation of a homogeneous pale yellow solution. Pour
ing the mixture over crushed ice gave a yellow oil which slowly 
solidified on standing. The solid was collected, triturated with 
a small amount of cold methanol, and filtered to give 3.0 g (73%) 
of crude II, mp 29-30°. Recrystallization from ether-hexane 
or methanol-water raised the melting point to 31-32°.

Anal. Calcd for C7H4FN30 6: C, 34.29; H, 1.63; N, 17.15. 
Found: C, 34.20; H, 1.85; N, 17.06.

l-Fluoro-l,l-dinitroethane (III).—A satisfactory rate of 
reaction was achieved by bubbling perchloryl fluoride into a sus
pension of 90 g of potassium 1,1-dinitroethane in 750 ml of meth
anol plus 200 ml of water at 40°, about 7 hr being required for the 
complete replacement of the yellow starting material by potas
sium chlorate. After filtering off the latter material, the solu
tion was diluted with 500 ml of water and extracted with 500 
ml of ether. The ether phase was washed several times with 
water and dried over calcium chloride, and the ether was evap
orated off in vacuo. Fractionation of the residue yielded 42.5 g

(35) Properties and methods of handling this material are described in 
Pennsalt Chemicals Corp. New Products Booklet DC-1819, “Perchloryl 
Fluoride,” 1957.

(54%) of pure III, bp 40.5-41.5° (20 mm). About 10 g of a 
higher boiling oil remained as a pot residue.

Anal. Calcd for C2H3FN20 4: C, 17.38; H, 2.17; N, 20.25. 
Found: C, 17.58; H, 2.18; N, 19.81.

1- Fluoro-l,l-dinitropropane (IV).—The perchloryl fluoride 
fluorination of 100 g of potassium 1,1-dinitropropane in a mixture 
of 750 ml of methanol and 100 ml of water at 35-40° required 
ca. 3.5 hr. Approximately 1 1. of water was added to dissolve 
most of the potassium chlorate and the product was extracted 
into chloroform. The extracts were washed with 250 ml of 
water, 250 ml of 2% sodium carbonate solution, and again with 
250 ml of water, and dried over magnesium sulfate, and the 
chloroform was stripped off in vacuo. Fractionation of the 
residue under reduced pressure gave 51.6 g of IV (59%): bp 
45-47° (15 mm), 144.5° (760 mm).

Anal. Calcd for C3H6FN20 4: C, 23.68; H, 3.29; N, 18.41. 
Found: C, 23.93; H, 3.29; N, 18.05.

Methyl 4-Fluoro-4,4-dinitrobutyrate (V).—At 37° uptake of 
perchloryl fluoride by a suspension of 73 g of potassium methyl
4,4-dinitrobutyrate in 750 ml of methanol was substantially 
complete in 5 hr. After cooling the mixture to —10°, 37.5 
g of potassium chlorate was filtered off, most of the methanol was 
stripped off in vacuo, an additional 0.8 g of potassium chlorate 
was filtered off (98.5% total), and the remaining methanol was 
removed to leave 62 g of crude V as a pale yellow oil which solid
ified on standing in the freezer, mp ca. 2-3°. For analysis, this 
ester was converted into the corresponding acid (see below).

4-Fluoro-4,4-dinitrobutyric Acid (VI).—A 52-g sample of 
crude V (see above) was refluxed for 2-3 hr with 500 ml of con
stant-boiling hydrochloric acid. The almost clear solution which 
resulted was filtered hot through a layer of Celite on a sintered- 
glass funnel and chilled, and the precipitate was filtered off. 
Concentration of the mother liquor afforded an additional two 
crops, leading to a total of 35.9 g (77%) of crude VI, mp 35-38°. 
Recrystallization from chloroform-carbon tetrachloride afforded 
pure VI as long white needles, mp 37-38°.

Anal. Calcd for C4H5FN20 6: C, 24.48; H, 2.55; N, 14.28; 
F, 9.69. Found: C, 24.73; H, 2.88; N, 13.87; F, 9.46.

2- Fluoro-2,2-dinitroethanol (VII).—To a cooled, stirred solu
tion of 53.0 g of 85% potassium hydroxide in 140 ml of water 
and 500 ml of methanol was added portionwise 132.8 g of 2,2- 
dinitro-1,3-propanediol in 240 ml of methanol; the temperature 
was kept below 12°. The precipitated potassium 2,2-dinitro- 
ethanol was separated from the solvent through the use of a filter 
stick and washed twice with 250-ml portions of methanol and once 
with 350 ml of ether, 500 ml of dimethylformamide was then 
added, the mixture was cooled to 15°, and perchloryl fluoride was 
bubbled in at this temperature. The uptake was relatively 
rapid, with the mixture slowly discoloring until, by the time the 
perchloryl fluoride uptake was complete, the solution was dark 
brown. The insoluble material was filtered off and washed with 
ether. Addition of 2 ml of concentrated sulfuric acid to the dark 
brown mother liquor caused a color change to bright orange. 
Most of the solvent was then distilled off below 30° (1.5 mm). 
The residue was taken up in 250 ml of ether and washed with 
three 100-ml portions of water, the combined aqueous washes 
were reextracted with 250 ml of ether, and the combined ether 
phases were washed with 100 ml of 3% hydrochloric acid.36 
The ether was stripped off and the residual orange oil was frac
tionated in vacuo to yield 30.7 g of VII (25% of theory), bp 
55-57° (1.5 mm). A second fractionation gave the analytical 
sample which was still relatively impure, but whose infrared 
spectrum and retention volume were essentially identical with 
those of a purer sample obtained by fluorotrinitromethane reduc
tion (see below).

Anal. Calcd for C2H3FN20 5: N, 18.20. Found: N, 17.28,
16.99.

Fluorination with Elemental Fluorine (The Grakauskas 
Reaction).—All experiments with elemental fluorine were car
ried out in a well-shielded and vented area. Fluorine-nitrogen 
mixtures in ratios of approximately 1:1 to 1:3 were generally 
used and were delivered through an apparatus constructed es
sentially according to the recommendations given by the Gen

(36) In earlier trials where this cumbersome separation procedure was 
not used, fume-offs occurred during the fractionation step, probably owing 
to 2,2-dinitro-l,3-propanediol in the pot residue. At the time the work was 
done it was not known that VII is a moderately stable to weak alkali, which 
would have simplified the separation appreciably. Also, if we were to re
peat the work, we would run the fluorination in the presence of excess weak 
base.
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eral Chemical Division, Allied Chemical Corp.37 38 The setup 
was modified by incorporating a surge tank of about 500-ml 
capacity between the back pressure control valve and the back 
pressure indicator in order to minimize bouncing of the rotometer 
float. Metal to glass connections were of Teflon tubing. The 
fluorinations were carried out in ordinary glass equipment con
sisting of a four-neck flask fitted with stirrer, thermometer, gas 
inlet tube, and condenser; the stirrer was well lubricated with 
water. Little etching of the apparatus was observed, even after 
extensive use. Occasionally, where methanol-wet dinitroalkane 
salts were used as starting materials, small “flashes of blue fire” 
were observed in the gas inlet tube, accompanied by slight pop
ping sounds, but these were never sufficient to rupture the ap
paratus and could be avoided easily.

Methyl 4-Fluoro-4,4-dinitrobutyrate (V).—A mixture of 51.5 
g of potassium methyl 4,4-dinitrobutyrate, 10 g of sodium bi
carbonate, and 300 ml of water in a 1-1. standard fluorination ap
paratus was stirred vigorously and held at 20-25° as a 2:1 ni
trogen-fluorine mixture was introduced. The reaction mixture 
changed in color from yellow to red-orange as the starting mate
rial gradually dissolved; after about 45 min a sharp, milky white 
end point was observed. The system was purged of fluorine with 
pure nitrogen, the reaction mixture was extracted with ether, 
and the extracts were washed with water, dried, and concen
trated. There remained 41.4 g of crude V (88%) as a yellow oil.

Methyl 2-Fluoro-2,2-dinitroethyl Ether (IX).—At 0-5° a 
2:1 nitrogen-fluorine mixture was bubbled through a solution of
2.5 g of potassium 2,2-dinitroethyl methyl ether in 100 ml of 
water until the yellow color disappeared. The reaction mixture 
was purged with nitrogen and extracted with methylene chlo
ride, and the extract was dried and distilled. Thus was obtained
1.7 g of IX (76%), bp 47-48° (4.0 mm).

Anal. Calcd for C3H5FN206: N, 16.66; F, 11.30. Found: 
N, 16.85, F, 10.93.

Bis-(2-ffuoro-2,2-dinitroethyl)formal (XI).—Dipotassium bis- 
(2,2-dinitroethyl)formal was prepared by the hydroperoxide 
reduction17 of bis(2,2,2-trinitroethyl)formal as follows. To 30.0 
g of bis(2,2,2-trinitroethyl)formal in 225 ml of methanol at 0° 
was added 45 ml of cold 30% hydrogen peroxide; then, dropwise 
with stirring and continued cooling over a period of 30 min, 36 
g of 85% potassium hydroxide in 210 ml of methanol was also 
added, the temperature being kept below 10°. The mixture 
was stirred a further 20 min and filtered. The precipitate was 
washed with three 100-ml portions of methanol, the methanol- 
wet salt was suspended in a solution of 10 g of sodium carbonate 
in 500 ml of water, and the mixture was concentrated88 to a total 
volume of 400 ml at a temperature not above 50°. The solution 
was then rapidly cooled to 22° with vigorous stirring to impart 
small particle size to the reprecipitating salt.

The resulting mixture was fluorinated in the standard fluorina
tion apparatus at 20-25° with a nitrogen-fluorine ratio of 3:1. 
A milky white end point was reached in about 2 hr, after which 
time the reaction mixture was purged with nitrogen and the 
product was extracted into chloroform. The extracts were 
washed with four 100-ml portions of 5% sodium hydroxide and 
once with water. After drying, the solvent was stripped off; 
the last traces were removed by holding the temperature at 
70° (1 mm) for several hours. There remained 14.1 g (55%) of 
very pale yellow XI.

The analytical sample was obtained by thoroughly washing a 
methylene chloride solution of XI with concentrated sulfuric 
acid, then with water, dilute sodium hydroxide, again with water, 
drying, removing the solvent, and recrystallizing the residual oil 
from methylene chloride-hexane, mp3911-12.

Anal. Calcd for C5H6F2N4Oi0: C, 18.76; H, 1.89; F, 11.88. 
Found: C, 19.05; H, 2.02; F, 11.32.

Ethyl 2-Fluoro-2,2-dinitroacetate (VIII) and Fluorodinitro- 
methane (X).—A fluorine-nitrogen mixture (3:1) was introduced 
at 0° with stirring into a solution of 21.6 g of potassium ethyl
2,2-dinitroacetate in 200 ml of water containing 18 g of sodium

(37) Product D a ta  Sheet PD -T A -8 5 4 1 3 A , 9-15-1958, Product Develop
ment Department, General Chemical D ivision, A llied Chemical Corp., New  
York, N . Y .

(38) T he  purpose of this concentration step was to remove m ost of the 
methanol carried in  w ith the starting material (methanol wet for desensi
tizing purposes), which otherwise caused the “flashes of blue fire” men
tioned above.

(39) A  lower melting polym orph of mp ca . 0° exists. If  seed crystals 
are not available, the in itial crystallization m ay require cooling to — 70°
and extensive scratching.

bicarbonate. The exit gases were passed through a trap held at 
— 70°. The system was purged with nitrogen, the reaction 
mixture was extracted with methylene chloride, and the trap 
contents were combined with the extracts. Removal of the 
solvent yielded 16.5 g of a pale yellow oil which was shown by 
glpc (column: 10% May-Baker silicon oil on Haloport F) to be 
a mixture of two products. By fractional distillation at 40 mm 
(bath temperature not above 100°), the lower boiling component 
could be removed almost completely. The remaining oil was 
distilled in a molecular still at 80° (0.01 mm) to yield 12.0 g of 
VIII (61.2%) of an estimated purity of 98% (glpc).

Anal. Calcd for C4H5FN20 6: N, 14.29; F, 9.69. Found: 
N, 14.10; F, 9.42.

The lower boiling fraction was refractionated at 80 mm to give
2.5 g of fluorodinitromethane (20.3%) as a colorless oil of pungent 
odor, bp 64-65° (80 mm) and 125° (760 mm).

Anal. Calcd for CHFN2C>4: N, 22.58; F, 15.31; neut 
equiv, 124. Found: N, 22.58; F, 14.92; neut equiv, 121.

Bis(2-fluoro-2,2-dinitroethyl)urea (XII).—N,N'-Bis(2,2,2-tri- 
nitroethyl)urea (39 g) was added gradually to a stirred mixture 
of 66 g of potassium iodide in 500 ml of methanol;18 the mixture 
was stirred 24 hr at room temperature, cooled in an ice bath, and 
filtered. The solid was washed with a small amount of methanol 
and liberally with ether to give 24 g (64.2%) of crude dipotassium 
N , N '-bis (2,2-dinitroethyl) urea.

The crude salt was dissolved in 400 ml of water containing 10 
g of sodium bicarbonate and was fluorinated in the standard 
apparatus at 0° until the mixture became slightly acidic. The 
pale yellow, gummy solid was filtered off, dissolved in methylene 
chloride-ether (1:1), and filtered through a 1 X  15 in. column 
of silica (G. F. Smith, Columbus, Ohio). The colorless portion 
of the eluate was collected and concentrated until precipitation 
started. Addition of methylene chloride and chilling afforded
6.4 g of crude XII (29.8% based on dipotassium salt). After 
recrystallization from toluene-ethyl acetate,, the product melted 
at 185-186° dec. In later experiments a second polymorph, 
mp 218-219° dec, was obtained and we can no longer make the 
metastable 186° form in this laboratory.

Anal. Calcd for C5H6F2N609: N, 25.31; F, 11.42; mol wt, 
332. Found: N, 25.29; F, 11.61; mol wt (MEK), 325.

Reactions with Fluorotrinitromethane.—Fluorotrinitrometh- 
ane was prepared by the aqueous fluorination of nitroform salts 
with slight modifications on a procedure first reported by Gra- 
kauskas and Baum22 and was used without further purifica
tion.

Fluorotrinitromethane.—A solution of 114 g of nitroform in 
1000 ml of 5% sodium carbonate solution was fluorinated at 0-5° 
in the standard apparatus until the mixture was bleached to a 
milky white suspension of pH 6. The product, a heavy colorless 
oil, was separated, washed with 5% sodium bicarbonate solution 
and with water, and dried over magnesium sulfate to give 115 
g (90%) of fluorotrinitromethane of 98 mol % purity (glpc).

Ethyl Fluorodinitromethyl Ether (XIII).—At —10 to —15° 
and over a period of 15 min, a solution of sodium ethoxide pre
pared by dissolving 4.6 g of sodium in 70 ml of ethanol was added 
to 16.9 g of fluorotrinitromethane in 70 ml of methylene chloride; 
the mixture was stirred another 10 min below 10°. The mixture 
was then poured into ice-cold dilute sulfuric acid, the phases 
were separated, the aqueous phase was extracted with methylene 
chloride, and the combined extracts were washed with water, 
dried, and distilled to yield 12.45 g of crude XIII (74%). Re
fractionation gave 11.2 g of pure material, bp 60-62° (20 mm), 
X!TH 285 mM (e ca. 95).40

Anal. Calcd for C3H6FN20 5: C, 21.44; H, 3.00; F, 11.30; 
N, 16.66; ethoxyl, 26.8; N 0 2, 54.7. Found: C, 21.55; H, 
2.92; F, 10.61; N, 16.12; ethoxyl, 25.3; N 02, 50.1.«

2,2,2-Trifluoroethyl Fluorodinitromethyl Ether (XIV).—A
solution of sodium trifluoroethoxide was prepared by dissolving
6.9 g of sodium in 100 ml of hot trifluoroethanol and cooled to 
ca. 5° with the gradual addition of 25 ml of dimethyl sulfoxide 
to keep the mixture stirrable. Fluorotrinitromethane (34 g) 
was added with stirring. The mixture was stirred 5 hr at 20-25° 
and filtered through a sintered-glass funnel (11 g of sodium nitrite 
was obtained), and the filtrate was poured into cold dilute sul-

(40) T he  material decomposed in methanol at a measurable rate with 
the appearance of characteristic n itrous acid (or m ethyl nitrite) “finger
print” absorption centering around 350 m/i.

(41) Determined as nitrite by  its absorption at 354 mn  b y  D . J. G lover 
of this laboratory; the accuracy of the method has not been established.
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furic acid. This was extracted with methylene chloride, the 
extract was dried and freed from solvent, and the residue was 
washed twice with water and dried over magnesium sulfate. 
Distillation of the oil afforded 25 g of XIV (55.3%), bp 44-45° 
(15 mm).

Anal. Calcd for C3H2F4N20 6: N, 12.62; F, 34.22. Found: 
N, 12.34; F, 33.84.

Fluorodinitromethyl Azide (XV).—To a solution of 85 g of
fluorotrinitromethane in 175 ml of dimethylformamide was added, 
at —15 to —20° and over a period of 10-15 min, 40 g of sodium 
azide. The mixture was stirred 2 hr at —15 to —20° (Caution! 
at higher temperatures the reaction may get out of hand) and then 
poured into ice-water (strong gassing). The product was ex
tracted into methylene chloride, the solvent was removed at a 
temperature below 65°, and the residue was washed with water, 
dried, and fractionated at 40 mm of pressure. At ca. 40°, 31.5 
g of crude XV containing ca. 10% starting material distilled over 
(yield ca. 34%). Refractionation at 60 mm (bp 45°) gave a 
material which appeared to be pure by glpc (silicon oil on Teflon 
column), but which exhibited a weak band in the 1700-cm_1 
region of the infrared spectrum which suggested the presence of an 
impurity. The spectrum also showed a strong azide band at 
2200 cm-1 in addition to the usual nitro bands at 1325 and 1610 
cm-1.

Fluorodinitromethyl azide decomposes slowly at room tem
perature and should be handled with care. Further character
ization and reactions of this material will be described in a sub
sequent paper.

Difluorodinitromethane (XVI).—A 500-ml, four-necked flask 
was fitted with a stirrer, thermometer, and a vented addition 
funnel whose stem extended almost to the bottom of the vessel. 
The fourth neck was connected to a cold trap held at —70° 
during the experiment. The system was purged with a slow 
stream of dry nitrogen through the vent of the addition funnel, 
the flask was charged with 35 g of anhydrous potassium fluoride 
and 250 ml of sulfolane, and the mixture was heated to 150° for 
15 min and allowed to cool to 95°. At this temperature, 50.7 
g of fluorotrinitromethane was added over a period of 1.5 hr; 
the mixture was stirred an additional 0.5 hr at 100° and allowed 
to cool. The trap contents were dried over magnesium sulfate 
and were shown by glpc and by comparison of the infrared spec
trum with that of a sample prepared by the method of Mitsch“7 
to be essentially pure XVI, yield 25 g (58.7%).

2-Fluoro-2,2-dinitroethanol (VII) by FTM Reduction.— 
Methanol (90 ml) and 42 ml of 30% aqueous hydrogen peroxide 
were mixed at 0° in a 500-ml, three-neck flask fitted with stirrer, 
thermometer, and vented addition funnel. A solution of 14.5 
g of sodium hydroxide in 70 ml of water was prepared and 1 ml of 
this was added at —5 to —10°. At the same temperature, 30 
ml of 36-37% aqueous formaldehyde solution was added grad
ually (exotherm) followed by 50 g of fluorotrinitromethane.

With the temperature kept at —5 to —10°, the remainder of the 
sodium hydroxide solution was added over a 30-min period; the 
yellow solution was then stirred an additional 15 min while the 
temperature was allowed to rise to 0°.

Dilute sulfuric acid (equivalent to 5 ml of concentrated H2S04) 
was added dropwise to the reaction mixture with the temperature 
maintained at 0° until, toward the end of the addition, a strong 
exotherm raised it to 10-15°. After saturation of the reaction 
mixture with sodium chloride, it was extracted with one 100-ml 
and two 50-ml portions of methylene chloride and the extracts 
were dried and freed from solvent. Vacuum fractionation of the 
residual oil gave 41.3 g VII (90.6%) of excellent purity (glpc), 
bp 55° (0.5 mm).

Anal. Calcd for C2H3FN20 6: N, 18.20; F, 12.33. Found: 
N, 18.51; F, 12.01.

Fluorodinitromethane (X) by FTM Reduction.—To a solution 
of 5 g of fluorotrinitromethane in 10 ml of methanol was added 
dropwise at —10° a mixture of 6.7 g of 30% hydrogen peroxide 
and 3.3 g of potassium hydroxide in 15 ml of methanol. A thick 
yellow precipitate formed (efficient stirrer necessary). The 
mixture was poured into ice-cold dilute sulfuric acid, the resulting 
clear solution extracted with methylene chloride, the extracts 
dried, and the solvent distilled off through a Vigreaux column. 
The residue on fractionation gave 1.5 g (41%) of crude X. The 
product was identical with, although less pure than, the mate
rial obtained as a by-product in the aqueous fluorination of 
potassium ethyl dinitroacetate.

Registry No.—I, 17003-70-2; II, 17003-71-3; III,
13214-58-9; IV, 17003-25-7; V, 15895-14-4; VI, 15895-
15-5; VII, 17003-75-7; VIII, 17003-76-8; IX, 17003-
77-9; X, 7182-87-8; XI, 17003-79-1; XII, 17003-80-4; 
XIII, 17021-83-9; XIV, 17003-81-5; XV, 17003-82-6; 
XVI, 1185-11-1; FC(N02)3, 1840-42-2.
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The fluorination of aqueous solutions of nitronate salts gave <7«m-fluoronitro compounds. The following 
compounds were synthesized by this reaction: fluorotrinitromethane, l-fluoro-l,l-dinitroethane, I-fluoro-1,1- 
dinitropropane, 2-fluoro-2,2-dinitroethanol, 1-fluoro-l-nitroethane, and 1-fluoro-l-nitropropane.

Although many examples of the direct chlorination 
and bromination of nitronate salts to give a-halonitro 
compounds are known,2 only indirect methods have 
been reported for fluorination. Perchloryl fluoride has 
been used to convert gem-nitronitronate salts8 and 
simple secondary nitronate salts4 into the corresponding 
fluorine derivatives, but attempts to apply this re-

(1) T h is  w ork was supported b y  the Office of N a va l Research.
(2) P. Noble, Jr., F. G. Borgardt, and W . L . Reed, C h em . R e v ., 61, 19 

(1964).
(3) M .  J. Kam le t and H . G. Adolph, J .  O rg. C h e m ., 33, 3073 (1963).
(4) H . Shechter and E . R . Robinson, Jr., ib id . , 25, 175 (1960).

action to simple primary nitronate salts were unsuc
cessful. Perfluoropiperidine has also been used as a 
fluorinating agent to prepare 2-fluoro-2-nitropropane.5

The present investigation concerns the preparation 
of fluoronitro compounds by the direct fluorination of 
aqueous solutions of nitronate salts, under conditions 
similar to those generally used for chlorination and bro
mination of nitronate salts. Although the fluorination 
of sodium hydroxide in aqueous solution is the standard

(5) R . E . Banks and O. E . W illiamson, C h em . I n d .  (L ondon), 1864
(1964).
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method of preparing oxygen difluoride,6 this technique 
has only recently been shown to be applicable to or
ganic substituents with the fluorination of urea,7 and, 
subsequently, other nitrogenous compounds such as 
alkyl carbamates,8 sulfamides,9 and cyanamide.10

The fluorinations were conducted simply by bub
bling fluorine diluted with nitrogen into aqueous so
lutions of the nitronate salts. Salts of terminal gem- 
dinitro compounds and of nitroform gave high yields of 
the corresponding fluoronitro compounds. Thus, the 
sodium salt of nitroform gave a 92.3% yield of fluoro- 
trinitromethane, bp 81-82°. Similarly, the salts of
1,1-dinitroethane and 1,1-dinitropropane gave 1-flu- 
oro-l,l-dinitroethane and l-fluoro-l,l-dinitropropane 
in yields of 82 and 70%, respectively. The fluorination 
of the salt of 2,2-dinitroethanol11 gave 2-fluoro-2,2-di- 
nitroethanol in 84% yield. The same yield was ob
tained when this salt was prepared in situ by the ad
dition of sodium hydroxide to a solution of 2,2-dinitro-
1,3-propanediol; the liberated formaldehyde did not 
interfere with the fluorination. l-Fluoro-l,l-dinitro- 

oh-
H0CH2C(N02)2CH20H  — >- H0CH2C(N02)2-  +  CH20

l

H0CH2C(N02)2F

ethane, l-fluoro-l,l-dinitropropane, and 2-fluoro-2,2- 
dinitroethanol were prepared previously using per- 
chloryl fluoride as the fluorinating agent.3

The aqueous fluorination technique was less satis
factory as a preparative method when salts of simple 
mononitroalkanes were used as starting materials. 
The sodium salts of nitroethane and 1-nitropropane 
gave 1-fluoro-l-nitroethane and 1-fluoro-l-nitropropane 
in yields of 5.5 and 14%, respectively. The products 
were contaminated by large amounts of the unsub
stituted nitroalkanes and were isolated by gas chrom
atography. The yields were much more sensitive to 
reaction conditions than those for the fluorination of 
<7m-nitronitronate salts. For example, when the rate 
at which fluorine was introduced into a solution of the 
sodium salt of 1-nitropropane was increased threefold, 
only 1-nitropropane was isolated, although the fluorine 
was still consumed smoothly. The yields can, no doubt 
be improved if the reaction parameters are varied sys
tematically. Simple 1-fluoro-l-nitroalkanes have not 
been reported previously.

The acid-forming side reaction that results in low 
yields of fluorinated mononitro compounds appears to 
be the fluorination of hydroxide ion; the pK & values of 
mononitro compounds exceed those of the correspond
ing terminal r/em-dinitro compound by about 3 units.2

The nmr spectral data for the fluoronitro compounds 
are shown in Table I. The 19F septet observed for 
fluorotrinitromethane indicates coupling to three ni
trogens. The fact that the nitrogen quadruple ef-

(6) D . M .  Yost, “ Inorganic Synthesis,” Vol. I, H . S. Booth, Ed., M cG raw - 
H ill Book  Co., Inc., N ew  York, N . Y., 1939, p 109.

(7) V. Grakauskas, Abstracts, the 140th N ational Meeting of the American 
Chemical Society, Chicago, 111., Sept 1961, p 23 M .

(8) V. Grakauskas, T h ird  International Fluorine Sym posium , M unich, 
Sept 1965; R . E . Banks, R . N . Haszeldine, and J. P. Lalu, J .  C h em . S o c ., 
S e c t .C ,  1514(1966).

(9) R . A . W iesboeck and J. K .  Ruff, In o r g . C h e m ., 5, 1629 (1966).
(10) M .  D . M eyers and S. Frank, ib id . , 5, 1455 (1966).
(11) H . Feuer, G. B. Backm an, and J. P. Kispersky, J .  A m e r . C h em . 

S o c . ,7 3 , 1360(1951).

Com pd

T a b l e  I 
N m r  D a t a «

Proton Fluorine

F C (N 02)3 tp 86.3 septet

F C (N 02)2CH3 S 2.47 d
J f- n =  9 .8  cps 
<p 97.6 m

J hf =  17.7 cps (>7  lines)
FC(N02)2CH2CHs S 1.17 t (CHS) <P 106.3 m

JHH =  7 .3  cps (>9  lines)

F C (N 02)2CH20H

8 2.83 d, q (CH2) 
J  HH — 7 .3  cps 
J hf =  19.7 cps 
8 3.97 t (OH) v  111.3 t
J hh =  7 .0  cps J hf =  15 cps

FC H (N 02)CH3

S 5 .8 0 d ,d (C H 2) 
J hh =  7 .0  cps 
J hf =  15.9 cps 
8 1.88 d, d (C H 3) v> 144.2 d, q
J hf = 2 1  cps JjîFgem =  51 CpS
J hh =  6 .3  cps J h f  vie =  21 cps

FCH(N02)CH2CHs

8 5.84 d,q (C—H) 
J hf = 5 1  cps 
J hh =  6.3 cps 
8 5.75 d,t (CH) ¡p 149.3 d, t
J hf = 5 1  cps, JHFffem =  54 CpS

J hh =  5 cps J hfuic = 23 cps
8 2.20 d,d,q (CH2) 
J hf =  22 cps 
8 1.09 t  (CH3) 
J hh =  7.5 cps

“ Abbreviations used are d =  doublet, t  =  triplet, q =  quartet, 
m = symmetrical multiplet.

feet does not obscure the coupling indicates that the 
electric fields surrounding the nitrogen nucleus are 
highly symmetrical.12 Coupling to nitrogen is also 
evident in the 19F spectra of l-fluoro-l,l-dinitroethane 
and l-fluoro-l,l-dinitropropane, but not in that of 
2-fluoro-2,2-dinitroethanol. The hydroxyl of the latter 
thus distorts the field around the nitrogens enough to 
prevent observable coupling.

Infrared spectra are described in the Experimental 
Section.

Experimental Section
General.—Fluorinations were conducted in a glass, standard 

taper, three-necked flask fitted with a mechanical stirrer, a glass 
tube extending below the liquid level used as a gas inlet, and a 
standard taper thermometer well with an opening for gas exit. 
Standard fluorine-handling hardware13 was used and the fluorine 
was diluted threefold with nitrogen. Exit gases were vented 
through an aqueous potassium iodide trap. Safety shielding is 
strongly recommended because of the potentially explosive na
ture of the products. Particular care should be exercised in 
handling 2-fluoro-2,2-dinitroethanol to prevent contact with the 
skin; painful inflamation can result.

Fluorotrinitromethane.—A solution prepared from 78.5 g 
(0.50 mol) of nitroform and 20.0 g (0.50 mol) of sodium hy
droxide in 700 ml of water was fluorinated at 0-5°; 0.50 mol of 
fluorine was absorbed over a 1.5-hr period. The mixture was 
saturated with sodium chloride. The lower layer was separated, 
dried over sodium sulfate, and distilled to give 78 g (92.3% yield) 
of colorless liquid: bp 81-82°; n^D 1.3930.

Anal. Calcd for CFN30 6: C, 7.1; H, 0.0; F, 11.2, N, 24.9. 
Found: C, 7.0; H.0.1; F, 11.0, N, 24.6.

The infrared spectrum consisted of the following peaks On): 
3.36(w), 3.45(w), 3.78(w), 3.88(w), 6.19(vs), 7.38(w), 7.72(vs), 
8.20(w), 9.90(w), 11.20(w), 12.55(vs).

(12) L. M . Jackman, “Applications of Nuclear M agnetic  Resonance in 
Organic Chem istry,” Pergam on Press, New  York, N . Y., 1959, p 73.

(13) A llied Chemical Corp., D a ta  Sheet P D -T A -85413A .
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l-Fluoro-l,l-dinitroethane.—A solution of 20.0 g (0.50 mol) 
of sodium hydroxide and 60.0 g (0.50 mol) of 1,1-dinitroethane 
in 300 ml of water was fluorinated at 0-5° with 0.5 mol of fluorine 
over a 2-hr period. The product was extracted with two 75-ml 
portions of methylene chloride and the solution was dried over 
sodium sulfate and distilled to give 57 g (82% yield) of colorless 
liquid: b p 42-43° (30mm); »i 26d  1.3960.

Anal. Calcd for C2H3FN20 4: C, 17.4; H, 2.2; F, 13.8, 
N, 20.3. Found: C, 17.2, H, 2.1; F, 13.5; N, 20.1.

The infrared spectrum consisted of the following peaks (m): 
3.3(w), 3.4(w), 3.45(w), 6.25(vs), 6.98(m), 7.2(s), 7.37(w), 
7.55(s), 7.83(s), 8.60(s), 8.90(s), 10.35(w), 11.4(w), 11.75(s), 
13.05(s).

1- Fluoro-l,l-dinitropropane.—A solution of 13.6 g (0.10 mol) 
of 1,1-dinitropropane and 4.0 g (0.10 mol) of sodium hydroxide in 
300 ml of water was fluorinated at 0-5°, using 0.1 mol of fluorine 
in 45 min. The product was extracted with three 30-ml portions 
of methylene chloride, dried, and distilled to give 9.5 g (70% 
conversion) of colorless liquid: bp 43-44° (25 mm); ?i 26d  1.4050.

Anal. Calcd for C3H6FN20 4: C, 23.7; H, 3.3; F, 12.5; N,
18.4. Found: C, 23.6; H, 3.3; F, 12.1; N, 17.8.

Unreacted 1,1-dinitropropane, 1.4 g, was recovered from the 
distillation residue.

The infrared spectrum showed the following bands (/r): 3.3(w), 
3.37(w), 3.44(w), 6.26(vs), 6.82(w), 6.98(w), 7.17(w), 7.30(w), 
7.53(m), 7.64(m), 8.00(w), 8.73(w), 9.18(m), 9.75(m), 10.21(w), 
11.82 (s), 12.39(s), 12.90(m).

2- Fluoro-2,2-dinitroethanol.—A solution of 20 g (0.5 mol) of 
sodium hydroxide in 100 ml of water was added dropwise at
0-5° to a solution of 83 g (0.5 mol) of 2,2-dinitro-l,3-propanediol 
in 400 ml of water. The solution was fluorinated at 0-5° with 0.5 
mol of fluorine over a 2.5-hr period. The solution was then 
saturated with sodium chloride and was extracted with four 100- 
ml portions of methylene chloride. The methylene chloride 
solution was dried over sodium sulfate and distilled to give 65 g 
(84% yield) of colorless liquid: bp 38-39° (0.1 mm); ra26d 1.4430.

Anal. Calcd for C2H3FN20 5: C, 15.6; H, 1.9; F, 13.0; 
N, 18.2. Found: C, 15.5; H, 2.0, F, 13.0, N, 18.1.

The infrared spectrum showed the following peaks A): 2.8

(s); 2.9(s), 3.4(w), 3.43(w), 6.25(vs), 6.93(m), 7.4(w), 7.6(s), 
7.95(w), 8.2(w), 9.3(vs), 10.0(m), 10.95(w), 11.45(w), 11.79(s), 
12.55(vs), 13.20(w).

1-Fluoro-l-nitroethane.—Nitroethane (41.2 g, 0.55 mol) was 
dissolved in a solution of 22 g (0.55 mol) of sodium hydroxide in 
70 ml of water. The solution was diluted to 650 ml and was 
reacted with 0.55 mol of fluorine over a 5-hr period at 0-5°. The 
product was extracted with three 50-ml portions of methylene 
chloride, dried, and distilled to give 14 g of colorless liquid, 
bp 22-23° (25 mm). Analysis by gas chromatography (4 ft 
X 1 2 3/ie in. column of 5% diethylene glycol adipate on Chromosorb 
P, 60°, He flow 50 cc/min) showed the distillate was an 80:20 
mixture of nitroethane and 1-fluoro-l-nitroethane (5.5% yield). 
An analytical sample was isolated by gas chromatography.

Anal. Calcd for C2H4F N 02: C, 25.8; H, 4.3; N, 15.0, 
F, 20.4. Found: C, 25.4; H, 4.4; N, 14.5; F, 20.0.

The infrared spectrum showed the following bands (p.)\ 
3.40(w),6.34(vs), 6.91(m), 7.18(m), 7.32(m), 7.42(m), 7.63(w), 
8.63(s), 8.82(m), 9.47(m), 10.94(w), 11.60(w).

1-Fluoro-l-nitropropane.—The above procedure starting with 
49 g (0.55 mol) of 1-nitropropane gave 32 g of distillate, bp 33-35° 
(25 mm), which was found by gas chromatography to consist of 
75% 1-nitropropane and 24% of 1-fluoro-l-nitropropane (14% 
yield).

Anal. Calcd for C3H6F N 02: C, 33.6; H, 5.6; N, 13.1; 
F, 17.7. Found: C, 33.2; H, 5.8; N, 12.7; F, 17.4.

Registry No.—Fluorotrinitromethane, 1840-42-2; 1- 
fluoro-l,l-dinitroethane, 13214-58-9; l-fluoro-l,l-di- 
nitropropane, 17003-25-7; 2-fluoro-2,2-dinitroethanol, 
17003-75-7; 1-fluoro-l-nitroethane, 17003-27-9; 1-fluoro-
l-nitropropane, 17003-28-0.
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Certain reactions of cyclopropylmethyltriphenylphosphonium bromide were examined. No products derived 
from ring opening were found. I t  was shown that no equilibration exists between the ylide 4 and an acyclic 
isomer, 5. No cyclopropane derivatives were detected in the reactions of crotyl- or 3-butenyltriphenylphos- 
phonium halides under basic conditions. No products attributable to ring opening were observed in the reactions 
of cyclobutyltriphenylphosphonium bromide. Preparations are described for o-hydroxybenzylidenecyclobutane, 
benzylidenecyclobutane, and l-cyclopropyl-2-phenylethylene. Also prepared were cyclobutyl-, 3-butenyl-, 
crotyl-, and cyclopropylmethyldiphenylphosphine oxides. The lithium aluminum hydride reduction of cyclo- 
propylmethyltriphenylphosphonium bromide (3) gave triphenylphosphine.

It has been shown2-4 that the cyclopropylcarbinyl 
anion (1) may exist in reversible equilibrium with the 
acyclic carbanion 2. The stability of the acyclic isomer 
compared with that of the cyclic form is profoundly af
fected both by the nature of the cation (M+) and by the 
polarity of the solvent.6'6

[ > —CH2"M+ 

1

P"Ch = ch2
CHUM4 *

2

( 1 ) T a k e n  in  p a r t  from  th e  M .S . T hesis  of T . A. U . rn  p a r t ia l  fu lfillm en t of 
th e  M .S . D egree , J u n e  1967.

(2) J .  D . R o b e r ts  a n d  R . H . M azu r , J .  A m er. Chem. Soc., 7 3 , 2509 (1951).
(3) M . S . S ilve r, P . R . S h a fe r, J .  E . N o rd lä n d e r , C . R u c h a rd t ,  a n d  J .  D . 

R o b e r ts , ib id ., 8 2 , 2646 (1960).
(4) P . T . L a n sb u ry , V. T . P a tt is o n , W . H . C lem en t, a n d  J .  D . S id le r, ib id .

86 , 2247 (1964).

In view of Maercker’s recent communication7 we wish 
to report our work involving cyclopropylmethyltri- 
phenylphosphonium bromide (3) and certain other C4-tri- 
phenylphosphonium halides.

The reactions of salt 3 were examined with the thought 
that the equilibration of the ylide 4 with 5 followed by 
proton migration to the crotyl ylide 6a-b was a distinct 
possibility (Scheme I). Reaction of 4 with benzaldehyde 
in dimethylformamide (DMF) gave only cis-trans mix
tures of l-cyclopropyl-2-phenylethylene (7a). Even 
under conditions expected4-6 to favor ring opening to the 
acyclic ylide 5, the reaction of 4 with benzaldehyde (eq 1)

(5) C . L . B u m g a rd n e r , ib id ., 8 5 , 73 (1963).
(6 ) A . M ae re k e r  a n d  J .  D . R o b e rts , ib id ., 88 , 1742 (1966).
(7) A. M ae rek e r, A ngew . Chem ., 7 9 , 576 (1967).
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Scheme I

[ > —CH2PPh3Br~ 

3

base 0 -CHPPh3
4

C H f  + 
L ^ C H -C H P P h ,

CH3C H = C H C H P P h 3 CH3CHCH=CHJPPh3
6 b 6 a

in benzene solvent gave only 7a, although in lower yield. 
Similarly, reaction of cyclopropylmethylenetriphenyl- 
phosphorane (4) and the sodium salt of salicylaldehyde 
(eq 1) gave only cis- and ¿rans-l-cyclopropyl-2-(o-hy-

R%=o
4 — ----->- [ > —  CH=CRR' (1)

7a,R =C 6H5;R' = H
b, R = o-HOC6H5; R' — H
c,  R,R' = C(CH2)4CH2
d, R = R' = C6H5

droxyphenyl)ethylene (7b). Cyclohexanone and 4 gave 
cyclohexylidenecyclopropylmethane (7c), whereas benzo- 
phenone and 4 yielded diphenylmethylenecyclopropyl- 
methane (7d) (eq 1). These products attested to the 
stability of the cyclopropane moiety in these reactions; 
at no time were products observed which could be at
tributed to the acyclic zwitterion 5.

A different approach to the detection of equilibration 
of 4 and 5 was the refluxing of salt 3 with base followed 
by quenching of the ylide with anhydrous HBr; how
ever, the reaction of salt 3 with (a) benzyltrimethylam- 
monium hydroxide, (b) NaH, or (c) phenyllithium fol
lowed by neutralization with HBr gave only recovered 
starting material 3. No signals in the nmr spectra were 
seen which could be attributed to any ring-opened prod
uct. Salt 3 was refluxed for 48 hr in CH3OD solvent 
with an equivalent of NaOCHs. No exchange of deu
terium for ring protons was detected by nmr although the 
a protons were 98% exchanged to yield salt 8 (eq 2).

NaOCH,
CHjOD 0 —  CD2P +Ph3Br~  

8
(2)

There was no evidence for any acyclic structure in the 
nmr spectrum.

Decomposition with water of ylide 4 derived from salt 
3 gave 99% cyclopropylmethyldiphenylphosphine oxide
(9) (eq 3). The analytical technique used (vpc) would

0

4  - M *  P>— CH2PPh2 +  Ph3P (3)
9 10

have detected 0.5% of triphenylphosphine oxide (11). 
Hydrolysis of the phosphonium salt 3, with aqueous 
NaOH directly, gave 9 in 97% yield (eq 4). Interest-

NaOH
3— ~ 8 9 (4)

N ✓  > Ph3PO (11)

ingly, the reduction of the cyclopropylmethyltriphenyl- 
phosphonium salt 3 with LiAlH4 gave only triphenyl
phosphine (10) and no cyclopropylmethyldiphenyl- 
phosphine (12) (eq 5). In view of the fact that the cyclo- 
propylcarbinyl group is not eliminated in the alkaline

O —-C H 2P P h 3B r -  

3

£>—CH2PPh2 
12

10
(5)

hydrolysis of 3, its preferential elimination by hydride 
reduction seems anomalous. The explanation probably 
lies in the nature of the reaction. Hydrolysis of primary 
phosphonium salts occurs by attack of hydroxyl at the 
phosphorus moiety8 resulting in the expulsion of the 
most stable carbanion,8’9 whereas the LiAlH4 reduction 
probably occurs by Sn  attack of the hydride ion at the 
a-carbon atom.10

It seemed pertinent to investigate the stability of the 
cyclopropane moiety by examining the possible cyclic- 
acyclic equilibrium (4 to S) by approaching the system 
from the direction of the open-chain isomer. An ap
proach to the cyclic ylide 4 from acyclic precursors might 
be conceived as coming via the initial conversion of ylide 
6 into S. In an attempt to see if any crossover was pos
sible between the crotyl ylide 6 and the 1-butenyl zwit
terion 5, crotyltriphenylphosphonium chloride (13) was 
refluxed with sodium methylate and O-deuteriomethanol 
in tetrahydrofuran (THF) solvent. No exchange of the 
methyl protons for deuterium was detectable by nmr 
spectroscopy, although the a protons were 26% ex
changed after 18 hr. Base-catalyzed conversion of the 
crotyl salt 13 into the 1-butenyl isomer 14 with benzyl- 
trimethylammonium hydroxide according to the pro
cedure of Keough and Grayson11 was not successful. 
Refluxing the crotyl ylide 6 in THF for 18 hr followed by 
hydrolysis gave a mixture of products (eq 6). No alkyl-

O
mo

6a-b — >- Ph3P +  Ph3PO +  CH3CH =CH C H 2PPh2 (6) 
10 11 15

substituted cyclopropane derivatives were detectable by 
nmr as indicated by the absence of characteristic12 
nmr signals upfield from 0.85 ppm. The mixture con
tained four components: 91% triphenylphosphine ox
ide 11, 3% triphenylphosphine (10), 2% crotyldiphenyl- 
phosphine oxide (15), and less than 1% an unknown 
which was shown (by vpc) not to be cyclopropylmethyl- 
diphenylphosphine oxide (9). By way of comparison, 
direct hydrolysis of salt 13 with 20% aqueous solution 
of NaOH gave 94% 11  and 2% of 10 (eq 7).

N aO H
13 — >  10 +  11 (7)

Similarly, the reaction of 3-butenyltriphenylphos- 
phonium bromide (16) with base (eq 8) generated the

4 . base  _  +
C H ^C H C IB C IhPPhsB r- — >- CH2= C H C H 2CHPPh3 (8) 

16 17
O
|| mo

CH2= C H C H 2CH2PPh2 + 1 1  +  10 -<-----
18

(8 ) C . A. V anderW erf, W . E . M cE w en , a n d  M . Z anger, J .  A m er. Chem. 
Soc., 81, 3806 (1959).

(9) S. T . D . G ough  a n d  S. T r ip p e t t ,  J .  C hem . Soc., 4263 (1961).
(10) W . J .  B a iley  a n d  S. A . B u ck le r, J .  A m er. Chem . Soc., 79 , 3567 (1957).
(11) P .  T . K eough  a n d  M . G ray so n , J .  Org. C hem ., 29 , 631 (1964).
(12) (a) H . M . H u t to n  a n d  T . S chaeffe r, C an. J .  Chem ., 41 , 2429 (1963); 

(b) D . S. P a te l ,  M . E . H . H o w d en , a n d  J .  D . R o b e rts , J .  A m er. Chem. Soc., 
85 , 3218 (1963); (c) A. A b rah am s, S. E . W ib erley , a n d  F . C . N ach o d , A p p l. 
Spectrosc., 18, 13 (1964).
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phosphorane 17. Hydrolysis of 17 after 48 hr of re
fluxing in THF gave a 72% yield of triphenylphosphine
(10), 8% 11, and 3.9% 3-butenyldiphenylphosphine 
oxide (18). However, hydrolysis of salt 16 with aqueous 
alkali gave a 91% yield of 18, 3% 11, and only traces of 
10 .

Obviously, aqueous hydrolysis of the heat-treated 
phosphorane 17 proceeds by a different path from that 
of the alkaline hydrolysis of salt 16. A possible expla
nation is that 17 may equilibrate with the ally lie betaine 
19 via a proton transfer; the betaine 19 in turn may 
undergo extensive (3 elimination13 to 10 and butadiene 
(20) prior to the addition of water (eq 9).

C H 2= C H C H 2C H P P h 3
17

; C H ^ C H C H C E f lP P lu  — >
19

10 +  C H 2 = C H C H = C H 2 (9) 
20

The reactions of the phosphoranes derived from salts 
13 and 16 with carbonyl reagents were also examined.
3-Butenylidenetriphenylphosphorane (17) and benzal- 
dehyde gave a mixture of five isomers, presumably geo
metric isomers of both l-phenyl-l,4-pentadienes and
l-phenyl-l,3-pentadienes.14 15 This was indicated by the 
hydrogenation of the mixture to a single product, n-pen- 
tylbenzene. Neither the isomeric mixture nor the hy
drogenation product showed any alkylcyclopropane res
onance signals12 in the nmr spectrum. Reaction of 
phosphorane 6 with benzaldehyde gave a similar isomeric 
mixture, but it consisted of only three components. This 
mixture also was shown, by nmr spectroscopy, to contain 
no cyclopropane derivatives. Hydrogenation yielded 
one product, w-pentylbenzene. The lower number of 
isomers in the latter reaction was expected since a pair of 
cis-trans isomers with a terminal double bond could be 
obtained from the ylide 17; if 17 then rearranges irre
versibly to the ylide 6 two less isomers are possible from 
the ylide 6.

In the reactions examined, the cyclopropane moiety of 
3 and 4 shows pronounced resistance to cleavage; efforts 
to effect cyclization to the ylide 4 from open-chain phos
phorane precursors have been unsuccessful to date.

Recently, we disclosed16 the preparation of 2,3-dihy- 
dro-l-benzoxepin (23) and 2-methyl-2H-l-benzopyran
(24) from the reaction of cyclopropyltriphenylphospho- 
nium bromide (21) with the sodium salt of salicylaldéhyde 
(22) (seeeq 10).

\> — P P h 3B r~ +  

21

23

It was deemed of interest to examine certain reactions 
of the higher homolog of salt 21, cyclobutyltriphenyl- 
phosphonium bromide (25). The reaction of salt 25

(13) (a) G . W ittig , H . E gge rs, a n d  P . D uffner, A n n .,  6 1 9 ,  10 (1958); (b) 
J .  A. F o rd  a n d  C . V . W ilson , J .  Org. Chem ., 2 6 ,  1433 (1961).

(14) K . A lder a n d  M . S ch u m a ch er, A n n .,  5 7 1 ,  122 (1951), a n d  references 
c i te d  th e re in .

(15) E . E . S chw eizer, C . J . B ern in g er, a n d  J .  G . T h o m p so n , J .  Org. Chem .,
3 3 ,  336 (1968).

with 22 gave a 47% yield of o-hydroxybenzylidenecyclo- 
butane (26), together with some salicylaldéhyde (eq 11). 
No indications of ring-opened products were found.

P P h 3B r +  22

25

In other reactions, also, the cyclobutyl salt 25 gave 
only unrearranged derivatives. When treated with base, 
salt 25 gave ylide 27, which reacted with benzaldehyde 
to give benzylidenecyclobutane (28) (previously pre
pared by an amine oxide degradation16) in 64% yield 
(Scheme II). Quenching ylide 27 with anhydrous HBr 
yielded only recovered starting material (pure by tic). 
Hydrolysis of salt 25 with excess 20% aqueous NaOH 
gave only cyclobutyldiphenylphosphine oxide (29) in 
95% yield, whereas alkaline hydrolysis of salt 25 with 
1 equiv of base yielded 79% unreacted starting ma
terial, 25, and the phosphine oxide 29. However, hy
drolysis of ylide 27, formed from the reaction of 25 with 
sodium hydride, gave not only 29, but small amounts of 
triphenylphosphine (10) and triphenylphosphine oxide
(11) (Scheme II). At no time were rearranged or ring- 
opened products observed.

S c h e m e  I I

+  base / \  -  +

0 " pph3Br"  \ > - pph3

2 5  27

N a0H /H 20 H20

29 +  P h 3P  +  P h 3P 0  

10 il

Experimental Section
G e n e ra l .— In f ra re d  (ir) s p e c tra  w ere  o b ta in e d  o n  a  P e rk in -  

E lm e r  M o d e l 137 sp e c tro p h o to m e te r  an d  n u c le a r  m a g n e tic  
re so n an c e  (n m r) s p e c tra  on a  V a r ia n  A 60-A  sp e c tro m e te r  u sin g  
te tra m e th y ls i la n e  (T M S ) as an  in te rn a l  re fe ren ce . T h e  chem ica l 
sh if t  in  p a r ts  p e r  m illio n  w as fo llow ed  b y  th e  sp l i t t in g  p a t t e rn  
(m  =  m u ltip le t ,  t  =  tr ip le t ,  d  =  d o u b le t ,  s =  s in g le t) , th e  n u m 
b e r  of p ro to n s  fo u n d  b y  in te g ra t io n ,  th e  co u p lin g  c o n s ta n t  ( J ) ,  
a n d  th e  a ss ig n m e n t of th e  re so n an ce  s ig n a l w hen  k n o w n .

V a p o r p h a se  c h ro m a to g ra p h y  (v p c ) w as p e rfo rm e d  o n  a  W il
k in s  A e ro g rap h  M o d e l A -9 0 P  in s t ru m e n t  u s in g  a  2 0 %  U con  
P o la r  on  fireb rick  (6 0 -8 0  m esh , 10 f t  X  0 .25  in .)  c o lu m n , a  15 %  
C a rb o w ax  2 0 M  on  C h ro m o so rb  W  (6 0 -8 0  m esh , 10 f t  X  0 .25  
in .)  c o lu m n , o r , m o re  g en era lly , 1 0 %  U C -W 98  (silicone) on 
C h ro m o so rb  W  (D M C S , A W ; 6 0 -8 0  m esh , 10 f t  X  0 .2 5  in .)  
co lu m n . T h e  in te rn a l  s ta n d a rd  p ro c e d u re  w as used  in  y ie ld  
d e te rm in a tio n s . A scen d in g  th in  la y e r  c h ro m a to g ra p h y  (tic )  
w as e ffec ted  u sin g  2 in . X  8 in . g lass p la te s  c o a ted  w ith  s ilica  gel 
G  (B rin k m a n n );  th e  c o a tin g ’s th ic k n e ss  w as 0 .25  m m  fo r a n a ly t i 
cal u se  a n d  1 .0  m m  fo r p re p a ra tiv e  a p p lic a tio n s . T h e  so lv e n t 
sy s te m s  used  in  tic  w ere 2 0 %  m e th a n o l in  ch lo ro fo rm  (fo r ph o s- 
p h o n iu m  s a lts ) ,  e th y l  a c e ta te  (for p h o sp h in e  o x id es) , an d  h ex an e  
(fo r p h o sp h in e s) . I n  e th y l  a c e ta te  a n d  h e x an e  th e  p h o sp h o n iu m  
s a lts  a re  im m o b ile , a n d  in  h ex an e  b o th  p h o sp h o n iu m  sa lts  a n d  
th e  p h o sp h in e  ox ides a re  im m o b ile . A n  io d in e  c h a m b e r w as 
used  to  v isu a lize  th e  sp o ts . T h e  lim its  of d e te c tio n  b y  v p c  o f th e

(16) S. H . G ra h a m  a n d  A. J .  S . W illiam s, J .  Chem . Soc., Sect. C, 655 (1966).
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fo llow ing  so lid  c o m p o u n d s is l is te d : tr ip h e n y lp h o sp h in e  oxide 
( > 0 .2 5 % ) ,  o th e r  lis te d  p h o sp h in e  oxides ( > 0 .0 5 % ) ,  a n d  p h o s
p h in e s  ( > 0 .0 1 % ) .  B y  t ic  th e  lim its  of d e te c tio n  w ere  ph o s- 
p h o n iu m  sa lts  ( > 0 .0 1 % ) ,  p h o sp h in e s  ( > 0 .0 1 % ) ,  an d  p h o sp h in e  
ox ides ( > 0 .1 % ) .

U n less o th erw ise  in d ic a te d , a n h y d ro u s  c o n d itio n s  w ere  em 
p lo y ed  in  th e  fo llow ing  p ro c e d u re s ; th e  g lassw are  w as o v en  d ried  
fo r a  m in im u m  of 2 h r. a t  120°; a n d  a  d ry  n itro g e n  a tm o sp h e re  
w as used  in  a ll a n h y d ro u s  p re p a ra tio n s , w ith  ex ce p tio n  o f th o se  
p ro c ed u re s  in  w h ich  i t  is specified  t h a t  a  c a lc iu m  ch lo rid e  (C a C l2) 
d ry in g  tu b e  w as used  on  to p  of th e  reflux  co n d en ser. T e tra -  
h y d ro fu ra n  w as d is tilled  fro m  lith iu m  a lu m in u m  h y d rid e  (a n d , 
o ccasio n a lly , so d iu m  h y d rid e )  d ire c tly  in to  th e  p re v io u s ly  d ried  
re a c tio n  flask . T h e  so d iu m  h y d rid e  (50  a n d  5 2 .6 %  d isp e rsio n s 
in  m in e ra l o il) , a n d  p h e n y ll i th iu m  (2 .0  M  in  7 5 :2 5  b e n z e n e -e th e r )  
w ere o b ta in e d  fro m  A lp h a  In o rg a n ic s , In c .  M e ltin 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  m e ltin g  p o in t  a p p a ra tu s  a n d  a re  
c o rre c te d . B o ilin g  p o in ts  a re  u n c o rre c te d . A n a ly ses w ere  p e r 
fo rm ed  b y  M ic ro -A n a ly s is , I n c . ,  W ilm in g to n , D e l.

Cyclopropylmethyltriphenylphosphonium Bromide (3).— I n  a  
500-m l, th re e -n e c k e d  flask  f i t te d  w ith  a  sea led  s t i r r e r  an d  reflux  
c o n d en se r  ( to p p e d  w ith  a  C a C l2 tu b e )  w ere  p lac ed  35 g (0 .13  m ol) 
of tr ip h e n y lp h o sp h in e  (10), 18 g  (0 .13  m o l) of c y c lo p ro p y lm e th y l 
b ro m id e ,17 a n d  250 m l of e th y l  a c e ta te  as so lv e n t. T h e  s tir re d  
m ix tu re  w as re fluxed  fo r 5 d a y s , th e n  cooled, a n d  filte red  w ith  
su c tio n . T h e  w h ite  c ry s ta llin e  p ro d u c t  3 (d ried  o v e rn ig h t in  a  
v a c u u m  o v en  a t  8 5 ° )  w eighed  44 g  (8 3 % ), m p  183° ( l i t .7 m p  175— 
177°).

Attempted Base-Catalyzed Isomerization of Cyclopropyl- 
methyltriphenylphosphonium Bromide (3).— In to  a  100-m l flask  
f itte d  w ith  reflux  co n d en ser a n d  m a g n e tic  s t i r r e r  w as d is tilled  
50 m l of T H F .  T o  th e  flask  w ere  a d d e d  4 .0  g (0.01 m o l) of s a l t  
3 a n d  0 .49 , g (0 .011 m o l) o f so d iu m  h y d rid e  d isp e rsio n . T h e  
re a c tio n  m ix tu re  w as re fluxed  fo r 48 h r  (n itro g e n  a tm o sp h e re ) . 
T h e  red  su sp en s io n  w as th e n  cooled  a n d  q u en ch ed  b y  p a ss in g  
gaseous h y d ro g e n  b ro m id e  th ro u g h  th e  m ix tu re  u n til  i t  w as d e 
colorized  to  a  w h ite  su sp e n s io n . D isso lu tio n  of th e  re a c tio n  m ix 
tu re  in  200 m l of h o t  w a te r  a n d  e x tra c tio n  of th e  re su ltin g  so lu tio n  
w ith  tw o  100-m l p o r tio n s  of ch lo ro fo rm  g av e  a  so lu tio n  w h ich  w as 
show n  b y  t ic  to  c o n ta in  o n ly  one  p h o sp h o n iu m  s a lt .  C o n cen 
t r a t io n  of th e  e x tra c t  to  25 m l, d ry in g  (C a C l2), a n d  p o u r in g  in to  
b o ilin g  e th y l  a c e ta te  (250 m l) w ith  ra p id  s t ir r in g  g ave  3 .8  g (9 5 % ) 
of reco v e red  c y e lo p ro p y lm e th y ltr ip h e n y lp h o sp h o n iu m  b ro m id e
(3): m p  1 8 7 -1 8 9 °  ( l i t .7 m p  1 7 5 -1 7 7 °); n m r a n d  ir  s p e c tra  w ere 
id en tica l w ith  th o se  of a n  a u th e n t ic  sa m p le . S im ila r iso m eriza 
tio n  a t te m p ts  e m p lo y in g  b e n z y ltr im e th y la m m o n iu m  h y d ro x id e  
o r  p h e n y ll i th iu m  y ie ld ed  on ly  re co v e red  s ta r t in g  m a te ria l  ( sa lt  3).

Preparation of a,a-Dideuteriocyclopropylmethyltriphenylphos- 
phonium Bromide (8).— I n  a  50-m l flask  f i tte d  w ith  m a g n e tic  
s t i r r e r  an d  reflux  co n d en ser w ere p lac ed  5 m l o f / - m e th a n o l  an d  
0.23  g (0.01 g -a to m )  of m e ta llic  so d iu m . A fte r  th e  so d iu m  com 
p le te ly  re a c te d , 4  g  (0 .01 m o l) o f s a l t  3 w as a d d e d  to  th e  so lu tio n  
an d  th e  m ix tu re  w as re fluxed  fo r 48 h r ,  th e n  p o u re d  in to  100 m l 
of w a te r  w h ich  w as e x tra c te d  w ith  th re e  25-m l p o r tio n s  of ch lo ro 
fo rm . T h e  o rg an ic  e x tr a c t  w as d ried  (C a C l2), c o n c e n tra te d  to  
10 m l, a n d  p o u re d  w ith  ra p id  s t ir r in g  in to  100 m l of b o iling  
E tO A c . A fte r  th e  su sp en s io n  w a s  cooled , f iltra tio n  g ave  3 .85  g 
(9 7 % ) of (ff ,a -d id e u te rio )c y c lo p ro p y lm e th y ltr ip h e n y lp h o sp h o - 
n iu m  b ro m id e  (8 ), m p  1 8 0 -1 8 2 °; n m r  show ed  o n ly  th e  a  p ro to n s  
to  b e  ex ch an g ed ; in te g ra tio n  of n m r  signa ls  show ed  ex ch an g e  to  
b e  9 8 %  co m p le te  a t  th e  a  c a rb o n . T h in  la y e r  c h ro m a to g ra p h y  
a n d  n m r  sp e c tro sco p y  show ed  t h a t  o n ly  one  p h o sp h o n iu m  s a l t  w as 
p re se n t.

c is- and iraras-l-Cyclopropyl-2-phenylethylene (7a). A.— In to  
a  th re e -n e c k e d , 500-m l flask  f i tte d  w ith  a  sea led  s t i r r e r  a n d  reflux  
co n d en ser w ere  p lac ed  200 m l of T H F ,  80 g (0 .2  m o l) of 3, a n d  10 
g  (0.021 m o l) of so d iu m  h y d rid e  d isp e rs io n . T h e  s t ir re d  m ix tu re  
w as refluxed  fo r 48 h r .  T o  th e  red -o ra n g e  su sp en sio n  w as th e n  
a d d e d , s lo w ly , 16 g (0 .1 5  m o l) of fre sh ly  d is tilled  b e n za ld e h y d e . 
(A d d itio n  w as m a d e  o n ly  to  th e  p o in t  a t  w h ich  th e  re d  y lid e  color 
d is a p p e a re d .) A fte r  re flu x in g  fo r  0 .5  h r ,  th e  m ix tu re  w as p o u re d  
in to  300 m l of w a te r ,  th e n  e x tra c te d  w ith  th re e  100-m l p o r tio n s  
o f e th e r .  T h e  com bined  o rg a n ic  e x tra c ts  w ere  d ried  (C a C l2) an d  
d is tilled  to  rem o v e  so lv e n ts . S h o r t-p a th  d is til la tio n , u n d e r 
v a c u u m , o f th e  h ig h -b o ilin g  re s id u e , a t  a  b a th  te m p e ra tu re  of 
150° (0.1 m m ), g ave  16.2 g (7 5 % ) of a  liq u id  w h ich  w as show n  
(v p c ) to  c o n ta in  tw o  p ro d u c ts  o n ly . A  sam p le  of e ach  com 
p o n e n t  w as iso la te d  b y  p r e p a ra tiv e  v p c  a n d  show n  to  b e  c is-

(17) J .  S . M eek  a n d  J .  W . R ow e, J .  A m er. Chem . Soc., 77, 6675 (1955).

and ira»s-l-cyclopropyl-2-phenylethylene (7a) in the relative 
amounts of 66 and 34%, respectively. Triphenylphosphine 
oxide (1 1 ) (21 g, 88%) was isolated from the distillation residue.

B. —In a similar reaction (0.05 mol scale), using benzene as 
solvent, a mixture of cis- and iroras-l-cyclopropyl-2-phenyl- 
ethylene (2.15 g, 30%) was obtained; the relative amounts of 
the cis and trans isomers was 69 and 31%, respectively. The 
yield of triphenylphosphine oxide was 4.6 g (37%). Identifica
tion of all components was effected by comparison of ir and nmr 
spectra with those of authentic samples (see procedure C).

C. —In an analogous manner of reaction and work-up, 19.9 g 
(0.05 mol) of salt 3 and 2.28 g (0.05 mol) of sodium hydride dis
persion in 175 ml of DMF were mixed with 5.31 g (0.05 mol) of 
benzaldehyde. After 48 hr, dilution with water, neutralization 
with HBr, and distillation of the ether extract gave 7.17 g (84%) 
of a 61:39 mixture of cis and trans olefin, l-cycloprop3'l-2-phenyl- 
ethylene (7a). Analytically pure samples of each were obtained 
by preparative vpc. ¿raras-l-Cyclopropyl-2-phenylethylene had 
the following properties: bp 60° (0.4 mm); ir (neat), 3050, 1660, 
1092, 1015, 955 cm"1; nmr (DCC13), 8 0.41-0.99 (m, 4, cyclo
propyl CH2’s), 1.22-1.86 (m, 1 , cyclopropyl-C-H), 5.71 (q, 1 , 
/ vinyl HH = 9.0 Hz, /vinyl H-vinyl H = 15.6 Hz, vinylic H), 6.46 
(d, 1, / vinyi H—vinyl h  =  15.6 Hz, vinylic H), 7.06-7.40 ppm (m, 
5, C6H5’s). «'s-l-Cyclopropyl-2-phenylethylene had the following 
properties: bp 58° (0.4 mm); ir (neat), 3060, 1655, 1620, 1075, 
1020, 940, 696 cm-1; nmr (DCC13), 8 0.32-1.01 (m, 4, cyclo
propyl CH2’s), 1.58-2.18 (m, 1 , cyclopropyl-C-H), 5.05 (q, 1, 
/vinyl H-H = 9.8 Hz, /vinyl H-vinyl H = 11.3 Hz, vinylic H), 
6.35 (d, 1, /vinyi H-vinyi h = 11.3 Hz, vinylic H), 7.12-7.60 ppm 
(m, 5, C6H5’s).

Anal. Calcd for CuH12: C, 91.61; H, 8.39. Found (cis 
20a): 0,91.44; H, 8.22. Found (trans 20a): C, 91.48; II, 8.22.

1- Cyclopropyl-2-(o-hydroxyphenyl)ethylene (7b).—The reac
tion of 9.94 g (0.025 mol) of 3 with 1.14 g (0.025 mol) of NaH 
dispersion and 3.60 (0.025 mol) of the sodium salt of salicylalde- 
hyde (in 175 ml of dimethylformamide for 2 days at 80°) gave 
2.44 g (36%) of 7b (91.4% cis 7b and 7.8% trans 7b), bp 76-80° 
(0.4 mm), cis 7b was isolated by preparative vpc (99% pure): 
bp 80° (0.4 mm); ir (neat), 3500, 3020, 1650, 1017, 935 cm"1; 
nmr (neat), 8 ( —) 0.05-0.49 (m, 4, cyclopropyl CH2’s), 0.87-1.53 
(m, 1, cyclopropyl-C-H), 4.66 (q, 1, / H-vmyi h = 10 Hz, 
J  vinyl H—vinyl H = 11 Hz, vinylic H), 5.68 (S, 1, -O -H ), 5.97 
(d, 1, /  = 1 1  Hz, vinylic H), 6.29-7.12 ppm (m, 4, C6H4’s). 
trans 7b, collected by preparative vpc, showed ir absorptions 
(neat) at 3500, 3020, 1660, 1017, and 960 cm“1.

Anal. Calcd for CnHi20 : C, 82.46; H, 7.55; O, 9.99. 
Found for 7b (cis-trans mixture): C, 82.36; H, 7.77; O, 9.85.

Cyclohexylidenecyclopropylmethane (7c).—The reaction of
4.56 g (0.1 mol) of NaH dispersion; 39.7 g (0.1 mol).of salt 3, and
9.8 g (0.1 mol) of cyclohexanone (under conditions analogous 
to those employed in the preparation of 7b gave 4.6 g (32%) of 
cyclohexylidenecyelopropylmethane (7c): bp 187° (760 mm);
n.20d 1.4954; ir (neat), 3030 s, 2980 s, 2900 s, 1445 s, 1235 m, 992 
s, 805 s cm-1; nmr (DCC13), 8 0.01-0.78 (m, 4, cyclopropyl 
CH2), 1.07-1.4 (m, partially obscured by cyclohexyl CH2’s, 
cyclopropyl-C-H), 1.4-1.68 (m, 6, cyclohexyl CH2’s), 1.82-2.41 
(m, cyclohexyl a-CHj’s), 4.5 (d, 1, /  = 8.3 Hz, vinylic H).

Anal. Calcd for Ci0H i6: C, 88.16; H, 11.84. Found: C, 
88.33; H, 11.89.

2- CycIopropyl-l,l-diphenylethylene (7d).—In a procedure 
directly analogous to that used in the preparation of 7b, 13.9 g 
(0.035 mol) of salt 3, 1.59 g (0.035 mol) of NaH dispersion, and
6.37 g (0.035 mol) of benzophenone yielded 7.61 g (75%) of 1,1- 
diphenyl-2-eyclopropylmethylene (7d): bp 124-125° (1.0 mm) 
[lit.7 bp 95° (0.01 mm)]; n20D 1.6034; ir (neat), 3050 m, 3030 m, 
1647 m, 1603 m, 1445 s, 1050 m, 1032 m, 1022 m, 958 s cm-1; 
nmr (DCCI3), 8 0.37-0.82 (m, 4, cyclopropyl CH2’s), 1.18-1.82 
(m, 1, cyclopropyl C-H), 5.33 (d, 1, /  = 10 Hz, vinylic H),
7.06-7.48 ppm (m, 10, C6H5’s).

Anal. Calcd for CnHjs: C, 92.68; H, 7.32. Found: C, 
92.50; H, 7.62.

Cyclopropylmethyldiphenylphosphine Oxide (9). A.—A mix
ture of 50 ml of a 20% aqueous solution of sodium hydroxide and 
1 g (0.0025 mol) of cyclopropylmethyltriphenylphosphonium 
bromide (3) was heated to boiling, then cooled, and extracted with 
three 5-ml portions of CHC13. The extracts were dried (CaCl2) 
and concentrated to 5 ml. Dilution with 25 ml of heptane fol
lowed by concentration to 10 ml and cooling in a Dry Ice-acetone 
bath gave 0.62 g (97%) of cyclopropylmethyldiphenylphosphine 
oxide (9) only, mp 131-133° (lit.7 mp 134-136°).
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B.—In a dry atmosphere, 2.0 g (0.005 mol) of salt 3 and 0.24 
g (0.005 mol) of NaH dispersion were refluxed for 16 hr in 25 ml 
of THF. Two aliquots (5 ml) were removed. One aliquot was 
quickly quenched by addition to 25 ml of water; the other was 
hydrolyzed by the slow addition of water (25 ml) to the ylide. 
Each aqueous mixture was extracted with 5 ml of CHC13 and 
the organic extracts were concentrated to 1 ml. Examination of 
the contents by vpc (silicone rubber) in each case established the 
presence of two components of low volatility. Comparison of 
vpc retention times with those of authentic compounds indicated 
the components in the mixture to be 99% cyclopropylmethyl- 
diphenylphosphine oxide (9) and 1% triphenylphosphine (10). 
Triphenylphosphine oxide (1 1 ) was not detected; if ar_y was 
present, it was less than 0.5%. To confirm the identity of the 
product, half of the remaining ylide solution was hydrolyzed, 
giving 0.23 g of cyclopropylmethyldiphenylphosphine oxide (9) 
mp and mmp 133-134° (lit.7 134-136°). Vpc examination of this 
hydrolysis mixture showed the same product composition as 
found in the two previous small-scale hydrolyses.

Base-Catalyzed Deuterium Exchange Experiment with Crotyl- 
triphenylphosphonium Chloride (13).—Into a 100-ml flask fitted 
with a reflux condenser and magnetic stirrer were placed 50 ml of 
THF, 3.5 g (0.01 mol) of crotyltriphenylphosphonium chloride 
(13),13b 3.1 g (0.1 mol) of di-methanol, and 0.54 g (0.01 mol) of 
sodium methylate, generated in situ by reaction of 0.23 g (0.01 
mol) of metallic sodium with the deuteriomethanol. The mix
ture was refluxed (under nitrogen) for 18 hr, then cooled in an 
ice bath, and filtered. The filtration residue was dried overnight 
in a vacuum oven at 85°. The yield of product 13, mp 232-233°, 
was 3.15 g (90%). Integration of the nmr signals, relative to 
the phenyl protons, showed that deuterium exchange at the 
a-methylene carbon atom was 26%. No methyl protons were 
exchanged (as shown by nmr spectroscopy).

Alkaline Hydrolysis of Crotyltriphenylphosphonium Chloride 
(13).—Into a 250-ml beaker were placed 20 g (0.057 mol) of salt 
13 and 160 ml of a 20% aqueous NaOH solution. The mixture 
was brought to a boil, cooled, and extracted with two 100-ml por
tions of chloroform. After the extract was dried (CaCl2), it was 
evaporated to dryness, yielding a gummy residue which tic 
showed to contain three components, one of which was present 
in trace amounts only. Repeated fractional crystallization 
(hexane) gave 14.0 g (94%) of triphenylphosphine oxide (11) and 
0.25 g (2%) of triphenylphosphine (10) both of which were identi
fied by ir comparison with authentic compounds.

Examination (vpc) of the concentrated mother liquors showed 
no cyclopropylmethyldiphenylphosphine oxide (9).

Hydrolysis of Crotyltriphenylphosphorane (6a-b). Prepara
tion of Crotyldiphenylphosphine Oxide (15).—Into 125 ml of 
THF in a 250-ml flask fitted with a reflux condenser and sealed 
stirrer were placed 17.6 g (0.05 mol) of salt 13 and 2.5 g (0.05 
mol) of NaH dispersion. The mixture was refluxed for 18 hr 
(under nitrogen) ; then the red ylide was decomposed by the slow 
addition of 500 ml of water. The aqueous mixture was extracted 
with two 100-ml portions of chloroform; the extracts were dried 
(CaCl2) and concentrated to 15 ml. Crystallization by addition 
of ethyl acetate-hexane gave an amorphous solid, which was 
shown, by tic, to contain at least three components. Examina
tion by vpc (silicone rubber column) showed four components. 
Separation of these by column chromatography (alumina) was 
not successful. Separation and collection (in the case of the three 
larger components) of the compounds by preparative vpc in 
combination with fractional crystallization (hexane) gave 12.6 
g (91%) of triphenylphosphine oxide (11) (identified by compari
son of ir spectrum with that of authentic sample), 0.45 g (3%) of 
triphenylphosphine (10) (identity established by ir), and an un
known component (1%) which was not 9, 18, nor cyclobutyl- 
diphenylphosphine oxide (29) as shown by different vpc retention 
times. Crotyldiphenylphosphine oxide (15) (0.18 g, 2%) was 
also found and had the following properties: mp 84-86°; ir 
(KBr), 3005 w, 2920 w, 1640 w, 1435 s, 1180 s, 1115 s, 995 m, 
996 m, 832 m, 743 s, 715 s, 690 s cm._1.

Anal. Calcd for C16HnOP: 0,74.98; H, 6.69. Found: C, 
74.80; H, 6.43.

Reduction of Cyclopropylmethyltriphenylphosphonium Bromide 
(3) with Lithium Aluminum Hydride.—Into 100 ml of THF in a
three-necked, 250-ml flask fitted with a magnetic stirrer and re
flux condenser (topped with CaCl2 tube) were placed 4 g (0.01 
mol) of cyclopropylmethyltriphenylphosphonium bromide (3) 
and 0.38 g (0.01 mol) of lithium aluminum hydride. The mix
ture was stirred at room temperature for 1 day. (A reddish color

appeared after 1 hr and persisted for about 12 hr.) The excess 
hydride was destroyed by slow addition of ethyl acetate to the 
reaction flask, and the resulting suspension was filtered with suc
tion; the filtrate was stripped of solvent under reduced pressure. 
The residue was extracted with 100 ml of boiling heptane; the 
extract was concentrated to 5 ml and cooled in a Dry Ice bath. 
Filtration yielded 1.33 g (51%) of triphenylphosphine (10), mp 
79-80°; mixture melting point and ir comparison with an authen
tic sample confirmed the identity.

3-Butenyltriphenylphosphonium Bromide (16). A.—Into 100 
ml of warm water were placed 4.8 g (0.01 mol) of 4-bromobutyl- 
triphenylphosphonium bromide,18 1.16 g (0.005 mol) of silver 
oxide, and a few drops of 1 % phenolphthalein alcoholic solution. 
To the stirred mixture was added slowly 1 N  acetic acid at such 
a rate that the color of the indicator was colorless to faint pink. 
After a half hour no further reaction was observed as indicated 
by the unchanging color; the warm suspension was filtered with 
suction. The residue was extracted with two 100-ml portions of 
hot water. The combined filtrates were extracted with three 
100-ml portions of methylene chloride; the extracts were dried 
(CaCl2) and concentrated to 25 ml; dilution with 200 ml of ethyl 
acetate gave a precipitate which upon filtration and drying gave
1.2 g (30%) of 16, mp 228-229° (lit.I9mp 226-228°).

B.—In a 1-1., three-necked flask fitted with a sealed stirrer and 
reflux condenser (topped with CaCl2 tube) were placed 600 ml of 
ethyl acetate, 68 g (0.5 mol) of freshly distilled 4-bromo-l-butene 
(Aldrich Chemical Co., Milwaukee, Wis.), and 132 g (0.5 mol) 
of triphenylphosphine. The stirred mixture was refluxed for 48 
hr, then cooled, and filtered. The filtration residue was washed 
with two 100-ml portions of ethyl acetate, then dried in a vacuum 
oven at 85° overnight. The product 16, melting at 224-227°, 
weighed 131.5 g (66%). A recrystallized sample of the salt 
(from EtOAc-CH2Cl2) melted at 227-228° (lit.19 mp 226-228°): 
ir (KBr), 1747 m, 1598 m, 1441 s, 1112 s, 994 m cm“1; nmr 
(DCCls), S 2.13-2.78 (m, 2, allylic CH2), 3.58-4.16 (m, 2, <*- 
CH2), 4.72-5.28 (m, 2, vinylic C-H), 5.68-5.77 (m, 2, vinylic 
CH2), 7.03-8.16 ppm (m, 15, C6H5’s).

Anal. Calcd for C22H22BrP: C, 66.50; H, 5.58; P, 7.77. 
Found: C, 66.21; H, 5.33; P, 7.58.

Attempted Base-Catalyzed Isomerization of Crotyl- (13) to 
1 -Butenyltriphenylphosphonium Chloride (14).—Reaction of 
3.52 g (0.01 mol) of salt 13 and 1 ml of a 35% methanolic solution 
of benzyltrimethylammonium hydroxide (Aldrich Chemical Co., 
Milwaukee, Wis.), in 25 ml of refluxing acetonitrile for 48 hr, 
according to the method of Keough and Grayson,11 gave 3.33 g 
(96%) of recovered starting material 13 (from methylene chlo
ride-ethyl acetate). Identity of the product (only one com
ponent by tic) was confirmed by comparison of its ir spectrum 
with that of authentic compound.

3-Butenyldiphenylphosphine Oxide (18). A.—Into 100 ml of 
20% aqueous solution of sodium hydroxide was placed 4.0 g 
(0.001 mol) of 3-butenyltriphenylphosphonium bromide (16). 
The mixture was heated to boiling, allowed to cool, and then ex
tracted with three 50-ml portions of chloroform. The organic 
extracts were dried (CaCl2) and concentrated to 10 ml. Crystal
lization from ethyl acetate-hexane gave a trace of triphenyl
phosphine (10) (as indicated by tic) and 0.1 g (3%) of triphenyl
phosphine oxide (11) (mp 156-158°) whose ir spectrum was 
identical with that of an authentic sample. Also 3-butenyl- 
diphenylphosphine oxide 18 (2.3 g, 91%) was obtained: mp 102- 
103”; ir (KBr), 1645 w, 1441 m, 1188 m, 1130 m cm-1; nmr 
(DCCls), 6 2.08-2.65 (m, 4, -C H 2—CH2-), 4.80-5.22 (m, 2, 
-C H = C H 2), 5.54-6.71 (m, 1, -C II= C H 2), 7.30-8.02 ppm (m, 
10 , C6H5’s).

Anal. Calcd for Ci6HnOP: C, 74.98; H, 6.69; P, 12.09. 
Found: C, 74.81; H, 6.57; P, 12.06.

B.—Into a 1-1., three-necked flask fitted with sealed stirrer and 
a reflux condenser were placed 500 ml of THF, 2.4 g (0.05 mol) 
of sodium hydride dispersion, and 20 g (0.05 mol) of salt 16. 
The mixture was refluxed for 48 hr; then the red-orange mixture 
was quenched by pouring onto crushed ice (250 g). Extraction of 
the resulting mixture with six 250-ml portions of ether gave a 
solution which, by tic, contained three components. Concentra
tion of the solution to dryness and chromatography over alumina 
gave 9.5 g (72%) of 10 (mp 78-80°, ir spectrum identical with 
that of an authentic sample), 1.5 g (8%) of 11 (mp 154-156°), and 
0.5 g (3.9%) of 18 (mp 103-105°) identified by comparison of ir

(18) D . W . D ic k e r  a n d  M . C . W h itin g , J .  Chem . Soc., 1994 (1958).
(19) S. E . A nderson , M .S . T h esis , U n iv e rs ity  o f D e la w are , 1966.
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spectrum with that obtained from the product of the preceding 
hydrolysis (procedure A).

1 -Phenylpentadienes. A.—Into a 500-ml, three-necked 
flask, fitted with sealed stirrer and reflux condenser, were placed 
250 ml of THF, 70.5 g (0.2 mol) of 13, and 10.10 g (0.21 mol) of 
sodium hydride dispersion. After refluxing the mixture for 54 
hr, 18 g (0.17 mol) of freshly distilled benzaldehyde was added 
slowly to the red-orange suspension; addition was made to the 
point at which the red color just faded to creamy white. After 
the reaction mixture refluxed for an additional 0.5 hr, it was 
stirred into 300 ml of water, and barely acidified by addition of 
48% hydrobromic acid. The organic phase was separated and 
the aqueous phase was extracted with two 100-ml portions of 
ether. The combined organic phases were washed with four 
150-ml portions of water, dried (CaCl2, MgS04), and then dis
tilled. The distillate collected between 116° (47 mm) and 108° 
(18 mm) contained three products by vpc; the over-all yield of 
the three presumed isomers was 13.5 g (55%). Triphenylphos- 
phine oxide was recovered from the distillation residue, 39 g 
(82%). A solvent-free sample of the mixture of presumed 
isomers was obtained by preparative vpc. That the mixture 
contained no alkyl cyclopropane derivatives was shown by nmr 
spectroscopy, which showed no absorptions in the cyclopropane11 
region: nmr (CDCI3), 5 1.58-1.83 (m, 3, CH3), 5.24-6.93 (m,
4, vinyl), 7.00-7.58 (m, 5, aromatic).

Anal. Calcd for ChH i2: C, 91.67; H, 8.33. Found: C, 
91.55; H, 8.39.

B.—In a procedure directly analogous to the preceding one, 
the reaction of 20 g (0.05 mol) of salt 16, 25 ml (0.05 mol) of 2.0 
M  phenyllithium, and 4.1 g (0.038 mol) of benzaldehyde gave a 
mixture of five presumed isomers in a yield of 3.2 g (48%), bp 
114° (31 mm) to 85° (4.8 mm). Also isolated was 8 g (76%) of 
triphenylphosphine oxide (identified by ir spectroscopy). That 
this mixture also contained no cyclopropane derivatives was 
shown by the nmr spectrum of a solvent-free sample of the mix
ture collected by preparative vpc: nmr (CDC13), S 1.50-1.81 
(m, 3, -CH 3), 2.61-2.96 (m, 4, -CH 2-), 4.83-6.71 (m, 12, vinyl), 
6.95-7.54ppm (m, 15, aromatic).

Anal. Calcd for CnHi2: C, 91.67; H, 8.33. Found: C, 
91.45; H, 8.33.

rc-Pentylbenzene. A.—Low-pressure hydrogenation in meth
anol (5% Rh on charcoal) of a sample (1.50 g) of the mixture of 
three isomers obtained from the reaction of salt 13, sodium hy
dride, and benzaldehyde gave only one product by vpc. This 
compound, ra-pentylbenzene, was obtained in a yield of 1.48 g 
(97%): nmr (neat), S 0.70-1.02 (m, 3, CH„), 1.03-1.72 (m, 6, 
CHi’s), 2.32-2.68 (m, 2, Ph-CH 2-), 6.88-7.19 ppm (m, 5, 
C6H5’s). Identification was confirmed by comparison of its ir 
spectrum with that of an authentic sample (Sadtler Spectrum No. 
23608).

B.—Likewise, hydrogenation of a sample (1.0 g) of the mixture 
of five isomers obtained for the reaction of salt 16, phenyllithium, 
and benzaldehyde gave 0.93 g (89%) of a single compound (ac
cording to vpc) which was identified as ra-pentylbenzene by its ir 
and nmr spectra; its ir spectrum was identical with that of an 
authentic sample (Sadtler Spectrum No. 23608).

Cyclobutyltriphenylphosphonium Bromide (25).—The prepara
tion of 25 from 4-bromobutyltriphenylphosphonium bromide20 
and NaH in TIIF-dimethylformamide (25:1) gave a 67% yield: 
mp 280-281° (lit.21 mp 278.5-279.5°); nmr (DCClj), S 1.38-3.29 
(broad m, 6, CHi’s), 5.26-5.83 (m, 1, -C -H ), 7.23-8.25 ppm 
(m, 15, C6H5’s).

o-Hydroxybenzylidenecyclobutane (26).—Into a one-necked, 
250-ml flask fitted with a short-path distillation head was placed 
an intimately ground mixture of 20 g (0.05 mol) of salt 25 and 10.8 
g (0.075 mol) of salt 22. The flask was connected to a receiver 
cooled in Dry Ice and the system was evacuated slowly to 0.5 mm 
and immersed in a silicone oil bath at 150°. No reaction was ob
served until the bath was heated to 220°, when yellowish distillate 
was observed. After 15 min of stirring under vacuum, the melt 
in the reaction flask evolved no more product. The residue was 
green-blue, and was found to contain 4.2 g (20%) of unreacted 
starting material 25 (identified by nmr). Examination of the 
volatile fraction by vpc showed only salicylaldehyde and one 
other component. Chromatography (hexane) of the mixture 
over alumina gave 3.54 g (26%) of salicylaldehyde (identity con

(20) D . W . D ick e r  a n d  M . C . W h itin g , J .  Chem . Soc., 1994 (1958).
(21) K . V. S cherer, J r . ,  a n d  R . S. L u n t, J .  Org. Chem ., 30, 3215 (1965).

firmed by ir spectroscopy), 0.5 g (9%) of triphenylphosphine 
oxide (11) (mp 156-157°, identity confirmed byir spectroscopy), 
and 3.0 g (38%) of o-hydroxybenzylidenecyclobutane (26) (47% 
yield based on recovered starting material): mp 57-58°; ir 
(KBr), 3268 s, 2912 m, 1658 w, 1580 m, 1445 s, 1365 m, 1341 m, 
1233 s, 936 w, 871 m, 850 m, 749 s cm-1; nmr (DCC13), 5 1.72- 
2.24 (m, cyclobutyl CH2-) , 2.53-3.12 (m, 4, cyclobutyl CH2- ’s), 
5.49-5.70 (s, 1, -OH), 6.08-6.35 (m, 1, vinyl H), 6.54-7.28 ppm 
(m, 4, CsHs’s).

Anal. Calcd for CnHi20 : C, 82.46; H, 7.55. Found: C, 
82.39; H, 7.41.

Benzylidenecyclobutane (28).—Into a three-necked, 500-ml 
flask fitted with a sealed stirrer and reflux condenser were placed 
250 ml of THF, 15.8 g (0.04 mol) of salt 25, and 20 ml (0.04 mol) 
of phenyllithium solution. The mixture was refluxed for 12 hr, 
then 4.2 g (0.04 mol) of freshly distilled benzaldehyde was added 
dropwise. After refluxing for 15 min, the mixture was poured 
into 250 ml of water. The organic phase was separated and the 
aqueous phase was extracted with two 100-ml portions of CHC13. 
The combined organic phases were washed with two 100-ml por
tions of water, dried (CaCl2), and distilled at atmospheric pres
sure to remove the solvent. The concentrate was vacuum dis
tilled through a narrow diameter, 8-in. Vigreaux column at an
oil-bath temperature of 150° (0.1 mm). The pot residue was 
crystallized from EtOAc-CH2Cl2 giving 7.0 g (81%) of triphenyl
phosphine oxide (1 1 ) (identity established by ir spectroscopy). 
The yield of the product 28 (95% pure by vpc) was 3.2 g (64%), 
bp 112-113° (15 mm). A pure sample of benzylidenecyclobutane 
(28) was collected by preparative gas chromatography: w 26d  
1.5766 [lit.16 b.p. 114° (15 mm)]; ir (neat), 2930 s, 1668 w, 1475 
w, 908 m, 855 m, 760 s, 685 s cm“1; nmr (neat), S 1.10-1.72 
(m, 2, cyclobutyl CH2), 2.06-2.62 (m, 4, cyclobutyl CH2’s), 
5.41-5.62 (m, 1, vinyl H), 6.51-6.82 ppm (m, 4, C sH ’s).

Anal. Calcd for CnHi2: C, 91.67; H, 8.33. Found: C, 
91.49; H, 8.56.

Attempted Base-Catalyzed Isomerization of Cyclobutyltri
phenylphosphonium Bromide (25).—Into a 50-ml flask fitted with 
magnetic stirrer and reflux condenser were placed 25 ml of THF,
2.0 g (0.005 mol) of salt 25, and 0.24 g (0.005 mol) of HaH dis
persion. The mixture was refluxed for 24 hr; then the red sus
pension was cooled and quenched by passing gaseous hydrogen 
bromide into the mixture until it was decolorized to a light tan. 
The suspension was poured into 150 ml of water acidified with 
48% aqueous HBr and extracted with two 100-ml portions of 
CHC13. The organic extracts were combined, dried (CaCl2), 
and evaporated. The gummy residue (containing only one 
phosphonium salt, by tic) was crystallized from ethyl acetate- 
methylene chloride giving 1.85 g (85%) of starting material 25. 
The nmr and ir spectra were identical with those of authentic salt 
25.

Cyclobutyldiphenylphosphine Oxide (29). A. Aqueous Al
kaline Hydrolysis of Cyclobutyltriphenylphosphonium Bromide 
(25).—To 50-ml of 20% aqueous solution of sodium hydroxide in 
a beaker was added 3.4 g (0.0085 mol) of salt 25. The mixture 
was heated to boiling and then allowed to cool to room tempera
ture, and the oily globules of product were then recovered by ex
traction with two 50-ml portions of CHC13. The extracts were 
combined, dried (CaCl2), and evaporated to near dryness. Thin 
layer chromatography showed only one spot. The gummy resi
due was recrystallized from EtOAc-heptane and dried overnight 
in a vacuum oven (80°) to give 2.0 g (95% yield) of cyclobutyl
diphenylphosphine oxide (29) melting at 173-174°: ir (KBr), 
3025 m, 2970 m, 1435 m, 1190 s, 1137 s, 918 m, 750 s, 722 s, 750 
s cm“1; nmr (DCCI3), 1.68-2.92 (m, 6, CH2’s), 3.00-3.68 (m, 1 , 
C-H), 7.30-7.95 ppm (m, 10, C6H5’s).

Anal. Calcd for CieHnOP: C, 74.98; H, 6.69. Found: C, 
74.91; H, 6.62.

Aqueous Hydrolysis of Cyclobutylidenetriphenylphosphorane
(27).—In an oven-dried, 100-ml, three-necked flask, fitted with 
stirrer and reflux condenser, were mixed 3.97 g (0.01 mol) of 
salt 25, 0.48 g (0.01 mol) of NaH dispersion, and 50 ml of THF. 
The stirred mixture was refluxed for 18 hr; then the red-orange 
suspension was cooled. An aliquot of 5 ml was quenched by 
slow addition to 20 ml of water. The aqueous mixture was ex
tracted with a 5-ml portion of CHC13, which was concentrated 
to 0.5 ml and examined by vpc; vpc showed 94.5% 29, 4.3% 10, 
and 1 .2% 1 1 .

C. Aqueous Hydrolysis of Cyclobutyl Salt 25 with 1 Equivof
NaOH.—From the reaction of 2 g (0.005 mol) of salt 25 with 0.2 
g (0.005 mol) of NaOH in 25 ml of water (1 hr, reflux) was ob
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tained 1.58 g (79%) of recovered salt 25 and cyclobutyldiphenyl- 
phosphine oxide (29) as the only product (shown by vpc).

R e g is try  N o .— 3, 14799-82-7; 7a (c is ) ,  16958-34-2; 7a 
(itra n s ), 16958-35-3; 7b (c is ) ,  16958-36-4; 7b ( i ra n s ) ,  
16958-37-5; 7c, 16958-38-6; 7d, 14799-59-8; 8, 16958- 
40-0; 9, 14799-61-2; 10, 603-35-0: 11, 791-28-6; 15,

16540-56-0; 16, 16958-42-2; 18, 16958-43-3; 26, 16958- 
45-5; 28, 5244-75-7; 29, 16958-47-7; 32, 16958-48-8.
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The preparation of carbamoyldiphenylphosphine (1) and the derivatives 2-7 is described. With p-toluene- 
sulfonyl isocyanate a cycloaddition reaction gave the stable oxazetidone 9.

A  recen t p u b lic a tio n  b y  P app and  B u c k le r1 described 
th e  p re p a ra tio n  o f ca rb a m oy ld ip he n y lp ho sp h in e  (1) 
and  its  oxide (2). W e also p repared  these com pounds 
as p a r t  o f a p ro g ra m  on th e  c h e m is try  o f isocyan ic  
ac id2-4 and w ish  to  re p o rt on severa l new  d e riva tive s .

Iso cyan ic  ac id  reacted  sm oo th ly  w ith  d ip h en y lp h os - 
ph ine  in  degassed benzene to  g ive  c a rb a m o y ld ip h e n y l-  
phosph ine  (1) in  7 5%  y ie ld . I t  was necessary to  re 
c ry s ta lliz e  th e  p ro d u c t fro m  degassed benzene und e r 
n itro g e n , since re c ry s ta lliz a tio n  in  th e  presence o f 
a ir  led  to  phosph ine  ox ide  2. A tte m p te d  s u b lim a tio n  
decomposed th e  p ro d u c t, re -fo rm in g  d ip h eny lphos- 
p h in e  and  p resu m ab ly  isocyan ic  acid.

C a rb am o y ld ip h en y lph o sp h in e  u nd e rw e n t a v a r ie ty  
o f reactions ch a ra c te ris tic  o f te r t ia ry  phosphines 
(Scheme I ) .  O x id a tio n  w ith  hyd ro ge n  perox ide  p ro 
duced th e  phosph ine  oxide  (2) in  53%  y ie ld . T re a t
m en t w ith  s u lfu r  in  re flu x in g  benzene gave an 81%  y ie ld  
o f th e  phosph ine  su lfide  (3). W h en  2 e q u iv  o f the  
phosph ine  were added to  n ic k e l ca rbony l, carbon m on
ox ide  was re a d ily  d isp laced and  a 9 1%  y ie ld  o f d ica r- 
b o n y lb is (ca rb a m o y ld ip h e n y lp h o sp h in e )n icke l (4) was 
ob ta ined . A d d it io n  o f b enzy l iod ide  to  a h o t benzene 
s o lu tio n  o f th e  phosph ine  resu lted  in  a v igo rous  reac tion  
and  p re c ip ita t io n  o f th e  h ig h ly  inso lub le  phosphon ium  
io d id e  (5). A  s im ila r  reac tion  w ith  b en zy l b rom ide  p ro 
duced th e  phosp ho n iu m  b rom ide  (6). T re a tm e n t o f 
te tra c h lo ro b is (e th y le n e )d ip la t in u m  w ith  excess car
b am o y ld iph en y lph o sph in e  resu lted  in  d isp lacem ent 
o f e thy lene  and  a 46%  y ie ld  o f d ich lo ro b is (ca rb a m o y l- 
d ip h e n y lp h o s p h in e )p la tin u m  (7).

W h e n  a benzene s o lu tio n  o f th e  phosph ine  was tre a te d  
w ith  1 e q u iv  o f p -to lu e n e s u lfo n y l isocyanate, th e  ex
pected u rea  8 was n o t iso la ted . In s te a d , a 3 %  y ie ld  o f

0 0  o

(C6H5)2M n HCNHS02C 6H4CH3
8

a p ro d u c t te n ta t iv e ly  id e n tif ie d  as 4 -a m in o -4 -d ip h e n y l- 
p h o s p h in y l-3 -p -to ly ls u lfo n y l- l,3 -o x a z e tid o n e  (9) was 
ob ta in ed . T h e  cyc lo a dd u c t 9 was fa vo re d  over th e  
urea s tru c tu re  8 b y  b o th  in fra re d  and  mass spectra l

(1) G . P . P a p p  a n d  S. A. B u ck le r, J .  Org. C h e m ., 31, 588 (1966).
(2) F . W . H o o v e r , H . B . S tev e n so n , a n d  H . S. R o th ro c k , ib id ., 28, 1825 

(1963).
(3) F . W . H o o v e r a n d  H . S. R o th ro c k , ib id ., 28, 2082 (1963).
(4) F . W . H o o v e r  a n d  H . S. R o th ro c k , ib id ., 29, 143 (1964).

evidence. A doublet carbonyl band at 1750 and 1780 
cm-1 is consistent with the four-membered ring in 9, 
but not with either of the carbonyl groups in the urea
8.5 6 A major carbon dioxide peak in the mass spectrum 
of the compound is also easily explained by structure 9, 
but not by 8.

Compounds similar to 9 have been suggested as in
termediates in the reaction of isocyanates with disub- 
stituted amides.6-7 In these cases, loss of carbon di
oxide occurred spontaneously and amidines were the 
sole product. The thermal stability of our product 
(mp 170° dec) is surprising in view of these results, al
though stable oxazetidones have recently been prepared 
from alkyl isocyanates and electronegatively sub
stituted ketones.8 A doublet carbonyl band was ob
served in these compounds, but occurred at much 
higher frequency (1890 and 1935 cm-1 for the product 
of hexafluoroacetone and methyl isocyanate) than 
that observed for 9. This increase is probably due to 
the presence of two electronegative trifluoromethyl 
groups. The compounds also had an intense C02 peak 
at m/e 44 in the mass spectrum, as does 9.

Experimental Section9
Carbamoyldiphenylphosphine (1).—A solution of 5.3 g (0.123 

mol) of isocyanic acid in 25 ml of degassed benzene was added 
dropwise to 16.4 g (0.088 mol) of diphenylphosphine. A water 
bath surrounding the reaction flask kept the temperature below 
30°. After the addition was complete, the solution was allowed 
to stand a t room temperature for 2 hr. The precipitated solid 
(12.0 g., 60% yield) was filtered under nitrogen and recrystal
lized from degassed benzene under nitrogen. After drying, the 
sample had mp 118-120° (lit.1 mp 115-116°).

Anal. Calcd for Ci3Hi2NOP: C, 68.11; H, 5.28; N, 6.11; 
P, 13.52. Found: C, 68.12; H, 5.47; N, 6.04; P, 13.79.

The nmr spectrum (acetone-d6) of the compound showed a 
series of complex peaks from 7.1 to 7.7 ppm. After addition of 
deuterium oxide, a DOH peak appeared a t 4.0 ppm. The ratio 
of the aromatic signals to this signal was approximately 5 : 1 .

A second preparation under similar conditions furnished 75% 
yield of product.

Attempted sublimation of the product resulted in its decomposi
tion. The liquid that formed on the cold finger had an infrared 
spectrum identical with that of diphenylphosphine.

(5) 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 ,"  2nd  ed, 
J o h n  W iley  a n d  S ons, In c ., N ew  Y ork , N . Y ., 1958, p  214.

(6) H . U lrich , Chem. Rev., 65, 369 (1965).
(7) C . K ing , J .  Org. Chem ., 26, 352 (1960).
(8) R . J . S hozda, ib id ., 32, 2960 (1967).
(9) A ll m e ltin g  p o in ts  (F ish e r-Jo h n s  a p p a ra tu s )  a r e  u n c o rre c te d . P ro to n  

n m r  sp e c tra  w ere  o b ta in e d  w ith  V a rian  A -60 sp e c tro m e te r .
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Scheme I
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Diphenylcarbamoylphosphine Oxide (2).—When an attem pt 
was made to reerystallize carbamoyldiphenylphosphine from 
benzene in the presence of air, the phospine oxide slowly precipi
tated, mp 197-200° dec (lit.1 mp 190-191°). This compound 
had a strong P = 0  infrared band a t 1180 cm-1 which was absent 
in the spectrum of the parent phosphine.

Anal. Calcd for Ci3H 12N 0 2P: C, 63.67; H, 4.94; N, 5.71; 
P, 12.63. Found: C, 64.04; H, 4.93; N, 5.77; P, 12.73.

In the nmr spectrum (DMSO-d6) of this compound the amide 
protons appeared as three broad bands at 8.50, 8.75, and 8.93 
ppm. The aromatic protons appeared as a series of complex 
signals between 7.4 and 8.1 ppm. The intensities of these 
signals were in the expected ratio of 1:5. The amide signals 
disappeared completely when the sample was shaken with deu
terium oxide.

The oxide was prepared more conveniently by addition of 
30% hydrogen peroxide (0.6 g of H20 2, 17.6 mmol) to a solution 
of 3.2 g (14 mmol) of carbamoyldiphenylphosphine in 40 ml 
of acetone. The solution refluxed vigorously for 30 sec and a 
solid immediately precipitated. After recrystallization from 
toluene, 2.4 g of product was obtained (53% yield, mp 197° dec) 
This product had an infrared spectrum identical with that of 
a sample previously prepared by air oxidation of the phosphine.

Carbamoyldiphenylphosphine Sulfide (3).—To a solution of
5.0 g (21.8 mmol) of carbamoyldiphenylphosphine in 25 ml of 
benzene was added 2.0 g (62.5 mmol) of sulfur. After the mixture 
was refluxed for 4 hr, the benzene was removed under vacuum. 
The residue was washed with 10 ml of carbon disulfide and re
crystallized from benzene, furnishing 4.0 g of product, mp 143°. 
The mother liquor was chromatographed on Florisil to obtain an 
additional 0.6 g. The total yield of product was 4.6 g (81% yield).

Anal. Calcd for Ci3H i2NOPS: C, 59.76; H, 4.63; N, 5.36;
P. 11.86; S, 12.27. Found: C, 60.02; H, 4.97; N, 5.31; P, 
12.38; S, 12.01.

In the nmr spectrum (CDC13), the amide protons appeared as 
a broad band between 7.2 and 7.5 ppm. The aromatic protons 
appeared as complex signals between 7.6 and 8.1 ppm. On 
addition of deuterium oxide the amide signal slowly disappeared.

Dicarbonylbis(carbamoyldiphenylphosphine)nickel (4).—To a 
solution of 1.5 g (6.5 mmol) of carbamoyldiphenylphosphine in 
40 ml of benzene was added 0.555 g (3.25 mmol) of nickel car
bonyl. As the mixture was heated the phosphine dissolved and 
a solid began to precipitate as the benzene started to reflux. 
The heat was then removed, and the solution was stirred for 1 
hr while cooling to room temperature. Filtration gave 1.7 g of 
product (91% yield), mp 171-172° dec.

Anal. CatodforC28H24N2N i04P2: C, 58.67; H, 4.22; N, 4.90; 
Ni, 10.24. Found: C, 58.78; H, 4.12; N, 5.03; Ni, 10.23.

The compound could be recrystallized from nitromethane, 
but developed a pale green color (probably due to Ni2+) when 
heated in this solvent.

Benzylcarbamoyldiphenylphosphonium Iodide (5).—To a solu
tion of 3.0 g (13.1 mmol) of carbamoyldiphenylphosphine in 
70 ml of hot degassed benzene was added 5.2 g (24 mmol) of 
benzyl iodide. An exothermic reaction caused the benzene solu
tion to reflux for 5 min. The mixture was stirred a t room tem
perature overnight, then filtered to give 4.0 g of the phosphonium 
salt. The filtrate was refluxed for 2 hr and furnished an additional
1.5 g of the salt. Total yield of product was 5.5 g (94% yield), 
mp 222° dec.

Anal. Calcd for C20Hi9INOP: C, 53.71; H, 4.28; N, 3.13. 
Found: C, 53.84; H, 4.67; N, 1.95.

This salt was insoluble in all common organic solvents.
Benzylcarbamoyldiphenylphosphonium Bromide (6).—A pro

cedure similar to that used for the corresponding iodide was 
followed. From 2.0 g (8.75 mmol) of carbamoyldiphenylphos
phine and 5 ml of benzyl bromide, 2.6 g (74% yield) of product 
was obtained, mp 202° dec.

Anal. Calcd for C20H19BrNOP: C, 60.01: H, 4.78; N, 3.50. 
Found: C, 60.20; H, 4.83; N, 2.61.

Dichlorobis(carbamoyldiphenylphosphme)pIatinum (7).—A 
slurry of 0.61 g (1.035 mmol) of tetrachlorobis(ethylene)diplati- 
num and 1.2 g (5.24 mmol) of carbamoyldiphenylphosphine in 
20 ml of benzene was refluxed for 10 min, then stirred at room 
temperature overnight. The precipitated solid was filtered and 
recrystallized from a mixture of ethyl acetate and methanol. 
The product had mp 252-254° dec; a yield of 0.7 g (46.5%) was 
obtained.

Anal. Calcd for C26H24Cl2N'202P2Pt: C, 43.10; H, 3.34; N, 
3.86; Pt, 26.94. Found: C, 44.00; H, 3.75; N, 2.15; Pt, 27.54.

4-Amino-4-diphenylphosphmyl-3-p-tolylsulfonyl-l,3-oxazetidone
(9).—To a solution of 3.0 g (13.0 mmol) of carbamoyldiphenyl
phosphine in 50 ml of benzene was added a solution of 3.84 g 
(19.5 mmol) of p-toluenesulfonyl isocyanate in 20 ml of benzene. 
No temperature rise was observed during the addition, but the 
phosphine partially dissolved. The solution was heated to 78° 
for 5 min and allowed to cool. The benzene was removed under 
vacuum, and the oily residue was dissolved in absolute ethanol, 
treated with charcoal, and filtered. On cooling, a solid formed 
(175 mg, 3% yield) which, after two recrystallizations from 
ethanol, had mp 170° dec.

Anal. Calcd for C2iH,9N20 6PS: C, 57.01; H, 4.33; N,
6.33; P, 7.00. Found: C, 56.92; H, 4.28; N, 6.39; P, 6.81.

The nmr spectrum of this product (pyridine-ds) had peaks 
a t 9.0 (broad singlet), 6.0-8.8 (complex multiplets), and 2.12 
ppm (sharp singlet) in an approximate ratio of 2:14:3. On 
addition of D20  the peak at 9.0 ppm exchanged completely.

Registry N o—1 , 3659-43-6; 2, 3659-45-8; 3, 16790-
96-8; 4, 16799-84-1; 5, 16790-97-9; 6, 16790-98-0; 7, 
16799-83-0; 9, 16790-99-1.
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a-Am inoarylm ethylphosphonic Acids and D iethyl a-Am inoarylm ethylphosphonate  
Hydrochlorides. A lu m in u m -A m algam  Reduction of Oximes 

of D iethyl Aroylphosphonates1

K. D a r r ell  B e r l in , R o b er t  T. C la u n ch ,2 and  E. T. G audy
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A new general procedure haa been developed for the synthesis of a-aminoarylmethylphosphonate hydrochlo
rides and the corresponding acids. Dialkyl aroylphosphonates form oximes (65-100%) when treated with hy- 
droxylamine hydrochloride. Reduction of the oximes in water-ethanol by Al-Hg gave excellent yields (up to 
85%) of a-aminoarylmethylphosphonates which were converted into hydrochlorides for purification. Acid hy
drolysis of the hydrochlorides gave the corresponding a-aminoarylmethylphosphonic acids (73-88%). Spectral 
assignments (nmr and infrared) are recorded for the first time for the oximes, ö-aminoarylmethylphosphonates, 
and the a-aminoarylmethylphosphonic acids. Analysis of the data indicates intramolecular hydrogen bonding 
between the P—*0 group and the proton on the OH group and NH2 group in the oximes and a-aminoarylmethyl- 
phosphonates, respectively.

Certain a-aminoalkylphosphonic acids may be 
considered to be phosphorus analogs of aminocarboxylic 
acids. Although none of the a-aminoalkylphosphonic 
acids has yet been found in living organisms, they 
have been found to possess biological activity.3 Quin4’5 
has found 2-aminoethylphosphonic acid in protozoa, 
in certain coelenterata, in some fresh-water mollusks, in 
bovine brain, and in caprine liver.

Present general methods for the preparation of 
a-aminoarylmethylphosphonic acids and dialkyl a- 
aminoarylmethylphosphonate hydrochlorides have 
certain intrinsic limitations. The most recent syn
thetic route6 7 8 9 utilizes the Curtius degradation of sub
stituted diethyl phosphonoacetylhydrazides; it is long 
and depends upon the availability of suitable phos- 
phonoacetic esters. Chambers and Isbell prepared 
three a-aminoalkylphosphonic acids via this route 
and reported over-all yields from the a-halocarboxylate 
of 2 1% for aminomethylphosphonic acids, 66% for
2-aminoethylphosphonic acid, and less than 56% for 
l-amino-2-phenylethylphosphonic acid.

This method apparently cannot be used to prepare 
esters of a-aminoalkylphosphonic acids inasmuch as 
the reaction sequence calls for boiling the urethan de
rivative of the dialkyl a-aminoalkylphosphonates in 
concentrated hydrochloric acid for 2 days which would 
remove the alkyl groups of the phosphorus esters.

Kabachnik and Medved7-9 have obtained a-amino- 
alkylphosphonic acids from both aldehydes and ketones,

(1) W e v e ry  g ra te fu lly  acknow ledge s u p p o r t b y  th e  P u b lic  H e a lth  Service, 
G ra n t  G M  10367-06. P re s e n te d  in  p a r t  a t  th e  155 th  N a tio n a l  M eetin g  of 
th e  A m erican  C hem ica l S oc ie ty , S an  F ranc isco , C alif., A p ril 1968.

(2) P red o e to ra l c a n d id a te  1964-1967; N a tio n a l S cience F o u n d a tio n  
T ra in ee , S um m er, 1966. T h is  w o rk  is a b s tra c te d  from  th e  th e s is  (R . T . C .) 
s u b m it te d  in  p a r t ia l fu lfillm en t of th e  re q u ire m e n ts  fo r th e  d eg ree  o f D o c to r 
of P h ilo so p h y  to  th e  O k lah o m a S ta te  U n iv e rs ity .

(3) V. L. R y zh k o v , M . I . K ab a c h n ik , L . M . T a ra se v ich , T . Y a . M ed v ed , 
N . A. Z e itlenok , N . K . M arch en k o , V. A. V agzhanova , E . F . V lan o v a , an d  
N . V. C h eb a rk in a , D okl. A k a d . N a u k . S S S R ,  98, 849 (1954); C hem . A bstr., 
49 , 3403 (1955).

(4) L . D . Q uin , “ T o p ics  in  P h o sp h o ru s  C h e m is try ,”  Vol. 4, M . G ray so n  
a n d  E . J . G riffith , E d ., In te rsc ie n c e  P u b lish ers , N ew  Y o rk , N . Y ., 1967, p p  
2 3 -4 8 .

(5) L. D . Q uin, Science, 144, 1133 (1964). T h e  g en e ra l su b je c t h as  been  
rev iew ed  rec e n tly : D . G . S im onsen , M . H origuch i, a n d  J .  S . K itt re d g e , ib id ., 
159, 886 (1968).

(6) J .  R . C h am b ers  a n d  A . F . Isb e ll, J .  Org. Chem ., 29, 832 (1964).
(7) M . I .  K a b a c h n ik  a n d  T . Y a . M ed v ed , D okl. A k a d . N a u k  S S S R ,  83, 

689 (1952).
(8) M . I . K a b a c h n ik  a n d  T . Y a . M edved , Izv . A k a d . N a u k  S S S R ,  Otd. 

K h im . N a u k ,  868 (1953); Chem . A bstr., 49 , 840 (1955).
(9) M . I .  K a b a c h n ik  a n d  T . Y a . M ed v ed , Izv . A k a d . N a u k  S S S R ,  Otd.

K h im . N a u k , 314 (1954); Chem, A bstr ., 48 , 10541 (1954).

ammonia, and dialkyl hydrogenphosphonates. Yields 
were low (8-43%) and the dialkyl a-aminoalkylphos
phonates could not be easily separated from the dialkyl 
a-hydroxyalkylphosphonates which occurred as by
products. Kosolapoff10 reduced the p-nitrophenyl- 
hydrazone of diethyl benzoylphosphonate with 2% 
palladium-charcoal catalyst but was unable to sep
arate the a-aminobenzylphosphonic acid from traces 
of the aniline salt. Dialkyl a-aminoalkylphosphonates 
remain difficult substances to prepare to date and a- 
aminoalkylphosphonic acids have not been realized 
in high yields.

Results and Discussion
This paper reports the synthesis of a new family of 

compounds, the oximes 3 of dialkyl aroylphosphonates
2. Also new methods are given for the syntheses 
of a-aminoarylmethylphosphonic acids 7 and diethyl 
a-aminoarylmethylphosphonate hydrochlorides 5 in 
good yields by aluminum-amalgam reduction of oximes 
3 of dialkyl aroylphosphonates 2. The infrared and 
nmr spectra of diethyl aroylphosphonate oximes 3, di
ethyl a-aminoarylmethylphosphonate hydrochlorides 
5, and a-aminoarylmethylphosphonic acids 7 are re
ported for the first time. Unique intramolecularly hy
drogen-bonded structures, as indicated by the infrared 
spectra, were found to exist in the oximes 3 of diethyl 
aroylphosphonates 2 and the diethyl a-aminoaryl
methylphosphonate hydrochlorides 5. The nmr 
analysis of diethyl a-aminoarylmethylphosphonate hy
drochlorides 5 indicated the existence of magnetically 
nonequivalent alkoxy groups as expected from the 
presence of an asymmetric center. See Scheme I.

This present synthetic route begins with readily 
available acid halides and leads to diethyl aroylphos
phonates 2, diethyl aroylphosphonate oximes 3, di
ethyl a-aminoarylmethylphosphonates 4, diethyl a- 
aminoarylmethylphosphonate hydrochlorides 5, a- 
aminoarylmethylphosphonic acid hydrochlorides 6, 
and a-aminoarylmethylphosphonic acids 7. Several 
members of families 2, 3, 5, and 7 were isolated and 
characterized. Starting from the diethyl aroylphos
phonates 2, the free a-aminoarylmethylphosphonic 
acids can be prepared in reasonable yields [29, 45, and 
71% (Table I) of pure material was obtained for 7b, 7d, 
and 7h, respectively] when one isolates the inter-

(10) G . M . K osolapoff, J .  A m er. Chem. Soc., 69, 2112 (1947).
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T a b l e  I
« - A m i n o a r y l m e t h y l p h o s p h o n i c  A c i d s , ArCH(NH2)P (0 )(0H )2

-—  -------------------------- ------------ —A nal, % ------------------- —
M oles of S M p , °C  Y ield  %  ,--------------------- N --------------------- - ,--------------------- P-

A cid“ X 10* of ac id of ac id C alcd F o u n d C alcd F o u n d
7b 5 .7 9 (5b) 291.3-292.5 72.7 6.32 6.39 13.98 14.16
7d 5.92 (5d) 277.8-278.3 87.5 5.986 5.91
7h 3 .0 6 (5h) 307.3-308.4 75.9 5.90 5.01 13.06 13.28

“ Recrystallized from water. 6 The analysis is for the monohydrate.

S c h e m e  I

0  0

ArCCl +  P(0C 2H6)3 — >- ArCP(0)(0C2H5)2 +  C2H5C1
1

Ar
a, CgHs
b, p-ClC6H4
c, o-C1C6H4
d, p-CH3OC6H4
e, o-CH3OC6H4
f, 2,6-(CH30 )2C6H3
g, p-(CH3)3CC6H4
h, 2-C,„H7

mediates. However, in one case if one does not isolate 
the intermediate materials, the yield improved. For 
example, in a study beginning with 2b, an over-all yield 
of 66.5% 7b was achieved.

Yields of 66% (quantitative) were realized in the 
preparation of the oximes of diethyl aroylphosphonates. 
The reduction of the oximes to diethyl a-aminoaryl- 
methylphosphonates 4 and subsequent formation of 
the hydrochlorides 5 were accomplished with yields 
ranging from 38 to 85%. The hydrolysis of the diethyl 
a-aminoaryIme t hy ]ph osph on ate hydrochlorides 5 to 
the free acids gave 73-88% yields of products.

Diethyl Aroylphosphonates 2.—The diethyl aroyl
phosphonates 2 were prepared from triethyl phosphite 
and aroyl chlorides 1 utilizing the classical Michaelis- 
Arbuzov rearrangement as described previously.11-13 
The Experimental Section contains a list of the diethyl 
aroylphosphonates 2 along with some of their phys
ical properties. The nmr and infrared spectra for some 
members of 2 have been adequately discussed else
where11-13 and further elaboration will not be included 
herein.

Diethyl Aroylphosphonate Oximes 3.—White, crys
talline oximes 3 can generally be formed from the diethyl 
aroylphosphonates 2 through reaction with hydroxyl-

(11) K . D . B erlin  a n d  H . A . T a y lo r , J .  A m er. Chem . Soc ., 86 , 3862 (1964).
(12) K . D . B erlin , D . M . H ellw ege, a n d  M . N a g a b h su sh a n a m , J .  Org. 

Chem ., 3 0 , 1265 (1965).
(13) K . D . B erlin  a n d  D . H . B u rp o , ib id ., 3 1 , 1304 (1966).

H z N O H H C l

A rC (=N 0H )P (0)(0C 2H5)2

| H îC
| ai-:

H îO , C îH iO H  
' H g

ArCH(NH2)P (0)(0C 2H5)2

I (C ,h »),o  
| h c i

ArCH(NH2 • HC1)P(0)(0C2H5)2 
5

| A A acaq  HC1

ArCH(NH2 • HC1)P(0)(0H)2 
6

J-HC1
ArCH(NH2)P (0 )(0H )2

amine hydrochloride in pyridine and ethanol (if dialkyl 
esters other than those from ethanol are desired, the 
alcohol containing the .same alkyl group as the dialkyl

O
C îH eO H

ArCP(0)(0C2H5)2 +  H2NOH-HCI ----------s-
CsHeN

ArC (=N O H  )P (O ) (OC2H5 )2 +  H20  +  C JFN -H C 1

aroylphosphonate employed must be used to prevent 
transesterification). Yields for the crude oximes 3 
are generally near quantitative, and the crude oximes 
can be used directly in the aluminum-amalgam reduc
tion. The Experimental Section contains a list of the 
oximes along with some of their physical properties. 
The proton of the oxime moiety of the diethyl aroyl
phosphonate oximes is probably slightly acidic.14

Infrared and nmr spectral data were recorded for the 
oximes 3 . Inasmuch as 3 is a new family of compounds, 
no infrared or nmr data have been previously reported. 
The infrared spectra showed phosphoryl absorptions of 
1214-1252 cm-1 for 3. It is widely believed that phos
phoryl absorptions between 1200 and 1250 cm-1 indi
cate hydrogen-bonded phosphoryl groups, whereas 
P-*-0 frequencies from 1250 to 1300 cm-1 represent 
free phosphoryl functions.11 12 13'16-19 In all cases the phos
phoryl absorptions in the oximes 3 occurred at longer 
wavelengths than did the phosphoryl absorptions in the 
corresponding diethyl aroylphosphonates 2. The 
differences for cognomers of the two families varied from 
11 to 40 cm-1. No correlation of the shifts of the phos
phoryl absorptions with the structures of the com
pounds was obvious.

Simple oximes in general absorb broadly at 3150-3300 
cm-1 owing to bonded O-H stretching and near 930 
cm-1 owing to the stretching of the N -0  linkage.16 
The diethyl aroylphosphonate oximes 3 exhibited
O-H stretching frequencies of 3104-3208 cm-1, 
N -0 stretching frequencies of 927-933 cm-1, and 
P-0-CH 2-CH3 absorptions (CH3 rocking)16 at 1163— 
1171 cm-1.

The infrared spectrum of diethyl p-methoxybenzoyl- 
phosphonate oxime (3d) was obtained both in a KBr 
pellet and in chloroform solution in order to determine 
whether the oxime was inter- or intramolecularly hydro
gen bonded. By the aid of dilution studies of 3d in 
chloroform it was found that the hydroxyl group was

(14) S od ium  hyd ro x id e  t i t r a t io n s  (aq u eo u s so lu tions) of d ie th y l ace ty l-  
p h o s p h o n a te  ox im e (p rep a re d  in  th e  sam e  m a n n e r  a s  w ere  th e  d ie th y l a ro y l
p h o sp h o n a te  oxim es) g av e  d a ta  from  w h ich  a  p K & of 9 .33  w as ca lcu la ted .

(15) N . B . C o lth ru p , L . H . D a ly , a n d  S. E . W iberley , “ In tro d u c tio n  to  
In f ra re d  a n d  R a m a n  S p ec tro sc o p y ,” A cadem ic  P ress, N ew  Y ork , N . Y ., 
1964.

(16) E . M . P o p o v , M . I .  K ab ach n ik , a n d  L . S. M a y a n ts , ZJ&p. K h im ., 3 0 , 
846 (1961); R uss . Chem . Rev. (E ng . T ra n s i .) ,  3 0 , 362 (1961).

(17) J . P . P h illip s , “ S p e c tra -S tru c tu re  C o rre la tio n ,”  A cadem ic P ress, 
N ew  Y o rk , N . Y ., 1964, p  134 ff.

(18) L . W . D aasch  a n d  D . C . S m ith , A n a l. Chem ., 2 3 , 853 (1951).
(19) D . E .  C , C o rb rid g e , J . A p p l . C hem ., 6 , 456 (1956).
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shifted only slightly in position although the intensity 
was reduced. This suggests the hydrogen bonding is 
intramolecular as shown by 8. The variations are

N—0
c h 3o - X Q V c(/  V

x — '  P-»-0'
(OCHsCH3)2

8

within the limits (±199 cm-1) found for various other 
related examples of phosphorus compounds in the litera
ture.20 Miller and coworkers have studied the in
frared spectra of dialkyl a-hydroxyalkylphosphonates 
both in crystalline (mineral oil mull) and in carbon di
sulfide solution and reported shifts as high as 64 cm-1 
for P->0 and shifts up to 45 cm-1 for O-H .20 These 
workers concluded that the dialkyl a-hydroxyalkyl- 
phosphonates were intramolecularly hydrogen-bonded 
structures.

The nmr spectra for the oximes 3 are quite similar to 
those for the diethyl aroylphosphonates 2. In addition 
to the aromatic proton absorptions the ethyl groups 
exhibit a triplet at 5 1.17-1.30 (./ = 7 cps, CH3) and an 
imperfect quintet (due to H-H and P-H splitting pat
terns which overlap) at 8 8-4.6 (J = ca. 7 cps, CH2). A 
broad multiplet (integration showed that this peak rep
resented one proton) is observed in the region of 8 10 .1-
14.6 for the proton of the oxime moiety.

The chemical shifts of the hydroxyl proton of oximes 
have recently been studied.21 This reference21 lists sig
nals of 8 8.6-13.3 for the hydroxyl proton in various ox
imes. Two peaks were observed in the spectra of those 
oximes possessing nonequivalent or syn and anti 
oxime groupings. Our observation of a single, broad 
absorption for the hydroxyl proton in diethyl aroylphos- 
phonate oximes 3 correlates well with the nmr data just 
mentioned21 and lends support to the presence of a single 
intramolecularly hydrogen-bonded structure, 8, and 
precludes syn- and anif-oxime formation.

Aluminum-Amalgam Reduction of Diethyl Aroyl- 
phosphonate Oximes 3 to Diethyl a-Aminoarylmethyl- 
phosphonates 4. Subsequent Formation of the Hydro
chloride Salts 5.—An aluminum-amalgam-ethanol- 
water mixture easily reduces the oximes 3 of diethyl 
aroylphosponates under very mild conditions without 
hydrolyzing the ester function to any noticeable ex-

C 2H 5O H
A rC (= N 0H )P (0)(0C 2H5)2 +  Al(Hg) +  H20 -------— *-

ArCH(NH2)P(0)(0C 2H5)2

tent. The diethyl a-aminoarylmethylphosphonates 4 
can be isolated as the hydrochlorides 5 in yields of
38-85% based on the oximes.

Although a few dialkyl a-aminoalkylphosphonates 
and their salts have been reported previously, no infra
red or nmr data have been 'given. The infrared 
spectra exhibited a phosphoryl absorption between 
1221 and 1258 cm“ 1 which indicated hydrogen bond
ing. In all cases the phosphoryl absorptions from 5 
were lower than that of the corresponding diethyl aroyl- 
phosphonate cognomers. Inasmuch as the phos
phoryl frequency is influenced both by hydrogen bond

(20) C . D . M iller, R .  C . M iller, a n d  W . R . R ogers , J .  A m er. Ckem . Soc., 
80 , 1562 (1958).

(21) G . C . K le in spehn , J .  A . Ju n g , a n d  S. A. S tu d n ia rz , J .  Org. Chem ., 32, 
460 (1967).

ing and by the total electronegativity of the substituents 
on the phosphorus atom, the lowering of the phosphoryl 
absorption cannot easily be correlated with hydrogen
bonding effects alone.

The hydrochlorides 5 exhibit a peak in the region of 
1947-2062 cm-1 which is assigned to the -+NH3 moiety. 
Amino carboxylic acids show an absorption16 between 
2000 and 2200 cm“ 1 which is assigned as a combination 
band of -+NH3 asymmetric deformation and -+NH3 
hindered rotation. Primary amine salts also exhibit a 
band near 2000 cm“1 which is believed to be a combina
tion band of -+NH3 torsional oscillation and asymmetric 
deformation.16 The -+NH3 frequency near 2000 cm“ 1 
in 5 is believed to be a combination band for this group.

That the diethyl a-aminoarylmethylphosphonate hy
drochlorides 5 are intramolecularly hydrogen-bonded 
structures can be shown by comparison of infrared spec
tral data of a KBr pellet of the compounds with that of 
a solution of the same. This study of infrared spectra 
was done with diethyl a-amino-p-methoxybenzyl- 
phosphonate (5d) and showed only insignificant changes 
in the - +NH3 and P-+-0 absorptions. Table II gives 
the infrared spectral data for chloroform solutions of 5d.

Table II
I nfrared Analysis of Chloroform Solutions 

of 3d and 5d (cm-1)

C om pd
Conen. of 

solution, % N - H O -H P — O

3d 5 .4 3236 1260
3d 1 .8 3236 1260
3d 0 .4 8 3234 1260
5d 1 .3 2950 1250
5d 0 .9 3 2965 1244

The shift of 15 cm“ 1 by the N-H band and the shift of 
6 cm“ 1 by P-»-0 are within the variation ±  199 cm“1 
mentioned previously.20 The structure for 5d showing 
intramolecular hydrogen bonding is illustrated.

P

(OCH2CH3)2
5d

The diethyl a-aminoarylmethylphosphonate hy
drochlorides 5 are, consequently, believed to exist 
as the intramolecularly hydrogen-bonded structures 
represented by Newman projections 11 [(72)-diethyl 
a-aminobenzylphosphonate hydrochloride (5a) ] and 
12 [(S)-diethyl a-aminobenzylphosphonate hydro
chloride (5a)]. Conformations 9, 10, 13, and 14 are 
probably higher energy forms which may not be present 
in high population. In 11 and 12 the aromatic ring lies 
between the oxygen of the phosphoryl group and an 
ethoxy group (the least hindered position for the bulkier 
aromatic function) and the ammonium group lies be
tween an ethoxy group and the oxygen of the phos
phoryl group to which it is intramolecularly hydrogen



Vol. S3, No. 8, August 1968 t t -A M IN O A R Y L M E T H Y L P H O S P H O N IC  A C I D S  3093

0—-H

11

13

H -| — 0
h 2n v h

Cl + u p  X
o '

/
/CH2

ch3

* X / ° \

O  c \ 2
ch3

10

0 — H 
i ^ N H 2 

L P T f  + Cl
o '

/
y CH2

ch3

l \
H CH2 

\
ch3

12

X ©

o '

y CH2

ch3
n
n h 3 ch2 

ch3
Cl
14

bonded. Although structures 9 and 10 allow for intra
molecular hydrogen bonding, they force the aromatic 
moiety to a position between two ethoxy groups, and 
these are expected to be high energy conformations. In 
structures 13 and 14, although the aromatic ring lies be
tween the phosphoryl oxygen and an ethoxy group, 
intramolecular hydrogen bonding between the P-+-0 
and -+NH3 groups is not possible.

The nmr spectra for 5 are not so simple as those for 
families 2 and 3 and exhibit several interesting features. 
The benzyl proton in 5 occurs as a doublet and is seen 
at 8 4.7-5.6. The P-C-H splitting pattern generally 
results in a doublet with a coupling constant of 18 cps 
[a value of 17 cps is observed for diethyl a-amino-p- 
methoxyphosphonate hydrochloride (5d)]. The nmr 
spectra of dialkyl a-hydroxybenzylphosphonates ex
hibit a coupling constant of / P- C_H = 13.5 cps for di
ethyl and dimethyl a-hydroxybenzylphosphonates22 
which are known also to exist as intramolecularly hy
drogen-bonded structures.20 Geminal P-C-H cou
pling reportedly is related to the electron densities in 
both the P-C and C-H bonds (and thus dependent upon 
the substituents on both phosphorus and carbon)23 and 
the P-C-H angle.24 Unfortunately, very little bond- 
angle data are available for compounds similar to those 
being studied. I t also seems reasonable that the 
P-C-H coupling constant may vary with the strength 
of the hydrogen bond that forms in both 5 and the cor
responding dialkyl a-hydroxybenzylphosphonates.

The nmr spectra of diethyl a-aminoarylmethyl- 
phosphonate hydrochlorides 5 exhibit magnetically 
nonequivalent ethyl groups. The methylene group (of 
the alcoholic portion of the molecule) exhibits a multi- 
plet in the region 8 3.5-4.6 in 5 in contrast to the better

(22) D . M . H ellw ege, P h .D . T h esis, O k lah o m a S ta te  U n iv e rs ity , 1966.
(23) J .  A. P o p le , W . G . S chneider, a n d  H . J . B ern s te in , “ H ig h -R eso lu tio n  

N u c le a r M ag n e tic  R e so n an c e ,” M cG raw -H ill B ook  C o ., In c ., N ew  Y ork , 
N . Y ., 1959, C h a p te r  8.

(24) M . G ordon , P h .D . T hesis, U n iv e rs ity  of P ittsb u rg h , 1965.

defined “imperfect” quintet patterns observed for 2 and
3. The methyl groups of the ethoxy functions give rise 
to two triplets. These two triplets may give the ap
pearance of a quartet (as in the cases of 5a, 5e, and 5f) 
when their centers are separated by 7 cps, a sextet (as in 
the case of 5h) when their centers are separated by 3.5 
cps, or as a multiplet when separations other than 3.5 or 
7 cps are realized. These methyl signals show chemical 
shifts of 8 0.8-1.4.

The intramolecularly hydrogen-bonded structures 
shown by the Newman projections for (i?iS)-diethyl 
a-aminobenzylphosphonate hydrochloride (5a) con
formations (shown previously by 11 and 12) are the 
least hindered conformations which also allow for hydro
gen bonding. In conformers 11 and 12 one of the 
ethoxy groups lies nearer the magnetically anisotropic 
benzene ring than the second ethoxy group. Thus the 
two ethoxy moieties in 5 experience different magnetic 
environments and consequently exhibit two triplets. 
This magnetic nonequivalence found in 5 is likely not a 
result of “long-range” P-O-C-C-H splitting since 
this type of splitting generally does not exceed 1.1 cps. 
Also “long-range” P-O-C-C-H splitting is not ob
served in the nmr spectra of the similar 2 and 3.

Magnetically nonequivalent alkoxy groups in 
phosphorus esters have been reported previously.26’26 
Magnetically nonequivalent alkoxy groups have also 
been observed in the nmr spectra of racemic dialkyl a- 
hydroxybenzylphosphonates.22

a-Aminoarylmethylphosphonic Acids 7.—The acid 
salts 6 were obtained through acid hydrolysis of the 
diethyl a-aminoarylmethoxyphosphonate hydrochlo
rides 5. The solution was evaporated to dryness, and 
the resulting solid was dissolved in a minimum of cold 
water and boiled until the free white acid began to

H C l
RCH(NH2-HC1)P(0)(0C2H5)2 +  h 2o  — >-

A
RCH(NH2 • HC1)P(0)(0H)2

j - Hcl

RCH(NH2)P (0 )(0H )2

crystallize. High yields (73-88%) of the free acids 
were realized (based on 5). The new a-aminoaryl- 
methylphosphonic acids along with some of their phys
ical properties are listed in Table I.

Infrared spectral data for three acids 7b, 7d, and 7h 
are characterized by broad diffuse bands from 1800 to 
3650 cm-1 making it difficult to make definitive assign
ments in this region. These broad diffuse bands are 
anticipated in light of data reported for similar com
pounds.16-19 Inasmuch as aminomethylphosphonic 
acid has been shown to exist as a zwitterion,27 other a- 
aminoalkylphosphonic acids are expected to exist also as 
zwitterions. Whether or not this is the case, a-amino- 
arylmethylphosphonic acids 7 would be expected to 
show extensive hydrogen bonding which would con
tribute heavily to the broadness of the absorptions of 7 
in the 1800-3650-cm-1 region.

Bands in the areas of 1077-1085 and 1193-1270 cm-1 
also occur in the spectra of 7. Phosphonic and phos- 
phinic acids generally show a strong absorption at 910-

(25) T . H . S iddall, I I I ,  J . P h y s . Chem ., 70 , 2249 (1966).
(26) K . D . B erlin , D . H . B u rpo , R . U . P ag ilag an , a n d  D . B ude, Chem. 

C om m un., 20 , 1060 (1967).
(27) Y. C h av a n e , B u ll. Soc. C him . F r., 27, 774 (1948).
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1040 cm-1 which probably involves the stretching of 
the P -0  bond of the P-O-H linkage.16 Salts of 
R2P (0)(0_) and R(H)P(0~) display two strong 
bands at 1100-1190 and 1000-1075 cm-1 which are re
ported to be a result of symmetric and asymmetric 
stretch of O *-P-0- .15 The phosphoryl group in 7 
also gives rise to an absorption in the 1200-1300-cm-1 
region but cannot be definitely assigned since other vi
brations occur in the same area. The hydrogen
bonding capabilities of 7 could cause the peaks in the 
970-1300-cm_1 region to be diffuse creating even greater 
difficulty in assigning frequencies.

The nmr spectra of the free acids 7 exhibit a multiplet 
in the region 8 7.2 and 8.4 and is assigned to the am
monium group. Suitable solvents for 7 are lacking and 
trifluoroacetic acid was used to obtain these nmr spec
tra. This solvent would protonate a free NH2 group if 
Ar-CH(NH2)-P(0)(0H )2 is the prevailing structure 
for 7 or would protonate the oxide ion if Ar-CH(+NH3)- 
P -(0 )(0 _)(0H) is the actual form. In any case, a 
signal for the ammonium group would result in the nmr 
spectra of 7 and would integrate for three protons. 
Thus the multiplet at 8 7.2 to 8.4 in the nmr spectra can
not be taken as evidence for the existence of 7 as zwit- 
terions even though integration shows three protons for 
this band. The benzyl proton in 7 occurs as a broad 
doublet near 5 5.0, and the coupling constant is 
estimated to be about 16 ±  2 cps.

Nmr spectral investigations of a-aminoalkylphos- 
phonic acids have not been previously reported. The 
nmr of 2-aminoethylphosphonic acid has been de
termined in D20  but exchange with the ammonium pro
tons and POH protons prevented information for these 
protons.28 Berlin and Nagabhushanam have in
vestigated the nmr of several organophosphorus acids 
(no a-aminoalkylphosphonic acids were included).29 
These workers observed a geminal P-C-H coupling con
stant of 17 cps for the CH2 group in phenylbenzy'.phos- 
phinic acid (P-O-H exhibited a peak at 8 10.28). Fer
raro and Peppard have also studied the nmr spectra of 
acidic organophosphorous compounds.30

Some preliminary studies on inhibition of growth of 
certain microorganisms by esters 5a, 5b, and 5d appear 
in Table III. In all cases where inhibition was observed 
a fivefold lower concentration of the compound failed to 
inhibit growth. The concentrations listed are the 
highest tested. Growth after prolonged incubation was 
probably due to mutation to resistance rather than to 
inactivation of the inhibition compound since this 
varied with the organism for any specific compound.

Experimental Section
Procedures.—All melting points were corrected and determined 

with a Thomas-Hoover capillary melting point apparatus. Boil
ing points were uncorrected. Elemental analyses were performed 
by the Galbraith Laboratories, Ine., Knoxville, Tenn. Nuclear 
magnetic resonance spectra were obtained from a Varian Asso
ciates Model A-60 spectrophotometer using tetramethylsilane 
(TMS) as an internal reference.

(28) J .  S . K itt re d g e  a n d  R . R . H ughes , Biochem istry, 3, 991 (1964). See 
also, M . H orig u ch i a n d  M . K a n d a tsu , N ature, 184, 901 (1959), a n d  B ull. 
A gr. Chem, Soc. J a p .,  24, 565 (1960); a n d  J . S. K itt re d g e , E . R o b e rts , a n d  
D . G . S im onsen , Biochem istry, 1, 624 (1962).

(29) K . D . B erlin  a n d  M . N ag ab h u sh a n a m , Proc. Okla. A cad . S c i., 45, 111 
(1965).

(30) J .  R . F e r ra ro  a n d  P . F . P ep p a rd , J .  P h y s . Chem., 67, 2639 (1963).

T able III
R esults of Growth Studies

,-------------------------C o m p o u n d -------------------------
✓------ 5 a -------s ------5b -------• ✓------ öd-------•

O rgan ism fig /m l %  I MS/ml %  I M g/ml %  I

Micrococcus roseus 850 79 850 100 850 1 0 0

Pseudomonas aeruginosa 850 0
Escherichia coli 850 9
Bacillus megaterium 850 19«
Alcaligenes species 850 0 850

oo

850 14
Arthrobader species 850 100« 850 100« 850 77«
Sarcina hansenii 850 1 0 0 850 86 850 92
Staphylococcus aureua 850 0 850 29 850 18

“ Inhibition was overcome after prolonged incubation.

The infrared spectra were obtained using a Beckman IR-5A 
recording spectrometer (as films on sodium chloride cells for 
liquid samples or as potassium bromide pellets where the com
pounds were solids). Infrared spectra of chloroform solutions of 
diethyl p-methoxybenzoylphosphonate oxime (3d) and diethyl 
a-amino-p-methoxybenzylphosphonate hydrochloride (5d) were 
obtained using a rock salt cell having a film thickness of 0.01 
mm. The chloroform peaks were eliminated in the spectra by 
adjustment of a variable wedge rock salt cell until a flat response 
was obtained. Copies of infrared and nmr data can be obtained 
from the senior author.

Preparation of Diethyl Aroylphosphonates 2.—The general 
procedure employed is described. A slight excess of triethyl 
phosphite [bp 62-64° (24 mm)] was added dropwise to an aroyl 
chloride (commercially available materials or synthesized from 
commercially available acids using standard methods) under 
deoxygenated, anhydrous nitrogen31 and at such a rate so that 
the temperature of the reaction mixture did not exceed 40°. 
When necessary, an ice-water bath was provided to control the 
temperature of the exothermic reaction. The solutions became 
yellow while being stirred for 4 hr. Chloroethane was evolved 
during the course of the reaction. The products were purified 
by vacuum distillation. Elemental analyses and spectral data 
were used to confirm the structure of new diethyl aroylphospho
nates 2 . In examples where the diethyl aroylphosphonates were 
known, the comparison of spectral and physical properties with 
those of authentic samples established identity.

Deviations from the above general procedure were employed 
with 2-naphthoyl chloride (lh) and 2 ,6-dimethoxybenzoyl 
chloride (If), both of which were solids. These aroyl chlorides 
were heated (48° for 2-naphthoyl chloride and 66° for 2,6- 
dimethoxybenzoyl chloride, i.e., to temperatures just above 
their melting points) prior to the addition of triethyl phosphite.

Preparation of Diethyl Aroylphosphonate Oximes 3.—A 
diethyl aroylphosphonate 2 (0.100 mol)32 was slowly added (drop- 
wise at such a rate so as to maintain the temperature of the 
slightly exothermic reaction below 30°) to a mixture of 200 ml32 
of absolute ethanol, 9.25 g (0.133 mol32—33% excess) of hydroxyl- 
amine hydrochloride and 11.85 g (0.150 mol32—50% excess) 
of pyridine. The yellow color of the diethyl aroylphosphonates 2 
slowly disappeared [except in the case of diethyl 2 ,6-dimethoxy- 
benzoylphosphonate (2f)] in the course of oxime formation. The 
mixtures were stirred at room temperature for 72 hr. Evapora
tion of the ethanol in vacuo gave a syrup which was mixed with 
75 ml of distilled water. This aqueous mixture was extracted 
with three 75-ml portions of methylene chloride. The organic 
layers were combined and dried (MgS04). The solvent was 
removed, and the syrup was vacuum dried (1-5 mm, room tem
perature) for 1-3 hr. Infrared spectra and nmr spectra were 
also recorded.

Deviations from the above general procedure are as follows. 
Efforts to purify crude diethyl benzolphosphonate oxime (3a) 
through crystallization from a variety of solvents and mixtures 
of solvents failed. Attempted distillation of 3a resulted in a 
violent decomposition as the temperature at the head of the 
distillation column approached 60° (0.7 mm). The vacuum-dried 
diethyl benzoylphosphonate oxime (3a) was, therefore, used

(31) P . A rth u r , A n a l. Chem ., 36, 701 (1964).
(32) I n  a ll cases 200 m l of e th an o l w as used . T h e  q u a n t i ty  of a ro y lp h o s

p h o n a te  v a r ie d  from  0.05 to  0.2 m ol, a n d  th e  q u a n tit ie s  of h y d ro x y la m in e  
h y d ro ch lo rid e  a n d  p y r id in e  v a r ie d  so as  to  m a in ta in  th e  0 .1 0 0 :0 .1 3 3 :0 .1 5 0  
m o la r ra t io  of reag e n ts .
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w ith o u t  f u r th e r  p u r if ic a tio n . I n  a d d it io n  to  s t i r r in g  a t  ro o m  
te m p e ra tu re  (70  h r ) ,  th e  re a c tio n  m ix tu re  in  th e  p r e p a ra tio n  
of d ie th y l  2 ,6 -d im e th o x y b e n z o y lp h o sp h o n a te  ox im e (3f) w as 
bo iled  a n  a d d it io n a l  2 h r  a t  th e  en d  of th e  s t ir r in g  p e rio d .

Preparation of Aluminum-Amalgam.— T h is  p ro c e d u re  is a  
m o d ifica tio n  o f t h a t  u sed  b y  H a r tm a n  a n d  P h il lip s .33 A p p ro x i
m a te ly  100 m l o f a q u eo u s  5 %  m erc u ric  ch lo rid e  so lu tio n  w as 
a d d e d  to  10 .0  g (3 .7 0  g -a to m s) of a lu m in u m  foil (6 X  6 X  0.001 
in .)  w h ich  h a d  b e en  c u t  in to  a p p ro x im a te ly  2-cm  sq u a re s . T h e  
foil re m a in e d  in  c o n ta c t  w ith  th e  m e rc u ric  ch lo ride  so lu tio n  fo r
5 -1 0  m in  to  e ffec t a m a lg a m a tio n . T h re e  1-1. p o r t io n s  of d is tilled  
w a te r  w ere  u sed  to  w ash  th e  c o a ted  a lu m in u m  w h ich  w as used  
im m e d ia te ly  s ince  i t  ra p id ly  re a c ts  w ith  m o is tu re .

Aluminum-Amalgam Reduction of Diethyl Aroylphosphonate 
Oximes 3 and Subsequent Salt Formation.— R e d u c tio n  o f e ith e r  
th e  p u re  o r  c ru d e  ox im es o f d ie th y l  a ro y lp h o sp h o n a te s  cou ld  be  
effec ted  b y  a lu m in u m -a m a lg a m  in  e th a n o l-w a te r .

T o  a  fre sh  a lu m in u m -a m a lg a m  p re p a re d  in  a  2-1. flask  w as 
a d d e d  500 m l of e th a n o l (a b so lu te ) . T h e  oxim e (0 .0 1 -0 .0 5  
m o l) d isso lv ed  in  200 m l of e th a n o l (a b so lu te )  w as a d d e d  to  th e  
a lu m in u m -a m a lg a m  m ix tu re . D is tille d  w a te r  (200 m l)  w as 
a d d e d , a n d  th e  m ix tu re  w as s t ir re d  fo r 24  h r .  T h e  solids o b ta in e d  
w ere filte red  a n d  th o ro u g h ly  w ash ed  w ith  tw o  100-m l p o r t io n s  
of e th a n o l (a b so lu te ) .  A ll w a sh in g s w ere  co m b in ed  w ith  th e  
m o th e r  liq u o r . T h e  so lv e n ts  w ere  s tr ip p e d  fro m  th e  c ru d e  d i
e th y l  a -a m in o a ry lm e th y lp h o s p h o n a te s  4 w h ich  w as th e n  d is
so lved  in  a p p ro x im a te ly  100 m l of a n h y d ro u s  e th e r .  D ry  h y d ro 
gen ch lo rid e  w as slow ly  b u b b le d  th ro u g h  th e  e th e r  so lu tio n  fo r 
5 m in . T h e  in so lu b le  h y d ro c h lo rid e  s a lts  5 s e p a ra te d  e ith e r  as 
oils o r w h ite , c ry s ta llin e  so lid s. T h e  o ily  m a te ria ls  w ere  c ry s ta l
lized  u sin g  v a rio u s  so lv e n ts . In f ra re d  an d  n m r  s p e c tra  d a ta  w ere 
reco rd ed .

Hydrolysis of the Hydrochloride Salts 5 of Diethyl a-Aminoaryl- 
methylphosphonates 4 to a-Aminoarylmethylphosphonic Acids 7.
— T h e  free  « -a m in o a ry lm e th y lp h o sp h o n ic  ac id s 7 w ere  o b ta in e d  
b y  b o ilin g  th e  h y d ro c h lo rid e  s a l ts  5 in  9 M  h y d ro c h lo ric  ac id  fo r 
4 h r .  W a te r  w as rem o v ed  b y  e v a p o ra tio n  to  g ive  th e  h y d ro 
ch lo ride  sa lts  6 of th e  a -a m in o a ry lm e th y lp h o sp h o n ic  a c id s . T h ese  
s a l ts  w ere d isso lv ed  in  a  m in im u m  of cold w a te r  an d  h e a te d  to  
b o ilin g . T h e  less so lu b le  free  ac id s 7 p re c ip ita te d  as w h ite  c ry s ta l
lin e  so lids a n d  w ere  co llec ted  a f te r  coo ling . A  lis tin g  of ac id s 7 
a lo n g  w ith  so m e of th e ir  p h y s ic a l p ro p e rtie s  a re  fo u n d  in  T a b le  I .  
N m r  sp e c tra l d a ta  fo r 7 w ere  also  re co rd ed .

The Direct Preparation of a-Amino-p-chlorobenzylphosphonic 
Acid (7b) from Diethyl p-Chlorobenzoylphosphonate (2b).— A 
to ta l  of 2 3 .12  g  (0.0761 m o l) [bp  1 6 4 -1 6 6 ° (0 .4 -0 .6  m m )] of 
d ie th y l  p -c h lo ro b e n z o y lp h o sp h o n a te  (2b) w as ad d ed  d ro p  wise 
to  a  m ix tu re  of 7 .0 5  g  (0 .101  m o l) of h y d ro x y la m in e  h y d ro c h lo 
r id e , 13.11 g (0 .166  m o l) of p y r id in e , a n d  100 m l of e th a n o l 
(a b so lu te )  a t  su c h  a  r a te  t h a t  th e  te m p e ra tu re  of th e  m ix tu re  d id  
n o t  exceed 3 0 ° . T h e  m ix tu re  w as s t ir re d  fo r 72 h r .  T h e  so lv e n t 
w as rem o v ed  in vacuo an d  100 m l of w a te r  w as a d d ed  to  th e  sy ru p . 
F o u r  100-m l p o r t io n s  of C H 2C I2 w ere  u sed  to  e x tra c t  th e  aq u eo u s  
m ix tu re . T h e  C H 2CI2 la y e rs  w ere  d ried  (M g S 0 4) ; th e  so lv e n t w as 
rem o v ed  in vacuo. T h e  c ru d e  d ie th y l p -e h lo ro b e n zy lp h o sp h o n a te  
oxim e (3b) w as d isso lv ed  in  100 m l of e th a n o l a n d  th e  re su ltin g  
so lu tio n  a d d e d  to  a  m ix tu re  of a lu m in u m -a m a lg a m  (p rep a re d  
as d escrib ed  p re v io u s ly  fro m  20 g of a lu m in u m  fo il, 11. of a b so lu te  
e th a n o l, a n d  400 m l o f w a te r ) .  T h ese  m a te ria ls  w ere  s t ir re d  
fo r  40 h r .  T h e  so lid s w ere  filte red  off a n d  w ash ed  w ith  e th a n o l. 
T h e  w ash ings a n d  f i l t r a te  w ere  co m b in ed  a n d  th e  so lv e n ts  w ere 
re m o v e d  in vacuo. T h e  r e s u l ta n t  sy ru p  w as b o iled  in  a  so lu tio n  
of 130 m l of c o n c e n tra te d  HC1 a n d  100 m l of w a te r  fo r 14 h r .  
R e m o v a l of th e  v o la tile  c o m p o n e n ts  in vacua le f t  an  a m b e r  sy ru p . 
T h is  sy ru p  w as m ixed  w ith  a  so lu tio n  of 30 m l of w a te r  a n d  40 
m l of c o n c e n tra te d  HC1 a n d  d eco lo rized . A fte r  th e  so lu tio n  w as 
f ilte red , th e  so lv e n t w as re m o v e d  in vacuo. A  sy ru p  re su lte d  
w h ich  w as m ixed  w ith  30 m l of w a te r ;  c ry s ta ls  fo rm ed  u p o n  
s ta n d in g . T h e  solid  w as filte red  off a n d  d isso lv ed  in  a  m in im u m  
of cold  w a te r  a n d  b o iled . T h e  less so lu b le  free  ac id  7b p re c ip i
ta te d  as a  w h ite  c ry s ta llin e  so lid  w h ich  w as co llected  a f te r  
coo ling . T h e  y ie ld  of a -am in o -p -c h lo ro b en z y lp h o sp h o n ic  acid  
(7b) w as 11.16 g  [6 6 .5 %  b a se d  on  d ie th y l  p -ch lo ro b en zo y l- 
p h o sp h o n a te  (2b)]. T h e  in fra re d  an d  n m r  s p e c tra  of th e  free  
ac id  w ere  id en tic a l w ith  th o se  fo r a  sam p le  p re p a re d  a n d  c h a r

(33) W . V i. H a r tm a n  a n d  R . P h illip s , “ O rgan ic  S y n th e se s ,”  Coll. Vol. I I ,
A. H . B la tt ,  E d ., Jo h n  W iley  a n d  Sons, In c ., N ew  Y ork , N . Y ., 1943, p  232.

a c te riz ed  as d esc rib ed  p re v io u s ly . A  m e lt in g  p o in t  of 2 8 8 .5 -  
2 8 9 .2 °  (m m p  2 9 0 .4 -2 9 1 .8 )  w as o b se rv ed .

Dilution Studies by Infrared Analysis of Diethyl p-Methoxy- 
benzoylphosphonate Oxime (3d) and Diethyl a-Amino-p- 
methoxybenzylphosphonate Hydrochloride (5d).— T h e  in fra re d  
s p e c tra  of 3d a n d  5d in  ch lo ro fo rm  so lu tio n  w ere  d e te rm in e d  u sing  
th e  cells p re v io u s ly  d e sc rib e d . A f te r  b a la n c in g  th e  cells u n til  
a  f la t b a se  line  w as o b ta in e d  fo r th e  ch lo ro fo rm , so lu tio n s  of 3d 
a n d  5d a t  sev e ra l c o n c e n tra tio n s  w ere  a n a ly z e d . See T a b le  II.

Growth Studies. Materials and Methods.— T h e  co m p o u n d s 
w ere  te s te d  a t  c o n c e n tra tio n s  ra n g in g  fro m  20  to  2500  M g/m l. 
T h e  m ed iu m  used  fo r te s tin g  w as n u t r ie n t  b ro th  (D ifco ) a n d  
in c u b a tio n  w as in  18-m m  tu b e s  on  a  rec ip ro ca l sh a k e r  a t  3 0 ° . 
C o m p o u n d s w ere d isso lv ed  in  n u t r ie n t  b ro th ,  f ilte r  s te r iliz e d , 
a n d  d ilu te d  w ith  b ro th  to  th e  d e s ired  fin a l c o n c e n tra t io n  b e fo re  
in o c u la tio n . G ro w th  w as m ea su re d  as o p tic a l d e n s ity  a t  540 m /j 
u s in g  a  C o lem an  M o d e l 6 -D  sp e c tro p h o to m e te r .  T h e  b a c te r ia  
w ere  g ro w n  o v e rn ig h t o n  n u t r ie n t  a g a r ,  a n d  a  sm a ll a m o u n t  of 
g ro w th  w as tra n s fe rre d  w ith  a  s te r ile  loop to  c o n tro l tu b e s  (b ro th  
o n ly )  a n d  th o se  c o n ta in in g  th e  c o m p o u n d  to  b e  te s te d .  I n i t ia l  
o p tic a l d e n s ity  a t  540 m /i w as a p p ro x im a te ly  0 .1 . M e a su re m e n ts  
of o p tic a l d e n s ity  w ere  m a d e  a t  f re q u e n t in te rv a ls  a n d  th e  p e r  
c e n t in h ib it io n  w as c a lcu la te d  a t  th e  p o in t  of m a x im u m  g ro w th  
in  th e  c o n tro l c u ltu re s . I n c u b a t io n  w as c o n tin u e d  fo r  a n  a d d i
tio n a l 2 4 -4 8  h r  fo r c u ltu re s  sh o w in g  s ig n ific a n t in h ib itio n . T h e  
re su lts  a re  fo im d  in  T a b le  I I I .

Data on Compounds.—Diethyl aroylphosphonates ArC(0)P-
( 0 ) ( O C 2H 5)2 o b ta in e d  y ie ld ed  th e  fo llow ing  d a ta :  2 a , b p  1 3 6 - 
137° (1 .4 -1 .5  m m ) ,34 y ie ld  8 4 .0 % ; 2 b , b p  1 9 2 -1 9 7 °  (0 .4 -0 .6  
m m ), 3 3 .6 %  [C alcd  (fo u n d ): C , 47 .76  (4 7 .8 1 ), H ,  5 .1 0  (5 .1 7 ); 
P ,  11 .20  (1 1 .1 0 )]; 2c, b p  158 -1 6 0  (2 .3  m m ), 8 0 .4 %  [C alcd  
(fo u n d ): C , 47 .76  (4 7 .7 1 ); H , 5 .1 0  (5 .2 5 )];  2d, b p  1 7 5 -1 7 9 °  
(1 .5  m m ) ,33 7 5 .9 % ; 2e , b p  170-171 (2 .2  m m ), 8 9 .7 %  [C alcd  
(fo u n d ): C , 52 .94  (52 .16 ); H , 6 .29  (6 .3 1 )]; 2f, b p  1 8 6 -1 8 9 °
(0 .6 -0 .8  m m ), 6 9 .6 %  [C alcd  (fo u n d ): C , 51 .66  (5 2 .2 2 ); H ,
6 .34  (6 .4 8 )]; 2g, b p  1 5 3 -1 5 5 °  (3 .0  m m ), 8 8 .4 %  [C alcd  (fo u n d ): 
C , 60 .39  (6 0 .2 0 ); H , 7 .77  (7 .8 3 ); P ,  10 .38  (1 0 .5 2 )]; 2 h , b p  
1 8 8 -191° (1 .2  m m ), 7 0 .2 %  [C alcd  ( fo u n d ): C , 61 .64  (6 1 .8 8 ); 
H , 5 .86  (5 .8 7 ); P ,  10 .60  (1 0 .0 0 )].

O x im es o b ta in e d  y ie ld ed  th e  fo llow ing  d a ta :  3 a ;36 3 b , b p
9 3 -9 5 ° , 8 2 .6 %  [C alcd  (fo u n d ): N ,  4 .8 0  (5 .0 1 ); P ,  10 .62  (1 0 .7 5 )]; 
3c, m p  1 2 3 .3 -1 2 3 .8 ° , 6 6 .7 %  [C a lcd  (fo u n d ): N ,  4 .8 0  (4 .82 ); 
P ,  10 .62  (10 .7 7 )]; 3 d , m p  8 3 .6 -8 4 .9 ° , 9 9 .0 %  [C alcd  (fo u n d ): 
N , 4 .8 8  (5 .0 8 ); P ,  10 .78  (1 1 .0 0 )]; 3 e , m p  1 1 3 .4 -1 1 4 .6 ° , 8 9 .5 %  
[C alcd  (fo u n d ): N , 4 .8 8  (5 .1 2 ); P ,  10 .78  (1 0 .8 2 )]; 3 f, m p  1 3 7 .5 -  
1 3 8 .7 ° , 6 4 .8 % ;37 3g, m p  1 1 7 .9 -1 1 9 .1 ° , 7 6 .3 %  [C alcd  (fo u n d ): 
N , 4 .4 7  (4 .6 1 ); P ,  9 .88  (9 .7 7 )]; 3 h .37

Diethyl «-aminoarylmethylphosphonates, ArCH(NH2-HCl)- 
P(0)(OCoH5)2, o b ta in e d  y ie ld ed  th e  fo llow ing  d a ta :  5a, m p
1 6 2 .2 -  1 6 3 .4 ° , 7 4 .5 %  [C alcd  (fo u n d ): P ,  11 .07  (1 1 .3 0 )]; 5 b , m p
1 7 3 .3 -  1 7 3 .8 °, 4 8 .5 %  [C alcd  (fo u n d ): P ,  9 .8 6  (9 .8 3 )]; 5 d , m p
1 6 9 .3 -  1 6 9 .7 ° , 8 2 %  [C alcd  (fo u n d ): P ,  10.00 (9 .7 9 )]; 5e , m p
1 2 6 .7 -  1 2 7 .1 ° , 3 7 .9 %  [C alcd  (fo u n d ): P ,  10.00 (1 0 .4 5 )]; 5f, m p
1 4 3 .7 -  1 4 4 .2 ° , 8 5 .2 %  [C alcd  (fo u n d ): P ,  9 .12  (9 .3 9 )]; 5g, m p
1 6 8 .5 -1 6 9 .7 ° , 7 7 .9 %  [C alcd  (fo u n d ): C , 53 .65  (5 3 .7 8 )], H , 8 .10  
(8 .1 3 ); 5 h , m p  1 8 1 .3 -1 8 3 .1 ° , 5 8 .7 %  [C a lcd  (fo u n d ): P ,  8 .96  
(9 .1 7 )].

Registry No.—2a, 3277-27-8; 2b, 10570-46-4; 2c,
16656-42-1; 2d, 16703-95-0; 2e, 16656-43-2; 2f,
16656-44-3; 2g, 10570-47-5; 2h, 16656-46-5; 3b,
16656-47-6; 3c, 16656-48-7; 3d, 16703-96-1; 3e,
16703-97-2; 3f, 16703-98-3; 3g, 16656-49-8; 5a,
16656-50-1; 5b, 16656-51-2; 5d, 16656-52-3; 5e,
16656-53-4; 5f, 16656-54-5; 5g, 16656-56-7; 5h,
16656-58-9;
16703-99-4.

7b, 16656-60-3; 7d, 16656-61-4; 7h,

(34) M . I .  K a b a c h n ik a n d  P . A. R o ssiisk ay a [Bull. A cad . S c i. S S S R ,
Classe Sci. Cfcira., 364 (1945); Chem . A bstr ., 40 , 4688 (1948)] fo u n d  b p  141°
(2.5 m m ).

(35) K . D . B erlin  a n d  H . A. T a y lo r , J .  A m er. Chem . Soc ., 86, 3862 (1964): 
b p  158 (0.4 m m ).

(36) L iq u id  sam p le ; 3 a  cou ld  n o t b e  c ry s ta lliz e d  u sing  a  v a r ie ty  of so lv en ts  
a n d  v io le n tly  decom posed  u p o n  a t te m p te d  d is ti lla tio n .

(37) T h is  m a te r ia l w as red u ce d  d ire c tly  s in ce  i t  a lso  te n d e d  to  decom pose  
o n  h ea tin g .
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Dihydrotazettine Methine, an Unusual Noncoplanar Phenylcyclohexene
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The structure of dihydrotazettine methine must be corrected to 2, in which steric crowding prevents a planar 
conformation and conjugation. The derivative alcohol 3 displays a strong hydrogen bond forming a ten-mem- 
bered ring. Acid treatment converts 2 into ~he tetrahydrofluorene 11, and the aldehyde 4 into the dihydroiso- 
fluorene 12 . Performic acid converts the acid 5 into the lactones 15 and 16. In the mass spectra of these com
pounds, some fragmentation routes apparently correspond to these cyclizations.

During the brief period in which the chemistry of 
dihydrotazettine methine was critical to the structural 
studies on tazettine, attention centered upon the posi
tion of the double bond.1’2 This paper describes an 
investigation which unexpectedly revealed that the 
position generally accepted for this double bond (2',3' 
in 2) is erroneous.

<j)CH3

5, R =  C02H

In the context of the chemistry of tazettine, the 
main features of the product of the Hofmann decom
position of the methiodide of dihydrotazettine (1) are 
quite clear. The 6-(4'-methoxycyclohexenyl)piperonyl 
system is present and has been demonstrated by re
duction of the methine to a derivative of haemanth- 
amine.3 The presence of the ester function is inferred 
from the infrared absorption and analogy to the forma
tion of an ester in the Hofmann decomposition of tazet
tine.4 These characteristics have been further sub
stantiated by the observations recorded below. Evi
dence on the position of the double bond was limited to 
the ultraviolet spectrum (Figure 1), which resembles 
that of safrole, rather than that of the styrene system of 
isosafrole, and the nonconjugated position (2',3') has 
been generally accepted.1’2’6

In the course of the earlier work it was observed that 
acid treatment converts the methine into a neutral ma
terial. To allow further investigation of this product, 
a fresh quantity of the methine was prepared, which was 
now examined by nmr spectrometry. This spectrum 
displays the characteristics anticipated of a compound 
known to possess the gross features enumerated above, 
but, surprisingly, shows a peak corresponding to a

(1) R . J .  H ig h e t a n d  W . C . W ild m an , Chem . I n d .  (L o n d o n ), 1159 (1955).
(2) T . Ik e d a , W . I .  T a y lo r , Y . S ude, S. U yeo, a n d  H . Y a jim a , J .  Chem. 

Soc., 4749 (1956).
(3) H . M . F a le s  a n d  W . C . W ildm an , J .  A m er. Chem. Soc., 82, 197 (1960).
(4) W . I .  T a y lo r , S. U yeo, a n d  H . Y ajim a , .7. Chem. Soc., 2962 (1955).
(5) Cf. W . C . W ild m a n  in  " T h e  A lk a lo id s ,”  Vol. V I, R . H . F . M an sk e , 

E d .,  A cadem ic  P ress  In c .,  N ew  Y ork , N . Y ., 1960, p  289; H .-G . B o it, " E rg e b -  
n isse  d e r  A lk a lo id -C h em ie  b is  1960,” A cadem ie-V erlag , B erlin , 1961, p  410.

single olefinic hydrogen atom and requires that the 
double bond be in the l',2 ' position (2). Although the 
alicyclic protons could not be well resolved in deuterio- 
chloroform, in perdeuterioacetic acid6 the spectrum 
showed resonance at 8 2.0 (m, ~ 2 , C-5'), at 2.2 (m, 
-~4, C-3' and C-6'), and a broad peak centered at 3.6 
ppm (1, C-4'). Were the double bond in the 2',3' 
position, the spectrum should show a peak near 2.0 
ppm (4, C-5', 6'), peaks for two olefinic protons, and 
peaks for the C -l' proton substantially downfield from 
those observed at 2.2 ppm.

Basic hydrolysis of the methine proceeded smoothly 
to provide a neutral alcohol, 3. The nmr spectrum 
resembles that of the relevant portion of 2, again with 
a single olefinic proton; the ultraviolet spectrum again 
resembles that of safrole. Stirring a chloroform solu
tion of this material with manganese dioxide for 10 
hr provided the aldehyde 4, again showing a single 
olefinic proton in the nmr, and with an ultraviolet 
absorption resembling that of piperonal. Alkaline 
hydrogen peroxide converted the aldehyde into an acid 
5, with similar spectral features.

Although evidence cited to this point comprises two 
conflicting sets of spectral observations, the more cir
cumstantial nature of the nmr spectra greatly favors 
the formally conjugated structure 2. Oxidation to j8- 
methoxyadipic acid, discussed elsewhere in connection 
with the absolute configuration of the parent alkaloid,7 
settled the conflict unambiguously. The studies de
scribed below provide further evidence in support of 
this conclusion.

Although it is somewhat surprising that the ultra
violet spectra of these compounds fail to show the 
double bond conjugated with the aromatic system, 
evidently the bulk of the group ortho to the cyclohexenyl 
system in each is sufficient to force the double bond out 
of a position coplanar with the aromatic group. Refer
ence to the spectra of the tolyl cyclohexenes removes 
all doubt: 1-p-tolylcyclohexene shows a styrene
chromophore [Xmax 249 mp (e 12,800)], while l-o- 
tolylcyclohexene does not [Xmax 271 (e 350)].8

Reassigning the position of the double bond in di
hydrotazettine methine requires that the mechanism of 
the Hofmann decomposition be reconsidered. I t is 
quite clear that the hydroxyl group of the hemiacetal is 
involved, for the Hofmann decomposition of 0,N-

(6) Cf. J .  C . N . M a  a n d  E . W . W a rnho ff, C an. J .  Chem ., 43 , 1849 (1965).
(7) R . J .  H ig h e t a n d  P . F . H ig h e t, <7. Org. Chem ., 33, 3105 (1968).
(8) o -T o ly lcyclohexene show s a  ris ing  en d  a b s o rp tio n  w h ich , how ever, h as  

e 1700 a t  249 m p. T h e  n m r  s p e c tra  of th e se  co m p o u n d s  s im ila r ly  re flec t 
th e se  effects: l-o -to ty lcyclohexene, S 7 .13 (4 H , a ro m a tic ) , 5 .57  (1 H  o lefin ic); 
1 -p -to ly lcyclohexene , 7.30, 7 .08  (2 H  each , a ro m a tic ) , 6 .05  p p m  (1 H , ole
fin ic). O n  th e  basis  of th e se  chem ica l sh ifts , th e  d ih e d ra l an g le  of th e  o lefinic 
b o n d  a n d  th e  a ro m a tic  r in g  of o -to ly leyc lohexene h as  b ee n  e s tim a te d  a s  69 
or 100°; cf. E . W . G arb isch , «7. A m er. Chem . Soc., 85, 927 (1963).
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dimethyltazettine takes quite a different course.2 The 
fact that the dimethylaminomethylene moiety is re
tained requires that the benzylic ether bond remain in 
the product ester and that the decomposition occur on 
the intact hemiacetal. The earlier belief that the 
double bond occupies the nonconjugated position re
quired that the formation of the methine be rationalized 
by a mechanism involving a normal Hofmann de
composition to 6, followed by the cleavage indicated. 
This mechanism is clearly precluded by the con
jugated position of the double bond, and a concerted 
mechanism 7 is now more attractive.1’9-10

The formation of a product similar to dihydrotazet
tine methine has been reported from the Hofmann deg
radation of dihydrooxohaemanthamine methiodide,
8.8 Assigning the position of the double bond again 
depended on the ultraviolet absorption which favored 
the 2',3' position 9. Through the courtesy of Dr. H.
M. Fales, of this laboratory, it has been possible 
to examine the nmr spectrum of this methine which 
reveals a single olefinic proton (5 5.55 ppm, m). I t is 
evident that 10 is the correct structure and that the 
ultraviolet absorption is also misleading in this case.

Because the double bond of the methine is crowded 
by the hydroxymethyl, it was anticipated that 
the alcohol might show hydrogen bonding to it. The 
infrared spectrum of the alcohol reveals intramolecular 
hydrogen bonding by two peaks in the OH-stretching 
region, at 3620 and 3500 cm-1, the latter with a width 
at half-intensity of 80 cm-1, unchanged on dilution to
0.004 M  in carbon tetrachloride.11 However, it is un
likely that the absorption at 3500 cm-1 results from 
interaction of the hydroxyl with the double bond, for 
hydroxyl groups so bonded seldom absorb below 3550

(9) K . W iesner a n d  Z. V a le n ta , Chem . I n d .  (L o n d o n ), R 36  (1956).
(10) I t  is iron ic to  n o te  t h a t  such  a  fo u r-cen te r e lim in a tio n  w as firs t sug

gested  to  lead  to  th e  m e th in e  w hen  i t  w as su pposed  to  h a v e  a  n o n c o n ju g a te d  
d o u b le  b o n d  a n d  le d  to  a n  erroneous s tru c tu re  fo r ta z e t t in e .1 H a d  th e  con
ju g a te d  n a tu re  of th e  m e th in e  been  recogn ized , th is  m echan ism  w ou ld  h a v e  
le d  to  th e  co rre c t s tru c tu re  fo r ta z e tt in e .

(11) A  p re lim in a ry  d esc r ip tio n  of th e  p h en o m e n a  a s so c ia ted  w ith  th is  
h y d ro g en  b o n d  has  ap p e a re d ; cf. R . J . H ig h e t, J . C . N . M a, a n d  P . F . H ig h e t,
Tetrahedron L ett., 1049 (1966).

€

m/i

Figure 1.—Ultraviolet spectra: -------- , dihydrotazettine meth
ine; ---------, isosafrole; • • • •, safrole.

cm“1.12 Dreiding models of the molecule reveal the 
probable nature of this bond, for the hydroxyl can ap
proach within 1.6 A of the methoxyl oxygen, owith a 
linear conformation and O - • - O distance of 2.6 A.

This unusual hydrogen bond adds rigidity to the 
molecular conformation, which is revealed in the nmr 
spectrum of the benzylic methylene group. This ap
pears as an AB quartet, which coalesces to a singlet at 
approximately 68° (see Figure 2). Because the outer 
limbs of the quartet are sometimes lost in the instru
mental noise, the signal sometimes appears as a doublet, 
such as might result from coupling of the methylene 
protons with the hydroxyl proton. However, the 
hydroxyl signal is a singlet, and exchanging the proton 
for a deuterium atom does not alter the absorption of 
the benzylic methylene group.

It is clear that the nonequivalence of the methylene 
protons results from the hydrogen bond, for the parent 
ester 2 does not show this phenomenon, and addition of 
a polar material [here (CD3)2SO] to a dilute carbon

(12) Cf. (a) H . M . F a le s  a n d  W . C . W ild m an , J .  A m er. Chem. Soc., 85 , 784 
(1963); (b) P . v o n  R . S ch leyer, D . S. T rifa n , a n d  R . B ack sa i, ib id ., 80, 6691 
(1958); (c) P . v o n  R . S ch leyer, C . W in tn e r, D . S . T rifa n , a n d  R . B acksai, 
Tetrahedron Lett., 1 (1959). (d) I t  is fu r th e r  u n lik e ly  t h a t  th e  olefin  is in 
v o lv e d  in  th e  h y d ro g en  bo n d  b ecau se  2 -h y d ro x y m e th y lb ip h e n y ls  fa il to  show  
b o n d in g  of th e  h y d ro x y l to  th e  a d ja c e n t a ro m a tic  r in g ; cf. W . F . B a itinge r, 
P . v o n  R . S ch leyer, a n d  K . M islow , J .  A m er. Chem . Soc., 87 , 3168 (1965).
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0 . I 2 M

Figure 2.—Nmr spectra of dihydrotazettine methine alcohol in 
carbon tetrachloride solution at S 4.7 ppm.

tetrachloride solution of the alcohol disrupts the bond, 
converting the quartet into a singlet.

The cage structure resulting from this hydrogen bond 
places the aromatic system in an asymmetric environ
ment, which can be detected in the optical rotatory 
properties of the molecule. The ORD curve (Figure 
3) of a dilute hexane solution of the alcohol shows a 
Cotton effect which is not present in the parent ester. 
A methanolic solution of the alcohol reveals only a 
plain curve to 250 m/x.

Such a hydrogen bond made possible across many 
atoms by an unusual conformation is not unique to 
this molecule, but such bonds are unusual in simple 
systems.13 Although the methoxyl group must occupy 
the energetically less favored axial position, the energy 
difference of the axial and equatorial conformations is 
evidently comparable with that of the hydrogen bond.

Acid Transformation Products.—The methine 2 
turns cloudy on warming in acid, producing a neutral 
material of the composition GisHi/A. The ultraviolet

H+
,0 .

< o T O h 3
it

4 —►  < °  
0

13

t

14

12

spectrum of this product showed a double bond con
jugated with the aromatic system, while the infrared 
and nmr spectra showed the environment of the aro
matic system, the alicyclic protons and the methoxyl 
group to be otherwise unchanged; there were no olefinic 
peaks, and one broad singlet of two protons remained 
unassigned, S 3.08 ppm. As the nmr spectrum and em-

(13) A  re m a rk a b le  case is t h a t  of d e h y d ro p ris tim e rin  I I :  K . N ak an ish i,
Y . T a k a h a s h i, a n d  H . B udzik iew iez, J .  Org. C h e m 30, 1729 (1965).

Figure 3.—ORD of dihydrotazettine methine and its alcohol in 
hexane solution.

pirical formula show the benzylic substituent to have 
been eliminated, the product may be supposed to be 
that of cyclization, 11.14 The chemical shift of the 
unassigned peak corresponds reasonably to that of 
indene, 3.33.16

The aldehyde 4 also proved to be sensitive to acid, 
brief warming forming a handsome golden precipitate 
with the composition C15H14O3. The nmr spectrum of 
this product shows two olefinic protons, one as a singlet 
broadened only by allylic coupling, and the other as a 
triplet corresponding to coupling with an adjacent 
methylene group. These may reasonably be assigned 
to C-9 and C-4 of 12. Although the spectra of 12 do 
not eliminate the C-l position for the methoxyl, de
hydrogenation produces a mixture of the methylene- 
dioxyfluorene 14 and its methoxy derivative 13, with 
the characteristic nmr spectrum of a 1,2,4-substituted 
aromatic ring. The same materials are produced by 
dehydrogenation of the tetrahydrofluorene 1 1 .

(14) T h e  s e n s it iv ity  of th e  m e th in e  to  ac id  p a ra lle ls  t h a t  of d e o x y ta z e t tin e  
m e th in e  (i), w h ich  is c o n v e rted  u n d e r  s im ila r co n d itio n s  in to  th e  o p tic a l ly  
a c tiv e  n eo m e th in e  ii  a n d  p ip e ro n y l a lcoho l. (C f. E . W . W arn h o ff in  “ M olecu -

ii

la r  R e a rra n g e m e n ts ,”  V ol. 2, P . d e  M ay o , E d ., In te rsc ie n c e  P u b lish ers , In c ., 
N ew  Y ork , N . Y ., 1964, p  851. As th is  m a te r ia l h a s  b ee n  p rev io u sly  re p o r te d  
o p tic a l ly  in a c tiv e 2 a n d  ex p e rim en ta l d e ta ils  s u p p o r tin g  th e  o p tic a l a c t iv i ty  
h a v e  n o t  b ee n  re p o r te d  elsew here , th e se  h a v e  k in d ly  been  su p p lie d  b y  D r. 
W arn h o ff a n d  a re  in c lu d ed  in  th e  E x p e r im e n ta l S ection .)

(15) N . B . B hacca , L. F . Jo h n so n , a n d  J . N . S hoo le ry , “ N m r S p e c tra  
C a ta lo g ,”  Y a ria n  A ssocia tes, P a lo  A lto , C alif., 1962, N o . 227.



Vol. 33, No. 8, August 1968 D ih y d r o ta zettin e  M e t h in e  3099

The cyclization of the methine 2 may be represented 
by the path

The reaction cannot proceed by a mechanism initiated 
by protonation of the double bond to form a benzylic 
carbonium ion, for a symmetrical intermediate would be 
formed, and the product could not possess the optical 
activity observed. As anticipated from this mech
anism, the same product is obtained from acid treat
ment of the alcohol 3, but only under prolonged heat
ing. A similar route is proposed for the formation of
12. Not only is the product optically active, but when

the cyclization is performed on the dideuterioaldehyde 
(4, D at 5' and 6') one-quarter of the deuterium content 
is lost in the formation of 12.7

The double bond of the alcohol 3 is quite resistant to 
oxidation. The acetate of 3, formed by the action of 
acetic anhydride in pyridine, was not attacked by 
treatment with potassium permanganate solution for 
2 hr. However, peroxide oxidation of the aldehyde 4 
provided the acid 5, which, with performic acid,16 
produced a series of neutral materials which could be 
separated by tic. The two major components, A, mp 
182-185°, and B, mp 178-181°, were shown by mass 
spectrometry to possess the composition CwHieOe. 
Infrared spectra of these materials show carbonyl peaks 
near 1750 cm-1, corresponding to five-membered lac
tones (c/. methyl piperonylate, 1719 cm-1). The 
hydroxyl-stretching frequencies reveal the stereo
chemistry of the compounds. In dilute carbon tetra
chloride solution, A shows a free hydroxyl group, 3632 
cm-1, while B shows a hydroxyl group with a strong 
hydrogen bond, 3490 cm-1. Neither of these corre
sponds to a cfs-cyclohexanediol nor a ¿rans-equatorial 
cyclohexanediol derivative, either of which should pro
duce a weakly bonded hydroxyl of ca. 3550 cm-1.17 
The two materials are therefore to be represented by 
15, A, with the free hydroxyl and 16, B, with the

(16) G . B e rti, F . B o tta r i ,  B. M acch ia , a n d  F . M acch ia , Tetrahedron, 21, 
3277 (1965).

(17) E . G a la n ta y , ib id ., 19, 319 (1963); E . L . E lie], N . L . A llinger, S. J . 
A ngyal, a n d  G . A. M orrison , "C o n fo rm a tio n a l A n a ly s is ,"  In te rsc ie n c e  P u b 
lishers, In c ., N ew  Y o rk , N . Y ., 1965, p  110.

Figure 4.—ORD of lactones A (----------- ) and B ( ...........) in
ethanol.

hydroxyl strongly bonded to the cfs-methoxyl in a 1,3- 
diaxial relation.

The properties conform quite well to the products 
anticipated from the reaction, for the cyclohexenyl ring 
of the acid 5, with the methoxyl in the equatorial con
formation, should be equally hindered on either side; 
the two intermediate epoxides are evidently formed in 
similar amounts and suffer ¿rans-diaxial opening to the 
lactones observed.16

Although the two lactones have one asymmetric 
center in common, that bearing the methoxyl group, 
the two asymmetric centers nearest the chromophorie 
group possess opposite absolute configurations. The 
optical rotatory dispersion curves reflect this fact and 
show Cotton effects of opposite character, centered at 
305 mu (see Figure 4).

Mass Spectral Observations.—The mass spectra of 
the compounds discussed here (Experimental Section 
and Figure 5) comprise ions evidently formed largely by 
the elimination of small and simple moieties, as sum
marized in Table I. The processes postulated conform 
to the composition of the ions determined by accurate 
mass measurement (Table II) and to the corresponding 
peaks of the deuterated materials available from the 
study of the absolute configuration of alkaloids related 
to tazettine.7 They are perhaps best discussed in order 
of the increasing complexity of the compounds.

(Table III lists the mass spectra of 11-16.)
The sequential elimination of the elements of formal

dehyde and carbon monoxide from the methylene- 
dioxyaromatic system form the dominant ions of the 
dehydrogenation products 13 and 14, and the terminat
ing sequences of the fragmentations of the more com
plex molecules of the series. The elimination of the 
elements of methanol from the dihydroisofluorene 12
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Figure 5.—Mass spectra of dihydrotazettine methine and 
derivatives. Registry no.: a, 16831-29-1; b, 16831-30-4; f, 
16831-31-5; h, 16831-32-6.

T able I
Fragmentation under E lectron Bombardment“

4

3

260 ■
d*
f*

■ 228

202

b g
200 (C 13H 12O 2) ------ >■ 199 (C 13H 11O 2)

A  201 — A  200 (CuH sO s) — A  199 (C n H jO j) 
b*  a*  ‘ b *  g

174 (C 11H 10O 2) ------>  1 4 4 ------>  1 1 6 ------>• 115

115

'----->■ 1 4 4 ------116

“ An asterisk indicates that spectra show metastable ions cor
responding to these transitions: a, CH20 ; b, CO; c, CH3; d, 
CH3OH; e, H2; f, CH3O CH =CH 2; g, H; h, H20 ; i, see text; j, 
OH; k, C3H4; 1, CH3O; m, C 02.

evidently produces an ion very similar to the parent 
ion of 14, for the characteristic ions from the fragmenta
tion of that parent appear, along with those of the 
competing sequence originated by the elimination of 
methyl from the methoxyl group.

The spectrum of the tetrahydrofluorene 11 is dom
inated by the reverse Diels-Alder elimination, the 
process which also produces the base peak of the alde
hyde 4 (Figure 5g and h) and of the acid 5 (Figure 5d). 
However, in the fragmentation of these latter com
pounds, alternative routes compete to produce spectra 
of greater complexity.

The striking feature of the spectrum of 3 (Figure 5e 
and f) is that the reverse Diels-Alder process forming 
the base peak does not occur from the parent ion, but 
from the product of dehydration, m/e 244, which can 
evidently be assigned the structure of the tetrahydro
fluorene 11, for the characteristic peaks of this latter 
compound can be seen at lower masses. The dehydra
tion process evidently is preceded by an isomerization 
of the double bond, for the dideuterated material shows 
dehydration products as mono- and dideuterated
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doublets (244 shifts to 245 and 246; 186 to 187 and 
188). The appearance of a strong peak at m/e 189 
(190 in the deuterated compound) is rationalized as 
cleavage of an allylic bond to form a, cyclization and 
proton transfer in one or two steps to form b, which 
cleaves to the observed ion of m)e 189, c. The sequence

leading to the ion of m/e 173, unchanged in the spec
trum of the deuterated material, is represented as the 
product of the alternative allylic cleavage and cycliza
tion.

- oh

0 »
1. - ch3oh

2. H shift

m/e 245

/ V
+

,Ov A .
__^

o @ j
m/e 173

m/e 213

The mass spectrum of the methine 2 is dominated by 
the facile departure of the dimethylaminomethylene 
moiety, m/e 58, which provides the base peak. The 
same cleavage forms the ion of m/e 245, which fragments 
by processes common to the alcohol and tetrahydro- 
fluorene described above. The ions of m/e 333, 318, 
302, 300, 204, 97, 71, and 70 evidently arise from di
hydrotazettine contaminating the difficultly purified 
methine.

The stability of the polycyclic system of dihydro
tazettine 1 is reflected in the appearance of the parent 
ion as the base peak. The familiar losses of methyl, 
hydroxyl, and methoxyl are observed, the last leading 
to the intermediate d, m/e 302 (Chart I), regarded as 
the starting point for fragmentations of the alicyclic 
ring. Elimination of C-l to C-4 via the process e 
produces the ion of m/e 247, f, and, with loss of hydroxyl, 
m/e 230, both of which incorporate no deuterium. 
Cleavage next to the hemiketal position with hydrogen 
transfer allows the elimination of C-2 to C-4 (g), and 
the formation of h, m/e 204. A  similar cleavage with
out hydrogen transfer, i, produces a charge-bearing

moiety of small weight, j, m/e 97. Cleavage of the 
parent ion at the methoxyl site to produce k allows the 
elimination of the ion of m/e 70, 1. The peaks of m/e

114, 71, and 58 can evidently be similarly explained.
The base peaks of the very simple spectra of the 

lactones 15 and 16 evidently arise from elimination 
following the facile glycol cleavage.

Experimental Section18 * * * * * *
Dihydrotazettine Methine (2).1-2—A solution of 440 mg of

dihydrotazettine in 10 ml of acetone was treated with 5 ml of 
methyl iodide at room temperature for 30 min and then evapo
rated to dryness. The residue was dissolved in 5 ml of methanol 
and stirred 2 hr with silver oxide, freshly prepared from 280 mg 
of silver nitrate and dilute sodium hydroxide. The suspension 
was filtered, the filtrate was evaporated to dryness, and the 
residue was heated at 130° under reduced pressure for 30 min. 
The residue was dissolved in ether, and the solution was washed 
with brine and evaporated to dryness, providing 404 mg of the 
methine as an oil which was unstable to distillation, but could 
be shown by tic and glpc to be essentially one material, [a]25ss9 
+29.5°. The methine formed a picrate which crystallized from 
ethanol, mp 136.5-137.5° (lit.1 mp 136-137°).

Anal. Calcd for C25H28N4O12: C, 52.08; H, 4.89; N, 9.72. 
Found: C, 52.35; H, 4.89; N, 9.57.

Regeneration of the free base provided material with the follow
ing spectral properties: Xmax 243 m/i (e 4900) and 290 (4100) 
[safrole shows Xmax 237 (4120) and 287 (3900); isosafrole shows 
259 (11,650), 266.5 (11,150), and 305 (5180)]; rma* 1740, 1040, 
and 935 cm“1.

Anal. Calcd for C19H25NO5: m/e, 347.173. Found: m/e, 
347.174.

6-(4'-Methoxycyclohexenyl)piperonyl Alcohol (3).—A solution 
of 90 mg of the above ester in 4 ml of ethanol was treated with 
2 ml of 1 M  sodium carbonate and refluxed 1 hr. The solution 
was diluted with water and extracted with ether, and the ethereal 
layer was washed with brine, filtered, and evaporated to dryness 
to provide 70 mg of an oil. Crystalline material was obtained 
after sublimation (75°, 0.001 mm) or preparative tic (ether- 
chloroform, 1:1): mp 63-64°; [«]5so —3.2° (c 0.34); Xmax 240 
mM (e 5100), and 290 (3900); (dil CC14) 3630 and 3500 
cm“1; nmr 6.93 (C-2 , s, 1 ), 6.64 (C-5, s, 1 ), 5.95 (OCH20 , s,

(18) M e ltin g  p o in ts  w ere  o b se rv ed  o n  a  K ofler m icro sco p e  h o t  s ta g e  a n d  
a r e  co rrec ted . R o ta tio n s  w ere  m e asu red  in  ch lo ro fo rm  w ith  a  R u d o lp h  
p h o to e le c tr ic  s p e c tro p o la r im e te r  u s ing  2 -d m  tu b e s ; th e  o p tic a l ro ta to ry  dis
pers io n s  of F ig u re s  3 a n d  4 w ere  d e te rm in e d  on  a  C a ry  60 reco rd in g  sp ec tro 
p o la r im e te r  in  1-cm  cells; u lt ra v io le t  s p e c t ra  w ere  o b ta in e d  in  a b s o lu te
e th a n o l so lu tio n  on  a  C a ry  M odel 11 M S  reco rd in g  s p e c tro p h o to m e te r ; 
in f ra re d  sp e c tra 'w e re  reco rd e d  on  e ith e r  a  P e rk in -E lm e r M o d e l 21 o r  a  B eck
m a n  IR -7  d o u b le -b eam  s p e c tro p h o to m e te r  in  ch lo ro fo rm  so lu tio n ; n m r
m e asu rem en ts  w ere  o b ta in e d  o n  a  V a ria n  A -60 sp e c tro m e te r  in  deu te rio -
ch lo ro fo rm  so lu tio n , u s ing  te tra m e th y ls ila n e  (5 0.0) as  a n  in te rn a l  s ta n d a rd .
E x c ep tio n s  to  th e  specified  so lv en ts  a re  n o te d  in  th e  te x t. M ass  sp e c tra  w ere
d e te rm in ed  w ith  a n  A ssocia ted  E le c tric a l In d u s tr ie s  M S-9  d o ub le -focusing
m ass s p e c tro m e te r  a t  70 eV ; a c c u ra te  m ass  m e a su re m e n ts  w ere  o b ta in e d  b y  
co m p arin g  th e  w eigh ts  o f u n k n o w n  io n s  w ith  th o s e  of ions  of h ep taco sa- 
f lu o ro tr ib u ty la m in e  of s lig h tly  low er w eig h t. T ic  w as p e rfo rm e d  on  silicic 
ac id  p la te s .
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C o m p d

14

13

12

11

4

3

O bsd

210.067
180.056
152.062

240.077
225.054
210.065
197.058
182.070
167.050
139.056

242.093
227.072
210.070 
197 060
180.058
169.065
167.051
152.063
139.057

244.108
212.083
186.063
156.055 
128.062

260.101
244.111 
242.097
228.078 
202.060
201.052 
200.082 
200.045 
199.074 
199.038
187.073
174.068 
174.034 
159.044
144.056
116.064
115.054

262.118
244.111
230.094 
213.090 
212.081 
199.076
189.054
186.066
175.074 
175.040
173.064
156.057 
143.047 
128.062 
115.056

F o rm u la

CuH.oO*
CisHsO
C12Ha

C15H 1203
CuHsOa
C14H 10O2
C13H 9O2
c 13h 10o
c 12h ,o
C„H,

CisHuO,
C14HnOs
C14H 10O2
C13H 902
c 13h 8o
c 12h 9o
c 12h ,o
C ; 2 Hr 
C„H,

C15H 16O3
C14H 12O2
C12H 10O2
C„HsO
c 10h 8

CiiHieOi
Cl5Hl603
Ci5Hh0 3

C14ÎÎJ203
Cl2Hio03
c 12h 9o 3

Cl3Hi202
Ci2H80 3

Ci3H ii0 2

C12ÏÎ703
C12H 1102
C11H 10O2
CioH60 3
c 10h 7o 2

CioHsO
c 9h 8

c 9h ,

Ci8H i804
C15IÎ1603
Cl4H7403
Cl4Hl302
C14H1202
Cl3Hll02
ChH 90 3

C12H10O2
CuHuO,
C10H7O3
c „ h 9o 2

ÇnHsO
C10H,O
c 10h 8

c 9h 7

T a b l e  II
A c c u r a t e  M a s s e s  o f  I o n s

R eq u ired

210.068
180.058
152.063

240.079
225.055 
210.068
197.060 
182.073
167.050
139.055

242.094 
227.071 
210.068
197.060
180.056 
169.065
167.050
152.063
139.055

244.110
212.084 
186.068
156.058
128.063

260.105
244.110
242.094
228.079
202.063
201.055
200.084 
200.048
199.076 
199.040
187.076
174.068 
174.032 
159.045
144.058
116.063
115.055

262.121
244.110
230.094 
213.092 
212.083
199.076
189.055
186.068
175.076 
175.039
173.061
156.058
143.050
128.063
115.055

C om pd

2

1

15

16 

5

O bsd

347.172
245.115 
244.112
230.088
213.091
186.067
183.081
155.084 
155.050 
155.016
143.048 
128.063
115.055
586.048

333.157
318.131
302.138
300.124
290.116 
284.129 
272.127 
272.105
247.084
230.082 
204.040
186.065 
173.120
173.060 
159.043 
128.062
115.055
114.092
97.088 
71.0726 
71.0492
70.067
58.067

292.094
190.026

292.094
190.026

276.101
258.089
244.073
226.061
225.056
218.057
200.047 
188.046
174.065
173.058 
144.057
143.048 
116.062 
115.055

F o rm u la

C19H25NO5
Ci6H 170 3
Cl5Hl603
CuHhOs
Ci4Hl302
C12H 10O2
Ci3H „0
c l2Hll
ChH70
CioH302
c I0h 7o
CioHs
c 9h 7
c 8h 8n

C,8H23N05
CitHsoNOs
Ci7H 2oN 0 4

CnH 18N 0 4

Cl7Hi805
Ci7H i8N 0 3

C 16HI8NOa
C16H 16O4
Ci3H 13N 0 4

c 13h I2n o 3

ChH80 4

C12H 1Q02
c 9h „ o 3

CiiH 90 2

C,oH70 2

C,oH 8

c 9h 7

c 6h 12n o
CeHnN
C4H 9N
C4H7 0

c 4h 8n
c 3h 8n

C15H 1606
CioH804

c 16h 16o 6
C10H6O4

C15H 1605
CisHh0 4
C14H 1204
C„H io0 3
c I4h 9o 3
C12H10O4
Cl2H80 3
c „ h 8o3
C11IÏ10O2
CnHgOa
c 10h 8o
CioH70
c 9h 8
c 9h 7

R eq u ired

347.173
245.118 
244.110
230.094
213.095 
186.068
183.081 
155.086
155.050 
155.013
143.050
128.063
115.055 
58.0657

333.158
318.134
302.139
300.124
290.115
284.129
272.129 
272.105 
247.084
230.082 
204.042 
186.068
173.118
173.060 
159.045
128.063
115.055 
114.092
97.089 
71.0735 
71.0497
70.066
58.066

292.095
190.026

292.095
190.026

276.100
258.089
244.074
226.063
225.055
218.058
200.047
188.047 
174.068
173.060
144.058
143.050
116.063
115.055

2), 4.56 (o:-C, s or q, 2), 5.50 (C-2', br, 1) 3.42 (OCH3, s, 3), 
ca. 3.7 (C-4', m, 1), ca. 2.3 (C-3', C-6', and OH, demonstrated 
by exchange with D20 ,19 br, 5), ca. 1.93 (C-5', m, 2 ).

Anal. Calcd for Ci5Hi80 4: m/e, 262.120. Found: m/e,
262.123.

(19) H . M . F a le s  a n d  A . V. R o b e rtso n , Tetrahedron Lett., N o . 3 , 111 
(1962).

6-(4'-Methoxycyclohexenyl)piperonyl Acetate.—The alcohol 3, 
40 mg, in 1 ml of pyridine was mixed with 0.2 ml of acetic anhy
dride. After standing overnight at 5°, the solution was evapo
rated to dryness under reduced pressure. The residue was 
dissolved in ether, washed with water, and dried with sodium 
sulfate to give 42 mg of 90% purity as shown by glpc: [a]ss9
+  10.4° (c 0.23); rma* 1725 cm -1; nmr 6.87 (C-2 , s, 1 ), 6.64 
(C-5, s ,  1), 5.94 (OCH20 , s , 2 ), 5.46 (C-2', br, 1 ), 5.01 (a-C, s ,
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Chart I

lm/e 230]+

I

Table III
Mass Spectra of F luorene Derivatives and Lactones

C o m p d  m/e ( re la tiv e  in te n s ity )

11 245 (9), 244 (26), 213 (5), 212 (17), 210 (5), 187 (23),
186 (100), 185 (15), 156 (8), 152 (5), 128 (25), 115
(7) , 77 (5), 76 (8), 71 (7), 63 (5), 55 (5), 45 (6), 44
(8) , 43 (6), 41 (5)

11, 1,2-* 247 (12), 246 (29), 245 (9), 214 (11), 188 (22), 187
(100), 186 (38), 185 (7), 157 (8), 156 (5), 154 (5), 
130 (6), 129 (19), 128 (10), 116 (6), 77 (5), 44 (12)

12 243 (21), 242 (100), 227 (7), 212 (8), 211 (19), 210
(41), 209 (6), 199 (6), 198 (9), 197 (34), 181 (13), 
180 (19), 169 (10), 168 (5), 167 (7), 153 (15), 152 
(29), 151 (8), 141 (10), 140 (9), 139 (23), 128 (5), 
126 (5), 115 (9), 76 (9), 69 (5), 44 (5)

12, 2-d 246 (14), 245 (44), 244 (100), 243 (96), 242 (13), 229
and 12, (8), 228 (8), 214 (13), 213 (35), 212 (62), 211 (48),
1,2-* 210 (15), 200 (19), 199 (39), 198 (38), 183 (23), 182

(40), 181 (28), 171 (14), 170 (17), 169 (14), 155 
(29), 154 (52), 153 (48), 152 (22), 143 (18), 142
(25), 141 (40), 140 (34), 139 (11), 116 (14), 77 (15),
76.5 (11), 44 (28)

13 241 (16), 240 (100), 226 (9), 225 (50), 210 (4), 197 (2),
182 (4), 167 (6), 139 (20), 120 (11)

14 211 (18), 210 (100), 209 (9), 181 (10), 180 (46), 153
(19), 152 (90), 151 (28), 150 (16), 126 (7), 105 (6), 
104 (6), 76 (28), 75.5 (5), 75 (10), 74 (6), 63 (10), 
51 (6), 44 (29)

15 292 (11), 204 (5), 192 (5), 191 (19), 190 (100), 189 (5),
149 (9), 148 (6), 134 (8), 120 (6), 89 (10), 71 (21), 
59 (6), 44 (7), 41 (5)

16 292 (15), 216 (5), 204 (7), 191 (18), 190 (100), 189 (7),
188 (6), 149 (10), 148 (8), 134 (9), 120 (10), 119 (5), 
89 (10), 77 (5), 71 (22), 65 (7), 63 (7), 62 (7), 59 (5), 
57 (5), 55 (6), 51 (5), 44 (6), 43 (6), 41 (12)

2 ), 3.40 (OCH3, s , 3), ca. 3.5 (C-4', m, 1 ), ca. 2.3 (C-3' and C-6'. 
m, 4), ca. 2.0 (C-5', m, 2 ).

Anal. Calcd for CnELoCh: m/e, 304.131. Found: m/e,
304.126.

6-(4'-Methoxycyclohexenyl)piperonal (4).—A solution of 300 
mg of the above alcohol in 30 ml of chloroform was stirred for 
6 hr at room temperature with 3 g of manganese dioxide;20 
the suspension was filtered and the filtrate concentrated to dry
ness under reduced pressure to leave a residue of 292 mg, mp 
70°. Recrystallization from methanol provided rectangular 
plates of mp 73-74°; [a ]^  +28.7° (c 0.54); Xmax 238 (e 
22,100), 278 (6800), and 321 (6800) [cf. piperonal: XmaI 275 
mM (6300) and 315 (10,000)]; < w  1667, 1610, 1036, and 935 
cm -1; nmr 10.07 (a-C, s, 1), 7.38 (C-2 , s, 1 ), 6.75 (C-5, s, 1),
6.04 (OCIRO, s , 2 ), 5.55 (C-2 ', m, 1 ), 3.65 (C-4', br, 1 ), 3.41 
(OCH3, s, 3), ca. 2.4 (C-3' and C-6', br), ca. 1.95 (C-5', br).

Anal. Calcd for CisHwCh: C, 69.21; H, 6.20; m/e, 260.105. 
Found: C, 68.98; H, 6.31; m/e, 260.108.

2-Methoxy-6,7-methylenedioxy-l,2,3,4-tetrahydrofluorene (11) 
(7-Methoxy-5,6,7,8-tetrahydro[9H]fluoreno[2,3-d] -1,3-dioxole). 
—A 150-mg sample of dihydrotazettine methine was dissolved 
in 4 ml of 1 N  hydrochloric acid and heated on a steam bath 
30 min. The suspension was diluted with brine and extracted 
with ether; the ethereal solution was washed with water and dried 
over sodium sulfate. The suspension was filtered and concen
trated to dryness under reduced pressure to provide 102 mg of 
the tetrahydrofluorene; examination of the crude material by 
glpc and tic (15% ether in benzene) showed it to be essentially 
pure. Crystallization from methanol provided material with 
mp 96-98°; [ a ] 436 +91.6°, W 5S9 +42.9° (c  1.01); XmME 278
m/i (e 6700), 307.5 (5800), and 320 sh (4350); > w  1635, 1605, 
1035, 938 cm -1; nmr 6.88 (C-8, s, 1 ), 6.67 (C-5, s, 1 ), 5.90 
(OCH20 , s , 2), ca. 3.6 (C-2, m, 1), 3.40 (OCHa, s, 3), ca. 3.1 
(C-9, br, 2 ), ca. 2.4 (C-l and C-4, m, 4), ca. 2.0 (C-3, m, 2 ).

Anal. Calcd for CuHieCh: C, 73.75; H, 6.60; m/e, 244.110. 
Found: C, 73.60; H, 6.59; m/e, 244.109.

2-Methoxy-6,7-methyIenedioxy-l,2-dihydro [3H] isofluorene
(12) (7-Methoxy-7,8-dihydro[6H]fluoreno[2,3-d]-1,3-dioxole).— 
A suspension of 42 mg of the aldehyde 4 in 5 ml of 1 A1 hydrochloric 
acid was heated on a steam bath for 1 hr; yellow crystals formed

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



promptly during the heating. The suspension was distilled to 
dryness under reduced pressure; the residue was dissolved in 
ether; the ethereal solutien was washed with sodium bicarbonate 
solution and brine and dried over sodium sulfate. Distillation 
of the ether left a residue of 40 mg which was shown by gas chro
matography to be essentially pure. In an alternative prepara
tion, 75 mg of the aldehyde was dissolved in 1 ml of 6 N  hydro
chloric acid. The solution was warmed on a steam bath for 10 
min, then allowed to cool. The yellow precipitate was separated 
by centrifugation, washed with water and ethanol, and dried 
under reduced pressure, yielding 41 mg of material, mp 140°. 
Recrystallization from methanol provided golden prisms: 
mp 142-143°; [a]«, +38.4° (c 0.08); Xma* 272 m/x (e 19,800), 
277 (18,800), 282 (19,100), 320 (6300), and 389 (400); vm„x 
(CS„) 1037, 940, 855, and 811 c m '1; nmr 7.00 (C-8, s, 1), 6.72 
(C-5, s, 1), 6.66 (C-4, t, br, 1 ), 6.34 (C-9, s, br, 1 ), 5.93 (OCH20 , 
s, 2 ), ca. 3.65 (C-2, m, 1 ), 3.40 (OCH3, s, 3), ca. 2.8 (C-l and 
C-3, br, 4).

Anal. Calcd for C15H,403: C, 74.36; H, 5.83; m/e, 242.094. 
Found: C, 74.36; H, 5.93; m / e ,  242.096.

Dehydrogenation Experiments.—A 25-mg sample of the tetra- 
hydrofluorene 11  was mixed with 100 mg of palladized charcoal 
(5%) and heated under nitrogen for 20 min in an oil bath main
tained at 200°. The residue was dissolved in chloroform, the 
suspension was filtered through Celite, and the filtrate was 
evaporated to dryness to provide 15 mg of a mixture which 
was shown by glpc (190°) to be approximately 17% the fluorene
14 (retention time, 3.7 min) and 83% the methoxyfluorene 
13 (8.5 min). Separation by preparative tic (benzene-petroleum 
ether, 3:2) provided small samples of 2,3-methylenedioxy- 
fluorene 14, Rt 0.41, mp 111.5-113° after being sublimed at 
80°, 0.001 mm and recrystallized from methanol, and 7-methoxy-
2,3-methylenedioxyfluorene 13, Rt 0.22, mp 158-159.5° after 
being sublimed and recrystallized from ethyl acetate.

The fluorene 14 showed these spectral properties: Xmax 270
m/t sh (e 9000), 275 (10,000), 291 (6000), 315 sh (9500), 322 
(1 1 ,000), and 327 (10,500); rmal (CS2) 1036, 941, 840, 761, and 
724 cm-1; nmr ca. 7.2 (aromatic, br, 6), 5.92 (0CH20 , s, 2), 
3.67 (C-9, s, 2 ).

Anal. Calcd for C14H i0O2: m / e ,  210.068. Found: m/e, 
210.071.

The 7-methoxy-2,3-methylenedioxyfluorene 13 showed the 
following spectral properties: Xmax 235 m/x (e 9000), 280 (13,000), 
298 (9000), 323 sh (9000), and 333 (10,000); vmxx (CS2) 1033, 
941, 840, 833, 816, 803, 754, and 740 cm-1; nmr ca. 7.2 (aro
matic, br, 5), 5.97 (OCH20 , s, 2), 3.85 (OCH3, s, 3), 3.72 
(C-9, br, 2).

Anal. Calcd for Ci5Hi20 3: m / e ,  240.079. Found: m / e ,  
240.077.

In a similar manner, a 23-mg sample of 2-methoxy-6,7- 
methylenedioxy-l,2-dihydro[3H)isofluorene (12 ) was heated 
under nitrogen with 100 mg of 5% palladized charcoal at 200° 
to provide 10 mg of a similar mixture, which was again separated 
by preparative thin layer chromatography to give 2,3-methylene- 
dioxyfluorene and 7-methoxy-2,3-methylenedioxyfluorene. The 
two products were identical in all respects with the fluorene 14 
and the methoxyfluorene 13.

6-(4'-Methoxycyclohexenyl)piperonylic Acid (5).—A solution 
of 590 mg of the aldehyde in 6 ml of 50% sodium hydroxide and
15 ml of ethanol diluted to 30 ml with water was heated on a 
steam bath and treated with approximately 30 ml of 30% hydro
gen peroxide in 1 -ml portions. Addition and heating were at rates 
sufficient to maintain foaming; total addition time was 90 min.' 
Most of the ethanol was then boiled off, and the mixture was 
diluted with water and extracted three times with chloroform. 
The chloroform was washed with water and brine and evaporated 
under reduced pressure to give 29 mg of neutral material.

The aqueous solution was acidified with hydrochloric acid and 
extracted repeatedly with chloroform and 4 :1 chloroform- 
ethanol; the organic layers, when washed with water and brine 
and concentrated under reduced pressure, provided 477 mg of 
material of mp 145-175° after trituration with acetone. This 
was recrystallized twice from acetone to yield 186 mg of colorless 
needles: mp 170—173°; [tvjsgg +40°, [a]436 +84°, +125.5°
(c 1.20); XmaI 252 mM (e 7850) and 294 (5060); 2620 (OH,
br), 1685 (C = 0 ), 1612 (aromatic), 1035, 932 (OCH20); nmr, 
ca. 10.1 (COOH, br, 1 ), 7.43 (C-2, s, 1), 6.63 (C-5, s, 1), 6.00 
(0CH20 , s, 2), ca. 5.42 (C-2', br, 1 ), co. 3.6 (C-4', br, 1 ), 3.40 
(OCH3, s, 3), 2.5-2 .1 (C-3' and C-6', br, ca. 4), 2.1-1.8 (C-5, 
br, ca. 2 ).
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Anal. Calcd for CisHieOs: m/e, 276.100. Found: m/e,
276.101.

Performic Acid Treatment of 6-(4'-Methoxycyclohexenyl)- 
piperonylic Acid.—A solution of 150 mg of the acid 5, mp 170- 
173°, in 20 ml of ether was stirred with 210 mg of sodium acetate 
trihydrate, 1.5 ml of 88% formic acid, and 2 ml of 30% hydrogen 
peroxide for 18 hr at room temperature. The mixture was 
diluted with water, made basic with potassium bicarbonate, and 
extracted three times with ether, which was then washed twice 
with water and twice with brine, and concentrated to dryness 
under reduced pressure to provide 169 mg of a crystalline residue. 
Tic (benzene-dioxane-acetic acid, 90:25:4) showed three prod
ucts: a minor component with blue fluorescence under X 254
m/x, Rt 0.42, imperfectly separated from A; A, Rt 0.45; and B , 
Rt 0.64. Glpc showed 10% the minor component,, 30% A, 
and 60% B . Fractional crystallization from ethyl acetate 
provided 65 mg of slightly impure B  and, on concentration, 
34 mg of A. Chromatography on silicic acid (above solvents) 
and repeated recrystallization provided analytical samples of A 
and B .

A, mp 182-185°, was recrystallized from benzene: [a]5S9
+32°, [a]438 +76°, [a]35o +199° (c 0.438); xwx (dil CC14) 3632 
cm-1; vmxx (CHC13) 1752 (C = 0 ), 1612 (aromatic), 1035, and 
935 cm -1 (0CH20); Xmax 223 mM (e 27,600), 258 (5600), 301 
(7160), unchanged by base; nmr 7.15 (C-2?, s, 1), 7.02 (C-5?, s,
1) , 6.00 (OCH20 , s, 2), 3.83 (C-2' and C-4', br, 2), 3.38 (OCH3, 
s, 3), 2.53 (OH, eliminated by exchange with D20 ,19 br, 1),
2.2-1.0 (br).

Anal. Calcd for Ci5Hi606: m/e, 292.095. Found: m/e, 
292.094.

B, mp 178-181°, was recrystallized from ethyl acetate: 
[a]589 — 87°, [ck]436 —183°, [«]3oo —399° (c 0.519); rmax (dil 
CC14) 3490 cm-1; cm,, (CHC13) 1748 (C = 0 ), 1612 (aromatic), 
940 (0CH20); Xma* 223 mM (e 27,300), 258 (5340), 301 (700), 
unchanged with base; nmr 7.12 (C-2, C-5, s, 2), 6.08 (0CH 20 , s,
2) , 4.33 (OH, eliminated by exchange with D20 , A, J  = 10, 1), 
3.75 (C-2', t, br, 1), 3.55 (C-4', br, 1), 2.5-1.3 (br); mmp 148- 
171° with A.

Anal. Calcd for Ci5Hi60 6: m/e, 292.095. Found: m/e, 
292.093.

Attempted Oxidation of the Acetate.—To a solution of 30 mg 
(0.1 mmol) of the acetate of 3 in 2 ml of purified acetone was added 
0.0158 g (0.1 mmol) of potassium permanganate in 0.5 ml of 
water. No change in color was seen after 20 min. The precipitate 
which formed after 2 hr of stirring was removed by filtration. 
The filtrate was evaporated to dryness, washed with sodium 
thiosulfate solution, and extracted with chloroform to give almost 
complete recovery of unreacted acetate as shown in the nmr , 
spectrum.

Oxodihydrohaemanthamine Methine (10).—The low solubility 
of the perchlorate in D20  made it impossible to determine the 
chemical shifts of broadened peaks accurately. The singlets 
observed were at 7.03 (C-5), 6.70 (C-2), 6.02 (OCH20), 4.38 
(a), 3.93 (a'), 3.43 (OCH3), and 2.85 (N-CH3). The salt was 
more soluble in NaOD solution: nmr 7.05 (C-5, s, 1), 6.45 
(C-2, s, 1), 5.90 (OCH20 , s, 2), 5.30 (C-2', m, 1), 3.50 (a 
and C-4', br, 3), 3.40 (OCH3, s, 3), 3.04 («', s, 2), 2.16 (N-CH3, 
s, 3); the remaining alicyclic protons formed a broad peak be
tween 1.6 and 2.5.

Tazettadiol.14—A solution of 1.535 g (4.61 mmol) of tazettine 
in 50 ml of dry tetrahydrofuran was heated to reflux whereupon 
0.6 g of lithium aluminum hydride was added in small portions. 
After a 43-hr reflux period the reaction was worked up as usual 
to yield 1.502 g (97.5%) of a colorless glass that crystallized 
on trituration with ether-water-ethanol. Recrystallization from 
ethanol-ether containing a few drops of water gave the hydrate 
in two crops which were dried at 80° (0.01 mm) to give 1.123 g 
(73%) of anhydrous tazettadiol.2

Deoxytazettine.14—To 1.075 g of anhydrous tazettadiol was 
added 15 ml of 3% aqueous sulfuric acid. A slight cloudiness 
developed. The solution was heated on a steam bath for 1.5 hr, 
then diluted with water, washed once with ether, basified with 
concentrated sodium hydroxide solution, and finally extracted 
with three portions of ether. The dried combined ethereal solu
tions were evaporated to leave 919 mg of partially crystalline 
glass. Recrystallization from ether gave 629 mg (62%) of large 
colorless prisms, mp 133-138°. A second recrystallization raised 
the melting point to 136-138° (lit.2 mp 135-136°).

Deoxytazettine Methiodide.14—A solution of 513 mg of deoxy
tazettine, 7 ml of absolute methanol, and 4 ml of redistilled
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methyl iodide was refluxed for 3 hr. The clear solution was 
evaporated to dryness, and the resulting oil was recrystallized 
from acetone-methanol to give 632 mg (85%) of stout yellowish 
prisms in two crops, mp 236-237.5° dec when put on the hot 
stage at 200° (lit.2 mp 231-233°).

Deoxytazettine M ethine.14—A mixture of 250 mg of deoxytazet- 
tine methiodide and 8 ml of water was stirred until the methiodide 
was in solution. Then the freshly prepared silver oxide (neutral) 
from 0.3 g of silver nitrate was added and the mixture stirred 
for 15 min more when a test portion showed no iodide ion to be 
present. The insoluble silver salts were removed by filtration 
through a layer of Filter-Cel. The colorless clear filtrate was 
evaporated to dryness in vacuo, and the residue was heated at 
100° for 30 min under aspirator vacuum. The reaction product 
was dissolved in benzene and separated from some insoluble 
material. Evaporation of the benzene left 177 mg (98%) of 
colorless methine which was chromatographed on 5 g of activity 
I Merck alumina. Benzene and benzene-ether combinations 
eluted a total of 145 mg (80%) of methine. A middle fraction 
had [a]27®,, -7 3 °  (c 2.45 in 95% ethanol) (lit.2 [«] 17589 -64 .2°). 
The material was a colorless glass that did not crystallize.

Deoxytazettine Neomethine.11—Chromatographed deoxytazet
tine methine (96 mg) was dissolved in 10 ml of 5% hydrochloric 
acid at room temperature. The solution became cloudy within 
a few seconds and then deposited crystals. After 1 hr the re
action mixture was washed with two portions of ether. The 
aqueous layer was basified with concentrated sodium hydroxide 
solution and extracted with three portions of ether. The ethereal

solutions were dried and evaporated to leave 54 mg (62%) of 
colorless glass, [a]27589 —40° (c 2.65 in 95% ethanol).

Deoxytazettine Neomethine Methiodide.11—(The solution 
used for the optical rotation was recovered and used.) Deoxy
tazettine neomethine (52 mg) was dissolved in a mixture of 
redistilled methyl iodide and acetone (several milliliters) and 
allowed to stand at room temperature for 20 hr. The acetone 
and methyl iodide were evaporated to leave 77 mg (99%) of 
glass which crystallized on trituration with 1 drop of methanol. 
One recrystallization from acetone-methanol gave 63 mg: 
mp 254-255.5° dec, [a] 275s» —5.4° (c 1.65, 95% ethanol). A 
second recrystallization from acetone-methanol raised the melt
ing point to 257-258° dec, [a] 276s9 —5.4° (c 1.38, 95% ethanol) 
{lit. mp 251° dec, [a] 18589 ± 0 °  (c 0.51, ethanol)2}.

Registry No.—1,21 16831-68-8; 2,16831-69-9; picrate 
of 2,16831-70-2; 3,7111-88-8; acetate of 3, 16831-72-4; 
4, 16831-73-5; 5, 16831-74-6; 10, 16831-75-7; 11, 
16881-76-8; 11, 1,2-*, 16831-21-3; 12, 16831-22-4; 
12, 2-d, 16831-23-5; 12, 1,2-*, 16831-24-6; 13, 16831-
25-7; 14, 242-90-0; 15, 16831-27-9; 16, 16831-28-0.

Acknowledgment.—We are indebted to Mrs. K. S. 
Warren of this laboratory for many of the spectral 
observations recorded here.
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Oxidation of dihydrotazettine methine alcohol to ( +  )-(ff)-2-methoxyadipic acid establishes unequivocally the 
stereochemistry of C-3 of tazettine and, hence, of related alkaloids, previously assigned on the basis of Mills’ rule. 
Studies on dideuteriotazettine demonstrate the course of the Hofmann reaction leading to the critical derivative. 
Compilation of 17 pairs of interrelated epimers shows that Mills’ rule may be applied with consistency throughout 
the group.

One of the results of the extensive investigations of 
the alkaloids of the Amaryllidaceae has been to establish 
a sizable group, to date comprising some 30 natural 
materials,1 of interrelated compounds with the funda
mental ring systems of tazettine, crinine, or manthine. 
The structures and stereochemistry of the three 
groups have been securely interrelated by studies on two 
key members, haemanthamine (1) and haemanthidine

(1) R ev iew  a rtic le s  l is t th e  fo llow ing re la te d  a lk a lo id s: c rin in e  (c rin id ine), 
v it ta t in e , (-k )-ep ic rin in e , pow elline, b u p h a n id r in e , b u p h an is in e , u n d u la tin e , 
c rinam id ine , flexinine, n e rbow d ine , b u p h a n a m in e , h a e m a n th a m in e , h a e m a n 
th id in e , 6 -h y d ro x y c rin a m in e , criw elline, iso ta z e ttin e , a n d  h ae m u ltin e . Cf. 
W . C . W ild m a n  in  “ T h e  A lk a lo id s ,"  Vol. V I, R . H . F . M an sk e , E d ., A ca
dem ic  P ress  In c ., N ew  Y ork , N . Y ., 1960, p  289; H .-G . B o it, "E rg e b n is se  der 
A lkalo id -C hem ie  bis 1960,” A cadem ie-V erlag , B erlin , 1961, p  410. L a te r  
w o rk  h as  ass ig n ed  th e  fo llow ing a lk a lo id s  to  th is  g ro u p : (a) m o n tan in e ,
coccin ine , a n d  m a n th in e : Y . In u b u s h i, H . M . F a le s, E . W . W arnho ff, a n d  
W . C . W ildm an , J .  Org. Chem ., 25, 2153 (1960); (b) c rin am in e : H . M .
F a le s  a n d  W . C . W ild m an , J .  A m er. Chem. Soc., 82, 197 (1960); (c) ep ihae- 
m a n th id in e : J . G oosens, P . W . Jeffs, J . G ra h a m , F . L . W arren , a n d  W . G . 
W rig h t, J .  Chem. Soc., 1088 (1960); (d) ep ib u p h an is in e : H . H a u th  a n d
D . S tau ffach er, Helv. C h im . A cta , 45, 1307 (1962); (e) am b ellin e : P . N aegeli,
E . W . W arnho ff, H . M . F ale s, R . E . L yle, a n d  W . C . W ild m an , J .  Org.
Chem ., 28, 206 (1963); (f) a e e ty ln e rb o w d in e : H . H a u th  a n d  D . S tau ffach er, 
Helv. C him . A cta , 46, 810 (1963); (g) c rip a lin e : W . D oepke, A rch. P harm . 
(W einheim ), 295, 868 (1962) ; (h) sq u am ig e rin e : S . H . H u n g  a n d  K . E . M a, 
Yao H seuh H sueh Pao, 11, 1 (1964); Chem. A bstr ., 61, 3154 (1964); (i) 
am ary llis in e : A. L . B u rlin g am e , H . M . F ales, a n d  R . J . H ig h e t. J .  A m er.
Chem . Soc., 86, 4976 (1964); (j) m a c ro n in e : C . F . M u rp h y  a n d  W . C . W ild 
m a n , Tetrahedron Lett., 3857 (1964); (k) tu b isp a c in e : W . D oepke, Arch.
P h a rm . (W einheim ), 298, 704 (1965); (1) p re ta z e t tin e : W . C . W ild m a n  a n d  
D . T .  B ailey , J .  A m er. Chem. Soc., 89, 5515 (1967).

(3). Thus hydrogenolysis of diacetyl haemanthi
dine (4) provides dihydrohaemanthamine acetate (2) 
while treatment of haemanthidine with base provides 
nortazettine (5).2 The interrelation is confirmed by 
the conversion of tazettine (6) by successive treat
ment with lithium aluminum hydride and with thio- 
nyl chloride and pyridine to the methiodide of the C-ll 
epimer of haemanthamine.3 Treatment of haeman
thamine (1) by methanesulfonyl chloride in pyridine 
and then by methanolic sodium methoxide converts the 
alkaloid into manthine (7).4 Exhaustive chemical 
and spectral studies have established the structural and 
stereochemical relations of the various hydroxyl- and 
methoxyl-bearing analogs within the groups and the 
stereochemistry of the ring junctions.6'6

The absolute configuration of this series of alka
loids has been assigned on the basis of Mills’ rule,7 
which states that a 2-cyclohexenyl derivative of the 
configuration of 8 will possess a more positive rotation

(2) H . Ir ie , Y . T su d a , a n d  S. U yeo, J .  Chem . Soc ., 1446 (1959).
(3) T . K ita g aw a , S . U yeo , a n d  N . Y o k a y a m a , ib id ., 3749 (1959).
(4) Y . In u b u sh i, H . M . F ale s, E . W . W a rnho ff, a n d  W . C . W ild m a n , J .  

Org. Chem ., 25, 2153 (1960).
(5) H . M . F a le s  a n d  W . C . W ild m an , J .  A m er . Chem . Soc., 85, 784 (1963).
(6) H . M . F a le s  a n d  W . C . W ild m a n , ib id ., 82, 197 a n d  3368 (1960).
(7; T . Ik e d a , W . I .  T a y lo r , Y . T s u d a , S . U yeo , a n d  H . Y a jim a , J .  Chem . 

Soc., 4749 (1956).
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tion and peroxide treatment14 of recrystallized dihy- 
drotazettine methine alcohol produced a mixture of 
acids which contained the desired acid in good yield. 
Preparative gas chromatography of the methyl esters 
provided a convenient means of isolating this product 
in sufficient quantity to determine that it was the 
methyl ester of (+)-(fi)-/3-methoxyadipic acid.

It is now essential to consider the course of the Hof
mann decomposition of dihydrotazettine methohy- 
droxide. I t has been pointed out11 that decomposition 
must occur on the intact hemiacetal, for the ether link
age of the alkaloid appears as the ester linkage of the 
methine and, furthermore, since the course of the 
decomposition of 0,N-dimethyltazettine proceeds in 
quite a different manner,7 that the decomposition in 
question must involve the hydroxyl group. The course 
of the reaction is most credibly represented as in process 
10 by which the double bond of the methine 11 appears 
at the atoms C-4a and C-12b of the original alkaloid. 
However, were the reaction to take an unexpected 
course with the double bond appearing at the atoms 
C-12b and C-l of the parent alkaloid, the product would 
be the mirror image, 12. Thus proof of the absolute

H X X H
8 9

than its epimer, 9.8 Early in the work on tazettine it 
was observed that the rotations of four epimeric pairs of 
derivatives of tazettine allowed a consistent applica
tion of this rule. Tazettine was therefore assigned the 
configuration of 6, with the reservation that applying 
the rule to these alkaloids was uncertain, for it had been 
derived from studies on steroids.7 Work to 1960 pro
vided a total of seven pairs, including crinine deriva
tives, with rotations consistent with the previous assign
ment.9 The continuing proliferation of alkaloids 
and derivatives within the group has now provided at 
least 17 pairs of epimers, listed in Table I. The series 
includes a variety of structural types, and the fact that 
there are no anomalies in rotation strongly suggests that 
Mills’ rule is indeed applicable here. However, there 
has been no unequivocal evidence on the point, and a 
recent extensive survey of the optical rotatory disper
sion and circular dichroism of structurally related alka
loids has suggested that the assignment must be re
versed in the series.10

Recently, it has been demonstrated that the product 
of Hofmann reaction of dihydrotazettine possesses 
the structure 11,11 which retains only one of the asym
metric centers of the parent alkaloid. It appeared 
likely that this material would provide a basis for relat
ing the series to material of known configuration 
through its oxidation to /?-methoxyadipic acid, the 
absolute configuration of which has been determined by 
degradation of calciferol12 and by synthesis from 
malic acid.13 Although the sterically hindered 
double bond is rather unreactive, exhaustive ozonizá

is )  J . A. M ills, J .  Chem . Soc., 4976 (1952).
(9) P . W . Jeffs, F . L . W a rre n , a n d  W . G . W rig h t, ib id ., 1090 (1960).
(10) G . G . D eA ngelis, P h .D . T hesis, Io w a  S ta te  U n iv e rs ity , A m es, Io w a , 

1966.
(11) R . J .  H ig h e t, J .  C . N . M a, a n d  P . F . H ig h e t, J .  Org. Chem ., 3 3 , 3096 

(1968).
(12) S . B erg s tro m , A . L a rd ó n , a n d  T . R e ich s te in , Helv. C h im . A cta , 3 2 ,  

1617 (1949).
(13) M . V isco n tin i a n d  P . M ig lio re tto , ib id ., 3 8 , 930 (1954).

configuration of the alkaloid requires that the position 
of the double bond of dihydrotazettine methine be 
known in relation to the parent alkaloid. This was 
shown by running the Hofmann reaction on dideu- 
teriotazettine.

Although catalytic deuteration has been shown to 
produce extensive isotope exchange at saturated centers 
in some cases,15a the deuteration of tazettine proceeded 
substantially without exchange. The mass spectrum 
of the product showed a parent peak at the required 
m/e of 335, with a somewhat enhanced peak at 336. 
Hofmann decomposition of the methohydroxide and 
hydrolysis of the methine provided the crystalline 
alcohol. The vinyl proton appears at 5 5.55 ppm in full 
strength, and the mass spectrum shows a molecular ion 
at m/e 264, 2 higher than the undeuterated compound, 
with a negligible peak at 263. If the new double bond 
were to occur between C-12b and C-l, the product must

(14) H . C o rro d i a n d  E . H a rd eg g er, ib id ., 3 9 , 889 (1956).
(15) K . B ie m an n , " M a s s  S p ec tro m e try , O rgan ic  C h em ica l A p p lic a tio n s ,"

M cG raw -H ill B ook  C o., In c ., N ew  Y ork , N . Y ., 1962: (a) p p  227, 241; (b)
p 102.
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T a b l e  I
O p t i c a l  A c t i v i t y  o f  E p i m e e i c  P a i e s  R e l a t e d  t o  C r i n i n e

>

R R '  R " M d , d e g R ef M d R ef

H OH Isotazettinol +831 a Tazettinol +377 a
H H Deoxyisotazettinol +988 a Deoxytazettinol +632 a
c h 3c = o H Acetyldeoxyisotazettinol +680 a Acetyldeoxytazettinol +  185 a
c h 3 OCHa O-Methylisotazettine methiodide +696 a O-Methyltazettine methiodide +330 a
c h 3 OH Criwelline +728 b Tazettine +536 c

CHs OH H, OH 6-Hydroxy crinamine +  146 d, e Haemanthidine -1 3 0 /.«
c h 3 OH O 6-Oxocrinamine +91 9 Oxohaemanthidine -1 3 0 h
c h 3 OH H2 Crinamine +471 i Haemanthamine +59 j
H H h 2 ( +  )-Epicrinine +368 k Yittatine +  103 l

H H Crinine - 3 0 i ( — )-Epicrinine -3 8 4 m
H OCHa Powelline 0 n Epipowelline -3 1 0 m
c h 3 H Buphanisine - 7 4 0 ( — )-Epibuphanisine -3 9 6 V

H QH

Epibuphanamine

CHa H OH Montanine
Montanine methiodide

H H o c h 3 Isohaemanthamine
CHa H OCHa Manthine
H OCHa H /3-Isocrinamine

+69 q Buphanamine -6 1 7 r
OR
f,-H

■ ~ ~ /~ V -R '
V / —  R "
a n

-2 9 4  j Coccinine -5 6 9 3
+ 44 .3  s Coccinine methiodide -2 6 8 3

-2 1 9  s Epiisohaemanthamine -3 7 2 s
-2 5 0  s O-Methylcoccinine -4 1 2 s
-3 1 3  s a-Isocrinamine -5 8 3 s

« T. Ikeda, W. I. Taylor, Y. Tsuda, S. Uyeo, and H. Yajima, J. Chem. Soc., 4749 (1956). 6 H.-G. Boit and H. Ehmke, Chem. Ber., 89, 
2093 (1956). c W. C. Wildman and C. J. Kaufman, ./. Amer. Chem. Soc., 76, 5815 (1954). * H. M. Fales, D. H. S. Horn, and W. C.
Wildman, Chem. Ind. (London), 1415 (1959). * I t  has recently been shown that 6-hydroxycrinamine and haemanthidine exist in solu
tion as mixtures of the C-6 epimers. R. W. King, C. F. Murphy, and W. C. Wildman, J. Amer. Chem. Soc., 87, 4912 (1965). > H.-G.
Boit, Chem. Ber., 87, 1339 (1954). » J. Goosen, P. W. Jeffs, J. Graham, F. L. Warren, and W. G. Wright, J. Chem. Soc., 1088 (1960). 
h S. Uyeo, H. M. Fales, R. J. Highet, and W. C. Wildman, J. Amer. Chem. Soc., 89, 2590 (1958). ’ L. H. Mason, E. R. Puschett, and
W. C. Wildman, ibid., 77,1253 (1955). > W. C. Wildman and C. J. Kaufman, ibid., 77, 1248 (1955). * R. E. Lyle, E. A. Kielar, J. R. 
Crowder, and W. C. Wildman, ibid., 82, 2620 (1960). 1 H.-G. Boit, Chem. Ber., 89, 1129 (1956). “ W. C. Wildman, J. Amer. Chem.
Soc., 80, 2567 (1958). " H.-G. Boit and H. Ehmke, Chem. Ber., 88, 1590 (1955). 0 H. M. Fales and W. C. Wildman, J. Amer. Chem.
Soc., 82, 3368 (1960). v H. Hauth and D. Stauffacher, Helv. Chim. Acta, 45, 1307 (1962). « H. M. Fales and W. C. Wildman, J . Org. 
Chem., 26, 881 (1961). r J. Renz, D. Stauffacher, and E. Seebeck, Helv. Chim. Acta, 38, 1209 (1955). * Y. Inubushi, H. M. Fales,
E. W. Warnhoff, and W. C. Wildman, J. Org. Chem., 25, 2153 (1960).



3108 H ig h e t  a n d  H ig h e t The Journal of Organic Chemistry

either possess a vinyl deuterium atom or must have lost 
a deuterium in the course of decomposition; or, in the 
likely event that either the reduction or decomposition 
occur without stereospecificity, some combination of 
these two states must exist.

The location assigned these deuterium atoms was 
further established by study of known derivatives of the 
methine. Acid treatment of the methine, 16, provided 
the dideuteriodihydrofluorene 18, with the anticipated 
nmr spectrum. The mass spectrum of this material 
is characterized by a base peak resulting from the famil
iar “reverse Diels-Alder” process ;18b in this case the 
methyl vinyl ether fragment lost from the dideuterated 
parent (m/e 246) contained a single deuterium atom. 
As a result, the base peak at m/e 197 is one more than 
that of undeuterated material and is consistent with the 
assigned position. Oxidation of the alcohol 17 by 
manganese dioxide provided the aldehyde, which was

6

converted by acid treatment into the isofluorene deriva
tive 19. This cyclization involved the loss of a proton 
or deuterium from C-6' of the aldehyde, producing a 
mixture of dideuterio and monodeuterio material, char
acterized by a vinyl proton of half strength in the nmr 
and a mass spectrum with parent peaks of 243 and 244 
of equal height.

Thus the study of the derivatives of dideuterio- 
tazettine confirms that the double bond of the 
methine is situated at C-4a and C-12b of the original 
alkaloid. The stereochemical relation of the alka
loid, the methine, and the methoxyadipic acid are as 
depicted in 10, 11, and 14, and the isolation of a dextro
rotatory sample of the last compound substantiates the 
earlier assignment of the absolute configuration.

Experimental Section16
Degradation of Dihydrotazettine Methine Alcohol to 0- 

Methoxyadipic Acid.14—Ozone was bubbled through a solution 
of 122 mg of dihydrotazettine methine alcohol11 in 10 ml of 10 :1  
chloroform-ethanol for 5 hr, the solvent being replenished as 
necessary. The solution was allowed to stand overnight, then 
concentrated to dryness under reduced pressure. The residue 
was refluxed for 1 hr in a mixture of 2 ml each of formic acid and 
hydrogen peroxide, again concentrated to dryness under reduced 
pressure to yield 125 mg of material which was estimated by 
glpc to contain 49 mg of /3-methoxyadipic acid, contaminated 
with materials of lower molecular weight. The sample was 
methylated with diazomethane and purified by glpc, using a 
12 ft X 4 mm glass column, packed with 100-120 mesh Gas- 
Chrom P coated with 20% Reoplex 400, at 165°, with argon 
carrier gas at a pressure of 15 psi. Fractions were collected by 
condensing the carrier gas with liquid nitrogen. Center cuts of 
the appropriate peak produced 12 mg of dimethyl /3-methoxy- 
adipate, identical with authentic dimethyl df-d-methoxyadipate 
in ir and mass spectrum and glpc on three columns: retention times 
on a 12-ft column of 20% Reoplex 400 on 100-120 mesh Gas- 
Chrom P at 180°, 15 psi, 5.2 min; on a 6-ft column of 1 % 
SE-33 on 80-100 mesh Gas-Chrom P at 120°, 20 psi, 3.5 min; 
on a 6-ft column of 3% OV-17 on 60-80 mesh Gas-Chrom Q at 
120°, 15 psi, 3.9 min; [a]«6S9 +8.50°, [a] 436 +16.9, [a] 350 
+30.0, [a]300 +48.2, [a]26o +72.8 (c 0.103, CHC13); ir (CHC13) 
1723 cm-1; mass spectrum (70 eV) m/e (rel intensity) 204 (0.1), 
189 (1), 174 (5), 173 (15), 157 (4), 141 (22), 131 (57), 118 (6), 
117 (31), 113 (15), 109 (7), 101 (9), 99 (19), 89 (11), 85 (10), 
81 (5), 75 (100), 74 (6), 72 (8), 71 (84), 59 (28), 58 (7), 55 (11), 
53 (6), 47 (6), 45 (8), 43 (11), 41 (16).

Synthetic (— )-(<S)-/3-Methoxyadipic Acid and Dimethyl Ester.— 
Authentic d(-/S-methoxyadipic acid was prepared by the method 
of Viscontini and Kohler17 and resolved by converting material 
of mp 84.5-87° (lit. mp 85-86°) into the strychnine salt and re
crystallizing from water until regenerated portions of the acid 
showed no further change of rotation. The acid was regenerated 
by chromatography on Dowex 50 and recrystallized from ether- 
petroleum ether: mp 71-74.5° (lit.18 mp 74-75°); [a]25»
-14 .0° , [a]«e -2 8 .2 ° , [a]360 -49 .7 °  (c 4.97, CHC13) (lit.18 
[ a ] lsD -1 4 .5  ±  1.5°, CHCls).

A 51-mg sample of the ( —)-(<S) acid was treated with diazo
methane to provide 61 mg of the methyl ester, which was dis
tilled at 50° (3 fi) to produce material of [a]25ss9 —10.3°, 
[<w]436 —20.9, [a]35o —35.7, [a]3oo 56.2, [aheo 85.2 (c 0.130, 
CHC13).

Dideuteriotazettine was prepared by stirring a solution of 
386 mg of tazettine in ethanol-d under deuterium in the presence 
of 167 mg of 10% palladium on charcoal. The product was puri
fied as usual by chromatography on alumina and crystallization 
from benzene-hexane to yield 251 mg of material of mp 164-167° 
and 33 mg of less pure material of mp 161-165°. The infrared 
spectrum differed from that of dihydrotazettine primarily by 
having a small peak at 2175 cm-1. The nmr differed only in the 
integrated strength of the broad peaks at ca. 2 ppm.

The other deuterated compounds were prepared from this 
material by previously described methods.11

The Hofmann reaction was run on 124 mg and yielded 130 mg 
(101%) of methine. A 100-mg sample of this was hydrolyzed to 
75 mg of the alcohol, which was chromatographed and recrystal
lized from ether-pentane to give 56 mg (74%) of material of mp 
63-64°.

Acid cyclization of 15 mg of the alcohol produced 10 mg (71%) 
of material, which was crystallized three times from methanol 
to give 4 mg (29%) of mp 90-92°.

Oxidation of 29 mg of the alcohol with manganese dioxide gave 
26 mg of the aldehyde, recrystallized from methanol to 17 mg 
(59%) of mp 65-68°.

(16) M e ltin g  p o in ts  w ere o b serv ed  o n  a  K ofler m icro scope h o t s ta g e  a n d  
a re  co rrec ted . R o ta tio n s  w ere  m e asu red  w ith  a  R u d o lp h  p h o to e le c tr ic  spec- 
tro p o la r im e te r  u sing  a  2 -d ra  tu b e  o r w ith  a  C a ry  60  reco rd in g  s p e c tro p o la r-  
im e te r  in  1-cm  cells. In f ra re d  sp e c tra  w ere  reco rd e d  on  a  P e rk in -E lm e r  
M odel 21. N m r m e asu rem en ts  w ere  o b ta in e d  on a  V a r ia n  A -60 sp e c tro m e te r  
in  deu te rio ch lo ro fo rm  so lu tion , using  te tra m e th y ls ila n e  (8 0 .0) a s  a n  in te rn a l 
s ta n d a rd . M ass  sp e c tra  w ere  d e te rm in ed  w ith  a  sing le -focusing  L K B  m ass 
sp ec tro m e te r  eq u ip p ed  w ith  a  gas ch ro m a to g ra p h ic  in le t.

(17) M . V iscon tin i a n d  H . K öh le r, Helv. C him . A cta , 3 7 , 41 (1954).
(18) A. L a rd o n  a n d  T . R e ich s tem , ib id ., 3 2 , 1613 (1949).
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A 19-mg sample of the aldehyde was cyclized with acid and the 
product crystallized twice from methanol to yield 9 mg (53%) of 
yellow crystals, mp 131.5-137.5°. Further recrystallization 
(four times) produced material of mp 138-142°.

Registry No.—Tazettine, 507-79-9; dihydrotazettine 
methine alcohol, 16831-67-7; ( — )-(jS)-0-methoxyadipic 
acid dimethyl ester, 16859-76-0; dieuteriotazettine, 
16831-30-4.

T h e Perchloric Acid Catalyzed Acetic Anhydride Enol A cetylation
o f Steroidal A4-3  Ketones

A. J. L iston1 and P. T oft

Research Laboratories, Food and Drug Directorate, Department of National Health and Welfare, Ottawa, Canada

Received February 12, 1968

The perchloric acid catalyzed acetic anhydride acylation of l7/3-hydroxyandrost-4-en-3-one gave complex 
mixtures of products in which both O and C acylation occurred. The major constituents of the reaction were 
3,17/3-diacetoxy-2-acetylandrosta-2,4-diene (6) and 3,17/3-diacetoxy-6-acetylandrosta-3,5-diene (3).

It was previously demonstrated that the C-ll/3-hy- 
droxyl group of steroids has a pronounced influence on 
the enolization properties of 3-oxo-5/3 steroids as mea
sured by the thermodynamically controlled enol acety
lation reaction which employs acetic anhydride-per
chloric acid mixtures.1 2 3 4 5 6 7 8 In order to measure this effect 
in the biologically active steroids, it became necessary 
to investigate the perchloric acid-acetic anhydride enol 
acetylation of A4-3 ketones. There are reports3-6 
that this mixture is capable of carrying out 0  
acylations on unsaturated compounds; however, the 
reagent has. not been carefully studied with A4-3 
ketones.

17/3-Hydroxyandrost-4-en-3-one (la) was treated 
with a solution of perchloric acid in acetic anhydride 
and the reaction was quenched in 40 min. Gas chro
matographic analysis (glpc) of the crude reaction mix
ture indicated the product to be essentially pure 3,17/3- 
diacetoxyandrosta-3,5-diene (2). The compound was 
isolated in 72% yield and identified by comparison with 
an authentic sample prepared from the isopropenyl ace
tate enol acetylation of la.7'8

When the reaction time of the perchloric acid cata
lyzed enol acetylation was extended to 4 hr, eight com
pounds were detected by glpc in the reaction mixture; 
five were isolated (Scheme I). The first one eluted 
by preparative glpc was 3,17l8-diacetoxyandrosta-3,5- 
diene (2), identified by comparison with authentic mate
rial.7 A second substance, isolated by preparative 
glpc, was shown to be 17/3-acetoxyandrost-4-en-3-one 
(lb) by comparison with known material. Fur
ther attempts to isolate the remaining products by pre
parative glpc were not successful owing to thermal de
composition of the products during chromatography.

Preparative tic was used to isolate the remainder of

(1) T o  w hom  enqu iries s h o u ld  b e  m ade.
(2) A. J .  L isto n  a n d  M . H o w a rth , J .  Orff. Chem ., 32, 1034 (1967).
(3) T h e  use of p e rch lo ric  a c id -a c e tic  a n h y d r id e  a c e ty la tin g  conditions«  

le ad s  to  e n o l-a c e ta te  m ix tu re s  w h ich  re flec t th e  en o liza tio n  p ro p e rtie s  of th e  
cyclic k e to n e .6 T h e  e n o l-a c e ta te  ra t io  h a s  been  re la te d  to  th e  th e o re tic a lly  
c a lcu la ted  s ta b i li ty  b e tw e en  isom eric  enolic fo rm s .6

(4) D . H . R . B a rto n , R . M . E v a n s , J .  C . H a m le t, P . G . Jones, a n d  T . 
W a lk er, J .  C hem . Soc., 747 (1954).

(5) J .  C h am p ag n e , H . F a v re , D . V ocelie, a n d  I . Z bikow ski, C an. J .  Chem ., 
42, 212 (1964).

(6) A . J .  L iston , J .  Org. Chem ., 31, 2105 (1966).
(7) T h e  A8,6-d ieno l a c e ta te  w as c o n v e n ien tly  p re p a re d  b y  th e  iso p ro p en y l 

a c e ta te  m e th o d 8 a n d  co m p ared  w ith  know n  m a te r ia l;  cf. U . W e stp h a l, Chem. 
B er., 70, 2128 (1937).

(8) W . G . D a u b e n , R . A. M icheli, a n d  J .  F . E a s th a m , J .  A m er. Chem . 
Soc., 74, 3852 (1952).

S c h e m e  I

the products. From a band at R{ 0.60 there was ob
tained pure 3,17/3-diacetoxy-6-acetylandrosta-3,5-diene 
which was assigned structure 3 on the basis of its spec
tral properties. The infrared spectrum demonstrated 
enol acetate, ester, and conjugated carbonyl bands. 
The ultraviolet spectrum exhibited absorptions at 
Am»; 281 Hpi (« 7900) and 220 (8800). The predicted 
absorption maximum by the Scott modification of the 
Woodward rules93 is at 296 m/i. The observed max
imum at 281 m̂ i and the relatively low intensity of the 
band suggests an extended chromophore with incom
plete conjugation due to the peri effect from the C-4 
vinylic proton.10’11 The nmr spectrum of 3,17/3-diace- 
toxy-6-acetylandrosta-3,5-diene (3) is recorded in Table 
I and is consistent with the assigned structure. The 
locations of the angular methyl group signals in the

(9) A . I .  S c o tt , “ In te rp re ta t io n  of th e  U ltra v io le t  S p e c tra  of N a tu ra l 
P ro d u c ts ,”  T h e  M acm illan  C o., N ew  Y o rk , N . Y ., 1964: (a) p  50; (b) p  67.

(10) A s im ila r u lt ra v io le t  sp e c tru m  fo r 6 -ace ty lc h o le s ta -3 ,5 -d ie n e  w ith  u v  
a b so rp tio n s  a t  Xmax 281 rn.fi (e 6150), 221 (9400), w as re c o rd e d  b y  E lm es, 
H a r ts h o rn , a n d  K irk .11 I n  b o th  in s ta n ces  th e  co m p o u n d s  w ere  s tro n g ly  
le v o ro ta to ry , th e  3 ,17 /3 -d iacetoxy-6-acety landrosta~ 3 ,5 -d iene  (3) e x h ib itin g  
a n  [ a ] 28D —167.8° a n d  6 -ace ty lch o les ta -3 ,5 -d ien e  h a v in g  [ « ] d  —159°.

(11) B . C . E lm es, M . P . H a r ts h o rn , a n d  D . N . K irk , J .  Chem . Soc., 2285 
(1964).
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T a b l e  I
N m r  R e s o n a n c e  D a t a  i n  P a r t s  p e r  M i l l i o n  o f  t h e  P o l y a c e t y l a t e d  R e a c t i o n  P r o d u c t s

C -18 C-19 C -3 C -170 C-2 C-6 C-4 C-6
C om pd - C H , - C H , -O A o -O A o -A c -A o - H - H

l b 0.85 1.20 2.03 5.71 s
2 0.83 1 .0 1 2 .12 2.03 5.69 d (J =  2 Hz) 5.38 m
3 0.83 1.08 2 .12 2.03 2.23 6.29 d ( /  =  2 Hz)
6 0.81 1.14 2.15 2.03 1.90 5.71 s
8 0.87 1.38 2.03 5.81s

spectra of compounds 2 and 3 are identical indicating 
the A3'5-dienic structure. The presence of a single 
vinylic proton signal at 6.25 ppm in the spectrum of 3 
is consistent with the proposed structure since the con
jugated C-6 acetyl group places the C-4 vinylic proton 
in the deshielding zone of the carbonyl group12 
and is responsible for the shift downfield from the posi
tion of the vinylic proton signals in the spectra of com
pounds lb  and 2. The C-4 proton signal is split into a 
doublet with J  = 2 Hz which is indicative of long-range 
coupling. Similar coupling has been observed by Wie- 
chert and Schulz13 between the C-4 and C-2 protons of 
3,17/3-diacetoxy-5a-androsta-l, 3-diene.

The identity of the compound was further confirmed 
by treatment with base to saponify the enol acetate 
function and generate 17/3-acetoxy-6/3-acetylandrost-4- 
en-3-one (5). The compound was assigned the 6/3 con
figuration on the basis of its ultraviolet spectrum, Xmax 
246 mg, which is characteristic for the 6/3 isomer, the 
epimeric 6 a compound has an absorption at Xmax 238 
m/z.14 The identity of the saponification product was 
rigorously established by synthesis of authentic mate
rial by the method of Gorodetsky, et al.,14 and com
paring the physical properties.15’16

The second compound separated from the reaction 
mixture by preparative tic was obtained from a band at 
Rf 0.54. Glpc analysis of the crude material demon
strated two peaks, of which the minor constituent was 
17/3-acetoxyandrost-4-en-3-one (lb) and the major com
ponent 6 was the major product of the reaction com
prising 45.0% of the total reaction products. Frac
tional crystallization from acetone-hexane gave pure 
3,17/3-diacetoxy-2-acetylandrosta-2,4-diene (6). The 
ultraviolet spectrum, Xmax274 (e9900) and 242 (12,700), 
is indicative of extended conjugation; however, as with 
the previous compound 3, the ultraviolet maximum is 
lower than the calculated value. This probably re
flects the crowding about the C-2 and C-3 positions and 
the consequent inability to achieve complete conjuga
tion.

The methyl signal of methyl ketones is normally lo
cated at 5 2.1 to 2.4 ppm in the nmr spectrum.17a How
ever, the C-methyl signal of 3,17/3-diacetoxy-2-acetyl- 
androsta-2,4-diene (6) is located at 5 1.90 ppm (Table I)

(12) G . J . K a ra b a tso s , G . C . S onn ichsen , N . H si, a n d  D . J .  F enog lio , J .  
A m er . Chem. Soc., 8 9 , 5067 (1967).

(13) R . W iech e rt a n d  G . S chulz , Chem . B er., 9 8 , 3165 (1965).
(14) M . G o ro d e tsk y , E . L ev y , R . D . Y oussefyeh , a n d  Y . M a z u r , Tetra

hedron, 22, 2039 (1966).
(15) T h e  hy d ro ly s is  p ro d u c t, co m p o u n d  5 , h as  th e  C -6 a c e ty l g ro u p  ax ia lly  

o rie n te d , w h ereas  th e  g en e ra lly  m o re  s ta b le  e q u a to r ia l co n fig u ra tio n  w o u ld  
b e  e x p e c ted . G o ro d e tsk y , et a l.,16 h a v e  show n  t h a t  th e  17/3-acetoxy-6|3- 
a c e ty la n d ro s t-4 -e n -3 -o n e  is m o re  s ta b le  th a n  th e  co rresp o n d in g  6 a  ep im er. 
T h e se  a u th o rs  ex p la in  th is  b y  a  possib le  p a r t ia l  co n ju g a tio n  of th e  ca rb o n y l 
g ro u p  a t  C -6 w ith  th e  A4-3 -k e to  g ro u p  in  th e  6j3-axial c o m p o u n d  w h ich  is n o t 
p o ss ib le  in  th e  6 a -e q u a to r ia l  ep im er.

(16) M . G o ro d e ts k y  a n d  Y . M azu r, J .  A m er. Chem . Soc., 86 , 5213 (1964).
(17) N . S . B h ac ca  a n d  D . H . W illiam s, “ A p p lic a tio n s  of N M R  S p ec tro s

co p y  in  O rg an ic  C h e m is try ,”  H o ld en -D ay , In c .,  S an  F ran c isco , C alif., 1966: 
(a) p  33; (b) p  19.

which is indicative of a shielding effect by the adjacent
O-acetyl group. Examination of molecular models 
indicates that the crowding about the C-2 and C-3 posi
tions is alleviated by maintaining the C-3 O-acetyl 
function perpendicular to the plane of the A ring of the 
steroid. Since the C-2 methyl ketone remains nearly 
planar because of conjugation it is then situated in the 
shielding region of the adjacent O-acetyl carbonyl 
group. The position of the methyl ketone in 6 was ver
ified by saponification of the enol acetate function. The 
ultraviolet spectrum of the saponification product 7 
showed a bathochromic shift in base suggesting a /3- 
diketone structure.

The isomeric dienol diacetates 3 and 6 were subjected 
to mass spectral analysis and demonstrated similar 
spectra. Both compounds showed molecular ion peaks 
at m/e 414. The major fragmentation pattern of 3,17/3- 
diacetoxy-6-acetylandrosta-3,5-diene (3) is M+ 414 —► 
372 (357, 330, 329). 3,17/3-Diacetoxy-2-acetylandrosta-
2,4-diene (6) gives M + 414—► 372 (357,329). Appropri
ate metastables were observed in every case. Fragmen
tation of the enol acetate function in both compounds 
gives rise to a m/e 372 peak which undergoes frag
mentation (c/. Scheme II) with loss of either 43 or 15

S c h e m e  II

mass units. The distinguishing feature which supports 
the C-2 acetyl assignment in 6 is the absence of a sig
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nificant m/e 330 ion18 whose genesis in 3 is loss of 42 
mass units by the well-established loss of ketene from 
C-2 and C-3 of A4-3 ketones.19 An unsubstituted C-2 
position is required for the latter fragmentation to occur.

A third compound (8) separated from the reaction 
mixture using preparative tic was isolated in the usual 
fashion and glpc analysis of the crude material (18 mg) 
revealed one major product (53%) and four minor con
stituents. Fractional crystallization yielded pure mate
rial which was homogeneous by glpc analysis. The 
ultraviolet spectrum of the compound demonstrated 
conjugated carbonyl absorption. Infrared spectros
copy revealed hydroxyl and ester bands and confirmed 
the presence of a conjugated carbonyl system. The 
compound was assigned the 17/?-acetoxy-6/3-hydroxy- 
androst-4-en-3-one (8) structure20’21 on the basis of its 
mass spectrum and nmr spectrum. In addition to the 
signals recorded in Table I there were present two super
imposed one-proton multiplets between S 4.4 and 5.2 
ppm. The 6 configuration of the C-6 hydroxyl group 
was deduced from additivity constants for the chem
ical-shift value of the C-19 angular methyl group, which 
by calculation should be 5 1.39 ppm.17b Oxidation of an 
aliquot of the material with chromium trioxide-pyri
dine reagent22 gave a compound whose ultraviolet spec
trum was in accordance with the proposed 17/3-acetoxy- 
androst-4-ene-3,6-dione (9) structure9b (e/. Scheme III).

S c h e m e  III

2 8 9

In previous studies with perchloric acid catalyzed 
acetic anhydride enol acetylations with saturated keto 
steroids there was no evidence of C acylation; the 0- 
acylation products were formed almost exclusively.2’6 
Recently Rodig and Zanati23 investigated the enol acet
ylation of A^-oxo-Sa steroids and found at equilib
rium some 18% C-acylation product, all of which was 
formed exclusively at the C-4 position. This would 
indicate a preferential attack by acetylium ion24 on the 
enolic double bond of the diene. Attack on the A1 
double bond does not appear to be favored, presumably 
because of the lack of participation by the enolic ace
tate function. Rodig and Zanati have speculated that 
the C acylation could proceed either (a) by direct attack 
on the a position of the ketone in the enolic form or enol 
acetate form, or (b) by the Claisen-Haase type of re
arrangement involving intramolecular acetyl group

(18) W h e n  th e  m /e  330 p e a k s  in  th e  s p e c tra  of 8  a n d  6 a re  c o rre c te d  fo r 
th e  iso to p e  effect fro m  th e  m /e  329 p eak s, i t  c a n  b e  seen  t h a t  th is  p ea k  in  th e  
sp e c tru m  of 3  co rresp o n d s  to  a  m a jo r  f ra g m e n ta t io n  ro u te , w h ereas  in  6 i t  is 
h a rd ly  sign ifican t.

(19) B . H . S h ap iro  a n d  C . D je rass i, J .  A m er. Chem . Soc., 86 , 2825 (1964).
(20) 17£-A cetoxy-6/3~hydroxyandrost-4-en-3-one h as  been  p re p a re d  b y  

o x id iz ing  3 ,1 7 0 -d iace to x y an d ro sta -3 ,5 -d ien e  (2) w ith  i-b u ty l  c h ro m a te .21 
T h e  p h y s ic a l p ro p e rtie s  ag re e  w ith  th o se  o f co m p o u n d  8 iso la te d  h ere in .

(21) K . Y su d a , Chem . P h a rm . B u ll.  (T o k y o ), 11, 1167 (1963).
(22) J .  R . H o lu m , J .  Org. Chem ., 26 , 4814 (1961).
(23) O . R . R o d ig  a n d  G. Z a n a ti , ib id ., 82, 1423 (1967).
(24) A lth o u g h  th e  id e n ti ty  of th e  a c e ty la tin g  species in  perch lo ric  ac id  

c a ta ly z e d  eno l a c e ty la tio n s  has  n o t  b ee n  u n eq u iv o ca lly  e s ta b lish ed , th e re  is 
in c reas in g  ev idence  t h a t  th e  a c e ty liu m  ion  m u s t p la y  a  s ig n ifican t ro le  in  
th e se  ac e ty la tio n s . F o r  a n  excellen t rev iew , see D . P . N . S a tc h e ll, Quart. 
Rev. (L o n d o n ), 17, 196 (1963).

migration. Our studies with A4-3 ketones have shown 
that the first product of the reaction is the A3,5-dienol 
diacetate 2 which is formed almost exclusively using 
short reaction periods. That compound 2 is the pre
cursor of the C-acylation products was proven by doing 
parallel experiments with the A4-3 ketone 1 and the di- 
enol diacetate 2. In both cases glpc analysis of the reac
tion products after 2 hr demonstrated similar product 
distributions. In the case of the acetylation of 1 there 
was detected a 10.5% increase in the formation of 3,17/3- 
diacetoxy-6-acetylandrosta-3,5-diene (3) which suggests 
that a portion of the C-6 acylation is probably formed 
directly with the major portion of the products being 
formed by a mechanism involving A3,5-dienol diacetate. 
The product distribution obtained in our studies makes 
it highly improbable that mechanism b contributes to 
the reaction, since the rearrangement would lead to C-4- 
acylated product. I t  has been possible to account for 
97% of the reaction products, none of which was ace- 
tylated at C-4.

Attack by acetylium ion on the A3’6-dienol diacetate 
2 occurred at the C-6 position. Similar results were ob
tained by Gorodetsky, et al.,u using boron trifluoride- 
acetic anhydride mixture. Treatment of 17/3-hydroxy- 
androst-4-en-3-one (la) with this reagent afforded an 
epimeric mixture of C-6-acetylated 17/3-acetoxyandrost-
4-en-3-ones (5). By extending the reaction period 
under more forcing conditions they obtained a com
pound which had undergone C acylation at both C-2 
and C-6 positions. The use of perchloric acid as cata
lyst; alters the reaction to produce the enol acetate of 
compound 5 as a final product. Both methods of acety
lation have been postulated as proceeding via acety
lium ion attack on the enol acetate 2; however the differ
ence in final products obtained suggests that the A4-3 
ketone formed in the boron trifluoride catalyzed acety
lation is probably not free but complexed with the rea
gent and only liberated on working up the reaction mix
ture. A further variation in the products obtained 
from the two methods of acylation is the absence of 
mono-C-acylated product at the C-2 position in the 
boron trifluoride catalyzed reaction. Using perchloric 
acid catalyst the major constituent of the reaction was 
3,17/3-diacetoxy-2-acetylandrosta-2,4-diene (6).

The glpc analytical results obtained indicate that 
there is no appreciable quantity of 3,17/3-diacetoxy- 
androsta-2,4-diene (4) present under the equilibrating 
conditions of the reaction. However, there must be 
the transient formation of 4 to account for the C-2-acy- 
lated product. In cross-conjugated enol acetates, such 
as 4 or 3,17/3-diacetoxy-5a-androsta-l,3-diene,23 the 
enolic double bond reacts readily which would explain 
the high yield of compound 6 in our reaction products. 
The situation is analogous to that found in the dehy
drogenation of A4-3 ketones where it has been suggested 
that the A2’4-dienol is formed by kinetic control and the 
A3’5-dienol by thermodynamic control.26 The equilib
rium point in the presence of acid is almost exclusively 
on the side of the A3,6-dienolic compound.26 This 
would signify a rapid attack by acetylium ion on the 
A2,4-dienol acetate 4 which is formed either directly 
from the A4-3 ketone lb or from the equilibration of the 
A3’6-diene 2.

(25) A . B . T u rn e r  a n d  H . J . R in g o ld , J .  Chem . Soc., 1720 (1967).
(26) H . J . R in g o ld  a n d  K . M a lh o tra , J .  A m er. Chem . Soc., 86 , 1997 (1964).
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The isolation of 17/î-acetoxy-6/3-hydroxyandrost-4- 
en-3-one is surprising because under strong acetylating 
conditions the 6/I-hydroxyl group should have under
gone almost instantaneous acetylation.27’28 It is neces
sary to postulate a complex in which both the A4-3- 
ketone function and the hydroxyl group are involved. 
A complex of the type shown below would satisfy these 
conditions. Decomposition of such a complex during 
the work-up would liberate compound 8.

Rodig and Zanati have isolated 3% of 1,17/3-diace- 
toxy-4-methylestra-l,3,5(10)-triene from the enol acet
ylation of A^-oxo-Sa steroids.23 To ascertain that 
none of the minor unidentified constituents of the reac
tion mixture was the same rearrangement product, 
the latter compound was synthesized from 17/3-hy- 
droxyandrosta-l,4-dien-3-one by dienone-phenol re
arrangement.29 Glpc analysis of the reaction mixture 
obtained from the perchloric acid catalyzed enol acety
lation with authentic l,17|S-diacetoxy-4-methylestra-
1,3,5, (lO)-triene demonstrated that the phenolic com
pound was not formed in the reaction.

In view of the lack of C acylation at tertiary C atoms 
the enol acetylation of alkyl-A4-3 ketones is being in
vestigated. Such compounds may provide a system in 
which the equilibrium between A2’4- and A8,5-dienol 
acetates may be studied.

Experimental Section
General.—Melting points were determined on an Electro

thermal apparatus by the capillary method and are corrected. 
Rotations were measured in chloroform solution. The infrared 
spectra were recorded on a Perkin-Elmer Model 221 double
beam spectrophotometer. The ultraviolet spectra were deter
mined in ethanol solution using a Bausch and Lomb Spectronic 
502 recording spectrophotometer. The nmr spectra were de
termined on a Varian A-60A spectrometer in deuteriochloroform 
and chemical-shift values are given in parts per million (ppm) 
values measured downfield from tetramethylsilane used as an 
internal standard. Gas chromatography was carried out on a 
Model 810 F & M gas chromatograph equipped with dual flame 
detectors. The columns were 5% Fluoro Silicone FS-1265 
(QF-1) on 60-80 mesh Diatoport “ S,” 8 ft X 4 mm o.d. The 
carrier gas was helium a t a flow rate of 60 cc/min and the column 
temperature was 230°. Quantitative estimation of mixtures 
was made by trangulation of the signals. Preparative gas 
chromatography was carried out on an F & M Model 776 Prep- 
master Jr. using 20% QF-1 on 10-60 mesh Diatoport "S ” with 
8 ft X 1 in. o.d. columns. The carrier gas was nitrogen a t a 
flow rate of 0.8 l./m in. The column temperature was 250°. 
The adsorbant for thin layer chromatography was Merck 
silica gel G and the solvent was benzene-ethanol (8:1). The 
mass spectra were carried out on a Hitachi-Perkin-Elmer Model 
RMU-6D at 50 eV.

3 ,17/3-Diacetoxyandrosta-3,5-diene (2).—17/3-Hydroxyandrost-
4-en-3-one (la, 4.5 g) was suspended in isopropenyl acetate 
(100 ml) and concentrated sulfuric acid (0.08 ml) was added. 
The mixture was refluxed for 1.5 hr and the solvent was then 
partially distilled under reduced pressure. After cooling, the 
residue was diluted with ether (100 ml) and extracted with 5% 
aqueous sodium bicarbonate (100 ml). The ether layer was

(27) R e c e n tly  i t  h as  been  sh o w n  th a t  s te ro id a l A3-5-d ie n o l e th e rs  a re  
a u to x id iz ed  to  g ive  6 -h yd roxy -A 4-3 k e to n e s28 b y  a  free -ra d ica l p rocess. O bvi
o u s ly  su ch  a  m e ch an ism  is n o t o p e ra tin g  u n d e r  o u r  s tro n g  ac id ic  cond itions  
s in ce  no 3,6,17/3-tr ia ce to x y a n d ro s ta -3 ,5 -d ie n e  w as d e tec te d .

(28) R . G a rd i a n d  A. L usig n an i, J .  Org. Chem., 32, 2647 (1967).
(29) C . D je ra s s i, “ S te ro id  R e a c tio n s ,” H o ld en -D ay , In c .,  S an  F ran c isco ,

C alif., 1963, p  371.

washed with salt solution and dried (Na2S04), and the solvent 
was evaporated to dryness. The residue (6.1 g) was crystallized 
from ether to give 3,17/3-diacetoxyandrosta-3,5-diene (2.58 g), 
mp 143-147° (lit.7 mp 149-150°).

The Reaction of 17/3-Hydroxyandrost-4-en-3-one with Per
chloric Acid-Acetic Anhydride Reagent.—To a solution of 17/3- 
hydroxyandrost-4-en-3-one (la, 1 g) in carbon tetrachloride 
(40 ml) and benzene (100 ml) was added a solution (10 ml) of 
acetic anhydride-70% perchloric acid (49:1). The mixture was 
stirred a t room temperature for 40 min and the reaction was 
quenched by pouring it into sodium bicarbonate solution (150 
ml). The organic material was extracted with two 150-ml 
portions of ether and the ether solution was dried (Na2S04) 
and filtered. The solvent was removed under reduced pressure 
and the residual oil was analyzed by glpc. The product consisted 
of 3 ,17/3-diacetoxyandrosta-3,5-diene (2 , 72%) and 17/3-acetoxy- 
androst-4-en-3-one (lb, 24%). The mixture was separated by 
preparative glpc. The first product collected was 3,17/3-di- 
acetoxyandrosta-3,5-diene (2, 700 mg), mp 145-146°; the mix
ture melting point determination with authentic material pre
viously prepared showed no depression. The second compound 
isolated by preparative glpc was 17/3-acetoxyandrost-4-en-3-one 
(lb, 300 mg), mp 141-143°; the mixture melting point with 
authentic material was undepressed.

In a similar reaction using 17/3-hydroxyandrost-4-en-3-one (la, 
1 g) the reaction period was extended to 4 hr and the reaction was 
quenched as previously described. The crude product was 
analyzed by glpc and eight compounds were detected: at reten
tion time 8.8 min, 6.3% 3,17/3-diacetoxyandrosta-3,5-diene 
(2); a t retention time 16.3 min, 10.2% 17/3-acetoxyandrost-4- 
en-3-one (lb); a t retention time 20.0 min, 0.6% unidentified 
product; a t retention time 23.5 min, 0.2% unidentified prod
uct; at retention time 25.3 min, 0.4% unidentified product; 
a t retention time 28.3 min, 4.5% 6/3-hydroxyandrost-4-en-3-one
(8); a t retention time 38.8 min, 30.8% 3,17/3-diacetoxy-6- 
acetylandrosta-3,5-diene (3); and, a t retention time 42.4 min, 
45.0% 3,17/3-diacetoxy-2-acetylandrosta-2,4-diene (6).

The crude material was separated by preparative tic using a 
500-m layer of silica gel and solvent system benzene-ethanol 
19:1. The mixture was deposited (70 mg/20-cm-square plate) 
from methylene chloride solution as a 5-mm-wide band. The 
bands were detected by ultraviolet light (Rt 0.54, 0.57, 0.60, 
and 0.75) and aspirated from the plates. The products were 
eluted from the adsorbant by washing with acetone and filtering.

From the band a t Rt 0.60 there was isolated an oil (100 mg) 
which was homogeneous by glpc analysis (retention time 38.8 
min). Crystallization from acetone-hexane gave pure 3,17/3- 
diacetoxy-6-acetylandrosta-3,5-diene (3, 88 mg): mp 140-141°; 
[«]md -168° (c 0.5); uv max, 281 mM (« 7900), 220 (8800);

I
ir (CC14), 1758 (>C=C-OCOCH3), 1735 (-OCOCH«), 1685 
(> C = 0 ), and 1657 cm-1 (> C = C < ) ;  the nmr spectrum is 
recorded in Table I; mass spectrum, m/e (relative intensity) 
414 (5), 373 (26), 372 (100), 357 (15), 330 (18), and 329 (23).

Anal.30 Calcd for C26H340 6: C, 72.43; H, 8.27. Found: C, 
72.72; H, 8.43.

From the band at Rt 0.54 there was obtained an oil (70 mg) 
which was demonstrated by glpc analysis to consist of 17/3- 
acetoxyandrost-4-en-3-one (lb , 26%), retention time 16.3 min, 
and 3,17/3-diacetoxy-2-acetylandrosta-2,4-diene (6, 74%), re
tention time 42.4 min. Fractional crystallization from acetone- 
hexane gave pure 3,17/3-diacetoxy-2-acetylandrosta-2,4-diene 
(6, 11 mg): mp 158-159°; [«¡“to 102° (c 0.5); uvm ax, 274 m/u

1
(e 9900), 242 (12,700); ir (KBr), 1759 (>C=C-O CO CH s), 
1730 (-OCOCHs), 1675 (> C = 0 ), and 1653 cm-* (> C = C < ); 
the nmr spectrum is recorded in Table I; mass spectrum, m/e 
(relative intensity) 414 (3), 373 (26), 372 (100), 357 (14), 330 
(7), and 329 (25).

Anal. Calcd for C25H34C>6: C, 72.43; H, 8.27. Found: C, 
72.45; II, 8.25.

From the band a t Rt 0.75 there was obtained an oil (18 mg) 
which by glpc analysis was shown to consist of five compounds, 
the major constituent (53%, retention time 28.3 min) was 17/3- 
acetoxy-6/3-hydroxyandrost-4-en-3-one (8). The mixture also 
contained 20% 3,17/3-diacetoxy-6-acetylandrosta-3,5-diene (3), 
retention time 38.8 min. The mixture was crystallized from 
acetone-hexane and there was obtained homogeneous (glpc)

(30) M io roana ly ses w ere  perfo rm ed  b y  S ch w arzk o p f M ic ro a n a ly tica l
L ab o ra to rie s, W oodside , N . Y.
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17/3-acetoxy-6(3-hydroxyandrost-4-en-3-one (8) (4 mg): mp
202-203.5°; uv max, 237 m/x (« 19,600); ir (KBr), 3460 (-OH), 
1730 (-OCOCH3), 1668 (> C = 0 ), and 1615 cm ' 1 (> C = C < ); 
the nmr spectrum is recorded in Table I; the mass spectrum 
had a molecular ion peak a t m/e 346.

The Oxidation of 17/3-acetoxy-6/3-hydroxyandrost-4-en-3-one
(8).—A solution of 17/3-acetoxy-6/3-hydroxyandrost-4-en-3-one 
(8, 2 mg) in pyridine (0.5 ml) was added to a stirred suspension 
of chromium trioxide (67 mg) in pyridine (6 ml). The mixture 
was stirred for 17 hr and poured into sodium bicarbonate solu
tion (25 ml) and extracted with ether (20 ml). The ether extract 
was washed with 3 N  sulfuric acid (20 ml), saturated bicarbonate 
solution (20 ml), and salt solution until neutral. The ether solu
tion was dried (Na2SC>4) and filtered, and the solvent was evapo
rated to dryness. Glpc analysis of the product gave a single 
peak at retention time 29.6 min. The material failed to crystallize 
but demonstrated the spectral properties consistent with 17/3- 
acetoxyandrost-4-ene-3,6-dione (9): uv max, 250 m/x (e 17,000); 
ir (CCh), 1740 (-OCOCH3), 1710 (> C = 0 ), and 1690 cm- 1 
(> C = 0 ). The product (1.5 mg) was partitioned between 5% 
sodium hydroxide (5 ml) and ether (5 ml). Glpc analysis in
dicated the retention of the product in the ether layer.

17/3-Acetoxy-6/3-acetylandrost-4-en-3-one (5).—A solution of 
3 ,17/3-diacetoxyandrosta-3,5-diene (2,1.37 g) in acetic anhydride 
(20 ml) was treated with boron trifluoride etherate (4.1 ml) at 
25° for 4 min, then poured into ice water (200 ml). The aqueous 
suspension was extracted with ether (100 ml), and the ether solu
tion was washed with sodium bicarbonate solution (100 ml) and 
then with brine until neutral. The ether solution was dried 
(MgSCh) and filtered, and the solvent was concentrated under 
reduced pressure. After cooling, the material was filtered and 
there was obtained 17/3-acetoxy-6/3-acetylandrost-4-en-3-one (5, 
400 mg): mp 162-164°; uv max, 246 m/x (e 12,000) [lit.14 mp 
165-166°; uv max, 246 m/x (e 13,000)].

Saponification of Compounds 3 and 6. A.—To a solution of 
3,17j8-diacetoxy-6-acetylandrosta-3,5-diene (3, 20 mg) in metha
nol (5 ml) was added a saturated solution of sodium acetate (1 
ml). The solution was refluxed for 3 hr, and the solvent was 
removed in vacuo. The residue was partitioned between ether 
(20 ml) and water (20 ml), the organic layer was dried (Na2- 
S04) and filtered, and the solvent was concentrated to dryness. 
Crystallization from acetone-hexane gave 17/3-acetoxy-6(3- 
acetylandrost-4-en-3-one (5, 6 mg): mp 151-155°, uv max,
246 m/x (e 11,900); ir (KBr), 1735 (-OCOCH3), 1712 (> C = 0 ),

I I
1678 ( > C = C - C = 0 ), and 1608 cm“ 1 ( > C = C < ) .  The ir 
spectrum was identical with that of an authentic sample. Ad
mixture with authentic material gave a single tic spot a t Rt 0.86 
and the mixture melting point was undepressed.

B.—Compound 6 (1 mg) was treated as above. The saponifi
cation product 7 had uv max 241 m/x; addition of 5% potassium 
hydroxide solution caused a bathochromic shift to 425 m/x. 
Insufficient material was available to characterize the compound 
further.

l,17(3-Diacetoxy-4-methylestra-l,3,5(10)-triene.—To a solu
tion of 17/3-hydroxyandrosta-l,4-dien-3-one (1.0 g, mp 167- 
169°) in carbon tetrachloride (40 ml) and benzene (100 ml) was 
added a solution of acetic anhydride-70% perchloric acid (10 
ml, 49:1). The mixture was stirred a t room temperature for
2.5 hr after which the reaction mixture was diluted with ether 
(100 ml) and washed with two 150-ml portions of sodium bi
carbonate solution. The ether layer was washed until neutral 
with brine and dried (Na2S04). The solution was filtered and the 
solvent was removed under reduced pressure. Two crystalliza
tions from acetone-hexane gave l,17/3-diacetoxy-4-methylestra- 
l,3,5(10)-triene (840 mg): mp 139-140° (lit.31 mp 138.5-139°);

I
uv max, 278 m/x (e 257); ir (CCI4), 1759 (>C==C-OCOCH3) and 
1740 cm“ 1 (-OCOCH3).

An aliquot of the material was added to the reaction mixture 
consisting of 2 treated with acetic anhydride-perchloric acid 
reagent and a new peak was detected by glpc analysis a t retention 
time 8.2 min.

R e g is try  N o .—Perchloric acid, 7601-90-3; acetic 
anhydride, 108-24-7; lb ,  1045-69-8; 2, 1778-93-4; 
3, 16853-04-6; 6, 16803-41-1; 8, 13096-48-5.
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the University of Ottawa for the mass spectral de
terminations.

(31) (a) A . L . W ilds a n d  C . D je ra ss i, J .  A m er. Chem . Soc., 68, 2125 
(1945); (b) C . D je rass i, G . R o sen k ran z , J . R o m o , J .  P a ta k i, a n d  S t. K au f- 
m a n n , ib id ., 72, 4540 (1950).
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A number of examples of steroid derivatives bearing an acetoxyallene side chain at C-17 have been synthesized. 
In the case of the 3-acetoxy-5-ene derivatives, both isomeric allenes 2a and 3a were isolated and the stereochem
istry was established by their unique spectral properties. Hydrolysis of the allenic esters lead to conjugated 
C-21 aldehydes in high over-all yields.

The allenic structure has proven to be a most in
triguing system to the chemist from the standpoint of 
theoretical interest as well as synthetic challenge. The 
great span of time from van’t  Hoff’s early prediction of 
the existence of asymmetry in the system to the suc
cessful demonstration of this fact stemmed from the 
lack of good synthetic methods of preparation and res
olution. The past several years has seen the devel
opment of new routes of stereospecific syntheses of al
lenes. These are enumerated in the recent review of 
allene chemistry by Taylor.1

(1) (a) D . W . T a y lo r , Chem. Rev., 67, 317 (1967). (b) C f. a lso  th e  sec tion
on  cum ulenes  in  H . F isch er, " T h e  C h e m is try  of A lkenes,” S. P a ta i ,  E d .,
In te rsc ie n c e  P u b lish ers , In c .,  L ondon , 1964, p  1025.

Noting the absence of examples of steroidal allenes, 
some years ago we embarked on a program directed 
toward the incorporation of this rather novel system 
into a representative group of steroids.2 In this first 
paper we will describe the preparation of a series of 
steroidal allenic esters and some of the unsaturated 
aldehydes derived therefrom. The products under 
consideration are isomeric with, and in fact derived 
from, a class of compounds of considerable physiolog-

(2) S ince  th is  w o rk  h as  in i t ia te d , tw o  p ap e rs  h av e  a p p e a re d  d escrib ing  
exam ples of s te ro id a l a llen es: (a) R . V ita li a n d  R . G a rd i [Gazz. C him .
Jta l., 96, 1125, 3203 (1966)] h a v e  em p lo y ed  th e  C la isen  re a rra n g e m e n t o f 
p ro p a rg y lic  enol e th e rs  to  in tro d u c e  th e  th re e  ca rb o n  a lle n y l g ro u p  a d ja c e n t 
to  a  ca rb o n y l fu n c tio n ; (b ) cf. a lso  N . K . C h a u d h u r i a n d  M . G u t, J .  A m er. 
Chem . Soc., 87, 3737 (1965).
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ical importance, namely, steroidal C-17 ethynylcar- 
binols.3 I t appeared to us to be an attractive goal to 
synthesize the isomeric allenic esters in order to com
pare the biological activities with those of the parent 
compounds, as well as to study their use as intermedi
ates for subsequent side-chain modifications.

The most straightforward preparative method ap
peared to be the use of metal salts to catalyze the inter
conversion of acetylenic halides or esters to their iso
meric allenes. Hennion4 and coworkers in 1950 ob
served the catalytic influence of cuprous chloride on the 
equilibrium of a chloroacetylene with its isomeric al- 
lene (Scheme I). In 1956, Landor and Landor5 dem-

CH3

ch3—  c- o= ch

Cl

S c h e m e  I  

Cu„C12,N H )C1

ch3

ch3— C=C-CHC1

S c h e m e  I I

ons tra te d  th e  in fluence  o f z inc  sa lts on th e  acety len ic  
ester I  to  g ive  a m odest y ie ld  o f th e  rearranged  acetoxy- 
a llene I I .  Saucy6 and  coworkers a t H o ffm a n n -L a  
Roche fo u n d  th a t  s ilv e r salts were su pe rio r to  copper 
and  go ld  sa lts in  c a ta lyz in g  th is  la t te r  ty p e  o f tra ns 
fo rm a tio n . T h e  p rod uc ts  were genera lly  characte rized  
b y  un iq ue  spec tra l p rope rties  and  b y  h y d ro ly s is  to  u n 
sa tu ra te d  aldehydes. T h e  ques tion  o f stereo isom erism  
o f th e  acetoxyallenes was n o t considered in  these papers. 
L a n d o r5 p os tu la ted  th a t  th e  m ig ra tio n  occurred  via  
an in te rn a l d isp lacem ent in v o lv in g  a cyc lic  tra n s it io n  
s ta te  such as la  (Scheme I ) .

W e have fo u n d  th e  s ilv e r io n  ca ta lyzed  rearrange
m e n t to  be a v e ry  fac ile  m e thod  o f p re p a rin g  th e  de
s ired  s te ro id a l allenes. T hus, w hen an acetone so
lu t io n  o f 17 a-ethynylandrost-5-ene-3/3,17/3-d io l d i
acetate (la) was m a in ta in e d  a t re flu x  te m p e ra tu re  to 
g e the r w ith  a bo u t 5 m o l %  o f s ilv e r p e rch lo ra te  over a 
p e rio d  o f several days, th in  la y e r ch ro m a to g ra p h y  ( t ic )  
in d ica te d  th e  g rad ua l disappearance o f s ta r t in g  m a
te r ia l and  fo rm a tio n  o f tw o  p rod uc ts  in  equa l am ounts. 
P re c ip ita t io n  o f th e  c a ta ly s t as s ilv e r ch lo rid e  fo llo w e d  
b y  co nce n tra tio n  o f th e  acetone f i l t r a te  a ffo rded  b y  
d ire c t c ry s ta lliz a tio n  42% o f a p u re  p ro d u c t, 2 a (Scheme

(3) L . F . F ie se r  a n d  M . F ie se 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, p p  476, 556, a n d  591.

(4) G. F . H en n io n , J .  T . S heehan , a n d  D . E. M alo n ey , J .  A m er. Chem. 
Soc., 72, 3542 (1950).

(5) P . D . L a n d o r  a n d  S. R . L a n d o r, J .  Chem . Soc., 1015 (1956).
(6) (a) G. S au cy , R . M a rb e t , H. L in d la r, a n d  O. Is le r , H elv. C h im . A c ta , 

42, 1945 (1959); (b) R . M a rb e t , et al., U . S. P a te n t  3 ,211,780 (1965).

II). A second crystalline product, 3 a, having very 
similar spectral properties and tic mobility, was iso
lated by chromatography of the filtrates. That these 
two products were the isomeric 21a- and 21/3-acetoxy- 
17(20),20-allenes7 resulting from the expected intra
molecular rearrangement was shown by the character
istic 5 . 0 4 allenic stretching band in the infrared spec
trum of each compound. The stereochemistry was 
established by inspection of the nmr spectra discussed 
below. Mild alkaline or acid hydrolysis afforded the 
known unsaturated ¿rans-aldehyde 4a.8'9 These trans
formations may be considered as an example of a step
wise Meyer-Schuster rearrangement,115 in effect leading 
to hydration of the ethynyl group at the unsubstituted 
carbon. This route affords a convenient method for 
the synthesis of conjugated aldehydes of general struc
ture 4, generally in higher yields than had been ob
served by alternate synthetic procedures.8

When the silver catalyzed rearrangement was carried 
out in boiling acetic acid, the. initially formed allenes 
underwent a double-bond shift to give the 16,20-con-

(7) A pp ly in g  th e  sequence  ru le  sy s te m  of n o m e n c la tu re  to  th e  isom eric  
a llenes re su lts  in  th e  R  d es ig n a tio n  fo r th e  2 1 a -a c e to x y  co m p o u n d s  (2), a n d  
S  fo r th e  21/3 isom ers  (3). W e feel t h a t  th e  c o n v e n tio n a l F isc h e r  d e s ig n a tio n  
fo r th e  isom eric  a llenes is m o re  d e sc rip tiv e  to  ch em is ts  w ork ing  in  th is  a rea . 
C f. R . S. C ah n , J .  Chem. E duc ., 41, 116 (1964).

(8) H . H eusse r, K . E ich en b erg e r, a n d  P I. A. P la t tn e r ,  Helv. C him . A cta, 
33, 1088 (1950).

(9) W h e n  th e  m ix tu re  of ep im eric  a llen es  w as s u b je c te d  to  v e ry  b rie f 
h y d ro ly tic  co n d itio n s  th e re  w as ev idence  su ggesting  fo rm a tio n  of som e of th e  
less s ta b le  c is-a ld eh y d e  5a (see E x p e rim e n ta l S ection ).
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jugated enol acetate 6, together with some of the un- 
saturated aldehyde 4. The interconversion of alde
hyde 4b and its enol acetate 6b had been demonstrated 
by Miescher and coworkers.10

Variations in the ring-A portion of the molecule, 
while not affecting the nature of the acetylene-allene 
equilibrium, did influence the relative ease of isolation 
of the isomeric acetoxyallenes. Thus, in the estrane 
series with an aromatic A ring bearing either a 3-hy
droxy (If) or 3-acetoxy group (lg), only one of the iso
meric allenes was isolated in crystalline form. In each 
case this proved to be the 21a isomer (2f and 2g), the 
21/3 epimer formed in equal amount remaining in the 
mother liquors. The 3-methoxy compound (Id) upon 
rearrangement afforded a noncrystalline 1:1 mixture of 
the isomeric allenes (2d :3d) which was hydrolyzed in 
good over-all yield to the tram-17(20)'-aldehyde 4d. 
Similarly the rearrangement of ethisterone acetate (lb) 
gave an equimolar mixture of 21 epimers that could not 
be separated nor crystallized. On the other hand, the 
corresponding 19-nor analog lc afforded a mixture of 
epimeric allenes from which the 21/3 isomer could be 
crystallized. In each case, however, hydrolysis led to 
a single crystalline aldehyde verifying the assignments 
made on the basis of spectral and elemental analyses. 
Compound le underwent elimination of the 3-acetoxy 
function leading to an inseparable mixture of products. 
The 17(20) double bond of 4a and 4d could be selec
tively reduced over palladium on charcoal to give sat
urated 21-aldehydes 7a and 7d, respectively.

Stereochemistry.—The isolation of both crystalline 
isomers 2a and 3a permitted spectral comparison from 
which we may confidently make configurational as
signments of the allene geometry. By examination of 
the positions of the C-18 angular methyl proton signals 
in the nmr spectra we have assigned the 21/3-acetoxy 
configuration to that isomer having a C-18 methyl 
proton signal at lower field (3a, 57 Hz) relative to its 
isomer (2a, 53 Hz). The deshielding influence of a 
neighboring /3-oriented acyloxy function on the C-18 
protons is well documented.11 In each series of com
pounds studied, the nmr spectrum of the total crude 
reaction product revealed the two C-18 methyl signals 
of about equal intensity separated by about 4 Hz, thus 
permitting the assignment of geometry to the crystal
line form ultimately isolated.

The C-21 olefinic proton signal appeared as a triplet 
(,J  = 2.5 Hz) showing five-bond coupling with the C-16 
protons. The C-21/3 proton of 2a was centered at 439 
Hz while the isomeric compound, 3 a, showed the C-21 
proton signal at 446 Hz.12 Lowe,13 extrapolating from 
the principals of Brewster,14 has studied the optical 
rotational properties of a series of allenes of known 
stereochemistry. He observed an apparent correlation

(10) K . M iesche r, A. W e tts te in , a n d  C . Scholz, H elv. C him . A cta , 22, 892 
(1939).

(11) Cf. W . R . B en n  a n d  R . M . D odson , J .  Org. Chem ., 29, 1142 (1964), 
a n d  references c ite d  th e re in .

(12) S ince  th is  w o rk  w as com p le ted , tw o  co m m u n ic a tio n s  h a v e  a p p e a re d  
describ ing  som e acyclic , m onocyclic , a n d  b icyclic  a c e to x y  a llenes p re p a re d  b y  
th e  g en e ra l p ro ced u re  describ ed  h e re in : (a) M . A p p a ru  a n d  R . G len a t, C. R . 
A cad . S c i., P a r is , Ser. C, 265, 400 (1967); (b ) V . T .  R a m a k rish n a n , K . V. 
N a ra y a n a n , a n d  S. S w a m in a th a n , Chem . I n d .  (L o n d o n ), 2082 (1967). T h e  
n m r  d a ta  c ite d  b y  th e se  g roups, p a r t ic u la r ly  t h a t  of th e  In d ia n  a u th o rs , a re  
en tire ly  c o n s is te n t w ith  t h a t  ob serv ed  in  th e  p re s e n t w ork .

(13) (a) G . Low e, Chem . C om m un., 411 (1965); (b) cf. E . L . E liel, Tetrahe
dron L ett., N o . 8, 16 (1960).

(14) J .  H . B rew ste r, J .  A m er. Chem . Soc., 81 , 5475 (1959).

in the sign of optical rotation and the handedness of the 
screw pattern of polarizability of substituents on the 
allene chain. In the present set of compounds the un
certainty as to the relative polarizability of the ring-D 
carbon substituents on the allene side chain reduces the 
reliability of any configurational assignments made on 
the basis of the relative signs of rotation of the isomers.

The ORD15 spectra of the two isomers is noteworthy, 
generally bearing out the quasi-enantiomeric nature of 
the pair of compounds. Thus, the 21a-acetoxy com
pound 2a has a negative curve with a plateau in the re
gion 220-252 ran, whereas the 21/3-acetoxy compound 
3a shows a strong positive Cotton effect with a peak at 
243 npi.16

Any consideration of the mechanism of this silver ion 
catalyzed rearrangement must account for the apparent 
lack of stereospecificity. A significant point in this 
regard is the observation that pure acetoxy allene 2 a 
(or 3 a) together with 5 mol % of silver perchlorate in 
acetone, when held at reflux temperature for 84 hr, 
equilibrated to an equimolar mixture of the two com
pounds. This was deduced on the basis of the equiva
lence of the heights of the C-18 methyl proton reso
nances relative to the single C-19 signal of the silver- 
free concentrate. This is in contrast with the several- 
day reaction period required for the initial rearrange
ment of the ethynyl ester. We believe the data to be 
consistent with the mechanism shown in Scheme III.

m

S c h e m e  III

0=C.v
Blow tx > - v

w \
Ag H

IV

3a

2a

Formation of a ?r complex between silver ion and al- 
lenic double bonds has received much less study than 
the corresponding acetylenic complex formation.17 
Nevertheless, such an intermediate as IV may explain 
the apparent loss of stereoselectivity of the rearrange
ment. Thus, a 7r complex or a bridged ion structure 
between silver and the acetylenic bond electrons (struc
ture III) would result in increased electrophilicity of 
the terminal acetylenic carbon resulting in the initial 
stereospecific 1,3 migration of acetate. The inter
mediate IV, also bound to silver, may be expected to be 
in resonance with the symmetrical allyl cation form V. 
Reversible loss of argentous ion then gives either iso
meric allene. Under the reaction conditions employed 
in this study the rate of equilibration of the products is

(15) W e a re  in d e b te d  to  P ro fesso r W . K ly n e  a t  th e  U n iv e rs ity  of L o n d o n , 
fo r m ak in g  th e  O R D  d e te rm in a tio n s  of co m p o u n d s 2 a  a n d  3 a  fo r us.

(16) Cf. S. F . M aso n  a n d  G . W . V ane, Tetrahedron L ett., 1593 (1965).
(17) R efe ren ce  1, p  342. F o r  a  re c e n t d iscussion  of th e  n a tu r e  of th e  s tru c 

tu r e  of th e  ana logous m e rcu rin iu m  a llen e  ion, see W . L . W a te rs  a n d  E . F . 
K iefer, J .  A m er. Chem . Soc., 89 , 6261 (1967). T h e se  w o rk ers  p re fe r th e  
th re e -m e m b e re d  cr-bonded m e rc u ry  b r id g e  s tru c tu re  ov er th e  a l te rn a te  sim ple 
po la rized  n  com plex .
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greater than is the rate of the Sm' rearrangement. 
This is analogous to the reaction of optically active 
ethynyl carbinols with thionyl chloride in which Lan- 
dor and coworkers1? observed retention of optical pur
ity in the resulting chloroallene under anhydrous con
ditions and rapid racemization in the presence of traces 
of acid.

In light of the success of this reaction system, little 
attention was given to other catalysts or solvents. It 
is noteworthy that cuprous ion in either dimethyl sul
foxide or dimethylformamide resulted in loss of acetic 
acid to give the known enyne 8a.18 19 Landor and co
workers20 observed an analogous result when chloroal- 
lenes were heated in the presence of cuprous cyanide in 
dimethylformamide suggesting an allene intermediate 
in the formation of 8a.

Experimental Section21
Rearrangement of l7a-Ethynylandrost-5-ene-30,l7/3-diol Di

acetate. 5,17(20),2O-Pregnatriene-30,21a-diol Diacetate (2a).— 
A solution of 19.0 g of 17a-ethynylandrost-5-ene-30..170-diol 
diacetate and 619 mg (6 mol %) of silver perchlorate in 500 ml 
of dry acetone containing 10 drops of tetramethylguanidine (tmg) 
was refluxed under nitrogen for 96 hr. At the end of this time 
thin layer chromatography (tic) indicated a spot corresponding 
to only a trace of starting material together with a single slightly 
less polar spot. The reaction mixture was cooled and 5 ml of 
saturated ammonium chloride solution was added. After stirring 
for 15 min the precipitated solids were removed by filtration 
and the filtrates concentrated to ca. two-thirds volume and al
lowed to cool slowly. From the acetone solution there was 
obtained by direct crystallization 7.03 g (42%) of the 21a- 
acetoxyallene (2a). Recrystallization from acetone containing a 
trace of pyridine (py) afforded analytically pure material: 
mp 199-202°; [a]D —67.3°; ir (KBr) 3.25, 5.03, 5.76, and 8.05 
ju; nmr signals appeared at 53 (18 H), 62.5 (19 H), 12 1 (3 Ac),
126.5 (21 Ac), 278 (3 H), 324 (6 H), and 439 Hz (t, J  = 2.5 Hz, 
21/3-H).

Anal. Calcd for C25H„0 4: C, 75.34; H, 8.60. Found: C, 
75.47; H, 8.86.

5,l7(2O),2O-Pregnatriene-30,21j3-diol Diacetate (3a).—Con
centration of the acetone filtrates above afforded upon cooling
1 .5 g of a crystalline material melting at 122-130°. Concentration 
of the filtrate and chromatography over silica gel afforded more 
of this material from the fractions eluted by 1 % ethyl acetate- 
benzene (total 23%). Crystallization from ether-petroleum 
ether (bp 64-68°) yielded pure 3a: mp 128-131°; [a]D —11°; 
ir (KBr) 3.29, 5.05, 5.68, 5.77, 8.05, and 8.20 m! the nmr spec
trum differed from that of the 2 1a isomer only in the position 
of the C-18 proton signal at 57 Hz and the 21a-H triplet a t 446 
Hz (J = 2.5 Hz).

Anal. Calcd for C25H34O4: C, 75.34; H, 8.60. Found: C, 
75.68; H, 8.60.

The lower melting isomer 3a was isolated in lower yield than 
the higher melting material, 2a. Nevertheless, in other ex
periments determination of the nmr spectrum on the total crude 
reaction product indicated equal amounts of the two compounds 
together with about 10% of the starting material (la). A pre
liminary attempt to separate the isomers by vpc was unsuccessful.

(18) R . J .  D . E v a n s , S . R . L an d o r, a n d  R . T . S m ith , J .  Chem. Soc., 1506 
(1963); C f. a lso  re f  13b.

(19) E . B . H e rsh b e rg , E . P . O liveto , C . G ero ld , a n d  L . Jo h n so n , J .  A m er. 
Chem . Soc., 73, 5073 (1951).

(20) P . M . G reaves , S. R . L ando r, a n d  D . R . J .  Law s, J .  Chem . Soc., Sect. 
C, 1976 (1966).

(21) M e ltin g  p o in ts  w ere  ta k e n  on  a  K ofler m iero stag e . R o ta tio n s  w ere
ta k e n  in  ch lo ro fo rm  a t  a b o u t  1%  c o n c e n tra tio n  a t  26 ±  2°  a n d  th e  u lt ra v io le t
s p e c tra  w ere  d e te rm in ed  in  m e th an o l. A ll sp ec tra l a n d  a n a ly tic a l re su lts  
w e re  c a rr ie d  o u t  u n d e r  th e  d ire c tio n  of D r. R . T . D illo n  of th e  A n a ly tica l
D e p a r tm e n t  of G . D , S earle  & C o. N m r sp e c tra  w ere  d e te rm in ed  in  deu te rio - 
ch lo ro fo rm  u sing  a  V a rian  A ssociates A-60 s p e c tro m e te r  o p e ra tin g  a t  60 
M H z . R eso n an c es  a re  expressed  in  cycles p e r  second  (H z) in  th e  d ire c tio n  
o f d ec reasin g  field s tr e n g th  re la tiv e  to  a n  in te rn a l te tra m e th y ls ila n e  s ta n d 
a rd .

Equilibration of 5,l7(20),20-Pregnatriene-3/?,21a-diol Diace
tate.—2a (1 g) together with 68 mg of silver perchlorate was 
refluxed in 25 ml of acetone containing 1 drop of tmg for 24 hr. 
The reaction mixture was cooled, diluted with chloroform, washed 
with saturated ammonium chloride, dried, and concentrated to 
a nonerystalline residue. The nmr spectrum of the material was 
identical with that of a 1 : 1  mixture of the isomeric allenes 2a 
and 3a.

5,16,20-Pregnatriene-3j3,21-diol Diacetate (6a).—A solution of
12.2 g of la and 0.5 g of silver acetate in 250 ml of acetic acid and 
100 ml of acetic anhydride was refluxed under nitrogen for 2 hr. 
The reaction mixture was concentrated under vacuum to one- 
half volume, poured into 800 ml of water, and then taken up in 
ether. The ether extract was washed with cold dilute sodium 
bicarbonate solution, dried over sodium sulfate, and concen
trated to an amber gum weighing 1 1 . 1  g. This gum was chro
matographed on silica and yielded, from the 2% ethyl acetate- 
benzene fractions, the conjugated enol acetate 6a. Recrystalliza
tion from benzene-cyclohexane gave pure material: mp 145-
150°; uv Xmax 247.5 mM (18,650); ir (KBr) 3.21, 5.69, 5.78, 
8,00, and 8.26 m; the nmr spectrum displayed signals at 54.5 
(18 H), 63.5 (19 H), 121.5 (3 Ac), 127.5 (21 Ac), 278, 322, 358.5 
(d, /  = 12.5 Hz, 20 H), and Hz 449 (d, J  = 12.5 Hz, 21 H).

Anal. Calcd for C25H3404: C, 75.34; H, 8.60. Found: C, 
74.97; H, 8.66.

The enol acetate was further characterized by hydrolysis to the 
unsaturated aldehyde 4a (described below) by brief warming with 
80% acetic acid. More polar eluates of the above chromatogram 
also afforded aldehyde 4a.

£r<ms-30-Acetoxypregna-5,l7(2O)-dien-21-al (4a).—A solution 
of 5 g of 5,17(20),20-pregnatriene-3(3,21a-diol diacetate (2a) in 
100 ml of 80% acetic acid was warmed on the steam bath under 
nitrogen for 1 hr and then diluted with 500 ml of water. The 
product was extracted with ether. The ether solution was washed 
with sodium carbonate solution and dried; the ether was then re
moved under reduced pressure affording 4.2 g of pale yellow 
prisms. Recrystallization from ethyl acetate-methylcyclo- 
hexane gave aldehyde 4a: mp 180-185° (lit.22 mp 184-185°); 
nmr 57 (18 H), 64 (19 H), 347 (20 H, doublet of triplets, 
Jio-2i = 8, J 2o—16 = 2.5 Hz), and 594 Hz (d, /  = 8 Hz, CHO).

Treatment of the isomeric allene 3a or the enol acetate 6a 
under these same conditions led to the identical aldehyde 4a. 
Alternatively, the entire silver acetate-acetic acid-acetic anhy
dride reaction solution could be diluted with water such as to 
result in an 80% acetic acid solution. Warming for 1 hr followed 
by dilution with water afforded the unsaturated aldehyde 4a 
directly in about 70% over-all yield. Hydrolysis of 2a, 3a, 6a, 
or 4a under alkaline conditions led to the corresponding 3-hydroxy- 
aldehyde, mp 181-190° 23 (lit.22 mp 178-179°). The nmr 
spectrum showed the expected aldehyde proton doublet a t 595 
Hz (J  = 7.5 Hz). In one experiment acetoxyallene 3a was 
warmed in 80% acetic acid for 20 min. The nmr spectrum of the 
crude crystalline product obtained after work-up indicated 
the presence of what is believed to be the 17(20)-cis-aldehyde 
5a24 as evidenced by an 18-methyl proton signal at 66 Hz. 
Attempts to separate the cis isomer from the more stable trans 
form were unsuccessful.

21a- and 210-Acetoxypregna-4,17(20),20-trien-3-one (2b and 
3b).—A solution of 8.0 g of 170-acetoxy-17a-ethynylandrost-4- 
en-3-one in 150 ml of acetone containing 4 drops of tmg and 358 
mg of silver perchlorate was refluxed under nitrogen for 2 days. 
The reaction mixture was cooled and 2 ml of saturated sodium 
chloride solution was added and stirred for 15 min. The pre
cipitated solids were filtered off and the filtrates diluted with 300 
ml of ether. This solution was then washed with saturated 
sodium chloride solution, dried over sodium sulfate, and concen
trated to 8.0 g of a light yellow glass. This was taken up in 
benzene and chromatographed on silica gel. The product, 
eluted by the 2-5% ethyl acetate-benzene eluates, was obtained 
as a colorless glass consisting of a 1 : 1  mixture of 21a- and 210- 
acetoxyallenes, 2b and 3b (36%). The absorption maximum 
in the ultraviolet spectrum occurred at 240 m/i (15,900); ir 
(CHC13) 5.05, 5.72, 6.0 1, 6.20, 8.10 , and 8.18 ». The nmr

(22) H . H eu ser, K . E ich en b e rg e r, a n d  P I. A. P la t tn e r ,  H elv. C him . A c ta , 
33, 370 (1950); cf. ref 10.

(23) M e ltin g  p o in ts  of th e  u n s a tu ra te d  a ld eh y d es  ta k e n  o n  th e  m icro  h o t 
s ta g e  te n d e d  to  b e  b ro ad , no  d o u b t as  a  re su lt of th e  te n d e n c y  of th e se  com 
p o u n d s  to  und erg o  a i r  o x id a tio n  a t  e le v a te d  te m p e ra tu re s ;  cf. re f  10.

(24) J .  R o m o  a n d  A. R o m o  D eV ivar, J .  A m er. Chem . Soc., 79, 1118 (1957).



V o l . 33, N o. 8, A u g u st  1968 S t e r o i d a l  C-17 A l l e n e  A c e t a t e s  3117

spectrum exhibited 18-methyl proton signals at 55 and 59 Hz 
of equal amplitude and half the amplitude of the 19 proton 
signal at 72 Hz; the 20 H resonances appeared at 443 and 446 
Hz (t, J  = 2.5 Hz). The glass was dried for 3 hr at 80° (0.01 
mm).

Anal. Calcd for C23H30O3: C, 77.93; H, 8.53. Found: C, 
77.73; H, 8.53.

21-Acetoxypregna-4,16,20-trien-3-one (6b) and irans-3-Keto- 
pregna-4,17(20)-dien-21-al (4b).—This reaction was carried out 
in an identical manner as that described above for the preparation 
of 6a. The enol acetate 6b crystallized directly from a benzene 
solution of the reaction product: mp 193-200° (lit.10 mp 192- 
194°); uvmax 244 mM (32,500).

The unsaturated aldehyde 4b was obtained by hydrolysis of 
the enol acetate, either with 80% acetic acid as described above 
for the preparation of 4a, or by brief treatment with methanolic 
sodium bicarbonate at reflux. The over-all yield from lb was 
74%. The ketoaldehyde was crystallized from ether to give an 
analytically pure sample: mp 148-150°; uv Xmax 242.5 m/j
(31,000) (lit.10 mp 149-152°).

21/3-Acetoxy-19-norpregna-4,17(20),20-trien-3-one (3c).—A
solution of 10.6 g of 17/3-acetoxy-17a-ethynyl-19-norandrost-4- 
en-3-one and 365 mg (5 mol %) of silver perchlorate in 150 ml of 
acetone containing 8 drops of tmg was maintained at reflux 
(nitrogen atmosphere) for 72 hr. The reaction was worked up as 
described above for the preparation of 2a. The product was 
allowed to crystallize from ethyl acetate (2.56 g, 24%), and was 
then recrystallized from acetone-petroleum ether (py) to give 
the 21/3-acetoxyallene 3c as cubes: mp 187-190°; [<*]d 144°; 
uv Xmax 238.5 m/i (19,550); ir (KBr) 5.03, 5.69, 5.61, 6.15,
9.91, and 8.06 m- The nmr resonances appeared at 60.5 (18 H), 
128 (Ac), 350 (4 H), and 445 Hz (t, J  = 2.5 Hz, 21 H).

Anal. Calcd for C22H280 3: C, 77.61; H, 8.29. Found: C, 
77.87; H, 8.24.

Additional quantities of this isomer were obtained by chroma
tography of the crystallization filtrates on silica gel. The 21a- 
acetoxyallene 2c, however, could not be isolated in crystalline 
form. Its presence in the crude reaction product and in the 
mother liquors following crystallization of isomer 3c was estab
lished on the basis of the 18-methyl proton signal at 56.5 Hz as 
well as the characteristic allene absorption band in the infrared 
spectrum at 5.04 ¡i. On the basis of the greater deshielding of 
the 18-methyl protons the crystalline product was assigned the 
21/3 configuration (3c) (see discussion).

21-Acetoxy-19-norpregna-4,16,20-trien-3-one (6c).—A solution 
of 4.9 g of 17(3-acetoxy-17a-ethynyl-19-norandrost-4-en-3-one in 
100 ml of acetic acid and 50 ml of acetic anhydride together with 
200 mg of silver acetate was stirred under nitrogen at reflux 
temperature for 0.5 hr. The reaction mixture was cooled, de
canted from deposited solids, and poured into 21. of water. After 
1 hr, the suspension was extracted with ether. The organic 
phase was then washed successively with water, saturated sodium 
carbonate solution and saturated salt solution. The ether solu
tion was dried, concentrated in vacuo, and chromatographed on 
silica gel. From the fractions eluted by 10-20% ether-benzene 
was obtained, following recrystallization from aqueous methanol, 
the conjugated enol acetate 6c (52%) as rods: mp 122-129°; 
uv Xmax 243 m/3 (33,200); ir (KBr) 5.69, 5.96, 6.15, and 8.18 n-

Anal. Calcd for C22H280 3: C, 77.61; II, 8.29. Found: C, 
77.62; H, 8.39.

irans-3-Keto-19-norpregna-4,l7,(20)-dien-21-al (4c).—Treat
ment of enol acetate 6c or either acetoxyallene 2c or 3c with 80% 
acetic acid as described above resulted in hydrolysis to the un
saturated aldehyde 4c in 80% yield. Recrystallization from 
aqueous acetone gave prisms having mp 142-145°; uv Xmax 242 
mM (35,500); ir (KBr) 3.59, 5.95, 6.11, and 6.15 m; nmr 56.6 
(18 H), 344 (m, 20 H), 347 (4 H), and 589 Hz (d, /  = 8 Hz, CHO)

Anal. Calcd for C2oH260 2: C, 80.49; H, 8.78. Found: C, 
80.07; H, 8.76.

21a- and 21/3-Acetoxy-19-norpregna-l,3,5(10), 17(20),20-pen- 
taen-3-ol 3-Methyl Ether (2d and 3d).—17/3-Acetoxy-17a- 
ethynylestratr-l,3,5(10)-trien-3-ol 3-methyl ether (mestranol 
acetate, Id) was treated with silver perchlorate in acetone as 
described above. Integration of the nmr signals produced by 
the 18-methyl and acetate protons indicated the crude product 
to consist of 2d, 3d, and Id in the ratio 40:40:20. Passage 
through a column of silica separated the allene fraction as a 
pure 1:1 mixture of 2d and 3d in the form of colorless glass: 
[a]D +25°; ir (CHCI3) 5.05, 5.72, and 8.02 ju. Pertinent features 
of the nmr spectra consisted of signals of equal intensity at 54.5

and 58.5 Hz attributed to the 18-methyl protons of 2d and 3d, 
respectively. The C-21 proton signals were somewhat obscured 
by the ring-A aromatic proton signals at 438 to 448 Hz. The 
glass was dried for analysis for 3 hr at 75° (0.01 mm).

Anal. Calcd for C23H280 3: C, 78.37; H, 8.01. Found: C, 
78.44; H, 8.10.

irons-3-Methoxy-19-norpregna-l,3,5(10),l7(20)-tetraen-21-al 
(4d). Alkaline Hydrolysis.—A solution of 16.7 g of an equimolar 
isomeric mixture of 2d and 3d in 300 ml of methanol containing 
15 ml of saturated sodium bicarbonate solution was refluxed 
under nitrogen for 45 min. Tic at this time indicated no starting 
material. The product began to crystallize spontaneously from 
the reaction mixture. Cooling afforded 10.8 g of material having 
mp 170-172°, and a second crop of 0.55 g, mp 169-172° (77% 
from Id). The analytical sample was recrystallized from ace
tone-hexane and had mp 175-177°; [«]d +63.5°; uv Xmax
234-242 mu (20,900), Xinf 276 and 285 mM; ir (KBr) 3.63, 5.98, 
and 6.10 nmr 54.5 (18 H), 227 (OCH3), 348.5 (d of t, J  = 8 
and 2.5 Hz, 20 H), 399, 418 (q, aromatic), and 595 Hz (d, J  = 8 
Hz, CHO).

Anal. Calcd for C2iH260 2: C, 81.25; H, 8.44. Found: C, 
81.19; H, 8.39.

The irares-unsaturated aldehyde 4d could also be obtained by 
acid hydrolysis using 80% acetic acid as described above.

19-Norpregna-l,3,5(10),l7(20),20-pentaene-3,21a-diol Ace
tate (2f).—Treatment of 15.6 g of the 17-monoacetate of 17a- 
ethvnylestradiol (If) under the conditions described above for 
the corresponding 3-methyl ether (Id) resulted in the isolation 
from ether of 7.1 g of crystalline material. Recrystallization 
from acetone and from ethyl acetate gave pure 21a-acetoxyallene 
2f as needles: mp 206-208° dec (sample inserted at 200°);
[a]D —6°; ir (KBr) 2.92, 3.24, 5.01, and 5.81 nmr 54 (18 H), 
127 and 438 Hz (t, J  = 2.5 Hz, 21 H).

Anal. Calcd for C22H260 3: C, 78.07; H, 7.74. Found: C, 
78.26; H, 7.76.

Examination of the nmr spectrum of the residues from the 
isolation of the 2la-acetoxyallene (above) showed a signal at
57.5 Hz attributed to the 18-methyl proton resonance of the 
isomeric 21(3 acetate 3f. Attempts to isolate this compound in 
pure form were unsuccessful.

irans-3-Hydroxy- 19-norpregna-1,3,5(10),17(20 )-tetraen-21-al 
(4f).—Alkaline hydrolysis of either the pure 2 la-acetoxy allene 
2f or a mixture of the two isomers 2f and 3f by sodium bicarbonate 
methanol treatment as described in the preparation of aldehyde 
4d led to the corresponding 3-hydroxy compound, 4f. Purifica
tion by recrystallization from acetone-methylcyclohexane gave 
prisms: mp 243-248° dec (inserted at 240°); ir (KBr), 3.05, 
6.05, 6.31 m; nmr (pyridine) 46, 352 (d of t, /  = 8, 2.5 Hz, 20 H) 
and 599 Hz (d, J  = 8, CHO).

Anal. Calcd for C2oH240 2: C, 81.04; H, 8.16. Found: C, 
81.25; H, 8.11.

19-Norpregna-l,3,5(10), 17(20)-pentaene-3,21a-diol Diacetate 
(2g).—Subjecting 16.5 g of 17a-ethynylestradiol diacetate (lg) to 
the silver perchlorate rearrangement conditions as described above 
gave, upon work-up, 12.26 g of a crystalline mixture of acetoxy- 
allenes. Crystallization from acetone-hexane afforded one pure 
isomer, the 21a-acetoxy compound 2g in 27% yield. A sample 
crystallized from ethyl acetate (py) as platelets: mp 145-148°; 
[a]D —12.5°; ir (KBr) 3.23, 5.03, 5.68, and 8.09 n; nmr 54 
(18 H), 127.5 (21 Ac), 136 (3 Ac), and 440.5 Hz (m, 21 H, 
partly obscured by aromatic proton signals).

Anal. Calcd for C24H280 4: C, 75.76; H, 7.42. Found: C, 
75.90; H, 7.52.

Attempts to isolate the 21j3 isomer were unsuccessful. Impure 
samples of this material displayed 18-methyl proton resonance 
in the nmr at 58 Hz in a manner consistent with the other 
examples studied. Hydrolysis of the mixture of allene diacetates 
2g and 3g under the alkaline conditions described above led to the 
same 3-hydroxy aldehyde 4f in 70% over-all yield.

3(3-Acetoxypregn-5-en-21-al (7a).25—A solution of 9.4 g of 4a 
in 1 1 . of ethanol was shaken in an atmosphere of hydrogen together 
with 3 g of 5% palladium on calcium carbonate at room tempera
ture for 3.5 hr. Removal of the catalyst and recrystallization 
from acetone-petroleum ether afforded the product 7a in 80% 
yield: mp 141-144°; ir (KBr) 3.66, 5.78, and 8.06 n-

Anal. Calcd for C23H340 3: C, 77.05; H, 9.56. Found: C, 
76.85; H, 9.64.

(25) W e a re  in d e b te d  to  D r. R o b e r t  G a r la n d  of th e se  la b o ra to rie s  fo r th e
p re p a ra tio n  of th is  com pound .
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3-Methoxy-19-norpregna-l,3,5(10)-trien-21-al (7d).—Unsatu
rated aldehyde 4d (2 g) was shaken with 0.2 g of 5% palladium 
on charcoal in 600 ml of ethanol in an atmosphere of hydrogen 
at room temperature for 1 hr. Concentration of the filtrates 
following removal of catalyst and recrystallization from benzene- 
methylcyclohexane afforded pure 7d in 75% yield: mp 110- 
112.5°; [a]D +69°; ir (KBr) 3.65, 5.79 g; nmr 38 (18 H), and 
590 Hz (t, J  =  2.5 Hz, CHO).

Anal. Calcd for C2,HM0 2: C, 80.73; H, 9.03. Found: C, 
80.49; H, 9.18.

Catalytic Effect of Cuprous Ion.—When la  was refluxed with 
10 mol % of cuprous cyanide in dimethylformamide for 2 hr and

the reaction mixture concentrated and chromatographed over sil
ica, the only crystalline product isolated was 17-ethynylandrosta-
5,16-dien-3/3-ol acetate, 8a: mp 174^176°; [<*]d  —68° {lit.19
mp 174°, [<*]d  —64.2° (di)}.

Registry No.'—2a, 16934-40-0; 2b, 16934-41-1; -2d, 
16934-42-2; 2f, 16934-43-3; 2g, 16960-05-7; 3a, 16934- 
44-4; 3b, 16934-45-5; 3c, 16934-46-6; 3d, 16934-47-7; 
4a, 16934-48-8 ; 4c, 16934-49-9; 4d, 16934-50-2; 4f, 
16934-51-3; 6a, 16934-52-4; 6c, 16934-53-5; 7a, 16934-
54-6; 7d, 16934-55-7.
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5/S-Androstane-l,3,ll,17-tetrone (3), 5/5-androstane-l,3,17-trione (6), 5a-androstane-l,3,17-trione, and 25ap- 
5a-spirostane-l,3-dione have been compared with regard to degree of enolization in methanol and dioxane solu
tion and in KBr dispersion. In contrast to the normal behavior of the 11-deoxy-jS diketones, the ll-keto-/3 dike
tone 3 is but half-enolized even in methanol solution, and is largely or wholly ketonized in less polar solvents. 
From an examination of the ratio of the enol methyl ethers prepared from each 0 diketone, it was shown that the 
tetrone 3 enolizes chiefly to the 1-hydroxy form 7. Additional examples of 1,11 interaction include the observa
tions that the two 1,11 diketones 26 and 28 are resistant to metal hydride or catalytic reduction, and that the 
chromic anhydride-pyridine oxidation of 5/3-androstane- or 5(3-pregnane-l,8,3a-diols in the 11-deoxy series fur
nishes only the l-keto-3a-ols, whereas similar oxidation of the corresponding ll-keto-l/3,3a-diols also affords 
appreciable amounts of the 3-keto-ljS-ols. These results are variously attributed to conformational distortion, 
hydrogen bonding, or polarization of keto groups.

In an earlier publication2 we described the isolation 
from urine of 1/3,3a, 17«,20,3,21-pentahydroxy-5/3-preg- 
nan-ll-one (1, Scheme I) following the administra
tion of 3a,17a,20/3,21-tetrahydroxy-5/3-pregnan-ll-orie 
(/3-cortolone, a known metabolite of cortisol in man) 
to the senior author. The position of the metabolically 
introduced hydroxyl group in 1 was established by de
grading it to the known 5/3-androst-l-ene-3,ll,17-tri- 
one; its configuration was determined primarily from 
the nuclear magnetic resonance (nmr) spectrum of a sec
ond degradation product, namely 1 /3-hydroxy-3a-ace- 
toxy-5/3-androstane-l 1,17-dione. In this paper the 
preparation of additional derivatives and degradation 
products of this metabolite, the partial synthesis of 
some related steroids, and evidence for the occurrence 
of various types of 1,11 interaction among certain of 
these compounds are described.

Oxidative cleavage of the side chain of 1 with sodium 
periodate2 followed by further oxidation of the 17-keto 
steroid 2 thus obtained by Jones’ method3 gave the 
0 diketone, 5/3-androstane-l,3,ll,17-tetronc (3). This 
product crystallized readily, analyzed correctly, and 
was chromatographically homogeneous, but its extinc
tion coefficient in methanol (e 6400 at 256 npu) was only

(1) S u p p o r te d  in  p a r t  b y  a  researc h  g ra n t , A M  01255, fro m  th e  N a 
tio n a l  I n s t i t u t e  of A r th r it is  a n d  M e ta b o lic  D iseases, N a tio n a l  I n s t i tu te s  of 
H e a l th , U . S . P u b lic  H e a lth  S erv ice.

(2) J .  J . S c h n e id e r  a n d  N . S. B h acca , J .  B io l. C hem ., 241, 5313 (1966).
(3) K . B ow d en , I .  M . H eilb ro n , E . R . H . Jo n es , a n d  B. C . L . W eedon ,

J .  C hem . Soc ., 39 (1946).

about half the value for the corresponding ll-deoxy-3 
diketone, namely 5/3-androstane-l,3,17-trione [6, 
Scheme I, Xmax 258 mg. (e 12,650)].4 The latter was 
prepared from 1 via 4 and 5 by the sequence outlined 
in Scheme I.2

In view of this observation, we examined in detail the 
ultraviolet (uv) and infrared (ir) spectra of the tetrone 
3 and the trione 6 as well as two ¡3 diketones in the 5a 
series.6 Table I gives the Xmax values and extinction 
coefficients (e) of these 0 diketones in neutral and alka
line methanol and in dioxane solution, and their prin
cipal bands in the infrared region. The tetrone 3, 
which is highly enolized in alkaline methanol, is, 
like 5a-cholestane-l,3-dione and 25aF-5a-spirostane-
1.3- dione, largely ketonized in dioxane solution and 
wholly so in KBr dispersion. In contrast, the trione 6 
and its 5 epimer are as fully enolized in dioxane solution 
and in KBr dispersion as they are in methanol.

Tamm and Albrecht6 attributed the unusual stability 
of the keto form of 5a-cholestane-l,3-dione in KBr dis-

(4) P ro fesso r C h . T a m m  a n d  h is  asso c ia tes  h a v e  p re p a re d  a  n u m b e r of 
11-deoxy-l,3 -d iketo -5 /3  s te ro id s  d e r iv e d  fro m  sap o g en in s  a n d  c a rd e n o lid e s  as 
w ell as  m em b ers  of th e  a n d ro s ta n e  a n d  p re g n a n e  series. T h e ir  e x tin c tio n  
coefficients a t  256 -2 5 7  m/x in  e th a n o l ran g ed  fro m  15,500 to  15,900 w ith  a 
m e an  v a lu e  o f 15,700. W e w ish to  th a n k  P ro fesso r T a m m  fo r  su p p ly in g  us 
w ith  th e se  d a ta  p r io r  to  p u b lic a tio n  a s  w ell as fo r s a m p le s  o f 5 a -c h o le s ta n e -
1.3- d io n e  a n d  th e  enol m e th y l e th e rs  d e r iv e d  fro m  it .

(5) 5 a -A n d ro s ta n e - l ,3 ,1 7 - tr io n e  w as p re p a re d  fro m  5 a-and rostan -3 /3 -o l- 
17-one (iso an d ro ste ro n e ) a n d  25< *F -5a -sp iro stane-l,3 -d ione  fro m  ru sco g en in  
(see E x p e rim e n ta l S ec tio n ).

(6) C h . T a m m  a n d  R . A lb rech t, H elv. C h im . A c ta , 4 3 , 768 (1960).
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T able I
Steroidal /3 D iketones. P rincipal Bands in  U ltraviolet and I nfrared Spectra

A ssoc ia ted  C = 0

C o m p o u n d M e th a n o l
Xmax m/z (e) 

A lk a lin e  m e th a n o l“ D io x an e
A sso c ia ted  O H  

s tre tc h in g  b a n d 6
p lu s  C = C  

s tre tc h in g  b a n d s c

5/S-Androstane-l, 3,11,17-tetrone (3 ) 256 (6,400) 284 (20,700) 246 (2,050) Absent Absent
5/3-Androstane-l,3,17-trione (6) 258 (12,650) 282 (25,500) 245 (12,500) Strong Strong
5a-Androstane-l,3,17-trione 255 (11,900) 284(23,400) 245(11,000) Strong Strong
25af-5a-Spirostane-l,3-dione 255 (12,000) 284 (24,300) 243 (1,650) Absent Absent
25aF-Spirost-5-ene-l,3-dioned
5a-Cholestane-l,3-dionee

256 (12,900) 
255 (12,600)

283(23,400) 
285 (27,540) 301(76) Absent Absent

“ One milliliter of 1 IV aqueous sodium hydroxide diluted to 100 ml with methanol. b 2750-2200 cm-1 (KBr dispersion). c 1680- 
1500 cm-1 (KBr dispersion). d C. W. Shoppee, R. E. Lack, and B. C. Newman, J. Chem. Soc., 339 (1967) (neutral and alkaline etha
nol). e Tamm and Albrecht6 (neutral and alkaline ethanol).

Scheme I

persion chiefly to the formation of an intramolecular 
hydrogen bridge between the 11 «-hydrogen atom and 
the carbonyl group at C-l which serves to impede 
enolization of the latter. I t is to be noted, from Table I, 
that, although 5«-androstane-l,3,17-trione has the same 
structure as 25«F-5«-spirostane-l,3-dione and 5a-chole- 
stane-l,3-dione with regard to rings A, B, and C, it dif
fers from them in being highly enolized in dioxane solu
tion and in KBr dispersion. I t may be suggested, as 
an alternative to Professor Tamm’s proposal, that the 
suppression of enolization of 25«F-5«-spirostane-l,3- 
dione and of 5«-cholestane-l,3-dione in nonpolar sol
vents may be due to a long-range effect of the side chain.

The limited enolization of the tetrone 3, particularly 
in methanol solution, cannot be ascribed to the cis na
ture of the A/B ring juncture since the 5a- and 5|8-11- 
deoxy-/3 diketones are equally enolized in various sol
vents. I t seems probable that the aberrant enolization 
of the tetrone 3 is a consequence of marked conforma
tional distortion of the ring system. The contrasting 
properties of the tetrone 3 and the trione 6 with respect

to degree of enolization also were observed in their cir- 
cular dichroism (CD) curves and by paper chromato
graphic means (vide infra).

Having established, from its extinction coefficient in 
methanol, that the tetrone 3 is but half-enolized even in 
polar solvents, it seemed of interest to determine the 
relative abundance of its two enolic forms (7 and 8 in 
Scheme II). Two considerations make it certain that 
the 1-hydroxy-l-ene form 7 predominates. First, its 
formation would be promoted by the stabilizing influx 
ence of hydrogen bonding as depicted by 9. The nmr 
spectrum of 3 is compatible with this view.7 Second, 
the ratio of the enol methyl ethers (10 and 11) derived 
from 3 supports this conclusion. Tamm8 found that 
the ratio of the 1-methoxy to the 3-methoxy derivative, 
obtained on treating 5a-cholestane-l,3-dione with di
azomethane, was 0.76. This ratio corresponds reason
ably well with the ratios of 0.94 and 0.85 which we noted 
for the corresponding ethers derived from 11-deoxy-d 
diketone 6 (12 and 13) and from 5a-androstane-l,3,17- 
trione (14 and 15), respectively, but contrasts with the 
ratio of 1.66 which we obtained in the case of ll-keto-/3 
diketone 3. Assuming, with Tamm, that the ratio 
of the enol methyl ethers isolated fairly approximates 
the ratio of the two enol forms present under the con
ditions of etherification, it follows that the principal 
enol in equilibrium with the tetrone 3 must be the 1- 
hydroxy derivative 7. It is thus evident that the car
bonyl group C -ll controls the direction of enolization, 
presumably through the agency of intramolecular hy
drogen bonding, but it is not apparent by what mech
anism it contributes to the observed limit of enolization.

Nmr Spectroscopy Studies.—Proof of structure of the 
eight enol methyl ethers prepared in this study (Scheme 
II) required differentiating between individual mem
bers of the four pairs. The structures of the 11-keto 
enol methyl ethers 10 and 11 were distinguished by 
comparing their spectra with those derived from the 
unsaturated triketones 18 and 19.9 The distinction 
was made by examination of the nmr patterns caused 
by the proton a to the carbonyl function in the two 
ethers. The resonance pattern for H-2 appears as a 
pair of triplets in the spectrum of 19. The large split
ting of 10 Hz is caused by the interaction of this proton 
with H-3, whereas the smaller splittings of 1.5 Hz are 
due to long-range interactions of the C-4 methylene

(7) N . S. B h ac ca  a n d  D . H . W illiam s, “ A p p lic a tio n s  o f N M R  S pectro scopy  
in  O rgan ic  C h e m is try : I l lu s t r a tio n s  fro m  th e  S te ro id  F ie ld ,”  H o ld en -D ay , 
In c .,  S an  F ranc isco , C alif., 1964, p  95.

(8) C h . T a m m , H elv. C him . A cta , 43, 1700 (1960).
(9) T h e  coup ling  co n s ta n ts  a n d  ch e m ic a l s h if ts  fo r 18 a n d  19 a re  g iv en  in 

F ig u re  7 of a n  ea rlie r  p a p e r2 a n d  a re  rep ro d u ce d  h e re  in  o rd e r  to  f a c i l i ta te  
com parisons .
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<1h2h, = 1-5 Hz

Jh2h, = 1-5 Hz 
<Ih,h2 = 10 Hz

J H2h4 = 1-5 Hz

^H2H,-<05 Hz

^ h,h:i =  10 Hz 
^HjH^I-5 Hz

^H2h, = 1-5 Hz

hydrogens with H-2. Since H-3 (the proton ¡3 to the 
carbonyl function) is replaced by a methoxyl group in 
11, the large splitting of 10 Hz in the resonance of H-2 
(the proton a to the carbonyl group) disappears. 
Furthermore, the smaller couplings of 1.5 Hz due to 
interaction of H-2 with the methylene hyprogens which 
was discernible in 19 becomes much smaller in 11 owing 
to the presence of the methoxyl group at C-3. Thus 
H-2, which is a to the carbonyl group in 11, appears 
as a broad singlet.

The nmr pattern for the proton a. to the carbonyl func
tion in 18 (H-2) occurs as a pair of doublets. The large 
coupling of 10 Hz is attributed to coupling with the /3 
hydrogen (H-l). The smaller splitting of 1.5 Hz is due 
to long-range coupling10 of H-2 through the carbonyl 
group to one of the methylene hydrogens at C-4. This 
small, very characteristic, coupling is present in the spec
trum of 10 and also was observed in the spectra of the
11-deoxy ethers 12, 14, and 16. This makes it possible 
to distinguish the various ethers in this series.

(10) See re f  7, p p  121-123.

The chemical shifts of C-19 methyl resonances in 18 
and 19 are at variance with those of the 11-keto ethers 
10 and 11. This is due to a very unusual dipole-dipole 
interaction11 between the C-l and C-ll carbonyl groups. 
A detailed analysis of this interaction will be submitted 
for publication at a later date.

In Table II we have correlated the assigned structures 
of the eight enol methyl ethers with their absorption 
characteristics in the ultraviolet and infrared regions 
and their mobilities in four representative chromato
graphic systems. The two enol methyl ethers prepared 
from 5a-cholestane-l,3-dione by Tamm are included 
for comparison; their structures were determined by 
chemical means.

These data are in accord with and support the struc
ture assignments. Thus the higher Xmax values and 
larger extinction coefficients for the 1-methoxy member

(11) (a) R . F . Z ü rch er, H eir. C him . A cta , «6, 2054 (1963); (b ) see  re f  7, 
p p  26, 27.

(12) K . T o r i  a n d  K . A ono, A n n . R ep t. Sh ionog i R es. L ab., N o. 14, 136 
(1964).
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T able II
Steroidal E nol M ethyl E thers. Correlation of N mr Structure Assignments with Observed Constants

U ltra v io le t
a b s o rp tio n 0 In f ra re d  m axim a, c m '1, for ----- 72 f in  sy s te m 0-------

N o. N m r d e s ig n a tio n Amax» ni/i (e) CHbO—c = c —c== 0  sy stem 6 1 2 3 4

10 l-Methoxy-5/3-androst-l-ene-3,11,17-trione 258 (14,850) 1582 1638 0.18 0.17 0.08
11 3-Methoxy-5j3-androst-2-ene-l, 11,17-trione 250 (12,430) 1619 1655 0.12 0.11 0.18
12 l-Methoxy-5/3-androst-l-ene-3,17-dione 254 (16,300) 1590 1655 0.72 0.56 0.19
13 3-Methoxy-50-androst-2-ene-l,17-dione 250 (14,700) 1619 1642 0.84 0.72 0.39
14 l-Methoxy-5o:-androst-l-ene-3,17-dione 255 (15,400) 1570 1648 0.66 0.50 0.19
IS 3-Methoxy-5a-androst-2-ene-l,17-dione 248 (13,030) 1616 1650 0.86 0.76 0.47
16 l-Methoxy-25ar-5a-spirost-l-en-3-one 256 (16,770) 1575 1652 0.11
17 3-Methoxy-25as-5a-spirost-2-en-l-one 248 (14,670) 1615 1660 0.38

l-Methoxy-5a-cholest-l-en-3-one 242(15,850) 1581 1655 0.18
3-Methoxy-5cz-cholest-2-en-l-one 237 (14,500) 1618 1658 0.48

» Ultraviolet absorption spectra were obtained in methanol solution. b Infrared spectra were obtained in KBr dispersion; C = C  
stretching bands are in left column and C = 0  stretching bands in right column. c The composition of chromatographic systems referred 
to by number in this table and in the text appear in Table IV.

of each pair reflect the known differences between the
3-keto-l-ene and l-keto-2-ene systems.13 The feature 
of the infrared spectra useful in this connection is that 
the C=C stretching bands for the 3-methoxyl deriva
tives, including that prepared by Tamm, uniformly oc
cur at significantly higher frequencies than is the case 
for the 1-methoxy forms. This relationship is not evi
dent in the C = 0  stretching bands.

Partial Synthesis of 5/3-Pregnane-la,3a,17a,20/3,21- 
pentol and of la,3a-Dihydroxy-5/3-androstan-17-one.— 
Preparation of the 1 epimers of 1 and of 4 seemed 
straightforward since oxidation of the l/3,3a-diol (a, e) 
system under mild conditions would give the 1 ketone 
predominantly, which on reduction with sodium boro- 
hydride would furnish chiefly the more stable a (equa
torial) alcohol. The route employed in the 11-deoxy 
series is outlined in Scheme III. Treatment of 4 with 
p-toluenesulfonic acid in acetone14 15 furnished the 20,21- 
acetonide 20 in good yield, which on oxidation with 
chromic anhydride in pyridine,16 reduction with sodium 
borohydride, and hydrolysis with aqueous acetic acid16 
gave successively the 1-ketoacetonide 21, the 1 a,3 a, 17 a- 
trihydroxyacetonide 22, and a product (23) which was 
assigned the structure 5/3-pregnane-la,3a,17a,20/3,21- 
pentol, the 1 epimer of 4. Sodium periodate oxidation 
of the pentol 23 provided la,3a-dihydroxy-5/3-andro- 
stan-17-one (24), the 1 epimer of 5.

Similarly, 1 gave a high-melting acetonide (25, Scheme
IV) in excellent yield. Oxidation of this derivative 
as above furnished mainly 3a,17a-dihydroxy-20,21- 
isopropylidenedioxy-5d-pregnane-l,ll-dione (26), which 
readily was converted into the unsaturated diketo- 
acetonide 27 by acetylation followed by percolation 
through neutral alumina.2 Hydrolysis of the diketo- 
acetonide 26 as above furnished 3a,17a,20/3,21-tetra- 
hydroxy-o/3-pregnane-l, 11-dione (28), which on oxi
dation with sodium periodate provided the known2 
3a-hydroxy-5/3-androstane-l, 11,17-trione (29). Treat
ment of the unsaturated diketoacetonide 27 with aque
ous acetic acid followed by oxidation of the free com
pound with sodium periodate gave the known2 5/3-an- 
drost-2-ene-l,11,17-trione (30).

(13) J . P . D u sza , M . H eller, a n d  S. B e rn s te in , in  L . L . E nge l, E d ., “ P h y s i
ca l P ro p e rtie s  of th e  S te ro id  H o rm o n e s ,” T h e  M acm illan  C o., N ew  Y ork , 
N . Y ., 1963, p  82.

(14) J .  H . F r ie d  a n d  A. N . N u tile , J .  Org. Chem ., 27, 914  (1962).
(15) G . I .  P oos, G . E . A rth , R . E . B ey ler, a n d  L . H . S a re t t ,  J .  A m er. Chem. 

Soc., 75, 422 (1953).
(16) M . L . L e w b art, J .  Org. C hem ., 33, 1695 (1968).

The aim then was to reduce selectively the C-l car
bonyl group of 26 and of 28 with sodium borohydride, 
using conditions where the C -ll carbonyl group would 
not be reduced, as in the preparation of 3a, 17a,20/1,-
21-tetrahydroxy-5|3-pregnan-ll-one from 3a, 17a,21- 
trihydroxy-5/3-pregn ane-11,20-dione.2 Reduction did 
not occur under these conditions as judged by the fact 
that no substances more polar (less mobile) than 26 or 
28 could be detected when the recovered neutral frac
tions were examined by paper chromatography. Sub
sequent trials showed that these two ketones were 
largely unaffected by even vigorous reducing agents 
such as lithium aluminum hydride (prolonged refluxing
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S c h e m e  IV

1

in ether) or hydrogenation at atmospheric pressure, 
using acetic acid as solvent and freshly prepared plat
inum catalyst.17 We attribute this difficulty in reduc
ing either of the two closely approaching carbonyl groups 
of these cisoid 1,4-diones to a reduction in the degree of 
polarization of both groups with a consequent reduc
tion in the positive charge on each carbon atom. The 
adverse effect of this charge distribution on metal hy
dride reductions is well known.

A similar 1,4 interaction was referred to in our earlier 
paper.2 It was noted that the chromic anhydride-pyr
idine oxidation of 2 gave both l/3-hydroxy-5/3-andro- 
stane-3,ll,17-trione (36) and 3a-hydroxy-5a-andro- 
stane-l,ll,17-trione (29), whereas similar oxidation of 
the 11-deoxydiolone 5 furnished 3 a-hydroxy-5/3-and ro- 
stane-l,17-dione as the only recoverable product. The 
present work provides a second example of this effect. 
As detailed in the Experimental Section, oxidation of 
the 11-deoxyacetonide 20 (Scheme III) with this reagent 
yielded only the 1-ketoacetonide 21, whereas similar 
oxidation of the 11-ketoacetonide 25 (Scheme IV) gave 
the 1,3,11 triketone, the l-hydroxy-3,11 diketone, and, 
as the major product, the 3-hydroxy-l,ll diketone 26. 
The reduced lability of the C-l axial hydroxyl group of 
2 and of 25 to oxidative attack probably is a manifesta
tion of hydrogen bonding between the oxygen substit
uents at C-l and C-ll, but it is also possible that the 
approach of the pyridine-chromic anhydride complex 
is sterically hindered.

In connection with the evidence indicating interac
tions in 1,11 diketones, it is of interest to consider the 
report of Jones and DiGiorgio18 who examined Dreiding 
models of the unsaturated triketone 30 (Scheme IV) 
and the corresponding saturated triketone 31 (Scheme
V) and determined their ir spectra in chloroform and 
carbon disulfide solution. They found that there was 
no more interaction between the C-l and C -ll carbonyl 
groups of these compounds, as judged by displacement 
of the C -ll band, than in 11,17 diketones generally.

(17) H . C . B ro w n  a n d  C . A. B row n , J .  A m er . Chem . Soc ., 84, 1494 (1962).
(18) R . N . Jo n es  a n d  J .  B . D iG io rg io , C an. J .  Chem ., 43, 182 (1965).

S c h e m e  V

35 36

This is surprising since they noted that the C-l and C-ll 
carbonyl groups of 30 are separated by only 3.7 A (ring- 
B boat conformation) while those of 31 are separated by
2.8 A (ring-B chair conformation). As there was no 
marked absorption above 3000 cm-1, it was concluded 
that neither steroid was appreciably enolized.

Circular Dichroism Studies.—These results are sum
marized in Table III. The Cotton effects observed ex
perimentally in the 300-mg region for the saturated car
bonyl chromophores in compounds 1, 2, 25, and 32-34 
are in reasonably good agreement with the calculated 
values (obtained by simple addition of the Cotton effect 
associated with each carbonyl group). In this respect, 
the weak Cotton effect of 34 clearly shows that the 
strong negative effect of the 1 ketone is cancelled by 
the strong positive optical activity associated with the
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T a b l e  III
CD D a t a  i n  300-nqz R e g i o n , E x p r e s s e d  a s  M o l e c u l a r  E l l i p t i c i t i e s  [9]

C o m p o u n d [0] ob serv ed  in  th is  w ork C alcd  C o tto n  effect®

ll-Ketocorticoid (25) +600 ~ + 1,200
11-Ketocorticoid (1) +  1,250 — h i , 200
17-Ketoandrostene derivative (32) +  10,500 ~ + l l ,4 0 0
3,17-Diketo-5/3-androstane (33) +9,000 ~ + 1 0 ,0 0 0
11,17-Diketoandrostene derivative (10) +32,000 ~ + 1 2 ,6 0 0
11,17-Diketoandrostene derivative (11) +31,300 ~ + 1 2 ,6 0 0
11,17-Diketoandrostene derivative (30) +  18,300 ~ + 1 2 ,6 0 0
l,17-Diketo-5/3-androstane (34) +800 — b300
l/3,3a-Dihydroxy-ll,17-diketo-5/3-androstane (2) +  14,000 ~ + 1 2 ,6 0 0
1,3,17-Triketo-5/3-androstane (6 ) +9,500 ~  — 1,200
1,11,17-Triketo-5/3-androstane (31 ) +  15,800 — h i , 500
3,11,17-Triketo-5/3-androstane (35 ) +  15,200 ~ + l l ,0 0 0
l/J-Hydroxy-3,11,17-triketo-5/3-androstane (36) +  14,100 — b 11,000
1,11-Diketocorticoid (26) +  1,900 -----10,000
1,11-Diketocorticoid (28) +  1,300 -----10,000
3a-Hydroxy-l,ll,17-triketo-5/?-androstane (29) +  14,000 ~ + l ,5 0 0
1,3,11,17-Tetraketo-5/3-androstane (3 ) +23,800 ~ 0

“ By simple summation of various ketones.

17 chromophore. Conversely, differences are noted 
between the calculated values and the experimental 
data observed for steroids 3, 6, 10, 11, 26, 28-31, 35, and 
36.

It is well known from the work of Djerassi, et a t ,19 
that the Cotton effect associated with the carbonyl 
group at C -ll is temperature- and solvent-dependent, 
probably indicative of the conformational mobility of 
ring C. Stereochemical and electronic factors could be 
responsible for conformational changes occurring in ring 
C of compounds 2, 3, 10, 11, 26, 28-31, 35, and 36. 
However, it is well established that the “additivity rule 
of chromophores” suffers numerous exceptions in the 
case of polyketonic compounds presenting the 11-keto 
chromophore.20 In particular, it has been shown that 
the rule is not applicable either to 11,17 diketones21 or 
to 3,11,17-triketo steroids.22 This explains the dis
crepancies observed between the calculated and ob
served Cotton effects for numerous compounds in Table
III.

The strong positive Cotton effect of the trione 6 
around 300 mg is in agreement with other evidence (Ta
ble I) that the /3-diketonic system is enolized. This is 
confirmed by the multiple weak Cotton effects observed 
at ca. 350 m/z which indicates the presence of an a,/3-un- 
saturated ketone. The absence of such effects at ca. 
350 m/z in the CD curve of the tetrone 3 is in harmony 
with the view that this compound is largely ketonized 
under most circumstances. However, it may be argued 
that in the presence of such an intense Cotton effect the 
n-7r* transition of an a,/3-unsaturated ketone may not be 
detected.

The large positive Cotton effect shown by the satu
rated triketone 31 suggests that it is conformationally 
distorted since the molecular ellipticity around 300 m/z 
is similar to that of the un saturated triketone 30. It is

(19) K . M . W ellm an , E . B u n n en b e rg , a n d  C . D je ra ss i, J .  A m er. Chem , 
Soc., 85, 1870 (1963).

(20) P . C rab b 6 , “ A p p lic a tio n s  d e  la  D isp ers io n  R o ta to ire  O p tiq u e  e t  du  
D ich ro ism e C irc u la ire  en  C h im ie  O rg a n iq u e ,”  G a u th ie r-V illa rs , P a r is , 1968, 
C h a p te r  V I.

(21) (a) L . V elluz, M . L eg ran d , a n d  M . G ro sjean , “ O p tic a l C irc u la r 
D ich ro ism . P rin c ip le s , M e a s u re m e n ts  a n d  A p p lic a tio n s ,”  V erlag -C hem ie , 
W e in h e im , 1965; (b ) L . V elluz a n d  M . L e g ran d , A ngew . C hem ., 73, 603 
(1961).

(22) A . M . G iro u d , A . R a s s a t,  a n d  T . R u ll, B u ll. Soc. C h im . F r ., 2563
(1963).

to bs recalled that there is no evidence from their ir spec
tra18 that these ketones are enolized.

Paper Chromatographic Effects.—Interaction in 1,11 
diketones also is evident in their partition paper chro
matography. For example, we observed (Table II) 
that the paper chromatographic order of mobility of 
the six enol methyl ethers 10-15 in systems 1 and 2 (and 
in a variety of other partitioning systems) was not in 
harmony with the assigned structures. When it was 
found that a regular order of mobility was obtained us
ing thin layer (adsorption) chromatography, the R{ 
values with system 3 constituting an example, it was 
clear that the noted irregularity consists of a reversal 
of the relative mobilities of 10 and 11. When the 
contribution to polarity of the C -ll carbonyl group in 
a number of 1,11 diketones was assessed in terms of 
Ai?Mg values,23 it was found that this reversal is due to 
an aberrantly high polarity (low mobility) of 11, and of 
all other 1,11 diketones thus far examined, in partition
ing systems. A detailed study of this effect and a con
sideration of possible explanations will be submitted for 
publication at a later date.

Experimental Section
Melting points were determined with a Fisher-Johns apparatus 

and are reported uncorreeted. Optical rotations were obtained 
at 26 ±  1°, in methanol solution unless otherwise indicated, at 
a concentration of around 1% in a Zeiss 0.005° photoelectric 
polarimeter. Extinction coefficients were determined in a 
Zeiss PRQ 20A recording spectrophotometer. Infrared spectra 
were recorded with a Beckman IR-8 instrument. The mass 
spectrum of 25a':F-5a:-spirostane-l/3,3/3-diol, was determined by 
Dr. H. D. Fisher of the West Coast Technical Service using a 
Hitachi-Perkin-Elmer RMU-6D instrument and an ionization 
voltage of 70. A description of and references to our paper, 
thin layer, and column chromatographic techniques appear in 
a previous publication.2 For composition of paper, thin layer, 
and column chromatographic systems, see Table IV. Elemen
tary analyses were carried out by E. Thommen, Basel, Switzer
land, Aug. Peisker-Ritter, Brugg, Switzerland, and the Hoffman 
Laboratories, Wheatridge, Colo. Circular dichroism curves 
were obtained in dioxane solution with a Jouan dichrograph at 
the University of Strasbourg, through the kind cooperation of 
Professor G. Ourisson. Nmr spectra were determined with 
Varian A-60 or HR-100 spectrometers, using CDC13 as the solvent 
and tetramethylsilane as an internal standard of reference.

(23) I .  E . B ush , “ T h e  C h ro m a to g ra p h y  of S te ro id s ,”  P e rg am o n  P ress
In c ., N ew  Y o rk , N . Y ., 1961, p p  84, 85.
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T a b l e  IV
C o m p o s i t i o n  o f  P a p e r , T h i n  L a y e r , 

a n d  C o l u m n  C h r o m a t o g r a p h i c  S y s t e m s

S y stem  no. Com position®

1 EA, 40; Iso, 160; AM, 80; HOH, 120 ml
2 Tol, 60; Iso, 140; AM, 150; HOH, 50 ml
3 EA, 20, diluted to 25 ml with Iso
4 EA, 10, diluted to 25 ml with Iso
5 Tol, 120; Iso, 80; AM, 50; HOAc, 20; HOH, 130 ml
6 Iso, 155; Ill-bu, 45; HOH, 150 ml
7 Tol, 70; Iso, 130; AM, 70; HOAc, 50; HOH, 80 ml
8 Tol, 20; Iso, 180; AM, 160; HOH, 40 ml
9 EA

10 Tol, 45; Iso, 155; AM, 70; HOAc, 50; HOH, 80 ml
11 EA, 5, diluted to 25 ml with Iso
12 Tol, 70; Iso, 130; AM, 160; HOH, 40 ml
13 Tol, 100; Iso, 100; AM, 150; HOH, 50 ml
14 Tol, 150; IH-bu, 50; AM, 70; HOH, 80 ml
15 Tol, 140; Iso, 60; AM, 160; HOH, 40 ml

“ EA = ethyl acetate; Iso = isooctane (2,2,4-trimethylpen- 
tane); AM = methanol; Tol = toluene; HOAc = glacial acetic 
acid; Ill-bu  = ¿-butyl alcohol.

Preparation and Enol Etherification of 5+A ndrostane-l,3,ll,- 
17-tetrone (3).—To a solution of 150 mg (0.5 mmol) of l/3,3a-di- 
hydroxy-5/3-androstane-ll,17-dione (2)2 in 30 ml of acetone (dis
tilled from KMnOi) at 5° and in a nitrogen atmosphere, 0.45 ml 
(1.2 mmol) of a solution of 2.67 g of C r03 and 2.3 ml of concen
trated sulfuric acid diluted to 10 ml with water was added in one 
portion. After 5 min at 5°, water was added and the solution 
was extracted with ethyl acetate. The combined extracts were 
washed with neutral brine, dried with anhydrous sodium sulfate, 
and evaporated in vacuo. Crystallization of most of the product 
from methanol followed by chromatography of the mother liquor 
on a 16 X 650 mm Celite column (system 5) gave a total of 95 mg 
of 5/3-androstane-l,3,ll,l7-tetrone (3) as needles: mp 182-183°; 
[a]n +99°; Ah 0.29 (system 5).

Anal. Calcd for Ci9H24(V. C, 72.12; H, 7.65. Found: C, 
71.80; H, 7.83.

A solution of 60 mg of 5/3-androstane-l,3,ll,l7-tetrone in 3 ml 
of methanol was allowed to stand at room temperature for 8 hr 
with an excess of ethereal diazomethane. Examination of the 
crude product by paper chromatography (system 6), and em
ploying ultraviolet light scanning and the Zimmermann reagent24 
as the detecting methods, showed that the (3 diketone had re
acted completely, giving unequal amounts of two ultraviolet 
light absorbing, Zimmermann-positive substances with Ri values 
of 0.16 and 0.30. Chromatography on a 20 X 550 mm Celite 
column prepared with system 6 easily effected their separation 
giving, from acetone-ether, 27.8 mg of the mobile ether, 1-me- 
thoxy-5/3-androst-l-ene-3,ll,l7-trione (10), and, from the same 
solvent system, 16.7 mg of the polar ether, 3-methoxy-5/3-androst- 
2-ene-l,ll,l7-trione (11). Constants for lOaremp 181.5-182.5° 
and [<*]d +163°.

Anal. Calcd for C2oH260 4.0.5C3H60  (10): C, 71.90; H, 
8.14; OCH3, 8.07. Found: C, 72.06; 72.09; H, 8.15, 8.19; 
OCH3, 10.72.

Constants for 11 are mp 247-247.5° and [«¡d +28°.
Anal. Calcd for C20H26O4 (11): C, 72.70; H, 7.93; OCH3, 

9.39. Found: C, 72.82; H, 8.06; OCH3, 9.43.
Preparation and Enol Etherification of 5(3-Androstane-l,3,l7- 

trione (6).—Oxidation of 60 mg of l^,3a-dihydroxy-5(3-androstan- 
17-one (5)2 in the maimer described above gave, from methanol- 
ether, 42 mg of 5+androstane-l,3,l7-trione (6): mp 239-241°; 
[«]d +26°; Ri 0.25 (system 7).26

(24) R . N eh e r, “ S te ro id  C h ro m a to g ra p h y ,”  E lsev ie r, A m s te rd a m , 1964, 
p  125.

(25) I n  a d d i tio n  to  i t s  g en e ra l u t i l i ty  in  th is  s tu d y , th e  p a p e r  c h ro m a to 
g ra p h ic  te c h n iq u e  m a d e  a n  u n iq u e  c o n tr ib u tio n  in  th e  ea se  of th e  /3 d ik e to n es  
3 a n d  6. P r io r  to  d e te rm in in g  th e ir  e x tin c tio n  coefficients, th e  lim ited  
e n o liz a t io n  o f th e  fo rm e r re a d i ly  h a s  d e m o n s tra te d  b y  co m p arin g  th e  p a p e r  
c h ro m a to g ra p h ic  c h a ra c te r is tic s  o f th e  tw o  k e to n es . I n  th e  ab se n c e  of 
a c e t ic  ac id  in  th e  sy stem , b o th  c o m p o u n d s  s tre a k e d  m a rk ed ly , a n d  i t  w as 
e a s i ly  d e te rm in e d  how  m u ch  ac id  w as re q u ire d  in  each  ca se  to  e lim in a te  
s tr e a k in g , p re s u m a b ly  b y  su p p ressin g  eno liza tio n . M u c h  less a c id  w as re 
q u ire d  in  th e  sy s te m  su ita b le  fo r  th e  te tro n e  3 (co m p are  sy stem s  5 a n d  7, 
T a b le  IV ).

Anal. Calcd for Ci9H260 3: C, 75.46; H, 8.67. Found: C, 
75.60; H, 8.80.

Treatment of 69 mg of 5/3-androstane-l,3,17-trione in methanol 
solution with an excess of ethereal diazomethane for 12 hr at room 
temperature, followed by chromatography of the crude extract 
on a 20 X 650 mm Celite column (system 8), gave two well- 
separated components. The mobile component furnished, from 
methanol-ether, 22 mg of 3-mefhoxy-5/3-androst-2-ene-l,17- 
dione (13) as needles: mp 191-191.5°; [a]D —49°; Ri 0.42 
(system 8).

Anal. Calcd for C2oH2S0 3: 0 ,75.91; 11,8.92. Found: C, 
76.20; H, 9.07.

Crystallization of the polar component from ethyl acetate-n- 
hexanegave21 mg of l-methoxy-5+androst-l-ene-3,l7-dione (12) 
as needles: mp 184M84.50; [<*]d +190°; Iff 0.23 (system 8).

Anal. Calcd for C2oH280 3: C, 75.91; 11,8.92. Found: C, 
76.11; 11,9.06.

5a-Androstane-l,3,l7-trione and Its Enol Methyl Ethers.—
Isoandrosterone (3 g) was incubated with shaking for 24 hr at 
26° with a flourishing culture of a Penicillium species, ATCC 
12556.26 Chromatography of the crude extract on a 50 X 840 
mm column of silica gel (system 9) gave, from methanol-ethyl 
acetate, 685 mg (22%) of needles: mp 202-203°; [<*]d +103°. 
Its melting point was unaltered on admixture with an authentic 
sample of la,3/3-dihydroxy-5a-androstan-l7-one, and their ir 
spectra in KBr dispersion were identical.

Oxidation of 120 mg of la,3(3-dihydroxy-5a-androstan-17-one 
as above, followed by chromatography of the crude product on a 
20 X 680 mm Celite column (system 10), gave 65 mg of prisms 
from methanol (mp 198-199°, [a]x> +274°) assigned the struc
ture 5«-androstane-l,3,17-trione [lit.26 mp 157-159°, 199- 
200°; Xma* 254 mM (e 12,000)].

Anal. Calcd for Ci9H260 3: C, 75.46; H, 8.67. Found: C, 
75.19; H, 8.63.

Reaction of 50 mg of 5a-androstane-l,3,17-trione with an excess 
of ethereal diazomethane as in the previous examples, followed 
by chromatography of the crude extract on a 16 X 450 mm 
Celite column (system 8), gave two well-separated components. 
The mobile fraction, designated 3-methoxy-5a-androst-2-ene-
1,17-dione (15), gave 19 mg of needles from ethyl acetate: mp
199-200°; [a]D +278°; Ah 0.51 (system 8).

Anal. Calcd for C2oH280 3: C, 75.91; H, 8.92. Found: C, 
75.90; II, 8.80.

The polar component, assigned the structure l-methoxy-5a- 
androst-l-ene-3,17-dione (14), furnished 14 mg of needles from 
ethyl acetate-»-hexane: mp 172.5-173.5°; [«]d + 126°; Ah 0.19 
(system 8).

Anal. Calcd for C2oH280 3: C, 75.91; H, 8.92. Found: C, 
75.88; H, 8.90.

Preparation and Enol Etherification of 25ar-5a-Spirostane-l,3- 
dione.—A 500-mg sample of 25or-spirost-5-ene-l|3,3(i-diol 
[ruscogenin27 mp 209-210°; [a]D —122° (CHC13)], obtained 
by saponification of the diacetate, was hydrogenated over a 3-hr 
period at atmospheric pressure in neutral ethanol-cyclohexane 
using 5% palladium on carbon (Engelhard Industries) as catalyst. 
Crystallization of the product from aqueous acetone gave prisms 
or plates assigned the structure 25aF-5a-spirostane-l/3,3/3-diol: 
mp 211-212°; [a]D —75° (CHC13); Ah 0.17 in system 3 (orange 
fluorescence after spraying with p-toluenesulfonic acid and heat
ing at 120°; in this system ruscogenin has an Ah of 0.21 and dis
plays a blue fluorescence). Its mass spectrum showed a single 
molecular ion (M +) at m/e 432 amu.

Anal. Calcd for C n ^C h : C, 74.95; H, 10.25. Found: 
C, 74.68; II, 10.20.

Treatment of the free diol with acetic anhydride and pyridine 
at room temperature followed by crystallization of the product 
from aqueous acetone and from acetone gave 25aF-5a-spirostane- 
1/3,3/3-diol diacetate28 as needles: mp 249-250°; [a]D —72° 
(CHCU).

Anal. Calcd for C31H4806: C, 72.06; H, 9.36; CH3CO, 
16.66. Found: C, 72.32; H, 9.39; CH3CO, 16.59.

Oxidation of 200 mg of the free diol with Jones’ reagent as in 
the previous examples gave 110 mg of 25aF-5a-spirostane-l,3-

The Journal of Organic Chemistry

(26) S. N o g u ch i a n d  D . K . F u k u sh im a , J .  Org. Chem ., 3 0 , 3552 (1965).
(27) H . L ap in  a n d  C . Sannih, B u ll. Soc. C him . F r., 1552 (1955).
(28) 25<xF-5a-Spirostane-I/3,3/3-diol h a s  n o t  to  o u r  know ledge been  p re 

p a re d  p rev io u sly . I t s  5 ep im er, iso rhodeasapogen in , has th e se  c o n s ta n ts : 
m p  2 4 1 -2 4 3 °; [ o : ] d  —71° (C H C ia); d ia c e ta te , m p  205° [H . N a w a , P harm . 
B u l l .  (T o k y o ), 8, 255 (1958)].
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dione as needles from methylene chloride-ethyl acetate: mp 244- 
245°, [a]D + 9 ° (CHC1,).

Anal. Calcd for C27H40O4: C, 75.66; H, 9.41. Found: C, 
75.80; H, 9.46.

To a solution of 100 mg of 25aF-5«-spirostane-l,3-dione in 2 ml 
of methylene chloride, an excess of ethereal diazomethane was 
added. After 12 hr at room temperature, the solvents were 
evaporated, and the residue was chromatographed on a 20 X 765 
mm silica gel column prepared with system 1 1  (changed to system 
4 after emergence of the mobile component). The mobile frac
tion gave, from methylene chloride-methanol, 40 mg of 3-me- 
thoxy-25aF-5a-spirost-2-en-l-one (17) as plates: mp 213-214°; 
[« ]d +53° (CHCI3); Ri 0.38 (system 4).

Anal. Calcd for C28H«04: C, 75.97; H, 9.57. Found: C, 
75.94; H, 9.55.

Crystallization of the polar component from acetone-re-hexane 
gave 32 mg of l-methoxy-25ar-5a-spirost-l-en-3-one (16) as 
needles: mp 203-204°; [k ]d  —72° (CHC13); R i  0.11 (system 
4).

Anal. Calcd for C28H42O4: C, 75.97; H, 9.57. Found: C, 
75.94; H, 9.61.

Preparation of 5/3-Pregnane-la,3a, 17a,20/3,21-pentol (23).—To 
a solution of 200 mg of 5/3-pregnane-l/3,3a,17a,20/3,21-pentol (4, 
mp 252-253°; [« ]d +  6°)2 in 50 ml of acetone, 50 mg of p-toluene- 
sulfonic acid was added. After 30 min at room temperature, 
0.3 ml of 1 A" aqueous sodium hydroxide was added, and the 
solution was concentrated in vacuo to near dryness. The crystal
line suspension was dissolved in ethyl acetate, and the solution 
was washed with dilute sodium hydroxide and neutral brine, 
dried with anhydrous sodium sulfate, and evaporated. Crystal
lization of the product from methanol gave 192 mg of stout 
needles (mp 243-244°; [« ]d +13°) designated as 20,21-isopropyl- 
idenedioxy-5/3-pregnane-l/3,3a,l7a-triol (20).29

Anal. Calcd for C24H40O5: C .70.55; H, 9.87. Found: C, 
70.73; H, 10.08.

Oxidation of 100 mg of 20,21-isopropylidenedioxy-5j3-pregnane- 
1/3,3«,17«-triol with chromic anhydride in pyridine as in our 
previous publication2 furnished, from acetone-re-hexane and from 
acetone, 70 mg of 3«,l7«-dihydroxy-20,21-isopropylidenedioxy- 
5/3-pregnan-l-one (21): mp 218-219°; [a]D —73°; Ri 0.36 
(system 12 ).

Anal. Calcd for C24H38O5: C, 70.90; H, 9.42. Found: C, 
70.80; H, 9.40.

To a solution of 60 mg of 3a,17a-dihydroxy-20,21-isopropyl- 
idenedioxy-5/3-pregnan-l-one in 5 ml of methanol, 40 ml of sodium 
borohydride was added in one portion. After 3 hr at room tem
perature, acetic acid was added, and the solution was extracted 
with ethyl acetate after dilution with brine. The organic phase 
was washed with dilute sodium hydroxide and neutral brine, dried 
with anhydrous sodium sulfate, and evaporated in vacuo. Crys
tallization from acetone-re-hexane gave 40 mg of needles [mp
203-204°; ¡« ]d +16°; R i  0.20 (system 13)] assigned the
structure 20,21-isopropylidenedioxy-5;3-pregnane-la,3a,l7«-triol
(22). On admixture with a sample of 20, its 1 epimer (mp 243- 
244°), the melting range was 191-195°; their ir spectra were dis
similar.

Anal. Calcd for C24H40O5: C, 70.55; H, 9.87. Found: C, 
70.22; H, 9.68.

A solution of 43 mg of 20,21-isopropylidenedioxy-5/3-preg- 
nane-l«,3«,17a-triol in 43 ml of 60% (v/y) aqueous acetic acid 
was allowed to stand at room temperature for 4 hr. The solution 
was concentrated to dryness in  vacuo, and the residue was chro
matographed on a 16 X 560 mm Celite column prepared with 
system 14. Crystallization of the recovered product from meth
anol-ether gave 28 mg of needles [mp 228-229°; [«]d +10°; 
R t  0.21 (system 14)] designated as 5/3-pregnane-la,3«,l7«,20/3,- 
21-pentol (23). On admixture with a sample of its 1 epimer (4, 
mp 252-253°), the melting range was 214-218°; their ir spectra 
were dissimilar.

Anal. Calcd for C21H36O5: C, 68.44; H, 9.85. Found: C, 
68.34; H, 9.80.

Oxidation of a 16-mg sample of 5/3-pregnane-l«,3a,17«,20/3,21- 
pentol with sodium periodate as previously described2 gave 9 mg 
of prisms (mp 230-232°; [«]d +  101°) assigned the structure 
1 « ,3«-dihydroxy-5|3-androstan-17-one (24). Its 1 epimer (5) has

(29) W e  a re  engaged  in  a  s tu d y  of th e  p re p a ra tio n , hy d ro ly s is , a n d  p ro p e r
tie s  of s te ro id a l 17,20- a n d  2 0 ,21 -ace ton ides. T h e  p rin c ip a l b a n d s  in  th e  ir
reg io n  of th e  ac e to n id e s  p re p a re d  in  th is  p a p e r  a re  in  close a g re e m e n t w ith  
th o s e  fo u n d  g en e ra lly  fo r m em b ers  of th e  second  class.

mp 204-204.5° and [<*]d + 9 5 ° .2 A mixture of 5 and 24 melted 
at 188-192°, and their ir spectra were dissimilar.30

Preparation of 3a, 17a,20(3,2l-Tetrahydroxy-5/3-pregnane-l, 11- 
dione (28).—Reaction of 400 mg of l/3,3«,17«,20/3,21-pentahy- 
droxy-5/3-pregnan-ll-one (1) with p-toluenesulfonic acid in ace
tone as in the preparation of 20 from 4 gave, from methanol- 
acetcne, 405 mg of 1/3,3«, 17a-trihydroxy-20,21-isopropylidene- 
dioxy-5/3-pregnan-ll-one (25) as prisms: mp 261-262°; [a]d 
+  15°.

Anal. Calcd for C24H380 6: C, 68.22; H, 9.06. Found: C, 
68.20; H, 9.00.

Oxidation of 300 mg of l/3,3a,17«-trihydroxy-20,21-isopropyl- 
idenedioxy-5/3-pregnan-ll-one with chromic anhydride in pyridine 
as in the preparation of 21 from 20, followed by chromatography 
on a 38 X 755 mm Celite column (system 15) furnished three 
products. The most mobile fraction gave, from ethyl acetate- 
re-hexane, 40 mg of impure 17a-hydroxy-20,21-isopropylidene- 
dioxy-5/3-pregnane-l ,3,11-trione. The fraction of intermediate 
mobility provided, from ethyl acetate, 85 mg of l/3,l7«-dihydroxy- 
20,21-isopropylidenedioxy-5/3-pregnane-3,ll-dione: mp 236-
238°; [<*]d +25°. The least mobile (most polar) fraction
yielded, from acetone, 145 mg of 3a,l7«-dihydroxy-20,21-iso- 
propylidenedioxy-5/3-pregnane-l,ll-dione (26): mp 278-279°; 
[a]D —15°; Rt 0.18 (system 15).

Anal. Calcd for C24H3606 (26): C, 68.54; H, 8.63. Found: 
68.53; H, 8.49.

A solution of 30 mg of 3«,17«-dihydroxy-20,21-isopropylidene- 
dioxy-5/3-pregnane-l,ll-dione in 1 ml each of acetic anhydride 
and pyridine was allowed to stand at room temperature overnight. 
The product was recovered in the usual fashion and percolated 
through a small column of neutral alumina as described in a pre
vious publication.2 The product was eluted with 0.15% ethanol 
in benzene and furnished, from methanol, 20 mg of prisms [mp 
237-238°; [«]d + 3°; Xmax 225 m/x (e 7450)] which were assigned 
the structure l7a-hydroxy-20,21-isopropylidenedioxy-5/3-pregn- 
2-ene-l,ll-dione (27).

Anal. Calcd for C24HS4OC,: C, 71.61; H, 8.51. Found: C, 
71.39; H, 8.54.

Hydrolysis of a sample of 17«-hydroxy-20,21-isopropylidene- 
dioxy-5/3-pregn-2-ene-l,ll-dione with aqueous acetic acid followed 
by oxidation of the free compound with sodium periodate gave 
needles from acetone-re-hexane, mp 223-224°. On admixture 
with an authentic sample of 5/3-androst-2-ene-l,ll,l7-trione (30), 
mp 223.5-224.5°,2 its melting point was unaltered. The ir 
spectra of the two ketones were identical.

Hydrolysis of 3a,17a-dihydroxy-20,21-isopropylidenedioxy- 
5/3-pregnane-l,ll-dione (40 mg) with aqueous acetic acid as in 
the previous examples, followed by crystallization of the product 
from methanol-ethyl acetate, gave 26 mg of needles (mp 253- 
254°; [a]d —1°) designated as 3«,l7«,20/3,21-tetrahydroxy-5/3- 
pregnane-l,ll-dione (28).

Anal. Calcd for C21H3206: C, 66.29; H, 8.48. Found: C, 
66.04; H, 8.50.

Oxidation of a sample of 3«,17«,20/3,21-tetrahydroxy-5)3-preg- 
nane-l,ll-dione with sodium periodate followed by crystalliza
tion of the product from methanol gave needles, mp 262-263°. 
The melting point was unchanged on admixture with an authentic 
sample of 3a-hydroxy-5/3-androstane-l,ll,17-trione (29),2 and 
their ir spectra were identical.

Registry No.—1, 10535-94-1; 2, 10535-95-2; 3, 2061- 
61-2; 6, 16963-70-5; 10, 16963-71-6; 11, 16963-72-7; 12 
and 13, not yet resolved; 14, 16963-75-0; 15, 16963- 
76-1; 5a-androstane-l,3,17-trione, 4171-02-2; 25„F-5a- 
spirostane-l/3,3|S-diol, 16963-78-3; 25aF-5a-spirostane- 
1/3,3/3-diol diacetate, 16976-44-6; 25aF-5a-spirostane- 
1,3-dione, 16963-79-4; 16, 16963-80-7; 17, 16963-81-8; 
20, 16963-82-9; 21, 16976-45-7; 22, 16963-83-0; 23, 
16963-84-1; 25, 16963-85-2; 26, 16976-46-8; 27, 16963-
86-3; 28,16963-87-4; 29,10535-97-4; 30 ,16963-89-6; 31, 
2785-91-3; 32, 16963-91-0; 33, 1229-12-5; 34, 10536-
04-3; 35, 1429-06-7; 36, 10535-96-3; l-methoxy-5a-

(30) T h e  fo rth c o m in g  p a p e r  ch ro m a to g ra p h ic  s tu d y  w ill in c lu d e  a n  ex
a m in a t io n  of th e  re la tiv e  m ob ilitie s  of th e  m e m b ers  of five p a irs  of ep im eric  
1-ols, inc lu d in g  th e  p a irs  4 /2 3  a n d  5 /2 4 .
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cholest-l-en-3-one, 16963-96-5; 3-methoxy-5a-eholest-
2-en-l-one, 16963-97-6.
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A  Synthesis o f Estrone v i a  Novel Interm ediates. M echanism  of the Coupling  
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An investigation of the coupling reaction of vinylcarbinols with /3 diketones as exemplified by the condensa
tion of l-vinyl-l-hydroxy-6-methoxy-l,2,3,4-tetrahydronaphthalene with 2-methylcyclopentane-l,3-dione is 
presented. Quantitative conversion of l-vinyl-l-hydroxy-6-methoxy-l,2,3,4-tetrahydronaphthalene into a 
crystalline isothiuronium salt has provided a versatile intermediate in an improved condensation providing the 
tricyclic precursor to estrone, 3. Selective as well as stereospecific reduction of the latter system with lithium 
tri-i-butoxyaluminum hydride afforded the ketol 8, a key optically resolvable intermediate in the synthesis of 
estrone.

Ten years have elapsed since Nazarov and collabo
rators2 successfully prepared the important vinylcar- 
binol, 1-vinyl-1-hydroxy-6-methoxy-1,2,3,4-tetrahy- 
dronaphthalene (1); their attempts, however, to convert 
1 into the allylie bromide 4 (X = Br) for purposes of 
condensation with reactive enolates proved abortive.3'4 
Subsequently, Ananchenko and Torgov discovered that 
the vinylcarbinol 1 it selfwas capable of direct coupling 
with 2-methylcyclohexane-l,3-dione in the presence of 
strong base to give the homolog of the tricyclic diketone 
3 in 50% yield.5 These authors further examined a var
iety of catalysts to promote this condensation although 
they later employed Triton B (benzyltrimethylammo- 
nium hydroxide) almost exclusively.6 This procedure has 
since been generally adopted by contemporaries in the 
field in its application to the synthesis of estrone em
ploying 2-met,hylcyclopentane-l,3-dione (2) as donor com
ponent.7

The coupling of a vinylcarbinol with an enolate under 
presumed conditions of basic catalysis presented a unique 
reaction type for which a fitting analogy was lacking. 
By way of rationalization both a simulated Michael pro
cess8 and an Sn2' displacement reaction9 have been 
proposed. A close formal analogy of this condensation

(1) F o r  p re l im in a ry  a c c o u n ts  of th is  w ork , see (a) C . H . K u o , D . T a u b , a n d  
N . L . W end le r, A ngew . Chem ., 77, 1142 (1965); Angew . Chem, In te rn . E d , 
E ngl., 4, 1083 (1965); (b) Chem. In d .  (L o n d o n ), 1340 (1966).

(2) I .  N . N aza ro v , I . V. T o rg o v , a n d  G . V e rk h a le to v a , D okl. A k a d . N a u k  
S S S R , 112, 1067 (1957).

(3) D . J .  C risp in  a n d  J . S. W h ite h u rs t  [Proc. Chem. Soc., 22 (1963)] h a v e  
m o re  re c e n tly  re p o r te d  on  th e  p re p a ra tio n  of th is  b ro m id e  in  a  p re lim in a ry  
n o te .

(4) F o r  a n  ex ce llen t rev iew  of re c e n t a d v a n c e s  in  th e  sy n th e s is  of 19-nor 
s te ro id s , see  T . B . W indho lz  a n d  M . W ind h o lz , A ngew . Chem , In te r n . E d . 
E ng l., 3, 353 (1964).

(5) S. N . A n an ch en k o  a n d  I .  V. T o rg o v , D okl. A k a d . N a u k  S S S R ,  1 2 7 ,  
553 (1959).

(6) S. N . A nan ch en k o , T ’ao  Jen g -O , a n d  I .  V. T o rg o v , I z v . A k a d . N a u k  
S S S R ,  Old. K h im .,  298 (1962).

(7) (a) T . B . W indho lz , J . H . F ried , a n d  A . A. P a tc h e t t ,  J .  Org. C hem ., 2 8 ,  
1092 (1963); (b) G . H . D ouglas, J .  M . H . G roves, D . H a r tle y , G . A . H ughes , 
B . J .  M cL a u g h lin , J .  S iddal, a n d  H . S m ith , J .  Chem . Soc ., 5072 (1963). 
T h e se  w orkers  em p loyed  a lk a li m e ta l h y d ro x id es  a n d  b ic a rb o n a te  a s  c a ta 
ly s ts :  (c) T . M ik i, K . H irag a , a n d  T . A sako, P roc. Chem . Soc ., 139 (1963); 
C hem . P h a rm . B u ll. J a p .,  13, 1285 (1965); (d) S. N . A n an ch en k o  a n d  I .  V. 
T o rg o v , Tetrahedron L ett., 553 (1963).

(8) H . O . H o u se , " M o d e rn  S y n th e t ic  R e a c tio n s ,” W . A. B en jam in , In c ., 
N ew  Y o rk , N . Y ., 1965, p  209.

(9) J .  S . W h ite h u rs t ,  A n n . R ep t. Chem . Soc. (L o n d o n ), 426 (1963).

to the so-called Carroll reaction10 has already been noted 
elsewhere.11 In the latter reaction, for example, ace- 
toacetic ester condenses with phenylvinylcarbinol in the 
presence of potassium acetate at 200° to give cinnamyl- 
acetone. The Carroll reaction has been shown to pro
ceed via initial ester exchange to a derived acetoacetate 
followed by Cope rearrangement.12 More pertinent to 
the case at hand are the observations of Marbet and 
Saucy10b that tertiary vinylcarbinols rearrange via their 
isopropenyl ethers to 7,5-unsaturated carbonyl systems. 
The possibility of a formal Carroll reaction in the case of 
the condensation of 1 and 2 via an intermediate enol ether 
was ruled out by our own observations through the em
ployment of vinylcarbinol possessing 180  in the carbinol 
grouping. In the event of a formal Carroll reaction the 
carbinol 180  would have been transferred to the pertinent 
carbonyl function of the cyclopentandione moiety, a con
sequence not observed.

It appeared to us on the basis of the prior art to be 
patently unsound that alkali should catalyze the con
densation of 1 with 2. To gain substantiation for this 
point of view the two components were allowed to react 
in the presence of 1 equiv of alkali instead of the frac
tional equivalent which had always been employed pre
viously.6’7 Under the conditions that employed 1 mol 
equiv of alkali no condensation whatsoever was observed 
between 1 and 2. It was thereby evident that the con
densation of Torgov and Ananchenko is not base cat
alyzed, but is in fact an acid-catalyzed reaction with the 
d diketone functioning autocatalytically. I t was like
wise evident that the previous success of this conden
sation was due to the extent that the ¡1 diketone had not 
been converted into its salt by added alkali, mistakenly 
believed to catalyze the reaction. In substantiation 
thereof we observed that, when 1 and 2 were warmed to
gether in ¿-butyl alcohol in the absence of any external 
catalyst, coupling proceeded smoothly to give 3 directly

(10) (a) M . F . C a rro ll, J .  Chem . Soc., 704, 1266 (1940); 507 (1941); (b) 
R . M a rb e t  a n d  G . S au cy , C him ia , 14, 362 (1960); H elv. C h im . A cta , 50, 2091, 
2095 (1967).

(11) D . P . S trik e , T . Y . J e n , G . A . H u g h es , C . H . D o u g las , a n d  H . Smith, 
Steroids, 8 , 309 (1966).

(12) W . K im e l a n d  A. C . C ope, J .  A m er . Chem . Soc ., 65 , 1992 (1943).
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in over 70% yield.13 On the other hand when } and 2 
were heated in acetic acid and xylene at 120° there was 
afforded a 60% yield of the crystalline pentaene 7 re
sulting from coupling followed by cyclization. This 
method is actually the most convenient preparative pro
cedure for this compound.

The vinylcarbinol 1 is extremely acid labile and when 
warmed in acetic acid readily undergoes dehydration to 
diene 6 which subsequently dimerizes via a Diels -Alder 
reaction.14 That this diene, moreover, is not an inter
mediate in the coupling reaction of 1 with 2 was evident 
from its inability to react with dione 2 to give 3 under the 
prescribed reaction conditions. These facts suggested 
therefore that the coupling of 2-methylcyclopentane-l,3- 
dione 2 (pKa 4.5) with vinylcarbinol 1 might be best in
terpreted as an acid-base reaction proceeding via an ion- 
pair intermediate 5. In this context it was found that 
the vinylcarbinol 1 in acetic acid reacted rapidly with 
thiourea, added as a carbonium-ion scavenger, to give the 
crystalline isothiuronium salt 4 , mp 125-127°, in essen
tially quantitative yield. This salt in turn coupled in 
aqueous media at room temperature with the cyclo- 
pentanedione 2 to give crystalline 3 in 90% yield.

The reaction of 1 with 2 in ¿-butyl alcohol was further 
found to be essentially unaffected by the addition of 
triphenylphosphine, again added as carbonium-ion scav
enger. On the other hand 1 itself rapidly formed the 
crystalline phosphonium salts 4a and 4b on reaction 
with triphenylphosphine in acetic acid and triphenyl
phosphine hydrobromide in methylene chloride, 
respectively. Likewise the thioacetate 4c and azide 
4d were formed by treating 1 with thioacetic acid 
in ¿-butyl alcohol-xylene and sodium azide in ace
tic acid, respectively. The phosphonium salts 4 a  
and 4b, in contrast to the isothiuronium salt 4, 
were unreactive in attempted coupling with 2. From 
these observation it appears reasonable to conclude that 
the ion-pair intermediate 5 involved in the coupling of 1 
with 2 is associated and inaccessible to external nucleo
philes.15 16

(13) Y ie lds o b ta in e d  b y  p rev io u s  w o rk ers  em p loy ing  T r i to n  B  as reco m 
m e n d ed  b y  A n an ch en k o  a n d  T o rg o v 5 h a v e  b ee n  o f th e  o rd e r  o f m a g n itu d e  of 
5 0 -6 0 %  (see re f  7 ). S m ith , et a l.,11 h a v e  re c e n tly  c la im ed  to  h a v e  ac h iev ed  
y ie ld s  a s  h ig h  a s  8 0 % , a lth o u g h  a n  e x p e rim en ta l a c c o u n t su p p o rtin g  th is  does 
n o t  a p p e a r  to  h a v e  been  p u b lish e d .

(14) P re v io u s  re fe rences  to  th e  d im e riz a tio n  of 6 [c/. I .  V . T o rg o v  a n d
I .  N . N a z a ro v , Z h . O bskch. K h im .,  29 , 787 (1959)] do  n o t  in c lu d e  specific 
s tr u c tu r a l  p ro p o sa ls . W e o b se rv ed  th e  fo rm a tio n  o f tw o  d im ers : i [m p 168- 
170° (rep o rte d , ib id ., m p  1 6 8 -1 7 0 °); x“ ' ? H 265 m/r ( .  30 ,500), 212 (36 ,400); 
n m r  8 5.82 (1 H  tr ip le t ,  3  = 7 cps) a n d  6.25  (1 H  m u ltip le t) ,  2 -v in y l p ro to n s  
(F o u n d : C , 83 .63; H , 7 .53 . C a lcd  fo r i^ e H a C h : C , 83 .83; H , 7 .58)] a n d  ii 
[mp 135-137° (rep o rte d , ib id ., m p  1 3 4 -1 3 5 °); 272.5 np . (« 24 ,200); n m r
8 5 .76 (1 H  tr ip le t ,  3  = 7  cp s), 1 -v in y l p ro to n  (F o u n d : C , 83 .71; H , 7.80; 
m o l w t, 378 (v a p o r  p h a s e  o sm o m e try ) . C a lcd  fo r C 26H 28O 2 : C , 83 .83; H , 
7 .78 ; m o l w t, 372 .5 ]. T h e  p e rh y d ro -1 -n a p h th y l-  r a th e r  th a n  -2 -n a p h th y l-  
p h e n a n th re n e  s tru c tu re s  a re  se le c ted  b y  v ir tu e  of th e  A ld e r -S te in  ru le : 
K . A ld er a n d  G . S te in , A ngew . Chem ., 50 , 510 (1937).

(15) S u b se q u e n t to  t h e  p u b lic a tio n  of o u r  o r ig in a l c o m m u n ic a tio n 1» on  th e  
m e ch an ism  of th i s  co up ling  re a c tio n , p e r t in e n t  p a p e rs  h a v e  a p p e a re d  in  
w h ich  th e  a c id -c a ta ly z e d  c h a ra c te r  of th is  re a c tio n  h a s  a lso  b ee n  recogn ized
a n d  ea rlie r  p o in ts  of v iew  co rre sp o n d in g ly  ac co m m o d a ted . See re f  11 a n d
A . V. Z a k h a ry c h e v , D . R . L og idze, a n d B . N . A n an ch en k o , Tetrahedron Lett.,
803 (1967).

The advantages of employing the isothiuronium salt 
4 in the coupling reaction, inter alia, with 2-methylcyclo- 
pentane-l,3-dione (2) are several. In the form of the 
crystalline isothiuronium salt the otherwise labile car
binol 1 can be easily handled and stored without deteri
oration; secondly, superior yields in the coupling re
actions are observed; and finally, this salt exhibits a 
greater versatility in the application of this condensation 
reaction to other enolate systems. In the latter con
nection several instances of derived cyclopentane-1,3- 
diones, e.g., 4-acetoxy-2-methylcyclopentane-l,3-dione16 
and cyclopentane-1,3-dione itself, either do not couple at 
all with 1 or only in very poor yield. By contrast the 
isothiuronium salt 4 condenses with these same diones in 
good to acceptable yields to afford the desired products. 
Recently, 4 has been utilized in a condensation with a,y- 
dimethyltetronic acid to provide an efficient synthesis of 
bisdehydrodoisynolic acid.17

In pursuit of a novel approach to estrone from the tri
cyclic diketone 3, the latter was submitted to reduction 
with lithium tri-¿-butoxyaluminum hydride. Surpris
ingly, this reduction not only proved to be completely 
selective in reducing exclusively one carbonyl group but 
was also found to be highly stereospecific in yielding 
one epimer (85-90%), namely, the d¿-17a-ketol 8 (ste
roid nomenclature).18 The structure of the latter was 
established by cyclization of its acetate derivative 8c to 
dl 9a which was found to be distinct from its 17/3 counter
part and could in turn be further transformed indepen-

(16) R . D . H offsom m er, D . T a u b , a n d  N . L . W end le r, 3 . Org. C hem ., 32, 
3074: (1967).

(17) W . R . J .  S im pson , D . B ab b e , J .  A . E d w a rd , a n d  J .  H . F r ie d , Tetra
hedron L ett., 3209 (1967). F o r  th e  u se  of th e  iso th iu ro n iu m  s a lt  4 in  a  sy n 
th e s is  of 13 -am ino -19 -no r ste ro id s, see D . B . R . J o h n s to n , F . S. W aksm unsk i, 
T . B . W indho lz , a n d  A. A. P a tc h e t t ,  C him ia , 22 , 84 (1968). See also  th e  
sy n th es is  of A -n o r- l- th ia -3 -a z a  s te ro id s : C . L e h m an n , H . Schick , B. L ücke, 
a n d  C . H ilg e tag , Chem . B er., 101, 787 (1968).

(18) W h ile  o u r  o r ig in a l co m m u n ic a tio n 115 w as s til l in  p ress , a  p re lim in a ry  
n o te  [H . G ib ian , et a l., Tetrahedron L ett., 2321 (1966)] a p p e a re d  n o tin g  th e  
stereospec ific  sem ired u c tio n  of 3 m icro b io lo g ica lly  to  g iv e  o p tic a lly  a c tiv e  
17/3-ol of th e  n a tu r a l  series a n d  17a-o l in  th e  u n n a tu r a l  series, th e  la t te r  h a v 
ing  n o  u t i l i ty  in  a  sy n th es is  of d -es tro n e .
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dently to dZ-estrone 14 via the sequence 9a -*■ 10a 12
14.

The ketol, 8, provided the key intermediate in our se
quence, not only for purposes of optical resolution, but 
also in providing a novel sequence of intermediates en 
route to estrone. The ketol was converted essentially 
quantitatively into its hemisuccinate derivative 8a 
which in turn was resolved via the corresponding quinine 
salt 8b (Q = quinine). Although the desired enantio- 
morph appeared in the mother liquors after initial sep
aration of its dextrorotatory isomer, it could nevertheless 
be isolated in good yield and in turn hydrolyzed to the 
(—)-ketol8: mp 100-102°; [«Jd — 45° (dioxane). Hy
drolysis of the undesired enantiomeric hemisuccinate in 
turn provided the corresponding (+)-ketol: mp 100-102°; 
[a]D +45° (dioxane) {lit.18 [«]d +47° (ethanol)]. The 
latter ketol together with extraneous hydrolyzed hemi
succinate residue could be essentially quantitatively re
oxidized to starting diketone 3 by the method of Moffatt 
and Pfitzner (see Experimental Section). The latter se
quence thereby permits utilization of the unwanted iso
mer by recycling it in the resolution process via the in
dicated oxidation-reduction pathway (3 ^ 8 ) .

Cyclization of the (—)-ketol 8 could be effected either 
as its acetate derivative 8c or as the hemisuccinate 8a 
obtained from the resolution step. Ring closure was 
carried out by the conventional technique7 with p-tol- 
uenesulfonic acid in benzene to give both the 17-hemi- 
succinate (9) and 17-acetate (9a) of 8,14-bisdehydro-17- 
isoestradiol-3-methyl ether, both in 85-90% yield. Hy
drogenation of the latter 9a over palladium on carbon af
forded essentially a 70:30 mixture19 of 14a and 14/3 10a, 
respectively, which was very difficult to separate. The 
hemisuccinate derivative 9 gave an even poorer ratio 
(55:45) of the corresponding 14a and 14/3 10. These 
ratios were determined by integration of the C-18 methyl 
peaks at S 0.76 and 1.00 for 14a and 14/3, respectively, in 
the nmr spectra. Initial removal of the ester function at 
C-17, either hydrolytically or reductively with LiAlH-i, 
followed by hydrogenation of the free 17a-ol 9b in di
oxane over Raney nickel, afforded a 92:8 (14a: 14/3) 
ratio of the desired 8-dehydro-17-isoestradiol-3-methyl 
ether (10b): mp 118-120°; [a]n —36°. This result
demonstrates that, contrary to expectations based on the 
usual steric considerations, hydrogenation of the 14,15 
double bond in the 17a-OH series from the a face can be 
made to proceed with a selectivity equal to that in the 
17/3-OH series.

Oxidation of the 17a-ol 10b either by the Oppenauer 
procedure or that of Moffatt and Pfitzner led to optically 
active 8-dehydroestrone methyl ether 11 which, as the 
racemate, had previously been converted into estrone.7 
Chromium trioxide treatment of 10b, either in pyridine or 
acetone-sulfuric acid, produced only minor amounts of 
11. The major reaction pathway was dehydrogenation 
to napthalenoid products (cf. ref 7c).

Reduction of the 8,9 double bond of 10b with lithium 
or potassium in liquid ammonia produced preponder
antly 17-isoestradiol 3-methyl ether 12, mp 103-106°, 
[a]D +55° (MeOH),20 21 22 together with a minor amount of 
the 9/3isomer 13, [a]D —75.4° (MeOH), identified by com
parison of the ir spectrum of the corresponding 17

(19) C . R u te r , E . S ch roder, a n d  R . V ossing, A n n .,  701, 206 (1967).
(20) (a) A. B u te n a n d t  a n d  C . G roergens  [Z. P hysio l. Chem ., 248 , 129

(1937)] re p o r te d  m p  1 0 9 -110°. (b) C . H . R o b in so n , O . G n o j, a n d  E . P .
O live to  [ J . Org. Chem ., 25 , 2247 (I9 6 0 )] re p o rte d  [ c* ] d  53° (d ioxane).

8a,R = — C0(CH2)2C02H 
8b, R = — C0(CH2)2C02“Q+H 
8c, R = OAc

9, R = — C0(CH2)2C02H
9a, R = CH3CO 
9b,R = H

ORI

10, R =■—C0(CH2)2C02H 
10a, R = CH3CO 
10b, R = H

| k /N H 3

OH
OH

13a, 17 ketone 
O

CH30
14

ketone 13a, [ « ] d  +43° (MeOH), with that reported for the 
dl isomer.21,22 Oxidation of 12 with chromic acid yielded 
¿-estrone methyl ether 14 identical in all respects with an 
authentic specimen.

Experimental Section
Melting points were taken on a microscope hot-stage apparatus 

and are uncorrected. Uv spectra were determined in MeOH on 
a Cary Model II  PMS spectrometer and ir spectra on a Perkin- 
Elmer Infracord instrument. Nmr spectra were recorded on a 
Varian A-60 spectrometer using TMS as an internal standard. 
Optical rotations were measured with a Zeiss photoelectric

(21) W . S. Jo h n so n , I .  A. D av id , H . C . D eh m , R . J .  H ig h e t, E . W . W a rn -  
hoff, W . D . W ood, a n d  E . Jo n es , J .  A m er. Chem . Soc., 80, 661 (1958).

(22) U se  of l i th iu m  as th e  r e d u c ta n t  g en e ra lly  p ro d u ced  som e p h en o lic  m a
te r ia l  b y  m e th y l e th e r  c leav ag e  [cf. K . K . K oshoev , S. N . A n an ch en k o , a n d  
I .  V. T o rg o v , K h im . P riro d n  Soedin , A k a d . N a u k  TJz S S R ,  1, 172 (1965)] 
iso la ted  in  o u r  dl series a n d  iden tif ied  a s  1 ,3 ,5(10) ,8 -e s tra te tra e n e -3 ,1 7 a -d io l. 
I n  th e  p rev io u sly  d escribed  m e ta l-a m m o n ia  red u c tio n s  of th e  an a lo g o u s 
8-dehydro-17/3-ol a n d  17-one sy stem s  (see re f  7) th e  fo rm a tio n  of 9/3-estra- 
tr ie n e  b y -p ro d u c t has  n o t been  n o te d , a lth o u g h  th e  9/3 iso m er of 1 9 -n o rte s to - 
s te ro n e  w as a  sig n ifican t b y -p ro d u c t in  th e  fu r th e r  re d u c tio n  of th e  a b o v e  
8 -d eh y d ro  sy stem s  [K . K . K oshoev , S. N . A nan ch en k o , a n d  I .  V. T o rg o v , 
ib id ., 180 (1965)].
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polarimeter employing a 0.5-dc tube. Tic was carried out on 
silica gel G coated glass plates. We wish to thank Mr. R. N. 
Boos and his associates for the elemental analyses, Mr. A. 
Kalowsky for the ultraviolet spectra, and Dr. N. R. Trenner and 
Mr. J. Beck for the 180  mass spectral determinations.

6-Methoxy-l,2,3,4-tetrahydronaphthylideneethylisothiuro- 
nium Acetate (4).—To a stirred mixture of purified vinyl carbinol 
l ,23 (3.06 g, 15 mmol) and thiourea (1.14 g., 15 mmol) was added 
12 ml of acetic acid, and the reaction mixture was stirred at 25° 
for 4 h r.24 At the end of this period 80 ml of ether was added 
with stirring and the precipitated salt was filtered to afford 3.73 
g of 4. The filtrate was concentrated to a solid residue, tri
turated with benzene-ether, and filtered to give an additional 1.04 
g which was combined with the first crop to give a total of 
4.77 g of 4 (98%): mp 125-127°; Xmal 300 mM (e 8590), 275 
(19,400); nmr (DMSO-d6), 5 1.79 [s, CH3C (= 0 )- ] ,  3.75 (s, 
MeO-), 5.98 (t, vinylic proton).

Anal. Calcd for Ci6H220 3N2S: C, 59.60; H, 6.88; N, 8.69; 
S, 9.95. Found: 0 ,59.47; H, 6.95; N, 8.59; S, 9.73.

6-Methoxy-l,2,3,4-tetrahydronaphthylidineethyltriphenyl- 
phosphonium Acetate (4a).—A solution of l-vinyl-6-methoxy-l- 
tetralol (1, 1.02 g, 5 mmol) and triphenylphosphine (1.31 g, 5 
mmol) in 10 ml of acetic acid was magnetically stirred at 25° for 
3 hr. The reaction mixture was concentrated in vacuo to a yellow 
oil which was triturated with ether. The residual oil crystallized 
from acetone-ether to afford 4a: first crop, 1.11 g; mp 101-106°; 
Xmax 303 mM (« 10,900), 275 (17,100), 270 (16,450), 225 (34,600), 
X ^ r '0™ 2.8 (w), 3.1-3.3 (bonded), 5.9, 6.22, 6.38, 6.70, 6.98, 
7.25, 7.60, 7.85, 8.10, 8.60, 8.98, 9.60, 10.0, 14.45 This 
material was difficult to obtain in a solvent-free form suitable for 
elemental analysis, but could be converted into the correspond
ing bromide by salt exchange in acetone with an equivalent of 
lithium bromide at room temperature. The bromide so obtained 
was identical with an authentic sample (see below).

6-Methoxy-l ,2,3,4-tetrahydronaphthylideneethyltriphenyl- 
phosphonium Bromide (4b).-—To a stirred solution of triphenyl 
phosphine hydrobromide (1.37 g, 4 mmol; prepared from tri
phenylphosphine and hydrogen bromide in ethyl acetate at 25°) 
in 15 ml of methylene chloride under nitrogen, was added a solu
tion of vinylcarbinol 1 (1.02 g, 5 mmol) in 10 ml of methylene 
chloride at 0-10°. The reaction mixture was then stirred at 25° 
for 16 hr. The solvent was removed under reduced pressure and 
the crystalline residue was filtered from acetone to afford 1.514 g 
of 4b: mp 189-192°; 2.80 (w), 3.05 (m), 6.21 (s),
6.37 (w), 6.69 (s), 6.83 (w), 6.96, 8.98, 9.60, 9.99, 10.70, 14.45
p. An analytical sample was prepared by recrystallization from 
acetone-ether: mp 190-192° (needles); x“ '°H 301 m/x (e 13,400), 
276 (22,000), 268 (22,200), 250 (24,600), 226 (105,700); nmr, 
S 1.50 (2 H, multiplet), 3.78 (3 H, singlet), 4.68, 4.92, (2 H, two 
doublets), 5.75 (1 H, multiplet).

Anal. Calcd for C31H30OPBr: C,70.32; H.5.71; P, 5.71 Br,
15.04. Found: C, 70.13; H, 5.59; P, 5.86; Br, 15.32.

6-Methoxy-l,2,3,4-tetrahydronaphthylidineethyl Thioacetate 
(4c).-—A solution of l-vinyl-6-methoxy-l-tetralol (1, 408.5 mg, 
2 mmol), thioacetic acid (152.2 mg, 2 mmol), 1.5 ml of dry xy
lene, and 0.7 ml of ¿-butyl alcohol was refluxed for 3 hr. The sol
vents were removed in vacuo and the residue was extracted into 
ether. The latter was washed with water, 5% NaHC03, and 
aqueous NaCl, dried over MgSCh, and concentrated in vacuo to 
an oil which was purified chromatographically (10 g of silica gel, 
15-ml fractions). The benzene eluates gave 400 mg of single
spot 4c as an oil: XmaI 269 mM (e 19,750), x i« r°,om 5.95, 6.21,
6.28, 6.7 fi.

(23) T h is  m a te r ia l  w as pu rif ied  b y  s h o r t-p a th  d is ti lla tio n : b p  111° (0.02 
m m ); X^aex0H 283 m M (« 2060), 276 (2210), 227 (8,950), 223 (8760) (A n a l. 
C alcd  fo r CwHieCh: C , 76 .44; H , 7 .90. F o u n d : C , 76 .30; H , 7 .93). Cf. 
R . S e ltze r a n d  W . J .  C onsid ine , Chem . I n d .  (L o n d o n ), 1729 (1965).

(24) U n d e r  h o t  co n d itio n s  (refluxing  x y le n e -a c e tic  ac id  2 :1 )  no iso th i-  
u ro n iu m  s a l t  w as  o b ta in e d . T h e  p ro d u c t w as th e  s p ira n  iii: m p  2 5 3 -2 5 5 °; 
Xmax 284 mju ( i  1700), 275 (2200), 244 (18 ,500); X ^ '01 3.21, 6 .20, 6 .40, 6.45, 
6 .57, 6 .69, 6.86, 7 .30, 7.50, 7.95, 8.30, 8.85, 9 .65  a  (A n a l. C a lcd  fo r C h H is- 
O N 2S: C , 64 .08; H , 6 .91; N , 10.68; S, 12.22. F o u n d : C , 63 .81; H , 6 .69; 
N , 10.91; S, 11.60).

iii

Anal. Calcd for CisHigChS: C, 68.67; H, 6.91; S, 12.22. 
Found: C, 68.70; H, 6.89; S, 11.29.

In the same manner 408.5 mg of vinylcarbinol in 3 cc of acetic 
acid reacted with 130 mg of sodium azide at 25° for 3 hr. 
After the usual work-up 6-methoxy-l,2,3,4-tetrahydronaphthyl- 
idineethyl azide (4d) was obtained as an oil: Xia1”°,orm 4.78,
5.99, 6.20, 6.38, 6.68, 6.81, 7.00 ¡a-

The 180  Series. 6-Methoxytetralone-lsO.—Oxygen-18-labeled 
water (0.3 ml, 20% H2180 ) was added to a stirred solution of 6- 
methoxytetralone (528 mg, 3 mmol) in 3 ml of anhydrous meth
anol. One drop of concentrated HC1 was added and the reaction 
mixture was heated at 80° for 20 min. The solvent was removed 
in vacuo and the residue was triturated with dry benzene to pro
vide crystalline-labeled 6-methoxytetralone, mp 7T-76°. Re
crystallization from ether gave 456 mg, mp 76-78°. Mass spec
trometry indicated 19 atom % 180  content.

l-Vinyl-6-methoxytetralol-180  (1) was obtained by reaction of 
the above 6-methoxytetralone-180  (740 mg, 4.2 mmol) with vinyl- 
magnesium bromide in tetrahydrofuran under the standard condi
tions.7’25 The product (1.20 g of pale yellow oil) was purified by 
shorbpath distillation, bp 111° (0.02 mm). Direct mass spectral 
I80  determination could not be performed because of elimination 
of the tertiary hydroxyl group as water. However, analysis by 
H20  C 02 equilibration of the eliminated water showed 1 to
contain 17-18% 180 .

3-Methoxy-8( 14 )-seco-1,3,5(10),9(11 )-estratetraene-14,17-di- 
one (3). A.—A mixture of the above vinylcarbinol-18!) (198 
mg, 0.97 mmol), 2-methylcyclopentane-l,3-dione (2, 109 mg, 
0.97 mmol), dry xylene (0.9 ml), and ¿-butyl alcohol (0.9 ml) was 
refluxed under nitrogen for 3 hr. Solvents were removed at re
duced pressure and the residue was triturated with benzene. 
Ether was added and the crystals were filtered to give 51 mg of 
recovered 2. The filtrate was washed with water, 5% NaHCOa, 
and saturated aqueous NaCl, dried over MgS04, and concen
trated in vacuo to afford 110 mg of 3, mp 75-77°. Direct mass 
spectrometry showed the product to contain 1.6 mol % lsO. 
As shown in the control experiment (B) this small percentage of 
180  is attributable to exchange with the 180  liberated during the 
condensation and present in the reaction medium.

B.—To a stirred mixture of normal dione 3 (448 mg, 1.5 mmol), 
2-methylcyclopentane-l,3-dione (2, 506 mg, 4.5 mmol) in 2.6 
ml of dry xylene, and 2.5 ml of ¿-butyl alcohol was added 0.027 
ml (1.5 mmol, 20% H20 18) of H20 18. The system was refluxed 
for 3 hr under nitrogen, concentrated in vacuo, and triturated 
with benzene. Ether was added and the recovered crystalline 
dione 2 was removed by filtration. The filtrate was washed 
with water, 5% NaHC03, and saturated aqueous NaCl, dried 
over MgSOi, and concentrated in vacuo to 326 mg of 3, mp 76- 
78°, which mass spectrometry indicated to have 2 mol % of lsO.

Attempted Condensation of 1 and 2 in the Presence of 1 M  
Equiv of Base.—A stirred mixture of vinylcarbinol 1 (530 mg,
2.6 mmol), 2-methylcyclopentane-l,3-dione (2, 290 mg, 2.6 
mmol), and 1.60 ml of 1.7 M  methanolic Triton B in 3 ml of 
xylene and 0.8 ml of ¿-butyl alcohol was refluxed under nitrogen 
for 2 hr. The mixture was cooled, treated with ethyl acetate 
and water, extracted with excess 5% K H C03 and saturated 
aqueous NaCl, dried over MgSCh, and concentrated to dryness. 
The neutral oily residue (520 mg) possessed no carbonyl absorp
tion in its infrared spectrum (CHC13) which was identical with 
that of vinylcarbinol 1. From the aqueous extract, 2 could be 
recovered on acidification and concentration.

Direct Condensation of 1 and 2 without External Catalyst.—A 
stirred mixture of l-vinyl-6-methoxytetralol ( l,26 700 mg, 3.7 
mmcl) and 2-methylcyclopentane-l,3-dione (2, 420 mg, 3.7 
mmol) in 4 ml of xylene and 2 ml of ¿-butyl alcohol was refluxed 
under nitrogen for 90 min. The mixture was cooled, ether was 
added, and precipitated, unreacted dione 2 was removed by fil
tration (115 mg). The filtrate was washed with water, 5% 
K H C03, and saturated aqueous NaCl, dried over MgS04, and 
concentrated to dryness. Crystallization of the residue from 
methanol gave 575 mg of 3, mp 76-78°, in two crops (70% 
based on 2 consumed) with additional material in the mother 
liquor.

(±)-3-Methoxy-l,3,5(10),8,14-estrapentaene-17-one (7).
One-Step Process from 1 and 2.—To a stirred solution of 7.00 g of

(25) I . N . N aza ro v , I .  V. T o rg o v , a n d  G . N . V e rk h o le to v a , D okl. A ka d .
N a u k  S S S R ,  112, 1067 (1957). V in y lc a rb in o l 1 is n o rm a lly  ca. 8 5 -9 0 %  p u re  
as  p re p a re d  b y  G rig n a rd  re a c tio n  of 6 -m e th o x y te tra lo n e  a n d  v in y l m ag 
n esiu m  b ro m id e .
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vinylcarbinol 1 (ca. 90% pure, 30 mmol) in 40 ml of xylene was 
added 3.90 g'(35 mmol) of 2-methylcyclopentane-l,3-dione (2) 
and 20 ml of acetic acid. The mixture was refluxed under nitro
gen for 2 hr and concentrated to a small volume, ether-benzene 
1:1 was added, and the precipitated unreacted 2 was recovered by 
filtration and washed with ether (1.11 g). The combined filtrate 
and washes were extracted with 5% K H C03 and saturated salt 
solution, dried over MgS04, and concentrated to dryness. Tri
turation with ether gave 3.73 g of single-spot (tic with CHC13) 
7, mp 106-108°. Concentration of the mother liquor to dryness 
and crystallization of the residue from methanol gave an additional 
1.32 g of single-spot 7: mp 106-108°; total yield 5.05 g (60% 
based on 1, 70% based on 2 consumed); Amax 332 mp infl (e 
24,600), 311 (29,000), 239 infl (11,000), 233 (13,600), 228 
(13,300); identical with an authentic sample.7

dl Series. 3-Methoxy-8(14)-seco-l,3,5-(10),9(ll)-estratetra- 
ene-14,l7-dione (3). By the Isothiuronium Salt Method A.— 
To a stirred mixture of the isothiuronium acetate 4 (645 mg, 2.0 
mmol) and 2-methylcyclopentane-l,3-dione (2, 449 mg, 4.0 
mmol) was added 14 ml (1:1) of aqueous ethanol. A clear solu
tion was observed within 5 min followed by precipitation of prod
uct after an additional 5 min. The reaction mixture was stirred 
at room temperature for 3 hr, chilled, and filtered to give 476 
mg of dione 3, mp 76-78°. The ethanol was removed from the 
filtrate under reduced pressure and the aqueous phase was satu
rated with NaCl and extracted with ethyl acetate. The latter 
extract was washed with 5% NaH C03 and saturated aqueous 
NaCl, dried over MgS04, and concentrated in vacuo to give 140 
mg of partly crystalline residue which was purified by tic (silica 
gel, chloroform) to provide an additional 59 mg of 3, mp 76-78° 
(total yield 90%).

B.—A mixture of 1.63 g (5 mmol) of isothiuronium salt 4, 700 
mg (6.3 mmol) of 2-methylcyclopentane-l,3-dione (2), 30 ml of 
water, 15 ml of benzene, and 15 ml of ether was stirred at 20- 
25°.26 Essentially all of the material dissolved after 30 min. 
After a total time of 1.5 hr, 50 ml of water and 25 ml of 1:1 ether- 
benzene were added, and the layers were separated. The aque
ous layer was extracted twice with 1:1 ether-benzene. The com
bined organic layers were washed with excess 5% K H C03 and 
saturated aqueous NaCl and dried over MgS04. Concentration 
to dryness on the water pump gave a yellow oil, 1.44 g, which 
solidified on cooling and scratching. Crystallization from metha
nol gave 1.05 g of dione 3: mp 77-79°; Amax 295 m/x (e 5640), 267
(17,500); tic (silica gel 5% acetone-chloroform) showed the 
mother liquor to be rich in product.

(±)-3-Methoxy-8(14)-seco-l,3,5(10),9(ll)-estratetraene-l7a- 
ol-14-one (8).—A solution of 4.20 g of lithium tri-i-butoxyalumi- 
num hydride in 150 ml of freshly distilled tetrahydrofuran was 
added to a magnetically stirred solution of 4.48 g of 3-methoxy-8-
(14)-seco-l,3,5(10),9(ll)-estratetraene-14,17-dione (3), in 120 
ml of tetrahydrofuran at 0° under nitrogen during ^ 4 5  min. 
The reaction mixture was stirred at 20-25° for 16 hr. Saturated 
aqueous Na^Ch (210 ml) was then added dropwise at 0°. In
organic salts were removed by filtration and washed thoroughly 
with benzene and ether. The combined organic phase was 
washed with saturated aqueous NaCl, dried over MgS04, and 
concentrated in vacuo to 4.52 g of (± )  8: Amax 295 m̂ x (e 3970), 
265 (18,200), 210 (19,400). The composition of this product as 
~85-90%  of the 17a epimer was determined by cyclization of 
its acetate derivative (see below) to tetracyclic pentaene fol
lowed by chromatographic isolation of the desired 17a isomer 9a. 
Purification of the reduction product via its hemisuecinate de
rivative followed by hydrolysis (see below under Optically Ac
tive Series) afforded crystalline ( ± )  8: mp 74r-76°; Xjal“rofo™ 
2.82, 2.95 (sh), 5.75, 6.21, 6.36, 6.69, 6.82 M.

Anal. Calcd for Ci9H240 3: C, 75.97; H, 8.05. Found: C, 
75.83; H, 7.95.

In subsequent reductions ( ± )  8 could be obtained crystalline 
directly by seeding.

The (±)-ketol 8 afforded a semicarbazone crystallized from 
EtOAc-CHCl3: mp 196-199°; x“.e°H 295 m/x (e 3520), 266 
(20,420), 214 (28,800); X*"f 2.95, 3.15, 5.95, 6.22, 6.40, 6.60, 
6.70, 6.88 xx.

Anal. Calcd for GadKOaN;,: C, 67.20; H, 7.61; N, 11.76. 
Found: C, 67.58; H, 7.60; N, 11.67.

(±)-3-Methoxy-l,3,5(10),8,14-estrapentaene 17a-Acetate (9a). 
—Total crude lithium tri-i-butoxyaluminum hydride reduction

(26) C o m p a ra b le  re su lts  w ere  o b ta in e d  on reflux ing  th e  r e a c ta n t  in  i-b u ty l
a lco h o l fo r  3 h r.

product 8 (4.52 g) was acetylated with acetic anhydride (2 ml) 
in 8 ml of dry pyridine at 25° for 16 hr. The reaction mixture 
was concentrated in vacuo to a brown oil, 9a, which was cyclized 
without further purification with anhydrous p-toluenesulfonic 
acid (17.3 g) in 300 ml of dry benzene at 25° for 16 hr. After 
filtration of the formed p-toluenesulfonic acid monohydrate, the 
organic phase was washed with 5% Na2C 03, dried over MgS04, 
and concentrated in vacuo to 4.85 g of product which was chro
matographed on 500 g of silica gel, and the eluates were collected 
in 500-ml fractions. The initial compound eluted was 3-me- 
thoxy-l,3,5(10),8,14-estrapentaene l7(3-acetate:27 227 mg; mp 
110-112° (from acetone-methanol); nmr (CDC13), S 1.00 (s, 
CH3-C -), 2.13 [s, CH3-C (= 0 ) - ] ,  5.07 (t, /  = 8 cps, 17a-H),
5.51 (m, vinyl H). This was followed by the 17a-acetate 9a:
2.17 g; mp 95-98° (analytical sample needles were recrystallized 
from acetone-methanol, mp 97-99°) 320 m p  (e 23,600),
311 (30,800), 302 (25,800), 240 (10,520), 239 (13,580), 228 
(13,600), 220 (13,500); X ^T '"" 5.80, 6.22, 6.40, 6.70, 6.85, 
7.00, 7.95, 8.00 /x; nmr (CDC13), S 1.04 (s, CH3-C -), 2.05 (s, 
CH3C = 0 ), 3.83 (s, CH30), 5.17 (d, /  = 5 cps, 17/3-H), 5.60 
(m, vinyl H).

Anal. Calcd for C2iH240 3: C, 77.75; H, 7.46. Found: C, 
77.66; H, 7.51.

(±)-3-Methoxy-l,3,5(10),8-estratetraene I7a-Acetate (10a).—
The (±)-pentaene acetate 9a (324 mg, 1 mmol) in 10 ml of dry 
benzene was hydrogenated over 10% palladium on charcoal at 
atmospheric pressure. Uptake of 1 mol of hydrogen was realized 
within 10 min. The reduction was terminated and the catalyst 
was removed by filtration. The filtrate was concentrated in 
vacuo to an oil which crystallized upon addition of ether. The 
crystals were filtered to give a first crop of 207 mg, mp 103-110° 
[ca. 70:30 mixture of 10a and its 14(3 epimer by comparison of the 
respective nmr 18-methyl singlets at S 0.76 and 1.00). Pure 10a 
(rosettes) was obtained by preparative tic: mp 112-115°; Xmax 
320 him (e 1140), 308 (2980), 278 (16,000), 213 (18,600);

5 g2) 6-22> 6 40; 67o, 8.05, 8.20 p .

Anal. Calcd for C21H260 3: C, 77.27; H, 8.03. Found: C, 
77.14; H, 8.06.

(±)-l7-Isoestradiol 3-Methyl Ether (12).—To a stirred solu
tion of 200 mg of (±)-3-methoxy-l,3,5(10),8-estratetraene 17a- 
acetate (10a) in 14 ml of drytetrahy drofuran and 25 ml of NHs 
was added 56 mg of lithium at —50°. At the end of 2 hr, the 
deep blue color of the reaction mixture was discharged by addi
tion of solid NH4C1. Following evaporation of the ammonia, 
water (80 ml) was added and the mixture was extracted with 
ether. The ether extract was washed with water and saturated 
aqueous Na2S04, dried over MgS04, and concentrated in vacuo 
to an oil. Partial crystallization took place upon addition of 
ether to give 42 mg of 1,3,5(10),8-estratetraene-3,17a-diol: mp 
233-235°; x“,'“H 276 mM (e 14,900), 212 (19,000); A™01 3.00, 
3.30, 6.23, 6.70, 6.90, 7.30, 9.60 p .

Anal. Calcd for Ci8H220 2: C, 79.96; H, 8.20. Found: C, 
79.34; H, 8.34.

Preparative thin layer chromatography (5% ether in CHC13) 
of the mother liquor gave 64 mg of pure 12 (needles): mp 92- 
95°; Amax 287 m,x (« 1760), 279 (1840), 219 (7700); X™0’3 2.85, 
3.40, 3.50, 3.55, 6.20, 6.36, 6.69, 6.84, 6.90 p..

Anal. Calcd for Ci9H260 2: C, 79.68; H, 9.15. Found: C, 
79.88; H, 9.32.

(±)-Estrone Methyl Ether (14).—To a stirred solution of 
(±)-17-isoestradiol 3-methyl ether (12, 30 mg) in acetone (3 
ml) was added 0.08 ml of Jones’ reagent.28 The reaction mix
ture was stirred at 25° for 5 min and excess reagent was de
stroyed by addition of 1.5 ml of MeOH and dilution with 15 ml 
of water to give a colorless crystalline precipitate which was fil
tered and air dried to yield 20.4 mg of 14: mp 139-141°; A™*013
5.75, 6.18, 6.22, 6.65, 6.81, 6.86 ¿lx;  tic (5% ether in CHC13), 
Rt 0.65; identical with an authentic sample (mixture melting 
point, ir spectroscopy, tic).

Optically Active Series. (±)-3-Methoxy-8(14)-seco-l,3,5-
(10),9(ll)-estratetraene-l7a-ol-14-one 17-Hemisuccinate (8a).— 
(±)-3-Methoxy-8(14)-seco-l,3,5(10),9(ll)-estratetraene-17a-nl-
14-one (8, 300 mg, 1 mmol, mp 74-76°) and succinic anhy
dride (450 mg, 2.5 mmol) in dry pyridine (8 ml) was stirred and

(27) K . K . K oshoev , S. N . A n an ch en k o , A . V. P la to n o v a , a n d  I .  V. T o rg o v  
\Ivv. A k a d . N a u k  S S S R ,  S er . K h im .,  2058 (1963)] r e p o r t  m p  110 -111°.

(28) K . B ow den , I .  M . H eilb ro n , E . R . H . Jo n es , a n d  B . C . L . W eedon , 
J ,  Chem . S o c 39 (1946); C . D je ra ss i, R .  R . E n g le , a n d  A . B ow ers, J .  Org. 
Chem ., 21, 1547 (1956).
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heated under nitrogen at 100° for 52 h r.29 The dark reaction 
mixture was concentrated in vacuo to a residue. Ether and water 
were added and the reaction mixture was made acidic with 2 N  
sulfuric acid. Precipitated excess succinic anhydride was re
moved by filtration. The ether extract was washed with water 
and 5% K2C 03, dried over MgS04, and concentrated to a neu
tral residue (11 mg). The acidic product was isolated from the 
carbonate extract by acidification with 2 N  H2SO4 and extrac
tion with ether. The ether extract was washed with water, dried 
over MgS04, and concentrated in vacuo to afford 398 mg of crys
talline succinate 8a, mp 101-104°. The analytical sample was 
prepared by recrystallization from ether-petroleum ether: mp 
102-104°; X,»« 293 mM (« 3940), 265 (20,000), 213 (20,200); 
x.Mo,ofo™ 2.9-3.3, 5.75, 5.80 (sh), 6.21, 6.36, 6.69, 8.15, 
8.65, 9.41, 9.60 M; nmr (CDC13), 8 1.07 (s, 3 H, CH3-C -).

Anal. Calcd for C2sH2806'. C, 68.98; H, 7.05. Found: C, 
69.21; H, 7.15.

Saponification of the crystalline ( ± )  hemisuccinate 8a (801 
mg, 2 mmol) was effected by treatment with cold aqueous KOH 
(1.36 g in 40 ml of water) under nitrogen at 25°. (Neutral prod
uct precipitated in part.) After stirring for 15 min, the re
action mixture was briefly warmed on the steam cone for 15 min 
and cooled to room temperature and the residue was dissolved in 
methylene chloride. The latter solution was washed with water 
and saturated aqueous NaCl, dried over MgS04, and concentrated 
in vacuo to afford 612 mg of colorless oil which completely crystal
lized from ether-petroleum ether, mp 70-72°. Recrystalliza
tion from ether-petroleum ether gave a first crop of 517 mg of 
the racemic ketol 8, mp 74r-76°. (See above for earlier descrip
tion of this substance.)

(— )-3-Methoxy-8( 14)-seco-l ,3,5(10),9(11 )-estratetraene-l7a- 
ol-14-one 17-Hemisuccinate (8a).—( ± )  hemisuccinate 8a (41.48 
g, 104 mmol), quinine trihydrate (39.17 g, 104 mmol), and ace
tone (1 1.) were warmed briefly on the steam bath to achieve 
homogeneity. The reaction mixture was cooled slowly with 
stirring. The resulting precipitate was aged before filtration to 
provide 40.65 g of the ( +  )-quinine salt 8b: mp 160-162°; [a]Z9D 
-39 .2°  (MeOH); X“ 0™ 3.0-3.4 (broad), 5.75, 6.16, 6.21, 
6.25, 6.35, 6.62, 6.68 11. The filtrate was concentrated to a 
foam {39.00 g, [<*]d —121° (MeOH)), dissolved in benzene-ethyl 
acetate (1:1), and washed four times with 10% H2SO4, water, 
and saturated aqueous NaCl. The organic layer was dried 
over MgS04 and concentrated in vacuo to afford 21.8 g of crude 
noncrystalline hemisuccinate ( —) 8a: X^"0,0'nl 2.8-3.3, 5.75,
5.80 (sh), 6.21, 6.38 m- The ir spectrum was similar to that of 
( ± )  8a.

( —)- and (+)-3-Methoxy-8(14)-seco-l,3,5(10),9(ll)-estra- 
tetraene-l7«-ol-14-one (8).—Cold aqueous base (37.2 g of KOH 
in 1 1. of water) was added to 21.80 g of the crude ( —) hemisucci
nate 8a with swirling under nitrogen. The cloudy reaction mix
ture was heated on the steam bath for 15 min with occasional 
swirling resulting in precipitation of neutral 8. The mixture 
was chilled before filtration. The precipitate was washed with 
water and air dried to give 14.72 g of crude ( —)-ketol 8 (91%), 
mp 94+18°. The filtrate was saturated with NaCl and extracted 
with methylene chloride and the extract was washed with water 
and saturated aqueous NaCl, dried over MgSCh, and concen
trated in vacuo to give an additional 120 mg of product. The 
total ketol was recrystallized from acetone-ether-petroleum ether 
to provide 13.12 g of prismatic needles, mp 98-100°. An analyti
cal sample was prepared by recrystallization from ether-pe
troleum ether: mp 100-102°; [a]D —45° (dioxane).

Anal. Calcd for Ci9H240 3: C, 75.97; H, 8.05. Found: C, 
76.11; H, 7.75.

The ( + )  hemisuccinate (319 mg) was saponified in a similar 
manner to afford 218 mg of (+ )  8 (92%): mp 100-102°; [«]d 
+ 45° (dioxane).

Oxidative Reconversion of ( +  ) 8 into 3.—( +  )-3-Methoxy-8- 
(14) seco-l,3,5(10),9(ll)-estratetraene-17a-ol-14-one (8, 300 mg, 
1 mmol) was dissolved in anhydrous dimethyl sulfoxide (1.5 ml) 
and benzene (1.5 ml) containing pyridine (0.08 ml), and trifluoro- 
acetic acid (0.04 ml) was added. After addition of 0.62 g of 
dicyclohexylcarbodiimide, the reaction mixture was kept at 25°

(29) I n  ea rlie r  ru n s  in  w h ich  e s te rif ic a tio n  w as effec ted  a t  100° fo r 18 hr,
80%  y ie ld s  of th e  h e m isu cc in a te  re su lte d , w hereas , w hen  th e  c ru d e  ke to l 8 
w as em p loyed  u n d e r  th e  sam e  co n d itio n s , a  y ie ld  of 6 5 %  w as rea lized . 
T h e re fo re , in  th e  p re p a ra tio n  of th is  h em isu cc in a te  em p loy ing  to ta l  red u c 
tio n  p ro d u c t , a n  o v er-a ll y ie ld  of 8 0 %  of 1 7 a -su c c in a te  can  b e  expected .

for 16 hr.30 Ether (25 ml) was added, followed by a solution 
of oxalic acid (270 mg, 3 mmol) in methanol (2.5 ml). After gas 
evolution had ceased (~ 30  min), water (25 ml) was added and 
the insoluble dicyclohexylurea was removed by filtration. The 
organic phase was then extracted twice with 5% NaH C03 and 
water, dried over Na2S04, and evaporated to dryness to provide 
300 mg of crude crystalline 3 which was filtered from ether- 
petroleum ether to give 291 mg in three crops: mp 75-77°; 
tic (CHCla), R, 0.5.

3-Methoxy-l,3,5(10),8,14-estrapentaene I7a-Hemisuccinate
(9).— ( +  )-3-Methoxy-8(14)-seco-1,3,5(10), 9(11 )-estratetraene- 
17a-ol-l+one 17-hemisuccinate (8a, 2.0 g, 5 mmol) in 50 ml of 
dry benzene was added to a stirred slurry of anhydrous p-toluene- 
sulfonic acid (from 5.71 g of the monohydrate in 40 ml of dry ben
zene taken to dryness) in 40 ml of dry benzene under nitrogen 
and the reaction mixture was stirred at 25° for 16 hr. The p- 
toluenesulfonic acid hydrate which precipitated was filtered and 
the filtrate was washed with water and saturated aqueous NaCl, 
dried over MgSCh, and concentrated in vacuo to 1.93 g of crystal
line solid. The product was triturated with ether-petroleum 
ether and filtered to give 1.74 g of tetracyclic acid 9: mp 133- 
135°; [« ]d  0° (CHCla); Xma* 324 m/a (e 24,100), 311 (31,700), 
302 infl (26,300), 242 (10,580), 235 (13,730), 228 (13,500), 
223 (12,510); X ^ r '“" 2.9-3.3, 5.8, 6.21, 6.39 n; nmr, Sc h
1.0 (s, 3 H, >  C-CH3), 3.81 (s, 3 H, —O-CH3), 5.17 (broad dou
blet, 1 H, -C H -O -), 5.57 (m, 1 H, vinylic), 10.3 (1 H, -CO-OH).

Anal. Calcd for C23H26O5: C, 72.23; H, 6.85. Found: C 
72.33; H, 6.82.

(— )-3-Methoxy-l,3,5(10),8,14-estrapentaene 17a-Acetate
(9a).—Acetylation of ( - )  8 (1.00 g) and cyclization as described 
above for ( ± )  8 gave (—) 17a-acetate 9a (860 mg): mp 125- 
127°; [a]d -182° (CHCh).

Anal. Calcd for C21H24O3: C, 77.75; H, 7.46. Found: C, 
77.33; H, 7.40.

( —)-3-Methoxy-l,3,5(10),8,14-estrapentaene-l7a-ol (9b). A.
•—The pentaene acetate 9a (1.30 g, 3 mmol) in dry tetrahydro- 
furan (52 ml) was added dropwise to a stirred slurry of lithium 
aluminum hydride (656 mg) in ether (104 ml) at 25°, and the re
action mixture was stirred a t room temperature for 3 hr. With 
caution, ethyl acetate (24 ml) was added followed by 40 ml of 
saturated aqueous Na2S04. Sufficient solid MgSCh was added 
to remove all the water. Inorganics were removed by filtration 
and the filtrate was concentrated in vacuo to 1.22 g of solid 9b- 
mp 89-94°; _x“ "2.85, 3.0, 6.21, 6.26 (sh), 6.40, 6.70, 6.85,
7.00 /i. This compound became purple on standing. Because 
of its instability, further purification was not attempted and it 
was immediately hydrogenated.

B.—Under nitrogen, methanolic KOH (1.70 ml, 0.85 N) was 
added to a stirred solution of the hemisuccinate 9 (382 mg, 1 
mmol) in 3 ml of methanol. The clear reaction mixture was 
stirred at 25° for 3 hr. Water was then added and methanol was 
removed in vacuo. The final aqueous solution was saturated with 
NaCl and extracted with ethyl acetate. The latter was washed 
with saturated aqueous NaCl, dried over MgS04, and concen
trated in vacuo to 238 mg of crude 17a-ol 9b; because of its in
stability 9b was immediately hydrogenated without further 
purification.

( —)-3-Methoxy-l,3,5(10),8-estratetraene-l7a-ol (10b).—( — )-
S-Methoxy-1,3,5(10),8,14-estrapentaene-17a-ol (9b, 850 mg, 3 
mmol) in 16 ml of dry dioxane was added to Raney nickel cata
lyst (850 mg) in 20 ml of dry dioxane pre-equilibrated with hy
drogen, and the reaction mixture was hydrogenated at 1  atm of 
pressure in a wrist-action shaker. Three millimoles of hydrogen 
were absorbed within 5 hr. The catalyst was removed by fil
tration, and the filtrate was concentrated in vacuo to a crystal
line residue: 859 mg; mp 107-117°; nmr, 5 0.68 (s), 0.93 (s); 
ratio 92:8 of 10b and its 14 p epimer. Vpc of the trimethylsilyl 
ether (t, 210°; 5% F 60  silicone oil on Gas-Chrom P) confirmed 
the nmr result. Recrystallization from ether-petroleum ether 
gave 738.7 mg of 10b in two crops, mp 116-119°. The analytical 
sample was recrystallized from ether-petroleum ether: mp 118— 
120°; [« ] d  -3 6 °  (CHCla); X“a'xOH 278 mM (e 14,000), 214 (16,- 
400).

Anal. Calcd for Ci9H240 2: C, 80.24; H, 8.51. Found: C, 
80.20; H, 8.43.

( —)-3-Methoxy-l,3,5(10),8-estratetraene 17«-Acetate (10a).— 
( —)-3-Methoxy-l,3,5(10),8-estrapentaen-17a-ol (10b, 950 mg)

(30) P ro c e d u re  o f K . E . P f itz n e r  a n d  J . G . M o ffa tt , J .  A m er. Chem. Soc.,
87, 5661, 5670 (1965).
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was acetylated with acetic anhydride (1.5 ml) in dry pyridine 
(6 ml) at 25° for 16 hr. The reaction mixture was concentrated 
in vacuo to a crystalline residue. Recrystallization from ether- 
petroleum ether gave a first crop of 875 mg of 17a-acetate 10a: 
mp 116-118°; X“ °™ 5-80, 6.20, 6.36, 6.68, 6.82, 7.00 M-

(+)-l7-Isoestradiol 3-Methyl Ether (12) and ( —)-l7-Iso-9(3- 
estradiol 3-Methyl Ether (13). A.—To a stirred solution of
326.4 mg of 3-methoxy-l,3,5(10),8-estratetraene 17a-acetate 
(10a) in 23 ml of dry tetrahydrofuran and 40 ml of ammonia was 
added 91.5 mg of lithium ribbon at —50°. At the end of 2 hr, 
the deep blue color of the reaction mixture was discharged with 
solid ammonium chloride and the ammonia was evaporated yield
ing a solid residue. Water (~130 ml) was added and the or
ganic mixture was extracted into ether. The latter extract was 
washed with water and saturated aqueous NaiSCh, dried over 
MgSCh, and concentrated in vacua to give a solid residue, mp
101-104°, which was separated by preparative tic (silica gel, 5% 
ethyl acetate-chloroform) into two isomers, (+ )-  17-isoestra
diol 3-methyl ether (12)20 as needles ¡171.3 mg; mp 103-106°; 
[<*]d  +55° (MeOH); Xma* 288 mM (e 1770), 279 (1840), 218 
(7730); X ^ r '“™ 2.83, 2.98, 6.21, 6.35, 6.69 and the corre
sponding 9(3 epimer 13 ¡52 mg; mp 84+15, 98-116°; [«]d —75.4 
(MeOH); XmaI 288 /x (<= 1520), 279 (1675), 223 (6980); X " ”” 
2.82, 3.00, 6.2, 6.35, 6.69 /*}.

B.—A solution of ( —)-3-methoxy-l,3,5(10),8-estratetraene 
17a-ol (10b, 284.4 mg, 1 mmol) in 16 ml of tetrahydrofuran and 
9 ml of ether was added at a temperature of —40 to —50° to 
~ 18  ml of liquid ammonia which had been dried by passing 
through a soda lime tube. At —50 to —60°, 312 mg of potas
sium, in small pieces was added to the resulting solution and the 
mixture was allowed to stand for 1.5 hr at the same tempera
ture. Solid ammonium chloride (882 mg) was carefully added. 
After evaporation of the ammonia, the residue was treated 
with water (at —5 to 0°) and was extracted with ether. The 
ethereal extract was neutralized with solid carbon dioxide, washed 
with water, and dried over sodium sulfate. After removal of the 
solvent, an oil was obtained which readily crystallized upon addi
tion of ether to give 286.9 mg of product. Vpc of the trimethyl- 
silyl derivative indicated two major peaks comprising about 90% 
of the total area with retention time 6.4 min (12) and 7.8 min
(13) in the ratio of 4:1 (column temperature 222°; 6 ft X 0.25 
in. glass column; packing, 3% F-60, 1.5% SE-30 on silonized 
Gas-Chrom P).

d-Estrone Methyl Ether (14).—To a magnetically stirred solu
tion of 17-isoestradiol 3-methyl ether (12, 60 mg) in 6 ml of ace
tone was added 0.16 ml of Jones’ reagent28 and the reaction mix
ture was stirred at 25° for 5 min. Excess chromic acid was de
stroyed with ca. 2 ml of methanol and 25 ml of water was added. 
The green chromate complex gradually dissolved followed by pre
cipitation of colorless crystals which were filtered and washed 
with water to give 55 mg of d-estrone methyl ether (14), mp 158- 
162°. A sample crystallized from methanol had mp 164r-166°; 
[« ] d  +156° (dioxane) ¡authentic sample had [a ]D  +156° (diox- 
ane)}; nmr S 0.97 (3 H) 3.78 (3 H). The infrared spectrum 
was identical with that of an authentic sample.

(+)-9|3-Estrone Methyl Ether (13a).—A solution of 3-me- 
thoxy-9/3-estradiol (13, 30 mg) in 3 ml of acetone was oxidized 
in the described manner with 0.08 ml of Jones’ reagent for 5 min 
to give 31 mg of oil which was further purified by preparative 
tic to  afford 21 mg of a colorless oil: [«]d +43° (MeOH). The

infrared spectrum of this material was identical with that of 
dl-9+estrone 3-methyl ether prepared by W. S. Johnson, et al.,n 
with X ^ r '0™ 2.9-3.0 (w), 3.39, 3.48, 5.76 (s), 6.20, 6.34, 6.68, 
6.81, 6.88, 7.11, 7.29, 7.41, 7.60, 7.70, 7.75, 7.78, 8.02, 8.43, 
8.59, 8.70, 8.85, 8.99, 9.19, 9.33, 9.45, 9.60, 9.80, 9.98, 10.18, 
10.30, 10.47, 10.73, 11.0, 11.28, 11.47, 11.63, 12.1-12.3 m; nmr 
S 0.97, 3.78.

3-Methoxy-l,3,5(10),8-estratetraen-l7-one (11). A.—3-Me- 
thoxy-l,3,5(10),8-estratetraen-17a-ol (10b, 286.4 mg, 1 mmol) 
was dissolved in anhydrous dimethyl sulfoxide (1.5 ml), benzene 
(1.5 ml) containing dry pyridine (0.08 ml), and trifluoroacetic 
acid (0.04 ml). After addition of dicyclohexylcarbodiimide (0.62 
g, 3 mmol), the reaction mixture was stirred at 25° for 16 hr. 
Ether (25 ml) was then added, followed by a solution of oxalic 
acid (270 mg, 3 mmol) in methanol (2.5 ml). After gas evolu
tion had ceased, 25 ml of water was added, solid dicyclohexyl- 
urea was filtered off, and the organic phase was washed with 5% 
NaHC03 and water, dried over anhydrous Na2S04, and concen
trated to give a crystalline residue (472.4 mg) which still con
tained a small amount of dicyclohexylurea. After filtration from 
a benzene-ether mixture (1:1) the crystalline product from the 
filtrate was recrystallized from ether-petroleum ether plus a few 
drops of methanol. The ketone 11 was obtained in two crops 
totaling 158 mg (56% of theory): mp 116-119° (needles);
[a]D +30.4° (CHC13); Xma* 320 m/i (e 700), 280 (16,420), 275 
(15,750), 213 (18,050), 208 (18,630); X " " “ 2.79, 2.8-3.0,
5.75, 6.20, 6.35, 6.68, 6.85, 7.0 M.

Anal. Calcd for CiaH220 2: C, 80.81; H, 7.85. Found: C, 
80.63; H, 7.72.

B.—To a boiling solution of aluminum isoproxide (408.5 mg, 
2 mmol) in 11.7 ml of Na-dried toluene and 2.67 ml of freshly 
distilled cyclohexanone under nitrogen was added over a 10- 
min period 286.4 mg of the tetraene alcohol 10b in 8 ml of dry 
toluene. The reaction mixture was stirred and refluxed for an 
additional 2 hr (reflux temperature 108°). Saturated aqueous 
Rochelle salt solution (2.0 ml) was added dropwise and the re
action mixture was mechanically pumped to near dryness. 
Cyclohexylidinecyclohexanone was removed by steam distilla
tion for 4 hr. The aqueous solution was extracted with ben
zene-ether (2:1) and the organic extract was washed with satu
rated aqueous NaCl, dried over MgSCh, and concentrated in 
vacua to 301 mg of a reddish oil which crystallized from ether to 
afford a first crop of 86 mg of 11, mp 116-119°. The filtrate was 
purified by tic (silica gel, 2% methanol-chloroform) to provide 
an additional 86.6 mg, mp 116-119° (totaling 172.6 mg or 
61%).

Registry No.—1, 16973-91-4; 3, 4820-46-6; 4, 5060-
00-4; 4a, 5541-17-3; 4b, 16976-23-1; 4c, 16976-24-2; 4d, 
16994-39-1; 7, 1456-50-4; (± ) 8, 16976-26-4; (± ) 8 
semicarbazone, 16976-27-5; ( —) 8, 16976-39-9; (+ ) 8, 
6563-81-1; (± ) 8a, 16976-28-6; ( - )  8a, 16976-29-7; 8b, 
16976-30-0; 9, 16976-31-1; 9a, 10003-15-3; 9b, 17004- 
84-1; 10a, 10003-16-4; 10b, 17021-76-0; 11, 6885-44-5; 
12, 16994-40-4; 13, 7021-78-2; 13a, 1923-52-7; 14, 1091- 
94-7; estrone, 53-16-7; 6-methoxytetralone-O18, 16973-
92-5.
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The synthesis of estra-1,3,5(10)-triene-3,15a, 16a, 17/3-tetrol, a new metabolite of estradiol, and of estra-1,3,5(10)- 
triene-3,15/3,16a,17/3-tetrol, a potential metabolite, are described. The nuclear magnetic resonance spectra of 
the corresponding tetraacetates which were instrumental in assigning the correct structures are discussed.

A new polar metabolite of estradiol was isolated from 
both pregnancy and neonatal urine.2-4 It constitutes 
the main product of fetal metabolism and apparently 
is not produced at all by the adult.8 Initial chemical 
characterization on the very small amounts available 
indicated the compound to be a tetrol, but the location 
of the hydroxyl groups was undetermined. I t was 
apparent that a definite structure assignment for this 
novel and interesting metabolite required the synthesis 
of possible estrogen tetrols for comparison purposes. 
A most likely candidate was estra-l,3,5,(10)-triene- 
3,15a,16a,170-tetrol (la) and the synthesis of this 
compound was undertaken. The epimeric 150-hydroxy- 
tetrol represents another potential natural substance

R'O
la, R1 = R2 =  H
b, R1 =  Ac; R2 = H
c,  R l=R 2 =  Ac

0

Ha, R‘ = R2= H
b, R1 =  Ac; R2 = H
c, R1 = R2 = Ac

Va,R =  H 
b, R = Ac

OH

Via, R = H 
b, R = Ac

OAc

and the preparation of estra-1,3,5( 10)-triene-3,150,- 
16a,170-tetrol (Ha) was also initiated. The successful 
synthesis of 15a-hydroxyestriol la  described below 
permitted its comparison5 with the unknown metabolite 
and thus their complete identity was established. The 
structure of the major fetal metabolite of estradiol 
could therefore be described as the tetrol la.

The initial route to estra-1,3,5(10)-triene-3,15a,- 
16a,170-tetrol (la) involved cis hydroxylation of the 
double bond in the known a,0-unsaturated ketone III.6 
The advantage of this particular starting material 
resided in the possibility of preparing the two C-17 
epimeric tetrols upon reduction of the 17-ketone 
intermediate. Because of the instability of the highly 
strained cyclopentenone structure7 with the attendant 
possibilities of double-bond migration prior to hydrox
ylation the dioxolane derivative IV was chosen as 
the substrate for the 0s04 oxidation. Oxidation of 
IV gave the 17,17-ethylenedioxyestra-l,3,5(10)-triene- 
3,15a,16a-triol 3-acetate (Va) as the major product, 
isolated as the triacetate Vb. The orientation of the 
D-ring hydroxyl groups was confirmed as a on the basis 
of nmr evidence presented later. Attempts to remove 
the dioxolane group of Vb with toluenesulfonic acid in 
acetone at room temperature failed completely. When 
aqueous sulfuric acid in warm dioxane was used, 
hydrolysis of the acetate groups took place and the 
resultant rearrangements gave a mixture containing a 
multitude of products. The stability of Vb is in 
contrast to the dioxolane derivatives of both the a,0- 
unsaturated and saturated 17 ketones which react 
readily under mild conditions. The apparent cause is 
the presence of substituent at C-16 since the 16a- 
bromo-17-diethylene ketal derivative6 is similarly inert 
to mild deketalizing conditions. Whether this effect8 
is limited to 16a substituents only or is also produced 
by 160 substitution requires further study.

Oxidation of the A16 double bond by 0s04 in the 
presence of a preformed 170-hydroxy group was the 
next method of choice. Reaction of the 3-hydroxy- 
estra-l,3,5(10),15-tetraen-17-one (III) with NaBH4 
even under the mildest conditions resulted in reduction 
of the double bond to give estradiol-170 as the sole 
product. LiAIH4 at 0° in ether, however, gave the 
desired allylic alcohol, estra-1,3,5(10), 15-tetraene-3,- 
170-diol (Via), isolated as the diacetate VIb, in sat-

(1) P a r t  of th is  w o rk  has  b ee n  re p o r te d  in  a  p re lim in a ry  fo rm : J . F ish m an  
a n d  H . G u z ik , Tetrahedron L e tt., 2929 (1967).

(2) A . A . H ag en , M . B a rr , a n d  E . D icz fa lu sy , A c ta  E ndocrino l. (C open 
h ag en ), 49 , 207 (1965).

(3) E .  G u rp id e , J .  S chw ere, M . T . W elch , a n d  S . L ieb erm a n , J .  C lin . 
E ndocrino l. M etab., 26, 1355 (1966).

(4) J .  S chw ers, E . G u rp id e , R . L . V an d e  W iele, a n d  S. L ieb e rm a n , ib id .,
27, 1403 (1967).

(5) G . Z uccon i, B . P . L isboa , E . S im o n itsch , L . R o th , A . A. H ag en , an d  
E . D icz fa lu sy , A c ta  E ndocrino l., 66, 413 (1967).

(6) E . W . C a n tra ll , R . L i tte ll, a n d  S. B e rn s te in , J .  Org. Chem ., 29, 214 
(1964).

(7) W . S . Jo h n so n  a n d  W . F . J o h n s , J .  A m er. Chem . Soc., 79 , 2005 (1955).
(8) T h is  effec t is  n o t  lik e ly  to  b e  d u e  to  s te r ic  h in d ra n c e  b u t  m a y  in v o lv e  a  

g re a te r  p re fe re n ce  fo r a  te tr a h e d ra l  C -17 in  th e  p re sen ce  o f a  C -16 s u b s t itu 
e n t :  M . M . K reev o y , C . R . M o rg an , a n d  R . W . T a f t ,  J r . ,  ib id ., 82, 3064
(1960).
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isfactory yield.9 Reduction of the 17 ketone in III led 
stereoselectively to the ft alcohol at C-17 since catalytic 
hydrogenation of VIb gave only estradiol 17/3-diacetate 
with no evidence for the presence of estradiol 17 a- 
diacetate.

Oxidation of the allylic diacetate VIb with OsCh 
produced as the major product estra-l,3,5(10)-tri- 
ene-3,15a, 16a, 17/3-tetrol 3,17-diacetate (lb). A small 
amount of another product tentatively assigned the 
isomeric 15/3,16/3-diol structure VII, was isolated by 
preparative thin layer chromatography; the amount of 
material obtained prevented further characterization. 
The desired estrogen tetrol la  was obtained from 
either the diacetate lb or the tetraacetate Ic by heating 
with K2C03 in methanol; more drastic alkaline or acid 
conditions or reductive cleavage with LiAIH4 resulted in 
poorer yields of the free tetrol.

Estra-1,3,5(10),15-tetraene-3,17/3-diol diacetate (VIb) 
also served as the starting material for the prep
aration of the isomeric tetrol Ha. Reaction of VIb 
with per acid gave 15a,16a-epoxyestra-l,3,5(10)- 
triene-3,17/3-diol diacetate (VIII) as the main product. 
The location and orientation of the epoxide oxygen 
in VIII was confirmed by LiAIHU cleavage which gave 
estra-1,3,5(10)-triene-3,16a, 17/3-triol as the only product. 
The opening of the 15 a, 16a-epoxide with Li AIR, adheres 
to the established preference for axial hydroxyl genera
tion10 11 12 in that the bisectional 16a-hydroxyl rather than 
the pseudo-equatorial 15a-hydroxyl is produced.

In view of the direction of reductive opening of the 
epoxide in VIII it was expected that acetic acid would 
also yield the axial product. In fact the only identified 
product of the reaction of VIII with glacial acetic acid 
was estra-l,3,5(10)-triene-3,15/3,16a, 17/3-tetrol 3,15,17- 
triacetate (Hb), isolated as the tetraacetate lie. 
Hydrolysis of lie  with K2C03 in aqueous methanol at 
room temperature gave the tetrol Ha. The milder 
hydrolytic conditions were required in view of the 
demonstrably lesser stability of the 15/3-tetrol Ha 
compared with that of the 15a-tetrol la.

Nmr spectroscopy was instrumental in assigning the 
orientation of the newly introduced hydroxyl groups. 
A priori one may expect that the 15/3 substituent would 
produce a much larger effect on the chemical shift of 
the C-18-methyl group than a corresponding 15a 
substituent.11,12 This follows not only from the ft 
orientation but also from 1,3 diaxial relationship of the 
C-18 methyl with the 15ft substituent. The C-18- 
methyl shifts of the various compounds of interest are 
listed in Table I. I t is apparent from these daba that 
the chemical shifts are fully consistent with the assigned 
orientations. It has been emphasized13 that the as
signment of ring-D substituent orientations on the 
basis of C-18-methyl shifts is hazardous. This is true 
with respect to the bisectional C-16 substituents, but 
C-15 substituents which have pseudo- axial and -equa
torial conformations can be firmly assigned on this basis.

The nmr of the C-15, -16, and -17 protons in the 
isomeric tetrol acetates Ic and lie  further confirms

(9) T h e  u se  of h y d ro c a rb o n  so lv en ts  to  p re v e n t  co red u c tio n  o f th e  d o u b le  
b o n d  in  a ,/9 -u n sa tu ra te d  k e to n es  h a s  b ee n  re p o r te d  re c e n tly : E . I ,  S n y d er, 
J .  Org. Chem ., 32, 3631 (1967).

(10) A . F u r s t  a n d  A. P la t tn e r ,  H elv. C h im . A cta , 32, 275 (1949); A . F u rs t ,  
a n d  R .  S co to n i, ib id ., 36, 1332 (1953).

(11) R . F .  Z u rch er, H elv. C h im . A c ta , 46 , 2054 (1963).
(12) L . L . S m ith , S teroids, 4 , 395 (1964).
(13) A. D . C ross a n d  C . B ea rd , J .  A m er . Chem . Soc., 86, 5317 (1964).

T a b l e  I
C h e m i c a l  Shifts o f  C-18-Methyls

C -18 methyl®
C om p o u n d O bad C aled

Estra-1,3,5(10)-triene-3,16a, 17/3-triol triacetate 
Estra-1,3,5(10)-triene-3,15a, 16a, 17/3-tetrol

51

tetraacetate (Ic)
Estra-1,3,5(10)-triene-3,15/3,16a, 17/3-tetrol

56 55

tetraacetate (lie) 64 64
Estra-1,3,5(10)-triene-3,16/3,17/3-triol triacetate 
Estra-1,3,5 (10)-triene-3,15a, 16/3,17/3-tetrol

55

tetraacetate 59
17.17- E thylenedioxyestra-1,3,5 (10 )-trien-3 ol
17.17- E thylenedioxy estra-1,3,5 (10 )-triene-

54

3,15a,16a-triol triacetate (Vb) 63 61
° The chemical shift values are in cycles per second downfield 

from tetramethylsilane.

their structures. The first-order analysis of the 
spectrum of the 15a-acetoxy compound Ic permits 
assignment of a doublet at 303 cps ( /  ~  6 cps) to the 
17a-Ii. A pair of doublets (J ~  6, 8 cps) centered at 
325 cps represents the 16/3-H, while a multiplet at 310 
cps is assigned to the pseudo-axial 15/3-H, and reflects 
its coupling with both the 16/3 and 14a protons. The 
spectrum of the 15/3-acetoxy compound lie  presents a 
substantially different picture. The 17a-H resonance 
appears as a doublet at 292 cps owing to coupling with 
the 16/3-H with an apparent coupling constant of 6 cps. 
The 16/3 proton now appears as a doublet (J = 6 cps at 
312 cps) on which is superimposed a broad singlet at 
310 cps representing the 15a proton. The assignments 
in both spectra were confirmed wherever possible by 
double resonance studies. The significant feature of 
these spectra is the identical coupling of the 17a-H in 
both indicating the same orientation of the 16a-acetoxy 
substituent in both compounds. Also significant is the 
greatly decreased coupling of the 15 proton in lie  in 
accord with its equatorial a orientation. These 
findings are pertinent since on the basis of the C-18- 
methyl chemical shifts alone (64 cps observed vs. 59 cps 
calculated) the possibility of opening the epoxide in 
VIII to give a 15a, 16/3,17/3 product would have to be 
considered.

The demonstrated dextorotatory effect of 15a 
substituents and the levorotatory shift of 15/3 sub
stituents14 permitted a further confirmation of the 
orientation of the C-15 substituents in the new tetrols. 
The molecular rotation differences calculated for com
pounds la  and Ha show AMd +226 for la  and 
AMd —61 for Ila  and are in accord with the assigned 
structures.

Experimental Section16
l7,l7-Ethylenedioxyestra-l,3,5(10)-triene-3,15a,16a-triol Tri

acetate (Vb).—A 0.5-g sample of 17,17-ethylenedioxyestra- 
1,3,5(10), 15-tetraen-3-ol acetate (IV) dissolved in 12 ml of 
benzene and 1 ml of pyridine was treated with 0.5 g of osmium- 
tetroxide for 45 hr at room temperature. The solvents were 
removed in vacuo and the residue was stirred at room temperature 
for 4 hr in 34 ml of water, 12 ml of benzene, and 23 ml of meth
anol containing 3 g of sodium sulfite and 3 g of potassium bi
carbonate. Chlorofom was then added, the mixture was filtered,

(14) E . W . C a n tra li ,  R . L i tte ll, a n d  S . B ern s te in , J .  Org. C hem ., 29 , 64 
(1964).

(15) M e ltin g  p o in ts  w ere  d e te rm in e d  on  a  h o t-s ta g e  a p p a ra tu s  a n d  a re  
c o rre c te d . N m r  s p e c tra  w ere  o b ta in e d  o n  a  V a rian  A -60 in s tru m e n t in  deu - 
te rio ch lo ro fo rm  w ith  te tra m e th y ls ila n e  a s  a n  in te rn a l s ta n d a rd . A naly ses 
w ere  p e rfo rm e d  b y  S p an g  M ic ro a n a ly tic a l L a b o ra to r ie s , A nn  A rb o r, M ich .
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and the precipitate was washed with hot chloroform. The com
bined filtrates were washed with saturated sodium chloride 
solution to neutrality, dried, and evaporated. The oily residue 
was acetylated with acetic anhydride in pyridine and after 
work-up was chromatographed on 40 g of acid-washed alumina. 
Elution with ether-chloroform 1:1 gave 186 mg of material 
which was crystallized from ether-petroleum ether (bp 40-60°) 
and melted at 145-147°. The nmr spectrum in deuteriochloro- 
form showed C-18 absorption at 63 cps. The acetate bands 
appeared at 122 (6 H) and 136 cps (3 H). The analytical sample 
melted at 146-148°.

Anal. Calcd for C26H320 8: C, 66.08; H, 6.83. Found; 
0,66.12; H, 6.97.

Attempted Deketalization of Vb.—A 10-mg sample of Vb was 
stirred at room temperature overnight in 1 ml of acetone con
taining 2 mg of p-toluenesulfonic acid. Thin layer chroma
tography of the reaction mixture in ethyl acetate-cyclohexane 
1:1 showed the presence of only starting material. Similar 
results were obtained using either glacial acetic acid or p-toluene- 
sulfonic acid in dioxane at room temperature. When the reac
tion was attempted with 10% sulfuric acid in dioxane-water 
1:1 at 50° for 4 hr, a mixture of at least six compounds was ob
tained, none of which provided sufficient material for further work.

Estra-l,3,5(10),15-tetraene-3,l7j3-diol Diacetate (VIb).—A 
solution of 387 mg of 3-hydroxyestra-l,3,5(10),15-tetraen-17-one 
(III) in 400 ml of ether was stirred at 0° -with 100 mg of LiAlH4 
for 1 hr. The excess reagent was decomposed by the addition 
of water and the mixture was acidified with ice-cold 5% sulfuric 
acid. The ether layer was washed with water, dried, and evap
orated. The residue was acetylated with acetic anhydride in 
pyridine to give after the usual work-up 340 mg of oil. Chroma
tography on 20 g of alumina and elution with petroleum ether- 
benzene 8:2 gave 285 mg of VIb which crystallized from petro
leum ether and melted at 90-92°. The nmr spectrum revealed 
C-18-methyl absorption at 54 cps and acetate methyls at 128 and 
138 cps, [a] 26d  -1 9 °  (CHCls).

Anal. Calcd for C22H260 4; C, 74.55; H, 7.39. Found: C, 
74.86; H, 7.26.

Hydrogenation of VIb.—A 10-mg sample of VIb was dissolved 
in 5 ml of ethanol and an equal weight of 10% Pd on charcoal 
was added. After hydrogenation had proceeded for 30 min, 
filtration and evaporation of solvent gave 10 mg of crystals, mp
120-124. The infrared spectrum was identical with that of 
estradiol 17/3-diacetate.

Estra-l.S.SClOhtriene-S.lSa+ba.D/l-tetrol 3,17-Diacetate 
(lb).—A 260-mg sample of the allylic diacetate VIb was oxidized 
with 250 g of Os04. The reaction and work-up conditions were 
as described above for the oxidation of IV. The product, an oil 
weighing 245 mg, was chromatographed on 15 g of alumina. 
Elution with benzene afforded 123 mg of lb  which crystallized 
from acetone-hexane and melted at 186-190°. The analytical 
sample obtained by further crystallization had a melting point 
of 189-192°. The nmr spectrum showed the C-18-methyl 
resonance at 51 cps and acetate methyls a t 130 and 138 cps.

Anal. Calcd for C22H280 6: C, 68.02; H, 7.27. Found: 
C, 67.82; H .7.06.

The tetraacetate Ic was obtained from lb with acetic anhydride 
and pyridine. Crystallization from methanol gave material 
melting at 174-178°, [a ]23D +92° (CHCU).

The nmr spectrum of the tetraacetate Ic exhibited C-18-methyl 
resonance at 58 and acetate methyl absorptions at 122 (3 H), 
125 (6H), and 138 cps (3 H). The 17a hydrogen appeared as a 
doublet {J ~  6 cps) at 303 cps. A pair of doublets at 325 cps 
was assigned to the 16/3-H, while a multiplet a t 310 cps was 
assigned to the 15/3-H. Irradiation at 325 cps caused collapse 
of the 303-cps doublet to a singlet.

Anal. Calcd for C26H320 8: C, 66.08; H, 6.83. Found: 
C, 66.28; H,6.23.

Estra-l,3,5(10)-triene-3,l5a,16a,17/3-tetrol (la).—A 100-mg
sample of tetrol diacetate lb  obtained directly from the alumina 
column was dissolved in 20 cc of methanol containing 20 mg of 
anhydrous potassium carbonate. The mixture was refluxed 
under N2 for 2 hr, cooled, filtered, and taken down to dryness.

The residue was separated by preparative thin layer chromatog
raphy on silica gel in the system 10% CH3OH-90% ethyl acetate 
into two crystalline products. The less polar one (2 mg, mp 
240-242°) was tentatively assigned the structure of the 3,15/3,- 
16/3,17/3-tetrol (VII). The more polar material (22 mg) was 
crystallized from ethyl acetate (mp 230-235°) and represented the 
desired a-tetrol la , [a] 25d + 135° (EtOH). The analytical sample 
melted at 234+136 °.

Anal. Calcd for Ci8H240 4; C, 71.02; H, 7.05. Found: C, 
69.54; H, 7.86.

15a, 16a-Epoxyestra-l ,3,5( 10 )-triene-3,17/3-diol Diacetate 
(VIII).—A solution of 400 mg of the allylic diacetate VIb in 6 ml 
of CHCls was mixed with 300 mg of m-chloroperbenzoic acid in 8 
ml of CHCls and allowed to stand at 5° for 40 hr. After dilution 
with 100 ml of CHC13 the solution was washed with 5% sodium 
bicarbonate and then water, dried, and evaporated. The residue 
was chromatographed on 40 g of alumina. Elution with ben
zene-petroleum ether 1:1 yielded 215 mg of crystalline material, 
mp 165-171°. Recrystallization from acetone-petroleum ether 
gave the analytical sample of V III which melted at 168-172°. 
The nmr spectrum showed the C-18-methyl resonance at 62 and 
two acetate methyl bands at 128 and 136 cps.

Anal. Calcd for C22H260 5: C, 71.33; H, 7.08. Found: C, 
70.67; H, 6.87.

LiAlH4 Reduction of VIII—Reduction of 20 mg of V III with 
excess LiAIH4 in refluxing ether gave, after the usual work-up, 7 
mg of estra-l,3,5(10)-triene-3,16a,17/3-triol, mp 248°. The 
material, which was isolated by preparative thin layer chro
matography on silica gel in ethyl acetate, was identical by mixture 
melting point and infrared spectral comparison with authentic 
estriol.

Acetolysis of VIII.—A solution of 165 mg of the epoxide V III in 
10 ml of glacial acetic acid was refluxed for 18 hr. The acetic 
acid was removed in vacuo and the residue, by thin layer chro
matography, consisted of a mixture of tri- and tetraacetates lib  
and lie , respectively. The material was therefore acetylated 
with acetic anhydride in pyridine. After work-up and prepara
tive thin layer chromatography in the system 1:1 cyclohexane- 
ethyl acetate a homogenous tetraacetate H a was obtained, 
which, however, resisted crystallization. The nmr spectrum of 
l ie  showed the C-18-methyl singlet at 64 and the acetate methyls 
appeared at 122 (6 H), 133 (3 H), and 138 cps (3 H). The 
methine hydrogens were assigned as follows: 17a-H at 292 
(doublet, J  ~  6 cps), 16/3-H at 312 (doublet, /  ~  6 cps), and 
15a-H at 310 cps (singlet). Irradiation at 312 cps collapsed the 
17a-H doublet to a singlet.

Estra-l,3,5(10)-triene-3,l5/3,16a,l7/3-tetrol (Ila).—A solution 
of 23 mg of the oily tetraacetate l ie  in 5 ml of methanol contain
ing 5 mg of potassium carbonate was stirred overnight at room 
temperature under N2. The solution was neutralized with 
dilute acetic acid, and the solvents were removed in vacuo. 
The residue was taken up in chloroform-ethanol 4:1, washed with 
water, dried, and evaporated. The solid residue was purified 
by preparative thin layer chromatography in the system 10% 
methanol-90% ethyl acetate. The material obtained weighed 6 
mg and melted at 250-257°. Recrystallization from acetone- 
petroleum ether gave the analytical sample of Ila : mp 257- 
262°; [a]2+  +40° (EtOH).

Anal. Calcd for Ci8H240 4-H20 : C, 67.06; H, 8.13. Found: 
C, 67.47; H,8.03.

R e g is try  N o .— Ia, 15183-37-6; lb, 16127-99-4; Ic, 
16934-35-3; Ila, 16934-36-4; lie, 16960-04-6; Vb, 
16127-97-2; VIb, 16127-98-3; VIII, 16934-39-7.
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The extracellular dextran elaborated by Leuconostoc mesenteroides strain C (NRRL B-1298), which gives a 
strong precipitin reaction with type-12 pneumococcus antiserum and with concanavalin A, has been shown by 
methylation analysis to be composed of D-glucopyranose units linked by 1 —► 6 glycosidic bonds with branches at 
C-2 and a t C-3. Methylation and subsequent hydrolysis of the dextran afforded 2,3,4,6-tetra- (20.2 mol %),
2,3,4-tri- (53.3 mol %), 2,4,6-tri- (1.0 mol %), 3,4-di- (12.0 mol %), 2,4-di- (7,7 mol %), and 4-O-methyl-D-glu- 
cose (5.7 mol %); the molar proportions of the methylated sugars correspond to CL 4-5.

The dextrans constitute a heterogeneous class of 
extracellular D-glucans elaborated by bacteria primarily 
of the genus Leuconostoc.1 2’3 These polymers appar
ently possess a common structural feature of chains of 
cr-D-glucopyranose residues consecutively linked by 
1 -*■ 6 glycosidic bonds.2 Most dextrans are somewhat 
branched at C-2, C-3, or C-4. They vary in the degree 
of branching from the L. mesenteroides NRRL B-512 
dextran with 4% branch points at C-34 5 to the highly 
branched dextrans from L. mesenteroides, Birmingham 
strain, which has 15% branch points at C-3,6 and B- 
1416 strain with 17% branch points at C-3 and C-4.6 
Preliminary studies have indicated that certain dextrans 
are still more highly branched with as many as 30 and 
40% branched units.7

Substitution at C-3 now appears to be common in 
dextrans and indeed may be a structural feature typical 
of all dextrans.8 Evidence has been presented that in 
one dextran the 1 — 3 linkages occur in the main chain 
as well as at branch points.7 The occurrence of 1 -*■ 2 
linkages in certain dextrans was suggested first by the 
optical rotational shifts associated with cuprammonium 
dextran complex formation9 and was confirmed later by 
the isolation of kojibiose from acetolysates of several 
dextrans.8 11 12’10-12 Serological data13 provided additional 
evidence for the presence of 1 —► 2 linkages when 
kojibiose was found to be an inhibitor of the precipitin 
reaction of certain dextrans with antisera.

There is a marked similarity8’14 in the capacity of the

(1) (a) T h is  p ap e r, N o . 6261 S cien tific  J o u rn a l Series, M in n e so ta  A gricu l
tu r a l  E x p e r im e n t S ta t io n , w as p re s e n te d  a t  th e  N a tio n a l M ee tin g  of th e  
A m erican  C hem ica l S ocie ty , P ho en ix , A riz., 1966, a n d  fo rm s p a r t  of th e  th e sis  
s u b m it te d  b y  M . J . S. to  th e  G ra d u a te  fa c u l ty  of th e  U n iv e rs ity  of M in n eso ta  
in  p a r t ia l  fu lfillm en t of th e  re q u ire m e n ts  fo r th e  deg ree  of P h .D ., J u ly  1966, 
(b) D eceased .

(2) W . B . N eely , A d va n . Carbohyd. Chem ., 16, 341 (1960).
(3) A . Jean es , W . C . H ay n es , C . A . W ilham , J .  C . R a n k in , E . H . M elv in ,

M . J .  A ustin , J . E . C lu skey , B . E . F ish e r, H . M . T su c h iy a , a n d  C . E . R is t, 
J .  A m er. Chem. Soc., 76 , 5041 (1954).

(4) J . W . V an  C leve, W . C . S chaefe r, a n d  C . E . R is t, ib id ., 78, 4435 (1956).
(5) S. A. B ak e r, E . J . B o u rn e , G . T . B ruce , W . B . N eely , a n d  M . S tac ey , 

J .  Chem . Soc., 2395 (1954).
(6) D . A b b o tt  a n d  W . W eigel, ib id ., Sect. C, 816 (1966).
(7) A. J e a n e s  in  “ P o ly sacc h arid es  in  B io logy ,”  T ra n sa c tio n s  of th e  T h ird  

M a c y  C onference, G . F . S p rin g er, E d ., 1958, p p  138-142.
(8) H . S u zu k i a n d  E . J .  H eh re , A rch . B iochem . B io p h ys ., 1 0 4 , 305 (1964).
(9) T . A. S co tt , N . N . H e ilm an , a n d  F . R . S en ti , J .  A m er. Chem . Soc., 79, 

1178 (1957).
(10) K . M a ts u d a , H . W a ta n a b e , K . F u jim o to , a n d  K . Aso, N ature , 1 9 1 , 

2 78  (1961).
(11) K . M a ts u d a , K . F u jim o to , a n d  K . A so, Tohoku  J .  A gr. R es., 1 2 , 359

(1961).
(12) M . T o rii, E . A . K a b a t , a n d  S. B eychok , A rch . B iochem . B io p h ys ., 103, 

283  (1963).
(13) P .  Z. A llen  a n d  E . A. K a b a t , J .  A m er . Chem . Soc., 81, 4382 (1959); 

J .  W . G o o d m an  a n d  E . A. K a b a t , J .  Im m u n o l., 84, 347 (1960).
(14) E . J . H eh re , B u ll. Soc. C h im . B io l., 4 2 , 1581 (1960).

dextrans to precipitate concanavalin A,16’16 a globulin 
in Jack bean meal, and their activity toward type-12 
pneumococcus antiserum;14 both of these precipitin 
reactions correlate with the content of 1 2 linkages
(as revealed by the amount of kojibiose liberated during 
acetolysis).8

Relatively few dextrans have been submitted to a 
detailed structural examination and those dextrans con
taining 1 2 linkages have been examined by acetolysis
fragmentation or by cuprammonium complex forma
tion only.17 Neither technique provides quantitative 
data for the proportion of the individual linkages and 
the degree of branching in the polymers. This paper is 
concerned with the constitution of the dextran elab
orated by Leuconostoc mesenteroides strain C18’19 
which reacts strongly with concanavalin A and type-12 
pneumococcus antiserum and has been shown8 to 
contain the relatively rare 1 —► 2 linkage.

L. mesenteroides strain C when grown on a medium 
containing sucrose as a carbon source produces two ex
tracellular polysaccharides: the dextran, described 
herein, and a fructan.20 The two polymers were sepa
rated readily by fractional precipitation with ethanol 
since the dextran was insoluble in 45% aqueous ethanol 
while the fructan ( [ « ] 26d  —40° in water) remained in 
solution. The crude dextran ([<*]d +175° in water), 
representing 68% of the polysaccharide mixture, was 
purified further by fractional precipitation of the dex
tran acetate. The major fraction of the dextran acetate 
([a]27D +187° in chloroform) was recovered in 61% 
yield while a minor fraction ([«]27d +190° in chloro
form) was isolated in 11% yield. All structural studies 
were conducted on the major acetate fraction which on 
deacetylation gave the purified dextran having % ] 27d  
+  182° in water.

Complete hydrolysis of the dextran in refluxing 1 N 
sulfuric acid liberated D-glucose as the only sugar de
tectable by paper chromatographic analysis. Since 
these conditions promote extensive degradation of fruc
tose, the dextran was also subjected to hydrolytic condi
tions designed to cleave fructosyl bonds with minimum 
degradation of fructose. This demonstrated the 
efficiency of the fractionation procedures for removing

(15) I .  J .  G o ld ste in , C . E . H o lle rm an , a n d  J .  M . M err ic k , B ioch im . 
B io p h ys . A c ta , 97 , 68 (1965).

(16) J . A. C ifone lli a n d  F . S m ith , u n p u b lish e d  o b se rv a tio n s .
(17) U n p u b lish ed  m e th y la tio n  s tu d ie s7 p ro v id e  fu r th e r  ev id en ce  fo r 

1 —*• 2 lin k ag es  in  d e x tra n  S from  L . m esenteroides N R R L  B -1299.
(18) J .  M . N eill, J .  Y . Sugg, E . J .  H eh re , a n d  E . Ja ffe , Proc. Soc. E x p tl .  

B io l. M ed ., 47, 339 (1941); E . J . H eh re , ib id ., 64, 18 (1943).
(19) S tra in  C  h a s  a lso  been  d es ig n a ted  a s  N R R L  B -1298.
(20) B . A. Lew is, M . J .  S t. C y r, a n d  F . S m ith , Carbohyd. R es., 6 , 194 

(1967).
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the fructan since even these mild conditions failed to 
reveal fructose.

The dextran was methylated by the Haworth and 
Purdie procedures giving the methylated product in 
62% yield (OCH3 44.93%). Fractional precipitation 
of the methylated dextran gave a major fraction ( [ a ] 26D 

+  222° in chloroform) in 90% yield. A minor fraction, 
which was recovered from the mother liquor, appeared 
to be structurally different as revealed by the lower 
rotation ( [ a ] 26D +101° in chloroform) and was not ex
amined further. With the exception of this minor frac
tion, the dextran was predominantly homogeneous by 
these fractionation procedures.

Cleavage of the methylated dextran into the com
ponent methylated glucosides by methanolysis was 
only partially successful. Refluxing with 1% hydro
gen chloride in methanol for 33 hr did not effect com
plete solution of the methylated dextran. The soluble 
portion of the methanolysate (fraction i) was separated 
from the insoluble portion (fraction ii) by centrifugation 
and hydrolyzed in refluxing 1 N  sulfuric acid. The 
methylated sugars from fraction i (see Table I) were 
separated by hydrocellulose column chromatography 
and identified by paper chromatography, by paper 
electrophoresis, and by comparison of physical con
stants of the crystalline compounds or their derivatives.

T a b l e  I
C l e a v a g e  F r a g m e n t s  o f  t h e  M e t h y l a t e d  D e x t r a n

>-M ethyl-D -glucose
F ra c t io n  i, 

m ol % a
F ra c t io n  ii, 

m ol % “

2,3,4,6-Tetra- 25.5 5.1
2,3,4-Tri- 48.2 69.5
2,4,6-Tri- 1.2
2,4-Di- 6.1 12.6
3,4-Di- 13.1 7.6
4- 6.1 5.2

a Fractions i and ii refer to the methanol-soluble and -insoluble 
fractions, respectively, formed during methanolysis of the methyl
ated dextran. Fraction ii represents 21% by weight of the origi
nal methylated dextran.

Fraction ii, which represented 21% of the methylated 
dextran, was resistant to both methanolysis and dilute 
acid hydrolysis and was therefore treated successively 
with cold 72% sulfuric acid and refluxing 1 N  sulfuric 
acid. The methylated sugars obtained thus were sep
arated by paper chromatography and shown to be iden
tical with those obtained from fraction i although they 
were obtained in different proportions from the two 
fractions (see Table I).

In view of the fact that an unusually low proportion 
of tetra-O-methyl-D-glucose was obtained from frac
tion ii as shown in Table I, it is reasonable to assume 
that this insoluble fraction had arisen by fragmentation 
of the original methylated polymer through the loss of 
side chains (and hence tetra-O-methyl-D-glucosyl 
residues). The possibility that the low proportion 
of tetra-O-methyl-D-glucose resulted from partial dé
méthylation during treatment of fraction ii with 
cold 72% sulfuric acid is unlikely since it was demon
strated in a control experiment that more 2,3,4,6-tetra-
O-methyl-D-glucose is degraded during the methanolysis 
and subsequent hydrolysis with 1 N  sulfuric acid 
(10% degradation) than with the 72% sulfuric acid-1 N  
sulfuric acid treatment (7% degradation). In both

cases the predominant methylated sugar formed was 
tri-O-methyl-D-glucose. Similar observations have 
been reported by Croon and coworkers.21

Since there is no evidence to indicate that fractions i 
and ii reflect a heterogeneity in the original dextran, the 
proportions of the different linkages in the dextran are 
based on the combined yields of the methylated sugars 
from fractions i and ii. Cleavage of the methylated 
dextran therefore afforded the methylated sugars in 
the following mole proportions: 2,3,4,6-tetra- (20.2 
mol %), 2,3,4-tri- (53.3), 2,4,6-tri- (1.0), 3,4-di-
(12.0), 2,4-di- (7.7), and 4-O-methyl-D-glucose (5.7).

The methylation data show that the dextran has a 
framework of (1 -+• 6)-linked D-glucopyranose resi
dues with branches joined to some of these residues 
through C-2 and to a lesser extent through C-3. The 
ratio of 3,4-di- to 2,4-di-O-methyl-D-glucose indicates 
50% more branches at C-2. A few of these residues 
may be branched at both C-2 and C-3 since the propor
tion of 4-O-methyl-D-glucose obtained from the 
methylated dextran is greater than can be attributed to 
incomplete methylation of the dextran considering 
the methoxyl content. The proportion of 2,3,4,6- 
tetra-O-methyl-D-glucose is somewhat lower than 
that required by the di-O-methyl and mono-O-methyl 
sugars present and corresponds to an average chain 
length (CL) of 5, whereas the CL calculated from the 
proportion of branch points is about 4. This is appar
ently one of the most highly branched dextrans that 
have been characterized although preliminary studies7 
indicate that a dextran with CL 2.5 occurs.

The identification of 3,4-di-O-methyl-D-glucose 
establishes that the 1 — 2 linkages previously dem
onstrated by acetolysis8 represent branch points 
rather than linear residues. The structural significance 
of the 2,4,6-tri-O-methyl-D-glucose is questionable; 
this small amount could have arisen by demethylation 
of the tetra-O-methyl-D-glucose or by incomplete 
methylation of the dextran since C-3 is the most difficult 
to alkylate.

Experimental Section
All concentrations were effected m  vacuo a t 35-45° (bath 

temperature). Paper chromatography was performed on What
man No. 1 paper, unless stated otherwise, by the descending 
method using the following solvent systems: (A) pyridine-
ethyl acetate-water (2:5:7, upper phase), (B) 1-butanol-ethanol- 
water (3:2:1), (C) 2-butanone-water azeotrope, and (D) 
benzene-ethanol-water-ammonium hydroxide (200:47:15:1, 
upper phase). Paper electrophoresis was carried out on Whatman 
No. 1 paper using 0.1 M sodium tetraborate at 600 V for 1-2 
hr.22

Chromatograms were sprayed with ammoniacal silver nitrate 
(for detection of sugars and polyols),23 p-anisidine hydrochloride 
(reducing sugars),24 25 26 or p-anisidine trichloroacetate (reducing 
sugars). Components were detected on electropherograms by 
spraying with p-anisidine trichloroacetate containing 2% 
phosphoric acid or by the Trevelyan method26 after removal of 
borates with 10% hydrogen fluoride in acetone.26

(21) I .  C roon , G . H e rrs tro m , G . K u ll, a n d  B . L in d b erg , A c ta  Chem . Scand ., 
14, 1338 (1960).

(22) D . R . B riggs, E . F . G a rn e r, R .  M o n tg o m e ry , a n d  F . S m ith , A na l. 
C hem ., 28, 1333 (1956).

(23) S. M . P a r tr id g e , Biochem . J . ,  42, 238 (1948).
(24) L . H o u g h , J .  K . N . Jo n es , a n d  W . H . W a d m an , J ,  C hem . Soc., 1702 

(1950).
(25) W . E . T re v e ly a n , D . P. P ro c te r , a n d  J . S. H a rr iso n , N ature , 166, 444 

(1950).
(26) H . G . B rit to n , B iochem . J . ,  73, 19p (1959).



3 1 3 8  Le w is , S t . C yr , and  S mith The Journal of Organic Chemistry

Thin layer chromatography (tic) was performed on layers of 
silica gel G by the ascending method. Glass plates (20 X 20 
cm) were coated mechanically and activated for 1 hr at 100°. 
Microscope slides (5 X 7.5 cm) were coated manually with a 
slurry of silica gel G in chloroform-methanol (1:1) and air dried 
for 30-60 min. Compounds were detected on air-dried plates 
with iodine vapor or with sulfuric acid and subsequent charring.

Optical rotations were obtained with a Rudolph Model 80 or 
a Bendix ETL-NPL automatic polarimeter, type 143A. Melt
ing points were determined on a Fisher-Johns apparatus and are 
uncorrected.

The precipitin reaction with concanavalin A was performed as 
described previously27 and the reactivity of the polysaccharide 
is expressed as the glycogen value (GV) with calf liver glycogen 
assigned a GV of 1.00.

Fractionation of the Extracellular Polysaccharides. Isolation 
of the Dextran.-—The extracellular polysaccharides elaborated 
by Leuconostoc mesenteroides strain C (NRRL B-1298)28 when 
grown on a medium containing sucrose were fractionated by 
alcohol precipitation. The crude polysaccharide mixture (25 g) 
was dissolved in water (1 1.), and the dextran was precipitated 
as a gel with ethanol (825 ml). The gel was collected by centrifu
gation, dissolved in water (180 ml), and poured into ethanol (21.). 
The fibrous dextran was washed with ethanol and petroleum ether 
(bp 30-60°) and dried in vacuo: yield 16.5 g (66% of the crude 
mixture); [ a ] 26D +171° (c 0.1 in water); GV 7.3. In two addi
tional experiments the fractionation performed in the same 
manner afforded the dextran in yields of 68% with [ a ] 21D +175 
and +181°.

Acetylation of the Dextran.—Dextran (10 g) was dissolved in 
formamide (200 ml) and treated with pyridine (110 ml) and acetic 
anhydride (74 ml) at room temperature for 24 h r.29 The acetate, 
which precipitated as the reaction mixture was poured into water, 
was collected (centrifuge), washed with water, ethanol, and petro
leum ether, and air dried. The product was reacetylated in the 
same manner except that the reaction mixture was held at 50-55° 
for the first 2 hr. The acetylated dextran was isolated as before 
and dried in vacuo. Fractional precipitation of the dextran ace
tate from chloroform (800 ml) with petroleum ether (550 ml) 
gave fraction A which was collected (centrifuge), washed with 
petroleum ether, and dried in vacuo: yield 11 g (61%); [ck] 27d  
+  187° (c 0.8 in chloroform). Addition of petroleum ether 
(550 ml) to the supernatant solution from the precipitation of 
fraction A afforded fraction B: yield 2 g (11%); [« ]27d  +190° 
(c 0.5 in chloroform). Fraction B was not investigated further.

Dextran acetate A (12.5 g) was deacetylated in chloroform 
(600 ml) with 1 N  methanolic potassium hydroxide (220 ml). 
The precipitate which separated after 10 min was washed with 
ethanol and dissolved in 0.3 N  sodium hydroxide to ensure 
saponification of all acetyl groups. After 45 min the solution was 
neutralized with acetic acid and poured into ethanol (2 1.). 
The precipitate was removed, dissolved in water (150 ml), and 
again precipitated in ethanol (2 1.). The white fibrous dextran 
was washed with ethanol and petroleum ether and dried in vacuo: 
yield 7.8 g; [a]27d + 182° (c 0.7 in water); GV 8.2.

The dextran was treated with 0.1 iV sulfuric acid at 65° for 
6 hr, and the solution was deionized. No monosaccharides or 
oligosaccharides which moved from the origin were detected by 
paper chromatographic examination (solvent A). Hydrolysis 
of the dextran with refluxing 1 N  sulfuric acid for 7 hr afforded 
glucose only which was characterized by conversion into N-p- 
nitrophenyl-D-glucopyranosylamine: mp 180-182° and [ a ] 29D
— 194° (c 0.7 in pyridine) (lit.30 mp 180-182° and [<*]d  —191°).

Méthylation.—Dextran acetate A (4.35 g) was dissolved in 
acetone (200 ml) and methylated with 30% sodium hydroxide 
(360 ml) and dimethyl sulfate (110 ml) over a period of 3 hr. 
The bath temperature was kept at 25° for the first 2 hr and at 
55° for 1 hr; it was then raised to 100° for 0.5 hr. The excess 
alkali was neutralized and the reaction mixture was dialyzed. 
The dialyzed material was concentrated to a small volume and 
the méthylation was repeated four times in the same way with 
the bath temperature maintained at 55° ; acetone was added into 
keep the product in solution.

After the fifth méthylation the product was extracted with 
chloroform, and the extract was washed with dilute acetic acid

(27) J .  A. C ifone lli a n d  F . S m ith , A n a l. Chem ., 27, 1639 (1955).
(28) T h e  c ru d e  p o ly sac ch a rid e  m ix tu re  w as p ro v id e d  b y  D r .  E . J. H eh re .
(29) J .  F . C a rso n  a n d  W . D . M ac lay , J .  A m er . C hem . »Soc., 68 , 1015 (1946).
(30) J . K . H a m ilto n  a n d  F . S m ith , ib id ., 78 , 5907 (1956).

and water and concentrated to a syrup (3.37 g). The syrupy 
product was methylated with methyl iodide (50 ml) and silver 
oxide (6 g, added in 12 portions) with continual stirring and 
refluxing for 22 hr. The product was extracted with chloroform 
and after removal of solvent it was remethylated four times in 
the same manner (yield 1.96 g; OCHs, 44.93%). On fractionation 
of the methylated dextran from chloroform with petroleum ether, 
90% of the product precipitated at 90-92% petroleum ether: 
[a]25d +222° (c 0.7 in chloroform). A second fraction ([<*]26d 
+  101 in chloroform) recovered by concentration of the mother 
liquor was not investigated further.

Identification of the Hydrolysis Products of the Methylated 
Dextran.—The methylated dextran (1.28 g) was heated in re
fluxing 1% methanolic hydrogen chloride (100 ml) for 33 hr. 
A small amount of insoluble methylated dextran (fraction ii, 
0.27 g) was removed by centrifugation and the supernatant 
solution (fraction i) was neutralized with lead carbonate, filtered, 
and concentrated. The methyl glycosides (fraction i) were 
hydrolyzed in refluxing 1 N  sulfuric acid (100 ml) for 20 hr. 
The hydrolysate was neutralized with barium carbonate, filtered, 
and concentrated, and the mixture (1.04 g) was separated on a 
hydrocellulose column31 with solvent C.

The components were identified by direct comparison with 
authentic compounds by paper electrophoresis and paper chro
matography using solvents B, C, and D. The identification was 
confirmed by crystallization of the component or a derivative.

A. 2,3,4,6-Tetra-O methyl-i)-glucose (0.237 g) had  m p 86-88° 
and [a] 26D +82.7° (c 0.2 in w ater) a fte r recrysta lliza tion  from  
petro leum  e th e r ( l it .32 m p 95-96° and [<*]d +83.8° in w ater).

B. 2,3,4-Tri-O-methyl-D-glucose (0.442 g) had [a] 27d +73.2° 
(c 3.0 in methanol) (lit.32 [a]D +69.1° in methanol). Treatment 
of component b with aniline afforded Af-phenyl-2,3,4-tri-0- 
methyl-D-glucosylamine which was recrystallized from ethyl 
ether: mp 142-143°, and [o:]23d —88° (c 0.3 in ethanol) (lit.83 
mp 150° and [a]23n —103° in ethanol). Acylation of component 
b with p-nitrobenzoyl chloride in pyridine at 80° for 2 hr afforded 
a mixture of the anomeric di-p-nitrobenzoates as revealed by tic 
with benzene-ethyl acetate (95:5) as solvent (a anomer, R, 
0.14, and 0 anomer, fib 0.35). The mixture was separated by 
chromatography on a column of silica gel using the same solvent 
to give the following esters of 2,3,4-tri-O-methyl-D-glueose: 
0-1, 6-di-p-nitrobenzoate, mp and mmp 135-136° and [a]29D 
— 13.6° (c 1.0 in chloroform), after recrystallization from 
methanol (lit.84 mp 138-139° and [a]22D —12° in chloroform); 
a-1, 6-di-p-nitrobenzoate, mp 151-152° (recrystallized from 
methanol) and [«]29d +22.6° (c 1.1 in chloroform).

Anal. Calcd for C23H240 12N2: C, 53.0; H, 4.7; N, 5.4.
Found: C, 53.0; H, 4.7; N, 5.4.

Reduction with sodium borohydride and subsequent oxidation 
with periodic acid of the 2,3,4-tri-O-methyl-D-glucose afforded one 
component identical with 2,3,+tri-O-methyl-L-xylose as revealed 
by paper chromatography using solvents B and C.

C. 2,4,6-Tri-O-methyl-D-glucose (0.012 g) had [«]22d +72.5° 
(c 0.4 in methanol) (lit.35 36 37 [a]D +70° in methanol).

D. 3,4-Di-O-methyl-a-D-glucose (0.112 g) had mp 118-120° 
and [a]22D +139° —*■ +100° (c 0.3 in ethanol) (reerystallized 
from ethyl acetate) (lit.36 mp 114-118.5° and [a]D +80 — +76° 
in water for the a anomer; lit.37 mp 113° and [«]16d +94.5 — 
+99.5° in ethanol for the 0 anomer).

E. 2,4-O-methyl-D-glucose (0.052 g) had [«Id +63.8° (c 0.9 
in water) (lit.38 [<*]d +76.5° in water). Component e was con
verted into the crystalline V-p-nitrophenyl-2,+di-0-methyl-D- 
glucosylamine, mp and mmp 250-251° and [a]26b —250—»- —262° 
(c 0.2 in pyridine) (after recrystallization from ethanol) (lit.38 mp 
250-251° and [a )D - 2 5 2 — -2 6 8 °  in pyridine).

F. 4-O-Methyl-D-glucose (0.049 g) had [a] 31d +63° (c 0.4 
in methanol) (lit.39 [a]20n +53° in water). This fraction afforded

(31) J .  D . G eerdes, B , A . Lewis, R , M o n tg o m e ry , a n d  F . S m ith , A n a l. 
C hem ., 26 , 264 (1954).

(32) J .  C . I rv in e  a n d  J . W . H . O ldham , J .  Chem . Soc., 119, 1744 (1921).
(33) J .  D . G eerdes, B . A. Lewis, a n d  F . S m ith , J .  A m er. Chem . Soc., 79 , 

4209 (1957).
(34) D . V. M y h re , P h .D . T hesis, U n iv e rs ity  of M in n e so ta , 1962.
(35) C . C . B ak e r, E . L . H irs t, a n d  J . K . N . Jo n es , J .  Chem . Soc., 1695 

(1938).
(36) A . K . M itra , D . H . Ball, a n d  L. L ong, J r . ,  J .  Org. Chem ., 27 , 160

(1962).
(37) J .  D ew ar a n d  G . F o r t ,  J .  Chem . Soc., 496 (1944).
(38) J . W . V an  C leve  a n d  W . C . S chaefer, J .  A m er. Chem . Soc., 77 , 5341 

(1955).
(39) J .  M u n ro  a n d  E . G . V. P e rc iv a l, J .  Chem . Soc., 873 (1935).
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4-0-methyl-D-glucosazone, mp 154-155°, after recrystallization 
from 30% aqueous acetone (lit.39 mp 158°).

A portion of the insoluble methylated dextran (0.157 g) which 
resisted methanolysis (fraction ii) was solubilized in 72% sulfuric 
acid (2 ml) at 5° for 3 days. The solution was diluted with water 
to give 1 N  sulfuric acid and refluxed for 11 hr. The hydrolysate 
was neutralized with barium carbonate, filtered, and concen
trated. The methylated sugars were separated by chromatog
raphy (Whatman 3 MM paper, solvent C) giving 2,3,4,6-tetra- 
(0.006 g), 2,3,4-tri- (0.077 g), 2,4-di- (0.013 g), 3,4-di- (0.008 g), 
and 4-0-methyl-D-glueose (0.004 g). Each sugar was identified 
by paper electrophoresis and paper chromatography as described 
previously.

Methyl 2,3,4,6-tetra-O-methyl-a-D-glucoside was subjected 
to the two procedures that were used for cleavage of the methyl
ated dextran, namely, (A) methanolysis followed by 1 N  sulfuric 
acid hydrolysis (for fraction i) and (B) 72% sulfuric acid followed 
by 1 N  sulfuric acid hydrolysis (for fraction ii). The extent of 
demethylation and degradation of the methylated sugar was 
ascertained by quantitative analysis (phenol-sulfuric acid 
method40) of each component of the hydrolysates after separation

(40) M . D u b o is , K . A . G illes, J .  K . H am ilto n , P . A . R eb e rs, a n d  F . S m ith , 
A n a l. Chem ., 28, 350 (1956).

by paper chromatography (solvent C). Methanolysis (procedure
A) resulted in a loss of 10% of the tetra-O-methyl-D-glucose, 
whereas 7% was lost in the 72% sulfuric acid method (procedure
B) ; in both procedures tri-O-methyl-D-glucose was the major 
methylated sugar formed by demethylation.

Registry No.—2,3,4-Tri-O-methyl-D-glucose ct-1,6-di- 
p-nitrobenzoate, 16780-52-2.
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Partial acid hydrolysis of the dextran produced by Leuconostoc mesenteroides strain C (NRRL B-1298) has 
afforded the homologous series of isomaltodext.rins, whereas acetolysis gave kojibiose, nigerose, isomaltose, and, 
in addition, trisaccharides derived from the branch points. Further evidence for the detailed structure of the 
dextran was obtained from periodate oxidation studies.

Methylation studies (part I of this series2) have 
shown that the dextran synthesized by Leuconostoc 
mesenteroides strain C (NRRL B-1298) is a highly 
branched D-glucan (CL 4-5) linked predominantly by 
1 -»• 6 glycosidic bonds. Twelve per cent of the d- 
glucose units have branches at C-2 and 7.7% at C-3, 
while a few units appear to be doubly branched at these 
positions. To obtain further information on the se
quential arrangement of the linkages and to confirm the 
a-anomeric configuration suggested by the high positive 
rotation of the dextran and its derivatives, the dextran 
was fragmented by partial acid hydrolysis, by partial 
acetolysis, and by Smith degradation.

Since the order of stability of glycosidic linkages in
volving primary and secondary hydroxyls is reversed in 
acid hydrolysis compared with acetolysis, these two re
actions are complimentary methods for fragmentation 
of glycans containing mixed linkages. Thus (1 -► 6)- 
linked oligosaccharides are obtained from such gly
cans by partial acid hydrolysis, whereas glycosidic link
ages involving secondary hydroxyls tend to be preserved 
in the oligosaccharides resulting from partial acetoly
sis.3'4

(1) (a) T h is  p ap e r, w as p re se n te d  in  p a r t  a t  th e  N a tio n a l M ee tin g  of th e  
A m erican  C hem ica l S ocie ty , P ho en ix , A riz ., 1966, a n d  fo rm s p a r t  of th e  th e sis  
su b m it te d  b y  M . J .  S . to  th e  G ra d u a te  fa c u l ty  of th e  U n iv e rs ity  of M in n e 
s o ta  in  p a r t ia l  fu lfillm en t of th e  req u ire m e n ts  fo r th e  deg ree  of P h .D ., 1966. 
(b) D eceased .

(2) B . A. Lew is, M . J .  S t. C y r, a n d  F . S m ith , J .  Org. Chem.., 33 , 3136 
(1968).

(3) K . M a ts u d a , H . W a ta n a b e , K . F u jim o to , a n d  K . Aso, N ature , 191, 278 
(1961).

(4) J .  K . N . Jo n es  a n d  W . H . N icho lson , J .  Chem . Soc., 27 (1958).

When the dextran was heated in 0.1 N  oxalic acid, the 
homologous series of isomaltodextrins from isomal
tose to isomaltooctaose was obtained in addition to 
D-glucose. Each oligosaccharide was identified by 
paper chromatography and by partial acid hydrolysis 
to give the lower homologs of the series. Isolation of 
this homologous series of oligosaccharides establishes 
the presence in this dextran of sequences of consecutive 
(1 — 6)-linked D-glucopyranose units.

Acetolysis of the dextran afforded D-glucose penta- 
acetate and a mixture of oligosaccharide acetates. 
After deacetylation the oligosaccharides were sep
arated by gradient elution from a charcoal column and 
purified further by paper chromatography. The disac
charides were obtained in good yield and were charac
terized by conversion into crystalline derivatives. 
In two separate experiments kojibiose and nigerose were 
isolated in yields of 7-13 and 2%, respectively, whereas 
isomaltose was obtained in only 2-3% yield. The yield 
of kojibiose in particular (35% of the maximum 
yield theoretically possible on the basis of the meth
ylation data) confirms previous observations6’6 on 
the value of this procedure for obtaining non-(l —► 6)- 
linked oligosaccharides. These results are in ac
cordance with those of Suzuki and Hehre6 who iso
lated kojibiose and nigerose from this dextran in yields 
of 11.7 and 2.5%, respectively, under similar acetolysis 
conditions.

The trisaccharide fraction obtained from the ace-

(5) H . S u zu k i a n d  E . J . H eh re , A rch . B iochem . B iophys ., 104, 305 (1964).
(6) I .  J . G o ld s te in  a n d  W . J . W h e lan , J .  Chem. Soc., 170 (1962).
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tolysis reaction contained six components of which four 
were obtained sufficiently pure for structural studies. 
Altering the acetolysis conditions increased the yield of 
the trisaccharide fraction somewhat while lowering the 
yield of kojibiose. The repeated paper chromato
graphic separations required to give pure components, 
however, led to poor recoveries of the individual trisac
charides. Three trisaccharides were identified as 
isomaltotriose, 0-a-D-glucopyranosyl-(l -*■ 2)-0-a-r>- 
glucopyranosyl-(l -*■ 6)-D-glucopyranose (1), and 2,6- 
di-0- (a-d-glucopy ran osyl) -n-glucopyranose (2). A 
fourth trisaccharide (3) corresponded to either O -a- 
D-glueopyranosyl-(l -*■ 6)-0-a-D-glucopyranosyl-(l —►
3)-D-glucopyranose or 3,6-di-0-(a-D-glucopyranosyl)- 
D-glucopyranose. These structural assignments are 
based on the following observations.

Trisaccharides 1 and 2 had identical mobilities on 
paper chromatography in three different solvent sys
tems but could be distinguished by paper electrophoresis 
in 0.1 M  borate buffer and by paper chromatography of 
the borohydride-reduced trisaccharides. The struc
tural studies were carried out on a mixture of the two 
trisaccharides. Partial acid hydrolysis afforded glu
cose, kojibiose, and isomaltose as revealed by paper 
chromatography, whereas the borohydride-reduced tri
saccharides gave rise to glucose, sorbitol, kojibiose, and 
isomaltitol indicating that the reducing glucose unit in 
each trisaccharide was substituted at C-6.

Trisaccharides 1 and 2 were methylated by the Kuhn 
and Purdie techniques until no hydroxyl absorbance was 
detected in the infrared spectrum. Acid hydrolysis 
of the methylated trisaccharides afforded 2,3,4,6- 
tetra, 2,3,4-tri-, 3,4,6-tri-, and 3,4-di-O-methyl-D- 
glucoses which were isolated and identified by paper 
chromatography and paper electrophoresis. The 
identification of 3,4-di-O-methyl-D-glucose established 
the branched structure of trisaccharide 2 while the 
two tri-O-methyl-D-glucoses must originate from a 
trisaccharide having 1 -*• 6 and 1 — 2 linkages. From 
the partial acid hydrolysis data then, trisaccharide 1 
must have the structure assigned with isomaltose at the 
reducing terminal. The ratio of di- to tri- to tetra-O- 
methyl-D-glucose of 1.00:1.74:3.11 suggests that the 
two trisaccharides were present in approximately equal 
amounts.

Partial acid hydrolysis of trisaccharide 3 gave iso
maltose, nigerose, and glucose as revealed by paper 
chromatography. I t was established that the 1 —»- 
3 linkage was at the reducing end of the trisaccharide 
since periodate oxidation, reduction, and hydrolysis af
forded glycerol and arabinitol but no glucose. How
ever, these data do not distinguish between the linear 
and the branched trisaccharide.

Another trisaccharide fraction isolated in small quan
tity gave glucose, nigerose, and kojibiose on partial acid 
hydrolysis. When this fraction was treated succes
sively with periodate, sodium borohydride, and reflux
ing methanolic hydrogen chloride, arabinitol, methyl a- 
D-glucopyranoside, and glycerol were obtained. This 
evidence suggests that this fraction was a mixture of the 
two linear trisaccharides containing both 1 2 and 1 ->
3 linkages [d-Gp-(1 3)-d-Gp-(1 -* 2)-d-Gp and d-Gp-
(1 — 2)-d-Gp-(1 -*■ 3)-d-Gp], It does not rule out the 
alternate possibility that there was present a mixture of 
nigerotriose and kojitriose. However, there is no

evidence from periodate oxidation studies for the pres
ence of consecutive 1 -*■ 3 linkages which would give rise 
to nigerotriose. In view of the small proportion of 
this trisaccharide fraction containing both (1 2)- and
(1 3)-linked glucopyranose units and the relative 
stability to acetolysis of these linkages compared 
with the 1 -*■ 6 linkages, it would appear that sequences 
of consecutive 1 2 and 1 -► 3 linkages are not a com
mon structural feature in this dextran.

Additional evidence for the structure of the dextran 
was provided by periodate oxidation studies. The dex
tran was oxidized by periodate with a reduction of 1.58 
mol of periodate per glucose unit while 0.66 mol of 
formic acid was liberated per glucose unit. These 
values are in good agreement with the values predicted 
by the methylation data (1.59 and 0.73, respectively). 
The dextran polyaldehyde showed little tendency to 
overoxidize; the periodate consumption reached a max
imum in 40 hr and remained constant for an additional 
55 hr.

For further studies the dextran polyaldehyde was re
duced to the polyalcohol with sodium borohydride. On 
complete hydrolysis of the polyalcohol glucose and glyc
erol were obtained in the mole ratio 1.00:7.60 as de
termined by colorimetric analysis after separation of 
the two components by paper chromatography. This 
ratio is somewhat different from that indicated by the 
methylation results (1.00:5.98) but it is shifted in the 
direction expected if part of the 2,4,6-tri-, 2,4-di-, or
4-O-methyl-D-glucose had arisen by either incomplete 
methylation of the dextran or by partial demethylation 
of the methylated sugars during cleavage of the methyl
ated dextran.

Partial fragmentation of the dextran polyalcohol was 
accomplished most satisfactorily with methanolic hy
drogen chloride at room temperature. The meth- 
anolysate was examined by gas-liquid partition 
chromatography revealing glycerol, glycolaldehyde 
dimethyl acetal, and glyceraldehyde dimethyl acetal, 
the latter arising from 1 -► 2 linkages. Several less 
volatile components were detected by paper chromatog
raphy. The components of the methanolysate were 
isolated by paper chromatography and identified as 
follows.

Glycerol, the major component, was identified by 
chromatography and as the tri-p-nitrobenzoate. I t 
is derived from the linear segments of the dextran chain, 
the nonreducing terminal units, and the units branched 
at C-2.

1 - O - a  - d - Glucopy ran osyl - l  - glycerol was isolated 
along with two of its acetals containing glycolaldehyde 
(4 and 5). These three glucosides arise from glucose

ÇH2pH hæ- o.
1 -O I CHjOH

' HC-0^ £
I

G>-CH2 
ÔH

units substituted at C-3 and at C-l by periodate-labile 
units. Since the methylation study revealed that most, 
if not all, of the 3-substituted glucose units represent 
branch points, then C-6 of this glucose unit is also sub
stituted by an oxidizable residue. These periodate-
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sensitive units can be nonreducing terminal units, 
linear 1 6 units, or the C-2 branched units.

A fifth component in the methanolysate was iden
tified as l-O-a-isomaltosyl-L-glycerol (6) by chroma
tographic comparison with the authentic compound. 
In addition partial acid hydrolysis of 6 afforded 
isomaltose, 1-O-a-glucopyranosylglycerol, glucose, and 
glycerol while complete hydrolysis liberated glucose 
and glycerol in the mole ratio of 2:1. If 6 is struc
turally significant and is not an artifact created by in
complete oxidation, then it must originate from two 
adjacent glucose units in the (1 — 6)-linked chain each 
branched at C-3 as in the linkage sequence depicted by
7. This structural feature has been observed pre
viously in a dextran.7 A trace of 1-O-a-isomaltotriosyl- 
L-glycerol was obtained also.

—*6 G I *6*21 *6G i~ *

7

The isolation of 6 suggests some randomness in the 
distribution of C-3 branches. However the pre
ponderance of the glucosylglycerol and its acetals 4 
and 5 indicates that most of the 3-linked branches occur 
in isolated rather than in adjacent positions along the 
(1 —► 6)-linked chain. No glycosides of nigerose were 
isolated from the polyalcohol suggesting that consecu
tive 1 -*■ 3 linkages are not present in the dextran.

Cleavage of the dextran polyalcohol with aqueous 
acid, the method used previously for fragmenting these 
polyalcohols, gave the same components and, in addi
tion, several other compounds which were condensation 
products with glyceraldehyde or glycol aldehyde. This 
complicated both the isolation and identification pro
cedures. I t seems advisable therefore to subject poly
alcohols derived from (1 -*■ 2)-linked polysaccharides to 
methanolysis thereby converting glyceraldehyde into 
the less reactive dimethyl acetal.

The structures of the two glycolaldéhyde acetals 
of 1-O-a-D-glucopyranosyl-L-glycerol were established 
in the following manner. The rapid mobility of 4 and 
5 on paper chromatograms and their acid lability sug
gested their acetal nature. Acetal 4 on partial acid hy
drolysis gave 1-O-a-glucopyranosylglycerol, glucose, 
and glycerol. Méthylation by the Kuhn procedure 
gave the methyl ether of 4 which on hydrolysis with di
lute sulfuric acid afforded 2,3-di-O-methylglucose. The 
methyl ether of 4 was methanolyzed giving rise to 
methoxyacetaldehyde dimethyl acetal and 1,2-di-O- 
methylglycerol which were identified by glpc. The 
identification of these components establishes that 4 
is 1-0- [4,6-0-(2-hydroxyethylidene)-a-D-glueopyrano- 
syl]-L-glycerol.

Acetal 5 on partial acid hydrolysis gave 1-O-a-gluco
pyranosylglycerol which was identified by paper 
chromatography. Glycolaldéhyde dimethyl acetal was 
detected in the methanolysate of 5 by glpc. Méth
ylation of 5 and subsequent hydrolysis gave 2,3,4,6- 
tetra-O-methylglucose and glycerol, while methoxy
acetaldehyde dimethyl acetal was obtained by metha-

(7) D . A b b o tt, E . J .  B o u rn e , a n d  H . W eigel, J .  Chem . Soc., Sect. C, 827 
(1966).

nolysis. The structure 0-a-D-glucopyranosyl-(l -> 1)-
2,3-0-(2-hydroxyethylidene)-L-glycerol was assigned 
to 5 from these results. Although the stereochemistry 
of the glycerol moiety in acetals 4 and 5 and in isomal- 
tosylglycerol (6) has not been established for the iso
lated compounds, the configuration was assigned on the 
basis of its derivation from a 6-substituted D-glucopy- 
ranose unit.

Acetals 4 and 5 apparently arise through incomplete 
methanolysis of the dextran polyalcohol. The possi
bility that they were synthesized from glucosylglycerol 
and glycolaldéhyde during methanolysis seems un
likely under the dilute conditions employed for meth
anolysis. Indeed when a mixture of 1-0-a-D-glucopy- 
ranosyl-L-glycerol and glycolaldéhyde was treated 
with methanolic hydrogen chloride under conditions 
similar to those used for the polyalcohol, acetals 4 and 
5 were not detected. The structural significance of 4 
and 5 then depends on whether acid-catalyzed struc
tural rearrangements took place during methanolysis. 
If acid-catalyzed rearrangements of the glycolaldéhyde 
moiety of 4 and 5 did not occur, then these two com
pounds would have additional structural significance 
since the glycolaldéhyde moiety of 4 and 5 can only be 
derived from a linear (1 —► 6)-linked glucose unit and 
not from a C-2 branched unit.

Authentic 1-0-a-D-glucopyranosyl-L-glycerol was 
prepared from isomaltitol by oxidation with 1 mol 
of lead tetraacetate, followed by reduction with so
dium borohydride. The oxidant attacks the glucitol 
moiety preferentially8 and a mixture of glycosides is 
produced; 1-0-a-D-glucopyranosyl-L-glycerol was the 
major product isolated after reduction, and it was char
acterized as the crystalline hexa-p-nitrobenzoate.

Definitive evidence for the fine structure of dex- 
trans has been lacking particularly with reference to the 
nature of the branches. Physical studies have sug
gested the presence of single unit branches as well as 
long branches.9 The pattern of oligosaccharides 
formed by the action of dextranases7’10 * and recent chem
ical studies7 indicate that the majority of branches in 
certain dextrans consist of a single a-D-glucopyranosyl 
unit.

The evidence obtained from these studies on the 
strain C dextran does not distinguish between single
unit branches and long branches or a ramified structure. 
The oligosaccharides obtained by acetolysis and 
periodate fragmentation could arise from C-2 and 
C-3 branch points terminated by either single a-D- 
glucopyranosyl units or chains of (1 —*• 6)-linked a- 
D-glucopyranose units.

Experimental Section
The general conditions are described in part I of this series.2 

The following chromatography solvent systems were used in 
addition to these described previously: (E) 1-propanol-ethyl
acetate-water (65:10:25), (F) isoamyl alcohol-pyridine-water 
(1:1:1, upper phase), (G) pyridine-ethyl acetate-water (4:10:3), 
(H) 1-butanol-pyridine-water (6:4:3). Mobilities are expressed 
relative to glucose ( R g ) ,  isomaltose ( R i m ) ,  isomaltotriose (Æ im t ) ,  
and glycerol (Roey).

Unless stated otherwise partial acid hydrolyses were performed 
with Amberlite IR-120 (H+) cation-exchange resin as catalyst,

(8) A. J . C h a rlso n  a n d  A. S. P erlin , C an. J .  Chem ., 34, 1200 (1956).
(9) W . B . N ee ly , A d v a n . Carbohydrate^ Chem ., 15, 341 (1960).
(10) R. W . B ailey , D . H . H u ts o n , a n d  H . W eigel, B iochem . J . ,  80, 514

(1961); D . H . H u ts o n  a n d  H . W eigel, ib id ., 88 , 588 (1963).
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and the reaction mixtures were heated in a boiling-water bath. 
Sulfuric acid hydrolyses were neutralized with barium carbonate 
or ion-exchange resins.

An F  & M 500 gas chromatograph equipped with a thermal 
conductivity detector and a column (1.8 m X 6 mm) of 20% 
diethylene glycol succinate on acid-washed Chromosorb W, 
60-80 mesh, was used for gas-liquid partition chromatography 
(glpc). Helium was used as carrier gas at a flow rate of 1 ml/sec 
and inlet pressure of 30 psi. All runs were linearly programmed 
at a rate of 7.9°/min from 40 to 200°. The components are 
defined by their retention time (fît) in minutes and the tempera
ture ( T ) a t which they emerged from the column.

Fragmentation of the L. mesenteroides Strain C Dextran by 
Acid Hydrolysis.—Dextran (0.10 g) was heated in 0.1 N  oxalic 
acid (2 ml) in a sealed tube in a boiling water bath for 5 hr. 
The acid was neutralized with calcium carbonate, and the solu
tion was filtered and concentrated. The components were 
separated by chromatography on Whatman 3 MM paper using 
solvent G. Paper chromatography on solvents A, E, and F 
indicated that the components represented the homologous 
series of isomaltodextrins from isomaltose to isomaltooctaose as 
well as free glucose. Partial hydrolysis of each oligosaccharide at 
95° for 2 hr with Amberlite IR-120 (H+) resin as catalyst gave 
rise to the lower molecular weight homologs of the series as 
revealed by paper chromatography.

Fragmentation by Acetolysis.—-Dextran acetate (12.4 g) was 
dissolved in acetic anhydride (170 ml) at 5° and treated with 
a cold 5:1 mixture of acetic anhydride-sulfuric acid (78 ml) for 
15 min. The reaction mixture was allowed to warm to room 
temperature (2 hr) and then held at 35° for 45 hr. The acetates 
were recovered by centrifugation after pouring the reaction 
mixture into water, and the supernatant was extracted with 
chloroform to remove the remaining acetates. The combined 
acetates were dissolved in chloroform, washed with sodium 
bicarbonate solution and water, and concentrated to a syrup 
(yield 14.0 g). The syrup was extracted with methanol and the 
methanol-soluble material was deacetylated catalytically with 
sodium methoxide (yield 4.0 g). The methanol-insoluble acetate 
fraction was deacetylated in chloroform with methanolic potas
sium hydroxide and shown by chromatography to be primarily 
large oligosaccharides (yield 1.5 g). This latter fraction was not 
investigated further.

The deacetylated acetolysate (4.0 g) was resolved by cocoanut 
charcoal column chromatography,11 giving the disaccharides 
in a yield of about 17% (1.16 g) and the trisaccharides in 5% 
yield (0.30 g).12 The yields are calculated as the percentage by 
weight of the dextran (12.4 g of dextran acetate correspond to
7.1 g of dextran). Fractions eluted from the carbon column were 
purified further by chromatography on Whatman 3 MM paper 
with solvents E and G giving the following oligosaccharides.

A. 3-O-a-D-Glucopyranosyl-D-glucopyranose (Nigerose).—
Fraction a (yield 0.14 g, 2%) was chromatographically (paper) 
identical with nigerose: Rg 0.51, 0.74, and 0.85 in solvents A, 
E, and F, respectively; [ce]28D +128.2° (c 1.2, water) (lit.8 
[a] 18d  +131° in water). Acetylation with acetic anhydride and 
sodium acetate afforded the ^-octaacetate: mp 145-147°;
[ a ] “ D +89° (c 0.6, chloroform) after recrystallization from 
ethanol (lit.6-13 mp 149, 152-154; [<*]d +83° in chloroform).

B. 2-O-a-D-Glucopyranosyl-a-D-glucopyranose (K ojibiose).— 
Fraction b (yield 0.51 g, 7%) was recrystallized from aqueous 
ethanol: mp 186-187°; [a]KD +161° (10 min) —► +136.5° 
(80 min) (c 0.9, water) (lit.14 a-kojibiose: anhydrous, mp 193- 
194°; hydrate, mp 195-196°, [a ]D  +145.8° — +135.2° in 
water). This fraction was identical with kojibiose by paper 
chromatography in solvents A, E, and F (Rg 0.37, 0.68, and 0.76, 
respectively). Acetylation with acetic anhydride and sodium 
acetate afforded the 0-octaacetate which was recrystallized from 
ethanol: mp and mmp 117-119°; [q-]26d  +130.5° (c0.2, chlor
oform) (lit.15 mp 118°; [œ] d  +113° in chloroform).

(11) F . W . B a r th  a n d  T . E . T im ell, C an. J .  Chem ., 36, 1321 (1958).
(12) W h e n  th e  d e x tra n  w as s u b je c te d  to  ac e to ly s is  u s ing  a  longe r reac tio n  

t im e  a n d  a  h ig h e r co n c e n tra t io n  of ac id  (s im ila r to  th e  c o n d itio n s  d escribed  
b y  S u zu k i a n d  H eh re5), th e  o ligosaccharides w ere  iso la ted  in  th e  fo llow ing 
y ie ld s : iso m a lto se  (2 % ), ko jib io se  (1 3 % ), n igerose (2 % ),  a n d  tr isa cch a rid es  
(1 % ) .

(13) K . M a ts u d a , H . W a ta n a b e , a n d  K . Aso, T ohoku  J .  A gr. R es., 12, 351 
(1961).

(14) K . T a k iu r a  a n d  K . K o izum i, J .  P harm . S c i. J a p .,  82, 852 (1962).
(15) K . M a ts u d a , N a tu re , 180, 985 (1957).

Kojibiose was reduced with sodium borohydride to the syrupy 
kojibiitol, [a]23D +83.5° (c 1.5 in water) and Rg 0.70 in solvent
E. On oxidation with 0.015 M  periodic acid at 5°, kojibiose re
duced 2.9 mol of periodate in 23 hr, unchanged after 42 hr, and 
thereafter was overoxidized reducing 5.2 mol in 76 hr and 6.5 
mol in 165 hr.

Methylation of kojibiose (0.072 g) using dimethylformamide 
(6 ml), methyl iodide (1.8 ml), and silver oxide (3.5 g)16 gave the 
octamethyl ether (0.074 g): |c*]27d  +113° (c 1.9, chloroform). 
The octa-O-methylkojibiose was refluxed for 8 hr and the methyl
ated sugars were separated by paper chromatography (solvent 
C) giving equimolar quantities of 2,3,4,6-tetra-O-methyl-D- 
glucose, mp 88-90°, and 3,4,6-tri-O-methyl-D-glucose, [a]29D 
+55° (c 0.7, water) (lit.16 17 [<*]d  +78° in water). The mobility 
of the 3,4,6-tri-O-methyl-D-glucose on paper electrophoresis in 
0.1 M  borate buffer established that C-2 was not methylated 
since the other tri-O-methyl-D-glucoses do not form borate com
plexes under these conditions.18

C. 6-O-a-D-Glucopyranosyl-D-glucopyranose (Isomaltose).— 
Fraction c (yield 0.23 g, 3%) was identical with isomaltose by 
paper chromatography in solvents A, E, and F (Rg 0.26, 0.58, 
and 0.64, respectively), and G (Rm r  1.90). Acylation with p- 
nitrobenzoyl chloride in pyridine at 85° for 3.5 hr gave the /3- 
octa-p-nitrobenzoate which was recrystallized from 2-butanone: 
mp 226-228°; [a]22D +83.8° (c 0.3 in acetonylacetone) (lit.19 
mp 188°; [« ] d  +22.0° (c 1.3 in acetonylacetone) after recrystal
lization from acetone). Authentic isomaltose /3-octa-p-nitro- 
benzoate prepared in this laboratory with p-nitrobenzoyl chloride 
and pyridine and recrystallized from 2-butanone had mp 223- 
225° and [« ]23d  +78.8° (c 0.6 in acetonylacetone).

Anal. Calcd for CssHieNsCW. C, 53.2; H, 3.0; N, 7.3. 
Found: C, 53.0; H, 3.3; N, 7.2.

Recrystallization of the /3-octa-p-nitrobenzoate from acetone 
gave crystals which melted at 189-190°, solidified at 200°, and 
remelted at 236-237°.

Fraction c was transformed into isomaltitol by reduction 
with sodium borohydride. Recrystallization of the isomaltitol 
from methanol gave crystals with mp 137-138° and [a]29D 
+  90.3° (c 0.7, water) (lit.20 mp 165.5-167° and [<*]28d +89° 
in water).

D. Isomaltotriose.—Fraction d (0.05 g) was chromatograph
ically identical with isomaltotriose in solvents E, F, and G and 
had [a]27d  +142° (c 0.8, water) (lit.21 [a]d  +142° in water). 
Partial hydrolysis liberated glucose and isomaltose only.

E. Trisaccharides 1 and 2 .—Fraction e (0.060 g), [«]d 
+83° (c 0.8, water), contained two components which had similar 
mobilities on paper chromatograms in solvents E , F, and G 
(E imt 1-12 in solvent G) but were distinguished by paper elec
trophoresis. When this fraction was partially hydrolyzed, 
glucose, kojibiose, and isomaltose were detected by paper 
chromatography. Treatment of fraction e with sodium boro
hydride afforded the two reduced trisaccharides with R m  0.68 
and 0.79 in solvent E and R imt 1-08 and 1.38 in solvent G. 
Partial hydrolysis of the mixture of reduced trisaccharides gave 
glucose, sorbitol, kojibiose, and isomaltitol as revealed by 
paper chromatography.

The trisaccharide mixture (36 mg) was subjected to three Kuhn 
and five Purdie methylations until no hydroxyl absorption was 
observed in the infrared. The methylated trisaceharides were 
hydrolyzed in refluxing 1 N  sulfuric acid, and the methylated 
sugars were isolated by paper chromatograph in solvent C. 
Assay of each fraction by the phenol-sulfuric acid method22 
gave the ratio 1.00:1.74:3.11 for the the di-, tri-, and tetra-O- 
methyl-D-glucoses. The following components of the hydrolysate 
were identified by comparison with the authentic compounds by 
paper chromatography in solvents B and C and by paper electro
phoresis in 0.1 M  borate buffer: (i) 3,4-di-O-methyl-D-glucose,
(ii) 3,4,6-tri-O-methyl-D-glucose, (iii) 2,3,4-tri-O-methyl-D-glu- 
cose, and (iv) 2,3,4,6-tetra-O-methyl-D-glucose. Reduction of

(16) R . K u h n , H . T riach m a n n , a n d  I .  Low , Angew . C hem ., 67, 32 (1955).
(17) R . L. S un d b erg , C . M . M cC loskey , D . E . R ees, a n d  G . H . C o lem an , 

J .  A m er. Chem . Soc., 67, 1080 (1945).
(18) K . W eigel, A d va n . Carbohyd. C hem ., 18, 61 (1963).
(19) E . M . M o n tg o m e ry , F . B . W eak ley , a n d  G . E . H ilb e r t, J .  A m er. 

Chem . Soc., 71, 1682 (1949).
(20) M . L . W olfrom , A. T h o m p so n , A. N . O ’N eill, a n d  T . T . G alkow sk i, 

ib id ., 74, 1062 (1952).
(21) J . R . T u rv e y  a n d  W . J . W he lan , B iochem . J„  67, 49 (1957).
(22) M . D u b o is , K . A . G illes, J . K . H a m ilto n , P . A. R eb e rs , a n d  F . S m ith ,

A n a l. Chem ., 28, 350 (1956).



Vol. 33, No. 8, August 1968 Leuconostoc mesenteroides S train  C D e x t r a n . II  3143

iii with sodium borohydride and subsequent oxidation with 0.037 
M  periodic acid at 5° for 40 hr afforded 2,3,4-tri-O-methylxylose 
as revealed by paper chromatography. This establishes con
clusively that iii is 2,3,4-tri-O-methyl-D-glucose.

No glucose was detected by paper chromatography when the 
trisaccharide mixture was oxidized with periodic acid for 24 hr, 
reduced with borohydride, and hydrolyzed.

F. Trisaccharide 3.—Fraction f (0.043 g) had B im 0.63 and 
R m r  1.31 on paper chromatography in solvent G. Partial 
hydrolysis released glucose, isomaltose, and nigerose. The 
trisaccharide was oxidized with 0.1 M  periodic acid at 5° for 
24 hr, and the product was reduced with sodium borohydride 
for 3 days. The reduced product was hydrolyzed with 0.1 N  
hydrochloric acid at room temperature for 22 hr. Paper chro
matography of the deionized hydrolysate showed considerable 
streaking of the components and the hydrolysate was re-treated 
with sodium borohydride and again deionized. Glycerol and 
arabinitolwere the only components detected by paper chromatog
raphy.

G. Trisaccharides 8 and 9.—Fraction g (0.013 g) showed two 
components by paper chromatography in solvent G (S imt 1.52 
and 1.74). Partial hydrolysis of fraction g yielded glucose, 
nigerose, and kojibiose. Fraction g was oxidized with 0.1 M  
periodic acid at 5° for 15 hr, and the product was reduced with 
sodium borohydride and refluxed with 1 Ar methanolic hydrogen 
chloride for 2 hr. The deionized methanolysate was shown by 
paper chromatography (solvents A, B, and H) to contain arabini- 
tol, methyl a-D-glueopyranoside, and glycerol.

Periodate Oxidation of Dextran.—Dextran (0.2044 g), purified 
via the acetate, was oxidized with 0.075 M  periodic acid (100 ml) 
at 5°. Aliquots (2 ml) were titrated for periodate by the Fleury- 
Lange method,23 and formic acid was titrated on 5-ml aliquots to 
the phenolphthalein end point with 0.009 N  sodium hydroxide 
after reduction of the excess periodate with ethylene glycol 
(Table I).

T a b l e  I
z-------------------------- T im e, h r-----------------------------•
22  26 39 63 65 113

Periodate reduced,
mol/glucose unit 1.44 1.45 1.58 1.56 ................

Formic acid released,
mol/ glucose unit ........................................  0.65 0.66

For further studies dextran (5.11 g) was oxidized with 0.1 M  
periodic acid (1 1.) a t 5°ifor 95 hr (1.58 mol of periodate reduced/ 
glucose unit). The acid was neutralized with barium carbonate, 
and the solution was filtered and treated with sodium boro
hydride (5 g) for 22 hr. The excess borohydride was destroyed 
with acetic acid, and the solution was concentrated to 200 ml.

Methanolysis of the Dextran Polyalcohol.—A portion of the 
solution (100 ml) was passed through a column of Amberlite 
IR-120 (H+), and the eluate was concentrated nearly to dryness 
and treated with methanol (75 ml). The solution was concen
trated to a syrup and again treated with methanol; this process 
was repeated four times. The residue was dissolved in methanol 
(80 ml) and treated with 1 N  methanolic hydrogen chloride (30 
ml) for 16 hr at 23°. The acid was neutralized with silver car
bonate, the mixture was filtered, and the solution was concen
trated to 10 ml. Examination of this methanolysate by glpc 
revealed glycolaldehyde dimethyl acetal (Rt 8.6 min, T  120°), 
glyceraldehyde dimethyl acetal (R t 16.6 min, T  180°), and glyc
erol, which were confirmed by cochromatography24 with the 
authentic compounds. The remainder of the methanolysate was 
concentrated to dryness (yield 0.93 g).

A. Glucose-Glycerol Ratio.—A portion of the methanolysate 
(19 mg) was hydrolyzed in refluxing 1 N  sulfuric acid for 21 hr. 
The solution was deionized [Duolite A4 (OH- )] and concen
trated, and the components were separated by paper chromatog
raphy in solvent A. Glucose and glycerol were each eluted with 
water and analyzed respectively by the phenol-sulfuric acid2a

(23) R . D . G u th r ie  in  "M e th o d s  in  C a rb o h y d ra te  C h e m is try ,”  Vol. I , 
R . L. W h is t le r  a n d  M . L . W olfrom , E d ., A cadem ic  P re ss  In c ., N ew  Y o rk ,
N . Y ., 1962, p  437.

(24) C o c h ro m a to g ra p h y  refers  to  c h ro m a to g ra p h y  of a n  a d m ix tu re  of th e  
a u th e n tic  specim en  a n d  th e  co m p o u n d  being  exam ined .

and the periodate-chromotropic acid26 * methods giving a glucose- 
glycerol molar ratio of 1.00:7.60.

B. Identification of the Components of the Methanolysate.
The methanolyzate (0.745 g) was separated on Whatman 3 MM 
paper using solvent A. The components were eluted with water 
and identified as follows.

i. Glycerol (0.197 g).-—Fraction i was chromatographically 
identical with glycerol in solvents A, B, and H and gave the 
tri-p-nitrobenzoate, mp 192-193°.

ii. 1-0- [4,6-0-(2-Hydroxyethylidene)-a-D-glucopyranosyl]-L- 
glycerol (4) (0.054 g).—Compound 4 had [a]28D +79° (c 0.3, 
methanol) and Bgey 0.81 in solvent A. Partial hydrolysis of 4 
for 30 min gave 1-O-a-D-glucopyranosylglycerol, glycerol, and 
glucose as revealed by paper chromatography. The original 
compound could not be detected after hydrolyzing for 60 min.

Compound 4 (6 mg) was methylated twice by the Kuhn 
procedure, and a portion was hydrolyzed with 1 N  sulfuric acid 
at 100° for 12 hr. Examination of the hydrolysate by paper 
chromatography in solvents C and H and by electrophoresis 
revealed one visible component corresponding to 2,3-di-O- 
methyl-D-glucopyranose. The remainder of the methyl ether of 
4 was heated in 1 N  methanolic hydrogen chloride in a sealed 
tube in a boiling-water bath for 14 hr. Examination of the 
methanolysate by glpc showed peaks corresponding to methoxy- 
acetaldehyde dimethyl acetal (T  91°, R t 7A  min) and 1,2-di-O- 
methylglycerol (T  76°, Rt  2.5 min) which were confirmed by 
cochromatography.

iii. I -O-a-n-Glucopyranosyl-2,3-0- (2-hydroxyethylidene )-l- 
glycerol (5) (0.042 g).—Compound 5 had [«]%> +44° (c 1.6, 
methanol) and Ugly 0.45 in solvent A. Partial hydrolysis of 5 
for 15 min gave 1-0-a-D-glucopyranosylglyceroI and a trace of 
glucose as revealed by paper chromatography; the original com
pound could not be detected. Methanolysis of 5 in a sealed tube 
at 95° for 6 hr afforded glycolaldehyde dimethyl acetal (T  122°) 
detected by glpc and confirmed by cochromatography.

Compound 5 was methylated two times by the Kuhn procedure 
and subjected to methanolysis. Glpc of the methanolysate 
showed a peak corresponding to methoxyacetaldehyde dimethyl- 
acetal (T  98°, Rt 7.1 min). Mono- and di-O-methylglycerol were 
not detected. The remainder of the methanolysate was refluxed 
with 1 JV sulfuric acid for 9 hr. Paper chromatography of the 
concentrated hydrolysate using solvents A and C revealed 2,3,4,6- 
tetra-O-methyl-D-glucose and glycerol.

iv. 1-O-a-D-Glucopyranosyl-L-glycerol (0.084 g).—Fraction iv 
had [a]29o +122.8° (c 1.4, water); it was chromatographically 
identical with the authentic compound on solvents A, B, and H 
(Rg 0.71, 1.04, and 0.95, respectively) and on partial hydrolysis 
afforded glucose and glycerol in addition to iv. Acylation with 
p-nitrobenzoyl chloride and pyridine gave the hexa-p-nitro- 
benzoate which was recrystallized from acetone and from 2- 
butanone: mp and mmp 219-220° (melted at 134-136° and 
resolidified); [<*]%> +53.9° (c 0.6, acetone).

v. O-a-u-Glucopyranosyl-f 1 —► 6)-0-a-D-glucopyranosyl-
(1 -* l)-L-glycerol (1-O-a-Isomaltosyl-L-glycerol) (6).—Fraction 
v was purified further by paper chromatography giving 15 mg of 6. 
Compound 6 was chromatographically identical with authentic 
l-O-a-isomaltosyl-L-glycerol26 in solvents A, E, and F (Rq 0.24, 
0.57, and 0.60, respectively) and had [a]28!) +109° (c 0.2, 
water); authentic, [<*]d  +165° (c 0.7, water). Partial acid 
hydrolysis of 6 for 30 min afforded isomaltose, 1-O-glucopyran- 
osylglycerol, glucose, and glycerol which were revealed by paper 
chromatography. The original compound was still detected 
after 2 hr but not after 3 hr. Complete hydrolysis of 6 with re
fluxing 1 N  sulfuric acid for 12 hr afforded glucose and glycerol 
in the mole ratio 1.00:0.55; glucose was analyzed by the phenol- 
sulfuric acid method22 and glycerol by the periodate-chromotropic 
acid technique.26

vi. 1-O-a-Isomaltotriosyl-L-glycerol.—Fraction vi was chro
matographically identical with l-O-a-isomaltotriosyl-L-glycerol26 
on solvents A, E, and F (Rm  0.28, 0.42, and 0.55, respectively). 
Partial hydrolysis for 30 min gave 1-O-isomaltosylglycerol, 
isomaltose, 1-O-glucopyranosylglycerol, glucose, and glycerol 
which were detected by paper chromatography.

(25) B . A. Lewis, F . S m ith , a n d  A. M . S te p h e n  in  “ M e th o d s  in  C a rb o h y 
d ra te  C h e m is try ,” Vol. I , R . L. W h is tle r  a n d  M . L . W olfrom , E d ., A cadem ic 
P ress  In c ., N ew  Y ork , N . Y ., 1962, p  472.

(26) T h e  1 -0 -a-isom alto sy I-L -g lyeero l a n d  l-O -'a-isom alto triosy l-L -g lyc-
ero l req u ire d  as  reference  co m pounds w ere  p re p a re d  b y  p a r t ia l  p e r io d a te
o x id a tio n  of N R R L  B-512 d ex tran .
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C. Attempted Condensation of Glycolaldéhyde with 1-0-a-D- 
Glucopyranosyl- L-glycerol.—A mixture of 1 -O-a-D-glucopy ran- 
osyl-L-glycerol (21 mg, 0.082 mmol) and glycolaldéhyde (32 mg, 
0.53 mmol) in methanol (1 ml) was treated with 1 N  methanolic 
hydrogen chloride (0.38 ml) for 18 hr at 20°. The reaction mix
ture was neutralized with silver carbonate and filtered, and the 
solution was concentrated. The unreacted glucosylglycerol was 
the only component visible by paper chromatography in solvents 
A and E. Acetals 4 and 5 could not be detected.

Hydrolysis of the Dextran Polyalcohol.—The dextran poly
alcohol was hydrolyzed with 0.1 N  hydrochloric acid at 25° for 
18 hr, and the reaction mixture was neutralized and treated with 
sodium borohydride. The components of the deionized hy
drolysate were separated by paper chromatography. The same 
components (i-vi) were identified, but in addition there were 
small amounts of several components which appeared to be 
condensation products of these components with glycolaldéhyde 
or glyceraldehyde. These were not investigated further.

Synthesis of 1-O-a-D-Glucopyranosyl-L-glycerol.—A solution of 
isomaltitol (0.245 g) in water (1 ml) was diluted with acetic 
acid (75 ml) and treated with lead tetraacetate (0.350 g, 1.1 
molecular proportions). The reaction mixture was shaken vigor
ously until the lead tetraacetate had dissolved and, after 2.5 
hr at room temperature, oxalic acid (0.368 g) in acetic acid (10 ml) 
was added. The mixture was filtered and the solution was con
centrated. The residue was dissolved in water and deionized 
with Amberlite IR-120 (H+) and Duolite A-4 (OH- ) resins. 
Sodium borohydride (0.20 g) was added, and after 15 hr the 
solution was neutralized with acetic acid and the sodium ions

were removed with Amberlite IR-120 (H+). The solution was 
concentrated, and the residue was treated with methanol to 
remove boric acid.

Preparative paper chromatography (solvent G) of the syrupy 
product (0.204 g) afforded pure l-O-a-D-glucopyranosyl-L- 
glycerol (0.070 g) in addition to isomaltitol (0.054 g), l-O-a-D- 
glucopyranosyl-L-erythritol (0.011 g), and hydroxyethyl ohd- 
glucopyranoside (0.030 g). The l-O-a-D-glucopyranosyl-n- 
glycerol had [a]29D +123.9° (c 1.2, water) and on heating with 
pyridine and p-nitrobenzoyl chloride at 95° for 3.5 hr it gave a 
hexa-p-nitrobenzoate which was recrystallized from acetone- 
ethanol (1:1): mp 121-125°, solidifying and remelting at 222- 
223°; [a]24d +57.4° (c 1.0, acetone).

Anal. Calcd for C6iH36N6026: C, 53.3; H, 3.2; N, 7.3. 
Found: C, 53.2; H, 3.2; N, 7.1.

Registry No.'—Isomaltose /3-acta-p-nitrobenzoate, 
16780-53-3; 1-0-a-D-glucopyranosyl-L-glycerol hexa-p- 
nitrobenzoate, 16808-40-5.
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A method of preparation of deoxophylloerythroetioporphyrin using the chlorophyll derivative, pheophytin, as 
the starting material has been worked out. In the procedure pheophytin is first converted into pyropheophorbide 
which is further degraded to deoxophylloerythrin in a single composite reaction based on the Wolff-Kishner 
reduction. Deoxophylloerythrin is then decarboxylated to yield deoxophylloerythroetioporphyrin by a seven- 
step reaction which includes Curtius rearrangement, Hofmann degradation, and catalytic hydrogenation.

The natural occurrence of deoxophylloerythroetio- 
porphyrin (DPEP) was suspected by A. Treibs when he 
extracted from a Swiss marl a porphyrin with a visible 
spectrum identical with that of deoxophylloerythrin (for 
structures see Table I) and chemical properties indicat
ing the absence of carboxyl groups.1 2 The central posi
tion of DPEP in the geochemistry of the fossil porphy
rins3 required that the suggested structure be confirmed 
by synthesis. Using the usual synthetic approach of the 
Fischer school based on the appropriate pyrromethenes, 
an authentic sample of DPEP was prepared. However, 
the yields were dishearteningly low; for example, 12 
mg of DPEP was obtained from 30 g of pyrromethenes.4 
A later attempt by other workers to repeat the synthesis 
produced only fractional milligrams of the desired por
phyrin and they reported that the major product was

(1) (a) P o rp h y r in  S tu d ie s . X X X V I. P a p e r  X X X V : C . B . S to rm , A. H . 
C orw in , R , R . A rellano , M . M a r tz , R . W e in tra u b , J .  A m er. Chem . Soc ., 88, 
2525 (1966). T h is  w o rk  s u p p o r te d  in  p a r t  b y  th e  P e tro le u m  R esea rc h  F u n d  
a d m in is te re d  b y  th e  A m erican  C hem ica l S o c ie ty  a n d  in  p a r t  b y  P u b lic  H e a lth  
S e rv ic e  R e se a rc h  G ra n t  N o . F R  55801-5 from  th e  G en e ra l R e sea rc h  S u p p o r t 
B ra n c h , (b) M ello n  In s t i tu te ,  (c) J o h n s  H o p k in s  U n iv e rs ity .

(2) A . T re ib s , A n n .,  509, 103 (1934).
(3) (a) F o r  th e  o rg in a l p ro p o sa l of th e  o rg an ic  g e o c h em is try  of th e  p o r

p h y rin s , see  A . T re ib s , A ngew . Chem ., 49 , 682 (1936); (b) fo r a  re c e n t d iscus
sion , see E . W . B ak e r, in  “ O rgan ic  G eo ch em is try : M e th o d s  a n d  R e s u lts ,"  
G . E g lin to n  a n d  M . M u rp h y , E d ., S p ringer-V erlag , N ew  Y o rk , N . Y ., 1968.

(4) H . F isch e r  a n d  H . J . H o ffm an n , A n n .,  517 , 274  (1935).

etioporphyrin.6 The comparative ease with which 
quantities of the chlorophyll derivative, pheophytin, 
can be obtained from natural sources suggested that a 
different approach might be more fruitful. Since it al
ready contains the required carbon skeleton, the choice 
of pheophytin as the starting point would avoid much 
of the tedium of the pyrromethene synthesis. Fur
thermore, now that the structure of chlorophyll has 
been confirmed,6 it is sound to use it as a starting point 
for the synthesis of compounds of related structures.

Thus, a logical starting point for the synthesis of 
DPEP was pheophytin a +  b (see Table II). Pheo
phytin is produced by extraction from chlorophyll-rich 
plants and may be obtained commercially. I t is known 
to be readily converted into pyropheophorbide a +  b by 
refluxing in concentrated HC1, and so could be made 
available in quantity without undue labor. A glance

(5) J .  M . S u g ih a ra  a n d  L . R . M cG ee, J .  Org. C hem ., 22 , 795 (1957). 
T h e se  w orkers  su g g es t e tio p o rp h y rin  I  a s  th e  m a jo r  p ro d u c t fro m  th e  reac tio n  
m ix tu re . H ow ever, th e  p ro x im a te  2 -ca rb o n  s id e  ch a in s  (3 '-e th y l an d
3 -b rom ov iny l) on  th e  p y rro m e th e n e  c o m p o n en t w h ich  fo rm s  th e  I I I  a n d  IV  
Tings of th e  p o rp h y r in  seem  to  c o n tra d ic t  th is  a n d  e t io p o rp h y r in  I I I  w ou ld  
b e  th e  p ro d u c t  if th e  isocyclic r in g  d id  n o t  close.

(6) (a) R . B . W oo d w ard , P ure A p p l . Chem ., 2 , 383 (1961); (b) R . B . 
W oo d w ard , et a l., J .  A m er. Chem. Soc., 82 , 3800 (1960); (c) fo r a  co m p le te  
d iscussion  of a ll d e ta ils  of th is  sy n th es is  a n d  p r io r  w ork , see W . L w o w sk i in  
“ T h e  C h lo ro p h y lls ,”  L . P . V ernon  a n d  G . R . S eely , E d . ,  A cad em ic  P ress, 
N ew  Y o rk , N . Y ., 1966, p  119.
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T a b l e  I
S t r u c t u r e  a n d  N a m e s  o f  P o r p h y r i n s

CH3 C2 H5

H, l j \ \  .H

CH3J  N' II ch3
N |A / /  M

sv. ■ ■ j c2h5
Hv  \ _ J  H

ch3

C o m p o u n d  n am e : tr iv ia l  (sy s tem a tic )
C om pd

no. R
R e a c ta n ts  an d  

co n d itio n s

Deoxophylloerythrin (1,3,5,8-tetramethyl-2,4-diethyl-6,7-ethanoporphine- 
7-propionic acid) V CH2CH2COOH CH3OH, HC1

Deoxophylloerythrin methyl ester (l,3,5,8-tetramethyl-2,4-diethyl-6,7- 
ethanoporphine-7-propionic aeid methyl ester) VI c h 2c h 2c o o c h 3 n h 2n h 2-h 2o

Deoxophylloerythrin hydrazide (l,3,5,8-tetramethyl-2,4-diethyl-6,7-ethano- 
porphine-7-propionic aeid methyl ester) VII c h 2c h 2c o n h n h 2 H N 02, MeOH

Deoxophylloerythrin ethyl-w-methylurethan [ 1,3,5,8-tetramethyl-2,4-di- 
ethyl-6,7-ethano-7-(ethyl-u-methylurethan)porphine] VIII c h 2c h 2n h c o o c h 3 10% HC1, 130°

Deoxophylloerythrin ethyl-w-amino hydrochloride [l,3,5,8-tetramethyl-2,4- 
diethyl-6,7-ethano-7-(ethyl-w-amino hydrochloride)porphine] IX c h 2c h 2n h 3+c i- OH- , (CH3)2S04

Deoxophylloerythrin ethyl-w-dimethylamino dimethyl sulfate [1,3,5,8-tetra- 
methyl-2,4-diethyl-6,7-ethano-7-(ethyl-a>-dimethylamino dimethyl sulfate)- 
porphine] X CH2CH2N +(CH3 )3s o 4c h 3 - KOH, heat

Protodeoxophylloerythroetioporphyrin (l,3,5,8-tetramethyl-2,4-diethyl-7- 
vinyl-6,7-ethanoporphine) XI c h = c h 2 H2-P t, THF

Deoxophylloerythroetioporphyrin (l,3,5,8-tetramethyl-2,4,7-triethyl-6,7- 
ethanoporphine) X II c h 2c h 3

at the formulas shows that the route from pyropheo- 
phorbide to DPEP crosses two major hurdles. The 
oxidation level of a number of the substituents (reduc
tion of carbonyl and vinyl) as well as that of the aro
matic system (oxidation of chlorin to porphyrin) must 
be changed and decarboxylation of a propionic acid side 
chain must be performed. Decarboxylation of un
activated carboxyl groups is difficult and in this case 
is more so owing to the ponderance of the molecule. 
Methods of decarboxylation of the propionic acid group 
were considered and the Curtius and Hofmann deg- 
radative method was the obvious choice because of its 
demonstrated utility on porphyrin carboxylic acids. 
All reactions in this sequence proceed under relatively 
mild conditions such that the integrity of the porphyrin 
moiety is known to be preserved.7 The reaction 
sequence is somewhat lengthy (eight steps) and yields 
are considerably less than quantitative. These con
siderations dictated that deoxophylloerythrin would 
have to be made available in sizable quantities. To 
this end then, first attention was devoted to stream
lining and simplifying the standard methods of reducing 
the functional groups of pyropheophorbide and ox
idizing it to a porphyrin.

It was known that the Wolff-Kishner reaction run 
under mild conditions would reduce both the vinyl 
and carbonyl functions of pyropheophorbide a or b to 
give, along with several other products, deoxo- 
mesopyropheophorbide (III).8 Under more severe

(7) F o r  exam ple, see (a) m e so p o rp h y rin  I X  to  e tio p o rp h y rin  I I I ,  E . W . 
B ak e r, M . R u cc ia , a n d  A. H . C o rw in , A n a l. B iochem ., 8, 512 (1964), a n d  H . 
F ischer, E . H a a re r , a n d  F . S ta d le r , Z . P hysio l. Chem ., 241 , 201 (1936); (b) 
k o p ro p o rp h y rin  I  to  l,3 ,5 ,7 - te tra m e th y l-2 ,4 ,6 ,8 - te tra v in y lp o rp h in e , H . 
F isch er, et al., ib id .;  (c) p y r ro p o rp h y r in  X V  to  p y rro e tio p o rp h y rin , H . 
F isch e r a n d  E . H aa re r , ib id ., 229 , 55 (1934).

(8) (a) H . F isch e r  a n d  H . G ib ia n , A n n .,  552 , 153 (1942); (b) ib id ., 548, 
183 (1941).

Wolff-Kishner conditions, some deoxophylloerythrin 
and etioporphyrin III were formed.9 Reduction of 
the carbonyl functions and the aromatization are, of 
course, not unexpected but clean reduction of the vinyl 
group does not occur under Wolff-Kishner conditions 
in a sealed tube. The fact that the effective reductant 
is not hydrazine but its oxidation product, diimide, 
explains this observation.10

Thus, an improved procedure, based on the above 
considerations and incorporating the Huang-Minlon 
modification of the Wolff-Kishner reduction, was 
formulated. Pyropheophorbide a +  b is converted 
into deoxophylloerythrin in one composite reaction 
without isolation of the intermediates. Three distinct 
reactions take place sequentially: reduction of the 
vinyl group, reduction of the carbonyl functions, and 
dehydrogenation of ring IV. The early stages of the 
reaction are run in the presence of air to obtain re
duction of the vinyl group. If oxygen is carefully 
excluded from the reaction mixture, a sizable yield of 
what appears to be the 2-vinyl analog of deoxo
phylloerythrin is obtained; however, some reduction of 
the vinyl group still occurs even in the absence of 
oxygen. In a later stage of the reaction, base is added 
and the temperature raised to 150° to decompose the 
hydrazone (IV). Finally, the temperature is raised 
to 190-200° and the reaction mixture changes from 
dull green to reddish brown indicating conversion 
into the porphyrin, which after work-up is obtained in 
about 65% yield. A small yield of chlorin is also 
obtained which spectral evidence indicates is deoxo- 
mesopyropheophorbide (III).8

(9) H . F isch e r, E . L a k a to s , a n d  J .  S chnell, ib id ., 509 , 212 (1934).
(10) (a) E . J . C orey , W . L . M ock , a n d  D . J . P a s to , Tetrahedron L ett., N o  

11, 347 (1961); (b) E . J . C o rey , D . J . P a s to , a n d  W . L . M ock , J .  A m er. 
Chem . Soc., 83 , 2957 (1961).



3146 B a k e r , C o r w in , K l e s p e r , and  W e i The J o u rn a l o f O rganic C h em istry

N am e

Pheophytin 
Pyropheophorbide 
Deoxomesopyropheophorbide 
Pyropheophorbide hydrazone

T a b l e  II
S t r u c t u r e  o p  P h o r b i d e s

P 5
C om pd

no. R i a
------R j------------------- —,

b Rs R< R ö

i c h = c h 2 c h 3 CHO COOCHs C20H39 0

h c h = c h 2 c h 3 CHO H H 0

h i c h 2c h 3 c h 3 CHO H H h 2
I V c h = c h 2 c h 3 c h = n n h 2 H H NNH;

350 4 0 0  4 5 0  5 0 0  550 6 0 0  650  700
m ¡jl

Figure 1.—(a) Electronic spectrum of protodeoxophylloery- 
throetioporphyrin; (b) electronic spectrum of deoxophylloery- 
throetioporphyrin.

Deoxophylloerythrin was then decarboxylated to 
yield DPEP by the series of reactions shown sche
matically in Table I. In all reactions, the conditions 
used were essentially those reported for the conversion 
of mesoporphyrin IX into etioporphyrin III,7® except 
for the formation of deoxophylloerythrin hydrazide. 
Conditions under which no mesoporphyrin dimethyl 
ester was reduced, produced chlorin as the major 
product when deoxophylloerythrin methyl ester was 
treated with hydrazine hydrate. To obtain deoxo
phylloerythrin hydrazide, less severe conditions were 
employed ; and the unconverted material was recovered 
and recycled. The reaction conditions reported (see 
Experimental Section) represent a compromise 
between unproductive recycling and loss of material 
by reduction. Except for the quaternary salt (X), 
all intermediates in the decarboxylation sequence were 
crystallized and characterized. Not surprisingly, the 
quaternary salt undergoes elimination so readily that

pure crystalline material was not obtained. This 
ready elimination is in no way detrimental to the 
synthesis; and, as the procedures evolved, it was found 
that higher yields were obtained by treating the total 
precipitate with base and recovering the vinyl com
pound (XI). The vinyl compound (proto DPEP) 
was catalytically hydrogenated to DPEP. In the 
product, a small absorption in the chlorin region 
(645 mg) was observed. Mesoporphyrin does not 
reduce to chlorin under similar conditions even on 
extended hydrogenation. I t is clear from these results 
that the isocyclic ring causes the molecule to be much 
more readily reduced.

Preparation of Metallo Chelates.—Vanadyl sulfate 
and acetic acid are effective in introducing vanadyl into 
porphyrins of the etio series; however, the insoluble 
vanadyl porphyrin coats the vanadyl sulfate particles 
and prevents the reaction from going to completion.11 
Addition of a cosolvent such as pyridine or dimethyl- 
formamide provides a homogeneous reaction mixture 
and overcomes this problem. Dimethylformamide is 
the cosolvent of choice when higher temperatures are 
required. Interestingly, the effect of the isocyclic 
ring was again noticed in the preparation of the vanadyl 
complexes. Considerably higher temperatures than 
those needed for the preparation of vanadyl meso
porphyrin failed to produce vanadyl deoxophyl
loerythrin. Addition of a small amount of trichlo
roacetic acid causes the reaction to proceed at a temper
ature of ca. 130°.

The formation of nickel chelates did not seem to be 
subject to such effects, and they were prepared in the 
standard way with nickel acetate in glacial acetic acid.

Electronic Spectra.—The visible spectra of all the 
derivatives of deoxophylloerythrin were identical 
(compounds V-X). Since only alterations to the side 
chain 2 or more carbons from the ring were being per
formed, this is expected. Only when the quaternary 
salt (X) decomposed to give a vinyl group in conjugation 
with the ring, did a noticeable change occur (compare 
parts a and b of Figure 1). The spectrum of the vinyl 
compound was shifted 6 mg to longer wavelength 
compared to deoxophylloerythrin and much of the fine

(11) J .  G . E rd m a n , V. G . R am se y , N . W . K a le n d a , a n d  W . E . H an so n , 
J .  A m er. Chem . Soc., 78, 5844 (1956).
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structure which can be easily seen in the other spectra is 
missing (note especially the near absence of the la  
peak at 588 mg). These spectral differences are 
analogous to those in protoporphyrin and etioporphyrin 
where much more fine structure can be seen in the 
etio spectrum and a shift of ca. 6 mg per conjugated 
vinyl group has been noted.12

Steric Factors.—In a number of other cases where the 
hydrazides of porphyrin carboxylic acids were prepared 
by Fischer and coworkers under much more severe 
conditions (up to 30-hr reaction time) than employed 
here, no examples of reduction to chlorins are re
ported.13 In none of the cases, however, did the 
porphyrin carboxylic acids contain an isocyclic 
ring.

An explanation for the ease of reduction of certain 
specifically substituted porphyrins has been advanced 
by Woodward.6 The lower periphery of porphyrins 
(as the formula is usually drawn) derived from chlo
rophyll (such as DPEP) is so heavily laden with 
substituents that there is not room for all of them to 
lie in the plane of the ring. Hence, there is con
siderable distortion of bond angles and lengths. Re
moval of hydrogen atoms from the 7 and 8 positions 
of a 6,y,7-substituted chlorin (for example, pyro- 
pheophorbide) transforms carbons 7 and 8 from 
tetrahedral to trigonal hybridization.

In the trigonal hybridization, substituents are 
forced into the plane of the ring with resultant distortion 
of bond angles and lengths. Conversely, there is a 
strong steric factor which favors the conversion of 
trigonal carbons, 7 and 8, into tetrahedral ones. Said 
another way, this means that such porphyrins (i.e., 
DPEP) are rather easily reduced to chlorins. If the 
steric factor is absent as in the case of etioporphyrins, 
the reduction to chlorins occurs only under severe 
conditions.

Steric arguments similar to those advanced above 
probably also obtain for the reduction of the 9-carbonyl 
group to CII). The planar oxygen substituent is 
replaced by two nonplanar protons thus alleviating 
the peripheral crowding. At the same time, the 
carbonyl carbon is converted from trigonal (120°) 
into tetrahedral (109°) hybridization, with the con
comitant approach to the unstrained 108° interior 
angle of a five-membered ring.

Naming of Compounds.—It has been convenient to 
use trivial names in accord with the conventions of 
Fischer for the new compounds rather than systematic 
names as substituted porphines. For example, com
pound (XI) has been called protodeoxophylloerthro- 
etioporphyrin (proto DPEP) rather than 1,3,5,8- 
tetramethyl - 2,4 - diethyl - 7 - vinyl - 6, y - ethanoporphine. 
The prefix proto in this case showing the same re
lationship as protoetioporphyrin does to etio
porphyrin.14 The earlier compounds in the series were 
designated as derivatives of deoxophylloerythrin. 
Both systematic and trivial names are given in Table I 
including those for new compounds VII-XI.

(12) J .  E . F a lk , “ P o rp h y r in s  a n d  M eta l!© p o rp h y rin s ,”  E lse v ie r P u b lish in g  
C o ., N ew  Y o rk , N . Y ., 1964, p  77.

(13) See exam ples  in  re f  8 a n d  a lso  H . F isc h e r  a n d  E . T h u rn e r, Z . P hysio l. 
C hem ., 204, 79 (1932).

(14) H . F isch e r  a n d  H . O rth , “ D ie  C h em ie  des P y rro ls ,”  V ol. I I ,  p a r t  I, 
A k ad em ie  V erlag , Leipzig , 1937, p  218.

Experimental Section15 16
Pyropheophorbide a +  b.—Pheophytin a +  bls (I) (4.0 g) was 

stirred with acetone (250 ml) in a Waring Blendor for 5 min. 
The solution was decanted into a 4-1. beaker and the solvent was 
evaporated on a steam bath under nitrogen until a gummy resi
due remained. (Allow some acetone to remain to promote 
solubility in the ether.) Peroxide-free ether (800 ml) was added 
with stirring to dissolve the pheophytin. Concentrated (36%) 
HC1 (21.) was added slowly and the solution was heated on steam 
bath at boiling temperature for 1 hr. Cold water (800 ml was 
added and the solution was transferred to a 6-1 . separatory funnel. 
After two extractions with ether (11.) to remove the phytol, one- 
half of the acid solution was placed in a 6-1. separatory funnel, 
and cold water (2.5 1.) was added. Extraction with successive 
1-1. portions of ether (total 6 to 7 1.) was continued until the 
aqueous layer was pale green. The aqueous layer was then dis
carded and the second portion was treated in a like manner. 
The ether extracts were combined and evaporated giving bright 
green glassy flakes,17 yield 1.85-1.95 g (65-70%).

Deoxophylloerythrin (V).—-Pyropheophorbide a +  b (2.0 g) 
was added to triethylene glycol (300 ml) and 99% hydrazine 
hydrate (15 ml) in a 500-ml, round-bottom flask fitted with a 
heater and stirrer. The mixture was heated at 100° for 2 hr in 
contact with air with constant stirring. NaOH (15 g) was added, 
the solution was blanketed with nitrogen, and the temperature was 
raised carefully to 150-160° when loss of nitrogen, from hydrazone 
occurred with frothing of the solution. When the gas evolution 
was complete, the temperature was raised to 190-210° and 
maintained for 1 hr. During this time, the reaction mixture 
changed from a dull green to a reddish brown indicating the 
formation of porphyrin. The reaction mixture was cooled and 
poured into 5% HC1 (1 1.). After extracting twice with 750-ml 
portions of ether to remove unconverted chlorin, anhydrous 
sodium acetate was added to the aqueous layer to pH 5. The 
precipitate, coagulated by warming, was cooled, filtered, washed 
with distilled water, and dried at 60° to obtain 1.2-1.35 g (60- 
68%) of Vermillion powder: low resolution mass spectra, 70 
eV, m/e (%) 520 (100) (P), 505 (6) (P -  CH3+), 416 (17) (P -  
CH2COOHf). The molecular ion at 492 may indicate that 
devinylation rather than reduction occurs to a small degree (3%) 
to give 2-desethyl deoxophylloerythrin. The molecular ion 
at 494 is not easily explainable but could indicate rupture and 
loss of the carbocyclic ring. The electronic spectrum was iden
tical with that of the methyl ester (VI).

Deoxophylloerythrin Methyl Ester (VI).—To deoxophyllo
erythrin (V) (2.0 g) in a 500-ml flask was added absolute MeOH 
(200 ml), and dry nitrogen was passed through for a short time. 
Gaseous HC1 was then added at a rapid rate until the solution 
was saturated and initial generation of heat was finished. After 
20 min, the flow of HC1 was reduced and the reaction flask was 
cooled with an ice bath; however, cooling is probably not neces
sary since, in some cases, higher yields were obtained without 
cooling. Slow HC1 flow was continued for 1 hr. Then the 
methanol-HCl solution was poured into a 6-1. separatory funnel 
containing 2 1. of ice water and ether (1 I.) added. The solution 
was neutralized to pH 5 with dilute aqueous ammonia (1:1)

(15) E le m e n ta l an a ly se s  w ere  p e rfo rm e d  b y  M r. J .  W a lte r  a t  th e  C h em ica l 
L a b o ra to r ie s  o f T h e  Jo h n s  H o p k in s  U n iv e rs ity . M ass  sp e c tra  a n d  ex a c t 
m o lecu la r w eigh ts  w ere  d e te rm in ed  on  a n  A E I  M S9 doub le -focusing  m ass 
sp e c tro m e te r  b y  M r. I t .  E . R h o d es  of R e sea rc h  S erv ices a t  th e  M ello n  In s t i 
tu te .  E lec tro n ic  sp e c tra  w ere  reco rd e d  o n  a  B ec k m an  D K -2  sp ec tro p h o 
to m e te r .

(16) P h e o p h y tin  a  +  b  is o b ta in a b le  co m m erc ia lly  from  a  n u m b e r  of su p 
p lie rs . A lfalfa  m eal is g en e ra lly  th e  so u rce  of d o m estic  su p p lie s  w h ereas  th e  
E u ro p e a n  so u rce  is m o re  co m m o n ly  s tin g in g  n e t t le  leaves. I n  o u r  h a n d s  th e  
la t te r  m a te r ia l  w as ea sier to  p rocess, be in g  less p ro n e  to  fo rm  p e rs is te n t em ul
sions in  th e  p h y to l s e p a ra t io n  s te p  a n d  g iv ing  p y ro p h e o p h o rb id e  w ith o u t 
g u m m y  c o n ta m in a n ts . H ow ever, experience  w ith  a  w ide  v a r ie ty  o f s ta r t in g  
m a te ria ls , som e of q u es tio n ab le  p u r ity , show ed  t h a t  a ll w ere  w o rk ab le  a n d  
a p p a re n tly  a ll p ro d u c e  eq u iv a le n t p u r i ty  m a te r ia l  a t  th e  d e o x o p h y llo e ry th rin  
m e th y l e s te r  s tag e . F o r  d e ta ils  o n  m e th o d s  of e x tra c tio n  o f ch lo ro p h y ll from  
p la n t  sources, see R . W ills ta tte r  a n d  A . S to ll, “ In v e s tig a tio n s  on  C hlo ro 
p h y ll , tra n s la te d  b y  F . S ch e rtz  a n d  A . M erz , S cience P r in tin g  P ress , L an
ca ste r, P a ., 1928, p  48.

(17) T h e  v is ib le  sp e c tru m  show ed  p ea k s  a t  663, 655, 604, 560, 530, a n d  501 
m ^  in d ic a tiv e  of a  m ix tu re  of p y ro p h e o p h o rb id e  a  +  b . T h e  p ro ced u re  w as 
checked  b y  t r e a tm e n t  of th e  a  c o m p o n en t o b ta in e d  b y  ac id  fra c tio n a tio n  
(ref 14, p a r t  I I ,  p  56). T h e  p ro d u c t in  t h a t  case  show ed  a b s o rp tio n  peak s  a t  
663, 605, 560, 533, a n d  501 m ^ id e n tic a l w ith  th o se  of a u th e n tic  p y ro p h eo 
p h o rb id e  a  [A. S to ll a n d  E . W ied erm a n , Helv. C him . A cta , 17, 837 (1934)] 
a n d  d id  n o t g ive a  p h ase  te s t .
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while keeping the temperature at 0-5° by the addition of cracked 
ice. After separation and reextraction of the water layer with 
successive 1 -1 . portions of ether, the unesterified material which 
precipitated at the interface was recovered by filtration of the 
water layer. The ether extracts were combined and passed 
through a 35 X 150 mm column of Alcoa Grade F 80-200 mesh 
alumina. The ether was reduced to low volume on a steam bath 
and the product was recovered by filtration. A yield of raw 
product of 1.3-1.5 g (65-75%) was obtained. The product 
was recrystallized from 1 : 10  chloroform-methanol to give blue- 
black prisms: mp 262° (lit.18,264°); spectrum in benzene, Xmalt 
619 mM (« 7.1 X 103), 562 (6.8 X 103), 527 (3.8 X 103), 495 (17 
X 103), 393 (220 X 103) [lit.19 615 (6.5 X 103) 564 ( 6.3 X 103), 
530 (3.56 X 103), 496 (16.67 X 103)].

Vanadyl Deoxophylloerythrin Methyl Ester.—Deoxophyllo- 
erythrin methyl ester (0.2 g) and vanadyl sulfate (0.2 g) were 
dissolved in DMF (10 ml) in a three-necked flask equipped with 
a nitrogen inlet tube, a stirrer, and condenser. Trichloroacetic 
acid (1.0  g) dissolved in glacial acetic acid (10 ml) was added and 
the solution was heated to 120-130° for 1 hr. Warm water 
(7 ml) was added dropwise, and, after cooling, the crude product 
was recovered by filtration to yield 0.2 g.

The crude material was dissolved in benzene and chromato
graphed on Davison No. 62 silica gel. Unreacted deoxophyllo
erythrin methyl ester was eluted with 50:50 benzene-cyclohex
ane and the vanadyl chelate was eluted with benzene. The elu- 
tant was reduced to low volume and five parts of methanol was 
added to induce crystallization: in benzene, 568, 528, 405 
myu; rel OD 1.0, 0.77, ca. 15.

Anal. C34H36N40 3V: C, 68.1; H, 6.05. Found: C, 68.3; 
H, 6.03.

Deoxophylloerythrin Hydrazide (VII).—Deoxophylloerythrin 
methyl ester (2.0 g) was treated with 98% hydrazine hydrate (8 
ml) in absolute MeOH (50 ml) for 7.5 hr at 125°, in a glass-lined 
bomb tube fitted to a low speed shaker. After cooling, the 
product was separated by filtration and washed with a small 
quantity of cold MeOH. The deep green filtrate was diluted 
with water and filtered to recover the reduced by-product. The 
yield of hydrazide was 1.35 g (68%). The analytical sample 
was recrystallized from chloroform-methanol. The spectrum 
is identical with that of the methyl ester.

Anal. Calcd for C33H 38ON6 (534.68): C, 74.1; H, 7.16. 
Found: C, 73.9; H, 7.32.

The yield of reduced by-product obtained depended on the 
conditions of the reaction, with longer reaction times leading to 
greater amounts. Spectrally, the material resembles deoxo- 
mesopyropheophorbide (III): spectrum in benzene, X 643, 584, 
528, 492, 387 mM; rel OD, 1.0, 0.12, weak, 0.38, 4.7 (lit.8l> 647, 
584, 524, 493 m/x); order of intensity, I, IV, II, III.

Deoxophylloerythrin Ethyl-w-methylurethan (VIII).—De
oxophylloerythrin hydrazide (1.0  g) was dissolved in ice-cold 
5% HC1 (100 ml) and cold 10% sodium nitrite solution added 
dropwise until potassium iodide paper turned blue. After stand
ing 1.5 hr in the refrigerator, the reaction mixture was dissolved in 
ethylene dichloride (1.5 1.), and the aqueous layer was separated 
and reextracted with ethylene dichloride (0.5 1.). The com
bined ethylene dichloride extracts were washed with 5% NaOH 
solution (0.5 1.) and then with distilled water (1.0 1.). The ethy
lene chloride solution was reduced in volume to ca. 500 ml on a 
rotary evaporator and heated on a steam bath to boiling, MeOH 
was added (200 ml), and the volume further reduced to ca. 200 ml. 
The remainder of the ethylene dichloride was displaced by the 
addition of methanol (100 ml) and further heating. The meth
anol solution was chilled overnight in a refrigerator and the prod
uct was recovered by filtration to yield 0.55 g (53%).

The visible spectrum was identical with that of the methyl ester.
Anal. Calcd for C34H390 2N5 (549.69): C, 74.3; H, 7.15. 

Found: C, 74.3; H, 7.26.
Deoxophylloerythrin Ethyl-w-amino Hydrochloride (IX).—De

oxophylloerythrin ethyl-w-methylurethan (1.0  g) was heated 
with 10% HC1 (150 ml) in a glass-lined bomb with shaking for 
10 hr. After cooling (16 hr) the crystallized hydrochloride was 
recovered by filtration and washed with a little 10% HC1. The 
yield was small and the compound was very hygroscopic. The 
spectrum in 10% HC1 was identical with that of the dication of 
the methyl ester: Xmwt 596, 552, and 404 mn.

(18) R e fe re n ce  14, p a r t  I I ,  p  199.
(19) A. S te rn  a n d  H . W en d erle in , Z . P h y s ik . Chem . (L e ipzig ), 174, 81

(1935).

Anal. Calcd for Cj2H10N5Cl3(600.04): C, 64.05; H, 6.55. 
Found: C, 62.3; H, 6.67.

Protodeoxophylloerythroetioporphyrin (X I).—Deoxophyllo
erythrin ethyl-w-methylurethan (1.0  g) was treated with 10% 
HC1 (150 ml) in a glass-lined bomb with shaking at 130° for 7.5 
hr. The amine was precipitated by the addition of 10% sodium 
acetate, and recovered by centrifugation. While still wet, it 
was treated with 10 % sodium hydroxide (100 ml) and dimethyl 
sulfate (10 ml) and shaken vigorously for 2 hr at 30°. The pre
cipitated quaternary amine sulfate (X) was recovered by filtration 
and extracted from the filter with hot methanol. The methanol 
was reduced in volume to 100 ml and KOH (10.0 g) added. The 
solution was refluxed for 3.0 hr and cooled. The product was 
collected by filtration and washed with water, yield 240 mg. The 
visible spectrum in benzene is shown in Figure la : Xmax 624 mu 
(c 6.2 X 103), 571 (5.3 X 103), 533 (3.3 X 103), 502 (15.5 X 
103), 404 (183 X 103).

Deoxophylloerythroetioporphyrin (X II).—Protodeoxophyllo-
erythroetioporphyrin (XI) (200 mg) was dissolved in tetrahydro- 
furan (200 ml) and P t0 2 catalyst (0.10 g) was added. The 
reduction was carried out for 20 hr at 1 atm of hydrogen pressure. 
The solution was filtered to remove the catalyst and the solvent 
was evaporated to give an essentially quantitative yield of crude 
product. The visible spectrum showed in addition to the deoxo
phylloerythrin type spectrum (Figure lb) a small peak in the 
645-rriM region.

The crude product (120 mg) was chromatographed over 30 g of 
Davison No. 62 silica gel, with 1 : 1  benzene-cyclohexane as the 
eluant. [The forerun contained the green (645 m/0 material.] 
The solvent was removed under vacuum to yield 100 mg of 
product with the visible spectrum shown in Figure lb . A por
tion was recrystallized from benzene-methanol: low resolution 
mass spectrum, 70 eV, m / e  (%) 478 (6) (P +  2+), 477 (33) (P 
+  1+), 476 (100) (P+), 461 (27) (P -  CH3+) 477 (3) (P +  1 -  
2CH3+), 446 (5) (P -  2CH3+), 431 (6), 429 (6); low resolution 
mass spectrum, 12 eV, m / e  (%) 478 (7), 477 (31), 476 (100). No 
other peaks were observed above the noise level between m / e  
478 and 239. (Calcd for parent peak C32H36N4: 476.291. 
Found by high resolution mass spectrometry: 476.284.) The 
electronic spectrum in benzene had absorptions at Xmax 618 m¡i 
(e 7.3 X 103), 563 (6.6 X 103), 528 (3.9 X 103), and 495 (19 X 
103).

Vanadyl Deoxophylloerythroetioporphyrin.—Crude deoxo-
phylloerythroetioporphyrin (20 mg) was dissolved in DMF (5 ml) 
and treated with vanadyl sulfate (50 mg), trichloroacetic acid 
(0.5 g), and glacial acetic acid (5 ml). The reaction mixture was 
blanketed with nitrogen and heated to 125-135° for 1 hr. The 
mixture was cooled, diluted with water, and filtered. The crude 
product was taken up in a minimum of benzene and chromato
graphed over silica gel. A forerun of a small amount of uncom- 
plexed porphyrin was eluted with 50:50 benzene-cyclohexane 
and the vanadyl complex was recovered by elution with benzene. 
The eluant was reduced to low volume and five volumes of meth
anol was added to induce crystallization. The product was re
covered as purplish black pyramids:20 yield 10 mg; in benzene 
XmaJ[ 570, 529, 405 mM; rel OD 1.0, 0.77 (Calcd for C32H34N4VO: 
541.217. Found by high resolution mass spectrometry: 
541.210.).

Nickel Deoxophylloerythroetioporphyrin.—Crude deoxophyl- 
loerythroetioporphyrin (50 mg) was treated with nickel acetate 
(50 mg) in glacial acetic acid (10 ml) at reflux temperature for 
0.5 hr. The volume of acetic acid was reduced to ca. 4 ml with a 
stream of nitrogen, and the reaction mixture was allowed to 
cool. The nickel chelate was recovered by filtration as very 
small red crystals: yield 8 mg; spectrum in benzene, Xmax 550, 
521, 392 mM; rel OD, 1.0, 0.51 (Calcd for C32H34N4Ni: 532.214. 
Found by high resolution mass spectrometry: 532.214).

Registry No.—VII, 16980-15-7; VIII, 16980-11-3; 
IX, 16980-12-4; XI, 16980-13-5; XII, 16980-14-6; vana
dyl deoxophylloerythrin methyl ester, 15550-18-2; 
vanadyl deoxophylloerythroetioporphyrin, 17000-55-4.
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To obtain further information on stereoselective syntheses, aix out of eight possible racemic stereoisomers of 
the lactone of 2-(2-hydroxymethyl-3-methylcyclopentyl)butyric acid (3a-f) were prepared from ethyl 2-(3- 
methyl-2-oxocyclopentyl)butyrate. The stereochemistry of the reactions was compared with the stereochemis
try  of the lower homologs. Configurations and conformations of these compounds and those of iridomyrmecin, 
boshnialactone, and their stereoisomers were studied by means of infrared spectra, spin-spin coupling constants, 
and solvent-induced chemical shifts.

Monoterpenoids with a cyclopentane ring including C h a r t  I

nepetalactone,1 iridomyrmecin2 (2 a ), isoiridomyrme
cin3 (2b ), and boshnialactone4 ( lc )  have recently re
ceived attention in that the 1,2,3-substituted cyclo
pentanes are regarded as biogenetic precursors of com ¿ a ¿Ç t. ¿ a1
plex indole alkaloids.5 The physiological activities4-6 R R R
of these 5-lactones themselves are also interesting be l a , R = H 2 b ,R = C H 3 lc, R = H
cause of insecticidal, bactericidal, cat-attracting, and 2a, R “  CH3 3b, R =  C2H5 3c, R =  C2H5
stimulating effects. The synthesis of these lactones was 3a, R 5=5 C2H5
studied.4,7-10 Stereoselective syntheses starting from 
2-carbethoxy-5-methylcyclopentanonen carried out in 
this laboratory12’13 furnished iridomyrmecin, boshnia
lactone, and the stereoisomers in racemic forms.

In continuation of these synthetic studies, the 
preparation of homologs of iridomyrmecin, i.e., 2-(2- 
hydroxymethyl-3-methylcyclopentyl) butyric acid lac
tone (3 a -f )  was effected to obtain further information 
on the stereoselectivity of the syntheses. The fact that 
the differences in the biological activities of irido- (2a) 
and isoiridomyrmecin (2b) (Chart I) seemed to 
depend on the over-all shapes of the respective mole
cules but not on their epimeric relationship14 aroused 
also an interest in the activities of the homologs. The 
conformation of iridolactones has been studied since 
the discovery of these compounds,30 but no conclusions 
except those based on an X-ray crystallographic analy
sis14 were obtained. Conformations in solution have 
not been reported.

Stereoselective Syntheses.—Syntheses of the lactones
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(8) F . K o rte , J . F a lb e , a n d  A . Zschocke, ib id ., 6, 201 (1959).
(9) F . K o rte , J . H . B üche l, a n d  A. Z schocke, Chem . B er., 94 , 1952 (1961).
(10) J . W olinsky , T . G ibson , D . C h an , a n d  H . W olf, Tetrahedron, 21, 1248 

(1965).
(11) K . S isido , K . U tim o to , a n d  T . Is id a , J .  Org. Chem ., 29, 2781 (1964).
(12) K . S isido , K . U tim o to , a n d  T . I s id a , ib id ., 29, 3361 (1964).
(13) K . S isido, T . K ag ey am a , H . M era , a n d  K . U tim o to , Tetrahedron  

Lett., 1553 (1967).
(14) J .  F . M cC onnell, A . M . M a th ie so n , a n d  B . P . S ch o rn b o rn , ib id ., 

445 (1962).

4b

of 2- (2-hydroxymethyl-3-methylcyclopentyl) butyric 
acid were carried out by procedures previously used 
for iridomyrmecin12 and boshnialactone,13 the stereo
chemistry of each process being checked (Charts II and
III).

Starting from 2-carbethoxy-5-methylcyclopentanone 
and ethyl 2-bromobutyrate, 2-(2-hydroxymethyl-3- 
methylcyclopentyl)butyric acid cis lactones (3 a -d )  
were obtained via 5 -1 0 .

Olefinic esters (7 -1 0 ) should be a mixture of racemic 
trans olefins [(±) 7 and (± ) 8 ] and racemic cis olefins 
[( =  ) 9 and (± ) 10] in a ratio of 9 0 :1 0 . This ratio was 
determined, as described below, by the analysis of di
acetates (1 5 -1 8 ) derived from the olefinic esters (7 -1 0 )  
as shown in Chart IV. I t was assumed that the 
methylene moiety of the cis isomers 9 and 10 would be 
attacked readily by the bulky dialkylborane from the 
side opposite the two cis group, while the trans isomers 
7 and 8 were expected to resist attack because of hin
drance by either one of the two substituents.13 When 
the hydroboration followed by oxidation of the mixture
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of cis and trans olefinic esters 7-10 was carried out with 
an insufficient amount of disiamylborane,16 the trans 
isomers 7 and 8 remained unattacked. The reaction 
products afforded, when laetonized after removal16 of 
the unchanged olefinic ester, cis,cis lactones [(±) 3c and 
(± ) 3d]. Hydroboration of the recovered olefinic ester 
with unsubstituted borane, i.e., diborane, gave cis,trans 
lactones [(±) 3a and (± ) 3b] by attack from the side 
holding the less bulky methyl group. Since the syn
thetic mixture of (± ) 3a and (± ) 3b did not contain the 
trans lactones (3g and 3h), it was proved that the attack 
of borane did not occur from the side of the butyrate 
group. In the case of boshnialactone [(±) lc], which 
contains the less bulky acetate group, the attack could 
occur also from the side of the acetate and compound 
(± ) lg was produced.13

The lactone (± ) 3a was obtained in crystalline forms, 
but gas chromatography was utilized for the separation 
of (± ) 3b, (± ) 3c, and (± ) 3d.

Because it was difficult to carry out configurational 
studies on the olefinic esters 7-10, they were converted 
into the corresponding diols, 2-(2-hydroxymethyl-3- 
methyIcyclopentyl) butanol, and were compared with

(15) (a) H . C . B row n, “ H y d ro b o ra tio n ,”  W . A . B en jam in , In c .,  N ew  
Y o rk , N . Y ., 1962; (b) G . Zw eifel a n d  H . C . B row n, Org. R eactions , 13, 1
(1963).

(16) I f  th i s  s e p a ra t io n  p ro c e d u re  w as o m itte d , i.e ., w h en  th e  la c to n iza tio n  
w as c a rr ie d  o u t on  th e  re a c tio n  m ix tu re  in c lu d in g  u n ch a n g ed  ac id , th e  re
s u lte d  5 -lac to n e  co n ta in e d  7 - la c to n e , 2 -(2 ,3 -d im eth y l-2 -h y d ro x y c y c lo p e n ty l)-  
b u ty r ic  ac id  la c to n e , sep a ra tio n  of w hich  caused  a  d ifficu lt p rob lem .

those prepared from 3a-d, whose stereochemistry was 
determined as described below. The olefinic esters
7-10, on hydroboration and reduction using excess di
borane followed by oxidation, gave diols12 which were 
acetylated to diacetates (15-18). The same di
acetates (15-18) were prepared from 3a-d via lithium 
aluminum hydride reduction followed by acetylation. 
Since the yield of each acetylation was nearly quantita
tive, it was considered that the acetylations proceeded 
independently of the isomeric relationships. Gas 
chromatographic comparison showed that the di
acetates 15-18 derived directly from the olefinic esters
7-10 contained 90% cis,trans isomers (15 and 16) 
and 10% cis,cis isomers (17 and 18). It was 
deduced, therefore, that the olefinic esters obtained by 
the Wittig reaction was composed of 90% trans iso
mer (7 and 8) and 10% cis isomer (9 and 10) and 
that diborane attacked the methylene moiety from the 
direction opposite to the carboxypropyl group.

The trans lactones (3e and 3f) were obtained from 
keto ester 6 via 11-14 in a similar way12’13 as reported 
previously. Other trans lactone isomers [(±) 3g and 
( ± ) 3h] were not found among the products. This was 
in accord with the situation prevailing during the prep
aration of the trans isomer of boshnialactone, where the 
same synthetic route gave only one stereoisomer (le). 
The methyl group of the cyclopentane ring was, there
fore, cis to the 1-carboxypropyl group, that is, 3e and 3f 
were considered to be trans,trans lactones.
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The keto ester 6 was presumed to be an equilibrium 
mixture of cis and trans isomers17 containing predomi
nantly the trans isomer which, however, might readily 
be subjected to epimerization owing to the existence 
of an enolizable carbonyl group.

From the fact that the methoxymethylene derivatives 
gave only 3e and 3f and not 3g and 3h, the methoxy
methylene derivatives were considered to contain only 
11 and 12, i.e., cis compounds. In the reaction with 6, 
methoxymethylenetriphenylphosphorane seemed to 
have condensed only with the sterically unhindered cis 
isomer of 6 with the trans isomer epimerizing to the cis 
isomer and thus yielding 11  and 12 in high purity.

A similar epimerization was observed by Marshall, 
Pike, and Carroll,18 the less reactive isomer being isom- 
erized to the more reactive epimer which then was 
consumed to produce the olefin. In a different situa
tion,19 however, when the ketone was not easily epi- 
merized, only the less-hindered isomer reacted to form 
olefin and the other isomer remained.

In an earlier paper12 the configurations of the ring 
methyl group of two trans lactones of 2-(2-hydroxy- 
methyl-3-methylcyclopentyl)propionic acid was not 
established. The two compounds were assumed to 
be (± ) 2g and (± ) 2h (trans,cis lactones), but, as sug
gested in a later paper,13 the correct structures should 
be 2e and 2f (trans,trans lactones). This matter has 
now been reinvestigated. The configuration of the 
methyl group on the lactone ring has been determined 
by means of solvent-induced chemical shifts.

When heated with quinoline, 3a and d gave a mixture 
of 3a and b, as well as 3c and d, respectively. These 
facts suggested that 3 a and b as well as 3c and d have 
the same configuration at the methyl group of the cyclo
pentane ring but opposite at the ethyl group of the lac
tone ring. When an equimolar mixture of 3a-d was 
heated with sodium methoxide in methanol, the con
tents of 3b and d were enriched. From the fact that 
iridomyrmecin [(+) 2a] could be converted into iso- 
iridomyrmecin [( —) 2b] by treatment with sodium 
methoxide,30 it was assumed that 3b and d had the same 
configuration as isoiridomyrmecin [(—) 2b] with re
gard to the ethyl group at the lactone ring and that 3a 
and 3c were similar to iridomyrmecin [(+) 2a].

To determine the configuration of the methyl group 
on the cyclopentane ring, 3a was alkylated with methyl 
iodide. This gave a 31:69 mixture of the two 
2-methyl-2- (2-hydroxymethyl- 3- methylcy clopentyl) bu
tyric acid lactones (4a and b). Similarly (-f)-isoir- 
idomyrmecin4 ](+ )2b], on treatment with ethyl iodide, 
gave a mixture of 4a and b in a 86:14 ratio. The con
figuration of the methyl group at the cyclopentane ring 
of 3a and 2b is, therefore, the same, which in turn de
termines the configurations of 3a-d. Configurations of 
3e and 3f were determined by physical methods as 
described below.

The ratios of the formations of 4a and 4b supported 
the conclusions about the configurations. Although

(17) K . S isido, S . K u ro zu m i, K . U tim o to , a n d  T . I s h id a , J . Org. Chem  
31, 2795 (1966), show ed  t h a t  in  th e  eq u ilib riu m  m ix tu re  of 2 -isoprop yl-5- 
m e th y lc y c lo p en tan o n e  7 0 %  w as th e  trans  isom er a n d  30%  w as th e  cis 
isom er. A n  effo rt to  a n a ly ze  6 w as unsuccessfu l ow ing to  th e  d ifficu lty  of th e  
s e p a ra tio n  b y  gas c h ro m a to g rap h y .

(18) J .  A . M arsh a ll, M . T . P ik e , a n d  R . D . C arro ll, ib id ., 31, 2933 (1966).
(19) E . J .  C o rey , R . B . M itra , a n d  H . U d a , J .  A m er. Chem . Soc., 86 , 485

(1964).

the conformation of the iridomyrmecin (2a) analog 
3a is different from that of isoiridomyrmecin (2b)2 
as shown below, the conformation of the intermediate 
carbanions derived from 3a and 2b were considered to 
be similar. The alkylations by methyl iodide and ethyl 
iodide, respectively, would occur preferentially from 
the sterically less hindered side, that is, from the direc
tion opposite to the cyclopentane ring; thus the entering 
alkyls should situate preferentially on opposite sides of 
the cyclopentane ring. Therefore, 3a gave mainly 4b 
and isoiridomyrmecin (2b) gave mainly 4a.

Conformational Analyses.—Configurations of the 
natural products, i.e., lc,4 2a,2 and 2b,3 had already been 
determined. As to the synthetic compounds la, 3a, 
and 3b, configurations had been determined by com
parison with the natural products or by conversion into 
compounds whose stereochemistry was established as 
described above. For the remaining ten lactones in 
Chart I, configurations of the ring junctures were de
termined by infrared spectroscopy.12

According to Cheung, et al.,20 5-lactones can be as
signed a boat or a half-chair form on the basis of their 
carbonyl absorptions. Thus, lactone rings of la, lc, 2a, 
2b, 3a, 3b, 3c, 3d, 4a, and 4b, whose carbonyl-stretching 
frequencies rc=o were at 1750-1765 cm-1, could be 
classified as boat forms, while le, lg, 2e, 2f, 3e, and 3f, 
showing vc=o at 1730-1740 cm-1, could [be classified 
as half-chair forms.

Inspection of Dreiding models indicated that a half
chair 5-lactone must have a rigid trans configuration and 
a boat 5-lactone must have a flexible cis configuration of 
either iridomyrmecin or isoiridomyrmecin type14 as 
shov/n below, which shows antipodes of natural irido
myrmecin and isoiridomyrmecin. The lactone ring 
of these cis compounds are slightly folded.

(-)-lridomyrmecin

For all lactones the same conclusion as to the stereo
chemistry of ring juncture was established by the re
spective synthetic routes.12'13

An attempt was also made to elucidate configurations 
and conformations of these lactones by nmr coupling

(20) K . K . C heung , K . H . O v erto n , a n d  G . A. S im , Chem. C om m un., 634
(1965).



constants and solvent-induced shifts was also made in 
view of previous reports.21-26

Application of the Karplus equation21 22 23 24 25 26 27 to the di
hedral angles of Ha and Hx as well as Hb and Hx mea
sured from Dreiding models (Table I) gave theoretical

T a b l e  I
D ih e d r a l  A n g l e s  a n d  C o u p l in g  C o n s t a n t s  

o f  I r id o m y r m e c in  a n d  I s o ir id o m y r m e c in

D ih ed ra l angle, ,------ C o up ling  c o n s ta n t-------,
obsd ,a deg ^ d ax, Hz—. '—Jh x ,  Hz—.

H aH x H bH x C alcd  O bsd  C alcd  O bsd

Iridomyrmecin (2a) 57 63 2.2 3.0 1.7 3.0
Isoiridomyrmecin (2b) 175 55 9.2 10.1 2.5 5.9

0 Approximate value measured on the Dreiding models.

values for spin-spin coupling constants which were com
pared with the observed ones (Table I). Considering 
the fact that there is some dependence of coupling con
stant on the conformational relationship between pro
tons and the electronegative oxygen28’29 and that the 
calculated constants tend to give smaller values than 
the observed ones,30 these measurements made with 
samples in solution are in good agreement with calcu
lated values based on the conformations of the crystalline 
iridomyrmecin (2a) and isoiridomyrmecin (2b)u and 
suggest that these lactones have similar conformations 
both in the crystalline state and in solution.

Coupling constants J ax and J bx might be regarded as 
possible mean classifying the cis lactones into an ir
idomyrmecin or an isoiridomyrmecin type. By this 
procedure, lactones la, lc, 2a, 3a, 3c, 4a, and 4b were 
classified as of iridomyrmecin types and lactones 2b, 
3b, and 3d as of isoiridomyrmecin types (Table II). 
Dreiding models indicated that the methyl or ethyl 
group on the lactone ring was in a quasi-equatorial 
position in these cis lactones.

It is reasonable to assume that, within a certain series 
of similar compounds, solvent induced shifts of nmr 
signals as well as the spin-spin coupling constants (Jax 
and J bx) have nearly equal values when the compounds 
in solution have the same configuration. The values of 
iridomyrmecin-type cis lactones in Table II, those 
of isoiridomyrmecin-type cis lactones in Table III, 
and those of trans lactones in Table IV were com
pared with each other.

I t was concluded that, with respect to the methyl 
group at the cyclopentane ring, la, 2a, 3a, 4a, and 4b 
(iridomyrmecin-type cis lactones), 2b and 3b (iso
iridomyrmecin-type cis lactones), as well as le, 2e, 
2f, 3e, and 3f (trans lactones) have the same configura
tion, respectively, and that, because known lactones of

(21) N . S. B h ac ca  a n d  D . H . W illiam s, “ A p p lic a tio n  of N M R  S p ec tro s
co p y  in  O rgan ic  C h e m is try . I l lu s tra tio n s  from  th e  S te ro id  F ie ld ,1' H o lden - 
D ay , In c ., S an  F ranc isco , C alif., 1964.

(22) M . F e tizo n , J .  C ore , P .  Laszlo , a n d  B . W aegell, J .  Org. Chem ., 31, 
4047 (1966).

(23) J . R o n a y n e  a n d  D . H . W illiam s, Chem . C om m un., 712 (1966).
(24) G . D i M aio , P . A. T a rd e lla , a n d  C . Ia v a ro n e , Tetrahedron L ett., 2825 

(1966).
(25) J .  D . C o n n o ly  a n d  R . M cC rin d le , Chem. I n d .  (L o n d o n ), 379, 2066

(1965).
(26) D . H . W illiam s a n d  D . A . W ilson , J .  Chem . S o c B ,  144 (1966).
(27) M . K arp lu s , J .  A m er. Chem . Soc., 85, 2870 (1963), a n d  references 

c i te d  th e re in .
(28) H . B o o th e , Tetrahedron L ett., 411 (1963), a n d  references  c ited  th e re in .
(29) R efe re n ce  21, p p  52, 53.
(30) J .  W . E m sley , J .  F een e y , a n d  L . H . S u tcliff, “ H ig h  R eso lu tio n  

N u c le a r  M a g n e tic  R eso n an ce  S p ec tro sc o p y ,”  P e rg am o n  P re ss , O xford , 1965, 
p p  166-170.
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T a b l e  I I
I r  a n d  N m r  D a t a  o f  I r id o m y k m e c in - T y p e  cis L a c t o n e s

J  ax. «/bx» J  abi M ethyl A R ,a 5CDCl8>6 $C6H<dc *0-0,
Hz Hz Hz group at ppm ppm ppm cm "i

la 3 .0 d 3 .0 - 1 2 . 0 Cyclopentane 0.34 1.0 4 0.70 1755
lc 5 .0 1 .0 - 1 0 . 5 Cyclopentane 0.38 1.0 0 0.62 1755
2a 3.0<* 3 .0 - 1 1 . 4 Cyclopentane 0.32 1 .0 5 0 .73 1755

Lactone 0 .10 1 . 1 3 1 .0 3
3a 3 . 1 á 3 . 1 - 1 1 . 4 Cyclopentane 0 .32 1 .0 5 0 .73 1755

Ethyl group 0 .14 0.98 0.84
3c 4 .1 1 . 1 - 1 2 . 0 Cyclopentane 0 ,2 1 1 .0 7 0.86 1755

Ethyl group 0 ,13 0.98 0.85
4a 4.6 1 . 1 - 1 1 . 7 Cyclopentane 0 .3 1 1 .0 5 0 .74 1750

Lactone 0,06 1 . 1 6 1 . 1 0
Eth yl group 0 ,13 0 .93 0.80

4b 5 .6 3 .4 - 1 1 . 5 Cyclopentane 0 .35 1 .0 5 0.70 1750
Lactone 0 .33 1 .2 7 0.94
Eth yl group 0 .18 0 .9 1 0 .73

a A R  = 5cdci3 — 8c„He. b 8cdci3 means the chemical shift in
CDC13 solution. c 5csh6 means the chemical shift in benzene solu
tion. d Nmr spectra of these protons were very simple; cf. pp 363 
and 364 of ref 30.

T a b l e  III
I r  a n d  N m r  D a t a  o f  I s o ir id o m y r m e c in - T y p e  cis L a c t o n e s

J  ax> Jbx t «I ab, M ethyl L R ,a &CDCI3»0 &C6H6.c *»C-0,
Hz H z Hz group at ppm ppm ppm cm -1

2b 1 0 . 1 5 .9 - 1 1 . 0 Cyclopentane 0.42 1.0 7 0.65 1755
Lactone 0 .14 1 .2 0 1.0 6

3b 9.8 5.9 - 1 0 . 5 Cyclopentane 0.39 1.0 5 0.66 1755
Eth yl group - 0 .0 6 0.99 1 .0 5

3d 10 .7 5 .9 - 1 1 . 0 Cyclopentane 0 .47 1.0 0 0 .53 1755
E th yl group —0 .0 1 1 .0 5  1 .0 6

» Aft =  Scdci3 — 8c,h«- b Scdcis means the chemical shift in 
CDCh solution. 0 8c6h6 means the chemical shift in benzene 
solution.

T a b l e  IV
I r  a n d  N m r  D a t a  o f  trans L a c t o n e s

♦Tax» Jbx> J  ab, Methyl A R ,a SCDCI3 .6 ác6H6.C *0-0.
Hz Hz Hz group at ppm ppm ppm cm -1

le 10 .5 4 ,5 - 1 0 . 5 Cyclopentane 0.39 1.0 4 0.65 1738
2e 9 .8 4 .7 - 1 0 . 7 Cyclopentane 0.40 1.0 4 0.64 1740

Lactone 0 .12 1 .2 6 1 . 1 4
2f 9 .7 4 .7 - 1 0 . 7 Cyclopentane 0.38 1 .0 3 0.65 1740

Lactone 0 .2 1 1 .2 1 1 .0 0
3e 9 .7 4 .7 - 1 0 . 7 Cyclopentane 0.39 1.0 4 0.65 1740

Eth yl group 0.04 0.94 0.90
3f 9 .7 4.4 - 1 0 . 7 Cyclopentane 0 .39 1.0 4 0.65 1740

Ethyl group 0.02 1.0 4 1 .0 2
lg 10 .5 5 .0 - 1 0 . 5 Cyclopentane 0.49 0.88 0.39 1740

a A ft = Scdci3 — 8c6h6. b 8cdci3 means the chemical shift in 
CDCfi solution. c 5c6h6 means the chemical shift in benzene 
solution.

established stereochemistry are included in this group, 
the methyl group was trans with respect to the lacto- 
nized hydroxymethyl group.

If the benzene-lactone complex formed between the 
carbonyl and the ir electrons is assumed to be similar to 
that of the benzene-ketone complex described by Wil
liams and Wilson,26 the coordinating benzene molecule 
may be considered to be at the less hindered side of the 
lactone carbonyl group. From the observation of the 
Dreiding models, the solvent induced shift values of cis- 
methyl groups of the cyclopentane ring were expected 
to be smaller than those of trans-methyl groups in the 
case of iridomyrmecin-type lactones, and larger in 
the case of isoiridomyrmecin-type lactones and trans 
lactones. The exceptionally high value of lc  was ac
counted for assuming repulsion due to the three groups, 
being situated in the cis,cis configuration. A somewhat 
modified shape of the iridomyrmecin type must be in
voked for lc, because lc has no substituents. The fact
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that 3c, which has also the cis,cis configuration, showed 
a smaller value might be explained by assuming that the 
unfolding of the lactone ring owing to the repulsion was 
somewhat hindered by the interaction of the ethyl group 
with the cyclopentane ring.

In lactones containing ethyl groups, solvent-induced 
shifts of the methyl moieties of the ethyl groups were 
effected to be less important in helping to establish the 
configurations, because the methyl moiety can rotate 
around the carbon-carbon bond of the ethyl group. 
Nevertheless, although the configuration of 4a and 
b were deduced from the synthetic routes, as described 
above, confirmation was provided by a comparison of 
the solvent-induced shift of the lactone methyl group of 
4a (AR = 0.06 ppm) with that of iridomyrmecin (2a) 
(AR = 0.10 ppm). Since 4b showed an entirely differ
ent value of 0.33 ppm, the methyl group of 4a ap
parently had the same configuration as that of irido
myrmecin (2a).

Since, according to the Dreiding models, the methyl 
group on the lactone ring of 2e is closer to the “carbonyl 
plane” 31 than that of 2f, the solvent-induced shift of the 
methyl group of 2e must be smaller than that of 2f. 
The observed values, AR = 0.12 ppm for 2e and AR =
0.21 ppm for 2f, agree with the expectation. Owing to 
the difficulty of determining the configuration of the 
ethyl groups of the lactone ring by solvent-induced 
shifts as described above, comparison of the coupling 
constants (Jax and J\a, shown in Table IV) and the 
chemical shifts [5 (Ha) and 8 (Hb) ] of 3e and 3f with those 
of configurationally known 2e and 2f was utilized. 
Signals of the methylene protons of hydroxymethyl 
group of 2e were observed at 5 4.02 and 4.49 ppm, and 
these values were equal to those of 3e. The analogous 
protons of 2f had signals at 8 3.95 and 4.46 ppm, equal 
to those of 3f. From this, 2e and 3e as well as 2f and 3f 
were considered to be of similar conformation.

Thus the configuration and conformation of boshnia- 
lactone, iridomyrmecin and homolog, and their 
stereoisomers in solutions were determined. The 
conformation of iridomyrmecin in solution was found 
to be the same as that established for crystalline irido
myrmecin and its stereoisomers.14

Experimental Section
Infrared spectra were determined on Shimadzu IR-27. Gas 

chromatography was carried out on Shimadzu GC-2C and 
Shimadzu GC-1B for packed column and Hitachi K-23 for 
Goley column. Nmr spectra were measured at 60 MHz with 
Varian Associates A-60 and Japan Electron Optics C-60-H in 
5% solution. For microelemental analyses Yanagimoto Auto
matic Analyser CHN Corder MT-1 was used.

All identifications of the compounds were carried out by the 
comparison of infrared spectra and gas chromatograms.

Ethyl 2-(l-Carbethoxy-3-methyl-2-oxocyclopentyl)butyrate (5). 
—Analogous procedure to the synthesis of ethyl 2-(l-carboethoxy- 
3-methyl-2-oxocyclopentyl)propionate12 gave the product in 
70% yield: bp 123-125° (3 mm); n30d 1.4545; ir (liquid film) 
1765 (C = 0 ), 1740 (ester C = 0 ) , 1200, 1025 cm"1.

Anal. Calcd for C15H24O6: C, 63.36; H, 8.51. Found: C, 
63.09; H, 8.66.

2-(3-Methyl-2-oxocyclopentyl (butyric Acid.'—According to the 
procedure of Linstead and Jones,32 from 263 g (0.93 mol) of 
ethyl 2- (1 - carbethoxy-3-methy 1-2-oxo ey clopentyl )butyrate (5) 
there was obtained 119 g (0.65 mol; yield 70%) of 2-(3-methyl-

(31) " C a rb o n y l p la n e ” m ean s  th e  p la n e  d raw n  th ro u g h  th e  ca rb o n  of th e  
c a rb o n y l g ro u p  n o rm a l to  th e  axis of th e  c a rb o n y l bond .

(32) R . P . L in stead  a n d  R . L . Jo n es , J .  Chem. Soc., 616 (1936).

2-oxocyclopentyl)butyric acid, bp 147-148° (5 mm), which 
solidified to give small crystals: mp 71-87°; ir (KBr) 1740 
(C = 0 ), 1700 (acid C = 0 ) , 1240, 925 cm -1.

Anal. Calcd for Ci0H 16O3: C, 65.19; H, 8.75. Found: C, 
65.05; H, 8.78.

The 2,4-dinitrophenylhydrazone had mp 205° dec.
Anal. Calcd for Ci6H2o0 6N4: C, 52.74; H, 5.53. Found: C, 

52.53; H, 5.70.
Ethyl 2-(3-Methyl-2-oxocyclopentyl)butyrate (6).—Esterifica

tion of 71 g (0.39 mol) of the above-mentioned keto acid by the 
Linstead and Jones procedure32 gave 75 g (0.36 mol; yield 92%) 
of ethyl 2-(3-methyl-2-oxocyclopentyl)butyrate (6): bp 94-95°
(1 mm); n 20d 1.4552; ir (liquid film) 1735, 1180, 1025 cm-1.

Anal. Calcd for C12H20O3: C, 67.89; H, 9.50. Found: C, 
68.14; H, 9.23.

The 2,4-dinitrophenylhydrazone had mp 159-160°.
Anal. Calcd for Ci8H240eN4: C, 55.09; H, 6.19. Found: 

C, 55.10; H, 5.89.
Ethyl 2-(3-Methyl-2-methylenecyclopentyl)butyrate (7-10).—

According to Greenwald, Chaykovsky, and Corey33 and analogous 
to our previous report,1217 g of 6 and 40.4 g of methyltriphenyl- 
phosphonium iodide in dimethyl sulfoxide gave 7.5 g (yield 45%) 
of ethyl 2-(3-methyl-2-methylenecyclopentyl)butyrates (7-10): 
bp 85-90° (5 mm); n 25D 1.4533; ir (liquid film) 3065, 1740,1650, 
880 cm-1.

Anal. Calcd for C13H22O2: C, 74.24; H, 10.54. Found: C, 
74.21; H, 10.32.

Hydroboration of Ethyl 2-(3-Methyl-2-methylenecyclopentyl)- 
butyrate (7-10) with Diborane. Preparation of cis Lactone 
Mixture (3a-d).—The hydroboration was carried out with 
0.61 g (16 mmol) of sodium borohydride, 10.1 g (48 mmol) of 
ethyl 2-(3-methyl-2-methylenecyclopentyl)butyrate (7-10), and
2.3 g (16 mmol) of boron trifluoride etherate in 40 ml of diglyme. 
After oxidation with 30% hydrogen peroxide solution in an alka
line medium acidification gave cis lactone mixture (3a-d), bp
102-110° (3 mm), yield 1.9 g (10 mmol; 22%). By gas chro
matographic analyses this lactone mixture was found to contain 
2-(2-hydroxymethyl-3-methylcyclopentyl)butyric acid lactones 
(3a-d) (78%) and an isomeric mixture of -/-lactones (22%), 
2-(2-hydroxy-2,3-dimethylcyclopentyl)butyric acid lactones, 
which were identified by comparison with an authentic sample 
synthesized as described below.

Gas chromatography of 3a-d revealed that this mixture con
tained 90% cis,trans lactones (3a and b) and 10% cis,cis lac
tones (3c and d).

2-(2-Hydroxy-2,3-dimethylcyclopentyl(butyric Acid Lactone.—
An ethereal solution of methylmagnesium iodide prepared from
7.6 g (53.5 mmol) of methyl iodide and 1.3 g (53.5 mg-atoms) 
of magnesium was added to an ethereal solution of 8.5 g (40 
mmol) of ethyl 2-(3-methyl-2-oxocyclopentyl)butyrate (6) in the 
course of 15 min, and the reaction mixture was heated under 
reflux for 1 hr. The reaction complex was decomposed by addi
tion of an aqueous ammonium chloride solution and extracted 
with ether. After evaporation of ether, 40 ml of water and 2.5 
g of sodium hydroxide were added to the residue, and the mixture 
was heated for 4 hr under reflux. After removal of unsaponified 
material, the aqueous layer was acidified to pH 3 with hydro
chloric acid and heated for 30 min under reflux. The cooled 
reaction mixture was extracted with ether. On evaporation 
of ether, there was obtained 1.5 g (65%) of 2-(2-hydroxy-2,3- 
dimethylcy clopentyl (butyric acid lactone: bp 97-107° (4 mm);
n24d 1.4624; ir (liquid film) 1770 cm-1.

Anal. Calcd for CnHigO,: C, 72.49; H, 9.96. Found: C, 
72.21; H, 9.97.

Selective Hydroboration Synthesis of (±)-c7s,cis-2-(2-Hydroxy- 
methyl-3-methylcyclopentyl)butyric Acid Lactones (3c and 3d).— 
To a solution of 1.55 g (0.022 mol) of 2-methyl-2-butene in 15 
ml of tetrahydrofuran (THF), 4.1 ml of a THF solution of 
diborane (containing 0.010 mol of BH3) was added at 0° under an 
atmosphere of nitrogen, and the mixture was stirred for 1 hr at 
0° and for 2 hr at room temperature. The mixture was cooled 
to 0° and 4.2 g (0.020 mol) of ethyl 2-(3-methyl-2-methylenecyclo- 
pentyl)butyrate (7-10) was added and stirred for 2 hr at 0°. 
After standing overnight at room temperature, to the reaction 
mixture was added, at 0°, 1 ml of water, 5 ml of 3 A  sodium 
hydroxide solution, and 5 ml of 30% hydrogen peroxide in a 
course of 15 min. After vigorous stirring for an additional 30 min

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



at room temperature, the product was extracted with ether. 
Ether extract was washed with saturated sodium chloride solu
tion, dried (Na2S04), and concentrated. Evaporation residue 
afforded, on vacuum distillation, 2.5 g (60% recovery) of un
changed olefinic esters, bp 95-110° (3 mm), which were proved by 
vpc and ir spectroscopy to be a mixture of 7 and 8. The residue 
of the vacuum distillation (1.1 g) was added to a solution of 30 
ml of aqueous 3 N  sodium hydroxide solution containing 1 ml of 
ethanol and heated under reflux for 5 hr with vigorous stirring. 
After cooling to room temperature, the solution was extracted 
with ether to remove unsaponified materials. The aqueous layer 
was acidified with hydrochloric acid and was extracted with 
ether. The ether extract was washed with water, dried (Na2S04), 
concentrated, and distilled giving 0.4 g (0.0022 mol; 11%) 
of ( ±  )-cfs,m-2-(2-hydroxymethyl-3-methylcyclopentyl)butyric 
acid lactones, 3c and d, bp 100-115° (5 mm). Gas chromatog
raphy revealed that this cis,ci.s lactone mixture, 3c and d, con
tained 9% c is ,tra n s  lactones, 3a and 3b.

From vpc, these c is ,c is  lactones were considered to be an 
about 1:2 mixture of 3c and d. Pure 3c and d were obtained by 
preparative vpc.

A n a l.  Calcd for C„HI80 2: C, 72.49; H, 9.96. Found: C, 
72.62; H, 9.70.

Compound 3c had the following spectral data: ir (liquid film), 
1755, 1120, 1050, 1020 cm-"; nmr (CDCI3) 8 1.07 (d, 3, /  = 6 
Hz, CHs-CH), 0.98 (t, 3, J  =  7 Hz, CH3-C H 2), 1.20-3.00 (m, 
10 ), 4.31 (m, 2 , -C H 2-0 ).

Compound 3d had the following spectral data: ir (liquid film), 
1755, 1160, 1100 , 1055, 1020 cm -1; nmr (CDC13) 8 1.00 (d, 3, 
J  =  6 Hz, CH3-CH ), 1.05 (t, 3, J  = 7 Hz, CH3-C H 2), 1.20-
3.00 (m, 10), 4.15 (m, 2, -CH-O).

( ±  )-cfs,¿ra«s-2-(2-Hydroxymethyl-3-methylcyclopentyl)butyric 
Acid Lactones (3a and 3b).—To a THF (10 ml) solution of 2.4 
g (11.4 mmol) of the tra n s  olefinic ester (7 and 8), recovered as 
an unchanged residue in the above preparation, 3.5 ml of a THF 
solution of diborane containing 8.36 mmol of BH3 was added at 
0° under an atmosphere of nitrogen. After usual treatment 
there was obtained a mixture of c is , tra n s  lactones, 3a and b: 
bp 114-116° (5 mm); yield 1.0 g (48%). Vpc showed that this 
mixture contained 3% c is ,c is  lactones, 3c and d, but no 3g 
and h.

The separation of 3a and b proceeded with difficulty by ordinary 
vpc (packed column with HVSG, PEG-6000, Apiezon-L or 
succinate polyester). However, from this mixture, 3a crystallized 
out and recrystallization from petroleum ether (bp 60-80°) gave 
a pure sample, mp 55°. Pure 3b was prepared by preparative 
vpc on an HVSG column.

A n a l.  Calcd for CuHi80 2; C, 72.49; H, 9.96. Found: C, 
72.41; H, 10.14.

Compound 3a had the following spectral data: ir (liquid film), 
1755, 1175, 1160, 1110, 1080, 920, 755 c m '1; nmr (CDC13) 8
1.05 (d, 3 ,J  = 5 Hz, CH3-CH ), 0.98 (t, 3, /  = 7 Hz, CH3-C H 2),
1.20-2.90 (m, 10), 4.22 (m, 2, -CH2-0 ).

Compound 3b had the following spectral data: ir (liquid film) 
1755, 1160, 1125, 1105, 1055, 1025 c m '1; nmr (CDC13) 8 1.05 
(d, 3, J  =  5 Hz, CHS-CH), 0.99 (t, 3, J  = 7 Hz, CH3-CH2),
1.10-2.30 (m, 10 ), 4.10 (m, 2, -CH 2-0 ) .

Ethyl 2-(2-Methoxymethylene-3-methylcyclopentyl)butyrates 
(11 and 12).—To a mixture of 70 ml of 1,2-dimethoxyethane, 
1.45 g (60 mmol) of sodium hydride (2.9 g of 50% suspension in 
mineral oil) and 1 drop of ethanol was added 20.6 g (60 mmol) 
of methoxymethyltriphenylphosphonium chloride.34'35 To the 
phosphorane was added 6.35 g (30 mmol) of ethyl 2-(3-methyl-2- 
oxocyclopentyl)butyrate (6). Treatment as reported previously12 
afforded 5.6 g (24 mmol; yield 78%) of ethyl 2-(2-methoxy- 
methylene-3-methylcyclopentyl)butyrate: bp 107-109° (2 mm); 
nwD 1.4640; ir (liquid film) 1740, 1680, 1120 cm-1.

A n a l.  Calcd for CI4H240 3: C, 69.96; H, 10.07. Found: C, 
69.87; H, 9.96.

Ethyl 2-(2-Formyl-3-methylcyclopentyl)butyrates (13 and 14).
—According to the procedure of Levine,34 hydrolysis of methoxy- 
methylene group was effected by adding 2.15 g (8.95 mmol) of 
ethyl 2-(2-methoxymethylene-3-methylcyclopentyl)butyrates (11 
and 12 ) to 30 ml of ether saturated with 70% perchloric acid to 
give 1.9 g (94% yield) of ethyl 2-(2-formyl-3-methylcyclo- 
pentyl)butyrate: bp 107-109° (3 mm); n 24d 1.4543; ir (liquid 
film) 2700, 1735 cm -1.
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(34) S. G . L ev ine , J .  A m er. Chem .  Soc., 80, 6150 (1958).
(35) G . W ittig  a n d  M . S chlosser, Chem . B er., 94, 1373 (1961).

Anal. Calcd for C]3H220 3: C, 69.99; H, 9.80. Found: C, 
68.92; H, 9.95.

The 2,4-dinitrophenylhydrazone had mp 180-181°.
Anal. Calcd for Ci9H260 6N4: C, 56.14; H, 6.45; N, 13.79. 

Found: C, 56.15; H, 6.49; N, 13.65.
(±  )-ir(ms,frans-2-(2-Hydroxymethyl-3-methylcyclopentyl)bu- 

tyric Acid Lactones (3e and 3f).—A solution of 1.0 g (4.4
mmol) of ethyl 2-(2-formyl-3-methylcyclopentyl)butyrates (13 
and 14), 50 mg (1.3 mmol) of sodium borohydride, and 15 ml of 
ethanol was stirred for 1 hr. After decomposition of the residual 
active hydride with dilute hydrochloric acid, the reaction mix
ture was added to a solution of 5 g of sodium hydroxide in 20 ml 
of water and boiled for 4 hr under vigorous stirring. During the 
heating, ethanol was distilled off. After cooling, unsaponified 
materials were removed by extraction with ether. The aqueous 
solution was acidified with hydrochloric acid and refluxed for 30 
min. The cooled reaction mixture was extracted with ether, and 
the ether extract was washed with water and dried (Na2S04). 
When ether was evaporated, 0.5 g (2.8 mmol; yield 63%) of 
irans,<ra«s-2-(2-hydroxymethyl-3-methylcyclopentyl)butyrie acid 
lactones, 3e and f, was obtained: bp 120-130° (5 mm); n 23D 

1.4748.
As determined by vpc peak areas, this mixture contained 

79% 3e and 21% 3f. Using Goley column (BDS-45), this 
mixture was shown to be a mixture of only two components 
(3e and f) out of the possible four isomers (3e-h). Pure 3e and f 
were obtained by preparative vpc.

Anal. Calcd for CnH180 2: C, 72.49; H, 9.96. Found: C, 
72.59; H, 10.08.

Compound 3e had the following spectral properties: ir (liquid 
film) 1740, 1170, 1130, 1105, 1080, 1020 c m '1; nmr (CDC13) 
8 1.04 (d, 3, J  = 5 Hz, CH3-CH), 0.94 (t, 3, /  = 7 Hz, CH3-  
CH2), 1.00-2.50 (m, 9), 3.45 (q, 1, /  = 7 Hz, — CH— C = 0 ) ,
4.02 (m, 1, -C H -O -), 4.49 (m, 1 , -C H -O -).

Compound 3f had the following spectral properties: ir (liquid 
film) 1740, 1190, 1105, 1060, 1020 cm“1; nmr (CDCI3) 8 1.04 
(d, 3, J  = 5 Hz, CH3-CH ), 1.04 (t, 3, /  = 7 Hz, CH3-C H 2),
1.10-2.40 (m 9), 2.60 (m 1, — CH—C = 0 ) ,  3.95 (m, 1, -C H -O -),
4.46 (m, 1, -C H -O -).

(±)-trans,trans-Iridolactones (2e and f).—Pure 2e and f were 
separated from the products reported previously12 by preparative 
vpc.

Compound 2e had the following spectral data: ir (liquid film) 
1740, 1175, 1135, 1110, 1070, 1040, 1010 cm“1; nmr (CDC!3) 
8 1.04 (d, 3, J  = 5 Hz, CH3-cyclopentane), 1.26 (d, 3, J  = 7 
Hz, CHs-lactone), 1.0(D2.50 (m, 8), 4.02 (m, 1, -C H -O -), 4.49 
(m, 1, -C H -O -).

Compound 2f had the following spectral data: ir (liquid film) 
1740, 1220, 1195, 1105, 1040, 1010 cm -1; nmr (CDC13) 8 1.04 
(d, 3, J  = 5 Hz, CH3-cyclopentane), 1.23 (d, 3, <7 = 7 Hz, 
CH3-laetone), 0.90-2.50 (m, 7), 2.87 (m, 1 , -C H -C = 0 ), 3.95 
(m, 1, -C H -O -), 4.46 (m, 1 , -C H -O -).

Conversion of 3a into 3b.—According to the procedure for 
conversion of isoiridomyrmecin into an equilibrium mixture of 
iridomyrmecin and isoiridomyrmecin,36 25 mg of 3a in 2.5 ml of 
quinoline was heated at reflux temperature for 50 hr under an 
atmosphere of nitrogen. Vpc analysis of the reaction mixture 
showed that the product was about 1:1 mixture of 3a and 3b.

Conversion of 3d into 3c.'—In the same way as described above, 
10 mg of 3d was treated with quinoline. Vpc analysis of the 
reaction mixture showed that it was composed of 24% 3c 
and 76% 3d.

Treatment of 3a through 3d with Sodium Methoxide.—Ac
cording to Cavill and Locksley,30 100 mg of an equimolar mixture 
of 3a through 3d was added to a solution of 110 mg of sodium 
dissolved in 15 ml of methanol. After refluxing for 2 hr, methanol 
was evaporated. The reaction mixture was acidified with dilute 
hydrochloric acid and was extracted with ether. The ether extract 
was washed with water and dried over anhydrous sodium sulfate. 
Evaporation of ether gave 85 mg of an oily substance. Vpc 
analysis of the substance indicated the disappearance of 3a and c.

Methylation of Lactone 3a.—To 23 ml of a freshly prepared 
ethereal solution containing 3.45 mmol of triphenylmethylsodium, 
0.50 g (2.75 mmol) of 3a dissolved in 5 ml of ether was added 
under an atmosphere of nitrogen at room temperature. To this 
orange solution 1.0  g of methyl iodide was added and, after 
standing overnight at room temperature, the reaction mixture 
was added to a solution of 0.5 ml of acetic acid and 10 ml of water.

The Journal of Organic Chemistry

(36) R . H . Jaeg e r  a n d  R . R o b in so n , Tetrahedron L ett., N o  15, 14 (1959).
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The organic layer was extracted with ether, and the ethereal 
solution was washed with water and 10% sodium carbonate. 
The solution was kept over anhydrous sodium sulfate, ether 
was removed, and the residue was distilled to give 0.5 g of a 
mixture of lactones, bp 115-120° (5 mm). Vpc on HVSG 
showed that the mixture was composed of a mixture (89%) of 
4a and b, whose ratio was 31:69, and a mixture (11%) of un
changed 3a and its epimeric lactone 3b. Accordingly, the yield 
of a mixture of 4a and b was found to be 80%.

Pure 4a and b were separated by preparative vpc.
Anal. Calcd for Ci2H20O2: C, 73.43; H, 10.27. Found: C, 

73.21; H, 9.99.
Ethylation of Isoiridomyrmecin (2b).—From 0.93 g (5.5 mmol) 

of ( +  )-isoiridomyrmecin [( +  ) 2b], [<*]d  +58°, prepared from 
citronellal according to Robinson, el al.,7 45 ml of an ethereal 
solution containing 6.7 mmol of triphenylmethylsodium and 2.0 
g of ethyl iodide, there was obtained 1.0  g of a mixture of lactones, 
bp 122-125° (6 mm). Vpc analysis showed the presence of a mix
ture of 4a and 4b (88%), whose ratio was 86:14, and 12% 
unchanged isoiridomyrmecin and epimeric iridomyrmecin. The 
yield of 4a and 4b was therefore 81%.

Pure 4a and b were separated by preparative vpc and their 
ir spectra were identical with those of samples obtained by 
methylation of 3a, respectively.

Compound 4a had the following spectra] properties: ir (liquid 
film) 1750, 1120 cm-1; nmr (CDC13) 5 1.05 (d, 3, J  = 5 Hz, 
CHs-CH), 0.93 (t, 3, J  = 7 Hz, CH3-C H 2), 1.16 (s, 3, CH3-C),
1.00-2.50 (m, 9), 4.33 (m, 2, -C H 2-0 ).

Compound 4b had the following spectral properties: ir
(liquid film) 1750, 1120  cm“1; nmr (CDCL) 5 1.05 (d, 3, J  = 5 
Hz, CH3-CH ), 0.91 (t, 3, /  = 7 Hz, CH3-C H 2), 1.27 (s, 3, 
CH3-C), 1.10-2.50 (m, 9), 4.33 (m, 2, -CH 2-0 ).

2-(2-Hydroxymethyl-3-methylcycIopentyl)butanol from Olefinic 
Esters, 7-10.—To a solution of 1.80 g (8.6 mmol) of ethyl 2-(3- 
methyl-2-methylenecyclopentyl)butyrate (7-10) in 15 ml of 
anhydrous THF was added 5 ml of a THF solution containing 
5 mmol of diborane at 0°. After stirring for 3 hr at 0° and stand
ing overnight at room temperature, 10 ml of a THF solution 
containing 10 mmol of diborane was added once again. After 
keeping at room temperature for 2 days, 1 ml of water was added 
to the reaction mixture to decompose excess active hydride. 
Oxidative cleavage of carbon-boron bond was operated by addi
tion of 15 ml of 3 N  sodium hydroxide and 5 ml of 30% hydrogen 
peroxide with vigorous stirring over a 10-min period. About 
20 ml of THF was distilled off; the reaction mixture was heated 
at reflux for 5 hr. After cooling, the organic layer was extracted 
three times with ether, and the ether extract was washed with 
saturated sodium chloride solution and dried (Na2SO,i). Distilla
tion gave 1.5 g (94% yield) of the isomeric mixture of the diols: 
bp 143-146° (2 mm); to23d 1.4875; ir (liquid film) 3340, 1030 
cm-1.

Anal. Calcd for ChH220 2: C, 70.92; H, 11.90. Found: C, 
71.03; H, 11.78.

2-(2-Acetoxymethyl-3-methylcyclopentyl)butyl Acetates (15- 
18).—To 1.1 g (5.9 mmol) of the diol mixture was added 15 ml 
of pyridine together with 15 ml of acetic anhydride and the 
solution was kept at room temperature overnight. The reaction 
mixture was treated as usual to give 1.3 g (4.8 mmol; yield 82%) 
of the diacetates (15-18): bp 141-142° (3 mm); n®D 1.4573; 
ir (liquid film) 1745, 1240,*1035 cm-1.

Anal. Calcd for C16H260 4: C, 66.63; H, 9.69. Found: C, 
66.85; H, 9.64.

Diacetate 15 and 16 from Lactones 3a and 3b.—To a stirred 
slurry of 50 mg of lithium aluminum hydride in 10 ml of dry 
ether was added 80 mg (0.44 mmol) of cis,trans lactones 3a 
and b, and 30 mg of triphenylmethane which was used as an 
internal standard for the gas chromatographic yield calculation. 
After refluxing for 3 hr the complex was decomposed with 5 ml 
of saturated sodium chloride solution and 10 ml of 10% sulfuric 
acid. The reaction mixture was extracted three times with 
ether, washed once with saturated sodium chloride solution, and 
dried over anhydrous sodium sulfate. Evaporation of ether gave 
an oily substance whose ir spectrum indicated no carbonyl 
absorption. To this oil was added 2 ml of pyridine together with 
2 ml of acetic anhydride. The reaction mixture was kept at 
room temperature overnight and worked up as described above. 
Vpc analysis of the oily product indicated the presence of 109 mg 
(0.40 mmol; yield 92%) of the cis,trans diacetates 15 and 16. 
Pure mixture of 15 and 16 was obtained by preparative vpc. 
Ir  spectrum of this mixture was identical with that of diacetates 
obtained directly from the olefinic esters 7-10.

Diacetates 17 and 18 from Lactones 3c and 3d.—In the same 
way, from 71 mg (0.39 mmol) of cis,cis lactones 3c and d, 
there was obtained 93 mg (0.34 mmol; yield 88%) of the isomeric 
mixture of cis,cis diacetates 17 and 18, whose pure sample 
was obtained by preparative vpc. Ir spectrum of this mixture 
was almost identical with that of the mixture of 15 and 16, 
but the retention times of vpc on HVSG or PEG-6000 column 
was different from each other.

Comparison of the Vapor Phase Chromatograms of the Di
acetates 15-18.—Vpc analysis of the diacetates 15-18 derived 
directly from the olefinic esters 7-10 showed that the diacetates 
were composed of 90% cis,trans isomers 15 and 16 and 10% 
cis,cis isomers 17 and 18.

Registry No.—la, 16802-11-2; lc, 16802-12-3; le, 
16802-13-4; lg, 16802-14-5; ( - )  2a, 16802-15-6; (+ ) 
2b, 16802-16-7; 2e, 16802-17-8; 2f, 16802-18-9; 3a, 
16802-19-0; 3b, 16802-20-3; 3c, 16802-21-4; 3d, 16802-
22-5; 3e, 16802-23-6; 3f, 16802-24-7; 4a, 16802-25-8; 4b, 
16802-26-9; 5, 16802-27-0; cis 6, 16802-30-5; 2,4-di- 
nitrophenylhydrazone of cis 6, 16802-31-6; free acid 
of cis 6, 16802-28-1; 2,4-dinitrophenylhydrazone of free 
acid of cis 6, 16802-29-2; trans 6, 16802-07-6; 2,4-di
nitrophenylhydrazone of trans 6, 16802-08-7; free acid 
of trans 6, 16802-09-8; 2,4-dinitrophenylhydrazone of 
free acid of trans 6, 16802-10-1; 2-(2-hydroxy-2,3-di- 
mexhy Icy clop entyl) butyric acid lactone, 16802-32-7; 7, 
16802-33-8; 8 ,16802-34-9; 9 ,16802-35-0; 10 ,16802-36-1; 
11, 16802-37-2; 12, 16802-38-3; 13, 16802-39-4; 2,4-di- 
n itrophen ylhydrazon e of 13,16802-40-7; 14,16802-41-8;
2,4-dinitrophenylhydrazone of 14,16802-42-9; 15,16802- 
43-0; 16, 16802-44-1; 17, 16802-45-2; 18, 16802-46-3.
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The preferred conformation of the side chain Cn-CHs in 7-lactones on the eudesmane skeleton is discussed in 
the light of thermodynamic studies recently conducted on some of these compounds. Reasons are advanced to 
justify the results, which are contrary to earlier assumptions. Two simple methods, one depending on solvent 
shifts and the other on coupling constants, are presented to find directly the stereochemistry of this methyl group 
in any 7-lactone.

A variety of 7-lactones fused to cyclohexane systems 
such as santonin, artemisin, alantolactone, etc.,4 has 
been known for a long time and new ones are also being 
found or made. All of these have a methyl side chain 
next to the lactone carbonyl. There is no simple or 
direct chemical method, nor was there any physical 
method to find the stereochemistry of this side chain.

The Cn-CH3 in a-santonin (II, Scheme I) was de-

S cH E M E  I
S t a b l e  C o n f i g u r a t i o n  o f  t h e  Cu-CH3 i n  7 - L a c t o n e s , 

A n g u l a r l y  F u s e d  ( C 6,C 7 )

duced to be /3 oriented, because of stability considera
tions, based on equilibration reactions of this methyl 
group in the lactone.6'6 Subsequently, all other re-

(1) S te reo ch em ica l S tu d ie s  b y  P M R  S p ec tro sc o p y . P a r t  V I I .  P a r t  V I :  
In d ia n  J .  Chem ., 6 , 218 (1967).

(2) C . R . N a ra y a n a n  a n d  N . K . V e n k a ta su b ra m a n ia n , Tetrahedron L ett. 
5865 (1966), p re lim in a ry  co m m u n ica tio n .

(3) T o  w hom  a ll co rresp o n d en ce  sh o u ld  be ad d re ssed  in  N ig eria .
(4) See, e.g. (a) J .  S im onsen  a n d  D . H . R . B a r to n , “ T h e  T e rp en es ,”  Vol. 

I l l ,  C a m b rid g e  U n iv e rs ity  P ress, 1952, p p  249 -322 . (b) D . H . R . B a r to n  in  
“ C h e m is try  of C a rb o n  C o m p o u n d s ,”  E .  H . R o d d , E d ,, V ol. I I ,  E lsev ier 
P u b lish in g  C o ., A m ste rd a m , 1953, p p  676-687.

(5) R . B . W o o d w ard  a n d  P . Y a te s , Chem. I n d .  (L o n d o n ), 1391 (1954).
(6) E .  J .  C o rey , J .  A m er. Chem . Soc., 77 , 1044 (1955).

lated 7-lactones were assigned stereochemistry at Cu, 
either by chemically relating them to an a-santonin de
rivative or by equilibrating the methyl group and ap
plying the stability considerations referred to above. A 
series of rules7 detailing the particular type of lactone 
and the relation of Cn-CH3 with Cr-H, etc., in each 
case has been proposed to describe the above assumed 
stability order and these were applied to assign the 
stereochemistry at Cu of newly found lactones.8

However, more recent X-ray studies of 2-bromodihy- 
droisophoto-a-santonic lactone acetate9 and 2-bromo- 
a-santonin10 and independent chemical studies11’12 
have conclusively shown that a-santonin has its On- 
methyl group actually a oriented. Hence the previous 
stereochemical assignment at Cu, for all santonin de
rivatives and related lactones, had to be reversed. The 
present assignments are given in Schemes I and II.

S c h e m e  II
S t a b l e  C o n f i g u r a t i o n  o f  t h e  C1 1-CH3 i n  7 - L a c t o n e s , 

L i n e a r l y  F u s e d  ( C 7,C 8 )

I t  follows that the stereochemical changes involved 
in the isomerizations, and the order of stabilities as-

(7) N . M . C h o p ra , W . C ocker, J .  T . E d w a rd , T . B . H . M c M u rry , a n d  
E . R . S tu a r t ,  J .  Chem . Soc., 1828 (1956).

(8) See, e.g., W . G . D au b en , W . K . H ay es , J .  S. S chw arz , a n d  J .  W . 
M c F a r la n d , J . A m er. Chem . Soc., 82 , 2232 (1960).

(9) J . D . A she r a n d  G . A. S im , J .  Chem . Soc., 1584 (1965).
(10) J .  D . A sher a n d  G . A . S im , ib id ., 6041 (1965).
(11) Y . A be, T . M ick i, M . S um i, a n d  T . T o g a , Chem . I n d .  (L o n d o n ) , 953 

(1956).
(12) M . N a k a z a k i a n d  H . A rak am a , B u ll. Chem . Soc. J a p .,  87 , 464 (1964).
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T a b l e  I
M e a s u r e m e n t s  o f  t h e  H e a t  o f  C o m b u s t i o n  a n d  t h e  H e a t  o f  S o l u t i o n  o f  a -  a n d  /3-Sa n t o n i n s

AND DESM O TRO POSA N TON IN S0

Compound6 - H e ' - H i  (a)' E  (so!n)c,(* - H t  (soin)'
«-Santonin (II) 1 8 8 4 .4 0  ±  0 .5 4 1 4 1 .2 2  ±  0 .5 4 + 0 .4 4 1 4 0 .7 8  ±  0 .5
/3-Santonin (I) 1 8 8 5 .2 3  ±  0 .4 3 1 4 1 .3 9  ±  0 .4 3 + 0 .0 1 1 4 0 .3 8  ±  0 .4
6-Epi-a-santonin (V ) 1 8 8 5 .8 0  ± 0 . 3 6 1 3 9 .8 2  ± 0 . 3 6 - 1 . 0 9 1 4 0 .9 1  ±  0 .4
6-Epi-/3-santonin (VI) 18 8 1 .4 7  ±  0 .5 6 1 4 4 .1 5  ± 0 . 5 6 + 0 .0 9 1 4 4 .0 6  ± 0 . 6
(-)a -D T S *  (VII) 2 0 7 3 .9 5  ± 0 . 6 4 2 0 8 .0 8  ±  0 .6 4 - 0 . 3 6 2 0 8 .4 4  ± 0 . 6
( +  )«-DTS* (X) 2 0 7 1 .8 8  ± 0 . 4 3 2 1 0 .1 5  ±  0 .4 3 - 1 . 0 6 2 1 1 .2 1  ±  0 .4
(-)a -D T S +  (VII) 2 0 3 1 .2 4  ±  0 .5 2 1 5 6 .7 4  ±  0 .5 2 +  1 .5 4 1 5 5 .2 0  ±  0 .5
( +  )a-DTS + (X) 2 0 2 8 .2 7  ±  0 .4 5 1 5 9 .7 1  ±  0 .4 5 + 0 .3 3 1 5 9 .3 8  ±  0 .5

° Enthalpy data measure thermochemical rather than thermodynamic stability, but it is unlikely that the standard molar entropies 
of each pair of isomers differ significantly.23 b *, acetate; +, methyl ether. c Kilocalories per mole. d E  (soin) refers to measurements 
made on 0.01 M solutions in CHCh at 25°.

sumed before, have also now to be reversed. These 
developments, in the light of the present knowledge of 
the correct stereochemistry of these sesquiterpene lac
tones at On, can now be summarized as follows.

/3-Santonin I and tetrahydro-/3-santonin III, which 
have a irans-lactone system, isomerize to a-santonin 
II and tetrahydro-a-santonin IV, respectively,13,14 
showing thereby that the C11-CH3 is more stable in the 
a configuration in these systems, but in 6-epi-a-san- 
tonin V, 6-epi-/3-santonin VI, ( —)-a-desmotroposanto- 
nin VII, and ( — )-/3-desmotroposantonin VIII (DTS), 
which have the lactone ring 6,7-fi-cis, the Cn-CH3 pre
fers the |3 configuration.16,16 In (+)-/3-desmotropo- 
santonin IX and (+)-a-desmotroposantonin X, which 
have a C6,C7 a-cis-lactone fusion, the Cu side chain is 
seen to be more stable16 in the a configuration 
(Scheme I). Similarly in the case of the linear trans
lactone, tetrahydroepialantolactone17 XI or the des- 
motropopseudosantonins8,18 X III to XVI, the Cn- 
methyl group is found to be more stable in the a config
uration, but in the C7,C8 /3-cfs-lactone XVII, derived 
from alantolactone, it is the /3 configuration of the 
C11-CH3 (XVIII) that is found to be preferred19 
(Scheme II).

Some of the isomerization procedures leading to the 
above conclusions have been criticized,20 but these 
criticisms have subsequently been met,21,22 these and 
other experiments have been repeated, and the original 
conclusion, that ( —)-/3-desmotroposantonins are more 
stable than ( —)-a-desmotroposantonins, has been con
firmed. Accurate measurements of the heat of com
bustion and the heat of solution of a-santonin II, ft-san
tonin I, 6-epi-a-santonin V, 6-epi-/3-santonin VI, and 
those of the acetates and methyl ethers of ( —)-a- and 
(+ ) -a-desmotroposantonms "VTI and X h.av© been car- 
ried out.23 The data obtained as given in Table I 13 14 15 16 17 18 19 20 21 22 23

(13) W . C ocker a n d  T . B . H . M c M u rry , J .  Chem . Soc., 4430 (1955).
(14) W . C ocker, N . J .  D od d s, a n d  T . B . H . M c M u rry , Tetrahedron, 3, 160 

(1958).
(15) D . H . R . B a rto n , J .  E . D . L evisalles, a n d  J .  T . P in h e y , J .  Chem . Soc., 

3472 (1962).
(16) N . M . C h o p ra , W . C ocker, a n d  J .  T . E d w a rd , Chem . I n d .  (L o n d o n ), 

41 (1955).
(17) W . C ocker, T . B . H . M c M u rry , a n d  L . U . H o p k in s , J .  Chem . Soc., 

1998 (1959).
(18) W . C ocker, B. E . C ross, a n d  C . L ip m an , ib id ., 959 (1949).
(19) C . A sselineau , S. B o ry , a n d  E . L ederer, B u ll.  Soc. C him . F r ., 1524 

(1954).
(20) J .  W . H u ffm an , J .  Org. Chem ., 28, 601 (1963).
(21) N . K . V e n k a ta su b ra m a n ia n , P h .D . T hesis, P o o n a  U n iv e rs ity , 1966.
(22) A . J .  N . B o lt, M . S. C arso n , W . C ocker, L . O. H o p k in s , T . B . H . 

M c M u rry , M . A . N isb e t, a n d  S. J .  S haw , J .  Chem . Soc., Sect. C , 261 (1967).
(23) W . C o ck e r, T . B. H . M c M u rry , M . A. F risch , T . M cA llister, a n d  

H . M ack le , Tetrahedron L ett., 2233 (1964).

clearly show that the thermodynamic stabilities ar
rived at earlier24 are indeed correct.

The authors of the above measurements,22,23 how
ever, conclude from these results that the order of sta
bilities arrived at is difficult to reconcile with the con
figurations presently assigned to the os-lactones from 
X-ray studies. We, however, find that a detailed 
study of these systems fully justifies the above order of 
stabilities.

Nmr spectral studies of the lactones (section A) show 
that ring B in santonin and derivatives exists in the 
chairlike conformation in both the os- and trans-lac
tones,.2 Solvent shift studies of the Cn-methyl group 
(section A) in the lactones independently confirm the 
stereochemistry assigned to them after the X-ray stud
ies on 2-bromodihydroisophoto-a-santonic lactone ace
tate9 and 2-bromo-a-santonin.10 Hence an explanation 
for the present stability orders is called for. For this 
it becomes essential to go into some detail about the 
reasons why certain stereochemical relations in the sta
bility orders were considered correct before,6,6 and 
whether adequate grounds can be found at present to 
reverse these stereochemical relationships to fit the ex
perimental facts now obtained.

The stability relationship now found for the cis- 
lactones can be represented by XIX, which isomerizes 
to the more stable form XX, whether ring A is aromatic 
or nonaromatic, whereas it was originally considered5,8 
that XIX should be the more stable form and that on 
equilibration XX should isomerize to XIX. (It will be

shown in section A that ring B retains the same chair 
or half-chair conformation in the cis-lactones with ring 
A aromatic or not as was present in the original trans- 
lactone of the ring-A nonaromatized santonin deriva
tive, from which the m-lactone is made.) This led 
to the wrong assignment of stereochemistry for san
tonin at Cu, and subsequently for all the related lac
tones.24 The reasons why XIX should be more stable 
than XX have not been spelled out. I t is only stated 
that “it may scarcely be doubted that XIX will be

(24) See, fo r a  rev iew , W . C o ck e r a n d  T . B . H . M c M u rry , Tetrahedron, 8, 
181 (1960).
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strongly favored in stability to XX, on obvious steric 
reasons” 6 and “clearly XX is the unstable and XIX, 
the stable arrangement.” 6

The instability attributed to XX should apparently 
be due to the nearly eclipsed interaction between the 
Cii-/9-CH3 and the methylene at 8, since they are on the 
same side of the Cn,Cn bond, whereas, in XIX, they are 
on opposite sides. Although this apparently looks very 
reasonable, a consideration of all the possible interac
tions on the methyl group in the two alternate configura
tions and the actual conformation of the lactone ring 
may show that this need not necessarily be true. 
Those factors that reduce the instability of XX but in
crease that of XIX are given below.

i.-—'Recent X-ray studies940’25 26’26 have shown that in 
y-lactones resonance structure XXII makes an im
portant contribution with the result that the On,Ci2 
bond acquires considerable double-bond character. As

'¿ 7-
CI2/

- cx

II

XXI
018

"0=
+

'x'xir

J l

=N >.8

iv.—If the angles at C6 are also distorted as is true at 
C8, in the case of the cfs-lactone in the guaianolide 
bromogeigerin acetate,25 the plane of the lactone ring 
in the cfs-lactone will be so bent and twisted from the 
plane of ring B, that Ci3 is quite away from 8 (further 
support for this is given at the end of section B).

This would minimize the interaction between 
C11-/3-CH3 on the one hand, and the carbon atom 8 and 
the protons on it on the other. At the same time the 
change in the plane of the lactone ring brings Cn-a-CH3 
closer to C6 and C7-a-H  in XIX, thus increasing its 
instability. These factors thus appear to tilt the equi
librium in the cfs-lactones in favor of the pseudo- 
equatorial /3-methyl group of XX over the pseudo-axial 
one in XIX.

In the irans-lactones, the pseudo-axial methyl group 
at Cu in XXIII, being destabilized by the axial hy-

a consequence, the lactone group consisting of C6, Cu, 
C12, On, and Oig [G—0 —C (= 0 )—C] becomes planar, 
with C7 out of the plane. It is now recognized that a car- 
banion,27 or the lone pair of electrons on the nitrogen28-29 
or the oxygen30-31 atom, can exert an appreciable steric 
effect. In XIX, the lone pair of electrons on the oxygen 
atom or the -k electrons, which are in a plane perpen
dicular to the lactone ring, could be expected to exert 
a steric effect on the pseudo-axial, a-methyl group at 
Cu, besides the strong nonbonded interaction on this 
methyl group by the a-hydrogen atoms at C3 and C5. 
These are absent in XX.

ii. —Models indicate that, in XX, the double-bond 
character of the On,Ci2 bond, with buckling at C7, in
creases the dihedral angle between the planes made by 
C13CnC7 and C11C7C8. This will move Ci3 a little further 
away from Cg.

iii. —X-Ray work on 2-bromo-a-santonin10 shows 
that the C6C7Cn and C7C11C12 angles are much smaller 
(99 and 102°, respectively) and the C8C7Cii and 
C7CnCi3 angles are much larger (122 and 115°, re
spectively) than normal, and the Cu,Ci3 bond longer 
(1.63 A) than usual. These angle distortions are largely 
brought about by the fusion of the five-membered lac
tone ring to the rigid cyclohexane ring B. Distortions 
of bond angles and bond lengths are also found to take 
place to accommodate steric strain, as in the case of 
ring A of the normal triterpenes with a gem-dimethyl 
group at C4.32 Hence, if we make the reasonable as
sumption that these distortions take place at least to the 
same extent in the cfs-lactones as well, all these factors 
will help to move Ci3 away from Cg.

(25) J .  A. H a m ilto n , A. T . M cP h a il, a n d  G . A . S im , J .  Chem . Soc., 708 
(1962).

(26) I .  C . P au l, G . A. S im , T . A . H a m o r, a n d  J .  M . R o b e rtso n , ib id ., 4133 
(1962).

(27) D . H . R . B a r to n  a n d  R . C . C ookson, Q uart. Rev. (L o n d o n ), 10, 44 
(1956).

(28) K . B row n, A. R . K a tr iz k y , a n d  J .  A . W aring , Proc. Chem . Soc., 257 
(1964).

(29) J .  B . L a m b e r t a n d  R . G . K eske , J .  A m er. Chem . Soc., 88 , 620 (1966).
(30) R . J .  A b ra h a m  a n d  W . A . T h o m as , J .  Chem. Soc., 335 (1965).
(31) E . L . E lie l a n d  M . C . K n o b er, J .  A m er. Chem. Soc., 88 , 5347 (1966).
(32) S. R . H a ll a n d  E . N . M asle r, A c ta  C ryst., 18, 265 (1965).

drogen atoms at C6 and Cs and the lone pair of elec
trons on the oxygen or the t  electrons of the lactone 
ring as mentioned before, would readily isomerize to 
the pseudo-equatorial conformation as in XXIV. 
Thus the side-chain Cu-CH3 prefers the pseudo- 
equatorial orientation over the pseudo-axial one in the 
trans- as well as the cfs-fused Y-lactones.

Two Simple Methods to Find the Stereochemistry at 
Cu.—Two simple methods are now presented by which 
the stereochemistry of the side chain of sesquiterpene 
lactones can be directly and independently determined.

A.—In irans-lactones like a- or /3-santonins (XXV, 
XL, Tables II and III) or their hydrogenation products 
(XXVI, XXIX, XLI, XLII), the B ring has no flexi
bility and is rigidly held owing to the trans fusion of the 
lactone ring. In 6-epi-a-santonin (XLIV) and its 
hydrogenation products (XLV, XLVI) the B ring is 
capable of existing in a boat conformation, but, if it 
were so, models show that the lactone carbonyl should 
strongly shield the Cio-angular methyl group. However, 
the angular methyl group shows virtually the same 
chemical shifts of about 1.33 ppm in a- and 6-epi-a- 
santonin (XXV, XLIV) and of about 1.20 ppm in tetra- 
hydro-ff- and tetrahydro-6-epi-a-santonin (XXIX, 
XLVI). This shows that the B ring is in the chair con
formation in the cfs-lactones as well as in the trans-lac
tones. Hence in the trans angular (XXV to XXXI, 
XXXIII to XXXV, XL to XLIII) or linear (XLVIII) 
lactones, the Cn-/3-CH3 would be pseudo-axial and 
Cn-a-CH3 pseudo-equatorial. In the cfs angular 
(XXXII, XXXVI, XLIV to XLVII) and linear lactones 
(XXXVIII, XXXIX) the opposite relations would 
hold; viz., Cn-/3-CH3 would be pseudo-equatorial and the 
Cu- c*-CH3 pseudo-axial. Lactone XXXVII is the 
optical antipode of XXXVI.

It has recently been observed that axial and equa
torial methyl groups adjacent to ester carbonyl groups 
show different types of solvent shifts in benzene, when 
compared with those in chloroform.33 This difference 
should be much more prominent with respect to the

(33) C . R . N a ra y a n a n  a n d  N . K . V e n k a ta su b ra m a n ia n , Tetrahedron L ett., 
3639 (1965).
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Table II
Pseudo-Equatorial Methyl Group

No.

XXV

XXVI

XXVII

XXVIII

XXIX

XXX

XXXI

XXXII

C om p o u n d

C hem ica l s h if t  of ÎÇDC1, —
/—th e  C u -C H a  in—. ic ,H ,

B enzene (Jc d c i, —
C D C lj (p y rid in e )“ SCiHjN)6 R ef

1.28 0.99 +0 .29
(1.23) (+0.05)

1.25 1.05 +0 .20
(1.19) ( +  0.06)

1.18 0.97 +0.21
(1.15) (+0.03)

1.21 1.04 + 0 .17
(1.18) (+0.03)

1.24 1.03 +0 .21  d
(1.16) (+0 .08)

1.18 0.96 + 0 .22
(1.13) (+0 .05)

1.19 1.02 +0 .17
(1.16) (+0.03)

1.26 0.98 + 0 .28  15
(1.21) ( +  0.05)

XXXIV

XXXV

XXXVI

XXXVII

XXXVIII

XXXIX

C hem ica l s h if t  of icDCij —
-—th e  C n -C H a in—. 5o6h 6

B enzene (ScDCl, —
C D C la (p y rid in e )“ SCjHjN )6 R ef

1.28 1.06 + 0.22 e
(1.34) ( -0 .0 6 )

1.28 1.03 +0 .05  13
(1.23) (+0 .05)

1.26 1 .0 1  + 0 .05  4
(1.21) (+0 .25)

1.27 1.02 + 0 .2 5

1.27 1.02 + 0 .25  4

1.21 1.03 +  0.18

b 1
H

(1.19) ( + 0 .02)

L ° . 1.23
T \=0

H T
(1.18) (+0.25)

“ The figures given in parentheses are the chemical shifts in pyridine solution. 6 The figures in parentheses are the chemical shifts 
in CDC13 minus those in pyridine solution. c J. B. Hendrickson and T. L. Bogard, J. Chem. Soc., 1678 (1962). d O. Kovacs, V. Her- 
out, M. Horak, and F. Sorm, Coll. Czech. Chem. Commun., 21, 225 (1956). * M. Sumi, J. Amer. Chem. Soc., 80, 4869 (1958). 1 W. 
Herz and N. V. Viswanathan, J. Org. Chem., 29, 1022 (1964). « W. Herz, G. Hôgenauer, and A. Romo de Vivar, ibid., 29, 
1700 (1964).

side-chain methyl of 7-lactones, wherein both the car
bonyl and the methyl groups are held rigidly in a cyclic 
structure. To determine this, 24 7-lactones of different 
types were prepared and their nmr spectra scanned in 
chloroform, benzene, and pyridine solutions. The 
chemical shifts of C11-CH3 in these compounds are 
tabulated in Tables II and III.

The tables show that the signals of the pseudo- 
equatorial methyl groups exhibit an upfield shift of 
about 0.23 ±  0.06 ppm in benzene relative to chloroform 
solution (Table II), whereas the pseudo-axial ones 
exhibit a very large upfield shift of 0.46 ±  0.06 ppm 
(Table III). The difference between the solvent shifts 
of the two categories is so large that the conformation 
of this methyl group could not be mistaken. Interest
ingly, these shifts are somewhat different in magnitude 
and direction from those observed for methyl groups 
adjacent to ketones.34

The tables show that chemical shifts of the C13 pro
tons (in CDC1-0 are affected by the carbonyl group and 
double bonds in ring A (compare XXV with XXXI in 
column 3). The C3 carbonyl group alone deshields the 
C13 protons by 0.05 ppm, although they are seven bonds 
(six carbon-carbon and one carbon-hydrogen single

(34) D . H . W illiam s a n d  N . S. B haoca , Tetrahedron, 21 , 2021 (1965).

bonds) away (compare XXVI with XXVIII, or XXIX 
with XXXI, in column 3). When this distant methyl 
group comes a little closer in space to the C3 carbonyl, 
by becoming pseudo-axial, the deshielding is more, 
ca. 0.10 ppm (compare XLIII with XLI or XLII, col
umn 3), and when it is still nearer the deshielding rises 
to +0.16 ppm (compare XLIII with XLV or XLVI). 
Since in these cases the separation of seven single bonds 
is maintained, the downfield shift of these distant pro
tons is probably to be attributed to the field effect of 
the carbonyl, rather than to its inductive effect. I t is 
interesting to note that in XXIX the distance between 
the two groups on Dreiding models is over 7 A. Sim
ilarly an aromatized ring A deshields the pseudo- 
equatorial C11-CH3 by about 0.08 ppm (compare XXXI, 
column 3, with XXXIV to XXXVII, column 9) and 
pseudo-axial Cn-CH3 by about 0.18 ppm (compare 
XXXI, column 3, with XLVII, column 3).

The solvent shifts (columns 5 and 11) do not seem 
to be very much affected by the presence of a C3 ketone 
or double bonds. Thus between XLIII and XLIV 
which show the largest difference of 0.23 ppm in their 
chemical shifts in chloroform (column 3) the difference 
in ¿chcu — 5c,h„ is only 0.03 ppm (column 5) and be
tween XXVI and XXVII] or XXIX and XXX having
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N o .

XL

XLI

XLII

X LIII

XLIV

XLV

XLVI

XLYII

XLVIII

T able III
Pseudo-Axial M ethyl Group

C hem ica l s h if t of ScDCla —
«—th e  C u -C E B  in—  5c«Hs 

B enzene  (SCDOls —
C o m p o u n d  C D C ls (pyridine)®  ScsHeh')6 R e f

0.71 + 0 .55 4
(1.16) ( + 0 . 10)

0.79 + 0 .48 14
(1.14) (+0.13)

0.78 + 0 .48 14
(1 . 10 ) (+0 .16)

0.76 + 0 .40 3

0.96 + 0 .43 c
(1.29) ( + 0 . 10 )

0.84 + 0 .47 d
(1.18) (+0.13)

0.88 + 0 .44 d
(1-23) (+0 .09)

1.00 +0.37 4
(1.28) (+0 .09)

0.81 + 0 .45 e
(1.18) (+0 .08)

° The figures in parentheses are the chemical shifts in pyridine 
solution. b The figures in parentheses are the chemical shifts in 
CDCI3 minus those in pyridine solution. c H. Ishikawa, J. 
Pharm. Soc. Jap., 76, 504 (1956). d W. Cocker, B. Donnelly, 
H. Gobinsingh, T. B. H. McMurry, and M. A. Nisbet, J. Chem. 
Soc., 1262 (1963). e W. Cocker and M. A. Nisbet, ibid., 534 
(1963).

a difference of 0.06-0.07 ppm in chloroform (column 3) 
there is practically no difference in Scdci. — 6o»He 
(column 5). Thus these large shifts appear to be mostly 
brought about by the lactone group alone.

Pseudo-equatorial methyl groups seem to be too far 
away from the benzenoid A ring to be seriously affected 
by it (e.g., XXXIV to XXXVII), but a pseudo-axial 
methyl group appears to be affected; e.g., in compound 
XLVII the signal of the Ci3 protons is slightly brought 
down from its normal value of 0.46 ± 0.06 ppm (column
5).

Since the cis or trans nature of the lactone will be 
easily revealed from the J  values of C6~ or Cg-H, as the 
case may be,35’36 determination of these solvent shifts 
would directly lead to the stereochemistry of the Cn- 
CH3. Spectra in pyridine solution also show similar 
shifts, though of small magnitude (about +0.05 ppm

(35) C . R . N a ra y a n a n  a n d  N . K . V e n k a ta su b ra m a n ia n , In d ia n  J .  Chem  
2, 274 (1964).

(36) J , T . P in h e y  a n d  S. S te rn h e ll, A u s t. J .  C h e m 18, 543 (1965).

for pseudo-equatorial and about + 0.10 ppm for 
pseudo-axial ones), and could be used when the com
pound is insoluble in benzene, as is the case with 
XXXIX.

These results clearly show that Cn-CH3, in either of 
the two possible configurations in any of the y-lactone 
rings, assumes a pseudo-axial or pseudo-equatorial 
position, as the case may be, with respect to the lactone 
ring. If the methyl group were equally inclined to the 
plane of the lactone ring as in simple methylcyclo- 
petenes or -pentanes (which have an average planar 
form), a marked solvent shift in the two different con
figurations would not be expected. Comparable solvent 
shifts have recently been observed for similarly located 
methyl groups in axial and equatorial conformations of 
fused 5-lactones.37

The present results also show that ring B in all 
desmotroposantonins except XXXVII retains the same 
chair or half-chair conformation as that of its parent 
santonin, since the C h- C H 3 has the corresponding 
conformation in both. Since XXXVII also displays 
the solvent shift characteristic of a pseudo-equatorial 
Cn-CH3 as XXXVI, models would show that ring B in 
XXXVII should exist in the alternate half-chair con
formation to that in XXXVI (or the parent santonin). 
This is to be expected since the two have enantiomeric 
structures.38

B.—Another approach can also be made in suitable 
cases to determine the stereochemistry of C11-CH3. 
This depends on finding the Cn-H—C7-H  coupling 
constant. As the y-lactones can be fused cis or trans, 
and in each case the Cn-H can have an a or (3 orienta
tion, there are four possible situations that can arise. 
When these four different situations and the coupling 
pattern of the Cn-H in each of them are examined, the 
following results are obtained.

i.—iraws-Lactones, Pseudo-Axial Cu-H.—The Cn- 
/3-H in a-santonin36 (XXV) and 6-epidesmotroposanto- 
nin acetate (XXXIV) is found split into a doublet of

quartets. Double irradiation at the signal of the Cu- 
CH3 on a 100-Mc nmr spectrometer shows the Cn-H 
as a doublet centered at 5 2.47 in XXV and at 5 2.43 in 
XXXIV, «/110,7c being 12.5 cps.

ii.—-irans-Lactones, Pseudo-Equatorial Cn-H .—The 
Cn-a-H in /3-santonin (XL) on the other hand is split 
into a quintet, J  — 7.5 cps, showing thereby that the

(37) G . D i M aio , P . A . T a rd e lla , a n d  C . Ia v a ro n e , Tetrahedron L e tt., 
2825 (1966).

(38) S ee  fo r ex am p le  th e  en a n tio m eric  m e n th o ls  i  a n d  ii. T h e  c h a ir  fo rm  
of i h a s  to  b e  flipped  to  fo rm  th e  a l te rn a te  c h a ir  in  th e  ca se  o f ii so a s  to  r e ta in  
th e  c o n fo rm a tio n s  of th e  s u b s t itu e n ts  w h ich  a r e  th e  s a m e  in  b o th .
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Cn-H in this case makes equal coupling with the Cr-H 
and the Cn-CH3.

iii. —cts-Lactones, Pseudo-Axial Cn-H.—In 6-epi-/3-
santonin (XXXII) and (—)-/3-desmotroposantonin ace
tate (XXXVI), the Cn-a-H again shows up as a quintet, 
J  — 7.5 cps, the Cn-H having in this case also equal 
coupling with the Cu-CH3 and the C7-H.

iv. —cfs-Lactones, Pseudo-Equatorial Cn~H.—In 6- 
epi-a-santonin (XLIV) and ( —)-a-desmotroposantonin 
acetate (XLVII) the Cn-|8-H shows up as a quartet, 
J  — 7 cps, showing thereby that the C^a-H has no ap
preciable coupling with the Cn-/3-H. This is confirmed 
by spin decoupling of the Cn-CH3, which shows the 
CnnS-H as a sharp singlet at 8 2.57 in XLIV and at 8 
2.52 in XLVII.

These distinctive coupling patterns of the Cn-H, 
wherever they are identifiable, can also be used to find 
the stereochemistry of the Cn-CH3 and also that of the 
lactone fusion. In ii and iii where the pattern is the 
same, the coupling constant of the C6-H  (in the case of 
angular lactones) or C8-H  (in the case of linear lac
tones) as the case may be, with the 7-H, can show 
whether the lactone is trans or cis fused, and the cou
pling pattern of the Cu-H  would then give the con
figuration of the Cji-CH3.

v -  o b s , _ ^ l 5 5 ” 
C a l c . ^ 1 5 5 °

o b s.~> 30* 
^ C a l e . ~  30'

hedral angle of 105°. A bending and twisting of the 
lactone plane, away from ring B, at Ct-Ch (and prob
ably at C6-On), by about 15° or more so as to move 
C11-CH3 further away from Cs would be needed in the 
case of both the m-lac tones to give the dihedral angles 
corresponding to the J  values observed. This thus 
gives strong support to the argument advanced in the 
earlier section that in the case of the cis-lac tones the 
plane of the lactone ring is so bent and twisted that the 
a- and /3-Cir~CH3 is considerably farther away from 
the C8 protons than would be expected from models.

Making a rough energy calculation, a dihedral angle 
of 30° in (XXXII) between the 7a-H and lla-H  would 
mean that the angle between the planes C8C7Cn and 
C7CJ1C13 is 30°, i.e., midway between an eclipsed and 
skew interaction27'40 between C8 and Ci3. Making 
allowance for the larger angles C7CnC13 (115°), C8C7Cu 
(122°), and longer bond length of Cu-Ci3 (1.63 A)10 
the energy of the interaction between C8 and C13 
should be expected to be less than 2 kcal (eclipsed, 4.4-
6.1, and skew, 0.8 kcal/mol). Similarly in XLIV 
whose lactone is found to make the same angle as 
XXXII with ring B, the Cn-a-CH3 is much closer to 
the two a-hydrogen atoms at C6 and C7 than 2.55 A, the 
normal distance between an axial methyl group and the
1,3-m-diaxial hydrogen atoms in a cyclohexane ring41 
(C6C7Cu angle is 99° and C7CuCi2 angle 102°).10 This 
alone would considerably raise the energy of XLIV.42 
Added to this is also the small interaction of the lone 
pair of electrons on O17. All of these together may 
therefore be expected to give an energy of over 2 kcal 
(two normal axial CH3-H  interactions alone, 1.8 kcal/ 
mol)43 for the Cn-aCH3, thus giving XLIV a signifi
cantly higher energy than XXXII, as observed by 
actual measurements,23 and thus leading to the isomer
ization of this methyl group16’24 from the pseudo-axial to 
the pseudo-equatorial conformation in the m-lactones. 
As this is largely brought about by angle distortions 
needed for the fusion of the five-membered lactone ring 
to a rigid cyclohexane ring, such a ready isomerization 
of a methyl group or bond from a pseudo-axial to a 
pseudo-equatorial conformation should be expected as 
a general feature of such systems, although this might 
appear to involve an eclipsed butane interaction.

J7<, | |<  = 7 ' s CPS 
o b s .^ /IS ”

Co lc .~  30”

¿74,11 J3=0  
_  obs. — 10 5 ” 

Ca l o .~  90 ”
The J  values of 12.5 cps in a-santonin (XXV) and

7.5 cps in /3-santonin (XL) which have the fnros-lac- 
tone system (i and ii) would require a dihedral angle 
of about 155° in the former and about 30° in the 
latter.39 Models show that these are nearly as re
quired, but with the cfs-lactones (iii and iv) the situa
tion is somewhat different. In the case of 6-epi-/3-san- 
tonin (XXXII), where there is a coupling constant of 
about 7.5 cps, one expects a dihedral angle of about 30° 
between lla-H  and 7a-H, but Dreiding models of 
the molecule show a dihedral angle of about 15° only. 
Similarly in the case of 6-epi-a-santonin (XLIV) there 
is no observable coupling between H7 and Hu. 
This would indicate a dihedral angle of about 90° 
between them. However, models show only a di

(39) K . L . W illiam son  a n d  W . S . Jo h n so n , J .  A m er. Chem . Soc., 83 , 4623
(1961).

Experimental Section
Melting points are uncorrected and were taken on a Gallen- 

kamp melting point apparatus. Optical rotations were deter
mined in 1% chloroform solution in a Perkin-Elmer spectro
photometer or a Carl Zeiss polarimeter. Nmr spectra were 
recorded on a Varian A-60 spectrometer in 10% solution in the 
solvents given. The signals were recorded in S (parts per million) 
using TMS as an internal standard. Infrared spectra were 
recorded on a Perkin-Elmer Model 221 spectrometer. Chromato

(40) K . S. P itz e r , D iscussions F araday Soc., 10, 66 (1951).
(41) E . L. E liel, N . L . A llinger, S. J . A ngyal, a n d  G . A . M o rriso n , “ C on

fo rm a tio n a l A na ly sis ,”  In te rsc ie n c e  P u b lish e rs , In c ., N ew  Y ork , N . Y ., 1965, 
p  43.

(42) S om e id e a  of th e  en e rg y  in v o lv ed  in  n o n b o n d e d  in te ra c t io n s  b e tw e en
tw o  hyd ro g en  a to m s  w hen  th e y  com e to o  close can  b e  g a in e d  fro m  th e  fol
low ing d a ta  [th e  in te rn u c le a r  d is ta n c e  is g iv e n  in  an g s tro m s  a n d  th e  p o te n tia l  
en e rg y  (in  p a ren th ese s) is  g iv en  in  k ilocalo ries p e r  m o le ]: 2 .6  (0 .7), 2.4
(1.4), 2.2 (2 .7), 2 .0  (5 .0), 1.8 (9 .1). I n  th e  p re s e n t case, th e  en e rg y  invo lved  
w ou ld  b e  a b o u t  th re e  tim es  th o se  g iven , s in ce  th e  in te ra c t io n  in v o lv ed  is t h a t  
b e tw e en  one  h y d ro g e n  a to m  a n d  th e  th re e  h y d ro g en  a to m s  on  a  m e th y l 
g ro u p : E . A. M aso n  a n d  M . M . K reev o y , J .  A m er. Chem . Soc., 77 , 5808 
(1955); L . F . F ie se r a n d  M . F ieser, “ 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, p  825.

(43) C. W . B ec k e tt , K . S. P itz e r , a n d  R . S p itz e r, J .  A m er. Chem. Soc., 69, 
2488 (1947).



3162 N arayanan  and  V  e n  k  a tas u b r  a m a n i a n The Journal of Organic Chemistry

grams were run on neutral Brockmann grade II  alumina. Thin 
layer chromatography was carried out on silica gel mixed with 
plaster of Paris (15%) as binder. The plates were sprayed with 
concentrated H2S04. Petroleum ether refers to fraction boiling 
between 60 and 80°.

All known compounds were prepared according to the pro
cedures given in the literature as cited in the references and 
identified by their melting points, specific rotations, and in
frared spectra. The homogeneity of the compounds was often 
checked by thin layer chromatography on silica gel.

Thio Ketal of 4 a-Methyltetrahydro-(3-santonin (XLIII).—To a 
solution of 100 mg of 4«-methyltetrahydro-/3-santonin in 3 ml 
of acetic acid was added 0.1 ml of ethanedithiol and 0.2 ml of 
BF3 etherate and kept at room temperature for 5 hr. The solu
tion was poured into water and worked up. The product was 
crystallized from alcohol and recrystallized from the same solvent 
to yield 90 mg of X LIII: mp 155°; [«]d +75° (c 1.2);
1754 cm-1 (7-lactone). Anal. Calcd for C17H26O2S2: C, 62.56; 
H, 8.03. Found: C, 62.50; H, 8.16.

4/3-Methyltetrahydro-6-epi-«-santonin (XLV).—Considerable 
difficulty was experienced in preparing this compound. Hydro
genation of 6-epi-a-santonin on 10% Pd-CaCo3, 2% Pd-SrCo3, or 
5% Pd-C gave almost exclusively an acid, by the hydrogenolysis 
of the 6/3-ether oxygen function. In «-santonin, where the 
Ce-0 bond is quasi-equatorial, practically no hydrogenolysis 
was encountered under these conditions, showing thereby that 
the quasi-axial alcoholic oxygen is more prone to hydrogenolysis. 
The title compound was, however, prepared in about 20% yield 
by the following procedure.

6-Epi-a-santonin (1 g) in 30 ml of ethyl acetate was hydro
genated over 200 mg of 10% Pd-C 44’45 until no more hydrogen 
was absorbed (2 hr). The solution was filtered and extracted 
with 5% sodium bicarbonate solution. The ethyl acetate solution 
was further washed with water, dried over sodium sulfate, and 
evaporated. The solid was crystallized from ethyl acetate to 
give 225 mg of the compound: mp 196° (lit.46 mp 196-197°); 
[« ]d  -1 33° (c 1.4) (lit.46 -135°); 1770 (lactone) and 1710
cm-1 (cyclohexanone).

The bicarbonate extract was acidified and extracted with 
ether to give 700 mg of an acid. I t  was esterified with diazo
methane to give a liquid which was chromatographed over 30 g 
of alumina grade II. Elution with 25% petroleum ether-75% 
benzene (250 ml) and removal of solvent gave 650 mg of a viscous 
liquid. I t  was distilled under vacuum: bath temperature, 160- 
165° (0.2 mm); [« ]d  +44° (c 1.5); vmax (liquid film) 1750 
(ester) and 1725 cm-1 (cyclohexanone). Anal. Calcd for 
C16H260 3: C, 72.14; H, 9.84. Found: C, 72.20; H, 9.32. 
The nmr spectrum showed signals at 5 0.92 (3 H, doublet, 
J  = 7 cps, C4-CH 3), 1.06 (3 H, singlet, Ci„-CH3), 1.07 (3 H, 
doublet, J  = 7 cps, CU-C H 3), and 3.63 (3 H, singlet, COOCHs). 
The signal of the C4-C H 3 shifts from 0.92 in chloroform to 0.99 
in benzene, the small downfield shift showing that the methyl 
group is equatorial. The Cn-CH3 shows, on the other hand, a 
small upheld shift of 0.05 ppm. Although the C4-CH 3 originally 
produced should have been (3 axial, by the cis addition of hydrogen 
at C4,C5, epimerization must have taken place during the 
acidification process and work-up. That the A/B rings are trans 
locked was confirmed by the CD spectrum of the compound which 
gave a positive Cotton effect,47 AE  at 292 ui(i = +0.78 (solvent 
dioxane). The same acid was produced by hydrogenolysis and 
hydrogenation with other catalysts as well. I t  should thus have 
structure XLIX.

(44) This catalyst in its preparation had to be finally reduced by hydro
gen.45 That prepared by reduction with formaldehyde in the final stage com
pletely hydrogenolyzed the lactone.

(45) A. I. Vogel, “ A  Textbook of Practical Organic Chemistry,”  Long
mans, Green and Co., London, 1964, p 950.

(46) See Table I I I ,  footnote d.
(47) We are indebted to Professor G. Snatzke, University of Bonn, for the 

C D  measurements.

6-Epidesmotroposantonin acetate (XXXIV) could be prepared 
only twice.48 Treatment of «-santonin with acetyl chloride and 
acetic anhydride gave a 20% yield of this substance,13 a reaction 
which was able to be repeated only once. Purification of the 
reagents or addition of small amounts of aqueous hydrochloric 
acid did not improve the situation. The product invariably 
obtained, either as the main product or as the sole product, was 
the enol lactone for which structure L has been proposed.13

The nmr spectrum of this compound confirmed the proposed 
structure. I t  showed the acetate methyl at 5 2.23, C4-vinyl 
methyl at 1.89, Cm-CHs at 1.17, and Cn-CH3 as a clear triplet 
(J  = 1.5 cps) centered at 2.00 (probably due to long-range 
coupling with the two protons at C8, or an axial proton at C8 
and another axial proton at C249’50), and no vinyl proton signal.

Registry No.—I, 13927-50-9; I I ,  481-06-1; I I I ,  13902-
55-1; IV ,  13902-54-0; V , 1618-78-6; V I ,  1618-77-5; V I I ,  
13743-88-9; acetate o f V I I ,  14794-71-9; m e th y l e th e r o f 
V I I ,  13743-90-3; V I I I ,  13743-89-0; I X ,  13743-96-9; X ,  
16963-59-0; acetate o f X ,  16963-60-3; m e th y l e th e r o f 
X ,  16963-61-4; X I ,  16963-62-5; X I I ,  16963-63-6; X I I I ,  
16963-64-7; X IV ,  16963-65-8; X V ,  16963-66-9; X V I ,  
16963-31-8; X V I I ,  16963-32-9; X V I I I ,  15797-9-30; 
X X V I ,  14804-46-7;. X X V I I ,  16963-35-2; X X V I I I ,  
2221-83-2; X X X ,  14804-50-3; X X X I ,  14804-52-5; 
X X X I I I ,  1618-76-4; X X X I V ,  16963-40-9; X X X V ,  
14794-97-9; X X X V I ,  6339-71-5; X X X V I I I ,  16963- 
43-2 ; X X X I X ,  14794-72-0; X L I ,  14804-47-8; X L I I I ,  
16963-46-5; X L V ,  14987-66-7; X L V I ,  14794-68-4; 
X L V I I I ,  10208-52-3; m e th y l ester o f X L I X  (C i6H 260 3), 
3717-63-3.

Acknowledgment.— W e are ind e b ted  to  P rofessor 
W . C ocker fo r  samples X X X I I ,  X X X I I I ,  and  X L ,  
P rofessor W e rne r H e rz  fo r  samples X X X V I I I  and  X X ,  
S h ri N . R . B hadane fo r  th e  d a ta  on X X V I I ,  and 
D r . U . Scheidegger o f V a ria n  A G , S w itze rland , fo r  
the  decoup ling  experim ents.

(48) We are indebted to Professor W. Cocker for kindly informing us that 
he also could prepare this compound only twice or thrice.

(49) To ascertain which of these two possibilities was the correct one, an 
enol lactone was prepared under the same conditions from artemisin acetate 
X X X I I I .  This compound, after chromatography on silica gel in benzene, 
showed a single spot in thin layer chromatography (solvent 5%  ethyl ace
tate, 95%  benzene) and had |>]d —132 ° (c 1.2), but could not be induced 
to crystallize. Its  infrared spectrum was similar to that of L  and hence 
should have the structure L I. Its nmr spectrum showed signals at 5 2.20

(singlet, Cs and Cs acetate methyl signals), 1.27  (singlet, C10-C H 3), 1.97 
(singlet, C4-C H 3), and at 2.05 (doublet, J  ~  1 cps, Cn-CH3). Hence the 
triplet signal of the Cu-CH3 in L  is due to long-range coupling of the C 11-C H 3 

with the Cs a  and 0 protons. (Such biallylic couplings35 between both the 
protons of the allylic ring methylene group on the one side, and the protons 
of the vinyl methyl group on the other side, has recently been reported.50

(50) M . D . Nair and R . M ehta, In d ia n  J . Chem<, 5, 123  (1967).
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S y n th e s is  o f  a n  A n a lo g  o f  th e  A m in o g ly co s id e  A n t ib io t ic s 1
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Synthetic routes to lD-4-0-(6-amino-6-deoxy-/3-D-glucopyranosyl)-3-0-methyl-c/iiVo-inositol (6) are described.
The key intermediate, Id-1,2 :5,6-di-0-isopropylidene-3-0-methyl-4-0-(2,3,4-tri-0-acetyl-6-0-p-tolylsulfonyl-/3- 
D-glucopyranosyl)-c/w>o-inositol (4), was obtained by deacetylation, tosylation, and reacetylation of the known 
Id-1,2 :5,6-di-0-isopropylidene-3-0-methyl-4-0-(2,3,4,6-tetra-0-acetyl-/3-D-glucopyranosyl)-c)siVo-inositol (1,57%), 
or directly by coupling 2,3,4-tri-0-acetyl-6-0-p-tolylsulfonyl-o;-D-glucopyranosyl bromide (2) with Id-1,2 :5,6-di- 
0-isopropylidene-3-0-methyl-cfuro-inositol (3, 52%). The ammonolysis and deacetonation of 4 gave 6 (73%). 
Alternatively 4 with sodium azide gave the crystalline Id-1,2 :5,6-di-0-isopropylidene-3-0-methyl-4-0-(2,3,4-tri- 
0-acetyl-6-azido-6-deoxy- -̂D-glucopyranosyl)-cki>o-inositol (5), which was converted into 6 (70% from 4) by 
deacetylation, reduction, and deacetonation. The aminoglucoside 6 did not show antibiotic activity or cause 
code “misreading” in in vitro protein synthesis.

The synthesis of analogs of the aminoglycoside 
(pseudo-oligosaccharide) antibiotics, which include the 
streptomycins, neomycins, paromomycins, and kana- 
mycins, is of substantial interest in view of the clinical 
usefulness of some members of the group and the 
finding that these antibiotics cause the “misreading” of 
messenger RNA during protein synthesis.2 A few of 
the desired structures, consisting of sugars linked gly- 
cosidically to cyclitols, usually with amino groups in 
both moieties, have been obtained by direct coupling of 
the suitably blocked and activated components.3 How
ever, the effectiveness of this approach is restricted by 
the limited availability of suitably blocked aminocy- 
clitols and the low reactivity of these toward acylgly- 
cosyl halides. An alternate route, the coupling of an 
ordinary sugar to an ordinary cyclitol followed by 
introduction of the amino group (s) into the resulting 
glycoside, is illustrated in this paper.

Schem e I  sum m arizes th e  syn thesis, w hich p roceeded  
via th e  to sy la te d  g lucoside 4 to  lD -4-0-(6-am ino-6- 
deoxy-/3-D-glucopyranosyl)|- 3 - 0  - m e th y l - chiro - in o sito l4 5
(6). T h e  k ey  in te rm e d ia te  4 w as o b ta in ed  in  tw o  w ays. 
I n  one p re p a ra tio n  th e  p rev iously  know n 1d- 1 ,2 :5 ,6 - 
d i-O -isopropylidene-3-0  -  m e th y l - 4 - 0  - (2,3,4,6 - te t r a  - 0 -  
acetyl-(3-D -glucopyranosyl)-cM ro-inositol ( l ) ,6 m ade  b y  
coupling lD - l ,2 :5 ,6 - d i - 0  - iso p ro p y lid e n e -3 - 0 - m e th y l- 
c/ifro-inositol (d iisopropylidene-D -pinito l, 3) a n d  te tra -
O -acety l-a-D -glucopyranosy l b rom ide, w as d ea ce ty la ted , 
to sy la te d , an d  re a ce ty la ted  to  g ive c ry sta llin e  4 in  32%  
over-all y ie ld  from  d iisopropy lidenep in ito l. T h e  second 
m eth o d  w as to  couple d iisopropylidene-D -pin ito l w ith
2 ,3 ,4 -tri-0 -ace ty l-6 -0 -p -to ly lsu lfo n y l-a -D -g lu co p y ran o - 
syl b rom ide (2) b y  th e  K o e n ig s -K n o rr  p rocedure .

(1) P re s e n te d  a t  th e  149 th  N a tio n a l M eetin g  of th e  A m erican  C h em ica l 
S ocie ty , D e tro i t ,  M ich ., A p ril 1965.

(2) (a) J .  D av ie s, W . G ilb e rt, a n d  L . G orin i, Proc. N a tl. A cad . S c i. U. S ., 
61, 883 (1964); (b) J. D av ies, L . G orin i, a n d  B . D . D av is , M ol. P harm acol., 1, 
93 (1965).

(3) (a) S. U m ezaw a a n d  Y . I to ,  B u ll. Chem . Soc. J a p ,,  34, 1540 (1961); 
(b) S. K o to , Y . I to , a n d  S. U m ezaw a , ib id ., 38, 1447 (1965); (c) S. U m ezaw a 
a n d  S. K o to , ib id ., 39, 2014 (1966); (d) S. U m ezaw a, S. K o to , K . T a ts u ta ,  
a n d  T . T su m u ra , J .  A n tib io t. (T o k y o ), 21, 162 (1968); (e) M . N ak a jim a , 
A. H asegaw a, N . K u r ih a ra , H . S h ib a ta , T . U eno , a n d  D . N ish im u ra , Tetra
hedron Lett., 623 (1968).

(4) T h e  co m p o u n d s describ ed  h e re  a re  n a m ed  as  s u b s t i tu te d  cyc lito ls . 
F o r  th e  cyc lito l m o ie ties , th e  re c e n tly  a d o p te d  I U P A C /IU B  T e n ta t iv e  R u les 
for C y c lito l N o m e n c la tu re  (soon to  b e  p u b lish e d ) a re  u sed . U n d e r  th e se  
ru les th e  p a r e n t  in o s ito l of th e  series, fo rm erly  kn o w n  as  d-inosito l, ( +  )-ino- 
sitol, o r D -inositol, is now  d es ig n a ted  d- (o r I d-) c /aro -inosito l. T h e  n a tu ra lly  
occurring  D -pinitol, w h ich  has  been  ca lled  5 -0 -m ethy l-D -inosito l in  m o s t re
ce n t A m erican  li te ra tu re , is lD -3-O -m ethy l-c/iiro -inosito l.

(5) K . A . C aldw ell, S . P . R a m a n , a n d  L . A nderson , N ature , 199, 373
(1963); th e  co m p o u n d  is th e re  n a m e d  l,2 :3 ,4 -d i-C M sopropy lidene-5 -0 -
methyl-6-0-(tetra-0-acetyl-/3-D-glucopyranosyl)-D-inositol.

In this reaction the yield, based on diisopropylidene-D- 
pinitol, was 52%, unusually high for a coupling in
volving a secondary ring hydroxyl on a blocked sugar.

For the conversion of 4 into the aminoglucoside 6, 
two methods were again used. Treatment of 4 with 
methanolic ammonia at 110° followed by deacetona
tion and chromatography of the crude product gave 6 
as a colorless glass in 73% yield. Alternatively, 4 was 
converted into the crystalline azidoglucoside 5. The 
azido compound was then deacetylated, reduced, and 
deacetonated, and the crude product was chromato
graphed. The yield of pure aminoglucoside (6), based 
on intermediate 4, was 70%. Samples of 6 prepared 
by the two methods had identical chemical and spec
troscopic properties, which fully substantiated the as
signed stereoformula (see Experimental Section).

The good yield in the coupling step, which is one of 
the attractive features of the present synthesis, is prob
ably due to the favorable conformational and elec
tronic properties of the specific cyclitol derivative used. 
Suitably blocked halides of the several aminodeoxy- 
glucoses (perhaps not the 2 isomer) could no doubt be 
coupled directly with diisopropylidenepinitol in good 
yield. However, deblockingthecouplingproductswould 
be more difficult than the simple deblocking-reduction of 
our azidoglucoside (5). Also, the over-all syntheses 
would require several more steps than the procedure 
of coupling first, then aminating. This procedure 
should be capable of considerable extension, hopefully 
to the preparation of glycosides with both the cyclitol 
portion and the sugar aminated.

The aminoglucoside 6 showed no antibiotic activity 
against several bacteria and fungi, and a yeast, when it 
was included in the culture media at 1000 ppm.6 It 
caused no misreading at 200 pg/ml in an in vitro pro
tein-synthesizing system sensitive to natural amino
glycoside antibiotics.7

Experimental Section
Nuclear magnetic resonance spectra were taken on a Varian 

A-60 spectrometer. Tetramethylsilane and sodium dimethyl- 
silapentanesulfonate (DSS) were used as internal standards. 
Infrared spectra were taken on a Beckman IR-5 instrument. 
Melting points were determined in Pyrex capillaries immersed in 
a heated oil bath equipped with a calibrated thermometer.

lD -l,2 :5 ,6 -D i-0 -iso p rop ylid en e-3-0 -m eth y l-4 -0 -(2 ,3 ,4 -tri-0 - 
acetyl-6-O -p-tolylsulfonyl-S-D-glucopyranosyl J-du'ro-inositol (4).

(6) T h e  a u th o rs  a re  g ra te fu l to  M r. D o n a ld  M . M u rp h y  of th e  W isconsin  
A lum ni R esea rch  F o u n d a tio n  fo r c a rry in g  o u t th e se  te s ts .

(7) T h is  te s t  w as b y  P ro fesso r J u lia n  D av ie s  of th is  d e p a r tm e n t .
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S c h e m e  I

A. From  lD -l,2 :5 ,6 -D i-0 -iso p rop ylid en e-3-0 -m eth y l-4 -0 -(2 ,3 ,-
4,6-tetra-0-acetyl-^-D-glucopyranosyl)-cAiVo-inositol (1).—The de
acetylation,8 then tosylation, and reacetylation9 of 1 (1.0  g) were 
accomplished without isolation of intermediates. The crude 4 
obtained by crystallization from absolute ethanol melted at 
139-142°: yield 0.67 g (57%). Recrystallization from ethanol- 
water gave colorless needles: mp 145.0-145.5°; [ a ] 25D + 6° (c 
6, CHCls); nmr (CDC1,), r  2.19 (d, 2 , J  = 8 Hz, tosyl ring H),
2.63 (d, 2, J  — 8 Hz, tosyl ring H), 6.49 (s, 3, OCH3), 7.54 (s, 
3, tosyl CH3), 7.96 (s, 3, acetyl CH3), 8.01 (s, 6, acetyl CH3), 
8.50 (s, 6, isopropylidene CH3), 8.66 ppm (s, 6, isopropylidene 
CH3); ir (KBr), 2950 (C-H), 1750 cm~l (0 = 0 ).

B. From Id-1,2: 5,6-Di-0-isopropylidene-3-0-methyl-c/w>o- 
inositol (3) and 2,3,4-Tri-0-acetyl-6-0-p-tolylsulfonyl-a-D-gluco- 
pyranosyl Bromide (2).—Silver oxide10 (2.5 g), powdered Drierite 
(2.5 g), and 3U (1.0 g, 3.6 mmol) were stirred (magnetic bar)

with 8 ml of anhydrous, alcohol-free chloroform in a 125-ml 
erlenmeyer which was wrapped with black tape and protected 
from moisture. After 30 min 0.1 g of iodine was added, and then, 
dropwise over a 3-hr period, a solution of 4.0 g (7.2 mmol) of 
the 6-tosyltriacetylglucopyranosyl bromide 211 12 in 10 ml of an
hydrous, alcohol-free chloroform. Stirring was continued over
night. Water (co. 0.5 ml) was then added to destroy any excess 
glycosyl halide and the mixture was filtered and concentrated.

The resulting syrup was chromatographed on a column of 
60-200 mesh silica gel (200 g, 57 X 2.5 cm) with acetone-benzene 
(7:93, v /v  as developer). Peaks were detected by the sulfuric 
acid char method.13 The product, identified by thin layer chro
matography (silica gel G, acetone-benzene, 30:70, v /v), emerged 
in the lead peak. After concentration and crystallization from 
ethanol the yield was 1.37 g (52%), mp 144.5-145.5°. Recrystal
lization from methanol-water gave pure 4, mp 146-147°, identical

(8) A. T h o m p so n , M . L . W olfrom , a n d  E . P acsu  in  “ M e th o d s  in  C a rb o 
h y d ra te  C h e m is try ,”  Vol. I I ,  R . L . W h is tle r  a n d  M . L . W olfrom , E d ., A ca
dem ic  P re s s  In c . ,  N ew  Y o rk , N . Y ,, 1963, p  216.

(9) E . H a rd eg g e r  a n d  R . M . M o n ta v o n , Helv. C h im . A cta , 29, 1199 (1946).
(10) P re p a re d  as  desc rib ed  b y  E . L . H ir s t  a n d  E . P e rc iv a l [M ethods 

C arbohyd. C hem ., 2, 146 (1963)]; so d iu m  h y d ro x id e  w as u sed  in  p la ce  of 
b a r iu m  h y d ro x id e .

(11) P re p a re d  from  n -p in ito l b y  th e  m e th o d  of S. J .  A n g y a l a n d  R . M . 
H osk in son , J .  Chem . Soc., 2985 (1962), w ith  d im e th o x y p ro p a n e  in s te a d  of 
d ie th o x y p ro p a n e  as  th e  a c e to n a t in g  a g e n t.

(12) B . H elferich  a n d  S. G rtin ler, J .  P r a k t . C hem ., [2] 148, 107 (1937).- 
T h e se  a u th o rs  g iv e  m p  8 9 -9 0 °  a n d  [ap°D  + 1 6 5 ° ;  o u r  p re p a ra tio n s  ag ree d  in  
r o ta tio n  b u t  w ere  low er m e ltin g  (6 5 -6 9 ° ) .

(13) P . W ay s, J .  L ip id  R es., 4, 101 (1963).
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in all respects (mixture melting point, ir, specific rotation) 
with the product of method A.

Anal. Calcd for C32H44O16S (716.74): C, 53.61; H, 6.19. 
Found: C, 53.93; H, 6.26.

Id-1,2 :5,6-Di-0-isopropylidene-3-0-methyl-4-0-(2,3,4-tri-0-
acetyl-6-azido-6-deoxy-8-n-glucopyranosyl)-clnroinositol (5).—- 
Sodium azide (2.5 g, 38 mmol) was stirred with 4 (4.0 g, 5.6 
mmol) in 50 ml of dimethylformamide for 1 hr at 100-105°. 
The mixture was then concentrated under reduced pressure, the 
residue was dissolved in hot methanol-water, and crystallization 
was induced by adding more water, dropwise, to the hot solution. 
The pure 5 thus obtained weighed 2.8 g (85%), melted at 140- 
140.5°, and had [a] 24d -1 3 .5 °  (c 7, DMF), and nmr (CDC1„), 
r  6.46 (s, 3, OCH3), 7.96 (s, 3, acetyl CH8), 7.98 (s, 6, acetyl 
CH3), 8.48 (s, 6, isopropylidene CH3), 8.66 ppm (s, 6, isopropyli- 
dene CH3); ir (KBr), 2950 (C-H), 2090 (N,), 1740 cm“ 1 (C = 0 ).

Anal. Calcd for C2oH310 13N3 (587.37): C, 51.10; H, 6.35. 
Found: C, 51.03; H, 6.27.

lD-4-0-(6-Amino-6-deoxy-d-D-glucopyranosyl)-3-0-methyl- 
e/wro-inositol (6). A. From Id-1,2:5,6-Di-0-isopropylidene-3-0- 
methyl-4-0- (2,3,4-tri-0-acetyl-6-0-p-tolylsulf onyl-d-D-glucopyran- 
osyl)-cfti>o-inositol (4) by Ammonolysis.—A solution of 4 (4.0 g,
5.6 mmol) in 60 ml of methanol saturated with ammonia at 0° 
was sealed in a glass-lined steel bomb and heated at 1 10 ° for 
12 hr. The pale yellow reaction mixture was decolorized with 
Darco G-60 and concentrated to a syrup under reduced pressure.

For deacetonation the syrup was dissolved in 10 ml of acetic 
acid-water (1:1, v /v) and heated 8 hr in an oil bath at 100-105°. 
The resulting brown solution was chromatographed on a column 
of Bio-Rad AG 1 -X2 anion-exchange resin (OH-  form, 200-400 
mesh, 65 X 2.5 cm), by development with distilled water at 0.5 
ml/min. Peaks were again detected by the sulfuric acid char 
method.13 The components were identified on thin layer plates 
of cellulose (without binder). These were developed with pyri
dine-ethyl acetate-acetic acid-water (5:5:1:3 by volume), 
and spots were visualized with silver nitrate-alkali.14 15

The first product to be eluted was pinitol, 0.16 g; the eluate 
volume was 430-470 ml.16 * The following peak, eluate volume 
700-2000 ml, was basic and contained the desired pinitol 6- 
aminoglucoside 6. The product (1.45 g, 73%) was obtained as a 
colorless glass by removal of the solvent: [cc]18d +27° (c 1 , H20); 
nmr (D20), r  6.40 (s, 3, OCH3), 5.24 ppm (d, 1, /  = 8 Hz,

(14) L. H o u g h  a n d  J . K . N . Jo n es , M ethods Carbohyd. Chem ., 1, 28 
(1962).

(15) T h e  a p p e a ra n c e  of free  p in ito l in  th e  e lu a te  w as p ro b a b ly  d u e  to  th e
hy d ro ly s is  o f p in ito l 3 ,6 -an h y d ro g lu co sid e , a n  expected  s id e  p ro d u c t o f th e
am m ono lysis  reac tio n . T h e  3 ,6 -an h y d ro g lu co sid e  w ould  b e  v e ry  a c id  lab ile ,
w hereas  th e  g lucoside b o n d  of 4  is s ta b le  to  th e  d ea c e to n a tio n  cond itio n s .

anomeric H); ir (KBr), 3320 cm-1 (O—H), no band for ester
C = 0 .

Anal. Calcd for C13H25O10N (355.34): C, 43.93; H, 7.09; 
N, 3.94. Found: C, 43.55; H, 7.15; N, 3.89.

The 8-Hz spacing of the doublet for the anomeric proton in the 
nmr spectrum indicates a 0 configuration for the glucoside bond, 
as previously deduced for compound 1 on other grounds.6 Com
pound 6 did not reduce Fehling’s solution, but treating it with 8 
N  hydrochloric acid for 15 min at 100°, followed by removal of 
the chloride ion with Dowex-1 (OH- ) resin, gave a hydrolysate 
with reducing properties. When the hydrolysate was chro
matographed on cellulose thin layer plates, it gave reduced 
silver spots at Ri 0.24 (w), 0.34 (w), and 0.56 (s). Control spots 
showed Rt 0.24 for the unhydrolyzed glycoside and Rt 0.56 for 
authentic pinitol. Approximately 1 molar equiv of nitrogen was 
evolved when 6 reacted with nitrous acid in a Van Slyke ap
paratus.

B. From lD-l,2:5,6-Di-0-isopropylidene-3-0-methyl-4-0- 
(2,3,4-tri-0-acetyl-6-azido-6-deoxy-/3-D-glucopyranosyl)-cfM >o-ino- 
sitol (5).—The azidoglucoside 5 (4.0 g, 6.8 mmol) was de- 
acetylated,8 and the deacetylated product was concentrated to a 
syrup. This was dissolved in ca. 100 ml of ethanol and added to 
a suspension of palladium-on-carbon catalyst (0.7 g, 5% Pd) in 
ca. 50 ml of ethanol. The mixture was stirred magnetically for 
3 hr under hydrogen at 1 atm of pressure with frequent exchange 
of the gas for fresh hydrogen. The catalyst was then filtered off 
and the filtrate was concentrated to a glassy solid. The infrared 
spectrum of the solid showed no absorption in the ester carbonyl 
or azide regions.

The solid was deacetonated and chromatographed as described 
under A. The product was in eluate volume of 1050-2050 ml 
from the resin column. Concentration of this gave 2.0 g of 
colorless glass, thus a yield of 82% based on 5, or 70% over-all 
from compound 4. This product was identical in all respects 
with 6 prepared by method A.

Registry No. ̂ 4 ,  16802-83-8; 5, 16802-81-6; 6, 
16802-82-7.
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Selective hydrolysis of primary sulfonic ester groups of carbohydrates occurs on basic or neutral alumina. In 
the presence of aliphatic alcohols, hydrolysis is accompanied by selective alcoholysis of a sulfonic ester group at 
a primary position.

Hydrolysis of carboxylic2’3 and sulfonic4 esters of 
steroids on basic alumina has long beèn known, and 
more recently selective hydrolysis of a primary acetate 
group in the presence of a secondary acetate group has 
been demonstrated5 with several steroidal esters.

In carbohydrate chemistry, acetylation is frequently 
employed to protect hydroxyl functions but migration6

(1) T h is  w o rk  w as su p p o rte d  in  p a r t  b y  th e  A rm y  R esea rc h  Office, D u r 
ham , N . C.

(2) A. B u te n a n d t a n d  L . P o sc h m an n , Chem. B er., 77 , 392 (1944).
(3) R . H . L evin , A . V. M c In to sh , J r . ,  G . B . S pero , D . E . R a y m a n , a n d  

E . M . M einzer, J .  A m er. Chem . Soc., 70 , 511 (1948).
(4) R . J . W . C rem iy n  a n d  C . W . S hoppee, J .  Chem . Soc., 3515 (1954).
(5) W . F . Jo h n s  a n d  D . M . J e r in a , J .  Org. Chem ., 28, 2922 (1963).
(6) W . A. B o n n er, J .  A m er. Chem. Soc., 80, 3697 (1958).

of acetate groups can be a source of difficulty during a 
definitive synthetic procedure. Few examples have 
been reported7’8 of migration of sulfonic ester groups of 
carbohydrates, and the usefulness of these esters in 
synthetic work is well documented.9 Our studies on 
the hydrolysis of sulfonic esters of carbohydrates 
stemmed from our observations on deacetylation of 
sugar acetates on basic alumina. The sulfonic ester 
derivatives examined in detail in this study are readily

(7) A. C . C ope a n d  T . Y. Shen, ib id ., 78, 5912 (1956).
(8) J . S . B rim aco m b e  a n d  L . C . N . T u c k e r, Chem . C om m un., 903 

(1966).
(9) R . S. T ip son , A dvan . Carbohyd. Chem ., 8, 107 (1953).
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available by partial methanesulfonylation10 of the cor
responding methyl D-aldohexopyranoside followed by 
méthylation of unesterified hydroxyl groups.

When a slurry of methyl 3,4-di-O-methyl-2,6-di-0 
(methylsulfonyl)-a-D-glucopyranoside11 (1) with basic 
alumina of Brockmann activity I in benzene is kept at 
50°, then eluted with ether-methanol (19:1), a product 
(2) is obtained in 66% yield accompanied by unchanged 
1 (33%). The mixture can be resolved by silica gel 
chromatography, and nuclear magnetic resonance and 
infrared spectral data for 2 indicate the presence of 
hydroxyl and methylsulfonyl groups. This indication 
was confirmed by formation of a crystalline triphenyl- 
methyl (trityl) ether derivative (3) having an elemental 
analysis consistent with its being a mono-O- (methyl- 
sulfonyl)mono-0-trityl derivative. Formation of tri
tyl ether derivatives is often employed12 with pri
mary alcohol groups, but trityl ethers of secondary al
cohol groups have also been obtained;13 consequently, 
formation of a trityl ether does not establish unequivo
cally which hydroxyl group is unsubstituted in 2.

Thin layer chromatographic examination of the 
course of hydrolysis of 1, methyl 3,4,6-tri-0-methyl-2-
0-(methylsulfonyl)-a-D-glucopyranosiden (4), or methyl
2,3,4 - tri - 0 - methyl - 6 - 0- (methy Isulf ony 1) -a-D-glucopy- 
ranoside (0.03 M  solution in 1.25 M  aqueous sodium 
hydroxide) revealed no difference in the ease of hydroly
sis of the primary vs. the secondary 0-(methyl- 
sulfonyl) group under these conditions. However, 
méthylation14 15 of 2 afforded a crystalline derivative 
indistinguishable from 4, and this establishes that 
selective hydrolysis of the primary sulfonic ester 
group of 1 had occurred on basic alumina.

Hydrolysis of 1 was extremely slow on activity I basic 
alumina at room temperature (27°); at 50° little hy
drolysis occurred on activity III alumina, and none 
occurred on activity V alumina.

We then examined the reaction on basic alumina 
at 50° of methyl 4-0-methyl-2,3,6-tri-0-(methylsul- 
fonyl)-a-D-mannopyranoside10 (5) which in the fa
vored Cl ( d )  conformation possesses an axial methyl
sulfonyl group at C-2. A single crystalline product
(6) was obtained in 98% yield which, from elemental 
analysis and spectral data, was shown to be a monohy
droxy compound derived from 5 by hydrolysis of a 
single O-methylsulfonyl group. By analogy with 
the formation of 2 from 1, we expected 6 to possess an 
unsubstituted hydroxyl group at C-6, and this was 
confirmed by comparison of the trityl ether of 6 with 
that prepared by the following unequivocal synthetic 
route. Methanesulfonylation of methyl 4,6-O-ethyli- 
dene-a-D-mannopyranoside16 followed by deacetala- 
tion afforded crystalline methyl 2,3-di-0-(methylsul- 
fonyl)-a-D-mannopyranoside in 40% over-all yield. 
The latter compound on tritylation was converted into 
a single, crystalline product (60% yield) which was 
methylated14 to give methyl 4-0-methyl-2-3-di-O-

(10) R . C . C h a lk , D , H . B all, a n d  L . L ong , J r . ,  J .  Org. C hem ., 31 , 1509 
(1966).

(11) A. K . M itra , D . H . B all, a n d  L . Long, J r . ,  ib id ., 27, 160 (1962).
(12) G . R . B ak e r, “ M e th o d s  in  C a rb o h y d ra te  C h e m is try ,” Vol. I I ,  A ca

dem ic  P ress  In c ., N ew  Y ork , N . Y ., 1963, p  168.
(13) R . C . H o c k e t t  a n d  C . S. H u d so n , J .  A m er. Chem . Soc., 53, 4456 

(1931).
(14) R . K u h n , H . T risc h m an n , a n d  I . Löw , A ngew . Chem ., 67, 32 (1955).
(15) G . O. A sp inall a n d  G . Zw eifel, J .  Chem. Soc., 2271 (1957).

(m eth y lsu lfony l)-6 -0 -trity l-a -D -m annopyranoside  (7) 
iden tica l w ith  th e  t r i ty l  e th e r d e riv a tiv e  of 6.

Methanesulfonic ester groups at C-4 in some 
methyl D-aldohexopyranosides exhibited similar re
activity to corresponding groups situated at C-6.16 
For this reason we investigated the reaction on basic 
alumina at 50° of methyl 2,3-di-0-methyl-4,6-di-O- 
(methylsulfonyl)-/3-D-glucopyranoside (8), and ob
tained a single product (9) in 63% yield, derived from 8 
by hydrolysis of a methylsulfonyl group. Com
pound 9 was shown to be methyl 2,3-di-O-methyl-
4-0-(methylsulfonyl)-/J-D-glucopyranoside which was 
synthesized by the following route. Methyl /3-d -  

glucopyranoside was treated with 2,2-dimethoxypro- 
pane to give crystalline methyl 4,6-O-isopropylidene- 
/3-D-glucopyranoside, which has not previously been 
described, in 51% yield. Methylation of the latter 
compound, in 87% yield, followed by deacetalation, 
gave the known crystalline methyl 2,3-di-O-methyl- 
/3-D-glucopyranoside in 86% yield. This compound, 
when treated with trityl chloride, afforded a single de
rivative in 33% yield which from elemental analysis and 
nmr data was shown to be a mono-O-trityl ether; as tri- 
tylation would be expected to occur at the primary hy
droxyl group of C-6 in preference to the secondary hy
droxyl group at C-4,12 we consider that the product is 
methyl 2,3-di-0-methyl-6-0-trityl-/3-D-glucopyranoside
(10). Support for this structural assignment was 
obtained by a comparison of the nmr spectra of 10 and 
of the product (11) obtained from 10 in 74% yield by 
methanesulfonylation. Esterification of a hydroxyl 
group causes the adjacent ring hydrogen to resonate at 
a lower field. The nmr spectrum of 11 showed this 
downfield shift to the region of the anomeric proton (r 
5.5) for one proton only. If methanesulfonylation had 
occurred at the primary position, the shift of two pro
tons would have been observed. Detritylation of 11 
afforded a crystalline product in 66% yield identical 
with 9.

L itt le  o r no  reac tio n  occurred  in  benzene on  basic 
a lu m in a  a t  50° during  24 h r  w ith  1,2-O -isopropyli- 
dene-3-O -(m ethylsulfonyl)-D -threose, m e th y l 2,3-di-
0 -b e n z y l-6 -d e o x y -4 -0 -  (m ethylsu lfonyl) - a -D -g lu co p y - 
ranoside , m e th y l 2 ,3 -d i-0 -benzy l-6 -deoxy-4-0 -(m eth - 
y lsu lfony l)-a-D -galac topyranoside , 4 ,6 - 0  - e th y lid en e-
1,2-O -isopropylidene - 3 - 0 - p -  to ly lsu lf onyl -  d  -  galactose,
1,6 -anhydro- 3,4 - 0  - isopropylidene - 2 - 0 -  (m ethy lsu lf on 
yl) -D-galactose, o r 4. U nder th e  sam e cond itions, 
hyd ro ly sis  of l,2 :3 ,4 -d i-O -isop ropy lidene-6 -0 -p -to ly l- 
su lfonyl-D -galactose to  l,2 :3 ,4 -d i-0 -isop ropy lidene-D - 
galac to se  w as slow req u irin g  100 h r  for com plete  
reaction .

When chloroform was used in place of benzene in the 
reaction of 1 with basic alumina, elution of the alumina 
with chloroform, after 15 hr of reaction at 50°, gave a 
syrupy product, in 21% yield, identical with that ob
tained by ethylation of 2. The ethyl ether group in the 
above product from the reaction on alumina is derived 
from the 0.75% of ethanol used as a preservative in 
chloroform. Further elution of the alumina with 
chloroform afforded a mixture of 1 (1%) and 2 (67%) 
which was resolved by silica gel column chromatog
raphy.

(16) J . H ill, L . H o u g h , a n d  A. C . R ic h ard so n , Proc. Chem. Soc., 346 (1963).
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Subsequently, we performed reactions of 1 on 
basic alumina in mixtures of benzene or ethanol-free 
chloroform with up to 3% methanol, and obtained 4 in 
38% yield together with 2 (58%) and unchanged 1 
(4%). Similarly, compound 5 gave methyl 4,6-di-
0 - methyl - 2,3 - di - 0-  (methylsulfonyl) - a-D-mannopy- 
ranoside (12) in 38% yield, identical with the methyla- 
tion product from 6, together with 6 (59%) and un
changed 5 (3%). The use of solvent mixtures con
taining more than 3% methanol caused inactivation of 
the alumina, and starting material was recovered quan
titatively.

In attempts to increase the yields of 6-0-methyl 
derivatives, by generation of methanol in situ, we per
formed reactions of 1 or 5 on basic alumina at 50° in 
mixtures of benzene or ethanol-free chloroform with 
up to 3% methyl acetate. However, yields of 4 or 12 
were not improved over those obtained with solvent 
mixtures containing methanol.

Similarly, reaction of 1 on basic alumina in ben
zene containing 2% benzyl alcohol or 2% benzalde- 
hyde17 afforded unchanged 1 (45%), 2 (44%), and 
methyl 6-0-benzyl-3,4-di-0-methyl-2-0-(methylsufol- 
nyi) -a-D-glucopyranoside (11%).

Identical hydrolysis and alcoholysis reactions of 
methanesulfonic esters of aldohexopyranosides occur 
on neutral alumina of Brockmann activity I. For ex
ample, reaction of 5 at 50° for 20 hr on neutral alumina 
in chloroform containing 2% methanol gave 12 in 36% 
yield together with 6 (50% yield) and unchanged 5 (6% 
yield).

Experimental Section18 * * *
Methyl 3,4-Di-0-methyl-2-0-(methylsulfonyl)-a-D-glucopyrano- 

side (2).—A slurry of methyl 3,+di-0-methyl-2,6-di-0-(methyl- 
sulfonyl)-a-D-glucopyranoside (1) (1 g) and Woelm basic alumina 
(50 g) in benzene was placed in a jacketed column and heated at 
50° for 41 hr. After being cooled to room temperature the column 
was eluted with ether-methanol (19:1), and the solvent was 
removed by evaporation. The residue was chromatographed on 
silica gel (120 g) with ethyl acetate as eluent to give 332 mg (33%) 
of 1, 47 mg of a mixture of two unidentified materials, and 521 
mg (66%) of syrupy 2 having [a]22D +119° (c 2.8, chloroform).

Anal. Calcd for C10H20OsS: C, 40.00; H, 6.71; S, 10.68. 
Found: C, 40.04; H, 6.73; S, 10.72.

Methyl 3,4-Di-0-methyl-2-0-(methylsulfonyl)-6-0-trityl-a-D- 
glucopyranoside (3).-—A mixture of 2 (475 mg), trityl chloride 
(2.4 g), and dry pyridine (20 ml) was kept 16 hr at 25° and then 
4 hr at 70°. Water (3 ml) was added, and the solution was 
evaporated. The residue was treated with chloroform (4 ml), 
filtered to remove some triphenylmethanol, and chromatographed 
on silica gel (150 g) with chloroform (containing 0.5% triethyl- 
amine to minimize hydrolysis) as eluent to give 3 (896 mg, 74%) 
with mp 63-64° and [a]22D +84° (c 0.5, chloroform) after re
crystallization from hexane.

Anal. Calcd for C29IIM0 8S: C, 64.19; H, 6.32; S, 5.91. 
Found: C, 64.30; H, 6.38; S, 6.04.

M ethyl 3,4,6-Tri-0-methyl-2-0- (methylsulfonyl )-<*-D-gluco- 
pyranoside (4). A. From 2.—Compound 2 (100 mg) was dis

(17) V. J .  H ru b y , Proc. N .  D akota  A ca d . S c i., 16, 12 (1962).
(18) S o lu tio n s  w ere  c o n c e n tra te d  u n d e r  red u ce d  p ressu re . M e ltin g  p o in ts

w ere  d e te rm in e d  w ith  a  T h o m a s -H o o v e r  ca p illa ry  m e ltin g  p o in t a p p a ra tu s
a n d  o p tic a l r o ta tio n s  w ere  m e a su re d  u s ing  a n  E T L -N P L  a u to m a tic  p o la rim e-
te r .  I n f ra re d  sp e c tra  w ere  reco rd e d  on  a  P e rk in -E lm e r  In f ra c o rd  sp ec tro 
p h o to m e te r  a n d  n m r s p e c tra  w ere  reco rd e d  o n  a  V a ria n  M odel A -60 spec
tro m e te r . A scend ing  th in  la y e r  c h ro m a to g ra p h y  (tic ) w as p e rfo rm e d  on
0 .25 -m m  la y e rs  o f silica gel G  (d is tr ib u te d  b y  B r in k m a n n  In s tru m e n ts , In c .,  
G re a t  N eck , L ong  Is la n d , N . Y .) . F o r  th e  d e te c tio n  of sp o ts , th e  p la te s  
w ere  s p ra y e d  success ively  w ith  a  1%  so lu tio n  of a -n a p h th o l in  e th a n o l a n d  
w ith  10%  su lfu ric  ac id  a n d  w ere  th e n  h e a te d . C o lu m n  c h ro m a to g ra p h y  w as 
p e rfo rm e d  o n  0 .0 5 -0 .2 0 -m m  s ilica  gel (d is tr ib u te d  b y  B r in k m a n n  I n s t r u 
m e n ts , I n c .) .  T h e  m ic ro an a ly se s  w ere  p e rfo rm e d  b y  C . D iP ie tro  a n d  n m r  
sp e c tra  w ere  o b ta in e d  b y  F . H . B is s e tt .

solved in anhydrous A,W-dimethylformamide (5 ml) and methyl 
iodide (5 ml). Silver oxide (1 g) was added, and the mixture was 
shaken in the dark for 24 hr. Solids were removed by filtration 
and washed with A,iV-dimethylformamide, then with chloroform. 
The filtrate and washings were combined and concentrated to a 
syrup which was redissolved in chloroform. Residual silver 
salts were removed by filtration, and the chloroform solution was 
concentrated to a syrup which crystallized. After recrystalliza
tion from ethanol, 4 (58 mg, 56%) was obtained having a melting 
point and mixture melting point with authentic material of 
86° and [a]22n +116° (c 1 .0, chloroform).

B. From 1.—A slurry of 1 (1 g) and Woelm basic alumina 
(80 g) in benzene containing 2% methanol was kept 18 hr at 
50°. After being cooled to room temperature, elution with ether 
(1 1.) gave 4 (404 mg) containing small amounts of I and 2 
(mixture A); elution with ether-methanol (19:1) then gave 2 
(463 mg, 58%). Fractionation of mixture A on silica gel (60 g) 
with ether as eluent gave 1 (40 mg, 4%), 2 (3 mg), and 4 (314 
mg, 38%); the latter compound when crystallized from ethanol 
had mp 8 6 ° and [cc] 22d  +116° (c 1 .0, chloroform).

Anal. Calcd for CuH^OsS: C, 42.03; H, 7.05; S, 10.20. 
Found: C, 42.09; H, 7.13; S, 10.35.

Methyl 4-O-M ethyl-2,3-di-0-(methylsulfonyl)-c*-D-maniio- 
pyranoside (6).—Methyl 4-0-methyl-2,3,6-tri-O-(methylsulfo
nyl )-a-D-mannopyranoside (5) (1.04 g) and Woelm basic alumina 
(50 g) in benzene were kept 41 hr at 50°. After being cooled to 
room temperature, elution with ether-methanol (19:1) gave 6 
(835 mg, 98%) which crystallized on removing solvent. Re
crystallization from ether gave 6 having mp 131-132° and [a ]22D 

+  19° (c 1.0, chloroform).
Anal. Calcd for CioH200 10S2: C, 32.96; H, 5.53; S, 17.60. 

Found: C, 33.01; H, 5.55; S, 17.84.
Methyl 4-0-Methyl-2,3-di-0-(methylsulfonyl)-6-0-trityl-a-D- 

mannopyranoside (7). A. From Methyl 4,6-O-Ethylidene-a-D- 
mannopyranoside ,15—Methyl 4,6-O-ethylidene-a-D-mannopyran- 
oside (1 . 1  g) in anhydrous pyridine (10 ml) at —30° was treated 
dropwise with stirring with methanesulfonyl chloride (1 ml). 
The reaction mixture was kept at —20° for 24 hr and at 25° for 
24 hr. The syrup obtained on concentrating the pyridine solu
tion was dissolved in water, and the aqueous solution was ex
tracted with chloroform to give syrupy methyl 4,6-O-ethylidene-
2,3-di-0-(methylsulfonyl)-«-D-mannopyranoside (1.5 g), homo
geneous by tic in ether or ethyl acetate.

The syrup was dissolved in hot methanol (100 ml), Dowex 50 
W (H+) resin (30 g) was added, and the mixture was stirred 
12 hr at 50°. The resin was removed by filtration, and washed 
with warm methanol. On removing solvent and crystallizing 
from chloroform-heptane, methyl 2,3-di-0-(methylsulfonyl)-a-D- 
mannopyranoside (0.57 g, 40% yield) was obtained having mp 
113-114.5° and [aj^D +22° (c 1.3, acetone).

Anal. Calcd for CsHigOioSh: C, 30.85; H, 5.14; 8 , 18.28. 
Found: C, 30.80; H, 4.97; S, 17.98.

Methyl 2,3-di-0-(methylsulfonyl)-a-D-mannopyranoside (0.30 
g) in anhydrous pyridine (8 ml) was treated with trityl chloride 
(0.26 g) at 25° for 24 hr then at 60° for 5 hr, when tic in ether 
indicated reaction was complete. After removing pyridine, the 
product was chromatographed on silica gel with ether as eluent. 
Methyl 2,3-di-0-(methylsulfonyl)-6-0-trityl-o:-D-mannopyrano- 
side (0.30 g, 60% yield) was obtained on crystallization from 
ethanol and had mp 119-120° and [«J^d +7 .7° (c 1.0, chloro
form).

Anal. Calcd for C28H32OioS2: C, 56.75; H, 5.40; S, 10.80. 
Found: C, 56.40; H, 5.57; S, 10.48.

Methyl 2,3-di-0-(methylsulfonyl)-6-0-trityl-a-D-mannopyrano- 
side (0.09 g) in anhydrous N,N-dimethylformamide (2 ml) and 
methyl iodide (0.2 ml) at 0° was stirred with silver oxide (0.2 g) 
for 5.5 hr. After this time, methyl iodide (0.2 ml) and silver 
oxide (0.2 g) were added, and the reaction mixture was stirred 
for an additional 5.5 hr. The reaction mixture was worked up as 
previously described for the preparation of 4 to give 7 (0.05 g, 
53% yield), on crystallization from ethanol, having mp 212.5- 
214° and [<*]22d +27° (c 1.0, chloroform).

Anal. Calcd for C23H34O1082: C, 57.41; H, 5.65; S, 10.57. 
Found: C, 57.27; H, 5.41; S, 10.84.

B. From 6.—A mixture of 6 (400 mg), dry pyridine (8.5 ml), 
and trityl chloride (1.2 g) was kept 4 hr a t 70°. Water (3 ml) 
was added, and the solution was evaporated. The residue was 
treated with chloroform (4 ml), filtered to remove some triphenyl
methanol, and chromatographed on silica gel (100 g) with chloro
form containing 0.5% triethylamine as eluent to give 7 (665 mg,
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83%) having mp 213° on crystallization from hexane, [«]%> 
+27° (c 1.0, chloroform).

This product was identical with that obtained on tritylation 
of 6 by mixture melting point determination and comparison of 
infrared and nmr spectra.

Anal. Calcd for C29H34O10S2: C, 57.41; Ii, 5.65; S, 10.57. 
Found: C, 57.60; H, 5.67; S, 10.80.

Methyl 4,6-Di-0-methyl-2,3-di-0-(methylsulfonyl)-a-D-manno- 
pyranoside (12). A. From 6.—A mixture of 6 (105 mg), anhy
drous A,A-dimethylformamide (2 ml), silver oxide (0.6 g), and 
methyl iodide (0.6 ml) was stirred for 6 hr at room temperature. 
The mixture was filtered, and the filtrate was concentrated to dry
ness. The residue was dissolved in chloroform, filtered to remove 
some silver salts, and concentrated to give 12 (96 mg, 88%) which 
on crystallization from ethanol had mp 128° and [<x]22d +30.5° 
(c 2.5, chloroform).

Anal. Calcd for CnH220 MS2: C, 34.91; H, 5.86; S, 16.94. 
Found: C, 35.19; H, 5.89; S, 16.83.

B. From 5.—A slurry of 5 (1.04 g) and Woelm basic alumina 
(80 g) in a mixture of benzene or ethanol-free chloroform con
taining 2% methanol was kept 18 hr at 50°, cooled to room 
temperature, then eluted with ether (1 1 .) followed by ether- 
methanol (19:1, 250 ml). Evaporation of the ether eluate 
afforded a mixture which was fractionated on silica gel with ether 
as eluent to give unchanged 5 (31 mg, 3%) and 12 (350mg, 38%); 
mp 128°; [«]%> +30.5° (c2.4, chloroform).

Anal. Calcd for CnH22O10S2: C, 34.91; H, 5.86; S, 16.94. 
Found: C, 35.08; H, 5.87; S, 16.85.

Concentration of the ether-methanol (19:1) eluate gave 6 
(500 mg, 59%) having mp 132° (ether) and [«]22d +19.5° (c 
1 .0, chloroform).

Anal. Calcd for CioH20O i0S2: C , 32.96; H , 5.53; S , 17.60. 
Found: C , 33.05; H , 5.56; S , 17.80.

Methyl 2,3-Di-0-methyl-4-0-(methylsulfonyl)-/3-n-glucopyran- 
oside (9).—A slurry of methyl 2,3-di-0-methyl-4,6-di-0-(methyl- 
sulfonyl)-/3-D-glucopyranoside (8, 300 mg) with Woelm basic 
alumina (30 g) in benzene was kept 24 hr at 50°, cooled to room 
temperature, and eluted with ether to give unchanged 8 (84 
mg, 28%) then with ether-methanol (19:1) to give 9 (150 mg, 
63%): mp 86°; ¡[(ether); [a]22d —29° (c 1.0, chloroform).

Anal. Calcd for C10H2()O8S: C, 40.00; H, 6.71; S, 10.68. 
Found: C, 40.08; H, 6.74; S, 10.75.

Synthesis of Methyl 2,3-Di-0-methyl-4-0-(methylsulfonyl)- 
j3-D-glucopyranoside (9). A. Methyl 4,6-0-Isopropylidene-|3-B- 
glucopyranoside.—Methyl /3-D-glucopyranoside (6 g) was treated 
with 2,2-dimethoxypropane (7 g) in A.Af-dimethylformamide 
(35 ml) using p-toluenesulfonic acid (0.05 g) as catalyst according 
to the method of Evans, Parrish, and Long.19 The product, 
methyl 4,6-0-isopropylidene-|3-D-glucopyranoside, crystallized and 
was recrystallized twice from 1 -propanol: yield 2.6 g; mp 128- 
128.5°; [<*]26d —72° (c 1.4, water). A second crop of crystals 
(1.1 g) obtained from the mother liquors had mp 123-125°. 
The nmr spectrum of this compound was consistent with the 
proposed structure.

Anal. Calcd for CioHi80 6: C, 51.28; H, 7.69. Found: C, 
51.45; H, 7.70.

B. Methyl 4,6-0-Isopropylidene-2,3-di-0-methyl-/?-D-gluco- 
pyranoside.—Methyl 4,6-0-isopropylidene-/3-D-glucopyranoside 
(1.0  g) in M,M-dimethylforrnamide was treated with methyl 
iodide (3 ml) and silver oxide (3 g) for 20 hr. Tic (ethyl acetate) 
showed mainly one product. The product was purified on a 
silica gel column using ethyl acetate containing 1 % triethylamine 
as solvent. The yield of syrupy product was 0.97 g, [a]23D 
— 43° (c 1.0, chloroform). The nmr spectrum was consistent 
with the proposed structure.

Anal. Calcd for Ci2H220 8: C, 52.80; H, 8.80. Found: C, 
52.45; H, 8.63.

C. Methyl 2,3-Di-0-methyl-/3-D-glucopyranoside.—Methyl
4,6-0-isopropylidene-2,3-di-0-methyl-/3-D-glucopyranoside (0.97 
g) was stirred and heated at 50° in 95% methanol (45 ml) with 
Dowex 50 W (H+) ion-exchange resin (10 g) for 5 hr. The resin 
was removed by filtration and the filtrate was concentrated to 
a syrup which crystallized. Recrystallization of the product 
from benzene gave 0.72 g of methyl 2,3-di-0-methyl-/3-D-gluco- 
pyranoside: mp 61.5-63.5°; [<*]21d —45° (c 1.5, chloroform). 
Oldham20 quotes mp 62-64° and [«]d —47.8° (c 4.4, chloroform) 
for this compound. 19 20

(19) M . E . E v a n s , F . W . P a rr is h , a n d  L . L ong, J r . ,  Carbohyd. R es., 3 , 453 
(1967).

(20) J .  W . H . O ld h am , J.  A m er. Chem. Soc., 56, 1360 (1934).

D. Methyl 2,3-Di-0-methyl-6-0-trityl-/3-D-glucopyranoside
(10).—Methyl 2,3-di-0-methyl-/3-D-glucopyranoside (0.32 g) 
and trityl chloride (0.26 g) were dissolved in pyridine (8 ml). 
The solution was left a t room temperature for 20 hr and heated 
under reflux at 75° for 2 hr. Tic (ether and isopropyl ether) in
dicated complete reaction. The mixture was concentrated to a 
syrup and the product was purified using silica gel chromatog
raphy with isopropyl ether containing 1 % triethylamine as 
eluent. The product was obtained as a syrup in a yield of 0.228 
g, [a]25D —35° (c 2.0, chloroform). The nmr spectrum was 
consistent with the proposed structure.

E. Methyl 2,3-Di-O-methyl-4-0-(methylsulfonyl)-6-O trityl-u- 
D -g lucopyranoside  (11).—Methyl 2,3-di-0-methyl-6-0-trityl-/3-D- 
glucopyranoside (0.152 g) was dissolved in pyridine (8 ml) and 
cooled to —40°. Methanesulfonyl chloride (0.3 ml) was added 
and the mixture left a t —20° for 16 hr and at room temperature 
for 24 hr. The pyridine was removed on the evaporator and the 
resultant syrup was dissolved in water and extracted into chloro
form. The chloroform extracts were combined and dried (anhy
drous magnesium sulfate); the solids were removed by filtration; 
and the filtrate was concentrated to a syrup. The 4-O-mesyl 
derivative moved slightly slower than the starting material on 
tic in ether, isopropyl ether, or chloroform-ethyl acetate (1 : 1 ). 
The product was obtained as a syrup by purification on a silica 
gel column using hexane-ether (1:2) as solvent: yield 0.119 g; 
[a]25D —12° (c 1.5, chloroform).

Anal. Calcd for C29H3408S: C, 64.2; H, 6.3; S, 5.9. Found: 
C, 64.5; H, 6.5; S, 6.0.

F. Methyl 2,3-Di-0-methyl-4-0-imethylsulfonyl)-Q-o-gluco-
pyranoside (9).—Methyl 2,3-di-0-methyl-4-0-(methylsulfonyl)-
6-0-trityl-/3-D-glucopyranoside (0.8 g) was dissolved in 80% 
aqueous acetic acid (20 ml) and heated at 50° for 45 min. Tic 
in ether indicated complete removal of the trityl group. The 
product was purified by passage down a silica gel column using 
ether as solvent. The product crystallized and was recrystallized 
from ether: yield 0.292 g; mp 85.5-86.5°; [<*]22d  —28° (c

0.9, chloroform).
Anal. Calcd for CioILoOsS: C, 40.00; H, 6.67; S, 10.67. 

Found: C, 40.07; H, 6.39; S, 10.4.
Methyl 6-O-Benzyl-3,4-di-O-methyl-2-0-(methylsulfonyl )-« -d - 

glucopyranoside (13).—A slurry of 1 (1 g) and Woelm basic 
alumina in benzene containing 2% benzyl alcohol was kept 24 
hr at 50°, cooled to room temperature, and eluted with ether- 
methanol (19:1). The concentrated eluate was fractionated on 
silica gel (100 g) with ethyl acetate to give unchanged 1 (450 mg, 
45%), 2 (345 mg, 44%), and a syrupy product (113 mg, 11%) 
having [a]22D +102° (c 2.4, chloroform) designated as 13 by 
analogy with the other products from 1 described above. The 
structure proposed as 13 was supported by spectral data and 
elemental analysis.

Anal. Calcd for C„H260 8S: C, 52.29; H, 6.71; S, 8.21. 
Found: C, 52.50; H, 6.68; S, 8.00.

Similarly, 1 (300 mg) and Woelm basic alumina (30 g) in 
benzene containing 2% benzaldehyde17 afforded unchanged |1 
(120 mg, 40%), 2 (99 mg, 42%), and 13 (55 mg, 17%) having 
(a]22o +100° (c 2.4, chloroform).

Methyl 2,3,4-Tri-0-methyl-6-0-(methylsulfonyl)-a-D-gluco- 
pyranoside.—Methyl 6-0-(methylsulfonyI)-a:-D-glucopyranoside10 
(3 g) in anhydrous iV,iV-dimethylformamide (50 ml) was treated 
with methyl iodide (10 ml) and silver oxide (10 g) according to the 
procedure of Kuhn, et al.u  The product was shown by tic in 
hexane-methyl ethyl ketone (6:4) to consist of two components 
which were separated with this solvent by silica gel chromatog
raphy. The faster moving compound was shown by comparison 
of infrared and nmr spectra to be methyl 2,3,4,6-tetra-O-methyl- 
a-D-glucopyranoside.

The second component, obtained as a syrup (0.73 g), had 
[<*]23d +106° (c 1 ,0, chloroform).

Anal. Calcd for CnH220 8S: C, 42.05; H, 7.01; S, 10.21. 
Found: C, 42.05; H, 7.05; S, 10.18.

Hydrolysis of 1, 4, and Methyl 2,3,4-Tri-0-methyl-6-0- 
(methylsulfonyl)-a-D-glucopyranoside.—A solution of methyl
2,3,4-tri-0-methyl-6-0-(methylsulfonyl)-a:-D-glucopyranoside, 1, 
or 4 (0.3 mmol) in boiling 1.25 M  sodium hydroxide (10 ml) was 
examined a t 15-min intervals by tic on silica gel with ether as 
solvent. All three compounds were completely hydrolyzed after 
90 min with no apparent differences in rate.

Methyl 6-0-Ethyl-3,4-di-0-methyl-2-0-(methylsulfonyl)-a-n- 
glucopyranoside. A. From 1.—A slurry of 1 (7.0 g) and Woelm 
basic alumina (500 g) in chloroform (containing 0.75% ethanol



Vol. 33, N o . 8 , A u g u s t 1968 A n om ers  o f  M e th y l  2 -D eo x y -d-r ib o f u r a n o s id e  3169

as preservative) was kept 15 hr at 50°. After cooling to room 
temperature, elution with chloroform afforded methyl 6-O- 
ethyl - 3,4-di-0-methyl-2-0-(methylsulfonyl)-a-D-glucopyranoside 
(1.266 g, 21% yield) having [ a ]26D +120° (c 2.0, chloroform).

Anal. Calcd for Ci2H24OsS: C, 43.89; H, 7.37; S, 9.76. 
Found: C, 44.09; H, 7.30; S, 9.52.

Further elution with chloroform afforded a mixture of 1 (99 
mg, 1%) and 2 (4.71 g, 67%) which was resolved by silica gel 
column chromatography.

B. From 2.—Compound 2 (0.104 g) in N,N-dimethylform- 
amide (2 ml) with ethyl iodide (0.5 ml) and silver oxide (0.5 g) was 
stirred 3.5 hr when reaction was complete as judged by tic using 
ether as solvent. The reaction mixture was worked up as de
scribed above for méthylation reactions to give methyl 6-0 - 
ethyl-3,4-di-0-methyl-2-0-(methylsulfonyl)-a-D - glucopyranoside 
(0.094 g, 83%) having [ a ] 26D +119° (c 2.4, chloroform). The 
infrared and nmr spectra were identical with those of the product 
from 1 described in A.

Anal. Calcd for C12H240 8S: C, 43.89; H, 7.37; S, 9.76. 
Found: C, 43.87; H, 7.48; S, 9.62.

Registry N o —2, 16802-84-9; 3, 16802-85-0; 4, 
7045-36-5; 6, 16802-87-2 ; 7, 16853-03-5; m e th y l
2,3 - d i - 0  - (m ethy lsu lfony l) -  a  -  d  -  m ann o p y ran o sid e , 
16802-88-3; m e th y l 2 ,3 -d i-O -(m e th y lsu lfo n y l) - 6 - 0 -  
trity l-a -D -m an n o p y ran o sid e , 16802-89-4; 9, 16802-
90-7; m e th y l 4 ,6-0-isopropylidene-/3-D -glucopyrano- 
side, 16802-97-4; m e th y l 4 ,6 -0 -isopropy lidene-2 ,3 -d i-
0-m ethyl-/3-D -glucopyranoside, 16802-91-8; 11, 16802- 
92-9; 12, 16802-93-0; 13, 16802-94-1; m e th y l 2,3,4- 
tr i-0 -m eth y l-6 -0 -(m e th y lsu lfo n y l)-a -D -g lu co p y ran o sid e  
16802-95-2; m e th y l 6 - 0 - e th y l- 3 ,4 - d i - 0 - m e th y l- 2 - 0 -  
(m ethy lsu lfony l)-a-D -g lucopyranoside, 16802-96-3.

S te r e o c h e m is tr y  o f  th e  A n o m ers  o f  M e th y l 2 -D eo x y -D -r ib o fu ra n o sid e . S y n th e s is  
o f  M e th y l 5 -(6 -A m in o p u r in -9 -y l)-2 ,5 -d id eo x y -a -D -r ib o fu ra n o sid e ,

a  “ R eversed ”  N u c le o s id e 1
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Methyl 2-deoxy-5-0-triphenylmethyl-a-D-ribofuranoside (2) and methyl 2-deoxy-5-0-triphenylmethyl-/3-D- 
ribofuranoside (3) were synthesized and the stereochemistry of their anomeric centers was established unam
biguously by chemical means and by complete analysis of their nmr spectra. The results are in agreement with 
those predicted by the Hudson isorotation rules. The syntheses of related ribofuranosides and of methyl 5-(6- 
aminopurin-9-yl)-2,5-dideoxy-a-D-ribofuranoside (1) are also described.

A mixture of the a and ¡3 forms of methyl 2-deoxy-D- 
ribofuranosides8 was treated with 1 equiv of triphenyl- 
methyl chloride. Chromatography on silica gel afforded 
a separation of methyl 2-deoxy-5-0-triphenylmethyl-a- 
D-ribofuranoside (2) (28%), [a]26D 64.4° (c 1.2, CHC13), 
and methyl 2-deoxy-5-0-triphcnylmethyl-/3-D-ribofur- 
anoside (3) (24%), [«]d26 -43.8° (c 1.3, CHC13). The 
stereochemistry of the anomeric centers was temporarily 
assigned on the basis of Hudson’s rules of isorotation9 10 11 12 
which correlate optical rotation and anomeric configu
ration. However, it has recently been discovered that 
several pyrimidine10-12 and purine13 2-deoxy-D-ribo- 
nucleosides constitute exceptions to Hudson’s rules. 
Although there is consistency among the rotations of a 
wide variety of 2-deoxy-D-ribofuranose esters and gly
cosides and there is no evidence currently available 
that Hudson’s rules are not applicable to such sub
stances,14 it was desirable to confirm the assignments 
by further physical and chemical means. Accord
ingly, the configuraton of the anomeric center in 2 and 
3 was rigorously established by an unambiguous chem
ical synthesis and by a complete analysis of their nmr 
spectra.

(8) R . E . D eriaz , W . G . O v eren d , M . S ta c e y , a n d  L . F . W igg ins, J .  Chem. 
Soc., 2836 (1949).

(9) C . S. H u d so n , J .  A m er. Chem . Soc., 31, 66 (1909); C . S. H u d so n , 
A d v a n . Carbohyd. C hem ., 3, 1 (1948).

(10) M . H offer, R . D u sc h in sk y , J .  J .  F ox , a n d  N . Y u n g , J .  A m er. Chem. 
Soc., 81, 4112 (1959).

(11) R . U . L em ieux  a n d  M . H offer, C an. J .  Chem ., 39, 110 (1961).
(12) T . R . E m e rso n  a n d  T . L . V . U lb r ic h t, Chem . I n d .  (L o n d o n ), 2129 

(1964).
(13) R . H . Iw a m o to , E . M . A c to n , a n d  L . G o o d m an , J .  M ed . Chem ., 6 , 

684 (1963).
(14) D . L . M a c D o n a ld  a n d  H . G . F le tc h e r , Jr., J .  A m er . Chem. Soc ., 84, 

1262 (1962).

A route to the synthesis of ribose derivatives of 
adenine bonded at C-5 of the sugar moiety (“reversed” 
nucleosides) has been described2 as part of a cooperative 
program with Professor Skoog at the University of Wis
consin3 to determine the cytokinin activity4'5 and chem
ical properties of compounds closely related to kinetin.6'7 
In providing a synthetic route to 2-deoxyribose deriv
atives of “reversed” nucleoside type, as exemplified by 
methyl 5 (6-aminopurin-9-yl) -2',5 '-dideoxv-a-D-ribo- 
furanoside (1), we found it desirable and also necessary 
to establish the stereochemistry of the anomeric centers 
for a series of useful intermediates.

(1) T h e  s u p p o r t o f th is  w o rk  b y  a  re sea rc h  g r a n t  (U S P H S -G M -05829) 
from  th e  N a tio n a l  In s t i tu te s  o f H e a l th , U . S. P u b lic  H e a l th  S erv ice, is g ra te 
fu lly  acknow ledged .

(2) N . J . L e o n a rd  a n d  K . L . C a rra w a y , J . H eterocycl. C hem ., 3 , 485 (1966); 
see a lso  J .  H ild e sh e im , J .  C l^ophax , S. D . G £ro, a n d  R . D . G u th r ie , Tetra
hedron L ett., 5013 (1967).

(3) F .  Skoog , H . Q . H a m z i, A . M . S zw eykow ska , N . J .  L e o n a rd , K . L . 
C a rra w a y , T . F u jii , J .  P . H elgeson , a n d  R . N . L o e p p k y , P hytochem istry, 6, 
1169 (1967).

(4) F .  Skoog , F . M . S tro n g , a n d  C . O . M ille r , Science, 148, 532 (1965).
(5) J .  v a n  O verbeek , ib id ., 152, 721 (1966).
(6) F .  M . S tro n g , “ T o p ic s  in  M ic ro b ia l C h e m is try ,”  J o h n  W iley  a n d  S ons, 

In c ., N ew  Y o rk , N . Y ., 1958, p  98.
(7) C . O. M iller, A n n . Rev. P la n t P h y sio l., 12, 395 (1961).
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The chemical determination of the stereochemistry 
of the anomeric center consisted in the conversion of 
methyl 2-deoxy-5-0-triphenylmethyl-|8-D -ribofurano- 
side (3) into a substance of known anomeric configura
tion, methyl di-2,3-0-p-toluenesulfonyl-5-0-triphenyl- 
methyl-^-D-ribofuranoside (6a). Thus, treatment of 3 
with p-bromobenzenesulfonyl chloride in pyridine pro
vided the p-bromobenzenesulfonate 4, which was trans
formed into the olefin 5 in 63% yield by means of excess 
sodium methoxide in anhydrous DMF (Scheme I).15’16

Scheme I

TrOHjC „  OCHt

■ r tV
OR OR

6, R = H
6a>R=Tosylate

TrOH;>C PCH,

BsO H

4
Bs = Brosylate

TrOH-w och3

Osmylation of 5 followed by alkali-mannitol hydrolysis 
afforded the diol 6 in 74% yield. I t was predicted that 
the diol’would have the ribose configuration since osmium 
tetroxide should attack the double bond of 5 from the 
less hindered side, i.e., from the side opposite the trityl 
and methoxyl groups. The diol was converted into its 
crystalline ditosylate derivative 6a. That 6 and con
sequently 6a did have the ribose configuration was 
shown by the intersecting conversion of methyl /3-d 
ribofuranoside (7),17 of known configuration, into the
5-O-trityl compound 6 and thence to the ditosylate deriv
ative 6a. Identity of the samples of 6a prepared by 
the separate routes was established by melting point 
and mixture melting point, infrared and nmr spectra, 
and optical rotation. Since the stereochemistry at the 
anomeric center of 7 was known,17 the methyl 2-deoxy-
5-O-triphenylmethyl-D-ribofuranoside with the nega
tive specific rotation necessarily had the /3 configuration
(3) and the dextrorotatory isomer had the a configura
tion (2).18'19

(15) T h is  s u b s ta n c e  is  c ry s ta llin e  a n d  s ta b le  a t  ro o m  te m p e ra tu re , a n d  
th e  m e th o d  offers a  co n v e n ie n t ro u te  fo r  th e  in tro d u c tio n  o f 2 ,3  d o u b le  b onds 
in to  th e  p en to fu ra n o s id e s ; cf. J .  H ild e sh e im , J . C16ophax, a n d  S . D . G 6ro , 
T etrahedron L ett., 1685 (1967).

(16) C o m p o u n d  5 m a y  b e  of re la te d  b io ch em ica l in te re s t  in  v iew  o f th e  
r e c e n t in v e s tig a tio n s  on  2 / ,3 /-u n s a tu ra te d  n u c leosides: (a )  D H F U D R , see 
T . A . K h w a ja  a n d  C . H e id e lb erg er, J .  M ed . C hem ., 10, 1066 (1967); (b) 
b la s t ic id in  S , see N ,  O ta k e , S . T a k e u c h i, T . E n d o , a n d  H . Y o n e h a ra , Tetra
hedron L ett., 1411 (1965); (c) J .  R .  M c C a r th y , J r . ,  M . J . R o b in s , L. B . T o w n 
send , a n d  R . K . R o b in s , J .  A m er. Chem . Soc ., 8 8 , 1549 (1966); (d ) J .  P . 
H o rw itz , J .  C h u a , M . N oel, a n d  J .  T . D o n a tt i ,  J .  Org. Chem ., 32, 817 (1967); 
(e) J .  P . H o rw itz , J .  C h u a , M . A . D aR ooge, M . N oel, a n d  I .  L . K lu n d t , ib id ., 
31, 205  (1966); (f) J .  P . H o rw itz , J .  C h u a , J .  A . U rb a n sk i, a n d  M . N oel, 
ib id ., 28, 942  (1963); (g) J .  P .  H o rw itz , J .  C h u a , I .  L . K lu n d t, M . A . D a 
R oo g e , a n d  M . N o e l, J . A m er . C hem . Soc., 86, 1896 (19 6 4 ); (h ) J .  J .  F o x  a n d  
N . C , M ille r , J .  Org. C hem ., 28, 936 (1963); (i) P . R e ic h a rd , J .  B io l. Chem ., 
237, 3513 (1962).

(17) R . B a rk e r  a n d  H . G . F le tc h e r , J r . ,  J .  Org. C hem ., 26, 4605 (1961).
(18) C a ta ly t ic  re d u c t io n  o f 2 ,3 -d id e h y d ro -2 ,3 -d id eo x y  c o m p o u n d s  leads 

t o  d id e o x y rib o se  d e r iv a tiv e s , w h ich  a r e  of in te re s t  p a r t ic u la r ly  in  p u r in e  
n u c leo s id e  c o m b in a tio n .19

(19) (a) M . J .  R o b in s  a n d  R . K . R o b in s , J .  A m er . Chem . Soc., 86, 3585
(1964); (b ) M . J .  R o b in s , J . R . M c C a r th y , J r . ,  a n d  R . K . R o b in s , B iochem is
try , 5 , 224  (1966); (c) G . L . T o n g , W . W . L ee, a n d  L. G o o d m an , J ,  Org.
C hem ., 30, 2854 (1965).

The configuration at C-l of the a  and (3 anomers 
of methyl 2-deoxy-5-0-triphenylmethyl-D-ribofurano- 
side (2 and 3), predicted first on optical rotation and 
then based firmly on chemical interconversion, was 
correlated with the nmr spectra of these anomers by a 
full analysis for the C-l, C-2, and C-3 protons, which is 
in itself of interest. This study is relevant to correla
tions between nmr spectra and configuration of the 
anomeric proton reported by Jardetzky,20 Lemieux,11'21 
Leonard and Laursen,22 and Robins and Robins.23 
In particular, Jardetzky20 and Robins and |Robins23 
have suggested a correlation for a series of a and ¡3 
anomers of 2'-deoxyribofuranosyl nucleosides based 
purely on the appearance of the resonance due to the 
anomeric proton, its peak width, and vicinal coupling 
constants abstracted on a first-order basis from these 
signals. Our purpose in presenting the full nmr analy
sis of this part of the molecule is to establish accurate 
values of vicinal coupling constants of the anomeric 
proton and to emphasize the variation, with configura
tion, of the chemical-shift difference between the C-2 
protons in 2 and 3.

Chemical-shifts and coupling constants of the furan 
ring protons are tabulated (see below). The chemical 
shift of the C-5 protons and the overlapping methyl 
signals of the methoxyls are included. Assignments of 
multiplets to protons on C-l, C-2, C-3, and C-5 were 
obvious from the relative chemical shifts, integrated 
areas, and amount of fine structure. Difficulties with 
the C-3 and C-4 protons included considerable over
lapping in the case of the a anomer and complexity of 
splitting patterns in the f3 anomer.

The two compounds gave an ABMX system24 for 
H2a, H2b (AB part), Hi (X), and Hs (M), the M multi- 
plet being further split by H4. As usual, A is defined as 
the downfield part of the AB multiplet. The ABMX 
patterns can be analyzed by the general treatment of 
Pople and Schaefer24 or by the procedure of Abraham 
and McLauehlan.25 We chose to use the latter 
but with slight modifications. The AB part (showing 
16 lines in the 100-Mc spectrum) was simplified by 
double irradiation at the position of the X resonance, 
which reduced this to an 8-line pattern (AB of 
ABM) which was analyzed by the general procedure 
for ABX analysis.26 The 16-line AB part can be 
treated as the 8-line ABX pattern with each line 
doubled by M. The doublings, “dAM” and “dBM” 
(due to but not equal to J am and J bm obtained in above 
analysis) are line separations in the M doublet of dou
blets. Subtraction of these doublings from the full AB 
part left the AB of ABX. The X part in both anomers 
appeared as a multiplet of four lines which gave |JAX +  
J b x | for comparison with AB analysis. The parameters 
obtained from the analysis were used for the calculation 
of splitting patterns and intensities. In every case, 
excellent agreement was obtained between the cal
culated and the observed spectrum.

(20) C . D . J a rd e tz k y ,  J .  A m er. Chem . Soc ., 83, 2919 (1961).
(21) R . U . L em ieux , C an. J .  C hem ., 39, 116 (1961).
(22) N . J . L e o n a rd  a n d  R . A . L a u rsen , B iochem istry , 4, 354  (1965).
(23) M . J .  R o b in s  a n d  R . K . R o b in s , J .  A m er. Chem . Soc ., 87, 4934 (1965).
(24) J . A . P o p le  a n d  T . S chae fe r, M ol. P h y s ., 3, 547 (1960).
(25) R . J .  A b ra h a m  a n d  K . A. M c L a u e h la n , ib id ., 5, 195 (1962).
(26) J .  A . P o p le , W . G . S ch n e id er, a n d  H . J .  B e rn s te in , “ H ig h -re so lu tio n  

N u c le a r  M a g n e tic  R eso n a n c e ,’’ M cG raw -H ill B ook  C o ., In c .,  N ew  Y ork , 
N . Y., 1959, pp 132-135.
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Table I
Chemical-Shift and Coupling Constant Data foe Methyl 2-Deoxy-5-0-triphenylmethyl-d-ribofuranosides

X A6
—C h em ica l s h if ts0 5 scale, 

B & M
p pm

ÍAB.

S p lit tin g  
p a t te rn s  

fo r H i, /------ C o u p lin g  c o n s ta n ts , cp J k X /
C o m p o u n d S o lv en t H i H ,b Ha H, Ha M e OH cps Hi, Ha J  AB J  AX J b x J am J  BM J b x

a anomer 
2

c d c i3
TMS

5.12 2.17 1.98 4.15 4.21 3.17 3.35 2.84 19.2 ABMX 13.4 4.8 0.7 5 . 8 1.3 6.85

ß anomer 
3

CDCls
TMS

5.01 2.10 1.96 3.82-4.40 3.25« 3.25 2.10 13.6 ABMX 13.0 1.9 5.5 6.4 6.4 0.34

“ Aromatic protons absorbed between 5 7.08 and 7.54. 6 Assignment of A and B between H2a and H2b discussed in text. '  Approxi
mate value.

Parameters were obtained above in terms of A, B, 
M, and X, and the problem that remained was the as
signment of A and B to H2b and H2b or vice versa. We 
resorted to empirical analogy using rigid cyclic mole
cules containing the monosubstituted ethane fragment
8. There are several examples of this where the proton

8

Hb, cis to and eclipsed by the substituent group G (such 
as Cl, Br, OH, CN, N3), is upheld from Ha, trans to 
G.27’28 Chemical-shift theory is at present inadequate 
to make such predictions with confidence. Chemical 
shifts for H2a and H2b in these two compounds have been 
assigned by selecting the upheld component as the pro
ton cis to the hydroxyl group after consideration of 
possible conformations. In the a anomer this shielding 
will occur both from the hydroxyl group and the 
methoxyl group but in the j3 anomer the shielding effects 
from these groups are in opposition. Recourse had to 
be taken then in the values of the coupling J AX and 
J bx  and an approach in terms of small and large J vic and 
the general Karplus equations.29’30 Internal support 
for our assignment is discussed below (see Table I).

In the a anomer (2), the resonance of the C-l proton 
was a clear doublet of doublets with J AX +  «/Bx = 5.5 
cps. The resonance of the C-3 proton was partly ob
scured by that of the C-4 proton but its splitting pattern 
was easily recognized in the overlapping sets of multi- 
plets. The absorption of H4 was a ragged doublet of 
doublets. Protons on C-5 were found to be magnet
ically equivalent and appeared as a clean doublet. 
The absorption of the C-2 protons (AB) appeared as a 
multiplet of 16 lines with some transitional degeneracies 
in the higher field part. The coupling constants J AX > 
J bx and J AM > J Bm are of sufficient magnitude to use 
the ideas mentioned above on cis shielding by the hy
droxyl and methoxyl groups and to assign H2a as A and 
H2b as B. An internal cross-check for self-consistency 
is provided by the larger observed value of SAB in this 
compound compared with that in the /3 anomer 3.

(27) (a) L . M . J a c k m a n  a n d  S . S te rn h e ll, “ A p p lic a tio n s  of N u c le a r  M ag 
n e tic  R eso n an c e  S p ec tro sc o p y  in  O rg an ic  C h e m is try ,”  P e rg am o n  P ress, 
L ondon , in  p ress , C h a p te r  2-2 ; (b) A . D . B room , M . P . S chw eizer, a n d
P . O. P . T s ’o , J . A m er. C hem , Soc., 89 , 3612 (1967).

(28) F o r  a  fu ll d iscuss ion  of th is  p o in t ,  see  R . H . A n d re a tta , V . N a ir ,  a n d  
A . V . R o b e rtso n , A u s t. J .  Chem ., 20, 2701 (1967).

(29) M . K a rp lu s , J .  Chem . P h y s ., 30 , 11 (1959).
(30) M . K a rp lu s , J .  A m er. Chem. Soc., 85, 2870 (1963).

In the spectrum of the /3 anomer the resonance of the 
C-l proton appeared as a quartet with J AX +  ./Bx =
7.4 cps. The signals due to H3 and H4 were a complex 
set of multiplets and were not analyzed. Analysis of 
the resonance of the C-5 protons was not possible be
cause the methylene signal was obscured by the 
methoxyl group, but the former appeared to be mag
netically nonequivalent. This is also the situation 
in the 2,3-didehydro compound 5. The absorption of 
the methylene protons (H2a, H2b) appeared as a multi
plet of 16 lines with little overlapping. The assignment 
of A and B as H2a and H2b was again made on the basis 
of the value of SAB and J vic. The observation that 
J  am =  J bm is merely a reflection that changes in the 
conformation of the ring and orientation of substituents 
can produce gross changes in coupling constants.31 In 
the two compounds the observed values of geminal 
coupling constants (JAB) fit well their environment on 
both theoretical32 and empirical grounds.33 No sign 
determinations have been carried out but these values 
are presumed to be negative. The many factors which 
influence the magnitude of vicinal coupling constants in 
molecules of such complexity (in relation to their nmr 
spectra) cannot be dissected out in any quantitative 
fashion. Finally, the observed correlations between 
nmr spectra and configurations are as follows: (1) in
the a anomer J AX > J bx> whereas in the /3 anomer 
J  a x  < J bx ', (2) the value of <5AB is larger in the a anomer.

Returning to the original goal, a series of five trans
formations converted the a anomer 2, now of established 
configuration, into the “reversed” deoxynucleoside
I. On treatment with p-bromobenzoyl chloride in py
ridine, methyl 2-deoxy-5-0-triphenylmethyl-a-D-ribo- 
furanoside was converted into methyl 3-p-bromo- 
benzoyl-2-deoxy-5-0-triphenylmethyl- a - d  -ribofurano- 
side (9). Aqueous acetic acid brought about de- 
tritylation. The resulting alcohol 10 was trans
formed by the action of p-bromobenzenesulfonyl chlo
ride in pyridine into methyl 5-p-bromobenzenesul- 
f onyl -3 - p - bromobenzoyl - 2 - deoxy - a - d  - ribof uranoside
(11). The brosylate 11 reacted smoothly with sodium 
adenide in anhydrous DMF to give the blocked nucleo
side, methyl 5-(6-aminopurin-9-yl)-3-p-bromobenzoyl-
2,5-dideoxy-a-n-ribofuranoside (12), and methanolic 
ammonia transformed this into the “reversed” de
oxynucleoside, methyl 5-(6-aminopurin-9-yl)-2,5-di- 
deoxy-aHD-ribofuranoside (1) (Scheme II).

(31) I t  is  o f in te re s t  to  n o te  t h a t  no  lo n g  ra n g e  co u p lin g  w as e v id e n t in  th e  
tw o  s p e c tra .

(32) A . A . B o th n e r-B y , A d va n . M agnetic  R esonance, 1 , 195 (1965).
(33) R . C . C ookson , T . A. C ra b b , J .  J .  F ra n k e l , a n d  J .  H u d e c , Tetrahe

dron, S u p p l.,  N o . 7, 355 (1966).
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S c h e m e  II
TrOH,C 0 H

2
g-Br-BzO H

H0H2C 0 H

h y - f  och3
g-Br-BzO H

-> I

CH3

12

Experimental Section34
Methyl 2-Beoxy-5-0-triphenylmethyl-a- and -/3-p-ribofurano- 

sides (2 and 3).—To a solution of 9.60 g (67.5 mmol) of 2-deoxy- 
D-ribose in 200 ml of dry methanol was added 4.0 ml of saturated 
methanolic hydrochloric acid. After standing at room tempera
ture for 30 min, the pale yellow solution was neutralized with 
Dowex-1 (HCO3- ), filtered, and evaporated to dryness in vacuo. 
The residual oil was dissolved in 50 ml of dry pyridine and evapo
rated to dryness under high vacuum. This process was repeated 
once and the residue was dissolved in 200 ml of dry pyridine 
and treated with 19.0 g (68.0 mmol) of triphenylmethyl chloride. 
The solution was stirred at room temperature for 3 days and then 
poured into 2 1. of ice-cold 5% hydrochloric acid. The pH was 
adjusted to 3 by the further addition of ice-cold 10% hydrochloric 
acid. The mixture ws extracted with 700 ml of ether, and the 
aqueous phase was separated and extracted again with 300 ml of 
ether. The combined organic layers were shaken with three 100-ml 
portions of 5% potassium bisulfate, three 100-ml portions of 
water, and two 100-ml portions of saturated sodium chloride 
solution and were dried over anhydrous sodium sulfate. The 
ether was evaporated under reduced pressure. The residue was 
dissolved in 25 ml of methanol and this was placed in the icebox 
for 3 days. The precipitated triphenylcarbinol was removed by 
filtration (3.10 g) and washed thoroughly with cold methanol, 
and the methanol solution was evaporated in vacuo. The residue 
(23.0 g) was dissolved in ether, 15 g of silica gel was added, and 
the mixture was evaporated to dryness. The solid was applied 
to the top of a column of 400 g of silica gel packed in pentane- 
ether (9:1). The progress of the column was conveniently fol
lowed by tic using the solvent system with which the column 
was being eluted. Elution was continued with pentane-ether 
(9:1) until all the triphenylcarbinol was removed. Polarity was 
gradually increased to pentane-ether (6:4), and 7.3 g (28%) of 
methyl 2-deoxy-5-0-triphenylmethyl-a-D-ribofuranoside (2) was 
eluted, [a]26D 64.4° (c 1.3, CHCI3), as a colorless gum. The 
material was homogeneous by tic but could not be induced to 
crystallize. Continued elution of the column with pentane-ether 
(6:4) afforded 6.3 g (24%) of methyl 2-deoxy-5-0-triphenyl- 
methyl-d-D-ribofuranoside (3), [<*]%> —43.8° (c 1.2, CHCI3). 
This material was also homogeneous by tic but could not be 
induced to crystallize. Separation of the two anomers was 
practically quantitative; only three of the fractions contained 
mixtures and these were discarded.

Methyl 3-p-Bromobenzenesulfonyl-2-deoxy-5-0-triphenyl-

(34) M e ltin g  p o in ts  w ere  d e te rm in e d  o n  a  T h o m a s -H o o v e r  c a p illa ry  m e lt
ing  p o in t a p p a ra tu s  a n d  a re  co rrec ted . T h e  in f ra re d  s p e c tra  w ere  reco rd ed  
o n  a  P e rk in -E lm e r M odel 337 g ra t in g  s p e c tro p h o to m e te r . T h e  u ltra v io le t 
s p e c tra  w ere  reco rd e d  on  a  C a ry  M odel 15 sp e c tro p h o to m e te r . T h in  la y e r  
c h ro m a to g ra p h y  w as p erfo rm e d  on  E a s tm a n  s ilica  gel s tr ip s  w ith  a  fluo rescen t 
in d ic a to r . S o lv e n t sy s te m  A re fe rs  to  p e n ta n e -e th e r  (1 :1 ) ;  B , to  p e n ta n e -  
e th e r  (1 :4 ) ;  C , to  p e n ta n e -e th y l  a c e ta te  (7 :3 ) ;  a n d  D , to  4 %  m e th a n o l in  
ch lo ro fo rm . R o u tin e  n m r  s p e c tra  w ere  reco rd e d  on  a  V a ria n  A ssociates 
A -60A  o r  A -5 6 /6 0  s p e c tro m e te r  a t  o rd in a ry  p ro b e  te m p e ra tu re s . U nless 
o th e rw ise  n o te d  n m r  s p e c tra  w ere  ru n  in  C D C la. N m r a n a ly se s  w ere  c a rried  
o u t  o n  e x p a n d ed  tra c e s  o f th e  d ecoup led  a n d  u n d ec o u p led  s p e c tra  reco rd e d  
on  a  V a r ia n  H A -100 in s tru m e n t. E x p e rim e n ta l e rro rs  a re  e s tim a te d  a t  
± 0 .1  cp s  fo r  co up ling  c o n s ta n ts  a n d  ± 0 .0 1  p p m  fo r  ch em ica l s h if ts . W e 
a r e  in d e b te d  to  M r . J .  N e m e th  a n d  h is  asso c ia tes  a t  th e  U n iv e rs ity  of I llin o is  
fo r th e  m icro an a ly se s.

methyl-i3-D-ribofuranoside (4).—A solution of 1.10 g (2.80 mmol) 
of methyl 2-deoxy-5-0-triphenylmethyl-/?-D-ribofuranoside (3) 
in 25 ml of anhydrous pyridine was treated with 1.07 g (4.20 
mmol) of ¡o-bromobenzenesulfonyl chloride in one portion and 
the solution was stirred at room temperature for 24 hr. I t  was 
poured into 150 ml of 5% sodium bicarbonate solution and ex
tracted with 300 ml of ether. The ether was washed with four 
100-ml portions of 5% potassium bisulfate solution, water to 
neutrality, and saturated sodium chloride solution. The ethereal 
solution was dried over anhydrous sodium sulfate; then the ether 
was evaporated under reduced pressure. The residue crystallized 
from methyl alcohol-ethyl acetate (10:2) to give 1.65 g of crude 
product. Recrystallization from methanol gave 425 mg, mp
94-95°, of a first crop and 350 mg, mp 93-95°, of a second crop 
(45%) of 4: [apD  -8 .0 °  (c 1.3, CHC13); .£ « ’ 1580, 1555
cm-1 (phenyl nuclei); nmr 8 7.76-7.15 (19 H, multiplet, aromatic 
protons), 5.16—4.88 (2 H, multiplet, Hi and H3), 4.30-4.05 
(1 H, multiplet, Hi), 3.24 (3 H, singlet, CH30 -) ,  3.10 (2 H, 
doublet, J  = 6 cps, 2H6) and 2.31-2.15 (2 H, multiplet, 2H2)

Anal. Calcd for CsiH^BrOeS: C, 61.08; H, 4.79; S, 5.25. 
Found: C, 61.18; H, 5.01; S, 5.57.

Methyl 2,3-Didehydro-2,3-dideoxy-5-O-triphenylmethyl-0-D- 
ribofuranoside (5).—A solution of 230 mg (0.01 g-atom) of sodium 
in 25 ml of anhydrous methanol was evaporated to a small 
volume under reduced pressure. The solution was diluted with 
20 ml of anhydrous dimethylformamide and evaporation was 
continued for 30 min to ensure complete removal of;the methanol. 
A solution of 1.00 g (1.65 mmol) of methyl 3-p-bromobenzene- 
sulfonyl-2-deoxy-5-O-triphenylmethyl-0-D-ribofuranoside (4) in 
10 ml of dry dimethylformamide was added dropwise during 5 
min a t room temperature. The solution was stirred for 45 min 
and poured into a two-phase mixture of 400 ml of water and 200 
ml of ether. The aqueous phase was separated and extracted 
again with 100 ml of ether. The combined organic extracts were 
washed with water and saturated sodium chloride solution and 
dried over anhydrous sodium sulfate. Evaporation under re
duced pressure afforded 500 mg of a colorless gum which was 
applied to the top of a column of 20 g of silica gel packed in pen
tane-ether (9:1). The column was eluted with pentane-ether 
(8:2) and 20 ml fractions were collected. Fractions 3-7 were 
combined, evaporated, and recrystallized from ether-pentane 
to give 386 mg (63%) of 5 as colorless needles: mp 82-83°; 
[ap 3D -72 .2°  (c 1 .1 , CHCls); rSi°' 1625 (C = C )and  1590 cm“ 1 
(phenyl nuclei); nmr 8 7.61-7.30 (15 H, multiplet, aromatic 
protons), 6.20-5.70 (3 H, multiplet, Hi, H2, H3), 5.01 (1 H, 
multiplet, H4), 3.40 (3 H, singlet, CH30), and 3.20 (2 H, mul
tiplet, 2H5).

Anal. Calcd for C25H240 3: C, 80.61; H, 6.49. Found: C, 
80.48; H, 6.49.

Methyl 5-O-Triphenylmethyl- -̂D-ribofuranoside (6). A. From 
Olefin 5.—A solution of 1.46 g (3.93 mmol) of methyl 2,3-dide- 
hydro-2,3-dideoxy-5-0-triphenylmethyl-|8-D-ribofuranoside (5) in 
35 ml of anhydrous ether was treated with a solution of 1.00 g 
(3.93 mmol) of osmium tetroxide in 35 ml of the same solvent. 
A solution of 0.62 g (7.86 mmol) of anhydrous pyridine in 30 ml 
of dry ether was added, and the resulting solution was allowed 
to stand at room temperature for 24 hr. The light brown precipi
tate was collected by filtration, washed with ether, and dissolved 
in 50 ml of methylene chloride. A solution of 7.5 g of mannitol 
in 75 ml of 1% aqueous potassium hydroxide was added,'and the 
two-phase system was stirred vigorously until the organic layer 
became colorless (ca. 5 hr). The methylene chloride layer was 
separated, washed with water, dried over anhydrous sodium 
sulfate, and evaporated. The resulting gum was filtered through 
a column of 20 g of silica gel with ether-pentane (4:1) and the 
eluate was evaporated under reduced pressure to give 1.18 g 
(74%) of 6 as a colorless glass: [ck]23d —18.8° (c 1.8, CHCls), 
homogeneous on tic plates in solvent systems A, B, C, and D. 
I t  was characterized as the 2,3-ditosylate derivative.

A solution of 250 mg (0.61 mmol) of the compound described 
above in 10 ml of anhydrous pyridine, together with 285 mg (1.50 
mmol) of p-toluenesulfonyl chloride, was stirred a t room tem
perature for 5 days. The solution was poured into 100 ml of 
ice-cold 5% sodium bicarbonate, and the crystals were collected 
by filtration and washed well with water. One recrystallization 
from methanol-ethyl acetate gave 200 mg (46%) of methyl 2,3- 
di-O-p-toluenesulfonyl-5- O - triphenylmethyl - /3 - D - ribofuranoside 
(6a) as colorless needles: mp 140-141°; [<x]23d 63.8° (c 0.76‘ 
CHC13); 1600 cm- 1 (phenyl nuclei); nmr 8 7.96-7.03 (23
H, multiplet, aromatic protons), 5.15-4.91 (3 H, multiplet,
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Hi, H2) H3), 4.46-4.16 (1 H, multiplet, H4), 3.33 (3 H, singlet, 
CH3O), and 2.45 and 2.36 (3 H each, singlets, p-CH3).

Anal. Calcd for C*,H,sO,S,: C, 65.52; H, 5.35; S, 8.97. 
Found: C, 65.63; H, 5.38; S, 9.04.

B. From Methyl A-D-Ribofuranoside (7).17—A solution of 5.0 
g (33 mmol) of D-ribose in 100 ml of anhydrous methanol was 
cooled to 0° and treated with 0.5 ml of concentrated sulfuric acid. 
The colorless solution was allowed to stand at 4° for 16 hr and 
was passed through a column of Amberlite IR-45 (OH- ). The 
filtrate was evaporated to a pale yellow oil under reduced pres
sure. The nmr spectrum of this oil in D20  showed the anomeric 
proton as a singlet a t S 4.90, indicating the /3 orientation of the 
methoxyl group a t that center. The crude oil (4.5 g, 27.4 mmol) 
was dissolved in 25 ml of anhydrous pyridine and evaporated 
to dryness under reduced pressure. The process was repeated 
once, the residue was dissolved in 50 ml of anhydrous pyri
dine and treated with 7.6 g (27.4 mmol) of triphenylmethyl 
chloride, and the solution was stirred a t room temperature for 
3 days. I t  was poured into 500 ml of ice-cold water, and the 
aqueous solution was extracted with three 200-ml portions of 
ether. The ether was washed with four 100-ml portions of 5% 
potassium bisulfate, water to neutrality, and a saturated solution 
of sodium chloride. The ethereal solution was dried over an
hydrous sodium sulfate; the ether was evaporated under reduced 
pressure to give 11 .2  g of colorless gum. 1 1  was dissolved in ether, 
5 g of silica gel was added, and the suspension was evaporated 
to dryness. The solid was applied to the top of a column of 100 
g of silica gel packed in pentane-ether (9:1). Elution with the 
same solvent system removed the triphenylcarbinol present and 
increasing the polarity to pentane-ether (2 :8) afforded 8.6 g 
(77%) of 6 as a colorless foam, [a]23D —7.5° (c 1.9, CHCI3). 
The material was homogeneous in solvent systems A, B, and C, 
but showed the presence of a very slight contaminant in system
D. I t  was characterized as the 2,3-ditosylate derivative.

A solution of 500 mg (1.23 mmol) of the foam in 20 ml of 
anhydrous pyridine was treated with 570 mg (3.0 mmol) of 
p-toluenesulfonyl chloride and stirred a t room temperature for 
5 days. The solution was poured into 200 ml of ice-cold 5% 
sodium bicarbonate solution, and the crystals were collected by 
filtration and washed well with water. One recrystallization 
from methanol-ethyl acetate gave 425 mg (48%) of 6a as color
less needles: mp 140-141°; [a]23D 61.4° (c 0.64, CHC13). The 
infrared and nmr spectra were identical with the material pre
pared in section A. On admixture with a specimen from that 
section the mixture melted a t 140-141°.

Anal. Calcd for C39H380 9S2: C, 65.52; H, 5.35; S, 8.97. 
Found: C, 65.38; H, 5.51; S, 9.25.

Methyl 3-p-Bromobenzoyl-2-deoxy-5-0-triphenyImethyl-a-D- 
ribofuranoside (9).—A solution of 3.1 g (7.95 mmol) of methyl 
of 2-deoxy-5-0-triphenylmethyl-a-D-ribofuranoside (2) in 25 ml 
of anhydrous pyridine was evaporated to dryness under reduced 
pressure. This process was repeated twice, and the resulting 
residue was dissolved in 25 ml of anhydrous pyridine, treated 
with 5.75 g (26.75 mmol) of freshly prepared p-bromobenzoyl 
chloride, and another 10-ml portion of anhydrous pyridine was 
added. The solution was stirred at room temperature for 18 hr, 
and the resulting pink suspension was poured into 200 ml of 
ice-cold 5% sodium bicarbonate solution. The precipitate was 
suspended in 200 ml of water, stirred for 1 hr, and filtered. 
The resulting light tan powder was suspended in 150 ml of ether, 
stirred for 1 hr, and filtered. The residue was extracted in the 
same manner with a second 150-ml portion of ether and filtered 
again. The combined ether extracts were washed with water 
and a saturated sodium chloride solution, dried over anhydrous 
sodium sulfate, and evaporated. The yellow semisolid was 
recrystallized from methanol-ethyl acetate (3:1) to give 3.9 g 
of 9 contaminated with a second component. The material was 
dissolved in 100 mi of ether, 10 g of silica gel was added, and the 
suspensions were evaporated to dryness and applied to the top 
of a column of 200 g of silica gel. Elution with pentane-ether 
(8.5:1.5) gave 3.5 g (77%) of 9 as a white crystalline solid, mp 
123-126°, sufficiently pure for use in the preparation of 10. An 
analytical specimen was recrystallized from methanol as colorless 
prisms: mp 125-126°; [<*]%> 101.3° (c 1.05, CHC13);
1720 (C = 0 ) and 1595 cm-1 (phenyl nuclei); nmr 5 8.01-7.10 
(19 H, multiplet, aromatic protons), 5.55-5.15 (2 H, multiplet, 
Hi and Hs), 4.53-4.25 (1 H, multiplet, H4), 3.50-3.28 (5 H, 
multiplet, C H 3 O  and 2H6), and 2.63-1.93 (2 H, multiplet, 2H2).

Anal. Calcd for C32H29Br05: C, 67.01; H, 5.09; Br, 13.93. 
Found: C, 66.98; H, 5.28; Br, 13.63.

Methyl 5-p-Bromobenzenesulfonyl-3-p-bromobenzoyl-2-deoxy- 
a-D-ribofuranoside (11).—A suspension of 10.25 g (0.018 mol) of 
methyl 3-p-bromobenzoyl-2-deoxy-5-0-triphenylmethyl-a-D-ribo- 
furanoside (9) in 160 ml of glacial acetic acid was warmed on a 
steam bath until solution was complete, ca. 5 min. Water (25 
ml) was added, and the solution was warmed for an additional 
5 min. Water (15 ml) was added, and the warming was continued 
for 10 min. The colorless solution was cooled, and the solvents 
were evaporated in vacuo. The white crystalline residue was 
dissolved in 300 ml of ether, extracted with two 100-ml portions 
of 5% sodium bicarbonate solution, water, and saturated sodium 
chloride solution, and was then dried over anhydrous sodium 
sulfate. Evaporation of the ether under reduced pressure gave
12.5 g of semisolid residue which was suspended on 15 g of silica 
gel and applied to the top of a column of 225 g of silica gel packed 
in pentane-ether (9:1). Elution with pentane-ether (8:2) 
gave 6.10 g of triphenylcarbinol. The polarity was gradually 
increased to pentane-ether (2:8), and 2.85, g (48%) of 10 was 
obtained as a pale yellow syrup. The syrup (2.75 g, 8.30 mmol) 
was dissolved in 25 ml of anhydrous pyridine and the solution 
was evaporated to dryness in vacuo. This process was repeated 
once again, and the residue was dissolved in 50 ml of dry pyridine 
and treated with 3.18 g (12.15 mmol) of p-bromobenzenesulfonyl 
chloride in one portion. The solution was stirred at room tem
perature for 24 hr, poured into 400 ml of ice-cold 5% sodium 
bicarbonate solution, and stirred for 15 min, and the precipitate 
was collected by filtration. One recrystallization from methanol- 
ethyl acetate (1:1) gave 3.2 g (70%) of 11, sufficiently pure for 
use in the preparation of 12 . An analytical specimen crystallized 
from methanol-ethyl acetate (1 : 1 ) as long colorless rods: mp
137-138° dec (insertion a t 135°); M 23d 99.7° (c 0.71, CHC13); 
Vntx 1720 (C = 0 ), 1600 and 1585 cm“ 1 (phenyl nuclei); nmr 5 
7.96-7.45 (8 H, multiplet, aromatic protons), 5.28—4.98 (2 H, 
multiplet, Hi and H3), 4.43-4.20 (3 H, multiplet, H 4 and 2H5),
3.33 (3 H, singlet, CH30), and 2.41-2.11 (2 H, multiplet, 2H2).

Anal. Calcd for Ci9Hi8Br20jS: C.41.47; H, 3.29; Br, 29.04. 
Found: C, 41.33; H, 3.46; Br, 28.67.

Methyl 5-(6-Aminopurin-9-yl)-3-p-bromobenzoyl-2,5-dideoxy- 
m-D-ribofuranoside (12).—A suspension of 162 mg (1.20 mmol) 
of adenine in 5 ml of anhydrous dimethylformamide was treated 
with 60 mg (ca. 1.20 mmol) of a 50% oil dispersion of sodium 
hydride, and the mixture was stirred at room temperature for 
1 hr. I t  was warmed to 50°, maintained there for 30 min, and 
cooled to room temperature. A solution of 550 mg (1.00 mmol) 
of methyl 5-p-bromobenzenesulfony]-3-p-bromobenzoyl-2-deoxy- 
a-D-ribofuranoside (11) in 15 nil of anhydrous dimethyl
formamide was added over a 10-min period, and the suspension 
was stirred a t room temperature for 90 min. I t  was warmed to 
50° and maintained a t that temperature for 3 hr. After cooling 
to room temperature, the dimethylformamide was evaporated 
under high vacuum a t a bath temperature of 40°. The white solid 
residue was extracted with two 25-ml portions of warm chloro
form and the filtered chloroform extracts were combined, shaken 
with water, and dried over anhydrous sodium sulfate. Evapora
tion of the chloroform afforded 225 mg (42%) of 12, mp 219-220°. 
Two recrystallizations from methanol afforded an analytical 
sample of 12 as small colorless rods: mp 221.5-222°; [a]23D 
142,9° (c 0.70, CHCI3); v™  1715 ( 0 = 0 ) ,  1670 (purine nucleus), 
1610 and 1575 cm-1 (purine and phenyl nuclei); nmr S 8.18 and
7.21 (1 H each, singlets, purine H2 and H8), 7.76 (4 H, broad 
singlet, phenyl protons), 5.41-5.06 (2 H, multiplet, Hi and H3),
4.76-4.38 (2.7 H, multiplet, H4 and -N H 2), 3.32 (3 H, singlet, 
CH3O), 3.28 (2 H, singlet, 2Hs). The 2H2 protons are obscured 
by DMSO-da.

Anal. Calcd for Ci8Hi8BrN50 4: C, 48.22; H, 4.04; Br,
17.82; N, 15.62. Found: C, 48.50; H, 4.21; Br, 18.11; N,
15.36.

Methyl 5-(<5-Aminopurin-9-yl)-2,5-dideoxy-a-D-ribofuranoside
(1).—Methyl 5-(6-s,minopurin-9-yl)-3-p-bromobenzoyl-2,5-dide- 
oxy-D-ribofuranoside (12) (700 mg, 1.56 mmol) was dissolved 
in 600 ml of anhydrous methanol a t room temperature, and 
ammonia was bubbled through the solution for 30 min. After 
36 hr a t room temperature, the solution was evaporated to dry
ness under reduced pressure. The solid was triturated with 
ether to remove the methyl p-bromobenzoate and was collected 
by filtration. One recrystallization from a small volume of 
methanol afforded 386 mg (93%) of 1 as a white microcrystalline 
solid: mp 200- 20 1°; [<*]23d 97.6° (c 1.09, CHC13); X*° 260 
mu (« 14,600), Xmin 227 (2200), \°ml NRCl 258 (14,100), Xmin 230 
(2900), X“ ,“  260 (14,500), Xmin 227 (2200); v™  1660,
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1600, and 1585 cm-1 (purine nucleus); nmr 5 (D20 )34 (2 H, 
singlet, purine H2 and Ils), 5-34 (1 H, quartet, / ax +  / bx  = 7.5 
cps, Hi), 4.50-4.21 (3 H, multiplet, H4 and 2H5), 3.45 (3 H, 
singlet, CH30), and 2.16-1.97 (2 H, multiplet, 2H2). The 
ultraviolet spectra confirmed 9 substitution on the adenine 
nucleus.36

(35) N . J .  L e o n ard  a n d  J .  A. D ey ru p , J .  A m er. C hem . Soc., 84 , 2148 (1962).

Anal. Calcd for CuHi6N5Oa: C, 49.80; H, 5.69; N, 26.40. 
Found: C, 49.46; H, 5.77; N, 26.10.

Registry No.—1, 16803-00-2; 2, 16801-99-3; 3, 16802-
00-9; 4, 16802-01-0 ; 5, 16802-02-1; 6a, 16802-03-2; 9, 
16802-04-3; 11, 16802-05-4; 12, 16802-06-5.
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First-order rate coefficients have been determined along with energies (Fa), enthalpies (AH*), and entropies 
(AS4 ) of activation for the acid-catalyzed hydrolyses of 3-indolyl- (la), 5-bromo-3-indolyl- (lb), and 5-bromo-
4-chloro-3-indolyl-/3-D-glucopyranoside (lc). I t  was demonstrated that the rate of oxidation of the intermediate 
indoxyl (2) to indigo (3) was not rate determining. No significant difference in E& is observed over a range of 
hydronium ion concentration. The relatively good agreement between the observed rate coefficients (k') and 
the corresponding theoretical values (k ) supports the conclusion that the hydrolysis step and not the oxidation 
of the intermediate indoxyl (2) to an indigo (3) is rate determining. The solvent isotope effect (k'n^o/k'uto =
2) indicates rapid preequilibrium protonation of the glucosides. The dependence of rate on acidity (Hammett- 
Zucker relationship and the Bunnett w parameter) provides evidence for the unimolecularity of these hydrolyses.
On the other hand, the values of AS 4 , which are narrowly positive, are consistent with several mechanistic pos
sibilities which include the A1 mechanism.

Recent reports3’4 from this laboratory described the 
syntheses of a number of indolyl-/3-D-glycopyranosides 
(1) which have found application as agents for the 
histochemical localization of corresponding /3-gly- 
cosidases in mammalian tissue.4-6 The chromogenic 
reaction sequence underlying what has come to be 
known as “indigogenic staining” 7'8 is initiated by 
enzymic release of an intermediate indol-3-ol (indoxyl,
2). The latter (c/. Scheme I) is rapidly and irreversibly 
transformed on air oxidation to an essentially in
soluble (and highly colored) indigo (3) which is de
posited at the sites of the activity.

The O-indoxyl derivatives, by virtue of the in
digogenic principle, constitute a potentially useful 
group of substrates for kinetic studies of acid and 
base catalyzed, as well as enzymatic hydrolyses. The 
present study was undertaken to ascertain whether 
indolyl-d-D-glucopyranosides, as a consequence of a 
unique aglycon moiety, exhibit any unusual features 
when judged on the basis of the usual criteria (vide

(1) (a) T h is  in v e s t ig a t io n  w as s u p p o r te d  in  p a r t  b y  P u b lic  H e a l th  S erv ice  
R esea rc h  G ra n t  N o . C A -02624 fro m  th e  N a tio n a l C a n c e r  I n s t i t u te  a n d  in  
p a r t  b y  a n  in s t i tu t io n a l  g r a n t  to  th e  D e tro i t  I n s t i t u te  of C an c e r R esea rc h  
D iv is io n  of th e  M ich ig an  C a n c e r  F o u n d a tio n  fro m  th e  U n ite d  F o u n d a tio n  of 
G re a te r  D e tro i t ,  (b ) P re s e n te d  in  p a r t  a t  th e  154 th  N a tio n a l  M e e tin g  of th e  
A m erican  C h em ica l S o c ie ty , C h icago , 111., S e p t 1967. (c) T a k e n  in  p a r t  from  
a  d is s e r ta tio n  s u b m it te d  b y  C . V. E a sw a ra n  to  th e  G ra d u a te  Schoo l of T h e  
U n iv e rs ity  of D e tro i t  in  p a r t ia l  fu lfillm en t o f th e  deg ree  o f D o c to r  o f P h il
o so p h y .

(2) T o  w hom  a ll co rresp o n d en ce  sh o u ld  b e  ad d re ssed  a t  th e  D e tro i t  I n s t i 
t u t e  o f C a n c e r  R esea rc h  D iv is io n  of th e  M ich ig an  C a n c e r  F o u n d a tio n .

(3) J .  P . H o rw itz , J .  C h u a , R . J .  C u rb y , A . J .  T o m so n , M . A . D aR o o g e ,
B . E . F ish e r , J .  M au ric io , a n d  I .  K lu n d t, J .  M ed . Chem ., 7, 574 (1964).

(4) P . L . W olf, J .  P . H o rw itz , J .  V azquez , J .  C h u a , a n d  M . A . D aR o o g e ,
A m er . J .  C lin . P a th o l., 44, 307 (1965).

(5) B . P e a rso n , M . A ndrew s, a n d  F . G rose , Proc. Soc. E x p tl .  B io l. M ed .,
108, 619 (1961).

(6) B . P ea rso n , P . L . W olf, a n d  J .  V azquez , L ab . In ves t., 12, 1249 (1963).
(7) R . J .  B a rn n e t t  a n d  A. M . S eligm an , Science, 114, 579 (1951).
(8) S. J .  H o lt ,  N ature , 169, 271 (1952).

infra)  em ployed  in  decid ing  th e  m echan ism  of th e  
ac id -ca ta ly zed  hyd ro ly sis  of re la tiv e ly  sim ple glycosides.

Experimental Section
Materials.—3-Indolyl-/3-D-glucopyranoside {mp 178-180° dec 

[a] 27d —65° (c 1.0, 50% aqueous DMF)J was purchased from 
the J . T. Baker Co, 5-Bromo-3-indolyl-(3-D-glucopyranoside 
[mp 260-261° dec, [a]%> —59° (c 1.0, 50% aqueous DMF)] and 
5-bromo-4-chloro-3-indolyl-/J-D-glucopyranoside {mp 240-243°, 
[a] 23d —89° (c 1.0, 50% aqueous DMF)} were prepared accord
ing to methods outlined in previous reports.3'4 The purity of 
these pyranosides was checked by tic on silica gel in butanol- 
water (86:14).

Spectrophotometry.—Spectrophotometric rates were deter
mined using a Cary Model 11 recording spectrophotometer which 
was equipped with cell jackets thermostated by a Haake Type 
F  constant-temperature bath. Both the jackets and the bath 
were joined in a series to a Thermo-Cool heat exchanger. This 
arrangement provided a temperature regulation of ±  0.02° over 
the desired range (47-65°). Rates were followed by observing 
the formation of 3a, b, and c a t670,600, and 660 mjti, respectively.

Beer-Lambert plots were utilized to ascertain the quantity of 
indigo (3) formed in the oxidation step. These plots, in turn, 
afforded a measure of the intermediate indoxyl (2) generated in 
the hydrolysis step. The procedure of Cotson and Holt9 was 
adopted for the preparation of the plots which is based on the 
spectrophotometric measurement of the rate of appearance of the 
dyes. When such oxidations are carried out in aqueous solutions, 
the dyes initially form colloidal suspensions, the stabilities of 
which are not suitable for making reliable optical measurements. 
The dye sols can be stabilized by inclusion of 0.5% polyvinyl 
alcohol so that their optical properties do not vary over several 
hours, and certainly not for the duration of the kinetic measure
ments. I t  was found that the Beer-Lambert laws were obeyed 
by the polyvinyl alcohol stabilized sols of the indigo dyes over 
the concentration range encountered. Accordingly, it was pos
sible to utilize optical densities directly in calculating velocity 
constants of the oxidation reactions.

<9) S . C o tso n  a n d  S . J . H o lt ,  Proc. R o y . Soc., B14S, 506 (1958).
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The following procedure is considered typical. 5-Bromo-4- 
chloro-3-indolyl-(3-D-glucopyranoside (lc, 17.5 mg) in 2 ml of 
ethanol was diluted to 100 ml by the addition of a deoxygenated 
solution of 0.5% aqueous polyvinyl alcohol. To 3 ml of 1.16 M  
hydrochloric acid, which had previously been swept with (99.9%) 
nitrogen, was added 3 ml of the stock solution of substrate (lc). 
The reaction mixture was maintained under a positive pressure 
of highly purified nitrogen10 until the hydrolysis of lc was com
plete (ca. ten half-life periods). Only in this manner was it pos
sible to prepare solutions of 2c of known strength, i.e., free of the 
product (3c) of oxidation.

Shortly before spectrophotometric measurements were to be 
made (as described below), 3 ml of the indoxyl solution was with
drawn using a nitrogen-filled pipet and emptied rapidly into 1 ml 
of oxygenated 0.5% polyvinyl alcohol. The reaction mixture 
was then quickly transferred to a 3.5-ml cuvette (10-mm path), 
the mixing and transfer requiring less than 30 sec. The cuvette, 
after shaking, was inserted in the thermostated block of the spec
trophotometer to initiate the recording of the absorbance change. 
I t  was found that the Beer-Lambert laws were obeyed by the 
polyvinyl alcohol stabilized sols of the indigo dyes over the con
centration ranges encountered.

Hydrolysis Procedure.—Solutions of 1 in aqueous hydrochloric 
acid were prepared as described in the previous section. The 
reactants consisting, for example, of 3 ml of 2.54 M  hydrochloric 
acid and 3 ml of the stock solution of substrate (3.43 X 10-4 M ) 
were elevated (individually) to the desired temperature by in
cubation in the constant-temperature bath, then mixed, and im
mediately transferred to the spectrophotometer. The procedure, 
in essence, was identical with that described above for the oxida
tion of 2 to 3 with exception that the hydrolysis was effected under 
aerobic conditions.

From a knowledge of the concentration of 3 and the initial 
concentration of 1 , the fraction of unreacted substrate could be 
calculated. Plots of the natural logarithm of the concentration 
of unreacted 1 vs. time were constructed and first-order rate 
constants were calculated by least-square straight-line fits. 
Duplicate rate constant determination agreed within ±2.5% .

Calculation of Activation Parameters.—Energies of activation 
were obtained from a minimum of five rate constants determined 
a t 47 , 50, 55, and 65°. When log k was plotted against 1/T, 
straight lines were obtained throughout. Entropies of activation 
were calculated from the relationship

TAS* = E  -  R T  -  R T  In (kT/h)  +  R T  In (k'/h„),

(10) M a th e ao n  h ig h  p u r i ty  g ra d e  n itro g e n  (99 .9% ) w as fu r th e r  p u rif ied  b y  
p ass ing  th e  g as  th ro u g h  a  t r a in  co n sis tin g  of co p p e r ox ide  (400°), so d a  lim e, 
m ag n es iu m  p e rc h lo ra te , a n d  m a n g an ese  ox ide  (150°), ac co rd in g  to  th e  p ro 
ce d u re  of K . E . F ra n c is  a n d  N . H od g e , A t. E nergy  Research E stab l., Q. B r it ., 
R e p t . R -3710 , 12 (1961); Chem . A b str ., 56, 12703 (1962).

where T = temperature of the hydrolysis, °K; k =  1.3805 X
10-16 erg deg-1  molecule-1; h =  6.6252 X 10-27 erg sec-1; k' 
= first-order rate coefficient, sec-1; ho = e~Bo (at T, °C).

Results
The selection of the particular 3-indolyl-/3-D- 

glucopyranosides was based on the earlier observation 
that 5-bromo (lb) and 5-bromo-4-chloro (lc) de
rivatives afford the most precise histochemical results.6'6 
The unsubstituted derivative (la) was utilized to 
evaluate, as a first approximation, the effect of the 
halogen (s).

The aerial oxidation of a number of haloindol-3-ols 
(2) to the corresponding indigo (3) has been studied 
kinetically over a pH range of 6-8.5 by Cotson and 
Holt.9 The velocity constant for the oxidation of
5-bromo-4-chloroindol-3-ol (2c), for example, which 
was generated from the hydrolysis of the 3-O-acetyl 
derivative was found to be 4 X 10~3 sec-1 at pH 8.0. 
However, the rate of oxidation was observed to de
crease sharply below pH 7.4. Accordingly, it was 
first necessary to demonstrate that the oxidation step 
in aqueous hydrochloric acid is not rate controlling in 
the conversion of 1 into 3. The methods of the English 
group9 were applied to the oxidation of 2c to 3c, which 
served as a model. The rate coefficients, compiled in 
Table I, were determined as a function of temperature 
at several concentrations of hydrochloric acid. The 
rate values, as will be shown in a succeeding section, 
were found to be significantly greater (c/. Tables I and

T a b l e  I
Rate Coefficients for the 

Air Oxidation o f  5-Bromo-4-chloroindol-3-ol 
to 5,5 '-D ibromo-4,4 '-dichloroindigo

A cid  m o la r ity T e m p , °C
R a te  coefficient 
kf X 106, s e c _1

1.16 47.2 10.65
2.95 47.2 8.65
3.70 47.2 7.82
3.70 49.5 9.30
3.70 55 14.70
3.70 60 22.00
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Figure 1.—Effect of hydronium ion concentration on the rate 
of hydrolysis of some indolyl-/3-D-glucopyranosides (Scheme I).

II) than the rate constant for the hydrolysis of lc at a 
corresponding acid molarity. An apparent energy of 
activation (Ef) of 17.5 kcal for the oxidation step was 
derived from a plot of In k vs. 1 /T.

T a b l e  II
R a t e  C o e f f i c i e n t s  f o r  t h e  H y d r o l y s i s  

o f  S o m e  3 - I n d o l y l -/3-d - g l u c o p y r a n o s i d e s  ( 1 )  
i n  H y d r o c h l o r i c  A c id

T em p ,

6X¿a , s e c “ 1-----
G lucoside °C 2.54 M 3.28 M 4.26  M 5.04  M

l a 55 0 .7 1 1 .1 1 2 .5 7 4 .4 8
5 6 .2 0 .8 9 1 .2 6 2 .7 8 6 .0 5
60 1 .3 5 2 .5 5 .5 1 0 .6
65 2 .5 1 4 .3 6 1 0 .4 1 8 .2

l b 4 7 .2 0 .7 5 1 .1 2 3 .0 2 5 .5
50 1 .1 5 2 .0 4 4 .5 7 8 .4 2
55 2 .3 1 3 .2 0 8 .4 2 1 5 .1 4
60 4 .5 7 5 .7 5 1 5 .9 7 2 7 .8 0

2.67 M 2.95 M 3.70  M 4 .80  M 5.40 M

l c 4 7 .2 0 .8 4 1 .1 3 2 .1 0 5 .0 8 .4 5
50 1 .2 1 1 .3 1 2 .8 1 7 .2 5 1 4 .8 0
5 6 .2 2 .5 4 3 .0 2 5 .5 0 1 4 .7 5 2 3 .6 5
60 4 .6 5 5 .3 1 7 .9 5 2 2 .9 0 3 5 .4 0

The observed first-order rate coefficients for the hy
drolysis of 1, at several different concentrations of hy
drochloric acid and at various temperatures, are shown in 
Table II. The rate constants for the halogen substi
tuted derivatives (lb and lc) are only slightly greater 
than those for the unsubstituted compound (la). Ap
parently, these substituents are too distant from the site 
of bond fission to be of any serious consequence in the 
rate-determining step.

Figure 1 shows plots of these same constants vs. hy
dronium ion concentration. The latter were calculated 
from the ionization of aqueous hydrochloric acid, ac
cording to the methods of Young, et cd.,lla and Lein- 
inger.1 lb It is apparent that the rate constants are nearly 
proportional to the hydronium ion concentration at low 
concentrations but increase rapidly above approximately 
1.5 M.

The activation energies and their estimated standard 
deviations (Table III) were calculated from least-squares 
straight-line fits of Arrhenius plots. No significant dif
ference in activation energies was detected over a range 
of hydronium ion concentrations. The relatively good 
agreement (cf. Table IV) between the observed rate co-

(11) (a) T . F . Y oung , L . F . M aran v ille , a n d  H . M . S m ith , “ T h e  S tru c tu re  
of E le c tro ly tic  S o lu tio n s,”  W . J . H am e r, E d ., J o h n  W iley  a n d  S ons, In c ., N ew  
Y o rk , N . Y ., 1959, p  48; (b) P . M . L e in inge r a n d  M . K ilp a tr ic k , J .  A m er. 
Chem . Soc., 60, 2892 (1938).

Table III
K inetic and Thermodynamic P arameters for the 

Hydrolysis of Some 3-Indolyl-/S-d-glucopyranosides 
in Hydrochloric Acid».6

G luco  fia AS=t cal AH-fc A f iT
side k ca l m o l“ 1 d e g “ 1 m o l“ 1 kca l m o l-1 kca l m o l-1

l a 28.4 ±  0.5 2.2  ±  0.2 27.7 ± 1 .0 27.0 ±  1.0
l b 27.8 ±  0.15 0.6 ±  0.01 26.75 ±  0.75 26.5 ±  0.5
l c 26.4 ±  0.4 0.4 ±  0.01 27.1 ±  1.0 26.9 ±  1.0
° Concentration of HC1 ranged from 2.54 to 5.04 M. 6 Reac-

tion examined over the temperature range of 47-60°.

efficients (k ') and the corresponding theoretical values 
(k), calculated from the relationship

k = AT” e-EIRT

supports the conclusion that the hydrolysis, and not the 
oxidation step, is rate determining.

T a b l e  IV
T heoretical and Experimental Rate Coefficients for 

the Hydrolysis of Some 3-Indolyl-/3-d-glucopyranosides 
in Hydrochloric Acid

R a te  c o n s ta n t, X  1 0 s e c -1
Temp, Theoretical Observed

Glucoside H C l, M °C k iV

l a 2 .5 4 55 0 .7 4 0 .7 1
5 6 .2 0 .8 7 0 .8 9
60 1 .4 1 1 .3 5
65 2 .5 7 2 .5 1

l b 2 .5 4 4 7 .2 0 .9 3 0 .7 5
50 1 .2 9 1 .1 5
55 2 .3 7 2 .3 1
60 4 .9 3 4 .5 7

l c 3 .7 0 4 7 .2 2 .6 5 2 .1 0
50 2 .9 5 2 .8 1
55 5 .5 8 5 .5 0
60 8 .1 5 7 .9 5

A solvent isotope effect was observed (cf. Table V) in 
the hydrolysis of 1 by measuring the reaction rates in 
normal and heavy water. The ratios of these constants

Table V
Rate Coefficients for the Hydrolysis of Some 
3-Indolyl-^-d-glucopyranosides in D20  and H20

Temp, ✓—-------- Rate constants X 105, sec -1------------*
Glucoside "C fc'H20 &'d20 &'D2oA 'h20

l a 55 0 .7 0 4 1 .3 5 1 .9 2
60 1 .3 0 2 .4 4 1 .8 8

l b 50 1 .1 0 2 .8 4 2 .5 8
60 4 .3 6 1 1 .1 0 2 .5 4

l c 50 1 .1 3 3 .0 4 2 .7 0
60 4 .4 5 1 1 .7 5 2 .6 3

(/c'dooA 'ido) are in a range (1.9-2.7) indicative of rapid 
pre-equilibrium protonation of the glucosides and of 
specific acid catalysis.12'18 Evidence for the molecularity 
of the slow step was derived from examination of the de
pendence of rate on acidity. Plots of log fc'obsd vs. H0 are 
straight lines (Figure 2) of virtually unit negative slopes 
(Table VI). This implies, according to the Hammett- 
Zucker hypothesis,14 that the rate-determining step in-

(12) (a) J .  G . P r i tc h a rd  a n d  F . A. Long, ib id ., 7 8 , 6008 (1956); 80, 
4162 (1958); (b) C . A. B u n to n  a n d  Y . J .  S h in er, J r . ,  ib id ., 83, 3207 (1961).

(13) (a) D . M c In ty r e  a n d  F . A. Long, ib id ., 7 6 , 3240 (1954); (b) F . A . 
Long a n d  M . A. P a u l, Chem. Rev., 6 7 , 938 (1957).

(14) (a) L. Z u c k er a n d  L . P . H a m m e tt ,  J .  A m er. Chem . Soc., 61 , 2791 
(1939); (b) L . P . H a m m e tt ,  “ P h y s ic a l O rgan ic  C h e m is try ,” M cG raw -H ill 
B ook  C o ., In c .,  N ew  Y ork , N . Y ., 1940, p  273.
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Figure 2.—Hammett-Zucker plot (log k vs. Ho) for the hydrolysis 
of 1 in hydrochloric acid.

T a b l e  VI
S l o p e s  D e r i v e d  p r o m  P l o t s  o f  H a m m e t t - Z u c k e r

a n d  B u n n e t t  P a r a m e t e r s

T e m p H a m m e tt -Z u c k e r B u n n e t t  (w )
G lucoside R ange , °C s lope  v a lu es s lope  v a lu es

la 55-65 -0 .9 7 0  ±  0.03 + 0.2  ± 0.02
lb 47.2-60 -0 .9 7 0  ±  0.005 + 0 .25  ± 0 .0 3
lc 47.2-60 -0 .9 5 0  ± 0 .0 0 3 + 0 .33  ±  0.01

volves unimolecular decomposition of the conjugate acid 
without participation of water (Al). However, Tim- 
ell15 16 has recently shown that, in the hydrolysis of methyl 
a-D-glucopyranoside, the requirement of unit slope is only 
approximately fulfilled in three of four mineral acids 
examined. For this reason, acidity dependence was in
vestigated by the method of Bunnett.16 Plots of log 
*'obsd +  Ho vs. aHso for the three glucosides were straight 
lines (Figure 3) with slopes (“w” parameter) in the range 
of +0.2 to +0.4 (cf. Table VI). These slopes are nar
rowly within the range of w values (+0.4 to —5.0) for 
the acid-catalyzed hydrolysis of glycopyranosides which 
are classified by Bunnett as proceeding by the unimo-

(15) T . E .  T im ell, C an. J .  Chem ., 42 , 1456 (1964).
(16) J .  F .  B u n n e t t ,  J .  A m er . Chem . Soe., 83 , 4956, 4968, 4973 ,4 9 7 8  (1961).

lecular mechanism. I t is pertinent to note, however, 
that a distinction in mechanism in the case of certain 
glycosides, made on the basis of this criterion, is not in 
accord with conclusions reached from interpretation of 
entropy data.17

In view of the doubts associated with rate-acidity cor
relations as a basis for predicting molecularity, additional 
evidence was deemed necessary to decide the mechanism 
of hydrolysis of 1. Accordingly, the thermodynamic 
activation parameters of the three glucosides were cal
culated on the basis of the theory of absolute reaction 
rates.18 The method of determination of specific rates 
utilized in the calculation of the free energies of activation 
was described above. The activation energies used, in 
turn, to calculate the enthalpies of activation were aver
age values taken over the range of hydronium ion con
centration examined. The results are listed in Table III. 
I t is apparent that the enthalpies of activation for the 
three glucosides are essentially the same and the small 
differences in the rate constant are, accordingly, a con
sequence of the entropy function.

Discussion
The mechanism generally accepted for the acid-cat

alyzed hydrolysis of simple alkyl glycopyranosides is that 
first suggested by Edward.19 I t  involves a rapid, equi
librium-controlled protonation of the glycosidic oxygen to 
give the corresponding conjugate acid (Scheme II, 4a). 
In the rate-determining step, 4a decomposes in a uni
molecular heterolysis (Al mechanism) to form an al
cohol and a carbonium-oxonium ion (5), which reacts 
with water to form glucose (7a). However, the sug
gestion has been made that some glycopyranosides hy
drolyze by the A2 mechanism16 which is characterized by 
the presence of a molecule of water in the transition 
state (6). If the reaction were bimolecular, then the

(17) L . L . S cha leger a n d  F . A . L ong , A d va n . P h y s . Org. Chem ., 1, 1 (1963).
(18) A . A . F ro s t  a n d  R . G . P ea rso n , “ K in e tic s  a n d  M ech an ism ,”  Jo h n  

W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1963, p  77.
(19) J .  T . E d w a rd , Chem . I n d . (L o n d o n ), 1102 (1955).
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* 5-BR0M0-4-CHL0R0 DERIVATIVE 65.2*40.02
* 5* BROMO DERIVATIVE 55"4 0.0Z
* UNSUBSTITUTED DERIVATIVE 55*40.02—I-----1-------1------1------1------1------1

-0.03 -006 -0.09 -OIS -0.15 -0J9 -Oil 
Log a Hj0

Figure 3.—Bunnett plot (log k +  Hu vs. log ohjo) for the hydrol
ysis of 1 in hydrochloric acid.

transition step would constitute a more highly ordered 
structure than the ground state (4a). This would result 
in a decrease in entropy and AS * would tend to be neg
ative. The unimolecular reaction, on the other hand, 
presents a less ordered transition state relative to 4a and, 
AS* should be positive.

The AS * values for 1 are all narrowly positive (c/. Table
III) and, as such, are in accord with the fact that uni
molecular acid-catalyzed hydrolyses usually exhibit en
tropies of activation near zero, though exceptions are 
known.17'20 Moreover, the entropy data, when viewed 
in context with other criteria of molecularity that have 
been examined in this study, constitute convincing evi
dence for the A1 mechanism. On the other hand, the ob
served entropies of activation are considerably lower than 
the mean of +13.7 eu reported by Overend and co
workers21 for 24 glycosides for which the A1 mechanism 
has also been suggested. It might be argued that this 
difference indicates a change of mechanism, possibly 
some participation by water in the transition state, i.e., 
partial A2 character. However, the incursion of the A2 
mechanism in the case of pyranosides encounters the ob
jection that nucleophilic attack on a six-membered ring 
is a slow process.22

An alternative explanation of the low entropy values 
can be derived by assuming that the 3-indolyl-/3-n-glu- 
copyranosides, unlike the simple alkyl derivatives, react 
with ring opening; that is, the reactive conjugate acid 
(4b) is the ring-protonated species, shown in Scheme III. 
Obviously, the requirement of rapid proton transfer, indi
cated by the solvent isotope effect, is satisfied by either 
conjugate acid (4a or b). Attack by water concerted 
with ring opening would lead to an acyclic hemiacetal (8) 
and ultimately to glucose (7b) in a manner analogous to 
that suggested by Capon23 for furanosides. The ob
served rate constant would be given by k'ohsd = k j i  where

(20) R . K . C h a tu rv e d i a n d  E . H . C o rdes , J .  A m er. Chem . Soc., 89 , 4631 
(1967).

(21) W . G . O verend , C . W . R ees, a n d  J .  S . S eque iva , J .  Chem . Soc., 3429 
(1962).

(22) E . L . E lie l, “ S te re o ch em istry  of C a rb o n  C o m p o u n d s ,” M cG raw -H ill 
B ook  C o ., N ew  Y o rk , N . Y ., 1962, p  265.

(23) B . C a p o n  a n d  D . T h a c k e r , J .  Chem. Soc ., 185 (1967).

S c h e m e  I I I
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K  is the equilibrium constant for the initial proton trans
fer reaction. The observed entropy of activation would 
then be AaS'* = AS0 +  AS2 * where AS0 is the standard 
entropy of proton-transfer. The latter is normally pos
itive and, in addition, usually large.24 While AiŜ * is 
negative, since it is the entropy of activation of the bi- 
molecular reaction (fc2) between the ring-protonated con
jugate acid and water, the observed entropy of activation 
(AtS*) might still be positive if AS0 is dominant.26

The possibility of an acyclic ion was considered along 
with a carbonium-oxonium ion by Vernon and cowork
ers26 in connection with the unimolecular mechanism. 
There remains the problem of distinguishing experi
mentally between these possibilities and consequently the 
argument still rages. One obj ection to the ‘ ‘open-chain’ ’ 
mechanism is that it would lead to extensive anomeriza- 
tion unless recyclization of the carbonium ion is much 
faster than rotation about the C1-C2 bond. No effort 
was made to resolve this question in the present study, 
but it should be noted that attack by water concerted 
with ring opening overcomes this objection. However, 
this interpretation, while it perhaps provides a more sat
isfactory explanation of the observed entropy data, 
stands in contradiction to the molecularity of the slow 
step as established on the basis of rate vs. acidity studies.

It is apparent that uie present data precludes a firm 
choice between the several mechanistic possibilities. 
However, the bulk of the evidence favors an A1 mecha
nism for the acid-catalyzed hydrolysis of 1.

R e g is try  N o — la ,  16934-10-4; lb ,  16934-09-1; lc ,  
15548-60-4.

(24) E . W h a lley , T ra n s . F araday Soc., 55, 799 (1959).
(25) B ecau se  of th e  h igh  v a lu es  of A&° t h a t  c a n  o ccu r, a n  o b se rv e d  e n tro p y  

of a c tiv a t io n  of + 1 0  eu , a cco rd in g  to  W h a lley  (see re f  24 ), c a n n o t b e  con
sid ered  to  p ro v e  o r even  to  suggest s tro n g ly  a n  A l  m echan ism .

(26) C . A . B u n to n , T . A . L ew is, R . L lew ellyn , a n d  C . A . V ernon , J ,  Chem . 
Soc., 4419 (1955).
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K inetics o f the N itric Acid Oxidation o f Nitrosophenol to N itrophenol1
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The oxidation of nitrosophenol to nitrophenol with dilute nitric acid (0.40 M ) in 20% dioxane-80% water has 
been studied kinetically by following the rate by ultraviolet spectrophotometry. The rate was much faster than 
that of nitrosobenzenes2 and, hence, the enhancement of the rate could not be explained by means of the ordinary 
substituent effect by a hydroxyl group. The rate is expressed as v = k ' [nitrosophenol] [HN03], the rate being 
increased with acidity of the solution. The rate is independent of nitrous acid concentration. A possible mecha
nism is discussed on the basis of these observations, and it is suggested that the rate-determining step for oxida
tion of nitrosophenol is different from that for other nitrosobenzenes.

In our previous report2 on the nitric acid oxidation of 
nitrosobenzenes to nitrobenzenes, p-nitrosoanisole was 
eliminated from the measurement of substituent effect 
because of its susceptibility to hydrolysis giving p- 
nitrosophenol. Afterward, p-nitrosoanisole was found 
to yield p-nitrophenol. Since p-nitroanisole was not 
hydrolyzed under these conditions, the main reaction 
should go by way of p-nitrosophenol (eq 1).

H20 hnos
CH3OC6H4NO — >- HOC6H4N O ------->  H 0C 6H4N 02 (1)

Nitrosophenol is more rapidly oxidized than nitroso- 
benzene by nitric acid; the oxidation is rapid and 
quantitative even in 20% dioxane at 40°, whereas 
nitrosobenzene is hardly oxidized under these condi
tions. Hence, the rate of nitrosophenol is difficult to 
compare with those of other nitrosobenzenes.

In the present paper, nitrosophenol was oxidized by 
0.4 M  nitric acid in 20% dioxane at 40°, and the rate 
was followed by means of ultraviolet spectrophotom
etry to elucidate the mechanism.

R e su lts  an d  D isc u ss io n

E ffect o f N itro u s  A cid  and  O th er  A d d ed  C om pounds.
•—The removal of nitrous acid by the addition of urea 
results in the appearance of a long induction period 
(Table I), and, hence, the remarkable enhancement of

Table I
E ffect of Various Added Compounds in the N itric Acid

Oxidation of N itrosophenol in 20% D ioxane at 40° 
(Initial Concentration: [nitrosophenol] =

0.0535 M, [HN03] = 0.40 M)

C o m p d
a d d e d M

In d u c tio n
period ,

m in

F irs t-o rd e r  r a te  
c o n s ta n t, 104fc, 

s e c -1

None >100
CO(NH2)2 0.1 >100
NaNCb 0.005 2.40
N aN 02 0.007 2.22
NaNOi 0.01 2.62
NaNCb 0.005“ 3.72
NaNCb +  BPO1 0.005 +  0.005“ 3.49
BPO1 0.005“ >65
AIBN' 0.005“ >65

<* Experiments in 40% dioxane. 6 Benzoyl peroxide. '  Azobis- 
isobutyronitrile.

the oxidation by introducing hydroxyl group into 
nitrosobenzene could not be explained by assuming 
nitric acid or nitrate ion as attacking species, in addition

(1) C o n tr ib u tio n  N o . 109.
(2) Y . O g a ta  a n d  H . T e z u k a , J .  A m er. Chem . S o c 89, 5428 (1967).

to nitrogen dioxide proposed for the nitric acid oxidation 
of nitrosobenzene. Nitrous acid is an effective initiator 
of the present reaction. I t  is of interest to note that 
the rate constant is independent of the concentration 
of added nitrous acid (Table I ) ; this behavior was not 
observed with the other nitrosobenzenes.

Ordinary initiators in radical reactions such as 
benzoyl peroxide (BPO) and azobisisobutyronitrile 
(AIBN) neither initiate the reaction nor affect the 
oxidation rate, probably because such initiators decom
pose hardly at their low temperature such as 40° 
(Table I).

T h e  R a te  E q uation .—A typical first-order rate equa
tion with respect to nitrosophenol was obtained in 
excess nitric acid. The rate constants do not vary with 
changing initial concentration of nitrosophenol (Table 
II). Hence, the rate, with an excess of nitric acid, is 
expressed &sv = k [nitrosophenol].

T able II
F irst-Order Rate Constants for the N itric Acid 
Oxidation of N itrosophenol at Various I nitial

Concentrations of Reactants in 20% D ioxane at 40°
[N itro so p h en o l] , M [H N O i], M 104&, sec' 1

0.0527 0.40 2.46
0.0436 0.40 2.69
0.0316 0.40 2.38
0 .0 2 0 2 0.40 2.46
0.0538 0 . 1 0 4.72“
0.0538 0 . 2 0 12.3“
0.0546 0.30 14.8“
0.0546 0.40 21.4“
0.0573 0.50 26.9“

“ Values obtained in the presence of 0.20 M  sulfuric acid. 
These values were corrected to those at ito = 0.

The rate increased with nitric acid concentration, the 
plot of log k vs. log [HN03] giving a straight line with a 
slope of ca. unity, if the k values are corrected to those 
at Ho — 0 to eliminate the acidity effect (Table II). 
Hence, the rate is expressed as v = k' [nitrosophenol]- 
[HNOs]. The rate is independent of the concentration 
of nitrous acid, and this behavior was not observed with 
other nitrosobenzenes.

E ffect o f  A cid ity  o f  S o lu tio n .—On addition of sulfuric 
acid, the reaction was accelerated. The plot of log 
k vs. H0 gave a straight line with a slope of —1.2 
(Figure 1). I t  was confirmed spectrophotometrically 
that the tautomerism between nitrosophenol and 
benzoquinone oxime, or their dimerization (see later), 
was not affected by the acidity of media; be., absorption 
spectra at ca. 700 mg varied little by changing acidity 
in the present reaction.
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Figure 1.—Plots of log k vs. acidity function for the nitric acid 
oxidation, of nitrosophenol in  the presence of sulfuric acid in 20% 
dioxane at 40°.

dimerization of nitrosophenoi seems to occur to a 
fairly small extent. The observed solvent effect on the 
t values probably is not due to the change in the extent 
of tautomerization but to change in the extent of 
dimerization because the variation of e values with 
varying solvent composition is nearly comparable with 
that of nitrosobenzene, which dimerizes but does not 
tautomerize (Table III). However, the fact that the 
solvent effect on oxidation of nitrosophenoi is larger 
than that of nitrosobenzene may be explained by as
suming a rate-determining homolytic formation of 
nitrophenol as will be discussed below.

E ffect o f  T em p era tu re .—The first-order rate con
stants (10-4sec-1) were 0.772, 1.41, 2.40, and 5.68 at 30, 
35, 40, and 45°, respectively. An Arrhenius plot 
afforded a straight line, which gave the values of 25 
kcal/mol and 4.6 eu for the apparent energy and 
entropy of activation, respectively.

T h e  M ech a n ism .—The oxidation of nitrosophenoi is  
much more rapid than that of nitrosobenzene, and its 
rate is independent of nitrous acid concentration. 
A possible mechanism is given in Scheme I.

T h e  S o lv e n t E ffect.—The rate constant k increases 
with an increase of the dioxane content in the solvent 
in spite of decreasing acidity. This phenomenon has 
been observed in nitric acid oxidations of some organic 
compounds,2-4 and it has been explained in terms of 
the increasing concentration of attacking species, 
probably nitrogen dioxide, with the rise of dioxane con
tent.2-4 This solvent effect is much larger than that 
for nitrosobenzene, and this fact suggests that the effect 
is due not only to changes in nitrogen dioxide concentra
tion but also to other factors.

T a b l e  III
E ffect of Solvent Composition on the F irst-Order R ate 

Constants for the N itric Acid Oxidation 
o f  N itrosophenol at 40°

(Initial Concentration : [HN03] =  0.40 M , [NaNCb] =
0.005 M, [nitrosophenol] =  0.0560 M )

Dioxane, % € 104fc, sec-1 Ha

20 2.0« ( - ) 6 2.40(0 .15)' 0.76
40 3.7« (38)6 3.72(1)' 1.29
60 6.6“ (4416 12.5(19)' 1.91

“ Molar extinction coefficient of nitrosophenol at ca. 700 mp. 
0 Molar extinction coefficient of nitrosobenzene at ca. 750 mu. 
'  Relative rate constants compared at constant acidity.

Light absorption at about 700-750 mp is char
acteristic of the nitroso group.5 The molar extinction 
of nitrosophenol is very small at this wavelength be
cause of the dimerization of nitrosophenol and/or the 
tautomerism of nitrosophenol to benzoquinone oxime.6 
The absorption of nitrosophenol in dioxane-water at 
ca. 700 mp increases with increasing dioxane content 
in the solvent in parallel with an increase of the rate 
constant (Table III). Hence, the rate may depend 
on the extent of dimerization and/or tautomerization. 
The observed degree of dimerization of nitrosobenzene 
also depends on the content of water in water-organic 
solvent and it is small (Table III). Similarly the

(3) Y . O g a ta , H . T e z u k a , a n d  Y . S aw ak i, Tetrahedron , 23 , 1007 (1967).
(4) Y . O g a ta  a n d  Y . S aw aki, J .  A m er. Chem . Soc., 88 , 6832 (1966).
(5) A . S cho rs , A . K ra a ije v e ld , a n d  E . H av in g a , Rec. Trav. C h im . P a ys-B a s, 

74 , 1243 (1955).

S c h e m e  I

H+ +  NOT = < = ^  HN03
step 1

HN03 +  HN02 2-N02 +  H20

HO

•NOj 
Btep 4

■Ñ—O-NOü

, 2 N02 
M U p 4 ’

o - O C
ONO

M S . IV

HO- ■N—O—NOjs 

ONO

step 5'

n

H20 
step 6 in step 6'

+  HNO,

Nitrosophenol is in equilibrium with benzoquinone 
oxime,6-6 and both species may be attacked. The 
most probable pathway involves an attack of nitrogen 
dioxide on the nitroso group in the same way as on

(6) L . C . A nderson  a n d  M . B . G eiger, J .  A m er , Chem . Soc ., 54, 3064 (1932).
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nitrosob en zen e. T h e  ra te-d eterm in in g  step  for n i- 
trosob en zen e is  s tep  4 ,2 b u t  in  th e  p resen t reaction , th e  
rate sh ou ld  be  d eterm in ed  b y  step  7 in stea d  o f  s tep  4  
b ecau se  th e  ra te  is in d ep en d en t of n itrou s acid  con 
cen tration . T h e  tw o  n itrogen  d iox id e  rad ica ls in  
step s  4 and  5 are eq u iv a len t to  a  n itrou s acid  in  s tep  2 
and  th u s  can cel in  th e  ra te  eq u a tio n  y ie ld in g  th e  
re la tion  g iv en  in  eq  4 . S in ce  th e  slow  step  for n i
trosob en zen e is n o t  slow  in  th e  p resen t reaction , n i
trosop h en o l m a y  be m u ch  m ore rap id ly  ox id ized  th an  
nitrosob en zen e. In  th e  p resen t reaction , s tep  4 m a y  
p rob ab ly  be rapid  b ecau se  o f th e  sta b le  in term ed ia te  
of th e  sem iq u in o n e-ty p e  rad ica l I.

G enerally , a lk y l n itr ite s  are ea s ily  h y d ro ly zed ,7 
b u t i t  is  obscure w h eth er  n itra te  I I  is  d ecom p osed  via 
h y d ro ly sis  or d irec tly  as in  n itr ic  acid  o x id a tio n  o f  
n itrosob en zen es. T h e  rev ersib ility  of th e  h y d ro ly sis
(6) is  required  for th e  ex p la n a tio n  of th e  in d ep en d en ce  
of ra te  on  th e  n itrou s acid  con cen tra tion . T herefore, 
th e  prelim in ary  h y d ro ly s is  o f th e  n itr ite  m a y  occur also  
w ith  o th er  n itrosob en zen es. A ccord ing  to  th e  ord inary  
3 e lim in a tion , n itrosop h en o l shou ld  b e  form ed  in stead  
o f n itrop h en o l b u t  y  e lim in a tio n  to  form  n itrop h en o l 
also m a y  occur as in  Sch em e II .

Schem e II

HO— N0 N0 2 

OH 

HI

T h e  e lim in a tio n  o f n itrou s or n itr ic  acid  from  in ter
m ed ia te  I I I  m a y  occur b y  a  polar m ech an ism  as H +  
p lu s N 0 2-  or N 0 3~ , b u t  i t  seem s less probable, 
sin ce  th e  o x id a tio n  is  m ore retarded  in  m ore polar  
so lv en ts  su ch  as w ater-r ich  d ioxan e (T a b le  I I I ) . T h ere
fore, in term ed ia te  I I I  p rob ab ly  d ecom p oses h o m o ly t-  
ica lly  rather th a n  h e tero ly tica lly  in  an a lo g y  to  th e  
d isso c ia tio n  o f d in itrogen  te tro x id e . E v e n  if n i
trosop h en o l and  n itr ic  acid  m a y  be form ed  from  I I I ,  
th e  p rod u cts  are th e  orig in a l rea c ta n ts . H en ce , th e  
rate  o f th e  form ation  o f n itrop h en o l dep en d s on  S ch em e  
I I ;  i.e., fc7 is  in d ep en d en t o f th e  ra te  o f rep rod u ction  of 
nitrosop h en o l, kr -. T h e  sim ilar h o m o ly tic  y  e lim 
in a tio n  is ex p ected  for th e  form ation  o f n itr ile  ox id e  
fro m n itro lic  acid , i.e., eq  2 .8

N 0 2

P h i= N —OH — >- P h f e N —O +  HNO, (2)

S c H N - O H  
i r  r

r n  > to

m
V N° 2 (3) 
R n N02

to  in term ed ia te  IV  and  th en  V . T h e  n itroso  group  
m a y  n a tu ra lly  rearrange h o m o ly tica lly  to  th e  ox y g en  
a to m  o f carbonyl group, b ecau se  o f th e  form ation  of a  
sta b le  ben zen e ring b y  th e  e lim in a tio n  o f e ith er  n itro  
or n itroso  group  from  V . T h e  rearrangem en t o f n itro  
group  g iv e s  rise to  th e  in it ia l s ta te . N o  further  
ox id a tio n  o f th e  n itroso  group  in  V  is  lik e ly , sin ce  th e  
rearrangem ent shou ld  be fa ster  th a n  th e  o x id a tio n  
b ecau se  o f th e  retard ing  e ffec t on  o x id a tio n  exerted  b y  
th e  e lec tro n -a ttra c tin g  gern-mim group as in  th e  
o x id a tio n  o f m -n itron itrosob en zen e .2

T h e  m ech an ism  in  eq  3 lead s to  a ra te  law  (eq 4)

V  =  * , [ 1 1 1 ]  +  * e ' [ V ]

=  { K i K i f a K z K i  +  h ' K s ' K i ' K J / i  1 +  ITj)] X
[H +] [NOj-](o — x) (4)

w here a =  in itia l con cen tra tio n  o f n itrosop h en o l. T h e  
ra te  eq u a tio n  is co n s is ten t w ith  th e  ob served  ra te  
expression . T h e  in itia l a tta c k  on  th e  n itrogen  a tom  of 
ben zoq u in on e ox im e b y  n itrogen  d iox id e  seem s to  be  
preferred to  th a t  on  th e  carbon  a tom . I n  sp ite  o f a 
large equ ilibrium  co n sta n t, K 3, in  organic so lv en ts ,6 
th e  electrop h ilic  rad ica l a tta c k  o f n itrogen  d iox id e  on  
th e  o x y g en  a to m  of n itrosop h en o l is p ro b a b ly  m ore  
favorab le  th a n  th a t  on  th e  n itrogen  a to m  of th e  ox im e  
b ecau se  of th e  m ore e lec tro n eg a tiv e  n a tu re  o f ox y g en  
atom . H en ce , i t  is im p ossib le  to  d ec id e  here if  th e  
m ain  p a th w a y  is via n itroso  or via oxim e.

T h e  fa c t  th a t  th e  s lo p e  o f a  lin e  o b ta in ed  from  th e  
p lo t o f log  k vs. Ho is — 1.2 in stea d  o f — 1 su g g ests  th a t  
p ro to n a ted  n itrogen  d iox id e  ( H N 0 2- +) m a y  p a rtic ip a te  
a  l it t le  as an a tta ck in g  sp ecies in  a  para lle l rea c tio n ,2-4 
a lth o u g h  n itrosop h en o l is  so  rea c tiv e  th a t  i t  need s  
a lm o st no  h ig h ly  rea c tiv e  sp ecies su ch  as H N 0 2- + 
for th e  p resen t reaction  and  hence, N 0 2- is th e  principal 
a tta ck in g  species.

S id e  reaction s m a y  occur, b u t th e ir  ra tes are ex 
trem ely  s low  and h en ce th e y  are h ard ly  d etectab le , 
u n less th e  reaction  m ixtu re  is  tr ea ted  for sev era l hours  
w ith  n itric  ac id  from  w h ich  n itrou s acid  h as been  
rem oved  b y  ad d itio n  o f urea.

E xp er im en ta l S ec tio n

Materials.—p-Nitrosophenol was prepared by nitrosation of 
phenol10 and recrystallization from methanol: mp 135-136° dec 
(lit.11 mp 135-136°); Xmax 300 (c 18,500). p-Nitrophenol had 
mp 113° (lit.12mp 113-114°); uv bands at Xmai  312 mu (e 10,000).

Kinetic Procedure.—The rate was measured by the same 
method as that in the previous report2 except that the extract was 
washed with saturated aqueous sodium chloride instead of 
aqueous sodium bicarbonate. p-Nitrosophenol was not always 
extracted completely and the content of p-nitrophenol was 
measured by means of a simultaneous equation at the following 
wavelengths: p-nitrosophenol, 290 m/t (e 16,600), 312 (16,700); 
p-nitrophenol, 290 (6590), 312 (10,000).

R eg istry  N o .— p -N itro so p h en o l, 104-91-6; p -n itro 
p h en o l, 100-02-7; n itr ic  acid , 7697-37-2 .

S in ce  ox im es can  b e  ox id ized  b y  n itrogen  d iox id e  as  
sh ow n  in  eq  3 8'9 b en zoq u in on e  ox im e m a y  b e  ox id ized

(7) A. D. Allen, J .  C h em . S o e ., 1968 (1954).
(8) J .  H. Boyer and H. Alul, J .  A m e r .  C h em . S o c ., 81, 4237 (1959).
(9) J. L. Riebsomer, C h em . R e o ., 36, 183 (1945).

(10) C. S. Marvel and P. K. Porter, “Organic Syntheses,” Coll. Vol. I, 
John Wiley and Sons, Inc., New York, N. Y., 1956, p 411.

(11) J. T. Hays, E. H. de Butts, and H. L. Young, J .  O rg . C h e m ., 32, 153 
(1937).

(12) N. V. Sidgwick, W. J. Spurrell, and T. E. Davies, J .  C h em . S o c ., 107, 
1202 (1915).
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M icrobiological Oxygenation of A licyclic Am ides
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Continuing our broad study of the microbiological oxygenation of simple monocyclic systems, a series of 
N-cycloalkylamides and N,N-dicycloalkylamides was subjected to fermentation by Sporotrichum sulfwrescens. 
Consonant with the hypothetical enzyme-substrate model proposed earlier, N-cyclododecylacetamide was mono- 
oxygenated at the 5, 6, and 7 positions, while a variety of N-cyclohexylamides and N-cycloheptylamides under
went oxygenation a t the 4 position. N-Cyclooctylamides gave two products, thought to be monoxygenated at 
the 4 and 5 positions. When confronted with two alicyclic rings of different sizes in the same N,N-dicycloalkyl- 
acetamide molecule, the organism seemed to prefer the cycloheptyl to the cyclohexyl ring, and showed little 
tendency to attack a cyclopentyl ring.

The hypothetical enzyme-substrate model proposed1 
for the microbiological oxygenation of monoalicyclic 
alcohols such as cyclododecanol suggested as an ad
ditional line of investigation the microbiological oxy
genation of cycloalkylamines. When cyclododecyl- 
amine was exposed to Sporotrichum sulfurescens ATCC 
7159 in a complex nutrient medium a mixture of N- 
(hydroxycyclododecyl) acetamides was obtained that 
was oxidized to a mixture of N-(oxocyclododecyl)- 
acetamides with Jones chromic acid reagent.2 3 Ap
propriate chromatography and crystallization afforded 
N-(6-oxocyclododecyl) acetamide as the preponderant 
product, a lesser amount of N-(7-oxocyclododecyl)- 
acetamide, and a very small amount of N-(5-oxocyclo- 
dodecyl)acetamide. The same products were obtained 
when N-cyclododecylacetamide was used as the sub
strate. Evidently N-acetylation (either microbial or 
chemical) is a necessary prerequisite to ring hydroxyla- 
tion, since a variety of other microorganisms failed to 
acetylate or hydroxylate cyclododecylamine, but readily 
hydroxylated N-cyclododecylacetamide. Even S. sul
furescens failed to bring about hydroxylation of cyclo
dodecylamine when the fermentation was conducted in 
Czapek-Dox medium, under which conditions N- 
acetylation did not take place.

Unequivocal structure proofs were carried out for the 
isomeric N-(5-, 6-, and 7-oxocyclododecyl)acetamides, 
wherein each compound was reduced with sodium 
borohydride to the corresponding N-(hydroxycyclo- 
dodecyl)acetamide, which was acetylated. Treatment 
of the N-(acetoxycyclododecyl)acetamide with dinitro
gen tetraoxide by the method of White8 gave the N- 
nitroso product, with subsequent elimination of nitro
gen and rearrangement to the diacetate. Hydrolysis 
and subsequent chromic acid oxidation led to the pre
viously described cyclododecanediones.1’4

Attempted microbial hydroxylation of N-cyclohexyl- 
acetamide was not successful, perhaps for the same 
reasons presented in the earlier1 discussion of experi
ments with cyclohexanol. When the microorganism 
was presented with the more lipophilic N-cyclohexyl- 
benzamide, hydroxylation to N-(4-hydroxycyclohexyl)- 
benzamide took place. The structure of this product 
was established by oxidizing it to the keto derivative, 
which was identical with N-(4-oxocyclohexyl)benz- 
amide synthesized from 4-hydroxycyclohexylamine.6

(1) G . S. F o n k e n , M . E . H e rr , H . C . M u rra y , a n d  L . M . R e in ek e , J .  
A m er . Chem ., 89 , 672 (1967).

(2) K . B ow den , I .  M . H e ilb ro n , E . R . H . Jo n es , a n d  B . C . L . W eedon , 
J .  Chem . Soc., 39 (1946).

(3) E . H . W h ite , J .  A m er. Chem . Soc., 77 , 6008, 6011 (1955).
(4) E .  T . N ile s  a n d  H . R . S n y d er, J .  Org. Chem ., 26 , 330 (1961).

Similarly, microbial hydroxylation of benzyl cyclo- 
hexylcarbamate6 gave benzyl 4-hydroxycyclohexyl- 
carbamate, identical with material synthesized by 
N-acylation of 4-hydroxycyclohexylamine with car- 
bobenzoxy chloride. Microbial hydroxylation of N- 
cyclohexyl-p-toluenesulfonamide gave, after Jones 
reagent oxidation, N-(4-oxocyclohexyl)-p-toluenesul- 
fonamide identical with synthetic material obtained 
by N-acylation of 4-hydroxycyclohexylamine with 
p-toluenesulfonyl chloride followed by Jones reagent 
oxidation.

Microbial hydroxylation of N-cycloheptylbenz- 
amide,7 N-cycloheptyl-p-toluenesulfonamide, and ben
zyl cycloheptylcarbamate gave (in each case after 
Jones reagent oxidation to convert alcohol-ketone 
mixtures entirely into ketone) the corresponding 4-oxo 
compounds. The structures for these compounds were 
established by synthesis, using diazomethane ring ex
pansion of the corresponding 4-oxocyclohexyl com
pounds.

Interestingly, although the N-(4-oxocycloheptyl)- 
benzamides obtained by bioconversion and by synthesis 
had identical infrared and nmr spectra, the bioconver
sion product was optically active whereas the synthetic 
product was a racemate. The same racemate was ob
tained by reduction of microbially produced N-(4- 
oxocycloheptyl)-p-toluenesulfonamide to 4-hydroxy- 
cycloheptylamine, followed by benzoylation, and oxida
tion. Thus the microorganism apparently attacks 
stereoselectively at one of the 4-methylene groups when 
the nitrogen bears the benzoyl group, but not when it 
bears the p-toluenesulfonyl group. In the case of the 
benzyl cycloheptylcarbamate bioconversion, the optical 
activity of the product was of such a low order that it is 
impossible to assess possible stereospecificity with the 
present data.

Microbial hydroxylation of N-cyclooctyl-p-toluene- 
sulfonamide gave two keto amides whose structures 
have not been established unequivocally. The higher 
melting compound is tentatively assigned the structure 
N-(5-oxocyclooctyl)-p-toluenesulfonamide on the basis 
of its anomalous nmr spectrum, which suggests that the 
material exists as an equilibrium internal redox mix
ture of keto amide and N-(5-hydroxycyclooctylidene)- 
p-toluenesulfonamide. The transannular redox reac
tion would be consistent with a 1,5 relationship of the

(5) E . F e rb e r  a n d  H . B ru ck n e r, B er., 72 , 995 (1939).
(6) A. B . F o s te r , M . S ta c y , a n d  S. V. V ard h e im , A c ta  Chem. S cand ., IS , 

281 (1959).
(7) M . M o u ssero n , R . J a c q u ie r , a n d  H . C h ris to l, B u ll. Soc. C him . F r ., 24 , 

346 (1957).



Vol. 33, N o . 8 , A u g u s t 1968 A licy clic  A m id es  3183

functional groups. The lower melting compound is 
tentatively assigned the structure N-(4-oxocyclooctyl)- 
p-toluenesulfonamide by elimination of alternatives via 
consideration of the nmr spectrum.

By melting point analogy to the N-cyclooctyl-p- 
toluenesulfonamide compounds, the higher melting 
keto amide from microbial hydroxylation of N-cyclo- 
octylbenzamide is tentatively considered to be N-(5- 
oxocyclooctyl)benzamide, and the lower melting com
pound N- (4-oxocy clooctyl) benzamide.

N,N-Dicycloalkylacetamides should also fulfill the 
polarity (lipophilicity) and geometry requirements of 
the enzyme-substrate model. The dicycloalkyl amide 
system would be expected to be particularly useful for 
measuring the relative effects of ring conformations 
and sizes on the tendency to hydroxylate. N,N-Dicy- 
clopentylacetamide, when subjected to S. sulfurescens, 
afforded only a very low yield of impure material that 
was not characterized but is believed to be a hydrox- 
ylated derivative. On the other hand, bioconversion of 
N,N-dicyclohexylacetamide by S. sulfurescens gave a 
good yield of N-cyclohexyl-N-(4-hydroxycyclohexyl)- 
acetamide. The structure was established by com
parison with an authentic sample, synthesized by con
densing 4-hydroxycyclohexylamine with cyclohexanone 
in a Leuckart reaction8 to give cyclohexyl-(4-hydroxy- 
cyclohexyl) amine, which was acetylated to the 0,N- 
diacetyl derivative and then saponified to the desired 
compound. N - Cyclohexyl - N - cyclopentylacetamide 
was hydroxylated in modest yield to N-cyclopentyl-N- 
(4-hydroxycyclohexyl)acetamide, whose structure was 
established by synthesis from 4-hydroxycyclohexyl- 
amine and cyclopentanone via the Leuckart reaction, 
followed by acylation. N-Cyclohexyl-N-cycloheptyl- 
acetamide, prepared via a Leuckart reaction using 
cycloheptanone and cyclohexylamine, gave a hydrox
ylated product that was most readily isolated as the 
corresponding ketone. This was shown not to be N- 
(4-hydroxycyclohexyl)-N-cyeloheptylacetamide by syn
thesizing this compound from 4-hydroxycyclohexyl
amine, following the route outlined above for the N- 
cyclohexyl-N- (4-hydroxy cyclohexyl) acetamide synthe
sis. Assuming that the microbially introduced hy
droxyl group was probably in the cycloheptyl ring, its 
position was readily established by oxidizing N-cyclo- 
hexyl-N-(4-hydroxycyclohexyl)acetamide to the cor
responding ketone and then subjecting the latter to 
ring expansion with diazomethane. The resulting 
N-cyclohexyl-N-(4-oxocycloheptyl)acetamide was iden
tical with that obtained by oxidation of the bioconver
sion product, which may then be formulated as N-cyclo- 
hexyl-N-(4-hydroxycycloheptyl)acetamide.

N,N-Dicycloheptylacetamide underwent microbial 
oxygenation at the 4 position to give N-cycloheptyl-N- 
(4-oxocycloheptyl) acetamide (after Jones reagent oxi
dation), whose structure was established by synthesis 
via diazomethane ring expansion of N-cycloheptyl-N- 
(4-oxocyclohexyl) acetamide.

The organism may prefer the seven-membered over 
the six-membered ring because of the greater number of
5.5-A spacings possible from the carbonyl oxygen to the 
two equivalent methylene groups in the conforma- 
tionally less rigid seven-membered ring.

(8) A s a  le ad in g  re fe ren ce , see M . L . M oore , Org. R eactions, 5, 301 (1949).

E xp erim en ta l S e c t io n 9

Bioconversion of N-Cyclododecylacetamide.-—The fermenta
tion procedure with Sporotrichum sulfurescens ATCC 7159 and 
the subsequent beer extraction procedure have been described 
previously.1 The crude extract residue from bioconversion of 
25 g of N-cyelododecylacetamide contained a mixture of N-(oxo- 
cyclododecyl)acetamides and N-(hydroxycyclododecyl)acet- 
amides, with the former preponderant. Chromatography on 
Florisil gave N-(6-oxocyclododecyl)acetamide and N-(7-oxo- 
cyclododecyl)acetamide in the 25% acetone-petroleum ether and 
50% acetone-petroleum ether eluates, respectively. The ap
propriate fractions were combined and rechromatographed, and 
the eluted materials were recrystallized from acetone to give two 
crops of N-(6-oxocyelododecyl)acetamide (5.06 g, mp 143-148° 
and 3.23 g, mp 145-147°) and two crops of N-(7-oxocyclodo- 
decvl)acetamide (1.53 g, mp 195-197° and 0.50 g, mp 191-193°). 
For analysis, a sample of N-(6-oxocyclododecyl)acetamide was 
rerecrystallized from acetone to mp 150.5-151.5°.

Anal. Calcd for ChH^NO,: C, 70.25; H, 10.53; N, 5.85. 
Found: C, 70.26; H, 10.49; N, 6.14.

For analysis, a sample of N-(7-oxocyclododecyl)acetamide was 
recrystallized from acetone to mp 196.5-198°.

Anal. Calcd for C14H25NO2: C, 70.25; H, 10.53; N, 5.85. 
Found: C, 70.51; H, 10.45; N, 5.81.

Bioconversion of Cyclododecylamine.—Bioconversion of 25 g 
of cyclododecylamine afforded a mixture of N-(oxocyclododecyl)- 
acetamides and N-(hydroxycyclododecyl)acetamides. Repeated 
chromatography as described above, with pooling and recrystal
lization of appropriate fractions as indicated by paper chro
matographic assay, gave three crops of N-(6-oxocyclododecyl)- 
acetamide (7.92 g, mp 147-148°, 3.20 g, mp 143-145°, and 1.96 
g, mp 135-139°), two crops of N-(7-oxocyclododecyl)acetamide 
(1.43 g, mp 200-201°, and 1.12 g, mp 194.5-198°), as well as 
about 3.69 g of mixed N-(hydroxycyclododeeyl)acetamides. 
This last was oxidized in acetone with Jones chromic acid reagent 
to a mixture of N-(oxocyclododecyl)acetamides that was sep
arated by chromatography, to give N-(5-oxocyclododecyl)acet- 
amide in the early 20% acetone-Skellysolve B eluate fractions. 
Recrystallization from acetone-petroleum ether and finally from 
ether gave 0.17 g, mp 128-129°.

Anal. Calcd for C14H25N 02: C, 70.25; H, 10.53; N, 5.85. 
Found: C, 70.60; H, 10.75; N, 6.19.

N-(6-Acetoxycyclododecyl)acetamide.—The reduction of 7.17 
g of N-(6-oxocyclododecyl)acetamide in 250 ml of 95% ethanol 
with a solution of 6.0 g of sodium borohydride in 60 ml of 0.1 N  
sodium hydroxide solution at room temperature for 2 hr gave, 
after appropriate work-up, 6.80 g of crude solid hydroxy amide, 
whose infrared spectrum showed the disappearance of carbonyl 
and introduction of hydroxyl, with amide still intact. Acetyla
tion of 4 g of the crude hydroxy amide with acetic anhydride in 
pyridine gave 4.65 g of crude product that was recrystallized from 
ether-petroleum ether to give 3.57 g of N-(6-acetoxycyclo- 
dodecyl)aeetamide, mp 96-100°.

Anal. Calcd for Ci6H29NOs: C, 67.81; H, 10.31; N, 4.94. 
Found: C, 67.98; H, 10.48; N, 4.83.

Cyclododecane-l,6-dione from N-(6-Acetoxycyclododecyl)- 
acetamide.—Liquid dinitrogen tetraoxide (1.0 ml) was trans
ferred to a cold (10 °) solution of 10 ml of acetic acid and 10 ml 
of methylene chloride. Freshly fused sodium acetate (1.97 g) 
and N-(6-acetoxycyclododecyl)acetamide (1.42 g) were added and 
the mixture was stirred in an ice water bath for 15 min. I t  was 
poured into ice water, stirred, and adjusted to pH 6 with sodium 
hydroxide solution. The mixture was extracted with methylene 
chloride, and the extract was washed with 5% sodium bicar
bonate solution and dried (sodium sulfate). The filtered solution 
was made up to 200 ml of methylene chloride. One-half of this 
solution was taken to dryness under reduced pressure (cold) to 
give a yellow oil of unstable N-nitroso compound. A vacuum 
was applied to this material while warming on a steam bath. In

(9) A ll m e ltin g  p o in ts  w ere  d e te rm in e d  u s in g  a  F is h e r-Jo h n s  b lo ck . 
“ P e tro le u m  e th e r”  refers  to  a  p ro d u c t , b p  6 0 -7 0 ° , of th e  S k e lly  C o rp . ca lled  
S kelly so lve  B . F lo ris il is a  s y n th e t ic  m ag n es iu m  s ilic a te  p ro d u c t of th e  
F lc r id in  C o. G a s - liq u id  p a r t i t io n  c h ro m a to g ra m s  w ere  c a rr ie d  o u t o n  a  3 -ft, 
s ta in less  s tee l co lu m n  of 2 .6 %  S E -30  silicone o il o n  100—200 m esh  G as C hrom  
Z (W /W ). T h in  la y e r  ch ro m a to g ram s  w ere  ru n  o n  E . M erck  silica gel G F  
p la te s  (250 /*) w ith  2 0 %  m e th a n o l in  b en z en e . D e te c tio n  w as w ith  D ra g e n -  
dorff re a g e n t [E. R o b e r ts  a n d  C . C . D elw icke, J .  B io l. Chem ., 200 , 565 
(1953)]. C o n tra s t  w as en h a n ced  b y  o v e rs p ra y  w ith  1 :1  m e th an o lic  su lfu ric  
ac id  fo llow ed b y  0 .1  N  io d in e -p o ta ss iu m  io d id e  re a g e n t.
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a few seconds a violent reaction occurred and nitrogen gas was 
eliminated, leaving an oily residue that was heated at reflux in 
petroleum ether for 30 min and the solvent was then distilled off. 
The residue was heated at reflux for 30 min with 10 ml of meth
anol and 2 ml of 10% sodium hydroxide solution. The cooled 
mixture was diluted with water, extracted with ether, washed 
with water, dried (sodium sulfate), and evaporated. The residue 
of crude diol was chromatographed on Florisil, using gradient 
elution with 5-30% acetone-petroleum ether. The diol, found 
in the 14-18% acetone eluate fractions, was oxidized with Jones 
reagent. Crystallization of the crude product from acetone- 
petroleum ether gave cyclododecane-l,6-dione, mp 89-91° (lit.4 
mp 94r-95°), whose infrared spectrum and thin layer chromato
graphic mobility were identical with those of an authentic speci
men.

N-(7-Oxocyclododecyl)acetamide and N-(S-Oxocyclododecyl)- 
acetamide Degradation.—The degradative procedure described 
above was applied to 1.0 g of N-(7-oxocyclododecyl)acetamide. 
The crude diol, eluted from Florisil with petroleum ether con
taining 14-18% acetone, was oxidized with Jones reagent to give 
cyclododecane-l,7-dione, mp 134-135° (lit.1 mp 131H360). 
The infrared spectrum and paper chromatographic mobility were 
identical with those of an authentic specimen.

Because of the extreme paucity of N-(5-oxocyclododecyl)acet- 
amide, degradation could be undertaken only on 125 mg of ma
terial, which yielded only enough cyclododecane-l,5-dione for 
characterization by thin layer chromatography and gas-liquid 
partition chromatography, where it showed mobilities identical 
with those of an authentic sample.1

N-(4-Hydroxycyclohexyl)benzamide.—The extract residue 
from the bioconversion of 2.0 g of N-cyclohexylbenzamide was 
taken up in methylene chloride and filtered to give 0.46 g of crude 
product, and the filtrate was chromatographed on Florisil. The 
product was eluted slowly by 25% acetone-petroleum ether and 
readily by acetone. Appropriate fractions were combined with 
the crude material from the initial filtration and recrystallized 
from acetone-petroleum ether to give 0.64 g of N-(4-hydroxy- 
cyclohexyl)benzamide, mp 213.5-214°. The analytical sample 
was recrystallized from acetone to mp 212.5-213.5°.

Anal. Calcd for CuHXTJfOi: C, 71.20; H, 7.82; N. 6.39. 
Found: C, 70.83; H, 7.91; N, 6.47.

N-(4-Oxocyclohexyl)benzamide. A. From Bioconversion 
Product.—N-(4-Hydroxycyclohexyl)benzamide (100 mg) was 
oxidized with Jones reagent to give, after recrystallization from 
acetone-petroleum ether, 80 mg of N-(4-oxocyclohexyl)benz- 
amide, mp 174-175°.

Anal. Calcd for C13R 5NO2: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 72.00; H, 6.97; N, 6.85.

B. Synthesis.—Diacylation of 1.4 g of 4-hydroxy cyclohexyl- 
amine with 3 ml of benzoyl chloride in pyridine gave crude N- 
(4-hydroxycyclohexyl)benzamide benzoate, which was hy
drolyzed to the crude free alcohol by heating with 6 A  methanolic 
potassium hydroxide on a steam bath. Oxidation with Jones 
reagent gave the crude keto amide (0.23 g, mp 152-170°), which 
was chromatographed on Florisil. The product was eluted with 
10% acetone-methylene chloride, giving N-(4-oxocyclohexyl)- 
benzamide, mp 172-173.5°, whose infrared spectrum was identi
cal with that of the bio conversion-derived keto amide. The mix
ture melting point was undepressed.

Benzyl 4-Hydroxycydohexylcarbamate. A. Bioconversion. 
■—The extract residue from the bioconversion of 20 g of ben
zyl cyclohexylcarbamate was dissolved in 250 ml of hot acetone 
and treated with 20 g of Nuchar C-190N; the mixture was 
filtered through Celite, and the filter cake was washed with hot 
acetone. The product was precipitated by concentrating the 
combined acetone filtrate and wash, and diluting with petroleum 
ether: yield 5.03 g.; mp 159-161°. The analytical sample, re
crystallized from acetone-petroleum ether, had mp 161°.

Anal. Calcd for CuHxsNCb: C, 67.44; H, 7.68; N, 5.62. 
Found: C, 67.38; H, 7.51; N, 5.94.

B. Synthesis.—A mixture of 2.3 g of 4-hydroxycyclohexyl- 
amine, 10 ml of tetrahydrofuran, and 5 ml of 2 A  sodium hy
droxide was stirred and chilled in an ice bath while adding, al
ternately in small portions, 10 ml of 2 A  sodium hydroxide and 5.0 
ml of carbobenzoxy chloride during 25 min. The mixture was 
diluted with water and stirred; the solid was recovered by filtra
tion and washed with water and a little ether. This was taken 
up in acetone and filtered to remove insoluble material. The 
filtrate was concentrated and diluted with petroleum ether to 
precipitate the product, mp 161°, whose infrared spectrum was

the same as that of the bio conversion product. The mixture 
melting point was undepressed.

Oxidation of benzyl 4-hydroxycyclohexylcarbamate from either 
preparation with Jones reagent afforded the same benzyl 4- 
oxocyclohexylcarbamate, mp 82-83“.

Anal. Calcd for C14H i,N03: C, 67.99; H, 6.93; N, 5.67. 
Found: C, 67.74; H, 6.86; N, 5.61.

N-(4-Oxocyclohexyl)-p-toluenesu!fonamide. A. Bioconver
sion.—The extract residue from the bioconversion of 2.0 g of 
N-cyclohexyl-p-toluenesulfonamide was chromatographed on 
Florisil. The product, eluted as an oil with 22-30% acetone- 
petroleum ether, was oxidized with Jones reagent to give 0.627 g 
of N-(4-oxocyclohexyl)-p-toluenesulfonamide, mp 1 1 1 - 1 12 °. 
The analytical sample crystallized from ether melted at 116-117°.

Anal. Calcd for C13H „N 03S: C, 58.40; H, 6.41; N, 5.24; 
S, 12.00. Found: C, 58.53; H, 6.63; N, 5.00; S, 12.06.

B. Synthesis.—A mixture of 5.0 g of 4-hydroxycyclohexyl- 
amine, 50 ml of 2 A  sodium hydroxide, and 8.0 g of p-toluene- 
sulfonyl chloride was shaken vigorously for 10 min and allowed 
to stand for 30 min. A gummy residue extracted from the acidi
fied mixture with methylene chloride was oxidized with Jones 
reagent and the resulting product was crystallized from methylene 
chloride-ether to give N-(4-oxocyelohexyl)-p-toluenesulfonamide, 
mp 108-109°, whose infrared spectrum and thin layer chromato
graphic and gas-liquid chromatographic mobility were identical 
with that of the bioconversion product.

N-(4-Oxocycloheptyl)benzamide. A. Biccon version.—The
extract residue from the bioconversion of 2.0 g of N-cyeloheptyl- 
benzamide was chromatographed on Florisil. About 0.9 g of 
substrate was found in the 10 % acetone-petroleum ether eluate, 
about 0.6 g of crude N-(4-oxocycloheptyl)benzamide in the early 
25% acetone-petroleum ether eluate, and about 0.3 g of N-(4- 
hydroxycycloheptyl)benzamide in the later 25% acetone- 
petroleum ether eluate. All product fractions were combined and 
oxidized with Jones reagent, and the resultant ketoamide was 
chromatographed on Florisil. Recrystallization of the early 
25% acetone-petroleum ether eluate fraction from acetone- 
petroleum ether gave 0.82 g of N-(4-oxocycloheptyl)benzamide, 
mp 143-145°. The analytical sample had mp 144-146° and 
[ « ] d  +65° (c 1 , CHCI3).

Anal. Calcd for ChIR N O s: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.42; H, 7.61; N, 6.05.

B. Synthesis. 1. From N-(4-Oxocycloheptyl)-p-toluenesul- 
fonamide.—To a mixture of 6.0 g of lithium aluminum hydride in 
150 ml of anhydrous tetrahydrofuran was added with stirring a 
solution of 6.0 g of N-(+oxocycloheptyl)-p-toluenesulfonamide 
in 75 ml of anhydrou stetrahydrofuran. The mixture was heated 
at reflux for 18 hr, chilled in an ice bath, and carefully treated 
dropwise with 25 ml of water. Ether (300 ml) was added and, 
after stirring for 30 min, the solids were removed by filtration 
and washed well with ether. The combined filtrate and wash 
solution was tried (sodium sulfate) and the solvent was evapo
rated. The residue was well stirred with 25 ml of 10% hydro
chloric acid and the insoluble residue of N-(+hydroxycyclo- 
heptyl)-p-toluenesulfonamide was separated from the aqueous 
acid phase. The acid solution was made strongly basic by the 
addition of 10 ml of 50% sodium hydroxide solution. The alkaline 
solution was chilled and shaken with 2.0 ml of benzoyl chloride 
for 30 min. The insoluble product was recovered by filtration, 
washed with water and ether, and dried. This material was 
taken up in acetone and oxidized with Jones reagent. The 
resulting product was recrystallized fropa acetone-hexane: yield 
0.356 g; mp 137-138°; mixture melting point with biosynthetic 
N-(+oxocycloheptyl)benzamide, 132-135°; [ a ] D  —1° ( c  1, 
CHCI3). The infrared spectrum in chloroform and the nmr 
spectrum in deuteriochloroform were identical with those of the 
optically active biosynthetic material.

Anal. Calcd for C14Hi7N 02: C.72.70; H, 7.41. Found: C, 
72.64; H, 7.40.

2 . From N-(4-Oxocyclohexyl)benzamide.—A suspension of 
0.5 g of N-(4-oxocyelohexyl)benzamide in 10 ml of methanol 
was chilled in an ice bath and treated with 10 ml of a cold ether 
solution containing excess diazomethane. The mixture was 
removed from the ice bath and allowed to stand in an open 
beaker in the hood until the solvent was evaporated. The residue 
was again subjected to the same procedure. This product was 
chromatographed over Florisil. Gradient elution with acetone 
(0-25%) in petroleum ether, followed by recrystallization from 
acetone-hexane, gave 260 mg of N-(4-oxocycloheptyl)benzamide, 
mp 137-139°, from the 21-25% acetone eluate fractions.
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Recrystallization (from acetone-hexane) of material eluted 
from the column by 17-20% acetone gave a small amount of
6-benzamido-l-oxaspiro [2.5] octane, mp 178-179°. The nmr 
spectrum in deuteriochloroform showed a sharp signal at 2.70 
ppm (5) for the isolated methylene of the oxaspiro ring.

Anal. Calcd for C14HI7N 02: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.64; H, 7.51; N, 6.27.

Benzyl Cycloheptylcarbamate.—A solution of 33.9 g of cyclo- 
heptylamine in 150 ml of pyridine was chilled and stirred in an 
ice-methanol bath while adding 56.3 g of carbobenzoxy chloride. 
The mixture was stirred for 15 min in the cold bath and 30 min 
with no temperature control, diluted with 350 ml of water, and 
allowed to stand for 18 hr in an open beaker. Concentrated 
hydrochloric acid (100 ml) was added and the mixture was ex
tracted with ether. N,N'-Dicycloheptylurea crystals (6.78 g) 
were separated at the interface. The ether extract was washed 
with dilute hydrochloric acid, water, and 5% sodium bicarbonate, 
and dried (sodium sulfate) and the solvent was removed. The 
residue was chromatographed over Florisil, using gradient elution 
with petroleum ether containing increasing proportions of acetone 
from 0 to 30%. The benzyl cycloheptylcarbamate was eluted 
with 10-14% acetone-petroleum ether to give 19.0 g, mp 56*.

Anal. Calcd for C15H21NO2: C, 72.84; H, 8.56; N, 5.66. 
Found: C, 73.43; H, 8.52; N, 5.50.

Benzyl-4-Oxocycloheptylcarbamate. A. Bioconversion.— 
The residue from the bioconversion of 56.36 g of benzyl cyclo
heptylcarbamate was oxidized with Jones reagent to give 42.0 g, 
of dark oil, 35 g of which was chromatographed over Florisil, 
using gradient elution with petroleum ether containing increasing 
proportions of acetone from 0 to 30%. The benzyl 4-oxcyclo- 
heptylcarbamate was eluted as an oil by 20-30% acetone- 
petroleum ether: yield 15.1 g; [<*]d + 9 °  (c 1, CHCh). This 
compound finally crystallized to a low melting solid after pro
longed storage in a desiccator.

Anal. Calcd for CI5H 19N 03: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 69.16; H, 7.49; N, 5.28.

The semicarbazone, prepared in the usual way, was recrystal
lized from methylene chloride-ether and then from aqueous 
methanol: mp 188-191°.

Anal. Calcd for Ci6H22N40 3: C, 60.36; H, 6.97; N, 17.60. 
Found: C, 59.94; H, 7.31; N, 17.52.

B. Synthesis.—Treatment of benzyl 4-oxocyclohexylcarba- 
mate with diazomethane as described above gave an oily product 
whose infrared spectrum and gas-liquid partition chromato
graphic mobility were identical with those of the benzyl 4-oxo- 
cycloheptylcarbamate from the bioconversion.

Benzyl 4-Hydroxycycloheptylcarbamate.—The reduction of 5.0 
g of benzyl 4-oxocycloheptylcarbamate in 50 ml of methanol 
with a solution of 5.0 g of sodium borohydride in 30 ml of 0.1 
N  sodium hydroxide gave a yellow oil. Chromatography on 
Florisil, using gradient elution, gave the desired compound in 
the 15-22% acetone-petroleum ether eluate fractions. Recrystal
lization from ether-petroleum ether gave 2.98 g of benzyl 4- 
hydroxyeycloheptylcarbamate, mp 63-68°.

Anal. Calcd for C15H21N 0 3: C, 68.41; H, 8.04; N, 5.32. 
Found: C, 68.36; H, 8.00; N, 5.28.

N-Cycloheptyl-p-toluenesulfonamide.—Shaking a mixture of
25.0 ml of cycloheptylamine, 40.0 g of p-toluenesulfonylchloride, 
and 200 ml of 8% sodium hydroxide solution and crystallizing 
the isolated crude product from methanol-water gave 84.05 g 
of product, mp 63-64°.

Anal. Calcd for C14H21NO2S: C, 62.88; H, 7.99; N, 5.24; 
S, 11.99. Found: C, 62.46; H, 8.04; N, 5.10; S, 12.21.

N-(4-Oxocycloheptyl)-p-toluenesulfonamide. A. Bioconver
sion.—The extract residue from the bioconversion of 25.0 g 
of N-cycloheptyl-p-toluenesulfonamide was oxidized with Jones 
reagent. The neutral residue obtained by methylene chloride 
extraction was triturated with 150 ml of ether to give 14.77 g of 
solid material, which was chromatographed on Florisil. Elution 
with 20% acetone-petroleum ether, followed by recrystallization 
from ether, gave 11.58 g of N-(4-oxocycloheptyl)-p-toluene- 
sulfonamide, mp 109-111°. The analytical sample, recrystal
lized from ether, had mp 110 - 1 1 2 °.

Anal. Calcd for C14H 19N 0 3S: C, 59.76; H, 6.81; N, 4.98; 
S, 11.40. Found: C, 59.80; H, 6.94; N, 4.80; S, 11.36.

B. Synthesis.—Treatment of N-(4-oxocyclohexyl)-p-toluene- 
sulfonamide with diazomethane as described above gave a 
residue that was chromatographed over Florisil, using gradient 
elution. N-(4-Oxocycloheptyl)-p-toluenesulfonamide was eluted 
with 12-15% acetone-petroleum ether and then recrystalhzed

from ether to mp 109-110°. The mixture melting point 
with the bioconversion product was not depressed, and the in
frared spectrum was identical with that of the bioconversion 
product.

N-Cyclooctylbenzamide.—Benzoylation of 25.5 g of cyclo- 
octylamine by the Schotten-Baumann procedure gave 44.0 g of 
N-cyclooctylbenzamide, mp 110-111°. A sample recrystallized 
from acetone-water melted at 112-113°.

Anal. Calcd for C15H21NO: C, 77.88; H, 9.15; N, 6.06. 
Found: C, 78.20; H, 9.26; N, 6.03.

Bioconversion of N-Cyclooctylbenzamide.—The dried extract 
residue from the bioconversion of 20.0 g of N-cyclooctylbenzam- 
ide was chromatographed on Florisil. Elution with 20% acetone- 
petroleum ether, followed by recrystallization from methylene 
chloride-ether, gave 3.02 g of (presumably) N-(4-oxocyclooctyl)- 
benzamide, mp 136-139°.

Anal. Calcd for CuJLsNCh: C, 73.43; H, 7.81; N, 5.71. 
Found: C, 73.11; H, 7.71; N, 5.59.

Elution with 25% acetone-petroleum ether, followed by re
crystallization from acetone-petroleum ether, gave 9.20 g of 
(presumably) N-(5-oxocyclooctyl)benzamide, mp 164-166°.

Anal. Calcd for C1SH19N 02: C, 73.43; H, 7.81; N, 5.71. 
Found: C, 73.51; H, 7.85; N, 5.84.

N-CycIooctyl-p-toluenesulfonamide was prepared from 12.7 g 
of cyclooctylamine by the Schotten-Baumann procedure and 
crystallized from aqueous methanol to give 23.6 g of N-cyclo- 
octyl-p-toluenesulfonamide, mp 66-67°.

Anal. Calcd for C15H23NO2S: N, 4.98; S, 11.38. Found: N, 
4.68; S, 11.49.

Bioconversion of N-Cyclooctyl-p-toluenesulfonamide.—The
extract residue from the bioconversion of 20.0 g of N-cyclooctyl- 
p-toluenesulfonamide was chromatographed on Florisil. Gradient 
elution with petroleum ether plus increasing proportions of 
acetone from 0-30% afforded (presumably) N-(5-oxocyclooctyl)- 
p-toluenesulfonamide in the 10-15% acetone-petroleum ether 
eluates. Recrystallization from ether gave 2.23 g, mp 163-164°.

Anal. Calcd for C15H21NSO3: C, 60.99; H, 7.17; N, 4.74; 
S, 10.86. Found: C, 61.04; H, 7.17; N, 5.09; S, 10.84.

The (presumed) N-(4-oxocyclooctyl)-p-toluenesulfonamide was 
eluted with 18-21% acetone-petroleum ether, and was recrystal
lized from ether to give 6.04 g, mp 107-108°.

Anal. Calcd for Ci5H2iNS0 3: C, 60.99; H, 7.17; N, 4.74; 
S, 10.86. Found: C, 60.93; H, 7.40; N, 4.69; S, 10.73.

General Procedure for Conducting Leuckart Reductive Amina
tion8 of Ketones.—In general the amine was added to 98+% 
formic acid with cooling; the ketone was then added directly to 
the still warm mixture. Boiling pellets were added to control 
the evolution of generated carbon dioxide and the mixture was 
heated at reflux for 5 hr. Dilution with water, acidification of 
the cooled mixture with hydrochloric acid, and extraction with 
ether removed unreacted ketone. The aqueous acid solution 
was boiled to remove dissolved ether and then heated a t reflux 
for 1-4 hr to hydrolyze formates of unreaeted starting materials 
or products. In some cases hydrochloride salts separated directly 
from the cooled mixture; otherwise the mixture was made basic 
with 50% sodium hydroxide and the product was extracted with 
ether.

Cyclohexylcyclopentylamine Hydrochloride.—The Leuckart 
reaction of cyclohexylamine (57 ml), cyclopentanone (67 ml), 
and formic acid (24 ml) produced 50.38 g of amine hydrochloride, 
mp 271°. The preparation of the free base has been reported.10

Anal. Calcd for CuH22NC1: C, 64.84; H, 10.89; Cl, 17.40. 
Found: C, 64.83; H, 11.03; Cl, 17.40.

N-Cyclohexyl-N-cyclopentylacetamide.—Acetylation of 41 g 
of cyclohexylcyclopentylamine (generated from the hydrochloride 
by sodium hydroxide treatment) with acetic anhydride in 
pyridine gave, after recrystallization from acetone-petroleum 
ether, 37.5 g of N-cyclohexyl-N-cyclopentylacetamide, mp 
53-54°.

Anai. Calcd for C13H23NO: C, 74.59; H, 11.07; N, 6.69. 
Found: C, 74.70; H, 11.18; N, 6.66.

N-Cyclopentyl-N-(4-hydroxycyclohexyl)acetamide. A. Bio
conversion.—The extract residue from the bioconversion of 15.0 g 
of N-cyclohexyl-N-cyclopentylacetamide was chromatographed 
on Florisil using gradient elution with 0-30% acetone-petroleum 
ether. The yield of N-cyclopentyl-N-(4-hydroxycyclohexyl)- 
acetamide, eluted with 15-30% acetone-petroleum ether, and

(10) K . Jew ers  a n d  J .  M c K e n n a , J .  Chem . Soc., 2209 (1958).
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crystallized from methylene chloride-ether, was 5.99 g, mp 
144-146°.

Anal. Calcd for CI3H23N 02: C, 69.29; H, 10.29; N, 6.22. 
Found: C, 69.21; H, 10.18; N, 6.37.

B. Synthesis.—The Leuckart reaction of 11.5 g of 4-hydroxy- 
cyclohexylamine, 13.2 ml of cyclopentanohe, and 7.5 ml of formic 
acid afforded 3.05 g of cyclopentyl-(4-hydroxycyclohexyl)amine, 
mp 160-162°. The analytical sample was recrystallized from 
acetone to mp 165-167°.

Anal. Calcd for CnH21NO: C, 72.08; H, 11.55; N, 7.64. 
Found: C, 71.95; H, 11.47; N, 7.58.

Acetylation of cycIopentyl-(4-hydroxycyclohexyl)amine with 
acetic anhydride in pyridine, followed by hydrolysis of the ester 
with methanolic sodium hydroxide gave N-cyclopentyl-N-(4- 
hydroxycyclohexyl)acetamide, mp 145-147° (from aqueous meth
anol), identical with material from the bioconversion.

N-Cyclopentyl-N-(4-oxocyclohexyl)acetamide.—Oxidation of 2 
g of N-cyelopentyl-N-(4-hydroxyeyclohexyl)acetamide with 
Jones reagent gave a quantitative yield of crude N-cyclopentyl- 
N-(4-oxocyelohexyl)acetamide that was recrystallized from 
aqueous acetone to mp 144-145°.

Anal. Calcd for C13H2iN 02: C, 69.92; H, 9.48; N, 6.27. 
Found: C, 70.22; H, 9.50; N, 6.55.

N-Cyclohexyl-6-(4-hydroxycyclohexyl)acetamide. A. Biocon
version.—The extract residue from the bioconversion of 25 g of
N , N-dicyclohexylacetamide was recrystallized twice from acetone 
to give 7.85 g of N-cyclohexyl-N-(4-hydroxycyclohexyl)acet- 
amide, mp 172-173.5°. A second crop (7.5 g, mp 167-169°), 
was obtained by chromatography of mother liquor solids on 
Florisil (elution with 25% acetone-petroleum ether), followed by 
recrystallization from acetone. The analytical sample (from 
acetone) had mp 177-178°.

Anal. Calcd for C14H25N 02: C, 70.25; H, 10.53; N, 5.85. 
Found: C, 70.19; H, 10.27; N, 5.52.

B, Synthesis.—The Leuckart reaction of 23 g of 4-hydroxy- 
cyclohexylamine, 10.4 ml of cyclohexanone and 15 ml of formic 
acid afforded 2.25 g of cyclohexyl-(4-hydroxycyclohexyl)amine, 
mp 181° from acetone.

Anal. Calcd for C12H23NO: C, 73.04; H, 11.75; N, 7.10. 
Found: C, 73.13; H, 11.54; N, 7.13.

4-(Cyclohexylamino)cyclohexanol (1.0 g) was acetylated with 
acetic anhydride in pyridine. After hydrolysis of the ester with 
methanolic sodium hydroxide 0.335 g of N-cyclohexyl-N-(4- 
hydroxycyclohexyl)acetamide, mp 167-169°, crystallized from 
the neutralized (acetic acid) and partially evaporated mixture. 
The infrared spectrum was identical with that of the bioconver
sion product.

N-Cyclohexyl-N-(4-oxocyclohexyl)acetamide.—Oxidation of
O. 20 g of N-cyclohexyl-N-(4-hydroxycyclohexyl)acetamide with 
Jones reagent and recrystallization of the crude product from 
acetone-petroleum ether gave 0.13 g of N-cyclohexyl-N-(4- 
oxocyclohexyl)acetamide, mp 142-146°. The analytical sample, 
recrystallized from the same solvent, had mp 142-144.5°.

Anal. Calcd for Ci4H23N 02: C, 70.85; H, 9.77; N, 5.90. 
Found: C, 71.07; H, 9.76; N, 6.15.

The oxime, prepared in ethanol-pyridine at reflux, was re
crystallized from aqueous methanol to mp 179-183°.

Anal. Calcd for C iJf24N20 2: C, 66.63; H, 9.59; N, 11.10. 
Found: C, 66.96; H, 9.60; N, 11.33.

N-Cycloheptylcyclohexylamine Hydrochloride.—The Leuckart 
reaction was carried out with 37.7 ml of formic acid, 112 ml of 
cyclohexylamine, and 59.0 ml of cycloheptanone. When the 
reaction mixture was diluted with 500 ml of water and acidified 
with 100 ml of concentrated hydrochloric acid, the hydrochloride 
salt precipitated. After chilling, this was recovered by filtration, 
washed with a little cold water and with ether, and dried to yield 
76 g of N-cycloheptylcyclohexylamine hydrochloride, mp 264°. 
For analysis a sample was recrystallized from methanol- 
ether.

Anal. Calcd for Ci3H26NC1: C, 67.35; H, 11.31; Cl, 15.30. 
Found: C, 66.99; H, 11.08; Cl, 15.41.

N-Cycloheptyl-N-cyclohexylacetamide.—The acetylation of 50 
g of N-cycloheptylcyclohexylamine hydrochloride was carried out 
as described above for N-cyclohexylcyclopentylamine. The 
product, obtained as an oil, solidified upon standing under reduced 
pressure for 3 days to give 43.16 g of N-cycloheptyl-N-eyclo- 
hexylacetamide, mp 48-49°. The analytical sample, recrystal
lized from acetone-water had mp 48-49°.

Anal. Calcd for C15H27NO: C, 75.89; H, 11.47; N, 5.90. 
Found: C, 75.92; H, 11.46; N, 5.90.

Bioconversion of N-Cycloheptyl-N-cyclohexylacetamide.—A
standard bioconversion of 2 g of N-cycloheptyl-N-cyclohexyl- 
acetamide in 10 1. of beer afforded an extract residue that con
tained N-cyclohexyl-N-(4-hydroxycyeloheptyl)acetamide but 
that was, for convenience, oxidized with Jones reagent to the 
keto amide by methods described above. Chromatography on 
Florisil (elution with 16% acetone-petroleum ether) gave an 
oil that soon crystallized, mp 76-79°. For analysis the 
N-cyclohexyl-N-(4-oxocycloheptyl)acetamide was recrystallized 
from petroleu mether to mp 80-82°.

Anal. Calcd for Ci5H25N 02: C, 71.67; H, 10.03; N, 5.57. 
Found: C, 71.90; H, 10.04; N, 5.76.

When the bioconversion of N-cycloheptyl-N-cyclohexyl- 
acetamide was carried out on a 20-g scale, it afforded 8 g of N- 
cyclohexyl-N-(4-oxocycloheptyl)acetamide, mp 73-76°.

The 2,4-dinitrophenylhydrazone, mp 221-223°, was prepared 
in the standard fashion and recrystallized from ethanol.

Anal. Calcd for ChH^NsCL: C, 58.45; H, 6.77; N, 16.23. 
Found: C, 58.25; H, 6.39; N, 16.49.

N-Cycloheptyl-N-(4-oxocyclohexyl)acetamide.—The Leuckart 
reaction of 23.0 g of 4-hydroxycyclohexylamine, 11.8 ml of cyclo
heptanone, and 15 ml of formic acid gave 1.34 g of crude prod
uct,11 mp 150° (from acetone).

Anal. Calcd for C13H25NO: C, 73.88; H, 11.92; N, 6.63. 
Found: C, 72.38; H, 12.17; N, 6.85.

Acetylation of this material with acetic anhydride in pyridine, 
followed by alkaline hydrolysis of the ester as described above and 
oxidation with Jones reagent, gave N-cycloheptyl-N-(4-oxo- 
cyclohexyl)acetamide, mp 121° (from acetone-water).

Anal. Calcd for C15H25N 0 2: C, 71.67; H, 10.03; N , 5.57. 
Found: C, 71.48; H, 9.90; N, 5.65.

N-Cyclohexyl-N-(4-oxocycloheptyl)acetamide.—Treatment of 
N-cyclohexyl-N-(4-oxocyclohexyl)acetamide with diazomethane 
as described above gave an oil whose thin layer chromatographic 
and gas chromatographic mobility was the same as that of the 
N-cyclohexyl-N-(4-oxocycloheptyl)acetamide described above, 
and which afforded a 2,4-dinitrophenylhydrazone, mp 221- 
223°, identical with that derived from the bioconversion product.

N,N-Dicycloheptylamine Hydrochloride.—The Leuckart re
action of 64 ml of cycloheptylamine, 89 ml of cycloheptanone, 
and 18.8 ml of formic acid gave 80.8 g of N,N-dieycloheptylamine 
hydrochloride, mp 230° (from methanol-ether).

Anal. Calcd for ChH28NC1: C, 68.40; H, 11.48; Cl, 14.42. 
Found: C, 68.53; H, 11.13; Cl, 14.52.

N,N-Dicycloheptylacetamide was prepared by the acetylation 
procedure described above. From 73.6 g of dicycloheptylamine 
hydrochloride there was obtained 72.3 g of N,N-dicycloheptyl- 
acetamide, mp 61-64°. The analytical sample from acetone 
melted at 63-64°.

Anal. Calcd for C16H29NO: C, 76.44; H, 11.63; N, 5.57. 
Found: C, 76.19; H, 11.67; N, 5.75.

N-Cycloheptyl-N-(4-oxocycloheptyl)acetamide. A. Biocon
version.—The extract residue from the bioconversion of 2.5 g 
of N,N-dicyeloheptylaeetamide was chromatographed on Florisil. 
Gradient elution with petroleum containing increasing propor
tions of acetone from 0 to 30% afforded crude N-cycloheptyl-N- 
(4-hydroxycycloheptyl)acetamide in the 25-30% acetone eluates. 
Oxidation with Jones reagent gave 0.43 g of N-cycloheptyl-N- 
(4-oxocycloheptyl)acetamide, mp 99-101°. The analytical 
sample was recrystallized from acetone-petroleum ether to mp 
106-108°.

Anal. Calcd for Ci6H22N 02: C, 72.41; H, 10.26. Found: 
C, 72.29; H, 10.49.

B. Synthesis.—Treatment of N-cycloheptyl-N-(4-oxocyclo- 
hexyl)acetamide with diazomethane as described above gave N- 
cycloheptyl-N-(4-oxocycloheptyl)acetamide, mp 94-96° from 
acetone-petroleum ether. Although thin layer chromatographic 
and gas-liquid partition chromatographic analysis showed the 
presence of a small amount of residual N-cycloheptyl-N-(4- 
oxocyclohexyl)acetamide, the major component was chromato- 
graphically and spectrally (infrared) identical with the N- 
cycloheptyl-N-(4-oxocycloheptyl)aeetamide from the biocon
version.

R eg istry  N o .—N - (6 - Oxocyclododeeyl) acetamide,
16801-59-5; N-(7-oxocyclododecyl)acetamide, 16801-
60-8; N-(5-oxocyclododecyl)acetamide, 16801-61-9; N-

(11) C y ck > h ep ty l(4 -hyd roxycyc lohexy l)am ine  is th e  c ru d e  p ro d u c t.
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(6-acetoxycyclododecyl) acetamide, 16853-01-3; N-(4- 
hydroxycyclohexyl)benzamide, 13941-93-0; N-(4-oxo- 
cyclohexyl)benzamide, 13942-05-7; benzyl 4-hydroxy- 
cyclohexylcarbamate, 16801-62-0; benzyl 4-oxocyclo- 
hexylcarbamate, 16801-63-1; N-(4-oxocyclohexyl)-p- 
toluenesulfonamide, 16801-64-2; N-(4-oxocycloheptyl)- 
benzamide, 14156-24-2; 6-benzamido-l-oxaspiro[2.5]- 
octane, 16801-78-8; benzyl cycloheptylcarbamate, 
16801-66-4; benzyl 4-oxocycloheptylcarbamate, 16801-
67-5; semicarbazone of benzyl 4-oxocycloheptylcarba
mate, 16801-68-6; benzyl 4-hydroxycycloheptylcarba- 
mate, 16801-69-7; N-cycloheptyl-p-toluenesulfonamide, 
16801-70-0; N - (4 - oxocycloheptyl) - p - toluenesulfon- 
amide, 16801-71-1; N-cyclooctylbenzamide, 13364-13-1; 
N-(4-oxocyclooctyl)benzamide, 16801-73-3; N-(5-oxo- 
cyclooctyl)benzamide, 16853-02-4; N-eyclooctyl-p-tolu- 
enesulfonamide, 16801-74-4; N-(5-oxocyclooctyl)-p- 
toluenesulfonamide, 16801-75-5; N-(4-oxocycloacetyl)- 
p-toluenesulfonamide, 16801-76-6; cyclohexylcyclopen-

tylamine hydrochloride, 16801-77-7; N-cyclohexyl-N- 
cyclopentylacetamide, 16803-22-8; N-cyclopentyl-N-(4- 
hydroxycyclohexyl) acetamide, 16803-23-9; cyelopentyl- 
(4-hydroxycyclohexyl) amine, 16803-24-0; N-cyclopen- 
tyl-N-(4-oxocyclohexyl)acetamide, 16803-25-1; N-cy- 
clohexyl-N-(4-hydroxycyclohexyl)acetamide, 16803-
26- 2; cyclohexyl(4-hydroxycyclohexyl)amine, 16803-
27- 3; N - cyclohexyl - N - (4 - oxocyclohexyl) acetamide,
16803-28-4; oxime of N-cyclohexyl-N-(4-oxocyclo- 
hexyl) acetamide, 16803-29-5; N-cycloheptylcyclo- 
hexylamine hydrochloride, 16803-30-8; N-cycloheptyl- 
N-cyclohexylacetamide, 16803-31-9; N-cyclohexyl-N- 
(4-cxocycloheptyl) acetamide, 16803-32-0; 2,4-dinitro- 
phenylhydrazone of compound preceding, 16803-33-1; 
cycloheptyl(4-hydroxycyclohexyl) amine, 16803-34-2;
N-cycloheptyl-N- (4-oxocy clohexyl) acetamide, 16803-
35- 3; N,N-dicycloheptylamine hydrochloride, 16803-
36- 4; N,N-dicycloheptylacetamide, 16803-37-5; N-cy- 
cloheptyl-N-(4-oxocycloheptyl) acetamide, 16803-38-6.

Th e M icrobiological Oxygenation of Azacycloalkanes. Stru ctu ral D eterm inations 
and Som e Chem ical M odifications Leading to Tran san n u lar Reactions

R oy  A. J o h n s o n , M il t o n  E. H e r r , H e r b e r t  C. M u r r a y , a n d  G u n t h e r  S. F o n k e n  
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Microbiological oxygenation with Sporotrichum sulfurescens has been shown to occur a t C-4 of 1-benzoylpiperi- 
dine (1), a t C-3 and C-4 of 1-benzoylhexamethylenimine (6), a t C-4 of l-p-toluenesulfonylhexamethylenimine 
(7), and a t C-4 and C-5 of 1-benzoylheptamethylenimine (15] and 1-benzoyloctamethylenimine (34). Further 
chemical modifications in the hepta- and octamethylenimine series have led to a number of transannular reac
tions. Included in these reactions is the conversion of l-benzoylhexahydro-S(2H)-azocinone (18) into the iminium 
salt (26) via 9-benzoyl-l,4-dioxa-9-azaspiro[4.7]dodecane (20), 9-benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane (21), 
and l,4-dioxa-9-azaspiro[4.7]dodecane (25). A similar reaction series converted 1-benzoyloctamethylenimine 
(34) into the iminium salt (41).

The microbiological oxygenation of organic molecules 
recently has been extended to include macrocyclic 
alcohols1® and the acyl derivatives of cyclic and macro- 
cyclic amines.lb Included in the study of the oxygena
tion of macrocyclic alcohols with Sporotrichum sul
furescens was a consideration of the molecular geometry 
of the substrate, which led to the formulation of a hypo
thetical enzyme-substrate model. Among the features 
proposed in this model was an optimal spacing of 5.5 A 
between an electron-rich center of the substrate and the 
point of enzymatic oxygenation.1® We now describe 
the microbiological oxygenation of a series of hetero
cyclic compounds, which includes piperidine and hexa-, 
hepta-, and octamethylenimine as their benzoyl de
rivatives as well as the p-toluenesulfonyl derivative of 
hexamethylenimine, with S. sulfurescens. In these 
substrates, the electron-rich group is considered to be 
the oxygen of the carbonyl or sulfonyl groups. The 
structures of the products have been determined by 
chemical means with the aid of spectroscopic tech
niques. The oxygenation of this series of compounds 
follows that proposed by the enzyme-substrate model 
outlined previously1® and provides a new method of 
inserting oxygen functions at positions accessible with 
difficulty by chemical means. These new compounds

(1) (a) G . S . F o n k e n , M . E . H e r r , H . C . M u rra y , a n d  L . M . R eineke,
J .  A m er. Chem . Soc ., 89, 672 (1967); (b) G . S. F o n k en , M . E . H e rr , H . C .
M u rra y , a n d  L . M . R ein ek e , J .  Org. C hem ., 33, 3182 (1968).

therefore became available for further chemical studies 
which are included in the following discussion.

In general, the biotransformation products were ex
tracted from the filtered beer of the fermentations with 
methylene chloride. A typical fermentation and work
up is described in detail in the Experimental Section. 
The concentrated methylene chloride extracts were 
either chromatographed on Florisil columns or were 
oxidized with Jones reagent2 and chromatographed. 
This latter procedure converts the hydroxylic products 
into ketonic products and simplifies the purification of 
the biotransformation products in this heterocyclic 
series. The yields of oxygenated products are generally 
in the range of 25-60%.

Piperidine Series.—The structure of the product from 
the biotransformation of 1-benzoylpiperidine (1) with

(2) K. Bowden, I. M. Heilbron, E . R. H. Jones, and B. C. L. Weedon, 
J .  C h em . S o c ., 39 (1946).



Sporotrichum sulfurescens was shown to be l-benzoyl-4- 
piperidinol (2) by comparison of derivatives. The 
phenylurethan (3) of 2 has the reported melting point
184.5-186.5°.3 Oxidation of 2 with Jones reagent2 
gave the oily l-benzoyl-4-piperidone (4), whose 2,4- 
dinitrophenylhydrazone (5) has the reported mp 
196-198°.3

Hexamethylenimine Series.—Both the benzoyl (6) 
and p-toluenesulfonyl (7) derivatives of hexamethylen
imine (see Scheme 1) were used as substrate for bio-
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conversion with S. sulfurescens. The nature of the 
acyl function had little effect on this conversion since 
in each case a similar mixture of hydroxy and ketonic 
products was isolated. The presence of the two types 
of products was shown by partial chromatographic 
separation followed by inspection of infrared spectra. 
To facilitate purification and identification of the 
products, which may include stereoisomers, the product 
mixture was oxidized,2 giving entirely ketonic material. 
Thus a single ketone (8), having dimorphic crystalline 
forms, mp 81 and 90°, was obtained from the biocon
version of 7. The probable position of the ketone in 8

(3) S . M . M e E lv a in  a n d  R . E .  M c M a h o n , J . A m er . Chem . Soc., 71, 901 
(1949).

is at C-4 of the saturated ring. This was proved by 
synthesis of 8 from l-p-toluenesulfonyl-4-piperidone4
(9) via a diazomethane ring expansion.5 In addition 
to 8, the ring expansion gave the oxide (10), resulting 
from insertion of a methylene group into the carbonyl 
double bond. While such insertions are not uncom
mon,5 of interest in this case is the nmr spectrum of 10. 
Sharp signals are found at S 2.62 ppm and 2.43 ppm, 
corresponding to the isolated methylene and the aro
matic methyl protons, respectively, and, in addition, 
the remaining spectrum in the methylene proton region 
consists of a series of at least 26 signals, suggesting 
nonequivalence of the ring methylene protons.

The microbiological oxygenation of 1-benzoylhexa- 
methylenimine (6) occurred primarily at the 4 position 
as it did for 1-p-toluenesulfonylhexamethylenimine
(7). This was proved by interrelating the two series in 
the following manner. (See Scheme I.) The amide- 
ketone (12), obtained by oxidation of the biotrans
formation products from 6, was converted into the 
amide-ketal, which was reduced to the amine-ketal
(13) with lithium aluminum hydride. The benzyl 
group of 13 was removed readily by hydrogenolysis over 
palladium-on-carbon catalyst, giving the secondary 
amine (14). The p-toluenesulfonate was prepared 
before removal of the ketal with dilute acidic acetone. 
The ketone obtained in this manner was identical with 
the ketone (8) obtained from the bioconversion of 7 in 
crystalline form, mp 90°. A second product (12a) 
was isolated in addition to 12 during the work-up6 of a 
large-scale, oxidized bioconversion of 6. This crystal
line ketone (12a) was shown by the nmr spectrum (see 
Table I) to be the result of oxygenation at the 3 position.

T able I
Chemical Shifts of P hotons of K etonic P roducts 

in  D euteriochloroform“
o o

The J o u rn a l o f O rganic C h em istry

C o m p d - C H 2 C H 2 C H 2 - - C H 2 C H 2 C - - C H 2 C H 2 N - - C C H 2 N -

8 1 . 8 9 ( 2 ) 2 . 6 3 ( 4 ) 3 . 4 3 ( 4 )

1 2 1 . 7 9 ( 2 ) 2 . 6 8 ( 4 ) 3 . 7 2 ( 4 )

1 2 a 1 . 7 7 ( 4 ) 2 . 6 0 ( 2 ) 3 . 6 1 ( 2 ) 4 . 1 6  ( 2 ) 6

1 2 a ' 1 . 7 7 ( 4 ) 2 . 5 8 ( 2 ) 3 . 6 4 ( 2 ) 4 . 1 4  ( 2 ) 5

1 8 2 . 1 9 ( 4 ) - * 2 . 3 9 ( 4 ) d 3 . 4 7 ( 4 ) '

1 9 1 . 9 5 ( 4 ) 2 . 5 8 ( 4 ) 3 . 4 2 ( 4 ) /

3 5 1 . 8 2 ( 6 ) 2 . 4 8 ( 4 ) 3 . 4 2 ( 4 )

3 6 1 . 5 2  a n d 2 . 4 7 ( 2 ) a n d 3 . 3 8  ( 2 )  a n d

2 . 0 3 ( 6 ) 2 . 8 ( 2 ) 3 . 7 3 ( 2 )

“ Chemical shifts were measured as 5 values in parts per million 
(number of protons), multiplets unless indicated otherwise. 
5 Singlet. '  In  d7-DMF at 95°. d Broad signals at 2.19 and 2.39 
overlap. '  Triplet (J = 4.5 cps). t  Triplet (J  — 5.5 cps).

The significant signal in this spectrum is the sharp 
singlet seen at 5 4.14 ppm, resulting from the methylene 
adjacent to both the ketone carbonyl and the nitrogen.

H ep ta m eth y len im in e  S e r ie s .—The bioconversion of
1-benzoylheptamethylenimine (IS) (see Scheme II) 
with S. sulfurescens gave an oily mixture of products, 
which were shown by infrared spectra following chro
matography to be hydroxylic and ketonic in nature.

(4) F . A rn d t  a n d  A. K alisc h ek , Chem . B er., 63, 687 (1930).
(5) (a) E . M u lle r  a n d  M . B au e r, A n n .  C hem ., 664, 92 (1962); (b ) E . 

M o se ttig  a n d  A . B u rg e r, J .  A m er . C hem ., Soc., 62 , 3456 (1930).
(6) W e  th a n k  D r . J a c k s o n  B . H e s te r , J r . ,  a n d  M r. J .  R .  G reen e  fo r  th e se  

e x p e rim en ta l re su lts .



Vol. 33, N o . 8 , A u g u s t 1968 A zacycloalkanes 3189

S c h e m e  II

•nJ W -

c=o

c6h 5
15, re = 1 
34,re = 2

S.sulfurescensi

OH

(C H ^ 
•Nv/
C = 0
I

c 6h 5
16,re=l

+

0

c = o
I

c6H5
18, re = 1
35, re = 2

19,re = l 
36,re = 2

Although a crystalline alcohol (16) was obtained from 
this mixture, the work-up was simplified if the entire 
crude reaction product was oxidized.2 Using this 
technique, a more polar major ketonic product (18) 
and a less polar minor ketonic product (19 ) were sepa
rated upon chromatography on a Florisil column. The 
crystalline alcohol (16 ) was oxidized separately to the 
major ketonic product (1 8 ); therefore the structure of 
16 follows from the evidence presented below in support 
of the structure of ketone (1 8 ). In the light of past 
experience with the microbiological oxygenation of 
cyclic compounds,111 it was felt that oxygenation of 15 
had occurred in the 4 and 5 positions of the eight-mem- 
bered heptamethylenimine ring, with the latter con
sidered the most probable. If this were true, it can be 
seen that the major ketonic product (18 ) would be a 
molecule having the needed requirements for under
going transannular interactions and reactions,7 pro
vided that the appropriate chemical modifications were 
carried out. With this in mind, it was apparent that 
the benzamide function of 18 must be changed in a way 
such that the nitrogen became basic. This was 
achieved by protecting the ketone in the form of its 
ethylene ketal (20) and then reducing the amide car
bonyl with lithium aluminum hydride (Scheme III). 
This gave the ketal-benzyl amine (21), potentially an 
amino ketone of the type first studied in detail by 
Leonard and coworkers in their work on transannular 
interactions in eight-membered-ring systems.8 Hy
drolysis of 21 with aqueous hydrochloric or aqueous 
perchloric acid gave the hexahydropyrrolizinium salts 
2 2a  and b, respectively, in which regeneration of the

(7) N . J .  L e o n ard , Rec. Chem . Progr., 17, 243 (1956); a n  a p p ro p r ia te  d is
t in c tio n  h as  b ee n  m a d e  b e tw e e n  in te ra c t io n s  a n d  rea c tio n s , “ th e  fo rm e r 
sign ify ing  e i th e r  p a r t ia l  o rb ita l  o v e rla p  o r  a  fie ld  effect, a n d  th e  la t te r ,  th e  
g e n e ra tio n  of a  fu ll b o n d .”

(8) N . J .  L e o n a rd , M . O ki, a n d  S . C h ia v a re ll i, J .  A m er . Chem . S o c 77,  
6234 (1955).

18,71 = 1 
35,re = 2

S c h e m e  I I I

HOCH2CH;OH
P-TSA

20,re = l 
37,re=2

JUAIH,

0  0

.nJ ch>>* 
c h 2

Q H 5
21, re =  1
38, re = 2

J hx

OAc

CHZ
I X~
C6H5

24, X =  Cl 
b,X = C104

OH

n U c iw -
i

c h 2

C A

X “

22a,re =  1 ,X =  C1 
b,re = l,X =  C104 

39, re = 2,X =  C104

ketone has been followed immediately by transannular 
reaction. The intermediate ketone (23) was obtained 
by making the reaction mixture alkaline following 
hydrolysis of the ketal. Upon reaction with acid, 23 
was converted into the hexahydropyrrolizinium salt 
(2 2 ). The infrared spectra of 23, 22a, and 22b are 
consistent with the requirements of these molecules and 
with the observations of Leonard,8 with one exception 
in the case of the hydroxyl absorption of the hydro
chloride (22 a ). The carbonyl band of the ketone (23) 
is shifted to 1675 cm-1 (in chloroform), which agrees 
with the value (1683 cm-1) observed by Leonard.8 
Absorption in the infrared due to a carbonyl is absent 
in both salts. A hydroxyl band is seen at 3290 cm-1 
in the hexahydropyrrolizinium perchlorate (2 2 b ); 
however, no typical hydroxyl absorption is present in 
the infrared of the hydrochloride (2 2 a ). Instead the 
spectrum of 22a  shows a series of weak bands at 3000, 
2760, 2720, 2620, and 2560 cm-1 in Nujol. This shift is 
apparently the result of hydrogen bonding, because the 
hydroxyl group in 22a  has been shown to be intact by 
the regeneration of the ketone (23 ) in alkaline solution. 
Reaction of the pyrrolizinium perchlorate (22b ) with 
acetic anhydride gave the acetylated compound (24b ). 
The infrared spectrum of 24b supports the structure in 
that it has a typical ester carbonyl absorption band at 
1750 cm-1. Similarly, the hydrochloride (22a) formed 
an acetate (24a, carbonyl band at 1750 cm-1) in acetic 
anhydride, which, because of its hygroscopic nature, 
was not further purified. Similar acetylations of
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transannular carbinol-ammonium salts do not appear 
to have been reported. This reaction also served to 
support the conclusion that the hydroxyl group is 
present in the hydrochloride (22 a ). The above results 
provide proof that the major ketonic product from the 
bioconversion of 15 is l-benzoylhexahydro-5(2H)- 
azocinone (18) as was anticipated.

It was of interest to continue with this series of com
pounds since removal of the benzyl group of 21 would 
provide a potential secondary amino ketone. Previous 
studies7,9 of transannular interactions have dealt ex
clusively with tertiary amines. The hydrogenolysis 
of the benzyl group of 21 proceeded smoothly over 
palladium-on-charcoal catalyst, giving the ketal-amine 
(25) (Scheme IV). Reaction of 25 with aqueous per-

SCHEME IV

21,71 =  1 
38,re =  2

H
25,71 =  1 
40,w =  2

X"
42,77=1 
43,77 =  2

JaqHCIO,

26.77 =  1
4 1 .7 7  =  2

c io r

chloric acid gave a salt (26 ), which had a strong, sharp 
infrared absorption band at 1690 cm-1 while lacking 
any OH or NH absorption. The product (26) was 
found to contain a mole less of water than is required by 
the expected transannular salt (27 ). Dehydration 
of structure 27 , possibly formed as an intermediate, 
would explain the loss of water and suggested an im- 
inium salt structure for 26. The infrared absorption 
band at 1690 cm-1 in the spectrum of 26 is analogous to  
bands observed for a number of iminium salts.10,11 
The nmr spectrum of 26  confirms this structure. The 
spectrum has three multiplets, each integrating for 
four protons. Bands centered at S 3.92, 2.95, and 2.55 
ppm are assigned to the methylene groups -CH2—1 
N + (= )-C H 2-, -CH2- C ( = ) —CH2-, and 2(—CH2— 
CH2—CH2-), respectively. The nmr spectra of a 
series of 2,3,5,6,7,8-hexahydro-lH-indolizinium salts
(42) and 1,2,3,4,6,7,8,9-octahydroquinolizinium salts
(43) have been tabulated.11 The signals for the -CH2-  
N + (= )- and -CH2—C (= )- methylene groups were

(9) M . G . R e in ek e , L . R . K ra y , a n d  R . F . F ran c is , Tetrahedron L e tt., 3549 
(1965).

(10) N . J .  L e o n a rd  a n d  V . W . G ash , J .  A m er . Chem . Soc ., 76 , 278 (1954).
(11) M . G . R e in e k e  a n d  L . R . K ra y , J .  Org. Chem ., 31 , 4215 (1966).

found in the ranges 3 4.12-4.30 and 3.18-3.20 ppm, re
spectively, when in the five-membered ring, and be
tween 3.70-3.94 ppm and 2.74-2.90 ppm, respectively, 
when in the six-membered ring. Hydride reduction of 
iminium salts is a well-known reaction.12 When 26  
was reduced with sodium borohydride, hexahydro-lH- 
pyrrolizine (pyrrolizidine) was obtained and isolated as 
the picrate (28 ), mp 260-263° dec. Hexahydro-IH- 
pyrrolizine picrate (28) has been reported by several 
groups,13 mp 260-262° dec. The pathway 1 8 - » - 2 0 - » -  
21 -*■ 25  -*■ 26  described above provides a new synthetic 
route to iminium salts via transannular reactions.

With the position of the ketone in the major bio
conversion product (18) established at C-5, three pos
sibilities remain for the position of the ketone in the 
minor product (19 ). The nmr spectrum of 19 (see 
Table I) bears out the prediction that this ketone will 
be found at C-4 of the heptamethylenimine ring. 
This spectrum has multiplet signals, corresponding to 
four protons each, centered at 5 3.42, 2.58, and 1.95  
ppm, which are assigned to the methylene groups 
-CH2—N—CH2-, -CH2—C (= 0)—CH2-, and -CH2— 
CH2-, respectively.

For comparative purposes, we carried out a sequence 
of chemical modifications of 19 (Scheme V) similar to 
those which were applied to the 5 ketone (18 ). In 
this series, transannular interactions7 are expected to

Scheme V

be reduced greatly while transannular reactions are 
not expected to occur. Consequently, 19 was con
verted into the ketal-amide (29 ), which was reduced, 
without purification, to the ketal-amine (30 ). Reac
tion of 30  with aqueous perchloric acid gave the per
chlorate salt (31 ), in which the presence of a ketone was 
demonstrated by an absorption band at 1700 cm-1 in 
the infrared spectrum. Hydrogenolysis removed the 
benzyl group of 30 , giving 32 , which showed NH ab
sorption at 3360 cm-1 in the infrared spectrum. The

(12) N . J .  L e o n ard , A. S. H a y , R . W . F u lm e r, a n d  V . W . G ash , J .  A m er . 
Chem . Soc., 77 , 439 (1955).

(13) (a) E . E . S chw eizer a n d  K . K . L ig h t, ib id ., 86 , 2963 (1964); J .  Org. 
C hem ., 31 , 870 (1966); (b) N . J .  L e o n ard  a n d  W . E . G oode, J .  A m er . Chem . 
Soc., 72 , 5404 (1950).
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final step in this sequence gave the ketone-amine salt 
(33, carbonyl absorption at 1695 cm-1) when 32 was 
treated with aqueous perchloric acid. The infrared 
carbonyl absorptions of the two ketone-amine salts 
(31 and 33) in this series are found at the lower limits 
(with respect to wave numbers) usually given for nor
mal ketones.14 15 This may reflect a slight transannular 
interaction shifting the carbonyl bands in these mole
cules.

O ctam eth y len im in e  S e r ie s .—The bioconversion of
1-benzoyloctamethylenimine (34) with S. sulfurescens 
proceeded in a manner very similar to that of the hepta- 
methylenimine series. Following oxidation of the 
isolated products, major (35) and minor (36) ketonic 
products (see Scheme II) were separated by chromatog
raphy. In view of recent results18, and now with the 
analogy of the heptamethylenimine series, the posi
tions of oxygenation of the nine-membered ring (34) 
are predicted to be at C-5 (major product) and at C-4. 
The use of transannular reactions as a method of struc
ture proof was applicable in this series also and the 
appropriate transformations which were carried out are 
described briefly below.

The ketal (37) of the major ketonic product (35) was 
first prepared and then was reduced to the ketal-amine 
(38) with lithium aluminum hydride. Transannular 
reaction followed the treatment of 38 with aqueous 
perchloric acid, giving 39 (no carbonyl absorption, OH 
absorption at 3420 cm-1 in the infrared spectrum). 
Hydrogenolysis of 38 gave the secondary amine-ketal 
(40). Reaction of 40 with aqueous perchloric acid re
sulted in ketal hydrolysis, transannular reaction, and 
dehydration of the molecule, giving the hexahydro- 
indolizinium perchlorate (41), mp 227-228°, with an 
iminium salt absorption band at 1690 cm-1 in the 
infrared spectrum. The compound 41 has been pre
pared previously from the reaction of the product of 
mercuric acetate dehydrogenation of octahydroin- 
dolizine with perchloric acid and is reported16 to have 
mp 218-219° dec while having an absorption band at 
1689 cm-1 in its infrared spectrum. These results 
prove that the major product (35) from oxygenation 
of 34 is l-benzoyloctahydro-5H-azonin-5-one. The 
minor ketonic product (36) was shown by its nmr spec
trum (see Table I) to be the result of oxygenation of 
34 at C-4. The important feature of this spectrum is 
the lack of a resonance signal which could be attributed 
to a methylene adjacent to both the nitrogen and the 
ketone group.

E xp erim en ta l S e c tio n 16

Biotransformation Process.—The culture used in these experi
ments was Sporotrichum sulfurescens V. Beyma (ATCC 7159). 
A medium of commercial dextrose (10 g/1.) and comsteep liquor 
(20 g/1.) was prepared with tap water (to 1 1.) and adjusted to 
pH 5.0 with sodium hydroxide. Flasks of the sterilized medium 
were inoculated with spores of S. sulfurescens, which were grown 
on malt (wort) agar slants. The flasks were shaken for 48 hr 
(until heavy growth was apparent) and then used for seeding other

(14) L . J .  B e llam y , “ T h e  In f ra re d  S p e c tra  of C om plex  M olecu les ,”  Jo h n  
W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1958, p p  132-160.

(15) N . J . L eo n ard , W . J .  M id d le to n , P . D . T h o m a s , a n d  D . C h o u d h u ry , 
J .  Org. Chem ., 21 , 344 (1956).

(16) M e ltin g  p o in ts  w ere  d e te rm in e d  o n  a  c a lib ra te d  F is h e r-Jo h n s  h o t
s ta g e  a n d  a re  co rrec ted . M ag n es iu m  s u lfa te  w as used  a s  th e  d ry in g  a g e n t 
un less in d ic a te d  o the rw ise . I n f ra re d  s p e c tra  w ere  d e te rm in e d  w ith  e ith e r  a  
P e rk in -E lm e r In f ra c o rd  o r  M o d e l 421 s p e c tro p h o to m e te r . T h e  n m r  sp e c tra  
w ere d e te rm in ed  a t  60 M e w ith  a  V a ria n  M o d e l A -60 sp ec tro m e te r , u s ing  
te tra m e th y ls ila n e  a s  a n  in te rn a l s ta n d a rd .

flasks or tanks. The tanks used in this work were inoculated 
with five parts of the vegetative culture to 100 parts of fresh 
medium. On any scale the culture is aerated and agitated for 
the growth period. In stirred vessels, with good agitation, 
aeration with five to ten volumes of air per minute per 100 volumes 
of culture was satisfactory. The substance to be oxygenated 
was dissolved in dimethylformamide or acetone and was added 
after 24 hr of growth. The amount of solvent used for the sub
stance was kept to a minimum (or less than one part solvent to 
100 parts culture). The level of substrate was 0.2 to 0.3 g per 
liter. A conversion time of 72 hr was used. The products and 
residual substrate were removed from the “beer” by extraction 
with methylene chloride, using a volume of solvent one-fourth 
that of the “ beer.” The solvent was evaporated under reduced 
pressure.

l-Benzoyl-4-piperidinol (2).—The dry extract from the 10 1. 
bioconversion of 1-benzoylpiperidine (2.0 g) was dissolved in a 
minimum of methylene chloride and placed on a Florisil (200 g) 
column packed with Skellysolve B. Elution with 25% (v/v) 
acetone-Skellysolve B gave the product (0.407 g) as an oil: 
roH 3420, rc-o 1620 cm-1 (neat).

Reaction with phenylisocyanate followed by chromatography 
on Florisil gave the phenylurethan, mp 184.5-186.5° (lit.3 mp 
184-185°).

l-Benzoyl-4-piperidone (4).—Jones reagent2 was added until 
present in excess to a cold (ice bath) solution of l-benzoyl-4- 
piperidinol (0.151 g, 0.000737 mol) in acetone. The excess oxidant 
was destroyed by addition of isopropyl alcohol and the mix
ture was allowed to evaporate to dryness. Water was added 
to the residue and the mixture was extracted with methylene 
chloride. After drying over sodium sulfate, the methylene chlo
ride solution was concentrated to an oil: 0.137 g; rc_o 1715,
1625 cm-1 (neat).

Reaction with 2,4-dinitrophenylhydrazine gave the 2,4-di- 
nitrophenylhydrazone (0.089 g). Recrystallization from ethanol 
gave the product, mp 196-198° (lit.3 mp 196-198°).

l-p-Toluenesulfonylhexahydro-4H-azepin-4-one (8). A. From 
the Fermentation Beer Extracts.—The dry extract from the 2-1. 
bioconversion of 1-p-toluenesulfonylhexamethylenimine17 (2.0 g) 
fermentation beer was chromatographed on Florisil by a gradient 
elution method. The residue was placed on a Florisil column 
with methylene chloride (75 ml). The column was eluted with 
Skellysolve B (41.) containing increasing proportions (from 0 to 
30%) of acetone. Fractions of 105-ml volume were collected. 
Fractions 19-25, containing the product, were combined in ace
tone and oxidized with an excess of Jones reagent.2 The resulting 
mixture was extracted with methylene chloride, and the extract 
was washed with water, dried over sodium sulfate, and concen
trated by distillation of the solvent. Crystallization from ether 
gave 0.33 g of colorless product: mp 81°; rc-o 1700 cm"1 
(in Nujol).

Anal. Calcd for Ci3H „N 08S (267.29): C.58.41; H, 6.41; N, 
5.24; S, 11.98. Found: C, 58.40; H, 6.47; N, 5.26; S, 12.24.

When the product was recrystallized from acetone-hexane a 
crystalline modification, mp 89-90°, was obtained. The infrared 
spectra of the two forms are identical when taken in chloroform 
solution. This latter form also is identical with 1-p-toluene- 
sulfonylhexahydro-4H-azepin-4-one prepared synthetically as de
scribed below (part C).

B. From Ring Expansion of l-p-Toluenesulfonyl-4-piperidone. 
Together with 6-p-Toluenesulfonyl-l-oxa-6-azaspiro[2.5]octane 
(10).—A solution of l-p-toluenesulfonyl-4-piperidone4 (4.41 g, 
0.0174 mol) in methylene chloride (20 ml) and methanol (50 ml) 
was chilled in an ice-acetone bath and was treated with an ether 
solution (100 ml) containing an excess of diazomethane. The mix
ture was removed from the cold bath and left a t room temperature 
for 20 min. The solvent was removed on a steam bath, applying 
reduced pressure during the latter stage. The treatment with 
diazomethane was repeated as just described. The residue was 
chromatographed on Florisil (200 g) by the gradient elution 
method, eluting with 8 1. of solvent. The solvent used was 
Skellysolve B plus an increasing proportion (0-30%) of acetone. 
Fractions of 225-ml volume were collected. By infrared spectro
scopic examination, the fractions were pooled as follows: (A)
fractions 9-11, (B) fractions 12-13, (C) fractions 14-16, (D) 
fraction 17, and (E) fractions 18-23.

Fraction A was recrystallized from acetone-Skellysolve B, 
giving 0.773 g (0.00289 mol, 16%) of 6-p-toluenesulfonyl-l-oxa-6-

(17) A . M u lle r a n d  A . S au erw ald , M o na tsh . C hem ., 48 , 727 (1927).
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azaspiro[2.5]octane (10) as colorless crystals, mp 152-154°; 
no carbonyl bands were present in their spectrum in Nujol.

Anal. Calcd for Ci3H17N 03S (267.29): C, 58.41; H, 6.41; 
N, 5.24; S, 11.98. Found: C, 58.46; H, 6.22; N, 5.31; S; 
12.19.

Fraction B was a mixture (1.10 g) of 10 and unchanged starting 
material. Fraction C was 0.97 g of unchanged starting material. 
Fraction D was a mixture of unchanged starting material and
8. Fraction E contained l-p-toluenesulfonylhexahydro-4H- 
azepin-4-one (8) (1.36 g, 0.00509 mol, 29%), mp 89-90°. The 
infrared spectrum in Nujol is identical with that of the product 
obtained below.

C. From l,4-Dioxa-8-azaspiro [4.6] undecane (14).—A solu
tion of l,4-dioxa-8-azaspiro [4.6] undecane (0.622 g, 0.00396 
mol) in 16% aqueous sodium hydroxide was mixed with p- 
toluenesulfonyl chloride (0.786 g, 0.00413 mol). The mixture 
was shaken vigorously for several minutes, then warmed, and 
shaken more. The mixture was left a t room temperature over
night and then was extracted with two 20-ml portions of ether. 
The ether solution was dried and concentrated to an oil. The 
oil was mixed with 2 N  hydrochloric acid (10 ml) and acetone 
was added until solution was obtained. The acetone was re
moved on the steam bath, giving an oil, which was extracted 
with two 50-ml portions of ether. I t  was necessary to add some 
methylene chloride to the ether to prevent crystallization of the 
product. After drying the solution it was concentrated to an oil, 
which crystallized. Recrystallization from ether gave two crops 
of colorless needles, 0.506 g and 0.114 g (total 0.00232 mol, 58%), 
mp 91-92°. The mixture melting point with the sample obtained 
from diazomethane ring expansion of l-p-toluenesulfonyl-4- 
piperidone was undepressed and their infrared spectra in Nujol 
are identical.

Isolation of l-Benzoylhexahydro-4H-azepin-4-ol (11) and 1- 
Benzoylhexahydo-4H-azepin-4-one (12) from Bioconversion of 
1-Benzoylhexamethylenimine.—The extract from the bio- 
conversion of 1-benzoylhexamethylenimine17.18 (2.0 g) with 
Sporotrichum sulfurescens was chromatographed on a Florisil 
(200 g) column packed with Skellysolve B. Elution with 25% 
(v/v) acetone-Skellysolve B gave unchanged starting material 
(0.25 g) and l-benzoylhexahydro-4H-azepin-4-one (12): 0.25 g; 
vc-o 1700, 1625 cm-1 (on the oil). Elution with acetone gave a 
mixture of 12 and l-benzoylhexahydro-4H-azepin-4-ol (11): 
poh 3400, vc-o 1660 broad cm-1 (on the oil).

Oxidation of 11 with Jones reagent2 gave an oil giving an in
frared spectrum identical with tha t of 12.

Oxidation and Isolation of Products from the Bioconversion of 
1-Benzoylhexamethylenimine. l-Benzoylhexahydro-4H-azepin-
4-one (12).—The oily extract residue from the 125-1. bioconver
sion of 1-benzoylhexamethylenimine17,18 (54.0 g, 0.266 mol) was 
dissolved in acetone (1 1.) and oxidized with an excess (cloudy 
mixture remained reddish brown) of Jones reagent.2 The excess 
of oxidizing agent was consumed with isopropyl alcohol. The 
mixture was evaporated to dryness, the residue was diluted with 
water, and the mixture was extracted six times with methylene 
chloride. The methylene chloride solution was dried over sodium 
sulfate and concentrated to an oil. The oil was chromatographed 
on a Florisil column (2.5 kg) packed with Skellysolve B. The 
column was eluted with two fractions of Skellysolve B, three 
fractions of 10% (v/v) acetone-Skellysolve B, eleven fractions 
of 25% acetone-Skellysolve B, and two fractions of acetone. 
Fractions 11-17 contained one material as detected by thin layer 
chromatography and were pooled, giving 32.1 g (0.148 mol, 55%) 
of oily product. Attempted crystallization from acetone- 
Skellysolve B was unsuccessful; however, the oil partially crystal
lized after standing at room temperature for 2 months. A sample 
of the oil was distilled: bp 170-174° (0.3 mm) (a center cut of 
bp 173° was used for analysis); j-c- o 1700, 1630, pc- c 1600, 
1575, 1495, vcent 780, 730, 700 cm“1 (on the oil).

Anal. Calcd for C,3H15N 02 (217.26): C, 71.86; H, 6.96; 
N, 6.45. Found: C, 71.51; H, 7.25; N, 6.46.

l-Benzoylhexahydro-3H-azepin-3-one (12a).6—Chromatog
raphy of the oxidized products (200 g) obtained from a large- 
scale bioconversion of 1-benzoylhexamethylenimine on a Florisil 
(7 in. X 36 in.) column gave in addition to 12 (96.9 g), a second, 
crystalline ketonic product (12.57 g), mp 111.5-113°. Three 
recrystallizations from ethyl acetate-Skellysolve B gave 1-

(18) (a) A . M u lle r, Chem . B er., 61, 568 (1928). (b) G . S. K o lesn ik o v , T .
V. S m irn o v a , L . I .  M iz ra k h , N . N . M ik h a ilo v sk a y a , a n d  L . I .  S hcherbo , Z h .
Obshch. K h irn ., 27 , 3005 (1957); J .  Gen. Chem . U S S R ,  27 , 3034 (1957).

benzoylhexahydro-3H-azepin-3-one (12a) as colorless crystals: 
mp 113-114°; vc-o 1705, 1655, vc-c 1600, 1575, 1495, rC6Hs 
785, 750, 705 cm“1 (in Nujol).

Anal. Calcd for Ci3Hi5N 02: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 71.48; H, 6.75; N, 6.49.

8-Benzyl-l,4-dioxa-8-azaspiro[4,6]undecane (13) via the K etal- 
Amide.—A mixture of l-benzoylhexahydro-4H-azepin-4-one 
(11.957 g, 0.0551 mol) in benzene (200 ml) and p-toluenesulfonic 
acid hydrate (1.020 g, 0.00537 mol) in ethylene glycol (28 ml) was 
stirred and heated to the reflux temperature of benzene for 24 
hr. The condensate was passed through a calcium carbide 
trap to remove water. Pyridine (3 ml) was added at the end of the 
reflux period and the mixture was cooled. The mixture was 
extracted with 5% aqueous sodium bicarbonate (100 ml) and 
with two 100-ml portions of water. The benzene layer was 
dried and concentrated under reduced pressure to a brownish 
yellow oil, j>c-o 1630 cm“1 (on the oil).

After the above oil failed to crystallize, it was dissolved in ether 
(75 ml) and added to a mixture of lithium aluminum hydride 
(2.0 g) and ether (200 ml). The mixture was stirred and heated 
to reflux for 3 hr, stirred at room temperature over a weekend, 
and again heated to reflux for 2 hr before the excess lithium 
aluminum hydride was decomposed by the addition of ethyl ace
tate and water. The solids were removed by filtration and were 
washed with ether. The combined pale yellow ether solutions 
were dried and concentrated to a yellow oil. Simple distillation 
of the oil gave the product (9.696 g, 0.0392 mol, 71%) as a pale 
yellow oil: bp 120-121° (0.13 mm); ji^d 1.5312; vc-o 1600, 
1580, 1490, »'em 730, 695 cm“1 (neat).

Anal. Calcd for C16H21N 02 (247.33): C, 72.84; H, 8.56;
N, 5.66. Found: C, 73.22; H, 8.98; N, 6.11.

l,4-Dioxa-8-azaspiro [4.6] undecane (14).—A solution of 8-
benzyl-l,4-dioxa-8-azaspiro[4.6]undecane (8.692 g, 0.0352 mol) 
in methanol (130 ml) was shaken with hydrogen and 5% palla
dium-on-carbon (2.50 g) in a Parr apparatus until the uptake of 
hydrogen ceased. The catalyst was removed by filtration and 
washed with methanol. The combined methanol solution was 
concentrated under reduced pressure to an oil. Simple distilla
tion of the oil in a semimicro apparatus gave the product (5.047 g,
O. 0321 mol, 91%) as a colorless oil: bp 58-60° (0.05 mm); n Kd 
1.4885; j-nh 3330 cm“1 (neat).

Anal. Calcd for C8H1EN 02 (157.21): C, 61.12; II, 9.62;
N, 8.91. Found: C, 61.17; H, 9.86; N, 8.85.

l-Benzoylhexahydro-5(2H)-azocinol (16) from the Bioconver
sion of 1-Benzoylheptamethylenimine.—The dry extract from 
the 125 1. of bioconversion of 1-benzoylheptamethylenimine19 
(25.0 g) was dissolved in a minimum of methylene chloride and 
placed on a Florisil column (2.5 kg) packed with Skellysolve B. 
Fractions (2 1.) were collected, beginning by elution with one 
fraction of Skellysolve B, followed by five fractions of 10% 
(v/v) acetone-Skellysolve B, six fractions of 25% acetone- 
Skellysolve B, nine fractions of 50% acetone-Skellysolve B, and 
four fractions of acetone. Fractions 11-13 (6.6 g) consisted of an 
oil: roH 3450, rc-o 1710, 1650 cm“1 (on the oil). Fractions
15-18 (12.4 g) consisted of oily crystals: i»oh 3460, vc-o 1710,
1625 cm“1 (on the oil). Crystals (1.5 g), mp 118-120°, were 
obtained from fraction 16 by washing with acetone. Two re
crystallizations from acetone-Skellysolve B gave colorless crys
tals: mp 119-120°; voh 3430, ro_o 1610, rc_c 1560, 1500, vCeHs
796, 737, 707 cm“1 (in Nujol).

Anal. Calcd for Ci4H19N 02 (233.30): C, 72.07; H, 8.21; 
N, 6.00. Found: C. 71.98; H, 8.41; N, 5.84.

Oxidation and Isolation of the Products from Bioconversion of 
1-Benzoylheptmethylenimine. l-Benzoylhexahydro-4(lH)-azo-
cinone (19) and l-Benzoylhexahydro-5(2H)-azocinone (18).— 
The dry extract from the 125 1. bioconversion of 1-benzoyl- 
heptamethylenimine19 (23.0 g) was dissolved in acetone (750 ml) 
and oxidized with Jones reagent as described above for 12. 
The oily solid product was combined with crude ketone (7.2 g) 
from a previous run and was dissolved in methylene chloride 
(100 ml) and placed on a Florisil column (2.5 kg) packed with 
Skellysolve B. Fractions (2 1.) were collected, beginning by 
elution with two fractions of Skellysolve B, followed by three 
fractions of 10% (v/v) acetone-Skellysolve B, ten fractions of 
25% acetone-Skellysolve B, and five fractions of acetone. 
Fractions 9, 10, and 11 contained 4.75 g of a brownish yellow

(19) (a) R . T a k a m o to , Y a k u g a k u  Z a ssh i, 48 , 686 (1928); Chem . A b str ., 23 ,
387 (1929). (b) A. M u lle r, E . S repe l, E . F u n d e r-F r itz sc h e , a n d  F . D ieh e r,
M onatsh . C hem ., 83 , 386 (1952).
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crystalline material. Following decolorization with activated 
charcoal from an acetone solution, crystallization occurred from 
methylene chloride-Skellysolve B in the freezer. Colorless, 
slightly sticky crystals were obtained, mp 59-62°. Two re
crystallizations from cold methylene chloride-Skellysolve B gave 
colorless crystals of l-benzoylhexahydro-4(lH)-azocinone (19): 
mp 64—65°; j>c-o 1700 ms, 1640 s, rCeHt 792 m, 754 mw, 716 m 
cm-1 (in Nujol).

Anal. Calcd for C14H „N 02 (231.28): 72.70; H, 7.41; N,
6.06. Found: C, 72.75; H, 7.21; N, 6.39.

Fractions 15 through 18 gave 14.50 g of brownish oily crystals. 
Decolorization with activated charcoal and crystallization from 
acetone-Skellysolve B gave l-benzoylhexahydro-5(2H)-azocinone
(18) as colorless crystals: mp 124-126°; rc_o 1685 ms, 1630 s, 
"cm  796 m, 748 m, 718 cm-1 (in Nujol).

Anal. Calcd for Ci4H17N 02: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.63; H, 7.59; N, 6.31.

l-Benzoylhexahydro-5(2H)-azocinone (18) from 1-Benzoyl- 
hexahydro-5(2H)-azocinol.—A solution of 1-benzoylhexahydro- 
5(2H)-azocinol (1.163 g, 0.00500 mol) in acetone was oxidized 
with Jones reagent2 as described above except that the acetone 
solution of the product was filtered and concentrated. Addition 
of Skellysolve B resulted in crystallization of the product. Color
less crystals (0.594 g, 0.00257 mol, 51%) were collected, mp
126-129°. There was no depression in the mixture melting point 
with the sample obtained from the oxidized bioconversion prod
ucts and their infrared spectra in Nujol are identical.

9-BenzoyI-l,4-dioxa-9-azaspiro[4.7]dodecane (20).—A mixture 
of l-benzoylhexahydro-5(2H)-azocinone (39.883 g, 0.172 mol), 
p-toluenesulfonic acid hydrate (2.96 g, 0.0155 mol), ethylene 
glycol (75 ml, 83 g, 1.34 mol), and benzene (500 ml) was heated 
to reflux. The condensate was dried by passing it through a 
calcium carbide trap. The mixture was refluxed 30 hr. Pyridine 
(6 ml) was added to the cooled mixture; the benzene layer was 
extracted with three 100-ml 5% aqueous sodium bicarbonate 
and dried. Concentration of the benzene solution gave a viscous 
oil. An attempted distillation of this oil was stopped after the 
pot temperature reached 180° and the oil did not appear about 
to distil. As the cooled oil (42.95 g, 0.156 mol, 90%) was being 
transferred in ether, it crystallized, mp 72-74°. Two recrystal
lizations from ether-Skellysolve B gave colorless crystals: mp 
72-73°; vc-o 1630 s cm-1 (in Nujol).

Anal. Calcd for Ci6H21N 03 (275.34): C, 69.79; H, 7.69;
N, 5.09. Found: C, 69.99; H, 7.84; N, 5.20.

9-Benzyl-l,4-dioxa-9-azaspiro [4.7] dodecane (21).—A solu
tion of 9-benzoyl-l,4-dioxa-9-azaspiro[4.7Jdodecane (40.9 g,
O. 148 mol) in ether (300 ml) was added slowly to a stirred mixture 
of lithium aluminum hydride (6.0 g, 0.158 mol) and ether (200 
ml). The resulting mixture was stirred at room temperature for 
16 hr and at reflux temperature for 5 hr. The excess lithium 
aluminum hydride was decomposed with 1:1 acetone-water and 
with water. The inorganic solids were collected on a pad of 
Celite in a sintered glass funnel. The solids were washed three 
times with ether and the combined ether solution was dried and 
concentrated to an oil (38.26 g). Simiple distillation gave a 
colorless oil (33.72 g, 0.129 mol, 87%): bp 125-127° (0.3 mm); 
vc-o 1115 s cm-1 (on the liquid).

Anal. Calcd for C16H23N 02 (261.35): C, 73.53; H, 8.87;
N, 5.36. Found: C, 73.39; H, 8.31; N, 5.34.

l-Benzylhexahydro-5(2H)-azocinone (23). A. From Hy
drolysis of 9-Benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane.—A solu
tion of 9-benzyl-l,4-dioxa-9-azspiro [4.7] dodecane (6.734 g,
O. 0258 mol) in 0.75 M  hydrochloric acid (40 ml) was stirred at 
room temperature for 3 hr. The solution was made alkaline 
with 1 M  sodium hydroxide solution, causing an oil to precipitate. 
The oil was extracted with ether and the ether solution was dried 
and concentrated to a nearly colorless oil. Distillation of the 
oil in a semimicro still gave the following fractions: (1) colorless 
oil (1.00 ml), bp 110-112° (0.1 mm); (2) colorless oil, bp 112— 
115° (0.1 mm); and (3) colorless oil (1.15 ml), bp 115-117° 
(0.1 mm); total weight 6.293 g (0.0290 mol, 112%). A sample 
of fraction 2 was used for analysis: rc-o 1685 cm-1 (on the liquid), 
1675 cm-1 (in chloroform solution).

Anal. Calcd for C14H19NO (217.30): C, 77.38; H, 8.81; 
N, 6.45. Found: C, 77.21; H, 8.63; N, 6.49.

B. From Basification of 4-Benzylhexahydro-7a-hydroxy-lH- 
pyrrolizinium Chloride.—A solution of 4-benzoylhexahydro-7a- 
hydroxy-lH-pyrrolizinium chloride (0.146 g) in water (10 ml) 
was made alkaline (pH 10) with the addition of 1 M  sodium 
hydroxide solution. The solution was extracted with three

15-ml portions of ether; the ether was dried and concentrated 
to an oil. The infrared spectrum of the oil is identical with that 
of the oil obtained by reduction of 9-benzoyI-l,4-dioxa-9-aza- 
spiro[4.7]dodecane with lithium aluminum hydride.

4-Benzylhexahydro-7a-hydroxy-lH-pyrrolizinium Chloride 
(22a).—Addition of concentrated aqueous hydrochloric acid (4 
ml) to a solution of l-benzylhexahydro-5(2H)-azocinone (2.729 g, 
0.0125 mol) in absolute ethanol (15 ml) caused an exothermic 
reaction. After 5 min ether was added to the solution until it 
became cloudy. Ethanol was added until a clear solution was 
obtained. Crystallization occurred slowly and gave 2.157 g 
(0.00850 mol, 68%) of colorless crystals, mp 205-212°. Three 
recrystallizations from ethanol-ether gave colorless crystals: 
mp 212-214°; »-o h ? 3000, 2760 w, 2720 w, 2620 w, 2560 w, <-0_c 
1565 w, 1495, 1490, »oh, 735, 705 cm“1 (in Nujol).

Anal. Calcd for C14H20NOC1 (253.77): C, 66.26; H, 7.94; 
N, 5.52. Found: C, 66.13; H, 8.28; N, 5.60.

4-Benzylhexahydro-7a-acetoxy-lH-pyrrolizinium Chloride 
(24a).—A mixture of 4-benzylhexahydro-7a-hydroxy-lH-pyr- 
rolizinium chloride (0.190 g, 0.000750 mol) and acetic anhydride 
(6 ml) was heated on a steam bath for 1.5 hr. Complete solution 
was obtained after 0.5 hr and the solution became yellow after 
1 hr. Ether was added to the cooled solution causing precipita
tion of a crystalline solid. The solid was collected by filtration 
and was immediately placed in a desiccator when it was found to 
be hygroscopic. The infrared spectrum had bands at i»c_o 
1750 s, »-chs 763 s, 708 s cm-1 (in Nujol).

4-Benzylhexahydro-7a-hydroxy-lH-pyrrolizinium Perchlorate 
(22b). A. From 9-Benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane.—  
Aqueous (70%) perchloric acid (1 ml) was added dropwise to a 
solution of 9-benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane (0.2 ml) 
in absolute ethanol (3 ml). A cloudy and warm solution was 
formed. Addition of ether gave a clear solution in which crystals 
began to form. Colorless needles were obtained, mp 144-145°. 
Two recrystallizations from ethanol-ether gave colorless crys
tals: mp 144-145°; »-o h  3290 m, r c «Hs 760 m, 715 ms, 705 ms 
cm-1 (in Nujol).

Anal. Calcd for C14H2„N06C1 (317.77): C, 52.91; H, 6.34;
N, 4.41. Found: C, 52.78; H, 6.44; N, 4.62.

B. From l-Benzylhexahydro-5(2H)-azocinone.—Aqueous 
(70%) perchloric acid (ten drops) was added to a solution of 1- 
benzylhexahydro-5(2H)-azocinone (0.298 g, 0.00137 mol) in 
absolute ethanol (3 ml). The soluion became warm and crystals 
began to form after several minutes. Ether (6 ml) was added 
and the product (0.347 g, 0.00109 mol, 80%), mp 142-144°, 
was collected after 1 hr. The infrared spectrum in Nujol is 
identical with that of the compound obtained from reaction of
9-benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane with aqueous per
chloric acid.

4-Benzylhexahydro-7a-acetoxy-lH-pyrrolizinium Perchlorate 
(24b).—A mixture of 4-benzylhexahydro-7a-hydroxy-lH-pyr- 
rolizinium perchlorate (0.342 g, 0.00108 mol) and acetic anhydride 
(6 ml, 0.065 mol) was warmed on a steam bath for 0.5 hr, giving 
a light yellow solution. Addition of ether to the cooled solution 
gave an oily precipitate which rapidly crystallized (0.281 g,
O. 000781 mol, 72%). Recrystallization from acetone-ether
gave nearly colorless crystals, mp 190-195°. Two more recrystal
lizations from acetone-ether gave colorless crystals: mp 203- 
204°; vc-o 1750 s, vc-c 1580, 1495, 760, 700 cm "1 (in
Nujol).

Anal. Calcd for C16H22N 06C1 (359.81): C, 53.41; H, 6.16; 
N, 3.89. Found: C, 53.62; H, 6.18; N, 4.04.

l,4-Dioxa-9-azaspiro[4.7jdodecane (25).—A solution of 9- 
benzyl-l,4-dioxa-9-azaspiro[4.7]dodecane (24.642 g, 0.0945 mol) 
in absolute ethanol (150 ml) was shaken with 5% palladium on 
carbon (5.88 g) and hydrogen in a Parr hydrogenation apparatus. 
After 30 min the hydrogen uptake had stopped and totaled 28 
lb (calculated, 27.4 lb). The catalyst was removed by a first 
filtration through Celite on a coarse porosity sintered-glass 
funnel and then by filtration through a medium porosity sintered- 
glass funnel. The catalyst was washed twice in each case with 
ethanol. The ethanol was removed by distillation through a 
30-cm Vigreux column. The residual oil was purified by a 
simple distillation which gave a colorless oil (14.447 g, 0.0844 
mol, 89%): bp 70-75° (0.2 mm); n 25d  1.4835; >-n h  3360 cm“1 
(on the oil).

Anal. Calcd for C9H „N 02 (171.23): C, 63.13; H, 10.00; 
N, 8.18. Found: C, 63.31; H, 10.02; N, 8.17.

The oil gives a white solid when left in contact with the at
mosphere, presumably from reaction with carbon dioxide.
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1,2,3,5a 7-Hexahy dropy rrolizinium Perchlorate (26).—Aque
ous 70% perchloric acid (3 ml) was added to a solution of
l,4-dioxa-9-azaspiro[4.7]dodecane (1.070 g, 0.00625 mol) in 
ethanol (5 ml). The solution became hot. After cooling, ether 
was added, causing formation of colorless crystals (1.032 g, 
0.00493 mol, 78%). Recrystallization from ethanol gave color
less crystals, mp 239-241 ° dec. A second recrystallization gave 
colorless plates: mp 238-240° slight dec; rc_N+ 1690 s cm-1 
(in Nujol).

Anal. Calcd for C7H12N 04C1 (209.64): C, 40.10; H, 5.77; 
N, 6.68. Found: C, 40.23; H, 5.82; N, 6.87.

Hexahydro-lH-pyrrolizine Picrate (28).—A mixture of 1,2,3,-
5,6,7-hexahydropyrrolizinium perchlorate (0.353 g, 0.00168 mol) 
and sodium borohydride (0.9 g) in absolute ethanol was heated 
on a steam bath for 3 hr. Water (10 ml) and 1 M  aqueous sodium 
hydroxide solution (20 ml) were added and the mixture was 
filtered. The filtrate was extracted with three 50-ml portions 
of ether; the ether was dried and concentrated to a small quantity 
of oil. The oil was dissolved in ethanol (5 ml) and ethanolic 
picric acid (3-5 ml) was added in small portions. The solution 
became dark red in color. Cooling in the freezer gave dark red 
crystals, mp 145-160°, with some crystals remaining to 225°. 
Recrystallization gave olive-yellow crystals, mp 260-263° dec 
(lit.13 mp 260-262° dec).

8-Benzoyl-l,4-dioxa-8-azaspiro[4.7]dodecane (29).—A mixture 
of l-benzoylhexahydro-4(lH)-azocinone (16.487 g, 0.0712 mol), 
p-toluenesulfonic acid hydrate (1.35 g, 0.00710 mol), ethylene 
glycol (25 ml), and benzene (200 ml) was heated to reflux for 
24 hr. The condensate was passed through a calcium carbide 
drying trap during this time. Pyridine (2 ml) was added and the 
mixture was cooled. The mixture was extracted with aqueous 
sodium bicarbonate solution and with three 100-ml portions of 
water. The benzene layer was dried and concentrated to a 
viscous oil which did not crystallize. This oil was used in the 
next reaction without further purification.

8-Benzyl-l,4-dioxa-8-azaspiro[4.7]dodecane (30).—The oily 8- 
benzoyl-l,4-dioxa-8-azaspiro[4.7]dodecane from the preceding 
reaction was partially dissolved in ether (2 1.) and slowly added 
to a stirred mixture of lithium aluminum hydride (3.0 g, 0.0790 
mole) and ether (200 ml). The excess ether was allowed to boil 
off. The remaining oil, insoluble in ether, was dissolved in 
tetrahydrofuran and added to the reaction mixture. The mixture 
was stirred and refluxed 7 hr and then kept at room temperature 
overnight. The excess lithium aluminum hydride was destroyed 
by addition of ethyl acetate and water. The inorganic solids 
were removed by filtration through Celite and were washed with 
ether. The combined ether filtrates were dried and concentrated 
to a yellow oil. Distillation of the oil gave 8-benzyl-l,4-dioxa-8- 
azaspiro[4.7]dodecane (30) (5.700 g, 0.0218 mol, 30%) as a 
colorless oil: bp 140-150° (0.2 mm); ri%> 1.5284; rC=c 1600 
mw, 1580 w, 1490 s, rCiHS 725 s, 695 s cm-1 (on the oil).

Anal. Calcd for CiCH23N 02 (261.35): C, 73.53; H, 8.87; 
N, 5.36. Found: C, 73.33; H, 8.91; N, 5.14.

Distillation also gave a light yellow oil (4.768 g), bp 190-205° 
(0.2 mm), obtained by heating the distillation flask with a small 
flame.

l-Benzylhexahydro-4(lH)-azocinone Perchlorate (31).—
Aqueous 70% perchloric acid (0.5 ml) was added to a solution 
of 8-benzyl-l,4-dioxa-8-azaspiro[4.7]dodecane (0.357 g, 0.00137 
mol) in absolute ethanol (2 ml). Ether was added to the point 
of cloudiness and the mixture was allowed to cool. Oil drops 
precipitated and crystallized after cooling in the freezer, giving 
colorless crystals (0.301 g, 0.000949 mol, 69%), mp 103-142° 
dec. Three recrystallizations from ethanol-ether gave colorless 
crystals: mp 151-153°; j/Nh+ 3080 ms, rc-o 1700 s, vc-o
1495 m, r06Hs 745 ms, 700 ms cm-1 (in Nujol).

Anal. Calcd for ChH20NO5C1 (317.77): C, 52.91; H, 6.34; 
N, 4.41. Found: C, 52.91; H, 6.58; N, 4.17.

l,4-Dioxa-8-azaspiro[4.7]dodecane (32).—A solution of 8- 
benzyl-l,4-dioxo-8-azaspiro[4.7]dodecane (5.152 g, 0.0197 mol) 
in absolute ethanol (75 ml) was shaken with 5% palladium on 
carbon (1.5 g) and hydrogen in a Parr apparatus for 3 hr. Hy
drogen uptake was complete after 1 hr. The catalyst was re
moved by filtration and was washed twice with methanol. The 
excess solvent was removed by distillation through a 30-cm 
Vigreux column under reduced pressure. Distillation of the 
residual oil gave a colorless oil (2.771 g, 0.0162 mol, 82%): 
bp 68-69° (0.1 mm); »%> 1.4853; ^nh 3360 mw cm-1 (on the oil).

Anal. Calcd for C9H „N 02 (171.23): C, 63.13; H, 10.00; 
N, 8.18. Found: C, 63.16; H, 10.04; N, 7.88.

Hexahydro-4(lH)-azocinone Perchlorate (33).—Aqueous
(70%) perchloric acid (1.0 ml) was added to a solution of 1,4- 
dioxa-8-azaspiro [4.7] dodecane (0.269 g, 0.00157 mol) in absolute 
ethanol (2 ml). The reaction was exothermic. After the solution 
cooled, ether was added and the solution placed in the freezer. 
Crystals formed overnight and were recrystallized from ethanol- 
ether, giving colorless crystals: mp 55, 75-85°; p o h .n h  3600 m, 
3150 ms, rc-o 1695 s cm-1 in Nujol. The crystals were dissolved 
in ethanol and the solution was refluxed for 45 min. Addition of 
ether gave colorless crystals, mp 87-89°. Recrystallization from 
ethanol-ether gave colorless flakes: mp 87-89°; w h  3150 s, 
rc-o 1695 s cm-1 (In Nujol).

Anal. Calcd for C7H14N 0 5C1 (227.65): C, 36.93; H, 6.20; 
N, 6.15. Found: C, 37.04; H, 6.28; N, 6.40.

Oxidation and Isolation of the Products from the Bioconversion 
of 1-Benzoyloctamethylenimine. l-Benzoyloctahydro-4H-azo- 
nin-4-one (36) and l-Benzoyloctahydro-5H-azonin-5-one (35).— 
The dry extract from the bioconversion of 1-benzoyloctamethyl- 
eneimine (25.0 g) was dissolved in acetone (500 ml) and oxidized 
with excess Jones reagent2 as described previously. The residual 
oily material was dissolved in methylene chloride (100 ml) and 
the solution was placed on a column of Florisil (2.5 kg) packed in 
Skellysolve B. The following 2-1. fractions were collected: 2 of 
Skellysolve B, 10 of 10% (v/v) acetone in Skellysolve B, 8 of 
20% acetone in Skellysolve B, 5 of 50% acetone-Skellysolve B, 
and 3 of acetone. Fractions 15 through 18 gave 4.80 g of 1- 
benzoyloctahydro-4H-azonin-4-one (36) as a yellow crystalline 
material and fractions 20 through 23 gave 11.62 g of 1-benzoyl- 
octahydro-5H-azonin-5-one (35) as a yellowish crystalline solid. 
Removal of color from these products with activated charcoal 
renders them sufficiently pure for most uses; however, for prepa
ration of analytical samples, portions were rechromatographed 
on Florisil. A sample (1.60 g) of the less polar material was dis
solved in methylene chloride and placed on a column of Florisil 
(80 g) packed with Skellysolve B. Elution with 10% (v/v) ace
tone in Skellysolve B gave colorless crystals. Two recrystalliza
tions from cold methylene chloride-Skellysolve B gave 36 as 
colorless plates: mp 87-88°; rc_o 1700 ms, 1625 s, rc«ns 787 
ms, 744, ms, 705 ms cm-1 (in Nujol).

Anal. Calcd for C15HI9N 02 (245.31): C, 73.44; H, 7.81; 
N, 5.71. Found: C, 73.30; H, 8.03; N, 5.80.

A sample (11.40 g) of the more polar material dissolved in 
methylene chloride was placed on a column of Florisil (600 g) 
packed with Skellysolve B. Elution with 25% (v/v) acetone in 
Skellysolve B gave colorless crystals. Recrystallization from 
acetone-Skellysolve B was achieved by placing the solution in the 
freezer and gave colorless crystals, mp 69-71°. A final recrystal
lization from acetone-Skellysolve B gave 35 as colorless crystals: 
mp 70-72°; rC_o 1700 ms, 1625 s, v 800 m, 748 ms, 717 s cm“1 
(in Nujol).

Anal. Calcd for C15HI9N 02: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.54; H, 7.72; N, 5.94.

9-Benzoyl-l,4-dioxa-9-azaspiro[4.8]tridecane (37).—A solution 
of l-benzoyloctahydro-5H-azonin-5-one (18.819 g, 0.0768 mol) 
and p-toluenesulfonic acid hydrate (1.46 g) in benzene (200 ml) 
was stirred with ethylene glycol (30 ml). The mixture was heated 
to the reflux temperature of benzene for 22 hr and the condensate 
was passed through a calcium carbide drying trap. Pyridine 
(3 ml) was added at the end of the reflux period; the mixture was 
cooled and then extracted with 5% aqueous sodium bicarbonate 
(100 ml) and with two 100-ml portions of water. The benzene 
layer was dried and was concentrated under reduced pressure, 
giving a viscous yellow oil. The infrared spectrum of the oil 
showed the presence of a carbonyl function (1730 w cm-1) and 
so the oil was again dissolved in benzene (200 ml) and mixed 
with ethylene glycol (30 ml) and p-toluenesulfonic acid hydrate 
(3 g). The mixture was heated to reflux for 24 hr after which the 
work-up used above was repeated. The oil product retained 
the unusual carbonyl absorption in its infrared spectrum. A 
sample of the oil kept from the first work-up partially crystallized 
and when the oil product was mixed with these crystals, crystal
lization occurred. Recrystallization from ether-Skellysolve B 
gave two crops (13.682 g, 0.0473 mol, 61%) of light yellow crys
tals, mp 90-95°. Recrystallization from ether-Skellysolve B 
gave crystals, mp 98-100°. A final recrystallization preceded 
by decolorization with activated charcoal gave colorless needles: 
mp 99-101°; vc_o 1630 s, vc^i 798 m, 737 m, 704 ms cm“1 
(in Nujol).

Anal. Calcd for C„H23N 03 (289.36): C, 70.56; H, 8.01; 
N, 4.84. Found: C, 70.50; H, 8.08; N, 5.16.
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9-Benzyl-l,4-dioxa-9-azaspiro[4.8]tridecane (38).—A solution 
of 9-benzoyl-l,4-dioxa-9-azaspiro[4.8]tridecane (13.331 g, 0.0462 
mole in ether (250 ml) was dribbled into a mixture of lithium 
aluminum hydride (2.0 g) in ether (100 ml). The mixture was 
stirred at room temperature for 16 hr and at reflux temperature 
for 4 hr. The excess hydride was decomposed by the cautious 
addition of water. The inorganic solids were removed by filtra
tion and washed with ether. The combined ether solution was 
dried and concentrated to an oil. A simple distillation of the 
oil gave the product (10.779 g, 0.0392 mol, 85%) as a colorless 
oil: bp 145-147° (1.5 mm); n md 1.5302; vc-c 1600 w, 1498 m, 
rceHi 750 m, 715 ms, 701 ms cm-1 (on the oil).

Anal. Calcd for C„H25N 02 (275.38): C, 74.14; H, 9.15; N,
5.09. Found: C, 74.77; H, 9.66; N, 5.04.

The oil crystallized when kept overnight in the refrigerator, mp 
44^46°.

4-Benzyloctahydro-8a-hydroxyindolizinium Perchlorate (39).—  
Aqueous (70%) perchloric acid (2 ml) was added to a solution of
9-benzyl-l,4-dioxa-9-azaspiro [4.8] tridecane (0.491 g, 0.00178 
mole) in ethanol (3 ml). The solution became hot After cool
ing, ether was added to the point of forming two phases. Crystals 
formed slowly. The mixture was cooled in the freezer. Colorless 
crystals (0.456 g, 0.00137 mol, 73%) were obtained, mp 143-145°. 
Two recrystallizations from ethanol-ether gave colorless crystals: 
mp 152-153°; roH 3420 s, yC6H5 768 s, 710 s cm-1 (in Nujol).

Anal. Calcd for CisHWNOsCl (331.80): C, 54.29; H, 6.68; 
N, 4.22. Found: C, 54.16; H, 6.85; N, 4.48.

l,4-Dioxa-9-azaspiro[4.8]tridecane (40).—A solution of 9- 
benzyl-l,4-dioxa-9-azaspiro[4.8]tridecane (9.451 g, 0.0344 mol) 
in methanol (150 ml) was shaken with 5% palladium on carbon 
(2.5 g) in hydrogen for 45 min at which time uptake of hydrogen 
appeared complete. The catalyst was removed by filtration and 
the colorless filtrate was stored overnight in the refrigerator. 
The solution, now yellow, was concentrated under reduced pres
sure. The yellow oil product crystallized as it cooled. The solid 
was dissolved in ether, decolorized with activated charcoal, 
filtered, and crystallized by addition of Skellysolve B to the ether

and by cooling in the freezer. Colorless crystals (4.649 g, 0.0251 
mole, 73%) were obtained, mp 55-57°. Recrystallization from 
ether-Skellysolve B gave colorless, chunky crystals: mp 55-57°; 
rNH 3400 mw cm-1 (in Nujol).

Anal. Calcd for C,0H19NO2 (185.26): C, 64.83; H, 10.34; 
N, 7.56. Found: C, 64.66; H, 10.40; N, 7.62.

2,3,5,6,7,8-Hexahydro-lH-indolizinium Perchlorate (41).—
Aqueous (70%) perchloric acid (2 ml) was added to a solution 
of l,4-dioxa-9-azaspiro[4.8]tridecane (0.483 g, 0.00261 mol) in 
absolute ethanol. The solution became hot and, after cooling, 
ether was added to the point of separation of two phases. The 
solution was placed in the freezer and crystals slowly formed. 
Colorless crystals (0.350 g, 0.00157 mol, 60%) were collected by 
filtration, mp 212-220°. Three recrystallizations from ethanol- 
ether gave colorless flakes: mp 227-228° dec (lit.15 mp 218-219° 
dec); rc-N+ 1690 cm-1 (in Nujol) [lit.15 1689 cm“1 (in Nujol)].

R eg istry  N o .— 8, 16803-02-4; 10, 16803-03-5; 12, 
15923-40-7; 12a, 16803-05-7; 13, 16803-06-8; 14, 16803-
07-9; 1 6 ,16803-08-0; 1 8 ,16803-09-1; 1 9 ,16803-10-4; 20, 
16803-11-5; 2 1 ,16803-12-6; 22a , 16853-06-8; 22b , 16853-
07-9; 23, 16853-08-0; 24b , 16853-09-1; 25, 16803-13-7; 
26, 16853-10-4; 30 , 16803-14-8; 31, 16803-15-9; 32, 
16853-11-5; 33 , 16803-16-0; 35 , 16803-17-1; 36 , 16803-
18-2; 3 7 , 16803-19-3; 3 8 ,16803-20-6; 39 , 16853-12-6; 40, 
16803-21-7; 41, 14594-57-1.
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The microbiological oxygenation of 3-benzoyl-3-azabicyclo[3.3.1]nonane (1) and 3-benzoyl-3-azabieyclo-
[3.2.2] nonane (11) with Sporotrichum sulfurescens has been shown to give 3-benzoyl-mdo-3-azabicyclo[3.3.1]- 
nonan-6-ol (2) in the first case and a mixture of 3-benzoyl-«ndo-3-azabicyclo[3.2.2]nonan-6-ol (12) and 3-benzoyl- 
3-azabicyclo[3.2.2]nonan-6-one (13) in the second case. Reduction of ketone 13 with sodium borohydride gave 
3-benzoyl-exo-3-azabicyclo [3.2.2] nonan-6-ol (14), which underwent acyl migration in acidic solution. The 
major and minor hydroxylated products obtained from microbiological oxygenation of 2-benzoyl-2-azabicyclo-
[2.2.2] octane (23) were assigned endo-5-ol (24) and endo-6-ol (25) structures, respectively, based on the patterns 
of oxygenation observed in the above and in related molecules.

The oxygenation of saturated organic molecules 
by microorganisms is of particular importance be
cause of the introduction of functionality at positions 
inaccessable to many methods of organic chemistry. 
Examples of interest are the numerous oxygenations of 
the steroid nucleus by a variety of microorganisms.1 
Recent extensions include oxygenations of macro- 
cyclic alcohols2 and the amide derivatives of cyclic 
amines3 by the microorganism, Sporotrichum sul
furescens. As yet there is considerable uncertainty 
as to the position of oxidative attack by microorga

(1) Cf. S. H . E p p s te in , P . D . M eis te r , H . C . M u rra y , a n d  D . H . P e te rso n , 
" V ita m in s  a n d  H o rm o n es ,” V ol. X IV , A cadem ic  P re s s  In c .,  N ew  Y ork , 
N . Y ., 1956, p p  359-432.

(2) G . S. F o n k en , M . E . H e rr , H . C . M u rra y , a n d  L . M . R eineke, J .  A m er. 
Chem . Soc., 89, 672 (1967).

(3) G . S. F o n k e n , M . E . H e rr , H . C . M u rra y , a n d  L . M . R e ineke , J .  Org.
Chem ., 33, 3182 (1968).

nisms. A proposal that such attack by S. sulfurescens 
will occur at a saturated carbon approximately 5.5 A 
from an electron-rich center, such as a ketone or an 
amide carbonyl oxygen,2'3 provides a working hypothe
sis with which to consider this question. Continued 
expansion of the varieties of molecules submitted to 
microbiological oxygenation aids in testing this pro
posal as well as in determining the limits of the reaction 
with respect to chemical structure. The successful 
microbial oxygenation of the amides of azacycloalkanes4 
suggested the further extension to the amides of azabi
cycloalkanes. The oxygenation of 3-benzoyl-3-aza- 
bicyclo[3.3.1 ]nonane (1), 3-benzoyl-3-azabicyclo[3.2.21- 
nonane (11), and 2-benzoyl-2-azabicyclo[2.2.2]octane

(4) R . A. Jo h n so n , M . E . H e rr , H . C . M u rra y , a n d  G . S. F o n k en , ib id .,
33, 3187 (1968).
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(2 3 ) by S. sulfurescens and the structure determination 
of the products provide the subjects for this paper.

3 -B en zo y l-3 -a za b icy c lo [3 .3 .1 ]n o n a n e  (1 ).—The bi- 
cyclic amide 1 served as an excellent substrate, giving 
a single monohydroxylated product (2) in yields of 
60-70% when oxygenated with S. sulfurescens. Dis
similation of the substrate (1) was rapid and was success
ful at a substrate level of 0.5 g/1. of medium (which 
may be compared with a level of 0.2 g/1. with the other 
above substrates). There are five chemically different 
saturated carbon atoms5 in the substrate molecule (1) at 
which hydroxylation could occur. These are C-l 
(equivalent5 to C-5), C-2 (equivalent to C-4), C-6 
(equivalent to C-8), C-7, and C-9. Formation of a ke
tone (3) (Scheme I )  when 2 is oxidized with chromic 
acid eliminated the possible sites at C-l and C-2 since a 
hydroxyl group at the former position would be ter
tiary and not oxidizable and at the latter position would 
give an imide rather than a ketone if oxidized. An 
imide would have characteristic reactions and spectral 
properties, which were not observed. Position C-9 
may be eliminated by the observation that ketone 3 is 
rapidly brominated at room temperature in chloroform 
solution, giving a monobromo ketone (4). A ketone at 
C-9 in 3 would be flanked by two bridgehead carbons 
and bromination under such mild conditions is improb
able. This conclusion was supported, and the position 
of the oxygen was disclosed by a deuterium exchange 
experiment. Exchange of the protons a to the car
bonyl in 3 was catalyzed by sodium methoxide in deu- 
teriomethanol. The resulting ketone (5) showed an 
increase of three mass units to a molecular weight of

(5) I t  sh o u ld  b e  rea lized  t h a t  th e  chem ica lly  eq u iv a le n t positio n s  of th e
b icyclic  rin g s  a re  n o t s te re o eh em ica lly  eq u iv a le n t w hen  a p p ro a c h e d  b y  hy-
d ro x y la tin g  enzym e.

246 as determined by mass spectrometry. Introduc
tion of three deuterium atoms was nearly complete. A 
small amount of material of mass 245 was detected, 
which could result from incomplete exchange at a 
bridgehead position owing to a slower rate of exchange. 
No peak at 247 mass units other than that due to the 
natural isotopic distribution was observed. Only a ke
tone at the 6 position in molecule 3 has three exchang- 
able a protons. The nmr spectrum of 3 is consistent 
with this assignment in that it has a triplet (J  = 6.0 
cps) at 5 2.53 superimposed on a second broad signal. 
These signals correspond to three protons, which are 
those on the tertiary C-5 carbon and the secondary C-7 
carbon atoms. It is concluded that compound 3 con
tains a ketone at the 6 position and that hydroxylation 
of bicyclic amide 1 has occurred at the 6 position. The 
hydroxylating enzyme does not appear to be stereo
selective, since the product has an optical rotation of 
only — 1° at the sodium d  line, indicating that the prod
uct is a dl pair.

The configuration of the hydroxyl group6 in 2 was 
determined as follows. Examination of a Dreiding 
model of the ketone 3, derived from 2, predicts that 
axial hydride attack on the ketone carbonyl would be 
less hindered sterically than would be equatorial attack. 
The ketone 3 therefore was reduced with sodium boro- 
hydride. A single alcohol (6) was isolated from the re
duction and was isomeric with alcohol 2. The hydroxy 
group in 6 is predicted to be equatorial and so the hy-

(6) I n  conside ring  th e  co n fig u ra tio n  o f th e  h y d ro x y l g roup , w e a s 
su m e t h a t  th e  b icyclic  m olecu le w ill p re fe r  to  b e  in  a  c h a ir -c h a i r  con fo rm a
tio n . S u p p o r t fo r th is  a s su m p tio n  m a y  b e  fo u n d  in  R . L ygo, J .  M cK en n a , 
a n d  I .  O. S u th e r la n d , Chem . C om m un., 356 (1965). I n  th is  co n fo rm a tio n  a n  
ax ia l 6 -h y d ro x y l g ro u p  w ill b e  considered  endo a n d  a n  e q u a to r ia l  6 -h y d ro x y l 
g roup  w ill b e  exo.



Vol. 33, N o . 8 , A u g u s t 196S AzABICYCLO ALKANES 3197

Oppenauer

1. H2/Pd-C
2. HC1

Scheme II

NaBHj

13

1. RMgBr
2. HC1

16, R =  C6H5 

18, R =  CH3

droxyl group in 2, whose isomeric relationship with 6 is 
due only to a different alcohol conformation, can be as
signed the axial configuration. A second piece of evi
dence supporting this conclusion is found in the nmr 
spectrum of the amino alcohol 7, obtained when amido 
alcohol 2 is reduced with lithium aluminum hydride. 
Of interest here is the signal of the single C-6 proton, 
which is shifted downfield to 5 3.98 by the C-6 hydroxyl 
group. The half-band width of this signal is 8 cps, 
characteristic of equatorial carbinol protons.7 I t is 
concluded that the hydroxyl group of product 2 has an 
axial configuration with respect to the six-membered 
ring on which it is found.

Of interest to us was the possibility of inter
action between the nitrogen and either the oxygen or 
carbon at position 6. However, neither 2 nor 6 under
went acyl migration8 in acidic media. Likewise, amino 
ketone 8, obtained from 7 by oxidation or from 3 via the 
ketal and hydride reduction, did not exhibit transannu- 
lar interactions. A keto amine salt (9) formed when 8 
was allowed to react with acid.

(7) C f. R .  U . L em ieux , R . K . K u lln ig , H . J .  B e rn s te in , a n d  W . G . S chnei
der, J .  A m er. Chem . Soc., 80 , 6098 (1958).

(8) G . F o d o r  a n d  K . N a d o r , J .  C hem . Soc., 721 (1953).

3 -B en zo y l-3 -a za b icy c lo  [3.2.2 [n on an e  (1 1 ).—Two
products were isolated when the bicyclic amide 11 was 
oxygenated with 8. sulfurenscens. These were readily 
identified as an alcohol (12, 60%) and a ketone (13, 
22%) and were found to be substituted at the same 
position when oxidation of the alcohol 12 gave ketone
13. As in the previous series, formation of a ketone 
eliminates positions 1, 2, 4, and 5 of the bicyclo [3.2.2]- 
nonane ring as sites of oxygenation. The remaining 
positions are chemically equivalent6 and therefore 
12 and 13 are the 6-hydroxy and 6-keto derivatives, 
respectively. (See Scheme II.)

The configuration of the hydroxyl group of 12 may be 
endo or exo with respect to the six-membered ring and 
was determined as follows. Reduction of ketone 13 
with sodium borohydride gave a crystalline alcohol
(14), which was isomeric with the alcohol 12. The in
dividual alcohols were shown to be homogeneous by 
both thin layer and paper chromatography and, addi
tionally, when in admixture, they were separated by the 
same chromatography systems used to determine their 
purity. When alcohol 14 was dissolved in a dilute solu
tion of hydrochloric acid in tetrahydrofuran, the 
benzoyl group migrated from the nitrogen to the oxy-
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gen, giving the benzoate-amine hydrochloride 15 (see 
Scheme II) in high yield. The direction of migration 
was reversed by placing 15 in an alkaline solution. 
Analogous acyl migration reactions were first studied 
and discussed in detail by Fodor and coworkers.8 In 
the present system migration from N to O requires that 
the hydroxyl group of 14 be exo with respect to the six- 
membered ring. Since 14 is isomeric with the micro
biological oxygenation product 12 at the alcohol carbon, 
the configuration of the hydroxyl group in 12 must be 
enclo with respect to the six-membered ring.

Formation of the exo alcohol (14) from reduction of 
the ketone must result from endo attack of the hydride 
on the carbonyl function. It may be suggested then 
that nucleophilic attack from the endo direction in gen
eral is less sterically hindered than from the exo direc
tion. Examination of a Drieding model supports this 
idea. We have assigned structures to the prod
ucts of Grignard addition to the ketone (13) on the 
basis of this reasoning. Addition of phenylmagnesium 
bromide to 13 gave two isomeric alcohol-amine salts. 
The product mixture (73% yield) was separated into a 
major product (16, 36%) and a minor product (17, 10%) 
by fractional crystallization. The phenyl group in 
alcohol 16 is assigned the endo configuration, while the 
phenyl group of 17 is assigned the exo configuration. 
Reaction of methyl magnesium bromide with ketone 13 
gave a single alcohol-amine salt (18). The methyl 
group in 18 is assigned the endo configuration.

Several other reactions were carried out so that 
oxygenated derivatives of the unsubstituted 3-azabi- 
cyclo [3.2.2jnonane ring system could be obtained. 
Reduction of 14 with lithium aluminum hydride gave 
the amino alcohol 19, characterized as the hydro
chloride. Hydrogenolysis of the benzyl group of 19 
over palladium-on-carbon catalyst proceeded readily, 
giving exo-3-azabicyclo [3.2.2]nonan-6-ol, which was 
characterized as the hydrochloride (20). Finally, 
Oppenauer oxidation of amino alcohol 19 gave amino 
ketone 21. Hydrogenolysis of the benzyl group of 21 
gave 3-azabicyclo [3.2.2]nonan-6-one, characterized as 
the hydrochloride (22).

2 -B en zo y l-2 -a za b icy c lo  [2.2.2 [octane (23 ).—Oxygena
tion of 23 with S. sulfurescens gave two alcohols, 24  
(45%) and 25 (6%). Both alcohols were oxidizable 
with Jones reagent, giving two ketones 26 and 27, 
respectively. Formation of two ketones in this manner 
identifies the positions of oxygenation as the 5 and 
6 atoms of the bicyclic systems. Lack of ample sub

strate prevented complete chemical characterization of 
the products. However, we suggest that the alcohol
(24) formed in higher yield is the 5-hydroxy compound 
(see Scheme III) since the distance between the amide 
carbonyl and the 5-carbon atom more nearly fits 
the ~5.5-A spacing of the enzyme-substrate interaction 
referred to previously.2 The position of the hydroxyl 
group in the minor product (25) will then be at the C -6  
atom.

In a companion paper,9 a number of stereochemical 
relationships observed in the patterns of substitution 
found in a variety of microbiological oxygenated prod
ucts have been discussed. One set of observations 
suggested that the hydroxyl group and the electron-rich 
center of the substrate (the amide group in the present 
case) will be spatially oriented in opposite directions. 
It is therefore suggested that the hydroxyl groups in 24  
and 25 will be oriented in an endo configuration with 
respect to the N-containing bridge, as shown in Scheme
III.

E xp erim en ta l S e c t io n 10

Biotransformation Process.—The process used has been de
scribed previously,4 the only exception being that substrate 1 
could be used at a level of 0.5 g/1.

Isolation of the Product from the Bioconversion of 3-Benzo- 
yl-3-azabicyclo[3.3.1]nonane (1). 3-Benzoyl-erado-3-azabicyclo- 
[3.3.1]nonan-6-ol (2).—The oily methylene chloride extracts 
from the 125-1. bioconversion of 3-benzoyl-3-azabicyclo[3.3.11- 
nonane (25 g, 0.109 mol) with Sporotrichum sulfurescens was 
chromatographed on Florisil (2.0 kg) packed with Skellysolve B. 
Elution with 25 and 50% (v/v) acetone-Skellysolve B gave 
crystalline material (19.645 g). Recrystallization from acetone 
preceded by decolorization with activated charcoal gave colorless 
crystals. From the several crops collected, a total of 16.894 g 
(0.0689 mol, 63%) of product was obtained, mp 137-141°. 
Three recrystallizations from acetone gave colorless crystals: 
mp 139-141°; [<*]d  —1° (c 0.860, chloroform); voh 3460, 3420 
sh cm“1; vc-o, c-c 1610, 1575, 1525, 1495 cm-1; rc6H5 785, 740, 
705 cm-1 in Nujol.

Anal. Calcd for CrsHmNCh: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.66; H, 7.96; N, 6.07.

In a similar experiment, the combined extracts from a 10-1. 
(5.0 g of substrate 1) and a 125-1. (62.5 g of substrate) bioconver-

(9) R . A. Jo h n so n , M . E . H e rr , H . C . M u rra y , a n d  G . S. F o n k en , J .  Org. 
Chem ., 33, 3217 (1968).

(10) M e ltin g  p o in ts  w ere  d e te rm in ed  on  a  c a lib ra te d  F ish e r-Jo h n s  h o t 
s tag e  a n d  a re  co rrec ted . M ag n esiu m  s u lfa te  w as used  as th e  d ry in g  a g e n t 
un le ss  in d ica ted  o the rw ise . In f ra re d  sp e c tra  w ere d e te rm in e d  w ith  e ith e r  a  
P e rk in -E lm e r In fra c o rd  o r  M odel 421 sp e c tro p h o to m e te r . T h e  n m r sp e c tra  
w ere d e te rm in ed  a t  60 M e w ith  a  V arian  M odel A -60 sp ec tro m e te r , u sing  
te tra m e th y ls ila n e  as  a n  in te rn a l s ta n d a rd  in  ch lo ro fo rm  so lu tio n  un less  in d i
c a te d  o th e rw ise . M ass  sp e c tra  w ere  d e te rm in ed  on  a n  A tla s  C H 14  in s tru 
m en t.
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sion (total substrate 67.5 g, 0.293 mol) gave a total of 51.20 g 
(0.208 mol, 71%) of crystalline product, mp 140-143°.

3-Benzoyl-3-azabicyclo[3.3.1]nonan-6-one (3).—A solution of 
2 (1.543 g, 6.30 mmol) in acetone (150 ml) was cooled on an ice 
bath and treated with an excess (1.8 ml) of Jones reagent.11 
After 30 min at room temperature, the excess oxidant was con
sumed with isopropyl alcohol. The solution was decanted, 
filtered through sodium sulfate, and concentrated. The green 
residue was dissolved in water and extracted with methylene 
chloride. The combined organic solutions were dried, Celite 
was added, and the mixture again filtered. The filtrate was 
concentrated under reduced pressure and cooled. Crystalliza
tion gave 0.882 g (3.63 mmol, 57%) of product, mp 158-160°. 
Two recrystallizations from acetone gave colorless crystals: 
mp 159-161°; vC_o 1705, 1620 cm -1; vC_c 1600, 1580, 1570, 
1490 cm -1; tom  785, 775, 735, 700 cm"1 in Nujol; S7.36(5H , 
aromatic), 4.37 (2 H, broad, equatorial N-CH), 3.18 (2 H, 
quartet, J  eem = 13 cps, J*e =  3.5 cps, axial N-CH), 2.53 (3 H, 
triplet over broad signal, /  = 6 cps, -CH-CO-CH2-), 2.08 ppm 
(5 H, multiplet); m/e 243 (M+), 242, 215, 214, 186,138,105, 77.

Anal. Calcd for CiCH „N 02: C, 74.05; H, 7.04; N, 5.76. 
Found: C, 74.21; H, 6.82, N, 5.74.

3-Benzoyl-7-bromo-3-azabicyclo [3.3.1] nonan-6-one (4).—A 
solution of bromine in chloroform was added in small portions to 
a cold (5-15°) solution of 3 (2.489 g, 10.2 mmol) in chloroform 
(50 ml) until the solution retained a light yellow color longer 
than 1-2 min. The solution was washed with water, 5% aqueous 
sodium bicarbonate (remained basic to pH paper), and again with 
water. The solution was dried and concentrated to an oil. 
The oil was crystallized from acetone-Skellysolve B, giving 2.381 
g (7.40 mmol, 72%) of product, mp 141-144°. Two recrystal
lizations, the last preceded by decolorization with activated 
charcoal, from acetone-Skellysolve B gave colorless crystals: 
mp 147-149°; vC_o 1715, 1630 cm“1; vc_c 1590, 1575, 1490 
cm-1; rc6Hs 730, 715, 700 cm“1 in Nujol; 5 5.00 (>CHBr, 
doublet, J  = 11.0 cps), 4.87 (>CHBr, doublet, J  = 11.0 cps),
4.38 [-CH(-H)N, broad doublet, J  — 13.0 cps, 2 H], 3.22 
ppm [doublet {J = 14.0 cps) of doublets (J = 3.5 cps), 2 H ].

Anal. Calcd for Ci6H16B rN 02: C,55.91; H, 5.01; N, 4.35; 
Br, 24.80. Found: C, 56.09; H, 5.28; N, 4.59; Br, 25.05.

3-Benzoyl-3-azabicyclo[3.3.1]nonan-6-one-d5<W7 (5).—A solu
tion of 3 (0.035 g) and sodium (0.010 g) in methyl alcohol-d was 
kept at room temperature for 20 hr. Acetic acid-d in D2Q was 
added to neutralize the base. The solution was concentrated 
under reduced pressure. Water (25 ml) was added to the residue, 
and the mixture was extracted with three 20-ml portions of 
methylene chloride. The organic solution was dried and con
centrated to an oil, m/e 246 (M+).

3-Benzoyl-e:ro-3-azabicyclo[3.3.1]nonan-6-ol (6).—A solution 
of sodium borohydride (1.0 g, 0.0265 mol) in 0.1 M  aqueous 
sodium hydroxide (10 ml) was added to a solution of 3 (1.017 g,
4.18 mmol) in methanol (40 ml). Thin layer chromatography 
(silica gel, 10% methanol in benzene) after 0.5 hr showed reaction 
to be complete. The solution was partially concentrated under 
reduced pressure and then was diluted to 150 ml with water. 
The solution was made acidic (pH 5-6) with acetic acid and was 
concentrated under reduced pressure over a hot water bath until 
crystals began to form. The mixture was extracted with three 
50-ml portions of methylene chloride. From the dried extract 
solution, an oil was obtained following concentration. The 
oil crystallized and the solid was recrystallized from acetone- 
Skellysolve B, giving 0.695 g (2.84 mmol, 67%) of crystals, mp 
135-138°. Two recrystallizations from acetone-Skellysolve B 
gave colorless, shiny flakes: mp 139-141°; von 3360 cm-1;
vc-o 1600 cm“1; vc-c 1590, 1575, 1530, 1490 cm“1; vc-o 1060 
cm“1; vc6h 6 790, 780, 735, 705 cm-1 in Nujol.

Anal. Calcd for C15H19N 02: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.92; H, 7.95; N, 6.08.

3-Benzyl-3-enfio-azabicyclo[3.3.l]nonan-6-ol (7).—A solution 
of 2 (5.0 g, 0.0204 mol) in tetrahydrofuran (100 ml) was poured 
into a mixture of lithium aluminum hydride (3.0 g) and tetra
hydrofuran (150 ml). The whole mixture was heated at reflux 
temperature for 5 hr; then the excess hydride was consumed with 
ethyl acetate and water. The inorganic solids were removed by 
filtration through Celite and washed with hot tetrahydrofuran. 
The tetrahydrofuran solution was dried and concentrated under 
reduced pressure to an oil. The oil was transferred with ether

(11) K . B ow den , I . M . H eilb ro n , E . R .  H . Jo n es , a n d  B . C . L. W eedon , 
J .  Ckem . Sac., 39 (1946).

to a distillation flask. After a few minutes at low pressure, the 
oil solidified. The solid crystallized from cold hexane, giving 
crystals, mp 67-69°. Three recrystallizations from cold hexane, 
the last preceded by decolorization with activated charcoal, 
resulted in colorless crystals: mp 70-71°; v o h  3320, 3220 cm“1; 
vc-c 1600, 1495 cm“1; vc„h s 730, 695 cm“1 on the oil; S 7.29 
(5 H, singlet, aromatic), 3.98 [1 H, multiplet half-band width = 
8 cps, > C (-0 )H ], 3.38 (2 H, singlet, benzylic), 2.87 (2 H, doublet, 
J  g e m  ~  11 cps, equatorial -N -C H ), 2.18 (2 H, quadruplet, 
J  gem =  11 cps, J ae = 3 cps, axial -N -C H ).

Anal. Calcd for Ci5H21NO: C, 77.88; H, 9.15; N, 6.05. 
Found: C, 78.01; H, 9.54; N, 6.33.

3-Benzyl-3-azabicyclo[3.3.1]nonan-6-one (8).—A solution of 
7.457 g of 7 in toluene (120 ml) and cyclohexane (30 ml) was 
heated to boiling and the toluene-water azeotrope distilled off. 
Aluminum isopropoxide (10 g) and cyclohexanone (10 ml) were 
added to the solution, and the mixture was heated at reflux 
temperature for 2 hr. The mixture was poured into ice-aqueous 
hydrochloric acid and stirred. The aqueous layer was sepa- 
rated, extracted with three 100-ml portions of ether, and 
made alkaline with concentrated sodium hydroxide solution. 
A heavy precipitate formed at the neutralization point but 
disappeared, and an oil formed as additional base was added. 
The solution and oily phase were extracted with three 100-ml 
portions of ether; the ether was dried and concentrated under 
reduced pressure to a reddish brown oil. The oil was transferred 
with ether to a 10-ml distillation flask and distilled, bp 126-129° 
(0.04 mm), giving 4.171 g (0.0182 mol, 60% from hydroxy amide) 
of a colorless oil: no 1.5499; vc_o 1700 cm-1; vc_c 1600, 1580, 
1490 cm“1; vc6H5 735, 695 cm“1 on the oil.

Anal. Calcd for C^HisNO: C, 78.56; H, 8.35; N, 6.11. 
Found: C, 78.90; H, 8.56; N, 6.05.

3-Benzyl-3-azabicyclo[3.3.1]nonan-6-one Perchlorate (9). A. 
From Ketone 3 via the Ketal.—A mixture of 3 (0.550 g, 2.26 
mmol) in benzene (100 ml), p-toluenesulfonic acid hydrate (0.090 
g, 0.473 mmol), and ethylene glycol (10 ml) was heated to reflux 
for 18 hr. The condensate was dried by passing through a 
calcium carbide trap. A few drops of pyridine were added, and 
the mixture was cooled to room temperature. The mixture was 
extracted with 5% aqueous sodium bicarbonate solution (50 ml) 
and with two 25-ml portions of water. The benzene layer was 
dried over magnesium sulfate and concentrated under reduced 
pressure to an oil: vc-o 1630 cm“1; vc-o 1605,1580, 1500 cm“1; 
vc»h , 708 cm“1 on the oil.

A solution of the above oil in ether was reduced with lithium 
aluminum hydride (0.5 g) in ether. After refluxing 4 hr, the 
excess hydride was decomposed with ethyl acetate and water, 
the solids were filtered off, the ether solution was dried and con
centrated to an oil: v c h  2390, 2900, 2875 cm“1; vc_c 1600, 
1580, 1495 cm“1; vc ,h 6 736, 700 cm“1 on the oil.

Aqueous perchloric acid (70%, 15 drops) was added to a solu
tion of the above oil (0.25 g, 0.915 mmol) in absolute ethanol 
(5.0 ml). The solution was heated on the steam bath for 3 min. 
Addition of ether slowly precipitated an oily solid, which crys
tallized into colorless crystals (0.251 g, 0.763 mmol, 83%), mp 
210-215°. Two recrystallizations from ethanol containing a 
few drops of water gave crystals: jn p  213-216°; v n h + 3080 cm“1; 
vc_o 1695 cm“1; vc_c 1500 cm“1; vc6h s 770, 745, 705 cm“1 in 
Nujol.

Anal. Calcd for C16H20NO5Cl: C, 54.63; H, 6.11; N, 4.25. 
Found: C, 54.51; H, 5.87; N, 4.33.

B. From Ketone 8.—Aqueous perchloric acid (70%, 10 
drops) was added to a solution of 8 (0.236 g, 1.03 mmol) in absolute 
ethanol (3 ml). Crystals formed after 10 min. A first crop of 
0.157 g of colorless crystals was collected by filtration. A second 
crop of 0.042 g (0.199 g total, 6.05 mmol, 58%) was obtained 
from the mother liquor. The infrared spectrum of the crystal 
is identical with that of the above salt.

Isolation of Products from the Bioconversion of 3-Benzoyl-
3-azabicyclo [3.2.2] nonane. 3-Benzoyl-3-azabicyclo [3.2.2] nonan-
6-one (13). A. From Direct Oxidation of Bioconversion Prod
ucts.—The residue from the beer extract of a 25.0-g conversion 
of 3-benzoyl-3-azabicyclo[3.2.2]nonane with Sporotrichum sul- 
furescens was dissolved in 500 ml of acetone and oxidized by the 
Jones method. After 10 min, excess oxidant was destroyed by the 
addition of 10 ml of isopropyl alcohol. The mixture was diluted 
with 1 1. of water and extracted three times with 250 ml of 
methylene chloride. The combined extract was washed once 
with water and dried over sodium sulfate. The filtered solution 
was concentrated under reduced pressure, the residue was dis
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tilled through a 4-in. Yigreux column, and the product was col
lected at 190-195° at 0.3 mm, yield 12.17 g. The infrared spec
trum of this product was identical with the product obtained 
upon oxidation of pure alcohol (12 ).

B. From Oxidation of Alcohol 12.—Oxidation of pure 12 with 
Jones reagent11 gave ketone 13 as colorless crystals, mp 59-62°.

Anal. Calcd for C15H 17NO2: C, 74.05; H, 7.04; N, 5.76. 
Found: C, 74.32; H, 7.13; N, 5.87.

The semicarbazone of 13 was prepared by heating at reflux a 
mixture of 1.0  g of ketone, 1.0  g of semicarbazide hydrochloride,
1.5 g of sodium acetate, 1.6 ml of water, and 20 ml of methanol. 
The analytical sample was obtained by recrystallization from 
aqueous methanol, mp 197-200°.

Anal. Calcd for Ci6H2oN40 2: C, 63.98; H, 6.71; N, 18.65. 
Found: C, 64.06; H, 6.82; N, 18.29.

The oxime of 13 was prepared by heating at reflux a mixture 
of 0.3 g of ketone, 0.5 g of hydroxylamine hydrochloride, 5.0 ml 
of 5% sodium hydroxide solution, and 3 ml of methanol. The 
product was recrystallized from aqueous methanol, mp 156-158°.

Anal. Calcd for Ci5H 18N202: C, 69.74; H, 7.02; N, 10.85. 
Found: C, 69.71; H, 7.16; N, 10.87.

2,4-Dinitrophenylhydrazone of 13 was prepared from a mixture 
of 2,4-dinitrophenylhydrazine, hydrochloric acid, and ethanol. 
The product was recrystallized from methylene chloride-ethanol, 
mp 198-201°.

Anal. Calcd for C2iH2xN50s: C, 59.56; H, 5.00; N, 16.54. 
Found: C, 59.57; H, 4.94; N, 16.65.

3-Benzoyl-erado-3-azabicyclo [3.2.2] nonan-6-ol (12).—The resi
due from the methylene chloride extraction of the beer from a
4.0-g bioconversion of 3-benzoyl-3-azabicyclo[3.2.2]nonane was 
chromatographed over silica gel. The column was prepared from 
200 g of silica gel (0.05-0.20 mm) and ethyl acetate-Skellysolve 
B hydrocarbons (5:1). The crude residue was placed on the 
column and eluted in 55-ml cuts with the same solvent mixture. 
Fractions 13-18 contained 0.950 g (22%) of ketone which was 
idential by comparison of infrared spectra and thin layer and 
paper chromatographic analysis with 3-benzoyl-3-azabicyclo-
[3.3.2]nonan-6-one (13) described above. Fractions 29-50 
contained 2.464 g (56%) of hydroxybenzamide (12). This 
product was shown by thin layer and paper chromato
graphic analysis to be a single entity and different than the 
hydroxyamide (14) described below. Treatment in acetone with 
activated carbon’ produced a colorless oil which eventually 
crystallized, [ a ] D  0° (95% ethanol), mp 73-75°.

Anal. Calcd for C15H 19NO2: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.08; H, 7.81; N, 6.00.

3-Benzoyl-ea;o-3-azabicyclo[3.2.2]nonan-6-ol (14).—Crude 13 
(20 g) dissolved in 350 ml of methanol was treated with a solution 
of 16.0 g of sodium borohydride in 100 ml of 0.1 N  sodium 
hydroxide for 30 min when thin layer chromatography indicated 
complete reaction. The mixture was diluted with 300 ml of 
water, allowed to stand in the hood for 18 hr, and, with chilling, 
adjusted to pH 6 by the cautious addition of 50% acetic acid. 
The solid product was recovered by filtration, washed with water, 
and dried: yield, 12.75 g; mp 131-135°. The analytical sample 
from acetone melted at 135-137°.

Anal. Calcd for Ci5H ioN0 2: C, 73.44; H, 7.81; N, 5.71. 
Found: C, 73.31; H, 7.87; N, 5.89.

ezo-6-Benzoyloxy-3-azabicyclo [3.2 .2] nonane Hydrochloride
(15).—The hydroxybenzamide (14), 2.14 g, was dissolved in 50 
ml of tetrahydrofuran by warming. To the warm (50°) solution 
was added 4.0 ml of concentrated hydrochloric acid, and the 
mixture was allowed to stand at 25°. The solution was examined 
at intervals by thin layer chromatogaphy, and after complete 
reaction (23 hr) it was concentrated under reduced pressure to 
an oil. This was triturated twice with ether, decanting off the 
ether each time, and the hydrochloride salt was precipitated by 
adding 25 ml of acetone and 50 ml of ether: yield 2.16 g; mp 
205-208°. This was recrystallized from methanol-methyl ethyl 
ketone: yield, 2.06 g; mp 205-208°; rjm'1' 2250-2700 cm-1; 
vc-o 1710 cm-1.

Anal. Calcd for C16H20NO2Cl: C, 63.93; H, 7.15; N, 4.97. 
Found: C, 63.92; H, 7.44; N, 5.24.

Reverse Reaction to Regenerate Hydroxybenzamide (14).— 
The salt (15) (200 mg) in 5 ml of water was treated with a few 
drops of 50% sodium hydroxide solution and stirred. After 
the resulting product had solidified, the mixture was acidified 
with hydrochloric acid, the product recovered, washed with water 
and dried: mp 135-137°. The infrared spectrum was identical 
with the hydroxybenzamide (14) described above. The filtrate

from the above upon retreatment with base produced a second 
crop of the same product.

6-Phenyl-ezo-3-azabicyclo[3.2.2]non-6-ol Hydrochloride (16).
—A solution of 20 g of 13 in 400 ml of tetrahydrofuran was added 
to a stirred solution of 200 ml of 3 M  phenylmagnesium bromide 
in ether. Solvent was removed by distillation until the boiling 
temperature was 60°, and the mixture was heated at reflux for
4.5 hr. After cooling, it was poured onto ice and stirred and 
acidified with concentrated hydrochloride while continuing to 
add ice. This mixture was extracted several times with ether. 
The neutral product from this ether extracted proved to be benzo- 
phenone. The aqueous acid solution was made basic with 50% 
sodium hydroxide solution, and the resulting mixture was 
extracted several times with ether. The extract was dried, 
treated with ethereal hydrogen chloride, and the insoluble salt 
was recovered and washed with ether: yield, 15.32 g . This was 
fractionally crystallized from methanol-methyl ethyl ketone to 
give about 7.5 g of a less soluble, higher melting isomer; mp 
238-240° dec.

Anal. Calcd for C»H20NOC1: C, 66.26; H, 7.94; N, 5.52; 
Cl, 13.97. Found: C, 66.51; H, 8.17; N, 5.49; Cl, 13.90.

6-Phenyl-erado-3-azabicyclo [3.2.2] nonan-6-ol Hydrochloride 
(17).'—From the filtrates of the above experiment 2.0 g of a 
more soluble, lower melting isomer were isolated, mp 218-220° 
dec.

Anal. Calcd for CMH2„N0C1: C, 66.26; H, 7.94; N, 5.52; 
Cl, 13.97. Found: C, 66.09; H, 8.33; N, 5.36; Cl, 13.70.

6-Methyl-eredo-3-azabicyclo[3.2.2]non-6-ol Hydrochloride (18). 
—Ketobenzamide 13 (10 g) in 200 ml of tetrahydrofuran was 
added to a stirred solution of 100 ml of 3 M  methylmagnesium 
bromide in ether. The mixture was distilled until the vapor 
temperature was 60° and then heated at reflux for 4.5 hr. The 
stirred mixture was chilled and treated with 60 ml of water, 
followed by 50 ml of acetic acid, and extracted several times with 
ether. The ether solution, after washing with dilute HC1, water, 
and sodium bicarbonate solution, was dried (Na2S04), and the 
solvent was removed to give an oil which proved to be aceto
phenone. The aqueous solution remaining from the ether ex
traction was made basic with 50% sodium hydroxide, and the 
resulting gelatinous mixture was continuously extracted with 
ether. The extract was dried (Na2S04) and treated with hydrogen 
chloride. The resulting HC1 salt was recovered and washed with 
ether: yield 3.29 g; mp 228-230°. Recrystallization from
methanol-ether gave a product, mp 230-232°.

Anal. Calcd for CoHisNOCl: C, 56.38; H, 9.46; N, 7.30; 
Cl, 18.50. Found: C, 56.67; H, 9.97; N, 7.09; Cl, 18.63.
3-Benzyl-ezo-3-azabicyclo[3.2.2]nonan-6-ol (19).—The hydroxy 

amide 14 (6.69 g) was dissolved in 80 ml of tetrahydrofuran and 
added with stirring to a mixture of 6.0 g of lithium aluminum 
hydride in 100 ml of ether. The mixture was refluxed for 1 hr, 
chilled in a cold bath, and carefully decomposed by the addition 
of 25 ml of water. After dilution with 300 ml of ether and filter
ing, the filtrate and ether wash was dried and the solvent re
moved under reduced pressure to give 5.90 g of straw-colored oil. 
Part of the oil (1.33 g) was dissolved in ether and treated with 
ethereal hydrogen chloride to precipitate the salt which was 
recrystallized from methanol ether: yield, 1.07 g; mp 185-187°.

Anal. Calcd for Ci5H22NOCl: N, 5.23; Cl, 13.24. Found: 
N, 5.47; Cl, 13.74.

ezo-3-Azabicyclo [3.2.2] nonan-6-ol Hydrochloride (20).—The 
hydroxybenzylamine 19 (9.17 g) dissolved in 120 ml of ethanol 
was shaken with 1.0 g of 10% palladium-carbon and hydrogen 
(44 psig starting pressure) for 20 hr. The mixture, freed of 
catalyst and concentrated in vacuo, gave the free amine as a 
solid, 5.60 g. A portion of the free base was dissolved in ether 
and treated with ethereal hydrochloric acid to precipitate the 
amine hydrochloride, which was recrystallized from methanol- 
methyl ethyl ketone, mp 280° dec.

Anal. Calcd for CaHieNOCl: C, 54.07; H, 9.08; N, 7.88; 
Cl, 19.96. Found: C, 54.17; H, 9.05; N, 8.01; Cl, 19.99.

3-Benzyl-3-azabicyclo[3.2.2]nonan-6-one (2 1 ).—The crude 
benzylamine 19, resulting from the hydride reduction of 10 g 
of 14, dissolved in 600 ml of toluene and 150 ml of cyclohexanone 
was distilled to remove ca. 100 ml of toluene. Aluminum iso- 
propoxide (20 g) was added; the mixture was distilled to remove 
ca. 50 ml of solvent and then heated at reflux for 60 min. After 
cooling it was poured onto an ice mixture containing excess hy
drochloric acid and stirred, and the layers were separated. The 
aqueous acid layer was extracted several times with ether and 
then made basic with 50% sodium hydroxide solution. The
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resulting emulsion was well extracted with ether, and the ether 
extract was washed once with water and dried. The ether solu
tion was made up to 650 ml and 100 ml of this was treated with 
ethereal HC1 to precipitate the salt of 21. This was recrystallized 
from methanol-ethanol-ether: yield, 0.744 g; mp 222° dec.

Anal. Calcd for CisH20NOC1: C, 67.78; H, 7.59; N, 5.27; 
Cl, 13.34. Found: C, 68.13; H, 7.77; N, 5.42; Cl, 13.17.

3-Azabicyclo[3.2.2]nonan-6-one Hydrochloride (22).—The 
ether solution of free base remaining from the above experiment 
was taken to dryness to yield 4.55 g of oil. This was dissolved 
in 90 ml of ethanol and shaken with 1.0 g of 10% palladium on 
carbon and hydrogen (50 psig) for 180 min. The catalyst was 
removed by filtration; the filtrate and wash were concentrated 
in vacuo to a small volume, diluted with ether, and treated with 
ethereal HC1. The hydrochloride of 22 was recovered, washed 
with ether, and dried: yield, 3.12 g; mp 218-220° dec. A 
sample from methanol-ether melted at 227-229° dec.

Anal. Calcd for C8H14N0C1: C, 54.70; H, 8.03; N, 7.98; 
Cl, 20.19. Found: C, 54.22; H, 8.14; N, 7.98; Cl, 20.64.

Bioconversion of 2-Benzoyl-2-azabicyclo[2.2.2]nonane (23). 
2-Benzoyl-endo-2-azabicyclo[2.2.2]octan-5-ol (24) and 2-Benzoyl- 
m<fo-2-azabicyclo[2.2.2]octan-6-ol (25).—The methylene chloride 
extract residue from the bioconversion of 23 (25.0 g, 0.116 mol) 
was chromatographed over 1000 g of Florisil. Elution with 4 1. 
each of Skellysolve B containing 10, 15, and 20% acetone and with 
121. of Skellysolve B containing 25% acetone by volume was car
ried out with collection of 800-ml fractions. The fractions were 
pooled as follows on the basis of tic. Fractions 7-11 were 3.98 
g (16%) of unchanged starting material. Fractions 17, and 18 
gave, after recrystallization from acetone, 1.61 g (6.97 mmol, 
6% 25, mp 200-205°).

Anal. Calcd for Ci4H „N 02: C, 72.70; H, 7.41; N, 6.03. 
Found: C, 72.70; H, 7.64; N, 5.82.

Fraction 19 was a mixture, 2.14 g (8%). Fractions 20-27 
gave 12.16 g of solid. Recrystallization from acetone gave 10.62 
g (0.0460 mol, 40%) of crystalline 24, mp 146-148°.

Anal. Calcd for Ci4H i7N 02: C, 72.70; H, 7.41; N, 6.03. 
Found: C, 72.52; H, 7.19; N, 6.18.

2-Benzoyl-2-azabicyclo[2.2.2]octan-6-one (26).—2-Benzoyl- 
endo-2-azabicyclo[2.2.2]octan-6-ol (2 g) in 100 ml of acetone was 
oxidized by the Jones method11 to give the ketone (1.95 g) as an 
oil which eventually crystallized: mp 67-72°; ><c_o 1740, 1610 
cm-1 in Nujol.

Anal. Calcd for Ci4HI6N 02: C, 73.34; H, 6.59; N, 6.11. 
Found: C, 72.82; H, 6.94; N, 6.08.

2-Benzoyl-2-azabicyclo [2.2.2] octan-5-one (27).—2-Benzoyl- 
endo-2-azabicyclo[2.2.2]octan-5-ol (300 mg) was oxidized11 to the 
ketone which was recrystallized from acetone-hexane: mp 99- 
101°; rc_o 1740, 1610 cm-1 in Nujol.

Anal. Calcd for Ci4Hi5N 0 2: C, 73.34; H, 6.59; N, 6.11. 
Found: C, 73.15; H, 6.70; N, 5.99.

Registry N o—2, 16780-54-4; 3, 16780-67-9; 4, 
16780-68-0; 6,16780-69-1; 7,16780-70-4; 8,16780-71- 
5; 9,16780-72-6; 12,16780-73-7; 13,16780-74-8; semi- 
carbazone of 13, 16780-75-9; oxime of 13, 16808-42-7;
2,4-dinitrophenylhydrazone of 13, 16780-76-0; 14,
16780-77-1; 15, 16780-78-2; 16, 16780-79-3; 17,
16780-80-6; 18, 16780-81-7; 19, 16808-43-8; 20,
16808-44-9; 21 HC1, 16808-45-0; 22, 16808-46-1;
24, 16785-68-5; 25, 16785-69-6; 26, 16785-70-9;
27, 16808-47-2.
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Microbiological oxygenation of N-acetyl-l-adamantanamine with Sporotrichum sulfurescens produced C-4 
hydroxylation as the major reaction along with a minor quantity of C-3 hydroxylation. The reaction of the same 
organism with N-benzoyl-N-methyl-l-adamantanamine led to C-4 and C-6 dihydroxylation as the major con
version entity with a lesser quantity of C-4 monohydroxylation. Oxygenation occurred primarily on the methy
lene carbons and resulted in trans hydroxylation with respect to the N substituent; lipophilicity led to dihydroxyla
tion, whereas hydrophilicity led to monohydroxylation. The products obtained from the biotransformations of 
some other N-acetylated adamantanamines are described.

In recent papers1 we have described the micro
biological oxygenation of macrocyclic alcohols,la heter
ocyclic ring systems,113 and alicylic amides.10 When 
various substrates were dispersed in the active fermen
tation medium of Syorotrichum sulfurescens, oxygena
tion was shown to occur at an optimal distance of about
5.5 A from an electron-rich center to the position of 
attachment at an unactivated methylene site. The 
authors have now studied the action of S. sulfurescens 
on some N-acylated 1-adamantanamines (Charts I, II, 
and III). The structures of the products, including 
the stereochemistry, have been determined by chem
ical and spectroscopic methods. The proposed en

(1) (a) G . S. F o n k en , M . E . H e rr , H . C . M u r ra y , a n d  L . M . R ein ek e , 
J .  A m er. Chem . Soc., 89, 672 (1967); (b) R . A . Jo h n so n , M . E . H e rr , H . C . 
M u rra y , L . M . R eineke, a n d  G . S . F o n k en , J .  Org. C hem ., 33, 3195 (1968); 
(c) G . S. F o n k en , M . E .  H e rr , H . C . M u rra y , a n d  L . M . R e in ek e , ib id .,
33, 3182 (1968).

zyme-substrate model described previously111 was help
ful in predicting the most favorable position for oxy
genation of this rigid cage molecule, and the products 
obtained were compatible with the hypothesis.

Bioconversion products of N-acetyl-l-adamantan
amine2 (1) (Chart I) unexpectedly were found to be 
quite water-soluble compounds and could not be ex
tracted with methylene chloride. The compounds were 
readily absorbed on carbon from which they were re
covered and further purified. Two monohydroxylated 
compounds were isolated from this conversion. The 
one produced in minor quantity could not be oxidized 
to ketone and was assigned a tertiary alcohol structure
(3).3 Heating at reflux in aqueous base produced the

(2) H . S te t te r ,  M . S chw arz , a n d  A. H irsch b o rn , Chem . B er., 92, 1679 
(1959).

(3) S ince o u r  iso la tio n  o f th is  co m p o u n d  i t s  chem ica l p re p a ra tio n  h as  been  
re p o r te d : H . S te t te r ,  J .  G a rtn e r , a n d  P . T ack e , A ngew . Chem ., 4, 153 (1965).
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C h a r t  I

NaBH,

+
2

LHCOOH 
2. hea t

LAcjO
2. LÌA1H,
3. HC1

ch3

NH-HC1

hydroxy amine (6). The more important compound 
from this conversion on the basis of yield and unique
ness was the secondary alcohol (2). Oxidation of this 
product by the method of Jones, et a l.f readily pro
duced a ketone ( 4 ) ; this could be expected from either a
2- or 4-hydroxy compound. Examination of the nmr 
spectrum of the keto amide (4 ) showed a downfield 
symmetrical signal centered at 5 2.60 ppm which inte
grated for two protons.5 This signal could be attrib
uted to the tertiary protons on carbon atoms 3 and 5 
a  to the C-4 carbonyl (compound 4 ). However, it 
could be argued that if the ketone was at C-2 the long- 
range effect of the carbonyl function could cause a 
downfield shift of signal for the two protons on carbons

(4) K . B ow den , I .  M . H eilb ro n , E . R . H . Jo n es , a n d  B . C . L . W eedon , 
J .  Chem , Soc., 39 (1946).

(5) N u c le a r  m a g n e tic  re so n an ce  sp e c tra  w ere  d e te rm in e d  a t  60 M c p s  on  a  
V a rian  M o d e l A -60 s p e c tro m e te r  w ith  references to  te tra m e th y ls ila n e .

8 and 9 in closest proximity to the carbonyl. The 
latter possibility was ruled out by the observation 
that sodium borohydride reduction of the ketone gave a 
mixture of hydroxy amides, which was readily separated 
bye hromatography into two pure compounds, of mp 
176-177° (2) and mp 206-207° (7), the former of which 
was identical with the major bio transformation prod
uct. Reduction of a C-2 ketone would have produced 
a racemic mixture of hydroxy amides on an asymmetric 
carbon which would not have been resolvable by chro
matography. It will be shown in the discussion below 
that the major bioconversion product was in fact N- 
acetyl-l-adamantanamin-4a-ol (2),6 and therefore the 
other product of the borohydride reduction was the cor
responding 4(3-ol (7). As in the case of the ¿-hydroxy 
amide (3) the C-4-hydroxy amide was readily hydro
lyzed to C-4 hydroxy amine (5) in aqueous base.

We next turn to the discussion of the products ob
tained from the bioconversion of N-benzoyl-N-methyl-
1-adamantanamine (10) (Chart II) withS. sulfurescens. 
The products in this case, unlike those described above, 
were more lipophilic and were extractable from the fer
mentation beer with methylene chloride. The residue 
from the extraction upon chromatography produced 
two hydroxylated products. The structures of these 
compounds were found to be interrelated with the 
structure of compound 2. The major component of 
the microbiological oxidation proved to be a dihydroxy 
amide (11), and the minor component was found to be a 
monohydroxy amide (12).

The monohydroxy compound (12) upon reexposure to 
the action of S. sulfurescens was convertible into the 
same dihydroxy amide (11). This showed that com
pounds 11 and 12 had one hydroxyl function in common. 
The dihydroxy amide was readily oxidized by the Jones 
method4 5 to a diketone, thus showing that both alcohol 
groups were secondary carbinols. The reaction of the 
diol with thionyl chloride produced a cyclic sulfite 
ester (13) .7 Consideration of a Dreiding model of 
adamantane showed that formation of the cyclic sul
fite ester defined the stereochemical relationship of the 
two hydroxyl groups to each other. The possibility for 
formation of a cyclic product was limited to a situation 
where the OH functions protruded from the molecule 
in parallel proximity to each other. I t did not, how-

R

ever, discriminate as to whether they were attached at 
a and a', a' and a", or b and b'. Examination of the 
nmr spectrum of the diol in dimethylformamide-d7 
showed a symmetrical signal centered at 5.38 ppm for 
the two OH protons. The two tertiary protons at
tached to the carbons bearing the OH functions appeared 
as a symmetrical band centered at 5 3.93 ppm. The

(6) W e p ro p o se  th e  fo llow ing s te re o ch em ica l n o ta t io n  fo r th e  C -4 - (o r 
C -6-) s u b s t i tu te d  1 -ad am an ta n am in es . T h e  re fe re n ce  g ro u p  is th e  C - l  
c a rb o n -n i tro g e n  b o n d  a n d  a  s u b s t i tu e n t  a t  C -4  (o r C -6) w ill b e  re fe rre d  to  
a s  /3 o r  a  a cco rd in g  to  w h e th e r  i t  is cis  o r  trans  w ith  re s p e c t to  th e  g e n e ra l 
p la n e  of th e  com m on  s ix -m em bered  r in g .

(7) B . R . B row n , P . W . T ro w n , a n d  J .  M . W oodhous, J .  Chem . Soc., 2478 
(1961).
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Chart II

II 14'
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corresponding two protons of the cyclic sulfite ester 
produced a symmetrical signal centered at 5 4.68 ppm. 
These measurements showed that the two hydroxyl 
groups were attached to the molecule in a symmetrical 
pattern, thereby eliminating the a 'a"  relationship.

Oxidation of the monohydroxy amide (12) to the 
ketone (15) confirmed the presence of a secondary al
cohol. Reduction of 12 with lithium aluminum hy
dride gave a hydroxy-N-methyl-N-benzyl amine (16) 
which upon catalytic hydrogenation produced a hy- 
droxy-N-methyl amine, isolated as the hydrochloride 
salt (9). This salt was identical in all respects with a 
compound produced by the following series of reaction 
(shown in Chart I) on the previously described N- 
acetyl-l-adamantanamin-4-ol (2). The formic acid 
salt of the amine (5) was dehydrated to the N-formyl 
alcohol (8); the acetate of 8 upon hydride reduction 
gave an amine which upon treatment with hydrogen 
chloride produced the salt (9). I t was thus shown that 
all three bioconversion products 2, 11, and 12 had one 
hydroxyl function in common. This therefore elim
inated the possibility of the a and a' hydroxyl attach
ment sites since it was shown above that the hydroxyl 
group of product 2 must be at C-4 and not at C-2. 
This leaves only the bb' structure for the dihydroxy 
compounds and at the same time establishes the trans 
relationship of the hydroxyl groups to the amide nitrogen 
for compounds 2 and 12.

Variation of the groups attached to the nitrogen of
1-adamantanamine produced other hydroxylated prod
ucts as shown in Chart III. The structures of the two 
monohydroxy products obtained from the bioconver

sion of N-acetyl-N-methyl-l-adamantanamine (19) 
with S. sulfurescens were assigned on the basis of the 
following observations. The compound obtained as the 
minor product (ca. 7%) was shown to be a ¿-hydroxy 
amide (21) because it failed to oxidize with chromic 
acid. The other product obtained in ca. 35% yield was 
readily oxidized to a ketone, and the structure was 
determined to be 20 by chemical synthesis. The reac
tion of the free base of compound 9, for which the posi
tion and orientation of the hydroxyl group is known 
(vide supra), with acetic anhydride in pyridine followed 
by treatment with base produced the same compound
(20). Also comparison of the nmr spectrum (CDC13) of 
20 with that of hydroxy amide 12 showed that the 
signals for the proton on the carbon bearing the hydroxy 
group appeared as identical in position and shape, 
centered at 5 3.96 ppm.

The remaining bioconversion products (Chart III) 
which were obtained from more lipophilic substrates 
(22, 24, and 26) were dihydroxylated compounds. We 
considered the nmr spectra in dimethyIformamide-d7, 
especially the positions and shapes of the signals for the 
protons in the carbons bearing the hydroxyl functions, 
as diagnostic when compared with similar protons of 
compound 11. The dihydroxy amides (23, 25, and 27) 
all produced a symmetrical signal for these two protons 
which was centered between 8 3.80 and 4.20 ppm.

An observation of particular interest was that, in all 
cases where the action of S. sulfurescens has produced 
either mono or dihydroxy secondary alcohols, these 
groups have been introduced trans with references to 
the nitrogen substituent.6
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C h a r t  III

26

S .s id fu resee n s

With regard to the hypothetical enzyme-substrate 
model described previously,la the exact distance from 
the electron-rich site, in this case the amide carbonyl 
oxygen, to the position of hydroxylation on the meth
ylene carbon cannot be measured because of the var
iable conformations which may be assumed by the 
amide function. However, the conformation of max
imum distance between amide carbonyl and C-4(6) 
measures about 6.3 A and that of minimum distance 
measures about 4.5 A. Hydroxylation at the C-2 posi
tion was not predicted because this maximum to min
imum distance varies from about 4.2 to 2.4 À, depending 
on the amide conformation.

Experimental Section8 9
Fermentation Process.—The bioconversion process and de

scription of the culture has been described previously1“-b with 
the following exceptions. When N-phenylacetyl-l-adamantan- 
amine (22) and N-l-adamantanphthalimide (27) were added to 
the fermenter in N,N-dimethylformamide solution, essentially 
only starting material was recovered. The addition of 2.5 ml of 
the surfactant Ultrawet DS 309a per liter of beer before adding

the substrate led to almost complete dissimilation of these sub
strates. With the surfactant UCONLB 6259b was used as a 
defoaming agent.

The crude products were in each case extracted from the 
filtered beer with methylene chloride except for the isolation of 
the products from the fermentation of N-acetyl-l-adamantan- 
amine (1) and N-(4a,6a-dihydroxy-l-adamantyl)phthalimide
(26). These polar materials were separated from the beer by 
carbon adsorption.

Isolation of Products from the Bioconversion of N-Acetyl-1- 
adamantanamine.—The filtered beer and the mycelium wash 
from a 55-g bioconversion amounted to about 115 I. Granular 
CAL carbon90 (3 kg) was heated at 80-90° in deionized water, 
cooled to 25°, and packed into a column (10.8-cm diameter). 
The filtered beer was passed through the carbon. The column 
was stripped with 501. of methanol and a first dark 2-1. fraction 
was discarded after tic examination showed that it contained no 
product. The remainder of the methanol eluate was concentrated 
under reduced pressure to dryness. The residue was stirred with 
500 ml of methanol and filtered to remove some insoluble debris 
from the concentrate. The methanol filtrate was well mixed 
with 500 g of silica gel.9d This mixture was allowed to air dry 
and added to the top of a column (10.8-cm diameter) of 3 kg of 
silica gel which had been wet packed using ethyl acetate. The 
column was eluated as reported in Table I in fractions of 11. each.

T a b l e  I
F ra c t io n s A m t, 1. E lu a te

1-6 6 Ethyl acetate
7-12 6 2% methanol in ethyl acetate

13-18 6 5% methanol in ethyl acetate
19-24 6 8% methanol in ethyl acetate
25-30 6 12% methanol in ethyl acetate
31-35 6 15% methanol in ethyl acetate
36-41 6 18% methanol in ethyl acetate

The fraction residues were assayed on thin layer silica gel 
plates, developed with 10% methanol in ethyl acetate. Fractions
10-12 contained 9.16 g of unchanged substrate.

N-Acetyl-l-adamantanamin-4a-ol (2).—Fraction residues 15- 
26 from the above column weighed 27.32 g. Recrystallization 
from acetone gave 23.90 g: mp 173-175°; v o h .n h  3500, 3300, 
rn-c-o 1640 cm-1 in Nujol.

Anal. Calcd for C12H19N 02: C, 68.86; H, 9.15; N, 6.69. 
Found: C, 68.87; H, 9.22; N, 6.83.

N-Acetyl-l-adamantanamin-3-ol (3).—Fraction residues 27-30 
weighed 8.11 g and by tic were found to be a mixture of 2 and 3. 
Fraction residues 31-34 weighed 6.89 g and contained the C-3 
alcohol. This was recrystallized from acetone: yield, 5.08 g; 
mp 223—225°; v o h .s h  3300, k n - c - o 1650 cm-1 in Nujol.

Anal. Calcd for Ci2H i9N 02: C, 68.86; H, 9.15; N, 6.69. 
Found: C, 69.00; H, 9.11; N, 6.82.

N-Acetyl-l-adamantanamin-4-one (4).—This oxidation of 2 
was carried out by the method of Jones, et alA The product was 
recrystallized from acetone: mp 175-177°; huh 3330, vc-o 
1730, N-c-o 1650 cm“1 in Nujol.

Anal. Calcd for Ci2H „N 02: C, 69.53; H, 8.27; N, 6.76. 
Found: C, 69.88; H, 8.51; N, 6.79.

N-Acetyl-l-adamantanamm-4«- and -4/3-ol (2, 7).—Keto amide 
4 (2 g) dissolved in 25.0 ml of methanol was treated with 1.0 g 
of sodium borohydride dissolved in 6.0 ml of 0.1 N  sodium 
hydroxide solution, and the mixture was allowed to stand at 
room temperature for 18 hr. The mixture was chilled at 0° and 
carefully treated dropwise with 50% acetic acid until the pH was
6-7. The mixture was concentrated under reduced pressure, and 
the residue was triturated with 50 ml of tetrahydrofuran. The 
insoluble material was removed by filtration, and the filtrate 
was chromatographed over a column (1.8-cm i.d.) of 100 g of 
silica gel9d which had been prepared from a slurry of the silica 
gel in ethyl acetate-SSB9e (5:1). The column was eluted in frac
tions of 50 ml each with the same solvent mixture. The frac-

(8) P e r t in e n t  n m r  as s ig n m e n t d a ta  a re  c o n ta in ed  in  th e  d iscussion  a n d  a re  
n o t  re p e a te d  in  th e  E x p e rim e n ta l S ection . M e ltin g  p o in ts  w ere  d e te rm in ed  
o n  a  F is h e r-Jo h n s  b lo ck  a n d  a r e  co rrec ted . In f ra re d  sp e c tra  w ere  d e te rm in ed  
on  a  P e rk in -E lm e r In fra c o rd . T ic  w as o n  silica gel p la te s  d eve loped  w ith  th e  
fo llow ing  s o lv e n t sy s tem s  fo r th e  co m pounds in d ic a te d : 2 a n d  7, e th y l
a c e ta te -S S B  (5 :1 ) ;  11, 12, a n d  25, a c e to n e -S S B  (1 :1 ) ;  20 a n d  21, e th y l 
a c e ta te -m e th a n o l  (1 9 :1 ) ;  27, b e n z e n e -m e th a n o l (4 :1 ) .

(9) T ra d e  n am e  p ro d u c ts : (a) a n  a lk y la ry l su lfo n a te  d e te rg e n t, A tla n tic  
C hem ica l C o ., N u tle y , N . J . ;  (b) a  p o ly a lk y le n e  g lycol, U n io n  C a rb id e
C h em ica l C o ., N ew  Y o rk , N . Y ., a n d  (c) P i t t s b u rg  A c tiv a te d  C a rb o n  C o ., 
P it tsb u rg , P a .;  (d) no . 7734 (0 .05 -0 .20  m m ), E . M e rc k  A G , D a rm s ta d t ,  
G e rm an y ; (e) S S B  =  S kelly so lve  B, a  p e tro le u m  h y d ro c a rb o n  f ra c t io n , bp  
6 0 -7 0 ° , S kelly  O il C o ., K an sas  C ity , M o .; (f) a  sy n th e t ic  m agnesium  s ilica te  
p ro d u c t, T h e  F lo r id in  C o ., W a rre n , P a .



Vol. 33, N o . 8, A u g u s t 1968 M icrobiolog ical  Ox y g en a tio n  op 1-Ad am a ntana m ines  3205

tions were examined by tie.8 Fraction residues 21-28 were com
bined and recrystallized from methanol-benzene to yield 0.76 g 
of 2, mp 176-177°.

This was identical by melting point and infrared with the
4-hydroxy product isolated directly from the biotransformation 
of N-acetyl-l-adamantanamine; also the mixture melting point 
was not depressed.

Fraction residues 41-79 were combined and recrystallized from 
methanol-benzene to yield 0.72 g of product, mp 206-207°. 
This was the 0-hydroxy isomer (7) (see discussion).

Anal. Calcd for C2iH i9N 02: C, 68.86; H, 9.15; N, 6.69. 
Found: C, 68.90; H, 9.17; N, 6.53.

l-Adamantanamin-3-ol Hydrochloride (6')-—A mixture of 300 
mg of hydroxy amide 3 and 20 ml of 10% aqueous sodium 
hydroxide solution was heated at reflux for 22 hr. The mixture 
was diluted with 10 ml of water and extracted with ether. The 
extract was dried over potassium hydroxide, and the solvent was 
removed to give 220 mg of crystalline free base. A sample re
crystallized from ether-hexane melted at 267° in a sealed tube. 
The hydroxy amine (6, 100 mg) was dissolved in 50 ml of ether 
and treated with ethereal hydrogen chloride. The resulting amine 
salt was recovered by filtration, washed with ether, and recrystal
lized from methanol-methyl ethyl ketone, mp >300° dec.

Anal. Calcd for C ioH igN O Cl: C, 58.96; H , 8.90; N , 6.88; 
C l, 17.41. Found: C , 59.07; H , 9.05; N , 7.21; C l, 17.75.

l-Adamantanamin-4«-ol (5) and the Hydrochloride (5').—  
The hydrolysis of 2 and the work-up was carried out as described 
above for the C-3 hydroxy amide. The free base melted at 248- 
250° in a sealed tube.

Anal. Calcd for Ci0HnNO: C, 71.81; H, 10.25; N, 8.38. 
Found: C, 71.67; H, 10.40; N, 8.60.

The hydrochloride salt melted at >300° dec.
Anal. Calcd for CioH i8NOC1: C, 58.96; H, 8.90; N, 6.88; 

Cl, 17.41. Found: C, 58.79; H, 8.82; N, 6.73; Cl, 17.32.
N-Benzoyl-N-methyl-l-adamantanamine (10) was prepared 

from 1-adamantanamine via the sequence of preparation of 
HCOOH salt, dehydration to N-formylamide, reduction to N- 
methyl-l-adamantanamine, and finally reaction of this with 
benzoyl chloride and sodium hydroxide.

1-Adamantanamine Formic Acid Salt.—A solution of 4.0 g of 
adamantanamine in 50 ml of benzene was treated with 1 equiv of 
98% formic acid to precipitate the formate salt. The mixture 
was diluted with ether, and the product was recovered, washed 
with ether, and dried: yield, 3.51 g; subl p t >200°.

Anal. Calcd for CnHi9N 02: C, 66.97; H, 9.71; N, 7.10. 
Found: C, 66.95; H, 9.79; N, 7.28.

N-Formyl-l-adamantanamine.—1-Adamantanamine formic 
acid salt (80 g) was mixed gently with 200 ml of acetic anhydride 
for several minutes. Heat was evolved and the solid went into 
solution. The mixture stood for 40 min, and then was stirred 
for 2 hr with 800 ml of water. The solids were recovered by 
filtration, washed with water, and dried: yield, 54.33 g; mp 
130-136°. The filtrate was neutralized with 50% sodiumhydrox- 
ide solution and allowed to.stand to give a second crop, 15.75 g. 
The analytical sample, recrystallized from acetone-water, melted 
at 139-140°.

Anal. Calcd for CuHnNO: C, 73.70; H, 9.56; N, 7.81. 
Found: C, 73.90; H, 9.84; N, 7.98.

N-Methyl-1 -adamantanamine Hydrochloride.—N-Formyl-1- 
adamantanamine (70 g) dissolved in 700 ml of dry tetrahydro- 
furan was added with stirring to a mixture of 40 g of lithium 
aluminum hydride in 2000 ml of dry ether. The mixture was 
then heated at reflux for 4 hr and then chilled in an ice-acetone 
bath; 150 ml of water was cautiously added to the stirred mixture. 
The solids were removed by filtration and washed well with 
ether. The combined filtrate and wash were dried (MgSCh) and 
treated with ether containing 1 equiv of hydrogen chloride. 
The solid HC1 salt was recovered by filtration, washed with 
ether, and dried: yield, 66.0 g; mp 248-250°. The analytical 
sample recrystallized from methanol-methyl ethyl ketone melted 
at 250°.

Anal. Calcd for CnH20lSrCl: C, 65.49; H, 9.99; N, 6.94; 
Cl, 17.58. Found: C, 65.32; H, 10.25; N, 6.86; Cl, 17.55.

N-Benzoyl-N-methyl-l-adamantanamine (10).—A mixture of
25.0 g of N-methyl-l-adamantanamine hydrochloride, 250 ml of 
10% sodium hydroxide solution, and 25.0 ml of benzoyl chloride 
chilled at 0° was stirred vigorously for 2 hr. The product was 
recovered by filtration, washed with water, and dried: yield, 28.12 
g; mp 117-119°. A sample recrystallized from aqueous acetone 
melted at 117-119°.

Anal. Calcd for Ci8H23NO: C, 80.25; H, 8.61; N, 5.20. 
Found: C, 80.03; H, 8.69; N, 5.30.

Isolation of Products from the Bioconversion of N-Benzoyl-N- 
methyl-1-adamantanamine.—The methylene chloride extract 
residue from an 18-g fermentation was placed on a column of 
Florisil91 (700 g) with 850 ml of methylene chloride followed by 
linear gradient elution in fractions of 350 ml each with 8 1. of 
solvent, SSB containing increasing proportions of acetone from 
10 to 70%. This was followed with 4 1. of SSB +  70% acetone 
and finally 4 1. of acetone. After examination of the fraction 
residues by ir and tic,8 product fractions were pooled as reported 
in Table II.

T a b l e  II
P oo l F ra c tio n s W t, g
I 7-13 4.08
II 18-41 13.36

N-Benzoyl-N-methyl-l-adamantanamin-4«-ol (12).—Pool I 
was recrystallized from aqueous acetone: yield, 2.84 g, mp 179- 
181°; roe 3400, pn-c=o 1610 cm-1 in Nujol.

Anal. Calcd for CI8H23N 02: C, 75.75; H, 8.12; N, 4.91. 
Found: C, 75.77; H, 8.35; N, 4.90.

N-Benzoyl-N-methyl-l-adamantanamine-4a:,6a-diol (11).— • 
Pool II  was recrystallized from aqueous methanol: yield, 10.39 
g; mp 223-226°; roH 3430, 3200, rN-c_o 5190, 1570 cm-1 in 
Nujol.

Anal. Calcd for CI8H23N 03: C, 71.73; H, 7.69; N, 4.65. 
Found: C, 71.87; H, 8.02; N, 4.81.

Bioconversion of N-Benzoyl-N-methyl-1 -adamantanamin-4«-ol
(12) to N-Benzoyl-N-methyl-l-adamantanamine-4a,6a-diol (11).
—The methylene chloride extract residue from a 2,0-g fermenta
tion was chromatographed over 150 g of silica gel.9d The column 
was eluted in 50-ml fractions with ethyl acetate which had been 
saturated with water. Fractions 4-6 contained unchanged sub
strate; fractions 7-8 were a mixture; fractions 9-14 contained 
product. These later fractions were pooled and recrystallized 
from methanol-water: yield, 0.76 g; mp 223-226°. The in
frared spectrum was identical with that of the diol described in 
the previous experiment. The mixture melting point of this 
product and the dihydroxyamide described above was not 
depressed.

N-Benzoyl-N-methyl-l-adamantanamine-4a,6a-diol Diacetate 
(11')-—Dihydroxy amide 11(0.5 g), pyridine (5.0 ml), and 
acetic anhydride (2.0 ml) were mixed and warmed to dissolve 
the reactants and allowed to stand at room temperature for 
17 hr. The mixture was poured onto ice and stirred for several 
minutes. The product was recovered by filtration, washed with 
water, and recrystallized from aqueous acetone, mp 141-142°.

Anal. Calcd for C22H27NOs: C, 68.55; H, 7.06; N, 3.63. 
Found: C, 68.88; H, 7.35; N, 3.75.

N-Benzoyl-N-methyl-l-adamantanamine-4,6-dione (14).—Di
hydroxy amide 11 (2 g) dissolved in acetone by heating was 
treated dropwise with a slight excess of chromic acid solution 
by the Jones method.4 The resulting product was recrystallized 
from aqueous methanol: yield, 1.70 g. For spectral and elemen
tal analysis it was necessary to dry a sample at its melt tempera
ture, 157-160°, to remove water of crystallization: rc-o
1740, 1700, vn-c-o 1620 cm-1 in Nujol.

Anal. Calcd for CmHwNOa: C, 72.70; H, 6.44; N, 4.71. 
Found: C, 72.79; H, 6.82; N, 5.07.

The Disemicarbazone (14') had mp 280° dec.
Anal. Calcd for C20H25N7O3: C, 58.38; H, 6.12; N, 23.83. 

Found: C, 58.15; H, 6.07; N, 23.42.
N-Benzoyl-N-methyl-l-adamantanamine-4a,6a-diol Cyclic Sul

fite Ester (13).—Diol 11 (0.5 g) was treated with 1.0 ml of thionyl 
chloride; immediate heat of reaction was noted and after 15 
min the excess reagent was removed under reduced pressure. 
The residue was chromatographed over 100 g of Florisil by the 
linear gradient method, placing the material on the column with 
methylene chloride and eluting in fractions of 110 ml each, with 
4 1. of solvent, SSB containing increasing proportions of acetone 
from 0 to 40%. Fractions 13-16 contained 0.35 g of product 
which was recrystallized from ether-hexane: white needles; 
mp 172-173°; >>o h  no peak, r N - c _ o  1705 cm“1 in Nujol.

Anal. Calcd for Ci8H2iN0 4S: C, 62.22; H, 6.09; N, 4.03; 
S, 9.23. Found: C, 62.28; H, 5.64; N, 3.73; S, 9.21.
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N-Benzoyl-N-methyl-l-adamantanamine-4a:,6a:-diol Hydro
chloride’ (17')-—Dihydroxy-N-methylbenzamide 11 (4 g) was 
reduced with a mixture of 4.0 g of lithium aluminum hydride in 
100 ml of ether. Because of low solubility, the amide was placed 
into a Soxhlet and leached into the reaction mixture by the reflux
ing solvent. The mixture was worked up in the usual manner, 
and the solid residue of free base was taken up in ether. Addition 
of ethereal hydrogen chloride precipitated the hydrochloride salt 
which was recrystallized from methanol-methyl ethyl ketone: 
yield 3.0 g; mp 267-269°.

Anal. Calcd for C18H26N 02C1: C, 66.75; H, 8.09; N, 4.33; 
Cl, 10.95. Found: C, 66.71; H, 8.34; N, 4.36; Cl, 11.17.

N-Benzoyl-N-methyl- l-adamantanamin-4-one (15).—Hydroxy- 
benzamide 12 (70 mg) dissolved in 10 ml of acetone was oxidized 
with chromic acid by the method of Jones, et of.4 The product 
was recrystallized from aqueous acetone: mp 126-127°; vc-o 
1720, vn-c-o 1620 cm-1 in Nujol.

Anal. Calcd for C18H21N 02: C, 76.29; H, 7.47; N, 4.94. 
Found: C, 76.13; H, 7.54; N, 5.07.

N-Benzyl-N-methyl-l-adamantanamin-4ci-ol (16).—Hydroxy- 
amide 12 (4 g) in 150 ml of dry tetrahydrofuran was added with 
stirring to a mixture of 3.0 g of lithium aluminum hydride in 
100 ml of anhydrous ether. The mixture was heated at reflux 
for 150 min; a cold bath was applied, and 20 ml of water was 
added with caution while stirring was continued for 30 min. 
The mixture was filtered and the insoluble material was washed 
well with ether. The filtrate and wash was dried over magnesium 
sulfate and the solvent removed to give 3.36 g of product. A 
sample was recrystallized from ether-hexane for analysis, mp 
119-120°.

Anal. Calcd for Ci8H23NO: C, 79.66; H, 9.29; N, 5.16. 
Found: C, 79.44; H, 9.10; N, 5.07.

N Methyl-l-adamantanamin-4a-ol and the Hydrochloride (9). 
—Benzyl amine 16 (3 g) was dissolved in 60 ml of ethanol. 
10% palladium-on-carbon catalyst (0.5 g) was added, and the 
mixture was shaken wih hydrogen (42 psi) for 150 min. The 
mixture was freed of catalyst and concentrated to dryness under 
reduced pressure to a solid residue. A sample of 1.0 g was re
crystallized from ether, mp 141-142°.

Anal. Calcd for C„H19NO: C, 72.88; H, 10.57; N, 7.73. 
Found: C, 72.82; H, 10.38; N, 7.49.

The remainder of the residue was dissolved in ether and treated 
with ethereal hydrogen chloride, and the resulting amine salt 
was recovered by filtration and washed with ether, yield 1.26 g. 
For analysis a sample was recrystallized from methanol-acetone, 
mp 220-221°. This compound was identical by infrared and 
melting point with the hydroxy amine hydrochloride prepared 
from 4-hydroxy-l-adamantanamine via the N-formylamine and 
hydride reduction; their mixture melting point showed no de
pression.

Anal. Calcd for CUH20NOC1: C, 60.67; H, 9.26; N, 6.43; 
Cl,16.29. Found: C,60.54; H, 9.50; N, 6.42; Cl, 16.42.

l-Adamantanamin-4a-ol Formic Acid Salt.—A solution of 3.5 g 
of hydroxy amine (5) in 1 1. of ether was treated with a slight 
excess of 98% formic acid. The resulting precipitate of formic 
acid salt was recovered by filtration and washed with ether: 
yield 3.60 g; mp 238-239°.

N-Formyl-l-adamantanamin-4a-ol (8).—Formic acid salt (1 g) 
was heated at 270° for 2 min and cooled. The residue was taken 
up in a small volume of ethyl acetate and chromatographed over 
a column prepared from a slurry of 100 g of silica gel9d and ethyl 
acetate saturated with water. The column was eluted with the 
same solvent in fractions of 50 ml each. Product fractions (14— 
19) were determined by infrared inspection of the residues 
(0.58 g). A sample for analysis was recrystallized from methanol- 
benzene, mp 141-142°.

Anal. Calcd for C„H17NOa: C, 67.66; H, 8.78; N, 7.17. 
Found: C, 67.52; H, 8.79; N, 7.42.

N-Methyl-l-adamantanaminAa-ol Hydrochloride (9).—A mix
ture of 0.5 g of hydroxyformamide (8), 2.0 ml of pyridine, and
1.0 ml of acetic anhydride was allowed to stand at 25° for 16 hr. 
The mixture was diluted with water and extracted with methylene 
chloride. The extract was washed with dilute sulfuric acid, water, 
and dried (Na2S04). The solvent was removed under reduced 
pressure, and the residue was taken up in 25 ml of anhydrous 
tetrahydrofuran and added with stirring to a mixture of 0.5 g 
of lithium aluminum hydride in 25 ml of anhydrous ether. The 
mixture was heated at reflux for 2 hr and chilled at 0° during the 
addition of 5.0 ml of water. After stirring 30 min, the mixture 
was filtered, the solids were washed well with ether, and the

combined filtrate and wash were dried (MgS04). The solution 
was filtered and treated with a slight excess of ethereal hydrogen 
chloride. The amine salt was recovered by filtration and re
crystallized from methanol-acetone, mp 219-220°. This product 
was identical by infrared and melting point with the HC1 salt 
prepared from N-benzoyl-N-methyl-l-adamantanamin-4a-ol via 
the benzyl amine. The mixture melting point showed no de
pression.

N-Acetyl-N-methyl-l-adamantanamine (19).—A solution of 6.5 
g of N-methyl-l-adamantanamine hydrochloride (see above) in 
100 ml of water was treated dropwise with a slight excess of 50% 
aqueous sodium hydroxide solution. The precipitated free base 
was recovered by filtration, washed with water, and dried: yield,
5.49 g.

The free base was dissolved in 25 ml of pyridine; 5 ml of 
acetic anhydride was added; and the mixture was allowed to stand 
at 25° for 56 hr. After diluting with 100 ml of water and chilling 
the product was recovered, washed well with water, and dried: 
yield, 3.65 g; mp 123-124°.

Isolation of Products from the Bioconversion of N-Acetyl-N- 
methyl-l-adamantanamine.—The methylene chloride extract 
residue from a 2.0-g fermentation was dissolved in methylene 
chloride and chromatographed over 100 g of Florisil. Elution 
was by the gradient method taking 100-ml fractions each using 
4 1. of solvent, SSB containing increasing proportions of acetone 
from 0 to 30%. As indicated by tic,8 fraction residues were pooled 
as reported in Table III. Pool A and pool C were separate en
tities and pool B was a mixture of the two.

T able III
Pool Fractions Wt, g
A 25-32 0.982
B 33-35 0.210
C 36-39 0.212

N-Acetyl-N-methyl-l-adamantanamin-4«-ol (20).—Pool A was 
recrystallized from acetone-hexane: yield, 0.717 g; mp 151-154°; 
roH 3360, rN_c-o 1610 cm-1 in Nujol.

Anal. Calcd for C,3H21N 02: C, 69.92; H, 9.48; N, 6.27. 
Found: C, 70.09; H, 9.57; N, 6.36.

This compound was readily oxidized to ketone by the Jones 
method:4 mp 119-120°; rc-o 1740, >>n --c - o  1640 cm-1 in Nujol.

N-Acetyl-N-methyl-l-adamantanamin-3-ol (21).—Pool C was 
recrystallized from acetone-hexane to yield 0.140 g of 21: mp 
155-156°; r 0 H 3310, p n - c - o 1610 c m '1 in Nujol.

Anal. Calcd for CI8H21N 02: C, 69.02; H, 9.48; N, 6.27. 
Found: C, 69.05; H, 9.26; N, 6.24.

This compound did not oxidize to ketone with chromic acid; 
unchanged starting material was recovered.

N-Phenylacetyl-l-adamantanamine (22).—A mixture of 20.0 g 
of 1-adamantanamine hydrochloride, 40 ml of 50% aqueous 
sodium hydroxide solution, 160 g of ice, and 20 ml of phenyl- 
acetylchloride was stirred vigorously for 1 hr and allowed to 
stand. The product was recovered by filtration and washed with 
water and air dried: yield, 20.23 g; mp 176-179°. An analytical 
sample recrystallized from acetone melted at 181-183°.

Anal. Calcd for C18H23NO: C, 80.25; H, 8.61; N, 5.20.
Found: C, 79.89; H, 8.88; N, 5.04.

N-Phenylacetyl- l-adamantanamine-4a ,6a-diol (23).—The 
methylene chloride extract residue from a 2-g fermentation of 
22 was triturated with 50 ml of methylene chloride and filtered 
to obtain 1.05 g of solid product which was combined with that 
obtained from the chromatograph described below.

The filtrate was placed on a column of 100 g of Florisil. Elution 
was by the gradient method with 6 1. of solvent, SSB containing 
increasing proportions of acetone from 0 to 60%. Fractions of 
55 ml each were collected. Fraction residues 78-83 (0.36 g) 
were identical with the material obtained by direct isolation. 
This combined product (1.41 g) was recrystallized from acetone 
after treatment with activated carbon (Darco G 60) in the same 
solvent: mp 201-202°; roH.NH 3300, vn-c-o 1640, 1550 cm-1 
in Nujol.

Anal. Calcd for C18H23N 0 8: C, 71.73; H, 7.69; N, 4.65. 
Found: C, 71.74; H, 7.94; N, 4.62.

N-Cyclohexylcarbonyl-N-methyl-l-adamantanamine (24).—A 
mixture of 20.0 g of N-methyl-l-adamantanamine hydrochloride 
and 200 ml of 10% aqueous sodium hydroxide solution was 
chilled at 5° and treated with 20 ml of cyclohexanecarbonyl 
chloride during 120 min with vigorous stirring. The mixture
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was extracted with methylene chloride; the extract was washed 
with water, dilute hydrochloric acid, 5% sodium bicarbonate 
solution, and dried over sodium sulfate. Evaporation of the 
solvent gave 20.20 g of solid product which was recrystallized 
from aqueous methanol, mp 91-93°.

Anal. Calcd for CiSH29NO: C, 78.40; H, 10.61; N, 5.09. 
Found: C, 78.29; H, 10.90; N, 5.04.

N-Cyclohexylcarbonyl-N-methyl-l-adamantanamine-4a,6a-diol 
(25).—The methylene chloride extract residue from a 2.0-g 
fermentation of 24 was chromatographed over 100 g of Florisil. 
The column was eluted by the gradient method with 4 1. of sol
vent, SSB containing increasing amounts of acetone from 0 to 
40%. Fractions of 110 ml each were collected, and the residues 
were examined by tic .8 Fractions 25-29 were pooled and recrystal
lized from acetone to yield 0.174 g of 25: mp 190-191°; »-o h  

3400, pn—c=o 1620 cm-1 in Nujol.
Anal. Calcd for C18H29NO3: C, 70.32; H, 9.51; N, 4.56. 

Found: C, 70.31; H, 9.51; N, 5.35.
Fractions 33-37 gave another material which also analyzed 

for a diol. This structure has not been determined.
N-(1 -Adamantyl)phthalimide (26).—A mixture of 7.5 g of 1- 

adamantanamine, 10.0 g of p'nthalic anhydride, and 100 ml of 
pyridine was heated at 90° for 15 min; 100 ml of acetic anhydride 
was added; and the mixture was again heated at 90° for 1 hr. 
After cooling and stirring with 500 ml of water for 1 hr the product 
was recovered by filtration, washed with water, and crystallized 
from methanol: yield, 2.13 g; mp 140-143°.

Anal. Calcd for CisHigNCh: C, 76.84; H, 6.81; N, 4.98. 
Found: C, 76.75; H, 7.02; N, 5.01.

N-(4«,6«-Dihydroxy-l-adamantyl)phthalimide (27).—The
filtered beer (10 1 .) from the conversion of 2.0 g of 26 was poured 
over a column of 300 g of CAL carbon.80 The column was 
eluted first with 10 1. of methanol, followed with 5 1. of ethyl 
acetate, and finally 5 1. of chloroform. Thin layer chromatog

raphy8 showed that the chloroform eluate contained the product. 
The residue therefrom was chromatographed over 100 g of 
Florisil. Elution was by the linear gradient method with 4 1. 
of solvent SSB containing increasing amounts of acetone from 
0 to 40%; cuts were ca. 110 ml each. The product eluted in 
fractions 23-28 was recrystallized from acetone-hexane: mp 
218-220°.

Anal. Calcd for CigHioNO.,: C, 68.99; H, 6.11; N, 4.47. 
Found: C, 68.81; H, 6.39; N, 4.21.
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16790-59-3; 5, 16790-60-6; 5', 16790-61-7; 6', 16790- 
62-8; 7, 16790-63-9; 1-adamantanamine formic acid 
salt, 16790-64-0; N-formyl-l-adamantanamine, 3405- 
48-9; N-methyl-l-adamantanamine hydrochloride, 
3717-39-3; 8, 16790-67-3; free base of 9, 16790-68-4;
10, 16790-69-5; 11, 16790-70-8 ; h ', 16790-71-9; 12,
16790-72-0; 13, 16790-73-1; 14, 16790-74-2; 14',
16790-75-3; 15, 16790-76-4; 16, 16790-77-5; 17',
16790-78-6; 19, 3717-37-1; 20, 16790-80-0; 21,
16790-81-1; 22, 16790-82-2; 23, 16790-83-3; 24,
16790-84-4; 25, 16790-85-5; 26, 16808-41-6; 27,
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Microbiological hydroxylation of (±)-l-benzoyl-irons-decahydroquinoline [(±)-2] with Sporotrichum sul- 
furescens has been shown to give (4aiS,5S,8aÆ)-l-benzoyl-irans-decahydroquinolin-5-ol (3), (±)-l-benzoyl- 
irans-decahydroquinolin-6-ol (4), and (4aS,7S,8aS)-l-benzoyl-imras-decahydroquinolin-7-ol (5) in a total yield 
of 80-90%. Under the same conditions hydroxylation of (+)-2  gave optically pure (+)-5 and (4a<S,6iSi,8aiS)-l- 
benzoyl-irons-decahydroquinolin-6-ol [(+)-4] in a ratio of 35:65. Hydroxylation of ( —)-2 gave optically 
pure (—)-3 and (4aif,6Â,8afl)-l-benzoyl-imns-decahydroquinolin-6-ol [( — )-4] in a ratio of 87:13. Various 
chemical modifications of these products were carried out in order to determine their structures and stereochemis
try and included the conversions of 3, (+)-5, and (+)-4  into (4aS,8afl)-irons-decahydroquinolin-5-one (24), 
(4ajS,8aS)-iroras-decahydroquinolin-7-one (26), and (4aS,8aiS)-irans-decahydroquinolin-6-one (25), respectively. 
Application of the octant rule to the optical rotatory dispersion curves of the latter compounds allowed assign
ment of absolute configurations to the hydroxylation products. The absolute configurations of the parent 
molecules, ( — )-inms-decahydroquinoline [( — )-l] and ( + )-irans-decahydroquinoline [(+  )-l], can be assigned 
as (4aft,8aS)-irans-decahydroquinoline and (4aS,8affi)-iraws-decahydroquinoline, respectively.

The increasing number of substrates which are hy- 
droxylated by the microorganism Sporotrichum sulfures- 
cens provides an opportunity to explore further the re
lationships of the substrate molecules to the enzymic 
hydroxylation site. A recent proposal1 has sug
gested that an electron-rich center of the substrate 
molecule provides an attachment site for the hydroxyl- 
ating enzyme and thus facilitates oxygenation at some 
point in a saturated portion of the molecule. The ap
proximate distance of this point from the attachment 
site was suggested to be 5.5 A. Among the electron- 
rich centers which have been found useful are the alco-

(1) G . S. F o n k en , M . E . H e rr , H . C . M u rra y , a n d  L . M . R e ineke , J .  Am er.
Chem . Soc., 89, 672 (1967).

hoi1 and the amide2-4 functional groups. It seemed 
possible that additional information concerning the 
stereochemical relationship of the substrate molecule 
to the site of oxygenation could be obtained from ex
amination of the oxygenated products. Some informa
tion concerning the stereochemistry of hydroxylation 
of the steroid nucleus has been gathered.5 It is known,

(2) G . S. F o n k en , M . E . H e rr , H . C . M u rra y , a n d  L. M . R eineke, J .  Org. 
Chem ., 33, 3182 (1968).

(3) R . A. Jo h n so n , M . E . H e rr , H . C . M u rra y , a n d  G . S. F o n k en , ib id . , 
33, 3187 (1968); R . A. Jo h n so n , M . E . H e rr, H . C. M u rra y , L . M . R eineke, 
a n d  G . S. F o n k en , ib id ., 33, 3195 (1968)

(4) M . E . H e rr , R . A . Jo h n so n , H . C . M u rra y , L . M . R ein ek e , a n d  G . S. 
F o n k en , ib id ., 33, 3201 (1968).

(5) C . T a m m , Angew . Chem. In te rn . E d . E ng l., 1, 178 (1962).



for example, that both 11a hydroxylation of steroids by 
Rhizopus nigricans6 and 11/3 hydroxylation by the 
adrenal glands7 proceed by substitution of the hydrogen 
by oxygen without changing the configuration of the 
remaining 11-hydrogen atom.

In studies of the oxygenation of various amides, we 
have found that hydroxylation of (±)-l-benzoyl- 
¿rans-decahydroquinoline [(±)-2 ] with S. sulfurescens 
gave a mixture of monohydroxy products, some of which 
were optically active, in excess of 80% yield. Forma
tion of optically active products in yields greater than 
50% suggested that the hydroxylating enzyme of the 
organism has a specificity for oxidative attack at differ
ent methylene groups of the enantiomers of the sub
strate. Thus, both enantiomers are hydroxylated, but 
necessarily at different positions in order to produce 
optically active products. This bioconversion reaction 
has therefore been studied in depth with the hope of ob
taining stereochemical information about the hy
droxylation process. The characterization, the de
termination of structure and stereochemistry, and the 
determination of the absolute configuration of the prod
ucts are included in the following discussion.

C h a rac te riza tio n  o f P ro d u c ts .8—The products from 
bioconversion of (± )-l-benzoyl-irans-decahydroquino
li ne [(±)-2] with S. sulfurescens were extracted from 
the filtered beer with methylene chloride. Initial 
attempts at separation of the products by column 
chromatography were only partially successful. Two 
products, 3 (mp 121-123°, [a]D —94°) and 4  (mp 149- 
151°, [a]D +3°), were obtained from the chromatog
raphy fractions. The optical rotation of 3 indicated 
that it had been obtained with some degree of optical 
purity; however, no conclusion about the optical purity 
of 4  could be dfiawn from its rotation. In addition to 
these two compounds, a third (5, mp 185-187°, [a]D 
+  132°) was shown to be present in the later column 
fractions by paper chromatography. I t appeared that 
both the problems of characterization of the biocon
version products and of the determination of their opti
cal purity could be attacked more easily if the racemic 
substrate [(±)-2] could be resolved into the (+ ) and 
( —) enantiomers.

Resolution of racemic ireros-decahydroquinoline 
[(±)-l] with d-tartaric acid9 gave (—)-l, which was 
converted into (+)-2 (+139°). Oxygenation of (+)-2 
with S. sulfurescens gave a mixture of two products, 
which were partially separated by column chromatog
raphy over silica gel. The two optically pure products,

(6) M . H a y a n o , M . G u t, R . I .  D o rfm an , O. K . S ebek, a n d  D . H . P e te rso n , 
J .  A m er. Chem . Soc., 80, 2336 (1958).

(7) E . J .  C orey , G . A . G regoriou , a n d  D . H . P e te rso n , ibid,., 80, 2338 
(1958).

(8) S ev era l of th e  co m p o u n d s en c o u n te red  in  th is  w o rk  h av e  b ee n  o b ta in e d  
in  v a ry in g  degrees of o p tic a l p u r ity . W e  h a v e  a d o p te d  th e  fo llow ing sys
te m  fo r n u m b e rin g  th e se  com pounds in  th is  p ap e r. F o r  co m pounds 1 
th ro u g h  5, p la cem e n t of (=b)- befo re  th e  n u m b e r in d ic a te s  t h a t  th e  com pound  
is a  ra c e m a te . W h e n  ( + ) -  o r ( —)- is p laced  befo re  th e  n u m b e r, th e  o p tica lly  
p u re  en a n tio m er is in d ic a te d . W h e n  no  sign  is p la ced  befo re  th e  n u m b e r, a n  
o p tica lly  im p u re  (b u t s til l  o p tica lly  ac tiv e ) co m p o ú n d  is in d ic a te d . C om 
p o u n d s  6-26 in v o lv e  chem ica l tra n sfo rm a tio n s  a n d  in  m o s t cases th e  o p tica l 
n a tu re  of th e  com p o u n d  is a p p a re n t  fro m  th e  d iscussion . S igns, in  acco rd  
w ith  th e  ab o v e  sy stem , a re  p laced  befo re  th e se  n u m b e rs  o n ly  w hen  th e y  a d d  
to  th e  c la r ity  of th e  d iscussion .

I n  th e  s tru c tu ra l  fo rm u la , th e  u se  of so lid  o r  d o tte d  lines to  d e p ic t th e  r in g  
ju n c tio n  h y d ro g en  a to m s  (4a a n d  8a) in d ica te s  t h a t  th e  c o m p o u n d  is  a  
ra c e m a te . U se  of h e a v y  d o ts  to  d ep ic t r in g  ju n c tio n  s te re o ch em istry  in d i
c a te s  t h a t  th e  co m p o u n d  is o p tica lly  a c tiv e  a n d  in  a ll cases is in d ic a t iv e  of 
th e  co rre c t a b s o lu te  co n fig u ra tio n  of th e  m olecule.

(9) A. P o p o v ic i, C . F . G esch ick te r, E . L. M ay , a n d  E . M o se ttig , J .  Org. 
C hem ., 21, 1283 (1956).
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( + ) - 5  (mp 185-186°, [<*]d  +137°) and ( + ) - 4  (mp 138- 
139°, [a]D +115°), had the same Rt values on paper 
chromatograms as did the optically impure compounds 
5 and 4, respectively.

Resolution of (± )-l with d-(a)-bromocamphor-7r- 
sulfonic acid10 gave (+ )-l from which the benzamide 
( —)-2 ([a]D —145°) was prepared. Hydroxylation of 
( —)-2 with S. sulfurescens gave two products, which 
were separated by chromatography on a silica gel col
umn. These optically pure products, ( — )-3  (mp 125- 
127°, [a]D -109°) and ( - ) - 4  (mp 136-138°, [«]d 
— 112°), had the same R{ values on paper chromato
grams as did the optically impure compounds 3 and 4, 
respectively.

The interrelationships between the products, sug
gested by’ paper chromatography, were confirmed by 
infrared and nmr spectra and are outlined in Scheme I. 
The pairs of compounds 3 and ( —)-3 , 5 and ( + ) - 5 ,  
( + ) - 4  and ( —)-4  each have identical infrared spectra. 
It was necessary to compare compounds ( + ) - 4  and 4  by 
the means of a solution spectra since, in the solid phase, 
their infrared spectra differed. Nmr spectra of ( + ) - 4  
and 4  also are identical.

The ratios of products in this bioconversion are of 
interest if enzyme specificity for the enantiomeric forms 
of the substrate is to be considered. Estimates of 
product ratios can best be made from the yields ob
tained when the resolved forms of the substrate were 
oxygenated. The ratio of ( + ) - 5  to ( + ) - 4  is 35:65 as 
estimated from paper and thin layer chromatograms of 
the product mixtures. The ratio of ( —)-3  to ( — )-4  is 
87:13 as determined from the yields of the two products 
after separation on a silica gel column. These ratios 
between products also should exist when racemic sub
strate is used. From this the ratio of ( + ) - 4  to ( —)-4  
can be estimated as 83:17, part of which is represented 
by the racemate 4.

S tru c tu re  and  S te reochem is try .—The substrate mole
cule, (±)-l-benzoyl-irans-decahydroquinoline (2), con
tains 16 geometrically different hydrogen atoms. When 
the enantiomers of 2 are considered, there are 32 
stereoisomeric possibilities to choose from in assigning 
structures to the four products obtained from biocon
version of 2. These four products are known to consist

The J o u rn a l o f O rganic C h em istry

of an enantiomeric pair of alcohols, ( + ) - 4  and ( — )-4  
(which also form 4 ), and two optically active products, 
3 and 5. The problem of structural determination is 
therefore essentially that of determining three un
knowns. The 32 possible structures were quickly re
duced to 16 by oxidation of each alcohol to a ketone. 
Formation of a ketone, in itself, eliminates placing the 
hydroxy groups at carbon atoms 4a, 8a, and 2 of the de- 
cahydroquinoline nucleus since the first two posi-

(10) L. M ascare lli a n d  F . N igriso li, Gazz. C h im . I ta l . ,  45, 106 (1915).
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Scheme I

(-)•! (+)-2 ( [ a ]D  +139°) (+ ).4 ([a)D +U50) +  (+ ).5 ([a ]D + 137°)

5 ([a]D +132°)

(+)•! — >  (-)-2  ( [ a ]D  -145°) — *■ (-> 3  ([o ]D  -109°) +  (->4 ( [a ]D  -112°)

tions are tertiary and the latter would be an imide. In 
addition, nmr spectra of the ketones clearly eliminated 
carbon atoms 3 and 8 as positions of oxygenation, since 
the very characteristic signal expected for protons (at 
C-2 and C-8a) adjacent to both nitrogen and carbonyl 
were not observed.

The remaining possible positions of oxygenation 
were further differentiated by deuterium-exchange ex
periments with the ketones. The ketone (6), obtained 
upon oxidation of 3 with Jones reagent,11 undergoes ex

change of three hydrogen atoms by deuterium atoms in 
methyl alcohol-d with sodium methoxide catalyst. The 
incorporation of deuterium was demonstrated by an 
increase in the molecular ion peak from 257 to 260 in 
the mass spectra of the two compounds. I t will be 
shown below that, in addition to isotopic exchange, the 
deuterated product (7) has an inverted configuration at 
the 4a position. To undergo exchange of only three hy
drogens by deuterium, the carbonyl group must be at 
either C-4 or C-5 in 6, since C-8 has already been elim
inated as a possible site for oxygen. Under the same 
conditions, the other two ketones both underwent ex
change of four hydrogens by deuterium. Consequently 
one ketone must be a C-6 ketone and the other a C-7 
ketone, since the only other position having four a hy
drogens (C-3) has been eliminated by the nmr spectra. 
These two ketones will be discussed more fully later.

The position of the carbonyl in ketone 6, now known 
to be adjacent to C-4a, could be established by the syn
thesis of either the C-4 or C-5 ketone.12 A simple route 
to the 5 ketone seemed feasible using (±)-5a-hydroxy- 
m-decahydroquinoline (8), a compound readily avail
able by the catalytic reduction of 5-hydroxyquinoline,13 
as a starting point. The presence of a cfs-ring junction

(11) K . B ow den , I .  M . H e ilb ro n , E . R . H . Jo n es , a n d  B . C . L . W eedon, 
J .  C hem . Soc., 39 (1946).

(12) W h e n  th is  sy n th es is  w as ca rried  o u t, th e  d eu te riu m -e x ch an g e  experi
m e n ts  h a d  n o t  b ee n  co m p le ted  a n d  w e fe l t  t h a t  o n  th e  b asis  of p rev io u s  
experience1 o x y g en a tio n  a t  C -4  a n d  C -5 h a d  p ro b a b ly  o cc u rre d  a n d  t h a t  
th e  sy n th es is  of e i th e r  w ould  id e n tify  o n e  co m p o u n d .

(13) C . A. G ro b  a n d  H . R . K iefer, Helv. C him . A cta , 48 , 799 (1965).

in 8 was not serious since the ring system of the 5 ketone 
could be equilibrated to the more stable ring juncture. 
Reaction of 8 with benzoyl chloride in the presence of an 
excess of sodium hydroxide gave the hydroxy amide 9 
directly. Oxidation of 9 with Jones reagent11 gave 
racemic keto amide (±)-10. The cfs-ring junction was

shown to remain in (±)-10 by reduction of the ketone 
with sodium borohydride, which gave hydroxy amide 9 
starting material as the only product isolated (70%). 
Deuterium exchange with (±)-10 was carried out, and 
the product had a mass spectrum identical with that of
7. The position of the carbonyl in 6 must be at C-5 and 
likewise, the hydroxyl group of compound 3 must be at 
C-5.

Several additional points of interest concerning 
the ketone 6 may be noted. Reaction of 6 with so
dium methoxide in methanol resulted in isomerization 
to the cis ketone 10, confirming that the cfs-ring system 
is the more stable for this molecule. A small amount of 
10 also was separated from 6 when the products of the 
Jones oxidation of 3 were chromatographed on Florisil. 
Reduction of ketone 6 with sodium borohydride gave 
twc alcohols, one of which was identical with 3. The 
second alcohol (11) is assumed to be the C-5 epimer of 
alcohol 3. It had been hoped that this reduction would 
be stereospecific and would indicate the configuration of 
the hydroxyl group in 3.

A second method for distinguishing between an axial 
and an equatorial hydroxyl group is that of measuring 
the half-band width of the nmr signal of the proton of
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the alcohol carbon.14 This method takes advantage of 
the greater coupling constants between axial protons 
and assigns the axial configuration to protons having a 
half-band width of 20 cps or greater and an equatorial 
configuration to those having a half-band width of about 
8 cps.14 The signal of the C-5 proton in the nmr spectra 
of 3 and several of its derivatives is very broad, sug
gesting an axial configuration and therefore an equa
torial configuration for the hydroxyl group. This 
stereochemical assignment was confirmed by carry
ing out a fragmentation reaction analogous to those de
scribed by Grob and coworkers.16 To accomplish this, 
alcohol-amide 3 was reduced with either lithium alu
minum hydride or diborane to the benzylamine (12). 
We have found that diborane is an excellent agent 
for the reduction of benzamides to benzyl amines, 
a reaction which often results in additional hydrogen- 
olysis of the benzyl group when done with lithium 
aluminum hydride.

12 13

The preparation of the tosylate (13) of 12 gave a 
compound, which, if the tosyl group is equatorial, differs 
from a compound described by Grob and coworkers15 
only in having a N-benzyl instead of a N-methyl group. 
Fragmentation of this molecule would then be ex
pected when warmed in 80% ethanol.15 The frag
mentation product (14) may be expected to hydrolyze to

an amino aldehyde under the conditions of the re
action.15 When 13 was heated to 75-78° in 80% etha
nol, the partially insoluble compound slowly went into 
solution. The oil isolated from the reaction had a 
multiplet (integrating for 1.7 hydrogens) at 5.28 (5) 
ppm in the nmr spectrum characteristic of olefinic pro
tons, which would result in large amounts only from the 
fragmentation reaction. This firmly establishes that 
the C-5 hydroxyl group in the bioconversion product 3 
has an equatorial configuration.

As outlined previously, the other hydroxylic bio
conversion products also were converted to ketones and 
were submitted to deuterium-exchange reactions. 
Thus, oxidation of alcohol (+)-5 with Jones reagent11 
gave ketone 15 of molecular weight 257 by mass 
spectrometry. Deuterium exchange with ketone 15 
gave ketone 16 of molecular weight 261 by mass spectro

(14) R . U . L em ieux , R . K . K u lln ig , H . J .  B ern s te in , a n d  W . G . S chneider, 
J .  A m er . Chem . Soc., 80, 6098 (1958).

(15) C . A. G rob , H . R . K iefer, H . J . L u tz , a n d  H . J .  W iikens, Helv. C him .
A cta , 50, 416 (1967).

metry, showing an exchange of four hydrogens by deu
terium. A polymorphic crystalline form of ketone 15 
was obtained from an early experiment in which the ke
tone was treated with a dioxane-ether solution of hydro
gen chloride.

(+>5

Reduction of bioconversion alcohol (+)-5 with 
lithium aluminum hydride gave a mixture of benzyl 
amine 17 and amine 18. When diborane was used

(+)-5 LiAlHi

or
BH3

ch2c6h 5
17 18

as the reducing agent, the benzyl amine 17 was the 
only product isolated. Compound 17 had a wide melt
ing point range which could not be improved by vary
ing the crystallization procedure. Elemental analysis 
showed an additional mole of water present in the prod
uct, presumably as a hydrate. Hydrogenolysis of the 
hydrate of 17 over palladium on carbon gave the 
amine 18. This reaction sequence enabled us to com
pare compound 18 with the 7a-hydroxy-frans-deca- 
hydroquinoline [(±)-18] prepared and described by 
Grob and Wiikens.16 It was necessary to compare the 
two samples by solution spectra since the biconversion 
product (18) is optically active while the synthetic 
sample of Grob and Wiikens16 is not. The two com
pounds have identical infrared spectra in chloroform 
solution. This identity establishes the structure of 18 
as being the 7-hydroxy-£nros-decahydroquinoline hav
ing an equatorial hydroxyl configuration.

By elimination, the remaining bioconversion al
cohols (4, obtained in both enantiomeric forms and as a 
racemate) must have the hydroxyl group at the 6 posi
tion. Oxidation of (+)-4 with Jones reagent11 gave ke
tone 19, which incorporated four deuterium atoms dur

ing exchange with methyl alcohol-d. The deuterated 
ketone (20) had a molecular ion peak at 261 mass units 
in the mass spectrum.

To determine the configuration of the C-6 hydroxyl 
group in (+)-4, we have relied on the stereo
selective reduction of sterically unhindered ketones to 
equatorial alcohols by sodium borohydride.17 Reduc
tion of ketone 19 with sodium borohydride in ethanol 
gave a single alcohol in 74% yield, which was identical

(16) C . A . G ro b  a n d  H . J .  W iikens , ib id ., 48, 808 (1965). W e th a n k  P ro 
fesso r G ro b  fo r  a  sam p le  of 7 a -h y d ro x y -fm n s-d e e a h y d ro q u in o iin e .

(17) D . H . R . B a r to n , J .  Chem. Soc., 1027 (1953).
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with bioconversion product (+)-4. We consider this 
proof that the hydroxyl group of (+)-4 has the equa
torial configuration.

For the purpose of determining the optical rotatory 
dispersion curve of the simple unsubstituted 6-ketode- 
cahydroquinoline molecule, several modifications of 
alcohol-amide (+)-4 were necessary. First, (+)-4 
was reduced to the benzyl amine (21) with diborane.

(+)-4
b h 3
or

LiAlH,

ch2c6h s

21

As before a crystalline hydrate of the benzyl amine (21) 
was obtained, as shown by elemental analyses and the 
infrared spectrum (see Experimental Section). Hydro- 
genolysis of the benzyl group of 21 was rapid over 5% 
palladium on carbon, giving the optically active amino 
alcohol 22. Reduction of (+)-4 with lithium aluminum 
hydride gave a mixture of benzyl amine 21 and amine 
22. A similar reduction of the racemic 4 gave ( ± )-22.

Absolute Configuration.—The application of the 
octant rule18 to the optical rotatory dispersion (ORD) 
curves of many substances has been used extensively19 
in the determination of the absolute configuration of 
optically active molecules. In the present study op
tically active oxygenated derivatives in the ¿rans-deca- 
hydroquinoline series have been obtained, which require 
only a few additional modifications in order to give keto- 
¿raws-decahydroquinoline molecules. Such molecules 
are closely analogous to the irans-decalones and 
similarly should give ORD curves which would be use
ful in the determination of their absolute configurations. 
This would in turn determine the absolute configura
tion of all the optically active compounds encountered 
in this study. Such information is of value when con
sidering the relationships of the substrate molecules to 
the enzyme hydroxylation sites.

In considering the preparation of the keto-irans- 
decahydroquinolines, it would, in principle, be suf
ficient to determine the ORD curve and thereby the ab
solute configuration of a single ketone since all of 
the compounds have been related stereochemically. 
We chose to prepare each of the three ketones poten
tially available from the three different hydroxy com
pounds obtained in the bioconversion because little has 
been reported on the ORD curves of ketonic compounds 
containing amines. The 5 ketone (24) was prepared by 
repeated Jones oxidation of the amino alcohol 23, which

OH O

12
H, )

Pd-C 0 0
Cr03

H
23 24

in turn had been prepared by the hydrogenolysis of 
benzyl amino alcohol 12. We believe that the trans- 
ring juncture in 24 is the more stable even though it 
gives the keto amide ( —)-10 of the cfs-decahydro-

(18) W . M offitt, R . B . W oo d w ard , A. M oscow itz , W . K lyne, a n d  C. 
D je rass i, . / .  A m er. Chem . Soc., 83 , 4013 (1961).

(19) P . C ra b b e , " O p tic a l R o ta to ry  D isp ers io n  a n d  C irc u la r  D ich ro ism  in  
O rgan ic  C h e m is try ,” H o ld e n -D a y , S an  F ran c isco , C alif., 1965.

quinoline series when treated with benzoyl chloride in 
pyridine. In the closely related 4-ketodecahydroquino- 
line series, the ¿rons-ring juncture is the more stable.20 
Correlation of our ORD results also are consistent only 
if 24 is assigned the trans-ring junction. Similar oxida
tions of the amino alcohols 18 and 22 gave the 7 ketone 
(26) and the 6-ketone (25), respectively.

I
H

25

The ORD curves of the three ketones were deter
mined in methanol solution and are illustrated in Figure 
1. The curves obtained for ketones 24 and 25 appear 
normal and the amplitudes of +4720 and +4640°, re
spectively, are similar to those observed for the trans- 
decalones. irans-l-Decalone has an ORD amplitude 
of ±4000°21 while ¿rans-2-decalone has an amplitude of 
±5400°.22 However, ketone 26, which was expected 
to have an ORD curve similar to that of ketone 25 
shows a very weak, positive Cotton effect of +28° am
plitude. The reason for this unusual curve is not ap
parent at the present time. The ultraviolet spectrum 
of ketone 26 is normal for an isolated carbonyl group, in 
that it has an absorption maximum at 281 rrqi (« 18).

Application of the octant rule18 to the ORD curves of 
the three ketones leads to the following assignments of 
absolute configuration: 24 becomes (iaS,8a,R)-trans- 
decahydroquinolin-5-one,23 25 becomes (4a<S,8a<S+ 
imws-decahydroquinolin-6-one, and 26 becomes (4aS,- 
8a<S)-iraiis-decahydroquinolin-7-one. These configura
tions are shown by the drawings used above. By em
ploying the structural and stereochemical relationships 
used throughout the preceding discussion, the two 
epimers of irans-decahydroquinoline may be assigned 
the absolute configurations as shown. Similarly, ab-

0 0
I

H
(->1

(— )-irans-decahydroquinoline ([a]D —4.6°)9 
or (4afl,8a£)-Jrans-decahydroqumoline

H
( + ) - l

(+)-irans-decahydroquinoline ([<*]d  + 4 .80)10 
or (4aS,8aB )-<ran8-decahydroquinoline

(20) E . M is try u k o v , Izv . A k a d . N a u k  S S R ,  Otd. K h im . N a u k ,  929 (1963)
(21) D ep en d in g  o n  w hich  en a n tio m e r is used , th e  a m p litu d e  w ill be -f- o r 

- 4 0 0 0 ° .
(22) W . K ly n e , E xperien tia , 20 , 349 (1964).
(23) A lth o u g h  use of th e  R  a n d  S  n o m e n c la tu re  is  su ffic ien t to  in d ic a te  th e  

n a tu r e  of th e  r in g  ju n c tu re  in  th e se  com pounds, inc lu sion  of th e  te rm s  cis  a n d  
trans  in  th e  com pound  n am e  e lim ina tes  th e  ta s k  o f d e te rm in in g  th is  fe a tu re  
fo r ev e ry  n am e  b y  u se  of th e  ru le s. F o r  th is  rea so n  w e su g g es t t h a t  cis  a n d  
trans  be  re ta in e d  in  th e  n am in g  of th e se  com pounds.
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Figure 1.

solute configurations may be assigned to all other re
lated optically active molecules in this study, and these 
assignments are given by the nomenclature used 
throughout the Experimental Section.

Experimental Section24
Biotransformation Process.—The culture used in these ex

periments was Sporotrichum sulfurescens V. Beyma (ATCC 
7159). The biotransformation procedure has been described 
previously.3

Isolation of the Products from Bioconversion of (± ) - l-  
Benzoyl-frcms-decahydroquinoline [(±)-2] with S. sulfurescens. 
A. (4aS,5jS,8afi)-l-Benzoyl-irans-decahydroquinolin-5-ol (3) 
and (±)-l-Benzoyl-irons-decahydroquinolin-6-ol (4).—The oily 
extracts from the 125-1. bioconversion of (±)-2 (25 g, 0.103 mol) 
were chromatographed on a column of Florisil (2.5 kg) packed 
with Skellysolve B. The following fractions (2.0-1. vol) were 
collected by elution with 25% (v/v) acetone in Skellysolve B. 
Fractions 19 and 20 were eluted with acetone (Table I). On 
the basis of infrared spectra, fractions 13 and 14 were combined 
in acetone, decolorized with activated charcoal, and crystallized 
as colorless crystals (3.925 g, first and second crops), mp 122-124°. 
A third crop gave 1.703 g (total 5.628 g, 0.0219 mol, 21%), mp
121-123°. Two recrystallizations from aeetone-Skellysolve B 
gave colorless crystals of 3: mp 121-123°; [ « ] d  —94° (c 0.648, 
chloroform); xoh 3350, rc-o 1610, rc-c 1600, 1575, 1525, 1500, 
vc-o 1210, 1125, 1065, 1010, vCent 785, 730, 700 cm“1 in Nujol.

Anal. Calcd for Ci0H21NO2: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 74.11; H, 8.27; N, 5.67.

This alcohol was shown not to be a polymorph of alcohol 4, 
mp 149-151°, by comparison of infrared spectra prepared from 
addition of a chloroform solution to KBr with subsequent pellet 
preparation.

(24) M e ltin g  p o in ts  w ere  d e te rm in ed  on a  c a lib ra te d  F ish e r-Jo h n s  h o t 
s ta g e  a n d  a re  co rrec ted . M ag n esiu m  s u lfa te  w as used  as  th e  d ry in g  ag e n t 
un less  in d ic a te d  o the rw ise . In f ra re d  sp e c tra  w ere  d e te rm in e d  w ith  e ith e r  a 
P e rk in -E lm e r In fra c o rd  o r M odel 421 sp ec tro p h o to m e te r . T h e  n m r sp e c tra  
w ere  d e te rm in ed  a t  60 M e w ith  a  V a rian  M odel A -60 sp ec tro m e te r, u sing  
te tra m e th y ls ila n e  a s  a n  in te rn a l s ta n d a rd . M ass  sp e c tra  w ere  d e te rm in e d  on 
a n  A tla s  C H 4  in s tru m e n t. T h e  o p tica l ro ta to ry  d ispers ion  cu rv es  w ere  ob
ta in e d  on  a  C a ry  M odel 60 sp ec tro p h o to m e te r.
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T a b l e  I
F ra c tio n . Wt, g

12 1.02
13 4.52
14 3.33
15 1.93
16 2.69
17 3.53
18 2.25
19 1.54
20 2.10 

Total 22.91

Fraction 17 (mp 131-134°) was recrystallized from aeetone- 
Skellysolve B, giving colorless crystals (2.553 g), mp 128-135°. 
A portion of recrystallized fraction 17 was again recrystallized 
from aeetone-Skellysolve B. Initially colorless crystals formed, 
but after standing for 5 days at room temperature the crystalline 
mass was composed of shiny, colorless transparent fiat needles (mp 
175-180°) covering a mass of opaque, chunky crystals (mp
143-148°). The two forms have different infrared spectra in 
Nujol. I t  was then discovered that the shiny crystals were more 
soluble in acetone. Fractions 16, 18, and 19 were recrystallized 
from aeetone-Skellysolve B, giving a mixture of crystals (3.102 
g). From this mixture a sample (0.364 g) of the product less 
soluble in acetone (100 ml) was obtained by decanting the 
acetone solution. Recrystallization of this sample from acetone 
gave colorless crystals, mp 148-150°. A final recrystallization 
from acetone gave crystals of 4 (0.212 g): mp 149-151 °; [*]d 
+ 3° (c 0.801, chloroform); von 3360, yc-o.c-c 1595, 1570, 
1525, 1490, rc-o 1055, 1045, vC,n, 790, 735, 700 cm -1 in Nujol.

Anal. Calcd for C16H21NO2: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 74.22; H, 8.47; N, 5.82, 5.73.

B. Chromatography of a Large-Scale Bioconversion of 
Racemic 1 -Benzoyl-frares-decahydroquinoline.—The extracts
from three 250-1. bioconversions of (± )-2  (to ta ll50 .0  g, 0.618 
mol) was chromatographed on a Florisil column (6 kg) packed 
with Skellysolve B. A fraction (3 1.) of Skellysolve B was taken 
followed by four fractions of 10% aeetone-Skellysolve B, 15 
fractions of 20% aeetone-Skellysolve B, five fractions of 25% 
aeetone-Skellysolve B, and five fractions of 50% aeetone- 
Skellysolve B. The products were found in fractions 14-29. 
Fractions 14-20 were pooled on the basis of their infrared spectra. 
The crude fraction weights are given in Table II. Fractions 
14-20 were dissolved in acetone and decolorized with activated 
charcoal. Crystallization from aeetone-Skellysolve B gave three 
crops of 3 as product: first crop, 22.097 g, mp 120-123°; second 
crop, 22.419 g, mp 123-125°; third crop, 5.230 g, mp 115-130°; 
total, 49.746 g (0.192 mol, 31%).

T a b l e  II
Fractions Wt, g

14-20 58.01
21 8.57
22 11.35
23 11.14
24 9.70
25 19.15
26 21.06
27 8.54
28 4.47
29 1.64

Total 153.63 (0.593 mol, 96%)

Fractions 21-23 were combined in methylene chloride-benzene 
and rechromatographed on a silica gel column (2500 g) packed 
with benzene. No material eluted with 1% (ten 2-1. fractions) 
and 1.5% (nine fractions) methanol in benzene. With 2% metha
nol in benzene, the products were eluted with no sharp separation. 
On the basis of similar infrared spectra, fractions 25-27 (crude 
wt, 5.71 g) were combined and crystallized from acetone. The 
first crop (2.584 g) was colorless crystals, mp 179-185°. The 
second crop (1.571 g) was a mixture of products, mp 133-170°. 
Two recrystallizations of the first crop from acetone gave color
less, rectangular crystals of 5: mp 185-187°; [<*]d  +132°
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(c 0.494, chloroform); infrared spectrum in Nujol is identical 
with that of (4aS,7S,8ajS)-l-benzoyl-fr<ms-decahydroquinolin-7-ol 
[(+)-5] from bioconversion of ( +  )-2.

Anal. Calcd for Ci6H2iN 0 2: C, 74.10; H, 8.16; N, 5.40. 
Pound: C, 73.99; H, 8.19; N, 5.46.

From combined fractions 31—42 (crude wt, 12.089 g) of the 
silica gel column, crystals (first crop, 3.900 g, mp 146-149°; 
second crop, 3.192 g, mp 138-140°) were obtained from acetone- 
Skellysolve B. The infrared spectra in Nujol of the two crops 
were identical with that of 4. The remaining fractions (28-30 
8.762 g) were a mixture of 4 and 5. Further purification of the 
remaining fractions from the initial chromatography has not 
been carried out.

(4aÄ,8a$)-l-Benzoyl-irims-decahydroquinolme [( +  )-2].—•
(4aß, 8aS)-iraras-Decahydroquinoline (obtained from 8.0 g of the 
¿-tartrate)9 was benzoylated by a Schotten-Baumann reaction 
in which the reactants were shaken with ice in a separatory fun
nel. The product was crystallized from Skellysolve B, giving 
crystals, mp 66-68°. A final crystallization from Skellysolve B 
gave colorless crystals of ( +  )-2: mp 68-69°; [<*]d +139°
(c 0.764, chloroform).

Anal. Calcd for Ci6H2iNO: C, 78.97; H, 8.70; N, 5.76. 
Found: C, 79.05; H, 8.49; N, 5.74.

Bioconversion of (4aB,8aS)-l-Benzoyl-irans-decahydroquino- 
line [(+  )-2]. (4aS,6S,8a5)-l-Benzoyl-iraras-decahydroquinolin-
6-ol [(+)-4] and (4aS,7S,8a.S')-l-Benzoyl-irans-decahydroquin- 
olin-7-ol [ (+  )-5].—The dry methylene chloride extracts from two 
125-1. bioconversions of ( +  )-2 (25.0 g each, 0.103 mol) were each 
chromatographed on a Florisil column (2 kg, 10.5 X 50 cm, 2-1. 
fractions) packed with Skellysolve B. Elution with 20-25% 
acetone in Skellysolve B gave 21.82 (0.0832 mol, 81%) and 25.09 
g (0.0968 mol, 94%) of mostly crystalline material from the 
two columns. Chromatography (paper, vapor phase, thin layer) 
showed the product to consist of two major products distributed 
through all the column fractions. The two components were 
found to be separable, in part, by chromatography on silica gel 
with 1-3% methanol in benzene. Thus, for example, chromatog
raphy of 3.24 g of material chosen from the earlier fractions 
above (shown to be richer in less polar component) on a silica 
gel column (300 g, 3.8-cm diameter, 335-ml fractions) packed 
from a slurry in benzene gave no material in 25 fractions when 
eluted with 1% methanol in benzene. Elution with 2% methanol 
in benzene gave three fractions of less polar material (1.57 g), 
two fractions of a mixture (0.78 g) of the two products, and six 
fractions of more polar product (0.53 g). The separation of 
products was determined by tic (silica gel, 20% methanol in 
benzene). The first three fractions of less polar product were 
combined and crystallized from acetone, giving a first crop 
(0.410 g) of crystals, mp 150° (softening), 183-188°. Two 
recrystallizations from acetone gave (+)-5 as colorless crystals: 
mp 185-186° with some sublimation; [a ]D  +137° (c 0.678, 
chloroform); rose 3360, rc-o 1605, rc-c 1595, 1570, 1555, 1495, 
rC-O/other 1290, 1115, 1065, rc,Hs 775, 745, 700 cm -' in Nujol.

Anal. Calcd for Ci6H21N 0 2: C, 74.10; H, 8.16; N, 5.40. 
Found: O, 73.90; H, 8.21; 'N , 5.22.

Chromatography of 3.25 g of material from the latter fractions 
of the Florisil columns on silica gel (200 g, 3.8-cm diameter, 250- 
ml fractions) in benzene gave four fractions of a mixture of prod
ucts and six fractions of pure more polar product. The latter 
fractions were combined in acetone, decolorized with activated 
charcoal, and crystallized from aeetone-Skellysolve B, giving a 
first crop (0.811 g) of colorless crystals, mp 137-139°. Two 
recrystallizations from aeetone-Skellysolve B gave ( +  )-4 as 
colorless feathers: mp 138-139°; [a ]D  +115° (c 1.072, chloro
form); roH 3400, rc-o 1600, rc-c 1590, 1570, 1555, 1490, 
re—o/other 1185, 1055, rC6Hi 765, 745, 700 cm-1 in Nujol.

Anal. Calcd for Cl6H2iN 02: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 73.99; H, 8.23; N, 5.41.

(4aS,8aß)-l-Benzoyl-irons-decahydroquinoline [( — )-2].—A 
sample of (4a<S,8afi)-irans-decahydroquinoline (4.0 g, 0.0288 
mol), prepared by basification of the d-[a]-bromocamphor-jr- 
sulfonate,10 was benzoylated under Schotten-Bauman conditions. 
The crude solid reaction product (7.117 g) was collected by filtra
tion and washed with water. Crystallization from Skellysolve B 
gave 5.771 g (0.0238 mol, 82%) of crystals, mp 66-68°, in two 
crops. Recrystallization from Skellysolve B gave colorless, 
chunky crystals of ( — )-2: mp 67-69°; [z*]d —145° (c 1.048, 
chloroform).

Anal. Calcd for CisHaNO: C, 78.97; H, 8.70; N, 5.76. 
Found: C, 79.01; H, 8.88; N, 5.70.

Bioconversion of (4aS,8afl)-l-Benzoyl-frans-decahydroquino- 
line [( — )-2], (4aS,5S,8a.R)-l-Benzoyl-iratts-decahydroqumolin-
5-ol [( — )-3] and (4alf,6F,8aS)-l-Benzoyl-irans-decahydroquino- 
lin-6-ol [( — )-4].—The dry methylene chloride extract from the
10-1. bioconversion of ( —)-2 (2.0 g, 0.00823 mol) was chromato
graphed on a Florisil column (3.8 X 34 cm). Elution with 20% 
acetone in Skellysolve B gave crude crystalline solid (1.50 g, 
0.00578 mol, 70%). This material was rechromatographed on a 
silica gel column (120 g) packed with benzene. No material 
was eluted with 20 fractions (100 ml each) of 1% methanol in 
benzene. Elution with 2% methanol in benzene gave several 
fractions of crystalline solid. Recrystallization of fraction 30 from 
aeetone-Skellysolve B gave colorless crystals (0.273 g), mp 123- 
125°. Two recrystallizations from aeetone-Skellysolve B gave 
( —)-3 as colorless needles: mp 125-127°; [<*]d —109° (c 0.750, 
chloroform); infrared spectrum in Nujol is identical with that 
of the compound 3, mp 121-123°, obtained from bioconversion 
of the racemic substrate.

Anal. Calcd for Ci6H2iN 02: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 73.53; H, 8.31; N, 5.20.

The extract from a second 10-1. bioconversion of ( —)-2 (2.0 g, 
0.00823 mol) was chromatographed directly on a silica gel column 
(250 g) packed with benzene. Elution with 20 fractions (335 
ml) cf 1% methanol in benzene was followed by elution with 2% 
methanol in benzene. Thin layer chromatography showed a 
separation of components between fractions 26 and 29. Frac
tions 19-26 were combined in acetone, decolorized with activated 
charcoal, and crystallized from aeetone-Skellysolve B, giving 
colorless crystals (1.260 g, 0.00487 mol, 59%): mp 124-127°; 
infrared spectrum identical with that of (—)-3 described above. 
Fractions 28-31 were combined in acetone, decolorized, and 
crystallized from aeetone-Skellysolve B, giving colorless crystals 
(0.201 g, 0.000776 mol, 9%), mp 135-138°. Two recrystalliza
tions from aeetone-Skellysolve B gave (— )-4 as colorless crystals: 
mp 136-138°; [a ]D  —112° (c 0.997, chloroform); infrared 
spectrum in Nujol is identical with that of ( +  )-4.

Anal. Calcd for CieH+NCh: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 73.90; H, 8.03; N, 5.33.

Analytical Chromatography Data. A. Paper Chromatog
raphy.—The best resolution of the bioconversion products was 
achieved with paper chromatography. Systems B-325 and FBF2 
were used with Whatman No. 2 filter paper (6 X 34 in.). The 
R t  values for the compounds are given in Table I II . On the 
K -l25 system, the 5- and 7-hydroxy compounds move with the 
same R t (mobility of 1.5 with respect to the 6-hydroxy compound).

T a b l e  III
R i V a l u e s  o n  P a p e r  C h r o m a t o g r a p h y

/------------------- R f in  sy s te m 0------------------- ,
C om p o u n d F B F B-3

4 (6-hydroxyl) 0.29 0.076
5 (7-hydroxyl) 0.33
3 (5-hydroxyl) 0.38 0.11
2 (substrate) 0.87

“ Reference 25.

B. Thin Layer Chromatography.—The bioconversion prod
ucts were partially separated on Anatech prepared silica gel 
GF plates which were developed with 20% (v/v) methanol in 
benzene. Products 4 and 3 had R t values of 0.38 and 0.43, 
respectively, while the substrate had a R i value of 0.86.

C. Vapor Phase Chromatography.—The products were not 
separated by vapor phase chromatography.

(4aiS,8afi)-l-Benzoyl-frans-decahydroquinolin-5-one (6).—A 
solution of 3 (1.049 g, 0.00404 mol) in acetone was cooled on an 
ice bath and oxidized by addition of excess Jones reagent. After 
15 min at room temperature, the excess oxidant was consumed 
by the addition of isopropyl alcohol. The mixture evaporated 
to dryness a t room temperature. The residual solids were 
washed twice with methylene chloride. The methylene chloride 
solution was dried and allowed to evaporate, leaving an oily 
residue (0.986 g). The oil was dissolved in acetone. Skellysolve 
B was added to the solution, which then was concentrated on the 
steam bath until it became cloudy. Cooling in the freezer caused 
an oily phase to separate. Crystals slowly formed in this phase 
and were collected after 2 days (0.261 g), mp 81-82°. Recrystal-

(25) L . M . R e in ek e , A n a l. Chem ., 28 , 1853 (1956).
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lization from acetone-Skellysolve B gave 6 as colorless crystals : 
mp 81-83°; xc_o 1700, 1635, vc-c 1595, 1580, 1490, j>0,h, 750, 
720, 700 cm-1 in Nujol.

Anal. Calcd for Ci6Hi9N 0 2: C, 74.68; H, 7.44; N, 5.44. 
Found: C, 74.72; H, 7.87; N, 5.22.

This ketone was not polymorphic with ketone 19 as shown by 
infrared spectra prepared in potassium bromide pellets from 
chloroform solution.

Additional alcohol (3) (3.208 g) was oxidized in a manner the 
same as described above. The oily product (3.069 g) of this 
oxidation, and the oily residue (0.675 g) remaining from separa
tion of the crystalline ketone above were combined and chro
matographed on a Florisil column (300 g) packed with Skelly- 
solve B. The combinations of fractions given in Table IV were 
made on the basis of infrared spectra. Recrystallization of frac
tions 13-19 from acetone-Skellysolve B gave colorless crystals 
of 6  (0.889 g): mp 79-80°; [ct]D  —76° (c 0.700, chloroform).

T a b l e  IV
F ra c t io n s E lu e n t W t, g

13-19 10% acetone-Skellysolve B 1.232
20-27 10% acetone-Skellysolve B 0.219
28-30 10% acetone-Skellysolve B 0.385
31 32 25% acetone-Skellysolve B 0.604
33-36 25% acetone-Skellysolve B 1.079

Total 3.519

Recrystallization of fractions 28-30 from acetone-Skellysolve 
B gave part colorless crystals together with a gummy material, 
which solidified (0.272 g). The crystals had mp 92-94°. The 
infrared spectrum of this material in Nujol is identical with the 
spectrum of ketone 10 , mp 97-98°. Recrystallization from ace
tone-Skellysolve B gave crystals, mp 104-107°.

(4a7f,8a/f)-l-Benzoyl-czs-decahydroquinolin-5-one-d4aiiBd6 (V).
—Sodium (0.005 g) was added to a solution of 6 (0.036 g) in 
methyl alcohol-d (4 ml). The solution was kept at room tem
perature for 22 hr and then concentrated to half-volume on the 
steam bath. Aqueous acetic acid-d (0.5 ml, prepared from 20 
drops of acetic anhydride and 25 drops of deuterium oxide) and 
then deuterium oxide (2 ml) were added to the solution, which 
was concentrated under reduced pressure. Water was added to 
the oily aqueous mixture, which was extracted with methylene 
chloride. The organic phase was dried and then concentrated 
to an oil, which crystallized, giving 0.017 g of crystals: mp
92-96°; m/e 260 (M+).

(±)-5a-Hydroxy-cis-decahydroquinoline (8).—The procedure 
of Grob and Kiefer13 was followed. 5-Hydroxyquinoline (Aldrich 
Chemical Co., 3.851 g, 0.0266 mol) was hydrogenated over 
prereduced platinum (0.75 g of platinum oxide) in glacial acetic 
acid (200 ml), giving crystals of 8 (2.604 g in two crops, 0.0168 
mol, 63%), mp 150-153° (lit.13 mp 149-150°).

(±)-l-Benzoyl-cis-decahydroquinolin-5a-ol (9). A. From 
Benzoylation of (±)-5a-hydroxy-CTs-decahydroquinoline (8).—A 
mixture of 8 (1.370 g, 0.00883 mol), ice, 50% aqueous sodium 
hydroxide solution (5 ml), and benzoyl chloride (3.2 ml, 3.84 g, 
0.0273 mol) was shaken vigorously in a separatory funnel for 15 
min. The mixture was transferred to a beaker and warmed on a 
steam bath for 10 min and then left a t room temperature over
night. The mixture was extracted with three 50-ml portions of 
ether. The ether was dried and partially evaporated. Crystal
lization began and a first crop (1.494 g) of crystals was collected, 
mp 136-138°. The filtrate was concentrated to a gum (0.400 g, 
total 1.894 g, 0.00732 mol, 83%). Two recrystallizations from 
acetone-Skellysolve B gave 9 as colorless crystals: mp 137-139 ° ; 
>o h  3390, >o-o 1600, rc_c 1590, 1570, 1490, v c „h s 735, 725, 700 
cm" 1 in Nujol.

Anal. Calcd for CieERNCh: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 73.94; H, 8.22; N, 5.65.

B. From Reduction of (±)-l-Benzoyl-cfs-decahydroquinolin- 
5-one [(±)-10] with Sodium Borohydride.—A solution of (±)-10 
(0.140 g, 0.545 mmol) in absolute ethanol (3 ml) was added drop- 
wise to a mixture of sodium borohydride (0.109 g, 2.88 mmol) 
in absolute methanol (5 ml). The mixture was kept at room 
temperature for 3 hr after which tic (silica gel, 20% methanol 
in benzene) showed complete disappearance of ketone. Aqueous 
1 M  sulfuric acid (~ 3  ml) was added until release of hydrogen 
gas stopped. The mixture was made alkaline with 1  M  sodium 
hydroxide solution. Water (10 ml) was added, and the solution

was extracted with methylene chloride (five 10-ml portions). 
An oil, which crystallized, was obtained and recrystallized from 
acetone-Skellysolve B, giving 0.100 g (0.386 mmol, 70%) of 
crystals, mp 135-137°. The infrared spectrum in Nujol is 
identical with that of the alcohol 9 obtained from benzoylation 
of 8 above.

(±  )-l-Benzoyl-cfs-decahydroqumolin-5-one [(±  )-10].—A solu
tion of 9 (1.043 g, 0.00404 mol) in acetone (100 ml) was oxidized 
with excess Jones reagent. The excess oxidant was destroyed 
with isopropyl alcohol, the organic solvent was removed under 
reduced pressure, water was added, and the resulting mixture 
was extracted with methylene chloride. Concentration of the 
dry methylene chloride solution gave an oil. Crystallization 
occurred in acetone-Skellysolve B, giving colorless crystals 
(0.825 g, 0.0321 mol, 79%), mp 138-140°. Two recrystalliza
tions from acetone-Skellysolve B gave (±)-10 as colorless 
crystals: mp 138-140°; >>c_o 1705, 1625, rc_c 1600, 1575, 
1490, rC»H, 725, 705 cm" 1 in Nujol; m/e 257 (M+), 229, 214, 188, 
187, 105 (O C = 0 +), 97, 77 (C6H5)+.

Anal. Calcd for Ci6H 13N 02: C, 74.68; H, 7.44; N, 5.44. 
Found: C, 74.46; H, 7.38; N, 5.61.

(±)-l-Benzoyl-cfs-decahydroquinolin-5-one-d4acW6 [(=fc )-7].— 
Sodium (0.004 g) was added to a solution of (±)-10  (0.030 g, 
0.117 mmol) in methyl alcohol-d (4 ml). The solution was kept 
a t room temperature for 20 hr and the product isolated as de
scribed for 7. Crystallization of the product occurred from 
methylene chloride-Skellysolve B when the solution was kept 
in the refrigerator, giving 0.006 g (0.0231 mmol, 20%) of crystals: 
mp 139-141°; m/e 260 (M+). A mixture melting point with 
ketone (±)-10 was undepressed, 139-141°.

(4aF,8afl)-l-Benzoyl-a's-decahydroquinolin-5-one (10). A. 
By Isomerization of 6 with Sodium Methoxide.—A solution of 6 
(1.13 g) and sodium (0.080 g) in methanol was kept a t room 
temperature for 24 hr. Glacial acetic acid (1 ml) was added to 
the solution, which then was concentrated under reduced pres
sure. Water was added to the solution, which then was con
centrated under reduced pressure. Water was added to the 
residue, and the mixture was extracted with three 25-ml portions 
of methylene chloride. The dried extract was concentrated 
under reduced pressure. Crystallization of the residue from ace
tone-Skellysolve B gave only 0.054 g of sticky crystals. The 
filtrate from these crystals was allowed to evaporate slowly. Crys
tals formed in the residual oil. They were washed with ethyl 
acetate and collected by filtration, giving 0.308 g of product. 
Recrystallization from acetone-Skellysolve B gave 0.175 g of 
crystals, mp 94-97°. A second recrystallization from acetone- 
Skellysolve B gave some rectangular crystals: mp 108-109°;
[<*]d —77° (c 0.778, chloroform); ro_o 1715, 1635, 1625, rc-c 
1575, 1495, rcH6 800, 745, 730, 705 cm" 1 in Nujol.

Anal. Calcd for Ci6Hi9N 02: C, 74.68; H, 7.44; N, 5.44. 
Found: C, 74.49; H, 7.48; N, 5.38.

The filtrate gave chunky crystals, mp 97-98°, when cooled: 
vc-o 1710, 1620, XC_C 1580, 1495, rcsHs 792, 740, 730, 705 
cm" 1 in Nujol.

Anal. Found: C, 74.66; H, 7.38; N, 5.43.
The two crystalline materials were shown to be polymorphic 

crystalline forms by identical infrared spectra in KBr pellets 
prepared from solutions of each.

B. From (4a>8',8a/f)-fran-s-Decahydroquinolin-5-one (24).—A 
solution of benzoyl chloride (0.203 g, 0.00144 mol) in pyridine 
(2 ml) was added to a solution of 24 (0.210 g, 0.00137 mol) in 
pyridine (2 ml). The solution darkened. The solution was heated 
on a steam bath for 5 min and then was left at room temperature 
several hours. The solution was stored in a freezer overnight. 
A thin layer chromatogram indicated that reaction was largely 
complete. Crystals, assumed to be pyridine hydrochloride, 
were removed from the solution. The solution was concentrated 
under reduced pressure until the pyridine odor was very faint. 
Water was added to the brownish yellow oily-crystalline residue, 
and the resulting mixture was extracted with three 20-ml portions 
of methylene chloride. The extract was dried and concentrated 
under reduced pressure, giving a viscous oil. The oil failed to 
crystallize from acetone-Skellysolve B. An infrared spectrum 
of the oil in chloroform solution was nearly identical with that 
of (±)-l-benzoyl-cfs-decahydroquinolin-5-one [ (± )- 10] but was 
quite different from that of (4aS,8aii)-l-benzoyl-irons-decahydro- 
quinolin-5-one (6).

C. From Oxidation of (4a<S',5,S,8a/f)-l-Benzoyl-iran.s-deca- 
hydroquinolin-5-ol (3) with Jones Reagent.—See above under 
preparation of 6.
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Reduction of (4aiS,8a.ffi)-l-Benzoyl-irans-decahydroqumolm-
S-one (6) with Sodium Borohydride. (4aiS,5S,8afl)~l-Benzoyl- 
¿rares-decahydroquinolin-5-o! (3) and (4aS,S12,8al?)-l-Benzoyl- 
inws-decahydroqumolin-5-ol (11).—A solution of 6 (0.316 g, 
1.23 mmol) in absolute ethanol (5 ml) was added to a mixture 
of sodium borohydride (0.255 g, 6.75 mmol) and absolute ethanol 
(10 ml). After 3 hr a t room temperature, the product was 
isolated and crystallized from acetone-Skellysolve B. The 
crystals were a mixture of needles and chunky solid, which were 
separated manually by difference in density. The needles (0.097 
g, 0.374 mmol, 30%) had mp 113-117° and, after recrystalliza- 
tion from acetone-Skellysolve B, mp 125-127°. The infrared 
spectrum in Nujol is identical with that of 3, isolated from the 
bioconversion of (± )-2 . The chunky crystals (0.128 g, 0.494 
mmol, 40%) had mp 108-114°. Two recrystallizations from 
acetone-Skellysolve B gave 11 as colorless crystals: mp 110- 
113°; [<*]d —123° (c 1.058, chloroform), ron 3460, vc-o 1635, 
vc-c 1605, 1490, vceHs 785, 700 cm ' 1 in Nujol.

Anal. Calcd for Ci6H2,N 02: C, 74.10; H, 8.16; N, 5.40. 
Found: C, 74.02; H, 7.81; N, 5.62.

(4aiS,5iS,8aif)-l-Benzyl-fmns-decahydroquinoIin-5-ol (12). A. 
From Lithium Aluminum Hydride Reduction of 3.—A solution 
of 3 (14.67 g, 0.566 mol) in tetrahydrofuran (200 ml) was added 
to a mixture of lithium aluminum hydride (5.0 g, 0.131 mol) and 
tetrahydrofuran (200 ml). The mixture was heated at the reflux 
temperature of tetrahydrofuran for 5 hr. Following the addition 
of water to decompose the excess hydride, the reaction was 
worked up, giving an oil. The oil was transferred to a simple 
distillation apparatus. A liquid (2.013 g, 0.0187 mol, 33%) 
distilled, bp 68-70° (0.6 mm), and then crystals formed in the 
neck of the distillation head. The liquid was found to be largely 
benzyl alcohol by comparison of its infrared spectrum with a 
known spectrum. The undistilled material remained as oily 
crystals. A portion (3.78 g) of the oily crystals was chromato
graphed on aluminum oxide (Woelm neutral, activity I, 300 g, 
335-ml fractions) packed with benzene. Elution with 20% 
chloroform in benzene gave 12 as a faintly pink viscous gum: 
[a]D  —74° (c 0.505, chloroform); vcm 3350, rN a-ikyi 2780, 2740, 
vc-c 1600, 1580, 1490, rcsH6 740, 700 cm-1 on a smear.

Anal. Calcd for C16H23NO: C, 78.32; H, 9.45; N, 5.71. 
Found: C, 76.38; H, 9.41; N, 5.88.

The perchlorate salt of 12 was prepared in ethanol and was 
crystallized three times from ethanol-ether. Colorless crystals 
of the product had mp 194-196°; [a]D  —7°; voa 3540, pn h  
3090, vc-c 1585, 1495, vceat 740, 695 cm ' 1 in Nujol.

Anal. Calcd for Ci6H24N 05C1: C, 55.57; H, 6.99; N, 4.05. 
Found: C, 55.40; H, 7.08; N, 3.88.

A sample of crystals, obtained by washing the above oily 
crystals with acetone, was shown to be (4aS,5S,8af?)-irans- 
decahydroquinolin-5-ol (23) by its infrared spectrum, which was 
identical with the spectrum of the compound (23) prepared by 
hydrogenolysis of 12 .

B. From Reduction with Diborane.26—A solution of diborane 
in tetrahydrofuran (ca. 1  M, 120 ml) was added cautiously to a 
solution of 3 (12.103 g, 0.0467 mol) in tetrahydrofuran (150 ml). 
The clear solution which resulted was stirred a t reflux temperature 
for 18 hr. Methanol (20 ml) was added, the first few drops 
slowly. The solution was stirred 1 hr a t room temperature and 
then was concentrated under reduced pressure, giving an oil. 
Ether (75 ml) and dilute hydrochloric acid (2 M, 25 ml) were 
added to the oil. The mixture was swirled occasionally while 
kept a t room temperature for an hour. The mixture was shaken 
vigorously and then the layers were separated. The ether phase 
was washed with water and the aqueous layers were combined. 
Aqueous sodium hydroxide solution (25%) was added until the 
solution was alkaline and an oil separated. The mixture was 
extracted with three 60-ml portions of ether. The ether solution 
was dried and concentrated under reduced pressure, giving an 
oil. Additional product was obtained from the acid-extracted 
ether layer above after it had been left standing for several 
days. The ether layer was extracted with dilute hydrochloric 
acid. The aqueous acid phase was made alkaline with sodium 
hydroxide solution. An oil separated and was extracted with 
ether. The ether was dried and concentrated under reduced 
pressure, giving an oil. In this way, a total of 10.43 g (0.0425 
mol, 91%) of colorless oily product (12 ) was obtained.

(26) Cf. Z. B. Papanastassiou and It. J. Bruni, J. Org. Chem., 29, 2870 
(1964); H. C . Brown and P. Heim, J . Amer. Chem. Soc., 86 , 3566 (1964).

(4a8,5.S',8a(f )-l-Benzyl-irares-decahydroquinolin-5-ol Tosylate
(13).—A solution of 12 (0.943 g, 3.85 mmol) in pyridine (8 ml) 
was cooled on an ice bath. p-Toluenesulfonyl chloride (0.734 g,
3.86 mmol) was added and the resulting deep red solution was 
left a t room temperature for 70 hr. Water (0.1 ml) was added to 
the solution, which was concentrated under reduced pressure to 
an oil. Aqueous 1 M  sodium hydroxide was added to the oil, 
and the resulting mixture was extracted with two 30-ml portions 
of chloride. Drying and concentrating of the solution left an 
oil, which crystallized. Recrystallization from methylene chlo- 
ride-Skellysolve B gave, in two crops, 0.808 g (2.02 mmol, 52%) 
of reddish tinged crystals, mp 141-143 ° . Three more recrystalli
zations, the first preceded by decolorization with activated char
coal, from methylene chloride-Skellysolve B gave faintly pink 
crystalline flakes: mp 148-149°; [<*]d  —45° (c 0.874, chloro
form); rN-aibyi 2790, vc-c 1600, 1490, rso2o- 1360, 1350, 1190, 
1180, rc,Hs 745, 700 cm“1; S?£s'3 7.80 and 7.31 (-C6H4S03-p, 
doublets, J  = 8.0 cps, 4 H), 7.26 (C6HS, singlet, 5 H), 4.00 and
3.14 (>N C H 2C6H5, doublets, J  = 13.5 cps, 2 H), 2.40 ppm 
(0-C H 3, singlet).

Anal. Calcd for C23H29N 03S: C, 69.15; H, 7.32; N, 3.51; 
S, 8.01. Found: C, 69.07; H, 7.26; N, 3.66; S, 8.24.

Fragmentation of (4aS,5S,8aE)-l-Benzyl-irons-decahydro- 
quinolin-5-ol Tosylate (13) in 80% Ethanol in Water.—The
tosylate 13 (0.060 g) did not dissolve completely in 80% ethanol 
in deuterium oxide (1.0 ml) a t 75°. The mixture was held at 
this temperature for 0.5 hr, during which time the undissolved 
crystals slowly went into solution. No crystals formed, even 
with seeding with starting compound, following cooling to room 
temperature. After remaining at room temperature overnight, 
the solution was concentrated to dryness under reduced pressure. 
A colorless oil remained, which was dissolved in deuteriochloro- 
form and the nmr spectrum measured: s S s 1’ 7.45 (-C 6H4S03-p, 
quartet, 4 H), 7.33 (-C6H6, 5 H), 5.28 (iraras-HC=CH-, ~ 1 .7

H), 4.08 (^N -C H 2-C6H6, 2 H), 2.75 (S=N-CH2-C, 2 H), 2.37 
(-O-CHs, singlet), 1.87 ppm (broad band with peak a t this 
point).

(4a.S’,8a)S)-l-Benzoyl-(rans-decahydroquinolm-7-one (15).—A 
solution of ( +  )-5 (0.160 g, 0.618 mmol) in cold acetone was 
oxidized with an excess of Jones reagent. The reaction was 
worked up as described for 6. Crystallization of the oily product 
from acetone-Skellysolve B gave a first crop of slightly oily, 
pale yellow crystals (0.095 g) and a second crop of nearly colorless 
crystals (0.036 g, total 0.131 g, 0.510 mmol, 82%). A sample 
of the best crystals was chosen for analyses and had mp 69-72°; 
rc-o 1705, 1615, vc-c 1575, 1495 cm-1 in Nujol.

Anal. Calcd for Ci6H i9N 0 2: C, 74.68; H, 7.44; N, 5.44. 
Found: C, 74.55; H, 7.61; N, 5.47.

(4a,S,,8a.S)-l-Benzoyl-irans-decahydroquinolin-7-one-d6d6!'l8d8
(16).—A solution of 15 (0.038 g) and sodium (0.009 g) in methyl 
alcohol-d (5 ml) was left a t room temperature for 21 hr. The 
product was isolated in the manner described for isolation of 7. 
The product was obtained as a colorless, viscous oil, vn/e 261 
(M+).

(4a<S,7/S,8aiS)-l-Beiizyl-trans-decahydroquinolin-7-ol (17).—A 
solution of (+)-5 (2.128 g, 0.00822 mol) in tetrahydrofuran was 
reduced with a solution of diborane (ca. 1 M, 25 ml) in tetra
hydrofuran in the manner described above for reduction of 3 
with diborane. An oil was obtained from the ether extract of the 
basic solution. Crystallization from acetone-Skellysolve B 
gave colorless crystals (0.165 g), mp 65-80°. The filtrate was 
concentrated and taken up in acetone. Addition of water caused 
crystallization of colorless needles (0.518 g), mp 60-75°. Re
crystallization from methanol-water gave colorless needles, mp
65-80°. When first dissolved in chloroform and the clear solu
tion decanted, crystals were obtained from acetone-water having 
mp 65-80° (Fisher-Johns); mp 107-109° (capillary); ron 3360, 
3200, vc-c 1605, 1590, 1500, vC-o 1060 s, rc«H6 750, 700 cm ' 1 in 
Nujol.

Anal. Calcd for Ci6H23NO• H20 : C, 72.96; H, 9.57; N, 
5.32. Found: C, 73.73; H, 9.51; N, 5.18.

A further recrystallization from acetone-water gave colorless 
crystals: mp 77-80° (capillary); [a]d +109° (c 0.687, chloro
form); infrared spectrum in Nujol is identical with that above.

Anal. Found: C, 72.79; H, 9.73; N, 5.17.
Additional product was obtained from the dry residue remain

ing after the orginal acid-extracted ether solution was allowed 
to evaporate to dryness. Aqueous 1 M  sodium hydroxide was 
added to the residue, and the resulting mixture extracted with
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ether. The oily product from the dried and concentrated 
ether solution as crystallized from acetone-water, giving colorless 
needles (0.686 g, total 1.369 g, 0.00520 mol, 63%).

When reduction of (+)-5 (2.30 g) was carried out with lithium 
aluminum hydride in refluxing tetrahvdrofuran, oily crystals 
were obtained. The crystals were washed with acetone and col
lected by filtration (0.237 g) and had mp 181-183°. The infrared 
spectrum of the crystals in Nujol is identical with that of 18 
taken in Nujol. Additional crystals were obtained from hydro- 
genolysis of the filtrate over 5% palladium on carbon.

(4aS,7iS,8aS)-irans-Decahydroquinolin-7-ol (18).—A solution 
of 17 (hydrate) (1.036 g, 0.00394 mol) in methanol was shaken 
with hydrogen over 5% palladium-on-carbon catalyst. Hydrogen 
consumption was rapid. The catalyst was removed by filtration. 
The filtrate was concentrated under reduced pressure, giving a 
crystalline residue. The residue was washed with acetone and 
collected by filtration, giving 0.487 g (0.00314 mol, 80%) of 
crystalline product, mp 179-182°. Two recrystallizations from 
acetone gave 18 as colorless crystals: mp 182-183°: »'oh.nh 
3310, 3200 cm-1 in Nujol; pnh.oh 3600, 3170, vc-o 1047 s, 
1031 m, 1010 w cm" 1 in chloroform and identical with that of au
thentic (±)-7a-hydroxy-frans-decahydroquinoline16 in chloroform.

Anal. Calcd for C9H„NO: C, 69.63; H, 11.04; N, 9.02. 
Found: C, 69.37; H, 11.10; N, 9.06.

(4aS,8aiS)-l-Benzoyl-im?is-decahydroquinolm-6-one (19).—A 
slight excess of Jones reagent was used to oxidize ( +  )-4 (1.911 g,
7.38 mmol) in an acetone solution (30 ml). After the usual work
up, oily crystals were obtained. Crystallization from acetone 
Skellysolve B gave 1.59 g (6.21 mmol, 84%) of ketone as rec
tangular crystals, mp 129-131°. Two recrystallizations from 
acetone-Skellysolve B gave 19 as feathery crystals: mp 129- 
131°; M d +181° (c 0.587, chloroform); r0_o 1705, 1610, 
vc-c 1595, 1575, 1515, 1490, pCtBi 790, 725, 700 cm" 1 in Nujol.

Anal. Calcd for Ci6H,9N 0 2: C, 74.68; H, 7.44; N ,  5.44. 
Found: C, 74.49; H, 7.46; N, 5.51.

A Polymorphic Form of 19.—Dioxane (5 ml) and an ethereal 
solution of hydrogen chloride (1 ml) were added to 19 (0.227 g) 
to determine if the compound might isomerize. The crystals 
went into solution and then other crystals formed. These were 
collected after 6 hr (0.147 g): mp 120-123°; vc«o 1705, 1605, 
rc_c 1590, 1570, 1530, 1490, rc6H5 795, 722, 703 cm" 1 in Nujol. 
Recrystallization from acetone-Skellysolve B gave crystals 
having an infrared spectrum identical with that of the original 
ketone.

Reduction (4aS,8aiS)-l-Benzoyl-ir<ms-decahydroquinolm-6-one
(19) with Sodium Borohydride. (4a/S,6S,8a»S)-l-Benzoyl-fo'ans- 
decahydroquinolin-6-ol [( +  )-4J.—A solution of 19 (0.518 g, 2.01 
mmol) in absolute ethanol (5 ml) was added to a mixture of 
sodium borohydride (0.4 g) and absolute ethanol (15 ml). 
The mixture was kept a t room temperature for 22 hr. Tae mix
ture was first treated with 1 M  sulfuric acid (3 ml), then was 
made alkaline with 1 M  sodium hydroxide solution. Water (10 
ml) was added and the solution was extracted with five 15-ml 
portions of methylene chloride. The organic extract was dried, 
then concentrated to oily crystals. Recrystallization from ace
tone-Skellysolve B gave a first crop (0.243 g) of hexagonal 
needles, mp 134-137°. Second and third crops (0.117 and 0.028 
g, total 0.388 g, 1.50 mmol, 74%) of crystals, mp 122-130°, 
were obtained. AH crops had infrared spectra in Nujol identical 
with that of ( +  )-4, obtained in the bioconversion of ( +  )-2.

(4a/S,8aS)-l-Benzyl-ira?is-decahydroquinolin-6-one-d5d5£W7
(20)  .—Sodium (0.004 g) was added to a solution of 19 (0.031 g, 
0.121 mmol) in methyl alcohol-d (4 ml). The product was iso
lated exactly as described for the preparation of 7. Crystals 
(0.022 g, 0.0843 mmol, 70%), mp 117-120°, were obtained, 
m/e 161 (M+).

(4aS,6S,8a/S)-l-Benzyl-irans-decahydroquinolin-6-ol (21).—A 
solution of diborane (ca. 1  M , 60 ml) in tetrahydrofuran was 
added cautiously to a stirred solution of ( +  )-4 (6.043 g, 0.0233 
mol) in tetrahydrofuran (75 ml). The reaction was run at 
reflux temperature for 18 hr in a flask fitted with a condenser 
and calcium chloride drying tube. The reaction was worked up 
in the same manner as was used for the diborane reduction of 3. 
Crystals (2.216 g), mp 57-70°, were deposited slowly from the 
ether extract of the basic products. The ether was decanted 
from the crystals and was dried. Concentration under reduced 
pressure gave an oil, which crystallized from acetone-water as 
shiny, colorless plates (2.275 g), mp 55-65°. Several recrystal
lizations from acetone-water did not improve the melting point 
when taken on a Fisher-Johns block. In a sealed, evacuated

capillary, the compound had mp 68-71°; [a]D +100° (c 0.695, 
chloroform); v 0 b  3340, 3160, j -c _ c  1605, 1585, 1500, rc-o 
1165, 1150s, 1125, 1115s, rc6n6 750, 700 cm" 1 in Nujol.

Anal. Calcd for C,6H23NO-H20 : C, 72.96; H, 9.57; N, 
5.32. Found: C, 74.00; H, 9.42; N, 5.21.

(4aS,6iS',8aS)-irans-Decahydroqumolin-6-ol (22). A. From 
Lithium Aluminum Hydride Reduction of ( +  )-4.—A solution of 
(+)-4 (2.213 g, 8.53 mmol) in tetrahydrofuran (75 ml) was added 
slowly to a stirred mixture of lithium aluminum hydride (2.1 g) 
tetrahydrofuran (400 ml). The resulting mixture was heated at 
reflux temperature for 5 hr and was kept a t room temperature 
for 16 hr. Following typical work-up, oily crystals were ob
tained from the organic phase. The crystals (0.527 g, mp 
216-217°) were washed with acetone and collected by filtration. 
Recrystallization from methanol-acetone gave colorless 
crystals: mp 217-218° (sublime); + ck]d —10° (c 0.707, 95% 
ethanol); the infrared spectrum in Nujol is identical with that 
of ( +  )-22.

Anal. Calpd for C9H17NO: C, 69.63; H, 11.04; N, 9.02. 
Found: C, 69.29; H, 10.97; N, 9.13.

The oily residue obtained from the filtrate was assumed to be 
a mixture of the product (22) and the corresponding benzylamine 
(2 1 ). Accordingly, a solution of the residue in methanol was 
shaken with hydrogen over a 5% palladium-on-carbon catalyst. 
Additional crystalline product (22) (0.377 g, total 0.904 g, 5.83 
mmol, 68%), mp 216-217°, was obtained from the hydrogenoly- 
sis.

B. From Hydrogenolysis of 21.—Hydrogenolysis of a solution 
of benzylamine (21) hydrate (3.00 g, 0.0114 mol) over 5% pal
ladium on carbon (1.5 g) was rapid and complete after 10 min. 
Removal of the catalyst by filtration and concentration of the 
filtrate gave colorless crystals. Recrystallization from methanol- 
acetone gave two crops (total 1.446 g, 0.00932 mol, 81%) of 
colorless crystals, mp 213-215°. The infrared spectrum in 
Nujol is identical with that of the above product.

(±)-lrares-Decahydroquinolin-6-ol [(±)-2 2 ].—A solution of 4 
(0.546 g, 0.00211 mol) in tetrahydrofuran (100 ml) was added 
to a mixture of lithium aluminum hydride (0.60 g) and tetrahy
drofuran (100 ml). The mixture was heated at the reflux tem
perature for 2.5 hr and was stirred a t room temperature 16 hr. 
Ethyl acetate and water were added to consume the excess hy
dride. The solids were removed by filtration through Celite 
and washed with tetrahydrofuran. The organic layer was dried 
and concentrated under reduced pressure, giving oily crystals. 
Crystallization from acetone gave crystals (0.1 g), mp 180-186°. 
The filtrate was concentrated to an oil, which had an infrared 
spectrum indicating that the benzyl group was still present. 
The oil was dissolved in methanol and shaken with hydrogen over 
palladium on carbon (0.2 g) in a Parr apparatus. After removal 
of the catalyst and concentration of the solution, additional crys
tals (0.075 g, total 0.175 g, 0.00113 mol, 53%) were obtained, 
which had an infrared spectrum identical with the spectrum of 
the first crystals obtained. Three recrystallizations from acetone, 
the last preceded by decolorization with charcoal, gave (+)-22 
as colorless crystals: mp 189-190°; i-n b .oh  3260, 3100, 2800
cm" 1 in Nujol.

Anal. Calcd for C9H„NO: C, 69.63; H, 11.04; N, 9.02. 
Found: C, 69.46; H, 1 1 .2 1 ; N, 9.43.

(4aS,5S,8afl)-irans-DecahydroqumoUii-5-ol (23).—A solution 
of 12 (2.179 g, 0.00888 mol) in methanol was shaken with hydro
gen over 5% palladium on carbon (0.62 g) for 30 min on a Parr 
apparatus. The catalyst was removed by filtration and washed 
with methanol. The filtrate was concentrated under reduced 
pressure, giving an oil which crystallized. Recrystallization from 
methylene chloride-Skellysolve B gave 0.824 g (0.00532 mol, 
60%) of crystals, mp 141-144° (sublimes). Two reerystalliza- 
tions from methylene chloride, the second preceded by decoloriza
tion with activated charcoal gave crystals, mp 148°. The crys
talline material was sublimed and recrystallized from methylene 
chloride-Skellysolve B, giving 23 as colorless crystals: mp 147- 
148°; [« ]d  +51° (c 0.964, chloroform); i>o h ,n h  3250, 3100, 
PN-aikyi, bonded o h .n h  2790, 2750, 2700 cm“ 1 in Nujol.

Anal. Calcd for C9HnNO: C, 69.63; H, 11.04; N, 9.02. 
Found: C, 69.38; H, 11.09; N, 9.14.

(4aS,8a.R)-fnros-Decahydroqumolin-5-one (24).—Jones reagent 
(2.5 ml) was added rapidly with stirring to a solution of 23 
(0.984 g, 0.00633 mol) in warm (40°) acetone (100 ml). The re
sulting mixture was left a t room temperature for 1 hr and then 
was treated with isopropyl alcohol (0.6 ml). Aqueous 1 M  
sodium hydroxide solution (50 ml) was added, and the mixture
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was concentrated under reduced pressure until the acetone was 
removed. A little additional water was added to the remaining 
mixture, which was then extracted with four 35-ml portions of 
methylene chloride. The extract was dried and concentrated un
der reduced pressure. The oily product (0.721 g) crystallized. 
An infrared spectrum showed that some alcohol remained. The 
product was dissolved in acetone (50 ml) and oxidized at 40° 
with Jones reagent (1 ml). The isolation procedure used follow
ing the first oxidation was repeated, giving a crystalline product 
(0.660 g). The product in acetone solution was decolorized with 
activated charcoal. The acetone was replaced by Skellysolve B, 
and an initial deposit of crystals (23) in this solvent was removed 
by filtration. Crystallization of 24 from the filtrate a t room tem
perature gave a first crop of 0.204 g of crystals, mp 75-77°. A 
second crop of colorless needles (0.085 g, total 0.289 g, 0.00189 
mol, 30%), mp 76-78°, was collected: RD (c 0.535, CH3OH) 
[0]400 +572°, [0)320 +1087°, [0)314 +1573°, [0)306 +1745°, 
[0 ] 2 9 4  0°, [0 ) 2 6 6  —2975°, [0 ) 2 5 7  —2850, [0 ) 2 3 9  —3160°; rm  
3230, yc_o 1705 cm-1 in Nujol.

Anal. Calcd for CsH i5NO: C, 70.55; H, 9.87; N, 9.14. 
Found: C, 70.27; H, 9.84; N, 9.11.

(4a<S,8a<S)-£rans-Decahydroquinolin-6-one (25).—A solution of 
22 (0.862 g, 0.00555 mol) in hot acetone (200 ml) was oxidized 
with Jones reagent (2.5 ml). The reaction was worked up follow
ing the procedure described above for 24. A solid crystalline 
product was obtained, which was separated into starting ma
terial (0.124 g, identified by an infrared spectrum) and product 
by the insolubility of the starting material in ether. The product 
(0.214 g) crystallized from Skellysolve B, giving colorless needles: 
mp 82-83°; RD (c 0.584, CH3OH), [ 0 ] 5S9 +63°, [0 ) 4 0 0  +281°, 
[0 ) 3 5 0  +592°, [0 ) 3 2 0  +1610°, [0 ) 3 1 6  +1972°, [0 ) 3 0 7  +2323°, 
[0 ] 2 9 0  0°, [0 ) 2 6 8  —2320°, [0 ) 2 3 1  —894°; m n  3230, 3220, p c —o  
1710 cm-1 in Nujol.

Anal. Calcd for C9H15NO: C, 70.55; H, 9.87; N, 9.14. 
Found: C, 69.76, 69.86; H, 9.69, 9.77; N, 8.93.

(4a,S,8a,S')-£ran.s-Decahydroquinolm-7-one (26).—A cold solu
tion of 18 (0.487 g, 0.00314 mol) in 7 M  sulfuric acid (2 ml) was 
oxidized with the dropwise addition of a solution of chromium tri
oxide (0.222 g) in 7 M  sulfuric acid (3 ml) (method of Grob and

Wilkens16). After 15 min a t room temperature, the solution was 
made basic by the slow addition of aqueous 20% sodium hy
droxide while keeping the solution cold. A precipitate formed. 
A saturated potassium carbonate solution (1 ml) was added. The 
resulting mixture was stirred with chloroform (15 ml) for 1 hr 
and then was extracted with four 20-ml portions of additional 
chloroform. The chloroform solution was dried and concen
trated under reduced pressure. A crystalline product was ob
tained, which was shown to contain some starting alcohol by an 
infrared spectrum. The solid was then oxidized as described for 
the preparation of 24 with Jones reagent. Following the same 
work-up procedure, a crystalline product was obtained. Crystal
lization from Skellysolve B gave two crops (0.288 g, 0.00188 
mol, 60%) of colorless crystals, mp 120-122°. Two recrystalliza
tions from Skellysolve B gave colorless needles: mp 121-123°; 
RD (c 0.644, CH3OH), [0] 37a +24.6°; [0 ) 3 2 0  +59.6, [0)310
+95°, [0 ) 3 0 1  +114, [0 ) 2 9 0  +102°, [0 ) 2 8 2  + 86°, [0 ) 2 6 7  +  102°, 
[0 ) 2 5 0  +176°; rN H  3220, 3210; p c - o  1710 cm-1 in Nujol; m/e 
153 (M+).

Anal. Calcd for CdH+NO: C, 70.55; H, 9.87; N, 9.14. 
Found: C, 70.38; H, 9.73; N, 9.88.

Registry No.—(+)-2, 16878-36-7; (-)-2 , 5681-50-5; 
( —)-3, 16878-16-3; (±)-4, 16878-38-9; (+)-4, 16878- 
35-6; ( —)-4, 16878-34-5; (+)-5, 16878-39-0; 6, 16878- 
17-4; (± )-9 ,16878-18-5; 10,16878-19-6; (± )-10 ,16959-
97-0; 11, 16915-92-7; 12, 16878-20-9; pe rch lo ra te  sa lt of 
12, 16878-21-0; 13, 16878-22-1; 15, 16878-23-2; 17, 
16878-24-3; 18, 16878-25-4; 19, 16878-26-5; 21, 16878- 
27-6; 22, 16878-28-7; (±)-22, 16878-29-8; 23, 16878- 
30-1; 24, 16878-31-2; 25, 16878-32-3; 26, 16878-33-4.
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Several observations concerning the stereochemistry of a number of rigid molecules, that have been hydrox- 
ylated by Sporotrichum sulfurescens, in relationship to possible enzyme-substrate interactions are discussed. 
Rigid molecules containing the 1-benzoylpiperidine ring are hydroxylated at positions outside of the piperidine 
ring, supporting the idea that a 5.5-A distance between the electron-rich center and point of hydroxylation is 
preferred in substrates containing the amide functional group. The hydroxyl group introduced into the substrate 
molecule by the microorganism has been found to be oriented trans with respect to the amide functional group. 
A spatial orientation for the methylene group which is hydroxylated has been defined on the basis of a coordinate 
system. Mapping of the enzyme contours may then be carried out indirectly by observing the volume of space 
occupied by rigid molecules when they are placed into this arbitrary orientation. Preliminary results based on 
optically active products obtained from hydroxylation of l-benzoyl-£rans-decahydroquinoline indicate a prefer
ence for placing the bulk of the molecules in the upper right (UR) rear octant of the coordinate system. The 
dihydroxylation of certain 1 -adamantanamine derivatives is observed to result from increased lipophilic charac
ter in the amide group. Finally it is suggested that the oxidation state (alcohol or ketone) of the oxygenation 
products depends upon the conformational mobility of the molecule in question.

A  recent re p o rt fro m  these la b o ra to ries  proposed a 
h y p o th e tic a l enzym e -su b s tra te  m ode l to  account fo r  
th e  p re fe re n tia l h y d ro x y la tio n  a t ce rta in  sites observed 
d u r in g  th e  o xygena tion  o f m acrocyc lic  a lcohols b y  
th e  m icroorgan ism , S p o ro trich u m , su lfu re sc e n s .* T h is  
m ode l suggests th a t  an e le c tro n -r ich  center o f th e  cyc lic  
substra te  m olecule becomes a ttached  to  th e  h y d ro x y la t-  
in g  enzym e and  th a t  h y d ro x y la tio n  th e n  occurs a t a 
ca rbon  a to m  a p p ro x im a te ly  5.5 A  d is ta n t fro m  th e  
a tta c h m e n t s ite .1 I n  th e  case o f th e  m acrocyc lic  a l-

(1) G. S. Fonken, M. E. Herr, H. C. Murray, and L. M. Reineke, J . Amer. 
Chem. Soc., 89, 672 (1967).

cohols, th e  h y d ro x y l oxygen serves as th e  e le c tro n -rich  
center. S ubstra tes co n ta in in g  o th e r e le c tro n -rich  
g roups are also oxygenated  b y  S . su lfu rescen s  and  th e  
am ide fu n c tio n a l g roup  has been p a r t ic u la r ly  usefu l in  
th is  respect.2 A m on g  th e  types  o f am id e -co n ta in in g  
m olecules, a ll o f a cyc lic  na tu re , w h ic h  we have  s tud ied  
are am ides o f azacycloa lkanes,3 azab icycloa lkanes,4

(2) G. S. Fonken, M. E. Herr, H. C. Murray, and L. M. Reineke, J . Org. 
Chem., 33, 3182 (1968).

(3) R. A. Johnson, M. E. Herr, H. C. Murray, and G. S. Fonken, ibid., 33, 
3187 (1968).

(4) R. A. Johnson, M. E. Herr, H. C. Murray, L. M. Reineke, and G. S. 
Fonken, ibid., 33, 3195 (1968).



3218 J o h n so n , H e r b , M u rra y , and  F o n k en The Journal of Organic Chemistry

Figure 1.—Stereochemistry of products from the hydroxylation 
of rigid molecules with S. sulfuescms. Heavy lines illustrate the 
trans relationship of the hydroxyl group to the amide group.

adamantanamines,5 6 and ¿rans-decahydroquinoline.6 
With an increasing number of examples available, it 
first was of interest to determine if the above enzyme- 
substrate model would accurately predict the products 
obtained from these latter substrates.3-6 Secondly, 
we hoped that the patterns of hydroxylations in these 
molecules would be suggestive of other conformational 
and steric factors which may have an effect on the 
hydroxylation reaction.7 Any information of this type 
which may be gained would be useful in predicting the 
course of hydroxylations of other molecules.

The requirements of an approximate 5.5-A spacing 
between the electron-rich center and the site of hy
droxylation appear to be largely met in these amides, 
assuming the amide carbonyl oxygen as the point of 
enzyme attachment. However, the amide group has 
several possible conformations, making predictions of 
hydroxylation sites according to the above model more 
difficult. If the amide nitrogen is part of a ring system 
(A), as in piperidine, two preferred conformations exist 
for the amide together with other less favorable con
formations depending on rotation about the C-N  
amide bond.8 If the amide nitrogen is primary, or not 
in a cyclic system (B), as in N-acetyl-l-adamantan-

A B

(5) M . E . H e rr , R . A. Jo h n so n , H . C . M u rra y , L . M . R ein ek e , a n d  G . S. 
F o n k en , J .  Org. C hem ., 33, 3201 (1968).

(6) R . A. J o h n so n , H . C . M u rra y , L . M . R eineke, a n d  G . S. F o n k en , ib id ., 
33, 3207 (1968).

(7) A n  a s s u m p tio n  u n d e rly in g  th e s e  c o n s id e ra tio n s  is  t h a t  th e  sam e  en zy m e 
is  re sp o n s ib le  fo r th e  h y d ro x y la tio n s  of th e se  v a r ie d  su b s tra te s .

(8) C f. H . S . G u to w sk y  a n d  C . H . H o lm , J .  Chem . P h y s ., 25, 1228 (1956).

amine,® additional rotational freedom will exist around 
the C-N alkyl bond. These factors result in some 
latitude for orientation of the electron-rich amide oxy
gen.

Of interest with respect to the spacings between 
amide carbonyl and hydroxylation sites are the results 
obtained when relatively rigid molecules containing the 
piperidine ring are hydroxylated. 1-Benzoylpiperidine 
is hydroxylated at the 4 position.3 The maximum 
distance between carbonyl oxygen and the methylene 
carbon at the 4 position is about 5.3 A when the C-N  
amide bond is rotated so that the carbonyl is perpendic
ular to the plane of the piperidine ring. When the 
amide is in a planar conformation, this distance is re
duced to about 5.0 A. The molecules 1-benzoyl-fraws- 
decahydroquinoline (1) and 3-benzoyl-3-azabicyclo- 
[3.3.1 ]nonane (2) both contain the 1-benzoylpiperidine 
ring system, but in each case hydroxylation occurs out
side of the piperidine ring. In the former (1), hy
droxylation occurs at three sites in the ring fused to the

(arrows indicate hydroxylation sites)

piperidine while in the latter (2), hydroxylation occurs 
at one site outside of the piperidine ring. It is pos
sible, by selecting a suitable amide conformation, to 
obtain spacings of 5.3 A or greater between these sites 
and the amide carbonyl. These examples suggest that, 
while the 5.5-A distance between electron-rich center 
and point of hydroxylation is not essential, it is never
theless preferred in substrates containing the amide 
functional group.

We now wish to examine the pattern of hydroxyla
tions found3-6 in these molecules with the idea of de
termining conformational and steric factors which may 
be effecting the hydroxylation reaction. The stereo
chemistry of the alcohols produced in the microbial 
hydroxylation of several rigid and partially rigid mole
cules has been determined.4-6 These results are illus
trated in Figure 1 and may be summarized as follows. 
The hydroxyl group in 3-benzoyl-3-azabicyclo [3.2.2]- 
nonan-6-ol (3) is endo with respect to the six-membered 
ring4 and in 3-benzoyl-3-azabicyclo [3.3.1 ]nonan-6-ol
(4) is axial with respect to the cyclohexane ring.4 Hy
droxylation of 1-benzoyl-fruns-decahydroquinoline (1) 
occurs at the 5, 6, or 7 positions, giving compound 
5, 6, and 7 in which the hydroxyl group is equatorial 
in each case.6 The major product from hydroxylation 
of N-acetyl-l-adamantanamine (9) is the 4-hydroxy 
compound (8) in which the hydroxyl group is equatorial 
with respect to the six-membered ring common to both 
the nitrogen and the alcohol.6 A minor product from 
hydroxylation of 9 has the hydroxyl group at the ter
tiary 3 position. A stereochemical feature found in all 
of these products and which we believe to be important 
is the trans orientation of the hydroxyl group and the 
amide group with respect to each other. Thus in the
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Figure 2.—Octant system for defining orientation of substrate- 
product molecules in space. Rear four octants are shown by 
boxes.

adamantanamine (8) and frans-decahydroquinoline 
(5, 6, and 7) examples, the hydroxyl group and the 
amide nitrogen are found to be 1,3- or 1,4-diequatorial 
substituents on a cyclohexane ring. In the two bi- 
cyclic compound (3 and 4), the C -0 alcohol bond is 
oriented in a direction opposite that of the N-C  
amide bond. These stereochemical relationships are 
outlined by the heavy lines in the formulas of Figure 1. 
In addition to the above examples, the orientation of 
both hydroxyl groups in the bioconversion product 
N-benzoyl-N-methyl-l-adamantanamine-4a,6a - diol
(10) has been shown to be trans with respect to the 
amide group.6 This observation adds support to the 
generalization that hydroxylation occurs to give hy
droxyl groups oriented trans to the enzyme attachment 
site.

Our discussions of the enzyme-substrate model to 
this point have centered around the electron-rich group 
of the substrate molecule, i.e ., the hydroxyl or the amide 
oxygen atom. We now would like to turn attention to 
a second important site within the enzyme, whose 
existence is certain. This is the site at which the 
oxygenation reaction occurs.9 Although the molecular 
structure at this site is unknown, we will assume that 
the molecular geometry is quite precise at this point.10 
As the substrate molecule approaches this oxygenation 
site, it will undoubtedly come into contact with ad
jacent surfaces of the enzyme molecule. We wish to 
determine the contours of these surfaces indirectly by 
examining the stereochemical features of various rigid 
molecules, which have been hydroxylated successfully.

As a consequence of the precise geometry of the 
oxygenation site, the methylene group which is oxy
genated will have a preferred orientation at this site. 
This in turn will determine the orientation of substrate

(9) T h e  to t a l  enzym ic  s ite  of h y d ro x y la tio n  of co u rse  w ill in c lu d e  b o th  th e  
o x y g en a tio n  s ite  a n d  a n y  e lec tro p h ilic  s u b s t ra te  a t ta c h m e n t  s ite s . H ow ever, 
th e se  in d iv id u a l p a r ts  a p p e a r  to  b e  a t  o p posing  en d s  of th e  to t a l  s ite , a llow ing 
s e p a ra te  co n s id e ra tio n  of th e ir  c h a ra c te r .

(10) T h e  n u m b e r of e n titie s  w h ich  m u s t in te r a c t  a t  th is  s ite , i .e .,  oxygen
in  a s so c ia tio n  w ith  a n  a c t iv a t in g  m o ie ty  (such  a s  a  c y to ch ro m e), redox  co- 
fac to rs, e n z y m e  b u lk , a n d  s u b s t r a te  m olecu le , su g g es t t h a t  a  p rec ise  g eo m e try  
w ill b e  req u ired .

I  8

Figure 3.—Projection formulas of product molecules. Heavy dot 
( • )  indicates C -0  bond projecting toward the viewer.

molecules having a rigid structure. The methylene 
group itself has tetrahedral geometry and it should be 
possible to transpose this from the orientation found at 
the oxygenation site into an arbitrarily defined spatial 
orientation. Such an operation will make it possible to 
place a variety of rigid molecules into the defined orien
tation so that the composite space occupied by the 
molecules can be mapped out. To define an arbitrary 
spatial orientation for the methylene group, we have 
chosen to place the methylene carbon at the origin of a 
X Y Z  coordinate system (see Figure 2). A second 
point then is fixed in this system by extending the C -0  
bond of the hydroxylated substrate molecule along the 
Z  axis toward the viewer. As a third fixed point, re
quired to prevent rotation around the C -0 bond, the 
remaining C-H bond11 of the hydroxymethylene group 
is placed in the Y -Z  plane as shown in Figure 2. These 
three points provide the desired spatial orientation for 
the substrate-product molecules. As the viewer looks 
down the Z  axis at molecules placed in this orientation, 
the atomic arrangements will be seen much as they 
appear in conventional Newman projection formulas. 
The rigid molecules discussed above are shown in such 
projections in Figure 3.

The mapping of the space occupied by the substrate 
molecules, which reflects the contours of enzyme sur
faces adjacent to the oxygenation site, now may be 
attempted using the above orientation system. As a 
result of the manner in which the above model is de
fined, the bulk of the molecules will be found almost 
exclusively in the rear four octants of the coordinate

(11) I n  th e  few  cases w h ere  a  te r t ia ry  c a rb o n  is h y d ro x y la te d  a n  a l te rn a 
t iv e  m ean s  of fixing th e  o r ie n ta t io n  is recogn ized  to  b e  n ecessary . T h is  is
considered  b rie fly  la te r  in  th e  d iscussion .
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system. These octants are labeled upper left (UL), 
upper right (UR), lower right (LR), and lower left (LL) 
as seen in Figure 2. Beginning with the major product
(8) obtained from hydroxylation of N-acetyl-l-ad- 
amantanamine,6 we find the atoms of this symmetrical 
molecule evenly distributed between the UL and UR 
octants when seen in projection (see Figure 3). It 
should be remembered that the amide group in 8 may 
be rotated about the C-N bond. Next we examine the 
projection formulas of the bicyclic products 3 and 4. 
Hydroxylation has introduced asymmetry into both of 
these molecules. Lack of significant optical rotation 
in 3 and 44 indicates that a mixture of enantiomeric 
forms has been obtained in each case. Stereoselectivity 
of the hydroxylating enzyme for the potentially en
antiomeric carbons in the bicyclic precursors to 3 and 4 
is therefore absent. Projection formulas of single 
enantiomers of 3 and 4 (Figure 3) are also seen to be 
rather evenly distributed between the UL and UR 
octants, much as is observed for the adamantane de
rivative 8. Since, qualitatively, all three of these 
products (3, 4, and 8) are formed rapidly and in good 
yield, the positions occupied by their skeletal atoms do 
not seriously interfere with the hydroxylation reaction. 
Consequently, the potential asymmetry of the sub
strates, which lead to 3 and 4, is insufficient to result 
in a preferred steric course for the hydroxylation reac
tion.

It now becomes of interest to examine the projection 
formulas of the products obtained from hydroxylation 
of 1-benzoyl-frans-decahydroquinoline, since the optical 
activity of these compounds suggests that the asym
metry of the molecules is affecting the course of the 
reaction. The absolute configurations of these prod
ucts are known ând enable us to compare projection 
formulas in the orientation model.6 The major prod
ucts from this bioconversion were (4a(S,5S,8aR)-l- 
benzoyl-irans-decahydroquinolin-5-ol (5) and (4aS,~ 
6S,8aS) -1 - benzoyl - tra n s-decahydroquinolin- 6 - ol (6) 
while (4aS,7S,8aS)-l-benzoyl-irans-decahydroquinolin-
7-ol (7) and (4a.R,6/?,8a.ffi)-l-benzoyl-irans-decahydro- 
quinolin-6-ol (11) were found as minor products. Place

ment of 5, 6, and 7 in the orientation model results in 
the projection formulas shown in Figure 3. The S  
configuration of these alcohols is reflected by the fact 
that greater portions of the molecules are found in the 
UR octant as opposed to the UL octant. The minor 
product (11) of R  configuration at the alcohol carbon 
could be represented by the opposite of projection 
formula 6 and would have a greater portion in the UL 
octant. These limited examples suggest that more 
space is available to the substrate molecule in the UR 
octant with respect to the potential C -0 bond.

Since the above orientation model has been defined 
in terms of the methylene group it is necessary to con
sider separately the case of hydroxylation of a tertiary 
carbon. An example of this is found in the formation 
of the bioconversion product N-acetyl-l-adamantana- 
min-3-ol (12).5 This hydroxymethine carbon lacks the

second C-H needed to use the above orientation model. 
Until more examples are available we suggest that 12 
be described by a projection formula which places the 
axial protons of the a  carbons downward in planes 
parallel to the X Y  plane. A similar orientation of 
minor product 11 provides an alternative to that indi
cated previously and places more of the molecule in 
the LR octant than in the UL octant. This type of 
orientation is considered to be much less favorable in 
most situations.

The general spatial orientation model which has been 
presented here attempts to determine important stereo
chemical features of the enzyme-substrate interactions 
during microbiological hydroxylation reactions. By 
examining the enzyme-substrate complex from the 
oxygenation site, it is hoped that this model will be 
complimentary to the previously outlined enzyme 
attachment site model1 in predicting the course of 
microbial hydroxylation reactions. As the stereo
chemistry of other rigid molecules is determined, the 
validity of the present model can be tested further.

The formation of dihydroxy adamantane derivatives 
by the microbial hydroxylation reaction has been noted5 
and is of interest since dihydroxylation is less frequently 
observed. Table I shows the major product obtained

T a b l e  I

M a j o r  P r o d u c t s  f r o m  O x y g e n a t i o n  o f

C o m p d

) AMANTAN AM INES W ITH  iS. s u l fu r e s c e n s

R R '
M a jo r  p ro d u c t 
M ono  D i

H C H s

O H  O H  

*

C H 3 C H s *

C H s C 6H 5 *

H c h 2c 6h 5 *

C H s c 6h „ *

- I Q

*

- C „ Q >
*

from bioconversion of a series of N-substituted 1-ad- 
amantanamines with S. sulfurescens} From the table 
it can be seen that the formation of dihydroxylated 
products is predominant where R and/or R' are larger
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groups, i.e., phenyl rather than methyl, for example. 
The increased size of the groups R and R ' will impart 
greater lipophilic character to the molecule and it may 
be that this is sufficient to allow a second attachment 
of the molecule to the enzyme following the first hy
droxylation. In terms of the above orientation model, 
the product of dihydroxylation6 will have the follow
ing projection formula. Rotation of the adamantane 
nucleus 120° around the C-N bond will present a 
second "face” of the nucleus to the enzyme surface 
identical with the first. A second hydroxylation of this 
orientation results in the di-a-OH products which are 
observed.

The above argument implies that dihydroxylation 
occurs as two discreet steps. This is supported by 
following the course of the fermentation by thin layer 
chromatography. When this is done, a single spot 
corresponding to the monohydroxy product is seen 
first. With increasing time a second spot, correspond
ing to the dihydroxy product, appears and becomes 
stronger at the expense of the monohydroxy product. 
I t is also possible to isolate the monohydroxy product 
and then add it to a fresh S. sulfurescens culture, which 
converts it into the dihydroxy product.6

The oxygenation of some substrates gives only hy- 
droxylated products while in other cases both hydroxy

and ketonic products are obtained. In the latter cases, 
the hydroxyl groups and the ketone groups are found 
at the same position, suggesting that the hydroxy com
pound is probably an intermediate in the formation of 
the ketone. We have observed that molecules having a 
higher degree of conformational mobility tend to give 
more ketonic products when oxygenated with S. sul- 
furescens, while highly rigid molecules give exclusively 
hydroxylated products. As examples, the macrocyclic 
alcohols (C12-Ci4) are oxygenated to mixtures of di
alcohols, keto alcohols, and diketones.1 Similarly, 
oxygenation of 1-benzoylhexamethylenimine, 1-ben- 
zoylheptamethylenimine, and 1-benzoyloctamethyl- 
enimine gave mixtures of alcohols and ketones in each 
case.3 All of these molecules have several conforma
tions differing in energy to a relatively small degree. 
On the other hand, molecules such as N-acetyl-1- 
adamantanamine, 3-benzoyl-3-azabicyclo [3.3.1 jnonane,
2-benzoyl-2-azabicyelo[2.2.2]octane, and 1-benzoyl- 
¿rafts-decahydroquinoline have either a rigid structure 
or a highly preferred conformation. All of these com
pounds give only hydroxy products.4-6 Intermediate 
in conformational mobility are the six- and seven- 
membered-ring compounds. Cyclohexane derivatives 
may flip from one chair conformation to a second but 
they prefer the one in which substituents are equatorial. 
Cyclohexyl compounds generally give only hydrox
ylated products.1,2 Cycloheptyl derivatives have a 
slightly greater conformational freedom and are found 
to give both hydroxy and ketonic products. The com
pound 3-benzoyl-3-azabicyclo [3.2.2 jnonane contains 
both six- and seven-membered rings and has some con
formational freedom as judged from Dreiding models. 
This compound also gives both a hydroxy and a ketonic 
product.4 It seems plausible that the greater con
formational mobility of some molecules permits them 
to be adapted to the alcohol dehydrogenating enzymes 
of the microorganism with the result that they are more 
readily converted from alcohols into ketones.

Steric Requirem ents for Free-R adical Substitutions.
I. Phenyl M igration during Rrom ination1

H. M eislich , 2 J. C ostanza, 3a and J. Strelitz31’
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Steric hindrance can affect the course of free-radical brominations with N-bromosuccinimide (NBS) and with 
bromine. 1,1,1,2-Tetraphenylethane with NBS or Br2 affords tetraphenylethylene resulting from a phenyl 
migration. 1,2,2-Triphenylpropane undergoes normal bromination with either reagent to give l-bromo-1,2,2- 
triphenylpropane. 4,4,4-Triphenyl-1-butene, II, with NBS gives exclusively l-bromo-4,4,4-triphenyl-2-butene,
12 , the product arising from allylic rearrangement. Both 11 and 12 give negative tests for unsaturation when 
treated with bromine in carbon tetrachloride.

The Wohl-Ziegler reaction4 utilizing N-bromosuc
cinimide (NBS) is a valuable synthetic method for in-

(1) P re se n te d  in  p a r t  a t  th e  132nd N a tio n a l M ee tin g  of t h e  A m erican  
C hem ica l S o c ie ty  in  N ew  Y o rk  C ity , N . Y ., S e p t 1957.

(2) A ddress co rresp o n d en ce  to  th is  a u th o r  a t  th e  D e p a r tm e n t of C h em is
t r y ,  T h e  C ity  C ollege of th e  C ity  U n iv e rs ity  o f N ew  Y o rk , N ew  Y o rk , N . Y .
10031

(3) T a k e n  in  p a r t  fro m  th e se s  s u b m it te d  in  p a r t ia l  co m p le tio n  fo r th e
M . A . degree : (a) B ro o k ly n  C ollege, 1956; (b) C ity  C o llege, 1966.

(4) (a) A . W oh l, B er., 52, 51 (1919); (b) K . Z iegler, A. S p a e ta , E . S chaaf,
W . S ch u m a n n , a n d  E . W in k e lm an n , A n n .,  651, 80 (1942).

traducing a bromine atom at an allylic or benzylic po
sition.5 A free-radical chain sequence initiated by 
bromine atoms as suggested in 1953 by Goldfinger and 
coworkers6 has been substantiated by others.7 The

(5) C . D je rass i, Chem . Rev., 43 , 271 (1948).
(6) J .  A dam , P . A. G osselain , a n d  P . G old finger, N ature , 171, 704 (1953); 

B u l l  Soc. C him . Beiges, 65 , 533 (1956).
(7) (a) B . P . M c G ra th  a n d  J . M . T e d d e r , Proc . Chem . Soc., 1511 (1961); 

(b) C . W alling , A. L. R ieger, a n d  D . T a n n e r , J .  A m er. Chem . Soc., 85, 3129 
(1963); (c) G . A. R usse ll a n d  K . M . D esm o n d , ib id ., 85 , 3139 (1963); (d) 
R . E . P ea rso n  a n d  J .  C . M a r tin , ib id ., 85, 3142 (1963).
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chain-propagating steps (eq 1 and 2) require small 
amounts of bromine formed in situ from HBr and NBS, 
designated in eq 3 as S-Br.

RH +  B r----- * -R - +  HBr (1 )
R • Br2 — ^  RBr -j- Br * (2 )

S-Br +  HBr - ->■ S-H +  Br2 (3)
(NBS) (succinimide)

Little attention has been given to the steric require
ments for this type of reaction. There is some evidence 
that steric factors may control the course of the re
action. For example, although there is ample evi
dence5 for suggesting that an active methylene group 
is more reactive than an active methyl group, it has 
been observed that 2,4,4-trimethyl-l-pentene reacts 
with NBS to give 2-bromomethyl-4,4-dimethyl-l-pen- 
tene.4b This product arises from bromination at a 
methyl group rather than at the sterically hindered 
neopentyl methylene group.

Although the presence of a bromine atom at an ac
tive site deters the insertion of a geminal bromine atom,5 
tetrabromination of [2.2]paracyclophane with NBS 
gives geminal rather than vicinal tetrabromice,8 an 
occurrence attributed to steric strain associated with 
this unique ring system.

This work was undertaken to study the steric re
quirements of the NBS reaction. The substrates cho
sen possess only one active site which is also adjacent to 
a quaternary carbon atom. The substrates are of two 
broad types: (a) compounds 1, 4, and 7, in which the
active site is benzylic, and (b) 4,4,4-triphenyl-l-butene, 
compound 11, in which the active site is allylic.

R

R'CCH2C6H5 (C6H5)3CCH2C H = C H 2
I

R "
1 , R =  R ' = R "  =  CH3 11
4, R =  R ' =  R "  =  C6H5
7, R  =  R ' =  C6H5; R "  = CH3

Results and Discussion

Neopentylbenzene,9 1, was allowed to react in car
bon tetrachloride with NBS in ordinary light and with
out initiating catalysts; the reaction time for 0.1 mol 
was 2.5 hr. Vacuum distillation of the crude bromi- 
nated product gave a main fraction (57%) having a boil
ing point, density, and refractive index expected for
l-bromo-2,2-dimethyl-l-phenylpropane (2). Further 
proof of structure of 2 was achieved by the sequence 
steps10 in eq 4. ¿-Butyl phenyl ketone (3) was char
acterized by preparing its 2,4-dinitrophenylhydrazone.

Ag +
Me3CCHBrC6H6---->

2  H 2O
O

CrO s I'
Me3CCHOHC6H6-------Me3CCC6Hs (4)

H O A c
3

The fact that 1 is brominated in the normal manner 
indicates that the mere presence of a quaternary carbon 
atom bonded to the benzylic carbon atom does not pre
vent normal reaction.

(8) K . C . D ew h ir a t  a n d  D . J .  C ra m , J .  A m er . Chem . Soc., 80, 3115 (1958).
(9) (a) A . B ygd^n , B e r ., 45, 3479 (1912); (b) Y. N . Ip a tie ff  a n d  L . S chm er- 

ling , J .  A m er . Chem . Soc., 60, 1476 (1938).
(10) P . S kell a n d  C . R . H au se r, ib id ., 64, 2633 (1942).

Steric hindrance could be augmented by replacing the 
methyl groups of 1 with bulkier phenyl groups. For 
this reason, 1,1,1,2-tetraphenylethane (4) was prepared 
from benzylmagnesium chloride and triphenylchloro- 
methane.11 As the reaction of 4 with NBS in refluxing 
carbon tetrachloride proceeded, an orange-brown vapor, 
identified as bromine, was observed. The appearance of 
bromine presages an elimination of hydrogen bromide 
as a result of the reaction shown in eq 3. The crude 
residue from the bromination reaction was separated 
by fractional crystallization into two solids, 51% start
ing material and 43% compound 5, mp 220-221°. 
That 5 was tetraphenylethylene was confirmed by a 
mixture melting point determination with an authentic 
sample, by ultraviolet absorption [ \ m a x 310 npt (log e 

4.20) ], and by oxidative degradation to benzophenone, 
characterized as its 2,4-dinitrophenylhydrazone.

Formation of 5 requires a migration of a phenyl group. 
Aryl migration in free-radical intermediates is well 
known.12 However, heretofore, they have not been 
observed during free-radical halogenations in solution.13

That free radicals were intermediates was shown by 
the absence of any reaction when 4 and NBS were re
fluxed in carbon tetrachloride in the dark under ni
trogen. With a trace of benzoyl peroxide under ni
trogen in the dark, the reaction was complete in 1 
hr, giving a 48% yield of 5.

I t  might be suggested that 2-bromo-l,l,l,2-tetra- 
phenylethane (6), formed initially by a typical free- 
radical bromination, can rearrange via a carbonium ion 
intermediate engendered by succinimide acting as an 
electrophilic catalyst. This possibility is very remote 
in view of the fact that certain compounds react with 
NBS to give bromo derivatives which after isolation 
can be made to undergo rearrangement when converted 
into the corresponding carbonium ion. For example,
I, 1,2-triphenylethanol reacts normally with NBS to 
give l,l,2-triphenyl-2-bromoethanol; no phenyl benz- 
hydryl ketone is obtained. The ketone, from a typical 
carbonium ion rearrangement, was isolated from the 
action of silver nitrate on the bromohydrin.14

Compound 5 is also obtained as the sole product when 
4 is allowed to react with bromine in carbon tetrachlo
ride at room temperature in ordinary light. I t is sug
gested that 5 arises from 4 directly as the result of a 
free-radical phenyl migration as shown. No decision

(C6H5)3CCH2C6H5 +  B r------>  (C6H6)3CCHC,H5 +  HBr (5)
~C «H s-

(C6H5)3CCHC6H5 --------- 3- (C6H5)2OCH(C6H5)2 (6)
(C6H6)2CCH(C6H5)2 +  B r------>

(C6H6)2C = C (C 6H5)2 +  HBr (7 
or

(C8H6)2CCH(C6H5)2 +  Br2 — >
(C6H5)2C =C (C 6H5)2 +  HBr +  Br- (8) 

5

can be made as to whether the alkene arises by a chain
terminating step (eq 7) or a chain-propagating step 
(eq 8).

(11) M . G om berg , Ber., 39, 1463 (1906).
(12) C . W a lling  in  “ M o lecu la r R e a rra n g e m e n ts ,”  In te rsc ie n c e  P u b lish e rs , 

In c . ,  N ew  Y ork , N . Y ., 1963, p  407-455 .
(13) I n  th e  gas p h a se  ch lo rin a tio n  of ¿-b u ty lb en zen e  a t  190-245° a t  low  

co n c en tra tio n  of h a logen , a  sm all a m o u n t of l-c h lo ro -2 -m e th y l-3 -p h en y lp ro -  
p a n e  w as d e te c te d : J .  D . B ac k h u rs t , E . D . H u g h es , a n d  C . K . In g o ld ,
J .  Chem . Soc., 2742 (1959).

(14) J . F . L a n e  a n d  D . R . W a lte rs , J .  A m er. Chem . SocM 7 3 , 4234 (1951).
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Ordinarily, such free-radical migrations do not occur 
during halogenation reactions because of the low ac
tivation energy for eq 2. This step usually proceeds 
more rapidly than the migration which requires a higher 
energy of activation. However, in the halogenation of 
4, the bulky trityl group adjacent to the free-radical 
carbon atom retards eq 2, so that the migration (eq 6) 
becomes competitive. The free radical engendered in 
eq 5 has a relatively low-energy barrier for phenyl mi
gration since it is a secondary free radical stabilized by 
one phenyl group, and the rearranged free radical in 
eq 6 is tertiary and stabilized by two phenyl groups. 
This combination of steric hindrance toward bromine 
insertion and formation of a much more stable radical 
resulting from phenyl migration enables the rearranged 
product to form.

It seemed pertinent to see if phenyl migration could 
stil occur with substrate 7, having one of the phenyls of 
the trityl group replaced by a methyl group. 1,2,2- 
Triphenylpropane15 (7) was allowed to react with NBS 
in carbon tetrachloride solution to yield a product (90- 
95%) which was analyzed as a compound in which one 
hydrogen of the starting material was replaced by a 
bromine. The crude reaction product was shown by 
thin layer chromatography to contain only the bromi- 
nated product and starting material. Investigation of 
the ultraviolet spectrum of the crude reaction product 
gave no evidence for the presence of material containing 
a styrene or a 1,1-diphenylethylene-like conjugation in 
quantities greater than approximately 0.5%. The 
nmr spectrum of the purified bromination product 
shows a singlet at 5 1.81 integrating for three hydrogens, 
a singlet at 5.72 integrating for one hydrogen, and a 
complex multiplet of peaks from 8 6.9 to 7.4 integrating 
for 15 hydrogens. The interpretation of this spectrum 
indicates that the bromination product is either (Celle) 2- 
CCH3CHBrC6H6 (8) or (C6H5)2CHC(CH3)BrC6H6 (9), 
the latter compound resulting from a rearrangement. 
To distinguish between these compounds, the product 
was reduced with lithium aluminum hydride. From 
the reduction was isolated a product in 52.5% yield, 
the remainder being unreacted starting material. The 
reduced product was identical with 6 by mixture melt
ing point, thin layer R{ values, and identity of ultra
violet, infrared and nmr spectra. Furthermore, pro
longed treatment of the brominated product with N,N- 
diethylaniline gave no reaction. These results lead to 
the conclusion that the brominated product is the un
rearranged compound, l-bromo-l,2,2-triphenylpropane
(8), rather than the rearranged one, 9. The incomplete 
reduction of 8 with lithium aluminum hydride is ex
plainable by the fact that 8 is a neopentyl-type halide 
and hence would react sluggishly in SN2-type displace
ments.

N B S
r—  ----- >- (C6H6)2CCH3CHBrC6H6
I 8

(CeHshCCHsCRAHB (9)
7

I—  X — >  (C6H6)2CHC(CH3)BrC6H6 
9

The free-radical intermediate arising by hydrogen 
abstraction from 7 is not so sterically hindered toward 
bromine insertion as is the free-radical intermediate

(15) C . B . W o o s te r a n d  J . F . R y a n , J .  A m er. C hem . Soc., 56, 1133 (1934).

arising from 4 because a methyl group has less space 
requirement than a phenyl group. The energy of ac
tivation for migration of a phenyl group of the radical 
intermediate from 7 is greater than that for the radical 
intermediate from 4 because, although the rearranged 
radical is tertiary in both cases, the former is stabilized 
by only one rather than by two phenyl groups. The 
combination of these two factors precludes rearrange
ment during the bromination of 7.

The isolation of 8 from the reaction of 7 with NBS 
can be used as further circumstantial evidence that 5 is 
formed from 4 by a free-radical rearrangement rather 
than by a carbonium ion rearrangement of 6. If 
under the conditions of the NBS reaction 6 had been 
formed and had been converted into a carbonium ion, 
there is no reason why a carbonium ion could not like
wise be formed from 8. The 1,1,2-triphenylethyl car
bonium ion undergoes phenyl migration,16'17 and a 1,2,2- 
triphenylpropyl carbonium ion would be expected to be
have similarly.

We hope to arrive at a definitive answer as to the free- 
radical character of the rearrangement observed during 
the bromination of 4 by studying migratory aptitudes 
of properly phenyl-substituted derivatives of 4.

To examine the effect on the course of free-radical 
brominations of compounds having a trityl group 
bonded to an allylic position, 4,4,4-triphenyl-l-butene
(11) was prepared. The coupling of triphenylmethyl- 
magnesium bromide with allyl bromide18 did not afford 
good yields. The reaction of tritylsodium with allyl bro
mide gave erratic yields (91-50%). The most consist
ently good yields (75%) were obtained by the method of 
Nesmeyanov and Perevalov,19 involving the addition of 
a mixture of triphenylchloromethane and allyl bromide 
to activated magnesium and some allylmagnesium bro
mide. The reaction of 11 with NBS under ordinary 
conditions was complete after 4 hr. After one re
crystallization of the crude product, there was obtained 
in 85.1% yield, a white needlelike solid (12) having a 
molecular formula of C22Hi9Br, as determined by ele
mental analysis. Ozonolysis of 12 afforded triphenyl- 
acetic acid, identified by melting point and as its amide, 
and bromoacetaldehyde, characterized as its 2,4-di- 
nitrophenylhydrazone derivative. Formaldehyde was 
absent as shown by the very sensitive chromotropic 
acid test.20 Hence, the structure of l-bromo-4,4,4-tri-

(C,H,),CCH2C H =C H 2 (C6H5)3CCH=CHCH2Br (10)
11 12

pheny 1-2-butene was assigned to 12. Confirmation of 
the structure and assignment of the trans geometry was 
made possible by infrared and nmr spectroscopy. The 
nmr spectrum of (C6H5)3CCHA=CHBCHC2Br has (a) a 
singlet at S 7.15 integrating for 15 protons (three phenyl 
rings), (b) a doublet centered at 6.79 (J  = 18 cps) in
tegrating for one proton (HA trans to HB), (c) a quintet 
in the ratio of 1:2:2:2:1 centered at 5.48 (Jab = 18 cps 
and J bc = 9 cps) integrating for 1 proton (HB), and (d) 
a doublet at 3.95 (</Bc = 9 cps) integrating for two pro-

(16) C . J. C ollins, W . A. B onner, a n d  C. T. L este r,, ib id ., 81, 466 (1959).
(17) C . J. C ollins a n d  B . M. B en jam in , ib id ., 85, 2519 (1963).
(18) W . E . B a c h m an  a n d  R . F . C ockerill, ib id ., 55 , 2932 (1933).
(19) A. N . N esm ey an o v  a n d  E . G . P e rev a lo v , Izv , A k a d . N a u k  S S S R ,  Otd. 

K h im  N a u k , 1002 (1954).
(20) F . F eig l, “ M an u a l of S p o t T e s ts ,”  R e in h o ld  P u b lish in g  C o ., N ew  

Y ork , N . Y ., 1943.
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tons. The infrared spectrum shows a band at 975 
cm-1, typical of a frans-dialkyl-substituted alkene.

Allylic rearrangement during bromination with NBS 
of terminal alkenes is to be expected. The predomi
nant product usually results from the allylic shift but 
some of the unrearranged product also is isolated. For 
example, the reaction of 1-octene gives a 20% yield of 
the normal bromination product, 3-bromo-l-octene, and 
an 80% yield of the allylic rearranged product, 1-bromo-
2-octene.21 In only one case, the isolation of 3-bromo-
1-phenylpropene from the reaction of allylbenzene with 
NBS, is complete allylic rearrangement observed.22 
In this case, total allylic rearrangement is attributable 
to conjugation of the newly positioned double bond and 
the benzene ring.

The absence of any impurity with a terminal vinyl 
group in once-recrystallized 12, as evidenced by the 
negative test for formaldehyde in the products from 
ozonolysis, prompted the conclusion that the reaction of 
11 with NBS might be another instance of complete al
lylic rearrangement. Hence, the infrared spectrum of 
the crude product from the reaction of 11 with NBS 
was compared with that of pure 11, pure 12, and 
mixtures of 11 and 12. The characteristic peak at 
915 cm-1 for a terminal vinyl group was absent in once- 
recrystallized 12, but was present in 11. I t  was present 
in crude 12, but had an exceedingly low intensity. By 
comparing relative intensities of the bands at 975 (trans- 
dialkyl-substituted alkene) and at 915 cm-1 (terminal 
vinyl group), the amount of terminal unsaturation in 
crude 12 was determined to be less than 5%, and this 
slight absorption may have been due to unreacted 11. 
Analysis of crude 12 by thin layer chromatography 
showed the presence of only 12 and 11. Hence, it is 
concluded that' little or no “normal” (unrearranged) 
bromination occurred, a fact attributable to severe 
steric hindrance of “normal” bromination, but not of 
“allylic” (rearranged) bromination.

In characterizing 12, it was observed that bromine in 
carbon tetrachloride gives a negative test for unsat
uration. A 2% solution of potassium permanganate 
was decolorized, but only after long standing and warm
ing. Starting material (11) behaves in a similar manner 
toward these reagents. Since there is no direct con
jugation between the phenyl groups and the double 
bond, these results were unexpected. However, the 
same phenomenon was observed with similarly con
stituted compounds. Both 2,2-diphenyl-3-pentene- 
nitrile (13) and 2,2-diphenyl-3-methylbutenenitr:le (14) 
are reported to give negative tests for unsaturation.23

N = C C ( C 6H 5)i C H = C H C H 3 N e= C C ( C 6H 6 )2C  ( C H 3 >  -  C H 2
13 14

These results are considered to be in accord with the 
hindered position of the double bond. There is, how
ever, a possibility that some sort of long-range electronic 
interaction between the it bond of the double bond and 
the tt bonds of any one of the three phenyl groups in 11 
and 12, or the nitrile and the two phenyl groups in 13 
and 14, may affect the reactivity of the double bond. 
The reason for this unexpected loss of “unsaturation” 
is now under study.

(21) L . C . B a tem a n , N ature, 164, 242 (1949).
(22) E . A . B ra u d e  a n d  E . S. W a ig h t, J . Chem. Soc., 1116 (1952).
(23) E . M . S ch u ltz , C . M . R o b b , a n d  J . M . S p rague, J .  A m er. Chem. Soc., 

69, 2454 (1947).

Experimental Section
Melting points were taken in capillaries and are uncorrected. 

Microanalyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y., and Crobaugh Laboratories, 
Charleston, W. Y. Ultraviolet absorption measurements were 
taken using both the Beckman Model DU spectrophotometer 
and the Cary Model 15 recording spectrophotometer. A 5 X 10-5 
M  solution in ethanol was used in most cases. Infrared 
measurements were taken using both the Baird double-beam 
Infrared spectrophotometer and the Perkin-Elmer Model 137 
Infracord spectrometer. Carbon tetrachloride was used as the 
solvent in all cases. Nuclear magnetic resonance spectra were 
obtained with a Yarian A-60 spectrometer, and taken in carbon 
tetrachloride, unless specified otherwise, with an internal standard 
of tetramethylsilane. Densities were taken with a Davidson 
Densitometer, and indices of refraction were taken with an 
Abbe refractometer. Thin layer plates were 400 n thick, and 
were prepared from Merck silica gel HF254. Materials to be 
analyzed were spotted in ether solvent, and the chromatograms 
were developed in 97% petroleum ether (bp 30-60 °)-3% diethyl 
ether.

All solvents were dried and distilled before use. Reagent grade 
NBS was used and recrystallized from anhydrous benzene if the 
color was yellow.

Neopentylbenzene (1) was prepared by the method of Bygdhn9 
from benzylmagnesium chloride and ¿-butyl chloride. The crude 
material (76% yield) was distilled at atmospheric pressure to give 
a colorless, sweet-smelling oil (31%) in the boiling range 185- 
193°. This oil was then fractionally distilled giving 1 : bp 185- 
186.5°; k 20d  1.4888 (lit.9b bp 185-188°, ra%> 1.4884).

Reaction of 1 with NBS. Preparation of a-Bromoneopentyl- 
benzene.—A mixture of 14.8 g (0.1 mol) of 1 and 17.8 g (0.1 
mol) of NBS in 200 ml of carbon tetrachloride was refluxed for
2.5 hr after which time the reaction was complete. The content 
of the flask was cooled and the succinimide (9.8 g, 99%, mp
124-126°) was removed by filtration. The filtrate was con
centrated and the residue was vacuum distilled. The main 
fraction (57%) was collected: bp 78-80° (2 mm); d21-74 1.244; 
n 20D 1.538 [for a-bromoneopentylbenzene (2), lit.24 25 bp 89° 
(3-4 mm), d“ 4 1.237, and n 20D 1.540].

Conversion of 2 into Phenyl ¿-Butyl Ketone (3).—The bromo 
compound 2 was converted into the corresponding alcohol with 
aqueous silver nitrate .10 The crude alcohol (0.164 g, 0.001 
mol) in 0.5 ml of glacial acetic acid was oxidized with chromic 
acid according to the method of Cheronis.26 An oil was obtained 
which, when dissolved in methanol and warmed with 2,4-dinitro- 
phenylhydrazine reagent, gave upon cooling 0.12 g (34%) of a 
yellow-orange solid, mp 165-170°. The solid was recrystallized 
from methanol to give pure material, mp 191-193° (ref 10 reports 
mp 190-191° for the DNPH of phenyl ¿-butyl ketone).

Reaction of 1 ,1 , 1 ,2-Tetraphenylethane (4) with NBS. A.—A 
mixture of 3.82 g (0.0114 mol) of 4, mp 142-143° (litYmp 144°), 
and 1.98 g (0.0111 mol) of NBS in 45 ml of carbon tetrachloride 
was refluxed in ordinary light. After 1 hr the carbon tetra
chloride developed a light orange color which deepened. After 
2 hr, orange-brown vapors, identified as bromine, were present 
in the condenser. The reaction was complete after 4.5 hr. The 
succinimide (1.0 g, 91%) was removed by filtration and the 
bromine was removed from the filtrate by a current of warm dry 
air. The filtrate was concentrated in stages to give two main 
solid fractions which, on recrystallization from 1 : 1  benzene- 
methanol, gave 1.95 g (51%) of starting material 4, mp 137— 
140° (no depression in melting point on admixture with authentic 
sample), and 1.62 g (43%) of another compound, mp 220-221°, 
uv max 310 him (log e 4.20). This compound was characterized 
as tetraphenylethylene (5) (lit.26 mp 221°). Compound 5 was 
oxidized with potassium permanganate affording an oil which 
gave an orange 2,4-dinitrophenylhydrazone derivative melting 
a t 233-235° (lit.27 mp 237° for the DNPH of benzophenone). 
Admixture of this with an authentic 2,4-DNPH derivative of 
benzophenone gave no depression.

(24) S . W in ste in  a n d  B . K . M orse , ibid., 74 , 1133 (1952).
(25) N . D . C heron is, “ M icro  a n d  S em im icro  M e th o d s ,”  In te rsc ien ce  

P u b lish e rs , In c .,  N ew  Y ork , N . Y ., 1954, p  268.
(26) I .  M . H eilb ro n , “ D ic t io n a ry  o f O rgan ic  C o m p o u n d s ,”  O xford  P re s s , 

L ondon , 1953.
(27) R . L . S h rin er, R . C . F u so n , a n d  D . Y . C u r tin , “ T h e  S y stem a tic  

Id e n tif ic a tio n  of O rgan ic  C o m p o u n d s ,”  4 th  ed, J o h n  W iley  a n d  Sons, In c . ,  
N ew  Y o rk , N . Y ., 1956.
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B.—When 4 was refluxed with NBS in carbon tetrachloride 
under nitrogen in the dark, no reaction was observed after 8 hr. 
When a few milligrams of benzoyl peroxide was added and re
fluxing was continued, excluding light and air, the reaction was 
complete after 1 hr, and 5 was isolated as the product in 48.2% 
yield.

Reaction of 4 with Bromine.—A solution of 1.7 g (0.0050 mol) 
of 4 and 1.6 g (0.010 g-atom) of bromine in carbon tetrachloride 
(50 ml) was warmed by a sun lamp for 12 hr. A quantitative 
yield of 5 was obtained.

Preparation of 1,2,2-Triphenylpropane (7).16—1,1,2-Triphenyl- 
ethylene (5.00 g, 19.5 mmol) was added to 5 ml of liquid ammonia 
under a nitrogen atmosphere in an insulated flask fitted with a 
magnetic stirring bar, a Dry Ice condenser, and an ammonia inlet 
tube. Approximately 200 ml of ammonia was then added to the 
flask. Sodium (1.21 g, 53 mg-atoms) was added in small por
tions over a period of 2 hr, and the resulting black solution was 
stirred for an additional 0.5 hr. A solution of dimethyl sulfate 
(5.5 ml, 2.34 g, 58 mmol) in 15 ml of sodium-dried ether was 
added drop wise with stirring to the ammonia solution. The 
ammonia was permitted to evaporate at room temperature and 
the remaining white precipitate was triturated with water and 
filtered to yield 4.8 g of a white precipitate, mp 60-110°. An 
additional 0.2 g of white product was recovered by ether extrac
tion from the water used in the trituration. After two recrystal
lizations of the crude reaction product (5.0 g) from absolute 
ethanol, 2.0 g (38% yield) of white crystals, mp 115-116.1° 
(lit.28 mp 116-117°), was obtained. This purified material gave 
a single spot when subjected to analysis by thin layer chromatog
raphy.

Reaction of 7 with NBS. Preparation of l-Bromo-l,2,2-tri- 
phenylpropane (8).—A mixture of 7 (1.00 g, 3.68 mmol) in 30 
ml of carbon tetrachloride and NBS (0.65 g, 3.68 mmol) was 
refluxed under an atmosphere of nitrogen in a flask fitted with an 
Allihn condenser and a calcium chloride drying tube while being 
illuminated by a 100-W incandescent lamp. The course of the 
reaction was followed by thin layer chromatography, and was 
tested periodically for unreacted NBS with potassium iodide- 
starch paper. After 2 hr of refluxing, the mixture contained a 
small amount of starting material and no NBS. The colorless 
solution was cooled and succinimide (0.375 g, 102% yield) was 
removed by filtration. The solvent was evaporated to yield a 
thick yellow oil (1.434 g, 111% yield). By comparing the rela
tive intensities of the peaks in the nmr spectrum of the crude 
oil a t S 1.51, assigned to the methyl group of 7, and at 1.81, 
assigned to the methyl group of the product 8, the ratio of product 
to starting material was found to be 94:6.

The oil (6.250 g from a larger scale reaction) was dissolved 
in 25 ml of n-hexane and the solution was kept at room tempera
ture for 11 days. A first crop of colorless crystals (2.78 g), mp
93.5-96.5°, weis obtained. On further standing, the solution 
deposited three additional fractions of 1.30 g (mp 94-96.8°), 
0.92 g and 0.31 g (mp 95-96°). The four fractions totaled 5.31 
g (87% over-all yield). Each crop was found to be contaminated 
by a trace of starting materialas shown by thin layer chromatog
raphy. The first crop was recrystallized from 13 ml of n-hexane 
to give 2.08 g of colorless crystals of 8: mp 94.7-96°; ir (KBr), 
3050, 1597, 1577, 1493, 1443 and 1070 (C6H6), 760 and 705 
(monsubstituted C6H5), 1380 (CH3), and 2995-2850 cm-1 
(CH3 and C-H); nmr (CC14), S 1.81 (s, 3, CH3), 5.72 (s, 1, 
CHBr), and 6.97-7.4 ppm (m, 15, C6H5).

Anal. Calcd for C2iH 19Br: C, 71.80; H, 5.45; Br, 22.75. 
Found: C, 71.75; H, 5.62; Br, 22.92.

Lithium Aluminum Hydride Reduction of 8.—Lithium alu
minum hydride (0.19 g, 5.0 mmol) was slurried in 20 ml of 
anhydrous tetrahydrofuran in a three-necked, 100-ml round- 
bottom flask, fitted with an air stirrer, condenser, drying tube, 
and dropping funnel. The apparatus had been flushed with dry 
nitrogen to remove traces of moisture prior to addition of re
agents. The flask was heated in an oil bath until the gray suspen
sion began to boil and then a solution of 8 (1.75 g, 5.0 mmol) in 
10 ml of anhydrous tetrahydrofuran was added dropwise to the 
stirred reaction mixture. Gas was evolved following each addi
tion of 8. After the addition had been completed, the mixture

(28) E . G ro v en s te in , J r . ,  a n d  L. W illiam s, J r . ,  J .  A m er. Chem . Soc., 83,
2537 (1961).

was stirred and refluxed for 1 hr. The oil bath was removed and 
10 ml of ethanol was added slowly, followed by 2 ml of water 
and £ ml of 5 A  sodium hydroxide. The solution, which turned 
white, was concentrated to a volume of approximately 50 ml, 
and an equal volume of water was added. The mixture was 
extracted with 500 ml of ether, and the ethereal extract was 
dried (MgS04) and concentrated to yield 1.29 g of off-white 
solid, which was dissolved in 30 ml of n-hexane, filtered from a 
trace of insoluble material, and concentrated to 20 ml. When 
cooled, the pale yellow solution deposited 17 mg of colorless 
needles (mp 160-163°) giving a negative Beilstein test and shown 
to be pure by thin layer chromatography. The hexane filtrate 
was concentrated to 15 ml and cooled to deposit large clusters 
of needles on standing. The solid was removed by filtration, 
washed with 4 ml of cold n-hexane, and dried to yield 471 mg, 
mp 115.3-116.2°. This second crop of crystals was identified as
I ,  2,2-triphenylpropane (7) by melting point, by mixture melting 
point, and by infrared and nmr spectra. On further concentra
tion of the hexane solution, an additional 244 mg of 7 (mp 112— 
115°) was obtained. The total yield of 7 was 715 mg (52.5%). 
Much of the remaining solid weis starting material 8.

Reaction of 4,4,4-Triphenyl-l-butene19 (11) with NBS. Prep
aration of l-Bromo-4,4,4-triphenyl-2-butene (12).—A mixture of
10.0 g (0.0352 mol) of 11, mp 68-70°, and 6.12 g (0.0352 mol) of 
NBS was added to 100 ml of carbon tetrachloride in a 250-ml, 
round-bottom flask. The reflux condenser was protected by a 
calcium chloride drying tube, and the mixture was refluxed for 
4 hr. The reaction mixture was cooled and filtered leaving 3.45 
g (98%) of succinimide (mp 124-126°). By removing the solvent 
from the filtered mother liquor there was obtained 12.0 g (94.1%) 
of crude solid which when recrystallized from acetonitrile gave 
white needles (85.1%) of 12 : mp 145-147°; ir (CC14), 975 
cm-1 (trans RCH =C H R); nmr (CC14), 5 7.15 (s, 15, C6H5),
6.79 (d, 1, J ab = 18 cps, trans C H =C H ), 5.48 [quintet (ratio 
1 :2 :2 :2 :1), 1, J ab = 18 cps and J bc = 9 cps, CH =CH C H 2], 
and 3.95 ppm (d, 2, / b c  = 9 cps, CH2Br).

Anal. Calcd for C22H 19Br: C, 72.72; H, 5.27; Br, 22.01. 
Found: C, 72.70; H, 5.56; Br, 21.85.

Compound 12 gave an immediate precipitate with alcoholic 
silver nitrate, gave a negative test for unsaturation with bromine 
in carbon tetrachloride, and decolorized a 2% potassium perman
ganate solution in acetone only after long standing or heating.

Ozonolysis of 12.—In a Welsbach ozonizer, ozone was bubbled 
for approximately 30 min through a solution of 0.45 g (0.00124 
mol) of 12 in ethyl acetate in a flask immersed in a Dry Ice- 
acetone bath. The solution was hydrogenated at atmospheric 
pressure using palladium on charcoal as a catalyst. The chromo- 
tropic acid test20 for formaldehyde on the solution after reduction 
was negative.

When mixed with water and concentrated under vacuum with 
a current of air bubbling through it, the ethyl acetate solution 
yielded a white solid, 0.094 g (30%, mp 190-200°), which when 
recrystallized from methanol gave white crystals, mp 257-262°, 
identified as triphenylacetic acid (lit.29 mp 264-265°). The 
triphenylacetic acid was further characterized as the amide 
in the usual manner.27 When recrystallized from toluene, white 
crystals were obtained, mp 238-240° (lit.26 mp 238).

To the aqueous mother liquor of the filtration of triphenyl
acetic acid was added 2,4-dinitrophenylhydrazine reagent, and 
an immediate orange precipitate was obtained, mp 147-150°, 
corresponding to the DNPH derivative of bromoacetaldehyde 
(lit.26 mp 150°). A mixture of the DNPH derivative of bromo
acetaldehyde with that of acetaldehyde (lit.26 mp 147°) gave a 
depressed melting point at 125-127°.

Registry No.—-NBS, 128-08-5; bromine, 7726-95-6; 1, 
1007-26-7; 4, 2294-94-2; 7, 16876-18-9; 8, 16876-19-0;
II, 16876-20-3; 12, 16876-21-4.
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The products obtained from 2-halo-3-alkyl- and 3-a-chloroalkylbenzo [6] thiophene 1,1-dioxides with piperidine 
in benzene have been assigned structures using chemical methods combined with uv and nmr spectroscopy. Un
der these conditions 2-halo-3-alkylbenzo [b] thiophene 1,1-dioxides were found to undergo a tautomerism followed 
by a rapid abnormal allylic substitution. The 3-a-chloroethyl- and 3-(a-chloro-o:-methyIethyl)benzo [6] thio
phene 1 ,1 -dioxides were found to undergo an abnormal allylic substitution followed by an unusual ring opening 
and ring closing; the over-all result was molecular rearrangement.

I t was reported in a previous paper that 3-chloro- 
methylbenzo[b (thiophene 1,1-dioxide (1) reacts with 
piperidine or morpholine in benzene, with sodium 
thiophenoxide in alcohol-benzene, and with thiourea in 
alcohol to give products in which the nitrogen atom or 
sulfur atom was attached to a vinylic carbon atom 
(from the uv spectra).2 The reaction of 2-bromo-3- 
methylbenzo [6 (thiophene 1,1-dioxide (2) with piperi
dine gave a product identical with that from 1, but 
thiourea failed to react with 2.2 It appeared from these 
results that piperidine was effecting a displacement of 
the bromine atom in 2, as is known to occur with 3- 
bromobenzo [b (thiophene 1,1-dioxide (which also fails 
to react with thiourea),3 and was effecting an abnormal 
allylic substitution (Sn2') reaction on 1 to give the same 
product. The product from the piperidine experiment 
was believed, therefore, to be 2-piperidino-3-methyl- 
benzo[£> (thiophene 1,1-dioxide (3), and the other prod
ucts obtained from 1 were assigned comparable struc
tures. With the advent of nmr spectroscopy it immedi
ately became apparent that this structure assignment 
was incorrrect. In place of the expected methyl singlet, 
the nmr spectrum of the product showed the presence of 
a vinylic proton and two other protons with a chemical 
shift and spin-spin splitting pattern consistent with 
allylic protons, as in structure 4.

The nmr spectra of the products obtained from 1 and 
other nucleophiles (morpholine, sodium thiophenoxide, 
thiourea, sodium 2,4,6-trimethylthiophenoxide, sodium 
phenylmethanethiolate) showed that their structures 
were analogous to that of 4.

(1) A b s tra c te d  fro m  th e  P h .D . D is se r ta t io n s  of R . W . H em w all, 1965, 
a n d  D . A . S ch ex n a y d er, 1968. A p re lim in a ry  a c c o u n t of p a r t  of th is  w o rk  
h as  a p p e a re d : F . G . B ordw ell, R . W . H em w all, a n d  D . A . S ch ex n a y d er, 
J .  A m er . C hem . Soc., 89, 7144 (1967).

(2) F . G . B ordw ell, F . R oss, a n d  J .  W e in s to ck , ib id ., 82, 2878 (1960).
(3) F . G . B ordw ell, B . B . L a m p e rt, a n d  W . H . M cK ellin , ib id ., 71, 1702

(1949).

Formation of 4 from 2 can be visualized as occurring 
by a 1,3-proton shift to form an allylic system followed 
by an Sn2' reaction.4 Formation of 4 from 1 can be 
visualized as an Sn2 displacement followed by a 1,3- 
proton shift, but this is an oversimplification, as will 
soon become apparent from a consideration of the 
behavior of the next higher homolog of 1, 3-(a-chloro- 
ethyl)benzothiophenne 1,1-dioxide (5).

Reaction of 5 with piperidine in benzene occurs 
readily but, in sharp contrast to the behavior of 1, 5 
fails to react with thiourea in alcohol.6 The nmr spec
trum of the product showed, in addition to four phenyl 
protons and ten piperidine protons, a methyl doublet 
at S 1.49 (J = 7.4 cps), a one-proton quartet at 4.11 
(J = 7.4 cps), and a one-proton singlet at 6.67. This 
spectrum is consistent with structure 6, but not with 7 
(the product expected from Sn2 displacement followed 
by a 1,3-proton shift).

The product has a high intensity maximum at 324 
mp, which is comparable with that of 4 (Xmax 325 mp), 
and a strong band at 6.07 p, which is characteristic of 
the enamine structure (4 has a band at 6.11 p).

The isomer of 6 with the enamine grouping in the 
2 position is ruied out since its uv maximum should 
occur at a shorter wavelength.

Acid hydrolysis of the product gave a carbonyl com
pound, which was isolated as its 2,4-dinitrophenyl- 
hydrazone. The nmr spectrum of this product had 
eight protons in the S 7.5-8.5 region (presumably seven 
phenyl protons and one aldehydic proton) which is 
consistent with structure 6a (derived from 6), but not 
with 8 (derived from the six-membered-ring isomer of 6).

(4) T h e  m ech an ism  o f th is  re a c tio n  is  d iscu ssed  in  d e ta il  in  th e  n e x t p a p e r  
o f th e  p re s e n t se rie s: F . G . B ordw ell, R . W . H em w all, a n d  D . A . Schex- 
n a y d e r, J .  Org. Chem ., 33, 3233 (1968).

(5) P . E . S okoi, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , 1959.
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Ozonolysis of 6 gave the (known) ketone 9,6 which 
was cleaved by base to o-ethylsulfonylbenzoic (10)7

Synthesis of 6 was accomplished starting with
2-methyl-3-chloromethylbenzo [b Jthiophene 1,1-dioxide
(11). Treatment of 11 with piperidine in benzene 
afforded a mixture of 2-methyl-3-piperidinomethyl- 
and 3-methyl-2-piperidinomethylbenzothiophene 1,1- 
dioxides (12 and 13, respectively). The structures of 
these products, one or both of which presumably arise 
by addition of piperidine to a 1,3-diene, were assigned 
on the basis of their nmr spectra (see Table I) .

Treatment of 13 with potassium ¿-butoxide in ¿-butyl 
alcohol gave 6 (1,3-proton shift). The failure of the 
conversion 13 —*■ 6 to occur with piperidine in benzene 
rules out the possibility of 13 being an intermediate 
in the conversion of 5 into 6.

Treatment of 2-chloromethyl-3-methylbenzo [/j ]thio
phene 1,1-dioxide with piperidine in benzene gave 12 
as the only isolated product.

By analogy with the conversion of 2 into 4 one would 
expect the next higher homolog of 2, 2-bromo-3-ethyl- 
benzo [6]thiophene 1,1-dioxide (14) to react with piper-

,ch2ch3

Br
'-’2
14

f-BuOK
t-BuOH

7

(6) E . W . M cC le lla n d  a n d  J . L . D aS ilv a , J . Chem. Soc., 2972 (1931).
(7) F o r  a  co m p arab le  c leav ag e  of 3 -oxo-2 ,3 -d ihyd robenzo  [b ]th io p h en e  

1 ,1-d ioxide to  o -m eth y lsu lfo n y lb en zo ic  ac id , see F , A rn d t a n d  C . M a r tiu s , 
A n n .,  499, 228 (1932).

idine to give 7. Instead, this reaction gave 3-(a- 
piperidinoethyl)benzo[6]thiophene 1,1-dioxide (15) (the 
product expected from an Sn2 reaction of 5 with piperi
dine). Treatment of 15 with potassium ¿-butoxide did 
give a compound believed to be 7.

The failure of piperidine to effect the conversion of 
15 into 6 rules out 15 as an intermediate in the conver
sion of 5 into 6.

A reaction similar to the conversion 14 —► 15 was 
observed on treatment of the isomer of 14, 3-bromo-2- 
ethylbenzo [6]thiophene 1,1-dioxide (16), with piperidine 
in benzene.

16

CJTttNH 
" cyt, ’

CsHwNH 
* CeHe

02 I 
nhc5hw

17

The same product (17) was obtained from 18 under 
comparable conditions. This contrasts with the be
havior of the 3-a-chloroethyl isomer (5), which gives a 
rearrangement product (see above).

The reaction of 5 with piperidine in methanol (0.5- 
hr reflux) gave only ca. 20% 6. The remainder of the 
material was a mixture of the cis and trans tautomers of 
5, 19, and 20.

6
20%

¥
Cl Me

y

r r V 1
h

02
19

L iS believed
(peri) hydrogen atom in 19 on the basis of the nmr 
spectrum (Table II). Molecular models indicate that 
there is appreciable steric interference between the C-4 
hydrogen atom and a cis group other than hydrogen in 
structures like 6, 19, and 20. For this reason 6 and 
its analogs are assigned structures with the hydrogen 
atom cis to the C-4 hydrogen atom.

Pathways for the Reactions 2 4, 14 -*> 15, and
16 —► 17.—For the reaction of 3-methyl-2-halobenzo [b ]- 
thiophene 1,1-dioxides (2) with piperidine in benzene 
or methanol the sequence of steps appears to be (1) 
tautomerism to an allylic halide (2a), (2) an Sn2' re-



3228 B o r d w ell , H em w a ll , and  S c h ex n a y d er The Journal of Organic Chemistry

T a b l e  I
N m r  P a r a m e t e r s  f o r  S u b s t i t u t e d  B e n z o  [6] t h i o p h e n e  1 , 1 - D i o x i d e s “

= c —
Registry 1 (-CH2-)

Substituent no. H (-CH-) -CH, Other

None 325-44-5 6.86 (d, 7.0)
7.36 (d, 7.0)

2-Br 5350-05-0 7.33 (s)
3-Br 16957-97-4 7.00 (s)
2-CH3 6224-55-1 6.85 (q, 1.7) 2.17 (d, 1.7)
3-CH3 6406-91-3 6.58 (q, 1.5) 2.25 (d, 1.5)
3-C2H5 16958-00-2 6.48 (t, 1.5) 2.63 (q,7.5, 1 .5)4 1.28 (t, 7.5)
2,3-di-CHs 16958-01-3 2 .12  (s)
2-Br-3-CH3 2.25 (s)
2-Br-3-C2H6 2.72 (q, 7.5) 1.23 (t, 7.5)
2-C2H5-3-Br 2.73 (q, 8.0) 1.38-(t, 8 .0)
3-CH2Cl 6.67 (t, 1.5) 4.47 (d, 1.5)
2-CH3-3-CH2Cl 4.48 (s) 2.20 (s)
2-CH2Cl-3-CH3 16958-02-4 4.55 (s) 2.28 (s)
2-CH3-3-CH2N C5Hio 3.43 (s) 2.20 (s) Piperidine protons (<r, 2.45; 0, 7 , 1.50)
2-CH2NC6Hio-3-CH3 3.49 (s) 2.28 (s) Piperidine protons (a, 2.48; 0, 7 , 1.50)
3-CHOHCH3 16958-03-5 6.73 (d, 1.4) 4.98 1.52 (d, 7.0) OH, 3.46 (d, 4.7)
3-CHClCH3 6.72 (d, 1.3) 5.02 (q, 7.0, 1 .3)6 1.82 (d, 7.0)
2-CHCICH3 7.25 (d, 1.5) 5.10 (q, 6.9, 1 .5)6 1.98 (d, 6.9)
3-CH(NC6H 10)CH3 6.55 (s) 3.70 (q, 6.3) 1.28 (d, 6.3) Piperidine protons (a, 2.48; 0, 7 , 1.46)
2-CH(NC6H10)CH3 7.03 3.87 (q, 6 .8, 1.1)* 1.42 (d, 6 .8) Piperidine protons (<r, 2.55; 0, 7 ,1 .51)
3-CH30  (p-anisoyl ) 16958-04-6 6.75 (t, 2.0) 5.35 (d, 2.0) OCH3, 3.85 (s)
3-CH20(mesitoyl) 16958-05-7 6.77 (t, 1.7) 5.38 (d, 1.7) o,p-CH3, 2.29 (s)
3-CH2OCH2CH3 16958-06-8 6.65 (t, 1.5) 4.48 (d, 1.5) CH2, 3.60 (q, 7.0)

CHs, 1.23 (t, 7.0)
3-CH2NC5H10c 16958-07-9 6.84 (t, 1.5) 3.55 (d, 1.5) Piperidine protons (a, 2 .5; 0, 7, 1.5)

“ Chemical shifts are in S values measured in parts per million (ppm) relative to TMS. The multiplicity and coupling constant (cps) 
are given in parentheses following the chemical shift (s =  singlet, d = doublet, t  = triplet, q = quartet). b Quartet of doublets. 
c Tentative assignment.

T a b l e  II
N mr P arameters for Substituted 2,3-D ihydrobenzo[!>] thiophene 1,1-Dioxides“

,---- ---------- ------------------------------------- Chemical shifts----------------------
=C —

Registry 1 ( -C H r-)
Substituent no. H (-C H - ) - C H j Other

None 14315-13-0 3.38 (s)
3-(=CHCI) 16958-09-1 6.84 (tj 2.2) 4.12 (d, 2.2)
2-CH3-3-oxo 3.98 (q, 7.5) 1.66  (dj 7.5)
3-[=CHS(mesityl)] 16958-10-4 6 .72 '(t,'2.3) 4.09 (d, 2.3) o-CH3, 2.46 (s) 

p-CHs, 2.32 (s)
3- [=C H  (N-morpholiny 1 )] 16958-11-5 6.87 (t, 1.7) 4.27 (d, 1.7) 0-C H 2, 3.8 

N-CH2, 3.3
3-[=CHSC(NH2)2+]CI~ 16958-12-6 ca. 7.96 4.58 (d, 1.9) C-4 proton, 8 .4“
3-[=C H (N C 6H10)] 16934-29-5 6.82 (t, 1 .6) 4.24 (d, 1.6) Piperidine protons (a, 3.31; 0, 7 , 1.63)
3-[=CHSCH2C6H6] 16958-14-8 6.99 (t, 2.2) 4.03 (d, 2.2) CH2, 4.11 (s)
3-[=CHO(mesitoyl)] 16958-15-9 8.39 (t, 2.3) 4.20 (d, 2.3) o-CH3, 2.37 (s) 

p-CH3, 2.32 (s)
2-CH3-3-[=CH(NC5H i0)] 6.67 (s) 4.11 (q, 7.4) 1.49 (d, 7.4) Piperidine protons (a, 3.3; 0, 7 , 1.6)
3-(C H=N —NH—C6H6) 16958-16-0 co. 7.8b C-2, 3.98 (d, 6.7) 

C-3, 4.67 (q, 6.7)
N-H, 10.27 (s)

NO*

16958-17-1 ca. 7.86 4.2 1.55 (d, 6.5) N-H, 11.79 (s)

3' l _ C < N C a , ,‘
16958-49-9 4.03 (s) 1.96 (s) Piperidine protons (a, 2.9; 0, 7 , 1.6)

^ < C H /
4.17 (q, 1.0) 2.37 (t, 1.0) C-4 proton, 8.67=

3-(- c < c f ,>*
4.31 (q, 1.8) 2.62 (t, 1 .8)

2-Cl-3-oxo 16958-50-2 5.94 (s)
3-(=C H 2)c 16958-51-3 5 .5 2 " ' 4.21 (t, 1.9)

6.03
“ Chemical shifts are in S values measured in parts per million (ppm) relative to TMS. The multiplicity and coupling constant (cps) 

are given in parentheses following the chemical shift (s = singlet, d = doublet, t  = triplet, q = quartet). 6 Obscured by the phenyl 
protons. c Tentative assignment; the isomer in which the signal for the C-4 proton appears at S 8.67.
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action initiated by piperidine, (3) loss of a proton to 
give 4a, and (4) tautomerism to form an enamine (4 ).4

2
(CSH10NH)

-S
0 2

.ch2nc 5h 10

B

4a

Comparable reaction paths are visualized for the 
conversion of 14 into 15 and of 16 into 17, except 
that the final 1,3-proton shift fails to occur from 15 or 
17 under the reaction conditions.

The formation of 17 from 18 shows that the latter 
takes the Sn2 pathway in preference to the Sn2' 
pathway (in contrast to its isomer 5, which has the 
a-chloroethyl group in the 3 position). This may be 
rationalized by noting that the Sn2' pathway for 18, 
but not for 5, requires the C=C  bond to go out of 
conjugation with the benzene ring.

M echa n ism s  fo r  the  R eac tion  5 -*■ 6.—Of the various 
mechanisms that can be.envisioned for the transforma
tion of 5 to 6, one has already been ruled out. The 
failure of 15 to form 6 under the reaction conditions 
shows that the sequence is not an Sn2 reaction to form 
15 followed by shift of a methyl group and the C=C 
bond.

A mechanism involving carbene formation and 
methyl migration can be imagined, but this leads to 
13 and, although 13 can be converted into 6 by the 
action of Z-butoxide ion, it does not form 6 under the 
reaction conditions (see above).

Another possibility is that piperidine adds to the 
double bond of 5 and that this adduct reacts in a 
series of steps to give 6. The only evidence against this

5 CÆqNH
CSH10N

S ^ | C1
02

w
N

CHMe (-C T ).

S'
0 2

!CHMe -H+ 
•H — 1 6

sequence is that 3-methylbenzo [6]thiophene 1,1-dioxide 
fails to add piperidine ;8a addition occurs very readily 
with the parent heterocycle in 95% ethanol but not in 
benzene.8b

A final possibility is that 5 undergoes an Sn2' reaction 
and that the product (21) thus obtained rearranges by a 
ring opening to form a dipolar ion (22) which closes the 
ring in a different position.

It is possible to distinguish between the mechanisms 
involving methyl migration and that involving ring 
opening and ring closing by putting a label at C-2 or on 
the side chain. This was accomplished by synthesis of 
23, which has an additional methyl group on the side 
chain. Methyl migration during reaction with piperi
dine would give 24 (or the cis isomer), whereas the inter
change mechanism would give 25.

(8) (a) F . R oss, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , J u n e  
1952. (b) W . H . M cK ellin , P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity ,
J u n e  1950.



3230 B o r d w ell , H em w a ll , and  S c h ex n a y d er The Journal of Organic Chemistry

The desired chloride (23) was prepared from 3-bromo- 
benzo [6 [thiophene (26) in a conventional manner.

26

1. HCl/c,H, (-H.Q)t 
zAtcOjH.cHA,

27

Treatment of 23 with piperidine in refluxing benzene, 
ethanol, or acetone gave a high yield of an enamine 
[Amax 332 npt (emox 11,100)]. Its nmr spectrum re
vealed four aromatic protons, ten piperidino protons, 
and a dimethyl singlet (5 1.52, 6 H). This is the spec
trum expected for 25. Structure 24 should have two 
distinct methyl groups, one of which should appear as 
a doublet. Acid hydrolysis of the enamine gave a car
bonyl compound whose ir spectrum revealed an alde- 
hydic hydrogen (Amax 3.50, 3.60 ¡T) and whose nmr spec
trum differed from that of the enamine only in that the 
signals for the vinyl and piperidino protons were re
placed by those of an aldehydic and a methinyl hydro
gen [doublet at 8 9.72 (1 H) coupled (J  = 3.7 cps) with 
a doublet at 3.87 (1 H, J  = 3.7 cps) ]. This is consis
tent with the transformation of 25 to 28.

h3o*
h ea t 

25

The isomeric enamine structures 29 and 30, which 
might be considered to be consistent with the nmr spec
trum, are ruled out since they would give ketones on 
hydrolysis. Structure 31 is eliminated by the uv data.

H- „CHO 
v. Me

Me Me ?
> O n c 5h 10 A

U N ro2 o2
29 30

Me Me

C Ç02
>=CHNC5H10

31

■NC5Hw

Me
Me

The assignment of structure 25 to the enamine is sup
ported further by the similarity of its properties and 
behavior to that of 6, the structure of which has been 
firmly established (see above).

Stereoisomers (cis, trans) are possible for 25. Exam
ination of molecular models shows, however, that there 
will be steric interference between the peri hydrogen 
(shown) at C-4 and the 1-piperidyl grouping in the iso
mer in which these groups are cis. Therefore, these 
groups are placed trans in the assigned structure 25.

The most likely route for formation of 25 from 
tertiary chloride 23 by reaction with piperidine in ben
zene appears to be (1) abnormal substitution (Sn2') to 
form 32a, (2) loss of a proton to give 33a, and (3) re
arrangement of 33a by way of dipolar intermediate 34a 
to 25. The route for the formation of 6 from the sec
ondary chloride 5 under comparable conditions would 
be 5 -*■  32b -*■  33b -*■  34b —► 6 (see Scheme I).

S c h e m e  I

23 ,R ’=R' =  Me;X=Cl 
5, R = H; R' =  Me; X =  Cl

---
--

1

■P3
r ,R'

1-----

/
 

1___

,  ,NHC5Hi0 CftoNH

O Ç X„ (-H+) C X X
L o 2 - °2

32a, R =  R' =  Me 33a,R =  R '=M e
b,R = H;R’ = Me b,R =  H;R'=M e

34a, R =  R' =  Me 
b,R =H ;R ' =  Me

34a,R = R ' =  Me 
b,R =  H;R' =  Me

25,R=R' =  Me 
6, R =  H;R' =  Me

Experimental Section9
Nmr Spectra ot Substituted Benzo[6]thiophene 1,1-Dioxides.—

Examination of the nmr spectra of a variety of compounds in 
this series (Tables I  and II) has revealed the following correlations 
useful for structural assignments. (1 ) The C-3 proton in the
2-substituted compounds absorb at least 0.3 ppm downfield from 
the analogous C-2 proton in the 3-substituted isomers. (2) 
Protons at the a position of C-3 alkyl group usually absorb 
downfield (ea. 1  ppm) from comparable protons of a C-2 alkyl 
group. (3) Coupling of 0.5-2 cps between the a- and 7-carbon 
atoms of the allylic system was observed in most instances.

Ozonolysis of 2-Methyl-3-(l-piperidyl)methylene-2,3-dihydro- 
benzo[6]thiophene 1,1-Dioxide (4).—Ozone was bubbled through 
a solution of 1.0 g (0.0036 mol) of 4 in 30 ml of ethyl acetate at 
— 78° until no further reaction occurred. The ozonide was then 
decomposed by hydrogenation at room temperature, using a 5% 
palladium-on-charcoal catalyst. Filtration and distillation of the 
solvent at reduced pressure gave a yellow oil. Trituration of the 
oil with 95% ethanol gave 0.24 g (41%) of 2-methyl-3-oxo-2,3- 
dihydrobenzothiophene 1,1-dioxide (9), as white crystals, mp 
108-110°. Recrystallization from ethanol raised the melting

(9) M icro a n a ly ses  w ere  b y  M icro -T ech  L a b o ra to r ie s , In c . ,  S kok ie , 111.
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point to 109.5-110° (lit.6 mp 110-111°). An additional 0.15 g 
(21%) of product melting at 107-110° was obtained by concentra
tion of the mother liquor.

An authentic sample of 9 was prepared by refluxing a solution 
of 0.2 g (80 mmol) of 2-methyl-3-acetoxybenzo [6] thiophene 1,1- 
dioxide10 in 10 ml of methanol and 1 ml of concentrated hydro
chloric acid for 1 hr. Partial evaporation of the solvent and cool
ing in an ice bath gave 0.09 g (57%) of 9: mp 109.5-110°, 
mmp 110-110.5°. The infrared spectra of the two samples were 
superimposable.

Basic Hydrolysis of 4.—A mixture of 10 ml of a 20% aqueous 
sodium hydroxide solution and 0.1 g of 4 was heated on a steam 
bath for 30 min, during which time the solid slowly dissolved. 
The solution was then acidified with concentrated hydrochloric 
acid, and evaporated to give an oily, solid residue, which was 
extracted with benzene. Filtration, and evaporation of the 
filtrate, gave a water-soluble oil, which would not crystallize from 
hexane, ether-hexane, ether, methanol, or methanol-water. 
The nmr spectrum of the oil showed four phenyl protons, a 
broad, one-proton singlet at S 10.48 (carboxyl proton), a two- 
proton quartet at 3.67 (methylene protons) (J  = 7.5 cps), and 
a three-proton triplet at 1.32 (methyl protons) ( /  = 7.5 cps). 
This spectrum is consistent with that expected for o-ethyl- 
sulfonylbenzoic acid (10).

Reaction of 3-Chloromethylbenzo [5] thiophene 1,1-Dioxide (1) 
with Thiophenoxide Ion.—A solution of 0.4 g (0.01 mol) of 
sodium hydroxide and 1 . 1  g (0.01 mol) of thiophenol in 20 ml of 
absolute ethanol was heated for 10 min on a steam bath. The 
solution was then treated with 0.51 g (0.002 mol) of 1, refluxed 
for 4 hr, and poured into 300 ml of cold water. Recrystallization 
from methanol of the resulting amorphous, brown solid gave 0.35 
g (56%) of yellow crystals melting at 162-164.5°. Further re
crystallization methanol, with charcoal decolorization, gave 
white crystals, mp 164.5-166° (lit.2 mp 165-167°).

Reaction of 2-Bromo-3-methylbenzo[b] thiophene 1,1-Dioxide 
(2) with Thiophenoxide in Alcohol.—A solution of 0.06 g (0.0015 
mol) of sodium hydroxide and 0.165 g (0.0015 mol) of thio
phenol in 10 ml of absolute ethanol was treated with 0.26 g (0.001 
mol) of 2 and refluxed for 0.5 hr. Processing as above gave 0.07 
g (25%) of white crystals, mp 164.5-165.5°. The product was 
identical, by infrared spectra and mixture melting point with the 
product of 1 with thiophenoxide ion.

Reaction of 2 with Piperidine in Methanol.—2-Bromo-3- 
methylbenzothiophene 1,1-dioxide (100 mg, 0.386 mmol) was 
dissolved in 4 ml of hot absolute methanol, and piperidine (197 
mg, 2.32 mmol) was added with 1 ml of methanol. The yellow 
solution was heated at reflux for 16 hr. Cooling and filtering 
afforded long yellow needles (73.7 mg, 72.7%), mp 177.7-182.7°; 
the mixture melting point with authentic 3-(l-piperidyl)methyl- 
ene-2,3-dihydrobenzothiophene 1,1-dioxide2 was undepressed.

2-Chloro-3-methylbenzo [b] thiophene 1,1-Dioxide.—A suspen
sion of 21 g (0.05 mol) of 2~mercuriacetoxy-3-methylbenzothio- 
phene in 200 ml of chloroform was treated with a solution of 3.6 g 
(0.05 mol) of chlorine in 70 ml of chloroform, added dropwise 
with ice-bath cooling. After stirring at room temperature over
night, the mixture was filtered and the solvent was removed 
in vacuo. The resulting brown oil was dissolved in 35 ml of 
glacial acetic acid and 30 ml of acetic anhydride and treated with 
30 ml of 30% hydrogen peroxide. After cooling to room tem
perature, the solution was poured over 300 g of crushed ice. 
Chromatography of the resulting yellow solid (3 g; mp 115- 
150°) on a 60 X 3 cm silica gel column (eluted with 20% ether- 
hexane) gave 1.3 g (12%) of product, mp 152-154°. Recrystal
lization from methanol followed by vacuum sublimation gave 
the analytical sample, mp 152-154.5°.

Anal. Calcd for C9H7CIO2S: C, 50.37; H, 3.23. Found: C, 
50.73; H, 3.22.

Preparation of 3-(a-Hydroxyethyl)benzo[b]thiophene 1,1- 
Dioxide.—A solution of 3.6 g (0.02 mol) of 3-(<*-hydroxyethyl)- 
benzothiophene6 in 10 ml of chloroform was treated with a 
solution of 8.9 g (0.044 mol) of 85% m-chloroperoxybenzoic 
acid in 90 ml of chloroform, added dropwise with stirring. The 
reaction temperature was kept below 40° by controlling the 
rate of addition. Stirring was continued for 15 hr. The excess 
per acid was then destroyed with aqueous sodium sulfite, and 
the mixture was filtered. The filtrate was washed with 5% 
aqueous sodium bicarbonate and water and dried over magnesium 
sulfate. The solvent was distilled a t reduced pressure, leaving a

(10) J . D . S p a in h o u r, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , 1957.

yellow oil which crystallized upon trituration with cold 95% 
ethanol. Two recrystallizations from 95% ethanol gave 2.16 g. 
(51%) of 3-(a-hydroxyethyl)benzothiophene 1,1-dioxide as white 
crystals, mp 109-110°.

Anal. Calcd for CioHjoOgS: C, 57.12; H, 4.79. Found' C 
56.91; H, 4.70. '

Preparation of 3-(a-Chloroethyl)benzo[b] thiophene 1,1-Di
oxide (5).6—A solution of 20.95 g (0.118 mol) of 3-(<*-hydroxy- 
ethyljbenzothiophene6 in 50 ml of chloroform was cooled in an 
ice bath while 16.5 g (0.14 mol) of thionyl chloride was added 
in small portions with stirring. The solution was then refluxed 
for 2 hr. The solvent and excess thionyl chloride were distilled 
under reduced pressure, leaving a brown oil. The oil was dis
solved in 30 ml of ether, and a solution of 53 g (0.26 mol) of 
85% m-chloroperoxybenzoic acid in 150 ml of ether was added 
dropwise, with stirring, over an 8-hr period. Stirring was con
tinued for an additional 12 hr. Processing as before gave 19.02 g 
(70%) of yellow solid, mp 97-104°. An additional recrystalliza
tion from 95% ethanol raised the melting point to 107.5-108.5° 
(lit.6 mp 108-109°).

Reaction of 5 with Piperidine in Dry Benzene.—A solution of 
0.91 g (0.004 mol) of 5 and 1.7 g (0.02 mol) of piperidine in 15 
ml of dry benzene was refluxed for 2 hr. Cooling and filtration 
gave 0.44 g (91%) of piperidine hydrochloride. The filtrate 
was evaporated to a gummy, brown oil under an air jet. Tritura
tion with cold methanol gave 0.78 g (70%) of 2-methyl-3-(l- 
piperidyl)methylene-2,3-dihydrobenzothiophene 1,1-dioxide (6) 
as yellow crystals: mp 142-143°, mp 144-145° after two re
crystallizations from 95% ethanol; \ ma!C 323 m/x (e 22,900),
6.07 and 6.27m).

Reaction of 5 with Piperidine in Absolute Methanol.—A solu
tion of 0.92 g (0.004 mol) of 5 and 1.7 g (0.02 mol) of piperidine 
in 15 ml of absolute methanol was refluxed. After 0.5 hr, the 
dark-brown solution was evaporated yielding an oily solid, and 
the residue was treated with 20 ml of dry benzene. Piperidine 
hydrochloride (0.20 g; 41%) was collected and the filtrate was 
evaporated. The residue was crystallized from 95% ethanol, 
giving 0.27 g of a yellow solid, mp 120-145°. Recrystaliization 
from ethanol did not improve the melting point. The nmr spec
trum of the product showed the mixture to be composed of three 
compounds, one of which was 6, in ca. 20% yield based on 
the isolated product mixture. The other two compounds ap
peared to be the cis and trans isomers of 3-(a-chIoroethylidene)-
2,3-dihydrobenzo[b]thiophene 1,1-dioxide (19 and 20) in ca. 
a 2 :1  ratio, comprising about 80% of the isolated product.

2-Bromo-3-ethylbenzothiophene 1,1-Dioxide.6—To a suspension 
of 1.94 g (0.010 mol) of 3-ethylbenzothiophene 1,1-dioxide11 in 
20 ml of carbon tetrachloride was added 1.76 g (0.011 mol) of 
bromine and the reaction mixture was shaken about 10 min and 
allowed to stand at room temperature for 2 hr. The oil obtained 
on evaporation was dissolved in 20 ml of acetone and treated with 
a solution consisting of 2 g of sodium acetate, 5 ml of methanol, 
20 ml of water, and 10 ml of acetone. Heating and evaporating 
on a steam bath followed by addition of cold water gave 2.3 g 
(85%) of a colorless solid melting at 133-138°. Two recrystalliza
tions from ethanol-water mixtures gave an analytical sample, 
mp 147.5-148.5°.

Anal. Calcd for CioHaBrOsS: C. 43.97; H, 3.32. Found: C 
43.74; H, 3.39.

Reaction of 2-Bromo-3-ethylbenzo [b] thiophene 1,1-Dioxide 
(14) with Piperidine.—A solution of 0.54 g (0.002 mol) of 2- 
bromo-3-ethylbenzothiophene 1,1-dioxide and 0.85 g (0.01 mol) of 
piperidine in 10 ml of dry benzene was refluxed for 22 hr. Cooling 
and filtration gave 0.32 g (96%) of piperidine hydrobromide. 
Trituration of the oil obtained on evaporation with cold, aqueous 
methanol gave 0.32 g (58%) of 3-[<*-(l-piperidyl)ethyl]benzo- 
thiophene 1,1-dioxide (15), as pale yellow crystals, mp 93-95°. 
Two recrystallizations from hexane raised the melting point to 
94^95° [Xmax 221 mji (e 28,700), no strong absorption in the 6.0- 
6.4^u region of the infrared spectrum].

Anal. Calcd for C15H19NO2S: C, 64.95; H, 6.90. Found: 
C, 65.14; H, 7.02.

Preparation of 2-Ethyl-3-bromobenzo[b] thiophene 1,1-Dioxide
(16).—A sample of 8 g of 2-ethylbenzo[6]thiophene, prepared by 
the method of Shirley and Cameron,12 was dissolved in 20 ml of 
chloroform and treated with a solution of 8.0 g (0.05 mol) of

(11) J .  C . P e tro p o u lu s , M . A. M cC all, a n d  D . S. T a rb e lî, J .  A m er. Chem. 
Soc., 75 , 1133 (1953).

(12) D . A . S h irley  a n d  M . D . C am ero n , ib id ., 74 , 664 (1952).



bromine in 40 ml of chloroform, added dropwise with stirring. 
After stirring for 10 hr, the solvent was distilled under reduced 
pressure, leaving a brown, oily solid, which was dissolved in 60 
ml of 1:1 acetic acid-acetic anhydride and treated with 30 ml 
of 30% hydrogen peroxide. The solution was stirred for 4 hr, 
then poured over 300 g of crushed ice. Crystallization of the 
resulting yellow solid gave 1.7 g (12.5%) of 16, mp 100-102°. 
Recrystallization from ethanol raised the melting point to 103- 
104°.

Anal. Calcd for C10H9BrO2S: C, 43.97; H, 3.32. Found: 
C, 43.86; H, 3.51.

Reaction of 16 with Piperidine.—A solution of 0.54 g (0.002 
mol) of 16 and 0.85 g (0.01 mol) of piperidine in 15 ml of dry 
benzene was refluxed for 8 hr (81% of piperidine hydro
bromide). The filtrate was evaporated under an air jet, leaving 
a pale yellow, solid residue. Recrystallization from methanol 
gave 0.31 g (55%) of 2-[a-(l-piperidylethyl]benzo[6]thiophene
1,1-dioxide (17), as lustrous, white crystals, mp 162-165°. 
Two recrystallizations from ethanol raised the melting point to 
167-168°.

Anal. Calcd for C15H 19NO2S: C, 64.95; H, 6.90. Found: 
C, 64.72; H, 7.11.

Preparation of 2-(a-Chloroethyl)benzo[6]thiophene 1,1-Dioxide 
(18).—A solution of 6.7 g (0.05 mol) of benzothiophene in 70 ml of 
anhydrous ether, under nitrogen, was treated at 0° with 35.5 
ml (0.055 mol) of 1.55 N  butyllithium in hexane. The mixture 
was stirred for 15 min, then treated with a solution of 2.4 g 
(0.055 mol) of acetaldehyde in 40 ml of anhydrous ether, added 
dropwise. After 10 min of additional stirring, water was added, 
the layers were separated, and the water layer was extracted 
with ether. The combined organic extracts were washed with 
water and dried over magnesium sulfate. Removal of the sol
vent gave a yellow oil which solidified on standing. The solid 
was recrystallized from ether-hexane, giving 4.33 g (49%) of 
2-(a-hydroxyethyl)benzothiophene, melting at 56-60°. An 
additional recrystallization from ether-hexane raised the melting 
point to 60-61°. The nmr spectrum was consistent with the 
assigned structure. A solution of 3.01 g (0.017 mol) of 2-(<*- 
hydroxyethyl)benzo [6] thiophene in 30 ml of chloroform was 
treated with 2.4 g (0.02 mol) of thionyl chloride. The solution 
was refluxed for 1.5 hr, and solvent and excess thionyl chloride 
were then distilled under reduced pressure, leaving a brown oil. 
The oil was dissolved in 10 ml of chloroform and oxidized with 
a solution of 7.5 g (0.037 mol) of 85% m-chloroperoxybenzoic 
acid in 78 ml of chloroform as described above. Trituration of 
the resulting oil with cold ethanol gave 1.53 g (39%) of 18 as 
pale yellow crystals, mp 53-54°. Two recrystallizations from 
ethanol raised the melting point to 54r-55°.

Anal. Calcd for Ci0H9C1O2S: C, 52.51; H, 3.97. Found: 
C, 52.60; H, 4.09.

Reaction of 18 with Piperidine.—A solution of 0.46 g (0.002 
mol) of 18 and 0.85 g (0.02 mol) of piperidine in 10 ml of dry 
benzene was refluxed for 30 min (99% piperidine hydrobro
mide). Crystallization of the product from 95% ethanol gave 
0.16 g (29%) of 17, mp 162-164°. The melting point of re
crystallized material was not depressed upon mixture with a 
sample of 17 obtained from 16 (see above).

2-Chloromethyl-3-methylbenzo [6] thiophene 1,1-Dioxide.—A 
solution of 3.07 g (0.017 mol) of 2-hydroxymethyl-3-methylbenzo- 
thiophene13 in 30 ml of chloroform was treated with 2.4 g (0.02 
mole) of thionyl chloride. Processing and oxidation in the man
ner described above for 18 gave 2.63 g (67%) of material, mp
128-131°. Two additional recrytallizations from 95% ethanol 
gave the analytical sample, mp 132-133°.

Anal. Calcd for Ci0H9C1O2S: C, 52.51; H, 3.97. Found: 
C, 52.72; H, 4.19.

Reaction of 2-Chloromethyl-3-methylbenzo [6] thiophene 1,1- 
Dioxide with Piperidine.—A solution of 0.46 g (0.002 mol) 
of the chloride and 0.85 g (0.01 mol) of piperidine in 10 ml 
of dry benzene was refluxed for 1 hr (99% of piperidine hydro
chloride). Recrystallization of the residue from ether-hexane 
gave 0.44 g (79%) of 2-(l-piperidyl)methyl-3-methylbenzothio- 
phene 1,1-dioxide (12 ) as white crystals, mp 98.5-99.5°. Re
crystallization from ether-hexane raised the melting point to 
99-100°.

Anal. Calcd for Ci5H i9N 02S: C, 64.95; H, 6.90. Found: 
C, 64.86; H, 6.83.

2-Methyl-3-chloromethylbenzo[6]thiophene 1,1-Dioxide (11).10

3232 B o r d w ell , H em -w all, and  S ch ex n a y d er

—Chloromethylation of 30 g of 2-methylbenzo [5] thiophene12 
gave a 45% yield of 3-chloromethyl-2-methylbenzo [6] thio
phene, mp 69.5° (hexane).

Anal. Calcd for Ci0H9CIS: C, 61.06; H, 4.61. Found: C, 
60.80; H, 4.38.

Oxidation with 40% peracetic acid gave a 68% yield of 11, mp
138-139° (ethanol).

Anal. Calcd for Ci0H9C1O2S: C, 52.52; H, 3.97. Found: 
C, 52.35; H, 3.96.

Reaction of 11 with Piperidine.—A solution of 1.4 g (0.006 
mol) of 11 dioxide and 2.5 g (0.03 mol) of piperidine in 15 ml of 
dry benzene was refluxed for 30 min (85% of piperidine hydro
chloride). Trituration of the oil obtained on evaporation with 
cold methanol gave 0.12 g (7%) of 2-methyl-3-(l-piperidyl)- 
methylbenzothiophene 1,1-dioxide (13), mp 141-142° (lit.10 
mp 145-146°). Concentration of the reaction solution gave 0.35 
g (20%) of a product, mp 92-98°; the mixture melting point 
with 12 undepressed.

Base-Catalyzed Isomerization of 13 to 6.—A solution of 2.5 
mmol of potassium t-butoxide in 10 ml of ¿-butyl alcohol was 
treated with 0.055 g of 13. After 30 min at room temperature, 
the alcohol was partially distilled under reduced pressure and 
then evaporated under an air jet, leaving an oily residue. The 
residue was dissolved in 5 ml of 95% ethanol; cooling gave 0.12 
g (22%) of 6, mp 145-146°; the mixture melting point was 
undepressed and the ir spectra were identical.

Isomerization of 3- [ a - (1-piperidyl jethyl] benzothiophene 1,1-Di
oxide (15).—A solution of 2.5 mmol of potassium ¿-butoxide in 
10 ml ¿-butyl alcohol containing 0.10 g of 15 was heated on a 
steam bath for 22 hr. The solvent was partially evaporated, and 
the solution was diluted with 10 ml of water and cooled in an ice 
bath. The nmr spectrum of the solid (0.04 g), mp 118-120°, 
showed, in addition to ten piperidine protons and four phenyl 
protons, a broad three-proton singlet at 8 1.96 (methyl protons) 
and a broad two-proton singlet at 4.03 (methylene protons). 
The product is tentatively identified as 3-[a-(l-piperidyl)ethyl- 
idene]-2,3-dihydrobenzothiophene 1,1-dioxide (7).

3-(ir-Hydroxy-a-methylethyl)benzo [6] thiophene 1,1-Dioxide.— 
Reaction of the Grignard reagent prepared from 20 g (94.3 
mmol) of 3-bromobenzo[b]thiophene with 17.3 ml (0.2 mol) of 
dry acetone gave 10.6 g (61%) of tertiary alcohol, mp 74-78°. 
Recrystallization from hexane gave material with mp 83.5-84.3°. 
A 3-g (15.7 mmol) sample of this alcohol was oxidized with 5.7 g 
(35.7 mmol) of 85% m-chloroperoxybenzoic acid in 60 ml of 
methylene chloride at room temperature for 13 hr. The filtrate 
obtained from this mixture was washed successively with 30-ml 
portions of 10% aqueous sodium sulfite, 10% sodium hydroxide 
(twice), and water. After drying, concentration gave 3.1 g 
(88.6%) of sulfone alcohol, mp 124.5-126.5°. An analytical 
sample crystallized from methanol melted at 133.5-135°: nmr 
(CDCh), 8 7.5-8.2 (4 H multiplet), 6.72 (1 H singlet), 3.1 (1 H 
singlet, temperature dependent), 1.64 (6 H singlet).

Anal. Calcd for C„Hl20 3S: C, 58.92; H, 5.37. Found: C, 
59.20; H, 5.36.

3-(a-Chloro-a-methylethyl)benzo [6] thiophene 1,1-Dioxide (23). 
—A solution of 6.0 g (31.4mmol) of 3-(a-hydroxy-a-methylethyl)- 
benzo [6] thiophene in 80 ml of dry benzene was saturated with 
hydrogen chloride. The benzene-water azeotrope was distilled 
over a period of 20 min while the introduction of hydrogen chloride 
was continued. The solution was cooled to room temperature 
and saturated with hydrogen chloride, and the solvent was re
moved under reduced pressure. The yellow oil was dissolved in 
20 ml of anhydrous CH2C12 and added to a solution of 12.5 g 
(63 mmol) of 85% m-chloroperoxybenzoic acid in 140 ml of dry 
CH2C12 a t 10 ° with stirring. After 30 min the temperature was 
allowed to rise to 20°. After 30 min the solution was filtered 
and the filtrate was washed with 40-ml portions of 10% NaOH, 
10% NaiSCb, saturated NaHC03, and water. After drying over 
CaCl2, filtering, and removing the solvent, there remained a 
pale yellow oil; the oil solidified upon trituration with methanol. 
Crystallization (MeOH) gave 3.4 g (50%) of colorless solid, 
mp 136-140°. Successive recrystallizations (benzene-hexane; 
ethyl acetate; benzene-hexane) gave 23: mp 141-142°; nmr 
(CDCI3), 8 7.43-8.09 (4 H multiplet), 6.64 (1 H singlet), 1.95 
(6 H singlet); uv, x” \0H 299 mg U 2.36 X 103), 237.5 (2.26 X 
104); ir (CHCh), 7.63 (s), 8.42 (s), 8.55 g (s).

Anal. Calcd for CnHnC102S: C, 54.43; H, 4.57. Found: 
C, 54.63; H, 4.62.

3-(l-Piperidylmethylene)-2,2-dimethyl-2,3-dihydrobenzo[6]- 
thiophene 1,1-Dioxide (25).—A solution of 483.4 mg (2.0

The Journal of Organic Chemistry

(13) K . G ae rtn e r , J .  A m . C hem er. Soc ., 74 , 2185 (1952).
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mmol) of 23 and 1.022 g (12 mmol) of piperidine in 10 ml of ben
zene was refluxed for 4 hr. Filtration gave 238.3 mg (98%) of 
piperidinium chloride. Evaporation of the filtrate gave 594 
mg of crystals, mp 148-152°. After crystallization (MeOH), 
the yield of 25 was 81%, mp 150-155° (nmr analysis of the residue 
from the mother liquor indicated a total yield of 97%). An 
analytical sample prepared by additional crystallizations (EtOH, 
benzene-hexane) melted at 154-155°: nmr (CDC13), 8 7.2-7.9 
(4 H multiplet), 6.18 (1 H singlet), 2.94 (4 H multiplet, 1.67 
(6 H multiplet), 1.52 (6 H singlet, partially superimposed with 
8 1.67 signal); uv, X"'™ 332 mM (e 11,900); ir (CHCfi), 3.31 
(m), 3.38 (m), 3.48 (w), 3.52 (w), 6.05 (s), 6.23 (m), 6.81 (s),
7.22 (m), 7.77 (vs), 8.11 (m), 8.22 (m), 8.56 (m), 8.99 n (vs).

Anal. Calcd for C16H21NO2S: C, 65.94; H, 7.26. Found: 
C, 66.31, 66.27; H, 7.51, 7.32.

A similar reaction was carried out using 100 mg (0.412 mmol) 
of 23 and 851 mg (10 mmol) of piperidine in 10 ml of benzene 
at 33.8° for 3 hr {ca. one half-life). After processing as before 
there was obtained 97 mg of an amphorous solid. The nmr 
(CDCI3) peaks could all be accounted for as being due to starting 
chloride 23 and enamine 25; from the ratio of the vinyl proton 
singlet of 23 (8 6.65) to that of 25 (8 6.13) and from the ratio of 
the methyl singlet of 23 (8 1.95) to the multiplet for the a- 
piperidino protons of 25 (8 2.92) the relative amounts of 23:25  
was 1:1.

A reaction mixture from 23 and piperidine (1:6 molar ratio) in 
absolute ethanol (7.5 hr reflux) ws concentrated with the aid of 
an air jet. The residue was extracted with benzene and the solid 
obtained from the filtrate was crystallized from methanol to give 
70% of 25, mp 146-153° (mmp 149.5-154°). Nmr analysis of 
the mother liquors indicated a total yield of 84%. A comparable 
result was obtained after an 11.5-hr reflux in acetone.

Hydrolysis of 25.—When 50 mg (0.2 mmol) of 25 was added 
to 3 ml of 6 A  hydrochloric acid on the steam bath, solution 
occurred immediately, and an oil separated within 10 min. After 
15 min the solution was cooled and extracted with ca. 0.2 ml of 
CDCI3 and the extract was dried over CaCfi: nmr (CDCI3),

8 9.72 (1 H  doublet, J  = 3.7 cps), 7.3-8.4 (4 H  multiplet),
3.87 (1 H  doublet, J  = 3.7 cps), 1.55 (3 H  singlet), 1.53 (3 H 
singlet). The integration for the aldehydic and methinylprotons 
was low (relative to the aromatic protons) and an additional 
peak (0.7 H )  was present a t 8 1.58 (methyl singlet for the enol). 
Evaporation of the solvent left 25.7 mg (60%) of clear oil: 
ir (neat), 2.98 [m (broad, enol H ) ] ,  3.51 (w), 3.64 (w),
4.4 (w), 5.8 (s), 5.97 (m), 6.26 (m), 6.81 (s), 7.19 (m), 7.30 (m), 
7.74 (s), 8.5 (m), 8.7 y (s).

In a separate rim 70 mg (0.24 mmol) of 5 was hydrolyzed as 
above; the solution was then treated with 52 mg (0.26 mmol) of
2,4-dinitrophenylhydrazine in 4.5 ml of ethanol containing 0.7 ml 
of sulfuric acid. The derivative was obtained as fine yellow 
needles, mp 218-221°, after two recrystallizations from ethanol- 
nitromethane: nmr (CDC13), 8 11.30 (1 H  singlet), 8.21 (1 H  
doublet, J  =  2.6 cps), 7.32-8.65 (8 H  multiplet) 4.18 (1 H  
doublet, J  = 8.4 cps), 1.57 (3 H  singlet), 1.52 (3 H  singlet).

Anal. Calcd for C n H ^ N i O e S :  C, 50.49; H ,  3.99; N ,  13.85. 
Found: C, 49.90; H ,  4.16; N ,  13.35.
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16957- 81-6; 13, 16957-82-7; 14, 16957-83-8; 15, 16957- 
84-9; 16,16957-85-0; 17,16957-86-1; 18,16957-87-2; 19,
16958- 18-2; 20, 16957-88-3; 2-chloro-3-methylbenzo [6 j- 
thiophene 1,1-dioxide, 16934-27-3; 3-chloromethyl-2- 
methylbenzo[6Jthiophcne, 16957-90-7; 23, 16934-31-9; 
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A kinetic study has shown that the reaction of 2-halo-3-methylbenzo [5] thiophene 1,1-dioxides (1) with piperi
dine in methanol to give 3-(l-piperidylmethylene)-2,3-dihydrobenzo[6]thiophene 1,1-dioxide (5) occurs in the 
following steps: (1) rapid tautomeric equilibration to form the allylic halide 2, (2) Sn 2' displacement, (3) loss 
of a proton to give 4, and (4) tautomerism to 5 (rate controlling). In the presence of added methoxide ion step 
2 becomes rate controlling. The Br : Cl rate ratio for Sn2' displacement is estimated to be ca. 1.4:1.0.

In a previous paper it was shown that 3-methyl-2- 
bromobenzo [6 jthiophene 1,1-dioxide (1) undergoes re
action with piperidine in benzene to give 3-(l-piperidyl- 
methylene)-2,3-dihydrobenzo [6 ]thio phene 1,1-dioxide
(5).1 The reaction course suggested was (1) base- 
catalyzed tautomerism to 3-methylene-2,3-dihydro- 
benzo [6]thiophene 1,1-dioxide (2), (2) abnormal al
lylic (Sn 2 ') displacement to give 3, (3) loss of a proton, 
and (4) base-catalyzed tautomerism to give 5.

In order to obtain additional information concerning 
the mechanism of this reaction the rates of halide ion 
release from the reaction of piperidine with 1 (X = Cl, 
Br, and I) in methanol were followed conductomet
rically (Table I). In addition, the rates of formation of 
the product (5) from these halides were determined 
spectrophotometrieally (Table II).

(1) F . G . B ordw ell, R . W . H em w all, a n d  D . A . S ch ex n a y d er, J .  Org. 
Chem ., 33, 3226 (1968).

I t will be observed that both the conductometric 
and spectrophotometric rates are first order in piperi
dine (second order over-all), but that the latter are two 
to five times slower than the former. No product for
mation was detected from 1 in the ultraviolet (uv) until 
three or four conductometric half-fives had elapsed. 
After this “induction” period, a steady rate of product 
formation (5) took place. These observations suggest 
the formation of an intermediate (4), which reacts 
slowly to form 5. This interpretation was supported 
by examination of the changes in the nmr spectrum of 1 
in deuteriochloroform containing piperidine. Ab
sorption at 5 3.52 (doublet, J  = 1.5 cps) and 6.77 
(triplet, J  = 1.5 cps) with peak areas of approximately 
2:1, respectively, began to develop within 2 min after 
the reactants were mixed. The signal at S 3.52 is in the 
region expected for the -CH2-N  group of 4 and the 
signal at 6.77 is in the region expected for the vinyl pro
ton of 4. Absorptions due to approximately four pi-
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T a b l e  I
K i n e t i c  D ata for the R eaction 

of 2-Halo-3-methylbenzo [6] thiophene 1,1-Dioxides (1) 
with E x c e s s  P iperidine i n  Absolute M ethanol

T e m p , A’a, AS4=,
H a lid e °C k 2, s e c * 1 k c a l/m o l eu

Cl 25.0 1.04 ±  0.02 X 10 “ 4
45.0 5.46 ±  0.04 X 10 -4 16 - 2 4
45.0 (5.48 X 10- 4)6

Br 25.0 3.08 ±  0.04 X 10 - 4
45.0 1.54 ±  0.02 X 

(1.58 X 10-3)&
10 " 3 15 - 2 3

I 25.0 (1.40 ±  0.15 X IO“ 4)4
25.0 (1.52 X 10-4)d 17 - 1 9
45.0 (8.46 X 10“4F
45.0 (8.60 ±  0.06 X I Q - 1)»

“ From a plot of log (Rt/Rt — Ra) vs. t. b Plotted by the 
Guggenheim method. 4 Runs made with 0.103 and 0.206 M  
piperidine. d Halide concentration doubled. 6 Single run.

T able II
R ates of F ormation of

3-(1-Piperidylmethylene )-2,3-dihydrobenzo [6] thiophene 
1,1-Dioxide (5) from 2-Halo-3-methylbenzo [6] thiophene 

1,1-Dioxides ( 1 )  and P iperidine i n  M ethanol at 45°

H alid e
Piperidine 
concn, M kì, M  1 sec-10

Cl 0.315 2.02 ± 0 .0 1  X IO“ 4
Br 0.315 3.25 X IO“ 4

0.105 3.08 X IO“ 4
I 0.315 2.29 X 10" 4

Determined spectrophotometrically.

peridine protons at 5 2.5 and six piperidine protons at
1.5 developed at the same rate. The signal due to the
3-methyl of 1 diminished rapidly, but no absorptions 
attributable to 2 could be detected.

Formation of 4 as an intermediate is supported fur
ther by the behavior of 2-bromo-3-ethylbenzo [h ]thio
phene 1,1-dioxide (6), the next higher homolog of 1. 
Here the Sn2' product (7) is the end result.1 Evidently

the presence of the methyl group in 7 greatly retards the 
rate of proton removal which controls the final tautom- 
erism step. A similar result was obtained with 3- 
bromo-2-ethylbenzo [b Jthiophene 1,1-dioxide.1 ~3

The low order of the halogen leaving group effect 
(fcBr'-fcci — 3:1; fci:fcci =  1.4:1) in the conductometric 
rates can be accounted for in one or more of the follow
ing ways: (a) equilibrium between 1 and 2 is estab
lished, but the concentration of 2 changes with changing 
halogen [*.«., 2 (X = Cl) > 2 (X = Br) > 2 (X = I)] so 
as to offset the usual leaving group effect (I > Br > Cl) ;4 
(b) proton removal in the first step (1 —► la ) is rate 
controlling (i.e., k'-i »  k~x and fc2 »  k \  and k'-i, 
in other words, equilibrium between 1 and 2 is not 
established); or (c) there is only a small leaving group 
effect in the Sn2' reaction of 1 with piperidine in 
methanol.

The first explanation can be ruled out because the 
positions of the tautomeric equilibria in a similar sys
tem, HCC=CX <=* C=CCHX, have been found to 
change in the reverse manner (vinylic chloride > vinylic 
bromide > vinylic iodide).3 This requires that in the 
equilibrium 1 2 the change of X from Cl to Br favor
2, which should give an apparent increase in the Br:Cl 
rate ratio.

The second explanation also appears to be inadmis- 
sable, because proton transfers from piperidinium ion to 
a carbanion like la  would be expected to be very rapid. 
Therefore, k-1 and k '-x would be expected to be rapid 
relative to fc2. Nevertheless, the over-all rate does ap
pear to be of a magnitude comparable with the rate of 
proton removal. Thus, the rate of proton removal for 
8, an isomer of 1, by piperidine in methanol is ca. 6.5 X
10-2 M  sec-1 at 25°.3 That for 1 might be expected to 
be several powers of ten slower, which places it at the 
same order of magnitude as the observed conducto
metric rate (Table I).

8 9

In order to obtain additional evidence with regard to 
the rate-determining step the reaction of 1 with piperi
dine was studied in the presence of methoxide ion. The 
rate of proton abstraction by methoxide ion from 8 is

(2) A d d itio n a l ev id en ce  fo r th e  in te rm e d ia c y  of 4 is p ro v id e d  b y  th e  ob 
se rv a t io n  t h a t  th e  s p e c tro p h o to m e tr ic  r a t e  fo r 1 is th e  sam e  a s  t h a t  fo r th e  
re a c tio n  of 3 -h a lo m e th y lb en zo  [ò J th io p h e n e  1,1-d ioxides (8) w ith  p ip e r id in e  
in  m e th an o l, w h ere  5 is a lso  th e  p ro d u c t . T h e  in te rm e d ia te  4  w as also  
iso la ted  in  th is  re a c tio n ; i ts  n m r  sp e c tru m  ag ree d  w ith  t h a t  d e sc rib ed  herein.*

(3) D . A . S ch ex n a y d er, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , 
J u n e  1968.

(4) A v erag e  v a lu es  fo r &Br : &ci =  5 0 :1  a n d  k i  : &Br ^  4 :1  : A . S tre itw ie se r , 
J r . ,  “ S o lvo ly tic  D isp lac em en t R e a c tio n s ,” M c G ra w -H ill B ook  C o ., N ew  
Y ork , N . Y ., 1962, p  29.
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about 250 times that by piperidine.3 If proton ab
straction from 1 is rate determining, addition of meth- 
oxide ion should lead to a marked increase in rate. 
Titrimetric rate constants for the reaction of 1 with 
piperidine in benzene with and without added meth- 
oxide ion are summarized in Table III.

T a b l e  III
T itrimetric R ates for the R eaction of 

2-Halo-3-methylbenzo [6] thiophene 1,1-Dioxide (1) 
with P iperidine  in M ethanol at 50°

H alid e [C tH ioN H ], [M e O -] ,
(X )« M M k, A f-1 s e c " 1 b

Cl 0.1092 8.7 ±  0.5 X 10-4
Cl 0.04775 0.075 1.4 ±  0.1 X 10-3
Br 0.10 9.4 X lO-4
Br 0.01910 0.037 1.00 X 10-2

0.03820 0.075 1.08 X 10“ 2
0.3350 0.090 1.13 X 10-2

Av 1.07 ±  0.05 X 10“ 2
Br 0.06767 0.13 (1.07 ±  0.06 X 10-2)'
° The halide concentration was about 10 ~3 M  in each instance. 

b Calculated from the pseudo-first-order constant by dividing by 
the piperidine concentration. c Spectrophotometric rate.

Examination of Table III shows that inclusion of
0. 075 M  sodium methoxide caused a 61% increase in 
the titrimetric rate constant for chloride 1. (The titri
metric rate constant is in reasonably good agreement 
with the conductometric rate constant, which is 8.1 X
10-4 M~l sec-1 at 50°.) The titrimetric rate constant 
for bromide 1 is seen to be independent of methoxide 
concentration.

The fact that only a 61% increase in rate for chloride
1, rather than a several-hundred-fold increase, occurs on 
addition of methoxide ion shows that equilibration of 1 
and 2 must be nearly complete even in the presence of 
the much weaker base piperidine. Therefore, in the 
absence of methoxide ion, the conductometric (and 
titrimetric) rate constants are essentially equal to Kk2, 
where K  is the equilibrium constant for 1 <=* 2. On the 
other hand, the spectrophotometric rate constant is 
determined primarily by ki, the rate constant for the 
removal of a proton from 4 by piperidine to give carb- 
anion 4a. According to this analysis inclusion of 
methoxide ion should greatly accelerate the conversion 
of 4 into 4a, and this step should no longer be rate 
determining. Indeed, it was found that in the presence 
of 0.13 M  sodium methoxide the spectrophotometric 
rate constant for the reaction of bromide 1 with piperi
dine in methanol at 50° was 1.07 X 10-2 M -1 sec-1 
(Table III) compared with 3.2 X 10-4 M~x sec-1 at 
45° in the absence of methoxide ion (Table II). Fur
thermore, in the presence of methoxide ion the titri
metric and spectrophotometric rates for bromide 1 
were equal (Table III) . These results clearly establish 
the pathway

___ ^  hi hi

for the reaction of 1 with piperidine in methanol, with fc2 
being rate determining for halide loss and k4 being rate 
determining for product formation.

A further point of interest is that inclusion of meth
oxide ion did not lead to the formation of a methyl 
ether. Instead, 5 remained as the product, even when 
the molar concentration of methoxide ion to piperi

dine was 2:1. This shows that piperidine must be at 
least one hundred times more effective as a nucleophile 
in attacking 2 in an SN2'-type reaction than is methox
ide ion.

The relative rates of release of halide ion from 1, as 
judged by the conductometric rate constants (Table I), 
are Cl:Br:I = 1.0:2.9:1.6. These leaving group
effects are a composite, however, of the equilibrium 
constants for 1 ^ 2  and the lc2 values for the various 
halides 2 (X = Cl, Br, or I). The equilibrium con
stants for a somewhat analogous system, 8 9, have
been measured. Here the relative per cents of allylic 
halides (8) present at equilibrium are Cl: B r: I = 5.4: 
11:34.3 Assuming comparable values for the 1 f i  2 
equilibria and correcting the kohsA values gives relative 
fc2 values for Cl:Br:I of 1.0:1.4:0.25. Clearly, the 
leaving group effects for the conversion of 2 into 3 by 
abnormal allylic displacements are much smaller than 
for comparable Sn2 displacements.4-6

Reaction of 1 with sodium thiophenoxide in methanol 
results in the formation of a product (11) having a struc
ture analogous to that of 5.7’8 This product is no doubt 
formed in a comparable manner.

Discussion

The failure of appearance of vinylic hydrogens char
acteristic of 2 in the nmr spectrum during the reaction of 
1 with piperidine is not surprising since the equilibrium 
should strongly favor 1. The a,/3-unsaturated isomer 
is favored for 3-methyldihydrothiophene 1,1-dioxide 
(92:8),9 and the same is true for 3-methylbenzo[5]thio- 
phene 1,1-dioxide. For the latter the equilibrium ap
pears to be ca. 3:1,® By analogy with the equilibrium 
8 <=* 9, the presence of the halogen should favor 1 over 2 
by an additional factor (about 95:5 for the chloride and 
about 90:10 for the bromide). The equilibrium 1 <=± 2 
should, then, favor 1 by a factor of over 50:1 for the 
chloride and over 25:1 for the bromide. This places 
the value of fc2, the Sn2' displacement rate of 2 with 
piperidine in methanol, at ca. 7 X 10-2 M -1 sec-1 for 
the chloride at 50° and ca. 2.7 X 10-1 M -1 sec-1 for the 
bromide (fc0b sd X K  in Table II). Comparison of

(5) F .  G . B ordw ell, P . E . S okol, a n d  J .  D . S p a in h o u r  [ / .  A m er . Chem . Soc., 
82, 2881 (I9 6 0 )] re p o r te d  a  n o rm a l B r :C l  le av in g  g ro u p  effect in  a n  S n2 ' r e 
a c tio n , b u t  th is  conc lu sion  w as in v a lid a te d  b y  la te r  r e s u lts .1

(6) N . H . C rom w ell, u n p u b lish e d  re s u lts  p r iv a te ly  co m m u n ic a ted , has 
fo u n d  a  sm all B r : C l r a t io  fo r a n  Sn 2 ' re a c tio n  of a  s im ila r ty p e  in  w hich  th e  
a c tiv a t in g  g ro u p  is c a rb o n y l r a th e r  th a n  su lfony l.

(7) T h e  p ro d u c t w as  o r ig in a lly  b e liev ed  to  b e  3 -m e th y I-2 -p h en y Ith io b en zo -
[6 ]th io p h en e  1,1-d ioxide,8 b u t  la te r  w o rk  show ed  t h a t  th is  s t ru c tu re  assign
m e n t w as in c o rre c t.1

(8) F . G . B ordw ell, F . R oss, a n d  J . W e in sto ck , J .  A m er. Chem . Soc., 82, 
2878 (I960 ).

(9) D . E . O ’C o n n er a n d  W . I . L yness, ib id ., 86, 3840 (1964).



3236 B o r d w e l l  a n d  S c h e x n a y d e r The Journal of Organic Chemistry

these values with those for analogous Sn2' reactions 
will be made in the next paper in this series and the 
mechanism will be discussed therein.

Experimental Section
Reaction of 2-Bromo-3-methylbenzo [b] thiophene 1,1-Dioxide 

(1 , X =  Br) with Piperidine in Absolute Methanol in the Presence 
of Sodium Methoxide.—To a solution of 259.1 mg (1.00 mmol) 
of 1 (X =  Br) in 10 ml of absolute methanol there was added 341 
mg (4.00 mmol) of piperidine and 432 mg (8.00 mmol) cf sodium 
methoxide. The mixture was refluxed 1 hr. Cooling to room 
temperature and filtering gave 160.6 mg (64.1%) cf yellow 
needles, mp 178.8-181.8°; a mixture melting point with authentic 
58 was undepressed.

Kinetic Procedures.—Piperidine solutions were prepared 
from freshly distilled reagent grade piperidine (bp 106°) and 
standardized by titrating with potassium biphthalate, using a 
pH meter to determine the end point.

A. Conductometric Determination.—An appropriate weight 
of halide was placed in one arm of a Y-shaped conductance cell, 
and dissolved in a known volume of absolute methanol, delivered 
by volumetric pipet. An appropriate volume of standard 
piperidine solution was then delivered into the other arm by 
volumetric pipette. After allowing 20 min for temperature equili
bration in a bath controlled to ±0.05° with a thermoregulator, 
the contents of the two arms were thoroughly mixed and drained 
into the arm containing the platinized platinum electrodes. 
The resistance of the solution was then recorded as a function of 
time.

A plot of log (R t/R t — R„) vs. time gave straight lines. The 
slope of the line times 2.303 gave the pseudo-first-order rate 
constant. The second-order rate constants were then obtained 
by dividing the pseudo-first-order rate constants by the piperidine 
concentration. The infinity point was chosen to be between ten 
and twelve half-lives. For the Guggenheim procedure, the time 
interval was chosen to be about two to three half-lives. A plot 
of log (1/tfAt — 1/ftt) vs. time gave straight lines. Second- 
order rate constants were then derived from the slope of the 
line, as described above.

B. Spectrophotometric Determination.—Solutions of twice 
the desired concentration of halide and piperidine were placed

in separate arms of a Y-shaped cell. After allowing 20 min 
for temperature equilibration in a water bath at 45.0°, the con
tents of the arms were thoroughly mixed. At appropriate times, 
1.00-ml aliquots were withdrawn and diluted to 25.00 ml with 
absolute methanol. The absorbances of these solutions at 324 
m/i were then determined in a Beckman DU spectrophotometer.

Alternatively, 3-ml samples of standard piperidine solutions 
were equilibrated in the spectrophotometer cuvettes contained in 
a thermostated cell holder. A 20-50-^1 sample of halide solution 
was then added and the change of absorbance was followed with 
time.

A plot of log (D „ /D ro — Dt) vs. time gave straight lines. The 
infinity point was chosen to be between ten and twelve half- 
lives. The second-order rate constants were then calculated from 
the slope of the line as described above.

C. Titrimetric Determinations.—Standard solutions of piperi
dine (100 ml) in 250-ml volumetric flasks with Teflon screw caps 
were equilibrated 1  hr in a bath controlled to ±  0 .02° with a 
thermoregulator. Halide solutions were prepared by weighing 
appropriate amounts and dissolving these samples in 25 ml of 
the desired solvent. Portions (4-10 ml) of the halide solutions 
were added to the standard piperidine solutions and mixed 
thoroughly. Aliquots were withdrawn, quenched with 10 ml of 
0.25 M  H N 03, and titrated with 1.5 X 10-3 M  silver nitrate 
solution, using an autotitrator. The volume of titrant was then 
recorded as a function of time.

A plot of logiFco — Ft) vs. time gave straight lines. The slope 
of the lines times 2.303 gave the pseudo-first-order rate con
stant. The second-order rate contants were then obtained 
by dividing the first-order rate constants by the piperidine con
centration. The infinity point was chosen to be a t ten or more 
half-lives.

Registry No.—1 (X = Br), 16934-26-2; 1 (X = Cl), 
16934-27-3; 1 (X = I), 16934-28-4; piperidine, 110-
89-4; 5, 16934-29-5.
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by the Public Health Service Research Grant No. 
CA-07351 from the National Cancer Institute.
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Rate constants have been determined for the reactions of 3-(<*-chloroethyl)- and 3-(a-chloro-a-methylethyl)- 
benzo[f>]thiophene 1,1-dioxides ( l a  and l b ,  respectively) with piperidine in benzene. For l a  the rate of (en- 
amine) product formation (spectrophotometric rate) is slower than the rate of chloride release (titrimetric rate) 
indicating that the Siri' type of rearrangement is rate determining. This kinetic analysis predicts formation of 
an intermediate, and evidence is presented to show that such is formed. For l b  the rate of (enamine) product 
formation is equal to the rate of halide release indicating that in this instance the Sn2' step, rather than the 
SNi' step, is rate determining.

In a previous paper the reaction of secondary and 
tertiary chlorides la and lb with piperidine in benzene 
was shown to give the enamines 5a and 5b, respectively. 
The suggested pathway involved intermediates 2,3, and
4.2 The present paper provides additional experimen
tal evidence for this route and considers the mecha
nisms of two of the steps in some detail.

The kinetics of the reaction of la and lb with excess

(1) A  p re lim in a ry  a c c o u n t of p a r t  o f th is  w ork  has a p p e a re d : F . G , B ord- 
w ell, R . W . H em w all, a n d  D . A . S chexnayder, J .  A m er . Chem . Soc., 89, 7144 
(1967).

(2) F .  G . B o rdw elî, R .  W . H em w all, a n d  D . A . S ch ex n a y d er, J .  Org. 
Chem ., 33, 3233 (1968).

piperidine in benzene were examined under pseudo-first- 
order conditions by following the rates of release of 
chloride ion (titrimetric rates) and the rates of forma
tion of enamines 5a and 5b (spectrophotometric 
rates). The results are summarized in Tables I and II.

Examination of Tables I and II reveals that for ter
tiary chloride lb the titrimetric and spectrophotometric 
rates are equal within experimental error. In terms of 
the suggested reaction scheme this requires that the 
abnormal allylic displacement (lb —►  2b) be rate deter
mining and that the rearrangement steps (3b —► 4b —►  
5b) be rapid. (Proton removal from 2b to give 3b is 
expected to be fast.) Variation of the piperidine con-
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R'
TT I
? R -C -X

02

-H

la,R = H;R'=Me 
b,R = R' = Me

CaH„NH

(Sn20

?v t
c r  +

.NHC5H,c

S ’H 
02

2a,R=H;R'=!Me
b,R=R'=Me

CSH,«NH

(-H+)

3a,R = H;R'=Me 
b, R=R'=Me

4a,R = H;R'=Me 
b,R=R'=Me

4a, R = H; R' = Me 
b,R = R'=Me

5 a ,R  =  H;R' = Me 
b, R = R'=Me

T able I
T itrim etric  R ates for  th e  R eactions o f  l a  and lb  

w ith  E xcess P ip e r id in e  in  Ben zen e

Chloride®
Temp,

°C
[Piperidine],

M k 2, M ~ l see 1 b

Ea,
kcal/
mol

A S *,
eu

l a 25.90 0.3017 5.9 ±  0.2 X 10~4 10 -4 2
l a 33.80 0.3084 9.5 ±  0.5 X 10- 4
l a 50.0 0.1195 2.2 ±  0.1 X IO” 3
l a 50.0 0.2962 2.0 ±  0.1 X IO“ 3

lb 33.82 0.3084 6.4 ±  0.2 X 10—3 11 - 4 3
lb 50.0 0.2962 1.7 ±  0.2 X 10- 4
lb 50.0 0.08839 1.5 ±  0.2 X 10- 4

“ The halide concentration was of the order of 10 ~3 M. h Cal
culated by dividing the pseudo-first-order rate constants by the 
piperidine concentration; the values are averages of at least three 
runs.

centration (Tables I and II) showed that the reaction 
was first order in piperidine.

For secondary chloride la the titrimetric and 
spectrophotometric rates are not equal; moreover, they 
are not even of the same kinetic order. Whereas the

titrimetric rate shows a first-order dependence on the 
piperidine concentration, the spectrophotometric rate 
does not. Instead, the rate actually decreases some
what with increasing piperidine concentration. We 
interpret these results to mean that in the reaction 
sequence la -*■ 2a -*■ 3a 4a —► 5a the (first order) 
cleavage of the intermediate 3a to form dipolar ion 4a is 
rate controlling.

The closeness of the activation energy and activation 
entropy values for the reactions in which halide ion is 
lost from the secondary chloride la and the tertiary 
chloride lb supports the view that these reactions are 
proceeding by comparable (Sn 2 ') mechanisms. The
13-fold faster rate for la is the result of a 1 kcal/mol 
smaller activation energy; the activation entropies are 
identical within experimental error.

The activation energies and entropies derived from 
the spectrophotometric constants for the reaction of 
la are both greatly increased over those derived from 
the titrimetric rate constants (Ea is increased by 10 
kcal/mol and AS* is increased by 24 eu). This is con
sistent with the suggested difference in rate-determining 
steps for halide ion loss compared with product forma
tion.

The kinetic data indicate that in the reaction of ter
tiary chloride lb the a-(l-piperidyl) sulfone 3b was being 
formed only in steady-state concentrations, but that in 
the reaction of secondary chloride la  the corresponding 
a-(l-piperidyl) sulfone (3a) was being formed as an 
intermediate. This was confirmed in preparative 
experiments. When the reaction of lb with piperidine 
was quenched near the (calculated) first half-life the 
product was shown by nmr analysis to consist of about 
50% enamine 5b and 50% starting chloride lb. 
On the other hand, a similar experiment with la  carried 
out for about four titrimetric half-lives gave a product 
containing little or no starting chloride (la) or enamine 
(5a). The product of this reaction is believed to be 
compound 3a on the basis of its nmr spectrum which 
consisted of a four-proton multiplet at 8 7.0-7.8 (aro
matic protons), a one-proton doublet of doublets at 6.09 
(J  = 1.3 cps) assigned to the a-methinyl proton (coupled 
with the allyl proton), a one-proton quartet at 3.85 (./ =
1.3 cps, J '  = 6.7 cps) assigned to the vinyl proton 
(coupled with C„ and Me), a three-proton doublet at 
1.42 (J  — 6.7 cps) assigned to the methyl group, and a 
complex multiplet centered at 2.81 for the ¡3 and y 
piperidino protons (the a piperidino protons were par
tially superimposed with the methyl doublet). This 
material was rearranged to enamine 5a by refluxing in 
benzene for 15 hr. The absorption at 8 6.09 dis
appeared and a peak at 6.65 appeared (characteristic of 
5a). The rate of enamine production in methanol 
based on preliminary measurements of the rate of 
appearance of the 324-mju band is of the order of 10-3 to 
10~4 sec-1.

Attempts to prepare the tertiary bromide correspond
ing to lb have thus far been unsuccessful, but the sec
ondary bromide (la7) corresponding to la has been 
prepared;3 rate data for its reaction with piperidine in 
methanol and in benzene are given in Table III.

A preparative study of the reaction of the secondary 
bromide (la') with piperidine in methanol revealed

(3) P . E . S okol, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , A ug
1959.
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T a ble  II
Spectrophotom etric  R ates for  th e  R eaction  o p  l a  and l b  w ith  E xcess P ip e r id in e  in  B en zen e

C h lo rid e T e m p , "C [P ip erid in e], M  k E a, k c a l/m o l AS*, eu

l a 26.0 0.3207 2.7 X 10“6 sec-1
26.0 0.3207 2.9 X 10-6 sec“ 1
26.0 0.1069 4.2 X 10-« sec“ 1 20 - 1 8

l a 50.0 0.3081 3.5 X 10-6 sec-1
50.0 0.3081 3.6 X 10-6 sec“ 1
50.0 0.1849 4.5 X 10-6 sec-*

lb 50.0 0.3076 1.4 X 10-4 Af-1 sec-1
50.0 0.3076 1.5 X 10~4 M “ 1 sec“ 1
50.0 0.1846 1.4 X 10~4 M _1 sec-1

T a ble  III
R ates of R eaction  of Secondary  B romide ( l a ')  w ith  E x cess  P ip e r id in e  in  M ethanol

T e m p , °C [P iperid ine], M ki, M  1 3ec~i a  k , see 1 6 E &, k c a l/m o l AS*, eu

25.0 4.3 ±  0.1 X 10“ 4 15 - 2 6
30.2 6.5 ±  0.1 X 10- 4
50.0 3.1 ± 0 .1  X 10“ 3
50.0 0.3383 3.2 X 10- 4
50.0 0.1115 2.9 X 10- 4
50.0 (3.4 ±  0.1 X lO- 2)4

“ Conductometric rates measured by P. E. Sokol.3 6 Spectrophotometic rates. 0 Titrimetric rate in benzene.

that about equal amounts of enamine 5a and Sn2 dis
placement product were formed (by nmr analysis). 
The rate of halide release in the abnormal allylic dis
placement reaction with la' is therefore 1.5 X 10-3 
M~l sec-1 at 50° ,4 Comparison of this value with that 
obtained in benzene (Table III) shows that this reac
tion is about 23 times slower in methanol than in ben
zene.5

The conductometric rate constants for the reaction 
of la' with piperidine in methanol were first order in 
piperidine, whereas the spectrophotometric rate con
stants were independent of piperidine concentration. 
This is comparable with the results obtained in benzene. 
Evidently ring opening is rate determining for sec
ondary bromide la' in methanol, just as it is for sec
ondary chloride la in benzene. The eightfold faster 
spectrophotometric rate for la' in methanol than 
for la in benzene indicates that rearrangement of 3a is 
faster in methanol by this factor.

Comparison of the rate of halide release for la' in 
benzene with that of la reveals a Br:Cl leaving group 
effect of 16:1.

Discussion
Sn2' Displacement Step.—The abnormal allylic 

displacements for secondary chloride la and lb with 
piperidine in benzene to give 2a and 2b, respectively, 
may be compared with similar (Sn2') reactions of 
a-methylallyl chloride with diethylamine,6'7 or di- 
methylamine8 under comparable conditions. The 
rate constant for la with piperidine is, however, two or

(4) F o r  ch lo rid e  1 ta u to m e r is m  to  th e  v in y l ch lo rid e  h as  been  fo u n d  to  b e  
c o m p e ti tiv e  in  m e th a n o l ( b u t  n o t in  benzene) w ith  th e  r a t e  of ch lo rid e  d is
p la c e m e n t [F . G . B ordw ell, R . W . H em w all, a n d  D . A . S ch ex n ay d er, J .  Org. 
C hem ., 33, 3226 (1968)1, T h is  is  n o t t r u e  fo r b ro m id e  1 a s  sh o w n  b y  th e  
a b sen ce  of n m r  p eak s  ch a ra c te r is tic  of th e  ta u to m e r  in  a  re a c tio n  q u en c h ed  
a f te r  o n e  half-life .

(5) T h e  r a t e  of re a c tio n  of te r t ia ry  ch lo ride  l b  a lso  is s low er in  m e th a n o l 
th a n  in  b en z en e . T h is  u n u s u a l s o lv e n t effec t is  d iscussed  fu r th e r  in  th e  n e x t 
p a p e r  in  th is  series: F . G . B o rdw ell a n d  D . A . S ch ex n a y d er, J .  Org. Chern., 
33, 3240 (1968).

(6) W . G . Y oung , J .  D . W ebb , a n d  H . L . G oering , J .  A m er. Chem . Soc., 
73, 1076 (1951).

(7) D . C . D it tm e r  a n d  A. F . M arcan to n io , ib id ., 86 , 5621 (1964).
(8) W . G . Y o u n g  a n d  I . J. W ilk , ib id ., 79, 4793 (1957).

three powers of ten greater than those for a-methylallyl 
chloride with secondary amines. The acceleration 
in rate is due to a sharp drop in activation energy.9’10 

In the previous paper in this series a comparable Sn2 ' 
reaction was observed with secondary halides 6 (X = 
Cl, Br, or I) with piperidine in methanol to give 7 (not 
isolated as such).11 Here the rate constant for halide 
loss was estimated to be about 2.7 X 10-1 M~l sec-1 
(X = Br).

It is clear from these results that the sulfonyl group 
has a strong accelerating effect on the SN2'-type process. 
This is no doubt associated with its electron-withdraw
ing property, which reduces the electron density in the 
7r bond and thereby increases the susceptibility of the 
carbon atom of the C=C  bond to nucleophilic attack. 
The sulfonyl group may also facilitate the SN2'-type 
process by delocalizing the negative charge developing 
on the /3-carbon atom of the allylic system in the transi
tion state. The relatively small leaving-group effect 
observed for the reactions of the secondary bromide la ' 
and the secondary chloride la with piperidine in ben
zene (Br:Cl = 16:1) suggests a dipolar transition state 
in which there is relatively little C-X bond breaking. 
The even smaller leaving group effect for the reaction 
of 6 in methanol (Br:Cl:I = 1.4:1.0:0.25)11 suggests 
that in this solvent a (delocalized) dipolar intermediate

(9) F o r  d ie th y la m in e  in  benzene, k  =  5 .8  X 1 0 -e M ~ l s e c “ 1 a t  6 0 ° ; E& =  
15 k c a l/m o l;  AS* =  —39 eu .7 F o r  d im e th y la m in e , k  =  1.5 X  1 0 “6 M ~ l 
sec""1 a t  4 9 .6 °; E & — 18 k c a l/m o l;  A S* =  —26 eu .8

(10) T h e  a c t iv a t io n  energ ies a n d  e n tro p ie s  a re  a lso  low  fo r  S n 2 re a c tio n s  
in  b en z en e  so lu tio n . T h u s , fo r th e  reac tio n  of an ilin e  w ith  p h e n a c y l b ro m id e , 
E & =  8.1 (A S* =  —56) co m p ared  w ith  E & =  12.4 (A S* =  —33) in  m e th a n o l; 
see H . E . C ox, J .  Chem . Soc., 119, 142 (1921).

(11) C o m p o u n d  6 is  fo rm e d  i n  s itu  from  th e  2 -h a lo -3 -m e th y lb en zo [6 ]th io - 
p h e n e  1 ,1 -d iox ide b y  ta u to m e r is m ; 7 loses a  p ro to n  a n d  is  th e n  ta u to m e riz e d  
to  a n  en a m in e .2
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may actually be formed. If a dipolar intermediate is 
formed irreversibly (i.e., rate of halide loss 5>> rate of 
reversal of piperidine addition) the addition step would 
be rate determining and the leaving-group effect would 
be negligible.

transition state for 
la  +  piperidine

intermediate from 6 +  piperidine

SNi' Rearrangement Step.—The rearrangement of 
intermediates 3a and 3b to 5a and 5b, respectively, via 
dipolar ions 4a and 4b is related to Sm'-type rearrange
ments.12 Intermediates 3a and 3b are a-amino sul- 
fones. Few members of this functional class appear to 
have been prepared to date, which suggests that they 
may be labile.13 In any event the lability of cc-hydroxy 
sulfones14 provides ample precedent for the strong driv
ing force attributed herein to the 1-piperidyl group in 
the solvolysis of 3a and 3b.16>16

The enaminium cation part of 4a can be formed by 
C-S bond rupture accompanied by a slight clockwise 
twist around C„-C^ and rehybridization of C„. If at 
the same time a slightly clockwise rotation occurs 
around C7a-S and a comparable counterclockwise rota
tion occurs around Csa-C^, an intermediate will be 
formed in which an oxygen atom (shaded) of the sul- 
finite ion is held above the plane of the enaminium 
moiety (4a).17’18 (This geometry is precisely that sug
gested for the ion pair in the SNi' rearrangement of 
allylic chlorides.12)

One would expect this to lead to the sulfinate ester 
4a', but sulfinates are known to isomerize to sulfones,19

(12) S ee (a) R . H . D e W o lfe a n d  W . G . Y o u n g , Chem . Rev., 56, 753 (1956); 
(b) A. S tre itw iese r, J r . ,  ib id ., 571 (1956); (c) P . B . D . d e  la  M are , “ M olec
u la r  R e a rra n g e m e n ts ,”  P . de^ M ay o , E d ., In te rsc ie n c e  P u b lish e rs , In c .,  N ew  
Y o rk , N . Y ., 1963, C h a p te r  2, fo r rev iew s of a lly lic  rea rra n g e m e n ts .

(13) E . M ey e r , R . N ack e , a n d  M . G m ein e r {«/. P ra k t. C hem ., [2] 63, 167 
(1901)) r e p o r t  th e  p re p a ra tio n  o f (p -M e C e H iS O z C H ^ N H  a n d  p-MeCeBU- 
SO 2C H 2N H C 6H 5, w h ich  w ou ld  b e  ex p e c ted  to  b e  m o re  s ta b le  th a n  3 a  o r  3b . 
T h e y  a r e  decom posed  b y  a lcoho lic  a lk a li . See H . H e llm an n  a n d  G . O p itz , 
Chem . B er., 90, 8 (1957), fo r  a n  exam ple  o f a  fac ile  h y d ro ly s is  of a n  a -am in o  
su lfone.

(14) E . P . K o h le r  a n d  M . R e im er, A m er. Chem . J . ,  31, 163 (1904).
(15) N o te  also  t h a t  th e  R O  g ro u p in g  p ro v id es  a b o u t  a  109 acce le ra tin g  

r a te  o n  th e  so lvo lysis  of a lk y l ha lid es  (R O C H 2X  us. R C H 2X ) . 16 T h e  R 2N  
g ro u p  sh o u ld  p ro d u c e  a  c o n s id e rab ly  la rg e r a c t iv a t in g  effect.

(16) See H . B o h m e a n d  K . Sell, Chem . B er., 81 , 123 (1948), a n d  re f 12c, 
p  103.

(17) B y  a n a lo g y  w ith  a lly l c a tio n s  th e  en a m in iu m  io n  w ou ld  b e  e x p e c ted  
to  m a in ta in  i t s  c o n fig u ra tio n .18

(18) W . G . Y o u n g , S. H . S h a rm a n , a n d  S. W in ste in , J .  A m er. Chem . Soc., 
82 , 1376 (1960); J .  H . B rew ste r a n d  H . O. B ae y er, J .  Org. Chem ., 29 , 105 
(1964).

h x « . n r 2
x cr

« g
CV > H  
g/  7 ''M e 
• \

6

5a

and this type of isomerism (by C -0 bond cleavage and 
further rotation) should be particularly facile for the 
allylic transformation 4a' -*■ 5a. According to this 
picture the rearrangement of 4a to 5a is somewhat 
analogous to the SNi' rearrangement of an allyl 
carboxylate ester in which scrambling in the (labeled) 
carboxylate ion of the ion pair occurs by internal re
turn.20 In the present system both the cation and 
anion parts of the “ion pair” are ambident. Since the 
species is a dipolar ion rather than an ion pair, ionization 
and internal return can occur until the most stable 
species is obtained.

The limited amount of data available indicate that, 
as expected, the rearrangement 3a 5a is faster in 
methanol than in benzene, a solvent of poorer ionizing 
power.

For the tertiary chloride lb, the Sn2' reaction forming 
2b is 13 times slower than that for the secondary chlo
ride la  (forming 2a). This is probably due to the steric 
effect associated with placing a methyl group (com
pared with a hydrogen atom) in opposition to the peri 
hydrogen atom (shown) in the transition state. In the 
rearrangement of 3b to 5b this same steric effect pro
vides an accelerating factor, which is no doubt aided by 
the stabilization of the incipient cation by the extra 
methyl group. The result is that for the transforma
tion of lb to 5b in benzene the rearrangement 3b -»• 
5b is rapid and the Sn2' reaction (lb 2b) is rate con
trolling. For the transformation of la  to 5a the Sn2' 
step is faster and the rearrangement step (3a —► 5a) is 
slower; the latter becomes rate controlling in this series.

Registry No.—la, 16934-30-8; lb, 16934-31-9; 
la ', 16934-32-0.
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(19) J . K en y o n  a n d  H . P h illip s , J .  Chem . Soc., 1676 (1930); C . L . A rens, 
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The secondary and tertiary chlorides, 3-(a-haloethyl)- and 3-(a-chloro-a:-methylethyl)benzo [6] thiophene
1,1-dioxides (2 and 3), which are much more reactive than a-methylallyl chloride in Sn2' reactions with secondary 
amines in benzene, fail to give reactions with a number of other nucleophiles claimed to be effective for Sn2' 
reactions (thiourea, bromide ion, alkoxide ions, tertiary amines). The applicability of the Sn2' mechanistic 
label to a number of abnormal substitutions o: allylic halides is reviewed in the light of these results and it is con
cluded that very few unambiguous assignments of this label can be made. Changing the solvent from benzene 
to methanol was found to decrease markedly the rate of the Sn2' reaction of piperidine with bromide 2 or 3. This 
information, together with the small Br-Cl leaving-group effect for 2, is used in discussing mechanisms for Sn2' 
reactions.

Evidence is now on hand to indicate that the seven 
halides 1-7 (one primary, one tertiary, and five sec
ondary) react with piperidine in benzene by abnormal 
allylic substitution mechanisms.1-8

R— C— X

1, R=R'=H;X = C1
2, R=H,R' = Me;X=Br,Cl
3, R = R'=Me;X = Cl

O2 O2
4, R=H; X=Br, Cl, I 6,R=H;X=Br
5, R=Me;X=Br 7,R = Me;X=Br

Four of these halides (4-7) were produced as transient 
intermediates; further evidence for the mechanistic 
classification of these reactions is therefore difficult to 
obtain. A further study of the behavior of 2 and 3 has 
now been made, however, using additional nucleophiles 
and solvents. As a result of this study we have reached 
the conclusion that, although the Sn2' mechanistic 
classification has been suggested for numerous abnor
mal allylic substitutions, and many of these have been 
accepted as bonafide by workers prominent in the field,4 
relatively few completely unambiguous examples have 
been described.

In order to evaluate and compare potential nucleo
philes for further investigation, the kinetic data for all 
previous studies wherein abnormal substitution prod
ucts were obtained in a second-order process, presum
ably by an Sn2' mechanism, were collected. The rate 
constants, expressed in common units {M~l sec-1) and, 
where possible, at comparable temperatures (at or near

(1) F . G . B ordw ell, I t .  W . H em  w all, a n d  D . A. S ch ex n ay d er, J .  Org. 
C hem ., 33, 3226 (1968).

(2) F . G . B ordw ell, R . W . H em w all, a n d  D . A . S ch ex n ay d er, ib id ., 33, 3233 
(1968).

(3) F .  G . B o rdw ell a n d  D . A . S ch ex n a y d er, ib id ., 33, 3236 (1968). See 
F . G . B ordw ell, R .  W . H em w all, a n d  D . A . S ch ex n a y d er, J .  A m er . Chem . 
Soc., 89, 7144 (1967), fo r a  p re lim in a ry  a c c o u n t of th e  p re s e n t w ork .

(4) (a) R . H . D eW olfe a n d  W . G . Y oung , Chem. Rev., 66, 769 (1956); (b)
P . B . D . d e  la  M are , “ M o lec u la r R e a rra n g em e n ts , P . d e  M ay o , E d ., I n te r 
s c ie n c e  P u b lish e rs , In c ., N ew  Y o rk , N . Y ., 1963, C h a p te r  2 , p p  62-68 .

50°) are compared in Table I5-17 with data obtained on 
the rates of halide release for compounds 1-4.

Examination of Table I reveals that Sn2' reactions 
have been claimed for only a rather select group of nu
cleophiles. Six types are represented: (a) secondary
amines, (b) tertiary amines, (c) ethyl sodiomalonate,
(d) sodium ethoxide, (e) sodium thiophenoxide, and (f) 
lithium bromide. Thiourea may be added to this list 
since it has been reported to give abnormal substitution 
with a, a-dimethylallyl chloride with a second-order rate 
constant about ten times less than the Sn2 rate con
stant for ^y-dimethylallyl chloride.18 Most of these 
nucleophiles have been used in only one or two allylic 
systems. Judging from the results with a-methylallyl 
halide systems and ignoring solvent effects, ethyl so
diomalonate, secondary and tertiary amines, and lith
ium bromide all react at rates of a comparable order of 
magnitude; sodium thiophenoxide is several powers of 
ten more reactive (based on the a, a-dimethylallyl sys
tem), and sodium ethoxide is several orders of magni
tude less reactive (based on the a-f-butylallyl system). 
Secondary chloride 2 in the 3-a-haloalkylbenzo [63- 
thiophene 1,1-dioxide series is about 500 times as reac
tive toward piperidine as is a-methylallyl chloride 
toward dimethylamine, and tertiary chloride 3 is 
ten times as reactive. In view of the high reactivity of 
2 and 3 toward secondary amines it was anticipated that 
these halides would react readily with the other nucleo
philes on the list. Surprisingly enough, this was not 
the case.

Results
Excess thiourea failed to react to any appreciable ex

tent with either 2 or 3 in alcohol even after extended re
flux. With the secondary chloride (2) the reaction was

(5) R . D . K ep n e r, S . W in ste in , a n d  W . G . Y oung , J .  A m er. Chem . Soc., 
71, 115 (1949).

(6) W . G . Y oung , I . D . W ebb , a n d  H . L . G oering , ib id ., 73, 1076 (1951).
(7) (a) D . C . D it tm e r  a n d  A. F . M arcan to n io , Chem . I n d .  (L o n d o n ), 1237 

(1960); (b) D . C . D it tm e r  a n d  A . F . M a rcan to n io , J .  A m er. Chem . Soc ., 86, 
5621 (1964).

(8) W . G . Y ou n g  a n d  I .  J . W ilk , ib id ., 79, 4793 (1957).
(9) W . G . Y oung , R . A. C lem en t, a n d  C . H . S h ih , ib id ., 77, 3061 (1955).
(10) P . B . D . de la  M are , E . D . H ughes , P . C . M err im an , L . P ic h e t, a n d  

C . A. V ernon , J .  Chem . Soc., 2563 (1958).
(11) B . D . E n g la n d , ib id ., 1615 (1955).
(12) P . B . D . de la  M a re  a n d  C . A. V ernon , ib id ., 3555 (1953).
(13) P . B . D . de  la  M are  a n d  C . A . V ernon , ib id ., 3331 (1952).
(14) P . B . D . d e  la  M are  a n d  C . A . V ernon , ib id ., 3325 (1952).
(15) P . B. D . de la  M a re  a n d  C . A. V ernon , ib id ., 3628 (1952).
(16) (a) G . S to rk  a n d  W . N . W h ite , J .  A m er. Chem . Soc., 78, 4609 (1956); 

(b ) G . S to rk  a n d  F . H . C la rke , ib id ., 78, 4619 (1956).
(17) D . A. S ch ex n ay d er, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , 

J u n e  1968.
(18) U n p u b lish ed  w ork  c ite d  in  ref 4a, p  779.
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T a b l e  I

K i n e t i c  D a t a  f o r  B i m o l e c u l a r  A b n o r m a l  A l l y l i c  ( S n 2 ' )  S u b s t i t u t i o n s

-E«,
R ef H a lid e N  ucleoph ile S o lv en t T e m p , °C hi, M  1 sec 1 k c a l/m o l A S*, eu

5 CHÿ=CHCH(Et)Cl NaCH(C02E t)2 EtOH 50 2.2 X 10"6
6 CH2=CHCH(M e)Cl E t2NH C6H6 62.7 6.4 X IO“«
7 CHi=CHCH(Me)Cl E t2NH c 6h 6 60 5.8 X IO“« 15 -3 9
7 CH2=CHCH(M e)Cl E t2ND c 6h 6 60 5.8 X 10-6
7 CH2=CHCH(M e)Cl PhNHMe C7H 16 80 (3.9 X IO“3)“
8 CH2=CHCH(M e)Cl Me2NH c «h 6 49.6 1.5 X 10 “6 18 - 2 6
9 CH2=CHCH(M e)Cl Me3N Me2C = 0 49.7 1.1 X 10 -5 14.5 -3 8

10 CH2=CHCH(i-Bu)Cl NaOEt EtOH 50 1.0 X 10 -7 26 -1 2
11 CH2=CHCH(M e)Br LiBr* Me2C = 0 50 1.7 X 10~4 19 -1 9
11 M eCH=CHCH2Br LiBr* Me2C = 0 50 5.8 X 10~6 ~19 -2 1
12 CH2=C H C (M e)2Cl6 NaSPh EtOH 50 1.9 X 10“2
13 CHjí=CHCHC12 NaSPh EtOH 50 6.8 X IO-4
14 CHü=CHCHC12 NaOEt EtOH 100 2.4 X 10~4
15 CH*=C(Me)CCl, NaOEt EtOH 64.8 1.3 X IO '6
15 CH2=C(Me)CCls NaSPh EtOH 50 1.4 X 10~3
16a C5H 10NH MeAlrJb 129.5 1.7 X IO“7 (R =  Me)
16a c 5h I0n h Me2C6H4 129.5 3.9 X IO-7 (R =  i-Pr)
16a \ _ j  R c 6h 10n h Me2C6H4 129.5 9.7 X IO“7 (R =  f-Bu)
16a ococ6h a NaCH(C02E t)2 BuOH 104.7 2.2 X 10-6 (R =  î-Pr)
16a NaCH(C02E t)2 BuOH 104.7 3.6 X IO“6 (R =  Í-Bu)
16b a-Chlorococide c 6h 10n h C6H6 50 4.7 X IO“6 14 - 3 7
17 1, R =  R ' =  H CsH ioNH c 6h 6 50 1.3 X IO“ 2

1 2, R =  H; R ' =  Me C5H 10NH c 6h 6 50 2.1 X IO“ 3 (X =  Cl) 10 - 4 2
3 2, R =  H, R ' =  Me C5H 10NH c 6h 6 50 3.4 X IO“ 2 (X =  Br) 8 - 4 3
3 2, R =  H, R ' =  Me c 6h „n h MeOH 50 1.5 X IO" 3 (X =  Br) 15 -2 6
1 3, R =  R ' =  Me C sH joN I I CeHs 50 1.6 X IO" 4 1 1 -4 3
1 3, R = R ' =  Me C6H,„NH MeOH 50 1.8 X IO“5 17 - 3 2
1 3, R =  R ' =  Me CsIhoNH Me2C = 0 50 2.2 X IO- 4
1 3, R = R ' = Me c 6h 10n h DMF 50 6.5 X IO“ 4
1 3, R = R ' =  Me Bu2NH C6H6 50 3.4 X IO"6
2 4, X = Br C6H,oNH MeOH 50 (>2 X IO- 1)4

“ The rate expression also contains a second-order term in PhNHMe. c h 2= CHCH(Me)Cl reacts with PhSNa by an Sn2 process ;
the maximum Sn2' rate has been estimated to be 1.9 X 10 3 M  1 sec h 12 e Estimated. The rates were corrected for per cent Sn2 ' 
component where pertinent.

tried for periods ranging from 2 to 48 hr in refluxing 
methanol, ethanol, and ethylene glycol monomethyl 
ether. From 70 to 90% starting material was recovered 
from these runs.19 With the tertiary chloride (3) start
ing material was recovered after 3-hr reflux in ethanol 
or acetonitrile. The failure of thiourea to effect Sn2' 
reactions with halides 2 or 3 is striking in view of their 
reactivity toward piperidine (Table I), and the small 
difference between thiourea and piperidine as nucleo
philes in Sn2 reactions of the parent allyl halides (Table 
II).

Recalling that Sn2 reactions are ordinarily greatly 
favored over Sn2' reactions, it is interesting to note that 
the rate of Sn2 reaction of allyl chloride with piperidine 
in benzene (Table II) is an order of magnitude slower 
than the rate of Sn2' reaction of 2 with piperidine under 
comparable conditions (Table I), and that the Sn2' rate 
for 3 with piperidine in methanol is not much slower 
than the Sn2 rate of allyl chloride with piperidine in 
methanol. In contrast, the Sn2 rate for thiourea and 
allyl chloride in methanol must be many orders of mag
nitude faster than the Sn2' reactions of 2 or 3 with this 
nucleophile. I t is apparent that piperidine is a highly 
favored nucleophile for the Sn2' reaction.

Reaction of 2 with sodium bromide in refluxing ace
tone for 48 hr gave a good yield of the corresponding 
secondary bromide (Sn2 product).19 On the other

(19) P . E . S okol, P h .D . D is se r ta tio n , N o r th w e s te rn  U n iv e rs ity , A ug 
1959.

T a b l e  II
C o m p a r i s o n  o f  P i p e r i d i n e , N - M e t h y l p i p e r i d i n e , a n d  

T h i o u r e a  a s  N u c l e o p h i l e s  i n  Sn2 R e a c t i o n s

H alid  e N  u cleoph ile S o lv en t
T e m p ,

°C
kz, M 1 

sec

CH3CH2CH2Br“ C6H10NH MeOH 25 1.9 X 10-«
CH3CH2CH2Br° S=C (N H 2)2 MeOH 25 1.7 X 10-»
CH3CH2CH2Br“ C5H10NH MeOH 50 1.9 X IO- 4
CH3CH2CH2Br- S=C (N H 2)2 MeOH 50 1.7 X IO“ 4
H2C =C H C H 2Br° C6H10NH MeOH 25 3.4 X IO- 3
H2C =C H C H 2Br» S=C (N H 2)2 MeOH 25 2.3 X IO“ 3
H2C =C IIC H 2Br« C5H 10NH MeOH 50 2.4 X 10" 2
H2C =C H C H 2Br« S=C (N H 2)2 MeOH 50 1.4 X IO' 2
H2C =C H C H 2Br“ C5H 10NH C6H6 50 8.9 X IO“ 3
H2C =C H C H 2Bi* c 6h 10n c h 3 c 6h 6 50 6.6 X IO- 4
h 2c = c h c h 2c p  c 5h ,„n h CeHe 50 8.9 X IO“6
H2C =C H C H 2CP CsH.oNH MeOH 50 5.3 X IO“ 3
h 2c = c h c h 2c p  C5H 10NCH3 MeOH 50 1 . 1  X 10 -4

“ Conductometric rates measured by P. E. Sokol.19 b Titri- 
metric rates; only one or two runs were made in most instances.

hand, tertiary chloride 3 was recovered unchanged from 
a comparable reaction run for 65 hr. A solution of 3 
in anhydrous acetone was allowed to stand for 31 days 
with lithium bromide. The nmr spectrum of the re
covered organic material resembled that of the starting 
material closely; there was no indication of the presence 
of an abnormal substitution or rearranged product. 
Microanalysis of the crude organic product for carbon 
and hydrogen gave close agreement with the calculated 
values for 3 indicating that no more than 1% bromide
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could have been formed. I t is evident from these re
sults that 2 is much more prone to undergo Sn2 than 
Sn2' displacement with bromide ion, and that 3 is es
sentially inert toward bromide ion.

When 3 was heated with sodium methoxide in meth
anol, chloride ion was slowly released. The products of 
this reaction have not been identified as yet, but the 
nmr spectrum of the crude material did not reveal ab
sorption in the vinyl hydrogen region. The methyl 
enol ether corresponding in structure of the enamine 
formed from 3 and piperidine under these conditions3 
is evidently not present. In another investigation 4 
has been found to react at least 102 times faster with 
piperidine than with methoxide ion in an Sn2' reaction.3

A calculation based on the rate constant in Table I 
shows that at 50° the reaction of 2 with piperidine in 
benzene is essentially complete in 40 min using 1 M  
concentrations of reagents. From a run made with
2 and 10 equiv of 2 M  triethylamine in refluxing ben
zene for as long as 48 hr 60% or more of starting mate
rial was recovered. The reaction of the tertiary chloride
3 with piperidine in benzene is essentially complete in 
15 hr at 50°. In preparative runs with excess piperi
dine in benzene high yields of enamine product were ob
tained in a 4-hr reflux period. Under comparable con
ditions with triethylamine a nearly quantitative re
covery of starting material was obtained. A similar re
sult was obtained using N-methylpiperidine in methanol 
(7 hr reflux). A solution of 3 and excess N-methylpi
peridine in benzene was kept at 50° and aliquots were 
titrated periodically for chloride ion. None was de
tectable even after 23 days. A further 35 days at room 
temperature still failed to produce chloride ion. Even 
granting 2% completion for the reaction the maximum 
second-order rate constant would be 2 X 10 -7 M~l 
sec-1, which is 103 slower than the rate observed with 3 
and piperidine. These results indicate that piperidine 
is remarkably more effective than N-methylpiperidine 
in Sn2' reactions. On the other hand, in Sn2 reactions 
the difference is relatively small (Table II).20

Secondary bromide 2 reacts with piperidine in meth
anol to give about equal amounts of Sn2 and Sn2' 
products.3 On the other hand, the product from bro
mide 2 and thiophenoxide ion in methanol appears to 
consist entirely of a mixture of products formed by 
Sn2 displacement and subsequent tautomerism (9 
and 10). These results once again demonstrate the 
unusual effectiveness of secondary amines in promot
ing Sn2' reactions as compared to other nucleophiles.

Tertiary chloride 3 reacts readily with sodium thio
phenoxide in ethanol, but resolution of the mixture of 
products obtained has not been accomplished as yet. 
The one successful Sn2 ' reaction with thiophenoxide ion 
thus far achieved in our systems is that with 4.2

Our experience with 1,2, and 3 confirms that of pre
vious workers (Table I) in singling out secondary amines 
as the nucleophiles of choice for Sn2' reactions and 
singling out benzene as the solvent of choice. With a- 
methylallyl chloride all nucleophiles other than sec
ondary amines, with the possible exception of trimethyl- 
amine in acetone (see below), prefer the Sn2 to the Sn2' 
route. The choice of benzene as a solvent for secondary 
amines is important here because in changing from al
cohol to benzene the Sn2 reaction is retarded (by 16-fold 
for allyl chloride, see Table II), whereas the results with 
2 (bromide) and 3 indicate that Sn2' reactions are ac
celerated by this solvent change (by about 9- to 22-fold, 
see Table I) . The rate for 3 with piperidine is increased 
only slightly in changing from benzene to acetone, but 
is increased about fourfold in changing from benzene to 
dimethylformamide (Table I).21,22

The relatively low activation energies and high nega
tive activation entropies recorded in Table I for the 
Sn2' reactions with amines in benzene are in line with 
the results obtained in Sn2 reactions of amines with 
alkyl halides in benzene, nitrobenzene, and the like.23,24 
Brown and Eldred23b found that in the reaction of 
triethylamine in nitrobenzene the activation energies 
increased from 9.7 to 12.5 to 16.0 kcal/mol in the series 
Mel, EtI, z-Prl, whereas the activation entropies re
mained essentially constant ( — 34.7, —35.6, and
— 33.7).23d Cox observed that, for the reaction of ani
line with phenacyl bromide, E& increased from 8.1 in 
benzene to 11.1 in acetone to 12.4 in methanol while 
AS* increased from — 56 to —39 to —33; at 37.8° the 
rates were 9.84 X 10-4, 2.69 X 10-2, and 7.48 X 10-2 
M~' min-1, respectively.23 The effect on the activa
tion parameters of changing the solvent from benzene 
to methanol for the Sn2' reactions of 2 and 3 with piperi
dine is similar. With 2 (X = Br), E& increases from 8 
to 15 in going from benzene to methanol (AS* increases 
from —43 to —26); for 3 the change in Ea is from 11 to 
17 (AS* increases from —43 to —32). The difference' 
between Sn2 and Sn2' reactions is that in the latter the 
increase in activation energy in changing from benzene 
to methanol overshadows the increase in activation 
entropy and the rate decreases, whereas the reverse is 
true in the Sn2 reactions.

(20) D ie th y la m in e  re a c ts  a b o u t  tw ic e  as  r a p id ly  w ith  th e  m e th y l iod ide  
in  m e th a n o l a s  do th e  te r t i a ry  am ines , tr ie th y la m in e  a n d  N ,N -d im e th y l-  
cyc lo h ex y lam in e : R . G . P e a rso n , H . R . S obel, a n d  J .  S 0 n g stad , J .  A m er. 
Chem . Soc., 90, 319 (1968).

Discussion
The inertness of 2 and 3 toward thiourea, lithium 

bromide, and tertiary amines contrasts sharply with 
earlier results which suggests that these nucleophiles 
have about the same reactivity in Sn2' reactions as do 
secondary amines (Table I). I t would seem that either 
2 and 3 are not as good models for assessing the Sn2'

(21) T h e  ra te s  of S n 2 re a c tio n s  in v o lv in g  an ion ic  n u c leo p h iles  a r e  g re a t ly  
a c c e le ra te d  b y  d im e th y lfo rm a m id e  (D M F ) a n d  re la te d  a p ro t ic  d ip o la r  so l
v e n ts , b u t  th e  ra te s  w ith  n e u tra l  n ucleoph iles  a re  n o t  m u c h  a f fe c te d .22

(22) A . J .  P a rk e r , Q uart. Rev. (L o n d o n ), 16, 163 (1962).
(23) (a) K . J .  L a id le r a n d  C . N . H inshelw ood , J .  Chem . Soc., 853 (1938); 

(b) H . C . B ro w n  a n d  N . R . E ld red , J .  A m er. Chem . Soc ., 71, 455 (1949); (c) 
H . C . B row n  a n d  A. C ah n , ib id ., 77, 1715 (1955); (d) s u m m a riz e d  b y  A . W . 
S tre itw ie se r, J r . ,  “ S o lv o ly tic  D isp la c e m e n t R e a c tio n s ,”  M cG raw -H ill B ook  
C o ., N ew  Y o rk , N . Y ., 1963, p  22.

(24) H. E . C ox, J .  Chem . Soc ., 119, 142 (1921).
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S c h e m e  I

CH2=CHCH(i-Bu)Cl =5=* [CH2— CH— CH(i-Bu)]+CF *=k ClCH2CH=CH-i-Bu

EtO "
(Sn20

EtO~ o r EtOH

EtOCH2CH=CH-f-Bu

EtO*

(Sni'-S n2)

reactivity of nucleophiles as their behavior toward 
piperidine would indicate, or the Sn2' mechanistic label 
has not been applied correctly in the previous instances. 
As will be brought out in the following discussion, there 
is reason to believe that the latter may be the correct 
interpretation.

The variety of reaction courses available to allylic 
halides makes mechanistic labeling of their reactions 
unusually hazardous. I t has been suggested that the 
Sn2' label can be applied with reasonable certainty only 
after it has been established (1 ) that the reaction shows 
a first-order dependence on nucleophile concentration 
and on allylic halide concentration (to rule out the SnI 
mechanism) and (2) that the abnormal product does 
not arise either from prior (rapid) rearrangement of the 
allylic halide (followed by Sn2 displacement) or subse
quent rearrangement of an Sn2  (normal) product.4® 
The most difficult condition to meet is to rule out prior 
rearrangement of the allylic halide, since such rearrange
ments (SnT reactions) are known to occur very readily.25 26 
One test that has been applied is to recover the allylic 
halide from an incomplete reaction (of secondary halide) 
and examine it for rearranged (primary) halide. If 
this is shown to be absent, it is presumed not to be an 
intermediate in the reaction. Even this test may not 
be wholly convincing unless it can be demonstrated that 
an appreciable quantity of the primary halide is to be 
expected at equilibrium (the usual case) and that the 
primary halide has not been removed selectively by 
reaction with the nucleophile. The latter is a distinct 
possibility if an equimolar quantity of nucleophile is 
used since primary allylic chlorides undergo Sn2 dis
placements at rates about 100 times that of the isomeric 
secondary chlorides.23d Unfortunately, the test, in 
any form, has been applied to only a few of the reactions 
listed in Table I .6’9’16

In the reaction of a-f-butylallyl chloride with sodium 
ethoxide prior rearrangement to the primary chloride 
followed by a rate-controlling Sn2 reaction appears to 
offer an alternative to the Sn2' mechanism suggested.10 
Still another possibility is that there is rapid formation 
of an ion pair which is attacked by the nucleophile selec
tively at the primary carbon atom.26 Support for this 
view can be derived from the observations that etha- 
nolysis of this halide gives only the abnormal product and 
that the concentration of ethoxide ion must be about 
2 N  in order to make the reaction predominantly second 
order. The mechanistic possibilities may be summa
rized as shown in Scheme I.

As has been pointed out,4a the SnF-Sn2 route remains 
as a reasonable alternative to the Sn2' route for the ex
change reactions of a- and 7 -methylallyl bromides with 
radioactive lithium bromide in acetone solution. 11 The

(25) W . G . Y oung , S . W in ste in , a n d  H . L . G oering , J .  A m er . Chem . S o c .,  
73, 1958 (1951). See re f  4 fo r  ad d itio n a l exam ples.

(26) T h e  p o ss ib ili ty  of io n -p a ir  in te rm e d ia te s  fo r S n2 ' re a c tio n s  is g iven
cred en ce  b y  th e  re c e n t d e m o n s tra tio n  of a n  ion  p a ir  in  a n  S n 2 re a c tio n ; see
R . A. S n een  a n d  J . W . L a rson , ib id ., 88, 2593 (1966).

inertness of 3 toward lithium bromide in acetone makes 
the Sn1'-Sn2 alternative appear more likely.

From a consideration of the probable structure of the 
transition state for Sn2' reactions it has been concluded 
that alkyl substitution at the a- and 7-carbon atom will 
have an accelerating effect.4® However, a-alkyl sub
stitution strongly favors SnI and Sm' mechanisms, and
7-allyl substitution is known to favor the Sn2 mech
anism. Because the Sn2' mechanism requires the nu
cleophile to attack an electron-rich carbon atom, it is 
already at a disadvantage with respect to SnI, Sm', and 
Sn2 mechanisms; it would be surprising, then, to find 
the Sn2' mechanism ever winning out in simple allylic 
systems, if this is indeed a proper view of the transition 
state and a proper assessment of the effect of alkyl sub
stitution. This was, in effect, the conclusion arrived at 
by the English school after failing to realize the Sn2 ' 
mechanism with sodium ethoxide and a-methylallyl 
chloride and in other systems.27 Later this view was 
altered when systems were devised which contained 
structural features presumably prejudicing them in 
favor of the Sn2 ' mechanism.10-15 According to the 
present analysis, however, the Sm'-SN2 route (either 
involving rearrangement to a primary halide or forma
tion of the abnormal product from an ion-pair inter
mediate) remains as a reasonable alternative for all of 
these systems. For the a-i-butylallyl chloride10 and a- 
methylallyl bromide11 systems the SNi'-SN2 route ap
pears more likely than the Sn2 ' route. The presence of 
two or three chlorine atoms at Ca should favor the 
Sn2' pathway,13-18 but even here some reservations 
must be held as to the mechanistic label.

If the Sn2' process is to succeed it will be necessary for 
the nucleophile to overcome the energy barrier it en
counters in approaching the x bond. That this barrier 
is sizable is evident from the difficulty experienced by 
even the most powerful bases, including isopropyllith- 
ium,28 solvated electrons,29 or dimsyl ion (DMSO- )30 
in adding to unconjugated C =C  bonds. Even when 
the C=C  bond is conjugated to the strongly electron- 
withdrawing nitro group the rate of addition of a basic 
nucleophile, such as methoxide ion, to the C =C  bond 
is only moderate.31 In view of the reluctance of even 
powerful bases to add to ordinary C=C  bonds, non- 
basic nucleophiles such as thiourea and bromide ion 
would be expected to experience great difficulty in ini
tiating Sn2 ' reactions. The inertness of 2 and 3 toward 
these reagents is understandable on this basis. Nega
tively charged nucleophiles, such as alkoxide ions, would

(27) A . G . C a tch p o le , E . D . H ughes, a n d  C . K . In g o ld , J .  Chem . Soc., 8 
(1948).

(28) (a) J .  E . M u lv a n e y  a n d  Z. G . G a rd lu n d , J .  Org. Chem ., 30, 917 
(1965); (b ) J . A. L a n d g reb e  a n d  J . D . S hoem aker, J .  A m er . Chem . Soc., 8 9 , 
4465 (1967).

(29) R . A. B enkeser, J .  Org. Chem ., 3 8 , 1094 (1963), a n d  references c ited  
th e re in .

(30) C . W alling  a n d  L . B o llyky , ib id ., 2 9 , 2698 (1964).
(31) T h e  r a te  c o n s ta n t fo r a d d itio n  of m e th o x id e  ion  to  irons-/3-nitro- 

s ty re n e  to  fo rm  th e  n i t ro n a te  ion  C 6H 6C H ( 0 M e ) C H = N 0 2 ~ is a b o u t  2 M ~ l 
s e c -1 a t  25° (u n p u b lish e d  re su lts  o f W . J . B oy le , J r . ) .



3244 B ordwell and Schexnayder The Journal of Organic Chemistry

be expected to  be less e ffective  th a n  n e u tra l, basic n u 
c leoph iles such as amines. T h e re  is q u a lita t iv e  ev i
dence to  su p p o rt th is  v ie w  fro m  the  beh a v io r o f 2 and 3, 
b u t  th e  best exam ple  is w i th  4 w here  p ip e rid in e  has been 
fo u n d  to  be over 100 tim es  as re ac tive  as m e thox ide  ion  
in  in it ia t in g  an Sn2; re a c tio n .2 T h e  best established 
exam ples o f Sn2' reactions appear to  be those in v o lv in g  
secondary am ines in  benzene s o lu tio n  (T a b le  I ) .  T h e  
reason fo r  th is  appears to  be th a t  th e  n e u tra l nucleo
p h ile  is best fo r  e ffec ting  an approach to  th e  C = C  bond  
and  th a t  th e  nonpo la r, a p ro tic  so lve n t accelerates th e  
Sn2' process and re ta rds  th e  Sn2 process. H yd ro g e n  
b on d in g  between the  nuc leoph ile  and lea v in g  ha lide  
ion , as is  possible w ith  secondary (o r p r im a ry , b u t  n o t 
te r t ia ry )  am ines, also appears to  p ro v id e  an im p o r ta n t 
d r iv in g  fo rce  fo r  the  reac tion .6’6

T h e  p a r t ic u la r  success o f system s 1-7 in  p ro m o tin g  
Sn2' reactions is no d o u b t associated w ith  th e  presence 
o f th e  e le c tro n -w ith d ra w in g  s u lfo n y l g roup ing , w h ic h  
renders th e  C = C  bond  m ore  susceptib le  to  a tta c k  b y  
th e  nuc leo p h ile .32 T h e  g roup  n o t o n ly  reduces th e  elec
tro n  d en s ity  in  th e  C = C  bond, b u t  also serves to  de
loca lize  th e  nega tive  charge deve lop ing  a t th e  ¡3 p o s itio n  
in  th e  tra n s it io n  s ta te .3

T h e  presence o f th e  s u lfo n y l g roup  also serves to  e lim 
in a te  co m p e titio n  fro m  SnI- o r S N i'- typ e  processes b y  
g re a tly  re ta rd in g  th e  ra te  o f fo rm a tio n  o f a lly lic  car- 
b o n iu m  ions. T h is  is m ade c lea rly  e v id e n t b y  th e  re
luc tan ce  o f te r t ia ry  a lly lic  ch lo ride  3 to  undergo  sol
vo lys is . I t  can be c rys ta llize d  w ith o u t change fro m  
h o t m e th a n o l; a s o lu tio n  o f 3 in  m e tha n o l was k e p t a t 
50° fo r  21 days and then  a t 25° fo r  35 days. D u r in g  
th is  t im e  a liq uo ts  were rem oved p e r io d ic a lly  and t i 
tra te d . N o  ch lo rid e  io n  was detected in  any  o f these, 
w h ich  means th a t  no m ore  th a n  2 %  cou ld  have been 
released. T h e  m ethano lys is  ra te  fo r  3 m u s t th e n  be 
less th a n  10 ~8 sec-1 a t 50°; fo r  com parison, th e  e thano l- 
ys is ra te  fo r  a ,a -d im e th y la lly l ch lo rid e  is 2 X  10~4 
sec-1  a t 44.6°.88 I n  v ie w  o f i ts  lo w  so lvo lys is  ra te  there  
appears to  be l i t t le  danger th a t  3 w i l l  react b y  th e  Snì'- 
Sn2 p a th w a y  discussed above, and th is  is even m ore  tru e  
fo r  th e  p r im a ry  and secondary ch lo rides 1 and 2. I f  an 
Snì' re ac tio n  d id  occur, Sn2 a tta c k  a t th e  carbon  a to m  a  
to  th e  su lfone g roup  w o u ld  be ex trem e ly  slow  unde r these 
c o n d itio n s .34 T h e  Snì' p ro d u c t w o u ld  be 4 ( fro m  1), 5 
( fro m  2), o r 3 ', an analogous ezo -d im e thy lm e thy lene  
com pound (fro m  3). These com pounds w o u ld  g ive  
Sn2' reactions, n o t Sn2 re actions.2 T h u s  the  Snì'-Sn2 
ro u te  is excluded fo r  the  reac tion  o f 1, 2, o r 3 w ith  n u 
cleophiles.

A lth o u g h  rearrangem en t o f te r t ia ry  ch lo ride  3 to  the  
isom eric a lly lic  ch lo ride  3 ' b y  a ca rb o n iu m  io n  m ech
anism  is h ig h ly  u n lik e ly , th is  could  conce ivab ly  occur b y  
a ca rban ion  m echanism . N o  evidence fo r  th is  isom eri
z a tio n  was ob ta ined  in  runs  w ith  3 ca rrie d  to  p a r t ia l 
com p le tion . A s  discussed above, even i f  3 ' were to  be 
fo rm ed  i t  w o u ld  n o t be expected to  react b y  an Sn2 p ro 
cess,34 b u t, instead, i t  shou ld  undergo an Sn 2 ' reac tion

(3 2 )  T h e  c a r b o n y l g ro u p  ca n  s e r v e  a  s im ila r  fu n c t io n ;  s e e  N .  H . C ro m w ell  
a n d  R . P . R e b m a n , “Tetrahedron L e tt.,"  N o .  5 2 , 4 8 3 3  (1 9 5 5 );  N .  H . C ro m w ell  
a n d  E . M in g  W u , ib id .,  149 9  (1 9 6 6 );  N .  H . C ro m w ell a n d  E . D o o m e s , ib id ., 
4 0 3 7  (1 9 6 6 ) . A n  a n io n -r a d ic a l m e c h a n ism  h a s  n o t  b een  r ig o r o u sly  e x c lu d e d  
fo r  s u c h  s y s te m s , b u t  i t  a p p e a r s  u n lik e ly  t h a t  th e  k in e t ic  d a ta  ca n  b e  a c c o m 
m o d a te d  b y  a  m e c h a n ism  o f  th is  t y p e .

(3 3 )  C . A . V ern o n , J .  Chem . Soc., 4 4 6 2  (1 9 5 4 ) .
(3 4 ) F .  G . B o r d w e ll a n d  G . D . C o o p e r , J .  A m er. Chem . Soc., 7 3 ,  5 1 8 4  

(1 9 5 1 ) ;  F . G . B o r d w e ll a n d  B . B . J a r v is , J .  Org. C hem ., 3 3 , 118 2  (1 9 6 8 ) .

in  a m anner analogous to  4 o r 5. P rod u c ts  o f th is  ty p e  
have n o t been observed fro m  reactions o f 3.

I t  has been argued th a t  specific hyd rogen  b on d in g  be
tw een th e  e n te ring  and lea v in g  groups is p ro b a b ly  h e lp 
fu l, b u t n o t necessary, fo r  th e  S n 2 '  re ac tio n  o f 
am ines.6,6’9 I n  v iew  o f the  re m a rk a b ly  g rea te r effec
tiveness o f secondary am ines th a n  te r t ia ry  am ines o r 
th io u re a  in  b r in g in g  a bo u t Sn 2 ' reactions w ith  2 and 3 
th e  presence o f th e  hydrogen  a tom  appears to  be indeed 
necessary. A s ide  fro m  exe rting  a sm a lle r s te ric  e ffect 
th a n  an a lk y l g roup, hydrogen  m a y  be m ore  e ffec tive  in  
de loca liz ing  th e  p o s itive  charge deve lop ing  on th e  n i
trogen  a tom , p ro b a b ly  th ro u g h  hydrogen  b o n d in g .6’6 
N o  isotope e ffect is observed w hen an N -d e u te r io  sec
o n d a ry  am ine reacts w ith  a -m e th y la lly l ch lo rid e ,7 b u t 
th e  isotope e ffect w o u ld  be expected to  be sm a ll and  h y 
drogen b ond ing  is n o t excluded b y  th is  evidence.

° 2S® '  QHiqNH 

X
1,2, or 3

o 2k

H \ t f *  C
i,H— -Xs

dipolar transition Sn2' product
state

H yd ro g e n  b ond ing , toge the r w i th  a lesser s te ric  re 
qu irem en t, appears to  o ffe r th e  best e xp lan a tion  fo r  th e  
m uch  g rea te r ra te  o f reaction  o f 3 w ith  p ip e rid in e  th a n  
w ith  N -m e th y lp ip e r id in e . Since 3 is a t leas t as reac
t iv e  as a -m e th y la lly l ch lo ride  to w a rd  secondary amines, 
i t  is  su rp ris in g  to  fin d  th a t  3 is in e r t  to  te r t ia ry  amines, 
whereas a -m e th y la lly l ch lo ride  reacts n e a rly  as ra p id ly  
w ith  tr im e th y la m in e  in  acetone as i t  does w ith  d im e t- 
h y la m in e  in  benzene (T a b le  I ) .  I t  is also n o te w o rth y  
in  th is  connection  th a t  a -m e th y la lly l ch lo rid e  reacts 
v e ry  s lo w ly  w ith  te r t ia ry  am ines in  benzene,6 and th a t  
th e  S n 2 '  re ac tio n  between 3 and  p ip e rid in e  is accelerated 
o n ly  s lig h t ly  in  chang ing  fro m  benzene to  acetone 
(T a b le  I ) . One possible exp lan a tion  is th a t  the  reac tion  
o f a -m e th y la lly l ch lo ride  w ith  tr im e th y la m in e  in  ace
tone  proceeds b y  an S n 1 ' - S n 2  m echanism , w h ic h  is n o t 
a va ila b le  to  3 (see above). A  m echanism  in v o lv in g  
ra p id  rearrangem ent o f a -m e th y la lly l ch lo ride  to  y -  
m e th y la lly l ch lo ride  has been ru le d  o u t ,9 b u t  ra p id  fo r 
m a tio n  o f an io n  p a ir  w h ich  reacts w ith  tr im e th y la m in e

a c e to n e
CH2= C H —CH( Me)Cl ~  >  MejNCH2CH =CH M e +C1-

(70% )
M eaN

[CH*=CH=CHMe] +C1~ ------->- CHi=CHCH(M e)NM e,+Cl4“
(®low) (30%)

I
o s .

I V
>N® C"-

H Xe
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to  g ive  n o rm a l and abn o rm a l p rod uc ts  rem ains as a pos
s ib i l i ty .26

One u n a ttra c tiv e  fe a tu re  o f th is  m echanism  is th a t  
the ion  p a ir  m u s t g ive  o n ly  secondary ch lo ride  on  in 
te rn a l re tu rn .

T h e  reason fo r  the  reversa l o f so lve n t effects on  the  
rates o f Sn2' com pared w ith  Sn2 reactions o f secondary 
amines in  chang ing  fro m  benzene to  m e tha n o l is n o t im 
m ed ia te ly  apparen t. T h e  increase in  Sn2 ra te  in  going 
fro m  benzene to  m e tha n o l is exp la ined  q u a lita t iv e ly  b y  
the  H ughes..In g o ld  so lva tio n  ru le , the  m ore  p o la r sol
ve n t p ro v id in g  g rea te r s ta b iliz a tio n  o f th e  h ig h ly  p o la r 
tra n s it io n  s ta te .35 A  s im ila r  fa c to r  shou ld  operate  in  
Sn2' reactions. F ac to rs  w h ic h  m ig h t lead to  a reversa l 
o f th is  e ffect fo r  Sn2' reactions are (1) hyd rogen  bond
in g  between th e  nuc leoph ile  and lea v in g  ha lide  io n ,6’6’9 (2) 
g rea te r n u c le o p h ilic ity  o f th e  secondary am ine fo r  the  
C = C  bond  in  benzene th a n  m e tha n o l due to  lesser sol
v a tio n  o f th e  dono r e lec tron  p a ir , and (3) e le c tro s ta tic  
a ttra c tio n  betw een th e  nuc leoph ile  and th e  substra te.

In tra m o le c u la r  hyd rogen  b on d in g  between th e  n u 
c leoph ile  and lea v in g  ha lide  io n  w o u ld  be expected to  be 
s tronger in  benzene th a n  in  m e tha n o l because o f the  
s trong  in te rm o le cu la r hyd rogen  b ond ing  in  m e thano l.

T h e  g re a tly  enhanced re a c t iv ity  o f an ion ic  nuc leo
philes in  so lvents w h ic h  are poo r a t so lva tin g  anions 
(d ip o la r a p ro tic ) suggests th a t  the  lesser so lva tio n  o f 
secondary am ines in  benzene th a n  in  m e tha n o l m a y  be 
im p o r ta n t in  enhancing  th e ir  n uc le o p h ilic itie s  in  ben
zene.22 T h is  canno t be th e  c o n tro llin g  fa c to r, how ever, 
unless th e  re su ltin g  change in  n u c le o p h ilic ity  is m a n i
fested to  a m uch  g rea te r e x te n t in  an a tta c k  on a C = C  
bond th a n  in  a tta c k  on an sp3 carbon  a to m  ( in  Sn2 reac
tio n s  th is  e ffect is a p p a re n tly  co m p le te ly  overshadowed 
b y  o th e r fa c to rs— see T a b le  I I ) .

E le c tro s ta tic  a ttra c tio n  between th e  nuc leoph ile  and 
th e  substra te  m ig h t be in v o k e d  to  exp la in  th e  unusua l 
re a c t iv ity  o f 1-3 and 6 and 7 in  Sn2' reactions i f  i t  is 
assumed th a t  th is  unusua l re a c t iv ity  can be com pared 
w ith  th e  h ig h e r re a c t iv ity  o f o -n itro a ry l ha lides to w a rd  
secondary amines, com pared w ith  th e ir  p a r a  isomers, in  
nuc leo p h ilic  a rom a tic  s u b s titu t io n  reactions. T h e  
h ig h e r re a c t iv ity  o f th e  ortho  isom ers to w a rd  am ines 
m a y  be exp la ined  in  te rm s o f e le c tro s ta tic  a ttra c tio n  
between the  am ine a n d  th e  n it ro  g roup  in  th e  tra n s it io n  
s ta te ; th is  a ttra c t io n  is p ro b a b ly  enhanced b y  hyd rogen  
b on d in g .36’87 T h e  su lfone g rou p in g  in  6 and 7 cou ld  
conce ivab ly  p la y  an e le c tro s ta tic  ro le  a k in  to  th a t  o f the  
n it ro  g roup  in  o -n itro a ry l halides. A  s im ila r  e ffect 
could  be im ag ined  in  1-3, a lth o u g h  here the  su lfone 
g roup  w o u ld  be a  ra th e r th a n  /3 to  th e  ca rbon  a to m  
being a tta cked . T h a t  th is  is n o t th e  d o m in a n t fa c to r  
is ind ica te d , how ever, b y  th e  a b i l ity  o f 4 and 5 
to  undergo Sn2' reactions. I n  these system s a tta c k  o f 
p ip e rid in e  canno t be a ided b y  th e  su lfone g rou p in g  
since th e  la t te r  is in  a y  pos ition . I t  is in te re s tin g  to  
note  in  th is  respect th a t  4 a c tu a lly  appears to  be m ore  
reac tive  in  Sn2' reactions th a n  1-3.2

(3 5 ) C . K . In g o ld , “ S tr u c tu r e  a n d  M e c h a n ism  in  O r g a n ic  C h e m is tr y ,”  
C o r n e ll U n iv e r s ity  P r e ss , I th a c a , N .  Y .,  1 953 , p p  3 4 5 -3 4 9 .

(3 6 ) M . F .  H a w th o r n e  [J .  A m er. Chem. Soc., 76, 6 3 5 8  (1 9 5 4 )]  fo u n d  n o  
d e u te r iu m  is o to p e  e ffe c t  fo r  t h e  d is p la c e m e n t o f  th e  c h lo r in e  a to m  fro m  
o -n itr o e h lo r o b e n z e n e  u sin g  p ip e r id in e  a n d  N -d e u te r io p ip e r id in e . N e v e r th e 
le ss , a  s tr o n g  c a s e  fo r  h y d r o g e n  b o n d in g  h a s  b e e n  m a d e  o n  t h e  b a s is  o f  th e  
fa ilu r e  o f  ortho  a c c e le r a t io n  t o  m a te r ia liz e  w h e n  a  te r t ia r y  a m in e  is  u s e d .37 
T h e  ortho iso m e r s  a r e  le s s  r e a c t iv e  to w a r d  a lk o x id e s  th a n  a r e  th e  para  iso m er s.

(3 7 ) S . D .  R o s s  a n d  M . F in k e ls te in , ib id ., 85, 2 6 0 3  (1 9 6 3 ) .

A  reversa l o f so lve n t effects is observed fo r  o- w hen  
com pared w ith  ¡p-n itrochlorobenzenes, whereas the  
ra te  fo r  th e  p a r a  isom er w ith  p ip e rid in e  is re ta rded  b y
12.5-fo ld  in  chang ing  fro m  e th an o l to  benzene; th a t  fo r  
th e  ortho  isom er is accelerated b y  1.3 - fo ld .38 A g a in  these 
effects are s im ila r  to  those observed fo r  Sn2 v s . Sn2' re
actions, a lth o u g h  th e  reversa l is m ore  d ra m a tic  fo r  the  
la t te r . B u n n e tt and M o ra th  have suggested th a t  elec
tro s ta tic  a ttra c tio n  betw een th e  n it ro  g roup  and  p ip e ri
d ine, w h ic h  p ro b a b ly  invo lve s  hyd rogen  b o n d in g ,37 m ay  
a c t as “ b u il t - in  s o lv a tio n ”  a llo w in g  th e  re a c tio n  to  p ro 
ceed m ore  ra p id ly  in  benzene th a n  in  e thano l. T h is  
fa c to r  co nce ivab ly  cou ld  be im p o r ta n t also in  ac
co u n tin g  fo r  the  reversa l o f so lve n t effects fo r  Sn2' v s . 

Sn2 reactions, b u t, fo r  reasons g ive n  above, we p re fe r to  
v isua lize  th e  hyd rogen  b on d in g  as o ccu rrin g  between 
p ip e rid in e  and th e  lea v in g  ha lide  io n  ra th e r th a n  be
tw een p ip e rid in e  and th e  su lfone  g ro u p .39

W h a te ve r th e  basis fo r  th is  s o lv a tio n  e ffect i t  o fte n  
seems to  p rov ide  th e  decisive fa c to r  in  a llo w ing  Sn2' 
reactions to  com pete successfu lly  w ith  Sn2 reactions. 
T h u s  th e  unusua l effectiveness o f secondary am ines in  
p rod uc in g  Sn2' reactions in  a lly  lie  ha lides in  benzene 
(o r o th e r a p ro tic  so lvents) appears o fte n  to  arise as a re
s u lt o f (a) a decrease in  th e  ra te  o f th e  com pe ting  Sn2 
reac tion  (re la tive  to  o th e r nuc leoph iles and o th e r sol
ven ts) and (b) an increase in  th e  ra te  o f the  Sn2' reac
t io n  (re la tive  to  o th e r nuc leophiles and  o th e r so lve n ts ).

I t  is possible to  represent th e  S n 2 '  reactions o f 1 -7  
w ith  p ip e rid in e  as proceed ing th ro u g h  e ith e r a d ip o la r  
tra n s it io n  s ta te  (see above) o r a d ip o la r  in te rm e d ia te . 
I n  m e tha n o l th e  fo rm a tio n  o f a d ip o la r  in te rm e d ia te  b y  
re ac tio n  o f p ip e rid in e  w ith  4 accounts b e tte r  fo r  th e  ab
sence o f a leav in g -g ro up  e ffe c t.3 I f  a d ip o la r  in te rm e 
d ia te  is fo rm ed  fro m  2 and p ip e rid in e  in  benzene i t  m u s t 
be fo rm ed  re ve rs ib ly  to  account fo r  th e  le a v in g  g roup  
effect, be., =  16:1 (E a fo r  b rom ide  2 is 2 k c a l/
m o l less th a n  th a t  o f ch lo rid e  2 ; see T a b le  I ) . T h is  sm all 
leav ing  g roup  e ffect can also be accom m odated b y  as
sum ing  th e  fo rm a tio n  o f a d ip o la r  io n  tra n s it io n  s ta te  in  
w h ic h  C - X  bond  b rea k in g  has n o t progressed v e ry  fa r.

T h e  a rgu m en t can be m ade th a t  system s c o n ta in in g  
e le c tro n -w ith d ra w in g  g roups are n o t rep resen ta tive  o f 
Sn2' processes because th e y  p e rm it th e  fo rm a tio n  o f 
d ip o la r  io n  o r ca rban ion  in te rm e d ia tes  o r tra n s it io n  
states. O u r v ie w  is th a t  system s o f th is  ty p e  represent 
an im p o r ta n t m echan is tic  class o f Sn2' reactions. T h e  
o th e r m a jo r  m echan is tic  class appears to  re la te  to  reac
tio n s  in v o lv in g  a lly lic  ha lides w ith  p r im a ry  o r secondary 
am ines in  benzene o r  lik e  so lvents .6 ~8’16 H ere  e ith e r 
d ip o la r  tra n s it io n  sta tes o r io n -p a ir  in te rm e d ia tes  m a y  
in  in vo lve d . (R e la t iv e ly  few  unam biguous exam ples o f 
Sn2' reactions in it ia te d  b y  an ion ic  nuc leophiles appear 
to  have been recorded.8’16) T h ere  is l i t t le  evidence to  
in d ica te  th a t  bond  m a k in g  and b ond  b rea k in g  in  Sn2' 
reactions is synchronous, a lth o u g h  th e  lim ite d  evidence 
ava ilab le  w ith  respect to  th e  s te reochem is try  o f the  
re ac tio n  is m os t re a d ily  in te rp re te d  in  th is  w a y .16 F i
n a lly , i t  seems c lear th a t  a d d itio n a l m echan is tic  studies 
are desirable, th a t  some o f th e  e a rlie r Sn2' m echan is tic  
c lass ifications need to  be reexam ined, and th a t  the  Sn2'

(3 8 ) J . F .  B u n n e tt  a n d  R . J . M o r a th , ib id .,  7 7 , 5 0 5 1  (1 9 5 5 ) .
(3 9 ) N o t e  th a t  b u ilt - in  s o lv a t io n  is  n o t  e s s e n t ia l  t o  t h e  su c c e s s  o f  th e  

S n 2 ' r e a c t io n  in  ou r  s y s te m s  s in c e  2 (b r o m id e ), 3, a n d  4 g iv e  S n 2 ' r e a c t io n s  
in  m e th a n o l a s  w e ll a s  in  b e n z e n e .
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m echan is tic  c lass ifica tion  needs to  be assigned w ith  in 
creased ca u tio n  in  the  fu tu re .

Experimental Section40
Kinetic Data.—The preparation of halides 1, 2, and 3 has been 

described previously.1 " 3 The rates reported in Tables I  and II 
were determined titrimetrically by the method described earlier.2

Attempted Methanolysis of 3-(a-Chloro-«-methylethyl)benzo- 
[6]thiophene 1,1-Dioxide (3).—A solution of 12.24 mg of 3 in 
100 ml of absolute methanol was thermostated at 50° for 21 
days and then kept at room temperature (ca. 25°) for 35 days. 
Samples were withdrawn periodically, treated with 10 mi of 
0.25 M  nitric acid, and titrated using a Sargent automatic 
constant-rate buret (Model C) with 1.5 X 10~3 M  silver 
nitrate as the titrant. End points were determined graphically 
from the inflection points of the titration curves and compared 
with end points found for standard methanolic solutions, using 
the same pipet. None of the samples taken, including three 
taken after 56 days, gave measurable amounts of chloride ion. 
Check runs with known standards showed that as little as 2% 
chloride ion could have been detected readily. Assuming that 
the conditions were equivalent to about 30 days at 50° and that 
2% of 3 has solvolyzed

-2 .3  log (0.98)
2.7 X 106 sec 7 X 10 9 sec 1

Thus, the solvolysis rate is less than 1 X 10-8 sec-1 a t 50°.
Attempted Reactions of 3 with Nucleophiles. A. With Tri- 

ethylamine.—A solution of 300 mg of 3, 10 ml of benzene, and 
623 mg (0.6 M)  of triethylamine was refluxed 4 hr. No solid 
formed. The solution was evaporated under an air jet, leaving 
309 mg of white solid, mp 143.5-145.5°; the mixture melting 
point with authentic 3 was undepressed. The sample was dis
solved in 20 ml of boiling triethylamine. After 15 min the solu
tion was cooled in an ice bath and filtered. There was thus 
obtained 216 mg (72%) of long white needles, mp 140-142°; 
the mixture melting point with authentic 3 was undepressed.

B. With N-Methylpiperidine in Benzene.—A solution of 6.14 
mg of 3 in 50 ml of 0.30 M  N-methylpiperidine in benzene was 
thermostated at 50° for 23 days and then kept at room tempera
ture for 35 days. Titration as described above showed that less 
than 2% of 3 had reacted; therefore

h  < ------~2-3 log (0.98)----  or o v  in -r M -1 sec-1 at 50°
2 0.30 M X  2 X 10"s sec X sec at

C. With Lithium Bromide in Acetone.—A solution of 121 mg 
of 3 and 86.9 mg of anhydrous lithium bromide (1 mmol) in

(40) M ic r o a n a ly s e s  w ere  b y  M ic r o -T e c h  L a b o ra to r ie s , I n c .,  S k o k ie , 111.

12.5 ml of anhydrous acetone was kept at room temperature (ca. 
25°) for 31 days. The solvent was distilled at reduced pressure 
and the residue was extracted with deuteriochloroform: nmr, 
5 7.0-8.3 (aromatic, 4 H), 6.55 (singlet, 1 H), and 1.98 (singlet, 
1 H) attributed to 3 and 2.7, 2.2, and 1.3. These latter peaks, 
due to impurities, were reduced in intensity when the solvent 
was evaporated and a new spectrum was taken. The solvent 
was evaporated and the sample was digested in 15 ml of water at 
room temperature for 2 days.

Anal. Calcd for CUHU0 2C1S: C, 54.43; H, 4.57. Calod 
for CuHnChBrS: C, 46.00; H 3.86. Found; C, 54.33; H, 
4.71.

D. With Thiourea.—A solution of 243 mg of 3, 254 mg (3.33 
mmol) of thiourea, and 7 ml of absolute methanol was refluxed 
3 hr. Cooling and filtering gave 72.5 mg of thiourea, mp 165- 
177° dec. A second fraction amounted to 192 mg (79%), mp 
134^142°; the mixture melting point with authentic 3 was
135.5-144°. A similar result was obtained in acetonitrile.

Reaction of 3-(a-Bromoethyl)benzo[i>] thiophene 1,1-Dioxides 
(2b) with Thiophenoxide Ion in Absolute Methanol.—A mixture 
of 100 mg (0.366 mmol) of 3-(a-bromoethyl)benzo[6] thiophene
1,1-dioxide, 1.5 ml (205 mg, 1.83 mmol) of absolute methanol, 
and 0.85 ml of 0.21 M  sodium methoxide solution (1.8 mmol) 
was dissolved and heated at reflux for 9 hr. The solution was 
evaporated with a stream of nitrogen and extracted with three
10-ml portions of benzene. The mixture was filtered and the 
filtrate was evaporated, leaving 125 mg of a yellow oil; nmr 
(CDCI3), 8 7.5-8.25 (aromatic), 4.58 (quartet, 1.4), 4.35 (broad 
singlet), 2.34 (triplet, 1.4), and 2.09 (broad singlet). Because 
of the absence of absorptions in the 8 5-7.5 region (vinyl Tegion), 
it was possible to rule out structures corresponding to the ab
normal displacement product, its SNi' rearrangement product, 
starting material, and the normal displacement product. Be
cause of the absence of absorption in the region 8 0.5-2, it was 
possible to rule out 2-phenylthio-3-ethylbenzo [6] thiophene 1,1- 
dioxide as the structure. The chemical-shift data and coupling 
constants were consistent with a mixture of geometric isomers of
3-(phenylthio)ethylene-2,3-dihydrobenzo [6] thiophene 1,1-diox
ide. Integration of the spectrum showed the ratio of methyl 
absorptions (2.34, 2.09) to methylene absorptions (4.58, 4.35) 
to aromatic was 3.0:2.2:14. Thus about 20% by weight was 
benzenethiol. The remainder (ca. 110 mg, 99%) was attributed 
to displacement products. Trituration with methanol failed 
to give a solid.

Anal. Calcd for Ci6H 140 2S2; C, 63.55; H, 4.67. Found: C, 
63.80; H, 4.63.

Registry No.—9, 16958-52-4; 10, 16958-53-5.
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Solvolysis of citraeonic acid hydrobromide leads to the formation of a well-defined intermediate which has 
the properties of a /3-lactone. The eventual product is methacrylic acid. The solvolysis of citraeonic acid di
bromide is very complex, but again involves a /3-lactone, and leads to a variety of products including acetone. 
The lactone resulting from addition of bromine to citraeonic acid had a similar spectrum and similar properties 
as the solvolysis intermediate. A time study of the solvolysis is given which is characteristic of a series of con
secutive reactions. Solvolysis of mesaconic acid dibromide exhibits no discernible intermediate. Solvolysis of 
itaconic acid derivatives lead to five-membered lactones.

Several reaction pathways are open to /3-bromocar- 
boxylate anions. The reaction may involve a simple 
substitution of a solvent fragment for the leaving group. 
In other systems a dehydrohalogenation is observed. 
The most striking possibility is debromodecarboxyla
tion, a reaction first observed in the 1870’s. This reac
tion is of considerable utility in preparing pure cis- or 
¡frans-alkenes. Bachman and Farrell1 have discussed 
the structural factors in the substrate that favor de
bromodecarboxylation over the other reaction path
ways.

Two main pathways have been postulated for the 
debromodecarboxylation of 2,3-dibromo-3-phenylpro- 
pionate anions.2“ 6 One pathway, a stereospecific “E2- 
like” process yields olefin by a concerted elimination of 
carbon dioxide and bromine (eq 1).

C6H5CHCH 

Br Br

€07
C6H,CH=CHBr (l)

The second pathway is a stereoselective, stepwise 
“El-like” process2“ 6 (eq 2), which bears some similarity 
to the acid-catalyzed decarboxylation of substituted cin
namic acids6 (eq 3).

CÊHSÇHÇH 

Br Br

€ 0 7
C6H5CHCHC07 

r I
Br

C6H5CH=CHBr (2)

Ar2C=CHC02H — <► Ar2CCH2C02H — » Ar2C=CH2 (3)

A second possibility for the reaction of /3-bromocar- 
boxylates is solvolysis with neighboring-group partici
pation to form a /3-lactone (eq 4).7

/C 0 2- o— c ^ °  » 1 1
/

Br

1 1

Older workers in fact considered such a ring closure 
to precede decarboxylation.8 This idea was supported

(1) (a) G . B . B ac h m an , J .  A m er. Chem. Soc., 55, 4779 (1933); (b ) J . 
F a r re l l  a n d  G . B . B a c h m a n , ib id ., 57, 1281 (1935).

(2) (a) E . G ro v e n s te in  a n d  D . L ee, ib id ., 75, 2639 (1953); (b) 77 , 3795 
(1955).

(3) (a) S. C ris to l a n d  W . N o rris , ib id ., 75, 632 (1953); (b) 75 , 2645 (1953).
(4) E . T ru m b u ll, T .  F in n , K . Ib n e -R a s a , a n d  C . S au ers , J .  Org. Chem ., 27, 

2339 (1962).
(5) J . F . B u n n e t t ,  A ngew . Chem . In te rn . E d . E ng l., 1 , 225 (1962).
(6) (a) W . S. J o h n so n  a n d  W . H einz , J .  A m er. Chem. Soc., 71 , 2913 (1949); 

(b ) D . S. N oy ce , S. B ra u m a n , a n d  F . K irb y , ib id ., 87 , 4335 (1965).
(7) (a) J .  F . L a n e  a n d  H . H eine , ib id ., 73, 1348 (1951); (b ) E . P . K o h le r, 

a n d  R . K im b a ll, ib id ., 56, 729 (1934).
(8) R . F i t t ig  a n d  F . B in d e r , A n n . Chem ., 195 , 131 (1897).

by the isolation of an intermediate9“ 11 from the reaction 
of /3-bromocarboxylate systems (eq 5). This inter

mediate or side product did not contain bromine and 
readily decarboxylated to yield olefins. Later Stau- 
dinger12 showed authentic /3-lactones were capable of 
decarboxylation. More recently Noyce and Banitt 
showed the decarboxylation of /3-lactones was stereo
specific.13

In other cases, epoxide products resulting from reac
tion of certain /3-bromocarboxylate systems were in
terpreted in terms of a /3-lactone intermediate.3 4 5

In considering a given system it is still not clear if 
mechanisms as in eq 1 and 2 apply or if ring closure 
occurs to give a lactone intermediate which subse
quently decarboxylates.14’15 I t seems likely that a 
/3-lactone would decompose by a zwitterionic route,13,15 
and the stereochemistry of this process is a question of 
great interest.13

CH3
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I
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The present study involves five substrates, citraeonic 
acid hydrobromide (1 ), citraeonic acid dibromide (2),

(9) A. E in h o rn , Chem. B er., 16, 2208 (1883).
(10) A. Basiez-, ib id ., 16, 3001 (1883).
(11) H . E rlen m ey e r, ib id ., 13, 303 (1880).
(12) H . S ta u d in g e r , ib id ., 41 , 1355 (1908).
(13) D . S. N o y ce  a n d  E . H . B a n i t t ,  J .  Org. Chem ., 31, 4043 (1966).
(14) H . E . Z augg, Org. R eactions, 8 , 305 (1954).
(15) (a) H . T . L ian g  a n d  P . D . B a r t le t t ,  J .  A m er. Chem . Soc., 80, 3585 

(1958); (b) T . L . G resh am , ib id ., 76, 486 (1954), a n d  m a n y  re la te d  p ap e rs .
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mesaconic acid dibromide (3), itaconic acid hydrobro
mide (4), and itaconic acid dibromide (5). The rates of 
solvolysis of these substrates in their dianion form was 
studied. In other experiments the course of the sol
volysis was monitored by nmr in an effort to observe 
reaction intermediates.16’17

Results and Discussion
Rates of Halide Ion Formation.—The rates of halide 

ion formation are given in Table I for substrates 1-5 
(dianions).18 Certain activation parameters are also 
listed. The extreme rapidity of solvolysis of 1 and 4 
prevented studies at higher temperatures than 30.1°. 
The rate solutions were made up to 0.10 ±  0.01 M  in 
sodium acetate in an effort to ensure the substrate salts 
remained predominately in the dianion form. Reac
tions of these substrates as the monoanion and free acids 
were approximately 10 and 100 times slower, respec
tively (3, however, was less sensitive to its anionic 
state).

The relative rates were in the order 4 > 1 > 5 > 2 > 3 .  
The most reactive material itaconic acid hydrobromide
(4) was ca. 1800 times more reactive than mesaconic 
dibromide, 3. In general the monobromides 4 and 1 
were substantially more reactive than the dibromides.

The activation parameters are of interest in that 2, 3, 
and 5 show positive entropies. Lane and Heine7 found 
positive activation entropies in reactions considered to 
involve neighboring group participation by carboxylate.

T a b l e  I
R a t e s  o f  H a l i d e  F o r m a t i o n  b y  S u b s t r a t e s  1-5 i n  W a t e r

S ub-
s t r a te —l A H *, AS*,sec

1 30.1° 50.1° krel k c a l/m o l eu

1 1 .5  ± 0 . 1 X  1 0 “ 3 250
2 3 .5  ±  0 .1  X  10"'4 5 .7  ± 0 . 2  X  1 0 " 3 59 26 ±  1 12 ±  3
3 9 .7  ±  0 .3  X 10-6 1 28 ±  1 11 ±  3
4 1 .1  ±  0 .3  X  10^2 1800
5 3 .9  ± 0 . 1 X  1 0 '4 5 .6  ±  0 .1  X 10~ 3 64 26 ±  1 10 ±  4

“ No correction was made for the number of bromines which
react. For 2 the observed rate is that of loss of one bromide; 
for 3 and 5 the rate reflects loss of both bromides.

Reaction Products from 1.—In the reaction of 
citraconic acid hydrobromide (1), Fittig and coworkers 
reported the major product to be methacrylic acid (6), 
which was confirmed in this study. However observa
tion of the course of the reaction by nmr in deuterium 
oxide showed that an intermediate 7 builds up to high 
concentration during the period of bromide ion forma
tion. Upon heating, the resonance absorption of the 
intermediate disappeared, carbon dioxide was emitted 
in large quantities and the spectrum of methacrylic 
acid appeared. If the intermediate 7 were treated with 
excess base, the spectrum of citramalic acid (8) ap
peared, very similar to that of authentic material. 
When treated with large quantities of bromide ion, 
little change in the concentration of the intermediate 7 
was observed. However when trifluoroacetic acid 
(plus bromide ion) was added, the spectrum of starting

material reappeared.
The decarboxylation of intermediate 7 to form 6 took 

place smoothly when bromide had been removed with 
silver. These reactions are summarized in Scheme I, 
and the pertinent nmr data are given in the Experi
mental Section. These reactions are consistent with a 
/3-lactone intermediate. The point of interest here is 
that the decarboxylation step involves the intermediate 
7 itself.19 I t does not seem likely that 7 reverts to I 
which subsequently debromocarboxylates by a con
certed mechanism.

S c h e m e  I
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Reaction Products from 2.—The solvolysis of citra
conic dibromide (2) is a complex reaction of which only 
the major sequences can be identified. Fittig and co
workers20 reported propionaldéhyde and bromometh- 
acrylic acid (9) as the major products. The nmr re
sults of this study in deuterium oxide confirm 9 as well 
as its isomer 10 which is formed in part from 9 as the 
reaction progresses. In our hands acetone (1 1 ) was ap
parent, but no propionaldéhyde, per se, although some 
small rather diffuse resonance absorptions appeared late 
in the reaction, possibly owing to decomposition prod
ucts of propionaldéhyde. Similar absorptions were 
noted when authentic propionaldéhyde was allowed to 
stand in the reaction mixture. Mass balance deter
minations showed that ca. 93% of the original starting 
material could be accounted for by well-defined 
products discussed below neglecting possible deutéra
tion of the acetone. I t was not possible to isolate pro
pionaldéhyde from the runs at 30.1°. However in an 
attempt to duplicate Fittig’s reaction conditions, at ca. 
80° and using nitrogen to sweep out volatile products, 
propionaldéhyde was indeed obtained in small yield.

In the solvolysis of 2 the kinetic runs showed that the 
two substrate bromines are lost at markedly different 
rates. During the period of the first equivalent of bro
mide ion formation, the starting material resonance ab
sorption decreases monotonically and is replaced in 
large part by an intermediate, 12 (methyl 5 1.82, 
methine 8 5.65), plus some of the unsaturated acid 9. 
Figure 1 shows a time study of the concentrations of 
starting material, the intermediate, and the various 
products. Figure 2 shows a partial nmr spectrum of a 
typical run in which the major absorptions are identified 
as shown in Scheme II. The time study of Figure 1 is 
fairly typical of an A — B -*■ C, D . . .  set of consecutive

(16) R . S. B ly , R . K . B ly , A . B ed e n b au g h , an d  O. V ail, J .  A m er. Chem . 
Soc., 89 , 880 (1967).

(17) I n  re la te d  sy stem s  th e  p resen ce  of an  in te rm e d ia te  h a s  been  in fe rred  
from  k in e tic  ev idence , H . Jo h a n n so n , Chem . B e r ., 48, 1262 (1915), a n d  s te reo 
ch em ica l ev idence , B. H o lm berg , Svensk  K em . T id skr ., 30, 215 (1918), o r  b y  
is o la tio n .711

(18) F o r  ea rlie r  k in e tic  s tu d ie s  on 5 see  B . H o lm berg , ib id ., 30, 190 (1918).

(19) A co n certed  d ec a rb o x y la tio n  of a  0 -la c to n e  is  co n sid e red  u n lik e ly  b y  
som e w orkers  s ince  th is  w ould  n o t  b e  th e rm a lly  allow ed : R . H offm an  a n d  
R . B . W oodw ard , J .  A m er. Chem . Soc., 84, 2046 (1965). A  zw itte rio n ic  
m e ch an ism  (ref 15) w ou ld  be m o re  p ro b ab le ,

(20) R . F i t t ig  a n d  P . K rau se m a rk , A n n . C hem ., 206, 7 (1880); R . F i t t ig  
a n d  B. L a n d o lt, ib id ., 188, 77 (1877).
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S c h e m e  II

11

reactions. A second intermediate IS is also apparent in 
low concentration compared to 12 . Due to its low 
level, it was not possible to determine the eventual fate 
of 15.

A group of two products or intermediates 13 and 14 
is apparent in rather low yield (19%) at 8 1.3—1.5. The 
former is also the eventual product of solvolysis of the 
free acid of 2 and is assigned the diol structure as shown 
in Scheme II. The latter could be produced by NBS 
bromination of citraconic acid in aqueous solution or by 
the base-catalyzed cleavage of 12 and is assigned the 
bromohydrin structure. The bromohydrin 14 (methyl 
8 1.32, eventually reacts to form 13 (methyl 8 1.36), 
and acetoacetic acid 16 in somewhat variable ratios 
depending upon pH. The acetoacetic acid 16 in turn 
slowly produces acetone. The decomposition is faster 
if the reaction mixture is acidified.

It is clear, however, that the precursor of some of the 
unsaturated acid 9 and most of the acetoacetic acid 16 
is the intermediate 12. Thus when starting material is 
nearly gone, 12 reaches a maximum of ca. 40% of total 
material present (at this point 9 is 16% and 16 is 25% of 
the total). As 12 disappears, 9 plus 10 increase to 35% 
and 11 plus 16 increase to ca. 46% of the total.

In a separate run using excess potassium carbonate 
(pH ca. 8.5), the intermediates 12 and 15 were not ap
parent. I t seems likely that the lactone is rapidly 
cleaved by base or else it does not form. Under these 
conditions, the concentration of the diol product 13 is 
larger (22%) and that of 9 is less (21%) than in runs of 
neutral pH (16 was the same (47%)). Thus in these 
basic solutions the capture of the carbonium ion by sol
vent, 17 -*■ 14, is more probable than the decarboxyla
tion reaction 17 —► 9. However the fact that 9 still 
occurs in substantial yield is suggestive that 9 may be

Figure 1.—Time study of the reaction of 2 in D20 , ca. 25°. 
The nmr peak intensities were determined relative to (CH3)4- 
NBr.

15

3.0 2.0 <1.0

Figure 2.—Partial nmr spectrum of the solvolysis of 2 . Time 
is 130 min after dissolution.

formed in part from other pathways. The direct de
bromodecarboxylation 2 9 is one possibility.3

It was possible to produce 12 by another pathway. 
Addition of bromine21 to a cold, neutral aqueous solu-

(21) D . S . T a rb e ll a n d  P . D . B a r t le t t ,  J .  A m er . Chem . Soc., 69, 402 (1937).
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tion of citraconic acid produced a material with a nmr 
spectrum very similar to 12 . The subsequent reactions 
of this material were similar to 12, yielding 9 (40%), 
13 plus 14 (6%), and 16 (54%).

In an attempt to isolate intermediate 12, the solution 
was acidified to pH 2 with HBr. An oil separated 
which was mainly 2 . Some 12 remained however, 
whose infrared spectrum showed an absorption at 1860 
cm-1, consistent with its formulation as a (3-lactone.13

Reaction Products from 3.—The kinetic runs on 
mesaconic dibromide (3) showed that both equivalents 
of halogen appeared at essentially the same rate. Ac
cordingly the reaction at 30.1° as monitored by nmr 
showed no intermediate corresponding to 12 in any 
sizable concentrations. Unfortunately in these runs 
several small, rather diffuse resonance absorptions 
appeared at ca. 8 0.8-1.3, and accurate product ratios 
could not be determined. Mass balance determinations 
were poor (ca. 70%) if these diffuse peaks were 
neglected. In the low temperature runs 9 and 10 
amounted to ca. 30%; 16 and 11, ca. 25%; and 13 and 
14, ca. 10% of the total.

In runs of 75°, the unsaturated acids 9 and 10 
amounted to ca. 70% of the total. Thus the increase 
in temperature produced a considerable change in the 
character of the products.

In the reaction of 3 Fittig and coworkers again re
ported propionaldéhyde, which was verified in cases 
in which nitrogen was used to sweep out this product. 
One possible explanation for the production of pro
pionaldéhyde as well as acetone centers around a possi
ble epoxide intermediate, 18. One mode of cleavage of 
the oxirane ring would yield 19 and eventually propion
aldéhyde. The other mode of cleavage would produce 
acetone.

/  \-ACC— CCOf
■ Ich3

18

ACCHCH
CH.
19

16

■> ch3ch2cho

0

ch3cch3
This epoxide was apparent in the low temperature re

actions in a maximum yield of 7%. The same material 
(8 1.51) as 18 was produced by base-catalyzed ring 
closure on the bromohydrin 14.
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Although a (3-lactone was not observed in the solvoly
sis of 3, this material 20 (methyl S 1.74, methine 5 5.57) 
could be produced by addition of bromine to mesaconic

acid. The yield in this case was rather poor (26%), and 
a plethora of other products included 9, 10, 16, 13, and 
mainly 14. The subsequent reactions of 20 again pro
duced more of these same materials. I t is interesting 
however that both the lactone from citraconic acid (12) 
and the lactone 20 form the same bromohydrin 14 upon 
hydrolysis, somewhat similar to the results of Tarbell 
and Bartlett.21

Since the lactone 12 can be made from and can be 
cleaved to citraconic dibromide (2), it is assigned the 
structure 12a. A tentative structure for 20 is given.

The mode of addition of Br+ and carboxylate to yield 
12a and 20 is rather unusual, amounting to an over-all 
cis addition. I t is felt that participation by the a-car- 
boxyate stabilizes the carbonium ion and allows internal 
rotation to occur. The /3-carboxylate then closes the 
lactone ring from the same side of the molecule as the 
original bromine attack.

Reaction Products from 4.—The solvolysis of itaconic 
acid hydrobromide was a comparatively simple process. 
The reaction of the “monoanion” was followed instead 
of the dianion owing to the extreme rapidity of reaction

4  o f f " ; c - °
,.C—CH2

21

of the latter. Paraconic acid20 (21) appeared to be the 
sole product. The nonequivalent methylenes of 4 (ca. 
5 2.70 and 3.7) changed smoothly to the absorptions of 
product (ca. S 2.9 and 4.6).

Reaction Products from 5.—The solvolysis of itaconic 
acid dibromide (5) also was straightforward. The 
only observable product was the unsaturated lactone,

„  / " I"02C H
22

aconic acid (22) (methylene 5 5.11, vinyl 6 6.42). It 
was not possible to tell by nmr experiments if ring 
closure preceded dehydrohalogenation or if the reverse 
was true.

It is clear, however, that debromodecarboxylation 
does not compete with closure to the stable five-ring 
lactone.

Since both 4 and 5 have similar structures and both 
give five-membered lactones, it is interesting to specu
late on the ca. 30-fold greater reactivity of the mono
bromide. Part of the slowness of 5 may be due to the 
electron-withdrawing character of the second bro
mine. More important are the steric interactions in
volved. In the transition state the leaving group is 
gauche to both a carboxylate and a bromine, a sterically 
unfavorable situation. The dianion of 4 has no diffi
culty in approaching the transition state.

?
/ - • /
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X — C 'Z
«F- 0 H
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Other Comments.—The solvent isotope effects were 
measured for the five substrates; kHl0/kn t0 for 1 , 1 .2 ; 
2, 1.2; 3, 1.3; 4, 1.1; 5, 1.2. These values may be com
pared to the values from solvolysis of i-butyl chloride in 
water (1.3-1.5) and methyl bromide (1.1-1.2).22’23 
Thus the solvent isotope effect for substrates that form 
well-defined lactone products is very similar to that of 
substrates thought to form lactone intermediates but 
eventually yield other products.

In conclusion the evidence seems quite strong that a 
/3-lactone is a true intermediate in the debromode
carboxylation of 1 and 2, but probably not of 3.

In the reactions of 2 it is interesting to note that the 
lactone closes at the tertiary center to form 12 rather 
than at the secondary center, which would form 23 
(however, 23 and IS may be the same, but 15 is a minor 
product). Although a direct displacement of bromide 
by carboxylate is possible, the sequence most likely in
volves the carbonium ion 17. The reactions of 17 ap
pear to be highly stereoselective in that usually just one 
of two possible stereoisomers is formed.13 The zwit- 
terion 17 must be a tight internal ion pair.13

0

2 —► CH3C—CHCOr
Br
23

The ca. 60-fold greater reactivity of 2 over 3 deserves 
additional comment. In part this difference is due to 
the greater thermodynamic stability of 3 ground state. 
In the solvolysis of the free acids of 2 and 3, which very 
likely go by similar mechanisms, 2 is ca. sevenfold more 
reactive. This latter ratio parallels the differences ob
served with many erythro-threo pairs of diastereomers.

In addition to the rather small difference in the sol
vent isotope effect, other differences between 2 and 3 
are thought to reflect a fundamental difference in solvol
ysis mechanism. The solvent dimethyl sulfoxide 
(DMSO) has been shown to increase the rates of reac
tions that involve assistance by carboxylate.24 Going 
from water to a solution of 60% DMSO-40% water 
involves a 15-fold rate increase for 2, a 12-fold increase 
for 5 and a fivefold increase for 3. The addition of ion
pairing cations such as calcium diminish the rate of re
action where carboxylate participation is important. 
Again the rates of 2 and 5 are rather strongly dimin
ished. The relative ratios of rates of reaction in the 
absence and presence of 0.16 M  calcium nitrate are 0.7 
for 2 and 0.6 for 5. On the other hand, 3 shows >0.8 
rate ratio (at 70° rather than at 50° for 2 and 5).

In  toto, the threo substrate 2 appears rather more sen
sitive to the state of the carboxylate than does the 
erythro isomer 3. I t does not seem likely that 2 reacts 
by a direct SN2-like displacement of bromide by car
boxylate. If a Sn2 were in evidence 23 would very 
likely result rather than the tertiary product 1 2 . More 
likely the reaction is an ionization in which the separa
tion of the bromide is materially assisted by a properly 
oriented /3-carboxylate, although a full covalent carbon- 
oxygen bond is not present.

In the basic aqueous solution the solvated carboxyl- 
ates are probably very large groups. The conformation 
needed for assistance by the /3-carboxylate in 3 is de
stabilized by having both carboxylates gauche to other 
sizable groups.
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Furthermore if the substrate 3 did close to the lac
tone 20 (for which no evidence exists in the solvolysis) 
the lactone 20 would be destabilized by the carboxylate- 
bromine interaction (compare the relative stabilities of 
9 and 10).

The substrate 3 may react by other pathways than 
/3-carboxylate participation. A bromonium ion struc
ture is a strong possibility.

Experimental Section
Materials were produced as follows. The starting material 2 

and 3 were prepared by Vaughan and Milton’s procedure,25 
the procedure of Fittig being worthless.20 The materials 2 and 
3 exhibited melting points of 151-152°, respectively. The 
material 1 was prepared by the procedure of Fittig and Landolt,20 
mp 143-145° (lit. mp 140°). This material had a slight impurity 
that was not removed under repeated recrystallization. The 
resonance absorptions of the impurity occurred a t 1.41 and 1.28 
ppm and did not change in the course of the hydrolysis.

The substrate itaconie acid dibromide (4) was prepared by 
addition of bromine to itaconie acid, mp 166-168°, and itaconie 
acid hydrobromide was prepared by the method of Ingold, 
et al., mp 134-136° (lit. mp 137°).25 26

The nmr product studies were run by dissolving ca. 200 mg of 
substrate in 0.7 ml of deuterium oxide (Columbia Chemical 
Co.) with ca. 10 mg of tétraméthylammonium bromide as a 
standard (the chemical shift was taken as 191 cps). The faster 
runs were run a t probe temperature, ca. 35°. The slower runs 
were stored in a constant temperature bath a t 30.1° between 
readings. Readings were taken on a Varian A-60 instrument. 
The tubes were usually shaken with CCh, the layers were sepa
rated, and the organic layer was checked for propionaldéhyde 
(never found).

Product studies were attempted by isolation of the product 
acids, esterification by diazomethane or by the Fisher procedure, 
and analysis by vpc. In general these results were not regarded 
as trustworthy. Apparently some decomposition occurred in 
the evaporation of the water or in the esterification, particularly 
in the case of 1 .

The data for a typical nmr run follow. The substrate 1, 
0.150 g, was placed in a small vial and mixed with 0.161 g of 
lithium bromide, 0.014 g of tétraméthylammonium bromide, 
0.1045 g of potassium carbonate, and ca. 1.0 ml of deuterium 
oxide. The tétraméthylammonium bromide was used as an 
internal standard, whose integral was compared to the substrate 
and product integrals. The pH was adjusted to ca. 7, and the 
solution scanned. The starting material absorption (methyl at
2.07 ppm and methylene a t 3.19 ppm) changed smoothly to that 
of the intermediate (1.92 and 3.72 ppm, respectively, ratio 2:1). 
The change was essentially complete in 90 min. Similar to the 
run without LiBr only a small amount of olefin was evident at 
the end of this period. The solution was divided; part was heated 
on a steam bath for ca. 30 min. The spectrum of methacrylic 
acid (6) appeared, very similar to the literature spectrum .27 
The final solution showed 84% 6 and 16% 8. The remainder of 
the solution was treated with trifluoroacetic acid to give a solution 
pH 1. The spectrum of starting material free acid reappeared 
(methyl, 2.02; nonequivalent methylene, ca. 3.34 ppm).

In another experiment, the preformed intermediate was treated

(22) P . L a u g h to n  a n d  K . R o b e rtso n , C an. J .  C hem ., 34 , 1214 (1956).
(23) C . G. Sw ain , R . C a rd in a u d , a n d  A. K e tle y , .7■ A m er. Chem . Soc., 7 7 , 

934 (1955).
(24) C . A. K in g sb u ry , ib id ., 8 7 , 5409 (1965).

(25) W . R . V au g h an  a n d  K . M ilto n , ib id ., 7 4 , 5673 (1952).
(26) C . K . In g o ld , C. S hoppee, a n d  J . T h o rp e , J .  Chem. Soc., 1488 (1926).
(27) N . S. B h acca , L . F . Jo h n so n , a n d  J . N . S hoo lery , " N M R  S p ec tra  

C a ta lo g ,"  V a ria n  A ssocia tes, P a lo  A lto , C alif., 1962, N o . 62.
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with base. The spectrum of citramalic acid (8) appeared which 
also was evident in the previous run in small amounts (methyl, 
1.48; nonequivalent methylene, 2.41, 2.77 ppm). This spectrum 
was very similar to that of authentic material (Aldrich).

Product Identification Rims.—Citraconic acid (0.302 g) plus 
potassium carbonate (320 mg) was heated briefly in deuterium 
oxide (1.0  ml) plus 10 mg of tétraméthylammonium bromide. 
Bromine was added in small amounts with intermittent cooling. 
An aliquot was taken and checked by nmr which showed the 
absorptions of 12 , & 1.74, 5.71 (53%); unreacted starting ma
terial, (21%); 9 and 10 S ca. 1.92 (16%), 13 and 14, S 1.38 and 
1.31, respectively (10%). The spectrum was rerun at intervals, 
eventually forming 9 and 10 (38%), 13 and 14 (12%), and 16 
(28%).

In another run on large scale the intermediate 12 was carefully 
treated with HC1 in the cold, to pH 2. An oil slowly separated 
(ca. 3.5 g from 10 g of starting material). The infrared spectrum 
showed a strong absorption a t 1860 cm-1 plus the carboxylic 
absorption a t 1720 (broad). The nmr of this material showed 
the material to be 25% of the lactone 12, 30% 9, and 45% of a 
material very similar to 2. If HBr were used for acidification, 
the latter gave a spectrum identical with authentic 2 .

In another run, the lactone 12 was formed similarly, then 
treated with excess potassium carbonate. The spectrum of 12 
diminished rapidly and was replaced by the bromohydrin 14 and 
acetocetic acid (16), 5 2.25 (three protons) and 3.47 (two pro
tons). The final solution showed 30% 14, 13% 13, and 26% 10. 
This solution was basified with potassium hydroxide to pH 13. 
The bromohydrin changed in large part to 16, but a new peak 
appeared S 1.58, believed to be the epoxide 18.

The bromohydrin 14 was also produced by treatment of 
citraconic acid (10.0 g) with N-bromosuccinimide (14.4 g) 
stirred in 20 ml of II20  overnight with 0.1 ml of sulfuric acid. 
The aqueous solution was mixed with 20 g of ammonium chloride 
and repeatedly extracted with ether. The organic layers were 
dried over MgSCh, evaporated, and checked by nmr. The 
product, 5.0 g, was ca. 70% 9 and 30% 14.

Mesaconic acid (320 mg) was treated with potassium carbonate 
in deuterium oxide until the pH was ca. 6.5. Bromine was 
added dropwise with intermittent cooling. The nmr showed 
the following absorptions, in addition to 20 (20%), 14 (17%), 
13 (8%), unidentified peak 5 1.66 (4%), unreacted mesaconic 
(11%), unidentified peak 6 2.08 (4%), and 16 (12%) were 
produced.

Upon acidification with hydrobromic acid 20 rather slowly 
formed 14, then 13. No more than a small quantity of 3 was 
formed, by comparison of spectra before and after addition of 
authentic 3.

In another run 20 was formed as before, then treated with 
potassium carbonate; 14, 13, and 16 were again the major prod
ucts similar to the experiments with 12 .

To check that 12 and 20 produced the same bromohydrin 14,
1.0 g of citraconic acid and 1.4 g of mesaconic acid were treated 
with Br2 in a neutral, aqueous solution, forming 12 and 20; 
upon treatment with K2C 03 only a single absorption due to 14 
and a single absorption due to 13 was apparent in addition to 
16.

To test for propionaldéhyde, 2 or 3 (10.0 g) was added to 50 
ml of water plus an equimolar amount of potassium carbonate 
a t ca. 80° (steam bath). Two traps were used, one filled with 
ice, the other with Dry Ice-acetone. Nitrogen was passed 
through the reaction mixture for ca. 30 min. The ice trap con
tents were analyzed by nmr and vpc and showed water and traces 
of organic material. The Dry Ice trap contents showed about 
1 ml of a liquid, mainly water in the case of 2 with about 20% 
of an equal mixture of acetone and propionaldéhyde. In the case 
of 3 the trapped material (ca. 1 ml) showed equal quantities of 
water and organic material of which there was 60% propionaldé
hyde and 40% acetone.

The rate solutions were prepared in volumetric flasks to which 
ca. 20 ml of redistilled water, 200 mg of substrate, and the requi
site amount of sodium acetate had been added. This mixture 
was allowed to come to temperature. The rate was begun by 
addition of a twofold molar equiv of standard sodium hydroxide, 
which also had been equilibrated. The evolution of bromide was 
followed by adding 5-ml aliquots to cooled, pretitrated solutions 
of standard silver nitrate and sodium thiosulfate. The titration 
was rapidly completed after addition. Rate constants and activa
tion parameters were calculated by standard procedures.28

Registry No.—7, 16520-64-2; 9, 16503-84-7; 10, 
16503-85-8; 11, 67-64-1; 12, 16503-86-9; 13, 16503-87-0; 
14, 16520-63-1; 16, 141-81-1; 18, 16503-89-2; 20, 16503- 
86-9; 21, 16503-91-6; 22, 16503-83-6.
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Conformational Preferences in Diastereomers. IV. 1,2,3 Diastereomers
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The four diastereomers of the l,2-dibromo-l,3-diphenylbutane system and two of the three diastereomers in 
the l,2,3-tribromo-l,3-diphenylpropane system are assigned relative configurations on the basis of nmr studies 
in deuteriochloroform, dipole moment, and stereospecific reaction data. Iodide-catalyzed debrominations 
proved to be nonstereospecific. The erythro dibromide centers in the former system are nearly conformationally 
pure, whereas the threo centers here conformationally mixed. In the latter system the reverse is true. The re
sults are discussed in terms of possible unfavorabihty of gauche bromine interactions. The importance of 1,3 
eclipsing interactions is emphasized. The mechanistic implication of the bromination product yields from the 
isomeric 1,3-diphenylbutenes is discussed in terms of possible bromonium ions.

The use of nuclear magnetic resonance spectra to aid 
in the assignment of configurations of acyclic mol
ecules has found increasing application in recent 
years.1-8 Most frequently use is made of the Karplus

(1) J .  C anceill, J .  B asse lier, a n d  J .  J a c q u e s , B u ll. Soc. C h im . F r ., 1906 
(1963).

(2) M . B a rb ieu x  a n d  R . M a r tin , Tetrahedron L e tt., 2919 (1965).
(3) M . S tile s , R .  W in k le r, Y . C h an g , a n d  L . T ra y n o r, J .  A m er. Chem, 

Soc., 86 , 3337 (1964).
(4) R . C . F a h e y , ib id ., 88 , 4611 (1966).
(5) M . D e w a r  a n d  R . F a h ey , ib id ., 85 , 3645 (1963).

relationship9'10 which suggests that predominantly 
trans vicinal protons will exhibit large coupling con
stants (J) in the vicinity of 11-13 cps, whereas pre
dominantly gauche protons show low J  values of ca. 1-3 
cps.

(6) G . J .  K a ra b a tso s  a n d  N .-H si, ib id ., 87 , 2864 (1965).
(7) A . B o th n e r-B y  a n d  D . J u n g , ib id ., 86 , 4025 (1964).
(8) S. B ro w n ste in , Can. J .  Chem ., 39 , 1677 (1961).
(9) M . K a rp lu s , J .  Chem . P h y s ., 30 , 11 (1959); J .  A m er . Chem . Soc., 85 , 

2870 (1963).
(10) H . G u to w sk y , J .  Chem. P h y s .,  38 , 3353 (1962).



Vol. S3, No. 8, August 1968 D i a s t e r e o m e r s  3253

In studies of simple diastereomers,11 the erythro 
isomer frequently has a larger coupling constant than 
the threo isomer (the definition of “erythro” being based 
on the size of the groups). The erythro isomer thus 
has a larger population of a rotomer with trans protons. 
This generalization is not to be expected when strong 
intramolecular hydrogen bonding is possible,1’12’13 and 
possibly not when extreme steric hindrance is pres
ent,4’11’14’15 16 17 18 19 such as in compounds with f-butyl sub
stituents.

Earlier work16-19 has emphasized the importance of
1,3 interactions between sizable groups, as well as 1,2 
(i.e., gauche) interactions as factors which determine 
conformational preferences in diastereomers.

It appeared desirable to move to the more complex 
system of diastereomers which involve three asym
metric centers. The simpler systems suffer from the 
difficulty that the two rotomers with gauche protons 
are not distinguishable since both have similar, low J  
values.

In the system of 1,2,3 diastereomers, one gauche 
H-H rotomer is prohibited by 1,3 repulsions. Thus 
if the nmr spectrum exhibits a low coupling constant 
for a given set of protons, the rotomer can be spe
cifically identified.

Results and Discussion
Analysis of Configuration.—-Addition of bromine to 

either cis- or irans-l,3-diphenyl-l-butene, 3, yielded 
four diastereomers. Three of these were obtained 
crystalline in agreement with Stoermer and Kootz,20 
and will be identified by melting point for the present. 
The fourth diastereomer was an oil, somewhat impure 
by a mixture with 4 and 5, which defied all attempted 
means of purification. The resonance absorptions of 
the oil, 7, fortunately were fairly well separated from 
its impurities, 4 and 5, and the coupling constants and

CH3

CeHs— CH— C H = C H — CsHs ^  
3

4 +  5 + 6 + 7
mp 128° mp 122° mp 80° oil

chemical shifts could be accurately determined. These 
data for 7 as well as similar data for 4, 5 and 6 are 
listed in Table I.

T a b l e  I
N m r  C o u p l i n g  C o n s t a n t s , C h e m i c a l  S h i f t s  

a n d  D i p o l e  M o m e n t s  f o r  D i a s t e r e o m e r s  4-7
Br Br c h 3

H. R 
\  / c 6h 5- -CHa- -CHb-—CH0-- c 6h 6

W .R D ia s te re - Assign- M p , /—C h em ica l shifts**—% D ipo le
H\ c ^ \ c / R om er ment® °C J a b J b c H a H b  H e m o m e n t0

^  K ^  Jti
4 EE 128 1 1 .6 3.0 4.64 4.78 4.00 1.30
5 ET 122 1 1 . 1 2.8 5.15 4.71 3.90 1.20

1________ 1 6 TE 78 4.2 8.2 4.90 4.30 3.15 2.55
improbable g a u c h e 7 TT Oil 6.2 6.2 5.15 4.50 3.20

rotomer

The major system of interest in this study is 1 ,2- 
dibromo-1 ,3-diphenylbutane, 1 , studied earlier by 
Stoermer and Kootz.20 The system 1,2,3-tribromo-
1,3-diphenylpropane, 2, will be briefly considered.

CH3 Br Br Br Br Br
I I I  I I I

C6H5— CH— CH— CH— C A  O R —  CH—  CH— CH— Cÿis 

1 2

The system 1 has three asymmetric centers and a 
total of four possible diasteromers. The system 2 has 
two meso and a single d l  diastereomer.

It is the object of this study (i) to attempt to elu
cidate the configuration at the three asymmetric 
centers of 1 , (ii) to attempt to arrive at some meaningful 
conclusion about the conformational preferences in 
these complex systems, and (iii) to elucidate the modes 
of attack of bromine upon the parent olefin yielding the 
diastereomers of formula 1 .

(11) (a) C . A . K in g sb u ry  a n d  W . T h o rn to n , J .  Org. C hem ,, 31 , 1000 
(1965); (b) C . A . K in g sb u ry  a n d  W . O liver, u n p u b lish e d  re s u lts .

(12) J .  B . H y n e , C an. J .  C hem ., 38 , 125 (1966).
(13) J .  H u ffm an  a n d  R . P . E l lio t t ,  J .  Org. C hem ., 30 , 365 (1965).
(14) See, h ow ever, G . W h ite s id e s , J .  P . S ev en a ir , a n d  R . G o e tz , J .  A m er. 

Chem . Soc ., 89 , 1135 (1967).
(15) C . K in g sb u ry  a n d  D . B e s t, J .  Org. C hem ., 32 , 6 (1967).
(16) C . G . O v e rb e rg e r a n d  T . K u r tz ,  ib id ., 31 , 388 (1966).
(17) Y . F u jim a ra  a n d  S. F u jiw a ra , B u ll. C hem . Soc. J a p .,  37, 1005 (1964).
(18) D . D osko c ilo v a  a n d  B . S chneider, Collect. Czech. Chem . C om m un ., 20 , 

2290  (1964).
(19) T . S h im a n o u ch i a n d  T . T a su m i, Spectrochim . A cta , 17, 755 (1961).
(20) R . S to e rm e r a n d  B . K o o tz , Chem . B er., 58, 2613 (1928).

0 Justification for this assignment of configuration is given in 
the Discussion. b Approximately 10-15% solutions in CDCU 
using tetramethylsilane as an internal standard taken as 0 ppm. 
Spectra taken on a Varian A-60 instrument. c These data are 
considered good ± 0.20; these data have duplicated the spectrum, 
by computer simulation.

It is apparent from the coupling constant data that 
4 and 5 are characterized by strong conformational 
preferences involving predominately trans A and B 
protons and gauche B and C protons.

The dipole moment data are not as definitive as 
other data;21 however, a tentative conclusion may be 
made. The major contributor to the resultant moment 
is the bromine (group moment 1.7 D) although the 
phenyl group is also a fairly strong contributor (group 
moment 0.8-1.2 D). The resultant moment for 6, 
2.55 D, is fairly close to other examples thought to 
contain gauche bromines.15’22 The somewhat lower 
values 4 and 5 are taken as probably indicative of trans 
bromines with the major contributor to the resultant 
being the phenyl groups. The similarity of the dipole 
moments for 4 and 5 probably indicates similar ori
entation of the halogens. A tentative assignment of 
the configuration for 4 and 5 at carbons 1 and 2 may

Br\  / Hb
CbH5x

_ _ _ _  «i
(21) L . O. S m ith  a n d  S. J .  C ris to l, “ O rgan ic  C h e m is try ,”  R e in h o ld  P u b 

lish in g  C o rp ., N ew  Y o rk , N . Y ., 1966, p p  679, 681.
(22) A . L . M cC le lla n , “ T a b le s  o f E x p e r im e n ta l D ip o le  M o m e n ts ,”  W . H . 

F re e m a n  a n d  C o ., S an  F ran c isc o , C alif., 1963, p  206.

Br Hp
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now be made. Irans bromines and trans protons A 
and B define the erythro configuration at C-1,2. Com
pounds 4 and 5 then differ at C-3. If 4 and 5 are 
erythro at C-1,2, then 6 and 7 are threo.

Consideration of the chemical shift data for HA 
permits a decision concerning configuration at C-2 
and C-3. In one diastereomer, models show HA is 
opposite the face of a phenyl group at C-3. In the other 
diastereomer it is opposed to a methyl group. The 
former diastereomer should exhibit HA far upfield from 
the latter diastereomer. The data in Table I show 4 
has the upfield proton HA. Complete configurations 
are assigned as shown. Configurations of 4 then are

b\ / " b

H .
A Br C6H5 Hc 

4, EEi

Br\ / Hß

y . f  y C f

HA Br CH3 He 

5, ETj

erythro at C-1,2 and eryihro at C-2,3, hereafter called 
EE. Configuration of 5 is ET.

Compounds 4 and 5 provide one more example of the 
alternation of coupling constants in a three-center 
system.16 If ./AB is large, </Bc will invariably be small 
and vice versa (compare compound 6). This arrange
ment allows 1,3 interactions between sizeable groups to 
be minimized as discussed earlier.23’24 If J AB and J Bc 
were either both large or both small a severe 1,3 inter
action between sizeable groups would result.

A decision concerning configurations at C-2 and C-3 
is much less secure for 6 and 7 since these compounds 
are not conformationally pure and chemical shift 
data are the result of an average of at least two con
formations. A tentative assignment is given in 
Scheme I for reasons brought out below.

S c h e m e  I

C Ä c6h5
/  \  /  \

Br Ha He CH3

6, TE,

Hb

CÄ- c / Ĉ c / CH3 
/ \  / \

Br Ha He C6H5

7, TT,

BS Hr

B r- c ^ C/ CH3
J \

ha c6h5 C6H5Hc 

te2 

HB

c a  CH'h,A '- s i r s  t f l j  H c  

TT,

The coupling constant data show TEj is more im
portant than TE2 (Jab = 4.2, J Bc = 8.2) whereas TTi 
and TT2 have equal weight (JAB = </BC). Examination 
of Stuart-Breigleb models shows a possible reason for 
this difference. The models clearly show that TEX is 
more stable than TE2 due to steric interference of the 
phenyls at C-l and C-3 in the latter. Even though 
one phenyl is canted downward and the other upward, 
the ortho positions interfere with one another severely.

(23) E  . J .  C o re y  a n d  R . B . M itra ,  J . A m er . C hem , Soc ,, 8 4 , 2938 (1962).
(24) D  . J .  M illen , “ P ro g re ss  in  S te re o c h e m is try ,” V ol. I l l ,  W .  K ly n e , E d ., 

B u t t e r w o r th  a n d  C o . L td .,  L o n d o n , E n g la n d , 1962, p  158.

On this basis the most conformationally pure dia- 
stereomer, 6, mp 80°, is assigned the TE con
figuration, and 7 the TT configuration. These as
signments are also consistent with the usual observation 
that the erythro centers exhibit the larger J  values.

Unfortunately, consideration of the chemical shift 
data leads one to the opposite conclusion. In TEj 
neither HA or Hc is opposed to a phenyl, whereas in TTi 
and TT2 the same protons are opposed to a phenyl at 
least part of the time. Diastereomer 7 should ex
hibit upfield absorptions compared to 6, which is not 
the case, although the difference is small. Attempts 
to account for the chemical shifts of a given proton in 
terms of a preferred conformation of the phenyl group 
at the same carbon were unsuccessful.

Additional data on the bromination yields will be 
given later. These data are best interpreted in terms 
of the configurations given above.

It had been hoped that additional data concerning 
configuration could be obtained from debromination 
experiments. However, iodide-catalyzed debro
mination25 in methanol proved to be stereoselective 
rather than stereospecific. All four diastereomers 
yield predominately the most stable olefin, trans 3. 
The data are recorded in Table II. I t is noteworthy

T a b l e  I I

P e r  C e n t  trans o f  a  cis-trans M i x t u r e  o f  3  R e s u l t i n g  

f r o m  R e a c t i o n  o f  4 - 7  i n  C H 3O H  w i t h  K I

4 5 6  7

trans,  %  100 100 87 67»
» Corrected for contribution of impurities 4 and 5.

that the most cis isomer observed was with dia
stereomers 6 and 7 thought to possess the threo con
figuration at C-1,2. Nevertheless, the major reaction 
of 6 and 7 was unexpectedly an over-all cis debro
mination. Control experiments proved no isomer
ization of cis to trans olefins was important under 
the reaction conditions. These results were similar to 
the zinc-catalyzed debromination experiments of 
Stoermer and Kootz.

Similar experiments26 on authentic threo- 1,2-dibromo-
l-phenyl-3-methylbutane likewise yielded predomi
nately irous-l-phenyl-3-methyl-l-butene.

A r e a c t i o n  c o u r s e  i n v o l v i n g  a  p r e l i m i n a r y  S n 2  b y  
i o d i d e ,  t h e n  r a p i d  d e h a l o g e n a t i o n  b y  i o d i d e , 27 d o e s  n o t  
s e e m  l i k e l y  i n  v i e w  o f  t h e  s t e r i c  h i n d r a n c e  o f  t h e  
s u b s t r a t e .

In our experience26 nonstereospecific debrominations 
are frequently observed in diastereomers containing 
benzylic halogens. A carbonium ion mechanism as 
shown in Scheme II seems attractive. The intermediate 
carbonium ion is presumed to be sufficiently long 
lived to achieve rotational equilibrium.

Conformational Preferences.—An interesting point 
brought out previously is that the C-1,2 erythro isomers 
4 and 5 are nearly conformationally pure, whereas the 
threo isomers involve equilibria between at least two 
conformers. From molecular models the following

(25) S. W in ste in , D . P re s sm a n , a n d  W . G . Y oung , J .  A m er . Chem . Soc., 
6 1 ,  1645 (1939).

(26) E x p e rim e n ts  p e rfo rm e d  b y  M r. G a ry  U n d erw o o d .
(27) (a) S ee, how ever, H . L . G oering  a n d  H . E s p y , J .  A m e r . Chem . Soc., 

7 7 , 5023 (1955); (b) W . M . S c h u b e rt , H . S te a d ly , a n d  B . S. R a b in o v itc h , 
ib id ., 7 7 , 5755 (1955).
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S c h e m e  II

CH3 BrCH3 Br __
i i  r  k  +

C6H5— CH— CH— CH— O ft apfe CeHe— CH— CH— CH— CeHs
I 8, E' I

çh3

C6H5— CH— CH=CH— CeHs 
3

forms of 4 and 5 (called EE2 and ET2) also seem quite 
stable. Severe 1,3 interactions are not significantly

Y H

BrW C\ r / CH’Y "
/ \

c6h 5 h
/ q \

H C6H5

5, ET2

different in EEj and EE2 of 4 although the 1,3 phenyl 
interactions would seem to make ET2 less somewhat 
stable than ETi of 5. The question is then, what forces 
or interactions impose rigidity on 4 and 5 but not on 6 
and 7.

If one accepts the fact that 1,3 interactions are 
potent factors in determining conformations, the only 
possible conformations are TEi and TE2 and TTi and 
TT2 for 6 and 7 shown in Scheme I. Each of these 
involves gauche Br-Br interactions. The experimentally 
observed conformation for 4 is EEX and for 5 is ETi, 
neither of which involves gauche bromines. The 
possible, but not observed, conformations EE2 and ET2 
both involve such interactions. I t  is possible that 
such interactions are energetically unfavorable and this 
factor dominates the choice of conformation in 4 and 5. 
Where such interactions are unavoidable in either 
conformer as in 6 and 7, both conformers are populated. 
By a rough calculation the dipole-dipole repulsion of 
gauche bromines is on the order of 1 kcal. Polarization 
interactions of the two bromines may provide a slight 
counteracting attractive force.

We are hesitant to ascribe a dominating influence 
totally to this factor, however. In other studies, 
vicinal halogens showed no overwhelming disposition 
to be irons.16’26’28’29 Of particular interest is the 
infrared study of tetrabromoethane which showed the 
totally gauche conformation to be highly populated in 
solution, although trans bromines were evident in part

in dibromoethane (dependent upon the experimental 
conditions).24

It is perhaps instructive now to consider the second 
set of diastereomers 2.30 Only two of the three dia
stereomers were obtained; the first, 9, mp 182°, is 
thought to be one of the meso structures, specifically 
the EE diastereomer, whereas the second, 10, mp 138°,

(28) N . S h ep p a rd , A d va n . Spectrosc., 1 , 295 (1959).
(29) R . E . K ag a rise , J .  Chem . P h y s ., 2 4 , 300 (1956).
(30) R . L esp ieau  a n d  R . W a k e m a n , B u ll. Soc. C h im . F r ., 5 1 , 384 (1932).

is assigned the dl  structure (ET or TE) based on data 
given in the Experimental Section. The spectrum of 
9 is a classic A2B case31 with ,/Ah ca. 6.3 cps (CDCh). 
I t  is not thought that A protons are equivalent in a 
given conformer, but that rapid interconversion of 
two equivalent mirror image structures exists (Scheme 
III).

\  /Hb

C6ÎK c / d \ c /

S c h e m e  III  

Br . Br

Br H-Y B

CY X 6H5

Br c1h 5''Ha 

9, EE,

Br Hv
c* % ^ cN k C6H5

f i /  Br B ^ 'h

10, ET,

X  X
cTh 5Ha Ha Br

e e 2

H

BN ^ d\ cY Br
/ \  / \

c6ii5h  h  c6h5

ET,

On the other hand, the dl  compound, 10, is strongly 
held in a single conformation thought to be ETX 
(Scheme III). The spectrum of 10 is an AMX, with 
/ a m  = 1.9 cps, a n d /Mx = 10.9 cps. These data are 
consistent with either ETX or ET2; however, the far down- 
field chemical shifts of A, 6.13 ppm, and X, 5.35 ppm (in 
CDCI3), are much more consistent with ETi (c/., the 
differences between 5 and 6). Molecular models likewise 
show ETi to be the least sterically crowded. The dipole 
moment of 10, 1.9 D, similarly is more consistent with 
the ETi structure.

If ETi is indeed the dominant rotomer, the same 
reasoning can be applied as with 4-7. The rotomer 
ETi involves a single gauche Br-Br interaction whereas 
the presumably less stable ET2 involves two such 
interactions.

A second factor should perhaps be mentioned as a 
possible reason for the stability of certain rotomers 
over others. Certain types of 1,3 interactions may be 
attractive rather than repulsive, particularly where 
atoms of dissimilar electronegativity are involved. It 
can be seen that the stable rotomers frequently 
involve 1,3 interactions between bromines and protons. 
Two exceptions to this generalization exist; the ap
parent equivalent stability of TTX and TT2 of 7 being 
the most serious of this study. Similar ideas have been 
proposed in studies of bromocyclohexanes.32

Bromination Studies.—Bromination of either cis or 
trans olefin 3 produced all four diastereomers 4-7 in 
unequal yields. The data are recorded in Table III. 
Beginning with highly reactive cis isomer, the yield of 
the TT isomer 7 is much larger than from trans 3. The 
reverse is true for the yields of EE 4.

Initial attack of the brominating species very likely 
occurs at C-2, and the resulting benzylic ion for the 
present is assumed to be an open ion.33 The initial 
mode of attack determines stereochemistry at C-2,3. 
The situation is the most clear for the cis isomer which

(31) T h e  a u th o rs  th a n k  D r. R . W . K in g  fo r e lu c id a tio n  of th e  sp ec tru m  
a n d  in te rp re ta t io n  of i t s  sign ificance .

(32) E .  E lie l a n d  R . H a b e r , J .  A m er . C hem . Soc., 8 1 , 1249 (1958).
(33) (a) M . L . P o u ts m a , ib id ., 8 7 , 4293 (1965), a n d  ea rlie r  p ap e rs ; 

(b ) R . F a h e y  a n d  C . S h u b e r t ,  ib id ., 8 7 , 5172 (1965).
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T a b l e  III
R e l a t i v e  Y i e l d s  o f  D i a s t e r e o m e r s  4-7 

f r o m  cis a n d  trans 3
■D iastereom erie y ie ld ,“ %■

Alkene 3 4, EE 5, ET 6, TE 7, TT
cish 17 41 25 17
transc 40 39 17 5

“ Determined by integration of expanded nmr spectrum. The 
yields are considered good to ±4% . b Brominated in CCh solu
tion at 0°C, protected from light. 0 Brominated in CS2 solution 
at 0° in diffuse light.

is nearly conformationally pure, as shown by the large 
methine-vinyl J  value (11 cps) indicative of trans 
protons (the methine proton is eclipsed with the double 
bond). The less sterically hindered trans isomer may 
accommodate other groups34 35 eclipsed with the double 
bond. The stereochemistry of attack is illustrated in 
Scheme IV. As shown, top attack, where the bro- 
minating species enters over the phenyl, yields the 
erythro isomer in 42% yield (sum of 4 and 6), whereas a 
somewhat preferred attack over methyl yields the 
ihreo isomer in 58% yield. The difference in yields 
is not large, but it is consistent with this model. Attack 
on an unsaturated center next to an asymmetric center

S c h e m e  IV

H\  / H
c6h < c2= ĉ

/i a  Cells 

CHs H 
cis-3

erythro-W t.hreo-\2
C-2,3,42/0 C-2,3, 58%

is also the basis of the very successful Cram rule,36 
from which predictions are made using a conformation 
of the aldehyde or ketone other than the most stable.36

Initial attack on trans 3 yields 56% erythro at C-2,3. 
Predominant attack over hydrogen on a conformation 
with methyl eclipsed with the double bond seems 
attractive. If the hydrogen were eclipsed with the 
double bond, the threo isomer would probably again 
predominate. Again the differences are not large.

Completion of the reaction sequence involves 
attack of the bromide at C-l after varying amounts of 
internal rotation have occurred. This attack deter
mines stereochemistry at C-l,2. Hindrance to ap
proach of the bromide by substituents at C-2 and C-3

(34) A . A . B o th n e r-B y , C . N aa r-C o lin , a n d  H . G u n th e r , J .  A m er. 
Chem . Soc., 8 4 , 2742 (1962).

(35) D . J .  C ra m  a n d  F . A. A b d  E lh a fez , ib id ., 7 4 , 5828 (1952).
(36) E . E lie l , N . A llinger, S . A ngyal, a n d  G . M o rriso n , “ C o n fo rm a tio n a l 

A n a ly s is ,"  J o h n  W iley  a n d  S ons, I n c . ,  N ew  Y o rk , N . Y ., 1965, p  34.

must be considered. It is of interest to know which 
dominates.

The intermediate ion or ions of threo configuration at 
C-2,3 will be considered first. The total yield of 
products of erythro configuration at C-l,2 (5) is larger 
than the threo (7). Furthermore, the yields are rather 
similar beginning with either the cis olefin 3 (71% 5, 
29% 7) or the trans olefin 3 (89% 5, 11% 7). It seems 
likely that a common intermediate exists in the bro- 
mination of either cis or trans 3 as shown in Scheme V. 
Very likely the highly hindered ion 12 formed initially 
from cis 3 rotates about the C-l,2 bond to form the

The Journal of Organic Chemistry

• „  Br+ „
CIS 3 --- ► 12

S c h e m e  V 
Br~ -> 5, ET +  7, TT

B r

x4 Bly  H /

Br^ CÄ \  / (Y \ i / C6H5 
trans 3 — *■ U

CH3 H h  
13

more stable structure 13 (the conformer shown appears 
to be the most stable from Stuart-Breigleb models). 
Some capture of 12 by bromide occurs so that the 
relative yields of 5 and 7 are not quite the same as 
from trans 3.

It is noteworthy that the predominant mode of 
attack by bromide on 13 is from the opposite side of 
the molecule from the bromine at C-2, to yield the 
erythro isomer 5. Whether or not there is bridging by 
the bromine at C-2 is not answerable from the data of 
this study, but it seems likely that bromine does 
bridge in part.

The intermediate ion or ions of the erythro con
figuration at C-2,3 behave rather differently depending 
upon their origin. Thus product of threo configuration 
at C-l,2 (6) predominates (60% 6, 40% 4) where 
cis 3 is the starting material, whereas the erythro 
product predominates from the trans isomer (30% 6, 
70% 4).

The interpretation of the results is perhaps more 
straightforward beginning with trans 3 (Scheme VI). 
Initial attack of Br+ yields the sterically unhindered

S c h e m e  VI

trans 3
Y ' ”

‘ ,C(Hs\ n / C2\ Î / CsHs
J t

IT CH3 H

Br~
bottom̂
attack

4, EE

14
s  /

s  ✓\  /
X

cis 3

Bly H

w \ c A cv

CH3 C6H. 
11

H

Br~
bottom
attack 6, TE
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ion 14. Again the bromine at C-2 may form the 
bridged species in part. The predominant products 
again results from bromide attack remote from the 
bromine at C-2 to yield 4.

Beginning with cis 3, the ion 11 is formed, which 
shows severe steric crowding. Some internal rotation 
about the C-1,2 bond occurs giving 14. The ion 14 
would then yield the same product ratio as that 
observed from trans 3. From models, this rotation 
seems rather difficult and involves the breaking of 
overlap between the p orbital at C-l and the aromatic 
group.

The predominate pathway is attack of bromide 
directly on 11. Again attack occurs predominantly 
on the side of the molecule remote from the bromine at 
C-2 yielding the threo isomer 6.

The difference between the reaction model shown in 
Scheme V and that in Scheme VI is that extensive 
internal rotation occurs in the former case but not in 
the latter.37

The primary conclusion from the above data is that 
a bromine substituent at C-2 is dominant over a phenyl 
or methyl at C-3 in its effect on bromide attack at C-l.

Experimental Section
1,3-Diphenyl-l-butenes.—To a solution of 26.8 g (0.2 mol) of 

2-phenylpropanol (Aldrich Chemical Co., Inc.) and 77.6 g (0.2 
mol) of triphenylbenzylphosphonium chloride in 500 ml of com
mercial absolute ethanol was added dropwise, under nitrogen, 
11. at 0.2 M  lithium ethoxide. After the addition was complete, 
the reaction was stirred for an additional 24 hr at room tempera
ture. Sufficient water was added to give a 60% ethanol solution 
and the entire mixture was poured into a large separatory funnel. 
The dark brown oil which separated was collected and washed 
two times with 50-ml portions of 60% ethanol and then dried 
over Molecular Sieve (Linde 4A). The crude mixture of cis 
and trans olefins was separated by distillation through an 18-in. 
spinning band column at reduced pressure (ca. 2 mm). Twenty- 
four 2-cc fractions were collected and analyzed by vapor phase 
chromatography using a 0.25 in. X 8 ft QFi column (5% QFt 
on 60-80 mesh HMDS treated Chromosorb W) at a column 
temperature of 195° using a 65 cc/mm helium flow. The 
retention times of cis and trans were 3 and 4.5 min, respectively. 
Fractions 2-10, bp 109-112° (2 mm), were cis 3 of 99% purity, 
fractions 11-14 were a mixture of cis and trans 3 and fractions 
15-24 were trans 3 of 99% purity. The nmr spectral data for 
the olefins are identical with those reported by Ela and Cram .38

Triphenylbenzylphosphonium Chloride.—To a solution of 100 
g (0.382 mol) of triphenylphosphine (Aldrich Chemical Co., Inc.) 
in 250 ml of xylene was added 48.59 g (0.38 mol) of benzyl chlo
ride. The reaction mixture was stirred at reflux temperature 
overnight. The white salt was filtered, washed with pentane, 
and dried in an oven at 60°, yield 128 g (86.5%).

Bromination of cis 3.—A solution of 10 g (0.027 mol) of the 
olefin in 50 cc of carbon tetrachloride was cooled to 0°. The 
reaction flask was wrapped in aluminum foil and a solution of
4.4 g (0.0275 mol) of bromine in 20 ml of carbon tetrachloride 
was added dropwise. After the addition was complete (30 min), 
the reaction mixture was stirred for an additional 60 min and then 
poured over ice and extracted with carbon tetrachloride. The 
carbon tetrachloride layer was washed with dilute sodium bi
sulfite, water, and then dried over anhydrous magnesium sulfate. 
A small amount of the carbon tetrachloride solution was con
centrated by rotary evaporation at room temperature. The 
resulting residue was dissolved in deuteriochloroform and an 
nmr spectrum was recorded. The portion of the spectrum from 
220 to 320 cps was again recorded using a 100-eps sweep width.

(37) T h is  ca n  b e  ea sily  seen  if th e  r e a d e r  w ill ta k e  th e  tro u b le  to  m a k e  th e  
m o lecu lar m ode ls. T h e  C - l  p h e n y l of 12 m a y  fa i r ly  ea sily  s lip  p a s t  tw o  p ro 
to n s  ( a t  C -2  a n d  C -3) to  fo rm  13. H o w ev er, su ch  ro ta t io n  is d ifficu lt in  11 
a lth o u g h  i t  is  p ossib le  in  a n o th e r  C -2 ,3 co n fo rm er of 11.

(38) S . W . E la  a n d  D . J . C ram , J .  A m er. Chem . Soc., 88 , 5777 (1966).

Integration over this expansion allowed calculation of yield of 
each diastereomer.

The carbon tetrachloride was removed from the major portion 
of the crude product by rotary evaporation and the residue crys
tallized upon standing. The crystals (crop A) were collected 
and the residual oil was allowed to stand. After several days 
the oil crystallized in large plates, mp 61-67°. The crystals 
were taken up in fresh CCI4 and pentane was added. The first 
crystals to separate were filtered off and the mother liquor was 
cooled yielding dibromide 6, mp 78-80° (lit.20 mp 78-80°).

Dibromide (5), mp 122-123° (lit.20 mp 122°), was obtained by 
dissolving crop A in a suitable volume of solvent prepared by 
mixing 100 ml of ethanol with 50 ml of ethyl acetate and 25 ml of 
water. After four recrystallizations from this solvent the pure 
dibromide was obtained.

Dibromide 7 was not obtained free from diastereomeric im
purities; however, a mixture of dibromide 4, 5, and 7 was ob
tained by repeated fractional recrystallization. This mixture 
contained 34% dibromide (7), 28% dibromide (4), and 38% 
dibromide (5) via nmr integration. Dibromide (4) is most 
easily obtained from the product mixture derived from bromina
tion of trans olefin.

Bromination of trans 3.—A solution of 4.4 g of bromine in 25 
ml of carbon disulfide was added dropwise to a solution of 10 g 
(0.027 mol) of the olefin in 50 ml of carbon disulfide. The re
action mixture was stirred at 0° for 2 hr and then allowed to 
warm to room temperature. The carbon disulfide was removed 
by rotary evaporation at room temperature and the residue was 
dissolved in carbon tetrachloride and again stripped of solvent. 
The crude product was taken up in fresh carbon tetrachloride 
and washed with sodum bisulfite, water, and then dried over 
magnesium sulfate. A small portion of the carbon tetrachloride 
solution was concentrated and the residue was dissolved in 
deuteriochloroform and an nmr spectrum was recorded. The 
portion of the spectrum from 220 to 320 cps was again recorded 
using a 100-cps sweep width. Integration over this expansion 
allowed calculation of yield of each diastereomer.

After removal of the solvent irom the bulk of the product, the 
residue was dissolved in a large excess of ethanol and allowed to 
stand at room temperature. Long needles of the pure dibromide 
4, mp 128-129° (lit.29 128-129°),20 separated after several hours.

Dipole Moments.—The technique of dipole moment measure
ment has been discussed previously.16 Cyclohexane was the 
usual solvent. The nmr spectra of the diastereomers were also 
determined in cyclohexane to be sure no large change in conforma
tion resulted form change in solvent from deuteriochloroform to 
cyclohexane. These data are 5, / a b  = 10.8 cps, / Bc =  2.7 cps; 
6, J  kb = 3.5 cps, J b c  = 8.5 cps; and 7, / a b  = 6.4 cps, / b c  =
6.4 cps.

Elimination Procedure.—A solution of 1 g of potassium iodide 
in 50 ml of commercial absolute methanol was prepared and 5 ml 
of this solution was pipetted into a test tube containing 0.10 g 
of the dibromide. The tubes were sealed and placed in a bath at 
60° for 85 hr. The tubes were cooled to room temperature, 
broken and the contents poured over ice. The reaction mixture 
was extracted with ether and the ether layer was washed with 
cold, dilute sodium thiosulfate, water, and then dried over 
anhydrous magnesium sulfate. The ether was removed by distil
lation and the residue was analyzed by vpc using the QF! 
column previously described. The results are given in Table II.

cis-trans Isomerization of 3.—A solution of 0.05 g of iodine, 
0.1 g of potassium iodide, and 0.1 g of cis 3 in 5 ml of commercial 
absolute methanol was placed in a test tube. The tube was sealed 
and maintained at 60° for 160 hr. No trans olefin could be 
detected in the reaction mixture by vpc analysis.

l,2,3-Tribromo~l,3-diphenylpropanes were prepared similar to 
the method of Lespieau and Wakeman,30 by addition of excess 
bromine in carbon disulfide to l-bromo-l,3-diphenyl-2-propene. 
The reaction product precipitated and was recrystallized by the 
triangle scheme. The high melting isomer 9, 1.1 g, mp 180.5- 
182.5° (nmr absorptions centered at ca. 5.2), and one lower 
melting isomer 10, 0.7 g, mp 137-138° (nmr absorptions of 5.36,
4.56, and 6.12 in deuteriochloroform), were easily obtained. 
Two other polymorphic forms of the latter, mp 128-129 and 
114-115°, were apparent. These showed very similar nmr pat
terns to the 138° material.

The configurations of 9 and 10 were assigned by means of nmr 
spectra and by the following reaction. To erythro-l,2-dibromo-
1,3-diphenylpropane, mp 110°, 5.0 g, was added 2.6 g of N- 
bromosuccinimide, and the mixture was heated at reflux in
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carbon tetrachloride for 2 days. The succinimide was filtered 
off and the remaining solution concentrated. In the absence 
of equilibration, this bromination could only give EE and ET 
products as well as l,l,2-tribromo-l,3-diphenylpropane (15). 
The material 9 was isolated, 9.6 g, mp 181-182°, as well as 0.96 
g of 10, mp 131-133°. A third fraction, mp 93-95°, 1.7 g, was 
a mixture of starting material and 10 . The remaining oil (1.3 g) 
was a similar mixture with traces of 15 apparent.

Registry No.—4, 16793-35-4; 5, 16793-36-5; 6,16793-
37-6; 7, 16793-38-7; 9, 16793-39-8; 10, 16793-40-1.
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T h e Hydrogenation of Dialkylcyclohexenes w ith Rhodium  C atalysts1
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The cis/trans product ratios observed in the hydrogenation of six dialkylcyclohexenes on rhodium catalysts 
at 25° and 1 atm are given. These are compared with the results when platinum and palladium catalysts are 
used. The effect of temperature on the product ratios from three of these cycloalkenes with rhodium and plati
num catalysts are reported, as are the results of their disproportionation and the hydrogenations of the corre
sponding arenes at 100°. Rhodium and platinum are found to be closely similar, and quite different from pal
ladium, in their promotion of hydrogen addition to carbon unsaturation. Platinum appears to be the more 
effective of the two for the straightforward addition of hydrogen to 1 ,2-diadsorbed alkanes.

There have been several reports of the stereochemical 
results observed when platinum and palladium catalysts 
are used to effect the hydrogenation of dialkylcyclo- 
alkenes which can form cis and trans products.2 It 
seems clearly established that palladium catalysts 
furnish a product mixture at pressures near one at
mosphere which approaches equilibrium composition, 
whereas platinum catalysts lead to an entirely different 
mixture. Furthermore, isomerization of the initial 
cycloalkene has been found to be pronounced with 
palladium catalysts but to be relatively minor or in
significant for most cycloalkenes with platinum.2’3 
The nonintervention of isomerization with platinum 
catalysts, even where this is thermodynamically 
favored, has been demonstrated in recent reports of the 
kinetics of this reaction4 and in studies of the com
petitive hydrogenation of pairs of cycloalkenes.6

It was of interest to compare the catalytic properties 
of rhodium catalysts with those of palladium and plati
num. We report here the stereochemical results ob
served when several dialkylcyclohexenes are hydroge
nated over rhodium, together with the effect of tem
perature on the product ratios using both rhodium and 
platinum.

Results
The data in Table I summarize the results of the 

hydrogenations of several dialkylcyclohexenes at 25° 
near one atmosphere with rhodium, platinum, and 
palladium catalysts. Most of these data are averages

(1) S u p p o r t of a  p a r t  of th is  researc h  th ro u g h  G P  4656 fro m  th e  N a tio n a l 
S cience F o u n d a tio n  is g ra te fu lly  acknow ledged .

(2) (a) S. S iegel, J .  A m er. Chem . Soc., 75 , 1317 (1953); (b) S. Siegel a n d  
M . D u n k e l, A d v a n . Catal., 9, 15 (1957); (c) S. Siegel a n d  G . V. S m ith , J .  
A m er. Chem . Soc., 82, 6082, 6087 (1960); (d) J -F .  S au v ag e , I t .  H . B ak e r, a n d  
A. S. H ussey , ib id ., 82, 6090 (1960); (e) J -F . S au v ag e , R . H . B ak e r, a n d  A . S. 
H u ssey , ib id ., 83 , 3874 (1961); (f) S . S iegel a n d  B . D m u ch o v sk y , H id .,  86 , 
2192 (1964).

(3) (a) D . J .  C ram , ib id ., 74 , 5518 (1952); (b) G . V . S m ith  a n d  R . L. 
B u rw ell, ib id ., 84, 925 (1962); G . C . B on d , J .  J .  P h illip so n , P . B . W ells, a n d  
J .  M . W in te rb o tto m , T rans. F araday Soc., 60, 1847 (1964); (d) G . V. S m ith  
a n d  J .  R . S w oap, J .  Org. Chem ., 31 , 3904 (1966); (e) A . W . W e itk a m p , J .  
Catal., 6, 431 (1966).

(4) A . S . H u ssey , G . W . K eu lk s , G . P . N o w a ck , a n d  R .  H . B ak e r, J .  Org. 
Chem ., 33, 610 (1968).

(5) A. S. H u ssey , G . W . K eu lk s , a n d  R . H . B ak e r, J .  Catal., 10, 258 
(1968).

T a b l e  I
H y d r o g e n a t i o n  o f  D i a l k y l c y c l o h e x e n e s  w i t h  R h o d i u m , 

P l a t i n u m , a n d  P a l l a d i u m  C a t a l y s t s “

C yclohexene R h c
- %  cis  is o m e r  w ith- 

P t P d

1,4-DiMe 61 57“ 28«
l-Me-4-Et 55 48“ 24
l-Et-4-Me 55 58“ 27
1,4-DiEt 54 49 25
l-Me-4-f-Pr 52 43“ 26«
l-f-Pr-4-Me 54 58“ 21«

“ In  purified glacial acetic acid, 25° (1 atm). * Precision of
analysis ±1% . « 5% on charcoal. “ Data from ref 2d. « Data
from ref 2e.

of replicate analyses of replicate hydrogenation experi
ments (usually three, occasionally more) and include, 
for rhodium and platinum, the results from several 
experiments interrupted between 15 and 50% hy
drogenation. The data for the hydrogenations using 
palladium catalysts are all from complete hydrogena
tions; extensive isomerization of the cycloalkenes are 
observed with this catalyst and the cis/trans product 
ratios for the unsymmetrical dialkylcyclohexanes vary 
±4-5% depending upon the extent of hydrogenation 
when samples are removed for analysis.2e In con
trast, isomerization is small at 25° when moderate 
amounts of rhodium catalysts are used (1-4% near 
50% hydrogenation). Isomerization is unobservable 
with platinum at this temperature. When an excessive 
amount of rhodium catalyst is used, a hydrogen de
ficiency is created at the catalyst surface because of 
transport limitations6 and isomerization increases. 
This effect is less pronounced with platinum. How
ever, as long as the amount of catalyst is reasonably 
small (10-40 mg), the product composition from reac
tions at 25° is the same, within the ±  1% precision of 
our analyses, at various stages in the hydrogenations 
with both catalysts. This is not true with palladium.

The data in Table II summarize the effect of tem
perature with three of the cycloalkenes of Table I. 
At 50° and above, disproportionation to form arenes 
and cyclohexanes becomes competitive with the hy-

(6) H . C . Y ao  a n d  P . H . E m m it t ,  J .  A m er . Chem . Soc ., 81 , 4125 (1959).



T a b l e  II
T h e  E f f e c t  o f  T e m p e r a t u r e  o n  H y d r o g e n a t i o n s  

o f  D i a l k y l c y c l o h e x e n e s  w i t h  P l a t i n u m  
a n d  R h o d i u m  C a t a l y s t s
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■% cis  isomer“-
Temp, ,-----1,4-DiMe-----n ,---- l-Et-4-Me------ /—l-Me-4-IsoPr—'

°C Pt Rh Pt Rh p t Rh
100 48 54 48 47 42 51
50 54 52
25 57 61 58 55 43 52
18 59 59
0 61 62 62 63 43 52

- 1 7 63
- 3 0 66 66 67 68 46 51

a Precision of analysis ±1% .

drogenation reactions. I t  is most extensive with palla
dium, appreciably less with platinum, still less with 
rhodium. Isomerization of olefin also increases with 
increasing temperature with rhodium and it becomes 
easily detectable at 100° with platinum. It is still 
small at 100° with both of these catalysts relative to 
that observed with palladium at 25° however.2e In 
order to minimize the contribution of cycloalkene iso
mers and arenes to the cycloalkane product ratios, the 
experiments at 50° and 100° in Table II were inter
rupted at 10 to 30% hydrogenation. Accordingly the 
data represent the stereochemical consequences of the 
hydrogen addition and disproportionation reactions 
with little contribution from the other two pathways.

At very low hydrogen pressures, the disproportiona
tion reaction becomes the only pathway to dialkyl- 
cycloalkanes. In order to check the stereochemistry 
of this process, we carried out a number of dispropor
tionation experiments in which the hydrogen atmo
sphere was replaced by nitrogen or helium. These 
reactions were interrupted in the early stages while 
isomerized olefin was still small, and below 30° the 
ratios of dialkylcycloalkanes were within experimental 
error of the values given in Table I. The values at 
100° are slightly different and are summarized in Table
III. At high conversions at this temperature, sig
nificantly more cis product is obtained. We also car
ried out the hydrogenation of the corresponding arenes 
at 100° and one atmosphere (Table IV).

T a b l e  III
S t e r e o c h e m i c a l  C o n s e q u e n c e s  o f  t h e  D i s p r o p o r t i o n a t i o n  

o f  D i a l k y l c y c l o h e x e n e s  a t  100°
,------ %  cis  isomei

C yclohexene R h Pt
1,4-Dimethyl 57 47
l-Ethyl-4-methyl 49 48
l-Methyl-4-isopropyl 53 41

T a b l e  IV
H ydrogenation o f  4-Alkyltoluenes at 100°

■% cis  isomer-
4-Alkyltoluene Rh Pt
4-Methyl 70 61
4-Ethyl 72 59
4-Isopropyl 69 55

In several blank experiments with known mixtures of 
cis and irons products, of products with their unsatu
rated precursor, and of products with their arene coun
terparts, we determined that (1) there was no inci

dental enrichment in one component as a result of 
differential vaporization at elevated temperatures; 
(2) the rate of isomerism of cis to irons product at 100° 
was too slow to effect the ratios observed if the reactions 
were allowed to go to completion; (3) there was no 
inadvertent change in the mixture compositions in the 
course of separating hydrocarbons from catalyst (fil
tration) and solvent (washing with water) prior to anal
ysis by glpc.

Discussion
The results summarized in Table I and Table II 

furnish some empirical guidelines for the choice of cata
lyst and conditions for the preferential formation of one 
dialkylcyclohexane via the hydrogenation of its di- 
alkylcyclohexene precursor. If a preponderance of the 
thermodynamically more stable cycloalkane is desired, 
the use of a palladium catalyst is indicated. The use 
of platinum or rhodium catalysts, on the other hand, 
will result in a larger proportion of a thermodynami
cally unstable cis-1,4-dialkyloyclohexane, and this pro
portion will often be increased by a hydrogenation 
procedure at low temperatures. Of these two cata
lysts, rhodium appears more likely to favor the forma
tion of an unstable cis isomer from 1,4-dialkylcyclo- 
hexenes when the group at a distance from the double 
bond is larger than methyl. Platinum, on the other 
hand, is the catalyst of choice if desorption of isomerized 
olefin is to be avoided. Olefin isomerization is a minor 
surface reaction but it is detectable when rhodium 
catalysts are used; it is an exceptional olefin which 
isomerizes on platinum catalysts near room tempera
ture.2-5 Olefin isomerization is very extensive when 
palladium catalysts are used.

The close resemblance of rhodium and platinum 
catalysts (and the difference of palladium) in the hy
drogenation of cyclohexenes is also reflected in the hy
drogenation of arenes. Here the order of effectiveness 
is Rh > Pt »  Pd.7 Similarly we have found the order 
of effectiveness in promoting the disproportionation of 
cyclohexenes to be Pd 1» P t >  Rh. Clearly rhodium 
and platinum catalysts closely resemble one another 
while palladium catalysts are quite different.

In addition to the surface reactions which result in 
the hydrogenation of the original dialkylcyclohexane, 
three other surface reactions intervene to varying de
grees with these three catalysts to lead to differences in 
the stereochemical results observed in the hydrogen 
addition reaction. All three of these reactions become 
pronounced, even with platinum and rhodium, in the 
higher temperature reactions summarized in Table II. 
At the outset, the second most important pathway is 
the disproportionation route through which one cyclo
hexene molecule furnishes the four hydrogen atoms 
necessary for the reduction of two others, and is itself 
converted into the arene. At more advanced stages 
of the higher temperature hydrogenation more and 
more of the product mixture is derived from isomers of 
the original cyclohexene (except for 1,4-dimethylcyclo- 
hexene, of course). Finally, when the cycloalkene is 
nearly gone, arene begins to hydrogenate to product 
also. At lower temperatures, all of these are minor 
processes with platinum and rhodium, and arene hy
drogenation does not occur on palladium.

(7) A. A m aro  a n d  G . P a r ra v a n o , A d v a n , C a t a l 9, 716 (1957).
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Although it seemed unlikely that the dispropor
tionation reactions would generate a different dialkyl- 
cyclohexane isomer ratio than is observed from hydro
genations, we carried out a number of disproportion
ation experiments to check this. Below 30°, no signif
icant difference in hydrogenation and disproportiona
tion product ratios was observed, but at 100° higher 
proportions of cis isomers were formed when the dis
proportionation reactions were carried to completion. 
This probably results in part from hydrogen addition 
to the 4-methyl isomer2d of l-methyl-4-isopropylcyclo- 
hexene, but the observed increase of cis-l,4-dimethyl- 
and l-ethyl-4-methylcyclohexane2d can only come from 
the hydrogenation of some of the corresponding arenes.

We therefore carried out the hydrogenation of the 
three corresponding arenes at 100° and one atmosphere. 
The results of Table IV show that the increased cis 
product observed at high conversions can be ascribed, 
at least in part, to the hydrogenation of small amounts 
of the arenes generated by the disproportionation re
actions. Without question, however, some of the addi
tional cis product also stems from the 4-methyl isomer2d 
of the last cycloalkene at higher conversions. There
fore the data given in Table II at the higher tempera
tures were obtained from experiments which we inter
rupted at low conversions when olefin isomerization 
was still small and arene hydrogenation could be ig
nored. The trend exhibited by two of the three cyclo
hexenes in Table II is therefore real and is worthy of 
brief discussion.

We have recently proposed that 1,2-diadsorbed cy
cloalkanes with alkyl groups in a cis configuration can 
interconvert on platinum surfaces with their trans 
counterparts.5 This proposal is consistent with the 
observed kinetics for the hydrogenation of cycloal- 
kenes4 and with the results from the competitive hy
drogenations of pairs of eycloalkenes.6 It also satis
factorily explains the pressure-variable cis/trans ratio 
both from the xylenes8 and from their tetrahydro 
counterparts2 as well as the failure to observe isomeri
zation of the latter.3-6 We choose to apply much the 
same explanation here.

We cannot demonstrate in an unequivocal way that 
the trend of the data in Table II does not simply reflect 
a temperature-variable equilibrium chemisorption of 
the cycloalkene in the two modes, along with different 
temperature coefficients for the rate constants for the 
over-all reactions.9 Nevertheless, we prefer to view 
the decrease in cis product with increasing temperature 
as a reflection of an increase in the surface concentra
tion of hydrocarbon in a trans geometry which results 
from a cis,trans interconversion on the surface.6 
Different temperature coefficients for the two hydrogen 
addition reactions may also be a contributing factor. 
We acknowledge that alkene does desorb to a small ex
tent from rhodium at 25° and from platinum at higher 
temperatures. However, we hasten to point out that 
the trend continues as the temperature decreases be
low 25° (Table II) where no desorption is detectable

(8) F . H a r to g  a n d  P . Z w ie tering , J .  C atal., 2 , 79 (1963); S. S iegel, V. K u , 
a n d  W . H a lp e rn , ib id ., 2 , 348 (1963); S. S iegel a n d  V. K u , Proc. In te rn . 
Congr. Catcd., 3rd, A m sterdam , 1964, 2, 1199; F . H a rto g , J .  H . T e b b en , a n d  C . 
A . M . W e te r in g , ib id ., 2 , 1210.

(9) S. S iegel, A d va n . C atal., 16, 138 (1966).

with either catalyst. The absence of a similar trend in 
the hydrogenation of l-methyl-4-isopropylcyclohexene 
simply implies that the temperature coefficients for all 
of the steps in the cis and in the trans pathways, in
cluding the cis,trans surface interconversion, are iden
tical over-all. The temperature response of rhodium 
and platinum emphasizes their similarity as catalysts 
for the addition of hydrogen to unsaturated hydro
carbons.

Experimental Section
Dialkylcyclohexenes.—The preparation and purification of 

most of the dialkylcyclohexenes used here have been described 
earlier.2d

1,4-Diethylcyclohexene was prepared as follows. A solution 
of 31.5 g (0.250 mol) of 4-ethyleyclohexanone2d in 150 ml of 
ether was added to a stirred solution of the Grignard reagent from
32.7 g (0.300 mol) of ethyl bromide in 200 ml of ether under nitro
gen. After 1 hr, 30 ml of water was added dropwise with stirring. 
The ether solution was decanted and the precipitated magnesium 
salts were extracted with 4-100 ml portions of warm ether. The 
crude product weighed 45.0 g (99%) and this was distilled and 
redistilled to give 36.0 g (79%) of 1,4-diethylcyclohexanol: 
bp 98-101° (15 mm); n 25D 1.4600. The latter was dehydrated 
by dropping it onto 50 g of sodium bisulfate and heated to 150° 
(120 mm) over 20 min. The alkene distilled as fast as it was 
formed at 98-100° and consisted mostly of 1,4-diethylcyelo- 
hexene (78%) and 4-ethylethylidenecyclohexane (22%), with 
traces of other isomers (analysis through silver nitrate-triethylene 
glycol on 60-80 mesh firebrick). The 31.0 g (76%) of mixed 
eycloalkenes was distilled through a five-plate column and then 
redistilled through a 100-plate column. A 5.6-g middle fraction 
which distilled at 174.8° (747 mm) was of “single peak” purity 
by glpc (silver nitrate in triethylene glycol on firebrick).

Hydrogenation and Analyses.—The cyclohexenes were hydro
genated in purified glacial acetic acid, ethyl alcohol, or mixtures 
of the two in a microhydrogenation apparatus as described 
earlier.24 Part hydrogenations were interrupted a t 10-70% 
uptake of theoretical hydrogen. Analyses were by glpc pro
cedures which had been found to be capable of separation of the 
several components in known mixtures.

Temperature control in these experiments was maintained in 
the reaction flask and only to ± 3 °  in many of them. Initial 
experiments showed that the change of product ratios with 
temperature was small; hence it was not necessary to pay 
elaborate attention to temperature control.

For experiments carried out above 50°, the hydrogenation 
flask was fitted with a cold-finger condenser to return vaporized 
substrate and solvent. Experiments with prepared mixtures of 
known composition showed that there was no enrichment in 
one component as a result of vaporization at 100° or as a result 
of the method of isolation. Likewise the rate of isomerization of 
cis to trans was found to be too slow at 100° to be of significance.

Catalysts.—Several different samples of commercial 5% 
rhodium-on-carbon catalysts, several samples of commercial 
platinum oxide, and several palladium catalysts were used in 
these studies. Variations in product composition for any one 
metal were less than the precision of our analyses ( ± 1 %) except 
occasionally when large excesses were used.

Disproportionation Reactions.—These reactions were carried 
out in the hydrogenation system. The catalyst and solvent were 
shaken in hydrogen following which the system was evacuated 
and flushed three or four times with nitrogen or helium. The 
sample of dialkylcyelohexene was then injected through the 
serum cap on the side arm and the reaction carried out with con
tinuous agitation.

There was no change in the gas volume of the system (t.e., 
no hydrogen escaped to the gas phase) and, in experiments carried 
to completion, the arene/cyclohexane ratio did not vary greatly 
from the stoichiometric 1 :2  although it was usually a little 
larger. The catalysts were found to be in the order Pd P t > 
Rh in effectiveness for the disproportionation reaction.

Registry No.—Rhodium, 7440-16-6; platinum, 7440-
06-4; 1,4-diethylcyclohexene, 3454-04-4.
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The addition of ethyl diazoacetate to various ft-y-unsaturated ketals varying in the degree of substitution of 
the double bond has been investigated. Satisfactory yields of cyclopropane derivatives were obtained in the 
monocyclic cases that have been examined. The reaction failed in bicyclic systems in which the double bond was 
present a t the ring fusion. Ketal cleavage and ring opening of the cyclopropanes that were successfully prepared 
yielded cyclohexenone-4-acetic acid derivatives, which are of interest as synthetic intermediates.

Various terpenoids of current interest, e.g., kau- 
rene, phyllocladene, gibberellic acid, etc., contain a 
substituted bicyclo [3.2.1 ]octane system as a prom
inent structural feature. Several solutions to the 
synthetic problem presented by this arrangement have 
been published.3 The present work was undertaken 
with a view toward incorporation of the elements of the 
bridged system, after construction of the polycyclic 
nucleus was complete, by introduction of a functional
ized angular substituent followed by directionally con
trolled cyclization. The preparation of intermediates 
of type 4 was of interest in this connection.

As an approach to the synthesis of compound 4 it 
appeared that addition of diazoacetic ester to the un
saturated ketal 2 would afford a cyclopropane deriva
tive 3 which on hydrolysis to the corresponding ketone

could undergo base-catalyzed cleavage to the desired 
product. This procedure represents an extension of the 
methods employed by Birch4 and by Winstein5 for 
angular alkylation through the use of carbenoid re
agents.

The dihydro anisole derivative (1), obtained as de
scribed in the Experimental Section, was accordingly 
treated with methanol and p-toluenesulfonic acid,4 
under which conditions ketal (2) was produced in good 
yield. However, the reaction of this substance with 
diazoacetic ester in the presence of copper-bronze

(1) S u p p o r t o f th is  w o rk  b y  th e  R o b e r t  A. W e lch  F o u n d a tio n  is g ra te fu lly  
acknow ledged .

(2) D e p a r tm e n t of C h e m is try , T e x as  A  & M  U n iv e rs ity , C ollege S ta tio n , 
T exas  77843.

(3) See fo r exam p le  (a) R . B . T u rn e r  a n d  K . H . G a n s h ir t ,  Tetrahedron  
Lett., 231 (1961); (b ) R . A . B ell, R . E . I re la n d , a n d  R . A . P a r ty k a ,  J .  Org. 
C hem ., 27 , 3741 (1962); (c) S . M asam u n e , J .  A m er. Chem . Soc., 86, 288 
(1964); ib id ., 86 , 289 (1964); (d) G . S to rk , S. M a lh o tra , H . T h o m p so n , a n d  
M . U ch ib a y ash i, ib id ., 87, 1148 (1965).

(4) A . J .  B irch , J .  M . B row n , a n d  G . S. R . S u b b a  R ao , J .  Chem . Soc., 3309 
(1964).

(5) T . H a n a fu s a , L . B irla d e a n u , a n d  S. W in ste in , J .  A m er. Chem . Soc., 
87 , 3510 (1965).

powder6 under a variety of conditions led only to recovery 
of starting material. We were, therefore, prompted to 
undertake an examination of the reaction sequence in 
simpler model compounds.

Dihydroanisoles Sa, b, and c were prepared by Birch 
reduction of the appropriate anisoles and were smoothly 
converted into the ketals 6a, b, and c by reaction with 
methanol and p-toluenesulfonic acid.4 The products 
obtained in this way were then treated with diazoacetic 
ester and copper-bronze powder without solvent at 
temperatures ranging from 120 to 135°.

Material derived from 6a proved to be thermally un
stable and, although a pure sample of 7a could be iso
lated by vapor chromatography, some elimination of 
methanol occurred and afforded an additional peak 
which appeared from nmr analysis to consist of a mix
ture of enol-ethers (10). It is of interest to note that 
the molecular ion of mass 228 is not observed in the 
mass spectrum of 7a, but instead an ion, m/e 197, 
appears corresponding to the loss of a methoxyl group.7

OCH3

Sa, R! = R2 = H
b , R 1 = H ;R 2 = CH3
c, Ri = R2 = CH3

COOEt 
7a, Ri ■ R2 = H 
b,R i = H ;R 2 = CH3 
e, Rx = R2 — CH3 

O

9a, R! = R2 = H
b, R i = H ;R 2 = CH3
c, Ri — R2 = CH3

r2
6a,R i = R2 = H
b , Ri = H ;R 2 = CH3
c, Ri = R2 = CH3

O

COOEt 
8a,R i = R2 = H
b, Ri = H; R2 = CH3
c, Rj = R2 = CH3

10 1 1

Cleavage of the ketal function in 7a by exchange with 
acetone afforded keto ester 8a, which was further trans
formed into the cyclohexenone 9a by the action of p-

(6) S . A k iyosh i a n d  T . M a ts u d a , ib id ., 77 , 2476 (1955).
(7) W e a re  in d e b te d  to  P ro fe sso r J .  L . F ra n k lin  of th is  d e p a rtm e n t fo r th e  

m a ss  s p e c tra l d a ta .
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toluenesulfonic acid in refluxing benzene. The over-all 
yield in the latter two steps was 88%, and the structure 
of the final product (9a) was established by palladium- 
catalyzed dehydrogenation and hydrolysis to p- 
hydroxyphenylacetic acid, identical in all respects 
with an authentic sample.

Cleavage of ketal ester 7b similarly afforded keto 
ester 8b, which, however, furnished a mixture of prod
ucts on acid-catalyzed ring opening. On the basis of 
the assumption that in this case acid treatment can re
sult in competitive cleavage to yield substances of type 
11, sodium acetate in ethanol was substituted for the 
p-toluenesulfonic acid, and 9b was thus obtained 
cleanly and in good yield. The acid-catalyzed pro
cedure permitted conversion of the dimethyl derivative 
7c into 9c, which was obtained in an over-all yield of 
63% from the starting /3,y-unsaturated ketal (6c).

The question of the behavior of bicyclic systems in 
the reaction scheme was next explored. Ketals 12 and 
13 were prepared by procedures described in the Ex
perimental Section, and the reaction of these substances 
and of A8 9-octalin (14)8 with diazoacetic ester and cop
per-bronze were examined. Only in the case of 14 was 
any evidence of reaction obtained. In this instance 
17% of a product was isolated by vapor chroma
tography, which possessed spectral properties (nmr)

compatible with those expected for the cyclopropane 
derivative 15. The photolytic and uncatalyzed ther
mal reactions of diazoacetic ester with A9-octalin were 
also attempted, but no recognizable products could be 
obtained. I t would appear, therefore, that direct ap
plication of this method to bicyclic systems containing 
a double bond at the ring fusion is, for practical 
purposes, precluded.

Experimental Section9
Preparation of Dihydroanisole (1).—A 1.0-g sample of 1,1,12- 

trimethyl-2-hydroxy-6-methoxy-1,2,3,4,9,12 - hexahydrophenan- 
threne10 in 30 ml of acetic acid was shaken with 500 mg of 10% 
palladium-on-charcoal in an atmosphere of hydrogen until the 
uptake of hydrogen ceased. The catalyst was removed by filtra
tion, and the filtrate was diluted with water and extracted with 
ether. The organic phase was then washed successively with 
water, diluted sodium hydroxide solution, water, and a saturated 
solution of sodium chloride. After drying over anhydrous mag
nesium sulfate, the solvent was removed under reduced pressure, 
and the product was crystallized from ether-petroleum ether 
(bp 30-60°) to yield 650 mg: mp 110-110.5°; x£S 2.79 ¡x.

Anal. Calcd for CI8H260 2: 0,78.79; H, 9.55. Found: C,
79.00; H, 9.54.

Birch reduction of the product (1.49 g) obtained in the previous 
paragraph was carried out in a mixture of 100 ml of absolute 
ether and 300 ml of dry liquid ammonia containing 24 ml of 
ethanol. Lithium metal was added in small pieces to this solu
tion a t a rate which permitted maintenance of a blue color

(8) W . P . C a m p b e ll a n d  G . C . H a rr is ,  J .  A m er. Chem . Soc., 63 , 2721 
(1941).

(9) I n f r a r e d  a n d  n m r  s p e c tra  w ere  ta k e n  ro u tin e ly  on  a ll p ro d u c ts .
(10) J .  D . T a u b e r , P h .D . T h e sis , R ic e  U n iv e rs ity , 1967.

for a period of 45 min. The ammonia was then allowed to evapo
rate under a nitrogen atmosphere. Ice water and ether were 
added, and the product was isolated by ether extraction. After 
the usual washing and drying operations, the solvent was re
moved, and the product was crystallized from ether-petroleum 
ether to yield 1.16 g: mp 142-143°; J f f ' 2 2.81, 5.90, 6.01, 
9.70 n.

Anal. Calcd for Ci8H280 2: C, 78.21; H, 10.21. Found: C, 
78.39; H, 10.22.

Acetylation of this material with acetic anhydride and pyridine 
afforded the corresponding acetate (1) (77% yield): mp 152- 
153°; X™ 2012 5.80, 5.90, 6.01, 9.71 n .

Anal. Calcd for CjoILoOs: C, 75.43; H, 9.50. Found: C, 
75.37; H, 9.46.

Preparation of Acetoxy Ketal 2.—To a solution of 206 mg of
compound 1 in 8 ml of anhydrous ether were added 0.2 ml of 
methanol and a catalytic amount of p-toluenesulfonic acid. 
The solution was maintained at 0° for 2 hr and was then heated 
under reflux for 30 min. At the end of this time the reaction 
mixture was poured into cold, dilute sodium bicarbonate solution, 
and the ether phase was washed with water and saturated 
sodium chloride solution. After drying over anhydrous sodium 
sulfate, the solvent was removed, and the residue was crystallized 
from ether-petroleum ether. The yield of compound 2 was 165 
mg: mp 120-121°; X™ 20'2 5.80, 8.94, 9.50, 9.70 M.

Anal. Calcd for C21H340 4: C, 71.96; H, 9.78. Found: C, 
71.95; H, 9.70.

Preparation of Ketal 6a.—A solution of 100 g of anisole in 
a mixture of 100 ml of anhydrous ether, 200 ml of absolute 
ethanol, and 550 ml of liquid ammonia was treated with small 
pieces of lithium metal added at a rate sufficient to maintain a 
blue color for a period of 45 min. The excess lithium was then 
destroyed by addition of ammonium chloride, and the ammonia 
was then allowed to evaporate. Addition of 1.5 1. of cold water 
followed by thorough extraction with ether furnished an ethereal 
solution which was washed, and dried over anhydrous sodium 
sulfate.

The ether solution (800 ml) was then treated with 125 ml of 
anhydrous methanol and several crystals of p-toluenesulfonic 
acid. The reaction mixture was allowed to stand at room tem
perature for 8 hr and was finally heated under reflux in a nitrogen 
atmosphere for 8 hr. At the end of this time the solution was 
cooled, washed with sodium bicarbonate solution, water, and 
saturated sodium chloride. After drying over anhydrous sodium 
sulfate, the solvent was removed by careful distillation through a 
Vigreaux column. The crude product was purified by preparative 
vapor chromatography yielding 93.4 g of compound 6a. 
The analytical sample was obtained by resubmitting a portion 
of this material to vapor chromatography. The nmr spectrum 
of the material taken in carbon tetrachloride showed a two- 
hydrogen multiplet centered a t 5.53 (tetramethylsilane standard), 
a six-hydrogen singlet a t 3.11 and a broad six-hydrogen multiplet 
in the 1.5-2.2-ppm region.

Anal. Calcd for CsHuCh: C, 67.57; H, 9.92. Found: C, 
67.52; H, 9.87.

Preparation of Ketal 6b.—A 60.0-g sample of p-methyl- 
anisole was reduced with lithium by the procedure of the pre
vious experiment. The crude dihydro derivative was then 
treated with methanol in the presence of p-toluenesulfonic acid 
as described above, and the product was purified by distillation 
through a spinning-band column to yield 40.0 g, bp 82-84° 
(21 mm).

Anal. Calcd for C9HI60 2: C, 69.19; H, 10.32. Found: C, 
69.23; H, 10.15.

Preparation of Ketal 6c.—This substance was prepared from
3,4-dimethylanisole by the previously described procedure. 
A 26.0-g sample of starting anisole afforded 25.5 g of 4,4-di- 
methoxy-l,2-dimethylcyclohexene, bp 70-71° (7 mm).

Anal. Calcd for CioH i80 2: C, 70.55; H, 10.66. Found: 
C, 70.67; H, 10.64.

Preparation of 4,4-Dimethoxynorcarane-7-carboxylic Acid 
Ethyl Ester (7a).—The unsaturated ketal (6a), 6.7 g, was heated 
to 120-130° in an oil bath, and a mixture of 13.5 g of ethyl 
diazoacetate and a further 6.7-g sample of ketal (6a) was added 
dropwise over a period of 7 hr in the presence of copper and 
bronze powders in a 1 : 1  ratio. Filtration and distillation of the 
crude reaction product afforded 9.9 g of material, bp 95-105° 
(0.06 mm). Vapor chromatography (column temperature, 200°) 
afforded the sample for analysis with nmr characteristics com
patible with structure 7a.
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Anal. Calcd for C12H20O4: C, 63.14; H, 8.83. Found: C, 
63.63; H, 8.75.

There was obtained in addition a second peak which proved 
to be a mixture of unsaturated isomers (10 ). I t  was subsequently 
established that elimination of methanol occurred during chroma
tography.11

Anal. Calcd for ChH i60 3: C, 67.32; H, 8.22. Found: C, 
67.34; H, 8.20.

Preparation of 4-Ketonorcarane-7-carboxylic Acid Ethyl Ester
(8a).—A solution of 6.0 g of compound 7a in 300 ml of acetone 
was treated with 1.0  g of p-toluenesulfonic acid monohydrate, and 
the mixture was allowed to stand a t room temperature for 18 hr. 
At the end of this time cold, dilute sodium bicarbonate solution 
was added, and the product was isolated by ether extraction. 
After the usual washing and drying operations, the solvent was 
removed affording 6.02 g of crude material which was shown to 
contain 75% of compound 8a by vapor chromatography. A 
chromatographically pure sample (X̂J™ 5.78, 5.83 m) was analyzed.

Anal. Calcd for C10H 14O3: C, 65.92; H, 7.74. Found: C, 
65.97; H, 7.77.

The 2,4-dinitrophenylhydrazone, prepared as a derivative, 
melted a t 129-132° (95% ethanol).

Anal. Calcd for Ci6Hi8N40 6: C, 53.04; H, 5.01; N, 15.46. 
Found: C, 53.01; H, 5.03; N, 15.50.

Preparation of Conjugated Keto Ester 9a.—A solution of 3.7 
g of keto ester (8a) in 125 ml of dry benzene was heated under 
reflux for 8 hr in the presence of a catalytic amount of p-toluene- 
sulfonic acid. The reaction mixture was then cooled, washed 
successively with dilute sodium bicarbonate solution, water, and 
saturated sodium chloride, and finally dried over anhydrous 
magnesium sulfate. Removal of the solvent followed by vapor 
chromatography of the residual oil furnished a 90% yield of 9a, 
X™” 5.78, 5.92 M.

Anal. Calcd for C10H14O3: C, 65.92; H, 7.74. Found: C, 
65.92; H, 7.61.

Conversion of Compound 9a into p-Hydroxyphenylacetic 
Acid.—A 300-mg sample of (9a) was dissolved in T ml of xylene 
and 300 mg of 10% palladium on charcoal was added. The 
mixture was heated in an oil bath (180°) for 5 hr, and was then 
cooled, diluted with ether, and filtered. Extraction with dilute 
sodium hydroxide and acidification furnished 55 mg of phenolic 
material, which was hydrolyzed by treatment with 1.5 ml of 10% 
potassium hydroxide solution for 50 min a t reflux temperature. 
Routine work-up afforded 27 mg of crystalline material, which 
was purified by sublimation and recrystallization from ether- 
petroleum ether. The product melted a t 153-154.5° and was 
identified as p-hydroxyphenylacetic acid by direct comparison 
with an authentic sample.

Preparation of 4,4-Dimethoxy-l-methylnorcarane-7-carboxylic 
Acid Ethyl Ester (7b).—The unsaturated ketal (6b), 14.8 g, 
was heated to 120°, and was treated by dropwise addition with
11.4 g of ethyl diazoacetate in the presence of copper bronze 
powder. Distillation of the resulting dark oil afforded 4.7 g 
of starting material (6b) and 10.7 g of product 7b, bp 78-79° 
(0.007 mm).

Anal. Calcd for C13H22O4: C, 64.44; H, 9.15. Found: C, 
64.31; H, 8.90.

Preparation of 4,4-Dimethoxy-l,2-dimethylnorcarane-7-car- 
boxylic Acid Ethyl Ester (7c).—Unsaturated ketal (6c), 11.5 g, 
was treated with 16.7 g of ethyl diazoacetate a t 125-135° by 
the procedure of the previous experiment. Distillation furnished
2.3 g of starting material and 10.2 g of ester 7c, bp 76-96° 
(0.02-0.05 mm). The analytical sample was prepared by vapor 
chromatography.

Anal. Calcd for C14H24O4: C, 65.60; H, 9.44. Found: C, 
65.62; H, 9.25.

Preparation of Compound 8b.—Ketal ester 7b, 6.33 g, was 
cleaved by exchange with acetone according to the procedure 
described for the preparation of keto ester (8a ). The product was 
purified by vapor chromatography: yield 84%; X̂ 1” 5.78,5.82 /n.

Anal. Calcd for CnHi60 3: C, 67.32; H, 8.22. Found: C, 
67.00; H, 8.16.

Preparation of Keto Ester 8c.—Cleavage of 1.8 g of ketal ester 
7c was carried out by the procedure described above. The 
product was isolated by vapor chromatography, but since some 
attendant decomposition occurred, the exact yield could not be 
determined. A pure sample absorbed in the infrared a t 5.78 and
5.81 m/i.

Anal. Calcd for Ci2H i80 3: C, 68.55; H, 8.63. Found: C, 
68.86; H, 8.41.

Preparation of Compound 9b.—A solution of 1.0 g of keto 
ester (8b) in 40 ml of absolute ethanol containing a catalytic 
amount of sodium acetate was heated under reflux (nitrogen 
atmosphere) for 5 hr. The reaction mixture was then diluted 
with water and extracted with ether. After standard washing 
and drying procedures, the solvent was removed, and the residue 
was subjected to vapor chromatography: yield 87%; X“‘” 5.78, 
5.92 ¡i.

Anal. Calcd for CuHi603: C, 67.32; H, 8.22. Found: C, 
66.61; H, 7.92.

The dinitrophenylhydrazone prepared as a derivative melted 
a t 116-117.5° (95% ethanol).

Anal. Calcd for CnEWWX: C, 54.25; H, 5.36; N, 14.89. 
Found: C, 54.07; H, 5.52; N, 15.09.

Preparation of Conjugated Keto Ester 9c.—A 1.37-g sample 
of crude keto ester 8c was dissolved in 50 ml of dry ethanol and 
a trace of p-toluenesulfonic acid was added. The solution was 
heated under reflux in a nitrogen atmosphere for 3 hr at the end 
of which time the bulk of the solvent was evaporated under 
reduced pressure. Routine washing and drying furnished crude 
material which was purified by vapor chromatography: yield 
63%; X«1™ 5.78, 5.99 ju.

Anal. Calcd for C12H i80 3: C, 68.55; H, 8.63. Found: C, 
68.41; H, 8.66.

The 2,4-dinitrophenylhydrazone prepared as a derivative 
melted a t 119.5-120° (95% ethanol).

Anal. Calcd for C18H22N4O6: C, 55.38; H, 5.68; N, 14.35. 
Found: C, 55.21; H, 5.91; N, 14.42.

Preparation of Ketal 12.—A solution of 44.4 g of l-methyl-7- 
methoxy-2-tetralone12 in 500 ml of dry benzene and 100 ml of 
ethylene glycol containing a small amount of p-toluenesulfonic 
acid was heated to reflux temperature under a water separator 
for a period of 6 hr. The product, isolated in the customary 
way, crystallized after removal of the solvent. The analytical 
sample was prepared by sublimation a t 65° (0.004 mm), followed 
by recrystallization from ether-petroleum ether, and had mp
73.5-74°.

Anal. Calcd for Ci4H i80 3: C, 71.77; H, 7.74. Found: C, 
71.89; H, 7.69.

A 1.0-g sample of this ketal in 120 ml of liquid ammonia, 60 
ml of absolute ether, and 20 ml of dry ethanol was treated with 
small pieces of lithium added a t a rate sufficient to maintain a 
blue color for 45 min. Evaporation of the ammonia, addition 
of water, and extraction with ether furnished a dihydro derivative 
as a crude oil which resisted all attempts a t crystallization, 
Xm„ 5.87, 5.96 m- The material was hence treated directly 
with methanol and p-toluenesulfonic acid in ether as described 
for preparation of acetoxy ketal 2 . Distillation of the crude 
product afforded 1.08 g of ketal 12, bp 98-111° (0.01 mm).

Anal. Calcd for C15H24O4: C, 67.14; H, 9.01. Found: C, 
67.03; II, 8.97.

Registry No.—1, 16831-46-2; free base of 1 (mp 110— 
110.5°), 10064-10-5; C18H280 2 (mp 142-143°), 16831-
66-6; 2, 16831-47-3; 6a, 16831-48-4; 6b, 16831-49-5; 6c, 
16831-50-8 ; 7a, 16831-51-9; 7b, 16831-52-0; 7c, 16831- 
53-1; 8a, 16831-54-2; 8a 2,4-dinitrophenylhydrazone, 
16831-55-3; 8b, 16831-56-4; 8c, 16831-57-5; 9a, 16831-
58-6; 9b, 16831-59-7; 9b 2,4-dinitrophenylhydrazone, 
16831-60-0; 9c, 16831-61-1; 9c 2,4-dinitrophenylhydra
zone, 16831-62-2; 12, 16831-63-3; diazoacetic ester, 
623-74-5; C14H180 3 (mp 73.5-74°), 16831-64-4.

(11) A. S erin i a n d  H . K o s te r , B er., 7 1 , 1766 (1938). (12) M . E . K u eh n e , J .  A m er . C hem . Soc., 8 3 , 1492 (1961).
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Styryl methyl and styryl ethyl ketones, ArCH=CHCOCH2R (R =  H, CH3), having suitable aryl substituents 
(methoxy, dimethylamino) undergo self-condensation in aqueous ethanolic sodium hydroxide to 5-aryl-3-styryl- 
2-cyclohexen-l-ones (6a-d) and 5-ai'y]-2,4-dimethyl-3-styryl-2-cyclohexen-l-ones (lla-g), respectively. Simi
larly, l-(2-methoxyphenyl)-2-methyl-l-buten-3-one undergoes self-condensation to 5-(2-methoxyphenyl)-3-[l- 
methyl-2-(2-methoxyphenyl)vinyI]-6-methyl-2-cyclohexen-l-one (9). This behavior contrasts with that of sty
ryl alkyl ketones having R groups larger than methyl; they undergo self-condensation to 4-alkanoyl-2-alkyl-
3,5-diarylcyclohexanones (3) under the same reaction conditions. Spectral data for all compounds agree with 
the structural assignments. Retroaldol cleavage of 2,4-dimethyl-5-(2-methoxyphenyl)-3-(2-methoxystyryl)-2- 
cyelohexen-l-one (11a) by heating in aqueous ethanolic sodium hydroxide at 150° led to 2-methoxybenzyl alcohol 
and epimeric 5-(2-methoxyphenyl)-2,3,4-trimethyl-2-cyclohexen-I~ones, 12a and b. Equilibration data and nmr 
spectra suggest that cyclohexenones l la - f  have a irons diequatorial C-4 methyl, C-5 aryl configuration. The 
scope of the reaction is discussed with respect to substituents in the reactant styryl alkyl ketone including num
ber, position, and type of aryl substituents. A comparison is made, with respect to substituents, between the 
two possible cyclization paths (Michael or aldol) by which the intermediate acyclic olefinic diketone 2 forms 
cycloalkanones (3) or cycloalkenones (6, 11).

We have extended our studies of the base-catalyzed 
self-condensation of styryl alkyl ketones to include 
styryl methyl and styryl ethyl ketones (1, R = H, CH3). 
These ketones are conveniently prepared in situ by

O H  -  o r  E tO
ArCHO +  CH3COCII2R ----------------*-

ArCH=CHCOCH2R +  H20  
1

aldol condensation of aromatic aldehydes with methyl 
ketones. Styryl alkyl ketones having structure I may 
undergo intermolecular Michael addition to an 
acyclic 1,5-diketone 2 (isolated where Ar = C6H6, 
R = AC3H71). See Scheme I.

When substituent R is an alkyl group larger than 
methyl, diketone 2 (obtained in situ) undergoes Michael 
cyclization to 3,5-diaryl-4-alkanoylcyclohexanone 3 
(path l).2 Styryl methyl and styryl ethyl ketones ex-

S c h e m e  I

2ArCH=CHCOCH2R
1

OH or EtO-

ArCHCH2COCH2R
I

R C H C O C H = C H A r

2

R = a r y l  o r  a lk y l  ( e x c e p t  C H 3) R = H or CE3

(1) A. T . N ielsen , to  b e  p u b lish e d .
(2) A. T . N ie lsen  a n d  H . D u b in , J .  Org. Chem ., 28 , 2120 (1963).

hibit different behavior. They have been shown in the 
present work to form 5-aryl-3-styryl-2-cyclohexen-l- 
ones (4) by aldol cyclization of diketone 2 (path 2). 
Successful cyclizations by either path depend on the 
substituents in the aryl group.

The condensations leading to cyclohexenone 4 are 
usually run by reaction of an aromatic aldehyde with an 
excess of methyl ketone to minimize formation of di- 
benzal ketones. Sodium hydroxide in ethanol is used 
with 2-butanone, aqueous medium with acetone. Con
densations to diketone 3 employ equimolar amounts of 
aldehyde and ketone (ethanolic sodium hydroxide).2 
Successful condensations require use of pure reagents 
in a nitrogen atmosphere. The slightly soluble prod
ucts (both 3 and 4) crystallize from the reaction mixture 
after a few days; each is readily purified by recrystal
lization from ethanol or ethyl acetate. Cyclohexanones
(3) are colorless and show weak ultraviolet absorption 
due to isolated aryl groups. The cyclohexenones (4) 
are distinguished by their yellow color and strong ultra
violet absorption near 370 ript.

The base-catalyzed condensation of aromatic alde
hydes with acetone (employed in molar excess) readily 
leads to styryl methyl ketones, and with 2-butanone to 
styryl ethyl ketones; yields are often high. Sodium 
hydroxide, in water or ethanol solvent, is most fre
quently employed as catalyst. Over 100 examples of 
these reactions are known.3-6 There are very few re
ports of other products resulting from these condensa
tions.6 In particular, products derived by intermolecu
lar self-condensation of a styryl methyl or styryl ethyl 
ketone have been mentioned in only a few publica-

(3) A . T . N ie lsen  a n d  W . J . H o u lih a n , Org. R eactions , 16, 186 (1968.
(4) N . L . D ra k e  a n d  P . A llen, J r . ,  “ O rgan ic  S y n th e se s ,”  C oll. V ol. I ,  

J o h n  W iley  a n d  Sons, In c ., N ew  Y o rk , N . Y ., 1944, p  77.
(5) (a) R . F a b in y i a n d  T . S zéki, B er., 39, 1211 (1906); (b) H . B au e r a n d  

P . V ogel, J .  P ra k t. Chem ., [2] 88, 329 (1913); (c) N . F . A lb ertso n , J .  A m er. 
Chem. Soc., 72, 2594 (1950); (d ) J . H . B urckhalfcer a n d  S. H . Jo h n so n , ib id ., 
73 , 4835 (1951); (e) K . W . B en tley , J . D om inguez, a n d  J .  P . R in g e , J .  Org. 
Chem ., 22, 418 (1957); (f) K . W . B en tley  a n d  S. F . D y k e , J .  Chem . Soc., 3151 
(1961); (g) K a lle  A .-G ., B rit ish  P a te n t  943 ,266 ; Chem . A bstr ., 60, 14696 
(1964).

(6) A. T . N ie lsen , H . D u b in , a n d  K . H ise , J .  Org. C hem ., 32, 3407 (1967).
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T able I
Synthesis op 5-Aryl-3-styryl-2-cyclohexen-1-ones

0

2 A r C H — C H C O C H 2R  ^  ^ Q J h - C H A ,  +  H , 0

R
'---------------------------- -------------Anal.-

Y ield , M o lecu la r /■----------------- C aled ------------------ . ,----------------F ound-
C o m p d A r R % M p , °C fo rm u la C , % H , % M ol w t C , % H , % M ot w t

6a 2,4-(CH30 )2C6H3 H 9 169-170 C24H26O5 73.07 6.64 394.45 72.91 6.54 397
6b 3,4-(CH30 )2C6H3 H 18“ 168-1691 C24H26O5 73.07 6.64 394.45 72.97 6 . 6 6 391
6c 3-CH30-4-n-C3H ,0C6H3 H Low“ 152-153“ C28H34O5 74.64 7.61 450.55 74.5“ 7.6“
6d 3,4-(CH20 2)C6H3 H 8 177-177.5 C22H 18O5 72.92 5.01 362.36 72.88 4.95 362
6e 2,4,5-(CH30 )3C6H2 H 10 191-193 C26H30O7 68.70 6.65 454.50 68.63 6.64 460

11a 2-CH3OC6H4 c h 3 64 186-187 C24H26O3 79.53 6.93 378.45 79.42 6.84 370
11a' 2-CH3OC6H4 c h 3 d 118-120 C24H26O3 79.53 6.93 378.45 79.60 7.14 377
lib 2,4-(CH30 )2C6H3 c h 3 19 186-187 C26H30O5 73.91 7.16 422.50 73.91 7.30 415
11c 2,5-(CH30 )2C6H3 c h 3 29 162-163 C26H30O5 73.91 7.16 422.50 74.07 7.23 427
l id 3,5-(CH30 )2C6H3 c h 3 30 114-115 C26H30O5 73.91 7.16 422.50 74.29 7.07 431
lie 2,4,5-(CH30 )3C6H2 c h 3 50 190-192 C28ÏÎ34O7 69.69 7.10 482.55 69.76 7.21 488
Ilf 3,4,5-( CH30  )3C6H2 c h 3 20 191-193 C28H34O7 69.69 7.10 482.55 69.91 7.17 481
Hg 4-(CH3)2NC6H4 c h 3 12 174-175 C26ÎÏ32N2O0 80.37 8.30 388.53 80.16 8.53 395

“ Heilbron7 reports a yield of 20% under similar conditions. 6 Lit.7 mp 168°. “ Data of Heilbron.7 The preparation of 6c was not
repeated. d Isolated by epimerization of 11a at 180° (aqueous ethanolic sodium bicarbonate). * Caled: N, 7.21. Found: N, 7.47.

tions.7-9 The present investigation shows the scope of 
the base-catalyzed self-condensation reactions of 
styryl alkyl ketones.

Self-Condensation of Styryl Methyl Ketones.—The
base-catalyzed intermolecular condensation of styryl 
methyl ketones (5) has been examined previously by 
Heilbron and coworkers.7 They found two 3-methoxy-
4- alkoxybenzalacetones to give products described as
5- aryl-3-styryl-2-cyclohexen-l-ones (6) (eq 1). These

NaOH
2ArCH=CHCOCH3 -------

6

were obtained when 4-alkoxy was methoxy (20% yield 
of 6b; cf. Table I) and n-propoxy (very low yield of 6c 
not stated). We have repeated Heilbron’s preparation 
of 6b and confirm his results. 3-Methoxy-4-alkoxyben- 
zalacetones with 4-alkoxy groups ethoxy, isopropoxy, 
and benzyloxy failed to produce isolable cyclohexe- 
nones.7 Catalysts tried in these experiments included 
aqueous sodium hydroxide and piperidine.7’10 Res
inous materials were reported as products of most of the 
condensations.

We have extended the reaction of eq 1 to the prepara
tion of three new cyclohexenones: 6a, d, and e (Table 
I) . Styryl methyl ketones derived from piperonal and
2,4,5-trimethoxybenzaldehyde were produced in situ 
from the aldehyde and excess acetone in dilute aqueous 
sodium hydroxide. On standing at room temperature 
or below, the cyclohexenones (6d and e) crystallized from

(7) R . D ick in son , I .  M . H eilb ro n , a n d  F . I rv in g , J .  Chem. Soc., 1888 
(1927).

(8) C . V. G heo rgh iu , B u ll. Soc. C h im . F r ., (4) 53, 1442 (1933).
(9) C . V. G h eo rgh iu  a n d  B . A rw e n tiev , ib id .. (4) 47 , 195 (1930).
(10) I n  tw o  in s ta n ces  H eilb ro n  fo u n d  t h a t  h e a tin g  s ty ry l  m e th y l ke tones  

on  th e  s te a m  b a th  w ith  p ip e rid in e  g av e  low  y ie lds « 5 % )  of un iden tified , 
w h ite , am o rp h o u s  su b s ta n c e s . ' F ro m  3 ,4 -d im e th o x y -l-b u ten -3 -o n e  th e re  
re s u lte d  a  su b stan ce , C mH mO! (m p 2 0 9 -2 1 0 °), a n d  from  4 -e th o x y -3 -m eth o x y - 
l-b u te n -3 -o n e  a  su b stan ce , C 26H 32O 2 (m p  187°).

T able I I
I nfrared and U ltraviolet Spectra of
5-Aryl-3-styryl-2-cyclohexen-1-ones

vKBi , P r in c ip a l a b s o rp tio n s  in  9 5 %  e th a n o l
C o m p d  c m " 1 .-----------------------------Xmax, m /i (emax) “------------------

6a
6b
6d
6e
9

11a
11a'
lib
1 1 c
lid
l ie
I lf
Hg

1655 260 (12,600) 284 (8,500) 369 (27,500)
1655 260 (10,600) 269 (10,300) 362 (28,800)
1660 242 (10,000) 287 (10,900) 362 (23,500)
1650 266 (10,000) 290 (11,000) 386 (23,000)
1640 250(8,300) 295 (15,000)sh 325 (16,400)
1640 247 (7,700) 278 (6,600) 354 (28,000)
1640 247 (8,100) 274 (7,200) 355 (25,300)
1655 257 (8,200) 285 (5,640) 372 (19,800)
1660 264 (5,700) 322 (20,200) 372 (16,500)
1650 252 (6,900) 285 (7 ,700)sh 337 (30,800)
1660 260 (9,150) 295 (10,900) 387(24,400)
1660 257 (8,300) 352 (29,000)
1640 257 (21,900) 416 (27,600)

0 Measurements made within a few minutes after preparation 
of solutions which decompose on standing: 11a, Xmax 352 mu
(16,600), 280 (6700), 247 (9850), and lie , Xmax 383 mM (* 16,200), 
294 (10,900), 257 (10,700), after 15 hr at 25°.

the reaction mixture. In the preparation of 6a the 
pure styryl methyl ketone, l-(2,4-dimethoxyphenyl)-l- 
buten-3-one, was allowed to react in aqueous ethanolic 
sodium hydroxide-acetone. Attempts to self-con- 
dense several other styryl methyl ketones to cyclohex
enones failed, using a variety of procedures; these ex
periments are discussed below in a summary of the scope 
of the reaction.

Yields of all cyclohexenones derived from acetone 
(6a-e) are low (8-18%). It is likely that the experi
mental procedure employed and the scale of most of the 
runs (ca. 0.05 mol) preclude isolation of cyclohexenones 
formed in very low yields. Yields of cyclohexenones 
obtained from in sthi-generated styryl methyl ketones 
were usually about the same as those obtained from the 
pure styryl methyl ketone itself. Several modifications 
of procedure failed to increase the reported yields.

Proof of structure of 6a, b, d, and e rests on spec
tral (Table II) and chemical evidence. (Preparation 
of Heilbron’s compound 6c was not repeated.) Ele-
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N mr Spectra o p  5-Aryl-3-styryl-2-cyclohexen-1-ones“
-------------------------------------------------------- C hem ica l sh ifts , 7---------------------------

Table III

c h =a C H ^ CH sO C H i, C H C H ii CH«8
C o m p d (m u ltip le ts ) (singlet) (singlets) (m u ltip le ts ) (singlet) (doub le t)

6a 2.30-3.65 3.92 6.20 6.80-7.55
6b 2.58-3.50 3.87 6.08,6.12 6.55-7.55
6d 2.50-3.30 3.88 f 6.55-7.55
6e 2.40-3.75 3.88 6.06,6.14 6.60-7.55
9 2.50-3.20 3.69 6.17,6.19 6.30-7.50 7.95 9.03

11a 2.26-3.28 6.16 5.80-7.80 7.94 9.04
11a' 2.25-3.25 6.15 6.25-7.50 8.00 8.53
lib 2.30-3.70 6.14,6.16 6.30-7.65 7.96 9.04
11c 2.58-3.50 6.18 6.30-7.50 7.95 9.02
l id 2.50-3.70 6.16 6.40-7.50 7.95 9.02
l ie 2.60-3.60 6.13 6.20-7.50 7.96 9
I lf 2.53-3.60 6.08 6.50-7.70 7.92 8.98
Hg 2.45-3.60 h 6.50-7.50 8.00 8.57

« Measurements were taken in CDC13; tetramethylsilane was the internal reference. b Aryl and side-chain vinyl protons. 8 Vinyl 
hydrogen of cyclohexenone ring at C-2. d Vinyl methyl a t C-2 except in 9. 8 Center of doublet; .1 = 7 Hz (three protons); C-4 methyl
except in 9. > CH20 2 singlets at r  3.97 (2), 3.99 (2). 1 Complex multiplet centered at t 8.75. 6 (CH3)2N singlets at r  7.03 (6), 7.15 (6).

mental analyses and molecular weight data support the 
molecular formulas (Table I). The single oxygen atom 
is represented in each compound by a conjugated car
bonyl group, vKBl near 1655 cm-1 (Table II). The ex
tended conjugation of a 5-ary 1-2,4-pentadien-l-one 
is supported by ultraviolet spectra typical of this Chro
mophore; an intense band is found near 370 m¡j. (Table 
II).11’12 13 The nmr spectra of cyclohexenones 6a, b, d, 
and e (Table III) agree with the structures assigned. A 
satisfactory alternate synthesis of cyclohexenone 6b is 
described by Heilbron.7

A useful extension of the styryl methyl ketone con
densation would employ a-alkylstyryl methyl ketones
(7).13 1 - (2 - Methoxyphenyl)-2 - methyl - l-buten-3 - one

H +
ArCHO +  RCH2COCH3 — >■ ArCH=C(R)COCH3 +  H20

7

(8) was prepared by condensation of 2-methoxyben- 
zaldehyde with 2-butanone employing hydrogen chlo
ride catalyst (77-81% yield).14 Heating 8 in ethanolic

2 2-CH3OC6H1CH=C(CH3)COCH3
NaOEt

8

CH:
2-CH3OCeH4 '(CH3)=CHC6H1OCH3-2

9

(11) R e la te d  d ienones a re  i  [(a) A . L. W ilds, L . W . B eck , W . J . C lose,
C . D je rass i, J .  A. Jo h n so n , J r . ,  T . L . Jo h n so n , a n d  C . H . S h u n k , J .  A m er. 
Chem . Soc., 6 9 , 1985 (1947); (b) R . K u h n  a n d  H . A . S ta a b , B er., 8 7 ,  262 
(1954)] a n d  ii [(c) G . R . E n s o r  a n d  W . W ilson , J .  Chem . Soc., 4068 (1956)].

C6H5(CH=CH)2COCH3

O

H“ CHCSHS
i  ii

xSSH 234 u  6750), \ l l° u  235 m M ( t  7800),
319 (36,400) 324 (27,300)

(12) A lkoxy  p h e n y l s u b s t i tu e n ts  in  co m p o u n d s lis ted  in  T a b le  I I  a re  re
sp o n sib le  fo r  th e  ex p e c ted  ca. 50-m /t b a th o ch ro m ic  s h if t  in  th e  long w ave
le n g th  b a n d  re la tiv e  to  a  p h e n y l s u b s t i tu e n t:  C . N . R . R ao , “ U ltra v io le t  
a n d  V isib le  S p ec tro sc o p y ,”  B u tte rw o r th  a n d  C o ., L td .,  L ondon , 1961, p p  
4 0 -4 8 . W e  fo u n d  l- (2 -m e th o x y p h e n y l)- l-p e n te n -3 -o n e  to  h a v e  u v  a b so rp 
tio n s  a t  X^ax11 284 my. (e 12,500) a n d  331 (8500). C o m p a re  th e  sp e c tru m  of 
1 -p h e n y l- l-p e n te n -3 -o n e : ? w H 220 him (« 11,000), 286 (23,400) [M . S tiles,
D . W o lf, a n d  G . V. H u d so n , J .  A m er. Chem. Soc., 8 1 ,  628 (1959)].

(13) M . T . B o g e rt a n d  D . D av id so n , ib id ., 5 4 ,  334 (1932).
(14) E .  H . W oodruff a n d  T . W . C onger, ib id ., 6 0 , 465 (1938).

sodium ethoxide led to cyclohexenone 9 (34% yield) 
The infrared and ultraviolet spectra of the product re
semble the spectra of other cyclohexenones (Table II). 
The nmr spectrum (Table III) reveals the expected 
characteristic cyclohexenone C-2 vinyl singlet at r 
3.69, a side chain vinyl methyl singlet at 7.95, and a
7-Hz C-6 methyl doublet at 9.03.

Self-Condensation of Styryl Ethyl Ketones.—The 
base-catalyzed intermolecular condensation of styryl 
ethyl ketones has not previously been studied systemat
ically. Styryl ethyl ketones are readily formed by con
densation of an aromatic aldehyde with 2-butanone in 
ethanolic or aqueous ethanolic sodium hydroxide solu
tion.3’6 There are two reported 1:1 condensation prod
ucts derived from styryl ethyl ketones generated in situ. 
Gheorghiu condensed 2-methoxybenzaldehyde with
2-butanone (ethanolic sodium hydroxide) to produce a 
yellow crystalline material, mp 178-179°, which he de
scribed as a dimer of 2-methoxystyryl ethyl ketone, 
C24H28O4 (ca. 29% yield).8 His elemental analyses sup
port this molecular formula, but no structure was sug
gested for the compound. Gheorghiu and Arwentiew9 
reported the formation, in small yield, of a colorless 
compound, mp 194° (assigned molecular formula 
C24H28O4), by condensation of 4-methoxybenzaldehyde 
with 2-butanone (equimolar quantities), using aqueous 
ethanolic sodium hydroxide catalyst. Following the re
ported procedure for this latter reaction we were unable 
to isolate the reported compound, or any crystalline 
solid from the reaction mixture.

We have repeated Gheorghiu’s condensation of 2- 
methoxybenzaldehyde with 2-butanone (ethanolic 
sodium hydroxide) and obtained a yellow crystalline 
material, mp 186-187°, after recrystallization from 
ethanol (yield, 64%). Elemental analysis and molecu
lar weight data indicate a molecular formula C24H26O3 
rather than C24H28O4, reported by Gheorghiu. Only by 
using pure reagents and a nitrogen atmosphere was it 
possible to obtain a pure sample of the product which 
gave satisfactory analyses. We believe our condensa
tion product and Gheorghiu’s compound to be samples 
of the same compound. Impurities, possibly water 
and/or oxidation products, in Gheorghiu’s sample may 
account for its lower melting point and unsatisfactory 
elemental analyses.
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Employing our procedure we have condensed 2,4-,
2,5-, and 3,5-dimethoxybenzaldehydes, 2,4,5- and 3,4,5- 
trimethoxybenzaldehydes and 4-dimethylaminoben- 
zaldehyde with 2-butanone to yield yellow, crystalline 
1:1 condensation products derived in situ from the re
sulting styryl ethyl ketones (compounds llb-g, Table 
I). Yields of these products (12-50%) were all lower 
than that of 11a obtained from 2-methoxybenzaldehyde 
(64%), but generally higher than yields of products 
6a-e derived from styryl methyl ketones (8-18%). 
Several other aromatic aldehydes failed to yield crystal
line condensation products with 2-butanone using a 
variety of procedures.

The self-condensation products derived from styryl 
ethyl ketones (10) are believed to be 5-aryl-2,4-di- 
methyl-3-styryl-2-cyclohexen-l-ones (11) (eq 2). The 
structures of compounds lla -g  were in complete 
agreement with their infrared, ultraviolet, and nmr 
spectra, their elemental analyses, and molecular weight 
data (see Tables I, II, and III).

NaOH2ArCH=CHCOCH2CH3

10
0

j J O C - C H A ,  + W  W
ch3

11

Chemical evidence supporting structure 11a 
(Gheorghiu’s compound) was provided by retroaldol 
cleavage in aqueous ethanolic sodium hydroxide at 150° 
(17 hr). The principal products, separated by distilla
tion and vpc, were 2-methoxybenzyl alcohol (44% yield) 
and epimeric 5-(2-methoxyphenyl)-2,3,4-trimethyl-2- 
cyclohexen-l-ones (12a and b; total yield ca. 18%).

0

^CHaOCeH,1
,CH3

H«CHC6H4OCH3-2

NaOH.Aq.EtOH,
160°

CH,
11a, Gheorghiu’s compound 

O

U CH3
ch3 

ch3Ò
+ 2-CH3OC(4hCH2OH

12a (C-4 axial CH3) 
b (C-4 equatorial CH3)

2-Methoxybenzyl alcohol was identified by compari
son of its infrared spectrum and 1-naphthylurethan 
derivative with an authentic sample. Neither 2-meth
oxybenzaldehyde nor 2-methoxybenzoic acid could 
be detected or isolated as cleavage products; spectra and 
the material balance suggest that they were not final 
products. The vigorous reaction conditions required 
for retroaldol cleavage evidently reduced the initially 
formed 2-methoxybenzaldehyde by a hydride-transfer 
process involving solvent ethanol. Milder reaction 
conditions failed to effect cleavage of 11a.

Spectra of epimers 12a and b agree with the structures 
assigned. Elemental analyses and molecular weight 
data support the molecular formulas, C16H20O2. Nmr

spectra indicate an epimer product ratio of 12a: 12b of 
ca. 2:1. Epimer 12b could be separated and purified by 
vpc. Its nmr spectrum (deuteriochloroform solvent) 
showed four aryl protons as a complex multiplet at r
2.5-3.3, a methoxyl singlet at 6.16, four ring-proton mul- 
tiplets at 6.4-7.9, two vinyl methyl singlets at 7.98, 
8.17, and a 7-Hz methyl doublet at 9.18. Its infrared 
and ultraviolet spectra indicate an a,/3,/3-trialkyl sub
stituted a,/3-unsaturated ketone: vKBr 1640 cm-1;
Xma(!I 244 m/x (e ll ,300).15 Epimer 12a could not be ob
tained free of 12b by vpc. However, a chromato
graphed sample which contained ca. two-thirds 12a had 
infrared and ultraviolet spectra identical with pure 
epimer 12b. The nmr spectrum of this sample indi
cated epimer 12a to differ from 12b principally in the 
chemical shifts of the C-3 and C-4 methyl signals; for 
12a, there was a singlet at r  8.07 and a 7-Hz doublet cen
tered at 8.82. The C-2 methyl singlet appeared at ca. 
t  8.17 in both epimers. Assuming the C-5 2-methoxy- 
phenyl group to remain equatorial in both isomers, it 
appears reasonable that they are C-4 epimers. The 
lower field C-4 methyl signal of epimer 12a suggests that 
its C-4 methyl is pseudo-axial and deshielded by the 
closely adjacent aryl group.16 Dreiding models show a 
pseudo-equatorial C-4 methyl in 12b to be rather far 
removed from the C-5 aryl group.

The 2,4-dinitrophenylhydrazones of both epimers 
of 12 were prepared. That of 12a had mp 159-161° and 
uv bands at Amlx11 258 m^ (e 15,000), 385 (23,000); that 
of 12b had mp 201.5-202.5° and uv bands at Xmax11 
260 mM (e 13,000), 386 (21,000).17

An attempt to resynthesize cyclohexenone 11a, or 
11a', by reaction of 2-methoxybenzaldehyde with epimer 
mixture 12a and b containing ca. two-thirds 12a (lith
ium amide, tetrahydrofuran, 150°) led to ketone 13, 
mp 190-191°, by aldol condensation on the ring methyl
ene group. Structure 13 is supported by its spectra: 
rKBr 1670 (C =0), 1640 cm“1 (C=C); X®*°H 328 mM

2GH3OQH4CHO + 12a
LiNH ,,TH F

150°
0

2-CHsCKyhCH JL H 

2-CH8OC6HtCs-̂ JcH3
ch3

13
(e 11,800), 278 (11,100), 273 (10,700), 244 (10,400).18 
The nmr spectrum of 13 closely resembles that of 12a: 
C-4 methyl doublet at t 8.82 (7-Hz), C-2 methyl singlet 
at 8.22, C-3 methyl singlet at 8.10. Two methoxy sin
glets appear at r  6.13, 6.22; aryl and vinyl protons (9) 
were at r 2.5-3.3. Comparison of this nmr spectrum

(15) a ,/3 ,/3 -T ria lky l-substitu ted  a ,d -u n s a tu ra te d  k e to n es  h a v e  a  u v  b a n d  
a t  Xml*11 247 =b 5 m/x: R . B . W oodw ard , J .  A m er. Chem. Soc., 64, 76 (1942). 
F o r  exam ple, (C H 3)2C = C (C H 3)C O C H s h a s  a  u v  b a n d  a t  x £ £ H 247 m/x (e 
7900): R . M eck e  a n d  K . N oack , Angew . Chem ., 68, 150 (1956).

(16) I n  s u b s t i tu te d  2- a n d  4 -m e thy lcyc lohexanones  th e  ax ia l m e th y l s ignal 
is a lw ay s o b serv ed  a t  low er fie ld  (b y  ca. r  0 .1 -0 .2 )  re la tiv e  to  th e  signal fo r 
th e  co rrespond ing  e q u a to r ia l m e th y l isom er: F . Jo h n so n , N . A . S ta rk o v sk y , 
a n d  W . D . G urow itz , J .  A m er. Chem . Soc., 87 , 3492 (1965); F . N erd e l, D. 
F ra n k , a n d  K . R ehse, Chem . B er., 100, 2978 (1967).

(17) M e s ity l ox ide 2 ,4 -d in itro p h en y lh y d razo n e  h as  a  u v  b a n d  a t  Xml*11 379 
m  m (e 23 ,000): J .  D . R o b e rts  a n d  C . G reen , J .  A m er. Chem. Soc., 68, 214 
(1946).

(18) ira n s-2 -B en z a l-4 ,4 -d im e th y l- l- te tra lo n e  h as  u v  b an d s  a t  XmaxH 307 
m u  (c 16,500) a n d  227 (11 ,400); th e  cis isom er has  b a n d s  a t  \m lx ü  311 m  g. 
(e 11,300), 269 (9300), a n d  234 (9700): D . N . K ev ill, E . D . W eiler, a n d  
N . H . C rom w ell, J .  Org. Chem ., 29 , 1276 (1964); cf. A . H assn e r  a n d  T . C . 
M ead , Tetrahedron, 20 , 2201 (1964).
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with that of 12a and b suggests an equatorial C-5 aryl, 
axial C-4 methyl in 13 (condensation product derived 
from 12a).16 I t is not clear from our spectral data 
whether the aryl of the 6-benzal group in 13 is cis or 
trans to the carbonyl.18

Formation of 13 by aldol condensation is atypical 
since all reported reactions of aromatic aldehydes with
3-methyl-2-cyclohexen-l-ones (ethanolic sodium eth- 
oxide, 25°, several days) favor a thermodynamically 
controlled product derived by aldol condensation on the 
C-3 methyl group, with formation of a 3-styryl deriva- 
tive.110-19 No reaction, to form either 11a, 11a' or 13, 
occurred between 2-methoxybenzaldehyde and 12 in 
ethanolic sodium ethoxide, or with potassium £- 
butoxide in tetrahydrofuran, at 25° or at reflux temper
atures. Attack at the C-3 methyl (i.e., on the appro
priate 12 anion) may be severely hindered by the adja
cent C-2 and C-4 methyl groups, as well as by the ortho 
methoxyl group in the aldehyde. The formation of 13 
rather than 11a or 11a' in our experiment could be a 
result of rapid irreversible formation of a high concen
tration of the enolate anion of 12 derived by removal of 
the most acidic C-6 proton, a process favored by the re
action conditions employed.20 Also, use of tetrahydro- 
furan solvent and lithium amide minimizes retroaldol 
reaction.

An attempt to synthesize ketone 12 by condensa
tion of l-(2-methoxyphenyl)-2-methyl-l-buten-3-one
(8) with ethyl propionyl acetate (ethanolic sodium 
ethoxide) led to a triketone, believed to be an enolic 
form of 14 (36% yield). Spectral data agree with this

8 +  C2H5C0CH2C02C2Hs
NaQEt

EtOH

0

ch3| A .

w h ^ 2°h5
14

structure; see Experimental Section. Intramolecular 
Claisen condensation is favored over aldol cycliza- 
tion in this example.21 Attempted condensation of 1- 
(2-methoxyphenyl)-l-penten-3-one with ethyl a-methyl- 
acetoacetate also failed to yield 12 (reactant styryl ke
tone recovered).

The stereochemistry of the 5-aryl-2,4-dimethyl-3- 
styryl-2-cyclohexen-l-ones lla -g  is of interest. As
suming in each compound an equatorial aryl group at 
C-5, epimer pairs should differ in configuration of the 
methyl group at C-4. Epimerization of the 2- 
methoxyphenyl derivative 11a, mp 186-187°, by equili
bration in aqueous ethanolic sodium bicarbonate at 180° 
for 2 hr, led to an 8% conversion into epimer 11a', mp 
118-120°, with 76% recovery of 11a. The infrared

(19) (a) G . K ab as , Tetrahedron, 22 , 1213 (1966); (b) J .-M . C o n ia  a n d  U . 
O ’L eary , C om pt. R end ., 249 , 1002 (1959); (c) G . R enz i, A . S teu e r, a n d  V. 
D a l P iaz , A n n . C k im ., 57, 279 (1967); (d) J . D ew ar, D . R . M orrison , a n d  
J .  R ea d , J .  Chem . Soc., 1598 (1936).

(20) H . O . H ouse , Rec. Chem. Progr., 28 , 98 (1967).
(21) T h e  cou rse  of th is  ty p e  of reac tio n  e v id e n tly  d epends on su b s t itu e n ts . 

l- (2 -M e th o x y p h e n y l)- l-b u te n -3 -o n e  a n d  e th y l a c e to a c e ta te  le ad  to  i (or th e

4 -c a rb e th o x y  d e riv a tiv e ) b y  a ld o l cyc liza tio n  (aq u eo u s  e thano lic  sod ium
hy d ro x id e ) : T . A . F o rs te r  a n d  I .  M . H eilb ro n , J. Chem. Soc., 125 , 340 (1924).

and ultraviolet spectra of these epimers are virtually 
identical (Table II). Differences were observed in solu
bility and nmr spectra. The low melting form is much 
more soluble in ethanol; it was crystallized from hexane. 
A difference was observed in the chemical shift of the 
C-4 methyl doublets which appeared at t 9.04 in 11a 
and at 8.53 in 11a', a situation also found with the 
derived cyclohexenone epimer pair 12a and b. Epimer 
11a' having the lower field C-4 methyl signal is believed 
to have a pseudo-axial C-4 methyl.16 The cyclohex-

11a, mp 186-187°

1 1 a ', mp 118-120°

enone methylene proton signals in 11a agree with the 
assigned stereochemistry: the equatorial proton at C-6 
at t 7.52 (dd, ,/ae =  5 Hz and J tm ^  18 Hz), the axial 
C-6 proton at 6.97 (dd, J aa =  15 Hz, and J iem ^  18 Hz). 
The axial C-5 proton at 6.05 and the pseudo-axial 
C-4 proton at 6.58 each appear as distinct multiplets 
with splittings characteristic of their assigned stereo
chemistry.

Chemical behavior in basic media agrees with the con
figuration assignments for 11a and 11a'. The lower 
melting epimer (11a') was found to be partially de
stroyed under the reaction conditions (53% recovery of 
11a' after 114 hr). With more vigorous conditions 
(ethanolic sodium ethoxide, 150°, 3 hr) destruction of 
11a' was ca. 90% complete, only 10% of 11a' being re
covered. No significant epimerization of 11a' to the 
higher melting, less soluble epimer 11a was found in 
these experiments. Epimer 11a is much more stable in 
basic media and is only slowly epimerized to 11a' even 
at 180°. I t remained unchanged after refluxing in 
aqueous sodium hydroxide-tetrahydrofuran for 25 hr 
(100% recovery). These results suggest a slow axial 
attack in 1 la (proton removal from C-4) and more rapid 
equatorial attack in the common intermediate car- 
banion (protonation at C-4 leading to epimer 11a').22 
The converse situation is believed to be true in epimer 
11a' which undergoes a relatively rapid proton removal 
from C-4 by equatorial attack, followed by destruction 
of the intermediate carbanion, which evidently occurs 
much more rapidly than axial protonation required to 
form 11a. The accumulation of retroaldol product 12a 
(axial C-4 methyl) in favor of 12b is in agreement with

(22) W e b elieve  th is  in te re s tin g  exam ple  to  p a ra lle l t h a t  fo u n d  in  2 -phen 
y l- 1 -n itrocyclohexanes w here in  eq u a to r ia l , re la tiv e  to  ax ia l, a t t a c k  a t  C - l  
(p ro to n  a b s tra c tio n  o r in se rtio n ) is  fav o red  b y  r a t e  fa c to rs  of 2 0 0 -5 5 0 :1 ; 
F . G . B o rdw ell a n d  M . M . V estling , J .  A m er. Chem . Soc., 89 , 3906 (1967); 
F . G . B ordw ell, W . J .  B oyle, J r . ,  J . A . H a u ta la , R . H . Im e s, K . C . Lee, a n d
E . C . S te in er, A b strac ts , 155 th  N a tio n a l M e e tin g  of th e  A m erican  C hem ical 
S ocie ty , S an  F ranc isco , C alif., A p ril 1-5 , 1968, p  R -10 .
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these observations. The intermediate carbanion de
rived from X2 is more stable than that of 1 la. I t leads, 
by equatorial C-4 protonation, to 12a.

In each condensation leading to cyclohexenones lla-g  
(Table I) only one epimer was isolated. In all com
pounds the nmr peaks for the C-4 methyl doublet are 
centered at ca. r 9.03, with the exception of the 4-di- 
methylamino compound llg  (r 8.57). I t is suggested 
that compounds lla -f all have a pseudo-equatorial C-4 
methyl; l lg  may have a pseudo-axial C-4 methyl.16

The exclusive formation of one epimer with trans 
C-4—C-5 stereochemistry may be a consequence of 
at least three factors favoring the isolated product : (1)
its lower solubility and facile crystallizability, (2) 
its greater stability under the reaction conditions, and
(3) its more rapid rate of formation in an irreversible 
process. As shown with 11a' one factor is not an equili
bration of products which favors one epimer. A more 
rapid cyclization to the epimer with C-4-C-5 trans 
stereochemistry (believed to be favored thermody
namically) would account for its formation, since the 
cyclization is irreversible under the reaction condi
tions. A mixture of equilibrating epimers of precursor 
diketone 2 would lead to only one product, if rate- 
limiting cyclization rates leading to product epimers 
differed sufficiently. Alternatively, and probably 
less likely, one product would result if only one epimer 
of 2 were formed initially, or favored at equilibrium.

Scope of the Reaction.—The self-condensation of 
styryl alkyl ketones to 5-aryl-3-styryl-2-cyclohexen-l- 
ones is a reaction quite limited in scope. Styryl methyl 
and styryl ethyl ketones having certain electron
releasing aryl substituents (alkoxy, methylenedioxy, 
dialkylamino) have been shown to undergo the reaction.

The reaction has been examined with respect to two 
principal structural features in the reactant ketone 
(ArCH=CHCOCH2R), i.e., the nature of (1) the 
alkyl group R and (2) the substituents in the aryl group, 
including type, ring position, and number of sub
stituents. Reaction conditions were limited to cat
alysts (sodium hydroxide or sodium ethoxide), solvents 
(water, ethanol, or aqueous ethanol), and temperatures 
from —15° to reflux (ca. 80-90°). The method of iso
lation of products restricted successful results to forma
tion of products insoluble in aqueous acetone or aqueous 
ethanol which elected to crystallize from the reaction 
mixture after standing at -15-25° for periods up to 
several months. To some degree this simplified isola
tion procedure has limited the observed reaction scope, 
but not its major features.

The reaction is clearly limited to styryl methyl and 
styryl ethyl ketones. Styryl alkyl ketones having 
larger alkyl groups and suitable aryl substituents un
dergo Michael cyclization to 4-alkanoyl-2-alkyl-3,5- 
diarylcyclohexanones (3) under similar reaction con
ditions. It is the failure of intermediate acyclic dike
tone 2 to undergo aldol cyclization, when R is larger 
than methyl, which limits the reaction.

Only aryl substituents having negative Hammett 
Vpara substituent constants23 permit a successful con
densation to a cyclohexenone. Condensations were 
achieved with methoxy, propoxy, methylenedioxy, and 
dimethylamino substituents in the phenyl group.

(23) G . B . B erlin  a n d  D . D . P e r r in , Quart. Rev. (L o n d o n ), 20, 75 (1966);
H . H . Jaffé , Chem . Rev., 53 , 191 (1953).

However, certain other styryl methyl and styryl ethyl 
ketones with electron-releasing aryl substituents failed 
to produce crystalline condensation products. Fail
ures resulted with phenyl substituents ethoxy, amino, 
diethylamino, methyl, isopropyl, and hydroxy, as 
well as with 2-, 3-, and 4-pyridyl aryl groups. No 
successful condensation to a cyclohexenone resulted 
from benzaldehyde itself.24 25 Aldehydes with elec
tron-withdrawing substituents (2-chloro- and 2-nitro- 
benzaldehydes) failed to form a cyclohexenone by re
action with 2-butanone.

The condensation of styryl alkyl ketones (1, R larger 
than methyl) to cyclohexanones (3) also is favored by 
electron-releasing aryl substituents, and disfavored 
by electron-withdrawing substituents such as nitro. 
However, the range of electronegativity of substituents 
allowed for Michael cyclization to 3 is larger, and in
cludes alkoxy, amino, and alkyl substituents as well as 
chloro, which has a positive omra substituent constant.

The ring position and number of aryl substituents 
affect the cyclohexenone forming reaction, ortho and 
para substituents favor the reaction relative to meta, al
though meta substitution does not prevent reaction. 
Although 2-methoxystyryl ethyl ketone gave the 
highest yield of a cyclohexenone, the 3- and 4-methoxy- 
styryl ethyl ketones did not form one; surprisingly, 2- 
methoxystyryl methyl ketone also failed to react. Only 
one other monosubstituted ketone was found to react—
4-dimethylaminostyryl ethyl ketone. Most dimethoxy 
and trimethoxystyryl methyl and ethyl ketones under
went reaction rather well. Interesting anomalies were
3,4-dimethoxy and 3,4-methylenedioxy styryl ethyl 
ketones which failed to produce cyclohexenones, 
whereas the corresponding methyl ketones did react.

It is of interest to compare the effects of the ring po
sitions and total number of aryl substituents on the two 
cyclization reactions (paths 1 and 2 leading from dike
tone 2). One striking difference is the fact that ortho 
substituents prevent Michael cyclization (Scheme I, 
path 1) leading to cyclohexanone 3, but distinctly fa
vor aldol cyclization to 4. Also, Michael cyclization is 
often quite successful with a single electron-withdraw
ing substituent in the para position; aldol cyclization 
occurs best with two or three electron-withdrawing sub
stituents. These observations suggest that electron
releasing effects of aryl substituents are of greater im
portance in favoring the aldol cyclization (path 2) than 
in the Michael cyclization.

Experimental Section26
Procedure A. Condensation of 2,4,5-Trimethoxybenzalde- 

hyde with Acetone. Formation of 3-(2,4,5-Trimethoxystyryl)-5- 
(2,4,5-trimethoxyphenyl)-2-cyclohexen-l-one (6e).—A mixture of
1.96 g (0.01 mol) of 2,4,5-trimethoxybenzaldehyde, 15 ml (11.7 
g, 0.2 mol) of acetone, 10 ml of water, and 0.4 ml of 10% aqueous 
sodium hydroxide solution was warmed slightly on the steam 
bath to secure a clear solution. The glass-stoppered flask was 
allowed to stand at room temperature (nitrogen atmosphere) for

(24) S ty ry l e th y l k e to n e  itse lf is th e  o n ly  s ty ry l m e th y l o r  s ty ry l e th y l 
k e to n e  w h ich  w e h a v e  fo u n d  to  fo rm  a  cy c lo a lk an o n e  (3, R  =  C H 3; y ie ld  
o n ly  1 % ).6

(25) M e ltin g  p o in ts  w ere  d e te rm in ed  o n  a  K ofler b lo c k  a n d  a re  co rrec ted .
U ltra v io le t sp e c tra  w ere  d e te rm in ed  on  a  C a ry  M o d el 11 sp ec tro p h o to m e te r , 
in fra re d  sp e c tra  w ere  o b ta in e d  on  a  P e rk in -E lm e r M o d e l 137 sp ec tro p h o 
to m e te r , a n d  n m r  sp e c tra  w ere  o b ta in e d  o n  a  Y a ria n  A -60 sp e c tro m e te r  (10— 
2 0 %  so lu tio n s  in  deu te rio ch lo ro fo rm ). M ag n es iu m  s u lfa te  w as em p loyed  as 
a  d ry in g  ag e n t.
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6 days (crystals slowly deposited during this time), and in the 
refrigerator (5°) for 2 months. The orange-yellow prisms 
(0.22 g, 9.6%) were removed by filtration, mp 190-193°. Re
crystallization from ethyl acetate gave small prisms which de
posited slowly, mp 191-193°. The prolonged reaction time at 
5 ° could be shortened, since most of the product appeared to 
crystallize from the reaction mixture within ca. 2 weeks.

The above procedure was effective in the condensation of 
piperonal with acetone to yield cyclohexenone 6d (Table I). 
The crude product isolated was mixed with a gummy material 
from which it could be separated by crystallization from ethyl 
acetate-ethanol.

The procedure of Heilbron7 was repeated with 3,4-dimethoxy- 
benzaldehyde (0.05 mol) and acetone (same as above procedure, 
but with ca. one-half the relative amount of acetone). The 
crude product (5.2 g) which separated, mp 105-145°, was crystal
lized from ethyl acetate to yield cyclohexenone 6b (1.75 g, 18%), 
mp 168-169° (lit.7 mp 168°; yield, 20%7).

Attempts to apply procedure A to the preparation of cyclo- 
hexenones from certain other aromatic aldehydes and acetone 
led to styryl methyl ketones which separated from the reaction 
mixture. The following known styryl methyl ketones were ob
tained in this manner; substituents, melting points of crude 
products, and yields (in parentheses) are listed: 4-dimethyl-
amino, mp 133.5-136.5 (91%) ( l i t . ^ m p  134-135°); 2-methoxy, 
mp 34-49° (65%) (lit.26 mp 50°); 4-hydroxy-3-methoxy, mp 
123-128° (77%) (lit.27 mp 128-129°); 2,4-dimethoxy, mp 54-57° 
(80%) (lit.28 mp 62°). Benzaldehyde with excess acetone yields 
styryl methyl ketone itself in 65-78% yield with aqueous sodium 
hydroxide catalyst.4 Modification of procedure A by replacement 
of most or all of the water with ethanol, to increase solubility 
of styryl methyl ketone intermediates, sometimes gave clear 
solutions but usually precipitated the styryl methyl ketones 
from the reaction solution in low yields (<10% ). No crystalline 
cyclohexenones could be isolated subsequently after the solutions 
had been diluted with water and chilled; oils and/or styryl 
methyl ketones resulted.

Procedure A gave unidentified oily products (possibly con
taining low-melting styryl alkyl ketones) when aplied to acetone 
condensations with substituted benzaldehydes having the follow
ing substituents: 3-methoxy, 4-methoxy, 2-ethoxy, 4-diethyl-
amino, 2,3-dimethoxy, 2,5-dimethoxy, 3,5-dimethoxy, and 3,4,5- 
trimethoxy.

Procedure B. Condensation of 2-Methoxybenzaldehyde with 
2-Butanone. Formation of Gheorghiu’s Compound, 2,4-Di- 
methyl-5 - (2-methoxyphenyl)-3 - (2-methoxystyryl) - 2-cyclohexen- 
1-one (11a).8—To a solution of 30.0 g (0.22 mol) of freshly 
distilled 2-methoxybenzaldehyde in 225 ml of 95% ethanol was 
added 30 g (0.416 mol) of 2-butanone and 15 ml of 10% aqueous 
sodium hydroxide solution. By external cooling the temperature 
was kept below 32°. After the initial reaction had subsided 
the yellow solution was allowed to stand in an atmosphere of 
nitrogen, in the dark, for 18 hr at 25°. The yellow crystals 
which formed were separated (11.1 g, mp 183-187°); chilling 
the filtrate at 0° for several weeks deposited 15.5 g of additional 
material, mp 181-185°, to give a total yield of 26.6 g (64%). 
Recrystallization of the first crop from ethanol gave 8.5 g of 
yellow prisms, mp 186-187°.

The above procedure, employing a 1- to 2-week reaction time, 
was effective in condensation of the following substituted benz
aldehydes with 2-butanone to yield cyclohexenones 1 lb —1 lg 
listed in Table I: phenyl substituents, 2,4-dimethoxy, 2,5-
dimethoxy, 3,5-dimethoxy, 2,4,5-trimethoxy, 3,4,5-trimethoxy, 
and 4-dimethylamino. In some instances it was necessary to 
warm the reaction mixture initially in order to dissolve the 
reactant aldehyde. The crude cyclohexenone product was usually 
mixed with some styryl alkyl ketone. Purification was readily

(26) I . M . H eilb ro n  a n d  J . S. B uck , J .  Chem . Soc., 119, 1500 (1921).
(27) A. Y a. B erlin  a n d  S. M . S herlin , Z h . Obshch. K h im .,  18, 1386 (1948); 

Chem . A bstr., 43, 2185 (1949).
(28) (a) 2 ,4 -D im e th o x y s ty ry l m e th y l ke to n e , m p  62°, h as  been  p re p a re d

in  14%  y ie ld  b y  F r ie d e l-C ra f ts  a c y la tio n  of 1 ,3 -d im eth o x y b en zen e  w ith  
l-c h lo ro - l-b u te n -3 -o n e  em p loy ing  s ta n n ic  ch lo rid e  c a ta ly s t :  A. N . M es-
m ey an o v , N . K . K o ch e tk o v , a n d  L . R . M a to v , D okl. A k a d . N a u k  S S S R ,  92, 
85 (1953); Chem . A bstr ., 48 , 10665 (1954). (b) T h e  com p o u n d , p rep a re d  b y  
co n d e n sa tio n  of 2 ,4 -d im e th o x y b e n za ld e h y d e  w ith  a c e to n e  a n d  aq u e o u s  
so d iu m  h y d ro x id e  c a ta ly s t ,  is desc rib ed  as  a n  oil, bp  185-190° a t  2 m m  (no 
e lem en ta l a n a ly se s  g iv e n ): A. Y a . B erlin  a n d  T . P . S ycheva , Z h . Obshch. 
K h im .,  22, 1998 (1952); Chem. A bstr ., 47, 8681 (1953). W e h a v e  re p e a te d  
th is  p re p a ra tio n  a n d  find  m p  6 2 -6 3 °  fo r 2 ,4 -d im e th o x y s ty ry l m e th y l k e to n e .

achieved by crystallization from ethanol or ethyl acetate. With
4-dimethylaminobenzaldehyde a 3-week reaction time was 
employed resulting in a crude product containing much 4-di- 
methylaminostyryl ethyl ketone;68 the cyclohexenone ( llg ) was 
isolated with some difficulty by fractional crystallization from 
ethanol.

Procedure B with 2-butanone and 4-diethylaminobenzaldehyde 
gave principally an oily product from which a 3% yield of 4- 
diethylaminostyryl ethyl ketone could be isolated by crystalliza
tion from ethanol, mp 71-72°.

Anal. Calcd for C15H2INO: C, 77.88; H, 9.15; N, 6.05; 
mol wt, 231.33. Found: C, 77.75; H, 9.16; N, 6.30; mol wt, 
233.

Procedure B with 2-butanone gave oily or gummy products, 
from which no crystalline product could be isolated, with benz
aldehydes having the following substituents: 2-methyl, 4-
methyl, 2,3-dimethoxy, 3,4-methylenedioxy, 4-isopropyl, and
3-methoxy.

Procedure B with 2-butanone gave clear solutions from which 
no product separated, with benzaldehydes having the following 
substituents: 2-chloro, 2-ethoxy, 4r-hydroxy-3-methoxy, 2-
amino, 4-hydroxy, 2-nitro, 3,4-dimethoxy, as well as with 2-, 3-, 
and 4-pyridinecarboxaldehyde. Attempted condensation of 
2-pentanone with 2-methoxybenzaldehyde also gave a clear 
solution with procedure B. Dilution of these solutions with water 
and/or acidification failed to yield crystalline cyclohexenones.

Attempts to apply procedure B to condensations of aldehydes 
with acetone failed to yield cyclohexenones. Benzaldehyde and 
2-ethoxybenzaldehyde gave gummy products and no crystalline 
material. Vanillin and 3,4-dimethoxybenzaldehyde gave low 
yields ( <10%) of the styryl methyl ketones. 2-Methoxybenzalde- 
hyde gave ca. 15% of di-2-methoxybenzalacetone; the crude 
product had mp 115-125° (lit.29 mp 125°).

l-(2-Methoxyphenyl)-2-methyl-l-penten-3-one.—Procedure B 
applied to condensation of 2-methoxybenzaldehyde with 3- 
pentanone (reaction time, 11 days; 25°) gave an oil, bp 95-115° 
(0.1 mm), which was crystallized from hexane to yield the styryl 
alkyl ketone, mp 39-41° (62% yield). Recrystallization from 
hexane gave long prisms: mp 42-43°; v 1670 cm-1 (C = 0 )
(measurement on supercooled liquid).

Anal. Calcd for Ci3Hi60 2: C, 76.44; H, 7.90; mol wt, 204.26. 
Found: C, 76.63; H, 7.93; mol wt, 210.

l-(2,4-Dimethoxyphenyl)-l-buten-3-one.—A mixture of 2,4- 
dimethoxybenzaldehyde (8.3 g, 0.05 mol), 30 ml of acetone, 10 
ml of water, and 10 ml of 10% sodium hydroxide solution was 
heated under reflux for 15 min. The solution was chilled to yield 
9.55 g (93%) of the styryl ketone, mp 55-60°. Recrystallization 
from ethanol gave pale yellow needles, mp 62-63 (lit.28 mp 62°).

Anal. Calcd for Ci2H 140 3: C, 69.88; H, 6.84; mol wt,
206.23. Found: C, 70.04; H, 7.02; mol wt, 205.

Procedure C. Self-Condensation of l-(2,4-Dimethoxyphenyl)-
1- buten-3-one to 3-(2,4-Dimethoxystyryl)-5~(2,4-dimethoxyphen- 
yl)-2-cyclohexen-l-one (6a).—To a solution of 8.1 g of l-(2,4- 
dimethoxyphenyl)-l-buten-3-one in 20 ml each of acetone and 
ethanol, and 40 ml of water was added 2 ml of 10% sodium hy
droxide solution. After standing at room temperature for 1 
week and in the refrigerator for 6 weeks, the crystalline cyclo
hexenone 6a (0.71 g, 9.1%) was removed by filtration, mp 161- 
162°. Recrystallization from ethyl acetate gave prisms, mp
169-170°.

The above procedure could not be applied successfully to the 
preparation of a cyclohexenone from 4-dimethylaminostyryl 
methyl ketone;58'26 38% of the reactant ketone was recovered.
2- Methoxystyryl methyl ketone26 gave only an oily product. 
An unsuccessful attem pt was made to improve the yield of 
cyclohexenone l lg  (Table I) by applying the above procedure 
to self-condensation of 4-dimethylaminostyryl ethyl ketone;58 
only recovered ketone (ca. 75%) and gummy material could be 
isolated.

Procedure D. Self-Condensation of l-(2-Methoxyphenyl)-2- 
methyl-l-buten-3-one (8) to 5-(2-Methoxyphenyl)-3-[l-methyl-2- 
(2-methoxyphenyl)vinyl] -6-methyl-2-cyclohexen-l-one (9).—A
3.8-g (0.02 mol) sample of l-(2-methoxyphenyl)-2-methyl-l- 
buten-3-one (8), mp 23-26°,14'30 was dissolved in 10 ml of absolute 
ethanolic sodium ethoxide (prepared from 0.1 g of sodium). The

(29) A. B ae y er a n d  V. V illiger, B er., 3 5 , 3013 (1902).
(30) W oodruff a n d  C o n g e r14 re p o r t  k e to n e  8 as  a  liq u id , b p  162-163° (12 

m m ). W e d e te rm in ed  th e  n m r  sp e c tru m  of 8  (C D C I3) :  t  2.25  (s, 1, C H = ) ,  
2 .5 -3 .2  (m , 4, a ry l, C H ), 6.22 (3 , 3, C H sO ), 7.62 (s, 3, C H aC O ), 8 .02 (d, 3, 
J  =  1 H z, C H 3C = ) ;  Vneat 1640 c m " 1 ( C = 0 ) .
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solution was allowed to stand at 25° for 16.5 hr, then heated on 
the steam bath for 2 hr. The reddish solution was concentrated 
to remove ethanol and the residue was treated with saturated 
potassium carbonate solution. The mixture was extracted with 
methylene chloride, and the extracts were dried and concentrated 
to remove solvents. The residue was crystallized from ethanol 
to yield 1.25 g (34%) of cyclohexenone 9, mp 126-128°. Re- 
crystallization from ethanol gave 1.0  g of nearly colorless prisms, 
mp 132-133°. Spectral data are given in Tables II and III.

Anal. Calcd for C24H26Oa: 0,79.53; H, 7.23; mol wt, 362.45. 
Found: C, 79.62; H, 7.31; mol wt, 360.

Procedure D was applied to l-(2-methoxyphenyl)-2-methyl-l- 
penten-3-one (preparation described above). A gummy product 
was obtained, soluble in ethanol or benzene. An amorphous 
solid, mp 125-140°, which could not be obtained in crystalline 
form, separated on dilution of the benzene solution with heptane.

Condensation of l-(2-Methoxyphenyl)-2-methyl-l-buten-3-one 
(8) with Ethyl Propionylacetate.—A solution of 3.80 g (0.02 mol) 
of ketone 8U’M and ethyl propionylacetate (2.88 g, 0.02 mol) in 
20 ml of absolute ethanolic sodium ethoxide (prepared from 0.46 
g of sodium) was heated under reflux for 1.5 hr. The solution 
was concentrated to remove most of the ethanol and the residue 
was diluted with water and extracted twice with ether. The 
dried ether extracts gave 2.4 g (63%) of recovered ketone 8 
(analysis by vpc on 10 ft X 0.25 in, Chromosorb W-20% Apiezon 
L at 200°; retention time and infrared spectrum identical with 
authentic 8). The aqueous alkaline part was treated with hydro
chloric acid to deposit 2.17 g (36%) of crude 5-(2-methoxyphenyl)-
6-methyI-4-propionyl-I,3-cycIohexanedione (14), mp 155-160°. 
Recrystallization from benzene gave small prisms, mp 160-170° 
dec; ethanolic ferric chloride gave a red color: i/Nu'“1 2400-2600 
(enolic OH), 1710 (C = 0 , nonconjugated), and 1590 and 1530 
cm-1 (bands due to enolic 1,3-diketone).31 The nmr spectrum 
was determined in D20-potassium carbonate: r  2.5-3.5 (m, 3, 
aryl CH), 6.30 (s, 3, CH30 ), 9.13 (d, 3, CH3CH), 9.08 (t, 3, 
CH3CH2-), 6.02 (q, 2, CH3CH2-), and 5.5-6.0 (m, 1); ring 
protons (3) which did not appear in the spectrum were exchanged 
by deuterium in the alkaline medium. The analytical sample was 
dried at 100° (0.05 mm).

Anal. Calcd for C17H20O4. H20 : C, 66.65; H, 7.24; mol wt, 
306.35. Found: C, 66.34; H, 7.38; mol wt, 306.

The above procedure was applied, with slight modifications, 
to the condensation of l-(2-methoxyphenyl)-l-penten-3-one8 and 
ethyl a-methylacetoacetate to yield principally recovered styryl 
ketone.

l,5-Bis(2-methoxyphenyl)-2-methyl-l,4-pentadien-3-one.—To
a solution of 13.6 g (0.1 mol) of 2-methoxybenzaldehyde and 3.6 
g (0.05 mol) of 2-butanone in 60 ml of ethanol was added 10 ml 
of 10% aqueous sodium hydroxide solution. After standing 4 
days at room temperature the gummy crystals which deposited 
were filtered (4.6 g) and recrvstallized from ethanol to yield 2.1 g 
(22%) of cyclohexenone 11a, mp 183-186°. Chilling the mother 
liquor gave a low-melting solid which was crystallized from dilute 
ethanol to yield 1.15 g (7.5%) of the dienone: mp 93-95°
(another recrystallization raised the melting point to 94-96°); 
rKBr 1645 (conjugated C = 0 )  and 1620 cm-1 (conjugated C = C ); 
neither another carbonyl absorption nor a hydroxyl band was 
present; \®*°H 239 mM (e 14,900) and 345 (20,800).

Anal. Calcd for C20H20O3: C, 77.90; H, 6.54; mol wt, 308.3. 
Found: C, 78.37; H, 6.68; mol wt, 308.

Retroaldol Cleavage of 2,4-Dimethyl-5-(2-methoxyphenyl)-3- 
(2-methoxystyryl)-2-cyclohexen-l-one (11a). Formation of Epi- 
meric 5-(2-Methoxyphenyl)-2,3,4-trimethyl-2-cyclohexen-l-ones 
(12a and b).—A mixture of 7.24 g (0.02 mol) of cyclohexenone 
11a, sodium hydroxide (2.0 g), 100 ml 95% ethanol, and 10 ml of 
water was heated in a 300-ml capacity, stainless steel bomb at 
150° for 17 hr. After cooling, the clear orange solution was con
centrated under reduced pressure to remove the ethanol. The 
residue was extracted with ether, and the extracts were washed 
with 10% aqueous sodium hydroxide solution. The combined, 
dried extracts were concentrated to yield 7.23 g of yellow viscous 
oil which was fractionally distilled under reduced pressure.

The first fraction was 2-methoxybenzyl alcohol: 1.22 g (44%); 
bp 68-70° (0.1 mm); n 26d 1.5440 (lit. n26D 1.5428,32»21d 1.5470).33 
An authentic sample (Aldrich) had an index of refraction of

(31) R . S. R asm u ssen , D . D . T unn ic liff, a n d  R . R . B ra t ta in , J .  Am er- 
Chem . Soc., 7 1 , 1068 (1949).

(32) E . J . C ragoe , J r . ,  a n d  A. M . P ie tru szk iew icz , J .  Org. C hem ., 2 2 , 1338 
(1957).

(33) R . G rice  a n d  L . N . O w en, J .  Chem. Soc., 1947 (1963).

nKd 1.5450; its infrared spectrum was identical with authentic 
sample, rne8t 3200 cm-1 (OH); carbonyl absorption was absent. 
The 1-naphthylurethan derivative was crystallized from cyclo
hexane and had mp 135-136° which was not depressed when 
mixed with an authentic sample of 2-methoxybenzyl alcohol 1 - 
naphthylurethan, mp 136-137° (lit.34 mp 135-136°).

The second fraction (1.7 g), bp 126-130° (0.2 mm), was chro
matographed on a 4 ft X 0.25 in. Teflon-5% silicone oil column 
at 215°. Two major peaks appeared. The first (45% of total) 
was an unidentified mixture: v 3300 (OH, weak), 1690 (C = 0 ,
weak), and 1640 cm-1 (C = 0 , strong). The last peak (12a 
and b mixture, 55% of total, rneat 1640 cm-1) was used for 
elemental analysis.

Anal. Calcd for Ci6H20O2: C, 78.65; H, 8.25; mol wt, 244.32. 
Found: C, 78.94; H, 8.50; mol wt, 243.

Rechromatography of the 12a and b mixture permitted a sepa
ration of epimer 12b (last material to leave the column); 12a 
could not be completely freed of 12b (analysis, based on nmr 
spectra, is discussed in the text). Epimer 12b formed a 2,4- 
dinitrophenylhydrazone: dark-red, flat plates; mp 201.5-202.5°; 
r  (CDC13) 2.5-3.3 (m, aryl), 6.15 (s, 3, CH30), 6.3-9.0 (m, 4, 
cyclohexene ring protons), 7.97 (s, 3, CH3C = ), 7.98 (s, 3, CH3- 
C = ), 9.22 (d, 3, /  = 7 Hz, CH3CH).

Anal. Calcd for CkHmITiOs: C, 62.25; H, 5.70; N, 13.20. 
Found: C, 62.43; H, 5.55; N, 13.06.

Fractional crystallization of 2,4-dinitrophenylhydrazones pre
pared from the mixture of 12a and b afforded the derivative of 
12a. I t  was purified by chromatography on alumina (elution 
with benzene), and recrystallization from ethanol gave dark red 
prisms, mp 159-161°.

Anal. Calcd for C22H24N40 5: C, 62.25; H, 5.70; N, 13.20. 
Found: C, 62.32; H, 5.89; N, 13.18.

The residue from the distillation (4.15 g) failed to yield crystal
line material from ethanol or hexane. The aqueous alkaline 
residue remaining from the ether extractions was acidified with 
concentrated hydrochloric acid to yield traces of gummy material 
from which no crystalline material could be isolated.

Condensation of 5-(2-MethoxyphenyI)-2,3,4-trimethyl-2-cyclo- 
hexen-l-one (12 ) with 2-Methoxybenzaldehydeto6-(2-Methoxy- 
benzal)-5-(2-methoxyphenyl)-2,3,4-trimethyl-2-cyclohexen-l-one 
(13).—A mixture of a 0.55-g sample of the above unchromato
graphed fraction 2 (containing ca. 0.2 g of 12a and 0.1 g of 12b), 
0.33 g of 2-methoxybenzaldehyde, 0.05 g of lithium amide, and 
2 ml of tetrahydrofuran was heated in a sealed glass tube at 
150° for 5 hr. The cooled solution was concentrated to remove 
the solvent and the residue was extracted with hexane. Ketone 
13 separated from the extracts: 22.3 mg, mp 170-185°, and 39.0 
mg, mp 185-187°; total yield 61.3 mg, 19% based on assay of 
12a present. Recrystallization from ethanol gave small, pale 
yellow prisms, mp 190-191 °; when mixed with a sample of 
cyclohexenone 1 1 a (mp 186-187°) the meltingpoint was depressed 
to 160-170°. Condensation of 2-methoxybenzaldehyde with 
crude 12 in parallel experiments, employing ethanolic sodium 
ethoxide or potassium ¿-butoxide in tetrahydrofuran at 25° or 
at reflux temperature (16-20 hr), failed to yield 13 or any other 
crystalline product. Spectra of 13 are discussed in the text.

Anal. Calcd for C24H2S0 3: C, 79.53; H, 6.93. Found: C, 
79.60; H, 7.02.

Epimerization of 2,4-Dimethyl-5-(2-methoxyphenyl)-3-(2-me- 
thoxystyryl)-2-cyclohexen-l-one 1 1 a to 1 1 a '.—A mixture of 3.62 
g (0.01 mol) of cyclohexenone 11a, mp 186-187°, 100 ml of 95% 
ethanol, 50 ml of water, and 0.84 g of sodium bicarbonate was 
heated in a 300-ml stainless steel bomb at 180° for 2 hr. The 
cooled mixture deposited 2.75 g (76%) of recovered epimer 11a, 
mp 182-186°. The filtrate was concentrated under reduced 
pressure to remove the ethanol and the residue was extracted 
with ether. From the ether extracts there was isolated 0.73 g of 
oil which was extracted with hot hexane. The chilled extracts 
deposited 0.27 g (8%) of epimer 11a', mp 115-120°. Re
crystallization from hexane gave 0.14 g of pale yellow prisms, 
mp 118-120°; see Tables I—III for elemental analyses and spec
tral data.

Cyclohexenone 11a was recovered (93%) when a 1.0-g sample 
was heated under reflux for 28 hr with a solution of 20 ml of 
ethanol, 10 ml of water, and 1 ml of 10 % aqueous sodium hy
droxide solution. Heating a 0.51-g sample of 11a under reflux 
for 25 hr with a solution of 20 ml of tetrahydrofuran, 2 ml of

(34) V. T . B ickel a n d  H . E . F ren ch , J .  A m er. Chem . Soc., 48, 747 (1926).
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water, and 1 ml of 10% aqueous sodium hydroxide solution gave 
recovered 11a (100%), mp 183-185°.

A 44.5-mg sample of epimer 1 1 a', mp 115-120°, in 2.0 ml of 
absolute ethanol containing 10 mg of sodium methoxide was 
heated in a sealed glass tube a t 150° for 3 hr. After removal of 
the ethanol the residue was extracted with hot hexane; the cooled 
extract deposited 4.4 mg of recovered 11a', mp 116-118°; no 
other crystalline product coidd be isolated. In a second experi
ment with 50 mg of 11a' in 5 ml of 95% ethanol and 0.5 ml of 
10 % aqueous sodium hydroxide, the solution was allowed to 
stand at room temperature for 114 hr. From the reaction mixture 
there was obtained 26.4 mg of recovered 11a', mp 116-120°, 
as the only crystalline product.

R e g is try  N o .—6a, 16831-37-1; 6b, 16831-33-7; 6d, 
16831-34-8; 6e, 16831-35-9; 9, 16859-74-8; 11a, 16831-
38-2; 11a', 16831-39-3; l i b ,  16831-36-0; 11c, 16831-

40-6; l i d ,  16831-41-7; l i e ,  16831-42-8; I l f ,  16831-43-9; 
l l g ,  16831-44-0; 12a, 16831-45-1; 2,4-dinitrophenyIhy- 
drazone of 12a, 16831-07-5; 12b, 16830-99-2; 2,4-dini- 
trophenylhydrazone of 12b, 16831-00-8; 13, 16831-01-9; 
14, 16831-02-0; 4-diethylaminostyryl ethyl ketone, 
16831-03-1; l-(2-methoxyphenyl)-2-methyl-l-penten-3- 
one, 16831-04-2; l-(2,4-dimethoxyphenyl)-l-buten-3- 
one, 16831-05-3; l,5-bis-(2-methoxyphenyl)-2-methyl-
l,4-pentadien-3-one, 14164-68-2.
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and John Snow for technical assistance and to Donald
W. Moore and Thomas G. Archibald for securing nmr 
spectra and for helpful discussions.
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The conformational preferences of the methyl group in 4-, 5-, and 6-methyl-2-carbomethoxytetrahydropyran 
were found to be 1.70, 1.27, and 1.70 kcal/mol, respectively. The value a t the 5 position is smaller because of 
the smaller size of the oxygen with its unshared electron pairs compared to a methylene group. The conforma
tional preference of the carbomethoxy group in 2-carbomethoxy-6-l-butyltetrahydropyran was found to be larger 
than in cyclohexane (1.6 vs. 1.1 kcal/mol). This effect is attributed to a dipole-dipole interaction.

Recently Eliel and Knoeber1 have reported that a 
series of 2-alkyl-5-f-butyl-l,3-dioxanes, where alkyl is 
methyl, ethyl, isopropyl, and ¿-butyl, show the same 
equilibrium cis/trans ratio. In each case, the cis iso
mer was less stable than the irons isomer by 1.4-1.5 
kcal/mol. It was concluded that in each cis isomer the 
various 2-alkyl groups must be in equatorial conforma
tions; thus the 5-i-butyl group must be in an axial con
formation. This is a unique situation for the bulky 
¿-butyl group which prefers the equatorial conformation 
in cyclohexane systems by ca. 5.6 kcal/mol.2 In fact 
the cyclohexane ring is forced into a skew boat con
formation, which is unfavorable compared to the chair 
by 5.3 kcal/mol, rather than have the ¿-butyl axial in 
the chair conformation.3

The 1,3-dioxane chair form has been estimated as 2.2 
kcal/mol4 more stable than the skew boat form al
though more recently arguments have been advanced 
in favor of a larger estimate, greater than 3 kcal/mol.5 
Although a boat 1,3-dioxane (even at 3 kcal/mol) may 
seem to be an energetically feasible alternative ex
planation to an axial ¿-butyl group, Eliel and Knoeber1 
concluded from an interpretation of nmr coupling con
stants that the above substituted 1,3-dioxanes must be 
in chair conformations. The small value of the con
formational preference of the 5-f-butyl group in the
1,3-dioxane system compared to that in cyclohexane 
was ascribed to the smaller steric bulk of the unshared 
electron pairs on the ring oxygens compared to the

(1) E . L . E lie l a n d  M . C . K n o eb er, J .  A m er. C hem . Soc., 88 , 5347 (1966).
(2) E . L . E lie l, N . J .  A llinger, S . J .  A ngyal, a n d  G . A . M o rriso n , 4 C on fo r

m a tio n a l A n a ly s is ,”  J o h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 1965, p  44.
(3) N . L . A llinger a n d  L . A. F re ib e rg , J .  A m er. Chem . Soc., 82 , 2393 (1960); 

see a lso  re f  2, p p  3 8 -39 .
(4) See re f  2, p  249.
(5) J .  E . A n d e rso n , F .  G . R id d e ll, a n d  M . J .  T . R o b in so n , Tetrahedron

L ett., 2017 (1967).

syn, axial hydrogens in cyclohexane. A 5-methyl group 
was observed to have a 0.80-kcal/mol preference for the 
equatorial conformation in the 1,3-dioxane system.

We have been investigating conformational effects in 
tetrahydropyran derivatives6 and were also interested 
by the steric consequences of the ring oxygen. In 
order to assess the conformational preference of the 
methyl group in methyltetrahydropyrans, an epimeriz- 
able group is needed which is of steric size comparable 
to the methyl group. (Otherwise the data are inac
curate as can be shown in the calculation below.) The 
2-carbomethoxy group can be epimerized conveniently 
with sodium methoxide in methanol.

The 2-carbomethoxy-5-methyl- and 2-carbomethoxy-
6-methyl-tetrahydropyrans could be obtained in poor 
yield (2-5%) from the Diels-Alder reaction7 of meth- 
acrolein or methyl vinyl ketone and methyl acrylate. 
None of the desired 4-methyl product could be obtained 
from crotonaldehyde and methyl acrylate. A better 
preparative procedure was found to be the treatment of 
the alkyldihydropyran with amylsodium followed by 
treatment with carbon dioxide8 which yielded, af
ter acidification, hydrogenation, and esterification, 
the appropriate 2-carbomethoxyalkyltetrahydropyran. 
The alkyldihydropyrans were obtained by distillation of 
the corresponding 2-isobutoxymethyltetrahydropy- 
ran6-9 in the presence of toluenesulfonic acid. The 
respective 2-isobutoxyalkyltetrahydropyrans were ob
tained by Diels-Alder reaction of isobutyl vinyl ether 
with crotonaldehyde, methacrolein, or methyl vinyl

(6) C . B . A n d erso n  a n d  D . T . S epp , Chem . I n d .  (L o n d o n ), 2054 (1964); 
J .  Org. Chem ., 32, 607 (1967); Tetrahedron, 24 , 1707 (1968).

(7) C f. C . W . S m ith , D . G . N o rto n , a n d  S. A . B a lla rd , J .  A m er. Chem . Soc., 
73 , 5270 (1951).

(8) R . P a u l  a n d  S. T ch e litch eff , B u ll. Soc. C h im . F r ., 808  (1952).
(9) W . E . P a rh a m  a n d  H . E . H o lm q u is t , J .  A m er. Chem . Soc., 73, 913 

(1951).
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ketone.10 In all cases elementary analysis was on the 
mixture of isomers obtained from the preparative pro
cedure, which in some cases was purely one isomer. 
The other isomer was obtained by equilibration. Sub
sequently the cis and trans isomers were separated 
preparatively by gas chromatography.

The respective cis and trans isomers were identified 
by their nmr spectra which are partially listed in Table 
I. Axial 2 protons are found at higher field than the 
equatorial 2 protons.11 Some of the isomers are not 
conformationally fixed, and consequently the chemical 
shift and multiplicity are time averages. The reson
ances for axial protons are quartets and those for equa
torial protons are unresolved multiplets of smaller width.

T a b l e  I

N m r  S p e c t r a ® o p  A l k y l - S u b s t i t u t e d

2-C ARBOMETHOXYTF.TR AHYDROPYRANS4
2 -C arb o m e th -

o x y te tra h y d ro - C o nfo r *7 ais, J aa,
p y ra n  d e r iv a tiv e  Iso m e r m a tio n H * ( r ) cps cps CO îCH «, T

6-f-ButyI cis e,e 6.17 2.5 10.5 6.34
6-i-Butyl trans e,a 5.55 6.26
6-Methyl cis e,e 6.18 2.4 10.4 6.34
6-Methyl trans e,a a,e 5.70 6.32
5-Methyl ds e,a a,e 5.88 6.31
5-Methyl trans e,e 6.27 2.3 10.8 6.34
4-Methyl cis e,e 6.23 2.2 1 1 . 2 6.35
4-Methyl trans e,a <=ä a,e 5.73 6.32
° All spectra were taken of solutions 10 mol % of solute in 

carbon tetrachloride. Spectra were taken on both a Yarian A-60 
and HA-100 nmr spectrometers using tetramethylsilane as an 
internal reference. b The registry numbers are given in consecu
tive order: 16831-08-6, 16831-09-7, 16831-10-0, 16831-11-1,
16831-12-2, 16831-13-3, 16831-14-4, 16831-15-5.

Four chair conformers of 2-carbomethoxy-5-methyl- 
tetrahydropyran are possible (la and b and Ha and b) at 
equilibrium.

The diaxial trans isomer (lb) can be excluded on the 
basis of an a priori conformational analysis in which the 
energy difference between la  and lb  is estimated as 
half the A value of methyl (1.7/2 kcal/mol2) and the A 
value of carbomethoxy (1.1 kcal/mol2) or 1.95 kcal/mol 
which means there should be 96.5% of la  and 3.5% of 
lb. (Actually if the correct conformational preference 
of the 2-carbomethoxy group in tetrahydropyran (vide 
infra) is used, the free energy difference becomes 2.65

(10) C . W . S m ith , D . G . N o r to n , a n d  S . A . B a ila rd , J .  A m e r . Chem . Soc., 
78 , 5267 (1951).

(11) R . U . L em ieux, R . K . K u lln ig , M . J .  B e rn s te in , a n d  W . G . S chneider, 
ib id ., 80 , 6098 (1958).

kcal/mol.) Therefore only la, Ha, and lib  need be 
considered in the epimerization equilibrium as shown 
in eq 1. The ratio [IIa]/[Ia] is the conformational

K 5-epi [Ha] +  [Hb] 
[la]

[Ha] [Hb] 
[la] ^  [la] (1 )

preference of the 2-carbomethoxy group (A2_cooMe)- 
The ratio [lib]/ [la] is the conformational preference of 
the methyl group which is drawn in the 5 position 
( ^ 5-Me) (eq 2a and b). Therefore, the relationships for

— AYoCOMf ~h K 5.Me (2a)

-̂ -5-Me ' "K-5-epi " •K̂2-CCOMe (2b)

the 2-carbomethoxy-4-methyltetrahydropyran and 6- 
methyltetrahydropyran are exactly analogous.

The compositions of the equilibrium mixtures of the 
various compounds studied are listed in Table II. In 
each case equilibrium was approached from the side of 
cis as well as from the side of the trans isomer at 25°. 
In the solution, substrate concentration was 1.1 M  and 
the sodium methoxide catalyst concentration was 0.6
M. Mixtures were analyzed by gas chromatog
raphy directly after neutralization of the base. The 
mixtures were also “worked-up” by neutralization of 
the base with hydrochloric acid followed by extraction 
with ether-water. Analysis of such “worked-up” 
solutions gave nearly the same results as the first pro
cedure. Direct injection of the basic methanol solution 
into the gas chromatograph gave substantial isomeriza
tion (or possibly preferential hydrolysis ) in the chro
matograph. Response ratios for the isomers were de
termined with mixtures of composition similar to the 
equilibrium mixtures.

In order to obtain the conformational preference of 
the 2-carbomethoxy group, 2-carbomethoxy-6-f-butyl- 
tetrahydropyran was prepared via the f-butyl dihydro- 
pyran as outlined above. The compound, ca. 1 M, 
was equilibrated in dried methanol with ca. 0.6 M  so
dium methoxide at 25° under the same conditions as 
the other esters. The equilibrium constant for epi
merization of the 2-carbomethoxy-6-^-butyltetrahydro
pyran was found to be 0.064. Using the values in 
Table II, the constant for the equilibrium between an 
equatorial and axial methyl group in the 5 position may 
be calculated: K 5.Me = 0.179 — 0.064 = 0.115. This 
corresponds to a free energy difference of —1.27 kcal/ 
mol. Analogous calculations for both the 4 and 6 
positions give K Ue as 0.056 and the free energy differ
ences as —1.7 kcal/mol.

It is a little surprising that methyl groups at the 4 
and 6 positions have the same conformational prefer
ence, and also that they have the same conformational 
preference as methyl on cyclohexane ( — 1.7 kcal/mol)2 
although the range of values reported is 1.5-2.1 kcal/ 
mol. This suggests that the geometry of the tetra
hydropyran ring is practically identical with that of 
cyclohexane. If a Dreiding molecular model of tetra
hydropyran is examined, it is evident that this cannot 
be the case. Because of the shorter C -0 bonds, the 
2-6 distance (2.34 A) is shorter than the 2-4 or 4-6 
distances (2.54 A), and so an axial methyl group at 
position 6 would be expected to have a larger steric 
interaction with a syn, axial hydrogen than would a 
methyl group at position 4. However it should be also 
noted that there is considerable torsional strain in the
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T a b l e  I I

E q u i l i b r a t i o n s  o f  2 - C a r b o m e t h o x y  a l k y l t e t r a h y d r o p y r a n s  a t  25° i n  M e t h a n o l

T e tra h y d ro p y ra n

2-Carbomethoxy-4-methyl
2-Carbomethoxy-5-methyl
2-CarV)omethoxy-6-methyl
2-Carbomethoxy-6-i-butyl

e,a isomers, %
1 0 .7  ±  0 . 4 “ (12 )d 0 .1 2 0
1 5 .2  ± 0 . 4 ( 1 6 ) 0 .1 7 9
1 0 .7  ± 0 . 4 ( 1 1 ) 0 .1 2 0

6 . 0  ±  0 . 4 ( 8 ) 0 .0 6 4

K c K m .

±  0.005*' 0 .0 5 6  ± 0 .
±  0 .0 0 6  0 .1 1 5  ± 0 .
± 0 . 0 0 5  0 .0 5 6  ± 0 .
± 0 . 0 0 5

— A(?Me, kcal/mol
010” - 1 . 7 0  ±  0 .1 0
011 - 1 . 2 7  ±  0 .0 5
010 - 1 . 7 0  ±  0 . 1 0

“ Errors are average deviations of several measurements. b Error is maximum error calculated from error in per cent e,a isomer. 
c K  is defined as e,a isomers/e,e isomer. d Value in parentheses is the equilibration value obtained by ether extraction work-up. The 
better value is without work-up.

model especially between atoms 3-4 and 4-5. This 
might be alleviated by altering some of the interior 
ring angles. A crystallographic study of glucose12 
gave the C5-O5-C 1 angle at 113.1 ±  0.5°, the C4-C 5-O5 
angle as 115.5 ±  0.6° and the others within one degree 
of tetrahedral. Bond lengths were C5-O5, 1.455 ±
0.009 A, and O5-C 1, 1.437 ±  0.009 A; and the others 
were within experimental error of 1.54 A except for 
C3-C 4 which was 1.517 ±  0.010 A. (One wonders 
whether the large angle at C-5 is due to the presence of 
the hydroxymethyl substituent.) In this structure the 
C5-C 1 distance (corresponding to the 6-2  distance in 
tetrahydropyran) is 2.43 A; the C1-C 3 (2-4) distance 
is 2.49 A; and the C3-C 5 (4-6) distance is 2.50 A. With 
these distances one would expect nearly the same steric 
interactions for large groups at tetrahydropyran posi
tions 2, 4, and 6 . Thus if individual tetrahydropyran 
derivatives have slightly different geometries in order 
to accommodate the shorter C-0 bonds and to ac
commodate various substituents, it is not so surprising 
that a methyl group experimentally is found to have 
the same conformational preference whether at position 
4 or 6 . At the same time, this means that methyls may 
possibly have somewhat different conformational 
preferences in differently substituted tetrahydropyrans.

In contrast, the conformational preference of the
5- methyl is markedly smaller than that of the 4- or
6- methyl. As Eliel has suggested, 1 this decreased in
stability of the axial conformation may be due to the 
smaller “space requirements of the axial (?) electron 
pairs” on oxygen compared to the “larger space re
quirements of the axial hydrogens in cyclohexane.” 
Presumably this results in a smaller van der Waals 
repulsion with the ring oxygen compared to a ring 
methylene. It is also possible that van der Waals 
attractive forces might be larger between the axial 
methyl group and a ring oxygen than between the axial 
methyl group and a ring methylene group because the 
unshared pairs of electrons are more polarizable than 
those shared in bonds.

If the interaction of the 5-methyl on the tetrahydro
pyran ring with one axial hydrogen is 0.85 kcal/mol, 
then the other interaction with the unshared electron 
pair must be 1.27 — 0.85 or 0.42 kcal/mol. Twice this 
interaction is 0.8 kcal/mol which is exactly that ob
served by Eliel for the 2-alkyl-5-methyl-l,3-dioxane 
(0.8 kcal/mol). It appears then that the 1,3 syn -axial 
methyl-hydrogen interaction and the 1,3-a x ia l methyl- 
oxygen interactions are additive within the experimental 
errors. (The errors given in Table II are maximum 
errors, and thus are undoubtedly too large.) It is 
interesting to note that this effect in 5-methyltetra- 
hydropyran is of nearly the same size as the 3-methyl

(12) W . G . F e rr ie r , A cta  Crystallogr., 16, 1023 (1963).

ketone effect. For example, an axial 3-methyl group 
in a 3-methylcyclohexanone was found to be 0.6 lccal 
less unfavored than in cyclohexane. 13

The conformational “size” of the unshared electron 
pair on nitrogen or oxygen has been the subject of con
siderable interest recently. Situations where the size 
of the unshared pair may be an important conforma
tional factor are the conformational preference of the 
hydroxyl or amino groups on cyclohexane (A value), the 
conformational preference of the proton (or the un
shared electron pair) on the nitrogen in piperidine, and 
the conformational preference of substituents in certain 
positions on nitrogen or oxygen heterocycles (e.g., 
tetrahydropyrans, dioxanes as discussed above). The 
A  values for the hydroxyl, amino, and methyl groups 
are 0.7, 1.2, and 1.7 kcal/mol,2 respectively, in aprotic 
solvents. This is just the order of number of protons 
on the group, and thus the steric order suggests that 
hydrogens are larger in “size” than unshared electron 
pairs. Allinger and coworkers have concluded that 
in piperazines14 the proton on nitrogen is predominately 
but not entirely equatorial from dipole moment mea
surements. However, from nmr studies, Lambert15 
has come to the opposite conclusion, that the N proton 
is almost entirely axial in piperidine. It has been sug
gested that two other effects may be operative besides 
steric size, namely, preferential solvation of the un
shared electron pair and hyperconjugative effects on 
the equatorial unshared electron pair. Allinger16 has 
very recently argued that the hydrogen on nitrogen 
should not necessarily prefer the equatorial conforma
tion because van der Waals repulsive forces between 
syn , a x ia l hydrogens should be negligible, and further
more repulsive forces with the 2 and 6 hydrogens should 
favor the axial conformation.

An interesting result in Table II which has been ne
glected so far is the much larger preference of the 2- 
carbomethoxy group for the equatorial conformation 
(1.62 ±  0.05 kcal/mol) over what is “ normal” in cyclo
hexane systems (1.1 kcal/mol) .2 The difference of 0.5 
kcal/mol between them is probably to be attributed 
to a “reverse” anomeric effect (reverse because it favors 
the equatorial conformation). The anomeric effect, 
which is the preference of electronegative substituents a  
to the ring oxygen in pyranose derivatives for the axial 
conformation, has been shown to be the consequence of 
dipole-dipole interactions within the molecule.6’17 
Lemieux has noted a “ reverse” anomeric effect in a

(13) N . L . A llinger a n d  L . A . F re ib e rg , J .  A m er. Chem . Soc., 84, 2201 
(1962); see  a lso  re f  2, p p  113-114 .

(14) N . L . A llinger, J .  G . D . C a rp e n te r , a n d  F .  M . K a rk o w sk i, ib id ,, 87, 
1232 (1965).

(15) J .  B . L a m b e rt, R . G . K esk i, R . E . C a rh a rt ,  a n d  A . P . Jo v a n o v ic h , 
ib id ., 89, 3761 (1967).

(16) N . L . A llinger, J .  A . H irsch , a n d  M . A, M ille r , Tetrahedron L ett., 3729 
(1967).

(17) J .  T . E d w a rd , Chem . I n d .  (L o n d o n ), 1102 (1955); see re f  2, p  376.
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glucopyranosyl pyridinium salt.18 The “reverse” ano- 
meric effect in the 2-carbomethoxytetrahydropyran 
can be attributed perhaps then to the greater distance 
between positive ends of bond dipoles at the carboxyl 
carbon and the 6 position of the tetrahydropyran ring 
when the carbomethoxyl is equatorial.

Experimental Section
2-Carbomethoxy-4-methyltetrahydropyran.— Amylsodium (0.18 

mol, 85% yield assumed) was prepared by the method of 
Paul and Tchelitcheff8 using 9.5 g of sodium and 22.3 g of ra-amyl 
chloride in a 500-ml, round bottom, three-necked creased flask 
fitted with a Cole-Parmer “Stir-O-Vac” model high speed stirrer. 
The flask was cooled in a carbon tetrachloride Dry Ice bath at 
— 10°. A solution containing 15.6 g of 4-methyldihydropyran 
prepared by the method of Parham9 in 50 ml of petroleum ether 
(bp 30-60°) was added dropwise over a 15-min period. After 
stirring at —10 ° for 1  hr, the reaction mixture was allowed to 
warm to room temperature and then poured over 50 g of Dry Ice. 
After the Dry Ice had evaporated, the resulting paste was dis
solved in 100 ml of water. The aqueous layer was extracted three 
times with 100 ml of ether, acidified with 20 ml of concentrated 
hydrochloric acid, and extracted five times with 100 ml of ether. 
The ether extract was dried and evaporated leaving 5.6 g of a 
viscous sour-smelling liquid which when dissolved in 50 ml of 
ethyl acetate and hydrogenated for 2 days at atmospheric pres
sure over 3 g of 10% palladium on charcoal yielded 4.8 g of a bad
smelling yellowish viscous liquid. The acid was dissolved in 50 
ml of methanol with a crystal of toluenesulfonic acid and refluxed 
for 18 hr. After the methanol was distilled off, 4.8 g (21%) of a 
sweet-smelling liquid remained. Vacuum distillation yielded a 
clear liquid which was found to be 100% pure by gas chromato
graphic analysis at 100° on a 2 m X 0.25 in. column of 30% 3- 
methyl-3-nitropimelonitrile on Chromosorb W nonacid washed 
(retention time 24 min). The esters hydrolyze very easily, but 
the acids do not come through the gas chromatograph except after 
very long times. The sample was further purified by gas chro
matography at 100° on a 1 m X 0.5 in. column of 20% Carbowax 
4000 (retention time 13.0 min) and then distilled, bp 99-100° (10 
mm), ra26D 1.4413.

Anal. Calcd for CsHuCb: C, 60.74; H, 8.92. Found: C, 
60.84; H, 8.87.

A solution of 1.28 g of the above cis isomer and 6.75 ml of 0.7 
M  sodium methoxide in dried methanol was sealed in an ampoule 
and heated at 100° for 4 days. The solution was acidified with 
concentrated hydrochloric acid and purified by gas chromatog
raphy at 100° (5 psi) on a 0.5 m X 0.5 in. column of 10% Carbo
wax 4000 on Chromosorb W (retention times: cis 12.9 min, trans
8.1 min). The trans isomer was 100% pure by gc, n25d 1.4403.

2-Carbomethoxy-5-methyltetrahydropyran.—A mixture of
123.7 g of methacrolein and 239.6 g of methyl acrylate was heated 
in an autoclave for 2 hr at 190°. The resulting yellow liquid was 
distilled. At atmospheric pressure 206 g distilled below 80°. 
Under reduced pressure 58 g of 2,5-dime thy 1-2H-3,4-dihydropy- 
ran-2-carboxaldehyde, bp 55° (5 mm), and an 18.6-g fraction, bp 
61-86 (5 mm), were obtained. The last fraction was found by 
gas chromatography on a 0.5 m X 0.5 in. column of 10% Carbo
wax on Chromosorb W at 110° to be 36% the dimer of methacro
lein and 64% the desired 2-carbomethoxy-5-methyl-2H-3,4- 
dihydropyran. This represents a 4% yield of ester and 52% of 
methacrolein dimer. This mixture was hydrogenated for 12 hr 
over a 10% palladium-on-carbon catalyst in 95% ethanol. After 
filtration and removal of solvent, the residual liquid was distilled 
yielding 6.5 g of liquid, bp 70.5-74° (5 mm), which gas 
chromatography indicated was ca. 95% the desired compound, 
2-carbomethoxy-5-methyltetrahydropyran. The ester was puri
fied by preparative gas chromatography and distilled: bp 70.5- 
71.0° (5 mm); ra26n 1.4427. Nmr spectral analysis showed the 
product to be the pure cis isomer. No trans isomer was found.

Anal. Calcd for C8H 14O3: C, 60.74; H, 8.92. Found: C, 
60.53; H, 9.21.

A solution of 0.89 g of the above cis isomer and 4.0 ml of 0.7 M  
sodium methoxide in dried methanol was sealed in a flask with a 
serum cap and alio wed to stand 3 weeks at 25 °. The solution was 
acidified with 10 ml of 0.05 M  hydrochloric acid and extracted

(18) R . U . L em ieux  a n d  A. R . M o rg an , C an. J .  Chem ., 43, 2205 (1965).

with ether. Preparative gas chromatography a t 96°, 10 psi on 
a 0.5 m X 0.5 in. column of 10% Carbowax 4000 on Chromosorb 
W (retention times: cis 5.8 min, trans 8.3 min), yielded a fraction 
which was 94% trans and 6% cis, n 25d 1.4438.

2-Carbomethoxy-6-methyltetrahydropyran.—A mixture of 86.6 
g of methyl vinyl ketone and 159.1 g of methyl acrylate was 
heated in an autoclave for 2 hr at 180°. The resulting yellow 
liquid was distilled to obtain an 87-g fraction with bp 80-84° and 
a 32.7-g fraction with bp 65-90° (7.3 mm). The tarry residue 
was discarded. Gas chromatographic analysis at 100° on a 0.5 
m X 0.5 in. column of 10% Carbowax 4000 on Chromosorb W 
indicated a composition in the latter fraction of 62% 2-acetyl-6- 
methyl-2H-3, 4-dihydropyran (dimer of methyl vinyl ketone) and 
30% of 2-carbomethoxy-6-methyl-2H-3,4-dihydropyran. The 
yield is then 6% of the desired ester and 27% in the ketone.

The fraction boiling at 65-90° was hydrogenated for 2 hr over 
10% palladium-on-carbon in 75 ml of 95% ethanol. After 
filtering and removing the solvent, the residue was distilled yield
ing 14.3 g with bp 58-59° (5 mm) and 4.5 g with bp 79-81 (5 mm). 
The lower boiling fraction was shown to be 2-acetyl-6-methyl- 
tetrahydropyran by retention time in gas chromatography and 
the ir and nmr spectra of the collected peak. I t  was 97% pure 
by peak area. The higher boiling fraction was 96% pure 2- 
carbomethoxy-6-methyltetrahydropyran. Nmr spectral mea
surements indicated the compound was the cis isomer. The 
ester was purified by preparative gc on a 0.5 m X 0.5 in. column 
of 10% Carbowax 4000 on Chromosorb W at 116° (retention time
10.9 min), and then distilled: bp 63-64° (3.5 mm) (lit.19 bp 205- 
210°); w 25d  1.4432.

Anal. Calcd for CsHuCh: C, 60.74; H, 8.92. Found: C, 
60.61; H, 9.15.

The compound was also prepared by oxidation of the hydro
genated dimer of methyl vinyl ketone, 2-acetyl-6-methyltetra- 
hydropyran, with bromine and aqueous sodium hydroxide as 
described by Alder and coworkers.19 This product was found to 
be 99% cis and 1% trans.

A solution of 2.21 g of the pure cis isomer an 10 ml of 0.7 M  
sodium methoxide in dried methanol was sealed in a flask with a 
serum cap and let stand 3 weeks at 25°. The solution was acidi
fied with 10 ml of 1 AT hydrochloric acid and extracted with ether. 
The extract was purified by preparative gas chromatography at 
100° and 10 psi on a 1 m X 0.375 in. column of 30% 3-methyl-3- 
nitropimelonitrile (retention times: cis 14.1 min, trans 7.9 min; 
w25d  1.4386).

6-<-Butyl-2-isobutoxy-2H-3,4-dihydropyran.—A mixture of
68.0 g of i-butyl vinyl ketone20 * * and 91.0 g of isobutyl vinyl ether 
was heated in an autoclave for 2 hr at 185°. The resulting solu
tion was distilled yielding 51.1 g (yield 40%) of colorless material, 
bp 77-82° (4 mm). Gas chromatographic analysis on a 3 m X 
0.25 in. column of 20% Carbowax 4000 on Chromosorb W at 100° 
showed the product to be ca. 97% one component by peak area 
(retention time 21 min). A small portion was purified by 
preparative gas chromatography followed by distillation, bp 
71-72° (3.5 mm), n 25D 1.4424. Nmr spectral analysis confirmed 
the compound as 6-f-butyl-2-isobutoxy-2H-3,4-dihydropyran; 
these nmr values follow: a triplet a t r  5.09 with a coupling con
stant of 3.0 cps integrating for one proton, a quartet at 5.50 with 
coupling constants of 2.9 and 4.9 cps integrating for one proton, 
an octet at 6.64 integrating for two protons, a group of broad 
signals at ca. 8 integrating for five protons, a singlet at 8.95 inte
grating for nine protons, and a doublet at 9.10 with a coupling 
constant of 6.5 cps integrating for six protons.

Anal. Calcd for O^HmO?: 0 ,73.54; H, 11.39. Found: C,
73.36; H, 11.16.

6-f-Butyl-2-isobutoxytetrahydropyran.—A high pressure hydro
genation apparatus equipped for shaking was charged with
49.6 g of 6-i-butyl-2-isobutoxy-2H-3,4-dihydropyran, 250 ml of 
95% ethanol, and 2 g of 10% palladium-on-charcoal. The hy
drogenation was conducted over 5 days a t a pressure of 900-1100 
psi. Hydrogenation failed at lower pressures. After removal of 
the catalyst and solvent, the residue was distilled, bp 76-84° (3 
mm), yielding 29.1 g (58% yield). Gas chromatographic analy
sis using a 2 m X 0.5 in. column of 20% Carbowax 4000 on Chro
mosorb W at 100° showed the product to be 12% trans- (retention 
time 11.8  min) and 86% m -6-f-butyl-2-isobutoxytetrahydropyran

(19) K . A lder, H . O fferm anns, a n d  E . H ilden , B er., 74B, 905 (1941).
(20) C . G . O v erb erg er a n d  A . M . Sch iller, J .  P o lym . S e i., P a rt C - l,  325

(1963); A . N . K o st a n d  V. V . E rsh o v , Z h . Obshch. K h im ., 27, 1722 (1957);
Chem . A bstr ., 52, 3782 (1958).



3276 A n d e r s o n  a n d  S e p p The Journal of Organic Chemistry

(retention time 15.0 min.). The two isomers were separated by 
preparative-scale gas chromatography. The cis isomer was 
further purified by distillation: bp 82.5° (5 mm); n 26D  1.4072.

Anal. Calcdfor C13H26O2: C, 72.85; H, 12.22. Found: C, 
73.15; H, 12.36.

The nmr spectrum of the cis isomer showed a quartet for the 
anomeric proton at r  5.58 (J  = 2.3 and 7.8 ops). The trans 
isomer, n 25D  1.4342, showed a broad unresolved signal for the 
anomeric proton at r  5.31 with a half-width of 6 cps. As further 
evidence for the isomeric nature of these compounds, both isomers 
were equilibrated 0.1 M  in acetonitrile with 0.001 M  tosylic 
acid to the same mixture of isomers: 63.6% trans from pure trans 
isomer and 63.2% trans from pure cis isomer.

2-i-Butyl-2H-3,4-dihydropyran.—A catalytic amount of
toluenesulfonic acid was added to 22.1 g of 6-i-butyl-2-isobutoxy- 
tetrahydropyran in a vacuum distillation apparatus connected 
to a receiver cooled in a Dry Ice-acetone bath. The liquid was 
heated with stirring at 3 mm of pressure for 5 hr using an oil bath 
at 65-75°. A yield of 19.8 g of colorless liquid was collected. 
Gas chromatographic analysis on a 3 m X 0.25 in. column of 20% 
Carbowax 4000 at 97° showed the distillate to be 46% isobutyl 
alcohol (retention time 5.3 min) and 54% 2-f-butyl-2H-3,4-dihy- 
dropyran (retention time 7.4 min) thus indicating a 97% yield. 
The isobutyl alcohol was separated by distillation. Redistilla
tion gave pure material: bp 157.0-157.5°; « 26d 1.4455. The 
nmr spectrum showed the following: a broad doublet at r  3.72 
( /  =  6.0 cps, integrating for one proton), a broad signal at 5.48 
(half-width 14 cps, one proton), a quartet a t 6.69 (J  = 2.5 and
10.0 cps, one proton), a broad group of signals at about 8 (four 
protons), and a singlet a t 9.08 (nine protons).

Anal. Calcd for C9H i60 : C, 77.09; H, 11.50. Found: C, 
77.23; H, 11.69.

6-i-Butyl-4H-5,6-dihydropyran-2-carboxylic Acid.—Amylsodi- 
um (0.093 mol) was prepared by the method of Paul and 
TchelitchefP as above at —10° but using 6.3 g of sodium and 14.1 
g of ra-amyl chloride (70% yield). A solution of 50 ml of pe
troleum ether (30-60°) and 13.5 g of 2-i-butyl-2H-3,4-dihydro- 
pyran (containing 4% isobutyl alcohol as an impurity) was added 
dropwise over a 10-min period. The reaction solution was stirred 
for 1 hr, was allowed to warm, and was poured onto 75 g of Dry 
Ice. After warming to room temperature, the light gray slurry 
was poured into 100 ml of water, and the mixture was stirred until 
both layers became clear. The organic phase was separated, 
and the aqueous layer was extracted twice with 50-ml portions of 
ether, yielding 4.8 g of unreacted 2-i-butyl-2H-3,4-dihydropyran. 
To the remaining aqueous solution was added 20 ml of concen
trated hydrochloric acid whereupon a white solid precipitated. 
The acidic aqueous solution was extracted five times with 100-ml 
portions of ether. After the solid in ether and the extracts were 
dried over magnesium sulfate, the ether was evaporated leaving
5.3 g (49% yield) of a white solid, mp 118-120°. Recrystalliza
tion from 20% benzene-cyclohexane gave pure products, mp 123- 
124°. Nmr spectral analysis showed a singlet resonance at r 
— 1.29 (integrating for one proton), a triplet a t 3.84 ( /  = 3.2 cps, 
one proton), a quartet a t 6.57 (J  =  2.5 and 10.7 cps, one proton), 
a group of signals at 7.5-8.7 (four protons), and a sharp singlet at
9.00 (nine protons).

Anal. Calcd for CioH^Os: C, 65.19; H, 8.76. Found: C, 
65.46; H, 8.98.

6-i-Butyltetrahydropyran-2-carboxylic Acid.—Unrecrystallized
6-i-butyltetrahydropyran-2-carboxylic acid (5.1 g) was hydro
genated for 3 days at atmospheric pressure in 50 ml of ethyl 
acetate with 3 g of 10% palladium-on-charcoal. After filtration 
and removal of the solvent, 4.1 g (80% yield) of a white solid re
mained, mp 56-62°. Ir and nmr analysis showed no evidence of 
unreacted starting material. The nmr spectrum showed the fol
lowing signals: a singlet at r  —0.82, a quartet at 6.12 {J = 2 and 
9 cps, one proton), a quartet a t 7.01 ( /  = 2 and 10 cps, one pro
ton), a broad set of signals at 7.8~8.7 (six protons), and a singlet 
at 9.08 (nine protons). The fact that no other signals were de

tected near that for the anomeric proton (t 6.12 ) indicates that 
only one isomer is obtained, and that it must be the cis isomer be
cause the signal is a quartet.

cfs-6-i-Butyl-2-carbomethoxytetrahydropyran.—A solution of
2.02 g of unrecrystallized 6-i-butyltetrahydropyran-2-carboxylic 
acid, 40 ml of absolute methanol, and three drops of concentrated 
hydrochloric acid was refluxed for 12 hr. The solution was 
neutralized and concentrated. The product cis ester was purified 
by preparative gas chromatography using a i m  X 0.5 in. column 
of 20% Carbowax 4000 on Chromosorb W at 100° (retention time
12.9 min). The fruity smelling ester was distilled after collection 
yielding 1.42 g (68% yield): bp 85-86° (2.3 mm); re25d 1.4375. 
The nmr spectrum showed the following signals: a quartet at r
6.17 (J  = 2.5 and 10.5 cps, one proton), a singlet at 6.34 (three 
protons), a quartet at 7.10 {J =  1.8 and 10.7 cps, one proton), 
a group of signals between 7.8 and 8.7 (six protons), and a singlet 
at 9.10 (nineprotons).

Anal. Calcd for ChH20O3: C, 65.97; H, 10.07. Found: 
C, 66.12; H, 10.28.

Mixture of cis- and irares-64-Butyl-2-carbomethoxytetrahydro- 
pyran.—A solution of 844 mg of pure as-6-i-butyl-2-carbome- 
thoxytetrahydropyran and 3.5 ml of 0.6 M  sodium methoxide in 
dried absolute methanol was sealed in a glass tube and heated 
for 3 days at 100 °. The solution was neutralized with methanolic 
hydrogen chloride and concentrated. Gas chromatographic 
analysis on a 2 m X 0.25 in. column of 30% 3-nitro-3-methyl- 
pimelonitrile on Chromosorb W at 100° showed peak area per
centages of 83.1% cis (retention time 18.2 min) and 16.9% trans 
(retention time 12.8 min). The product was put through a 0.5 
m X 0.5 in. column of 10% Carbowax 4000 at 100° and the two 
esters were collected together. Then this mixture, 468 mg, having 
the same composition as before, was partially separated using a 
1 m X 0.375 in. column of 30% 3-nitro-3-methyIpimelonitrile on 
Chromosorb W at 100°. A mixture of isomers enriched in trans 
was obtained, n26d 1.4447, and found to be 64% cis and 36% 
trans. Nmr spectral analysis, using a time averaging computer 
to improve the spectrum, showed the following signals which were 
assigned to the trans isomer: an unresolved multiple! at r  5.55 
of half-width 4.1 cps, assigned to axial H2; a singlet at 6.26, as
signed to the methoxy group; a quartet a t 6.72 (J  = 2.5, 9.7 
cps) assigned to axial H6; and a singlet at 9.13 assigned to the 
equatorial i-butyl group. The signals at r  5.55 and 6.72 inte
grated identically and roughly a third of that at 6.26.

Anal. Calcd for CnIRoCh: C, 65.97; H, 10.07. Found: 
C, 66.03; H, 10.00.

Equilibration Method.—A 0.7 M  solution of sodium methoxide 
in methanol was prepared from dried absolute methanol and so
dium metal. The concentration was measured by titration. A 
typical reaction was 1.1 M  ester substrate and 0.6 M  sodium 
methoxide in dried methanol, prepared in a dried flask. The 
flask was closed with a serum cap and kept at 25°. Aliquots of 
this solution (50 /J) were removed with a syringe at various times 
over 2-3 weeks and quenched by adding methanolic hydrogen 
chloride to acidify the aliquot. This acidic solution was analyzed 
by gc. Basic solutions were found to isomerize upon gc analysis 
while acidic solutions did not. Response ratios were determined 
for cis and trans isomers and were found to be identical within 
experimental error. For example, 2-carbomethoxy-5-methyl- 
tetrahydropyran which was 75.7% trans by weight gave a peak 
area ratio of 75.9 ±  0.5% trans.

Registry No.—6-i-Butyl-2-isobutoxy-2H-3,4-dihydro- 
pyran, 16831-16-6; m-6-i-butyl-2-isobutoxytetrahydro- 
pyran, 16822-20-1; frans-6-i-butyl-2-isobutoxytetrahy- 
dropyran, 16831-17-7; 2-i-butyl-2H-3,4-dihydropyran, 
16765-52-9; 6-i-butyl-4H-5,6-dihydropyran-2-carbox-
ylic acid, 16831-19-9; 6-i-butyltetrahydropyran-2-car- 
boxylic acid, 16831-20-2.
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M ediu m -Sized Cyclophanes. V II. 4,14-D isubstituted [2.2]M etacy clophanes1
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The stereoselective syntheses of 4,14-dimethyl-and 4,14-dimethoxy[2.2]metacyclophanes have been achieved 
by the modified Wurtz dimerization reaction carried out under extremely mild conditions. A series of further 
4,14-disubstituted [2.2]metacyclophanes have been derived from the dimethyl derivative 4. The nmr spectra of 
these compounds were examined in relation to the electronic and long-range effects of the substituents to the aryl 
and methylene signals. The chemical shift difference in protons meta to the substituent was correlated with 
Hammett am constant; — P6,i2-H = 28.2 cps/o-m and — ps,i6-H = 14.5 cps/vm. Whereas 1,2-methylene protons, 
especially those in the equatorial position, deviated largely, good linear relations were observed in 9,10-methylene 
absorption; — p9,10-ax = 6.88 cps/Vp and — pg,io-eq = 14.4 eps/ov

As the results of improvement2'3 in the synthesis of 
|2.2]metacyclophane (1), a number of structural, spec
troscopic, and chemical studies were carried out.3 
However, only a little is known about the chemistry of 
its derivatives. Attempts to introduce a functional 
group by means of electrophilic substitution reac
tions all failed and were led to the formation of 4,5,9,10- 
tetrahydropyrene or its derivatives.2’4’5 Attempted 
reactions of 1 with various reagents, including alkyl 
metal, halogen, and oxidants, have also failed, so far, to 
introduce functionality into the side chain.3 These 
results may be compared with the p a ra  counterpart in 
which nuclear6 as well as side-chain7 substitution reac
tions have been successfully applied to obtain a number 
of the derivatives.

Boekelheide and his coworkers have prepared 8,16- 
dimethyl [2.2 ]metacyclophane8 and its derivatives9 
either by the bimolecular Wurtz method or by using 
multistepped reactions taking advantage of an efficient 
cyclization reaction of 3,3'-bis(bromomethyl)bibenzyl 
derivatives. They have also prepared10 5,13-dimethyl 
and -dimethoxy derivatives 2 (R =  CH3 or CH30) in 7 
and 2.5% yields, respectively, by the dimerization of 
appropriate bis(bromomethyl) compounds, whereby 
noticing a marked decrease in the yields especially in 
the case of the preparation of 2 with electronegative 
substituents.

Isomeric 4,12- or 4,14-disubstituted [2.2]metacyclo- 
phanes may also be prepared by the similar dimeriza
tion method. An attempted reaction of 2,4-bis(bromo- 
methyl)toluene with sodium and tetraphenylethylene, 
however, has resulted in the formation of trimer or 
tetramer.11

This paper will describe the preparation of these un
known isomers, and particularly the stereochemistry of

(1) P a r t  V I: T . S a to , S. A kab o ri, M . K ainosho , a n d  K . H a ta , B u ll. C hem . 
Soc. J a p .,  41, 218 (1968).

(2) M . F u jim o to , T . S a to , a n d  K . H a ta ,  ib id ., 40, 600 (1967).
(3) R . W . G riffin, J r . ,  Chem. Rev., 63, 45 (1963).
(4) N . L . AUinger, M . A. D a  R ooge, a n d  R . B . H e rm a n n , J .  A m er. Chem . 

Soc., 83, 1974 (1961); N . L . A llinger, B . J . G o rdon , S .-E . H u , a n d  R . A. 
F o rd , J .  Org. Chem ., 32 , 2272 (1967).

(5) T . S a to , M . W a k ab ay ash i, Y . O k am u ra , T . A m ad a , a n d  K . H a ta , B ull. 
Chem. Soc. J a p .,  40, 2363 (1967).

(6) F o r  rec e n t p ap e rs  see D . J .  C ra m  a n d  H . P . F isch er, J . Org. Chem ., 30, 
1815 (1965); D . J .  C ra m  a n d  A . C . D ay , ib id ., 31, 1227 (1966); B . E . N or- 
cross, D . B ecker, R . I .  C u k ie r, a n d  R . M . S ch ü tz , ib id ., 32, 220 (1967); S. C. 
D ic k e rm a n  a n d  N . M ils te in , ib id ., 32, 852 (1967).

(7) Cf. E . H e d a y a  a n d  L . M . K y le , J .  A m er. Chem . Soc., 88 , 3667 (1966).
(8) W . S. L indsay , P . S tokes , L. G . H u m b e r, a n d  V. B oeke lheide, ib id ., 

83, 943 (1961).
(9) V. B oeke lheide  a n d  J .  B . P h illip s , ib id ., 86, 1545 (1963); 89, 1695 

(1967); J . B . P h illip s, R . J . M o lyneux , E . S tu rm , a n d  V. B oeke lheide, ib id ., 
89, 1704 (1967); V. B oeke lheide  a n d  T . M iy asak a , ib id ., 89, 1709 (1967).

(10) V. B oeke lheide  a n d  R . W . G riffin, J r . ,  u n p u b lish e d  w ork  c ited  in  re f  3.
(11) R . W . G riffin, J r . ,  a n d  C . R . S la to r, u n p u b lish e d  w o rk  c ited  in  ref 3.

the syntheses of 4,14-dimethyl and -dimethoxy deriva
tives 4 and 6 and 4,12-dimethoxy derivative 7 and nmr 
spectra of these as well as several derivatives derived 
from dimethyl compound 4. A part of the results have 
already appeared in a preliminary form.12

Stereoselective Syntheses of 4,14-Disubstituted [2.2]- 
Metacyclophanes.—The chloromethylation13 under 
forced conditions of toluene or anisole afforded the 
corresponding bis(chloromethyl) derivatives 3. Bi
molecular Wurtz condensation reaction of 3 may be 
conceived to afford 4,14 (4 or 6) and 4,12 derivatives 
(5 or 7). The reaction of 3 (R = CH3) with disodium 
tetraphenylethane in a tetrahydrofuran solution 
after the method of Müller and Röscheisen14 was 
carried out under high-dilution conditions which were 
realized by the slow addition of the halide (68 hr) at 
— 60 to —70° to the condensing agent. By distillation 
under reduced pressure of the reaction mixture, a crys
talline material, mp 68-69°, was obtained. Molecular 
weight determination and elemental analyses supported 
the formula Ci8H20.

The structural determination was achieved by the 
nmr spectral studies. As is shown in Figure 1 the com
pound showed a methyl proton signal as a singlet at 
8 2.36 and intraannular aryl protons at 8 4.22 as a dou
blet (J = 1.8 cps) together with the rest of aryl proton 
signals at about 8 7.0 as an ABX pattern (not shown). 
The appearance of the doublet at an unusually high 
field is indicative of the generation of the [2.2]meta- 
cyclophane structure, since the intraannular protons 
(8,16 protons), which are extended over the diametrical 
benzene ring, should experience shielding by the dia
magnetic ring current. It has already been shown that 
the ten-membered ring in 1 exists in a rigid-chair con
formation as is evidenced by the appearance of an A2B2 
type signal,4’16,16 which is not affected over a wide range 
of temperatures between ca. —80 and 190°,1>12 arising 
from axial and equatorial protons in the methylene 
group. In such compounds as 4, in which two sub
stituents are located in both of the ortho positions of one 
of the ethylene bridges, the methylene signals should be 
composed of two sets of A2B2 pattern, while in the trans  
compound such as 5 they would no longer be a simple 
A2B2 type but an ABCD type. An examination of the 
nmr spectra of the dimethyl derivative (Table II) re-

(12) T. Sato, S. Akabori, M. Kainosho, and K. Hata, B u l l . C h em . S o c . 
J a p .,  39, 856 (1966).

(13) It. C. Fuson and C. H. McKeever, O rg. R e a c tio n s , 1, 63 (1942).
(14) E, Müller and G. Röscheisen, C h e m . B e r ., 90, 543 (1957).
(15) D. J. Wilson, V. Boekelheide, and R. W. Griffin, Jr., J .  A m e r . C h em . 

S o c ., 82, 6302 (1960).
(16) H. S. Gutowsky and C. Juan, J .  C h e m . P h y s . , 37, 120 (1962).
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T a b l e  I
P h y s ic a l  P r o p e r t ie s  o p  4 ,12 -  a n d  4 ,14 -D is u b s t it u t e d  D e r iv a t iv e s

,----------------M ol w t---------------- • .-------------- C arb o n , % -------------- . ----------- H y d ro g en , %■
C o m p d Mp, °C F o rm u la C alcd F o u n d C alcd F o u n d C alcd F o u n d

4 68-69 C18H20 236.34 236° 91.47 91.34 8.53 8.34
2351

6 132-134 C18H20O2 268.34 268“ 80.56 80.60 7.51 7.45
266J

7 182 C18H20O2 268.34 268“
8 170 Ci8Hi8Br2c 394.16 394“ 54.85 54.61 4.60 4.33
9 >300 CigHiôO* 296.31 72.96 72.60 5.44 5.51

1 0 117-120 C18H 16O2 264.31 81.79 80.99 6.10 5.98
1 2 196-197 C18H14N2 258.31 83.69 83.36 5.46 5.78

“ Determined by mass spectrometry. The measurements were carried out with Hitachi RMU-6D high-resolution mass spectrometer 
using an electron current of either 40 or 70 eV. The authors are grateful to the members of Naka works of Hitachi Co. for providing 
us with the data. b Determined by the Rast method. 0 Calcd: Br, 40.55. Pound: 40.42.

----------- "  U 111, 1 i,---------- ,------------- 1 _
5,0 40 3.0 2.0 1.0 0

S (p p m )

Figure 1.—Nmr spectra of 4,12-dimethoxy[2.2]metacyclophane 
(7), 4,14-dimethoxy[2.2]metacyclophane (6), and 4,14-dimethyl-
[2.2]metaeyclophane (4) from top to bottom. For comparison 
a line spectrum of [2.2]metacyclophane (1) is also shown.

vea led  th a t  th e  m e thy lene  reg ion  a bso rp tio n  cou ld  be 
ana lyzed  as an ove rlap  o f an A 2B 2 p a tte rn  s im ila r  to  1 
o ccu rrin g  a t 5 2.99 and  1.99 (u n su b s titu te d  side, 9,10- 
H )  and  an A '2B '2 p a tte rn  a t 5 3.28 and  1.76 (s u b s titu te d  
side, 1 ,2 -H ). T h e  s tru c tu re  4 was th u s  assigned to  th e  
com pound, w h ich  was fo rm ed  in  a 21%  y ie ld . A  m ore  
d ire c t evidence in  fa v o r o f th e  s tru c tu re  was ob ta in ed  b y  
th e  o p t ic a l re so lu tio n  o f 4 1’12’17 w h ic h  was achieved b y  
a com p lex  fo rm a tio n  w ith  th e  N e w m a n ’s re ag en t.18

(17) D u e  to  re s tr ic te d  in v e rsio n  o f a  te n -m em b ered  r in g  in  th e  [2 .2 lm e ta - 
c y c lo p h an e  sy stem , 4 ,1 4 -d isu b s titu te d  d e r iv a tiv e s  a n d  a lso  o th e r  s u ita b ly  
s u b s t i tu te d  co m pounds m a y  ex ist a s  racem ic  m olecu les.

C a re fu l e xa m in a tio n  o f th e  re ac tio n  p ro d u c t e ith e r b y  
a lu m in a  co lu m n  ch ro m a to g ra p h y  o r b y  gas ch rom a
to g ra p h y 18 19 us ing  SE-30 on C hrom oso rb  W , C a rb o - 
w a x  2 0 M  on  C hrom osorb  W , o r n e o p e n ty l g ly c o l a d ipa te  
on C h rom oso rb  G  co lu m n  revea led th a t  th e  m a te r ia l 
was u n ifo rm .

T h e  s te re o se le c tiv ity  observed in  th e  fo rm a tio n  o f 
4  was fu r th e r  experienced in  th e  syn thesis o f d im e th o x y  
analogs 6 and  7. A  s im ila r  condensa tion  re a c tio n  o f 3 
(R  =  C H 30 )  w h ic h  was ca rrie d  o u t ove r 184 h r  a t —20 
to  —40° fu rn ish e d  tw o  p rod uc ts  b y  ch ro m a to g ra p h y  on 
a lu m in a . n -H e xan c  f ir s t  e lu te d  a m in o r  com pound, 
m p  182°, w h ic h  was fo llo w e d  b y  th e  m a jo r  p ro d u c t, m p  
132-134°, b o th  h a v in g  expected a n a ly t ic a l va lues and  
m o le cu la r w e ig h t as d im e th o x y  [2 .2 Jm etacyclephane 
(T a b le  I ) .  T h e  lo w -m e ltin g  isom er, fo rm e d  in  a 9 %  
y ie ld , was assigned th e  s tru c tu re  4 ,1 4 -d im e th oxy  com 
p ou n d  (6 )20 fro m  n m r sp ec tru m  (F ig u re  1) w h ic h  con
sisted  o f s ignals a t 5 6.92, 6.70 (A B X - ty p e  abso rp tio n ,
5 ,6 ,12 ,13 -H ), 4.25 (d ou b le t, J  =  1.8 cps, 8 ,1 6 -H ), 3.80 
(s ing le t, C H 30 )  to g e th e r w ith  tw o  sets o f A 2B 2 p a tte rn s  
a t 5 2.94 and  2.00 (9 ,10 -H ) and  Ô 3.50 and  1.59 (1 ,2 -H ). 
O n th e  o th e r hand , th e  h ig h -m e lt in g  isom er showed a 
com plex a bso rp tio n  in  th e  m e thy le ne  reg ion  as is show n 
in  F ig u re  1 in d ic a tin g  th a t  th e  com pound  be isom eric
4 ,1 2 -d im e th oxy  com pound  7 (Scheme I ) .

S c h e m e  I

R CHnCl 0 -
CH2Ct

4 R=CH3 

6 R = 0 C H 3

5 R=CH3 

7 R = 0 C H ,

(18) M . S. N ew m an  a n d  W . B . L u tz , J .  A m er. Chem . Soc., 78, 2469 (1956).
(19) T h e  a u th o rs  a re  g ra te fu l to  D r. N . Ik e k a w a  of th e  I n s t i t u te  fo r 

P h y sica l a n d  C hem ica l R esea rch  fo r th e  m e asu rem en ts .
(20) As a  possib le  c lue  to  th e  s tru c tu re , th e  d ipo le  m o m e n t w as m easu red  

in  a  b en z en e  so lu tio n  a t  20° a n d  w as fo u n d  to  b e  ju =  0.79  D . T h e  value , 
a l th o u g h  c o m p a tib le  w ith  s tru c tu re  6, m a y  n o t, how ever, b e  u sed  p o s itiv e ly  
fo r th e  d is tin c tio n  b e tw e en  6 a n d  7, s ince  th e  d ipo le  m o m e n t o f th e  trans  
co m p o u n d  7 m a y  n o t  necessa rily  b e  zero  d u e  to  co n fo rm a tio n a l m o b ility  of 
th e  mefchoxyl g ro u p . F o r  d e ta iled  s tu d ie s  o n  th e  c o n fo rm a tio n  of m e th o x y l 
g ro u p  in  sev e ra l condensed  rin g  sy stem s  ded u ced  from  d ip o le  m o m e n t d a ta  
Bee: K . B . E v e ra rd  a n d  L . E . S u tto n , J ,  Chem. Soc., 2312 (1949); 16 (1951).
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T able I I
N m r  D a t a  fo r  [2 .2 ]M e t a c y c l o p h a n e  ( 1 )  a n d  4 ,14 -D is u b s t it u t e d  D e r iv a t iv e s 1

'--------------------- Methylene protons----------

Compd Substituent 5,13-H& 6,12-H& Jb, 6(12,18) 8,16-HC J8,6(12,16) Equatorial Axial Equatorial Axial
6 o c h 3 402.1 415.5 9.0 255.0 1.8 176.1 119.7 210.3 95.6
4 c h 3 424.5 411.3 8.0 252.9 1.8 179.5 119.5 197.0 105.6
1 H 430.8« 418.2«./ 8.0 254.8 1.8 182.9 122.7 182.9 122.7
8 CH2Br 431.4 419.7 8.0 260.1 1.8 184.0 122.6 211.3 137.3
9 COOH 450.7 432.3 8.0 264.7 1.8 189.0 124.6 218.3 121.3

12 CN 451.2 434.0 8.0 264.0 1.8 196.2 128.6 225.0 133.4
10 CHO 477.6 440.8 8.0 261.0 1.8 199.0 131.2 277.3 108.7

“ The spectra were recorded with a Varian A-60 spectrometer on a ca. 10% (w/v) carbon tetrachloride solution except for 9 which 
was dissolved in an alkaline deuterium oxide solution. Chemical shifts are expressed in cycles per second (cps) relative to internal 
TMS as zero. b An ABX-type absorption having 6(12)-H weakly coupled with 8(16)-H. c Appeared as a doublet except for I which 
showed a triplet. d An A2B2-type absorption analyzed by AB approximation. « An AB2X-type absorption. 1 Signal for 4,14-H 
included.

T h e  b im o le c u la r condensa tion  re ac tio n  o f 3 u nd e r 
e x tre m e ly  m ild  co nd itio n s  was th u s  show n to  be h ig h ly  
stereoselective. A  c o m b in a tio n  o f lo w  te m p e ra tu re  
and  s low  a d d it io n  is assum ed to  p ro v id e  th e  m in im u m  
o f th e  re a c tio n  co n d itio n s  w h ic h  p e rm it a g u id in g  o f th e  
p ro d u c t fo rm a tio n  in  th e  desired d ire c tio n . E spe c ia lly  
b y  us ing  lo w  te m p e ra tu re , a s u ffic ie n t d iffe rence in  th e  
a c tiv a tio n  energies and  hence th e  re a c tiv it ie s  betw een 
th e  o- and  p -c h lo ro m e th y l g roups cou ld  be realized. 
T h e  f ir s t  stage o f th e  condensa tion  o f 3 th e n  w o u ld  a f
fo rd  s y m m e tr ic a l b is  (c h lo ro m e th y l)  b ib e n z y l in  p re f
erence to  th e  u n s y m m e tr ic a l one no m a tte r  w h ich  
c h lo ro m e th y l g roup  is m ore  re a c tive  th a n  th e  o the r. 
F u r th e r  condensa tion  re ac tio n  o f th e  in te rm e d ia te  
w o u ld  p roduce  c is  s tru c tu re  such as 4 o r 6. T h e  re la 
t iv e  re a c tiv it ie s  o f o- and  /^-ch lo ro m e th y l g roups 
were exam ined  b y  c a rry in g  o u t th e  c o m p e titive  W u r tz  
re a c tio n  betw een o- and  p -m e th y lb e n z y l ch lo rides. D i 
sod ium  te tra p h e n y le th a n e  s o lu tio n  was added to  an 
e q u im o la r m ix tu re  o f th e  m e th y lb e n z y l ch lo rides a t —40 
to  —50°, and  th e  re su ltin g  m ix tu re  was ana lyzed  b y  gas 
ch ro m a to g ra p h y  us ing  5 %  silicone  g um  X E -6 0  on C h ro - 
m osorb W  co lum n. B y  co m paring  re te n tio n  t im e  w ith  
th e  s ta n d a rd  samples, th e  m ix tu re  was fo u n d  to  co n ta in  
2 ,2 /-d im e th y lb ib e n z y l as th e  m a jo r  p ro d u c t b u t n o t 
a ny  4 ,4 '-d im e th y lb ib e n z y l. A lth o u g h  th e  peak was n o t 
sym m e trica l, p ro b a b ly  ow ing  to  th e  presence o f 2 ,4 '-  
d im e th y l isom er, i t  was c le a rly  dem ons tra ted  th a t  o- 
c h lo ro m e th y l g roup  was m ore  re ac tive  com pared w ith  
p -ch lo ro m e th y l g roup . I t  m a y  the re fo re  be concluded 
th a t  th e  d im e riz a tio n  o f 2 ,4 -b is (ch lo ro m e th y l)to lu e n e  
w o u ld  f ir s t  re su lt in  th e  condensation  betw een o -ch loro - 
m e th y l g roups to  g ive  5 ,5 '-b is (c h lo ro m e th y l) -2 ,2 '-d i-  
m e th y lb ib e n z y l w h ic h  is th e n  cyc lized  to  th e  cyclophane
4.

OH,C CM
4

A  series o f 4 ,1 4 -d isu b s titu te d  [2 .2 ]m etacyclophanes 
bea ring  va rio us  su bs titu e n ts  has been p repared  fo r  th e  
n m r sp ec tra l s tud ies s ta r t in g  fro m  d im e th y l com pound 
4 as is show n in  Scheme II. T h e  tre a tm e n t o f 4 w ith  2 
m o l o f N B S  in  a ca rbon  te tra c h lo r id e  s o lu tio n  fu rn ish e d  
b is (b ro m o m e th y l)  d e r iv a t iv e  8 in  a 60%  y ie ld . T h e  
p re fe re n tia l b ro m in a tio n  o f m e th y l g rou p  over 
m e thy le ne  g roup , in  co n tra s t to  th e  usua l re a c t iv ity

order, may be ascribed to the inertness of the latter 
group due to inherent steric restriction that the bridging 
methylene group is deviated from the plane of benzene 
ring to discourage the usual charge stabilization as
sociated with a benzyl methylene group.3 Dialdehyde 
10 was obtained either by the Sommelet reaction21 of 8 
in a 57% yield or preferably by the reaction with 2- 
nitropropane and sodium ethoxide in DMSO22 in a 89% 
yield. Dicarboxylic acid 9, which was obtained with 
difficulty and only in a poor yield by the direct oxida
tion of 4 due to the accompanying side reaction,23 was 
formed in a high yield by the oxidation of 10 with po
tassium permanganate. The treatment of 10 with 
hydroxylamine hydrochloride gave dioxime 11 as a 
mixture of geometrical isomers, which on dehydration 
by heating with acetic anhydride afforded dinitrile 12, 
the over-all yield from 10 being 37%. The results of 
molecular weight determinations and elemental anal
yses for these compounds are summarized in Table I. 
Infrared spectra were consistent with the structure 
assigned, and further, nmr spectra (Table II) which 
showed an intraannular 8,16-proton signal as a doublet 
(/ =  1.8 cps) at S 4.3-4.4 together with other typical 
signals, indicated that during these transformations the
[2.2]metacyclophane structure was not affected.

Nmr Spectra Studies.—The molecular geometry of 1 
was elucidated by Brown24 in 1953 using X-ray mea
surements and was reported to have a steplike arrange
ment in which two slightly distorted benzene rings lie on

(21) S. J .  A ngyal, O rg. R e a c tio n s , 8, 197 (1954).
(22) B . H . K lan d e rm a n , J .  Org. C h em ., 31, 2618 (1966).
(23) A tte m p te d  re a c tio n s  of 1 w ith  v a r io u s  ox id iz ing  rea g e n ts  a re  su m 

m arized  in  re f  3.
(24) C . J . B row n, J .  C h em . S o c ., 3278 (1953).
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Figure 2.—Plot of chemical shift difference A5 (cps) against Ham
mett am: O, 8,16-H; A, 8,12-H.

parallel planes. As a consequence the ten-membered 
ring in 1 exists as a rigid-chair form, intraannular 8,16- 
hydrogens being extended over, or even into, the -¡r- 
electron cloud of the opposite benzene ring. These 
structural features have been shown to be well re
flected in the nmr spectra.25 In an effort to test ring 
current theory, Boekelheide and his coworkers15 have 
examined the nmr spectra of 1 and also several deriva
tives. Their results indicated that shielding predicted 
on the basis of ring current anisotropy alone is not ade
quate to account for the observed shifts such as those 
between the nonequivalent methylene protons or AB2- 
type aryl protons. They could, however, provide a 
qualitative explanation for the unusual upheld shift 
of almost 3 ppm exhibited by 8,16 protons, by assuming 
an induced diamagnetic ring current, which predicted a 
shift of 2.82 ppm. The ethylene bridge protons showed 
a typical A2B2 pattern consisting of two sets of multi- 
plets, each of which was symmetrical about the mid
point of the spectrum. The most prominent peaks in 
each of the multiplets appeared as doublet. Owing to a 
rather large difference in the AB chemical shift, which 
amounted to almost 60 cps, the analysis of the ethylene 
bridge signal as a simple AB-type absorption seemed to 
be feasible. In fact, the calculated values26 obtained in 
this way, 8A =  2.04 and 5B = 3.05, were in good agree
ment with those obtained by Boekelheide, et a l . ,16 §A =

(25) B . H . S m ith , “ B ridged  A ro m atic  C o m p o u n d s ,”  A cadem ie  P ress 
In c .,  N ew  Y o rk , N . Y ., 1964, p  407.

(26) J . A . P o p le , W . G . S chneider, a n d  H . J . B e rn s te in , "H ig h -R e so lu tio n
N u c le a r  M a g n e tic  R eso n an c e ,” M cG raw -H ill B ook  C o ., In c . ,  N ew  Y o rk ,
N . Y ., 1959, p  119.

2.03 and SB =  2.99. Thus the analyses of the ethylene 
bridge proton signals of 4,14-disubstituted deriva
tives were achieved by this approximation. The main 
peaks used for the calculations were tabulated in Table
III. The difference of 1.01 ppm in the chemical shift

T able III
T h e  M ain  P eaks of A2B2 and A'2B '2 Systems

Compd
,--------- 9,10-H (AjB2)———,

/—Equatorial—■« ,-----Axial----- '
,--------- 1,2-H (A^B^)—-------- •
/—Equatorial—. /-----Axial----- ~

6 115.3 123.4 172.3 180.5 91.5 100.0 206.1 214.9
4 115.0 123.0 175.9 184.0 100.7 110.2 192.4 202.0
1
8

118.0
118.2

126.5
126.4

179.1
180.3

187.1
188.5 Ì32.9 141.4 207.2 216.0

9 120.5 128.5 186.2 194.5 116.5 125.5 214.0 223.0
12 128.8 137.5 182.2 200.5 124.8 132.7 221.0 230.0
10 125.0 134.2 195.2 203.2 105.7 115.7 270.2 279.9

between the methylene protons of 1 is far greater than 
expected since the calculated value assuming ring cur
rent anisotropy was only 0.28 ppm.16 It is considered, 
however, that the value is underestimated by neglecting 
ring-current effect of the second benzene ring to which 
the methylene group is not directly attached. An ex
amination of the molecular model of 1 indicated that the 
particular methylene group is situated within the in
fluence of the ring current of both of the benzene rings 
due to the rigid nature of the molecule. The sum of 
these two terms estimated from the Johnson-Bovey 
table27 was found to be 0.50 ppm. Even regarding ap
proximate nature of the ring-current theory, the 
difference between the observed and the estimated 
values, which was as large as 0.51 ppm (1.01 — 0.50), in
dicated the importance of other contributing factors 
such as methylene-methylene, ring-methylene,28 and 
double bond anisotropy terms.

That the spectral features of derivatives of 1 are 
reminiscent of those of the parent hydrocarbon has been 
well established.25 Since the authors have prepared a 
series of 4,14-disubstituted derivatives bearing electron
releasing as well as electron-withdrawing substituents, 
the nmr spectra of these compounds were examined in 
relation to the electronic and long-range shielding effects 
of the substituents to the aryl and methylene proton 
signals. These derivatives appeared to be particularly 
suited to study the effect of anisotropy of the substitu
ent, separately from other terms, on each of the axial 
and equatorial proton signals of conformationally 
locked methylene group at the ortho position. The 
spectral data, which are summarized in Table II, were 
determined29 in a 10% (w/v) carbon tetrachloride solu
tion except for 9, which was measured in an alkaline 
deuterium oxide solution using a Varian A-60 spec
trometer, and were expressed downfield from TMS 
in cycles per second or 8 (parts per million) units. 
Aryl protons showed two groups of signals: The outer 
aryl protons at 5,6(12,13) positions showed an ABX- 
type absorption, of which assignment was unequivocal 
since 6(12) protons coupled weakly (J =  1.8 cps) with 
intraannular 8(16) protons. The latter protons ap
peared as a doublet at unusually high field of 253-265 
cps, thus serving as a diagnostic purpose of the genera-

(27) C . E . Jo h n so n  an d  F . A. B ovey , J .  Chem . P h y s ., 29, 1012 (1958).
(28) D iam ag n e tic  te rm  d u e  to  r in g -m e th y len e  a n iso tro p y  m a y  cause  an  

upfie ld  s h if t  o f 0 .20  p p m  a s  is e s tim a te d  from  M cC o n n e l’s eq u a tio n .
(29) T h e  a u th o rs  a re  in d e b te d  to  M r. M . K a in o sh o  of A jin o m o to  C o ., In c . ,  

fo r th e  m easu rem en ts.
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tion and transformation of the metacyclophane struc
ture.

Both the 6 and 8 protons are situated in the m eta  
position of the 4 substituent just as the 12,16 protons 
are for the 14 substituent. It has been well estab
lished30’31 that the Hammett o- constant could be cor
related with chemical shifts of m eta  and p a ra  protons in 
substituted benzene derivatives. In Figure 2, a 
plot of the chemical shift difference of the 8,16 and 
6,12 protons against am32 is shown. Except for com
pounds 9 and 10, there were obtained good linear cor
relations whereby

— P6.12-H =  28.2 cps/cm and — ps.is-h = 14.5 ops/<r„

A rather large difference has been shown to exist be
tween these two values indicating that the effect of the 
substituents on 8,16 proton signals are less pronounced 
as compared with the 6,12 proton case. This may in
dicate that the 8,16 protons, which are much more 
shielded compared with the usual aryl protons by being 
extended over the x-electron cloud of the opposite ben
zene ring, are influenced by the nature of the m eta  sub
stituent in a more or less equalized manner.

The assignment of the bridge methylene protons are 
summarized in Table II. Of the nonequivalent methyl
ene protons in 1 , one at the high field was ascribed to be 
due to axial, and one at the low field to equatorial pro
tons. Since 4,14-disubstituted derivatives have no 
plane of symmetry about the plane bisecting both of the 
benzene rings, they would show two sets of axial and 
equatorial proton signals, which, actually, were ob
served as an overlap of two sets of A2B2 patterns. One 
of these occurring at an approximately similar position 
to 1 was assigned to be due to the methylene protons of 
the unsubstituted side, namely the 9,10 protons. The 
chemical shift difference, 5ax — <5eq, was found to be kept 
around 1 ppm as in the parent compound. The 9,10- 
methylene proton signals were affected in a minor degree 
by changing the substituent. The presence of an elec
tron-withdrawing group caused a downfield shift, 
whereas an electron-releasing group exhibited an up- 
field shift. Except for dialdehyde 10, a good linear 
correlation was observed between the chemical shift 
difference and the Hammett <r„, affording —  p 9 ,io -ax  =

9.96 cps/o-,, and — pg.io-sq = 20.1 cps/o> This calcula
tion may, however, be oversimplified by neglecting the 
contribution from the substituent in the opposite ben
zene ring, since the benzyl methylene grouping at the 
9 or 10 position is regarded also as the /3-methylene 
group in the phenethyl moiety. Thus by taking into 
account the — p value of methyl protons31 for para-sub
stituted toluenes (12.5 cps/o-P) as well as that for para- 
substituted ethylbenzenes (6.76 cps/o>), the sub
stituent effect was correlated with better precision by 
using a modified Hammett relationship 5R — 5H =  
p(trP — 6.76/12.5o>) instead of the usual Hammett 
equation used above. The calculated values, 
— pg.io-ax =  6.78 cps/o-j, and — p9,io-eq =  14.4 cps/a v 
(Figure 3), not only had higher consistency and less 
deviation but are more compatible with — p of p a ra -

(30) J .  W . E m sley , J .  F een e y , a n d  L . H . S u tcliffe , “ H ig h -R eso lu tio n  
N u c le a r  M a g n e tic  R eso n an c e  S p ec tro sc o p y ,” P e rg am o n  P ress, L td .,  L ondon , 
1966, p  752.

(31) S. H. M arcu s , W . F . R ey n o ld s, a n d  S . I .  M iller, J .  Org. Chem ., 31, 
1872 (1966).

(32) L . P . H a m m e tt ,  J .  A m er. C hem . Soc., 59 , 96 (1937).

Figure 3.—Plot of chemical shift difference A5 (cps) of 9,10- 
methylene protons against Hammett o> +  6.76/12.5 <rp: O, equa
torial H; A, axial H.

substituted toluenes, in which the methyl protons are 
conformationally equalized. The difference in pax 
and Peq indicates that axial protons, which are more 
shielded than equatorial ones and make an angle of 
about 60° with a benzene plane, are less sensitive to the 
electronic effect than the equatorial ones which lie ap
proximately in the plane of benzene ring. The cause of 
the phenomena, which is not explainable on the basis of 
ring-current effect, may be due partly to the a—x inter
action between the rear lobe of the sp3 orbital of the 
bridge carbon used in the bonding with equatorial hy
drogen and the x-electron system of the aromatic ring 
as in the case of the anti proton at C-9 of substituted 
benzonorbornenes.33

In Figure 4, chemical shifts of axial and equatorial 
protons at 1,2 positions relative to various substituents 
are illustrated. If the chemical shift is only dependent 
on the inductive and mesomeric effect of the sub
stituents, a linear correlation similar to the 9,10 proton 
case may be expected. It was found, however, that the 
difference in the chemical shift between the axial and 
equatorial protons increased and varied widely. For 
example, the difference reached 114.7 and 168.6 cps in 
dimethyl ether 6 and dialdehyde 10, respectively. Al
though the axial proton did not suffer from a large de
viation, except for 6 and 10, the equatorial proton ex
perienced a marked downfield shift which amounted to

(33) N . In a m o to , S. M asu d a , K . T o ri, K . A ndo , a n d  H . T a n id a , C an. J .
C hem ., 45 , 1186 (1967).
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Figure 4.—Chemical shifts (cycles per second downfield from 
TMS) of axial (HaI) and equatorial (Heq) protons of 1,2-methylene 
group in [2.2]metacyclophane and its 4,14-disubstituted deriva
tives.

24.2 and 78.3 cps in the case of 6 and 10 (the chemical 
shift difference between l,2eq and 9,10eq protons). 
These deviation may be caused by long-range shielding 
effects which are governed by the conformational pref
erence of the substituent and the anisotropy terms of 
benzene ring and the substituent group.

Experimental Section34
4 ,14-Dimethyl [2.2]metacyclophane (4).—According to the 

method of Muller and Roseheisen,14 disodium tetraphenylethane 
solution was prepared from 5 g (excess) of sodium and 3.5 g 
(0.011 mol) of tetraphenylethylene in 300 ml of absolute 
tetrahydrofuran (THF). To the above mixture was added, 
with stirring, a solution of 12 g (0.064 mol) of 2,4-bis(chIoro- 
methyl)toluene35 [bp 146-160° (14^15 mm), mp 43-45° (from 
hexane)] dissolved in 500 ml of tetrahydrofuran at —60 to 
— 70° through a specially designed dropping funnel over a 
period of 68 hr, the whole operation being conducted under a 
current of nitrogen. After the addition was completed a small 
amount of ethanol was added, and the reaction mixture was 
filtered. The concentrated mixture was then extracted with 
ether. The distillation of extract at 183° (12 mm) gave 1.56 g 
of colorless oil, which crystallized as colorless needles: mp 68- 
69°; X2212 276 mM (c 673); r“ r 2900, 2810, 1490, 1170, 812, 
and 742 cm-1.

The crude distillate was examined carefully by gas chromatog
raphy. By using a 5-ft column of 2.0% CNSi on Anakrom U 
with a nitrogen flow rate of 36 cc/min or a 6-ft column of 1.5% 
SE-30 on Anakrom U with a nitrogen flow rate of 80 cc/min only 
a sharp peak due to 4 was detectable: retention times for each 
column were 8.1 and 5.6 min, respectively.19 I t  was also examined 
by several other columns including 10% SE-30 on Chromosorb 
W (6 ft), 10% Carbowax 20M on Chromosorb W (6 ft), and 4% 
neopentyl glycol adipate on Chromosorb G (6 ft). In no case 
was another peak due to isomeric 5 detectable.

The Competitive Wurtz Reaction of o-Methylbenzyl Chloride 
and p-Methylbenzyl Chloride.—A mixture of 1.24 g (9.1 mmol) 
of o-methylbenzyl chloride and 1.14 g (8.3 mmol) of p-methyl- 
benzyl chloride was dissolved in 250 ml of tetrahydrofuran. In 
another vessel a solution of sodium-tetraphenylethylene adduct 
was prepared from 2.0 g (0.087 g-atom) of sodium in 200 ml of 
THF. The solution of condensing agent was added, with stirring 
and under a nitrogen current, into the competing mixture in the 
course of 13 hr, while the reaction temperature was maintained 
at —40 to —50°. The analysis of the reaction mixture by gas 
chromatography (Hitachi K-53 gas chromatography with a 
hydrogen flame ionization detector) using 5% silicone gum XE-60 
on a Chromosorb W (60-80 mesh) column operated at 130°

(34) A ll m e ltin g  a n d  bo iling  p o in ts  a re  u n c o rre c te d . T h e  a u th o rs  a re  
g ra te fu l to  M r. S. H a y a sh i of N ih o n  U n iv e rs ity  fo r p ro v id in g  u v  d a ta .

(35) M . G . B lanc , B u ll. Soc. C h im .F r .,  [4] 33, 313 (1923).

with a flow rate of 50 cc/min of nitrogen showed the presence of 
a material having a retention time of 23.6 min. The gas chro
matography of the standard sample under the same conditions 
revealed that 4,4'-dimethylbibenzyl, mp 82-83° (lit.36 mp 
82-83°), and 2,2'-dimethylbibenzyl, mp 65-66° (lit.37 mp 66- 
67°), had retention times of 21.4 and 23.4 min, respectively. 
Hence the main product was deduced to be 2,2'-dimethylbibenzyl.

4.14- and 4,12-Dimethoxy[2.2]metacyclophanes (6 and 7).—A 
solution of 40 g (0.20 mol) of 2,4-bis(chloromethyl)anisole,38 
bp 130-150° (2 mm), mp 64-66° (from petroleum ether (bp 
30-60°)), in 760 ml of tetrahydrofuran was added dropwise, in 
the course of 184 hr, to a solution of the condensing agent, which 
was prepared from 16 g of sodium added to 5.0 g (0.015 mol) 
of tetraphenylethylene in 300 ml of absolute tetrahydrofuran a t 
— 40 to —20° under a current of nitrogen. After working up as 
described for the methyl analog, ether extract was subjected to 
vacuum sublimation at 100-130° (0.3-0.7 mm), thus obtaining 
3.7 g of colorless crystalline material, which was then passed 
through an alumina column using »-hexane as an eluent. Tetra
phenylethylene and tetraphenylethane came out first, followed 
by a compound which was found to be 7 as evidenced by its 
nmr spectrum (see Figure 1): mp 182° (recrystallized from etha
nol); « w  1239, 1099, and 810 c m '1.

The next few fractions contained a mixture of 6 and 7. Then 
compound 6, which was isolated in a 9.2% yield, followed: 
colorless needles; mp 132-134°; X?“12 290 m„ (e 3380);
1238, 1088, and 796 cm-1; dipole moment n = 0.79 D (benzene 
solution at 20°).

Gas chromatography, carried out using a 1-m column of 5% 
silicone XE-60 on Chromosorb W, could not distinguish between 
6 and 7 since both compounds had equal retention times (6.2 min).

4.14- Bisbromomethyl[2.2]metacyclophane (8).—To a solution
of 2.6 g (0.011 mol) of 4 in 40 ml of carbon tetrachloride was 
added 4.0 g (0.023 mol) of N-bromosuccinimide and a few milli
grams of benzoyl peroxide. After being kept at reflux for 8 hr, 
the mixture was filtered and the filtrate was concentrated to 
about 10 ml. A crude material, mp 161-166°, was obtained as 
colorless needles, which on repeated recrystallizations from carbon 
tetrachloride melted at 170°. An optimum yield of 60% was ob
tained by this method: 2940, 2840,1600,1580, and 1430 cm-1.

[2.2]Metacyclophane-4,14-dicarbaldehyde (10). A.—A mix
ture of 2.4 g (6.1 mmol) of 8, 2 ml of water, 40 ml of glacial 
acetic acid, and 2.0 g (0.014 mol) of hexamethylenetetramine 
was heated under reflux for 2 hr. An additional 25 ml of water 
was added and reflux was continued for 15 min. The reflux was 
further continued for 5 min by adding 2 ml of concentrated hydro
chloric acid. After being diluted with water, the whole was 
extracted with several portions of ether. A crude material, mp 
110-120°, was obtained in a 57% yield. Three recrystallizations 
from ethanol afforded colorless powder, mp 117-120°.

B.—A sodium ethoxide solution made by adding 0.46 g (0.02 
g-atom) of sodium to 30 ml of ethanol, containing 3.0 g (0.034 
mol) of 2-nitropropane, was added to a solution of 3.3 g (8.5 
mmol) of 8 dissolved in 50 ml of DMSO in the course of 30 min. 
After the reaction mixture was kept a t room temperature for 4 hr 
under stirring, it was diluted with 200 ml of water and allowed 
to stand overnight in the refrigerator. A crude material, mp 
110-120°, which totaled 1.99 g (89% yield), was obtained as 
colorless powder by filtration of mixture. Final purification 
was achieved either by repeated recrystallizations or by column 
chromatography on alumina: mp 117-120°; X°21! 266 mu
(c 19,200), and 300 (3250); >w 1688 cm“1.

4.14- Dicyano[2.2]metacyclophane (12).—A mixture of 100 mg 
(0.38 mmol) of 10, 70 mg (1 mmol) of hydroxylamine hydrochlo
ride, and 3 ml of ethanol was warmed at 30-40° for 20 hr. On 
concentration a white solid separated, which consisted of oxime
11 ("max 3535 and 930 cm-1) containing a small amount of dinitrile
12 which exhibited an additional absorption at 2200 cm-1. 
Without further purification, the material was refluxed with 3 
ml of acetic anhydride for 2 hr. On cooling a crystalline material, 
33 mg (34% yield), found to be 12, mp 185°, was separated. 
A purified material, mp 196-197°, was obtained as colorless 
needles on recrystallization from ethanol or acetic anhydride: 
X“ °H 286 mM (e 2330) and 245 (sh); y** 2200 cm“1.

(36) E . I .  d u  P o n t  d e  N em o u rs  a n d  C o ,, B r it ish  P a te n t  583 ,634; C hem . 
A bstr., 41, 2749d (1947).

(37) J . M eisenhe im er, O. B eissw enger, H . O. R a u ffm a n , U . V. R u m m er, 
a n d  J .  L in k , A n n . ,  468, 216 (1929).

(38) R . Q u e le t a n d  M . A ng lade , B u ll. Soc. C h im . F r .t [5] 3, 2200 (1936).
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[2.2]Metacyclophane~4,14-dicarboxylic Acid (9). A.—A mix
ture of 250 mg (1.1 mmol) of 4, 900 mg (5.7 mmol) of potassium 
permanganate, and 10 ml of water containing 1 ml of sulfuric 
acid was heated under reflux for 1 hr. The reflux was further 
continued for 30 min by adding additional 500 mg of potassium 
permanganate. After being made acidic with hydrochloric acid, 
the mixture was extracted continuously with benzene. A small 
amount of 9, which did not melt below 300°, was obtained by 
extraction with a sodium hydroxde solution, 1680 cm-1.

B.—To a solution of 200 mg (0.76 mmol) of 10 in 7.5 ml of 
acetone, 8 ml of 3.2% potassium permanganate solution was

added with stirring during the course of 1 hr at 50-80“. After 
filtration, the filtrate was made acidic and 192 mg (86% yield) 
of a crystalline material was collected. I t  was recrystallized 
from acetic acid as colorless plates: mp >300“; X®‘°H 250 m/i 
(sh), 286 (e 2330), and 355 (43); 1680 cm-1.

Registry No.—1,2319-97-3; 4,16620-99-8; 6,10125-
36-7; 7, 16621-01-5; 8, 16621-02-6; 9, 16621-03-7; 
10, 16621-04-8; 12, 16621-05-9.

Acenaphthene Chem istry. I X .1,2 T h e Synthesis and Epoxidation  
o f 2a,3,4,5-Tetrahydroacenaphthylene
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2a,3,4,5-Tetrahydroaeenaphthylene (I) was synthesized. This compound, when treated with m-chloroper- 
benzoic acid, formed £rans-l-(2-hydroxy-2a,3,4,5-tetrahydroacenaphthyl) m-chlorobenzoate, via the intermediate 
epoxide. Hydrolysis of the ester formed £r<ms-l,2-dihydroxy-2a,3,4,5-tetrahydroacenaphthene.

Only two attempts to epoxidize an acenaphthylene 
are described in the literature. In 1939, Wittig and 
Henkel4 treated 1,2-diphenylacenaphthylene with 
perbenzoic acid in chloroform but were only able to 
isolate 1,8-dibenzoylnaphthalene. Bartlett and 
Brown8 found the reaction to lead to the formation of a 
complex mixture from which they isolated 1,2-di
phenylacenaphthylene glycol, l,2-diphenyl-l,2-dichloro- 
acenaphthene, 1,1-diphenylacenaphthenone, and 1,8- 
dibenzoylnaphthalene.

It is possible that, in acenaphthylene, delocalization 
of the electrons of the double bond is sufficient to reduce 
its nucleophilic character such that the molecule is sensi
tive to gross oxidative effects such as radical attack, but 
insensitive toward less electrophilic systems. This is 
reasonable in view of the fact that Bartlett and Brown 
found, among their products, l,2-dichloro-l,2-diphenyl- 
acenaphthene which could arise from radical breakdown 
of the solvent chloroform.

We treated acenaphthylene with the nitrile-hydro
gen peroxide system described by Payne,6 but the 
starting material was recovered nearly quantita
tively. 1,2-Diphenylacenaphthylene was similarly 
unreactive.

Base-catalyzed elimination of HX from tran s  halo- 
hydrins offers another possible route to epoxides. Even 
though the halohydrin formed by addition of hypohalite 
to acenaphthylene could not assume a tran s  coplanar 
arrangement, since the bridge substituents are in an 
eclipsed conformation, the possibility that HX elim
ination would proceed to give an epoxide could not be 1 2 3 4 5 6

(1) P a p e r  V I I I :  H . J . R ic h te r , R . L . D ressier, a n d  S. F . S ilver, J .  Org. 
Chem ., 30, 4078 (1965).

(2) T h is  w o rk  w as s u p p o r te d  b y  U . S. P u b lic  H e a lth  S erv ice  R esea rch  
G ra n t  C A  02997-8,9 from  th e  N a tio n a l C an c e r In s t i tu te ,  N a tio n a l I n s t i tu te s  
of H e a lth .

(3) T a k e n  from  a  p o rtio n  o f th e  d is se r ta tio n  s u b m it te d  to  th e  G ra d u a te  
Schoo l o f th e  U n iv e rs ity  of C o lo rad o  in  p a r t ia l  fu lfillm en t of th e  req u ire m e n ts  
fo r th e  P h .D . degree , 1966.

(4) G . W ittig  a n d  K . H en k e l, A n n .,  542, 130 (1939).
(5) P . D . B a r t le t t  a n d  R . F . B row n, J .  A m er. Chem . Soc., 62, 2927 (1940).
(6) G . B . P a y n e , P . H . D em ing , a n d  P . H . W illiam s, J .  Org. Chem ., 26, 

659 (1961); G . B . P a y n e , Tetrahedron, 18, 763 (1962).

excluded. The treatment of acenaphthylene with a 
solution of “hypochlorous acid” 7 resulted in no change.

The properties of acenaphthylene8 suggest that 
the double bond is not epoxidized since it is part of an 
essentially aromatic system. The 2a,3,4,5-tetrahy- 
droacenaphthylene ring system, however, resembles 
the readily epoxidized indene and thus we visualized 
a synthesis of acenaphthylene oxide through its 
tetrahydro derivative.

Only one example of a 2a,3,4,5-tetrahydroace- 
naphthene ring system is reported in the literature. 
Buchta and Maar9 described the synthesis of the
l,2-diphenyl-2a,3,4,5-tetrahydroacenaphthylene (II). 
We find that, when this compound was treated with 
benzonitrile-50% hydrogen peroxide, buffered with 
solid potassium bicarbonate, for 142 hr, 90% of the 
starting material was recovered. When II was treated 
with m-chloroperbenzoic acid, a yellowish oil was 
recovered. Chromatography of this oil gave a yel
low glass. An infrared (ir) spectrum of the glass in
dicated that the tetrahydro ring was still intact, but no 
chemical entity could be isolated.

Attention was then directed toward the synthesis of 
an unsubstituted tetrahydroacenaphthylene. Utiliz
ing a procedure similar to that of Buchta and Maar, we 
prepared 1,2,3,4-tetrahydronaphthyl-l-acetic acid (III) 
by the condensation of a-tetryl chloride and diethyl so- 
diomalonate, followed by hydrolysis and decarboxyla
tion. Ring closure was effected in high yield by briefly 
heating the acid in polyphosphoric acid. The re
sulting l-oxo-2a,3,4,5-tetrahydroacenaphthene (IV) 
was reduced with sodium borohydride to the alcohol 
V and then treated with phosphorous tribromide to form
l-bromo-2a,3,4,5-tetrahydroacenaphthene (VI). The 
bromide was found to be unstable as a marked dis
coloration appeared after 3 days at room temperature.

(7) G . H . C o lem an  a n d  H . J .  Jo h n s to n e , "O rg an 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  158.

(8) I t .  H . B oyd , R . L . C h ris te n se n , a n d  R . P u a , J .  A m er. Chem. Soc., 87, 
3554 (1965).

(9) E . B u c h ta  a n d  H . M a a r , B er., 95, 1826 (1962); E . B u c h ta  a n d  H . M aa r , 
A n n .,  674, 129 (1964).
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Base-catalyzed dehydrohalogenation in refluxing al
coholic potassium hydroxide and extraction with 
benzene yielded a residue which distilled between 94 
and 110° at 0.8-mm pressure. A vpc analysis of the 
distillate indicated four components in approximately 
equal amounts. The first two components were shown 
to be the isomeric hydrocarbons I and VII. The latter 
two components were separated as one fraction by 
preparative vpc. An elemental analysis required Cu- 
HlsO. The nmr spectrum of the mixture was very com
plex but was consistent with CuHi80  and the isomeric 
ether structures VIII and IX.

I, R=H m 
H R -C ft

KQH
C2HsOH

EtOi

+

could not be obtained owing in part to residual sulfur 
but chiefly because the material readily decomposed at 
room temperature. Both olefins I and VII were readily 
convertible into acenaphthylene by the action of
2 ,3-dichloro-5 ,6-dicyanobenzoquinone. When a mix
ture of 2a,3 ,4,5-tetrahydroacenaphthylene (I) and 
tetraphenylcyclopentadienone was strongly heated, 
an adduct was formed.

When a solution of I in chloroform was treated with 
m-chloroperbenzoic acid at room temperature, a yel
low oil was formed. Trituration with petroleum ether 
produced a white solid which was purified by chro
matography on alumina to afford white needles melting 
at 160.5-162.5°. The substance gave a positive test 
for halogen and elemental analysis required C19H17O3CI. 
Its ir spectrum exhibited hydroxyl and doublet carbonyl 
absorption. The position of the ester moiety was es
tablished by a comparison of nmr chemical shifts10 11 
observed for the benzylic proton (H“) in X I (5 5.97), 
the diol XII (4.64), benzyl benzoate (5.34),Ua and ben
zyl alcohol (4.58).ub

The similarity in the chemical shifts of H“ in both X I 
and benzyl benzoate, and again the correspondence in 
the hydrolysis products, X II and benzyl alcohol, allow

When a solution of the bromide VI was refluxed in 
pyridine, only one product could be isolated in low yield. 
An elemental analysis indicated the formula Ci2H12. 
An nmr spectrum of the compound exhibited a quintet 
at 5 5.82 (/ =  2.0 cps, 1 H) and a quartet at 3.15 (J  =
2.0 cps, 2 H). Over-all integration was consistent with 
the formula Ci2Hi2. Structure VII, 3,4-trimethylene- 
indene, provides the most reasonable interpretation 
of the observed splitting patterns and the proton inte
gration values. A pyrolytic method such as xan- 
thate pyrolysis appeared attractive.

The sodium salt of V was prepared by refluxing a solu
tion of V in ether with powdered sodium. The 
xanthate X  was prepared by the addition of carbon di
sulfide followed by methyl iodide. It was not isolated 
but decomposed directly to give a pale yellow oil which 
distilled at 59-61° at 0.18-mm pressure. The nmr 
spectrum was characteristic of compound I. Vinyl 
proton absorption occurred as an AB quartet at 8 6.57 
(J  =  5 cps), that had been split into an octet (J  = 2 
cps) by the proton at the 2a position. Over-all inte
gration of the proton absorption peaks was consistent 
with the formula Ci2Hi2. A great deal of difficulty was 
experienced in removing small amounts of sulfur from 
the distillate. The normal procedure involving 
storage over sodium wire could not be used because of 
the acidity of the hydrocarbon. When a solution of the 
xanthate decomposition product in ether was vig
orously stirred with mercury, all but trace amounts of 
sulfur were removed. Satisfactory elemental analysis

the conclusion that the ester moiety exists at position 1 
as shown in XI. The additional downfield shift in both 
XI and XII can be attributed to both ring strain and a 
shielding effect from the vicinal hydroxyl group.

Hydrolysis of the hydroxy ester X I gave colorless 
needles of tra n s- 1 ,2 -dihydroxy- 2a,3,4,5 - tetrahydro- 
acenaphthene (XII), mp 142-143.5°. A solution of 18 
mg of XII in 15 ml of carbon tetrachloride exhibited a 
single peak at 3710 cm-1. Since intramolecular hy
drogen-bonding peaks are present even in very dilute 
solutions of cis-diols the possibility of a cfs-diol is elim
inated since no intramolecular hydrogen-bonding peak 
was observed.

The intermediacy of an epoxide is confirmed since 
only a irans-diol could be isolated upon hydrolysis of 
the hydroxy ester. Since hydrolysis of esters with a 
strong base results in acyl-oxygen cleavage, the con
figuration about the carbon bearing the ester moiety is 
retained and thus the configuration of XII is trans. 
Therefore an epoxide is an intermediate in the hy- 
droxybenzoylation of 2a,3,4,5-tetrahydroacenaphthene.

Experimental Section
All melting points were taken in capillary tubes on a Thomas- 

Hoover apparatus. The ir spectra were recorded by a Beckman

(10) B ecause  of th e  la ck  of so lu b ility  of th e  c o m p o u n d s  X I  a n d  X I I  in  
so lv en ts  a m en ab le  to  n m r, no d isc re te  s p lit tin g  p a t te rn s  w ere  observed .

(11) (a) V a rian  N m r S p ec tra  C a ta lo g , V a rian  A ssocia tes, P a lo  A lto , C alif., 
no . 627; (b) no . 181.
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Model IR-5 spectrophotometer and the details are given in ref 3. 
The nmr spectra were determined on a Varian A-60 spectrometer.

l-Keto-2a,3,4,5-tetrahydroacenaphthene (IV).—l-(Diethyl- 
malonyl)-l,2,3,4-tetrahydronaphthalene12 (186.7 g) was hydro
lyzed on being refluxed with a solution of 160 g of potassium 
hydroxide in 1 1. of methanol for 1 hr. The separated solid was 
removed by filtration and the filtrate was evaporated to dryness 
in vacuo. The combined solids from above were dissolved in 1 1. 
of water and the solution was filtered and extracted with ether 
to remove unreacted ester. The aqueous layer was heated on a 
steam bath to remove dissolved ether, cooled to room tempera
ture, and acidified with 15% hydrochloric acid with vigorous 
stirring. The precipitated solid was extracted with ether and, 
upon removal of the ether in vacuo, 165 g of solid material was 
obtained.

The solid material was'not purified but was heated in an oil 
bath at 200-220° until gas evolution stopped. There was 
obtained 114 g of crude 1,2,3,4-tetrahydronaphthyl-l-acetic 
acid (III).

The acid III  was heated with stirring on a steam bath with 
780 g of polyphosphoric acid to an internal temperature of 85°. 
The dark green mixture was hydrolyzed with 2 1. of ice water, 
the separated solid was dissolved in benzene, and the aqueous 
portion was extracted four times with benzene. The combined 
benzene extracts were washed successively with water, 5% 
sodium hydroxide solution, water, 3% acetic acid solution, 10% 
sodium bicarbonate solution, and water. The benzene extracts 
were dried over anhydrous magnesium sulfate. Removal of the 
solvent in vacuo yielded 88.0 g of crude solid (91% of the theoreti
cal yield). Crystallization from ethanol-water gave white crys
tals, mp 101.5-103.5° (lit.13 mp 100-101.5°).

l-Hydroxy-2a,3,4,5-tetrahydroacenaphthene (V).—To a cooled 
solution of 88.0 g of l-keto-2a,3,4,5-tetrahydroacenaphthene in 
900 ml of 95% ethanol, 10.0 g of sodium borohydride was added 
portionwise with good stirring. The reaction mixture was 
allowed to stand overnight. The heterogeneous mixture was 
then heated to boiling, water was added to incipient cloudiness, 
and the mixture was allowed to cool to room temperature. The 
solid that separated was removed by filtration and crystallized 
from 2 1. of Skellysolve B (bp 60-70°) to give 83 g (93%) of 
white crytals, mp 97.5-98.5°. A portion was sublimed in vacuo 
at 110° and used as an analytical sample. An nmr spectrum of the 
alcohol in acetonitrile exhibited a singlet at 8 7.32, a complex 
multiplet between 7.66 and 6.82, a multiplet centered at 5.17, 
and a doublet at 3.35.

Anal. Calcd for Ci2HmO: C, 82.72; H, 8.10. Found: C, 
82.63; H, 8.00.

l-Bromo-2a,3,4,5-tetrahydroacenaphthene (VI).—To a solu
tion of 6.0 g of V in 50 ml of anhydrous ether, cooled in an ice 
bath, was added 1.23 ml of phosphorous tribromide. The mix
ture was allowed to stand for 0.5 hr. The mixture was then hy
drolyzed with ice-water, the layers were separated, and the ben
zene layer was washed successively with water, 10% sodium 
bicarbonate solution, and water. The benzene solution was 
dried over anhydrous magnesium sulfate. Removal of the solvent 
in vacuo resulted in a crude solid which was digested with 20 ml 
of Skellysolve B and filtered, yield 6.95 g (86%) of white crystals, 
mp 73-75°. Recrystallization from Skellysolve B gave white 
crystals, mp 77.5-79.5°.

Anal. Calcd for C12H13Br: C, 60.75; H, 5.53. Found: C, 
60.83; H, 5.51.

Formation of the Olefin. Method A. Treatment of 1- 
Bromo-2a,3,4,5-tetrahydroacenaphthene (VI) with Ethanolic 
Potassium Hydroxide.—Thirty grams of VI was refluxed for 3 
hr with 250 ml of a 10% ethanolic potassium hydroxide solution. 
The solution was evaporated to semidryness in vacuo and then 
diluted with 500 ml of cold water. The resulting heterogeneous 
mixture was extracted twice with benzene and the benzene ex
tracts were washed with dilute hydrochloric acid solution and 
water. The benzene extracts were dried over anhydrous mag
nesium sulfate and the benzene was removed in vacuo. The resi
due was distilled from an oil bath at 130-145°, bp 94-110° (0.64- 
0.80 mm). Vapor phase chromatography of a dilute acetone 
solution of the distillate on an SE-30 column at 133° and a flow 
rate of 30 ml/min showed the distillate to be composed of four

(12) M . P ro tiv a , J . O. J ilek , Z. J .  V ejdelek , a n d  P . F in g lo v a , Chem . L is ty , 
47 , 584 (1953).

(13) W . S. Jo h n so n  a n d  H . J .  G lenn , J .  A m er. Chem. Soc., 71, 1087 (1949).

components with retentions of 4.09, 5.07, 10.9, and 12.9 in. 
(chart speed, 1 in./min). The first two components were identi
fied as the 1,7- and 3,4-trimethylenindene by comparison of the 
nmr spectra and vpc retention times of independently prepared 
samples. The latter two components were separated as one 
fraction and were composed of the isomeric l-ethoxy-2a, 3,4,5- 
tetrahydroacenaphthenes (VIII and IX). An nmr spectrum of 
the mixture of ethers was quite complex. I t  showed aromatic 
absorptions centered at 8 6.50, a quartet at 4.78 (J = 3.7 cps), 
a doublet at 4.50 (J = 5 cps), a quintet at 3.45 (J — 7 cps), and 
a complex pattern of peaks between 2.7 and 0.9. Integration of 
the proton absorption peaks was consistent with CuHigO.

Anal. Calcd for ChH isO: C, 83.12; H, 8.97. Found: C, 
82.87; H, 8.63.

Method B. Treatment of l-Bromo-2a,3,4,5-tetrahydroace- 
naphthene (VI) with Pyridine.—A solution of 11.9 g of VI in
100 ml of pyridine was refluxed for 20 hr. Three-fourths of the 
pyridine was removed in vacuo and the remaining pyridine solu
tion was poured into 250 ml of cold water and extracted twice 
with 125-ml portions of benzene. The benzene extracts were 
washed three times with 200 ml of water, twice with 10% acetic 
acid solution, and twice with 200 ml of water. The benzene 
solution was dried over anhydrous magnesium sulfate and the 
solvent was removed in vacuo. The dark oil remaining was dis
tilled at 62-63° and 0.2-mm pressure (oil bath at 90-95°), to 
give 1.53 g (20%) of 1,7-trimethylenindene, a white semisolid, 
as the only product. The nmr spectrum showed aromatic ab
sorptions centered at 5 6.99 (3 H), a quintet at 5.82 (1H , /  = 2 
cps), a quartet at 3.15 (2 H, J  =  2 cps), a multiplet at 2.60 
(4 H), and a multiplet centered at 1.80 (2 H).

Anal. Calcd for C12H i2: C, 92.26; H, 7.74. Found: C, 
92.18; H, 7.82.

Method C. Xanthate Pyrolysis.—All apparatus was dried in 
an oven overnight at 110°. In a 500-ml, three-necked Morton 
flask with a Herschberg stirrer, a dropping funnel, and a 
reflux condenser (protected with calcium chloride drying tubes) 
was placed a solution of 13.0 g of l-hydroxy-2a,3,4,5-tetrahydro- 
acenaphthene in 200 ml of anhydrous ether. To this solution 
1.75 g of powdered sodium was added and the mixture was stirred 
vigorously at room temperature for 42 hr. Carbon disulfide 
(5.0 ml) was then added portionwise and the yellow solution 
(containing a small amount of unreacted sodium) was stirred 
at room temperature for 3 hr. Methyl iodide (9.8 ml) was then 
added and the reaction mixture was allowed to stir overnight. 
More methyl iodide (4 ml) was then added and stirring was con
tinued for 1 hr. The insoluble material was filtered off and washed 
well with ether and the ether was removed by distillation from 
a steam bath. The residue from the ether solution was placed 
in 50-ml flask equipped with a Dean-Stark trap and reflux 
condenser and heated on a steam bath at a pressure of 0.30 mm 
for 2 hr until no gas was evolved as judged by an external bubbler. 
The residue distilled at 59-61° at 0.18 mm to give 7.45 g (64%) 
of a pale yellow oil.

An nmr spectrum exhibited an AB quartet centered at 5
6.57 ( /  = 5 cps) that had been split into an octet ( /  = 2 cps). 
Integration of the proton absorption peaks was consistent with 
Cl2H12.

An unsatisfactory elemental analysis was obtained and believed 
to be due to the presence of trace amounts of sulfur and to the 
instability of the product.

The olefins obtained by methods B and C were dehydrogenated 
with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ). Thus, a 
solution of 0.5 g of 2a,3,4,5-tetrahydroacenaphthylene prepared 
by method A dissolved in 25 ml of anhydrous benzene was re- 
fluzed for 0.5 hr with 0.8 g of DDQ after which an additional
1.2 g of DDQ was added and refluxing was continued for 2 hr. 
The dark green solution was cooled to room temperature, diluted 
(50 ml of Skellysolve B), and filtered. The filtrate was chromato
graphed on alumina. Elution with Skellysolve B and removal of 
the solvent in vacuo gave 0.25 g of acenaphthylene, mp 90-91° 
after two crystallizations from ethanol-water. There was no 
depression of a mixture melting point with an authentic sample.

1,7-Trimethylenindene, obtained by treating l-bromo-2a,3,-
4,5-tetrahydroacenaphthene with pyridine (method B), was also 
dehydrogenated with DDQ to give acenaphthylene.

Tetracyclone Adduct of 2a,3,4,5-Tetrahydroacenaphthalene.— 
Tetraphenylcyclopentadienone (0.5 g) and 0.5 g of 2a,3,4,5- 
tetrahydroacenaphthylene contained in a test tube were heated 
with a microburner to an internal temperature of 300°. The 
reddish mass was cooled, treated with a small amount of ethanol,
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and filtered. The solid was crystallized from ethanol-water to 
give the adduct as pale yellow microcrystals, mp 125-129°.

Anal. Calcd for C40H32: C, 93.70; H, 6.29. Found: C, 
93.96; H, 5.88.

irans-l-(2-Hydroxy-2a,3,4,5-tetrahydroacenaphthyl) m-Chloro- 
benzoate (XI).—To a cooled solution of 4.25 g of 2a,3,4,5- 
tetrahydroacenaphthylene in 100 ml of chloroform, 5.66 g of 
83% m-chloroperbenzoic acid was added in portions with good 
stirring. The mixture was allowed to stir a t room temperature 
for 6 hr. At that time 97% of the peracid had been consumed as 
determined by iodometric titration. The reaction mixture was 
filtered and the chloroform solution was washed with water. 
The solution was dried over anhydrous magnesium sulfate and 
the solvent was removed in vacuo to give a light yellow oil. The 
oil solidified when rubbed with a glass rod in the presence of 
approximately 15 ml of Skellysolve B to give 1.73 g of a white 
solid. The crude solid was chromatographed on alumina (Merck, 
no. 71707). Elution with 250 ml of benzene gave a yellowish 
oil, which was not characterized. Elution with 750 ml of ethyl 
acetate followed by crystallization from benzene-Skellysolve B 
gave l-(2-hydroxy-2a,3,4,5-tetrahydroacenaphthyl) m-chloro- 
benzoate as white needles, mp 160.5-162.5°. The substance gave 
a positive Beilstein test for halogen and a positive test with 
ferric hydroxamate for ester. An nmr spectrum of an acetone 
solution exhibited a singlet at S 5.97 and a doublet at 4.13 
(«7 =  5 cps).

Anal. Calcd for ChH170 3C1: C, 69.40; H, 5.21; Cl, 10.78. 
Found: C, 69.53; H, 5.30; Cl, 10.26.

irans-l,2-Dihydroxy-2a,3,4,5-tetrahydroacenaphthene (XII).— 
l-(2-Hydroxy-2a,3,4,5-tetrahydroacenaphthyl)m-chIorobenzoate 
(2.62 g) was refluxed with 100 ml of 3 N  sodium hydroxide for 
3 hr. The heterogeneous mixture was cooled, filtered, and diluted 
with 1 1. of cold water. The aqueous solution was extracted five 
times with 200-ml portions of ether. Removal of the ether in 
vacuo gave 0.76 g of ¿rans-l,2-dihydroxy-2a,3,4,5-tetrahydro- 
acenaphthene, mp 142-143.5° after crystallization from benzene. 
A sample in carbon tetrachloride (18 mg/15 ml) exhibited a 
single peak in the infrared at 3710 cm-1. An nmr spectrum of 
the material in acetonitrile showed a singlet at 5 7.55, aromatic 
absorption peaks centered about 7.06, a singlet a t 4.64, and a 
doublet at 4.28 (J  =  4 cps).

Anal. Calcd for C12H 14O2: C, 75.76; H, 7.42. Found: C, 
75.62; H, 7.44.

Registry No.—I, 16897-56-6; V, 16897-57-7; VI, 
16897-58-8; VIII, 16897-59-9; IX, 16897-60-2; 1,7-tri- 
methylenindene, 16897-56-6; tetracyclone adduct of 
2a,3,4,5-tetrahydroacenaphthalene, 16897-62-4; XI, 
16897-63-5; XII, 16897-64-6.

O rganolithium  Com pounds and Acetylenes. IV .1 Sequence of A ddition-M etalation  
in the Reaction of O rganolithium  Com pounds w ith Diphenylacetylene

J. E. M u l v a n e y  a n d  L. J. C a r r 2 

Department of Chemistry, The University of Arizona, Tucson, Arizona 85721 

Received March 6, 1968

Products from the reaction of n-butyllithium and/or lithium metal with o-bromodiphenylacetylene (2) and 
l-bromo-l,2-diphenyl-l-hexene (3) have been identified. The results lead to the conclusion that n-butyllithium 
reacts with diphenylacetylene by addition followed by metalation. In the course of the work the stereochemis
try  of the isomeric 2,3-diphenyI-2-heptenoie acids has been determined by stereoselective decarboxylation to the 
corresponding a-n-butylstilbenes.

In previous papers1 reactions of organolithium com
pounds and acetylenes have been described. The reac
tion of diphenylacetylene (DPA) with an excess of 
primary organolithium compounds yields deuterolysis 
or carbonation products arising very largely from the 
dilithiated intermediate la. Only very small 
amounts of lb and lc were present in the reaction mix-

ture.3 Furthermore, although the stereochemistry 
of la was proven, the carbonation product of lb was not 
obtained in sufficient purity or quantity to allow a 
stereochemical assignment.

To determine whether addition to DPA precedes 
and/or promotes metalation or vice versa, and to deter

(1) R esea rc h  s u p p o r te d  b y  A F O S R (S R C )-O A R , U .S .A .F . G ra n t  N o  
720-65 a n d  720-67.

(2) N A S A  P re d o c to ra l Fellow , 1964-1966.
(3) J . E . M u lv an e y , Z. G . G a rd lu n d , S. L . G a rd lu n d , a n d  D . J .  N ew to n , 

J .  A m er. Chem ., Soc., 88 , 476 (1966).

mine the stereochemistry of lb, o-bromodiphenyl
acetylene (2) and l-bromo-l,2-diphenyl-l-hexene (3)

O-0-^
Br

2

n-Bu

\= C B r P h

Ph

3

were synthesized, and reactions of these compounds 
with n-butyllithium and/or lithium metal were ex
amined.

Results

o-Bromodiphenylacetylene was synthesized by a 
different procedure from that reported in the literature. 
The method used in this work is shown briefly.

1. PC1, t
2 . C ,H6 a ic i3

LPCIj 

2. NaOi-Bu 
i-BuOH

2
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Because a number of vinylic bromides have been syn
thesized, although in low yields, by treating 1,1-dibromo 
compounds with a mixture of triphenylphosphine, po
tassium i-butoxide, and a ketone,4 we treated valero- 
phenone with benzal bromide-triphenylphosphine 
and potassium f-butoxide in an attempt to obtain 3 
directly. However, only starting materials were re
covered. The synthesis of 3 was accomplished starting 
with valerophenone and proceeding as shown in 
Scheme I.

a,/3-Unsaturated carboxylic acids are said to de- 
Carboxylate with retention of configuration to the cor
responding olefins when treated with copper chromite in 
refluxing quinoline.6 Isomer 6a was decarboxylated 
Under these conditions to give a quantitative yield of a 
mixture consisting of 85% cis-a-re-butylstilbene and 
15% tra n s-a-n-butyistilbene. Under the same con
ditions isomer 6b gave a quantitative yield of only trans- 
a-n-butylstilbene (Scheme II).

Scheme I
O n-Bu
Il N a N H î \

ra-Bu—C—Ph +  P h d h C N ------->- C=C(PH)CN
/

Ph
4, cis-trans mixture

n-Bu
5 5 %  H ,S O , \

4 ------------ C=C(PH)CONH2
H O A o /

Ph
5, cis-trans mixture

n-Bu
n -B u O N O  \ ,

5 ---------->  C=C (Ph)C 02H
HCl /

Ph
' 6, cis-trans mixture

'-Tiu
\

'C =C (PH )C 02-Na-t

Ph

re-B u
B t ,  \

— C=C( PH) Br  
H 20  /

Ph
3, cis-trans mixture

Compounds 4, 5, 6 and 3 were all shown to be c i s -  
tra n s  mixtures by a number of criteria, particularly the 
nmr spectra which in the region r 7-8 showed two dis
tinct multiplets for the allylic protons. Pure stereo
isomers (see below) gave only one multiplet for the 
allylic protons.

To learn the stereochemistry of lb it was desirable to 
isolate and distinguish between the cis  and trans forms 
of 6. One pure geometrical isomer of 6, mp 157° (6a), 
was obtained when the c is - tra n s  mixture was treated 
with thionyl chloride to yield 55% of 2-phenyl-3-n- 
butylindone (7) and 43% of a crystalline sharp melting

6
cis-trans
m ixture

SOCI2 ¡n «-Bu

Ph

n-Bu CO,H

O
7

w
\ h

6a, mp 157°

compound 6a which showed only one a lly lic  proton mul
tiplet in its nmr spectrum and was assigned the cis  struc
ture (see below). The other stereoisomer 6b, mp 127°, 
was obtained by the treatment of 3 with n-butyllithium 
as described in succeeding paragraphs.

(4) J .  W  o lin sk y  a n d  K . L . E ric k so n , J .  Org. Chem ., SO, 2208 (1965).

n-Bu

Ph
6a

Scheme II
co2h

CuCr20<

\
Ph

quinoline
240°

n-Bu H

/ C =C \
Ph Ph

n-Bu Ph 
\  /

-f C =C  
/  \

Ph H
8 5% 15%

oII CuCr20 4
n-Bu Ph

Xc = c /
. /  \

Ph CO,H
quinoline 

240° Ph
/  \

H
6a 100%

It may be concluded that 6a is cis-2,3-diphenyl-2- 
heptenoic acid and that 6b is the tran s  isomer.

It is worth noting in passing that 6b is converted to 
indone 7 in 75% yield with thionyl chloride as would be 
expected, but 6a is also converted to 7 under the same 
conditions albeit in 25% yield. The point is that ring 
closure of a cinnamic acid derivative with thionyl chlo
ride to an indone does not necessarily allow one to desig
nate the stereochemistry of the cinnamic acid.6

Reactions of 2 and 3 with n-butyllithium in diethyl 
ether at room temperature for 22 hr produced the re
sults indicated in Scheme III.

It should also be pointed out that treatment of 1.0 
mol of 3 with 2.2 g-atoms of lithium in diethyl ether re
sulted in the formation of a 7 7 %  yield of the tran s  acid 
6b.

Discussion

From Chart I and from ref 3 it is apparent that the 
reaction of n-butylithium with o-bromodiphenylacety- 
lene (2) produces the o-lithiated intermediate lc in at 
least 90% yield and that this intermediate, in fact, 
reacts with n-butyllithium more slowly than does DPA 
itself. (The 4% yield of tra n s-a-n-butylstilbene ob
tained when a 3.5:1 molar ratio of RLi to 2 was used 
may have arisen by addition followed by metalation.) 
In contrast treatment of 3 (Scheme I I I )  with n -b u ty l 
lith iu m  followed by carbonation indicates in the first 
example that approximately 20% of the product is 
dilithiated and that, within the limits of detection, all of 
the product is d ili th ia te d  a t  th e  3 .5 :1  ra tio  o f  R L i to  
acetylene (3).

(5) D . Y . C u r tin  a n d  E . E . H a rr is , J . A m er. Chem . S o c 73 , 2716 (1951), 
a n d  re fe rences  c i te d  th e re in .

(6) (a) See also  J .  A. K am p m eie r a n d  R . M . F a u l t ie r ,  ib id ., 88, 1959 
(1966); (b) J .  E . M u lv an e y , L , J .  C a rr, Z. G . G a rd lu n d , a n d  S. L , G ard lu n d , 
in  p re p a ra tio n .
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The course of reaction of primary organolithium com
pounds with DPA must proceed very largely then by 
addition followed by metalation. It may be pointed 
out that when 3 is treated with an excess of lithium 
metal only monolithiated product is obtained. Ap
parently the vinyl carbanion derived from 3 is not suf
ficiently basic to remove an o-hydrogen of a phenyl ring, 
but w-butyllithium can.

12.0 mol of re-BuLi 
2. D20  ~ ^

1.3.5 mol ofn-BuLi 

2. H/)

S c h e m e  I I I

C ^ C — Ph 

D
93$,0.91 D per molecule

Ph— C = C — Ph +

87$

ra-Bu Ph

W
Ph7  XH

4$

1 2.0(3.5)roo1 of n-BuLi
2. C02

n-Bu Ph
\  /
/C = C ^  +

Ph co2h
6b, 53$ (nil)

6$ (31$) 5$ (30$)

A possible explanation as to why the addition product 
is metalated to form a dicarbamon-like intermediate is 
discussed in the preceding paper in this series.1

A few other observations seem pertinent. The addi
tion of n-butylithium to the acetylenic bond of DPA is 
irreversible inasmuch as no DPA was obtained from re
action of 3 with w-butyllithium or lithium metal.

The trans stereochemistry of the products does not 
necessarily reflect the initial mode of addition across the 
triple bond. Treatment of 3, which from its nmr spec
trum is a 70:30 mixture of geometrical isomers, with Li 
metal or n-butyllithium gives after carbonation or hy
drolysis only the fians-stilbenyl derivatives. This 
indicates that the m-stilbenyllithium intermediate iso- 
merizes to the trans, a result in accord with the work of 
Curtin and Koehl concerning the parent stilbenyl- 
lithium itself .7a It has been shown that carbonation of 
vinylic lithium compounds proceeds with retention of 
configuration.715

Experimental Section
Melting points were determined on a Fisher-Johns apparatus 

and are uncorrected. Nuclear magnetic resonance spectra were 
determined on a Varian Model A-60 spectrometer (at 60 MHz) 
using tetramethylsilane as an internal standard; ultraviolet 
spectra were determined in 95% ethanol on a Cary 11 recording 
spectrometer. A Beckman IR-4 spectrometer was used to de
termine infrared spectra; a polystyrene film was used to calibrate 
the instrument.

Microanalyses were performed by the Micro-Tech Laboratories, 
Skokie, 111., and by C. F. Geiger, Ontario, Calif. Deuterium

(7 ) (a) D . Y . C u r tin  a n d  W . J . K oeh l, J .  A m er. Chem . Soc., 84, 1967 (1962);
(b) D . S e y fe r th  a n d  L . G . V aughn , ib id ., 86, 883 (1964).

analyses were made by Mr. J . Nemeth, Urbana, 111., using the 
falling drop method. Vapor phase chromatography was 
carried out on a F & M Model 609 flame ionization instrument. 
For analytical glpc determinations, correction factors for weight 
ratio-area ratio data were determined with standards containing 
the same compounds as in the unknown mixture.

Ligroin (bp 30-60°) was purified by stirring overnight with 
95% sulfuric acid, washing with distilled water, drying over 
magnesium sulfate, and refluxing for 24 hr over sodium prior 
to final distillation.

re-Butyllithium was synthesized in the usual manner7 8 8 9 10 11 12 13 and its 
concentration determined by the double titration method.9 All 
organolithium reactions were run under a helium atmosphere in 
a flame-dried apparatus protected by drying tubes.

a-(o-Bromophenyl)acetophenone was prepared according to a 
procedure used in the synthesis of a-(p-nitrophenyl)acetophe- 
none.10 A stirred solution containing phosphorus trichloride 
(65.0 ml) and o-bromophenylacetic acid11 (116.5 g, 0.542 mol) 
was heated at 90° for 2 hr, followed by addition of 150 ml of 
thiophene-free benzene. The solution was decanted from the 
yellow phosphorus acid and added slowly to anhydrous aluminum 
chloride (95.2 g, 0.712 mol) in 250 ml of benzene. After refluxing 
for 2.5 hr, the solution was poured into a 4-1. beaker containing 
2 kg of ice and 350 ml of 12 M  hydrochloric acid.

The benzene solution was separated and extracted with 200 ml 
of 10% sodium hydroxide. After drying over anhydrous sodium 
sulfate, benzene was removed under reduced pressure. There 
remained 158.3 g of yellow oil which solidified on standing. Re
crystallization from 95% ethanol yielded 129.0 g (86.5%) of 
colorless needles: mp 69.5-70.0°; nmr (10% in CDC13), t  1.83-
2.00 (2, multiplet), 2.19-3.06 (7, multiplet), 5.56 (2, singlet); 
v Z Z  1695 cm“1.

Anal. Galcd for C„HuOBr: C, 61.11; H, 4.03; Br, 29.04. 
Found: C, 61.32; H, 4.04; Br, 28.92.

a-(o-Bromophenyl)acetophenone forms a 2,4-dinitrophenyl- 
hydrazone derivative having mp 202.5-203.0° after two re
crystallizations from 95% ethanol-benzene.

o-Bromodiphenylacetylene (2).—<*- (o-Bromophenyl )acetophe- 
none (129.0 g, 0.472 mol) and phosphorus pentachloride (107.0 
g, 0.600 mol) were mixed and ground into a fine powder. After 
heating at 75-80° for 0.5 hr, the mixture liquefied with rapid 
evolution of hydrogen chloride. The yellow melt was stirred 
for an additional 2 hr at 85°. Distillation yielded 120.3 g of 
light yellow oil, bp 167-171° (1.6 mm). This oil was added 
immediately to a rapidly stirred solution of 313 g (3.26 mol) of 
sodium f-butoxide in 1800 ml of ¿-butyl alcohol and refluxed for 
17 hr. The resulting orange solution was diluted with 4 1. of 
water and extracted with two 250-ml portions of diethyl ether. 
After drying over anhydrous sodium sulfate, solvent was re
moved under reduced pressure. There remained 87.8 g of red 
oil. Distillation gave 75.3 g (62.1%) of pale yellow o-bromo- 
diphenylacetylene, bp 129-130° (0.40 mm) [lit.12 bp 155-160° 
(0.70 mm)], ?i 26-6d  1.6684.

2,3-Diphenyl-2-heptenenitrile (4).—2,3-Diphenyl-2-hepteneni- 
trile was prepared by the procedure used in the synthesis of 2,3- 
diphenyl-2-pentenenitrile.13 To a stirred suspension of 39.0 g 
(1.00 mol) of commercial sodamide in 500 ml of xylene was added 
one-fifth of a total of 117 g (1.00 mol) of commercial phenyl- 
acetonitrile. The mixture was heated to reflux, and the remainder 
of the phenylacetonitrile was added as rapidly as the exothermic 
reaction permitted. To this a-sodiophenylacetonitrile, an 
insoluble green sludge, 162.0 g (1.00 mol) of commercial valero- 
phenone was added rapidly. The mixture turned deep red and 
pasty. After refluxing for 4 hr, the solution was cooled to room 
temperature. Glacial acetic acid (60 ml) in 200 ml of water was 
added slowly and the mixture stirred for 2 hr. Diethyl ether 
(600 ml) and 50 ml of 12 M  hydrochloric acid in 150 ml of water 
were added and the layers separated. After drying the organic 
layer over anhydrous sodium sulfate, the solvents and starting 
materials were removed by heating to 100° under reduced pressure

(8) R . G . Jo n es  a n d  H . G ilm an , Org. Reactions, 6 , 352 (1951).
(9) H . G ilm an  a n d  A. H . H au b e in , J .  A m er. Chem. Soc., 86 , 1515 

(1944).
(10) E . J . C o rey  a n d  J . P . S chaefer, ib id ., 82, 918 (1960).
(11) H . G ilm an  a n d  O. L . M arrs , J .  Org. Chem ., 30, 325 (1965), a n d  refer

ences c ite d  th e re in .
(12) R . L . L e ts in g er, T . J . S averiede , a n d  J .  R . N azy , ib id ., 26, 1273 

(1961).
(13) K . R o rig , J .  A m er. Chem . Soc., 7 3 , 1290 (1951).



(0.50 mm). The remaining dark semisolid was added to 300 ml 
of rapidly stirred pentane a t 0° and filtered; the crude solid 
phenylacetamide (15 g) was discarded.

Distillation of the pentane solubles gave 163 g (62.5%) of a 
pale yellow mixture of cis- and ¿raras-2,3-diphenyl-2-heptenenitrile
(4) : bp 152-159° (0.70 mm); v£«cl3 2225 cm"1; nmr (10% in 
CCU), r  2.55 and 2.89 (10), 7.07 (1.3, triplet), 7.42 (0.7, triplet), 
8.40-8.83 (4, multiplet) and 9.09 (3, triplet, /  =  5 cps).

Anal. Calcd for C19H 19 N: C, 87.33; H, 7.33; N, 5.36. 
Found; C, 87.61; H, 7.03; N, 5.33.

In 15 ml of pentane was dissolved 2.0 g of this mixture of cis- 
and trans-2,3-diphenyl-2-heptenenitrile. After cooling at —18° 
for 1 week, filtration gave 1.59 g of white solid, mp 34-37°. 
The nitrile had mp 50.5-51.0° after three recrystallizations from 
pentane at —18°. This solid is presumed to be trans-2,3-di- 
phenyl-2-heptenenitrile: nmr (10% in CC14), r  2.89 (10, singlet),
7.07 (2, triplet, J  = 8 cps), 8.40-8.83 (4, multiplet), and 9.09 
(3, triplet, J  = 5 cps).

2.3- Diphenyl-2-heptenamide (5).—A mixture of cis- and trans-
2,3-diphenyl-2-heptenenitrile (50.0 g, 0.192 mol), 250 ml of 
55% sulfuric acid, and 700 ml of glacial acetic acid were stirred 
at 100° for 40 hr. The reaction mixture was cooled to 20°; 
diluted with 2 1. of water, and filtered. The tan solid was tri
turated in 150 ml of warm 10% sodium hydroxide; this process 
was repeated until the basic filtrate was colorless. The tan solid 
was washed with water and dried in a vacuum oven to give 62.3% 
of a crude mixture of cis- and ¿ra?is-2,3-diphenyl-2-heptenamide
(5) . After two recrystallizations from acetonitrile, the white 
powdery amide had mp 135-136°; r™cli 3550, 3400, and 1685 
cm^1; nmr (5% in CDC1„), t 2.30 and 2.60 (10), 7.12 (1.6, 
triplet, J  = 8 cps), 7.56 (0.4, triplet, J  = 7 cps), 8.37-8.89 
(4, multiplet) and 9.12 (3, triplet, J  = 7 cps).

Anal. Calcd for Ci9H2iNO: C, 81.68; H, 7.58; N, 5.01. 
Found: C, 81.49; H, 7.68; N, 4.88.

2.3- Diphenyl-2-heptenoic Acid (6a, b).—The following pro
cedure was based on a method reported by Sperber, Papa, and 
Schwenk for the synthesis of tri-n-butylaeetic acid.14 15 Anhydrous 
hydrogen chloride was bubbled slowly for 30 min into a stirred 
solution of 27.9 g (0.1000 mol) of 2,3-diphenyl-2-heptenamide in 
265 ml of dioxane. Freshly distilled n-butylnitrite16 (28.3 g, 
0.275 mol) was added dropwise over a period of 2 hr. After the 
addition of n-butylnitrite was completed, the deep red solution 
was stirred at room temperature for 17 hr and then on a steam bath 
for an additional 3 hr. The solvent was removed under reduced 
pressure, and the residual oil was dissolved in 100 ml of diethyl 
ether. The ether solution was extracted with three 50-ml por
tions of 2% sodium hydroxide. The combined basic extracts 
were acidified wih 6 N  hydrochloric acid and extracted with di
ethyl ether. After drying over anhydrous sodium sulfate, the 
ether was removed under reduced pressure, leaving 16.1 g of 
crude 2,3-diphenyl-2-heptenoic acid (6a, b).

The crude neutral material, predominantly n-butyl 2,3-di- 
phenyl-2-heptenoate, was hydrolyzed by refluxing for 4 hr in a 
solution containing 10 ml of 50% aqueous sodium hydroxide and 
40 ml of absolute alcohol. Acidification gave 9.60 g of crude 
6a, b.

The acidic fractions (25.7 g) were combined, triturated in 50 
ml of cold pentane (0°), and filtered to give 20.40 g (73.0%) of a 
mixture of cis- and ira?is-2,3-diphenyl-2-heptenoic acid (6a, b): 
mp 115-118° after two recrystallizations from hexane (the two 
isomers were not separable by fractional recrystallization from 
hexane); r™” 3 1695 cm-1; nmr (10% in CCfi), r  2.68 and 2.98 
(10, doublet and singlet), 7.22 (1.1, triplet, J  =  8 cps), 7.69 
(0.9, triplet, J  = 7 cps), 8.41-9.33 (7, multiplet).

Anal. Calcd for Ci9H20O2: C, 81.40; H, 7.19; neut equiv, 
280. Found: C, 81.31; H, 7.24; neut equiv, 279.

Refluxing a solution of commercial valerophenone (16.2 g, 
0.10 mol), phenylmalonic acid (36.0 g, 0.20 mol), piperidine 
(17.0 g, 0.20 mol), and pyridine (125 ml) under nitrogen for 24 
hr yielded no 2,3-diphenyl-2-heptenoic acid.

The reaction of 2,3-diphenyl-2-heptenoic acid with thionyl 
chloride was run according to the method of Koelsh.16 A mixture 
of cis- and traras-2,3-diphenyl-2-heptenoic acid (2.0 g, 7.1 X
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(14) N . S perber, D . P a p a , a n d  E . S chw enk , J .  A m er. Chem . Soc., 70, 3091 
(1948).

(15) W . A. N oyés, “ O rgan ic  S y n th èse s ,”  C oll. V ol. I I ,  J o h n  W iley  a n d  
Sons, In c . ,  N ew  Y o rk , N . Y ., 1943, p  108.

(16) C . F . K oelsh , J .  A m er. Chem . Soc., 54, 2487 (1932).

10 ~z mol) was dissolved in 20 ml of anhydrous carbon tetra
chloride. Thionyl chloride (1.28 ml, 1.78 X 10~2 mol) was added 
in one portion and the mixture refluxed for 6 hr. The yellow 
reaction mixture was allowed to cool to room temperature and 
poured into a solution of 10 ml of concentrated hydrochloric 
acid in 125 ml of water. The stirred mixture was boiled on a 
steam bath for 1 hr and then cooled to 15°. Diethyl ether was 
added and the layers were separated. The ether solution was 
extracted with two 50-ml portions of 2% aqueous sodium hy
droxide. The neutral solution was dried and solvent was re
moved under reduced pressure to yield 1.03 g (55.3%) of red 
2-phenyl-3-n-butylindone (7). After two recrystallizations from 
ethyl acetate-95 % ethanol, the 2,4-dinitrophenylhydrazone 
derivative of the indone had mp 178.0-179.0° (lit.3mp 176-178°). 
An infrared spectrum of the indone was identical with that of 
an authentic sample.3

The combined basic extracts were acidified with 10% hydro
chloric acid and extracted with diethyl ether. Evaporation of 
the dried ether solution yielded 0.69 g (42.5%) of a solid acid, 
mp 154-155°. After two recrystallizations from hexane, the acid 
had mp 7157.0-157.5°; r“ 013 1695 c m '1; W  254 mM (e 8950) 
223 (12,700); nmr (10% in CDCla), r  2.53 (1),0, singlet 7.00, 
(2, triplet, /  = 8 cps), 8.34-8.83 (4, multiplet), and 9.12 (3, 
triplet, J  = 6 cps). This isomer of 2,3-diphenyl-2-heptenoic 
acid has been assigned the cis configuration (see Results).

Anal. Calcd for Ci9H20O2: C, 81.40; H, 7.19; neut equiv, 
280. Found: C, 81.20; H, 7.28; neut equiv, 279.

Treatment of cfs-2,3-diphenyl-2-heptenoic acid with thionyl 
chloride under the above reaction conditions yielded 2-phenyl-3- 
ra-butylindone in 25% yield.

Preparation of l-Bromo-l,2-diphenyl-l-hexene (3).—The 
procedure used is similar to the one reported by Price and Berman 
for the preparation of cis- and ¿rans-a-bromostilbenes from the 
corresponding isomeric a-phenylcinnamic acids.17 A mixture of 
cis- and Ira»s-2,3-diphenyl-2-heptenoic acid (16.10 g, 0.0575 
mol) was dissolved in a solution of 2.36 g (0.0625 mol) of sodium 
hydroxide in 90 ml of water. Bromine (10.0 g, 0.0625 mol) was 
added dropwise to the rapidly stirring solution at 58-60°. The 
yellow heterogeneous solution was stirred for 1 hr at 60° before 
cooling to room temperature and extracting with diethyl ether. 
The ether solution was extracted twice with 50-ml portions of 
2% sodium hydroxide and dried over anhydrous sodium sulfate. 
After removal of the ether under reduced pressure, the remaining 
viscous yellow oil (20.37 g) was distilled to give 14.30 g (79.1%) 
of a mixture of straw-yellow cis- and irans-l-bromo-l,2-diphenyl-
1- hexene (3): bp 142-144° (0.80 mm); m27-°d 1.5888; nmr (10% 
in CCU), r  2.63-2.95 (10), 7.19 (1.4, triplet, J  = 7 cps), 7.78 
(0.6, triplet, J  = 6 cps), 8.33-8.89 (4, multiplet), and 9.05 (3, 
triplet, J  = 6 cps).

Anal. Calcd for CI8H19Br: C, 68.57; H, 6.03. Found: C, 
68.18; H, 5.98.

Both 2raras-2,3-diphenyl-2-heptenoic acid and cis-2,3-diphenyl-
2- heptenoic acid, when treated with bromine under the above 
conditions, gave an inseparable mixture of the isomeric bromides.

The following procedure was attempted in order to prepare 
the desired bromide (3) directly from valerophenone. To a 
stirred solution of triphenylphosphine (30.0 g, 0.111 mol), 
potassium i-butoxide (30.6 g, 0.111 mol) and 250 ml of heptane 
at 0° were added over a period of 30 min to freshly distilled com
mercial benzal bromide (27.7 g, 0.111 mol) in 200 ml of heptane. 
The resulting yellow suspension was concentrated to ca. 100 ml 
under reduced pressure. Valerophenone (16.2 g, 0.100 mol) in 
100 ml of heptane was added and the mixture heated at 50° for 
3 hr. Distillation under reduced pressure gave 15.8 g of valero- 
phencne (97.8% recovered).

n-Butyllithium and 1-Bromo-1,2-diphenyl-1-hexene (3). 1.
Reaction with re-Butyllithium (2 Mol).—To a stirred solution of 
a freshly distilled mixture of cis- and irans-l-bromo-l,2-diphenyl- 
1-hexene (6.30 g, 0.020 mol) in 8 ml of anhydrous diethyl ether 
at —78° was added rapidly 0.020 mol of n-butyllithium in 14 
ml of diethyl ether. The solution was stirred for 15 min a t —78° 
before an additional 0.020 mol of n-butyllithium in 14 ml of 
diethyl ether was added. The yellow solution was allowed to 
warm to room temperature and stirred for 22 hr. The solution, 
which contained a small amount of yellow precipitate, was 
cooled to —50° and decanted onto a large excess of powdered 
Dry Ice. After standing for 9 hr, the product was acidified with

Or g a n o lith iu m  C om pounds and  A c e t y l e n e s  3289

(17; C . C . P r ice  a n d  J .  D . B erm an , ib id ., 79, 5474 (1957).
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10% hydrochloric acid and the organic layer separated. The 
ether solution was extracted with two 50-ml portions of 2% 
sodium hydroxide. The combined basic extracts were acidified 
with hydrochloric acid and extracted with several portions of 
ether. After drying over sodium sulfate, the ether was removed 
under reduced pressure leaving 4.07 g of yellow solid. Trituration 
with cold (0°) pentane removed 0.74 g of valeric acid. The 
remaining 3.33 g of white solid, mp 120-121°, was added to 250 
ml of boiling hexane. After stirring for 15 min, the hot hexane 
solution was filtered to yield 0.27 g (5.7%) of insoluble trans-2- 
phenyl-3-(o-carboxyphenyl)-2-heptenoic acid, mp 170-175°. 
Two recrystallizations from acetonitrile afforded white needles, 
mp 177.5-178.5° (lit.3 mp 176-177°). A mixture melting point 
with an authentic sample showed no depression, and the infrared 
spectra were identical.

The hexane filtrate was concentrated to give 2.96 g (52.9%) of 
¿raras-2,3-diphenyl-2-heptenoic acid (6b), mp 123-124°. TVo 
recrystallizations from hexane produced a pure product: mp
126.5-127.0°; r™c,a 1695 and 1625 cm“1; Xmal 242 mM U 11,000); 
nmr (10% in CDC13), r  2.41 and 2.50 (10), 6.37 (2, triplet, J  — 8 
cps), 8.60-9.09 (4, multiplet) and 9.30 (3, triplet, /  = 7 cps).

Anal. Calcd for CiSH i9COOH: C, 81.40; H, 7.19; neut
equiv, 280. Found: C, 81.08; H, 7.19; neut equiv, 276.

2-Phenyl-3-n-butylindone (7) was prepared in 80% yield by 
refluxing for 6 hr a solution containing 0.50 g (1.78 X 10“3 mol) 
of fmns-2,3-diphenyl-2-heptenoic acid, 0.32 ml (4.45 X 10-3 
mol) of thionyl chloride, and 5.0 ml of anhydrous carbon tetra
chloride.

The neutral layer from the carbonation reaction of 3 with 
n-butyllithium was dried over sodium sulfate. Removal of the 
ether under reduced pressure left 2.61 g of red oil. The crude 
neutral oil produced a solid 2,4-dinitrophenylhydrazone deriva
tive which had mp 176-178° after one recrystallization from 
ethyl acetate-95 % ethanol. A mixture melting point with the
2,4-dinitrophenylhydrazone derivative of 2-phenyl-3-ra-butyl- 
indone showed no depression.

2. Reaction with n-Butyllithium (3.5 Mol).—To a stirred 
solution of 0.070 mol of n-butyllithium in 39 ml of diethyl ether 
at —10° was added dropwise 6.03 g (0.020 mol) of a mixture of 
cis- and tra«s-l-bromo-l,2-diphenyl-l-hexene in 6 ml of anhydrous 
diethyl ether. After allowing the solution to warm to room 
temperature, an exothermic reaction occurred, followed by the 
precipitation of a yellow solid. The solution was stirred for 22 
hr at room temperature, then cooled to —78° and decanted onto 
a large excess of powdered Dry Ice. After standing overnight, 
250 ml of 5% hydrochloric acid and 200 ml of ether were added 
to the orange carbonation mixture; the mixture was stirred to 
dissolve the solids. The ether layer was separated and extracted 
with two 100-ml portions of 5% sodium hydroxide. The com
bined basic extracts were acidified with 6 N  hydrochloric acid 
and extracted with two 50-ml portions of ether. After drying 
over sodium sulfate, the ether was removed under reduced 
pressure, leaving 3.94 g of yellow semisolid. Trituration with 
5 ml of cold (0°) pentane removed 1.92 g of valeric acid. There 
remained 2.02 g (31.2%) of solid frares-2-phenyl-3-(o-carboxy- 
phenyl)-2-heptenoic acid, mp 170-171°. After two recrystalliza
tions from acetonitrile, the acid had mp 178.5-179.5° (lit.3 
mp 176-177°). A mixture melting point with an authentic 
sample showed no depression.

The neutral ether solution was dried and the ether removed 
under reduced pressure. There remained 4.01 g of orange red 
oil. Distillation yielded 30.5% of 2-phenyI-3-re-butylindone, 
bp 170-180° (0.30 mm) [lit.3 bp 170° (0.30 mm)]. The indone 
formed a 2,4-dinitrophenylhydrazone derivative, mp 177-178° 
after one recrystallization from ethyl acetate-95% ethanol. 
A mixture melting point with an authentic sample showed no 
depression.

Decarboxylation of trans-2,3-Diphenyl-2-heptenoic Acid (6b).—
iraras-2,3-Diphenyl-2-heptenoic acid (0.50 g, 1.8 X 10~3 mol) 
was added to a suspension of 0.075 g of copper chromite in 1.0 
ml of quinoline. The black mixture was heated at 240° for 10 
min. After the addition of diethyl ether and filtration extraction 
with acid and base there remained 0.42 g (100%) of a dark neu
tral oil. Vapor phase chromatography (5-ft GE-SE-30; 190°) 
and nuclear magnetic resonance spectroscopy indicated that this 
oil was irans-a-n-butylstilbene:3 nmr (10% in CC14), r  2.69 
(10), 3.36 (1), 7.33 (2), 8.41-8.91 (4), and 9.19 (3).

Decarboxylation of m-2,3-Diphenyl-2-heptenoic Acid (6a).— 
cfs-2,3-Diphenyl-2-heptenoic acid (0.50 g) was decarboxylated 
under the same conditions described above for trans-2,3-di-

phenyl-2-heptenoic acid. A dark oil (0.42 g) was obtained which 
contained 85% a's-a-n-butylstilbene3 and 15% iraras-a-n-butyl- 
stilbene as shown by vapor phase chromatography and nuclear 
magnetic resonance spectroscopy: nmr (10% in CCh), r  2.78 
and 3.02 (10), 3.36 (0.15), 3.61 (0.85), 7.53 (2), 8.64 (4), and 
9.11(3).

Lithium Metal and l-Bromo-l,2-diphenyl-l-hexene (3).—To a 
suspension of small freshly cut lithium metal pieces (0.29 g ,  
0.0418 mol) in 10 ml of anhydrous diethyl ether under helium, 
there was added dropwise over a period of 15 min a mixture of 
cis- and irtms-l-bromo-l,2-diphenyl-l-hexene (6.0 g, 0.019 mol) 
in 5 ml of diethyl ether. Occasional external cooling (ice bath) 
was necessary to maintain the reaction temperature at 31-33°. 
After stirring at room temperature for 23 hr, the black solution 
was cooled to —30° and decanted onto a large excess of powdered 
Dry Ice.

After standing overnight, 100 ml of 6 N  hydrochloric acid and 
50 ml of diethyl ether were added. The ether layer was separated 
and extracted with two 30-mi portions of 2% sodium hydroxide. 
The combined basic extracts were acidified and extracted with 
diethyl ether. The ethereal solution was separated, dried, and 
the solvent removed under reduced pressure. There remained
4.10 g (77.0%) of frans-2,3-diphenyl-2-heptenoic acid, mp 124- 
125°.

n-Butyllithium and o-Bromodiphenylacetylene (2). 1. Re
action with n-Butyllithium (2 Mol). A. Termination of Re
action by Deuteriolysis.—To a stirred solution of o-bromodi- 
phenylacetylene (2.86 g, 0.015 mol) in 8 ml of anhydrous diethyl 
ether at —20° was added 0.0150 mol of re-butyllithium in 10.5 ml 
of diethyl ether. After stirring at —20° for 15 min, the yellow 
solution was warmed to 0°. An additional 0.0150 mol of n- 
butyllithium was added, and the mixture was allowed to warm 
to room temperature. After stirring for 22 hr the mixture was 
cooled to 0° and 5 ml of deuterium oxide was added slowly. 
The solution was stirred at room temperature for 2 hr, followed 
by the addition of 20 ml of water. The ether layer was separated, 
dried, and concentrated to yield 2.91 g of yellow oil, which solidi
fied on standing. Two recrystallizations from 95% ethanol gave 
white needles of deuterated diphenylacetylene in 93% yield, 
mp 58.5-59.0°.

Anal. Calcd for ChH9D: D, 10.0 atom %. Found: D,
9.10 atom %.

Glpc indicated no irans-a-n-butylstilbene.
B. Termination of Reaction by Carbonation.—To a solution 

of o-bromodiphenylacetylene (10.3 g, 0.040 mol) in 15 ml of 
anhydrous diethyl ether at —78° was added 0.040 mol of n- 
butyllithium in 28 ml of diethyl ether. After stirring at —78° 
for 15 min, the solution was warmed to room temperature. An 
additional 0.040 mol of n-butyllithium in 28 ml of diethyl ether 
was added, and the yellow reaction mixture stirred for 22 hr. 
After cooling to —78°, the reaction mixture was decanted onto a 
large excess of powdered Dry Ice and let stand overnight. The 
product was acidified with 10% hydrochloric acid and the ether 
layer separated. The ethereal solution was extracted with two 
100-ml portions of 2% aqueous sodium hydroxide. The combined 
basic extracts were acidified and extracted with ether. After 
drying over sodium sulfate, the ether was removed under re
duced pressure, leaving 4.64 g (52.3%) of crude o-carboxydi- 
phenylacetylene, mp 127-129°. Two recrystallizations from 
heptane afforded pure product: mp 128.0-129.0° (lit.18 mp
126° from acetic acid-heptane).

The neutral ether solution from the basic extractions was dried 
and the ether removed under reduced pressure. There remained 
4.60 g of a dark red oil. Elution chromatography gave 46% by 
weight of diphenylacetylene (over-all yield, 30%). Vapor phase 
chromatography of the crude neutral product gave four peaks 
corresponding to n-butyl bromide, re-octane, diphenylacetylene, 
and o-bromodiphenylacetylene.

2. Reaction with n-Butyllithium (3.5 Mol).—To a stirred 
ethereal solution of 22.5 ml of 1.96 M  (0.0441 mol) of re-butyl- 
lithium at —20° was added rapidly 3.23 g (0.0126 mol) of 0- 
bromodiphenylacetylene in 5 ml of anhydrous diethyl ether. 
A yellow precipitate formed after 1 min of stirring. The solution 
was stirred for an additional 15 min at —20° and then allowed 
to warm to room temperature. After stirring for 22 hr, the yellow 
mixture was cooled to —40°, and 20 ml of water was added

(18) R . L . L e tsinger, E . N . O ffedahl, a n d  J .  R . N azy , J . A m er. Chem . Soc., 
87, 742 (1965).
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slowly. The ether solution was separated, dried, and concen
trated to yield 2.57 g of yellow oil. Heating the oil to 100° 
under reduced pressure (35 mm) removed 0.80 g of n-butyl bro
mide. The residual oil, which solidified on standing, was dis
solved in 5 ml of pentane and cooled to —18° for 3 hr. Filtration 
gave white needles of diphenylacetylene (61.5%), mp 57- 
58°.

Vapor phase chromatography (2-ft GE-SE-30; 190°) showed 
that the crude product contained by weight 59% diphenyl
acetylene, 3.3% of trans-a-re-butylstilbene, 1.2% starting ma
terial, 28.4% n-butyl bromide, 5.3% w-octane, and 3.4% n-butyl 
alcohol. This corresponds to an over-all yield of 89.3% diphenyl

acetylene, 3.8% trans-a-n-butylstUbene, and 1.2% o-bromodi- 
phenylacetylene.

Registry No.—Diphenylacetylene, 501-65-5; cis  3, 
16897-91-9; trans 3 , 16915-88-1; cis  4 , 16897-92-0; trans  
4 , 16915-89-2; cis 5 , 16897-93-1; tran s  5, 16897-94-2; 6a, 
16897-95-3; 6b, 16897-96-4; a -(o-bromophenyl)aceto
phenone, 16897-97-5; 2,4-dinitrophenylhydrazone of 
a-(o-bromophenyl)acetophenone, 16915-90-5; deuter- 
ated diphenylacetylene, 16897-98-6.
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2,2,6,6,7,7-HexamethyI-l,5-dioxadispiro[2.0.2.1]heptane (3) has been prepared by epoxidation of its dimethyl- 
enecyclopropane precursor 2. Thermolysis of the diepoxide gives two ketones, 2,2,5,5,6,6-hexamethyl-4-oxo- 
1-oxaspirohexane (5) and a compound tentatively assigned as 3,5,5-trimethyl-2-(l-hydroxy-l-methylethyl)cyclo- 
pent-2-enone (6). Acid-catalyzed rearrangement yields 2,2,4,4,5,5-hexamethylcyelopentane-l,3-dione (14) and
3,3,4,4,5,5-hexamethylcyclopentane-l,2-dione (15), probably by way of 5 as an intermediate. The rearrange
ment of 3 with diethylamide produces 2,5-dimethyl-4-isopropylidene-5-hydroxyhex-2-en-3-one (17). The 
mechanistic details of these transformations are discussed.

We have recently reported on the preparation and 
some of the reactions of the interesting oxaspiropentane 
derivative l.2 Reaction of the precursor dimethyl- 
enecyclopropane 2 with an excess of peracetic acid 
leads, as expected, to the diepoxidation product, 
2,2,6,6,7,7 -hexamethyl-1,5-di oxadispir o [2.0.2.1 ] heptane
(3 ), in good yield. The present paper is concerned with 
some of the properties of diepoxide 3.

The assignment of the a n ti structure 3 as opposed to 
sy n  structure 4 is based on a 100-MHz spectrum of the 
homogeneous epoxidation product which shows three 
equivalent sharp methyl peaks rather than the four 
types of methyls expected for 4. The predominance 
of epoxide 3 can probably be attributed to unfavorable 
dipole-dipole interactions in the transitions state 
leading to the sy n  diepoxide.3

Pyrolysis of 3 in a vacuum pyrolysis system at 400° 
gave two maj or compounds. The predominant product 
(75%) was identified as 2,2,5,5,6,6-hexamethyl-4-oxo-
1-oxaspirohexane (5), and the minor product (13%) is 
tentatively assigned as 3,5,5-trimethyl-2-(l-hydroxy-
1-methylethyl) cyclopent-2-enone (6).

5 6 7
(1) (a) S u p p o rte d  b y  R e sea rc h  G ra n t  G P -6610  from  th e  N a tio n a l S cience 

F o u n d a tio n , (b) N a tio n a l I n s t i tu te s  o f H e a l th  P re d o c to ra l F ellow  1 966 - 
1968.

(2) J .  K . C ran d a ll a n d  D . R . P au lso n , J . Org. Chem ., 33, 991 (1968).
(3) See, fo r exam ple, N . S. C rossley , A. C . D a rb y , H . B . H e n b e s t, J .  J . 

M cC u llo u g h , B . N icho lls , a n d  M . F . S te w a r t ,  Tetrahedron L ett., 398 (1961), 
a n d  re fe re n ces  c i te d  th e re in .

Compound 5 displays a strong band at 5.63 y  in
dicative of a cyclobutanone carbonyl,4 and its 100-MHz 
nmr spectrum shows six different methyl groups. 
Confrmation of structure 5 was effected by alternate 
preparation from the m-chloroperbenzoic acid epox
idation of ketone 7.2

The structure of compound 6 is assigned on the basis 
of its spectroscopic properties. The infrared spectrum 
of 6 displays carbonyl absorption (5.95 p ), a conjugated 
double bond (6.13 p ), and an alcohol group (2.92 p). 
These data, along with ultraviolet absorption at 232 
m p , are in agreement with other examples of 2-cy- 
clopentenones.6 The nmr spectrum of 6 shows a 
two-proton quartet (J  =  1.0 Hz) at r 7.68 and a three- 
proton triplet (J  =  1.0 Hz) at 7.83. The chemical 
shift of the olefinic methyl is as expected for a methyl 
8  to the carbonyl group.6 Possible alternate structures 
8, 9 , and 10 are therefore not compatible with the 
observed coupling patterns and chemical shifts.7 The 
remainder of the spectrum shows six-proton singlets

(4) R . T . C on ley , “ In f ra re d  S pec tro sco p y , ’ A llyn  a n d  B acon , In c ., B oston , 
M ass ., 1966, p  141.

(6) A. I .  S c o tt ,  “ In te rp re ta t io n  o f th e  U ltra v io le t  S p e c tra  o f N a tu ra l  
P ro d u c ts ,”  T h e  M acm illan  C o ., N ew  Y o rk , N . Y ., 1966, p  66.

(6) T h e  m e th y l re so n an ce  of 3 -m e th y lc y c lo p en t-2 -en o n e  a p p e a rs  a t  r  7.9.
(7) T h e  m e th y l g ro u p  in  th e  2 p o s itio n  of i  a p p e a rs  a t  r  8 .30  w hile  th e  

m e th y l g ro u p  in  th e  2 p o s itio n  of ii a p p e a rs  a t  r  8 .28 : W . E . D oering , M . R . 
W ilco tt, a n d  M . Jo n es , J .  A m er. C hem . Soc., 84, 1224 (1962).
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at 8.65 [C(CH3)2OH] and 8.97 [C(CH3)2CO] in addition 
to a hydroxyl proton.

The pyrolytic rearrangement of diepoxide 3 can be 
described as shown in Chart I. This transformation is

C h a r t  I

11 12

| a  l

3

•O
13

initiated by bond breakage in the more strained cy
clopropyl ring which is followed by rearrangement of 
the epoxy radical moiety of 11 to a-keto radical 12.8 
Radical coupling then gives epoxy ketone 5 directly. 
Subsequent rearrangement of 12 could give 13 which is 
probably the precursor of cyclopentenone 6.9

Acid-catalyzed reaction of 3 in acetic acid containing 
sulfuric acid generated two new compounds in a 1:2  
ratio. The minor component was identified as 2,2,4,4,-
5,5-hexamethylcyclopentane-l,3-dione (14) by its char
acteristic spectral properties.10 11 The major material, 
an orange crystalline solid, is assigned as 3,3,4,4,5,5- 
hexamethylcyclopentane-l,2-dione (15). The nmr 
spectrum of 15 displays singlets at r 9.05 and 8.86 in 
the ratio of 1:2, and the infrared spectrum shows a 
strong carbonyl at 5.72 ¡j, with a characteristic overtone 
at 2.91 m- Finally the ultraviolet spectrum displays 
weak absorption at 516 and 493 m/x. Taken together, 
these data clearly support the nonenolizable a-diketone 
structure 1 5 .11 When epoxy ketone 5 was subjected 
to the conditions used in the acid-catalyzed rear
rangement of 3, compounds 14 and 15 were again 
obtained in a 1:2  ratio.

The acid-catalyzed transformations are visualized 
(Chart II) as involving protonation at one of the 
oxygen atoms, followed by bond heterolysis and pref
erential pinacolic migration to give 5. Epoxy ketone 
5, which was not isolated from this reaction but which 
gave the same products under the reaction conditions, 
is most probably an intermediate species. Thus, 
protonation at the epoxy group and ring opening gives 
intermediate 16. Pinacolic rearrangement of 16 by 
migration of bond a leads to 15 while acyl migration 
(bond b) leads to 1 4 .12

The final aspect of the chemistry of 3 to be examined 
was its base-promoted transformation. Thus treat
ment of 3 with an ethereal solution of lithium dieth
ylamide resulted in the formation of a mixture of two

(8) T . J . W a llac e  a n d  R . J .  G r it te r ,  Tetrahedron, 19, 657 (1963).
(9) P re c e d e n t fo r  th e  12 —► 13 convers ion  ca n  b e  fo u n d  in  E . C . S a b a tin o  

a n d  R . J .  G r it te r ,  J .  Org. Chem ., 28, 3437 (1963). A  s ix -ce n te r in tram o lecu la r  
h y d ro g en  a b s tra c tio n  fo llow ed b y  rin g -c lo su re  com p le tes  th e  p a th w a y  to  6.

(10) H . V. H o s te tt le r ,  Tetrahedron L ett., 1941 (1965).
(11) N . J .  L e o n a rd  a n d  P . M . M ad e r, J .  A m er. Chem. Soc., 72, 5388 (1950); 

R . S. R asm u ssen , D . D . T unn ic liff, a n d  R . R . B ra t ta in , ib id ., 71, 1068 (1949).
(12) R e a rra n g e m e n ts  of th is  ty p e  h a v e  b ee n  w ell s tu d ie d . See fo r ex

a m p le : H . O. H o u se  a n d  R . L . W asson , ib id ., 79, 1488 (1957).

C h a r t  II

compounds. The relative ratio of these two products 
could be greatly varied by changing the reaction 
conditions. Treatment of this crude mixture with 
potassium hydroxide solution resulted in the formation 
of 2,5-dimethyl-4-isopropylidene-5-hydroxyhex-2-en-3- 
one (17) in good yield. The infrared spectrum of 17 
shows hydroxyl absorption and a conjugated carbonyl 
at 6.04 u- The nmr displays a six-proton singlet at 
r 8.66 for the dimethylmethylol group, olefinic methyl 
singlets at 8.52 and 8.08, and an additional methyl on a 
double bond at 8.16 coupled weakly to the individual 
terminal methylene protons (4.20, 4.09), in addition to 
the hydroxyl proton. The ultraviolet spectrum displays 
a maximum at 218 m^.13 It was readily shown that 
17 is one of the two products present in the diethylamide 
reaction product. When 3 was treated with lithium 
diethylamide containing an excess of diethylamine, the 
other compound noted above was obtained as the 
major product. This material is tentatively assigned as 
1 - (N, N - diethylamino) -2,5-dimethyl - 4 - isopropylidene-
5-hydroxyhexan-3-one (18) on the basis of its spectral 
properties (see Experimental Section) and its conver
sion into 17 by aqueous base.

Attempted hydrogenation of 17 in methanol at 
atmospheric pressure was unsuccessful, but proceeded 
smoothly in methanolic hydroxide solution to give
2,5-dimethyl-4-isopropylidene-5-h ydroxyhexa n-3-one
(19) in high yield. Treatment of 18 under the same 
conditions also gave 19 in high yield. The nmr spec
trum (see Experimental Section) demonstrates that 
the isopropenyl group of 17 has been selectively satu-

OH
19 20

rated, while the infrared spectrum provides visible sup
port for retention of the hydroxyl and conjugated car
bonyl groups. Acid dehydration of keto alcohol 19 
gave the known ketone 202 in almost quantitative 
yield, thereby providing solid confirmation of the 
above assignments.

The lithium diethylamide catalyzed rearrangement 
of 3 is interpreted as being initiated by ¡3 elimination14 
and subsequent ring opening as shown in Chart III.

(13) O th e r  exam ples of h ig h ly  s u b s t i tu te d  c o n ju g a te d  sy stem s  w ith  
an o m a lo u s ly  low  w av e len g th  m ax im a a re  k n o w n . See, fo r  exam p le , W . F . 
F o rb es , R . S h ilto n , a n d  A. B a la su b ra m a n ia n , J .  Org. C hem ., 29 , 3527 (1964); 
R . C riegee, U . Z irngib l, H . F u rre r , D . S eebach , a n d  G . F re u n d , Chem. Ber., 
97 , 2942 (1964).

(14) J .  K . C ra n d a ll a n d  L . H . C han g , J .  Org. C hem ., 32 , 435 (1967).
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18 17

Amino compound 18 is postulated as arising via  
Michael-type addition of diethylamine to the initial 
product 17.

An interesting rearrangement occurs upon treatment 
of 17 with acid. A clean transformation product was 
isolated in 87% yield and identified as 2,4,4-tri- 
methyl-5-isopropylidene-2-cyclopentenone (21). Again 
infrared bands at 5.92 and 6.16 fx are indicative of the 
cyclopentenone moiety.6 This structure is supported 
by its nmr spectrum which shows a six-proton singlet 
at 8.72, a three-proton doublet (J  =  1.5 Hz) at 8.28, 
three-proton singlets at 8.04 and 7.74, and a one-proton 
quartet (J  =  1.5 Hz) at 3.39.6 Confirmation of the 
five-membered ring structure proposed for the acid- 
catalyzed dehydration product 21 was secured by 
exhaustive hydrogenation. Three products were ob
tained from this treatment, two of which were collected 
as a mixture and shown to have a 5.77-y carbonyl band 
as expected for a mixture of the epimeric saturated 
cyclopentanones 22.4 The remaining product is ap
parently the half-hydrogenated ketone 23 as determined 
from its spectroscopic properties (see Experimental 
Section). A possible formulation for this cyclization 
involves ionization of the hydroxyl group and cy
clization of the resultant cation at the terminal 
methylene carbon.

Experim enta l S e c t io n

General.—Infrared spectra were obtained with Perkin-Elmer 
Model 137 and 137 -G infracord spectrophotometers and unless 
otherwise specified were taken in carbon tetrachloride solution. 
Nuclear magnetic resonance (nmr) spectra were obtained on 
Varian Associates A-60 and HR-100 spectrometers in carbon 
tetrachloride solution. Chemical drifts are given as r  values. 
Mass spectra were obtained with an AEI MS-9 mass spectrom
eter at 70 eV; ultraviolet spectra (uv) were taken on a Cary 14 
spectrophotometer. Gas chromatography (glpc) was performed 
on Aerograph Model 600, Model 1200 (analytical, hydrogen 
flame detector), and A700 (preparative). Chromatographs and 
percentage composition data were estimated by peak areas 
(uncorrected). Melting points were determined in sealed capil
lary tubes. Anhydrous magnesium -sulfate was used for all 
drying operations. Microanalyses were performed by Midwest 
Microlabs Inc., Indianapolis, Ind.

2,2,6,6,7,7-Hexamethyl-1,5-dioxadispiro [2.0.2.1] heptane (3).
To an ice-cold, mechanically stirred mixture of 1.80 g of 2 and

16.8 g of powdered, anhydrous sodium carbonate in 50 ml of 
methylene chloride was added dropwise 7.12 g of 40% peracetic

acid which had been pretreated with a small amount of anhydrous 
sodium acetate. The mixture was stirred until the methylene 
chloride solution gave a negative test with moist starch-iodide 
paper. The solid salts were removed by suction filtration and 
washed well with additional solvent. The methylene chloride 
was removed from the filtrate by flash evaporation to give 2.17 g 
(95%) of 3 shown by glpc to contain only one significant com
ponent. Glpc collection gave pure 3: ir (neat), 10.7 and 11.4 
M’,is 100-MHz nmr, r  8.86 (s, 6), 8.68 (s, 6) and 8.59 (s, 6). A 
precise mass spectrometric determination on the molecular ion of 
3 gave m/e 182.1305 (calcd for CuHi80 2: 182.1307). Repeated 
attempts to obtain a satisfactory combustion analysis were un
successful.

Pyrolysis of 3.—A 100-mg sample of 3 was pyrolyzed in a flow 
system at 400° (0.25 mm)2 to give 86 mg (86%) of a crude oil. 
Glpc analysis of this product showed two major compounds as 75 
and 13% of the volatile material. No other component ac
counted for more than 2% of the mixture.

The major material was 2,2,4,4,5,5-hexamethyl-6-oxo-l- 
oxaspiro[2.3]hexane (5): ir, 5.63 (cyclobutanone)4, 11.0, and
11.3 m (epoxide);15 100-MHz nmr, r  8.94 (s, 3), 8.89 (broad s, 6),
8.80 (s, 3), 8.65 (s, 3), and 8.59 (s, 3); uv max (hexane), 214 mg 
(« 865) and 336 (32).

Anal. Calcd for CuH180 2: C, 72.49; H, 9.95. Found: 
C, 72.50; H, 10.02.

The minor product is assigned as 3,5,5-trimethyl-2-(l-hydroxy- 
l-methylethyl)cyclopent-2-enone (6): ir, 2.93, 5.92 and 6.14 g; 
nmr, r  8.97 (s, 6), 8.63 (s, 6), 7.83 (t, 3, /  = 1 Hz), 7.68 (q, 2,
/  =  1 Hz), and 5.59 (s, 1); uv max (hexane), 232 m/x (e 8750).

Acid-Catalyzed Rearrangement of 3.—To a solution of 1.5 g of 
3 in 25 ml of glacial acetic acid was added a solution of 25 drops 
of concentrated sulfuric acid in 10 ml of glacial acetic acid. The 
resulting mixture was stirred at room temperature for 3 hr, 
poured into 100 ml of water, and extracted with five 25-ml por
tions of pentane. The pentane extracts were washed with two 
25-ml portions of saturated sodium bicarbonate solution and 
dried. The solvent was removed by flash evaporation to give
1.3 g of crude product. Two compounds were isolated by glpc 
as 66 and 33% of the volatile reaction product.

The minor product is identified as 2,2.4,4,5,5-hexamethylcyclo- 
pentane-l,3-dione (14): ir, 5.80, 7.9, and 9.4 /*; nmr, r  8.96 
(s, 12) and 8.85 (s, 6); uv max (hexane), 215 mg (e 227) and 290
(27). These data agree in detail with those reported by Hostet- 
tler.10

The major product, an orange crystalline solid of mp 105-110°, 
is identified as 3,3,4,4,5,5-hexamethyleyclopentane-l,2-dione 
(IS): ir, 2.91 (weak) and 5.75 ix; nmr, r  9.05 (s, 6) and 8.86 
(s, 12); uv max (hexane), 516 mm (e 25.5) and 493 (28.6).

Anal. Calcd for CnHi80 2: C, 72.49; H, 9.95. Found:
C, 72.66; H, 10.04.

Acid-Catalyzed Rearrangement of 5.—A 45-mg sample of 5 
was stirred with 15 ml of glacial acetic acid containing four drops 
of concentrated sulfuric acid for 4 hr, the mixture was poured into 
water and extracted with several portions of pentane. After 
drying the combined extracts, the solvent was removed to give a 
crude oil which was shown by glpc analysis to contain two com
ponents in the ratio of 1:2. Glpc isolation demonstrated that 
these were 14 and 15, respectively.

2,2,4,4,5,5-Hexamethyl-6-oxo-l-oxaspiro[2,3]hexane(5).—-To 
a solution of 100 mg of 72 in 10 ml of methylene chloride was 
added 0.19 g of m-ehloroperbenzoic acid and the resulting solu
tion was refluxed for 6 days. The reaction mixture was washed 
■with 10 ml of saturated sodium bicarbonate solution and dried. 
The methylene chloride was removed by flash evaporation to give 
80 mg of crude 5. Collection by glpc gave the major com
ponent (90%) which was identical with the material obtained 
from the pyrolysis of 3.

Rearrangement of 3 by Lithium Diethylamide.—To a predried 
flask, cooled to 0°, and under a nitrogen atmosphere, was added 
75 ml of anhydrous ether, 1.50 g of anhydrous diethylamine, 
and 12.2 ml of 1.6 N  n-butyllithium solution in hexane. After 
stirring for 15 min, the ice bath was removed, 1.00 g of 3 was 
added, and the reaction mixture was heated to reflux for 12 hr. 
After pouring into 100 ml of water, the layers were separated 
and the aqueous layer was washed with three 50-ml portions of 
ether. The combined ethereal portions were washed with 100 ml 
of saturated sodium chloride solution and dried. The solvent 
was removed to give 0.95 g of a crude oil. Glpc analysis showed

(15) R efe ren ce  4, p  130.
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one major product as over 80% of the volatile reaction mixture, 
and nmr analysis of the crude material showed essentially the 
same spectrum as glpc-collected product. This was identified 
as 2,5-dimethyl-4-isopropylidene-5-hydroxyhex-2-en-3-one (17): 
uv max (hexane), 218 m,u (e 6900), 262 (390), and 340 (11); 
ir, 2.84 (OH), 6.04 (conjugated carbonyl) and 10.6 n; nmr, r  
8.66 (s, 6), 8.52 (s, 3), 8.16 (m, 3), 8.08 (s, 3), 4.20 (m, 1), and
4.09 (m, 1).

Anal. Calcd for CuHiaOj: C, 72.49; H, 9.95. Found: C, 
72.25; H, 9.98.

When the above reaction was conducted at room temperature 
for 30 min or for 24 hr at reflux with an excess of diethylamine, 
a mixture of 17 and a new substance possessing a diethylamino 
function was obtained. This material was purified by extraction 
from ethereal solution with 1% hydrochloric acid solution fol
lowed by careful neutralization with saturated sodium bicar
bonate solution to give a 60% yield of l-(N,N-diethylamino)-
2,5-dimethyl-4-isopropylidene-5-hydroxyhexan-3-one (18), the 
Michael addition product of diethylamine and 17. Compound 18 
displays the following spectral data: ir, 3.0, 5.92, 7.95, 8.4, 9.3, 
and 10.7 m; 100 MHz nmr, r  8.98 (d, 6, /  = 6.1 Hz), 8.98 
(t, 6, J  -  6.6 Hz), 8.60 (s, 3), 8.51 (s, 3), 8.43 (s, 3), 8.24 (s, 3),
7.46 (apparent overlapping quartets, 4), 7.09 (m, 2), and 7.80 
(m, 1). Examination of the nmr spectrum of the crude reaction 
product showed about a 6:1 ratio of 18 and 17.

Stirring 100 mg of 18 in 25 ml of 20% potassium hydroxide 
solution for 2 hr followed by extraction with ether gave 45 mg 
(62%) of 17.

Catalytic Hydrogenation of 17.—A solution of 0.30 g of 17 in
50 ml of 20% potassium hydroxide in methanol was hydro
genated at atmospheric pressure using 5% palladium-on-charcoal 
as catalyst. Exhaustive hydrogenation resulted in the uptake of 
1 equiv of hydrogen. The resulting mixture was filtered to re
move the catalyst, and the filtrate was poured into 100 ml of 
water and extracted several times with 25-ml portions of ether. 
The ethereal extracts were combined and dried, and the ether was 
removed to give 0.29 g (97%) of keto alcohol 19 which was further 
purified by glpc: ir, 2.95 (OH), 5.95 (conjugated carbonyl), and
6.10 n (conjugated C = C ); 100 MHz nmr, r  8.95 (d, 6, J  = 6.9 
Hz), 8.55 (s, 6), 8.48 (s, 3), 8.21 (s, 3), 7.46 (s, 1), and 7.28 
(septet, 1 , J  6.9 Hz).

Anal. Calcd for CuH20O2: C, 71.70; H, 10.94. Found: 
C.71.46; H, 10.95.

Catalytic Hydrogenation of 18.—Catalytic hydrogenation of
3.0 g of 18 in the same manner as the hydrogenation of 19 gave 
14 in 85% yield.

Dehydration of 2,5-Dimethyl-4-isopropylidene-5-hydroxyhex- 
an-3-one (19).—An 0.29-g sample of 19 was stirred in 25 ml of 
glacial acetic acid containing ten drops of concentrated sulfuric 
acid for 30 min. The reaction mixture was poured into 50 ml of 
water and extracted with three 25-ml portions of pentane. The 
combined pentane extracts were washed with 50 ml of saturated 
sodium bicarbonate solution and dried, and the pentane was 
removed to give 0.24 g of crude 20 which was purified by glpc 
and shown to be identical with an authentic sample.2

Acid-Catalyzed Rearrangement of 17.—The reaction was 
carried out on an 0.180-g sample in essentially the same manner 
as the acid-catalyzed rearrangement of 3. The crude product 
(0.140 g) was shown by glpc to be 94% one compound. Glpc 
purification gave 2,4,4-trimethyl-5-isopropylidenecyclopent-2- 
enone (21): ir, 5.92 and 6.16 nmr, t  8.72 (s, 6), 8.28 (d, 3, 
J  =  1.5 Hz), 8.04 (s, 3), 7.74 (s, 3) and 3.39 (s, 1 , J  =  1.5 Hz).

Anal. Calcd for CuHiaO: C, 80.44; H, 9.82. Found: 
C, 80.36; H, 9.88.

Catalytic Hydrogenation of 21.—A solution of 140 mg of 21
in 50 ml of methanol was exhaustively hydrogenated a t atmo
spheric pressure using 5% palladium-on-charcoal as catalyst. 
The reaction mixture was filtered to remove the catalyst, and 
the filtrate was poured into 100 ml of water and extracted several 
times with 50-ml portions of pentane. The pentane extracts 
were combined and dried, and the pentane was removed to give 
120 mg of crude product. Glpc analysis showed three compounds 
as 63, 18, and 19% of the volatile reaction product. The 19% 
product was isolated by glpc collection and the other two prod
ucts were collected together since they could not be effectively 
separated by preparation glpc.

The 19% product is tentatively assigned as 2,4,4-trimethyl-5- 
isopropylidenecyclopentanone (23) on the basis of the following 
spectroscopic evidence: ir, 5.85 and 6.16 p; nmr, r  8.98 (d, 3, 
J  = 6.5 Hz), 8.77 (s, 3), 8.69 (s, 3), 8.09 (s, 3), and 7.82 (s, 3). 
The methylene and methine protons are obscured by the olefinic 
methyl resonances.

The other two products are assigned as the cis and trans isomers 
of 2,4,4-trimethyl-5-isopropylcyclopentanone (22): ir, 5.77 p 
(strong, cyclopentanone).4 The 100-MHz nmr spectrum of this 
mixture was very complicated in the methyl region as expected 
for a mixture of the two isomers of 18.

Registry No.—3, 16980-16-8; 5, 16980-17-9; 6, 
16980-18-0; 15, 16980-19-1; 17, 16980-20-4; 18, 16980-
21-5; 19, 16980-22-6; 21, 16980-23-7; 23, 16980-24-8.
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Steroidal ketones having a tertiary a-hydrogen react at —25° with oxygen and a trialkyl phosphite ' th 
presence of a strong base to yield the corresponding a-ketols. The method is especially useful for the i m , ”e 
tion of a 17«-hydroxyl group into 20-keto steroids, yields of 65% being obtained in many cases Th 6 ,rocluc'  
limitations of the reaction are discussed. ’ e SC0Pe and

The preparation of 17a-hydroperoxypregnan-20-ones 
and their reduction to the corresponding 17a-hydroxy 
compounds has been reported by Barton and co
workers.2 The introduction of the 17a-hydroperoxy 
function was accomplished by treatment of the preg- 
nan-20-one with oxygen in the presence of ¿-alkoxide 
in the corresponding i-allcyl alcohol, and, after isolation, 
the hydroperoxide was reduced to the alcohol, zinc 
dust in acetic acid being the preferred reagent.

(1 ) A u th o r  to  w h o m  c o rre sp o n d e n c e  s h o u ld  b e  a d d re s s e d  a t  H o ffm an n -L a  
R o c h e  In c . ,  N u t le y ,  N . J .  07110.

(2) E .  J .  B a i le y , D . H . R . B a r to n ,  J .  E lk s , a n d  J .  F , T e m p le to n , J .  C hem . 
S o c .t 1578  (19 6 2 ).

Some years ago we employed this procedure to 
introduce a 17a-hydroxyl into compound 1 and obtained 
2 in only 22% yield.3 We encountered two diffi
culties in the conversion. Preparation of the hydro
peroxide at ambient temperature, as advocated in the 
original procedure, gave yields of less than 50% on a 
0.5-g scale, and on a 50 to 100 g scale none of the 
desired product could be isolated. Secondly, the 
yield of 2 (46%) on zinc dust reduction of the hydro
peroxide was disappointing, and the product always 
contained traces of an impurity that was hard to

(3) J .  N . G ard n er, F . E . C arlon , C . H . R ob in son , a n d  E . P . O liveto, 
Stero ids, 7, 234 (1966).
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1, R = H; R ' = Ac;
R "  = CH3

2, R = OH; R ' =  H;
R "  = CH3

5, R = H; R ' = Ac;__ JJ
6, R = OH; R ' = H;

R "  = H

3, R = H; R ' = Ac;
R "  =  /3-CH3

4, R = OH; R ' = H;
R "  = /3-CH3

7, R = H; R ' = Ac;
=  H

8, R = OH; R ' = H;
R ,/ =  H

17, R = H; R ' = Ac;
R "  =  a-CHg

18, R = OH; R ' = Ac;
R "  = a-CHs

19, R = OH; R ' = Ac;
R "  = (3-CH3

remove. These difficulties prompted us to seek an 
alternative system for the autoxidation which would 
permit operation at low temperatures, and an improved 
reducing agent.

In the period since the completion of our work, the 
autoxidation of pregnan-20-ones at 0° in tetrahydro- 
furan-Lbutyl alcohol has been described,4 5 as has 
reduction of hydroperoxides with trialkyl phosphites.6 
The nature of the difficulty in autoxidations at ambient 
temperature has been indicated also by demonstration 
of the ease of degradation of 17a-hydroperoxypregnan- 
20-ones to androstan-17-ones on warming with alkali.6

Our initial investigations quickly established that 
treatment of the 17a-hydroperoxide derived from 1 
in an inert solvent with triethyl phosphite leads to a 
high yield of 2. The triethyl phosphate formed in the 
reduction is easily removed from the steroid by washing 
with water. We then turned our attention to the 
search for an improved solvent system for the autox
idation, and decided to try the dimethylformamide-i- 
butyl alcohol mixture which has been used for the 
autoxidation of picolines.7 A few experiments sufficed 
to reveal that down to approximately —25° rapid 
autoxidation occurred, and hydroperoxides could be 
isolated in high yield. Furthermore, the yields were 
not diminished if the reactions were allowed to continue 
for several hours, or were run on a 50 to 100 g scale, 
and because of the low temperature a 3/3-acetoxy group 
could be preserved during the reaction. The exper
imental details for this procedure have been reported.8

As it is known that trialkyl phosphites are not rapidly 
oxidized by molecular oxygen at ambient temperature,9 
we decided to try to combine the autoxidation and 
reduction into a one-step procedure. When 1 was 
allowed to react with oxygen and a slight excess of 
triethyl phosphite in sodium f-butoxide-f-butyl alcohol- 
dimethylformamide and the product was subjected to 
hydrolysis, the desired alcohol 2 was obtained in 65%

(4) G . V. B ad d e ley , H . C a rp io , a n d  J .  A . E d w a rd s , J .  Org. C hem ., 31 , 1026 
(1966).

(5) R .  Jo ly , J .  W a rn a n t ,  J .  Jo lly , a n d  J .  M a th ie u , C. R . A cad . S c i . ,  P a ris , 
258 , 6669 (1964).

(6) J .  B . S iddall, G . V . B ad d e ley , a n d  J .  A . E d w ard s , Chem . I n d .  (L on 
d o n ), 25 (1966).

(7) W . B a rtó k , D . D . R osen fe ld , a n d  A. S ch rieshe im , J .  Org. Chem ., 28, 
410 (1963).

(8) J .  N . G a rd n e r , F .  E . C a rlo n , a n d  O. G no j, ib id ., 33 , 1566 (1968).
(9) K . S m ey k a l, H . B a ltz , a n d  H . F ish e r , J .  P ra k t. C hem ., 22 , 186 (1963).

yield. Likewise, 3 gave 4 in 62% yield, and we were 
thus led to investigate the range of suitable exper
imental conditions, and the limitations imposed by the 
structure of the substrate on the procedure.

Dimethylformamide-Lbutyl alcohol was found to be 
the solvent of choice as it results in the shortest reaction 
times, but tetrahydrofuran-Lbutyl alcohol can be 
employed, although in this solvent it takes about twice 
as long for the hydroxylation of 3 to go to completion. 
Dimethyl sulfoxide-i-butyl alcohol can be used also, 
but temperatures below 0 to 15° result in crystallization 
of the solvent, and at these higher temperatures lower 
yields are obtained. The need for a solvent with a low 
freezing point (our best results have been obtained in 
the temperature range of —20 to —25°) imposes a 
considerable limitation on the range of materials one 
might employ, but any inert polar liquid which meets 
this criterion is potentially satisfactory.

Using the dimethylformamide-i-butyl alcohol-i- 
butoxide system, 17 a-hydroxyl groups were introduced 
into compounds 1, 3, 5, and 7, the yields being in the 
60-70% range. In the case of 7, the concentration of 
f-butoxide employed was double that used in the 
first three examples. This reflects the fact that the 
rate of the reaction is sensitive to the concentration of 
base and the best results with 7 were obtained using the 
higher concentration. It is significant that 7 does not 
contain a 16/3-methyl group which has been reported to 
promote formation of the 17a-hydroperoxide.2

That this method of hydroxylation is not restricted 
to the 17 position is shown by tl\e formation of 10 from 
9, where the more hindered position of the entering

9, R = H; R ' = -0C H 2CH20 -  11, R = H
10, R = OH; R ' = O 12, R = OH

hydroxyl group may well account for the reduced 
yield (30%). The obtention of 1210~13 from 11 shows 
that the AM-3-keto system can survive the reaction 
conditions, but this is not true of the A4-3-keto moiety. 
When an attempt was made to prepare 17a-hydroxy- 
progesterone from progesterone, the gummy product 
was found by thin layer chromatography to contain 
several materials, and the ultraviolet spectrum14 
indicated that at least partial oxidation of the A ring 
had occurred.

Despite their instability, the isolation of secondary 
a-hydroperoxy ketones has been described.16 How-

(10) T h e re  is  som e con flic t in  th e  l i te r a tu r e 11-13 reg a rd in g  th e  phy sica l 
c o n s ta n ts  of 12. W e h a v e  p re p a re d  a n  a u th e n tic  sa m p le  from  1 7 a-h y d ro x y - 
p ro g es te ro n e , a s  desc rib ed  in  th e  E x p e r im e n ta l S ection .

(11) M . N ish ik aw a  a n d  K . M o r ita , G e rm a n  P a te n t  1 ,079,630 (1960); 
Chem . A bstr ., 55 , 23600 (1961).

(12) S. W a d a , Y agugaku  Z a ssh i, 7 9 , 120 (1959); Chem . A bstr ., 53, 10296 
(1959).

(13) G . R o se n k ra n z , J . P a ta k i ,  S t.  K a u fm a n n , J . B erlin , a n d  C . D je rass i, 
J .  A m er. Chem . Soc., 72 , 4081 (1950).

(14) B . C am erin o , B . P a te lli , a n d  R . S e iak y , Gazz. C h im . I ta l . ,  92 , 693 
(1962).

(15) S ee re fe rences  c ite d  in  re f  2.
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ever, when hydroxylation of 13 and 14 was attempted, 
no reaction could be detected. The same was true of

AcO'

COoMe

15

from a failure to enolize, 
peroxide to form.

The original workers failed2 to obtain a 17a-hy- 
droperoxide from a 16a-methylpregnan-20-one. We 
attempted the hydroxylation of 17 under various con
ditions and were able, almost always, to detect traces 
of 18 by thin layer chromatography. We were not 
able, however, to obtain more than a very small con
version into products and 18 was isolated in only 1%  
yield. This result is very probably due to steric 
hindrance by the 16a-methyl group.

In conclusion, it may be noted that the principle of 
autoxidation and reduction occurring sequentially in 
the one reaction requires only that the reducing agent 
be stable in the presence of oxygen under the specified 
conditions. For reasons of solubility and ease of 
removal, the lower trialkyl phosphites are particularly 
favorable for use with steroids. However, another 
example of a suitable reducing agent is sodium methyl- 
sulfinate. Using this, salt 19 was obtained from 3 in 
45% yield, using the solvent system dimethylform- 
amide-tetrahydrofuran-dimethyl sulfoxide-i-butyl al
cohol. This choice of solvents was necessitated by the 
poor solubility of the sodium salt.

Experimental Section
Ultraviolet data refer to solutions in methanol, and rotations 

to approximately 1% solutions in the solvents indicated. Melt
ing points were determined on a Kofler hot-stage microscope ex
cept where another instrument is specified. With the exception 
of compound 10, all the products reported were identified un
ambiguously by comparison (thin layer chromatography, infra
red spectrum, and rotation) with authentic samples. (For many 
of these materials the melting point is an unreliable means of 
identification as it varies greatly with the apparatus used for the 
determination.)

Sodium hydride refers to' the 50% suspension in oil. The 
course of the hydroxylation reactions was conveniently monitored 
by thin layer chromatography on silica gel coated microscope 
slides. Prior to development, the slides were dried for 10 min 
at 60° in a current of air to free them of dimethylformamide.
In most instances, the system benzene-methanol (99:1) was used 
to develop the slides.

30,l7a:-Dihydroxy-6,16/3-dimethyl-5-pregnen-2O-one (2).— 
Sodium hydride (0.15 g) was dissolved in ¿-butyl alcohol (2 ml) 
and dimethylformamide (3 ml), and to the solution were added i 
dimethylformamide (5 ml) and triethyl phosphite (0.5 ml). \ 
The mixture was cooled to —25°, oxygen was passed through it,

and a solution of 1 (1.09 g) in tetrahydrofuran (8 ml) was added. 
Passage of oxygen was continued for 22 hr, when a solution of 
sodium hydroxide (0.5 g) in methanol-water (2:1, 15 ml) was 
added; the mixture was stirred at ambient temperature for 1 hr. 
After acidification with acetic acid, the product was precipitated 
by addition of water, isolated by filtration, and dried. Crystal
lization from methanol-ethyl acetate gave 2 (662 mg), mp 175— 
182°. A second crop of 104 mg had mp 170-178° (lit.3 mp 180- 
186°).

3|3,l7a-Dihydroxy-16/3-methyl-5a-pregnan-20-one (4).—So
dium hydride (7.5 g) was dissolved in a mixture of ¿-butyl alcohol 
(100 ml) and dimethylformamide (150 ml) at ambient tempera
ture, approximately 1 hr being taken to effect solution. Di
methylformamide (100 ml) and triethyl phosphite (25 ml) were 
added and, after cooling the solution to —25°, oxygen was passed 
through it. A solution of 3 (50 g) in tetrahydrofuran (120 ml) 
was added over 5 to 10 min and the passage of oxygen was con
tinued for a further 45 min while maintaining —25°. The oxy
gen was then replaced by nitrogen and a solution of sodium hy
droxide (5 g) in methanol (100 ml) and water (50 ml) was added. 
After agitation for 70 min at ambient temperature, followed by 
addition of acetic acid (10 ml), the mixture was poured into water 
(4000 ml). The precipitate was isolated by filtration, washed 
with water, and dried in an air draft at 100° to yield crude 4 
(47 g). This material was dissolved in methanol (1500 ml) and 
ethyl acetate (500 ml) and the solution was concentrated to half 
its initial volume. Ethyl acetate (500 ml) was added and the 
solution was cooled to yield 4 (29.4 g): mp 255-260° (Kofler hot 
bench); [ a ] D  +45.6° (dioxane) (lit.2 mp 214-216°; [ a ] D  +44° 
(dioxane)).

3/3,l7a-Dihydroxy-16/3-methyl-5-pregnen-20-one (6).—Com
pound 5 (5 g) was hydroxylated as described for compound 3 
(reaction time 2.5 hr) to yield 6 (3.15 g), [ a ] D  —20.4° (tetrahy
drofuran) (lit.16 [a]D —33° (dioxane)).

3/3,l7a-Dihydroxy-5«-pregnan-20-one (8).—Compound 7 (15 
g) was hydroxylated as described for compound 3 except that the 
amount of sodium hydride was doubled. Crystallization of the 
crude product gave 8  (10.1 g): mp 250-258°; [ « ] d  +36.3° 
(ethanol) (lit.2 mp 251-256°; [a]n +35° (ethanol)).

3/3-Acetoxy-9a-hydroxy-5a-pregnane-ll,20-dione (10).—So
dium hydride (0.3 g) was dissolved in ¿-butyl alcohol (1 ml) and 
dimethylformamide (5 ml) at ambient temperature. Triethyl 
phosphite (0.5 ml) was added, the mixture was cooled to —25°, 
and oxygen was passed through it. A solution of 917 (0.5 g) in 
tetrahydrofuran (4 ml) was added and the passage of oxygen was 
continued for 50 min. After addition of sodium hydroxide (2 g) 
in water (10 ml) and methanol (20 ml), the mixture was stirred 
at ambient temperature for 1 hr, then poured into dilute acetic 
acid. The precipitate was isolated, dried, and acetylated in 
excess pyridine-acetic anhydride at 100° for 20 min. The prod
uct was precipitated with water and adsorbed on Florisil (15 g) 
in hexane. Elution with hexane-ether mixtures yielded 3/3- 
acetoxy-5a-pregnane-ll,20-dione (100 mg) followed by crude 10 
(109 mg). The latter was purified by preparative thin layer 
chromatography on silica gel in the system chloroform-ethyl 
acetate (3:1) and two crystallizations from acetone-hexane to 
yield pure material (58 mg): mp 208-211; [ « ] d  +101 (chloro
form) (lit.18 mp 209-211°; [ct]d +105° (acetone)).

Anal. Calcd for C23H340 5: C, 70.74; H, 8.78. Found: C, 
70.70; H, 8.70.

l7a-Hydroxy-l,4-pregnadiene-3,20-dione (12). A. From 11.—-
Sodium hydride (0.3 g) was dissolved in ¿-butyl alcohol (1 ml) 
and dimethylformamide (4 ml). To the solution were added 
dimethylformamide (4 ml) and triethyl phosphite (0.5 ml). 
After cooling the mixture to —20°, oxygen was bubbled through 
it and 11 (0.5 g) in dimethylformamide (5 ml) was added. After 
45 min the reaction mixture was acidified with acetic acid and 
poured into water, and the precipitate was isolated. This 
material was dried and chromatographed in ligroin-toluene- 
propylene glycol on Chromosorb W (50 g), the proportion of 
toluene in the eluent being slowly increased from 0 to 100%. 
Compound 12 was detected in almost all the fractions. These 
were combined and crystallized from dichloromethane-acetone to

(16) R . S c iak y , Gazz. C him . I ta l . ,  91, 562 (1961).
(17) C . D je rass i, E . B a tre s , J . R o m o , a n d  G . R o sen k ran z , J .  A m er. Chem. 

Soc., 74, 3634 (1952).
(18) D . H . R . B a r to n , R . M . E v a n s , J .  C. H a m le t, P . G . Jo n es , a n d  T . 

W a lk er, J .  Chem . Soc ., 747 (1954).
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yield pure material (90 mg). A second crystallization gave an 
analytical sample: mp 240-260°; [»Id +31° (chloroform).

Anal. Calcd for C2iH280 3: C, 76.78; H, 8.59. Found: C, 
76.61; H, 8.34.

B. From l7a-Hydroxy-4-pregnene-3,20-dione.—17a-Hy- 
droxy-4-pregnene-3,20-dione (1 g) and 2,3-dichloro-5,6-dicyano- 
benzoquinone (0.81 g) in dioxane (50 ml) were heated at reflux 
for 18 hr. A further 0.2 g of the quinone was added and heating 
was continued for 20 hr. The reaction mixture was diluted with 
dichloromethane and washed twice with 1 N  sodium hydroxide 
and successively with saturated sodium bisulfite, 1 N  sodium 
hydroxide, and water. The solution was dried over magnesium 
sulfate, and the solvent was evaporated. The residue on crystal
lization from dichloromethane-acetone gave 12 (472 mg), mp 
220-256°. Two further crystallizations gave an analytical 
sample: mp 245-262°; 244 m^ (e 15,000) with a slight
shoulder at 295 m/i (presumably due to the presence of a trace of 
the ALL^-ketone); [<*]d +29° (chloroform).

Anal. Calcd for C21H280 3: C, 76.78; H, 8.59. Found: C, 
77.04; H, 8.30.

3(3-Acetoxy-l 7a-hydroxy- 16a-methyl-5a-pregnan-20-one (18).
—Compound 17 (5 g) was hydroxylated as for compound 3. 
The crude product was acetylated with excess pyridine-acetic 
anhydride at ambient temperature and chromatographed on 
Florisil (175 g) in hexane, eluting with gradually increasing pro

portions of ether. Hexane-ether (3:2) eluted material (58 mg) 
which, on crystallization from acetone-hexane, gave 18 (33 mg), 
mp 169-173° (lit.19 mp 180-181°).

3+Acetoxy-l7a-hydroxy-16/3-methyl-5a-pregnan-20-one (19). 
—Sodium hydride (0.2 g) was dissolved in dimethylform- 
amide (4 ml) and ¿-butyl alcohol (3 ml) at ambient temperature. 
Dimethylformamide (4 ml) was added, the mixture was cooled on 
ice, and oxygen was passed through it. Solutions of sodium 
methylsulfinate (1 g) in dimethyl sulfoxide (5 ml) and 3 (1 g) in 
tetrahydrofuran (5 ml) were added simultaneously over 5 min, a 
slight precipitate forming in the reaction mixture. Passage of 
oxygen was continued for a further 30 min; the mixture was 
neutralized with acetic acid and poured into water. The product 
was extracted with ethyl acetate and crystallized from acetone- 
hexane to yield 19 (0.5 g), mp 152-155° (lit.20 mp 161-163°).

Registry No.—2, 5618-40-6; 4, 2543-24-0; 6, 13900-
61-3; 8, 570-54-7; 10, 16980-65-7; 12, 2477-61-4; 18, 
16980-67-9; 19, 2543-25-1.

(19) K . H eu sle r, J .  K eb rle , C . M ey s tre , H . U b erw asser, P . W ie lan d , G . 
A nner, a n d  A. W e tts te in , H elv. C him . A c ta , 42, 2043 (1959).

(20) R . M ick o v a  a n d  K . S y h o ra , Collect. Czech. Chem . C om m un ., 30 , 2771 
(1965).

Fluoroalkylquinonem ethides

W i l l i a m  A. S h e p p a r d 1
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2,6-Dialkyl-7,7-bis(fluoroalkyl)quinonemethides were prepared in several steps from fluorinated ketones and
2,6-dialkylphenols. The quinonemethides, stabilized by the fluoroalkyl substituents at C-7, can be isolated and 
characterized, but they are reactive to nucleophilic attack, 1,6 polymerization, and addition of dienes and elec
tron-rich olefins. o-Quinonemethides with 7,7-bis(fluoroalkyl) substituents were also prepared but could not be 
isolated pure; they were characterized by spectral properties and as the Diels-Alder adducts with styrene.

Quinonemethides, or 6-methylene-2,4-cyclohexadien- 
1-ones and 4-methylene-2,5-cyclohexadien-l-one, have 
long been of interest. Unfortunately, p-benzoquinone- 
methides are too unstable to isolate and characterize 
unless highly substituted both in the 2,6 and C-7 posi
tions.2 Recently, 2,6-di-(-butyl-7,7-dimethylquinone- 
methide,3a 2,6-di-i-butyl-7,7-dialkylquinonemethides,3b 
and 2,6-dimethyl-7,7-dicyanoquinonemethide3c were 
prepared and shown to be stable (but highly reactive) 
because of the sterically large or electronegative 
substituents. However, 2,6-di-i-butylquinonemethide 
with no C-7 substituents could be prepared only in 
dilute solution2’4 and dimerized on attempted isolation.
o-Benzoquinonemethides are less stable than the 
p a ra  isomers;6 they have not been isolated2b but are 
proposed as intermediates in some reactions of sub
stituted o-hydroxybenzyl alcohols.

Results and Discussion
A. p-Benzoquinonemethides. Synthesis.—Stable

2,6-dialkyl-7,7-bis(fluoroalkyl)quinonemethides, la, lb, 
and lc, have been prepared in high yield (60-90%) by

(1) T h is  w o rk  w as p re se n te d  a t  th e  F o u r th  In te rn a t io n a l  F lu o rin e  S ym 
posium , E s te s  P a rk , Colo., J u ly  1967.

(2) (a) L . J .  F i la r  a n d  S. W in ste in , Tetrahedron L ett., No. 25, 9 (1960); (b) 
fo r a  rev iew  of q u in o n e m e th id e  c h e m is try , see A . B . T u rn e r , Q uart. Rev. 
(L o n d o n ), 18, 347 (1964).

(3) (a) C . D . C ook  a n d  B . E . N orcro ss, J .  A m er. Chem. Soc ., 78, 3797 
(1956), ib id ., 81, 1176 (1959); (b) A. H ub e le , H . S u h r, a n d  U . H e ilm an n , 
Chem. B er., 95, 639 (1962); (c) H . H . T a k im o to , G . C . D e n a u lt, a n d  L . O. 
K rb ech ek , J .  Org. Chem ., 29, 1899 (1964).

(4) J .  C . M cC lu re , ib id ., 27, 2365 (1962).

hydrogen chloride elimination from the p-hydroxy- 
benzyl chlorides 2a and 2c with aqueous base or by 
treatment of p-hydroxybenzyl alcohol 3b with thionyl

3 2
a , R =  CH3;X =  F
b, R = C(CH3)3; X =  F
c ,  R = CH3;X =  C1
d , R = Br;X = F

chloride in pyridine. Benzyl chlorides 2a and 2c are 
readily prepared by condensation of fluorinated ketones 
with 2,6-disubstituted phenols to give the hydroxyben- 
zyl alcohols 3a and 3c6 which are then treated with 
thionyl chloride.

(5) (a) P . D . G a rd n e r, H . S arra fizad eh  R ., a n d  R . L. B ran d o n , J .  Am er. 
Chem. Soc., 81 , 5515 (1959); (b) A . M e rija n , B . A . S hou lders , a n d  P . D . 
G a rd n e r , J .  Org. Chem ., 28 , 2148 (1963).

(6) (a) W . A . S h ep p a rd , J .  A m er. Chem . Soc., 87 , 2410 (1965); (b) B . S. 
F a ra h , E . E . G ilb e rt, M . L i t t ,  J .  A. O tto , a n d  J .  P . S ib ilia , J .  Org. Chem ., 30, 
1003 (1965).
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Condensation of hexafluoroacetone with 2,6-di-i- 
butylphenol requires hydrogen fluoride as catalyst; 
other catalysts such as aluminum chloride and boron 
trifluoride etherate or treatment of the hydroxybenzyl 
alcohol 3b with excess thionyl chloride under acidic 
conditions caused partial loss or rearrangement of the 
f-butyl groups.

The stabilization by the CF3 or CF2C1 group in the 
C-7 position probably is derived from a combination of 
steric and electronic factors. Stabilization by the alkyl 
substituents in the 2,6 positions is needed since the hy
droxybenzyl chloride with bromine substituents (2d) 
gave only polymer on treatment with base.

Physical and Spectral Properties.—The quinone- 
methides la, lb, and lc are crystalline, orange solids 
with pungent spicy odors. The quinonemethide la 
crystallizes in large needles and melts at 36° to an 
orange liquid which can be refluxed at 200° at 
atmospheric pressure without decomposition. The 
quinonemethide structure is clearly verified by spectral 
properties, as well as the chemical reactions discussed 
below. In the infrared spectra the strong, characteris
tic conjugated carbonyl absorption is at 1640 cm-1 as 
for other quinonemethides.2'3 The intense bands in 
the ultraviolet spectra of compound la in ethanol at 
Amax 292 m y  (e 28,600), of lb at Amax 294 my  (e 26,700), 
and of lc at Amax 307 m y  (e 31,800) are similar to those 
observed for the other alkyl-substituted quinonemeth
ides2 but of higher energy and lower intensity than for 
the 7-cyano-substituted derivatives.30 The only 
direct spectral comparison is for compound lb 
[x“ ne 295 m y  (e 25,400) and A™‘hano1 295 m y  
(e 26,600)] with 2,6-di-f-butyl-7,7-dimethylquinone- 
methide [xra°ctane 314 m y  (e 26,000), A^“  322 m y ) ] .  
The energy increase in the ultraviolet absorption for 
compound lb reflects the destabilizing inductive in
fluence of the fluoroalkyl groups on polar contributions 
in the electronically excited molecule. The proton 
nmr spectra are almost the same as for the starting 
phenols 2 but lacking the phenolic hydrogen resonance. 
As expected, the F 19 resonance in compound la shifts
15.6 ppm downfield from that of the starting phenol 2a 
and shifts an additional 10.9 ppm downfield for the 
CF2C1 group in compound lc.

The reduction potential of quinonemethide la in 
acetonitrile is —0.35 eV. The reduction appears to be 
a two-electron process as is found in tetracyanoquino- 
dimethane complexes. The reduction potential of this 
quinonemethide is 0.5 eV lower than that of tetracyano- 
quinodimethane (+0.15 eV)7 under the same conditions. 
This lower potential is expected because of the poorer 
electron-withdrawing power of a trifluoromethyl 
group relative to a cyano group and the quinonemethide 
rather than quinodimethane structure. Formation 
of a stable ion radical appears unlikely because of the 
two-electron reduction and lower reduction potential. 
No evidence for ion radical was found, but complexing 
does occur with some reagents as indicated by the color 
on mixing; a stable adduct with aluminum chloride was 
isolated (see below).

Chemical Reactions.—Most of the chemistry of the 
fluoroalkylquinonemethides was studied on compound 
la as representative of the series. The reactions are

(7) D . S . A cker a n d  W . R . H e rtle r , J .  A m er. Chem . Soc., 84, 3370 (1962).

C h a r t  I

outlined in Chart I. 1,6 addition of nucleophiles occurs 
readily as reported for other quinonemethides.2'30 An
hydrous hydrogen chloride in ether adds to give hy
droxybenzyl chloride 2a, but aqueous hydrochloric acid 
gives a mixture of phenols 2a and 3a. Ammonia, hy
drazine, and primary aliphatic amines add easily, but 
alcohols are sluggish and phenols do not add in contrast 
to other quinonemethides.2’30 The steric repulsion 
of the trifluoromethyl groups appears greater than that 
of cyano or alkyl groups, and only relatively unhindered 
basic nucleophiles attack at C-7. Anions, however, 
can initiate polymerization (see below). 1,6 reduc
tion to phenol 4 occurs when la is heated with cyclo- 
hexadiene. Free-radical. initiated polymerization of 
quinonemethide la gives only very low molecular 
weight polymers, but anionic polymerization with 
sodium iodide or tetraethylammonium chloride in 
acetone gives a crystalline white polymer, mp 220°, that 
can be pressed into a brittle film at 200°. This poly
mer, of moderate molecular weight (almost 12,000), 
decomposes slowly to monomer above 200°. Spectral 
evidence strongly suggests a 1,6 polymerization. The 
quinonemethides 1 behave like other 7-substituted 
quinonemethides and do not show any tendency to di
merize.

2,3-Dimethylbutadiene adds chiefly across the 
exocyclic double bond to give the spirane 5, analogous 
to addition reactions of other quinonemethides.4 How
ever, butadiene gives as product an impure oil that is 
not easily purified; the main reaction appears to be the 
Diels-Alder addition to the exocyclic double bond. 
Electron-rich olefins such as p -m ethoxystyrene also 
react with the quinonemethide la, to give an indanol 
such as 6. The structure of the product was deter
mined by spectral analysis; the position of the p-tne- 
thoxyphenyl group was not proved but is suggested to be 
in the 1 position on the basis of spectra and possible 
mechanism of formation via  attack of styrene on the 
terminal carbon of the exocyclic double bond (analo
gous to addition of nucleophiles). Alternatively, the
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styrene could attack at the 3 position to give an inter
mediate

a, R' = CH3;R=H
b, R' = R = CH3 
c> R' = R = Cl

Oe

The indanol product would then have a p-methoxy- 
phenyl group in the 2 position of the indan ring. At
tack in this position would not be hindered by the 
steric repulsion of the trifluoromethyl groups, but this 
intermediate would not gain the favorable energy from 
aromatization. Some oily by-products from this 
reaction show a carbonyl absorption and may be cyclo
adducts. ¿-Butyl vinyl sulfide also gives an indanol 
product, but the spectral properties suggest that the 
¿-butylmercapto group is not in the same position as the 
p-methoxyphenyl (the bulky ¿-butyl group may favor 
attack at the 3 position).

The quinonemethides 1 are not effective v  acids, but 
la forms a stable complex with aluminum chloride in 
methylene chloride. This complex has limited solu
bility in methylene chloride (dark green solution) and 
precipitates as a white solid when the solution is concen
trated. The carbonyl absorption at 1640 cm-1 is weak 
and broad in the complex, and the proton nmr spectra 
are shifted approximately 0.5 ppm to lower field. Hy
drolysis of the complex gives phenol 2a.

B . o -Benzoqu inonem eth ides.—When a phenol with 
an unsubstituted ortho position is treated with hexa- 
fluoroacetone with aluminum chloride catalyst, the
o-hydroxybenzyl alcohol 7 is the main product.8 
Thionyl chloride treatment of 7 gives only the cyclic 
sulfite ester 8 in high yield.9 The sulfite ester readily 
loses sulfur dioxide when heated to 150-200°, and the 
bright orange color of the o-quinonemethide quickly 
develops. Spectral measurements provide strong evi
dence for the presence of o-quinonemethide 9 [F19

(8) A lu m in u m  ch lo ride  a n d  p -to lu en esu lfo n ic  ac id  a re  re p o r te d  to  g iv e  p re 
d o m in a n tly  ortho o r ie n ta t io n  in  hex a flu o ro ace to n e  s u b s t itu t io n s  of p heno ls  
[see re f  6b  a n d  D . C . E n g la n d , F re n c h  P a te n t  1 ,325,204 (1963)], b u t  h y d ro 
gen fluo ride  a n d  b o ro n  tr if lu o rid e  a re  re p o r te d  to  g iv e  a lm o s t exc lusive  para  
s u b s t i tu t io n  (ref 6b a n d  I .  L . K n u n y a n ts , T .-Y . C h en , M . P . G a m b a ry a n , 
a n d  E . M . R o k h lin , Z h . F ses. K h im . Obskchest., 5, 114 (1960); Chem . A bstr ,, 
54, 20962 (I9 6 0 )).

(9) F o rm a tio n  o f cyclic  su lfite  es te r  a p p e a rs  to  b e  a  d ia g n o stic  t e s t  fo r 
ortho s u b s t i tu t io n  in  pheno ls.

nmr—pair of quadruplets at lower field, 57.2 and 58.8 
ppm (relative to CC13F) with J  =  9 cps, compared to 
starting sulfite ester, at 73.7 and 77.3 ppm with J  =
9.4 cps, and strong conjugated carbonyl at 1650-1660 
cm-1 in infrared spectra]. However the o-quinonone- 
methides 9 turn to resin when heated excessively; when 
isolated by distillation, they are mixed with the corre
sponding sulfite esters 8. Compound 9a was isolated in 
CC1SF solvent by hydrolysis of the sulfite ester with 
aqueous base. Apparently these o-quinonemethides 
are much less stable than the p a ra  isomers and decom
pose almost as fast as they form. Possibly the qui- 
nonemethide complexes with the sulfite ester precursor as 
is observed for some p-quinonemethides.3 Solutions 
of the o-quinonemethides decolorize readily when 
olefin is added, and the reaction of 9 with styrene gives 
the adduct 10. The assignment of phenyl group posi

tion is based on nmr spectral analysis and is predicted 
mechanistically. The adduct 10 was more con
veniently prepared by refluxing the sulfite ester in 0- 
dichlorobenzene solution containing styrene.

E xp e rim e n ta l S ection
Materials.—All standard chemicals and reagents were obtained 

from Eastman Kodak or other chemical supply houses. The 
hexafluoroacetone and 1,3-dichlorotetrafluoroacetone were ob
tained from Organic Chemicals Department, E. I. du Pont 
de Nemours and Co.

Quinonemethides.—All new compounds prepared in this work 
are listed in Table I with physical and spectral properties and 
analytical data. Representative procedures are given below. 
The methods of preparation and yields for each compound with 
reference to the Experimental Section are summarized in Table 
I with footnotes to describe any significant modifications of 
reaction conditions.

A. Synthesis.—The literature procedure6 was used for the 
condensation of fluorinated ketones with phenols. The reactions 
with 1,3-dichlorotetrafluoroacetone were usually run at at
mospheric pressure. In reactions with 2,6-di-t-butylphenol, the 
aluminum chloride caused isomerization involving the f-butyl 
group, but hydrogen fluoride was effective as a catalyst. The
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T a b l e  I

Q u i n o n e m e t h i d e s , P r e c u r s o r s , a n d  D e r i v a t i v e s : P r e p a r a t i o n  a n d  P r o p e r t i e s

C om pd

•N m r, 5, p p m  (rel in te n s ity )&-
Mp, °C, ooft«

,--------------U v 'I F 19 (re la tiv e P ro to n  ( re la tiv e  to
o r  n MD (mm) X, m/i M to  C C ljF ) te tra m e th y ls ila n e )

A. Precursors
90.5-91.8* 278 (E) (900) 76.4 7.37 (2)

270 (940) 4.90 (1)
226 (7,120) 3.55 (1) 

2.27 (6)
95.6-90.8« 279 (E) (800) 60.4 7.38 (2)

270 (895) 4.92 (1)
230 (7,800) 3.78 (1) 

2.26 (6)
95.5-96.5 276 (E) (980) 76.4 7.58 (2)

269 (1,000) 5.48 (1)
227 (7,800) 3.33 (1) 

1.50 (18)
85.5-87.1 285 (I) (2,200) 76.7 7.87 (2)

278 (1,900) 6.17 (1) 
3.57 (1)

84.0-85.4 278 (E) (2,770) 76.2, doublet, 6 .7 -7 .3  (3)
215 (6,440) ,7 =  1.1 cps 7 .1-7 .3  (OH-2) 

2.23 (3)

125-127 280 (E) (2,400) 76.2, doublet, ^•3 (1) \ o h
221 (7,340) <7 =  1.0 cps 6.43 (1)J
216 (7,500) 7.47 (1)

7.09 (2) AB pattern with ad
ditional splitting 

1 .27(9)

91.8-92.0 95 (3.0) 285 (E) (2,910) 76.2, doublet, 7.41 (1, OH)
220 (6,710) , 7 * 1 .1  cps 7.21 (2)

6.68 (1, OH)
2.301
2.25/ (6)

101.8-103.4 293 (E) (3,130) 75.9 7.48 (2)
232 (5,630) 6.81 (ca. 2) (broad)
222 (7,140)

96.2-97.2 277 (A) (900) 70.8, triplet, 7.42 (2) splitting not defined;
268 (1,280) /  = 0.8 cps 3.5 cps width a t half-peak
232 (6,680) height 

4.97 (1)
2.23 (6) triplet, J  =  0 .5 cps

105 (0.4) 54.9\ doublets, 7.46 (2)
54.2} J  = 8 cps with 4.92 (1)

additional fine 
splitting

2.25 (6)

126-127 295 (I) (120) 70.8, triplet 7.67 (2)
276 (930) J  = 0 .8  cps 5.43 (1)
268 (1,160) 1.47 (18)
231 (6,340)

72-73 284 (E) (2,030) 71.0, triplet 7.98 (2)
276 (2,030) J  =  0 .7  cps 6.23 (1)

44-45 57(0.6) 275 (1,170) 73.7 (1)1 quadru- 6 .9-7 .5  (3)
1.4485 270 (1,210) 77.3 (1)/ plets, 2.13 (3)

J  =  9.4 cps secon
dary splitting of
~ 1  cps

1.4479 70 (0.2) 382 (I) (122)* 73.0 (1)1 quadru- 7.64-7.0 (1) AB but com-
279 (1,110) 76.5 (1)J plets, plex on one side with addi-
271 (1,200) J  = 9.5 cps tional peak

- 7 .6  
1.33 (3)
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M e th o d  of 
p re p a ra tio n 41 

(%  y ie ld ), 
re c ry s ta lliz a tio n  

so lv en t F o rm u la

Al (71), CCU CiiHioFe02 
or hexane

R e g is try
no.

2950-32-5

----------------------------------------------------------------A naly sis , % ---------------
------- C a rb o n ---------« ,------ H y d ro g en -------> ,-------- F lu o rin e --------
C aled  F o u n d  C aled  F o u n d  C aled  F o u n d

A. Precursors
39.6 39.4

------------O th ers---------------
C a led  F o u n d

A1 (43), CCU 
or hexane

C11H 10CUF4O2 2093-02-9 41.2 41.2 3.14 3.26 23.7 22.7
23.6

Cl, 22 .1 21.4
22.0

AV (59), pen
tane

C17H22O2F6 16867-83-7 54.8 54.9 5.96 5.95 30.6 30.1

A1 (63), CCU C 9EC4.Br 2F 90 2 16867-84-8 25.9 26.0 0.96 0.86 27.3 26.9 Br, 38.2 39.2

A1  (70), CCU, 
prec. with 
pentane

CioHsF60 2 3015-33-6 43.8 43.8 2.94 3.19 41.6 42.7

Al« (48), hex Ci3HUF60 2 16878-08-3 49.4 4.47 36.1 36.2
ane

A1 (20), hex CuH ioF602 16867-86-0 45.8 45.7 3.50 3.50 39.6 39.5
ane

A1 (45), CCU 
or hexane

C9H4C12F60 2 16867-87-1 32.9 33.0 1.22 1.38 34.7 35.2 Cl, 21.6 21.5

A2 (91), CCU 
or hexane

CuHsClFßO
306.6

16867-80-4 43.1 43.1 2.96 3.27 37.2 36.8 Cl, 11.6 1 1 .6

A2 (75) C11H 9F 4CI3O 16878-09-4 22.4 22.4

B la (84), 
sublimed

C„H,2F8C10 16867-88-2 30.0 30.0

A2 (99), 
pentane

C9H8Br2ClF60 16867-89-3 26.1 26.5 Br, 36.6 
Cl, 8.12

35.3
8.52

A2 (89) c 10h 6f 9o8s 16878-06-1 37.5 37.8 1.89 2.01 35.6 35.8 S, 10.0 10 .1

A2 (97) C13H12F6O3S 16867-67-7 43.1 3.34 31.5 31.5
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T a b l e  I (Continued)

C om pd

H jC ,  C F 3

h° - O ' i“ NHC60*
H 3c '  C F j

■Nmr, 5, p p m  (rel in te n s ity p -
M p , °C , B p , °C ,--------------U v°---------- , F 19 (re la tiv e P ro to n  ( re la tiv e  to
o r  n^D (mm) X, Tap. M to  C C lsF) te tra m e th y ls ila n e )

1.4544 82(4.0) 282 (E) (1,590) 76.6 (1)1 quadru- 7.37 (2)
275 (1,620) 73.1 (1)J plets 2.351 (6)

7  = 9.4 cps 2.27/

65-66 292 (A) (1,510) 72.5 (1)1 quadru- 7.68 (1), doublet
284 (1,530) 76.6 (1)J plets 7  =  2.1 cps
235 sh (7,120) J  = 9 .6  cps 7.54 (1), complex
204 (42,400)

B. Quinonemethides
35-36 107 (50) 292 (E) (28,600) 54.2 10-line symmet 7.45 (l)lpoorly defined split-
1.4787 rical pattern, J  = 2.08 (3)j ting, 3 to 4.5 cps

0.6 cps width a t half-peak height

62.2-63.0 90-90.5 307 (E) (31,800) 43.3 half-peak width 7.49 (1)
(1.6) of 3 cps 2.08 (3)

50-51 455 (E) (19) 54.3, triplet 7.37 (1)
294 (26,700) J  = 1.1 cps 1.28 (9)

C. Reaction Products
98.5-98.7 277 (I) (730) 76.4, quadruplet 7.13 (2)

268 (790) J  = 0 .9 cps 4.67 (1)
266 (7,400) 3.43 (3), quadruplet

2.26 (6)

74-75

95.5-95.9 277 (I) (760) 70.0 quadruplets 7.32 (2)
268 (780) J  =  0 .8  cps 4.8 broad (1)
220 (7,500) 2.4 broad 1 

2.27 sharp / (10) 
2.1 v. broadj

162-162.5 279 (E) (870) 68.9 (C)6 7.32 (2)
270 (980) 3 to 5 (4)
228 (7,580) 2.32 (6)

83.5-84.2 288 (I) (1,200) 68.4 7.33 (2)
278 (2,300) 7.2 to 6.3 (6)
273 (2,000) 4.78 (1)
231 (17,100) 4.38 (1) 

2.23 (6)

62-63.8 277 (I) (1,080) 66.4, doublets 7.11 (2)
272 (990) J  = 8 .4  cps split 4.78 (1, OH)
269 (1,000) into triplets 3.89 (1, heptuplet, 7  = 8 cps)
217 (8,200) 7  =  0.6 cps 2.28 (6)

85.5-87.0 338 (E) (30) 64.6 6.67 (2)
238 (13,800) 2.60 (2) 

2.13 (2) 
1.81 (6) 
1.72 (3) 
1.60 (3)

128.5-129.1 283 (E) (2,890) 
278 (3,400) 
275 (3,270) 
227 sh (21,500)

72.6 (1)\ quadru-
70.6 (1)J plets 

J  = 9.8 cps

See Experimental Section



Vol. 33, No. 8, August 1968 F l u o r o a lk y lq u in o n em eth id e s  3303

M e th o d  of 
p re p a ra tio n 0 
(%  y ie ld ), 

rec ry  s ta lliz a tio  n
so lv en t F o rm u la

R e g is try
no.

✓-------- C a rb o n --------->
C aled  F o u n d

-------------------------------- A naly sis , % ---------------------------------------------------------------
✓------ H y d ro g en -------, ,-------- F lu o rin e -------- * -̂-------------- O th e rs ---------------

C aled  F o u n d  C aled  F o u n d  C aled  F o u n d

A2 (31) CnH8F60 3S 16867-68-8 39.5 39.8 2.43 2.57 34.1 33.7 S, 9.60 8.43

A2 (79), 
hexane

C9H2C12F60 3S 16867-69-9 30.4 30.6 S, 8.55 8.06

B. Quinonemethides
A3a (91) CnH8F60 16915-87-0 48.9 49.0 2.99 3.13 42.2 42.5

49.0 3.09

A3a (62) CiiH8C12F40 16867-70-2 43.6 43.9 2.66 2.60 25.1 25.0 Cl, 23.4 23.4

A3a< (68), OnH2oF gO 16867-71-3 57.6 56.8 5.69 5.76 32.2 32.3
sublimed

C. Reaction Products
Blc (93), Ci2H i2F60 2 16867-72-4 47.7 47.6 4.01 4.01 37.7 37.6

hexane

Bib (93), CiiH iiF 6NO 14355-85-2 46.0 46.2 3.86 3.95 39.7 39.3 N, 4.88 4.72
petroleum
ether

Bib (87), Ci2H13F 6NO 16867-74-6 47.8 47.7 4.35 4.41 37.8 37.6 N, 4.65 4.73
hexane

B ib (90), ChH i2F 20 16867-75-7 43.7 44.2 4.01 4.02 37.7 37.9 N, 9.27 9.27
hexane-
benzene

B ib (94), Ci7H15F6NO 16867-76-8 56.2 56.0 4.16 4.09 31.4 30.9 N, 3.86 3.87
hexane

B3 (39), CnHioFgO 16867-77-9 48.7 48.9 3.35 3.81 42.1 41.9
hexane

B4a (76), 
hexane

CnHisF gO 16867-78-0 58.0 57.9 5.15 
58.3

4.92
5.33

32.4 32.2

B5a (42), 
cyclohexane

C2oH i8F  e02 59.4 59.6 4.49 4.72 28.2 27.8 Mol wt 363 404 
369

(bp benzene)
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T a b l e  I  (Continued)

C om pd

■Nmr S, p p m  (re l i n t e n s i t y ) -
M p , °C  B p , °C  .--------
Or n 28» (m m ) X, m ^

94.4-95.6 . . .  255

------------- s F 19 (re la tiv e
(<) to  CC U F)

(8,210) 67.3, pentuplet
J  = 0.8 cps (from 
overlapping qua
druplets?)

P ro to n  (re la tiv e  of 
te tra m e th y ls ila n e )

7.32 (2)
6.43 (2; AB, J  — 16 cps, 8 = 

0.78 ppm)
4.94 (1, OH)
2.27 (6)
1.37 (9)

0

— C(CFa)2

89-90 . . .  283 (I) (2,540) 69.7 complex over- See Experimental Section
276 (2,520) lapping quadru

plets? with J  =
~ 9  cps with addi
tional splitting

I, isooctane; and A, acetonitrile. b Proton nmr spectra obtained in CCI4 or CDCL with internal 
1 nmr spectra obtained in CC13F as solvent and internal references, or if too low solubility in CHCI3 

with internal CCI3F (designated by letter c). Concentration of 5-10% used for all spectra. c Letter and number refer to procedure 
listed in Experimental Section. d Lit.6b mp 93-104°. ' Lit.8b mp 95°. > We are indebted to Dr. D. M. Gale of this laboratory for
first preparing this compound. Anhydrous hydrogen fluoride is required as catalyst in this reaction. Both aluminum chloride and 
boron trifluoride-etherate cause rearrangement of i-butyl group. 0 Only product isolated when 2,6-di-f-butyIphenol was condensed

0 Solvents used are E, ethanol; 
reference of tetramethylsilane, F 19

products were purified by recrystallization usually followed by 
sublimation.

The p-hydroxybenzyl alcohol was dissolved in excess thionyl 
chloride and a small amount (few drops to 1 ml) of triethylamine 
was added. A mild reaction (gas evolution, exothermic) occurred, 
and the solution was heated at reflux overnight. The product 
was usually separated by pouring the reaction mixture into a 
large excess of ice-water to destroy the excess thionyl chloride, 
and the solid was suction filtered, washed with water, dried, and 
recrystallized from hexane, pentane, or carbon tetrachloride, or 
if a liquid, was extracted into methylene chloride, dried, and 
distilled. The product, in yields generally of 60-90%, from the 
p-hydroxybenzyl alcohol 3 was the benzyl chloride 2, whereas 
from the ortho isomer 7 it was the sulfite ester 8. The 2,6-di-f- 
butyl compound 3b was partly decomposed and rearranged by 
this treatment. I t  was treated with thionyl chloride in pyridine 
and converted directly into quinonemethide.

The p-hydroxybenzyl chloride 2, finely powdered, was stirred 
with excess 10% sodium carbonate or sodium hydroxide solution 
in water until all the white crystals had changed to an orange 
oil. This oil was separated by methylene chloride extraction, 
dried, and vacuum distilled.

The 2,6-di-f-butylquinonemethide lb  was prepared by heating 
the p-hydroxybenzyl alcohol 3b with thionyl chloride in pyridine 
solution at 80° for 15 min and separated by pouring the reaction 
mixture into ice-water.

The cyclic sulfite ester 8 was heated in a flask at ca. 150° 
until major gas evolution ceased. The product was distilled at 
reduced pressure. The distillate was found to be a mixture of 
recovered sulfite ester 8 with quinonemethide 9; usually a 
considerable residue of a light-colored resin remained in the pot.

The sulfite ester 8a, 7.3 g, was heated at 150-180° in a pot 
connected to a spinning-band distillation column. Sulfur dioxide 
evolution started at 150°, and the liquid turned orange. A 
total of 6.3 g of orange liquid [bp 94° (9.5 mm) to 111° (15 mm), 
n 26D  1.4501-1.4481] was collected in six fractions. The F 19 
nmr spectra on a middle fraction showed the distillate contained 
about 90% of starting sulfite ester and 10% of quinonemethide 
9a.

A mixture was dissolved in trichlorofluoromethane and shaken 
with excess sodium hydroxide solution for several minutes. The 
trichlorofluoromethane solution was separated, dried, and used 
for spectral analysis: F 19 nmr quadruplets at 57.2 and 58.8
ppm relative to CC13F with J  = 9 cps (no other fluorine detected); 
proton nmr, equal intensity areas at S 7.4 to 6.2 (complex) and
1.98 ppm (single) (10% impurity at 2.3 ppm). The quinone
methide was further characterized by the carbonyl absorption 
at 1660-1670 cm-1. A 3.8-g sample of a mixture of quinone
methide 9a and sulfite ester 8a was added to 1.0 g of styrene in 
10 ml of methylene chloride. The orange color of the quinone
methide faded to yellow after approximately 10 min, and the 
solution was colorless in a few hours. The methylene chloride 
was evaporated, and the residual oil was triturated with excess

sodium hydroxide solution to hydrolyze and dissolve the sulfite 
ester. The white crystalline solid was filtered off and dried, 0.28 
g, mp 89.0-90.0°, and recrystallized from hexane-pentane, mp 
88.0-88.6°. The product (also prepared from o-quinonemethide 
9a that was purified and isolated for spectral measurements) 
was characterized as the Diels-Alder adduct 10 by analysis (see 
Table I), infrared spectra, F 19 nmr (see Table I), and proton 
nmr spectra (8 in ppm with intensity in parentheses): complex 
aromatic 7.3-6.5 (8), tertiary hydrogen as doublet at 5.1 (1) 
with J  = 10 cps, complex CH2 2.8-2.2 (ca. 2, overlaps with 
methyl), CH3 singlet 2.23 (3). The assignment of the phenyl a 
to the oxygen is based on the proton shift for the CH2 group which 
should be approximately 1 ppm to lower field if in the other 
position, a to oxygen. Mechanistically both from steric and 
electronic considerations, the orientation for styrene addition is 
also expected to be as assigned.

The o-quinonemethide 9a was generated and trapped in  situ by 
refluxing a solution of 1.8 g of sulfite ester 8a and 5 g of inhibited 
styrene in 20 ml of o-dichlorobenzene overnight. The solvent 
was removed under reduced pressure and the oily residue was 
extracted with pentane. The adduct 10a crystallized from the 
pentane extract in a yield of 1.2 g (60%).

B. Reactions of 2,6-Dimethyl-«,a-bisitrifluoromethyl)quino- 
methides (la). 1. Hydrogen Chloride Addition.—A solution
of 2.0 g (7.4 mmol) of quinonemethide la  in 20 ml of ether was 
saturated with dry hydrogen chloride gas and allowed to stand 
in a stoppered flask. After about 1 hr, the orange color of the 
quinonemethide disappeared. The solution was evaporated under 
nitrogen, and a residue of white crystalline solid, 2.26 g, mp 97.6- 
98.4° (99.7% yield), was obtained. The product was shown by 
mixture melting point and spectral comparison to be 2,6-dimethyl-
4-(2-chlorohexafluoroisopropyl)phenol (2a).

Reaction of the quinonemethide la  with concentrated'hydro
chloric acid gave a product that was shown by spectral analysis 
to be a mixture of 2a and the corresponding benzyl alcohol 3a, 
showing that water addition has also occurred.

2. Ammonia,10 Amines, and Hydrazine Addition.—Anhydrous 
methylamine was bubbled into a solution of 2,4 g (0.010 mol) of 
quinonemethide la  in 25 ml of anhydrous ether at room tempera
ture. The orange color of la  gradually faded to a pale yellow 
while passing in the amine. The solution was stoppered. After 
standing at room temperature for several hours, it became color
less and was evaporated to dryness. The crystalline residue was 
recrystallized from hexane to give 2.6 g (87%) of white crystal
line solid, mp 95.5-95.9°, characterized by analysis and spectra 
as 3,5,N-trimethyl-4-hydroxy-a,a-bis(trifluoromethyl)benzyl- 
amine.

Ammonia was added in a similar manner. Hydrazine dis
solved in ether was added to an ether solution of compound la. 
The reaction was extremely exothermic, and part of the product

(10) W e a r e  in d e b te d  to  D r. C . G . K resp an  of th is  la b o ra to ry  fo r th e  ex
p e r im e n t w ith  am m o n ia .
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M e th o d  of 
p rep a ra tio n *  

(%  y ie ld ), 
rec ryB ta lliza tion  

so lv en t

B5b (24), 
hexane

F o rm u la

CnHîoFeOS

R e g is try
no.

--------- C a rb o n -------- .
C aled  F o u n d

52.8 53.1
52.7

------ H y d ro g en —
C aled  F o u n d

-A n a ly s is , % -

5.22 5.44
4.53

✓--------F lu  o rine-------- «
C aled  F o u n d

29.50 29.2
C aled  

S, 8.3

- O th e r s -
F o u n d

8.3

See A3b CisHuFeO 16867-79-1 60.0 60.0 3.92 3.94 31.6 31.5

with hexafluoroacetone in presence of boron trifluoride-etherate as catalysts at 100°. Product appeared to decompose during recrystal
lization. An isomer tetatively assigned para orientation of hexafluoroacetone to phenolic group has been reported,813 mp 63-71. * Prod
uct light orange color; absorption at 382 mp may be due to impurity of quinonemethide formed during distillation. ’ By reaction of 
the hydroxybenzyl alcohols with thionyl chloride in pyridine. ’ See ref 10. This compound was first prepared by condensation of 
hexafluoroisopropylidenimine with 2,6-dimethylphenol: D. M. Gale and C. G. Krespan, J. Org. Chem., 33, 1002 (1968).

precipitated as white crystals during reaction. Aniline formed a 
wine red solution on mixing with the quinonemethide in ether; 
the adduct was isolated after standing overnight.

3. Methanol Addition.-—The quinonemethide la  was dis
solved in methanol, and a drop of concentrated sulfuric acid 
added. The orange color of the quinonemethide gradually 
faded, and the solution became colorless overnight. The metha
nol was evaporated, and the crystalline solid was washed with 
water and recrystallized.

4. Polymerization.—Quinonemethide la  and styrene reacted 
only when heated in the presence of benzoyl peroxide. The 
product appeared to be a low molecular weight poly
mer.

Attempts to prepare the anion radical of quinonemethide la  
using a solution of sodium iodide in acetone gave only a white 
crystalline polymer. Thus, when 5 g of sodium iodide in 20 ml 
of acetone was mixed with a solution of 2.70 g (0.010 mol) of 
quinonemethide in 5 ml of acetone, the brown color of iodine 
developed immediately, and a white solid precipitated gradually. 
This white solid (1.92 g), mp 219-222°, was recrystallized from 
chloroform and was shown from spectral properties and analysis 
to be a polymer.

Anal. Calcd for (C„H8F60)*: C, 48.9; H, 2.99; F, 42.2. 
Found: C, 49.4; H, 3.09; F, 41.4; ash content, 0.61%;
mol wt (bp in benzene) 12,500, 11,840.

This material was pressed at about 200° into a brittle film, 
but some decomposition occurred (color and odor of monomer 
noted).

A series of polymerization experiments was carried out in an 
effort to prepare a higher molecular weight polymer. If the 
amount of sodium iodide was reduced below ca. 5-10%, the 
polymer did not form satisfactorily. The polymer of slightly 
lower melting point was also obtained with tetraethylammonium 
chloride in acetone. However, no polymers were obtained with 
sodium iodine or tetramethylammonium chloride in chloroform. 
Boiling the polymer in acetic anhydride increased the melting 
point slightly but did not improve the stability or the character 
of the pressed film. Heating in dimethyl sulfate also did not 
change the properties of the polymer.

A sticky gum was obtained in attempted polymerization ex
periments with sodium methoxide in alcohol or glyme. Oily 
products also obtained in these reactions may be the result of 
a nucleophilic attack by methoxide or alcohol on the quinone
methide but were not examined further.

5. Reduction.—A solution of 5.4 g (0.020 mol) of quinone
methide la  in 10 ml of 1,3-cyelohexadiene (80% purity) was 
refluxed overnight. The orange color of the quinonemethide 
faded to a pale yellow. The hydrocarbon was evaporated and 
residual solid sublimed at 100° (10-20 mm). A total of 2.06 g 
of white crystalline solid, mp 46-53°, was obtained. This prod
uct was recrystallized from hexane and resublimed, mp 62-63.8°. 
On the basis of analysis (see Table I) and spectral properties 
(OH in ir, tertiary hydrogen resonance split into a septuplet in

nmr), the product was characterized as 2,6-dimethyl-4-(2H- 
hexafluoroisopropyl)phenol resulting from reduction of quinone
methide with the cyclohexadiene.

6. With Dienes.—A solution of 2.70 g (0.010 mol) of quinone
methide la  and 5 ml of 2,3-dimethylbutadiene was refluxed over
night. The orange color of the quinonemethide faded to a very 
pale yellow in a few hours. The excess diene was evaporated 
under nitrogen, and a residual white crystalline solid (3.42 g), 
mp 65-78°, was sublimed and recrystallized twice from hexane 
and resublimed, mp 85.5-87.0°. The analytical and spectral 
data are given in Table I. On the basis of the single F19 fluorine 
resonance, the simplicity of the proton nmr spectra, and the 
carbonyl frequency and carbon-carbon double bond at 1640 
and 1680 cm-1 in the infrared spectrum, the spirane structure 5 
(resulting from addition of the diene to the exocyclic double bond) 
was assigned.

A sealed Carius tube containing quinonemethide la  (9.1 g, 
0.030 mol) and ca. 5 ml of butadiene was heated on a steam bath 
overnight. The orange color of the quinonemethide faded to pale 
yellow. The excess hydrocarbon was evaporated under nitrogen 
and the resulting oil was distilled, bp 108-115° (3.0 mm). The 
product, a colorless syrup, on the basis of analytical and spectral 
data (see Table I), was believed to contain approximately 75% of 
the spirane isolated from the 2,3-dimethylbutadiene reaction. 
The remainder is believed to be an isomeric adduct possibly 
contaminated with a 2:1 adduct.

Cyclopentadiene or hexachlorocyclopentadiene reacted with 
la  to give a black tar after extensive heating. 2,5-Diphenyliso- 
benzofuran and la  in ethylene chloride formed a black complex, 
but no reaction could be detected.

7. With Electron-Rich Olefins.—A solution of 10.8 g (0.040 
mol) of quinonemethide 3a and 5.36 g (0.040 mol) of p-methoxy- 
styrene (containing 0.1% hydroquinone) was heated a t 100° 
under nitrogen overnight. The product was a viscous brown oil, 
and the orange color of the quinonemethide was no longer ap
parent. After cooling, the product was a glass which partly 
crystallized on standing. The oily material was extracted by 
trituration; the residue (10.5 g) was recrystallized once from 
methanol with hot filtration, mp 116-126°, and three times from 
cyclohexane. A total of 6.4 g of white crystalline solid, mp 128.5- 
129.1°, was obtained. On the basis of analysis (see Table I) 
and infrared (OH), ultraviolet, and nmr spectral properties, 
the indanol structure was assigned.

A solution of quinonemethide in excess vinyl ether was allowed 
to stand at room temperature. After ca. 2 weeks, the solution 
became a colorless syrup and could not be induced to crystallize. 
Nmr analysis indicated the product was complex. Further char
acterization was not carried out.

Heating at 100-125° overnight, 2.70 g (0.010 mol) of quinone
methide la  with 1.16 g (0.010 mol) of ¿-butyl sulfide gave a 
dark, viscous oil, from which ca. 1 g of light-colored crystals, 
mp 91-94°, was obtained by pentane trituration. This product 
was characterized as the indanol of structure 6 with a ¿-butylthio
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group in place of p-methoxyphenyl, but possibly in she other 
position because of much smaller F19 chemical shift difference 
between the trifluoromethyl groups. The steric bulk of the ¿-butyl 
group could change the orientation in addition.

8. With Aluminum Chloride.—A solution of 2.70 g (0.010 
mol) of quinonemethide la in methylene chloride was added to
1.33 g (0.010 mol) of anhydrous aluminum chloride in 15 ml of 
methylene chloride. After about one-third of the quinonemethide 
solution was added, a dark green color developed, and a mild 
exothermic reaction was noted. After addition was complete, 
the solution was stirred for about 1 hr and filtered under nitrogen

to separate a white precipitate, 0.88 g. The greenish black mother 
liquor was evaporated under nitrogen leaving 2.84 g of a tan 
solid streaked with green. The ir and nmr spectra of these two 
solids were almost identical and showed the same proton nmr 
spectra as the starting quinonemethide but with a chemical 
shift to lower field. In the ir spectra, the carbonyl absorption 
at 1640 cm-1 was weak and broad. The first precipitate above 
was hydrolyzed in water and extracted into methylene chloride; 
it was shown by melting point, mixture melting point, and in
frared and nuclear magnetic resonance spectra to be the benzyl 
chloride 2a.

Notes

Perhalo Ketones. XIV.1
7 ,7 -B is(tr iflu o ro m eth y l)q u in o n em eth id e

J. J. M u r r a y

Industrial Chemical Division, Allied Chemical Corporation, 
Morristown, New Jersey 07960

Received December 27, 1967

Although p-benzoquinonemethides (1) containing 
highly conjugated systems, such as li, are stable,2 those 
in which R' is hydrogen or alkyl have required the 
presence of alkyl groups in the 2,6 positions to permit 
isolation in dilute solution. Thus, 2,6-di-f-bu‘;y]qui- 
nonemethide with no C-7 substituents (la) could be 
prepared only in dilute solution, and dimerized on

la, R = ¿-butyl; R' = H
b, R = ¿-butyl; R' =  alkyl
c, R = CHS;R ' = CN
d, R = CH3; R' = CF3
e, R = ¿-butyl; R' = CF3
f, R = CH3; R' = CF2C1
g, R = Br; R' = CF3
h, R = H; R' = CF3
i, R = H; R' = C6H5

at temperatures even considerably above room temper
ature. He concluded that the presence of alkyl sub
stituents in the 2,6 positions was essential for stability. 
We wish to report the preparation and isolation of 7,7- 
bis(trifluoromethyl)quinonemethide (lh), a compound 
without 2,6 substitution but stable at room temperature 
in pure form for a short time, and for at least several 
weeks in solution.

Compound lh was prepared from phenol and 
hexafluoroacetone via  27 and 38 (Scheme I).

(F3C)2O=0 +

S c h e m e  I

CÄOH ^

OH

so q
pyridine

r c - c- cFs

OH
2

175-185°— —----*■ nlh
0.05- 0.1 mm

4

attempted isolation.3 2,6- T)i -1-butyl - 7,7 - dialkylqui- 
nonemethides (lb)4 and 2,6-dimethyl-7,7-dicyanoquino- 
nemethide (lc)6 have been isolated as stable compounds. 
Sheppard6 has recently prepared fluoroalkylquinone- 
methides with R ' = -CF3 or -CF2C1, and with R = CH3 
or ¿-butyl (Id, e, and f), and has found them to be stable

(1) P e rh a lo  K e to n e s . X I I I :  R . E . A. D ear, E . E . G ilb e rt, J .  Org. Chem. 
33 , 819 (1968).

(2) A. B is trz y ck i a n d  C . H e rb s t,  B er., 36 , 2335 (1903).
(3) J .  D . M cC lu re , J .  Org. Chem ., 27, 2365 (1962); L. J . F ila r  a n d  S. 

W in ste in , Tetrahedron L ett., 26, 9 (1960).
(4) A. H u b e le , H . S u h r, a n d  U . H e ilm an n , Ber., 95, 639 (1962); C . D . 

C ook  a n d  B. E . N orcro ss, J .  A m er. Chem. Soc., 78 , 3797 (1956).
(5) H . H . T a k im o to , G . C . D e n a u lt, a n d  L. O. K rb ech ek , J .  Org. Chem., 

2 9 ,  1899 (1964).
(6) W . A. S h ep p a rd  p a p e r  p re se n te d  a t  th e  F o u r th  In te rn a t io n a l  F lu o rin e  

S ym posium , E s te s  P a rk , Colo., J u ly  24-28 , 1967.

The structure of 7,7-bis(trifluoromethyl)quinone- 
methide (lh) is quite clear from its infrared and nmr 
spectra. In carbon tetrachloride solution its infrared 
spectrum exhibited bands at 6.1 and 6.2 p  ascribed to 
the conjugated carbonyl group,3'6 and strong C -F  ab
sorption in the 8-9-/x region.

Its nmr spectrum in carbon tetrachloride solution 
consisted of AA'BB' spin pattern (of an A A 'B B'X 3X 3' 
system) with A calculated 5 7.68 and B at S 6.59 ( J AB =
10.5 Hz). The A portion shows fine structure due to 
coupling with the CF3 groups : (J AX =  J \ x '  =  J \ ' x  =

(7) B . S . Farah, E . E . Gilbert, M . L itt, J. A. O tto, and J. P . S ibilia, J . 
Org. Chem.., 30, 1003 (1965).

(8) I . L .K n u n yan ts , C. C hing-Y un, N . P . G am baryan, and E . M . R okhlin , 
Z h . Vses. K h im . Obshch., 6, 114 (1960); Chem. A bstr ., 64, 20962 (1960).
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J A'x' <  2 Hz) (width at approximately one-half peak 
height); J AA>, J b b ', J a b ' =  J a 'b were not calculated; 
J b x  =  J bx' =  <7b'x =  </b'x ' =  0. The 19F nmr spec

trum of lh showed a partially resolved complex mul- 
tiplet at 57.6 relative to CFC13 with spacings of 0.70 
Hz. This reaction sequence, except for the last step, 
is the same as that employed by Sheppard for preparing 
compounds Id, e, and f, since those quinonemethides 
are stable in the presence of base. He observed, how
ever, that only polymer resulted during an attempted 
similar preparation of Ig; this was also noted by us in 
the attempted basic conversion of 3 into lh. We then 
found that polymer 4 could be thermally depolymerized 
to lh at low pressure, the product being trapped at 
liquid nitrogen temperature. This technique may be 
applicable to the preparation of other base-sensitive 
quinonemethides.

Compound lh  is an orange-yellow solid at liquid ni
trogen temperature, melting at room temperature to an 
orange liquid with a spicy odor, properties also char
acteristic of compounds Id, e, andf. At room temper
ature, pure lh soon polymerizes. As expected,6 lh re
acts with methanol at room temperature.

OH

f 3c— c— c f 3 

o ch3

5
The mass spectrum obtained from the thermal de

composition of the polymer 4 at 200° showed a parent 
ion of m /e  242 (lh) + and a characteristic fragment ion 
of m /e  214, presumably 6,6-bis(trifluoromethyl)fulvene; 
corresponding to the loss of CO. Similar cracking pat
terns are reported for cyclic ketones such as anthra- 
quinone and fluorenone.9

The conversion of 3 into 4 is thought to take the course 
given in Scheme II.

3

S c h e m e  II

NaOH or 
KOC(CH3)j 

CHjQNa

4

5

The fate of lh is determined by the base used. Po
tassium ¿-butoxide forms polymer 4, as does also 
aqueous sodium hydroxide. Sodium methoxide, on 
the other hand, yields 5 without any formation of poly

(9) J .  H . B eynon , “ M ass  S p e c tro m e try  a n d  I t s  A p p lic a tio n s  to  O rgan ic
C h e m is try ,”  E lse v ie r P u b lish in g  C o ., N ew  Y o rk , N . Y ., 1960, p p  259, 271.

mer. The unusually high reactivity of the chlorine 
atom in 3 was shown by the fact that compound Cf,H5C- 
(CF3)2C1 (6) failed to form an analogous derivative, even 
under much more drastic conditions.

Experimental Section

Melting and boiling points are uncorrected. The proton nmr 
spectra were obtained on a Varian A-60 spectrometer with tetra- 
methylsilane as an internal reference; I9F spectrum was run on a 
Hitachi Perkin-Elmer Model R-20 spectrometer at 56.4 Me; 
the infrared spectrum was run on a Perkin-Elmer Model 521 
spectrophotometer. The microanalyses were carried out in 
this laboratory’s Analytical Department by Mr. G. Mohler and 
Schwarzkopf Microanalytical Laboratory.

Hexafluoroacetone and phenol-boron trifluoride complex were 
obtained from Industrial Chemicals Division, Allied Chemical 
Corp., Morristown, N. J.

1- (2-Hydroxyhexafluoro-2-propyl )-4-hydroxybenzene (2).—
Phenol-boron trifluoride complex (128 g, comprising 1.0 mol of 
phenol and 0.5 mol of boron trifluoride) and toluene (100 ml) 
were mixed and hexafluoroacetone (bp —28°) was slowly admitted 
with efficient stirring as fast as reaction occurred; the presence 
of excess ketone was indicated by refluxing. The ketone (150 g, 
0.90 mol) was introduced over 8 hr at 30-35°. The mixture was 
stirred at room temperature overnight, and then diluted with 
600 ml of hexane. The crude dark brown residue was filtered, 
washed with n-hexane, and recrystallized from toluene (de
colorizing carbon) to give 103 g (43%) of product, mp 120- 
123.5°. A second recrystallization from n-hexane gave 2, 
mp 122-123.5° (lit. mp 127-130°,7 122.5-123.5° 8).

l-(2-Chlorohexafluoro-2-propyl)-4-hydroxybenzene (3).—To a 
mixture of 2 (52 g, 0.20 mol) and pyridine (4 g) at room tempera
ture was added excess thionyl chloride (80 g, 0.66 mol) dropwise 
(10 min). The mixture was then heated slowly to 105° over a 
period of 1 hr and maintained at 105 ±  1.0° for 45 min. Excess 
thionyl chloride was removed under reduced pressure and the 
resulting residue diluted with 11. of ice water to give 55.5 g (99%) 
of crude product. Two recrystallizations from carbon tetra
chloride gave pure 3 as white needles, mp 107-111° (lit.8 mp 
112-112.5°).

Anal. Calcd for C9H6F60C1: C, 38.78; N, 1.79; Cl, 12.75. 
Found: C, 38.54; N, 1.92; Cl, 12.9.

Polymeric 7,7-Bis(trifluoromethyl)quinonemethide (4).—To a 
mixture of 3 (5.6 g, 0.02 mol) and potassium ¿-butoxide (2.5 g, 
0.022 mol) at room temperature was added 40 ml of ¿-butyl 
alcohol. The resulting reaction mixture was refluxed 1 hr, cooled 
to room temperature, and filtered through a sintered glass filter. 
The crude product was washed with hot water overnight (Soxhlet 
apparatus) to remove potassium chloride, and air dried to give
4.8 g (99%) of crude 4 as an amorphous white powder. In a 
capillary tube it softened and melted between 175 and 185°.

Anal. Calcd for C9H4F60: C, 44.6; H, 1.60. Found: C, 
44.4; H, 1.74.

7,7-Bis(trifluoromethyl)quinonemethide (lh).—Finely pow
dered polymer 4 (0.5 g, 0.002 mol) was outgassed by heating in a 
Wood’s metal bath up to 175° at 0.05 mm. The temperature 
was then slowly raised to 190-195° and held there for 1 hr to 
effect depolymerization to lh, which was trapped as an orange- 
yellow solid at liquid nitrogen temperature. With maintenance 
of vacuum, the trap containing the crude lh was warmed to room 
temperature, whereupon lh is distilled into a second cold trap. 
Conversions to lh in several runs were 60-70%, with 0 15-0.20 
g of solid distillation residue. For spectral study, it was briefly 
exposed to air as it was dissolved in carbon tetrachloride.

l-(2-Methoxyhexafluoro-2-propyl)-4-hydroxybenzene 5).—A 
mixture of 3 (1.4 g, 0.005 mol), sodium methoxide (1.1 v 0.020 
mol), and absolute methanol (20 ml) was heated at reflux with 
stirring for 2 hr (Drierite trap). After cooling to room tempera
ture, 5 ml water was added. The clear solution was acidified 
with concentrated hydrochloric acid, diluted with 200 ml of ice 
water, stirred for 30 min and filtered to give 1.1 g (80%) of 
crude 5. One recrystallization from petroleum ether, bp 30- 
60°, gave pure product, mp 79-83°.

Anal. Calcd for Ci0H8F6O2: C, 43.8; H, 2.92. Found: C, 
43.74; H, 3.00.

The nmr spectrum (deuteriochloroform) displayed the char
acteristic signal for the methoxyl protons at d 3.47 (three pro
tons, J  — 1 Hz, septet, tentative), a broad singlet at 5 5.28
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(one proton), and the aromatic multiplet at 5 6.8-7.2 (four 
protons). Compound S was also prepared by dissolving lh in 
methanol and evaporating to dryness.

(2-Chlorohexafluoro-2-propyl)benzene (6).—A mixture of (2- 
hydroxyhexafluoro-2-propyl)benzene10 (100 g, 0.41 mol), thionyl 
chloride (100 g, 0.83 mol), and pyridine (5 ml) was refluxed 
with stirring for 48 hr. After cooling to room temperature, 500 
ml of ice water and 500 ml of 1 N  potassium hydroxide were 
added. The lower organic layer was separated and the aqueous 
layer was extracted with 100 ml of methylene chloride. The 
organic layers were combined, dried over anhydrous magnesium 
sulfate, and distilled at atmospheric pressure to give 69.5 g 
(65%) of 6, bp 159°.

Anal. Calcd for C9H5F6C1: 01,13.5. Foimd: Cl, 13.7.
Attempted Reaction of 6 with Sodium Methoxide.—A mixture 

of 6 (16 g, 0.061 mol), sodium methoxide (6.5 g, 0.12 mol), 
and 120 ml of absolute methanol was heated at reflux for 24 hr 
with stirring, cooled to room temperature, acidified with con
centrated hydrochloric acid, and diluted with 1 1. of water. 
The lower organic layer was separated. The aqueous layer was 
extracted with 50 ml of methylene chloride and the two organic 
layers were combined. After drying over anhydrous magnesium 
sulfate, the solution was distilled at atmospheric pressure to 
give 9.6 g of unchanged 6, bp 158-160°, with no evidence for the 
formation of the desired methoxyl compound.

Registy No.— lh, 16878-48-1; 5, 16878-49-2; 6, 
16878-50-5.

Acknowledgment.—The author wishes to express his 
gratitude to Dr. E. E. Gilbert and Professors J. Mein- 
wald and M. Litt for helpful discussions and to Dr. 
B. B. Stewart for his help in interpreting the nmr data.

(10) B . S. F a ra h , E . E . G ilb e rt, a n d  J .  P . S ib ilia , J .  Org. Chem ., 3 0 , 998 
(1965).

Derivatives o f Indeno[2,l-fo]-l,4-benzothiazine
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Inasmuch as the applicability of the Hückel (4n  +  2) 
-̂-electron rule1 to fused heterocyclic systems is still un

predictable, synthesis of systems such as 1, 2, and 3,

1 2 3

which obey the rule and may show nonclassical aroma
ticity, is of interest. Neither 1 nor 2 has been prepared 
to date. Recently, indeno [2,1-6 ]-l,4-benzothiazine (3) 
has been prepared2 by the condensation of 1,2-indan- 
dione with o-mercaptoaniline, followed by dehydration. 
The present paper describes the preparation and proper
ties of some derivatives of 3.

Initially, the goal of this work was the preparation of 
the parent compound 3 by a different synthetic route. 
The approach, which used in part the Zincke procedure,3

(1) E .  S . G ou ld , “ M ech an ism  a n d  S tru c tu re  in  O rgan ic  C h e m is try ,’’ 
H e n ry  H o lt  a n d  C o., N ew  Y o rk , N . Y „  1959, p p  412-419 .

(2) D . L eav er, J .  Sm olicz, a n d  W . H . S ta ffo rd , J .  Chem . Soc., 740 (1962).
(3) T . Z incke a n d  H . R ose, A n n .,  4 0 6 , 103 (1914); T . Z incke a n d  J . 

B ae u m er, ib id ., 4 1 6 , 86 (1918).

is outlined in Scheme I. Condensation of o-nitro- 
phenylsulfenyl chloride with 1-indanone gave 2-(o- 
nitrophenylthio)indanone (4) in 66.3% yield. Treat
ment of 4 with stannous chloride in concentrated hydro
chloric acid and glacial acetic acid resulted in reduction 
and condensation to form bis(5a,6-dihydroindeno- 
[2,1 - h ] -1,4 - benzothiazinium) hexachlorostannate (IV)
(5), in 80.1% yield. The tin complex salt 5, when 
shaken with a 10% sodium hydroxide solution, gave a 
94.2% yield of 5a,6-dihydroindeno[2,l-5]-l,4-benzo- 
thiazine (6). Dehydrogenation of 6 was effected by 
treatment with either bromine or N-bromosuccinimide 
in refluxing carbon tetrachloride. However, instead of 
obtaining the parent compound 3, an 84.8% yield of the 
monobromo derivative, 6-bromoindeno[2,l-6)-l,4-ben- 
zothiazine (7), was obtained as a deep purple solid. This 
result also occurred using limited amounts of bromine or 
N-bromosuccinimide, 7 being obtained along with unre
acted 6.

S c h e m e  I

^  °r Brh ii—
oo. a '

6 Br
7

The location of the bromine atom in 7 was established 
by the ease with which it underwent nucleophilic aro
matic substitution reactions and by the products ob
tained from these reactions. The 6 position should be 
activated toward nucleophilic aromatic substitution and 
a bromine atom located there should be easily replaced 
by typical nucleophiles. This was found to be the case.

B
8a,B=SC6H5
b, B=CN
c, B= COOH



Vol. S3, No. 8, August 1968 N o tes  3309

T a b l e  I
U l t r a v io l e t  a n d  V is ib l e  Spe c t r a  o f  lNDENo[2,l-b]-l,4-BENZOTHiAziNEsa

C om pd (s u b s t itu e n t) '----------- M ax im a, m u  (log <=) --------------
3b H 250 (4.35) 257 (4.37) 292 (4.66) 357 (4.07) 374 (3.97) 519(3.35)
3 ' ” - H 276(4.69) 299 (4.69) 365 (4.43) 381 (4.45) 514(3.37) 572 (3.75)
6 2H 207 (4.38) 266 (4.34) 322 (3.92) 490 (2.00)
9 = 0 206 (4.42) 229(4.45) 288 (3.00) 628 (3.00)
7 Br 214(4.51) 250 (4.30) 257(4.34) 297 (4.59) 357 (4.08) 373 (4.00) 515 (3.46)
8a SC6H5 205 (4.62) 301 (4.51) 363(4.15) 534 (3.45)
8b CN 205 (4.30) 228(4.34) 261 (4.11) 303 (4.34) 377(3.97) 525 (3.36)

“ Spectra of 6, 7, 8a, 8b, and 9 taken in 95% ethanol using a Beckman DB-G spectrophotometer. b Reference 2.

By refluxing 7 with sodium thiophenoxide in ethanol, 
a 73% yield of 6-phenylthioindeno [2,1-6]-l,4-benzo- 
thiazine (8a) was obtained. By refluxing 7 with cu
prous cyanide in dimethylformamide,4 a 96% yield of
6-cyanoindeno[2,l-6]-l,4-benzothiazine (8b) was ob
tained. The nitrile 8b was converted, in low yield, into 
the carboxylic acid 8c by acid hydrolysis. All of these 
compounds had the same deep purple color as 7 (and as
3),2 this color apparently being characteristic of this 
heterocyclic system.

When 7 was refluxed in a large excess of piperidine, 
the product isolated after the usual aqueous acid-base 
extraction techniques was not the expected 6-piperidino 
derivative, but was the hydrolysis product, 6-oxo-5a,6- 
dihydroindeno[2,l-6]-l,4-benzothiazine (9), a bluish 
green solid, obtained in 25% yield. The infrared spec
trum of 9 showed no O-H or N-H absorption, but had a

strong carbonyl peak at 5.91 n  and a strong C = N  peak 
at 6.10 u- Compound 9 was soluble in dilute acid, giv
ing a light blue solution, and in dilute base, giving a deep 
blue solution, presumably owing to the formation of the 
highly conjugated anion (10). The fact that this com-

pound exists in the keto (9) rather than the enol (9') 
form indicates that the 5a,6 double bond provides very 
little (less than 5.5 kcal/mol)5 stabilization energy to the

(4) L . F r ie d m a n n  a n d  H . S h ech te r, J .  Org. C h e m 26, 2522 (1961).
(5) G . E . K . B ran c h  a n d  M . C a lv in , " T h e  T h e o ry  of O rgan ic  C h e m is try ,” 

P re n tic e -H a ll , In c ., N ew  Y ork , N . Y ., 1941, p p  286 a n d  287.

aromatic system of 3 and its derivatives. This is not 
unusual for a centrally located double bond in a poly
cyclic aromatic system, however.

The location of the bromine atom in 7 at the 6 posi
tion would be expected by analogy with similar aromatic 
systems. Probably the bromine is incorporated via  
electrophilic substitution on the unsubstituted 3, which 
is very likely formed by dehydrogenation of 6 during the 
reaction with bromine. The 6 position of the indeno- 
[2,l-6]-l,4-benzothiazine (3) ring system corresponds to 
the favored position in azulene and its heterocyclic 
analogs for electrophilic substitution.6

Since the dehydrogenation of 6 with bromine or N- 
bromosuccinimide led to the bromo derivative 7 in
stead of the desired parent compound 3, another de
hydrogenation procedure was attempted, in hope of ob
taining pure 3. This consisted of treating the dihydro 
derivative 6 with an equimolar quantity of benzoyl 
peroxide in a chloroform solution under ultraviolet 
radiation.7 The product obtained was a dark reddish 
purple solid of questionable purity (mp up to 342°). 
Further examination indicated that this product was 
similar to that obtained2 by Leaver, Smolicz, and Staf
ford, which they have shown2 to be a mixture of 3 and 
its dimer (3')- Likewise, dehydrogenation of 6 with 
chloranil in refluxing xylene or with palladium on char
coal in refluxing xylene or reduction of bromo derivative 
7 by zinc in acetic acid or by sodium borohydride in 
ethanol all led to similar products that appeared to be 
mixtures of 3 and 3'.

Ultraviolet and visible spectra of the derivatives of 3 
are compared with the published2 spectral data for 3 and 
3 ' in Table I.

In summary, the indeno[2,l-6]-l,4-benzothiazine ring 
system, an 18-7r-electron system, has been synthesized 
and shown to have some degree of aromaticity. How
ever, the aromaticity must not be large, since the hy
droxy derivative prefers the keto (9) rather than the 
enol (9') form.

Experimental Section8

2-(o-Nitrophenylthio)mdanone (4).— A solution of 42.0 g (0.222 
mcl) of o-nitrophenylsulfenyl chloride9 and 29.3 g (0.222 mol) of

(6) W . K eller-S ch ierle in  a n d  E . H e ilb ro n n e r, "N o n -B e n z e n o id  A ro m atic  
C o m p o u n d s ,” D . G insbu rg , E d ., In te rsc ie n c e  P u b lish e rs , In c ., N ew  Y ork , 
N . Y ., 1959, p p  310 -134  a n d  references c ite d  th e re in .

(7) T h e se  co n d itio n s  a re  s im ila r to  b ro m in e  a n d  N -b ro m o su cc in im id e  de
h y d ro g e n a tio n  co n d itio n s .

(8) A ll m e ltin g  p o in ts  a re  u n co rrec ted . M ic ro a n a ly se s  w ere  b y  M iss  H . 
B eck . In f ra re d  sp e c tra  w ere  ta k e n  in  p o ta ss iu m  b ro m id e  p e lle ts  a n d  m ea
su red  on  a  B a ird  sp e c tro p h o to m e te r . W e w ish  to  th a n k  D r. G . P . H in d s  of 
th e  Shell O il C o., D eer P a rk , T exas, fo r d e te rm in a tio n  of th e  m ass spec
t r a .

(9) M . H . H u b a c h e r , "O rg an ic  S y n th e se s ,”  C oll. Y ol. I I ,  J o h n  W iley  an d  
Sons, In c ., N ew  Y o rk , N . Y ., 1943, p  455.
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1-indanone10 in 400 ml of dry chloroform was refluxed for 1.5 hr. 
After removal of the solvent in vacuo, the solid product was re
crystallized from chloroform-hexane to give 42.0 g (66.3%) of 4, 
mp 130-131°, as a yellow solid: ir, 5.88 (C = 0), 6.28 (phenyl), 
6.65, and 7.52 M (N 02).

Anal. Calcd for Ci5H»N03S: C, 63.16; H, 3.89. Found: 
C, 63.32; H, 3.73.

5a,6-Dihydroindeno[2,l-6]-l,4-benzothiazine (6).—To a boiling 
solution of 56.4 g (0.198 mol) of 4 in 500 ml of glacial acetic acid 
was slowly added with stirring a hot solution of 140 g (0.521 mol) 
of stannous chloride dihydrate in 150 ml of concentrated hydro
chloric acid. After the addition was completed (about 15 min), 
the solution was boiled an additional 30 min before cooling. The 
golden yellow solid -which had crystallized was washed with 95% 
ethanol followed by ether, then dried to give 64.0 g (80.1%) of 
bis(5a,6-dihydroindeno [2,1-6]-1,4-benzothiazinium) hexachloro- 
stannate (5), mp 170° dec. As 5 was only sparingly soluble in 
water and organic solvents, it was not further purified but used 
directly in the next step: ir, v 6.12 n (C=N ).

A mixture of 30.4 g (0.0376 mol) of 5 in 500 ml of 10% sodium 
hydroxide solution was shaken intermittently for 1 hr. The 
yellow-tan solid which formed was washed with dilute sodium 
hydroxide imtil free of tin salts, then with water until free of 
base. After drying, 16.8 g (94.2%) of 6 was obtained as a light 
tan solid. Recrystallization of a small portion of this solid from 
chloroform gave pure 6: mp 100-105° dec; ir, 3.30 and 3.52 
(C-H), 6.12 u (C =N ).

Anal. Calcd for C15HnNS: C, 75.93; H, 4.67. Found: C, 
75.56; H, 4.81.

6-Bromoindeno[2,l-b]-l,4-benzothiazine (7).—To a solution of
16.0 g (0.0675 mol) of 6 in 200 ml of carbon tetrachloride was 
added slowly with swirling a solution of 21.6 g (0.135 mol) of 
bromine in 50 ml of carbon tetrachloride. A brown precipitate 
formed initially, but after one-third of the bromine was added, 
the mixture turned dark green. Hydrogen bromide evolution did 
not begin until over half of the bromine was added. The mixture 
was warmed and allowed to stand overnight at room tempera
ture. The dark green solid (hydrobromide of 7) which had 
precipitated was dried and added to 500 ml of 10% sodium 
hydroxide. After intermittent shaking for 1 hr, a deep purple 
solid formed. This was washed with water and dried to give
18.0 g (84.8%) of 7, mp 205-206°. Compound 7 was soluble in
concentrated hydrochloric acid, giving a green solution: ir,
3.37 (C-H), 6.26, 6.58, 7.01, 8.01, 8.17, 10.60, 13.1 (broad), 
and 13.3 ¿i (broad). The analytical sample was purified by 
sublimation, mp 205-206°.

Anal. Calcd for Ci5H8BrNS: C, 57.34; H, 2.57; N, 4.46. 
Found: C, 57.12; H, 2.59; N, 4.18.

The hydrobromide of 7 had mp 155° dec.
Anal. Calcd for Ci5H9Br2NS: C, 45.57; H, 2.28; N, 3.54. 

Found: C, 45.58; H, 2.33; N, 3.28.
Nucleophilic Substitution Reactions of 7. A. 6-Phenylthio- 

indeno[2,l-b]-l,4-benzothiazine (8a).—A solution of sodium 
thiophenoxide was prepared by adding a solution of 0.36 g (3.3 
mmol) of thiophenol in 5 ml of absolute ethanol to a solution of 
0.18 g (3.3 mmol) of sodium methoxide in 10 ml of absolute etha
nol. To this solution was added a solution of 1.0 g (3.2 mmol) 
of 7 in 10 ml of absolute ethanol, and the mixture was refluxed 
overnight under nitrogen. Water was added to the cooled mix
ture to precipitate a purple solid, which was recrystallized from 
ethanol-water to give 0.8 g (73%) of 8a: mp 114-116°; ir,
3.38 (C-H), 6.26, 6.36, 6.68, 6.81, 6.88, 7.01, 7.68, 8.01, 8.17,
13.4 (very broad), and 14.58 u', mass spectrum (low ionizing 
voltage), 343.

Anal. Calcd for C2iHi3NS2: C, 73.46; H, 3.82; N, 4.08. 
Found: C, 73.21; H, 3.85; N, 4.19.

B. 6-Cyanoindeno [2,1-6] -1,4-benzothiazine (8b).—A mixture 
of 1.0 g (3.2 mmol) of 7, 0.35 g (3.9 mmol) of cuprous cyanide, 
and 10 ml of dimethylformamide was refluxed for 4 hr.4 After 
cooling, the mixture was poured into a ferric chloride-hydrochloric 
acid solution and warmed for 30 min. The precipitated solid 
was washed successively with dilute hydrochloric acid, dilute 
sodium hydroxide, and water, then dried to give 0.8 g (96%) of 
8b, mp 215-220°, as a deep purple solid: ir, 3.43 (C-H), 4.63 
(C =N ), 6.29, 6.68, 6.92, 7.06, 7.68, 7.93, 8.12, 8.99, 13.1 
(broad), and 13.3 m (broad); mass spectrum, 260. The analytical 
sample was purified by sublimation, mp 215-220°.

(10) K . L. R in e h a r t ,  J r . ,  a n d  D . H . G u sta fso n , J .  O rg. C h e m ., 25 , 1836
(1960).

Anal. Calcd for Ci6H8N2S: C, 73.84; H, 3.10; N, 10.77. 
Found: C, 74.18; H, 3.17; N, 10.93.

C. 6-Oxo-5a,6-dihydroindeno[2,l-b]-l,4-benzothiazine (9).— 
A solution of 1.0 g (3.2 mmol) of 7 in 30 ml (303 mmol) of piper
idine was refluxed under nitrogen for 5 days. The excess piper
idine was removed in vacuo and the residue was taken up in 
ether. The precipitated piperidinium bromide was removed by 
filtration (recovered 0.4 g, 75% of theoretical). The ethereal 
filtrate was extracted with dilute hydrochloric acid to give a 
blue aqueous solution. The purple ether layer containing un
reacted 7 was discarded. The aqueous acidic solution was ex
tracted with ether until all unreacted 7 was removed. When 
the solution was made basic with dilute sodium hydroxide, a 
deep blue solution was obtained, from which no organic material 
could be extracted with ether. However, when the solution was 
carefully neutralized by adding dilute hydrochloric acid, a 
greenish blue substance precipitated, which was extracted with 
ether. The ether solution was washed with water and dried 
over anhydrous sodium sulfate, and the ether was removed 
in vacuo. Recrystallization of the residue from ether-ethanol 
gave 0.2 g (25%) of 9, mp 210- 212°, as a blue-green solid. Com
pound 9 was readily soluble in dilute acid, giving a blue solution, 
and in dilute base, giving a deep blue solution: ir, 3.24 and 3.43 
(C-H), 5.91 (C = 0), 6.10 (C =N ), 6.27, 6.35, 6.61, 6.83, 7.02, 
7.32, 7.78, 8.26, 11.7, and 13.5

Anal. Calcd for Ci5H9NOS: C, 71.71; H, 3.61; N, 5.57. 
Found: C, 71.97; H, 3.71; N, 5.67.

Indeno [2,1-6] -1,4-benzothiazinyl-6-carboxylic Acid (8c).—A 
mixture of 0.50 g (1.9 mmol) of 8b in 15 ml of glacial acetic acid, 
15 ml of concentrated hydrochloric acid, and 5 ml of water was 
refluxed for 4 hr. The solvents were removed in vacuo and the 
residue was taken up in ether. The ether solution was extracted 
with dilute hydroxide until the extracts were colorless. The 
ether solution containing unreacted 8b was discarded. The 
combined basic extracts were acidified with dilute hydrochloric 
acid, and the product was extracted with ether. After the ether 
washing layer was washed with water and dried over anhydrous 
sodium sulfate, the ether was removed in vacuo to give less than 
0.1 g of 8c, mp >250°, as a dark purple solid. Compound 8c was 
soluble in dilute base: ir, 3.3-3.7 (COOH), 6.07 (conjugated 
0 = 0 ) ,  6.64, 6.85, 7.04, 7.63, 7.98, 8.13, 13.12, and 13.44 M.

Anal. Calcd for Ci6H9N 02S: N, 5.02. Found: N, 4.82.

Registry No.^4, 16888-88-3; 6, 16888-89-4; 7,
16888-90-7; 7 HBr, 16888-91-8; 8a, 16888-92-9; 8b, 
16888-93-0; 8c, 16888-94-1; 9, 16888-95-2.
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The Tishchenko reaction of trichloroacetaldehyde 
(chloral) by the usual aluminum alcohólate catalyst 
is very sluggish.1'2 In this communication, we report 
our finding that some aluminum haloalcoholates cause a 
rapid Tishchenko reaction of chloral to produce tri- 
chloroethyl trichloroacetate. The results are sum-

ClsCCHO — >  Cl3CCOOCH2CCl3 (1 )

(1) I .  Lin and A. R. Day, J .  A m e r . C h em . S o c ., 74, 5133 (1952).
(2) R. Dworzak, M o n a ts c h ., 47, 11 (1927).
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marized in Table I. The catalyst activity is expressed 
in two ways, the reaction time (minutes) required for 
30% conversion and the conversion per cent after 1 hr of 
reaction.

The results clearly demonstrate that Al(OCH2- 
CC13)3 (I), Al(OCH2CBr3)s (II), and Al[OCH(CH2- 
Cl2)2]s (III) as well as alkylaluminum compounds 
are distinguished by high catalyst activity among 
aluminum compound catalysts in the Tishchenko reac
tion of chloral. A1(0CH2CHC12)3 and Al(OCH2CH2- 
Cl)3 are also aluminum haloalcoholates, but they are 
less active. The high catalytic activity of II has also 
been observed in the Tishchenko reaction of tribromo- 
acetaldehyde (bromal).

The characteristic activities of I, II, and III in 
the Tishchenko reactions may be due, at least partly, 
to their marked tendencies of dissociation into monomeric 
form in the presence of donors such as carbonyl com
pounds (eq 2).

[Al(OR)3]n. +  «D
R O \ X>R 

RO^
(D, donor) (2)

(C2H5)3 and (C2H5)2A1C1 may be explained by the 
rapid reaction of the ethylaluminum group with chloral6 
to produce a trichloroethoxyaluminum species.

>A1C2H5 +  ChCCHO — >- >A10CH2CC13 +  CHí =CH2 (3)

According to the mechanistic scheme presented 
in our previous studies,6’7 the Tishchenko reaction con
sists of three processes (Scheme I), the coordination of 
aldehyde with aluminum (path 1), the transfer of the 
alkoxyl group from aluminum to the aldehyde (path 2), 
and the transfer of hydride from the hemiacetal alcohol- 
ate to the aldehyde (path 3). A f te r  the first cycle of 
three processes, the so-called Tishchenko ester is con
tinuously produced. The coordination of aldehyde

Scheme I

>  AI— O R  C1-'CCHQ., \ K 0 R  CI3CCH O
p a l h l  /  ^ 0 = C H C C b  path2 H

/UJX j
\  OCr CCI3 path 3 •

- ------ >A1—OCHsCCls +  CI3CCOOR
^0=CH CC l3

In our previous studies3’4 5 the dissociation tendencies 
(which are quoted in Table I) of several aluminum al- 
coholates in the presence of carbonyl compound in hy
drocarbon solvent were examined by nmr spectroscopy. 
The association of the usual aluminum alcoholates of 
unsubstituted alcohols is strong and is not broken even 
by strong donors.3

T able I
T ishchenko R eaction of Aldehydes in the P resence 

of Various Aluminum Catalysts

%
conversion Structure in

Tao, after the presence
Cataiyst mina I hr of xanthone*

ClaCCHO
A1(0CH2CC13)3 6 99 ì
Al(OCH2CBr3)3 3 50 Dissociated
A1[0CH(CH2C1)2]3 6 92
A1(C2H6)3 5 841
A1(C2H5)2C1 5 94/
Al(OC2H5)3 310 2 e
A](OCH(CH3)2]3 30,600 0.06 Associated*
Al[OC(CH3)3]3 0 Associated
A1(0CH2CHC12)3 150 7 1 AssociatedA1(0CH2CH2C1)3 1,420 0 .67 /

BROCHO
Al(OCH2CBr3)3 2 98 Dissociated

n-C3H7CH0‘

Al(OC2H6)3 14,200 0
(4 .6)'1

Associated

Ai(OCH2CBr3)3 2 92 Dissociated
Al[OCH(CH3)2]3 64 26 Associated

0 TSo is the reaction time required for 30% conversion. b See 
ref 4. c Reaction conditions were CI3CCHO, 0.05 mol; aluminum 
compound, 0.0015 mol; benzene, 10 ml; naphthalene, 0.2 g; 30°. 
d The yield did not increase at a prolonged reaction time. * In
soluble (highly associated). * Acetone was used as a carbonyl 
compound; V. J. Shiner, Jr., and D. Whittaker, J .  Amer. Chem. 
Soc., 85, 2337 (1963). e Reaction conditions were Br3CCHO, 
0.01 mol; aluminum compound, 0.0003 mol; benzene, 2 ml; di
benzyl, 0.2 g; 20°. h Reaction time, 46 hr. ‘ Reaction conditions 
were n-C3H7CHO, 0.01 mol; aluminum compound, 0.0003 mol; 
benzene, 2 ml; diisopropylbenzene 0.2 ml; 20°.

A1(0CH2CHC12)3 and A1(0CH2CH2C1)3 are also 
strongly associated and, therefore, poor in catalytic 
activity. The superior catalytic activities of Al-

(3) T. Saegusa and T. Ueshima, In o rg . C hem ., 6 , 1679 (1967).
(4) T. Ueshima and T. Saegusa, B u tt. Chem . Soc. J a p .,  in press.

with the aluminum alcohólate, which is essential in the 
Tishchenko reaction, has been demonstrated by infrared 
studies.8 Thus, the dissociation tendency of aluminum 
alcoholates is directly related to the catalytic activity 
for the Tishchenko reaction.

The high catalytic activity of II is also observed in 
the Tishchenko reaction of unsubstituted aldehydes,
e.g., n-butyraldehyde (Table I). However, the ef
fect of halogen in the alkoxyl group upon the catalyst 
activity is less conclusive. It may be explained by the 
difference in donating power between chloral and un
substituted aldehyde. Chloral is a much weaker donor 
because of the electron-withdrawing nature of three 
chlorine atoms. n-Butyraldehyde is a stronger donor, 
which can coordinate even with aluminum alkoxide hav
ing no halogen in the alkoxyl group. Therefore, the 
coordination of chloral with aluminum catalyst is more 
facilitated by the ease of dissociation of catalyst. Fur
ther, as the reaction proceeds, the haloalkoxyl groups 
of the aluminum species are gradually replaced by the 
n-butoxyl group derived from n-butyraldehyde. The 
effect of haloalkoxyl groups of the initial catalyst is 
thus reduced.

Experimental Section

Catalysts.—Aluminum haloalcoholates were prepared and 
purined by the procedure described previously.3'4

Reaction of Aldehydes.—To a mixture of 1.5 mmol of alu
minum catalyst and 10 ml of benzene containing naphthalene 
as the internal standard for glpc analysis (usually about 0.2 g), 
50 mmol of anhydrous chloral was added with shaking while 
keeping the reaction mixture at 30°. At appropriate intervals, 
a small amount of reaction mixture was removed and analyzed 
by glpc using a combination of silicon DC 550 and PEG 20,000 
columns.

(5) H. Meerwein, G. Hinz, and H. Majart, J .  P ra k t. Chem ., 147, 236 
(1937).

(6) J. Furukawa, T. Saegusa, and H. Fujii, M akrom ol. Chem ., 4 4 /4 6 , 398
(1961) .

(7) T. Saegusa, K. Hirota, E. Hirasawa, and H. Fujii, B u ll. Chem . Soc. 
J a p .,  40 , 967 (1967).

(8) H. Fujii, T. Saegusa, and J. Furukawa, K ogyo K a g a ku  Z a ssh i, 66 , 695
(1962) .
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A similar procedure was used in the Tishchenko reactions of 
bromal and ra-butyraldehyde.

Registry No.—Chloral, 75-87-6; bromal, 115-17-3; 
n-butylaldehyde, 123-72-8.
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Nesmeyanov and coworkers2 were the first to 
study the action of anhydrous aluminum chloride on 
ferrocene in boiling dichloromethane. The authors, 
using Lewis acid and metallocene in approximately 
equimolar quantities, obtained polynuclear alkylation 
products whose structures were assumed to comprise 
ferrocenylene units interlinked by a multiplicity of 
methylene bridges, these bridges being generated by ac
tion of the solvent as the alkylating species. How
ever, no structural proof for any of the reaction products 
was established at that time. Later investigations3 
cast some doubt on these reports as one of the 
“ alkylated” products from a related system involv
ing 1,2-dichloroethane solvent4 was found to arise 
in benzene solution as well and was identified3b,° as a 
diferrocenyldicyclopentyl. The proposed mechanism 
of formation involved Lewis acid induced cleavage of 
the metal-ring bond in the metallocene and inter
mediacy of cyclopentenyl and ferrocenyl cyclopentyl 
cations. Consistent with this concept of metal-ring 
bond fission, a reinvestigation30 of Nesmeyanov’s 
earlier work2 on the ferrocene-aluminum chloride- 
dichloromethane system revealed the presence of 
cyclopentylene groups in the polymeric products of 
this reaction, analytical results suggesting structure I.

In a related investigation, Valot,5 using a considerable 
Lewis acid excess, obtained polymers with an apprecia

(1) M eta llo cen e  P o ly m ers. X X I I I .  P a r t  X X I I :  E . W . N euse , J .
M acrom ol. S e t., in  p ress. T h e  d e n o ta tio n  of th e  o pen  b o n d  on  th e  le f t-h a n d  
s id e  in  s tru c tu re s  I  a n d  V I I I  is th e  sam e  as  in  p rev io u s  p a r ts  of th is  series a n d  
im plies a t ta c h m e n t  to  th e  p reced ing  recu rrin g  u n it  v ia  a n y  one  po sitio n  2, 
3, o r  1 \

(2) A . N . N esm ey an o v , V. V. K o rsh ak , V. V. V oevodskii, N . S. K o ch e t
k o v a , S . L . Sosin , R . B . M a te r ik o v a , T . N . B o lo tn ik o v a , V . M . C h ib rik in , 
a n d  N . M . B azh in , D okl. A k a d . N a u k  S S S R ,  1 3 7 , 1370 (1961).

(3) (a) S. J .  G o ldberg , J .  A m er. Chem . Soc., 8 4 , 3022 (1962); (b) A. N . 
N esm ey an o v , N . S. K o ch e tk o v a , P . V. P e tro v s k y , a n d  E . I . F ed in , D okl. 
A k a d . N a u k  S S S R ,  1 5 2 , 875 (1963); (c) S. G . C o tt is  a n d  H . R osenberg , J .  
P o lym . S c i., P a rt B -2 , 295 (1964); H . R o sen b erg  a n d  S. G . C o ttis , U . S. 
P a te n t  3,350,369 (1967).

(4) (a) A. N . N esm ey an o v  a n d  N . S. K o c h e tk o v a , D okl. A k a d . N a u k  
S S S R ,  1 2 6 , 307 (1959); (b ) A. N , N esm ey an o v , N . S. K o ch e tk o v a , a n d  
R . B . M a te rik o v a , ib id ., 1 3 6 , 1096 (1960); 1 4 7 , 113 (1962).

(5) H . V alo t, D ouble L ia ison , 1 3 0 , 775 (1966).

bly larger content of ferrocene cleavage products; the 
average repeat unit corresponded in composition to 
a ferrocenylenecyclopentylene skeleton plus three 
additional cyclopentenyl groups and one hydroxy- 
cyclopentyl moiety. No evidence of concurrent 
alkylation by the solvent as originally proposed2 was 
found in these two later studies.30'5 In hopes of achiev
ing the synthesis of [l.l]ferrocenophanes II,6 of in
terest as prototype structures of double-bridged seg
ments postulated in earlier polymer studies,7 we have 
independently investigated the reaction of ferrocene 
with aluminum chloride in dichloromethane, using 
somewhat milder experimental conditions (12-24 hr,
0-25°) than previously employed. The results of this 
study have shown that, while the sequence of reactions 
based on metal-ring bond fission predominates, the 
alkylation of ferrocene by dichloromethane is, indeed, 
a competitive process. Consequently, the arising poly
meric products possess structures appreciably more 
complex than originally3b,c’6 assumed.

Typical experiments, employing equimolar quan
tities of ferrocene and aluminum chloride, resulted 
in the recovery of 50-60% ferrocene. Addition
ally, the following ferrocene derivatives were isolated: 
a dinuclear [l.l]ferrocenophane likely to possess

structure lid (in addition to other unidentified isomers 
II);8 1,1,_ (1 j 3-cyclopentylene) ferrocene (III);9 1,1'- 
(l-methyl-l,3-cyclopentylene)ferrocene (IV); difer- 
rocenylmethane (V);10 a 1,3-diferrocenylcyclopentane 
VI assumed previously11 to possess the cis configuration; 
and a mixture, not further separated, essentially con
sisting of diferrocenylmethylcyclopentane isomers
VII. In addition to these mono- and dinuclear com-

(6) T h e  n o m e n c la tu re  a n d  ch e m is try  of fe rro ce n o p h an es  has  been  r e 
v iew ed  m o st k now ledgeab ly  b y  W . E . W a tts , Organom etal. Chem . Rev., 2 , 231 
(1967).

(7) (a) E . W . N eu se  a n d  D . S. T rifa n , J .  A m er. Chem . Soc., 86 , 1952
(1963); (b) E . W . N eu se  a n d  E . Q uo, J .  P o lym . S c i., P a rt A S ,  1499 (1965).

(8) T h e  a l l-h e te ro a n n u la r  l i e  w as re c e n tly  sy n th es iz ed  b y  W . E . W a tts , 
J .  Organom etal. Chem ., 1 0 , 191 (1967). A lso kn o w n  is th e  1 ,1 2 -d im ethy l 
d e r iv a tiv e : W . E . W a tts , J .  Am er. Chem. Soc., 88 , 855 (1966). W e a re  m o s t 
g ra te fu l to  D r. W a tts  fo r su b m it tin g  copies of th e  ir, p m r, a n d  m ass  sp e c tra  
of b o th  co m p o u n d s fo r c o m p a ra tiv e  pu rp o ses .

(9) (a) V. W e in m ay r, J .  A m er. Chem . Soc., 7 7 , 3009 (1955); (b) S. G. 
C o tt is  a n d  H . R o sen b erg , Chem. I n d .  (L o n d o n ), 860 (1963).

(10) (a) K . S chlogl a n d  A. M o h a r , M onatsh . C hem ., 9 2 , 219 (1961); (b) 
P . L . P au so n  a n d  W . E . W a tts , J .  Chem. Soc., 3880 (1962); (c) E . W . N euse  
a n d  K . K od a , B u ll. Chem. Soc. J a p .,  3 9 , 1502 (1966); (d) E . W . N eu se  a n d  
E . Q uo, ib id ., 3 9 , 1508 (1966).

(11) E . W . N euse , R . K . C ro sslan d , a n d  K . K o d a , J .  Org. Chem ., 3 1 , 2409 
(1966).
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T a b l e  I
■Calcd, % -------------------------------- . ---------------------------------F o u n d ,6 %■

Compound Mp, °C Mol w ta C H F e CH> C H F e c h 3

lid 265-268 402 66.71 5.09 28.20 66.92 5.19 28.01
IV 109-110 284 72.20 6.82 20.98 5.6 72.45 6.85 21.24 4 .3
VIIe Liquid 465 69.06 6.24 24.70 3 .3 69.29 6.32 24.25 2 .7
Villa* 60-65 680 70.42 6.19 23.39 2.1 70.57 6.31 22.97 2 .4
VUIb* 90-115 1050 71.96 6.68 21.36 71.68 6.80 21.55
V ille 90-110 2400 73.25 7.09 19.65 72.99 6.89 19.30

° Average of two runs, by vapor pressure osmometry in CH2Br2. Calcd for II, 396; for IV, 266; for VII, 452. b Combustion analyses 
by G. I. Robertson, Florham Park, N. J. C-Methyl determinations by Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. 
c Unseparated isomer mixture. * Essentially the same composition found for fraction V illa , M n 810, mp 75-90°. e Essentially the 
same composition found for fraction VUIb, M n 1720, mp 90-120°.

pounds,12 the reactions furnished several polymeric frac
tions with number-average molecular weight (M n) 600- 
2400. The lower molecular fractions, with M n <  900, 
essentially corresponded in elemental composition to 
the idealized structure Villa consisting of ferrocenyl- 
enecyclopentylene, ferrocenylenemethylene, and fer- 
rocenylene (methyl) cyclopentylene segments randomly 
distributed in roughly equal proportions. Higher 
molecular fractions were found to contain additional 
cyclopentylene groups; in a simplified form, their struc
tures may be depicted by VUIb and c.

readily accommodated by lid,16 in which protons 2 
and 2' are well within the shielding cone of the hori
zontal ferrocene unit, thus producing the signal at 6.41 
ppm.16 The mass spectrum (70 eV) exhibits an intense 
parent ion peak at m /e  396 and its prominent doubly 
charged counterpart at m /2 e  198, and also both the 
[M +  1 ] + peak and the corresponding doubly charged 
species are of comparatively high intensity. Fragment 
ions of high abundances, deriving from the homoannu- 
larly linked ferrocene unit as the most vulnerable por
tion of the molecule, include [M — 65 ]+ (loss of cyclo-

VIHa, x = 1
b, x =  2
c, x = 3

The structural assignments of the new compounds 
lid, IV, VIII, the isomer mixture VII rest on microan
alytical results (Table I) and spectroscopic data.

Compound lid gives an ir spectrum (KBr disks) 
closely resembling that10 of V except that enhanced 
methylene stretch and deformation bands are shown. 
Furthermore, the 9,10-/x bands13 and the peak at 7.1 u 
all appear in decreased intensities relative to V (insuf
ficient solubility prevented a quantitative determina
tion). This suggests lid as the most probable struc
ture, whereas Ha and lib, possessing the same high 
(i.e., 100%) homoannularity7a as V, are rendered 
highly unlikely as alternate candidates, and He,8 iden
tified by an entirely heteroannular bonding scheme, 
is altogether eliminated. The nmr spectrum (60 
MHz, in CDC13; chemical shifts in r values) is 
characterized by a complex multiplet, of fourteen 
ferrocene protons at 5.8-6.1 ppm, an apparent singlet of 
two ferrocene protons at 6.41 ppm, and an AB-type 
quartet (J ab = 15 Hz; verified at 100 MHz), due to two 
pairs of methylene protons, centered at 6.73 ppm. This 
pattern, while inconsistent with both Ha and lib,14 * is

(12) I n  rea c tio n s  c o n d u c ted  a t  —15°, d ife rro cen y lcarb in o l [ref 10a a n d  
R . L. S chaaf, J .  Org. Chem ., 27 , 107 (1962)] w as ad d itio n a lly  s e p a ra te d . W e 
a re  in d e b te d  to  D r. S ch aa f fo r fu rn ish in g  a  sam p le  of th is  ca rb in o l fo r com 
p ariso n .

(13) M . R osenb lum , P h .D . T h esis, H a rv a rd  U n iv e rs ity , 1953; re f  lOd.
(14) T h e  m e th y le n e  p ro to n s  in  I l a  a n d  b, lo c a ted  in  th e  m u tu a l desh ie ld ing

zone of tw o  essen tia lly  c o p lan a r  cy o lo p en tad ien y l rings, sho u ld  g ive sig
n a ls  a t  ap p ro x im a te ly  th e  sam e  dow nfield  p o s itio n  a s  show n b y  l i e  (6.45
p p m ). I n  ad d itio n , a  sing le t w ould  be  expected  fo r th e  e q u iv a len t m e th y le n e

pentadienyl), [M — 66]+ (loss of cyclopentadiene fol
lowing hydrogen transfer from the alkyl bridges17), 
[M — 122]+ (elimination of s6Fe from the preceding 
ion), and [M — 78]+. The last-named species is prob
ably a rearrangement product following loss of C6H6 
as contended17 for a similarly fragmentation-resistant 
ferrocene; the high-intensity peak at m/e 78 most 
likely due to the stable benzene cation17 would seem to 
support this transition. In accord with lid (and in
consistent with Ila and lib), no prominent peaks at 
m/e 266 or 264 corresponding to ions [M — 130]+ (loss 
of 2 cyclopentadienyl rings) or [M — 132]+ (loss of 
two cyclopentadiene units) are apparent. Of in
terest is the facile elimination of H2 leading to the prom
inent [M — 2]+ ion (m/e 394) and the doubly charged 
species (m/e 197); the fragments [M — 2 — 65]+ with 
m/e 329 and [M — 2 — 121]+ with m/e 273 are cor-

p ro to n s  in  l i b .  S im ilar co n s id e ra tio n s  of th e  re la tiv e  p o s itio n s  of th e  r in g  
p ro to n s  a n d  re s u lta n t d esh ie ld ing  effects (in  I l a )  a n d  co m b in ed  desh ie ld ing  
a n d  sh ie ld ing  effec ts (in  l i b )  w ou ld  p re d ic t a ll r in g -p ro to n  s ignals  to  a r ise  to  
th e  low -field side  of ~ 6  p p m  in  I l a  a n d  of ~ 6 .2  p p m  in  l i b .

(15) S cale  m ode ls  show  th is  “ tra n s” fo rm  to  b e  th e  less s tr a in e d  of th e  tw o  
p ossib le  co n figu ra tions .

(16) (a) F u rth e rm o re , th e  rem ain in g  rin g  p ro to n s  a re  n e i th e r  especially  
sh ie ld ed  n o r  desh ie lded  an d , as  p a r t  of a  s tra in -fre e  sy stem , o cc u p y  positions  
essen tia lly  eq u a lly  sp aced  from  th e  re sp ec tiv e  F e  ce n te rs , g iv ing  a  m u ltip le t 
in  th e  ra n g e  ty p ic a l of su ch  m e th y le n e -b rid g ed  co m p o u n d s a s  V  o r th e  iso
m eric  d ife rrocy lferrocenes .16b I n  c o n tra s t, th e  fe rro cen e  p ro to n  s ignals  show n 
b y  c ru d e  sam ples s till c o n ta in in g  o th e r  iso m ers14 o f I I  in c lu d e  b ro a d  enve
lopes, w h ich  e x ten d  dow nfield  to  5.6 p p m  a n d  upfie ld  to  6 .2  p p m , a n d  th e  
m e th y le n e  p ro to n  signals  show  sa te lli te s  a t  6 .4 -6 .5  p p m . (b ) E . W . N euse, 
E . Q uo, a n d  W . G . H ow ells, J .  Org. Chem ., 30 , 4071 (1965).

(17) H . E gger, M onatsh . Chem ., 97, 602 (1966).
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respondingly abundant. A species with m /e  394 
and m /2 e  197, aside from appearing in the spectrum lie, 
was also found8 to arise from 1,12-dimethyl [1.1]- 
ferrocenophane as one of the principal fragmentation 
products and precursor of m /e  329, which attests to the 
stability and importance of the methylidene-bridged 
ions (m/e 394) in the fragmentation pattern of 
[1.1 ]ferrocenophanes.

Compound IV gives an ir spectrum similar to that of 
III, showing the typical splitting of the 12.2-,u ferrocene 
CH out-of-plane deformation band into two band 
groups near 11.8 u (multiplet) and 12.5 y  (sharp singlet) 
observed previously11 with related hetero-bridged 
mononuclear ferrocenes;18 in addition, a methyl band 
appears at 7.32 y.  The pmr spectrum shows ferrocenyl, 
methylidene, methylene, and methyl proton reso
nances in the calculated area ratio; the methyl signal 
emerges as a sharp singlet at 8.59 ppm, that is, in the 
region and multiplicity expected for a methyl group 
attached to tertiary carbon in a  position to the cyclo- 
pentadienyl ring. The compactness of the bridged 
molecule, while causing highly intense m /e  (266) and 
m /2 e  (133) molecular ion peaks, prevents high abun
dances of such fragments as [M — 65]+ or [M — 66]+, 
which appear to arise amply whenever cyclopentadienyl 
rings are available for ready primary cleavage at the 
iron-ring bond17’19 or when, as in the case of [M — 66]+, 
hydrocarbon side chains can provide a hydrogen atom 
for transfer to the ring.17 Instead (3 cleavage is 
favored, as manifested by the prominent peaks at mass 
numbers corresponding to [M — 14]+, [M — 15 ]+, and 
[M — 28]+. The most abundant ion in the m /e  100- 
252 range is [CsHsFe]*, m /e  121. The prominence of 
this peak, also apparent in III but unexpected in view of 
other reports20 associating the [CsHsFe]"1" ion with the 
presence of unsubstituted rings, obviously derives from 
the tendency of the odd-electron radical ion [C5H.4Fe]t 
to pick up a side-chain hydrogen atom, thus converting 
into the more stable even-electron [CsE/Fe ] + species. 
Consistent with the alicyclic position of the methyl 
group, the m /e  223 to m/e 224 abundance ratio is con-

HC—CH2— C HC—CH2— CH

-̂CioHaFe-l L.QI0H8Fe-̂
223 224

siderably higher (1.27) than found in the spectrum of 
III (0.75). Furthermore, the spectrum of IV fails to 
show prominent peaks due to [CH3-C 5H3Fe]t (m/e 134) 
or [CH3-C 6H4Fe]+ (m/e 135) in higher relative intensi
ties than shown by III. A nuclear position of CH3 
would predict abundances at least as high as that of 
[C5H5Fe] +, notably for m/e 135 whose proven stability21 
would seem to rule out rapid depletion by further frag
mentation or rearrangement.

(18) C e r ta in  di- a n d  p o ly n u c lea r ferrocenes la ck ing  h e te ro -b rid g ed  seg
m e n ts  m a y  a lso  show  th is  p a t te rn ,  p ro v id e d  th a t  free  ro ta t io n  of th e  rin g s  in  
o n e  of th e  ferrocene u n its  is re s tr ic te d  s te rica lly . T h e  p a t te rn , in  su ch  case, 
is su p erim p o sed  b y  th e  reg u la r, b ro a d  ab so rp tio n  n e a r  12.2 n  a sso c ia ted  w ith  
th e  u n en c u m b ered  ferrocene g roups. l, l '-D ife r ro c y lfe r ro c e n e 16b offers a  case 
in  p o in t.

(19) C . C o rdes  a n d  K . L . R in e h a rt, J r . ,  150th  N a tio n a l M ee tin g  of th e  
A m erican  C h em ica l S ocie ty , A tla n tic  C ity , N . J . ,  1965, D iv is io n  of O rgan ic  
C h em is try , A b strac ts , p  37S.

(20) N . M aoz, A . M an d e lb au m , a n d  M . C ais, Tetrahedron Lett,, 2087 
(1965).

(21) R . I .  R ee d  a n d  F . M . T a b riz i, A p p l. Spectros,, 17, 124 (1963).

The isomer mixture VII gives an ir spectrum showing 
a methyl peak at 7.31 y  in addition to the typical fea
tures of diferrocenylcyclopentanes.11 The pmr spec
trum, closely related to that of VI and isomers,11 exhi
bits ferrocene (5.8-6.1 ppm) and alicyclic methylidene 
(7.0-7.4 ppm) and methylene (7.6-8.5 ppm) proton 
signals; furthermore, a methyl proton singlet appears at 
8.64 ppm, indicating attachment to alicyclic carbon.22 
Relative intensities are substantially in the calculated 
ratio. Additional weak absorption at 6.7-6.8 ppm sug
gests a minute percentage of methylene-bridged in
gredients.

The polynuclear compounds VIII are characterized 
by ir spectra that can essentially be considered as com
posites of the spectra of I3b,c’11 and the polymers -f-Cio- 
H8Fc-CH2-K7 of earlier studies. In addition, 
weak methyl absorption appears at 7.33 y.  The pmr 
spectra exhibit ferrocene and alicyclic (methylidene and 
methylene) proton multiplets in the same ranges (5.8- 
6.1 and 6.9-8.5 ppm) as shown by I and, addition
ally, display a-methylene and side-chain methyl proton 
signals near 6.7 and 8.6 ppm, respectively, all signal in
tensities being in the required ratio.

The occurrence of compounds II-VIII suggests a 
mechanism involving a multiplicity of cleavage and 
alkylation steps. Possible routes are depicted in 
Scheme I. The alkylation of ferrocene by dichloro- 
methane to give V and, hence, the ferrocenophanes II 
v ia  fdrroccny 1 carbiny 1 and ferrocylferrocenylcarbinyl 
cations is straightforward. Both V and lid (and 
other isomers II) undoubtedly undergo substantial de
alkylation under the experimental conditions of this 
study.23 The comparatively high yields in which 
lid was isolated relative to V reflect the appreciable 
probability of regeneration expected for a double- 
bridged [1.1 [ferrocenophane in contrast to the single- 
bridged diferrocenylmethane. Formation of III and 
VI (and isomeric diferrocenylcyclopentanes undoubt
edly present but not isolated in this study) clearly re
sults from metal-ring bond cleavage and secondary re
actions involving ensuing cyclopentenyl and ferrocenyl- 
cyclopentyl cations.9,11 Less obvious is the forma
tion of IV and isomers VII. From our failure to collect 
these compounds in reactions conducted in carbon tetra
chloride solvent24 we must conclude that the methyl 
substituent originates from dichloromethane. The 
mechanism shown in Scheme I,25 which represents one 
of several possible routes, involves the intermediacy 
of methylcyclopentenyl and 3-ferrocenyl-3-methyl- 
cyclopentyl cations, the former arising by cleavage 
of methylferrocene. This chart also depicts the re
action paths likely to lead to the segment structures A, 
B, and C of VIII. Termination of the growing poly-

(22) A d m ix tu re  o f n u c lea rly  m e th y la te d  isom ers, h ow ever, c a n n o t  be 
ru le d  o u t, as th e  re sp ec tiv e  signal m ig h t w ell b e  m ask ed  b y  m e th y le n e  reso 
n an ces  n e a r  th e  ex p ec ted  8 -ppm  po s itio n .

(23) S uch  d e a lk y la tio n  is sugg ested , fo r exam p le , b y  th e  co n s id e rab le  
q u a n titie s  of fe rro cen e  a ris in g  w hen  V  is s u b s t i tu te d  fo r fe rro ce n e  a s  th e  
s ta r t in g  m a te r ia l.

(24) I n  a d d itio n  to  d ife rro cen y l k e to n e  an d  p o ly m eric  co m p o u n d s  c o n ta in 
ing  ca rb o n y l a n d  cy c lo p en ty len e  b ridges, re a c tio n s  in  CCU fu rn is h e d  te tr a -  
fe rro ce n y lm e th an e , m p  20 2 -2 0 4 °  (A n a l .  F o u n d : C , 65 .76 ; H , 5 .01; F e,
29 .48 . P m r  s in g le t a t  5.87 p p m ), a n d  th e  s ta b le  d ife rro c en y ld ich lo ro m e th an e , 
m p  209-211° [A na l. F o u n d : C l, 15.95; F e , 24 .50 ; m ol w t, 440. P m r  signals 
a t  5 .10 p p m  (fou r a  p ro to n s) a n d  5.73  p p m  (fo u r 0  p lu s  te n  u n s u b s t i tu te d  
rin g  p ro to n s )] .

(25) R H  =  so lv en t o r  fe rro ce n y la lk an e . T h e  fo rm a tio n  of d ife rroceny l- 
c a rb in o l12 fro m  V m a y  th u s  b e  exp la ined .
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Sc h e m e  I
C le a v a g e  a n d  A lk y l a t io n  o f  F e r r o c e n e  (F cH  =  F e r r o c e n e )

III

mer chains may proceed through electrophilic attack on 
ferrocene or a ferrocenyl unit of any of the products II- 
VII; self-substitution (cyclialkylation) with forma
tion of end groups comprising, for example, the 1,1'- 
(l,3-cyclopentylene)ferrocene skeleton or its methyl- 
substituted counterpart is equally probable, although 
not readily detectable analytically.

Experimental Section

In an exemplifying experiment, ferrocene (0.1 mol), dissolved 
in dry dichloromethane (2.0 mol), was stirred under N2 with an

Segment 8. VIII

VI

hydrous aluminum chloride (0.1 mol) for 3 hr at 0° and 20 hr 
at 25°. Following hydrolysis (0.05 mol of SnCl2 added as reduc
ing agent), the organic phase, worked up and dried in the usual 
manner, was evaporated in vacuo, and the residue was extracted 
with cyclohexane. Reprecipitation of the cyclohexane insolubles 
from benzene solution by 2-propanol gave orange-tan VIIIc, 
M n 2400 (2.7%). The cyclohexane solubles were chromato
graphed on alumina, activity II; fast elution with hexane fur
nished four major zones. Rechromatography of the first zone 
(activity I) gave ferrocene (56% recovery), followed by III, mp
139-140° (0.8%), and IV, mp 108-109.5° (3.1%). The second 
zone, on rechromatography as before and laborious fractional 
crystallization from hexane, produced a ferrocenophane tenta
tively identified as lid , mp 265-268° (DTA endotherm 268°),
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as the least soluble species (1.7%; in addition to impure frac
tions, mp 240-260°, containing other isomers), followed by V, 
mp 145-146° (0.3%), and a fraction that, when rechromato
graphed, was separated into VI, mp 102-105° (0.2%; wide 
melting point range indicates presence of other isomers), and the 
oily mixture VII (3.0%). The third zone, mechanically removed 
from the column, extracted with ether, and rechromatographed in 
cyclohexane, produced two bands. The lower one, reprecipitated 
from hexane by partial vacuum evaporation, gave V illa , M n 
680 (10.1%); similarly, the upper one gave V illa , M„ 810 
(3.2%). From the fourth zone, worked up as in the preceding 
case, two fractions VUIb were isolated; the lower molecular 
fraction (1.6%), reprecipitated from cyclohexane solution by 
methanol, had M n 1050; the higher molecular fraction (6.6%), 
reprecipitated from benzene solution by methanol, had Mn 1720. 
Analytical data for all new compounds are collected in Table I. 
The identities of III, V, and VI were established by elemental 
analysis and comparison of melting point, X-ray diffraction 
pattern, and ir spectra with those of authentic samples.9-11

Registry No.—lid, 12271-18-0; III, 12088-07-2; IV, 
12271-17-9; V, 1317-11-9; VI, 12271-19-1; VII, 12271- 
20-4; aluminum chloride, 7446-70-0; dichloromethane, 
75-09-2; ferrocene, 102-54-5.

Acknowledgment.—The author is greatly indebted 
to Miss K. Koda and Mr. E. Quo for their excellent 
contribution to the experimental work. Mr. R. K. 
Crossland, University of Southern California, obligingly 
recorded the pmr spectra.

The Novel Reaction of

the region of the ethylenic proton of l-(2',3',4'-tri- 
methoxyphenyl)cycloheptene which absorbed at r 
4.18. Absorptions at t 6.08 and 6.17 integrated cor
rectly for only six protons representing two methoxyl 
groups rather than the expected three methoxyl groups. 
Thus, a methyl group of one methoxyl group was evi
dently lost during the reaction. Since the infrared 
spectrum showed no absorption in the hydroxyl region 
for this compound, reaction 1 is believed to occur. The

2-(2',3',4,-Trimethoxyphenyl)cycloheptyl 
M ethanesulfonate with  

Dipotassium Mercaptoacetate

F. J. L o t s p e i c h

Department of Biochemistry, West Virginia University, 
School of Medicine, Morgantown, West Virginia 26506

Received December 22, 1967

While studying the stereochemistry of 2-(2',3',4'- 
trimethoxyphenyl)cycloheptanemercaptoacetic acid ob
tained by the addition of mercaptoacetic acid to
l-(2',3',4'-trimethoxyphenyl)cycloheptene, it was nec
essary for the author to prepare (rans-2-(2',3,,4'-tri- 
methoxyphenyl)cycloheptanemercaptoacetic acid. Be
cause axial tosylates substituted in the axial 2 posi
tion by a phenyl group containing an electron-donating 
group in the ortho or p a ra  position retain their configura
tion when treated with nucleophilic reagents,1 it was 
felt that in the present situation the desired compound 
could be obtained by treating (ran,s-2-(2',3',4'-trime- 
thoxyphenyl)cycloheptyl methanesulfonate with the 
dipotassium salt of mercaptoacetic acid.

Treatment of (rans-2-(2',3',4'-trimethoxyphenyl)- 
cycloheptyl methanesulfonate with the dipotassium 
salt of mercaptoacetic acid yielded only a small amount 
of the desired product. The major fraction was sulfur 
free and insoluble in base. The nmr spectrum of the 
base insoluble material showed single-proton absorp
tions at r 5.0 and 6.5. These single proton absorptions 
were not in the region of the olefinic protons of a conju
gated or unconjugated cyclic system2 and were not in

(1) F . J . L o tsp e ich  a n d  S. K arickho ff, J .  Org. Chem ., 31 , 2183 (1966).

structure of compound II is consistent with the nmr 
spectrum since the substitution pattern on the benzene 
ring remains unchanged, the seven-membered ring is 
intact, and the protons of one methoxy group are no 
longer present. The proton absorption at r 5.0 is as
signed to the hydrogen atom a  to the oxygen of the 
cyclic ether. Although this value is approximately 
0.57 ppm downfield from the absorption of the proton a  
to the ether oxygen in 2,3-dihydro-5-methoxybenzo- 
furan (r 5.57),3 Fulmor, et a l., have assigned a proton 
absorption at r 5.02 to a proton a  to the cylic ether oxy
gen in the 6,14-endo-ethenotetrahydrothebaine sys
tem.4 The proton absorption at r 6.5 is assigned to the 
benzyl proton. Structure II is also consistent with the 
elemental analysis and the infrared spectrum. The iso
lation of S-methylmercaptoacetic acid also supports the 
postulated reaction.

Attempts to cleave the cyclic ether with gaseous hy
drogen chloride at 80 and 100° were unsuccessful. Hy
drogen bromide (48%) in refluxing glacial acetic acid 
(8 hr) cleaved the methoxyl groups but apparently 
failed to open the cyclic ether ring since the resulting 
phenolic ether could be successfully converted back into 
the starting compound by treatment with dimethyl sul
fate and base.

Although it is generally postulated that the phenyl 
ring itself participates in anchimeric assistance, it has 
been suggested that the methoxyl group can participate 
directly in anchimeric assistance. Noyce6 has postu
lated that the methoxyl group in 1,4-methoxycyclo-

(2) L . M . Ja c k m a n , “ A p p lic a tio n s  of N u c le a r  M a g n e tic  R e so n a n c e  S pec
tro sc o p y  in  O rgan ic  C h e m is try ,”  P e rg am o n  P re ss  In c .,  N ew  Y o rk , N . Y ., 
1959, p  61.

(3) S. D . D a rlin g  a n d  K . D . W ills, J .  Org. Chem ., 32 , 2794 (1967).
(4) W . F u lm o r, J .  E . L a n c a s te r , G . O. M o rto n , J . J . B row n , C . F . H ow ell, 

C . T . N o ra , a n d  R . A . H a rd y , J r . ,  J .  A m er. Chem . Soc., 89 , 3322 (1967).
(5) D . S. N o y ce  a n d  B . R . T h o m as , ib id ., 79 , 755 (1957).
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hexyl tosylate assists in the displacement of the tosyl- 
ate through the boat-form intermediate. Allred and 
Winstein6 recently reported the participation of the
5-methoxyl group in the lithium aluminum hydride re
duction of 5-methoxyl-2-pentyl p-bromobenzene-sul- 
fonate. In this case the oxygen atom of the methoxyl 
group was incorporated into the ring of 2-methyltetra- 
hydrofuran which was formed in this reaction. Frame
work molecular models do not rule out the postulated 
reaction in the present case since they indicate that 
the o-methoxyl group of ¿rons-2(2,,3,,4'-trimethoxy- 
phenyl)cycloheptyl methanesulfonate is properly lo
cated for a backside displacement of the mesylate group. 
Further studies in this area are in progress.

Experimental Section

M elting points were taken using a Nalge-Axelrod melting 
point apparatus and are uncorrected. Infrared spectra were 
measured on a Perkin-Elmer M odel 13-U spectrophotometer and 
nuclear m agnetic resonance spectra were obtained on a Yarian 
A-60 spectrometer in deuterated chloroform solutions (c a . 10%) 
using tetramethylsilane as an internal standard.

l-(2',3',4'-Trim ethoxyphenyl)cycloheptanol was prepared ac
cording to the procedure of Ginsburg and Pappo7 as modified by  
Lotspeich and Karickoff1 for the preparation of l-(2 ',3 ',4 '-  
trimethoxyphenyl )cy clohexanol.

l-(2',3',4'-Trim ethoxyphenyl)cycloheptene.— This preparation 
was achieved according to the procedure of Ginsburg and 
Pappo . 7

¿rans-2-(2',3',4'-Trimethoxyphenyl)cycloheptanol.— The pro
cedure which was followed in this synthesis was that of Brown 
and Subba R ao .8 l-(2',3',4'-Trim ethoxyphenyl)eycloheptene  
(23.6 g) gave 21.4 g of oil, bp 135-147° (0 .04m m ). T hisoil (3 g) 
was chromatograped over 108 g of neutral aluminum oxide 
(Merk) prepared with hexane. Successive elution with the in
dicated solvents gave four fractions: (1) 120 ml of pentane-25%  
diethyl ether, 1.26 g of m ainly l-(2',3',4'-trim ethoxyphenyl)- 
cycloheptene; (2) 400 m l of pentane-80%  diethyl ether, nothing;
(3) 160 ml of diethyl ether, 120 m g of l-(2',3',4'-trim ethoxy- 
phenyl)cycloheptanol; (4) 200 ml of pentane-10%  methanol,
1.44 g of ¿rtms-2-(2',3',4'-trimethoxyphenyl)cycloheptanol. 
Fraction 4 was distilled: bp 142-143° (0.05 mm); n 23D 1.5380.

A n a l.  Calcd for CieHuCh: C, 68.57; H , 8.57. Found: C, 
68.63; H , 8.62.

fra?w-2-(2',3',4'-Trimethoxyphenyl)eycloheptyl methanesulfo
nate was prepared by allowing 2.00 g (0.0071 m ol) of the above 
alcohol to react with 0.96 g (0.0084 mol) of methanesulfonyl 
chloride in 5 ml of pyridine at 10° for 48 hr. The pyridine solution 
was worked up in the usual manner to give 1.6 g (63%) of white 
crystals which were recrystallized twice from methanol, mp 
88-90°.

A n a l.  Calcd for CnWeOeS: C, 56.98; H , 7.26. Found: C, 
57.07; H , 7.22.

6H-3,4-Dimethoxybenzo[b]-5a,7,8,9,10,10a-hexahydrocyclo- 
hepta[d] furan.— irans-2-(2',3',4'-Trim ethoxyphenyl)cycloheptyl 
methanesulfonate (5.5 g, 0.015 mol) was added to 100 ml of 
anhydrous methanol containing 3.00 g (0.018 mol) of potassium  
mercaptoacetate. The solution was heated a 55° for 60 hr and 
the methanol evaporated. Water (5 m l) was added and the ma
terial extracted with diethyl ether. The diethyl ether was 
washed w ith water and evaporated to yield 3.3 g of oil which 
solidified upon standing. The solid was crystallized from diethyl 
ether to yield 3.0 g of 6H -3,4-dim ethoxybenzo[6]-5a,7,8,9,10,10a- 
hexahydrocyclohepta[d]furan, mp 70-71 .5°. Attem pts to reduce 
this compound with Raney nickel in methanol at 40 psi of hydro
gen were unsuccessful. The compound also failed to react with 
potassium permanganate in acetone and to undergo hydro- 
boration according to the procedure previously described. The 
infrared spectrum had bands at 3010, 2930, 2860, 1620, 1492, 
1460, 1268, 1150, 1088, 1055, and 972 cm ”1. The nmr spectrum  
showed absorption bands at r  3 .4  (doublet, 2 H ), 5 .0  (broad, 
1 H ), 6.08 and 6.17 ( 6  H ), 6.5 (broad, 1-H ), 8.3 (10-H ).

(6) E .  L . A llred  a n d  S. W in ste in , J .  A m er. Chem . Soc ,, 89, 4008 (1967).
(7) D . G in sb u rg  a n d  R . P ap p o , ib id ., 75 , 1094 (1953).
(8) H . G . B row n  a n d  B . C . S u b b a  R ao , ib id ., 81 , 6423 (1959).

A n a l.  Calcd for C15H 20O3 : C, 72.55; H , 8.12; mol wt, 248. 
Found: C, 72.86; H , 7.92; mol w t, 255.

The basic solution was acidified with concentrated hydrochloric 
acid and extracted w ith diethyl ether. Evaporation of the ether 
after washing with water yielded 1.8 g of material. D istillation  
of this material yielded 0.9 g of oil, bp 64-68° (0.7 m m ). This 
material was converted into the acid chloride and treated with  
aniline to yield the anilide of S-m ethylm ercaptoacetic acid, mp 
77-78° (lit . 9 mp 80°). This material did not depress the melting 
point of an authentic sample of the anilide of S-methylmercapto
acetic acid. The residue from the distillation was taken up in 
chloroform and the solid removed. The chloroform was evapo
rated and the liquid was taken up in a small amount of diethyl 
ether passed over a column (22 X 150 mm) containing 18 g of 
silicic acid. Elution with 20% diethyl ether in hexane yielded 
0.40 g of an acidic oil which had an infrared and nmr spectra 
identical with the acid prepared by displacement of the cis 
tosylate.

The Reaction of 6H-3,4-Dimethoxybenzo[b]-5a,7,8,9,10,10a- 
hexahydrocyclohepta [d] furan with Hydrogen Bromide.— Hydro
gen bromide (2.4 g of 48% ), 5 ml of glacial acetic acid, and 2.0 g 
of 6H-3,4-dim ethoxybenzo[6]-5a,7,8,9,10,10a-hexahydrocyclo- 
hepta[d] furan were refluxed for 8  hr. The solution was cooled, 
added to water, and extracted with diethyl ether. The ether ex
tract was washed with 5% sodium bicarbonate solution and then 
water. Evaporation of the ether yielded 1.5 g of oil which solidi
fied when treated with cold petroleum ether (bp 3 5-37°). This 
material melted at 160-166° after crystallization from methylene 
chloride-petroleum ether (bp 35-37°) (further recrystallization 
did not improve the melting point): nmr, r 3.48 (center of two 
doublets), 4.55 (2-H ), 4.48 (1-H ), 6.50 (1-H ), and 8.32 (10-H); 
the infrared spectrum (chloroform) had bands at 3633, 2925, 
1641, 1486, 1013, and 1207 cm ”1.

Remethylation of 6H-3,4-Dihydroxybenzo [5] -5a, 8,9,10,10a- 
hexahydrocyclohepta [d] furan.— 6H-3,4-Dihydroxybenzo [fe] -5a,- 
7,8,9,10,10a-hexahydroeyclohepta[d]furan (1.00 g, 0.0040 mol) 
and 0.80 g (0 . 0 2 0  mol) of sodium hydroxide were treated with  
0.63 g (0.0050 mol) of dim ethyl sulfate at 80°. After stirring 
for 1 0  min an additional 0.80 g (0 . 0 2 0  mol) of sodium hydroxide 
and 0.63 g (0.0050 m ol) of dim ethyl sulfate were added and thé 
solution was refluxed for 2 hr. The resulting solution was cooled 
and extracted with diethyl ether. The ether extract was washed 
with water and the ether was evaporated to yield dark yellow  
crystals. These crystals were recrystallized from petroleum  
ether (bp 35-37°), mp 70-71 .5°. They showed no depression 
in melting point when mixed with a sample of 6H-3,4-dim ethoxy- 
benzo[b]-5a,7,8,9,10-10a-hexahydrocyclohepta [d] furan.

Registry No.—I, 16958-54-6; free base of I, 16958- 
55-7; II, 16958-56-8; dipotassium mercaptoacetate, 
16958-57-9.
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The free-energy difference between the two chair 
forms of a monosubstituted cyclohexane is generally re-
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ferred to as the conformational energy, A(?°(x), where x 
represents the substituent on the ring. Although con
formational energies of substituents are known to be 
sensitive to molecular environment,2-6 their effects have 
often been additive2 3 4 5 6'7 when two or more groups are 
placed on the same ring. Such additivity has been 
found, for example, in 1,4-disubstituted cyclohexanes 
and to a somewhat lesser extent in the 1,3 series.2’8 
The buttressing effect of adjacent groups will preclude 
additivity in 1,2-disubstituted cyclohexanes; how
ever, it may be possible to correct for this.9 This paper 
deals with the question of additivity in a 1,1-disub- 
stituted cyclohexane. The available data, Table I, 
for such systems generally show satisfactory agreement 
between calculated and experimental values. The 
most serious deviation occurs with methylenecyclo- 
hexane oxide and undoubtedly it results from the severe 
decrease in the intersubstituent angle.

T a b l e  I
A COMPARISON OF CALCULATED

a n d  E x p e r i m e n t a l  C o n f o r m a t i o n a l  E n e r g i e s  
i n  1 ,1 - D i s u b s t i t u t e d  C y c l o h e x a n e s

C o n fo rm a tio n a l free  energies,
-kcal/m ol-

S u b s t itu e n ts  [A G °(x)]a P re d ic te d 8 O bserved R ef

Methyl (1.7); chloro (0.4) 1.3 1.1 c

SR2-  (0.8); OR2-  (0.7) 0.1 ca. 0 .0J d
Hydroxy (0.6); ethynyl (0.2)A 0.4 0.6 e

Vinyl (1.1);* hydroxy (0.6) 0.5 0.64 f
Methyleneoxy-CH20  (0.8 and 1.8)’ 1.0 0 .2’' 9
Phenyl (3.1); (CH3)2N (2.1) 1.0 0.5 k
Phenyl (3.1); (CH3)2HN+ (2.4) 0.7 0.2 k
Methyl (1.7); CHO (1.35)*' 0.35 0.14 l

° These are the conformational energies suggested by E. L. Eliel 
[Angew. Chem. Intern. Ed. Engl., 4, 761 (1965)] for the substit
uents (x) in kilocalories /mole. b Values were obtained by sub
traction of the A(?°(x) values. c N. L. Allinger and C. D. Liang, 
J .  Org. Chem,., 32, 2391 (1967). d The observed value was ob
tained by equilibration of the cis-trans isomers of 4-i-butylcyclo- 
hexanone trimethylene monothioketal and the dimethylene 
monothioketal: E. L. Eliel, E. W. Della, and M. Rogic, J .  Org. 
Chem., 30, 855 (1965); E. L. Eliel and L. A. Pilato, Tetrahedron 
Lett., 103 (1962). e R. J. Ouellette, J .  Amer. Chem. Soc., 86, 3089 
(1964). f R. J. Ouellette, K. Lipt-ak, and G. F. Booth, J .  Org. 
Chem., 31, 546 (1966). 9 J. J. Uebel, Tetrahedron Lett., 4757
(1967). h No independent value is available for this group. The 
listed value is for C =N . * No independent value is available for 
this group. The listed value is for C02CH3. A recent value of
I. 35 kcal/mol has been suggested for -CHO by G. W. Buchanan
and J. B. Stothers, Chem. Commun., 179 (1967). 1  These are 
estimated values for OR and CH2R groups. The observed value 
is for methylenecyclohexane oxide. k S. Sicsic and Z. Welvart, 
Bull. Soc. Chim. Fr., 575 (1967). 1 G. W. Buchanan, J. B.
Stothers, and S. T. Wu, Can. J .  Chem., 45, 2955 (1967).

The conformational equilibrium of 1-methylcyclo- 
hexanol was investigated by nmr spectroscopy, using 
the chemical shifts of the hydroxyl protons, as a con
formational probe.10 The hydroxyl proton chemical

(2) E . L . E liel a n d  T . J . B re t t ,  J .  A m er. Chem. Soc., 87 , 5039 (1965).
(3) E . L . E liel, S. H . S ch ro e te r, T . J .  B re t t ,  F . J . B iros, a n d  J . C . R icher, 

ib id ., 88 , 3327 (1966).
(4) R . D . S to low , ib id ., 86, 2170 (1964).
(5) D . H . R . B a rto n , F . M cC ap ra , P . J . M ay , a n d  F . T h u d iu m , J .  Chem. 

Soc., 1297 (1960).
(6) N . L . A llinger, M . A . M iller, F . A. V an  C atled g e , a n d  J . A. H irsch ,

J .  A m er. Chem. Soc., 89 , 4345 (1967).
(7) E . L . E liel, J .  Chem. E duc ., 37 , 126 (1960).
(8) F o r  a  d iscussion  of th e  fac to rs  w h ich  g ive  r is e  to  th is  g en e ra liz a tio n , see 

re f  6.
(9) F o r  exam ples, see J .  S icher a n d  M . T ich y , Collect. Czech. Chem.

C om m un., 32, 3687 (1967), a n d  references th e re in .

T a b l e  II
C h e m i c a l  S h i f t s  o f  H y d r o x y l  G r o u p s “

C om p o u n d  5 (O H ),6 H z

írons-4-í-Butyl-l-methylcyclohexanol (trans 2) 
eis-4-í-Butyl-l-methylcyclohexanol (cis 2) 
fro?is-l,4-Dimethylcyclohexanol (trans 3) 
ct's-1,4-Dimethylcyclohexanol (cis 3) 
1-Methylcyclohexanol (1 )

4.8 ±  0.2  
27.9 ±  0.1 

4.0 ±  0.4  
25.2 ±  0.3  
13.1 ±  0.6

“ The-values are for 1 M  solutions in DMSO at 35°. 6 Values 
are in cycles per second downfield from the low-field C-13-H satel
lite of DMSO. All spectra were taken at 60 MHz. The quoted 
errors are the average deviations of at least four independent 
measurements.

shifts of 1-methylcyclohexanol (1) and the model com
pounds, 4-f-butyl-l-methylcyclohexanol (2) and 1,4- 
dimethylcyclohexanol (3), were measured in dimethyl

1, R = H
2, R = ¿-Bu
3, R = CH3

sulfoxide11 (DMSO) solution and are reported in Table 
II.

Using the chemical-shift data obtained from com
pounds 1, cis  2, and trans 2, a free energy of —0.35 
kcal/mol was calculated12 for equilibrium 1 in DMSO at

OH

la
35°. The data (Table II) obtained from cis  3 and 
tran s  3 support this free-energy value for equilibrium 1. 
Thus, if the remote 4-methyl group is regarded as a unit 
with a conformational preference for the equatorial 
position of AG ° =  1.7 kcal/mol, and the geminal CH3/ 
OH groups are treated as another unit with AG ° =  
0.35 kcal/mol, then tran s  3 would be predicted13 to 
exist mainly in conformation 3b and cis  3 predominantly 
in conformation cis 3b.

(10) (a) R . J . O u e lle tte , J .  A m er. Chem. Soc., 86 , 3089 (1964); (b ) R . J . 
O u e lle tte , ib id ., 86 , 4378 (1964); (c) J . J .  U ebel a n d  H . G . G o odw in , J .  Org. 
Chem ., 31, 2040 (1966).

(11) I n  D M S O  p ro to n  exchange, processes inv o lv in g  a lcoho lic  h y d ro x y l 
g ro u p s  a re  g en e ra lly  slow : O. L. C h a p m a n  a n d  R . W . K in g , J .  Am er. 
Chem . Soc., 86, 1256 (1964); D . E . M cG re e r  a n d  M . M . M o cek , J .  Chem. 
E duc ., 40, 358 (1963).

(12) E . L . E liel, N . L . A llinger, S . J . A ngyal, a n d  G . A. M o rriso n , “ C on
fo rm a tio n  A na ly sis ,”  In te rsc ie n c e  P u b lish ers , In c .,  N ew  Y o rk , N . Y ., 1965, 
p 152 £f.

(13) T h e  p e rce n tag e s  sh o w n  in  p a re n th e se s  fo r e q u ilib ria  2 a n d  3 a re  th e  
ex p ec ted  c o n fo rm a tio n a l p o p u la tio n s  a t  25°, a ssu m in g  free -en erg y  a d d itiv i ty .
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As a result, the chemical shift of the hydroxyl proton 
of trans 3 (4.0 Hz) should be nearly identical with that 
of trans 2 (4.8 Hz) while that of cis 2 (25.2 Hz) should be 
close to cis 2 (27.9). This is indeed the case.

The experimental free energy of —0.35 kcal/mol for 
equilibrium 1 in DMSO is considerably smaller than the 
value of —1.1 kcal/mol, which would be expected as
suming additivity of AG°(x) values for the methyl (1.7 
kcal/mol)14 15 and hydroxyl (0.6 kcal/mol)14,15 groups. 
This lack of additivity applies not only to equilibrium 1 
but also to the analogous equilibrium between the iso
mers of l-methyl-4-i-butylcyclohexanol— cis 2 and 
trans 2. Each isomer was separately equilibrated in 
aqueous acetic acid containing sulfuric acid at 25°. 
Analysis of the equilibrated alcohols by gas chro
matography on a Carbowax 20M column showed the 
presence of about 58.5% tran s 2 and 41.5% cis 2. This

ch3 
J_OFT

OH

T  T
cis 2 trans 2

corresponds to a value of —AG ° =  0.2 kcal/mol for
equilibrium 4. This value is in good agreement with 
that obtained by nmr spectroscopy in DMSO, but is in 
poor agreement with the calculated value, —AG ° = 
0.8 kcal/mol (—1.7 +  0.9 = —0.8 kcal/mol). It 
should be noted that the calculated values for —AG ° 
are different for the two experiments because of the 
solvent change from DMSO to aqueous acid. Avail
able data suggest that A0 °  (OH) is greater in H-bond- 
donating solvents (ca . 0.9 kcal/mol), than in either H- 
bond-accepting solvents or nonbonding solvents (ca. 
0.6 kcal/mol) . 16 17

The leveling effect which geminal substitution has 
had on the conformational preference of the CH3 and 
OH groups stands in contrast to most of the available 
data (Table I) on 1,1-disubstituted cyclohexanes. The 
reasons for the lack of additivity remain obscure16 and 
probably can best be uncovered through a detailed 
analysis of the Westheimer type.6,17

Experimental Section18

Materials.—All nmr spectra were obtained on a Varian A-60 
nmr spectrometer equipped with a variable-temperature probe. 
The reported spectral data are the result of several independent 
measurements, using different batches of solvent and sample. 
The water concentration in the DMSO varied from about 1% to 
less than 0.3%. The probe temperature was 35°.

DMSO was dried by heating over calcium hydride and distilling 
from calcium hydride under reduced pressure (bp ca. 80°) as 
previously described.10“

The three 1-methylcyclohexanols (1, 2, and 3) were all obtained 
by addition of an ether solution of the appropriate ketone to an

(14) J . A. H irsch  in  “ T o p ics  in  S te re o c h e m is try ,”  Vol. I ,  N . L . A llinger 
a n d  E . L . E liel, E d ., In te rsc ie n c e  D iv is ion , J o h n  W iley  a n d  Sons, In c ., N ew  
Y ork , N . Y ., 1967, p p  199 ff.

(15) E . L . E lie l a n d  S. H . S ch ro e te r, J . A m er. Chem . Soc., 87, 5031 (1965).
(16) I t  sho u ld  b e  p o in te d  o u t  t h a t  changes  in  th e  ro ta m e r  p o p u la tio n s  of 

s u b s t i tu e n ts  w ill o cc u r in  going  from  a  m ono- to  a  1 ,1 -d isu b s titu te d  cyclo
hex an e . T h e  a t te n d in g  free -en erg y  changes, w hile  o fte n  sm all, a re  n e v e rth e 
less n o t  ta k e n  in to  ac c o u n t b y  a  sim p le  a d d itio n  of free  energies.

(17) J .  B . H en d rick so n , ib id ., 83, 4537 (1961); J .  B . H en d rick so n , ib id ., 
84, 3355 (1962); J . B. H en d rick so n , ib id ., 86, 4854 (1964); K . B . W iberg , 
ib id ., 87, 1070 (1965).

(18) All m e lting  p o in ts  a n d  bo iling  p o in ts  a re  u n co rrec ted .

ether solution of methylmagnesium iodide. The procedures for 
preparation and separation of isomers were modeled after those 
described by DePuy and King.19 Cyclohexanone gave 1-methyl- 
cyclohexanol, bp 62-64° (15 mm) [lit.20 bp 68 (24 mm) and 56.5 
(10 mm)]. 4-Methylcyclohexanone gave a mixture of cis- and 
frans-l,4-dimethylcyclohexanol. Chromatography on activated 
alumina using hexane-benzene mixtures (0-100%) for develop
ment gave first samples of the trans isomer, mp 70-72° (lit.21 
mp 72.5), followed by the cis isomer as an oil (lit.21 mp 24°). 
In a similar fashion from 4-i-butylcyclohexanone, cis-4-i-butyl-l- 
methylcyclohexanol, mp 88-91 (lit.19 mp 97.5-98°), and trans-
4- <-butyl-l-methylcyclohexanol, mp 72-74° (lit.19 mp 70.5-71°), 
were obtained.

Equilibration Studies.—Separate samples of cis- and trans-4rt- 
butyl-l-methylcyclohexanol (10-30 mg) were dissolved in 2-4 
ml of a solution containing concentrated sulfuric acid (20 ml), 
glacial acetic acid (20 ml), and water (10 ml). After 4 days at 
25°, the equilibrated mixtures were diluted with an equal volume 
of 15% sodium hydroxide solution and extracted three times with
5 - 10 ml of ether. The ether solutions were washed with a few 
milliliters of 15% sodium hydroxide solution and concentrated 
at atmospheric pressure. The concentrated solutions were then 
analyzed by vpc on a 5% Carbowax 20M column at 130-140°. 
The response ratio (trans/cis) for the isomers was found to be
1.02 ±  0.02 with the cis isomer being eluted last. Starting with 
the cis isomer, K eq was found to be 1.37 and from the trans 
isomer K eq was 1.43. Therefore, K eq was taken to be about 
1.40 and —AG° (25°) = 0.20 kcal/mol. Control experiments 
demonstrated that this procedure did not fractionate known 
synthetic mixtures of the alcohols.

Registry No.—1, 590-67-0; cis 2, 16980-56-6; tra n s  2, 
16980-55-5; cis 3, 16980-60-2; tra n s  3, 16980-61-3.
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(19) C . H . D e P u y  a n d  R . W . K ing , ib id ., 83 , 2743 (1961).
(20) T . D . N e v it t  a n d  G . S. H am m o n d , ib id ,, 76 , 4124 (1954); K . V. 
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The conformational energies of simple groups on cy
clohexane rings are now rather well known.3,4 One of 
the questions which we are now in a position to consider 
concerns the degree of additivity which will result when 
two or more substituents are simultaneously present on 
the ring. If two substituents have a 1,2 relationship, 
their interaction is sizable.6 If the relationship is 1,4, 
the interaction has long been assumed to be negligible,6

(1) P a p e r  L X I I :  N . L. A llinger a n d  W . S zk ry b a lo , Tetrahedron, in
p ress.

(2) T h is  research  w as su p p o rte d  b y  G ra n t  G P  4290 fro m  th e  N a tio n a l 
S cience  F o u n d a tio n .

(3) J .  A . H irsch  in  “ T o p ics  in  S te re o c h e m is try ,”  Vol. I ,  N . L . A llinger an d  
E . L . E liel, E d ., In te rsc ie n c e  D iv is ion , J o h n  W iley  a n d  S ons, In c .,  N ew  
Y ork , N . Y ., 1967, p  199.

(4) E . L. E liel, N . L . A llinger, S. J . A ngyal, a n d  G . A. M orrison , “ C on
fo rm a tio n a l A n a ly s is ,” In te rsc ie n c e  D iv is ion , J o h n  W iley  a n d  S ons, In c ., 
N ew  Y ork , N . Y ., 1965, p  436.

(5) R efe ren ce  4, p  50.
(6) S. W in ste in  a n d  N . J . H o lness, J .  A m er. Chem . Soc., 77 , 5562 (1955).
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T able I
E quilibration  of I -M ethy l-4-î-B utylcyclohexanol

T em p , T im e,
° K hr ,--------------K ,~ 1--------------' •^av

331 168 1.46 1.44
1.44 1.40 1.43 ±  0.03
1.43 1.40

348 24 1.43 1.44
1.44 1.40 1.43 ±  0.03
1.42

366 2 1.43 1.39
1.38 1.37 1.40 ±  0.03
1.43

T able I I
E q uilibration  D ata for  th e  R eaction

iranS-4-i-BUTYL-l-METHYLCYCLOHEXANOL ^  
4-1-BuTYL-l-METHYLCYCLOHEXENE 
T e m p , ° K  O lefin /a lco h o l

331 1.03
348 1.70
366 3.02

lished. It was necessary only to equilibrate them, and 
this was done as a function of temperature so that the 
enthalpy and entropy of the equilibrium could be de
termined.12 It was decided that, since the hydration of 
an olefin to a tertiary alcohol is a reversible reaction 
which takes place readily in the presence of acid, the 
equilibrium (eq 2) should be easily established with

perchloric acid in aqueous dioxane at elevated tempera
tures, and such was found to be the case. Equilibrium 
(eq 2) was approached from both starting alcohols and 
the product was analyzed by vpc. Some l-methyl-4- 
f-butylcyclohexene was also formed in the equilibration,

■Equilibrium -
No. R e a c ta n ts

Kt
2 t r a n s  alcohol ^  cis alcohol

K i
3 t r a n s  alcohol ^  olefin +  H20

T able I I I

AG°s<3, kcal/mol

+0 .24  +  0.01 

- 2 .4 0  ±  0.05

AH° ,  kcal/mol

+0 .14  ±  0.06 

+  8.6 ±  0.8

AS°, eu

- 0 .3 0  +  0.18
+32 ±  3

and this assumption has been borne out by recent de
tailed theoretical calculations.7 A 1,3 arrangement of 
substituents has been found to yield a small but definite 
lack of additivity,8 and calculations7 show that this re
sults from the small geometrical changes which ac
company substitution.

Few studies of 1,1 disubstitution have been re
ported. It has been calculated9 that the 1-chloro-l- 
methylcyclohexane system will favor the equatorial 
chlorine to a slightly greater extent than additivity 
(based on cyclohexyl chloride and methylcyclohexane) 
would predict. The experimental measurements10 
are in good agreement with the calculations, but also 
within experimental error of the values required for 
additivity.

The conformational energies of methyl and hydroxyl 
are known11 to have values of 1.7 ±  0.2 and 0.9 ±  0.3 
kcal/mol. This paper is concerned with a measure
ment of the difference between these values when the 
two groups have a 1,1 relationship.

The equilibrium of interest is given in eq 1. The 
most straightforward way of finding the equilibrium

constant K \  appeared to be to measure K 2, and assume 
K i  — K 2. The usual assumption is made, i.e ., that the 
effect of the 4-f-butyl group is negligible.6

The required compounds are known (see Experi
mental Section) and their structures have been estab-

(7) N . L . A llinger, M . A . M iller, F . A. V an -C atled g e , a n d  J . A. H irsch , 
J .  A m er . Chem . Soc ., 89, 4345 (1967).

(8) E . L . E lie l a n d  T . J . B re t t ,  ib id ., 87, 5039 (1965).
(9) M . A . M ille r  a n d  J . A. H irsch , u n p u b lish e d  re su lts .
(10) N . L . A llinger a n d  C . D . L iang , J .  Org. Chem ., 32 , 2391 (1967).
(11) R e fe re n ce  3, p p  204, 208. T h e  v a lu e  fo r th e  l a t te r  is fo r hy d ro x y lic  

so lv en ts .

and the amount of this olefin was also measured. The 
thermodynamic parameters for the reaction tran s-4-
i-butyl-l-methylcyclohexanol :=± 4-f-butyl-l-methyl- 
cyclohexene (equilibrium 3) were also determined. 
The equilibration data are given in Tables I and II.

The thermodynamic quantities for the reactions 
were found to have the numerical values given in 
Table III.

The value of AG ° for eq 2 shows that qualitatively 
the methyl group prefers to be equatorial and the hy
droxyl is axial, as the AG ° values of the groups indicate 
they should. The observed value for A(?°34s is only 
0.24 ±  0.01 kcal/mol, whereas the value calculated11 
from the group conformational energies11 is larger, 0.8 ±  
0.3 kcal/mol. Quantitatively, the experimental dif
ference is significantly smaller than the strict ad
ditivity of the group energies would predict. It should 
be noted that the A if°  is only 0.14 kcal/mol, but there 
is a small entropy term working in the same direction. 
Since these numbers are quite small, we do not wish to 
speculate as to the reasons for the observed values. 
We hope that detailed structural calculations will even
tually provide an answer, but we are not able to carry 
out the calculations at this time. Meanwhile, it seems 
worthwhile to point out that a quantitative lack of ad
ditivity of conformational energies has now been ob
served in the 1,1-disubstituted case, and this observa
tion may serve as a warning that even a qualitative lack 
of additivity may be possible in other cases, and ex
amples of such a situation will probably be uncovered in 
due course. It would therefore seem prudent to avoid 
assumptions of group additivity in previously unstudied 
systems.

For equilibrium 3, the large entropy change 
characteristic of a reaction involving one molecule 
going to two is observed, the numerical value being

(12) R efe ren ce  4, p  141.
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roughly the translational entropy of water. The en
thalpy change is also large, but favors the reverse reac
tion, and hence the balance gives a relatively small free- 
energy change.

Experimental Section
cis- and ¿rans-4-i-Butyl-l-methylcyclohexanol.—A mixture of 

the alcohols was prepared by the addition of methyl Grignard 
to 4-f-butyleyclohexanone.13 A 3.0-g sample of the mixture was 
dissolved in hexane and chromatographed on 150 g of Merck 
chromatographic grade alumina. The column was developed 
with a hexane-benzene mixture (100 to 100%) and each fraction 
collected was 150 ml. Totally, 80 fractions were collected and 
the elution was effected with benzene. The first eluate (fractions 
30 to 51) contained the irans-l-methyl-4-f-butylcyclohexanol: 
yield 1.2 g (40%); mp 69-70° from hexane (lit.13 mp 71°). 
The second eluate (fractions 64 to 76) contained CTS-l-methyl-4-<- 
butylcyelohexanol: yield 1.0 g (33%); mp 91-92° from petro
leum ether (bp 30-60°) (lit.13 mp 97.9°).

Equilibration of the cis and trans Isomers of l-Methyl-4-f- 
butylcyclohexanol.—A 0.5-g sample of irans-enriehed (1.8:1) 
l-methyl-4-i-butylcyclohexanol was dissolved in 6 ml of dioxane 
containing 4 ml of 1.75 M  aqueous perchloric acid.14 The equili
bration was carried out at 75°. Aliquots of reaction mixture 
were removed after 18 and 36 hr and were worked up and analyzed 
immediately by vpc using a column of Dow polyglycol E-20,000 
on base-washed firebrick at 130° and 11 psi of helium pressure. 
The equilibration reaction was quenched with a large amount of 
ice and water and the mixture was extracted with ether. The 
ether layer was thoroughly washed with water and then dried 
over magnesium sulfate. After removal of the solvent, the 
liquid remaining was analyzed. The retention times of trans- 
and ci's-l-methyl-4-f-butylcyclohexanol were 17 min and 24 min, 
respectively. The retention time of l-methyl-4-i-butylcyclo- 
hexane was 3 min. The ratio of the isomeric alcohols was taken 
as equal to the ratio of the peak areas, as determined by the prod
uct of the band height and the half-band width. Each sample 
was analyzed at least four times. The equilibrium mixture con
tained 59% trans and 41% cis alcohol at 75°.

The equilibration data at 58 and 93° were also obtained in a 
similar manner and the values of AH” and AS °  for the reaction 
cis-4-f-butyl-l-methylcyclohexanol ^  frans-4-<-butyl-l-methyl- 
cyclohexanol were determined from the slope and intercept of a 
line drawn by the method of least squares through points obtained 
from a plot of In K  against 1 / T .  The values along with the 
probable errors (estimated by statistical methods) are AH ° =  
— 0.14 ±  0.06 kcal/mol and AS °  = 0.3 ±  0.18 cal/deg mol.

The equilibrations were carried out in homogeneous solution, 
but in a few cases an oil suspension (olefin) appeared on the sur
face. In such a case, care was taken in the process of quenching 
so as not to get oil into the aliquot being removed.

The gas phase analysis indicated that during the prolonged 
heating of the reaction mixture, some undesired products were 
beginning to form which made the analysis inaccurate. The 
amount of decomposition product became significant if the period 
of heating was longer than twice that which was needed for equili
bration. If the heating was continued beyond this time, the 
total percentge of alcohol decreased with respect to the increased 
amount of the side products, and, in addition, the ratio of the 
alcohols changed. The retention times for these side products 
were 20 and 29 min. No attempt was made to identify them, 
but they are believed to be ethers of cis- and irons-4-i-butyl-l- 
methyleyclohexanol with glycols which arose from decomposition 
of the dioxane. The results are summarized in Table I.

The temperature variation of the equilibrium between olefin 
(from dehydration) and irons-4-i-butyl-l-methylcyclohexanol 
was also measured. The vpc peak corresponding to 4-i-butyl-l- 
methylcyclohexene was collected, and the structure of the com
pound was assigned from the nmr (chloroform solvent) spectrum 
which showed a multiplet at t  4.5 (1 H), a singlet at 8.35 (3 H) 
and 9.2 (9 H), and multiplets at 8.15 (4 H) and 9.0 (3 H).

In Tables I and II, the data for the calculation of entropy and 
enthalpy of isomerization of 4-i-butyl-l-methylcyclohexanol and 
the interconversion of irans-4-f-butyl-l-methylcyclohexanol ^
4-f-butyl-l-methylcyclohexene are tabulated.

(13) W . J . H o u lih a n , J .  Org. Chem ., 27, 3860 (1962).
(14) C . A. B u n to n , K . K h a le e lu d d in , a n d  D . W . W h itta k e r , Tetrahedron  

Lett., 1825 (1903).

Registry No.—1-Methylcyclohexanol, 590-67-0;
(rans-4-i-butyl-l-methylcyclohexanol, 16980-55-5; cis-4- 
f-butyl-l-methylcyclohexanol, 16980-56-6; 4-ii-butyl-l- 
methylcyclohexene, 3419-74-7.
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In the course of our study of optically active imida-. 
zole-containing polymers,1 we found it necessary to 
obtain (72)-3-methylpentanoic acid (72-1) and (*S)-3- 
methylpentanoic acid (»8-1) in high optical purity in 
order to prepare the corresponding enantiomeric pair of 
substrate esters. While <8-1 could be readily prepared 
from the commercially available (»S) -2-met hylbutyl 
alcohol,2 72-1 was difficult to obtain because 72 isomers 
are not usually naturally occurring. All attempts to 
resolve racemic 3-methylpentanoic acid utilizing al
kaloids failed. Moreover, there have been no reports 
in the literature describing the preparation of 72-1 or of 
(72)-2-methylbutyl alcohol in high optical purity or 
in workable quantity. (72)-2-Methylbutyric acid, 
prepared by Markwald3 in 1896, can be reduced4 to 
(72)-2-methylbutyl alcohol which can then be converted 
into 72-1. However, the low optical purity (61%) of 
the acid ruled out the possibility of utilizing it in our 
work.

In the present investigation, however, we found that
72-1 could be obtained in good optical purity (92%) and 
in reasonable quantity from optically active isoleucines 
(Ha or lib) via  diazotization5 in concentrated acids 
(HC1 or HBr) at ~ 5 °  and subsequent reductive de- 
halogenation of the resulting a-halo acids (Ilia or Illb) 
by zinc in neutral water (Scheme I).

Scheme I
c h 3 n h 2
i | H N O j

CH3CH2—*CH—*CH—COOH----------- >
H B r o r  HC1

I la  (R )- (S )-
lib  (R )- (ft)-

CHS Br(Cl)
I I

CH3CH2— *CH—*CH—COOH 
Ilia  (R)- (S)-
IHb (R)- (R )-

Z n |  H 2O

CH3CH2— *CH—CH2COOH 
R -1

This synthesis would give the desired acid 72-1 from 
both D-isoleucine (lib) and L-alloisoleucine (Ha),

(1) C . G . O v e rb e rg e r a n d  I . C ho , J .  P o lym . S c i., P art A - l ,  in  press.
(2) K . B. W iberg  a n d  T . W . H u tto n ,  J .  A m er. Chem . Soc., 78, 1640 (1956).
(3) O. S ch ü tz  a n d  W . M ark w a ld , B er., 29 , 52 (1896).
(4) D . S. N o y ce  a n d  D . B. D en n ey , J .  A m er . Chem . Soc., 72 , 5743 (1950).
(5) F o r  a  rev iew  of th e  d ia z o tiz a tio n  o f am in o  ac id s , see A . N eu b erg er, 

A d va n . P ro te in  Chem ., 4 , 333 (1948).
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Ha and lib being prepared by Greenstein’s procedure.6 
However, this procedure affords Ila more easily than 
lib. It is also interesting to note that under identical 
diazotization conditions, the yield of the resulting 
a-bromo acids was higher when prepared from alloiso- 
leucine (50%) than isoleucine (35%). This effect may 
reflect the steric requirements7 governing the diazotiza
tion of amino acids.

A zinc-acetic acid system has been used in many in
stances to dehalogenate reductively not only a-halo 
ketones8 but also a-halo acids. In 1859, Ulrich9 re
duced a-chloropropionic acid to propionic acid with 
zinc in hydrochloric acid. Paal10 reported a successful 
conversion of a-chlorobutyric acid into butyric acid by 
hydrogenation in the presence of Pd.

X
Zn (HiO)

R—CH—COOH-------- >- R—CH2—COOH
R = CH3, Bz, sec-butyl 
X = Cl, Br

Compound 72-1 obtained from Ila ( [ a ] 26D +40.0°,
4.5 N  HC1) exhibited rotation a 25D  —7.5° (neat, 1 dm). 
This rotation corresponds to an optical purity of 92%, 
based on optically pure jS-I.11 It is not certain during 
which step 4% racemization occurred.

When an asymmetric, acyclic, alkylcarboxylic acid 
does not occur naturally in optically active form, the 
classical resolution of the asymmetric acid ultilizing 
alkaloids is often unsuccessful, or, if successful, an 
extensive purification of the diastereomers by many 
recrystallizations is usually required.12 We report the 
present synthesis as an alternative route for the prep
aration of optically active, acyclic, alkyl carboxylic 
acids when the classical alkaloid resolution fails.

Experimental Section
a-Bromo Acids (Ilia and IV).—According to the procedure 

reported previously,1 Ilia  was prepared in 50% yield from Ila  
and IV in 35% yield from isoleucine. Nmr spectra showed the 
a proton as a doublet at 4.20 ppm (J  =  6.0 cps) for I lia  and at
4.10 ppm ( J  = 8.0 cps) for IV.

General Procedure for the Reductive Dehalogenation of 
a-Halo Acids.—To a dispersion of 15 g (0.25 g-atom) of zinc dust 
in 500 ml of distilled water was added 0.05 mol of a-halo acid. 
The resulting mixture was stirred overnight, and, during this 
time, zinc hydroxide precipitated. When the acid was insoluble 
in water, the mixture was allowed to reflux for the same time 
period. The reaction mixture was then acidified with dilute 
hydrochloric acid and the product acid was extracted with ether. 
After the ether extract was dried over anhydrous sodium sulfate, 
distillation afforded dehalogenated acid in almost quantitative 
yield.

(fi)-3-Methylpentanoic Acid (/¿-I).—Employing the above 
procedures, 13 g (0.1 mol) of L-alloisoleueine6 (M 25d +40.0°, 
c 1.70 in 4.5 N  HC1) gave fl-I { [ a ] 26D —7.5° (neat, 1 dm)} in 
50% over-all yield.

(6) J .  P . G reen ste in , S. M . B irn b a u m , a n d  L . L ev in to w , Biochem . P rep ., 
S, 84 (1951).

(7) A ssum ing  t h a t  th e  a -p ro p io lac to n e  in te rm e d ia te  p roposed  b y  N eu - 
berger5 is co rrec t, th e  a t ta c k  of nucleoph ile  B r -  w ould  be m o re  h in d e re d  in  
th e  ca se  of iso leucine .

(8) H . O. H ouse , “ M o d ern  S y n th e t ic  R e a c tio n s ,” W . A. B en jam in , In c .,  
N ew  Y o rk , N . Y ., 1965, p  56.

(9) C . U lrich , A n n .,  109, 268 (1859).
(10) C . P a a l  a n d  H . S ch iedew itz , Ber., 62, 1935 (1929),
(11) L . L a rd icc i a n d  L. C o n ti, A n n . C him . (R om e), 61, 823 (1961).
(12) F o r  exam ples, see re f  4 ; W . v o n  E . D o ering  a n d  K . B . W iberg , J .  

A m er. Chem . Soc., 72 , 2608 (1950); S. S ta llb e rg -S te n h ag en , A rk . K em i,  A 23, 
14 (1946); J .  C ason  a n d  R . A. C oad , J .  A m er. Chem. Soc., 72 , 4695 (1950).
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The incentive for the synthesis of llH-indeno- 
[2,1-a Jphenanthrene (1) and its alkyl derivatives 
stems from a desire to prepare materials of known struc
ture for comparison with certain complex dehydrogena
tion products. Steroids in particular furnish an 
array of dehydrogenation products,2 among which in- 
denophenanthrenes have been recognized.3-8 The 
structures of several of these pentacyclic dehydrogena
tion products are unknown;2 the compounds pre
sumably arise from unknown or unrecognized trans
formations.

1, R = H
2 , R = CH3

All previous syntheses7-12 of substituted 11H- 
indenol2,l-a]phenanthrenes have a common char
acteristic. A partially aliphatic precursor with the 
same skeletal features as the desired compound is first 
synthesized, and then this precursor is aromatized by 
dehydrogenation. Since the syntheses produce the 
comparison samples by dehydrogenation methods 
which may promote obscure transformations, the con
clusions based on comparisons with these samples lack 
logical rigor. While the results and conclusions of 
earlier workers may not eventually prove to be invalid, 
they certainly warrant reinvestigation.

Obviously, a synthesis of 1 1 H-indeno [2,1-a jphen- 
anthrenes which does not include dehydrogenation 
would be highly desirable. This objective has been

(1) D e p a r tm e n t of C h em is try , U n iv e rs ity  of C o n n e c tic u t, S to rrs , C o n n . 
06268.

(2) L . F . F ie se r a n d  M . F ieser, “ N a tu r a l  P ro d u c ts  R e la te d  to  P h e n a n -  
th re n e ,” 3 rd  ed, R e in h o ld  P u b lish in g  C o rp ., N ew  Y o rk , N . Y ., 1949, p p  
147-156.

(3) W . O. G o d tfred sen  a n d  S. V angedal, Tetrahedron, 1 8 , 1029 (1962).
(4) H . D an n e n b e rg  a n d  H .-G . N eu m a n n , A n n .,  6 4 6 , 148 (1961); B er., 9 4 ,  

3085 (1961).
(5) D . J . C ram  a n d  N . L . A llinger, J .  A m er. Chem . Soc., 7 8 ,  5275 (1956).
(6) W . R . N es  a n d  E . M o se ttig , ib id ., 7 6 , 3182 (1954).
(7) J . W . C ook , C . L . H e w e tt ,  W . V. M ay n eo rd , a n d  E . R o e , J .  C hem . 

Soc., 1727 (1934).
(8) W . E . B ac h m an n , J. W . C ook, C . L . H e w e tt , a n d  J . Ib a ll, ib id ., 54 

(1936).
(9) D . N a s ip u ri a n d  D . N . R o y , ib id ., 3361 (1961).
(10) E . B u c h ta  a n d  H . K ra tz e r , B er., 9 6 , 1820 (1962).
(11) B . B . D a t t a  a n d  J C . B a rd h a n , J .  Chem . Soc., 3974 (1962).
(12) S. U yeo , T . M iz u ta n i, A . Y o sh itak e , a n d  A. I to ,  Y a k u g a ku  Z a ssh i, 

8 4 , 458 (1964); Chem . A bstr ., 6 1 , 4286 (1964).
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achieved. A method13 which proved to be successful 
in the synthesis of chrysofluorene derivatives has been 
modified and extended, and it serves as a synthesis of 
the pentacyclic ring system.

The key intermediate in this synthesis is phenyl 
2 - methoxy - 1 - phenanthrenecarboxylate (3). In a 
fashion that parallels the behavior of the hindered 
phenoxy carbonyl group of phenyl 2-methoxy-l- 
naphthoate,13 the ester group of 3 is not extensively at
tacked by an aromatic Grignard reagent, even when the 
reagent is present in large excess. Rather, the organic 
portion of the Grignard reagent replaces the methoxyl 
group instead. Hence, this treatment joins two fully 
aromatic fragments at specific points, and no aromatiza- 
tion step is required. Moreover, an aryl group thus 
joined to the phenanthrene nucleus undergoes cycliza- 
tion with the surviving ester group, which affords a 
second unambiguous point of attachment to the tri
cyclic nucleus.

3, X = OCH3; Y = C02Ph
4, X = OH; Y = H
5 , X = OCH3;Y = H
6, X = OCH3;Y = CHO
7, X = OCH3; Y = COjH

The key intermediate was prepared by the following 
sequence of reactions. Barium 2-phenanthrenesulfon- 
ate was isolated from the sulfonation products of 
phenanthrene.14 Alkali fusion of the barium salt 
gave 2-phenanthrol (4 )15 which was methylated by the 
procedure of Mosettig and Stuart.16 Formylation 
of the 2-methoxyphenanthrene (5) with dimethyl- 
formamide and phosphorus oxychloride gave 2- 
methoxy-l-phenanthrenecarboxaldehyde (6) in good 
yield. Permanganate oxidation of the aldehyde 
furnished the corresponding acid (7) which was con
verted into the phenyl ester (3) via  the acid chloride.

The unusual and distinctive step in the synthesis is 
the reaction between the key intermediate and a Gri
gnard reagent. Treatment of 3 with phenylmag- 
nesium bromide furnishes phenyl 2-phenyl-l-phen- 
anthrenecarboxylate (8) in 80% yield.

The phenyl ester 8 can be used directly in a ring- 
closure step with sulfuric acid. When 8 is allowed to 
stand in the concentrated acid for a short time, 11H- 
indeno[2,l-a]phenanthren-ll-one (9) is produced in 
71%  yield. Finally, the sequence was completed by 
the modified Wolff-Kishner reduction devised by

(13) R . C . F u so n  a n d  F . W . W a ssm u n d t, J .  A m er. Chem . Soc., 7 8 , 5409 
(1956).

(14) L . F . F ieser, “ O rgan ic  S y n th e se s ,” C oll. V ol. I I ,  Jo h n  W iley  a n d  
S ons, In c ., N ew  Y ork , N . Y ., 1943, p  482.

(15) L . F . F iese r, J . A m er. Chem. Soc., 6 1 , 2460 (1929).
(16) E .  M o se ttig  a n d  A. H . S tu a r t ,  ib id ., 6 1 , 1 (1939).

Weisburger and Grantham17 which served admirably 
to produce pure llH-indenol2,l-a]phenanthrene (1) 
in excellent yield from 9.

Products of the methoxyl group replacement, such as 
8, are isolated and purified with difficulty; however, use 
of crude material in the ring closure was not detrimental 
to the purity of the ketone 9 which was isolated in an 
over-all yield of 61% for the combined operations of re
placement and ring closure.

Attention was next directed toward the preparation 
of an alkylated derivative. For comparison pur
poses, the 7-methyl derivative was chosen as the objec
tive, because it alone of the alkylated derivatives had 
been prepared by several independent methods.8-10 
The combined operations of replacement of the meth
oxyl group by the organic portion of o-tolylmagnesium 
bromide and the ring closure effected by sulfuric acid 
gave 7-methyl-l lH-indeno [2,1-a ]phenanthren-l 1-one
(10) in 49% yield. The modified Wolff-Kishner re
duction afforded 7-methyl-l lH-indeno [2,1-a jphenan- 
threne (2) in high yield.

An important observation deserves comment. The 
melting points of the polycyclic ketones 9 and 10 are 
appreciably influenced by traces of acid. Care 
must be exercised in ensuring removal of residual traces 
of acid remaining from previous steps in its preparation 
and in the avoidance of acidic crystallization media. 
When these precautions are observed, a more brightly 
colored product of higher melting point results.

Experimental Section

Me.ting points were determined in capillaries inserted into a 
heated aluminum block provided with a thermometer calibrated 
to 300°. Analyses were performed by the Microanalytical 
Laboratory, Department of Chemistry, University of California.

Barium 2-Phenanthrenesulfonate.—This salt was isolated in 
pure form in 20% yield from the sulfonation products of phenan
threne.14

2-Phenanthrol (4).—Alkali fusion of barium 2-phenanthrene- 
sulfonate yielded 2-phenanthrol, mp 166.5-167.5° (lit.15 mp 
168°) in 78% yield.

2-Methoxyphenanthrene (5).—Methylation of 2-phenanthrol 
by the procedure of Mosettig and Stuart16 gave 2-methoxy
phenanthrene, mp 98.5-99° (lit.18 mp 100-101°), in 98% yield.

2-Methoxy-l-phenanthrenecarboxaldehyde (6).—A mixture of
10.4 g of 2-methoxyphenanthrene, 8.5 ml of dimethylformamide, 
and 10.5 ml of phosphorus oxychloride was heated for 6 hr on the 
steam bath and poured into a mixture of ice and 200 ml of satu
rated sodium acetate solution. The precipitate was collected, 
washed with copious amounts of water, dried in air, and crystal
lized from chlorofor-methanol to give 8.2 g (69%) of 2-methoxy- 
1-phenanthrenecarboxaldehyde (6) as bright yellow needles, mp
159.5-161.5°. A small sample after recrystallization from the 
same solvent pair exhibited mp 161-161.5°; this aldehyde had 
previously been obtained as light brown crystals, mp 160°.19

2-Methoxy-l-phenanthrenecarboxylic Acid (7).—To a suspen
sion of 7.09 g of the aldehyde 6 in 150 ml of boiling acetone, 9.5 g 
of potassium permanganate in 200 ml of warm water was added 
with stirring over a period of 40 min. Stirring was continued 
for 1.5 hr while the temperature was maintained between 75 and 
80°. A solution of 4 g of potassium hydroxide in 40 ml of water 
was added and the reaction mixture was filtered while warm. 
The filtrate and two washes of the precipitated manganese 
dioxide were cooled to 0° and acidified with hydrochloric acid. 
The yellowish precipitate was crystallized from ethanol-water 
to afford 4.98 g (66%) of the colorless methoxy acid, mp 247- 
248.5°, with gas evolution (lit.19 mp 244-246° dec).

Phenyl 2-Methoxy-l-phenanthrenecarboxylate (3).—A mixture 
of 4.94 g of 2-methoxy-l-phenanthrenecarboxylic acid and 15 ml

(17) J . H . W e isb u rg er a n d  P . H . G ra n th a m , J .  Org. Chem ., 21, 1160 (1956).
(18) A. W e rn e r a n d  K . R ek n e r, A n n .,  321 , 305 (1902).
(19) E . M o se ttig  a n d  A . B u rger, J .  A m er. Chem . Soc., 65, 2981 (1933).
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of thionyl chloride was allowed to stand overnight and was then 
heated under reflux 1.5 hr before removal of the excess thionyl 
chloride under reduced pressure. To the residue was added 2.00 
g of phenol in 25 ml of benzene, and the resulting mixture was 
boiled under reflux for 1 hr. Filtration and cooling of the solu
tion after clarification with charcoal yielded 5.73 g (89%) of the 
phenyl ester, mp 147.5-149°. A crystallization from acetone- 
water gave needles, mp 150-150.5°.

Anal. Calcd for C22Hi60 3: C, 80.47; H, 4.91. Found: C, 
80.66; H, 4.79.

Phenyl 2-Phenyl-l-phenanthrenecarboxylate (8).—A suspen
sion of 1.00 g of phenyl 2-methoxy-l-phenanthrenecarboxylate 
in 20 ml of benzene was added to the Grignard reagent prepared 
from 0.24 g of magnesium and 1.88 g of bromobenzene in 15 ml 
of ether. The reaction mixture was heated under reflux for 2.5 
hr and hydrolyzed with ice and ammonium chloride. The organic 
layer and three benzene extracts of the aqueous portion were 
combined. Steam distillation removed the organic solvents and 
a small amount of biphenyl. The residue from the distillation 
was separated by filtration and dried in air. Crystallization from 
acetone afforded 0.91 g (80%) of white crystals, mp 185-186°. 
Sublimation in high vacuum gave an analytically pure sample 
mp 185.5-186°.

Anal. Calcd for C27Hi802: C, 86.61; H, 4.85. Found: C, 
86.28; H, 4.75.

llH-Indeno[2,l-o]phenanthren-ll-one (9). From Pure 8.—
A solution of 100 mg of the ester 8 in 5 ml of concentrated sulfuric 
acid was allowed to stand at room temperature for 1.5 hr. The 
permanganate-colored mixture was poured into ice water, and 
the resulting yellow precipitate was collected by filtration, washed 
with 5% aqueous sodium carbonate and water, and dried in air 
to give 53 mg (71%) of material, mp 207-212°. Crystallization 
from ethyl acetate gave golden yellow needles of the ketone 9, 
mp 213.5-214°; crystallization from acetic acid produced a 
darker product melting over a wider range at a lower tempera
ture. The sample crystallized from acetic acid had properties 
more in keeping with those described in the literature7 (reddish 
orange needles, mp 207-208°).

llH-Indeno[2,l-a]phenanthren-ll-one (9). From 3 without 
Isolation of Pure 8.—A solution of 657 mg of phenyl 2-methoxy- 
1-phenanthrenecarboxylate (3) in 40 ml of benzene was added to 
the Grignard reagent prepared from 0.24 g of magnesium and
1.88 ml of bromobenzene in 15 ml of ether. The reaction mixture 
was heated under reflux for 2.5 hr and hydrolyzed with ice and 
ammonium chloride. The organic layer and three benzene ex
tracts of the aqueous portion were combined and steam 
distilled. The solid in the cooled residue was separated by filtra
tion and dried in air. The solid was next stirred into 15 ml of 
concentrated sulfuric acid and allowed to stand at room tempera
ture for 1.5 hr. The permanganate-colored mixture was poured 
onto ice; the resulting precipitate was collected by filtration and 
washed with 5% aqueous sodium carbonate solution and water. 
Crystallization of the dried material from ethyl acetate furnished 
341 mg (61%) of 9 as golden yellow needles, mp 214-214.5°.

HH-Indeno[2,l-a]phenanthrene (1).—The ketone 9 was re
duced by the Wolff-Kishner reaction as modified by Weisburger 
and Grantham.17 A suspension of 36 mg of ketone 9 in 20 ml of 
distilled diethylene glycol and 2 ml of 85% hydrazine hydrate 
was warmed at 100° for 5 min; 1 ml of 10% potassium hydroxide 
in the same solvent was added; and the solution was kept at 100° 
for 10 min longer. Water was driven off until the temperature 
rose to 200°; further heating for 2 hr was continued under 
reflux. The reaction mixture was cooled and poured into 100 ml 
of cold water and filtered. The solids were washed with water 
and dried in air to give 27.4 mg (80%) of the crude hydrocarbon, 
mp 330-3310 (imcor). Crystallization from benzene gave blades, 
mp 331-332° (uncor) and 335-336° (uncor, in a sealed, evacu
ated capillary) (lit.11 mp 335-336°).

7-Methyl-llH-indeno[2,l-a]phenanthren-ll-one (10).—A so
lution of 200 mg of 3 in 6 ml of benzene was added to the Grignard 
reagent prepared from 82 mg of magnesium and 0.48 ml of o- 
bromotoluene in 8 ml of ether. Treatment of the reaction mixture 
was similar to that described for the direct preparation of 9 
from 3 . Crystallization of the crude, dry ketone from ethyl 
acetate gave 89 mg (49%) of 10 as yellow needles, mp 211-212°. 
After sublimation and recrystallization from ethyl acetate, the 
ketone melted at 213-214° (lit.8 mp 209-210°).

7-Methyl-llH-indeno[2,l-o]phenanthrene (2).—Reduction of 
20 mg of the ketone 10 by the procedure described for the prepara
tion of 1 gave 16 mg (84%) of the crude, colorless hydrocarbon,

mp 272.5-274°. Sublimation followed by crystallization from 
ethyl acetate gave colorless crystals, mp 274-275° (lit.8 mp 
275-276°).

Registry No.—1, 220-97-3; 2, 16793-26-3; 3,
16793-27-4; 8, 16793-28-5; 9, 4599-92-2; 10, 16793- 
30-9.

10-Hydroxy-10,9-boroxarophenanthrene.
A Lewis Acid1

F r a n k l i n  A. D a v i s 2 a n d  M i c h a e l  J. S. D e w a r

Department of Chemistry, The University of Texas,
Austin, Texas 78712

Received April 9, 1968

A large number of boron-containing heteroaromatic 
compounds, isoelectronic with “normal” aromatic sys
tems and derived from them by replacing a pair of ad
jacent carbon atoms by boron and nitrogen or boron and 
oxygen, are now known.3 At an early stage, it was 
shown that the ultraviolet spectra of 10-hydroxy-10,9- 
borazarophenanthrene (la),4 and of 10-hydroxy-10,9- 
boroxarophenanthrene (II)5 in neutral and alkaline so-

b, X = H;Y =  N02
c, X = N02; Y =  H

lution suggested that these compounds behaved as pro- 
tic acids, unlike normal boronic or borinic acids that 
seem to form salts by addition to boron. This dif
ference was attributed to aromatic stabilization of the 
boron-containing rings, and indeed was cited as evidence 
that such compounds are aromatic. Since that time it 
has usually been assumed that other analogous hydroxy- 
borazaro and hydroxyboroxaro compounds show similar 
behavior to base by acting as protic acids, rather than 
Lewis acids.

Recently6 it was shown that UB nmr spectroscopy pro
vides a simple and unambiguous criterion of the mode of

(1) T h is  w ork  w as su p p o rte d  b y  a  g r a n t  from  T h e  R o b e r t  A . W elch  
F o u n d a tio n .

(2) R o b e r t  A. W elch  P o s td o c to ra l F ellow , 1966-1968.
(3) See M . J . S. D ew ar, Prog. B oron Chem ., 1 , 235 (1964); R . F . G ould , 

“ B o ro n -N itro g e n  C h e m is try ,” A d v an ces  in  C h e m is try  S eries, N o . 42, 
A m erican  C h em ica l S ocie ty , W a sh in g to n , D . C ., 1964, p  227.

(4) M . J . S . D ew ar, V. P . K u b b a , a n d  R . P e t t i t ,  J .  Chem . Soc., 3076 
(1958).

(5) M . J .  S . D ew ar a n d  R . D ie tz , J .  Chem . Soc ., 1344 (1960).
(6) M . J .  S, D ew ar a n d  R . Jo n es , J .  A m er . Chem . Soc., 89 , 2408 (1967).
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reaction of boron acids with base. Salt formation by 
addition of base to boron leads to a very large upheld 
shift (-~25 ppm) with narrowing of the nB resonance, 
while salt formation by loss of a proton leads to a down- 
held shift of ca. 5 ppm with extreme broadening, the half- 
width of the nB absorption increasing to 1-3 kHz. Ap
plication of this technique to several /3-hydroxyborazaro 
compounds, including la, showed that they do indeed be
have as protic acids, confirming the earlier conclusions 
based on uv spectroscopy. No measurements were made 
at that time on the oxygen analog II, since no sample 
was available and since the uv spectrum seemed to pro
vide equally dehnitive evidence that it too functions as a 
protic acid.

We have now measured the nB nmr spectrum of II in 
alcohol and in alcoholic potash and have found, much to 
our surprise in view of the uv evidence, that it does in 
fact act as a Lewis acid, rather than as a protic acid. As 
the results in Table I show, salt formation leads to a 
large upheld shift and a narrowing of the nB resonance, 
in analogy to phenylboronic acid and in marked contrast 
to the protic acid (la) where salt formation leads to a 
large downheld shift with extreme broadening of the nB 
nmr line.

T a b l e  I
n B  N m r  S p e c t r a  o p  B o r o n  A c i d s  i n  N e u t r a l  

a n d  A l k a l i n e  S o l u t i o n s

Compd S olven t
C hem ical

sh ift“
Line

w idth6

la EtOH -2 9 .3 ' 221
EtOH-5% KOH -4 3 .9 ' 2500

lb DMSO -3 6 .9 ' 1250
DMSO-5% KOH -1 2 .5 ' 780

Ic THF -4 1 .0 ' 380
THF-5% KOH -2 1 .5 ' 310

II EtOH -2 8 .8 233
EtOH-5% KOH - 5 .5 162

PhB(OH)2 EtOH -2 8 .4 272
EtOH-5% KOH - 3 .2 80

“ In parts per million relative to boron trifluoride-etherate. 
b At half-height, in hertz (Hz). ' Reference 9.

Since the original spectroscopic evidence seemed to 
provide convincing evidence that II behaves as a protic 
acid, we reexamined the uv spectrum (Figure 1). Ad
dition of alkali to a solution of II in ethanol did indeed 
lead to a bathochromic shift of ca. 20 m̂ , and the long 
wave absorption maxima of the salt was at much longer 
wavelength than that of 2-hydroxybiphenyl (286 ni/z); 
however, the long wave band of II in alkali (Figure 1) 
consisted of a single maximum only, whereas the long 
wave bands of I or II in ethanol, or of la in alcoholic 
potash, showed double maxima, and the bathochromic 
shift of II on addition of alkali was much greater than 
that observed in the case of I.

The spectrum of II in alkali was in fact almost iden
tical with that of the 2-hydroxybiphenate ion (Figure 1), 
suggesting that base converts II into the dianion III, 
with opening of the central ring. However, two lines of 
evidence show that this cannot be the case. First, the 
nB nmr spectrum of II in alkali differed very markedly 
from that of pbenylboronic acid, both in chemical shift 
and line width, although in ethanol both compounds show 
very similar spectra (Table I). Secondly, the proton 
nmr spectrum of II in ethanol was almost unchanged by 
addition of base, retaining a two-proton signal 48 Hz

Figure 1.—Ultraviolet spectra of II in ethanol ( ----- ) and 5%
ethanolic potassium hydroxide (------) and of 2-hydroxybiphenyl
in 5% ethanolic potassium hydroxide (----- ).

downheld from the remaining aromatic protons; this be
havior is characteristic of the hindered 4 and 5 protons in 
phenanthrene and compounds of related structure and is 
not observed in derivatives of biphenyl.7 The anion 
formed from II by base must therefore have the structure
IV.

A referee has suggested that hydrogen bonding in III 
might lead to a sufficient degree of coplanarity for the 
4 and 5 protons to remain hindered; this, however, 
seems very unlikely, for two reasons.

First, the effect depends very critically on the degree of 
coplanarity of the rings, separation of the 4- and 5-pro- 
ton signal from the main aromatic multiplet being much 
less (27 Hz) for 9,10-dihydrophenanthrene than for phen
anthrene (55 Hz) or for II in ethanol (48 Hz). Even 
dibenzothiophene shows a reduced separation (39 Hz), 
due presumably to bending of the bond joining the 
phenyl groups with a consequent small increase in the 
distance between the 4 and 5 protons. As examination of 
models shows that the dihedral angle in III must be at 
least as great as that in 9,10-dihydrophenanthrene, the 
fact that the separation of the 4- and 5-proton signal of II 
is unchanged by alkali seems to show unambiguously that 
the resulting anion is not III.

Secondly, the sulfur analog of II does undergo ring 
opening on treatment with alkali; in the resulting solu
tion, containing the sulfur analog of III, the nmr signal 
for the aromatic protons appear as a single multiplet.8

It is not of course surprising that II should, unlike I, 
behave as a Lewis acid; for II should be, and is, less 
aromatic that I. It is, however, very surprising that 
the spectrum of II in alkali should be so nearly identical 
with that of 2-hydroxybiphenyl for it implies that 
combination of the ion ArO-  (Ar = 2-biphenyl) with 
trivalent boron to form an ion of the type Ar()BR3~ 
leads to no change in the absorption spectrum, whereas 
combination of ArO-  with a proton to form ArOH 
leads to a large hypsochromic shift. From the accepted 
theory of the spectra of phenols and phenolate ions, one 
would conclude that oxygen has the same effective 
electronegativity in ArOBR3~ as in ArO- , clearly a 
very unexpected and theoretically interesting result.

(7) C. R eid , / .  Mol. Spectrosc., 1, 18 (1957).
(8) F. A. D av is  and M . J. S. D ew ar, J . Amer. Chem. Soc., 90 , 3511 (1968).



In conclusion, it should be added that, in the course of 
another investigation in these laboratories, it has been 
found that the 6-nitro II (lb) and 8-nitro II (Ic) 
derivatives of I also function as Lewis acids and that 
their salt formation is also accompanied by large 
bathochromic shifts.9 Here, however, one cannot 
make an analogous comparison of the groups ArNH~ 
and ArNIIBIla" since the ion ArNH-  cannot of course 
exist in ethanol.

Experimental Section

nB nmr spectra were measured with a Varían DP-60 spectrom
eter using procedures described6 previously. Ultraviolet spectra 
were measured using a Beckman DK-2 spectrometer. The nmr 
spectra were measured on a Varían A-60 instrument.

10-Hydroxy-10,9-boroxaropheanthrene5 (II).—The proton nmr 
spectrum of II in chloroform-d consists of muitiplets at 8  8.2 
and 7.4 (ratio of integrated intensities 1:3). There was no 
change in the muitiplets position on using ethanol or 5 or 10% 
potassium hydroxide in ethanol as the solvent.

Registry No.—Ia, 17012-25-8; lb, 15813-11-3; Ic, 
15889-55-1; II, 14205-96-0; PhB(OH)2, 98-80-6.

(9) M . J . S. D ew ar, R . Jones , a n d  R . Logan , J r . ,  J .  Org. C hem ., 33, 1359 
(1968).
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cis- and trans-Bicyclo[6.1.0]nonan-2-one

C. H. D e P u y  a n d  J. L. M a r s h a l l

Department of Chemistry, University of Colorado,
Boulder, Colorado 80302

Received February 5, 1968

In connection with our continuing interest in cyclo
propane chemistry, we have had occasion to synthesize 
both cis- and iroms-bicyclo[6.1.0]nonan-2-one (I and 
II, respectively). We wish to report this synthesis and 
to describe the behavior of the strained tran s  isomer II.

Strained bicyclic compounds are ordinarily quite 
stable. However, in the case of II, a ready pathway is 
available for isomerization to the cis isomer I, viz., 
enolization. We were interested in knowing how 
facile this epimerization process was. Furthermore, 
studies with molecular models indicated that there just 
might be little difference between the free energies of I 
and II. We therefore were interested in determining 
if substantial amounts of II existed when equilibrium 
was established between the two isomers.

The cis ketone I was synthesized by the Jones oxida
tion1 of cfs-bicyclo[6.1.0]nonan-2-ol2 (III) and also by 
the Corey procedure3 by allowing cis-cycloocten-3-one4
(IV) to react with dimethyloxosulfonium methylide.

m  i iv

(1) W . G . D a u b e n  a n d  G . H . B erezin , J .  A m er. Chem . Soc., 89, 3449 
(1967).

(2) A. C . C ope, et al., ib id ., 79, 3900 (1957).
(3) E . J .  C o rey  a n d  M . C h ay k o v sk y , ib id ., 87, 1353 (1965).
(4) A. C . C ope, M . R . K in te r , a n d  R . T . K eller, ib id ., 76, 2757 (1954).

The material obtained by either route was identical in 
all respects.

The tran s  ketone II was synthesized by the Jones 
oxidation1 of (raws-bicyclo[6.1.0]nonan-2-ol (VI), 
which was prepared by the Simmons-Smith reaction6 
of fmns-cycloocten-3-ol6 (V).

The Journal of Organic Chemistry

v  v i  n

Samples of I and II were shown to be different by 
comparison of their nmr and infrared spectra and vpc 
retention times and by comparison of the melting points 
of their 2,4-dinitrophenylhydrazone derivatives. The 
structure of the trans ketone was conclusively estab
lished when it was found that the ketone could be isom- 
erized to the cis ketone I by treatment with base (vide  
in fra ).

It was first established that the cis ketone I was inert 
to the usual acid or base treatments. When treated 
with sodium methoxide in methyl alcohol, potassium 
f-butoxide in (-butyl alcohol, or 2 N  sulfuric acid in 
ether, I was recovered unchanged.

Next, the trans ketone II was subjected to a variety 
of basic and acidic reaction conditions. After being 
treated with 2 N  sulfuric acid in ether for 15 hr at room 
temperature, or after being eluted through grade I 
neutral Woelm alumina, II was recovered unchanged. 
However, after being treated with 1.5 M  sodium 
methoxide in methyl alcohol for 87 hr at room tempera
ture, II was completely converted into the cis ke
tone I (>99%); the half-life for this conversion was 
found to be about 8 hr. When treated with 1.5 M  
sodium hydroxide in methyl alcohol, the rate of isomeri
zation was about the same. The trans ketone II could 
also be isomerized with sodium carbonate in 50:50 
water-methyl alcohol, but the reaction was slower; after 
16 hr at room temperature, about 2% conversion into I 
had occurred, whereas after 15 hr at reflux (73°), com
plete conversion into I had occurred.

These isomerization studies thus establish that I and 
II are epimers and that the structure of II is that for
mulated above. These studies further prove that the 
cis ketone I is much more thermodynamically stable 
than the trans ketone II. Finally, it has been shown 
that II is stable under mild acidic treatment but is 
readily isomerized by base.

There is one reference in the literature to the cis ke
tone I. Gutsche7 has claimed that I is one of the 
products obtained when N,N'-dicarbethoxy-N,N'-dini- 
troso-1,3-propane is treated with cyclohexanone in 
the presence of base. However, the infrared and nmr 
data of his ketone and the melting point (113-114°) and 
color (blood red) of its 2,4-dinitrophenylhydrazone de
rivative are clearly incompatible with those of the 
ketone and its 2,4-dinitrophenylhydrazone derivative 
studied by us. In view of the two unambiguous syn
theses of I described in this communication, we feel that

(5) W . G . D a u b e n  a n d  G . H . B erezin , ib id ., 85, 468 (1963).
(6) G . H . W h ith a m  a n d  M . W rig h t, Chem. C om m un ., 294 (1967). W e a re  

in d e b te d  to  D r . W h ith a m  fo r su p p ly in g  us w ith  th e  d e ta iled  p ro ced u re  fo r 
sy n th es iz in g  V.

(7) C . D . G u tsc h e  a n d  T . D . S m ith , J .  A m er. Chem. Soc., 82 , 4067 (1960).
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Gutsche has isolated a different compound. We fur
ther suggest that Gutsche’s compound is actually spiro- 
[2.5]nonan-4-one (VII). Published data on an au-

v n

thentic sample of VII and its 2,4-dinitrophenylhydra
zone derivative8 are completely in agreement with the 
data reported by Gutsche for his ketone.

mented. The nitration of benzocyclobutene has been 
carried out by Horner2 and by Lloyd and Ongley.3

Lloyd and Ongley have shown that, in benzocyclo
butene, electrophilic substitution takes place pref
erentially at the 4 or 5 position. These positions are 
equivalent in benzocyclobutene but are nonequivalent 
in 1-substituted benzocyclobutenes.

There is only one report of an electrophilic reaction of 
a benzocyclobutene containing a functional group in 
the four-membered ring.4 Birch nitrated 3-bromo-4- 
hydroxybenzocyclobuten-l-one (1) with nitric acid in 
aqueous acetic acid and obtained 2 in 46% yield. In

Experimental Section

Melting points are uncorrected. Infrared spectra were ob
tained on a Beckman IR-10 infrared spectrophotometer. Vapor 
phase chromatographic work was performed with an F & M 
Model 700 gas chromatograph using 15% Apiezon L on Chromo- 
sorb W.

cfs-Bicyclo [6.1.0] nonan-2-one (I).—cfs-Bicyclo [6.1.0] nonan- 
2-ol2 (3.00 g) was converted by the Jones oxidation1 into 1.92 g 
(65%) of I, bp 72-74° (2.5 mm). cfs-Oycloocten-3-one4 (6.99 g) 
was converted by the Corey procedure3 into 0.945 g (12%) of I, 
bp 99-100° (5 mm), 1695 cm-1 (C = 0).

A 2,4-dinitrophenylhydrazone derivative was prepared,9 yellow- 
orange prisms (eluted through grade I neutral Woelm alumina 
with benzene and recrystallized from 95% ethyl alcohol), mp 
159-160.5°.

Anal. Calcd for CJ5HlsN40 4: C, 56.60; H, 5.70; N, 17.60. 
Found: C,56.77; H, 5.91; N, 17.73.

trare.s-Bicyclo[6.1.0]nonan-2-one (II).—A sample of trans- 
cycloocten-3-ol6 (V) (8.87 g) was converted by the Simmons- 
Smith reaction5 into 7.83 g (80%) of VI, a viscous clear oil, bp 
63-65° (0.3 mm). A sample of VI (4.00 g) was converted by the 
Jones oxidation1 to 2.74 g (70%) of II, bp 75-76° (2.5 mm), 
rma* 1702 cm“1 (C = 0 ).

A 2,4-dinitrophenylhydrazone derivative was prepared,9 fine 
yellow needles (eluted through grade I neutral Woelm alumina 
with benzene and recrystallized from 95% ethyl alcohol), mp 
177-179.5°. A mixture melting point with the 2,4-dinitrophenyl
hydrazone derivative of I was depressed, mp 141-149°.

Anal. Calcd for Ci6H18N40 4: C, 56.60; H, 5.70; N, 17.60. 
Found: C, 56.46; H, 5.88; N, 17.77.

Registry No.—I, 16793-31-0; I (2,4-dinitrophenyl
hydrazone), 16793-32-1; II, 16793-33-2; II (2,4-di
nitrophenylhydrazone) ,16793-34-3.

Acknowledgment.—This work was supported by a 
postdoctoral fellowship to J. L. M. from the National 
Institutes of Health, Public Health Service (GM- 
31, 823-01 and GM-31, 823-02).

(8) P . L e riv e re n d  a n d  J .  M . C o n ia , B u ll. Soc. C him . F r., 121 (1966).
(9) R . L . S h rin e r, R . C. F u so n , a n d  D . Y . C u rtin , “ T h e  S y stem a tic  

Id e n tif ic a tio n  of O rgan ic  C o m p o u n d s ,”  Jo h n  W iley  a n d  S ons, In c .,  N ew  Y ork , 
N . Y ., 1964, p  219.

Benzocyclobutenes. I. Nitration  
of l-Cyanobenzocyelobutene1

this molecule there is only one pertinent position for 
electrophilic substitution, i.e ., the 5 position.

We have now successfully nitrated 1-cyanobenzocy- 
clobutene with sodium nitrate in concentrated sulfuric 
acid.6 The product which is easily isolated by crys
tallization from ethanol is l-cyano-5-nitrobenzocy- 
clobutene (3).

The infrared spectrum of the crude product possessed 
bands corresponding to nitrile, nitro, and amide 
functional groups with the amide band being a minor 
peak. Tic showed 3 to be the major component and 
also the presence of three minor components which ran 
faster than 3. Crystallization of a portion of the crude 
nitration mixture followed by column chromatography 
of the mother liquors gave 3 in a total yield of 73%.
l-Cyano-5-nitrobenzocyclobutene (3) was the only nitro- 
nitrile that was isolated from the reaction. The 
minor components of the reaction mixture (9%) were 
shown via  their infrared spectra to contain nitro and 
amide functional groups. These could be ring-opened 
products as well as the product resulting from the 
hydrolysis of 3. Lloyd and Ongley8 have shown that 
nitration of benzocyclobutene produces a mixture of 
ring-opened products in 31%  yield.

S c h e m e  I

I e w i n  L. K l t j n d t  a n d  W a l l a c e  K. H o t a 5 4

Research Laboratories, Aldrich Chemical Co.,
Milwaukee, Wisconsin 53210

Received December 13 , 1967

The electrophilic substitution of the now readily 
available benzocyclobutene has become well docu-

(1) T h e  n u m b e rin g  of p o s itio n s  is ac co rd in g  to  M . P . C a v a  a n d  D . R . 
N ap ie r, J .  A m er . Chem . Soc., 7 9 ,  1701 (1957).

Catalytic reduction of 3 over 5% palladium on 
carbon (Scheme I) gave 5-amino-l-cyanobenzocy- 
clobutene (4). Treatment of 4 with nitrous acid and

(2) (a) L . H o rn e r , H .-G . S chm elzer, a n d  B . T h o m p so n , Chem . B er., 9 3 ,  
1774 (1960); (b) L . H o rn e r, K . M u th , a n d  H .-G . S chm elzer, ib id ., 9 2 , 2953 
(1959).

(3) J .  B . F . L loyd  a n d  P . A . O ngley , Tetrahedron, 2 0 , 2185 (1964).
(4) A . J .  B irch , J .  M . B row n, a n d  F . S tan sfie ld , J .  Chem . Soc., 5343 (1964).
(5) H . H . H o d g so n  a n d  H . G . B ea rd , ib id ., 147 (1926).
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cuprous chloride gave 5-chloro-l-cyanobenzocyclo- 
butene (5).

An alternate synthesis of 5 using the procedure of 
Bunnett6 was carried out as shown in Scheme II.

S c h e m e  II

CN CN
6 7

—* 5

The pmr spectra of 3 and 5 (Table I) agree with the 
assigned structure and reasonably well with those of 
similar compounds.7 The samples of 5 prepared by 
both routes gave superimposable pmr and infrared 
spectra and showed no depression on mixture melting 
point.

T a b l e  1 “

P m r  S p e c t r a  o p  B e n z o c y c l o b t j t e n e s

H a Hb, Ho H d Ho H (

4 .3 6  (t)  3 .7 2  (m ) 7 .3 3 ( d )  8 .2 5 ( d )  8 . 0 8 (b) 
J  »  4 .5  H z Jde  =  8 H z

4 .2 5  ( t)  3 .6 0  (m ) 7 .1 1 ( d )  7 .3 8 ( d )  7 .3 0  (s)
J  ~  4 H z Jde  =  9 H z

“ Pmr spectra are determined in CDCh solution on a Varian 
A-60A spectrometer and the absorption peaks are given in parts 
per million downfield from tetramethylsilane (TMS) used as an 
internal standard. Abbreviations used here include s = singlet; 
d = doublet; t = triplet; m = multiplet.

C o m p o u n d

Experimental Section8

5-Nitro-l-cyanobenzocyclobutene (3).—In a 250-ml three
necked flask were placed 90 ml of concentrated sulfuric acid and
9.4 g (0.11 mol) of sodium nitrate. The mixture was cooled to 
— 5° and 13 g (0.10 mol) of 1-cyanobenzocyclobutene6 added 
drop wise at such a rate as to keep the temperature below 2°. 
The reaction mixture was then stirred at 0-5° for 30 min, poured 
onto 700 g of ice, and extracted with four 200-ml portions of 
methylene chloride. The methylene chloride solution was 
washed with four 100-ml portions of 10% sodium bicarbonate and 
once with 200 ml of water and dried over anhydrous magnesium 
sulfate. Removal of the solvent gave 17 g of residue which was 
recrystallized from 125 ml of absolute ethanol to give 8.6 g (49% 
yield) of product, mp 107-110°. Several recrystallizations from 
ethanol gave an analytical sample, mp 111.5-113°.

Anal. Calcd for C9H6N20 2: C, 62.06; H, 3.48; N, 16.08. 
Pound: C, 62.16; H, 3.58; N, 16.17.

(6) J .  F . B u n n e t t  a n d  J . A. S korcz, J .  Org. Chem ., 27 , 3836 (1962).
(7) H . H a r t ,  J . A. H a rtla g e , R . W . F ish , a n d  R . R . R afos , ib id ., 31 , 2244 

(1966), a n d  references  th e re in .
(8) M e ltin g  p o in ts  a re  ta k e n  on  a  T h o m a s -H o o v e r  U n im e lt a n d  a re  u n 

co rrec ted . B o iling  p o in ts  a re  u n co rrec ted .

Chromatographic Examination of the Nitration Mixture.—A
nitration on the same scale as that described above was repeated. 
Removal of the solvent gave 16.3 g of a light yellow solid. Tic 
on silica gel with isopropyl ether as the solvent revealed one 
major spot, 3, and three minor spots moving faster than 3 and 
one spot at the origin. A portion (5 g) of the crude product was 
recrystallized twice from ethanol to give 2.8 g of 3, mp 111- 
112.5°. The mother liquors were concentrated and chromato
graphed over 200 g of neutral alumina (Ventron Corp., activity 
1); 100-ml fractions were collected. Nothing was obtained from 
the column after elution with 500 ml of petroleum ether, 1500 
ml of 5% benzene, and 1200 ml of 10% benzene. Elution with 
1000 ml of 20% benzene gave 0.16 g of a mixture of products. 
The infrared spectrum showed the presence of amide and nitro 
functional groups and the absence of a nitrile group. Elution 
with 1500 ml of 30% benzene produced an additional 0.34 g of a 
mixture identical with the previous fraction. Elution with 1600 
ml of 40% benzene gave 1.07 g of 3. A dark band remained at 
the top of the column.

5-Amino-l-cyanobenzocyclobutene Hydrochloride (4).—A mix
ture of 1.75 g (0.01 mol) of 5-nitro-l-cyanobenzocyclobutene, 
0.6 ml glacial acetic acid, 0.4 g of 5% palladium on carbon, and 
100 ml of ethanol was hydrogenated at atmospheric pressure and 
ambient temperature. The catalyst was removed by filtration 
and the mixture was evaporated to dryness. The residue was 
treated with sodium hydroxide solution. The aqueous solution 
was extracted with three 25-ml portions of ether. The extracts 
were dried over potassium carbonate, filtered, and acidified with 
ether saturated with dry hydrogen chloride. The solid that 
formed was isolated by filtration and triturated in 50 ml of hot 
acetonitrile to give 1.3 g (72.3%) of a white solid, mp >300°.

Anal. Calcd for C9H9C1N2: C, 59.83; H, 5.02; Cl, 19.63; 
N, 15.51. Found: C, 59.55; H, 5.20; Cl, 19.68; N, 15.16.

5-Chloro-l-cyanobenzocyclobutene (5) (via the Sandmeyer 
Reaction).-—A mixture of 4.4 g (25.3 mmol) of 5-nitro-l-cyano- 
benzocyclobutene, 1 ml of glacial acetic acid, 1 g of 5% palladium 
on carbon, and 250 ml of ethanol was hydrogenated at 1 atm of 
pressure and room temperature. The catalyst was removed by 
filtration and the solution was evaporated to dryness. The resi
due was treated with 29 ml of 2 N  hydrochloric acid and cooled to 
0°. To the above suspension was added 1.94 g (28.2 mmol) of 
sodium nitrite and the reaction mixture was stirred for 5 min and 
then transferred under nitrogen to a solution of 3.35 g (33.8 
mmol) of commercial cuprous chloride in 6 ml of concentrated 
hydrochloric acid cooled to 0°. After the evolution of nitrogen 
ceased (about 3 min), the reaction was heated to about 50° on a 
steam bath and then cooled. The green aqueous layer was de
canted from an insoluble semisolid. The insoluble solid was 
triturated with three 100-ml portions of hot chloroform and 
filtered. The aqueous solution was extracted once with chloro
form. The chloroform extracts were combined, washed with 
three 100-ml portions of 10% sodium bicarbonate, and dried over 
magnesium sulfate. The residue obtained after removal of the 
solvent was purified via “Kugelrohr” distillation to give 1.3 g 
(31%) of product: bp 40-80° (0.02 mm); mp 54-57.5°. This 
was recrystallized from pentane to give 1.2 g, mp 57-58.5°. Mix
ture melting point with an authentic sample of 5-chloro-l-cyano- 
benzocyclobutene was undepressed, mmp 57.5-58.5°.

Anal. Calcd for C9H6C1N: C, 66.07; H, 3.70; Cl, 21.68; 
N, 8.56. Found: C, 66.27; H, 3.64; Cl, 21.3; N, 8.43.

Methyl a-Cyano-2,4-dichlorohydrocinnamate (6).—A solution 
of 54 g (1 mol) of commercial sodium methoxide in 650 ml of 
absolute methanol was cooled to 15° and 296 g (4 mol) of methyl- 
cyanoacetate was added over a 15-min period with stirring. To 
the above solution was added 196 g (1 mol) of a-2,4-trichloro- 
toluene over a 1-hr period. The mixture was slowly heated to 
reflux and held there for 10 hr. The salt was filtered off and 
washed with methanol. The filtrate was concentrated to dry
ness, diluted with 600 ml of ether, washed with three 250-ml 
portions of water, dried over magnesium sulfate, and then frac
tionally distilled to give 134 g (52%) of a liquid which solidified 
on standing: bp 145-148° (0.4 mm); mp 53-58°.

Anal. Calcd for CuH9CI2N 02: C, 51.19; H, 3.52; N, 5.43. 
Found: C, 51.43; H,3.71; N.5.48.

a-Cyano-2,4-dichlorohydrocinnamic Acid (7).—To a stirred 
solution of 61.4 g (1.54 mol) of sodium hydroxide in 555 ml of 
water at 25° was added 132 g (0.51 mol) of methyl a-cyano-2,4- 
dichlorohydrocinnamate as a melt. The reaction was stirred at 
25° for 1 hr and then acidified at 25° (cooling required) with 450 
ml of 4 A7 hydrochloric acid. The resulting mixture was stirred
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for 0.5 hr and then filtered. The solid was washed with water 
until the washings were neutral and dried in a vacuum oven at 
50° to give 120 g (97.5% yield) of a white solid, mp 145-147°.

Anal. Calcd for CioH7C12NO: C, 49.20; H, 2.89; Cl, 29.04; 
N, 5.74. Found: C, 49.21; H, 2.82; Cl, 29.03; N, 5.38.

2,4-Dichlorohydrocinnamonitrile (8).—A solution of 560 g 
(2.29 mol) of <*-eyano-2,4-dichlorohydrocinnamic acid in 950 ml 
of dimethylacetamide was heated at 150° for 1.5 hr. The reaction 
mixture was cooled and poured into 1 1. of water with stirring. 
The dark organic layer was separated from the water and the 
water was extracted with three 500-mi portions of ether. The 
ether extracts were combined with the original organic layer and 
then washed with 300 ml of water, 300 ml of 5% hydrochloric 
acid, and again with 300 ml of water. The ether solution was 
dried over magnesium sulfate and evaporated to dryness, and 
was fractionally distilled to give 360 g (79%) of a colorless liquid, 
bp 121° (0.3 mm).

Anal. Calcd for C9H7C12N: C, 54.00; H, 3.50; N, 7.00. 
Found: C, 53.90; H, 3.61; N, 6.83.

5-Chloro-l-cyanobenzocyclobutene (5).9—To a well-stirred 
suspension of 27.7 g (0.71 mol) of commercial sodium amide and 
400 ml of liquid ammonia under nitrogen was added 36 g (0.18 
mol) of 2,4-dichlorohydrocinnamonitrile over a 10-min period. 
The mixture was stirred at reflux for 3 hr, neutralized with 62.5 
g (0.78 mol) of solid ammonium nitrate, and allowed to stand 
overnight. The residue was diluted with 350 ml of water and 
the organic material was extracted with four 150-ml portions of 
chloroform. The combined extracts were washed with three 150- 
ml portions of 5% hydrochloric acid and two 100-ml portions of 
water and dried over magnesium sulfate. The residue (19.2 g 
after removal of the solvent) was fractionally distilled to give
11.3 g (38.5% yield) of 5: bp 76-78° (0.08 mm), mp 50-52.5°. 
An analytical sample was prepared by crystallization from pen
tane, mp 56.5-57.5°.

Anal. Calcd for C9H6C1N: C, 66.07; H, 3.70; N, 8.56. 
Found: C, 66.32; H, 3.77; N, 8.55.

Registry No.—1-Cyanobenzocyclobutene, 6809-91-2; 
3, 16994-04-0; 4 HC1, 16994-05-1; 5, 16994-06-2; 6, 
16994-07-3; 7, 16994-08-4; 8, 16994-09-5.

(9) C a u tio n : th e  a d d itio n  of 2 ,4 -d ic h lo ro h y d ro c in n a m o n itrile  is  exo
th e rm ic .

a hyponitrite ester, which may be recognized as the 
formal dimer of an alkoxy nitrene, is a probable inter
mediate.6

An initial nucleophilic attack by tervalent phos
phorus upon the terminal nitrite oxygen is proposed 
(eq l).6 Since attempts to trap the monomeric ni
trene, which might have been produced by dissociation 
of the zwitterionic adduct (eq 2), through addition to an

m'P e e 
RONO — >- RONOPR3 '

R 0 H 0 PR 3 ' -----R O N ----------R 0 N (0 )= N 0 R
-Ri'PO RONO

R O N =N (0)O R  +  R s'PO

R3'PO +  R-

RO-
Rs'P

R3'POR

Ri'POR +  R - '
R =  CcHoCIC, (CH3)3C; R' =  n-CJR, C,H5| OC2H5

s o lv e n t
C6H3CH2------- - v  c 6h 5c h 3

(CH3)3C- — (CH3)2C=CH 2

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)
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In an attempt to produce examples of the unknown 
alkoxy nitrenes, the deoxygenation of nitrite esters by 
tervalent phosphorus reagents was investigated.3 
Benzyl and ¿-butyl nitrite have been transformed into 
the corresponding alcohol by both tri-n-butyl- and 
triphenylphosphine and triethyl phosphite as a phos
phine oxide or triethyl phosphate is formed.4 The inter
mediacy of an alkoxy nitrene is not required; however,

(1) F in an c ia l s u p p o r t w as re c e iv e d  from  N A S A  G ra n t  N o . N G R  14-012- 
004 .

(2) A ddress  in q u irie s  to  th is  a u th o r .
(3) A ry ln itren es  h a v e  b ee n  assu m ed  in te rm e d ia te s  in  th e  d eo x y g e n a tio n  

of a ro m a tic  C -n itro so  co m p o u n d s b y  te rv a le n t  p h o sp h o ru s  re a g e n ts  [G. 
S m o lin sky  a n d  B . I .  F eu e r, J .  Org. Chem ., 31 , 3882 (1966); R . J . S undberg , 
J .  Am er. Chem. Soc ., 88, 3781 (1966); J . I . G . C ad o g a n  a n d  M . J . T o d d , 
Chem. C om m un ., 178 (1967)]. T rip h e n y lp h o s p h in e  w as fo u n d  to  b e  in e r t  to  
n itro sa m in e s  [L. H o rn e r  a n d  H . H o ffm ann , Angew . Chem ., 68, 473 (1956)].

(4) Is o la t io n  of e th y l n i t r i te  fro m  th e  re a c tio n  b e tw e en  o -d in itro b en ze n e  
a n d  tr ie th y lp h o s p h i te  [J. I . G . C ad o g an , D . J . Sears, a n d  D . M . S m ith , 
Chem. C om m un ., 491 (1966)] a p p a re n tly  req u ire s  th e  escape  of th e  gaseous 
es te r  on  fo rm a tio n .

olefinic bond or by insertion with a C—H bond were un
successful, it is tentatively assumed that an alkoxy- 
nitrene is not generated. This evidence does not rigor
ously exclude capture of the nitrene on formation of a 
nitrite ester molecule in a reaction leading directly to a 
hyponitrite N-oxide (eq 2). It is assumed, however, 
that the initial adduct combines with another nitrite 
ester molecule to bring about the formation of the 
azoxy compound in a reaction requiring either con
certed or stepwise elimination of a phosphine oxide 
(eq 3). Conceivably, alkoxy radicals could be pro
duced directly by the fragmentation of the proposed, 
but unknown, hyponitrite N-oxide ester. In an alter
nate sequence a hyponitrite may result from deoxy- 
ger.ation of its N-oxide and subsequently undergo loss 
of nitrogen with the generation of alkoxy radicals 
(eq 4 and 5) .7 Abstraction of hydrogen from the organ- 
ophosphorus solvent then accounts for the formation

(5) P . J .  B u n y a n a n d  J . I . G . C ad o g a n  [«/. Chem . Soc., 42 (1963)] re p o rte d  
th e  fo rm a tio n  of azo x y b en zen e  d u rin g  th e  d e o x y g e n a tio n  of n itro so b e n zen e  
b y  tr ip h e n y lp h o sp h in e . F u r th e r  d eo x y g e n a tio n  b y  th e  sam e  re a g e n t g ives 
azo b en zen e  [L. H o rn e r  a n d  H . H offm ann , A ngew . Chem . 68 , 473 (1956)].

(6) D eo x y g en a tio n  o f a ro m a tic  n itro so  co m p o u n d s has  been  ac co u n te d  fo r 
b y  b o th  nuc leo p h ilic  [J. I. G . C adogan , M . C am ero n -W o o d , R . K . M ack ie , 
a n d  J . G . Searle , J .  Chem . Soc., 4831 (1965)] a n d  e lec tro p h ilic  [L. H o rn e r  
a n d  H . H o ffm ann , Angew . Chem ., 68, 473 (1956)] a t t a c k  b y  te rv a le n t  p h o s
p h o ru s  on  n itro so  oxygen.

(7) T e rv a le n t  p h o sp h o ru s  is kn o w n  to  d eo x y g e n a te  n itro u s  ox ide (eq  5 ) : 
R . F . H u d so n , “ S tru c tu re  a n d  M ech an ism  in  O rg an o p h o sp h o ru s  C hem is
t r y , ”  A cadem ic  P re ss  In c .,  N ew  Y o rk , N . Y ., 1965, p p  191 a n d  192.
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of the expected alcohol.8 This last step had been in
dependently established in the formation of ¿-butyl 
alcohol from the ¿-butoxy radical, in turn produced 
from di-¿-butyl peroxide in triphenylphosphine9 and has 
now been confirmed by the transformation of authentic 
benzyl and ¿-butyl hyponitrite in tri-n-butylphosphine 
into benzyl and ¿-butyl alcohol, respectively.

An alkoxy radical also combines with a phosphine to 
generate an alkyl radical9 (eq 6). With this explana
tion for the presence of benzyl and ¿-butyl radicals, 
hydrogen abstraction by one and elimination by the 
other accounts for the minor yields of toluene and iso
butylene respectively from benzyl and ¿-butyl nitrite 
(eq 7 and 8). Insofar as butene-1 was not detected by 
the formation of its dibromide, the formation of the n- 
butyl radical (eq 6) is doubtful.

Both the cleavage of the benzyloxy radical into the 
phenyl radical and formaldehyde and of the ¿-butoxy 
radical into the methyl radical and acetone as well as 
the apparent disproportionation of the benzyloxy 
radical into benzaldehyde and benzyl alcohol are estab
lished reactions.10 Detection of low-boiling and gas
eous products other than isobutylene and/or other ole
fins was not attempted here and evidence for the for
mation of either benzene or benzaldehyde was not 
found. The observation, from a separate experiment, 
that benzaldehyde does not react with tri-n-butyl- 
phosphine under comparable conditions renders the 
absence of benzaldehyde formation from both benzyl 
nitrite and hyponitrite in an organophosphorus solvent 
unresolved.11 A solution to the problem may require 
an explanation for the formation and identification of 
high-boiling oils which contain phosphorus and oxygen 
but no nitrogen. A similar high-boiling fraction was 
obtained from ¿-butyl nitrite.12

With a molar excess of triphenylphosphine or tri
ethyl phosphite a lower yield of ¿-butyl alcohol was ob
tained from di-¿-butyl peroxide.9 This was attributed 
to an increase in the production of ¿-butyl radicals 
(eq 6) required for an increase in hydrocarbon prod
ucts. In contrast, a slight increase in the yield of

(8) A ssum ing  th a t  a  rad ica l m a y  a t ta c k  a t  th e  p h o sp h o ru s  a to m  in  a  phos
p h in e  ox ide  (co m p are  th e  fo rm a tio n  of n itro x id es  fro m  n itro so  co m pounds 
a n d  free  rad ica ls ) , a n  ad d itio n a l s eq u en ce  of re a c tio n s  le ad in g  to  a n  a lcoho l 
can  b e  v isualized .

so lv en t
R O - +  R s 'P O ------R 3'P ( 0 R ) 0 -  --------------->

R a ' P Í O m O H ^  R a 'P O  +  R O H

E lim in a tio n  of iso b u ty le n e  from  th e  a d d u c t  b e tw e en  a  p h o sp h in e  ox ide 
a n d  ¿-bu ty l a lcoho l w ould  p a r t ia l ly  a c c o u n t fo r th e  low er y ie ld  of ¿ -bu ty l a l
coho l in  th e  d eo x y g e n a tio n  of ¿ -bu ty l n i t r i te  a n d  py ro ly sis  of th e  h y p o n itr ite .

(C H 3)3C O P (O H )R 3' ------>  (C H a)2C = C H 2 +  R 8'P (O H )2

S ta b le  p h o sp h in e  ox ide h y d ra te s  a re  kno w n  (see re f  7, p  282).
(9) C . W alling , O. H . B asedow , a n d  E . S. S av as  [J . A m er. Chem. Soc., 82, 

2181 (I9 6 0 )] re p o r te d  th e  fo rm a tio n  of ¿ -bu ty l a lcoho l (16%  y ie ld ) from  
th e  ¿ -bu toxy  ra d ic a l a n d  iso b u ta n e , iso b u ty len e , n eo p e n tan e , iso p e n ta n e , 
iso o c tan e , o c tenes , a n d  te tr a m e th y lb u ta n e  fro m  th e  ¿ -bu ty l ra d ic a l in  th e  
re a c tio n  b e tw e en  d i-¿ -bu ty l p e ro x id e  a n d  tr ip h e n y lp h o sp h in e .

(10) P . G ra y  a n d  A. W illiam s, Chem. Rev., 59 , 239 (1959).
(11) T h e  re s is ta n c e  o f b e n z a ld eh y d e  to  te rv a le n t  p h o sp h o ru s  h as  b ee n  re 

p o r te d :  F . R am irez , S. B . B h a tia , a n d  C. P . S m ith , Tetrahedron, 23 , 2067 
(1967).

(12) S. A. B u ck le r [J. A m er. Chem. Soc., 84 , 3093 (1962)] in v e s t ig a te d  th e  
r e a c tio n  b e tw e en  eq u im o la r q u a n tit ie s  of d i-¿ -bu ty l p e ro x id e  a n d  tr i -n -b u ty l
p h o sp h in e . I t  w as assu m ed  t h a t  d eo x y g e n a tio n  of th e  in te rm e d ia te  ¿ -bu toxy  
ra d ic a l a c c o u n te d  fo r th e  fo rm a tio n  of tr i -n -b u ty lp h o s p h in e  ox ide in  u nspec i
fied y ie ld . A n o th e r  p h o s p h o ru s-c o n ta in in g  p ro d u c t w as d e te c te d  a n d  c h a ra c 
te r iz e d  b y  u n re p o rte d  n m r  a n d  ir  sp e c tra l d a ta  a n d  v p c . I t  w as ass ig n ed  th e  
s t r u c tu r e  of ¿ -b u ty l d i-n -b u ty lp h o s p h o n ite  (eq  6). O th e r  p ro d u c ts  w ere  n o t  
re p o r te d .

benzyl alcohol from benzyl nitrite is realized when a 
molar excess of tri-n-butylphosphine is used. As 
determined by yields of alcohols produced, the latter 
reagent appears to be more effective than triphenyl
phosphine or triethyl phosphite but less effective than 
isooctane13 in donating hydrogen to an alkoxy radical 
produced under comparable conditons.

Experimental Section

Deoxygenation of Nitrites.—With stirring, 17.39 g (0.127 mol) 
of freshly prepared and redistilled benzyl nitrite14 15'16 was added 
dropwise over a period of 2 hr to 25.60 g (0.127 mol) of tri-n- 
butylphosphine which had been rigorously dried over calcium 
hydride. By external cooling the temperature of the exothermic 
reaction was kept below 15° during addition but was then allowed 
to rise to room temperature for continued stirring overnight. 
Distillation of the reaction mixture under ordinary pressure gave 
0.35 g (3% yield) of toluene, bp 109-111°; ir and nmr absorption 
was identical with that of an authentic sample.

Continued distillation at 3 mm separated a low-boiling fraction, 
60-155°, from which 8.15 g (65% yield) of benzyl alcohol, 
bp 202-204° (1 atm), was separated by redistillation; ir and 
nmr spectra were identical with those obtained from authentic 
material. From a higher boiling fraction, 155-165° (3 mm), 
19.20 g (75% yield) of tri-n-butylphosphine oxide, mp 65-68°, 
was obtained after redistillation; ir and nmr spectra were identical 
with those obtained from authentic material. Finally 2.02 g 
of a high-boiling oil, 190-210° (0.25 mm), and a pot residue 
(0.35 g) were not identified.

When the reaction was repeated with a molar excess of tri-n- 
butylphosphine, the yield of benzyl alcohol in the reaction mix
ture was estimated to be 78% as determined from the nmr absorp
tion at 6 4.55 (benzylic protons).

With the substitution of triethyl phosphite for tri-n-butyl
phosphine, about 30% benzyl nitrite remained unreacted after 
heating the reaction mixture under nitrogen at 100° for 2 days 
and a 55% yield of benzyl alcohol was obtained. The same yield 
of alcohol was obtained from a moderately exothermic reaction 
between benzyl nitrite and triphenylphosphine in benzene. At
tempts to obtain products by insertion or abstraction with C—H 
bonds in hydrocarbon solvents or by addition to the C =C  
double bond in cyclohexene which might be characteristic of 
benzyloxynitrene were unsuccessful.

With stirring 29.60 g (0.287 mol) of freshly prepared and re
distilled i-butyl nitrite16 was added dropwise over a period of 
2 hr to 61.00 g (0.302 mol) of tri-n-butylphosphine in a 250-ml, 
three-necked flask equipped to deliver evolved gas into a solution 
of 3 ml of bromine in 250 ml of carbon tetrachloride. The re
action temperature was carefully held between 65 and 70° 
(there does not appear to be a reaction at room temperature), 
and stirring was continued at this temperature overnight. By 
distilling at ordinary pressure 1.42 g of unreacted ¿-butyl nitrite 
was recovered and 8.18 g (43.5% yield based on recovered nitrite) 
of ¿-butyl alcohol, bp 80°, was collected; ir and nmr absorptions 
were identical with those obtained from an authentic sample. 
Continued distillation gave 57.74 g (91% yield) of tri-n-butyl
phosphine oxide, bp 182° (23 mm); ir and nmr absorptions were 
identical with those from authentic material. An unidentified 
oil (5.00 g), bp 220-230° (23 mm), was also obtained.

By distillation 1.95 g (5.5% yield) of isobutylene dibromide, 
bp 114-150°, was isolated from the reaction between the evolved

(13) H . K ie fe r a n d  T . G . T ra y lo r  [Tetrahedron Lett., 6163 (1966); J . A m er . 
Chem. Soc., 89 , 667 (1967)] re p o rte d  an  89%  y ie ld  of i-b u ty l a lcoho l d u rin g  
th e  p y ro ly sis  of i -b u ty l h y p o n itr i te  in  iso o c tan e .

(14) N . K o rn b lu m , R . A. S m iley , R . K . B lackw ood , a n d  D . C . Iff lan d , 
J .  A m er. Chem. Soc., 77 , 6269 (1955).

(15) B en z a ld eh y d e , d e te c te d  b y  n m r, a p p e a rs  in  sam p les  of b e n z y l n i t r i te  
a f te r  s to ra g e  fo r a  few  d ay s . T h is  m a y  b e  ac co u n ted  fo r b y  a  c h a in  re a c tio n  
w ith  oxygen  as  th e  in i t ia to r .

O N O  C tH sC H r- O N O  
O j i O N O  |

C eH iC H iO N O ------4- C oH sC H O ----------------- 4-  C jH bC H O H  +  C jH sC H O N O
— - O H

- N O
CbHsCHONO---->  CbHsCHO

N O
CsHbCHeONO -------4- CsHbCHONO

- N O H

(16) C . S. C oe a n d  T . F . D o u m an i, ib id ., 70 , 1516 (1948).



Vol. 33, No. 8, August 1968 N o tes  3331

gas, isobutylene, and bromine in carbon tetrachloride [5 1.90 
(six protons) and 3.88 (two protons)]. From the nmr the product 
was judged to be about 90% pure.

Pyrolysis of Hyponitrites.—In a 10-ml, round-bottom flask 
fitted with a reflux condenser, 0.66 g (3.79 mmol) of /-butyl 
hyponitrite13 was slowly mixed with 3.86 g (19.1 mmol) of tri- 
n-butylphosphine while external control kept the temperature 
near 55° (below 50° the two liquids appear to be immiscible). 
After stirring for 20 hr at this temperature, /-butyl alcohol was 
detected in 35% yield by measuring peak areas by vpc from an 
SE-30 10-ft column operated at 60°. Standards for comparison 
in calculating yield consisted of prepared mixtures of tri-ra- 
butylphosphine and /-butyl alcohol. Caution. In one experi
ment with inadequate external control of the reaction tempera
ture, the mixture of /-butyl hyponitrite and tri-n-butylphosphine 
became explosive.

In a similar reaction, 0.1471 g (0.608 mmol) of benzyl hypo
nitrite, mp 44-46° dec,17 and 0.5846 g (2.89 mmol) of tri-n- 
butylphosphine were stirred overnight at room temperature. 
The initially clear solution became dark brown after 24 hr and 
then yellow. Benzyl alcohol was detected in 38.2% yield by 
vpc. Standards for comparison in calculating yield consisted 
of prepared mixtures of tri-ra-butylphosphine and benzyl alcohol.

Registry No.—Benzyl nitrite, 935-05-7: /-butyl ni
trite, 540-80-7.

(17) J .  R . P a r t in g to n  a n d  C , C . S h ah , J .  Chem . Soc ., 2071 (1931).

The Tim ing of Covalency Changes 
in Nucleophilic Substitutions at Sulfenyl Sulfur. 

The Influence of m eta  and para  Substituents 
on the Rate of Reaction of Aryl Bunte Salts 

with Cyanide Ion1

J o h n  L. K ic k  a n d  J a m e s  M. A n d e r s o n

a trigonal bipyramid with the entering and leaving 
groups occupying the apical positions.

This clarification of transition-state geometry does 
not, however, tell us anything about the relative prog
ress of bond making vs. bond breaking in the transition 
states of eq 1 or 2. In S n 2  displacements at sp3 carbon 
bond making and bond breaking are synchronous. The 
same could well be true for nucleophilic displacements 
at sulfenyl sulfur, but, at the same time, given the 
ability of sulfur to expand its valence shell, serious con
sideration must also be given to the possibility that 
bond making may well be ahead of bond breaking when 
the transition state is reached. In the most extreme 
representation one might even conceive of an actual in
termediate (I) being formed during the reaction, i.e.

Nu“ +  R - S - Y N u - S —Y 
I

R
I

R - S - N u  +  Y“

(4 )

One way of probing this matter of the timing of the 
several covalency changes involved in eq 1 is through 
measurement of the effect of selected m eta  and -para 
substituents on the rate of a substitution of the type

One can then compare the results with those for analo
gous displacements at sp3 carbon (eq 6) and silicon (eq 
7). Those substitutions at silicon, where bond making

Department of Chemistry, Oregon State University, 
Corvallis, Oregon 97331

Received March 1, 1968

Nucleophilic substitution at a sulfenyl sulfur, 
shown in a generalized representation in eq 1, is one of

Nu" +  R—S—Y — =- R—S—Nu +  Y~ (1)

the most important and fundamental reactions of or
ganic sulfur chemistry.2 As a consequence, detailed 
knowledge about all aspects of its mechanism is highly 
desirable.

In a classic study, Fava and Ilceto3 have shown, 
through examination of the effect of changes in R on 
rate, that the steric requirements of the displacement 
reaction

*S032-  +  R—S—S03~ — > R—S—*S03-  +  S (V - (2)

are remarkably similar to those for bimolecular nucleo
philic substitution at primary carbon (eq 3). They

Nu" +  RCH2Y — J- RCH2Nu +  Y -  (3)

have suggested that this means that the preferred 
transition-state geometry for nucleophilic substitution 
at sp3 carbon and sulfenyl sulfur is the same, namely,

(1) T h is  researc h  s u p p o r te d  b y  th e  N a tio n a l I n s t i tu te s  of H e a l th  u n d e r  
G ra n t  G M -12104 .

(2) (a) A. J . P a rk e r  a n d  N . K h a ra sc h , Chem . Rev., 59, 583 (1959); (b) 
O. F o ss  in  “ O rgan ic  S u lfu r  C o m p o u n d s ,”  V ol. 1, N . K h a ra sch , E d ., P erg am - 
m o n  P re ss , O xford , C h a p te r  9, 1961.

(3) A . F a v a  a n d  A. I lc e to , J .  A m er. Chem . Soc., 80 , 3478 (1958).

CH2Nu +  Y"

(6)

Nu" +  RjSi— Y —*- RjSi—Nu +  Y~ (7)

is well ahead of bond breaking in the transition state, 
owing to the use of silicon d orbitals, are characterized4 
by a very pronounced dependence of rate on substitu
ents and large positive values of p.* In contrast, sub
stitutions at a benzylic sp3 carbon (eq 6), where bond 
making and brond breaking are truly synchronous, show 
relatively little dependence of rate on X  and no satisfac
tory correlation with the Hammett equation, rates fre
quently being faster for both electron-withdrawing and 
electron-releasing substituents than they are for the un
substituted compound.6 There is thus reason to feel 
that, if the substitution at sulfenyl sulfur (eq 5) involves 
the use of the d orbitals on that atom, as in eq 4, it will 
show a considerably different response to changes in the 
nature of X  than if it involves essentially synchronous 
bond making and bond breaking.

The specific example of eq 5 examined in the present 
work was the reaction of cyanide ion with S-aryl thio-

(4) (a) O. W . S te w a rd  a n d  O. R . P ierce , ib id ., 83 , 1916 (1961); (b) fo r  a 
su m m a ry  of a ll s tu d ie s  of th is  ty p e , see L . H . S om m er, “ S te re o c h e m istry , 
M ech an ism  a n d  S ilicon ,”  M cG raw -H ill B ook  C o ., In c . ,  N ew  Y o rk , N . Y ., 
1965, p p  127-146.

(5) (a) R . F . H u d so n  a n d  G . K lo p m an , J .  Chem . Soc ., 1062 (1962); (b) 
R . F u c h s  a n d  D . M . C a r l to n , J .  A m er. Chem . Soc., 85 , 104 (1963); (c) fo r  a  
su m m a ry  of v a r io u s  ea rlie r  d a ta ,  see A . S tre itw ie se r , Chem . Rev., 56 , 591 
(1956).



3332 N otes The Journal of Organic Chemistry

CN“ +

sulfates (eq 8).6 Reaction rates can be followed spec- 
trophotometrically (see Experimental Section). The 
reactions were studied in aqueous carbonate-bicar
bonate buffers (pH 9.00-10.36). Other experiments 
showed that the rate of disappearance of the Bunte salt 
in the absence of cyanide ion at these pH’s was neg
ligible. The reactions were run using a large stoichio
metric excess of cyanide over Bunte salt. The concen
tration of free cyanide ion was varied by using a fixed 
amount of sodium cyanide (0.016 M )  for all runs and 
varying the pH at which runs were carried out. Since 
K & for HCN is 7 X 10~10, only 41%  of the total cyanide 
is present as CN-  at pH 9, while at pH 10.36 94% 
is present as CN~. The initial concentration of Bunte 
salt was varied over the range 1.0-8.0 X 10-4 M . Be
cause the final optical density of the solution shows 
significant drift (due, presumably, to subsequent reac
tions of ArSCN), rate constants were determined from 
the initial rate of change of the optical density of the 
solution, assuming the kinetics of eq 8 to be given by

initial rate = fc8(ArSS03- )o(CN~) (9)

The constancy of fcs for a given Bunte salt as deter
mined from

, initial rate
fcs "  (ArSSOa-)o(CN-)

for a series of runs in which both the initial concentra
tion of Bunte salt and the concentration of cyanide ion 
were varied (see Experimental Section for typical re
sults) established that the kinetics of reaction 8 are 
indeed correctly given by eq 9.

Table I lists the rate constants for the reaction of six 
m eta- and para-substituted S-aryl thiosulfates with cy
anide ion at 25° in aqueous solution at an ionic strength

T a b l e  I

R a t e  C o n s t a n t s  f o b  R e a c t i o n  o f  C y a n i d e  I o n  
w i t h  A k y l  B u n t e  S a l t s 0

x b
fc8 X  102, 
M ~ 1 s e c " 1 (fcx/fcp-H)

P-CIÍ3 1.0 1.1
p- H 0.91 (1.0)
p-Cl 1.6 1.8
p-Br 1.2 1.3
m-NOî 1.1 1.2
P-NO2 1.2 1.3

° All runs were at 25° in water at pH 10.36 and an ionic 
strength of 2.0. 6 Registry numbers are given in consecutive
order: 16727-96-1, 16723-24-3, 16723-25-4, 16723-26-5, 16723- 
27-6, 16723-28-7.

of 2.0. Examination of Table I reveals that the rate 
constant for eq 8 shows no obvious dependence on the 
electron-withdrawing or electron-releasing character 
of the substituent attached to the aromatic ring. Al
though one electron-withdrawing substituent, p-Cl (<r =

+0.23), causes a fairly substantial increase in rate, 
others, much more strongly electron withdrawing, such 
as m-N02 (<r -  +0.71) and p-N02 (a  =  +0.78), lead to 
only small increases in rate. These are, in fact, not 
much larger than that caused by p-CH3 (o- = —0.17), 
an electron-releasing substituent. Because of the 
necessity of evaluating fc8 from initial rate measurements 
the values given in Table I are probably accurate to no 
better than ±  15%. This could perhaps be responsible 
for the apparent anomalously high rate for the p -Cl 
compound. However, even if the ks values were sub
ject to even greater uncertainty (±50%) this would 
not change the basic conclusion from these results, 
which is that the electron density at the sulfenyl sulfur 
must be essentially the same in the transition state for 
eq 8 as it is in the Bunte salt itself. This is hardly in 
accord with what would be expected if the mechanism 
were as shown in eq 4, or in any variant of it in which 
bond making is significantly ahead of bond breaking at 
the transition state. We conclude that in the transi
tion state for eq 8 the making of the new bond has pro
gressed no further than the breaking of the old one. Its 
structure should therefore be represented as

[NC8-— s — so3(2̂ -]

Ar

Despite the availability of the d orbitals on sulfur 
the timing of the various covalency changes in this 
nucleophilic substitution seems to be closely compar
able with the timing for an Sn 2 reaction at sp3 carbon 
and quite different from the timing for substitutions at 
silicon. This conclusion is also in accord with the 
results of another recent study7 dealing with the effect 
of substituents on the rate of a nucleophilic substitution 
involving aryl sulfenyl compounds. Equation 10 rep
resents the rate-determining step in the alkaline hydrol
ysis of a series of ¡»-substituted ethyl benzenesulfenates.

The observed7 variation of k V) with X  was as follows: 
X, ( k x / K .H); CH3, 1.21; Cl, 3.0; CF3, 1.47. Although 
substituents exert generally a somewhat larger effect 
than in the Bunte salt-cyanide reaction, one still finds 
that a strong electron-withdrawing group, p-CF3 (<r =  
+0.54), accelerates the rate considerably less than p -Cl 
and not much more than ¡»-CH3.

Acceleration of the rate by both electron-with
drawing and electron-releasing p a ra  substituents has, 
as noted earlier, also been observed in a number of 
nucleophilic displacements involving substituted ben
zyl halides (eq 6).6 Unlike the two substitutions at 
sulfenyl sulfur, however, in most of the benzyl halide re
actions the acceleration produced by a strong elec
tron-withdrawing substituent like ¡»-N02 clearly exceeds 
that produced by either a weaker electron-withdrawing 
one like p -Cl or an electron-releasing one like ¡»-CH3. 
One case (Y = Cl, Nu = S2032-) is known,6b however, 
where is slightly less than kp-ci/kp-u-

(6) H . B . F o o tn e r  a n d  S. Sm iles, J .  C h em . S o c . t 121, 2887 (1925).
(7) C . B row n  a n d  D . R . H ogg, Chem. C o m m u n ., 38 (1967).
(8) A . F a v a , p r iv a te  co m m u n ica tio n .
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In conclusion one should also note some unpublished 
work by Fava,8 in which he studied the effect of p a ra

fell *
*S(V~ +  ArSS03-  — ^ ArS—S03-  +  S032" (11)

Chemistry of Trialkylthiomethyl Ions. 
II. A Convenient Synthesis 

of Tetrathioorthocarbonate Esters

substituents on the rate of the exchange reaction in eq 11 
involving aryl Bunte salts. The variation of ku  with 
p a ra  substituent X  was as follows: X, (k p. x / k p.n ) ; 
CH3, 0.76; Cl, 1.70; N02, 5.22. Even though in this 
instance the rate for the p-N 02 compound is consider
ably faster than the rate for the p-chloro compound, 
substituent effects are still rather small (p =  +0.85), 
and Fava8 has concluded, like ourselves and Brown and 
Hogg,7 that little if any d orbital participation involving 
sulfur occurs in such substitutions at sulfenyl sulfur.

Experimental Section

Preparation of Bunte Salts.—Except for the m-nitrophenyl 
compound9 all of the Bunte salts were first prepared as pyridinium 
S-aryl thiosulfates.9 They were then converted into the sodium 
S-aryl thiosulfates using the ion-exchange procedure previously 
described.9 Analytical data were obtained on those salts which 
had not been previously prepared. All were isolated as the 
monohydrate: sodium S-p-tolyl thiosulfate (Calcd for C7H7-
N a03S2-H20: 0,34.42; H, 3.71. Found: C, 34.41; H, 3.88), 
sodium S-p-chlorophenyl thiosulfate (Calcd for C6H4ClNa03S2- 
H20: C, 27.23; H, 2.29. Found: C, 27.28; H, 2.43), sodium 
S-p-bromophenyl thiosulfate (Calcd for C6H4BrNa03S2-H20: 
C, 23.34; H, 1.96. Found: C, 23.26; H, 2.03), sodium S-p- 
nitrophenyl thiosulfate. (Calcd for CeFhNNaOsSrPbO: C,
26.18; H, 2.20. Found: C, 26.00; H, 2.29).

Procedure for Kinetic Runs.—Bicarbonate-carbonate buffer 
solutions of the proper pH and containing the desired amount of 
sodium cyanide were made up volumetrically. A solution of the 
appropriate Bunte salt in water was made up separately. The 
reaction vessel used for the kinetic runs was the type described 
in another paper.10 For a run measured aliquots of the buffer- 
cyanide and the Bunte salt solutions were placed separately in 
chambers A and B of the reaction vessel and brought to tem
perature. They were then mixed rapidly, and the resulting 
solution was poured into the 1-cm cell which was attached to the 
side of chamber B. The apparatus was placed in the cell com
partment of Cary Model 15 spectrophotometer, which was 
equipped to permit thermostatting of the 1-cm cell. The de
crease in the absorbance of the reaction solution was then followed 
at a wavelength between 260 and 268 m,u. Because the final 
optical density of the solution tended to drift significantly, rates 
were evaluated from the initial rate of change of the optical 
density. This was determined by drawing aline tangent to the 
initial portion of the absorbance vs. the time curve. At least 
three separate runs were made for each set of reaction conditions. 
Some typical results obtained upon variation of the initial con
centrations of Bunte salt and cyanide ion are shown in Table II.

G l e n n  L. R o o f  a n d  W i l l i a m  P. T u c k e r

Department of Chemistry, North Carolina State University, 
Raleigh, North Carolina 27607

Received March 26, 1968

Our investigation into the chemistry of trimethyl- 
thiomethyl cation (1) has utilized the corresponding 
tetrathioorthocarbonate esters (2) as precursors for 1 
and its homologs.1 Orthocarbonates of this type have 
been known for many years but their synthesis has been 
indirect and laborious. Arndt2,3 and, later, Backer and 
Stedehouder4 prepared several aromatic tetrathioor- 
thocarbonates in unspecified yields by nitrosation of 
isothiouronium salts followed by the decomposition of 
the nitrosated adduct in aqueous or methanolic am
monia (eq 1). This method was extended to a series 
of alkyl tetrathioorthocarbonates in yields averaging 
about 20%.4-6

RSC
/N H 2

^ n h 2
I H0N0 
2. NHb, RSH (RS)tC

2
(1)

More recently the preparation of 2 has been achieved 
by a sequence of reactions involving removal of the pro
ton from an orthothioformate and thioalkylation of the 
resulting anion with the appropriate disulfide (eq 2).7-9 
The synthesis of the spiran derivative 3, a special case 
of 2, by methods whose general applicability has not 
been tested, was reported by Johnson10 and by D’Amico 
and Campbell.11

NHs, NH3 , , (RS),
(RS),CH ------------ (RS)3C- --------------- 2

o r n -C ^s L i 

xS

(2)

(c'a)«
’\

(CHùn
s '

3, n  = 2 or 3

T a b l e  II
(A rSS O j-)o ,

M
(C N  - ) ,  - d ( A r S S O s - )o /  ki 

M  dt, M  s e c -1

8 X 10"4 1.5 X 
4 X 10“4 1.5 X
4 X IO“4 0.66 X

10“2 1.1 X 10"7 
IO“2 0.55 X IO -7 
IO“2 0.26 X IO”7

-d (A rS S 0 3 ~ )o /d t
(A rS S O j-)o (C N -)

0.0092
0.0091
0.0098

(The data in question are for the S-phenyl Bunte salt.) Similar 
sorts of results were found with the other Bunte salts. It there
fore seems clear that the Bunte salt-cyanide reaction is first 
order in each reactant, and also that the procedure of determining 
its rate constant from initial rates does not lead to any significant 
error.

Registry No.—Cyanide ion, 57-12-5.

(9) J .  L . K ice , J . M . A nderson , a n d  N . E . P aw low sk i, J .  A m er. Chem . Soc., 
88 , 5245 (1966).

(10) J . L . K iee , G . G u a ra ld i, a n d  C . G . V en ier, J .  Org. Chem ., 31, 3561 
(1966).

We have found that trimethylthiomethyl fluoroborate 
(1), which is an easily prepared and stable material,1 
serves as a convenient intermediate in the preparation

(1) W . P . T u c k e r  a n d  G . L . R oof, Tetrahedron Lett., 2747 (1967).
(2) F . A rn d t, A n n .  384, 322 (1911).
(3) F . A rn d t, ib id ., 396, 1 (1913).
(4) H . J .  B ac k e r a n d  P . L . S ted e h o u d er, Rec. Trav. C him . P a y s-B a s, 52, 

1039 (1933).
(5) H . J . B ac k er a n d  P . L . S ted e h o u d e r, ib id ., 52 , 923 (1933).
(6) W e h a v e  p re p a re d  m o s t of th e  co m pounds lis ted  in  T a b le  I  b y  th is  

m e th o d  b u t  a lw ays in  low  a n d  u n s a tis fa c to ry  y ields.
(7) A . F ro lin g  a n d  J . F . A rens, Rec. Trav. C h im . P a y s  B as, 81 , 1009 (1962).
(8) D . S eebach , A ngew . Chem . In te rn . E d ., 6, 442 (1967).
(9) Y ie lds in  th is  re a c tio n  a re  on  th e  o rd e r  of 5 0 %  b u t  w e h a v e  encoun

te re d  d ifficu lty  in  s e p a ra tio n  of th e  desired  p ro d u c t from  th e  te tra k isa lk y l-  
th io e th y le n e  w hich  is p ro d u ced  in  a  side  re a c tio n .7

(10) T . P . Jo h n so n , C . R . S tringfe llow , a n d  A. G allag h er, J .  Org. Chem ., 
27 , 4068 (1962).

(11) J .  J . D ’A m ico a n d  R . H . C am pbell, ib id ., 32, 2567 (1967).
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of a variety of tetrathioorthocarbonates in good yields. 
Although the reaction between 1 and thiols represents 
an equilibrium (eq 3), the removal of the very volatile

(CH3S)3C +BF4~ +  4RSH ^=±: (RS)4C +  3CH3SH +  HBF4 (3) 
1 2

methanethiol displaces the reaction in favor of 2. 
A second equilibrium is thereby established (eq 4),

2 +  H + ^z±: (RS)3C+ +  RSH (4)

but the formation of 2 can be favored by using excess 
thiol (method A) or by using sodium bicarbonate to re
move the acid which promotes the equilibrium (method 
B). Method A was employed for the synthesis of alkyl 
tetrathioorthocarbonates and method B was used for 
the preparation of aryl derivatives.

The properties and yields of the tetrathioorthocar
bonates prepared from 1 are given in Table I.

T a b l e  I
T e t b a t h i o o r t h o c a r b o n a t e  E s t e r s  ( 2 a - h )

M e th o d  of % R e c ry s tn L it. m p,
R  p re p a ra tio n “ y ie ld& so lv en t M p , "C ‘  "C

C H j (a) A 97 9 5 %  E tO H 65 654
CzH s (b) A 88 9 5 %  E tO H 31-32 3 3 -3 3 .5 4
71-C 3H 7 (c) A 86® /
¿-C3H 7 (d ) A 92 9 5 %  E tO H 6 0 -6 1 .5 6 I .54

CsHä (0) B 85 CeHe 159-160 lög»'*
p -C H iC iH ) (f) B 85 C eH e-heptane 145-146 147»
p -C lC siU  (g) B 907 CeHe 2X 0-211 dec 212-213»
Ê-C 10H 7 (h ) B 86* C H C ls 189-192 dec 134-136*

0 See Experimental Section. b Yields are based on unrecrystal-
lized products. c Melting points were taken on a Thomas-Hoover
melting point apparatus and are uncorrected. d Reference 5. 
“ Anal. Calcd for Ci3H28S4: C, 49.94; H, 9.03. Found: C,
50.10; H, 8.90. f Bp 123° (0.16 mm). 1  Reference 3. h Ref
erence 4. * Reference 2. ’ Anal. Calcd for C25Hi8C14S4: C,
51.20; H, 2.75. Found: C, 51.43; H, 2.83. * The melting
point of our product differed markedly from that reported in 
ref 4. A good elemental analysis was obtained. Anal. Calcd 
for C4iH28S4: C, 75.88; H, 4.35. Found: C, 75.63; H, 4.40.

Experimental Section

Tetrathioorthocarbonate Esters (2). Method A.—A stirred 
mixture of 1.15 mol of alkanethiol and 0.1 mol of trimethylthio- 
methyl fluoroborate (1) was refluxed for 48 hr.12 After cooling, 
75 ml of 10% sodium hydroxide was added, and the organic 
layer was separated and washed three times with 10% sodium 
hydroxide and three times with water. Volatile materials were 
removed in vacuo and the crude product was purified by re
crystallization or by distillation under reduced pressure.

Method B.—A stirred mixture of 0.06 mol of arylthiol, 0.01 
mol of 1, and 0.01 mol of solid sodium bicarbonate in 50 ml of 
dry benzene was refluxed for 12 hr. After removal of the solvent 
in vacuo the residue was washed with 10% sodium hydroxide and 
then three times with water. The crude product was dried before 
recrystallization from an appropriate solvent.

Registry No—2a, 6156-25-8; 2b, 16876-57-6; 2c, 
16876-58-7; 2d, 16876-59-8; 2e, 14758-47-5; 2f, 16915-
94-9; 2g, 16876-61-2; 2h, 16876-62-3.

Acknowledgment.—We are grateful to the National 
Science Foundation for support of this work under 
Grant GP-7460.

(12) D ry  1 ,2 -d ich lo ro e th an e  w as u sed  as a  so lv en t w ith  b o th  m e th a n e  an d  
e th a n e th io l. In  th e  f irs t case, m e th a n e th io l w as b u b b le d  in to  a  su spension  
of 1 a t  room  te m p e ra tu re  u n ti l  h o m o g e n e ity  w as ach iev ed . In  th e  e th y l case, 
th e  so lv en t w as u sed  to  o b ta in  a  h ig h e r rea c tio n  te m p e ra tu re .

A Convenient Gas Chromatographic Method 
for Determining Activation Energies 

of First-Order Reactions

W a l t e r  W .  S c h m i e g e l , 1 F r e d  A .  L i t t , 2 
a n d  D w a i n e  O . C o w a n

Department of Chemistry, The Johns Hopkins University, 
Baltimore, Maryland 81818

Received March 6 , 1968

In the study of the vapor phase thermal isomeriza
tion of stilbene it was necessary to determine the 
activation energy for this first-order reaction rapidly 
and reasonably accurately. The gas chromatographic 
method developed to do this should provide a generally 
useful technique for the rapid determination of activ
ation energies using exceedingly small amounts of com
pounds and very simple equipment. We envisage this 
technique as being particularly valuable for the rapid 
examination of reactions of a series of structurally re
lated organic compounds.

In its simplest form, the technique uses a gas chro
matographic injection chamber as a constant time and 
temperature flow reactor. The reaction is rapidly 
quenched by the gas chromatographic column which is 
at a temperature sufficiently low to preclude reaction 
in this region, yet at a temperature high enough to pro
duce an adequate separation of the reactant and pro
ducts in a reasonable period of time. The extent of 
conversion is then determined as a function of the in
jection block equilibrium temperature while maintain
ing the same flow rate at each temperature and assuring 
reproducible injection technique. The conversion can 
be related to the activation energy in the following way.

Inin = - f ^  +  ln (A t)

This equation was obtained by taking the logarithims 
of the integrated first-order rate expression, In (Co/C) =  
kt, and the Arrhenius equation, k  =  A  e x p ( - E J R T ) ,  
and eliminating In k. With a constant preexponential 
factor A  over the range of injector block temperatures 
studied, as well as a constant time t in the block, it is 
evident that the slope of a plot of In In (C0/C) vs. l / T  
yields the Arrhenius activation energy as —E J R .

Three unrelated reactions were chosen to test the 
method; first, the isomerization of cfs-stilbene; second, 
the Diels-Alder retrogression of norbornene; and third, 
the Claisen rearrangement of allyl phenyl ether. All 
of the measurements described were made on a Wilkins 
Aerograph Model 600-D gas chromatograph, which was 
modified only by embedding a thermocouple into a 
cavity of the injection block, surrounding the block with 
extra insulation, and adding a Matheson precision gas 
flow meter. A second thermocouple, placed in the flow 
section of the block and centered for maximum temper
ature response, indicated that the block temperature 
was at the most 2-3° higher at thermal equilibrium than 
that of the carrier gas. Typical sample sizes were 0.2 
to 0.4 /xl of neat liquid, permitting the determination of 
an activation energy with less than 50 .̂1 of sample 
which need not be pure so long as the impurities do not 
interfere analytically, and in a period on the order of

(1) N a tio n a l S cience F o u n d a tio n  G ra d u a te  T ra in ee , 1965-1968.
(2) N a tio n a l In s t i tu te s  of H e a lth  P re d o c to ra l F ellow  1965-1966.
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Figure 1.—Semilogarithmic plot of In (C0/C) vs. reciprocal of in
jection block absolute temperature for cfs-stilbene isomerization.

several hours after devising a suitable product analysis. 
For the analytical separations 0.125 in. X 5 ft packed 
columns were used: for the stilbenes, 5% SE-30, on 
60/80 Chromosorb W ; for the allyl phenyl ether system, 
2% xylenyl phosphate, on 80/100 Chromosorb G; for 
the norbornene system, 15% Apiezon L, on 60/80 
Chromosorb W.

Figure 1 is a semilogarithmic plot of In (C o/C ) vs. the 
reciprocal of the absolute temperature of the injection 
block for the isomerization of cfs-stilbene. The acti
vation energy obtained from the slope of this plot is 42.6 
=F 1.0 kcal mol-1 (lit.3 42.8 kcal mol-1). Similarly the 
activation energy for the Diels-Alder retrogression of 
norbornene was found to be 41.3 =F 1.5 kcal mol-1 (lit.4
42.8 T  0.6 kcal mol-1), and that for the Claisen rear
rangement of allyl phenyl ether was found to be 33.2 =F
1.5 kcal mol-1 (lit.6 32.2 kcal mol-1 in Carbitol).

Several notes of caution should be given. Owing to 
the nature of the logarithmic function the spread of ex
perimental points is expected to be greater at low rather 
than at high conversions under conditions of equal pre
cision in temperature measurement, flow rate regula
tion, sample introduction, and analysis. Nonlinearity, 
however, is also observed at very high temperatures, 
where appreciable back reaction becomes evident for 
ws-stilbene or, in the case of the Claisen rearrangement 
of allyl phenyl ether, where a concurrent reaction with 
a greater temperature coefficient becomes important. 
In the allyl phenyl ether reaction at high temperatures 
cleavage to phenol competes favorably with ortho re
arrangement and is the preferred reaction above 380° 
at a helium flow rate of 6 cc min-1 with the particular 
block geometry of our instrument. The activation 
energy given in the case of allyl phenyl ether is that for 
its disappearance, determined from the linear, lower 
temperature portion of the plot analogous to Figure 1.

An increase in flow rate from 10 to 14 cc min-1 did 
not afford an experimentally significant difference (>1.0 
kcal mol-1) in activation energy for the czs-stilbene isom
erization, although it decreased the extent of reaction.

On a Supposed Preparation of a-Chloroanisole

M a u r i c e  S h a m m a , L u d v i k  N o v a k , a n d  M i c h a e l  G. K e l l y

Department of Chemistry, The Pennsylvania State University, 
University Park, Pennsylvania 16802

Received March 26, 1968

Because of a need for a-chloroanisole (chloro- 
methyl phenyl ether) in connection with some synthetic 
work in progress, we had a chance to repeat the most 
recent preparation for this compound given in the litera
ture.1 Following the instructions given in ref 1, anisole 
in methylene chloride solution was brought to reflux 
temperature, and sulfuryl chloride was added dropwise, 
exactly as specified. The product was distilled and 
exhibited the physical constants quoted, namely, bp
74-77° (13 mm) and w26d 1.5342.

To our surprise, however, the product was insensitive 
to silver nitrate solution and did not react with benzyl- 
dimethylamine.2 The nmr spectrum in CDC13 solution 
clearly showed two doublets centered at S 6.78 and 7.31 
(J  =  10 cps), characteristic of an aromatic AB system. 
It therefore appeared probable that our product was 
p-chloroanisole rather than the expected a-chloro- 
anisole. The preparation was repeated four times 
with identical results, so that aromatic chlorination 
always occurred. Spectral (nmr and ir) comparison of 
the synthetic material with an authentic sample (East
man Distillation Products) of p-chloroanisolc indi
cated the two compounds to be essentially identical, but 
gas chromatography showed our product to be only 90% 
pure, as specifically stated in the preparation given.1

Aromatic chlorination by means of sulfuryl chloride is 
not unusual, and has been amply recorded in the litera
ture.3 It is claimed that the procedure utilized in ref 1 
is that of Bordwell and Pitt. These authors prepared 
a number of a-chloromethyl sulfides by this procedure, 
but it was never suggested that the method could be 
extended to prepare a-chloromethyl ethers.4

It is easy to see in retrospect how p-chloroanisole 
could be mistaken for a-chloroanisole. Besides having 
identical elemental analyses, the two compounds possess 
very close boiling points and refractive indices as in
dicated in Table I.

T a b l e  I  

Bp, °C  (m m ) 

p-Chloroanisole 90-92 (18)
a-Chloroanisole 88-90 (15)

In conclusion, therefore, the best method for prepar
ing a-chloroanisole is still that used by Schollkopf and 
coworkers.5 The supposed preparation of a-chloroani
sole given in ref 1 is at best a procedure for obtaining 
slightly impure p-chloroanisole.

no
1.5351 at 20° 
1.5362 at 20°
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A 15N Isotope Tracer Study on 
3 - Anil ino- l-phenyl-2-pyrazolin-5-one

G. J. L e s t i n a , 1 G. P. H a p p , D. P. M a i e r , a n d  T. H. R e g a n

Research Laboratories, Eastman Kodak Company, 
Rochester, New York 14650
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Certain pyrazolin-5-ones have found use in med
icine as analgesics and antipyretics and in color pho
tography as magenta dye formers.2 An important ad
dition to this last class of compounds has been the 3- 
anilino-l-aryl-2-pyrazolin-5-ones. The simplest ex
ample of this group, 3-anilino-l-phenyl-2-pyrazolin-5- 
one, was first synthesized by Weissberger3 in the man
ner shown by eq 1. The purpose of the present work 
was to determine the tautomeric forms of 1  in solvents 
of different polarities and to show some relationships 
between the tautomers of 1 and those of other 2-py- 
razolin-5-ones.

We have synthesized la by an improved method (eq 
2) from aniline containing more than 90% 15N iso-
CcH5— N— N

C Ä - N — N.

( / k A - m

NH3 (1)

c6h - n — n

M w - A  + N11*1101

l a

tope. In this preparation, equivalent amounts of 
reactants were refluxed in acetic acid containing 10 % 
aqueous hydrochloric acid. This method gave a clean 
anilinopyrazolinone in 30% yield; the ammonia 
formed as a by-product was isolated as ammonium 
chloride. Compound la  had the same melting point 
and infrared spectrum as the unlabeled material.

Mass spectrometric analysis of labeled and un
labeled compounds showed that la contained more than 
95% labeled material of mol wt 252, i.e ., 1 mass unit 
(mu) higher than the unlabeled sample. Moreover, a 
similar analysis of the recovered ammonium chloride 
showed no nitrogen-15 beyond its natural abundance. 
These results indicate that the 3-amino group in the 
starting pyrazolinone was displaced by the labeled 
aniline (eq 2). Further analysis of the fragmentation 
pattern of la  showed that the nitrogen-15 was located 
only at the 3-anilino position. The mass spectra of 1 
and la contained metastable ion peaks which indicated 
that the pyrazolinone ring opened in a one-step cleavage 
to give the fragments C6H5NHC2H2, 118.0655 mu 
(calcd, 118.0657 mu) and C6H515NHC2H2, 119.0628 mu

(1) T o  w hom  in q u ir ie s  s h o u ld  b e  s e n t.
(2) R . H . W iley  a n d  P . W iley , “ P y razo lo n es , P y razo lid o n es , a n d  D eriv a 

tiv e s ,”  A. W e issbe rge r, E d ., Jo h n  W iley  a n d  S ons, In c .,  N ew  Y o rk , N . Y ., 
1964, P a r t  2, C h a p te rs  1 a n d  2.

(3) A . W e issb e rg e r a n d  D . P o r te r , J .  A m er. Chem . Soc., 64, 2133 (1942).

c6h5
N-N

0=(sJ^NHC6H3

C6Hs
N-NH

0=k^=NC6H9

A B

c6h5
N-NH

O^s^NHCgHg

c

c6h5
N-N

H0'4v >'MHCsHs

D

c5h.
N-NH

E
Figure 1.—Possible tautomeric forms of 3-anilino-l-phenyl-2- 

pyrazolin-5-one.

(calcd, 119.0627 mu), respectively.4 In the absence of 
any ion rearrangements these fragments probably 
originated from the anilino moiety and carbon atoms 3 
and 4 of the pyrazolinone ring.

The relative abundance of the various tautomeric 
forms of pyrazolin-5-ones has been the subject of much 
work5 since Knorr’s synthesis6 of the first example of 
this class. Some of the possible tautomeric forms (A- 
E) of 1 are shown in Figure 1. With the knowledge 
that la was enriched with more than 95% nitrogen-15 
at the 3-anilino site, we analyzed the nmr spectra of 1 
and la in the hope of determining the preferred tauto
meric form(s) in solvents of different polarities, namely, 
deuterated chloroform, pyridine, and DMSO.

Typical nmr spectra of 1 and la are shown for their 
DMSO-d6 solutions in Figure 2 . For the unlabeled 
compound, 1, the methylene proton peak at 3.85 ppm 
and the aromatic proton peaks at 7-8 ppm are easily 
distinguishable. An olefinic proton, if present, would 
absorb upheld from the aromatic grouping. The single 
peak at 9.45 ppm is assigned to an N-H resonance.

Integration gave a good 1:10:2 ratio for one nitrogen- 
bonded proton to ten aromatic protons to two methyl
ene protons. The methylene proton ratio plus the 
absence of an olefinic resonance peak shows that there 
is very little carbonyl enolization, even though the 
methylene protons rapidly exchange with deuterium 
oxide. Since the spectra in both chloroform and py
ridine showed similar results, we must conclude that 
C, D, and E do not exist in detectable concentrations.

The choice between forms A and B was determined 
by the splitting of the 16N-H resonance into a doublet7 
in the nmr spectrum of la (Figure 2). Since there is no 
evidence of a 14N-H resonance in this spectrum, all of 
the nitrogen-bonded protons must be attached to the
3-anilino nitrogen exclusively. This evidence, coupled 
with the lack of an olefinic resonance peak, means that 
form A correctly represents the only detectable species 
of 1 and la in solution in the three solvents used.

A summary of the pertinent nmr data is given in 
Table I. The data for compound 1 show that the 
methylene peak position has remained fairly constant 
over the range of experimental conditions, but the posi
tion of the 14N-H peak has varied from 6.4 ppm in

(4) O ne re fe ree  co m m e n te d  t h a t  th e  C 6H 6N H C 2H 2 f r a g m e n t co u ld  b e  th e  
p ro to n a te d  k e te n im in e  C 6H 6N H = C = C H 2+.

(5) (a) A. R . K a tr i tz k y  a n d  F . W . M aine , T etrahedron , 20 , 299 (1964) ; (b) 
J . E lguero , R . J a c q u ie r , a n d  G . T a rra g o , B u ll. Soc. C h im . F r., 3780 (19 6 7 ).

(6) L . K n o rr, Ber„  16, 2597 (1883).
(7) (a) J . D . R o b e rts , G . B in sch , J . B . L a m b e r t,  a n d  B . W . R o b e r ts , J , 

A m er. Chem . Soc., 86 , 5564 (1964); (b) A. K . B ose a n d  I .  K u g a je v sk y , T etra 
hedron, 23 , 1489 (1967); (c) G . D u d ek  a n d  E , P ,  D udek*  J .  A m er . Chem. Soc ., 
86, 4283 (1964).
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chloroform to 9.45 ppm in DMSO and 10.3 ppm in pyr
idine. These shifts in the N-H resonance probably

T a b l e  I
T h e  N m r  S p e c t r a “ o f  3-A n il in o - 1 - p h e n y l -2-p y r a z o l in -5-on e

■S,b p p m —------- —- R e la tiv e  a re a “
S o lv en t T e m p , CHa N H  of N H  p ea k J  15N H

°C
Unlabeled Compound (1 )

C D C h d 50 3 .6 3 6 .4 0
P yrid ine-d s 38 3 .7 1 0 .3  0 .8 5 4
P y r id in  e-ds 1008 3 .7  ±  0 .0 5 9 .5  ± 0 . 1
D M SO -de 38 3 .8 5 9 .4 5  1 .0

Labeled Compound (la)
C D C li’1 30 3 .6 1 6 .3 5 /  1 .0 92 ±  1
C D C Ij“1 50 3 .6 3 6 .4 5 9 1 .5  ±  0 .5
P y rid ine-d s 38 3 .7 4 1 0 .3  0 .8 8 9 1 .5  =fc 0 .5
P y r id in  e-ds 100" 3 .7 0  =fc 0 .0 3 9 .6  ±  0 .1 91 ±  1
D M SO -de 38 3 .8 7 9 .4 3  0 .9 6 92 ±  0 .5

“ Recorded on the Yarian A-60 nmr spectrometer. 6 5 is parts
per million downfield from internal TMS. “ The CH2 area is 
assigned the value 2.0. d Spectra in CDCI3 were recorded at 100 
MHz on the Yarian HA-100. 8 At 100° the peaks had broadened 
considerably and are less exact. / Center of gravity positions.

T a b l e  II
T h e  P e r  C e n t  T a u t o m e r  C o n t e n t “ o f  S om e 3 -S u b s t it u t e d  

P y r a z o l in -5-o n es  in  DMSO-d6

and/or

R
T a u to m e r,

%
r----------------- 5, p p m —

= C H - - C H r -

CH, 74* 5.43 3.55
O

NHCCHs 70 6.03 4.08
O

NHCCfiHä 67 6.32 4.30
NHC6H6 0 . . . 3.85

“ These values were obtained by integration of the respective 
olefinic proton peaks. 6 An accuracy within ±5%  is expected.

Æ-H

-CHj-

reflect the differences in hydrogen bonding of 1 with 
these solvents.

The large 15N-H coupling constant (91-92 Hz) in 
pyridine remained relatively unchanged when the solu
tion was heated to 100°, although at this temperature the 
resonance peaks had broadened considerably. How
ever, when this heated solution was cooled to 38°, the 
nmr spectrum was identical with that of a freshly pre
pared solution.

The lack of detectable tautomerization in DMSO-c4 
for compound 1 and la is contrary to what we have 
observed for some other pyrazolinones in this solvent. 
As shown in Table II, some other pyrazolin-5-ones, 
which differ from 1 in the nature of the 3-substituent, 
exist substantially in another tautomeric form(s).

In summary, we have synthesized la with a labeled 
nitrogen exclusively at the 3-anilino site and shown by 
mass spectrometry a decomposition path for this 
compound under electron impact. By means of n m r  

spectroscopy we have shown that 1 and la exist in only 
one detectable tautomeric form in chloroform, pyridine, 
and DMSO solutions.

Experimental Section
All melting points are uncorrected. Infrared spectra were 

obtained with a Beckman IR-12 grating spectrophotometer. 
Samples were examined as potassium bromide pressings. The 
solutions of 1 and la were ca. 10% (w/v) in DMSO and pyridine 
and about 5% in chloroform. A 60° sector type of mass spec
trometer fitted with an all-glass inlet system was operated at 
230°. The exact masses were measured on a Consolidated 
Electrodynamics 21-110-B high-resolution mass spectrometer.

3-!6N-Anilino-l-phenyl-2-pyrazolLn-5-one (la).—A solution of 
0.94 g (5.4 mmol) of 3-amino-l-phenyl-2-pyrazolin-5-one (EK 
3841) in 10 ml of acetic acid containing 1 ml of concentrated 
hydrochloric acid and 0.5 g (5.3 mmol) of 16N-aniline8 was re
fluxed for 1 hr. On standing, the solution deposited a white 
solid which, after it had been washed with water and recrystal
lized from acetonitrile, gave 0.4 g (30%) of la as a white solid, 
mp 218-219°. Unlabeled 1 melted at 218-219° (lit.8 mp 219- 
221°). The infrared spectrum of la was identical with that of 1.

Isolation of Ammonium Chloride.—The filtrate from the 
reaction mixture was drowned in 100 ml of water. After the 
resulting solids were removed, 3 ml of concentrated hydrochloric 
acid was added, and the solution was evaporated under reduced 
pressure to a gummy solid. Trituration of this material with 
ethanol gave 0.05 g (0.9 mmol) of a white solid, mp >320°. 
The infrared and mass spectrograms of the residual material 
were identical with those of an authentic unlabeled sample of 
ammonium chloride.

Registry N o—1, 7186-66-5; la, 16774-23-5.

(81 O b ta in e d  from  M ero k  S h a rp e  a n d  D o h m e  of C a n a d a , L td .

The Synthesis of o-D i-t-butyl Heteroaromatics

A e . d e  G root a n d  H a n s  W y n b e r o

Department of Organic Chemistry, The University, 
Bloemsingel 10, Groningen, The Netherlands

Received February 7, 1968

The use of 3,3,6,6-tetramethyl-l-thiacycloheptane-
4,5-dione (I) as the starting compound in the synthesis 
of several o-di-f-butyl heteroaromatics has been re
ported.1’2 A Wittig reaction with diketone I gave
5-methoxymethylene - 3,3,6,6 - tetramethyl -1  - thiacyclo-

Figure 2.—Nmr spectra of 1 and la in ca. 10% (w/v) 
DMSO-de solution.

(1) A e. de G ro o t a n d  H a n s  W y n b e rg , J .  Org. Chem ., 81, 3954 (1966).
(2) A e. d e  G roo t, P h .D . T hesis, G ron ingen , 1967.
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heptan-4-one (II) which upon hydrolysis yielded
5-f ormyl-3,3,6,6 - tetramethyl-1 - thiacy cloheptan - 4 - one
(III). This keto aldehyde III is also a suitable starting 
material for several ring-closure reactions to aromatic 
compounds.

Methoxymethylene ketone II was prepared in 
75% yield by reaction of diketone I with (methoxy
methylene) triphenylphosphorane in dimethyl sulfox
ide as solvent and with the corresponding anion as base.3 
The ultraviolet spectrum of II showed a maximum at 
X 242 ran (e 720) and a shoulder at X 308 mn (e 87). 
This suggests that there is little resonance between the 
double bond and the carbonyl function in II. The same 
feature can be noticed in diketone I (Xmax 333 m/i) and in
4,5 - dimethylene -3,3,6,6-tetramethyl-1 - thiacy clohep- 
tane (Xmax <  185 mju). The abnormally low absorption 
maxima in the ultraviolet spectra of these compounds 
indicate that here too normal conjugation is lacking.4

Methoxymethylene ketone II was hydrolyzed with 
perchloric acid5 to keto aldehyde III in 93% yield. The 
infrared spectrum of III showed no enol absorption at 
1600 cm- 1 ; a strong carbonyl absorption was present at 
1720 cm-1. The ultraviolet spectrum of III, taken in 
cyclohexane and in ethanol, showed maxima at X 240 
m n  (e 850), 302 (60), and 312 (70), and at 243 (760), 
301 (84), and 310 (82), respectively. Keto aldehyde 
III gave no color with ferric chloride solution. These 
facts indicate that enolization of this 1,3-dicarbonyl 
compound is prevented by steric inhibition of resonance.

A reaction of keto aldehyde III with hydrazine in 
boiling acetic acid gave 4,4,8,8-tetramethyl-4,5,7,8- 
tetrahydro-6-thiacyclohepta[c]pyrazole (IV) in 90% 
yield. The reaction of keto aldehyde III with hy- 
droxylamine gave 4,4,8,8-tetramethyl-4,5,7,8-tetra- 
hydro-6-thiacyclohepta[d]isoxazole (V) in 75% yield. 
The formation of two isomeric isoxazole derivatives V 
and Va is possible in this reaction. However, the hy- 
droxylamine will probably react with the aldehyde func
tion first. In addition, the greater steric hindrance

(3) R . G reen  w ald , M . C h ay k o v sk y , a n d  E . J .  C o rey , J .  Org. C hem ., 28, 
1128 (1963).

(4) Ae. d e  G ro o t, B . E v e n h u is , a n d  H a n s  W y n b e rg , ib id ., in  p re ss .
(5) S. G . L ev ine, J .  A m er. Chem . Soc., 80, 6150 (1958).

around the keto function will be important in prevent
ing initial reaction at this point. It is very likely, 
therefore, that the isoxazole V is the only product in 
this reaction. The 2-amino-5,5,9,9-tetramethyl-5,6,-
8,9-tetramethyl-5,6,8,9-tetrahydro-7-thiacyclohepta [e ]- 
pyrimidine (VI) is formed in only 35-40% yield when 
keto aldehyde III and guanidine carbonate are heated 
to 160-170° in absolute ethanol in a sealed tube. This 
low yield is due to the competing ketone cleavage reac
tion, which occurs under the basic reaction con
ditions. The 3,3,6,6-tetramethyl-l-thiacycloheptan-
4-one (VII) is formed in ~50%  yield in this reaction.

Desulfurization of the pyrazole derivative IV with 
Raney nickel W7 in boiling dioxane as solvent gave 3,4-

di-i-butylpyrazole (VIII) in 45% yield. 3,4-Di-f-butyl- 
pyrazole is a stable white crystalline solid, mp 129-130°.

Isoxazole and derivatives normally give ring open
ing when treated with Raney nickel6 or with base.7 
Thus, desulfurization of V with retention of the isoxa
zole ring cannot be expected. Indeed, one experiment 
in which isoxazole V was treated with Raney nickel W7 
in boiling acetone gave at least three reaction products. 
The only product which was isolated and identified was 
keto nitrile IX.7 The other two products still con
tained sulfur and showed strong carbonyl absorption in 
the infrared spectrum, indicating that again no desul
furization but ring opening had occurred.

V IX
Attempts to desulfurize pyrimidine derivative VI 

were unsuccessful. The reason for the failure of 
this desulfurization is not clear. In seven experi
ments, carried out with variation in solvent, reaction 
temperature, and pH, only small amounts of starting 
material VI were recovered. No desulfurized products 
were isolated.

Experimental Section

Infrared spectra were determined in CC14, in KBr disks, or 
neat on a Perkin-Elmer Infracord Model 137 or on a Unicam 
SP 200. Ultraviolet spectra were recorded on a Zeiss spectro
photometer, Model PMQ II; the solvents are indicated. Nuclear 
magnetic resonance (nmr) spectra were taken on a Varian A-60 
spectrometer with tetramethylsilane as internal standard and 
are reported in t values (parts per million); the solvents are 
indicated. Melting points and boiling points are uncorrected. 
Microanalysis were performed by the Analytical Department of 
this laboratory under the supervision of Mr. W. M. Hazenberg.

5-Methoxymethylene-3,3,6,6-tetramethyl-l-thiacycloheptan-4- 
one (II).—A dispersion of sodium hydride in mineral oil, con
taining 2.9 g (0.06 mol) of sodium hydride, was washed three 
times with dry pentane. Then 50 ml of dimethyl sulfoxide was 
added with a syringe and the mixture was heated for 45 min at 
75-80°. At that time the solution was clear and no gas evolution 
was observed. After cooling to room temperature a solution of
20.5 g (0.06 mol) of (methoxmethyl)triphenylphosphonium 
chloride in 100 ml of dimethyl sulfoxide was injected and the deep

(6) G . S tag n o  D ’A Icon tres, Gazz. C him . I ta l .,  80, 441 (1950).
(7) L. C la isen  a n d  R . S tock , Chem. B er., 24, 130 (1891).
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dark red solution was stirred for 15 min. Then a solution of 8.0 
g (0.04 mol) of diketone I  in 30 ml of dimethyl sulfoxide was 
injected and the reaction mixture was stirred for 16 hr at room 
temperture and for 2 hr at 50-60°. The reaction mixture was 
poured on 200 g of crushed ice and the water-dimethyl sulfoxide 
mixture was extracted with pentane. The pentane solution 
was washed with aqueous dimethyl sulfoxide (1 : 1 ) and with a 
saturated salt solution and dried (MgS04). The dried pentane 
solution was chromatographed on neutral alumina to remove all 
of the triphenylphosphine oxide and the pentane was evaporated. 
The solid residue was recrystallized from petroleum ether (bp 
40-60°). The yield of methoxymethylene ketone II, mp 109- 
110°, was 60-77%: ir (CC14) 1690, 1640, and 1100 cm“1;
uv max (95% ethanol) 242 m,u (e 720), 308 (87); nmr (CC14), 
t  8.87 and 8.84 s (ring methyl protons), 7.60 and 7.48 s (ring 
methylene protons), 6.47 s (ether methyl protons), 4.21 s 
(vinyl proton).

Anal. Calcd for C12H2„02S (228.35): C, 63.11; H, 8.82; 
S, 14.04. Found: C, 62.7, 63.0; H, 8.8, 8.8; 8 , 13.9, 14.0.

5-Formyl-3,3,6,6,6-tetramethyl-l-thiacycloheptan-4-one (III). 
—A solution of 4.0 g (0.017 mol) of methoxymethylene ketone
II and 10 ml of perchloric acid in 50 ml of ether was refluxed for 
30 min. The reaction mixture was poured into water and the 
ether layer was separated and washed with water and with sodium 
bicarbonate solution. The ethereal extract was dried (Na2S04) 
and concentrated. The residue was recrystallized from petroleum 
ether (bp 40-60°). The yield of keto aldehyde I I I  was 3.4 g 
(93%): mp 97-99°; ir (CC14) 1705 and 1735 cm-1; uv (see 
discussion); nmr (CC14), t  8.96, 8.84, and 8.78 s (methyl protons), 
7.40 7.82, 7.58, 7.40, and 7.17 q (methylene protons), 6.58 and 
6 .50d (proton at C4), 0.30 and 0.22 d (aldehyde proton).

Anal. Calcd for CnHi80 2S (214.32): C, 61.64; H, 8.47; S, 
14.96. Found: C, 61.6, 61.5; H, 8.5, 8.3; S, 15.0, 15.0.

4.4.8.8- Tetramethyl-4,5,7,8-tetrahydro-6-thiacyclohepta[c]pyr- 
azole (IV).—A solution of 1.0 g (0.0047 mol) of keto aldehyde III, 
3 ml of hydrazine hydrate, and 1 drop of hydrochloric acid in 
15 ml of acetic acid was refluxed for 1 hr. The reaction mixture 
was poured on ice and the precipitated compound was separated 
and washed with water. After recrystallization from aqueous 
methanol (1:1), 0.86 g (90%) of pyrazole IV was obtained: mp 
186-188°; ir (KBr) 3200, 1570, and 1505 cm“1; nmr (CC14), 
t  8.63 s (methyl protons), 7.54 s (methylene protons), 2.80 s 
(C-H aromatic proton), 2.42 s (N-H proton).

Anal. Calcd for C„H,8N2S (210.32): C, 62.81; H, 8.63; 
N, 13.32; S, 15.24. Found: C, 62.5, 62.6; H, 8.6, 8.7; N,
13.4, 13.4; S, 14.8, 14.8.

4.4.8.8- Tetramethyl-4,5,7,8-tetrahydro-6-thiacyclohepta[d]iso- 
xazole (V).—A solution of 1.5 g (0.007 mol) of keto aldehyde
III  and 1.5 g (0.022 mol) of hydroxylamine hydrochloride in 25 
ml of acetic acid was refluxed for 1 hr. The reaction mixture 
was poured on ice and the precipitated compound was separated 
and washed with water. Recrystallization from aqueous metha
nol (1:1) yielded 1 . 1  g (75%) of isoxazole V: mp 111-112°; 
ir (KBr) 1590 cm-1; nmr (CC14), r  8.65 and 8.55 s (methyl 
protons), 7.37 and 7.35 s (methylene protons), 2.12 s (aromatic 
proton).

Anal. Calcd for C„H„NOS: C, 62.51; H, 8.11; N, 6.63; 
S, 15.18. Found: C, 62.7, 62.6; H, 8.3, 8.2; N, 6.7, 6.5;
S. 14.7, 15.0.

2-Amino-5,5,9,9-tetramethyl-5,6,8,9-tetrahydro-7-thiacyclo- 
hepta[e]pyrimidine (VI).—A mixture of 2.0 g (0.009 mol) of 
keto aldehyde III , 2.0 g (0.017 mol) of guanidine carbonate, 
and 25 ml of absolute ethanol was heated in a sealed tube at 
160-170° for 8 hr. The tube was opened and the contents 
were washed with water and ether. The water layer was sepa
rated and extracted with ether. The combined ether layers were 
extracted with dilute hydrochloric acid. The ethereal extract 
was dried (CaCl2) and concentrated. The organic residue proved 
to be 3,3,6,6-tetramethyl-l-thiacycloheptan-4-one (VII). The 
yield of VII was 900 mg (52%). The hydrochloric acid extracts 
were neutralized with sodium hydroxide solution and extracted 
with ether. The ether solution was washed with water, dried 
(CaCl2), and concentrated. The residue was recrystallized from 
petroleum ether (bp 60-80°). The yield of pyrimidine VI was 
900 mg (42%): mp 109-110.5°; ir (KBr) 3400, 3230, 1645, 
1580, and 1530 cm“1; nmr (CDCh), t 8.54 s (methyl protons), 
broad 7.25 s (methylene protons), broad 4.73 s (NH2 protons),
1.72 s (aromatic proton).

Anal. Calcd for C12HI9N3S (237.35): C, 60.72; H, 8.04;
N, 17.70. Found: C, 61.0, 60.9; H, 8.2, 8.1; N, 17.8, 17.8.

3,4-Di-i-butylpyrazole (VIII).—A suspension of 20 g of Raney 
nickel W7 and 1.6 g (0.008 mol) of pyrazole IV in 150 ml of 
dioxane was stirred and refluxed for 5 hr. The reaction mixture 
was cooled to room temperature and filtered. The Raney 
nickel was refluxed twice with 200 ml of dioxane to remove the 
absorbed pyrazole. The dioxane was evaporated and 800 mg of 
residue was obtained. Recrystallization from aqueous methanol 
(1:1) yielded 500 mg (45%) of white crystalline 3,4-di-f-butyl- 
pyrazole: mp 129-130°; ir (KBr) 3200 and 1550 cm-1;
nmr (CC14), r  8.63 and 8.58 s (i-butyl protons), 2.75 s (C-H 
aromatic proton), 2.03 s (N-H proton).

Anal. Calcd for CnH2„N2 (180.28): C, 73.28; H, 11.18; N, 
15.54. Found: C ,73.4,73.3; H, 1 1 .1 , 1 1 .1 ; N, 15.6, 15.7.

5-Cyano-3,3,6,6-tetramethyl-l-thiacycloheptan-4-one (IX).—A 
suspension of 10 g of Raney nickel W7 and 1.1 g (0.005 mol) of 
isoxazole V in 200 ml of acetone was stirred and refluxed for 5 hr. 
After cooling to room temperature the mixture was filtered and 
the Raney nickel was refluxed twice with 200 ml of acetone to 
remove all of the absorbed materials. The combined acetone 
solutions were concentrated and the residue was dissoved in 
petroleum ether (bp 40-60°). The warm petroleum ether solu
tion was filtered and upon cooling 300 mg of cyanide IX  crystal
lized: mp 114-116°; ir (KBr) 2280 and 1720 cm-1; nmr (CD- 
Cl3), t 8.83 and 8.75 s (methyl protons), 7.38 s and 7.61, 7.38,
7.28, and 7.00 q (methylene protons), 6.15 s (proton at C6).

Anal. Calcd for CuH„NOS (211.32): C, 62.51; H, 8.11; 
N, 6.63; S, 15.18. Found: C, 62.6, 62.7; H, 8.3, 8.2; N,
6.6, 6.6; S, 15.3, 15.3.

Concentration of the petroleum ether solution gave 200 mg of a 
solid. I t  was shown by tic that at least three products were 
present. The infrared spectrum of this mixture showed a strong 
absorption at 1690 cm-1.

Registry No.—II, 16867-90-6; III, 16867-91-7; IV, 
16867-92-8; V, 16867-93-9; VI, 16867-94-0; VIII, 16867-
95-1; IX, 16867-96-2.

Pteridines. X III.1 Aromatization during 
the Attempted Synthesis of a 6,6-Disubstituted

5,6-Dihydropteridine

J o s e p h  W e i n s t o c k , J o a n n e  P .  R o s e n b l o o m , 
a n d  P a u l  S. H i n e s

Research and Development Division,
Smith Kline and French Laboratories,
Philadelphia, Pennsylvania 19101

Received December 86, 1967

In the course of our work on the diuretic pteri
dines we wished to prepare 4,7-diamino-5-hydroxy-
6-methyl-2,6-diphenyl-5,6-dihydropteridine (I) as an 
example of a pteridine in which a 5,6-dihydro form has 
been fixed by the presence of two stable substituents at 
position 6. In an approach to this, 2-phenylpropio- 
nitrile was condensed with 4,6-diamino-5-nitroso-2- 
phenylpyrimidine (III) in ethanol in the presence of 
alkali in a Timmis2 type of pteridine synthesis. The

only product isolated (in 16% yield) was 4-amino-7- 
ethoxy-2,6-diphenylpteridine (IV). The structure of

(1) P rev io u s  p a p e r  in  th is  series: J .  W e in sto ck , J . W . W ilson , V. D .
W iebelhaus, A . R . M aass , F . T .  B ren n a n , a n d  G . Sosnow ski, J .  M ed . Chem ., 
11, 573 (1968).

(2) G . M . T im m is, N ature , 164, 139 (1949).
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IV

IV was first indicated by elemental analysis and the 
presence of the typical ethoxy proton pattern in the 
nmr spectrum. The structure was established by an 
unequivocal synthesis as shown in Scheme I. Con
densation of ethyl phenylacetate with III in a Timmis 
reaction gave 4-amino-7-hydroxy-2,6-diphenylpteri- 
dine (V), which on reaction with phosphorus pentachlo- 
ride in phosphorus oxychloride gave VI. Reaction 
of this with sodium ethoxide in ethanol gave IV, whose 
infrared spectrum and melting point were in agreement 
with those of the sample isolated from the 2-phenylpro- 
pionitrile condensation.

A possible mechanism for the formation of IV from 
II and III is indicated in Scheme I. A postulated 
initial adduct IXa could not have lost the elements of 
methanol to form VII because this would have given 
VIII, the 7-amino analog of IV. The condensation of 
phenylacetonitrile with III under similar conditions gave 
an excellent yield of VIII. A ring-closed intermediate 
X  could form from the imino ether IXb or by addition 
of ethanol to XI (or its 8-H tautomer). The 8-H 
tautomer of X I could be formed by the usual addition 
of the pyrimidine 4-NH2 in IXa to the nitrile. The 
elements of methanol could not be lost from XI because 
this would also lead to VIII. However, XII, formed 
by loss of the elements of ammonia from X, could have

given rise to the observed product IV by loss of the 
elements of methanol. We have no evidence to indicate 
the exact nature of these transformations, but this re
action illustrates the ease with which a 5,6-dihydro- 
pteridine will become aromatic, even if a carbon-carbon 
bond must be broken in the process. Similar driving 
forces play a role when hydropteridines are involved as 
cofactors in biological systems.3

In our first attempt to prepare IV, methyl phenyl- 
glyoxylate was treated with 4,5,6-triamino-2-phenyl- 
pyrimidine (XIII) in ethanol. We had anticipated 
the formation of V because the reaction of tetraamino- 
pyrimidine with ethyl phenylglyoxylate in 1 N  acetic 
acid4 and with phenylglyoxylic acid at pH 55 gave
2,4-diamino-7-hydroxy-6-phenylpteridine. However, 
the product obtained after purification was different 
from authentic V prepared via  the Timmis reaction, and 
thus must be 4-amino-6-hydroxy-2,7-diphenylpteri- 
dine (XIV). This was converted into the corre
sponding 6-chloro- and 6-ethoxypteridines, each of 
which was different from the authentic 7 isomers de
scribed above.

(3) A . E h re n b e rg , P . H em m erick , F . M ü lle r, T . O k ad a , a n d  M . V iscon tin i, 
Helv. C him . A cta , 50, 411 (1967).

(4) A . G . R en frew , P . C . P ia t t ,  a n d  L . H . C re tch e r, J .  Org. Chem ., 17, 467 
(1952).

(5) R . G . W . S p ic k e tt a n d  G . M . T im m is, J .  Chem . Soc., 2887 (1954),
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V XIV

The course of the condensation to form the 6-hy- 
droxypteridine can be rationalized by assuming that 
in methyl phenylglyoxylate the ester carbonyl is 
more reactive than the ketone carbonyl, and that the 
former condenses with the 5-amino group of XIII which 
is the most reactive amino group.6’7 The previously re
ported condensations can be rationalized by assum
ing that in aqueous media ester hydrolysis precedes 
amine condensation, and that in an a-keto acid the ke
tone carbonyl is more reactive than the acid carbonyl. 
This rationalization is supported by the synthesis of V 
in excellent yield by the reaction of phenylglyoxylic 
acid with XIII in ethanol. Since many 7-hydroxy- 
pteridines have been prepared by the reaction of methyl 
pyruvate with 4,5-diaminopyrimidines in alcohols, 
the order of reactivity in a-keto acids and esters appears 
to be -COOH <  -COC6H6 <  -C 02CH3 <  -COCH3.

Experimental Section8

Infrared spectra were obtained on a Perkin-Elmer Infracord, 
ultraviolet spectra on a Cary Model 14 spectrometer, and nmr 
spectra on a Varian A-60 spectrometer. Paper chromatography 
was done by the circular system using a cotton wick to bring 
the solvent to the paper. The following systems were used: 
(1) EtOH-H20  (2 :1 ) on mineral oil pretreated paper; (2)
5.6 N  NlhOH-BuOH (4:5); (3) EtO H -H 20  (2 : 1) on mineral
oil-castor oil (1 : 1 ) pretreated paper.

4-Amino-2,6-diphenyl-7-ethoxypteridine (IV). A.—To a solu
tion of 4.6 g (0.20 mol) of sodium in 200 ml of absolute ethanol 
was added 6.66 g (0.02 mol) of 4-amino-7-chIoro-2,6-diphenyl- 
pteridine and the mixture refluxed for 3 hr. Chilling gave a 
yellow-orange solid whose infrared spectrum was identical with 
that of the sample obtained in B. Recrystallization from ethanol 
gave 1.75 g (25%) of yellow crystals, mp 239-241°.

B.—A solution of 2.15 g (0.010 mol) of 4,6-diamino-5-nitroso- 
2-phenylpyrimidine, 2.00 g (0.015 mol) of 2-phenylpropionitrile,9 
and 1.35 g (0.012 mol) of potassium i-butoxide in 300 ml of 
absolute ethanol was refluxed for 20 hr. Addition of 250 ml of 
water and chilling gave 0.54 g (16%) of a light tan solid. Re

(6) W ith  m eth y lg ly o x a l, X I I I  fo rm s 2 -p h en y l-4 -a m in o -7 -m e th y lp te rid in e : 
J . W e instock , R . Y . D unoff, J . E . C arev io , J .  G . W illiam s, a n d  A. J . V illan i, 
J .  M ed . Chem ., 11, 618 (1968).

(7) A re fe ree  sug g ested  t h a t  th e  fo rm a tio n  o f X IV  m ig h t b e  fa v o red  by  
th e  u se  of th e  m e th y l es te r  w hich  w ou ld  b e  ex p ec ted  to  r e a c t a t  th e  es te r 
c a rb o n y l m o re  ra p id ly  th a n  th e  co rresp o n d in g  e th y l es te r . T o  check  th is  
p o in t, e th y l p h e n y lg ly o x y la te  w as t r e a te d  w ith  X I I I  in  a b s o lu te  e th an o l. 
T h is  also  g av e  X IV  as  th e  p re d o m in a n t p ro d u c t. H ow ever, th e  ir  sp ec tru m  
a n d  c h ro m a to g ra p h y  of th e  c ru d e  rea c tio n  p ro d u c t d id  show  th e  p resen ce  of 
a  sm all a m o u n t of V. I t  is n o te w o rth y  t h a t  X I I I  u ndergoes  reac tio n  m ore  
slow ly  w ith  th e se  es te rs  th a n  w ith  p h en y lg ly o x y lic  ac id .

(8) W e w ish to  th a n k  M r. R ic h a rd  J . W a rre n  fo r sp e c tra l d a ta , M iss 
M a rg a re t C arro ll a n d  h e r  sta ff  fo r m ic ro a n a ly tic a l d a ta , a n d  M r. A lex P o s t 
fo r c h ro m a to g rap h ic  d a ta .

(9) M . S. N ew m an  a n d  R . D . C losson, J .  A m er . Chem . Soc., 66 , 1553 
(1944).

crystallization of this from 125 ml of ethanol gave 0.40 g of 
pink crystals: mp 241.5-242° (a second recrystallization from 
the same solvent did not change the melting point); R t  0.65 
(system 1); X4m"? HC00H 273, 359 mM (log e 4.45, 4.40).

Anal. Calcd for C2oHnN50 : C, 69.95; H, 4.99; N, 20.40. 
Found: C, 70.00; H, 5.00; N, 20.22.

4-Amino-7-hydroxy-2,6-diphenylpteridine (V). A.—A solution 
of 21.5 g (0.10 mol) of 4,6-diamino-2-phenyl-5-nitrosopyrimidine 
in 500 ml of absolute ethanol was treated with 20 g (0.122 mol) 
of ethyl phenylacetate and 6.6 g (0.122 mol) of sodium methoxide. 
After refluxing for 80 min, acetic acid was added to bring the 
pH to 6. The solid formed was collected by filtration, washed 
with hot ethanol, and dried to give 22.8 g (72%) of yellow crystals. 
Recrystallization from dimethylformamide-water gave 16.6 g 
(53%) of yellow crystals: mp >300°; Rt 0.53 (system 2 ), 
blue fluorescence under ultraviolet light; HC,'C2HiOH 227.5,
256, 378.5 mM (log c 4.38, 4.29, 4.41); x£S50H’ pH 250, 377.5 
nm (log « 4.75, 4.69).

B.—A solution of 1.0 g (0.005 mol) of 4,5,6-triamino-2- 
phenylpyrimidine and 1.0 g (0.0067 mol) of phenylglyoxylic 
acid in 35 ml of absolute ethanol was refluxed for 1.5 hr. Filtra
tion of the chilled reaction mixture gave 1.45 g (92%) of a yellow 
solid whose infrared spectrum and paper chromatographic 
behavior were identical with those of the sample obtained above.

4-Ammo-6-hydroxy-2,7-diphenylpteridine (XIV).-—A mixture of
10.0 g (0.05 mol) of 4,5,6-triamino-2-phenylpyrimidine and 9.85 
g (0.06 mol) of methyl phenylglyoxylate in 350 ml of absolute 
ethanol was refluxed for 16 hr. Cooling and filtration gave a 
yellc-w solid. Recrystallization from dimethylformamide-water 
gave 11.2 g (71%) of yellow crystals: mp >  300°; R t  (system 2), 
0.85, major, yellow fluorescence under uv light; 0.95, minor, 
blue fluorescence under uv light. This was dissolved in dilute 
ammonium hydroxide and an insoluble portion removed by 
filtration. Adjustment of the pH to 8 with acetic acid gave a 
product which was recrystallized once from dimethylformamide- 
water to give yellow crystals: mp >310°; R t  0.66 (system 3), 
R t  0.85 (system 2), yellow-green fluorescence under ultraviolet 
light; x r .? HC00H 284, 382 m t̂ (log <= 4.37, 4.29); \L™a0H 281, 
401 mM (log e 4.36, 4.15).

Anal. Calcd for C18H13N5O: C, 68.56; H, 4.16; N, 22.21. 
Found: C, 68.56; H, 4.41; N, 22.34.

The reaction of X III  with ethyl phenylglyoxylate was carried 
out as described above. Cooling the reaction mixture to room 
temperature and filtering gave an 85% yield of yellow crystals 
of XIV in which ir and chromatography (system 2) showed the 
presence of a small quantity of V. Interruption of the reaction 
after 7 hr of reflux gave only a 51% yield of product. Thus this 
reaction is much slower than that of the corresponding acid.

4-Amino-7-chloro-2,6-diphenylpteridine (VI).—A mixture of 
16.65 g (0.053 mol) of 4-amino-7-hydroxy-2,6-diphenylpteridine,
83.4 g (0.40 mol) of phosphorus pentachloride, and 600 ml of 
phosphorus oxychloride was heated for 2 hr on a steam bath. 
The excess phosphorus oxychloride was evaporated under vacuum 
and the residue poured onto ice. A yellow solid formed which 
was collected and washed with ether. Recrystallization from 
dimethylformamide-water gave 13.25 g (75%) of a yellow solid: 
mp 274-276°; R t  0.35 (system 3).

Anal. Calcd for Ci8H 12N6C1: C, 64.77; H, 3.62; N, 20.98. 
Found: C, 65.74; H, 3.99; N, 21.22.

4-Amino-6-chloro-2,7-diphenylpteridine.—A mixture of 10.0 g 
(0.0317 mol) of 4-amino-6-hydroxy-2,7-diphenylpteridine, 50 g 
(0.24 mol) of phosphorus pentachloride, and 500 ml of phosphorus 
oxychloride was refluxed for 2 hr. The phosphorus oxychloride 
was removed under vacuum and the residue treated with an ice- 
water mixture. The aqueous suspension was warmed briefly on 
a steam bath and then chilled and filtered. Neutralization of 
the filtrate gave an additional quantity of product. Recrystal
lization from a dimethylformamide-water mixture gave 7.0 g 
(63%) of a yellow solid: mp 257-258°; R t  0.49 (system 3); 
X 4.5% h c o o h  2 g l )  3 6 7  m / i  ( l o g  e 4  3 0 >  4 . 3 2 ) .

Anal. Calcd for C18H 12C1N6: C, 64.77; H, 3.62; N, 20.98. 
Found: C, 64.95; H, 3.52; N, 21.06.

4-Amino-2,7-diphenyl-6-ethoxypteridine.—A suspension of
1.0 g (0.003 mol) of 4-amino-6-chloro-2,7-diphenylpteridine in a 
solution of 0.69 g (0.03 mol) of sodium in 30 ml of absolute ethanol 
was refluxed for 3 hr. Addition of water gave a yellow-orange 
solid, mp 241-244°. Three recrystallizations from methanol 
gave a bright yellow solid, mp 248-249.5°.

Anal. Calcd for C20H „N 5O: C, 69.95; H, 4.99; N, 20.40. 
Found: C, 69.92; H, 4.81; N, 20.64.
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S c h e m e  IRegistry No.—IV, 16878-41-4; V, 16878-42-5; VI, 
16878-43-6; XIV, 16878-44-7; 4-amino-6-chloro-2,7-di- 
phenylpteridine, 16878-45-8; 4-amino-2,7-diphenyl-6- 
ethoxypteridine, 16878-46-9.

Synthesis of a 10,10a-Dihydro-lH-imidazo- 
[3,4-6][l,2]benzothiazine 5,5-Dioxide

J o s e p h  W e i n s t o c k  a n d  R o b e r t a  Y. D u n o f f

Medicinal Chemistry Section,
Smith Kline and French Laboratories,
Philadelphia, Pennsylvania 19101

Received March 6, 1968

Chlorosulfonation of an aromatic, followed by 
treatment of the resulting sulfonyl chloride with am
monia, is a generally useful method for the preparation 
of aryl sulfonamides.1 We applied this sequence to
5- (4-ehlorophenyl) -5-methylhy d antoin (1) and its
3-chloro isomer (4), with different results in each 
instance. As anticipated from steric considerations, 
1 gave 5-(4-chloro-3-sulfamylbenzyl)-5-methylhydan- 
toin (2)2 in 83% yield, and this was hydrolyzed with 
barium hydroxide to give 4-chloro-a-methyl-3-sul- 
famylphenylalanine. However, when 4 was treated 
with chlorosulfonic acid followed by ammonia, it 
gave a product in 72% yield; the composition differed 
from that of 4 by two less hydrogens and an additional 
S02. Barium hydroxide hydrolysis gave a product 
which displayed a peak at 5.92 p  in its infrared 
spectrum, characteristic of a carboxylic acid, and 
which lacked peaks at 6.3 and 6.55 p, characteristic of 
amino acids.

These data are best explained by assuming that the 
chlorosulfonation of 4 proceeded p a ra  to the chlo
rine, and that the sulfonyl chloride cyclized to structure 
5 when treated with base. Basic hydrolysis of 5 then 
opened the hydantoin portion of 5 and the elements of 
NCO~ were lost, to give 6-chlorobenzo-l,2-thiazine
1,1-dioxide (6). The orientation of the chlorosul
fonation is confirmed by the nmr spectrum of 5, which 
shows a doublet at 5 7.93 («7 =  8 Hz). This is expected 
for an aromatic proton ortho to a sulfonyl group which 
is one of an AB pair.

This orientation is in accord with the generalization 
that the p a ra  directive influence of a halogen in sulfona- 
tion is greater than that of a methyl group.3a However, 
the results with the 4-chloro isomer are not in agreement 
with the generalization3 that a methyl is more strongly 
ortho directing than halogen.3*3

Experimental Section4 5

The chromatographic Ri values were determined in the follow
ing systems: (1) tic, silica gel G, chloroform-acetone (1:1);

(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 ork , N . Y ., 1944, p  573.

(2) T h is  s tru c tu ra l a s s ig n m e n t is s u p p o r te d  b y  th e  d iffe rence of 5 0.09 
ob serv ed  fo r th e  - C H 2-  in  th e  n m r  sp e c tra  of 2 a n d  4 , I n  co m p ariso n , th e  
d iffe rence  of S b e tw e en  th e  C H s of to lu e n e  a n d  th e  2 -C H 3 a n d  th e  5 -C H s of 
2 ,5 -d im e th y lb en zen e su lfo n am id e  is 5 0 .37  a n d  0.085.

(3) (a) See re f  1, p  217. (b) A t le a s t 8 6 %  of th e  su lfo n a tio n  p ro d u c t of
4 -ch lo ro to lu en e  is 3 -ch lo ro -6 -m ethy lbenzenesu lfon ic  ac id : W . P . W y n n e  a n d  
J .  B ruce , J .  Chem . Soc., 731 (1898).

(2) 3 MM Whatman paper, 5.6 N  ammonium hydroxide-butanol 
(125:80); (3) tic, silica gel G, ethyl acetate-acetic acid (99:1); 
and (4) tic, Avicel, 5.6 N  ammonium hydroxide-butanol (125:80).

5-(4-Chlorobenzyl)-5-methylhydantoin (1).—A mixture of 1 - 
(4-chlorophenyl)-2-propanone6 (8.4 g, 0.05 mol), ammonium 
carbonate (45 g), potassium cyanide (5.0 g), water (75 ml), 
and ethanol (75 ml) was heated at 55-60° for 8 hr. After cooling, 
50 ml of water was added and the mixture was chilled and filtered 
to give 10.1 g (84%) of white crystals, mp 215-217°. Recrystal
lization from ethanol-water gave white crystals: mp 214-215°; 
Rt 0.43 (system 1 ).

Anal. Calcd for C11HUCIN2O2: C, 55.35; H, 4.64; N, 11.74. 
Found: C, 55.57; H, 4.77; N, 11.97.

5-(3-Chlorobenzyl)-5-methylhydantoin (4).—Using l-(3-chloro- 
phenyl)-2-propanone,6 the above procedure gave 82.4% of 
product: mp 240-242°; Rs 0.43 (system 1 ); nmr (D20 /K O H ), 
5 1.42 (S, 3, CH3), 2.89 (S, 2 , CH2), and 7.23 (m, 4).

Anal. Calcd for CuH uC1N202: 0 ,55 .35; H, 4.64; N, 11.74. 
Found: C, 55.29; H, 4.69; N, 11.87.

5-(4-Chloro-3-sulfamybenzyl)-5-methylhydanloin (2).—A
32.9-g sample of 1 (0.14 mol) was added in portions to 200 ml 
of CISO3H at 0°. The reaction mixture was then stirred at 100-  
110° for 3 hr, cooled, and added dropwise to 1500 g of ice. This 
gave a tan solid, mp 208-210°, which was immediately added 
to 250 ml of 14 N  NH4OH. After being stirred for 1 hr on a 
steam bath, the cooled reaction mixture was brought to pH 1 
with concentrated HC1, and a tan solid, mp 143-148°, was 
collected. When this solid was purified by dissolving in dilute 
NaOH and reprecipitating with HC1, it gave 32.5 g (73%) of 
white crystals: mp 144-147°; Rt 0.30 (system 1 ); nmr (D20 /  
KOD), 5 1.42 (s, 3, CH3), 2.98 (d, 2, J  — 0.5 Hz, CH2), 7.34 
(q, 1, J 5.6 =  8 Hz, J 2,6 = 3 Hz, 6 H of phenyl), 7.57 (d, 1 ,J  = 8 
Hz, 5 H of phenyl), and 7.89 (d, 1 , J  = 3 Hz, 2 H of phenyl).

Anal. Calcd for CnHuCINAbS-bTHiO: C, 41.00; H, 3.91; 
N, 13.04. Found: C, 40.95; H, 4.06; N, 12.84.

4-Chloro-3-sulfamylphenyl-a-methylalanine (3).—A stirred 
mixture of 3.2 g (0.01 mol) of 2, 15.8 g (0.05 mol) of Ba(OH)2- 
8H20 , and 60 ml of H20  was refluxed for 48 hr. The cooled

(4) W e w ish to  th a n k  M r. R . W a rre n  fo r n m r  sp e c tra l d a t a ,  M iss  M . 
C arro ll a n d  sta ff  fo r m ic ro an a ly tic a l d a ta , a n d  M r. A, P o s t  fo r  th in  la y e r 
a n d  p a p e r  ch ro m a to g ra p h ic  d a ta .

(5) C . G . O v erb erg er a n d  H . B ile tch , J .  A m er. Chem. Soc., 73 , 4880 (19 5 7 ).
(6) J . H . B iel, A . E . D ru k k e r , T . F . M itch e ll, E . P . S p renge le r, P . A. 

N u h fe r, A. C . C onw ay , a n d  A. H o rita , ib id ., 81, 2805 (1959).
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mixture was brought to pH 1 with 2 N  H2S04 and the insoluble 
product was collected by filtration. The filtrate was concen
trated in vacuo and the residue was dissolved in 40 ml of H20  and 
neutralized with 40% NaOH. Chilling gave 2.4 g (82%) of 
crystals, mp 305-308°. These crystals were purified by dissolv
ing them in 25 ml of H20  made basic with diethylamine; the 
solution was treated with charcoal and then neutralized with 
acetic acid. Chilling gave 1.6 g of a white solid: mp 299-301°; 
Rt 0.28 (system 2).

Anal. Calcd for C10H 13ClN2O4S: C, 41.03; H, 4.48; N, 
9.57. Found: C, 41.10; H, 4.56; N, 9.33.

8-Chloro-10a-methyl-10,10a-dihydro-lH-imidazo[3,4-6] [1,2]- 
benzothiazine-l,3(2H)-dione 5,5-Dioxide (5).—A mixture of 11.9 
g (0.05 mol) of 4 in 75 ml of C1S03H was stirred at 25° for 3 hr. 
The mixture was added dropwise with stirring to 500 g of ice, and 
a white solid, mp 143-154°, was collected by filtration. This was 
immediately added to 150 ml of concentrated NH4OH, and the 
mixture was heated on a steam bath for 1  hr. After standing 
for 18 hr at 25° the pH was brought to 1 with concentrated HC1, 
and the resulting solid was collected by filtration. This was 
dissolved in dilute NH4OH, treated with charcoal, and reprecipi
tated a t pH 1 to give 10.8 g (72%) of product, mp 265-268°. 
Another base-acid purification gave white crystals: mp 267-269°; 
Rt 0.71 (system 3); nmr (CF3COOH), S 1.92 (S, 3, CHS), 3.58 
(S, 2, -C H 2-), 7.56 (m, 2) and 7.93 (d, 1, /  =  8 Hz).

Anal. Calcd for ChH9C1N2S04: C, 43.93; H, 3.02; N, 9.32. 
Found: C, 43.87; H, 3.16; N, 9.15.

6-Chloro-3-methyl-3,4-dihydro-2H-benzothiazine-3-carboxylic 
Acid 1,1-Dioxide (6).—A stirred mixture of 7.5 g (0.025 mol) of 
5 and 39.4 g (0.25 mol) of Ba(0H )2-8H20  in 150 ml of H20  was 
refluxed for 48 hr. After cooling, the pH was adjusted to 1 with 
concentrated H2S04. The solid was collected and stirred for 
30 min with ethanol. Concentration of the ethanol gave an oil 
which crystallized when triturated with dilute HC1 to give 4.4 g 
of product, mp 127-152°. This was purified by dissolving in 
dilute NaOH and reprecipitating at pH 1 with dilute HC1. 
Two such treatments gave 3.7 g (53%) of product: mp 158- 
160°; Rt 0.72 (system 4).

Anal. Calcd for Ci0H 10C1NO4S: C, 43.56; H, 3.66; N, 5.08. 
Found: C, 43.80; H, 3.77; N, 4.86.

The nmr peaks (CF3COOH) for 2,5-dimethylbenzenesulfon- 
amide were at S 2.38 (S, 3, 5-CH3), 2.67 (S, 3,2-CH3), 7.45 
(broad S, 2), and 8.02 (S, 1). The nmr peak for the CH3 of 
toluene (CF3COOH) is at 5 2.30.

R e g is try  N o .— 1, 16793-24-1; 2, 16793-21-8; 3, 
16793-22-9; 4 , 16793-23-0; 5, 16793-19-4; 6, 16793- 
20-7.
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E. A. M a i l e y  a n d  L. R. O c o n e

Research and Development Department,
Pennsalt Chemicals Corporation,
King of Prussia, Pennsylvania

Received March 7, 1968

Rearrangements have been shown to occur in py
ridine N-oxide chemistry.1 2 3 4 5 6 7 For instance, pyridine N- 
oxide and acetic anhydride produced 2-pyridyl acetate, 
while 2-picoline N-oxide and acetic anhydride yielded 
2-pyridylmethyl acetate and 6-methyl-2-pyridinol. Al
though the reaction of pyridine N-oxide and 2-bromo- 
pyridine to give l-(2-pyridyl)-2-(lH)-pyridone is not 
a rearrangement, it does show the cyclization that oc
curs in pyridine N-oxide reactions. Other rearrange
ments in pyridine N-oxide reactions are also known.1

(1) E . N . S haw , “ T h e  C h e m is try  of H e te ro c y c lic  C om p o u n d s, P y rid in e  
a n d  I t s  D e riv a tiv e s ,"  P a r t  I I ,  E . K lingsberg , E d ., In te rsc ie n c e  P u b lish ers , 
In c ., N ew  Y ork , N . Y ., 1961, C h a p te r  4.

The similarity of pyridine N-oxides to nitrones should 
also be mentioned because it further supports the in
termediates postulated below. For example, nitrones 
of the 1-pyrroline N-oxide type have been treated with 
olefinic compounds to form isoxazolidines.2,3

The novel rearrangement described below furnishes 
another preparative method for certain alkylpyridines. 
Alkylpyridines have been obtained previously in a vari
ety of ways: from natural sources, by cyclizations of 
N-containing compounds; and by alkylation of the 
pyridine nucleus. These have been reviewed and have 
been reported by many investigators.4-7 Our new 
method of alkylation produces 2-polyfluoroalkylpyr- 
idines. Treatment of pyridine N-oxides with ter
minally unsaturated perfluoroalkenes has yielded 2- 
polyfluoroalkylpyridines, probably through rearrange
ment of a postulated isooxazolidine intermediate. 
For example, pyridine N-oxide and hexafluoropropylene 
have yielded 2-(l,2,2,2-tetrafluoroethyl)pyridine. One 
possible mechanism that can account for the product 
is represented in Scheme I.

S c h e m e  I0 +
N N r

O

C F 3 C F = C F 2

O — C F 2 C F C F 3

c\ h — n
^ N ^ C F C F o  k N ^ C H F C F 3 

0 ^ - C F 2

Carbonyl fluoride was found in the off-gases but not 
in stoichiometric or large amounts, however. Whether 
some carbonyl fluoride had reacted to give other prod
ucts was not investigated. Furthermore, solids were 
always obtained in the short-path distillation of the 
crude reaction mixture. These air-sensitive solids, 
when added to water and worked up, provided addi
tional product. No attempt was made to identify 
these solids. It was later found that the crude reaction 
mixture could be added directly to water and the result
ing mixture then either steam distilled or extracted 
with an organic solvent. No other reaction variables 
were investigated.

Mass spectral and nuclear magnetic resonance (F and 
H) data are consistent with the structures of the 2-poly- 
fluoroalkylpyridines derived from the N-oxides of 
pyridine and the three picolines. In the case of the 
3-picoline product, nmr data indicate it to be an 80:20 
mixture of 2- and 6-substituted 3-picoline, respectively.

Experimental Section

Gases were analyzed on a vapor phase fractometer containing 
a column of DC 200 on Chromosorb P; liquids were analyzed, 
identified, and isolated on a column containing SE-30 on Chromo
sorb W. Only medium and strong absorbance bands are re-

(2) G . R . D e lp ie rre  a n d  M . L am chen , J .  Chem . Soc., 4693 (1963).
(3) B . G . M u r ra y  a n d  A. F . T u rn e r, ib id ., C ., 1338 (1966).
(4) L . E . T e n en b au m , “ T h e  C h e m is try  o f H e te ro c y c lic  C o m p o u n d s , 

P y r id in e  a n d  I ts  D e riv a tiv e s ,” P a r t  I I ,  E . K lingsberg , E d ., In te rsc ie n c e  
P u b lish e rs , In c ., N ew  Y ork , N . Y ., 1961, C h a p te r  5.

(5) D . B ry ce -S m ith , et al., Chem. I n d .  (L o n d o n ), 495 (1964).
(6) R . C . M y e rly  a n d  K . G . W einberg , J .  Org. C hem ., 31 , 2008 (1966 ).
(7) G . J .  J a n z  a n d  A. R . M o n ah an , ib id ., 29 , 569 (1964).
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ported from the infrared spectra obtained on an Infracord 337. 
Nmr spectra were run on chromatographieally isolated fractions 
to which were then added trifluoroacetic acid as external standard 
for F 19 spectra and tetramethylsilane in carbon tetrachloride 
as external reference standard for H 1 spectra.

2-(l,2 ,2,2-Tetrafluoroethyl)pyridine.—To a 500-ml stainless 
steel pressure vessel were added 99.7 g (1.05 mol) of pyridine N- 
oxide and 80 g (0.53 mol) of hexafluoropropylene, and the result
ing mixture was heated at 62° for 16.5 hr. Then the gases (5.1 
g) were bled off at ambient temperatures to a residual pressure of 
one atmosphere. The off-gas contained C02, COF2, CF3CFHCF3, 
and a small amount of CF3C F = C F 2. The residue (174 g of 
brown liquid) from the pressure vessel was transferred to a 
suitable flask and was distilled by short-path distillation at a pot 
temperature of 25-90° (0.1 mm) to yield 92 g of slightly colored 
oil. This oil was added to 300 ml of water with stirring. After 
all the carbon dioxide had evolved, the water layer was made 
basic (pH 8) with 50% aqueous KOH. The bottom (oil) phase 
was then separated, the water phase was washed twice with 20-ml 
portions of methylene chloride, and the organic phases were 
combined and dried (MgS04). After the salt, was removed by 
filtration and the solvent removed by flash evaporation under 
reduced pressure, the remaining liquid was distilled at 142° 
(ambient pressures) on a spinning-band column to yield 42 g 
(44% yield based on hexafluoropropylene) of a colorless oil: 
n28d 1.4109; mol wt {m/e found by mass spectroscopy) 179 
(calcd 179); infrared spectrum, 1600 (m, doublet), 1270 (s), 1190 
(s), 1140 (s); F 19 nmr spectrum (ppm), 0.75 (doubled doublet, 
CF3), 121.6 (doubled quartet, CFH); II1 spectrum (ppm), 5.41 
(doubled quartet, CFH), 6.49-7.27 (complex bands, H3, H4, H5),
8.04 (doublet, H6).

Anal. Calcd for C7H5F4N: C, 46.95; H, 2.81; F, 42.43; 
N, 7.82. Found: C, 47.08; H, 3.06; F, 42.15; N, 7.56.

6-(l,2 ,2,2-Tetrafluoroethyl)-2-picoline.—To a 100-ml stainless 
steel pressure vessel were added 14.5 g (0.14 mol) of 2-picoIine 
N-oxide and 10 g (0.067 mol) of hexafluoropropylene. After 
the mixture was heated at 68° for 67 hr and then cooled, the gases 
(4.3 g) were removed and were found to consist mainly of C0 2 
and CF3CFHCF3. The remaining contents of the pressure vessel 
were distilled by short-path distillation at a pot temperature of 
25-63° (0.01 mm) to give 9.1 g of yellow liquid. Isolation and 
purification of the product was made by vpc to give a colorless 
liquid (19% yield based on hexafluoropropylene). Physical 
properties of the product are as follows: bp (micro) 154°; n25d 
1.4189; mol wt (m/e foimd by mass spectroscopy) 193 (calcd 
193); infrared spectrum, 1600 (m doublet), 1275 (s), 1190 (s), 
1400 (s); F 19 nmr spectrum (ppm), 0.68 (doubled doublet, CF3),
121.1 (doubled quartet, CHF); H 1 spectrum (ppm), 1.88 
(singlet, CH3), 6.41-7.13 (broad lines, H3, H4, H5), 5.32 (doubled 
doublet, CFH).

Anal. Calcd for CsH7F4N: C, 49.75; H, 3.65; F, 39.34; 
N, 7.25. Found: C, 50.39; H, 4.14; F, 40.00; N, 7.39.

2- and 6-(l,2,2,2-Tetrafluoroethyl)-3-picoline.—To a 100-ml
stainless steel vessel were added 21.8 g (0.2 mol) of 3-picoline 
N-oxide and 15.0 g (0.1 mol) of hexafluoropropylene, and the 
resulting mixture was heated at 60° for 16.5 hr. The work-up 
procedure, similar to that used for the 2-picoline N-oxide reaction, 
gave a colorless oil (36% yield based on hexafluoropropylene). 
Physical properties of the product are as follows: bp (micro) 
166°; ?i 26d  1.4248; mol wt {m/e found by mass spectroscopy) 
193 (calcd 193); infrared spectrum, 1610 (s), 1270 (s), 1190 (s), 
1140 (s); F 19 nmr spectrum (ppm), 0.59 (doubled doublet,
CF3), 119.6 (doubled quartet, CFH); H 1 spectrum (ppm), 2- 
substituted 3-picoline, 1.82 (str doublet, CH3), 5.56 (doubled 
quartet, CFH), 6.96, 6.60, 7.91 (H4, H5, Hi, respectively) 6- 
substituted 3-picoline, 1.68 (wk singlet, CH3), 5.56 (doubled 
quartet, CFH), 7.87, 6.91, 6.78 (H2, H4, Hs, respectively).

Anal. Calcd for CSH,F4N: C, 49.75; H, 3.65; F, 39.34;
N, 7.25. Found: C, 49.95; H, 4.17; F, 39.94; N, 7.25.

2-( 1 ,2 ,2 ,2-Tetrafluoroethyl )-4-picoline.—To a 60-ml stainless 
steel pressure vessel were added 21.8 g (0.20 mol) of 4-picoline 
N-oxide and 15.0 g (0.10 mol) of hexafluoropropylene, and the 
resulting mixture was heated at 47-74° for 17.5 hr. The work-up 
procedure, similar to that used for the 2-picoline N-oxide reaction, 
gave a colorless oil (36% yield based on hexafluoropropylene). 
Physical properties of the product are as follows: bp (micro) 
166°; ra26D 1.4248; mol wt {m/e found by mass spectroscopy) 193 
(calcd 193); infrared spectrum, 1610 (s), 1270 (s), 1190 (s), 
1140 (s); F 19 nmr spectrum (ppm), 0.53 (doubled doublet, 
CF3), 121.7 (doubled quartet, CHF); H 1 spectrum (ppm), 1.71

(singlet, CH3), 6.88, 6.50, 7.88 (H3, H5, H6, respectively, 5.41 
(doubled quartet, CHF).

Anal. Calcd for C8H7F4N: C, 49.45; H, 3.65; F, 39.34; 
N, 7.25. Found: C, 50.46; H, 3.86; F, 39.23; N, 7.26.

Miscellaneous.—Short-path distillation of the crude reaction 
mixture to yield the crude product can be eliminated if the mix
ture is added directly to water. The procedure can be continued 
as in the preparation of 2-(l,2 ,2 ,2-tetrafluoroethyl)pyridine, or it 
can be modified to include steam distillation.

Registry No
16876-47-4;
16876-48-5;
16876-49-6;
16876-50-9;
16876-51-0.

,—2 - ( 1,2,2,2 -Tetrafluoroethyl) pyridine,
6-(l,2,2,2 - tetrafi uoroethyl) - 2 - picoline, 
6 - ( 1,2,2,2 - tetrafluoroethyl) - 3-picoline,
2-(l,2,2,2-tetrafluoroethyl)-3-Ì3Ìcoline,
2- (1,2,2,2-tetrafluoroethyl) -4-picoline,
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At least two examples of the reaction of anhydrides 
with aziridines are reported in the patent literature. 
Ester amides were prepared from N-alkylethylenimines 
and anhydrides of saturated monocarboxylic acid,1 
while poly(ester amides) were obtained from the re
action of N-alkylethylenimines and phthalic anhydride.2 
In both of these cases, only one isomer is possible 
through ring opening of the aziridine moiety.

We wish to report on the reactions of 2-methylethyl- 
enimine (la) and 2,2-dimethylethylenimine (lb) with 
benzoic anhydride in acetone or tetrahydrofuran. The 
quantitative identification of the reaction products 
from these reactions was accomplished with the aid of
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(1) B rad isc h e  A nilin  a n d  S o d a -F a b rik  A k tie n g ese llsch a ft of G e rm a n y , 
B ritish  P a te n t ,  784,058 (1957).

(2) B rad isc h e  A nilin  a n d  S o d a -F a b rik  A k tie n g ese llsch a ft of G e rm an y , 
B rit ish  P a te n t ,  784,059 (1957).
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T able I
N mr Spectral D ata

N o tes  3345

■Chemical sh ifts , 5, p p m “-
E s te r  am id e M e th y l J ,  eps M e th y le n e J ,  cps M e th in y l

N,0-Dibenzoyl(l-amino-2-propanol) (Ila) 1.45(d) 6 3.7 (t) 5.5 5.39 (m)
N,0-Dibenzoyl(2-amino-l-propanol) (Ilia) 
N,0-Dibenzoyl(l-amino-2-methyl-2-propanol) (lib) 
N,0-Dibenzoyl(2-amino-2-methyl-l-propanol) ( I l lb )

1 .3 3 (d) 
1.63(8) 
1.55 (s)

6 4.47(d) 
3 .8 8 (d) 
4.56 (s)

4.5
4.5 (m)

® Spectra were determined in CDC13 using TMS as a standard. Abbreviations used are s = singlet, d = doublet, t  = triplet, m = 
multiplet.

proton nmr spectroscopy. This technique was es
pecially suitable for differentiating the resulting ester 
amide isomers, since the chemical shifts were signifi
cantly different and distinguishable. For example, 
the assignments presented in Table I were based on 
authentic model compounds of the four possible ester 
amide isomers which could result from the reaction of 
benzoic anhydride with la or lb.

The isomer ratios in the reaction mixtures could be 
conveniently determined by integrating the areas of 
the methylene and methinyl protons of Ha and Ilia, or 
simply the methylene protons in the case of lib and Illb, 
if all the isomers were indeed formed. Product identifi
cation via  gas-liquid partition chromatography (glpc) 
was used to supplement the nmr spectra of the mix
tures. Finally, the products of the reaction were iso
lated and their structures were confirmed by comparison 
with the corresponding authentic model compounds.

It was found that the reaction of la with benzoic an
hydride in either THF or acetone resulted in the for
mation of the two isomeric ester amides Ha and Ilia. 
Integration of the nmr spectrum of the reaction mix
ture indicated that the mole ratio of Ila and Ilia was 
3:1. Furthermore, since the amount of unreacted 
benzoic acid in the mixture is indicative of the moles of 
by-product in the reaction, the ratio of the benzoic acid 
nmr signal at 5 9.9 to the total ester amide integration 
was used as the criterion for estimation of yield. A 
yield of 80% was generally obtained utilizing this pro
cedure.

In the case of the reaction of benzoic anhydride with 
lb, the only ester amide produced was lib, along with a 
considerable amount of N-(/3-methylallyl)benzamide
(IV) and benzoic acid. The important chemical shifts 
of IV appeared as a broad signal at 8 4.88 due to the

0  CH3 
/ = \  II H I 3 
4 > - C —NCH2C=CH2

IV

terminal vinylic protons, at 1.77 due to the methyl 
group, and 3.98 due to the methylene protons. 
Since overlapping of the methylene protons of lib and 
IV occurred in the nmr spectrum of the reaction mix
ture, it was necessary to subtract a quantity equal to 
the signal produced by the terminal vinyl protons of IV 
from the area integration produced by the overlapping 
methylene protons of both lib and IV. This could be 
done since the signal produced by the vinylic protons of 
IV is exactly equal in area to the signal of its methylene 
protons. This procedure afforded a product ratio of 
1.7:1 of lib to IV, respectively. The total yield of lib 
in the reaction mixture was 63%.

Experimental Section3

Preparation of Authentic Compounds.—l-Amino-2-propanol, 
2-amino-l-propanol, and 2-amino-2-methyl-l-propanol were 
allowed to react with benzoyl chloride at a 1 :2  mole ratio in a 
CH2CI2-H 2O solvent mixture utilizing NaOH as the acid acceptor. 
The resulting dibenzoyl ester amides were isolated from the dried 
organic phase via vacuum stripping followed by recrystallization 
from acetone: N,0-dibenzoyl(l-amino-2-propanol) (Ila), mp
106° (lit.4102-104°); N,0-dibenzoyl(2-amino-l-propanol) (Ilia), 
mp 102-103° (lit.5 104-105°); N,0-dibenzoyl(2-amino-2-methyl- 
1-propanol) (Illb), mp 112-114° (lit.6 111-112°). l-Amino-2- 
methyl-2-propanol was prepared by a literature method:7 bp 
146-148°, nKo 1.4440 (lit.7 147.8-148°, n2sd 1.4435).

N,0-Dibenzoyl(l-amino-2-methyl-2-propanol) (lib) was pre
pared by treating 2 g of l-amino-2-methyl-2-propanol (0.02 mol) 
with 6.5 g of benzoyl chloride (0.05 mol) in 40 ml of CHC13 and 
utilizing 5 g of pyridine as the acid acceptor. On completion of 
the addition of benzoyl chloride to the amino alcohol, the mixture 
was refluxed for 4 hr. Then 30 ml of a 6 N  HC1 solution was 
added to the cooled mixture, This mixture was extracted three 
times with 100-ml portions of diethyl ether, and the ether ex
tract was washed with a dilute HC1 solution, followed by two 
washings with water. The ether extract was evaporated to dry
ness. Recrystallization of the crude solid from acetone yielded 
lib , mp 136-138°.

Anal. Calcd for CisHigNCb: C, 72.73; H, 6.40; N, 4.71. 
Found: C, 72.51; H, 6.58; N, 4.87.

N-(|8-Methallyl)benzamide (IV) was prepared from benzoyl 
chloride and /3-methallylamine,8 mp 69.5-70.5°. The reported 
melting point of IV is 67.5-690.8

Reactions of Benzoic Anhydride with 2-Methylethylenimine (la) 
or 2 ,2-Dimethylenimine (lb).—To a solution of 11.3 g (0.05 mol) 
of benzoic anhydride in 71.3 g of THF or acetone was added 
either 2.85 g (0.05 mol) of la  or 3.60 g (0.05 mol) of lb , maintain
ing the reaction temperature of 25° during the addition with an 
ice bath. When the addition was completed, the reaction was 
stirred at 25° for 4 hr, followed by heating at reflux for 20 hr. 
The solution was then cooled to room temperature, and an aliquot 
sample was removed for glpc analysis. The rest of the reaction 
mixture was vacuum stripped at room temperature to remove 
the solvent. An nmr spectrum was obtained on the solvent- 
free product. In the case of the benzoic anhydride-la reaction, 
both analyses confirmed that the product was composed mainly of 
a mixture of I la  and I l ia  (3:1 mole ratio) along with benzoic 
acid and a small amount of an undetermined impurity. Glpc 
and nmr analysis of the benzoic anhydride-lb reaction mixture 
indicated that it was composed of l ib  and IV (at a 1.7:1 mole 
ratio) along with some benzoic acid. The solvent-stripped re
action syrup was next extracted with a large volume of ether.

(3) T h e  n m r  an a ly s is  w as c a rried  o u t  on  a  V a ria n  A -60A  s p e c tro m e te r  in  
C D C la so lu tio n s  a t  ro o m  te m p e ra tu re , w ith  te tr a m e th y ls ila n e  (T M S ) a s  a n  
in te rn a l s ta n d a rd . G as  c h ro m a to g ra p h y  w as co n d u c te d  w ith  a n  F  & M  810 
gas ch ro m a to g ra p h  u tiliz in g  a  6 f t  X  0 .125 in . o .d . co lum n  of 10%  S E  30 on 
D ia to p o r t  S (6 0 -8 0  m e sh ). T h e  co lu m n  te m p e ra tu re s  w ere  p ro g ra m m e d  
fro m  100 to  250°, a t  a  r a te  of 2 0 ° /m in .  M e ltin g  p o in ts  w e re  d e te rm in e d  on 
a  “ M e l-T e m p ” m e ltin g  p o in t a p p a ra tu s , a n d  a l l  te m p e ra tu re  m e asu rem en ts  
a re  u n co rrec ted . M o lec u la r w eig h ts  w ere  d e te rm in e d  b y  v a p o r  p ressu re  
o sm o m e try  in  a c e to n e  (M ech ro lab  o sm o m e ter, M od el 301A ). E le m e n ta l 
an a ly ses  w ere  p e rfo rm e d  b y  th e  A n a ly tic a l D e p a r tm e n t  of th e  In te rc h e m ic a l 
C e n tra l  R e sea rc h  L a b o ra to rie s .

(4) G . B ach  a n d  M . Z ahn , J .  P ra k t. C hem ., 8, 68  (1959).
(5) D . E . W olf, W . H . Jo n es , J .  V a lian t, a n d  K . F o lk e rs , J .  Artier. Chem . 

Soc., 72, 2820 (1950).
(6) R . N . B oyd  a n d  R . H . H an sen , ib id ., 75, 5896 (1953).
(7) R . A. B affo rd , P h .D . T h esis, U n iv e rs ity  of M a ry la n d , C o llege  P a rk , 

M d ., p  27, 1960.
(8) P . E . F a n ta  a n d  A. D e u tc h , J .  Org. Chem ., 23, 72 (1958).
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In the case of the benzoic anhydride-la reaction mixture, the 
extraction left 10.5 g of a mixture of H a and I l ia  (74.2% yield). 
Fractional recrystallization of this mixture with acetone afforded
8.7 g of I la , mp 104-106°, and 1.1 g of I l ia ,  mp 101-103°. 
The ether extract was washed several times with a 5% NaOH 
solution, and the aqueous layer was acidified by the addition of 
Dry Ice. Extraction of the aqueous solution with fresh ether, 
drying with anhydrous MgSCh and evaporation of the ether 
yielded 0.5 g of benzoic acid, mp 121-122°. The benzoic an- 
hydride-Ib reaction mixture was treated in a similar manner, 
resulting in the isolation of 8.8 g of the ether-insoluble lib  (59% 
yield), mp 136-138°, and 1.8 g of benzoic acid. Finally, the 
original water-washed ether layer was dried with anhydrous 
MgSCh and evaporated to dryness. Recrystallization of the 
crude semisolid from petroleum ether resulted in the recovery of
2.3 g of IV, mp 67-69°. Mixture melting points of isolated Ila , 
lib , I l ia ,  IV, and benzoic acid with the corresponding authentic 
samples were not depressed.

Registry No.—Benzoic anhydride, 93-97-0; Ila, 
16888-96-3; lib, 16888-97-4; Ilia, 16888-98-5; Illb, 
16888-99-6.

The Condensation of Enamines 
with Substituted p-Benzoquinones

G e o r g e  R .  A l l e n , J r .

Process and Preparations Research Section,
Lederle Laboratories Division, American Cyanamid Company, 

Pearl River, New York 10965

Received March 13, 1968

The introduction of a formylalkyl group into quinones 
by oxidation of 2-amino-2,3-dihydrobenzofurans 3, 
which are available from the interaction of quinones 1 
and enamines 2,1-3 was recently reported1 (see Scheme 
I). The purported preparation of the 5-phenyl-2- 
formylalkylquinone 5, mp 142-143°, by oxidation of 
the dihydrobenzofuran 3a is illustrative of this pro
cedure. Our experience4 with the condensation of 
benzoquinones and enamines led us to believe that 
the quinone of mp 142-143° is, in fact, the 6-phenyl 
isomer 6. Thus, inasmuch as the formation of the di- 
hydrobenzofurans 3 and 4 probably proceeds by nucleo
philic addition of the enamine to the benzoquinone and 
subsequent cyclization,3 the position assumed by the 
quinone substituent in the product will reflect its elec
tronic and steric character. Electron-withdrawing 
groups direct reaction toward C-3 in 1 or, alternatively, 
in the presence of strong steric effects, e.g., phenyl, to
ward C-6, whereas electron-donating groups favor con
densation at C-5.B

Indeed, as predicted by these considerations, conden
sation of 2-phenyl-l,4-benzoquinone (la) with iso- 
butenylmorpholine (2a)6 gave 70% 7-phenyldihydro- 
benzofuran 4a (8 6.45 and 6.75, J  =  3.0 cps), ac
companied by 7% 6 isomer 3a (5 6.67). The re
action of la with 1-propenylpiperidine (2b)7 to give

(1) K . L ey  a n d  R . N a s t, A ngew . Chem. In te rn . E d . E ng l., 6, 174 (1967).
(2) K . C . B ran n o ck , R . D . B u rp i t t ,  H . E . D av is , H . S. P rid g en , a n d  J .  G . 

T h w e a t t ,  J .  Org. Chem ., 29, 2579 (1964).
(3) G . D om schke, J .  P ra k t. Chem ., 32, 144 (1966).
(4) (a) G . R . A llen, J r . ,  C . P id ac k s , a n d  M . J . W eiss, J .  A m er. Chem. Soc., 

88, 2536 (1966); (b) G . R . A llen, J r . ,  a n d  M . J .  W eiss, J .  Org. Chem ., 33, 198 
(1968); (c) R . L itte ll a n d  G . R . A llen, J r . ,  ib id ., 33, 2064 (1968).

(5) H . S. W ilgus, I I I ,  E . F rau en g la s s , E . T . Jo n es , R . F . P o rte r , a n d  J .  W . 
G ate s, J r . ,  ib id ., 29, 594 (1964).

(6) E . B enzing , A ngew . Chem ., 71 , 521 (1959).
(7) C . M an n ic h  a n d  H . D av id sen , B er., 69, 2106 (1936).

S c h e m e  I

o
la?R =  QHs 
b, R — OCH3

CH3\ c / r i
II

2a,R1 =  CH3;X =  0  
b,R1 =  H;X =  CH2

1
0

c6h 5\ AXi

HO—V

*  r *

CH,

4a,R =  C6H5;R1 =  CH3;X = 0  
b ,R =C 6H5;R1=H ;X  =  CH2

62% dihydrobenzofuran 4b (S 6.46 and 6.78, J  — 3.0 
cps) as the sole product further illustrates the directive 
influence of the phenyl substituent. In the instance of
2-methoxy-l,4-benzoquinone (lb), reaction with 2a 
affords the expected 6-methoxydihydrobenzofuran 3b 
(87%) (8 6.45 and 6.51, unsplit). The position of the 
aryl substituent in the dihydrobenzofurans 3 and 4 
follow from the cited proton resonances and their split
ting patterns.

Oxidation of the 6-phenyldihydrobenzofuran 3a 
with ferric chloride1 afforded the 5-phenylquinone 5, 
mp 127-128° (8 6.60 and 6.78, unsplit), whereas a sim
ilar oxidation of the 7-phenyl isomer 4a gave the 6- 
phenylquinone 6, mp 141-142° (8 6.76 and 6.84, J  =
2.4 cps). These data clearly indicate that the quinone 
of mp 142-143°, to which structure 5 was previously 
assigned,1 must possess the isomeric structure 6. More
over, the reaction of quinones and enamines in this and 
related examples proceeds in a predictable manner, the 
verification of which is readily furnished by nmr spec
troscopy.8

Experimental Section9

Reaction of 1,4-Benzoquinones with Enamines.—The follow
ing experiment illustrates the general procedure. A solution of
1.49 g (10 mmol) of isobutenylmorpholine (2a) in 3 ml of metha
nol was added dropwise over 30 min to an ice-cooled, stirred 
mixture of 1.84 g (10 mmol) of 2-phenyl-l,4-benzoquinone (la) 
in 7 ml of methanol. The solid dissolved to give a red solution 
that was stirred a t ambient temperature for 1 hr. The solvent 
was removed, and the residue was dissolved in ether. This 
solution was passed through a magnesia-silica gel column, 
using ether as the eluting solvent. The yellow eluate was

(8) T h e se  re su lts  in d ic a te  t h a t  th e  B u n te  s a l t  d e riv ed  fro m  2 -p h e n y l- l ,4 -
benzo q u in o n e  is m o s t like ly  so d iu m  2 ,5 -d ih y d ro x y -3 -b ip h e n y ly lth io su lfa te  
r a th e r  th a n  sod ium  2 ,5 -d ih y d ro x y -4 -b ip h en y Iy lth io su lfa te : W . A lca lay ,
Helv. C him . A c ta , 30, 578 (1947). I f  tru e , th e  d e riv ed  2 -m e th y lm e rc a p to - l ,4 -  
benzo q u in o n e  is th e  6 -p h en y l isom er, r a th e r  th a n  th e  p re v io u s ly  ass ig n ed
5 -pheny l isom er.

(9) M e ltin g  p o in ts  a re  u n co rrec ted . E v a p o ra tio n s  w ere  c a rr ie d  o u t  u n d e r  
red u ce d  p ressu re . N m r sp e c tra  w ere d e te rm in e d  in  d eu te rio ch lo ro fo rm  u s in g  
te tra m e th y ls ila n e  as  a n  in te rn a l s ta n d a rd  on  a  V a ría n  A-60 sp ec tro m e te r.
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evaporated to give 3.47 g of an oil that was purified by partition 
chromatography10 * * * on diatomaceous silica using a heptane- 
methanol (1:1) solvent system. The fraction with peak hold
back volume 4.0 (vm/vs =  2.7) was evaporated; recrystallization 
of the residue from acetone-hexane gave 238 mg (7%) of 2,3- 
dihydro-5-hydroxy-3,3-dimethyl-2-(4-morpholinyl)- 6 - phenylben- 
zofuran (3a) as white crystals, mp 215-217°.

Anal. Calcd for C20H23NO3: C, 73.82; H, 7.12; N, 4.30. 
Found: C, 73.80; H, 6.97; N, 4.29.

The fraction with peak hold-back volume 6.0 was evaporated; 
the residue was recrystallized from acetone-hexane to furnish
2.033 g (70%) of 2,3-dihydro-5-hydroxy-3,3-dimethyl-2-(4- 
morpholinyl)-7-phenylbenzofuran (4a) as white crystals, mp
164-165°.

Anal. Calcd for C2oH23N 03: C, 73.82; H, 7.12; N, 4.30. 
Found: C, 73.53; H, 7.10; N, 4.26.

Reaction of 4.70 g (37.5 mmol) of 1 -piperidyl-l-propene (2b) 
and 4.60 g (25 mmol) of 2-phenyl-l,4-benzoquinone (la) in 
benzene gave 3.65 g of 2,3-dihydro-5-hydroxy-3-methyl-7- 
phenyl-2-(l-piperidyl)benzofuran (4b) as crystals, mp 130-133°, 
by direct crystallization. Partition chromatography of the 
material in the filtrate using a heptane-methanol (1 : 1 ) system 
afforded an additional 1.13 g (62%) of crystals, mp 135-137°, 
in that fraction with peak hold-back volume 3.4 (Vm/V „ = 2.5). 
A sample was recrystallized from ether-hexane to give white 
crystals, mp 135-137°.

Anal. Calcd for C20H23NO2: C, 77.64; H, 7.49; N, 4.53. 
Found: C, 77.91; H, 7.51; N, 4.52.

Treatment of 1.38 g (10 mmol) of 2-methoxy-l,4-benzoquinone 
(lb) with 1.49 g (10 mmol) of isobutenylmorpholine (2a) in 
methylene chloride, solvent removal, and trituration of the 
residue with ether gave 2.44 g (87%) of 2,3-dihydro-5-hydroxy-
6-methoxy-3,3-dimethyl-2-(4-morpholinyl)benzofuran (3b) as 
crystals, mp 157-161°. A sample recrystallized from methanol 
had mp 168-169°.

Anal. Calcd for Ci5H2iN 0 4: C, 64.49; H, 7.58; N, 5.01. 
Found: C, 64.23; H, 7.29; N, 4.71.

Oxidation of the 2-Amino-2,3-dihydrobenzofurans.—The fol
lowing experiment illustrates the general procedure. A solution 
of 1.080 g (2.0 mmol) of ferric chloride hexahydrate in 7.5 ml 
of water was added dropwise with stirring to a suspension of 
650 mg (1.0 mmol) of 2,3-dihydro-5-hydroxy-3,3-dimethyl-2-(4- 
morpholinyl)-7-phenylbenzofuran (4a) in 75% methanol. The 
mixture was stirred for 3 hr after completion of the addition, at 
which time it was bright yellow. The solid was collected by 
filtration and dissolved in methylene chloride. This solution was 
passed through a magnesia-silica gel column using methylene 
chloride as the eluting solvent. The yellow eluate was evaporated 
to give a residue that was recrystallized twice from ether to give 
340 mg (67%) of a-(6-phenyI-2-p-quinoyl)isobutyraldehyde (6) 
as orange crystals: mp 141-142°; Xmax 291 m y  (e  4840), 314 
(5340).

Anal. Calcd for Ci6H 140 3: C, 75.57; H, 5.55. Found: C, 
75.30; H, 5.63; N, 0.0.

In the manner described above, treatment of 120 mg (0.36 
mmol) of 2,3-dihydo-5-hydroxy-3,3-dimethyl-2-(4-morpholinyl)-
6-phenylbenzofuran (3a) with 270 mg (1.0 mmol) of ferric 
chloride hexahydrate furnished 43 mg (43%) of a-(5-phenyl-2-p- 
quinoyl)isobutyraldehyde (5) as needles, mp 127-128°, after 
recrystallization from ether-hexane: Xmax 300 my (e 5970),
312 (6480).

Anal. Calcd for Ci6Hi40 3: C, 75.57; H, 5.55. Found: C, 
75.65; H, 5.42; N, 0.0.

Registry No.—3a, 16793-13-8; 3b, 16793-14-9;
4a, 16793-15-0; 4b, 16793-16-1; 5, 14348-69-7; 6, 
16793-18-3.

Preparation of A-Ring Conjugated Enones 
and the Corresponding a ,/3-Epoxy Ketones 

of 17/3-Acetoxy-5a-androstane

H. T ada and Y. K. Sawa

Shionogi Research Laboratory, Shionogi & Co., Ltd., 
Fukushimar-ku, Osaka, Japan

Received March 6, 1968

In connection with other studies, the title compounds 
were needed. While the A-ring conjugated enones 
(1-4) are already known, there were some different ob
servations between those reported by earlier authors1 
and ours during the course of preparing the enones (1, 
2, and 4). The epoxy ketones (e.g . 5, 14, 24, and 26) 
are believed to be interesting compounds for CD2a and 
biological2b studies. These compounds, except for 5, 
have not been reported to date.

OAc OAc

Reductive elimination of the la,2a-epoxy-3-one 53 
with 60% NH2NH2-H20 gave the enol 6 in 57% yield, 
which upon oxidation afforded the 2-en-l-one 1. In 
our hands, the reaction of the epoxy ketone 5 with 100% 
NH2NH2-H20 according to Djerassi, et a l . , l& who ob
tained only the enol 6 (40%), yielded a mixture of the 
enol 6 (12%) and the 2-ene-la,17|8-diol 7 (37%). Fur
thermore, the use of 95% NH2NH2-H20 lb could not 
prevent cleavage of the Cn acetoxyl group.

3

5 6, R=Ac
7, R = H

Acknowledgment.—The author is indebted to Mr. C. 
Pidacks and his staff for the partition chromatography, 
to Mr. W. Fulmor and his associates for the spectral 
data, and to Mr. L. Brancone and his group for the 
microanalyses.

(10) F o r  a  c o m p le te  d e sc r ip tio n  of th is  te ch n iq u e , a s  d ev e lo p ed  b y  M r.
C . P id a c k s  of th e se  la b o ra to rie s , see M . J . W eiss, R . E . S ch au b , G . R . A llen,
J r . ,  J .  F . P o le t to , C . P id ac k s , R . B . C onrow , a n d  C . J . C oscia , Tetrahedron,
20, 357 (1964).

Dehydrobromination of the 3a-bromo-2-one 9, de
rived from the bromohydrin 8,4 with Li2C03 alone af-

(1) (a) C . D je rass i, D . H . W illiam s, a n d  B . B erkoz , J .  Org. Chem ., 27, 
2205 (1962); (b) P . D . K lim stra  a n d  R . E . C ounsell, J .  M ed . C hem ., 8 , 48 
(1965); (c) P . D . K lim stra , U . S. P a te n t  3 ,166,578 (1965); Chem . A bstr ., 62, 
9207a (1965).

(2) (a) K . K u riy a m a , H . T a d a , Y . K . Saw a, S . l t d ,  a n d  I .  I to h ,  T etra<• 
hedron L ett., 2539 (1968); (b) D r . M iy a k e  of o u r  la b o ra to ry , u n p u b lish e d  r e 
su lts .

(3) W . M . H o eh n , J .  Org. Chem ., 23, 929 (1958).
(4) K in d ly  su p p lie d  b y  D r. K o m en o  of o u r  la b o ra to ry .



3348 N otes T h e  J o u r n a l o f  O r g a n ic  C h e m is tr y

forded a mixture of the 3-en-2-one 2 and the isomeric
4-en-2-one 12, whose separation either by column 
chromatography or by preparative tic was unsuccessful, 
but recrystallization from a large amount of ether gave 
the pure enone 2 (mp 134-136°; [a]D +105.0°). Al
though the physical values are considerably different 
from those reported (mp 87-90°; [ « ] d  + 8 °),lb the 
structure of our compound 2 is undoubtedly correct 
judging from its typical spectral properties and from the 
chemical transformations shown in Scheme I.

S c h e m e  I

-bc-N+xt
H

11
+

12

Ketalization of the dehydrobromination product (a 
mixture of 2 and 12) gave only the A4-2-ketal 11, which 
on hydrolysis afforded the 4-en-2-one 12 (mp 146-148°; 
[ a ] D  +128.3°). Dehydrobromination of the bromo 
ketal 10 with £-BuOK in DMSO and subsequent acety
lation led to the A3-2-ketal 13, which on a brief treat
ment with diluted hydrochloric acid gave the enone 2.

14, a-epoxy-
15, /3-epoxy-

Epoxidation of the enone 2 with alkaline hydrogen 
peroxide according to Hoehn3 afforded the 3a,4a-ep- 
oxy-2-one 14 (mp 184-185°; [ « ] d  +58.9°) together 
with the 3/3,4/3-epoxy-2-one 15 (mp 163-165°; [ « ] d  

+  114.9°). Configuration of the epoxy ring was con
firmed by the chemical shift of the 19-methyl group in 
the nmr spectrum. Reductive elimination of the epoxy 
ketone 14, however, gave only an intractable material.

An alternative route to the 2-en-4-one 4 via  the olefin 
17, prepared by hydroboration of testosterone 20 fol
lowed by treatment with Ac20,6 was then examined. 
Reaction of the olefin 17 with hypobromous acid either 
in dioxane6 or in DMSO gave a mixture of bromohy- 
drins, which was chromatographed to give the 3a- 
bromo-4/J-ol 19 (mp 212-213°; [ a ] D  —7.1°) and the 
4+-bromo-3a-ol 18 (mp 195-196°; [ a ] D  +2.8°). Both 
isomeric bromohydrins were characterized as the cor-

(5) C f. L . C ag lio ti, G . C ainelli, G . M a in a , a n d  A. S elva , Q azz. C him . I ta l ., 
92, 309 (1962); Tetrahedron , 20, 957 (1964).

(6) K lim s tra  a n d  C ounsell re p o r te d  iso la tio n  of on ly  o n e  b ro m o h y d rin , 19 
(m p  1 6 6 -168°; [a ]d —4 .5°), w ith o u t d esc rip tio n  of th e  y ie ld .10

responding bromo ketones 237 8 (mp 152-154°; [« ]d 
-13 1.4 °)  and 22 (mp 171-172° ; [ « ] d  -98.8°). Treat
ment of both bromo ketones 22 and 23 with Li2C03 
afforded respective enones 21 and 4. The former enone 
21 was proved to be testosterone acetate.

Epoxidation of the 2-en-l-one 1 with alkaline hy
drogen peroxide according to Julian, et al.,* afforded ,the 
2a,3a-epoxy-l-one 24 (mp 174-175°; [a]D +20.6°) 
as a major product. The epimeric 2/3,3/3-epoxy-l-one 
25 was only detected in the nmr spectrum of the residue

after separation of the a  isomer. Unexpectedly, an 
acidic component was isolated as a minor product, 
whose structure is now under study.

An analogous result was obtained for epoxidation of 
the 2-en-4-one 4. The 2a,3a-epoxy-4-one 26 (mp 122- 
124°; [<x ] d  +9.0°) was a major product and the epi
meric 2 / 3 , 3 + e p o x y - 4 - o n e  27 was only detected in the 
nmr spectrum of the residue after separation of the a  
isomer. In this case, an acidic component after esteri
fication showed many spots on tic.

Experimental Section9

17/3-Acetoxy-5a-androst-2-en-l«-ol (6).—Reductive cleavage 
of the epoxy ketone 53 with 60% NH2NH2-H20  alone, in place of

(7) I n  th e  l i te ra tu re , lb <0 m p  130-132° (h em ih y d ra te ) a n d  [a ]d —79.5° a re  
re p o rte d .

(8) P .  L . J u lia n , W . Cole, E . W . M ey er, a n d  B . M . R e g a n , J .  A m e r . 
Chem . Soc., 77, 4601 (1955).

(9) M e ltin g  p o in ts  w ere  ob serv ed  in  cap illa ries  a n d  a re  c o rre c te d . Specific
ro ta tio n s  w ere  m e asu red  in  C H C b  (c 1) w ith  P e rk in -E lm e r  p o la r im e te r , T y p e  
141. T h e  in fra re d  sp e c tra  w ere  reco rd e d  in  C H C I3 w ith  jasco D S-201 B 
sp ec tro m e te r. T h e  n m r  sp e c tra  w ere  o b ta in e d  on  a  V a rian  A -60A  s p e c tro m e 
te r  using  CDC18 so lu tio n s. T h e  chem ica l sh if ts  a re  exp ressed  in  p a r t s  p e r  
m illion  dow nfield  fro m  a  s ta n d a rd  (T M S ). T h e  O R D  a n d  C D  cu rv es  w ere  
m easured  in  M eO H  on  a  jasco M odel O R D /U V -5  eq u ip p ed  w ith  C D  
a t ta c h m e n t. D a ta  a re  p re se n te d  a s  follow s: O R D  Amax ( [$ ] ) ;  C D  Xmax
([0]).
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100% NH2NH2-H20  in i-PrOH containing AcOH,Ia yielded the 
enol 6 (57%; mp 144-153°). After recrystallization it melted 
at 154-156°, [<x]d +122.1°.

l7/3-Acetoxy-5a-androst-2-en-l-one (1).—Oxidation of the enol 
6  with Jones reagent10 gave the enone 1: mp 193-194° (from
1- PrOH); [a]D +124.5°; nmr, S 6.67 (C3-H, doublet of triplets, 
J  = 10.0 and 3.5 cps), 5.79 (C2~H, doublet of triplets, J  = 10.0 
and 1.5 cps), 1.06 (19-Me), and 0.18 ppm (18-Me); ORD 360 
(-1810) and 305 mM (+8290); CD 335 mM (-5990).

Dehydrobromination of 17/3-Acetoxy-3a-bromo-5«-androstan-
2- one (9).—A solution of the bromo ketone 9 (2.0 g) in DMF 
(20 ml) was refluxed with Li2C 03 (1.2  g) for 4 hr under nitrogen. 
Dilution with water and extraction with benzene afforded a 
halogen-free solid, which was triturated with ether to give a 
crystalline product (1.3 g; tic, two spots). Recrystallization 
from a large amoimt of ether gave l7/3-acetoxy-5a:-androst-3- 
en-2-one (2): mp 134-136°; [a]n +105.0°; ir, 1725 and 1670 
cm-1; nmr 5 6.55 (C4-H, doublet of doublets, J  = 10.0 and 2.0 
cps), 5.97 (C3-H, octet, J  = 10 .0, 3.0, and 1.0 cps), 0.89 (19-Me, 
d, J  = 1.0 cps), 0.81 ppm (18-Me); uv max (95% EtOH), 233 
mp (e 8500) and 312 (56); CD 347 (-7 6 0 ) and 294 mp (+470).

Anal. Calcd for C2iH30O3: C, 76.32; H, 9.15. Found: C, 
76.21; H, 9.11.

l7/S-Acetoxy-2,2-ethylenedioxy-5a:-androst-4-ene (11).—A mix
ture of the above mentioned dehydrobromination product (2.0 g), 
ethylene glycol (4 ml), and benzene (100 ml) containing p- 
TsOH-H20  (120 mg) was refluxed for 3 hr using a water separa
tor. The usual treatment and crystallization of a crude product 
from EtOH gave 1.48 g (65%) of the A4-2-ketal 11: mp 159-160°; 
[«]d +0.5°; nmr, 5 5.25 (C4-H, m), 1.15 (19-Me), and 0.82 
ppm (18-Me).

Anal. Calcd for C23H340 4: C, 73.76; H, 9.15. Found: C, 
73.84; H, 9.00.

l7/3-Acetoxy-5a-androst-4-en-2-one (12).—The A4-2-ketal 11 
(1.0 g) was heated with 80% aqueous AcOH (20 ml) on a boiling- 
water bath for 8 min and poured into water. A precipitate was 
filtered (0.9 g; mp 141-144°) and recrystallized from EtOH to 
give 415 mg of the enone 12: mp 146-148°; [a]D +128.3°; 
ir, 1720 cm-1; nmr, S 5.29 (C4-H, m), 1.01 (19-Me), and 0.82 
ppm (18-Me); ORD 307 ( +  6790) and 271 mp ( — 5040); CD 290 
mix (+8900).

Anal. Calcd for C21H30O3: C, 76.32; H, 9.15. Found: C, 
76.16; H, 9.12.

l7/3-Acetoxy-3a-bromo-2,2-ethylenedioxy-5a-androstane (10).
—A mixture of the bromo ketone 9 (2.0 g), ethylene glycol (3 ml), 
p-Ts0H -H 20  (970 mg), and benzene (100 ml) was refluxed for 
6 hr using- a water separator. The usual treatment and sub
sequent acetylation gave a solid, which on recrystallization from 
acetone yielded 1.8 g of the bromo ketal 10: mp 197-199°; [a]n 
+64.6°; nmr, S 4.18 ppm (C30-H, m, 1F i/2 = 5 cps).

Anal. Calcd for C23H35Br0 4: C, 60.65; H, 7.75; Br, 17.55. 
Found: C, 61.06; H, 7.84; Br, 17.73.

178-Acetoxy-2,2-ethylenedioxy-5«-androst-3-ene (13).—A solu
tion of the bromo ketal 10 (1.5 g) and i-BuOK (2.2 g) in DMSO 
(60 ml) was left at room temperature for 24 hr. Dilution with 
water and extraction with benzene gave a solid (1.16 g; tic, one 
spot), which on acetylation yielded the amorphous A3-2-ketal 13 
(1.16 g; tic, one spot): nmr, 5 5.53 (C3-H and C4-H, s, two pro
tons), 0.90 (19-Me), and 0.78 ppm (18-Me).

Hydrolysis of the A3-2-Ketal 13.—Treatment of the A3-2-ketal 
13 (563 mg) in acetone (5 ml) with 1 N  HC1 (0.5 ml) at room 
temperature for 20 min gave the enone 2 (485 mg; tic, one spot). 
After recrystallization from ether, it melted at 134-135°: [<*]d
+  104.1°.

Epoxidation of the Enone 2.—To a solution of the enone 2 
(4.6 g) in MeOH (120 ml) was added 30% H20 2 (5 ml) and 10% 
NaOH (1 ml) in MeOH (25 ml) at 0°. After 30 min at room 
temperature, a crystalline solid was filtered (2.2 g, mp 171-175°). 
The filtrate was concentrated in vacuo and a precipitate was 
separated (0.9 g, mp 155-163°). Dilution of the second filtrate 
and extraction with ether gave a solid, which on trituration with 
ether yielded the third crop (252 mg). The first two crops were 
chromatographed on silica gel (300 g). Elution with EtOAc- 
benzene (3:97) and recrystallization from EtOH gave 17/3- 
acetoxy-3a,4a-epoxy-5a-androstan-2-one (14): mp 184-185°;
[a]D +  58.9°; nmr, S 3.20 and 3.08 (C3-H and C4-H, AB quartet,

(10) K . B ow den , I .  M . H eilb ro n , E .  R . H . Jo n es , a n d  B . C . L . W eedon ,
J .  Chem. Soc., 39 (1946).

J  = 3.5 cps), 0.83 (19-Me), and 0.78 ppm (18-Me); ORD 322 
(+2450) and 282 mM (-1350); CD 303 mp (+3120).

Anal. Calcd for C2iH30O4: C, 72.80; H, 8.73. Found: C, 
72.97; H, 8.84.

The third crop was purified by preparative tic and crystallized 
from EtOH to yield l7/3-acetoxy-3/3,4/3-epoxy-5a-androstan-2- 
one (15): mp 163-165°; [c*]d +114.9°; nmr, 5 3.30 and 3.20 
(Ca-H  and C 4-H , AB quartet, /  = 4.0 cps), 1.09 (19-Me), 
and 0.78 ppm (18-Me); ORD 329 (+6580) and 286 mp (-4850); 
C D  S08 mp (+9490).

Anal. Calcd for C2iH30O4: C, C, 72.80; H, 8.73. Found: 
C, 72.81; H, 8.77.

17/J-Acetoxy-5a-androst-3-ene (17).—A solution of testosterone 
(20, 5.0 g) in diglyme (150 ml) was treated with a large excess 
of diborane for 1 hr at room temperature. Acetic anhydride 
(80 ml) was added and the mixture was refluxed for 1.5 hr (all 
operations were carried out under nitrogen). The reaction mix
ture was concentrated in vacuo, poured into water, and extracted 
with benzene. The product (6.2 g) was chromatographed on 
A120 3 (250 g), and elution with benzene gave a solid (2.9 g; 
mp 93-102°; tic, one spot), which was re crystallized twice to 
afford 1.35 g (25%) of the olefin 17: mp 117-118°; [ « ] d

+28.2° (lit.11 mp 117-118°; [<*]d  +42.0°); nmr, S 5.56 (C3-H, 
d, /  = 10 cps), 5.25 (C4-H, d, J  = 1 0  cps), and 0.79 ppm (19- 
and 18-Me).

Anal. Calcd for C21H320 2: C, 79.70; H, 10.19. Found: C, 
79.59; H, 10.28.

Reaction of the Olefin 17 with Hypobromous Acid.—To a
solution of the olefin 17 (632 mg) in dry DMSO (18 ml) was 
added water (0.1 ml) and N-bromosuccinimide (NBS) (712 
mg) with cooling under nitrogen. After stirring for 40 min 
at room temperature, the reaction mixture was diluted with 
water (120 ml) and extracted with ether to give a product (812 
mg; tic, two spots), which was chromatographed on silica gel 
(40 g). Elution with EtOAc-benzene (2:98) gave a bromohydrin 
(263 mg; 32%; mp 205-208°), which on recrystallization from 
acetone afforded l7/3-acetoxy-3a-bromo-5a-androstan-4/3-ol (19): 
mp 212-213° dec; [ a ]D  —7.1°; nmr, 5 4.35 (C3p-H, q, J  = 2.3 
cps', 3.87 (Cto-H, m, W i/2 = 5.5 cps), 1.03 (19-Me), and 0.78 
ppm (18-Me).

Anal. Calcd for C2iH33B r03: C, 61.01; H, 8.04; Br, 19.32. 
Found: C, 61.11; H, 8.09; Br, 19.56.

Further elution with EtOAc-benzene (5:95) gave another 
bromohydrin (426 mg; 52%; mp 192-194°), which on recrystal
lization from acetone afforded l7/3-acetoxy-4/3-bromo-5a-andro- 
stan-3a-ol (18): mp 195-196° dec; [«]d +2.8°; nmr, d 4.24 
(C33-H, m), 4.06 (Cto-H, m), 1.08 (19-Me), and 0.78 ppm 
(18-Me).

Anal. Calcd for C2iH33B r03: C, 61.01; H, 8.04; Br, 19.32. 
Found: C, 61.28; H, 8.10; Br, 19.53.

l7/3-Acetoxy-3a-bromo-5a-androst-4-one (23).—The bromo
hydrin 19 (1.0 g) in acetone (40 ml) was oxidized with chromic 
acid to give 987 mg of the bromo ketone 23: mp 154-156°; 
[<*]d —131.4°; nmr, 5 4.28 (C30-H, t, /  = 3 cps), 3.10 (Csa-H, 
doublet of doublets, J  = 10.8 and 4.2 cps), 0.78 (18-Me), and 
0.75 ppm (19-Me); ORD 334 ( — 1460) and 288 mp. (+1830); 
CD 309 mp (-27700).

Anal. Calcd for C2lH31B r03: C, 61.31; H, 7.60; Br, 19.42. 
Found: C, 61.15; H, 7.58; Br, 19.39.

l7/3-Acetoxy-4/3-bromo-5a-androstan-3-one (22).—Oxidation of 
the bromohydrin 18 (1.0 g) in acetone (40 ml) with Jones reagent 
yielded 968 mg of the bromo ketone 22: mp 174r-175°; [a ]D  

— 98.8°; nmr, 6 4.13 (Cto-H, m, TFi/2 = 6.5 cps), 3.10 (C2p-H, 
triplet of doublets, J  = 15.0 and 6.0 cps), 1.28 (19-Me), and 0.80 
ppm (18-Me); ORD 334 (-7480) and 285 mM (+7600); CD 
3C9 mp (-14100).

Anal. Calcd for C21H31B r03: C, 61.31; H, 7.60; Br, 19.42. 
Found: C, 61.52; H, 7.71; Br, 19.79.

l7|3-Acetoxy-5«-androst-2-en-4-one (4).—A solution of the 
bromo ketone 23 (1.56 g) in DM F (18 ml) was refluxed with Li2- 
C 03 (940 mg) for 1.5 hr under nitrogen. Dilution with water and 
extraction with ether gave a product (1.29 g; mp 181-185°), 
which on recrystallization from EtOH yielded 1.05 g (84%) of 
the enone 4: mp 187-188°; [<x]d + 9.0° (lit.lb mp 182-184°; 
[< * ] d  +7.5°); ir, 1726 and 1676 cm-1; nmr, 5 6.80 (C2-H, 
octet, J  = 10.0, 5.0, and 3.0 cps), 6.03 (C2-H, octet, J  = 10.0,

(11) J. McKenna, J. K. Norymberski, and R. D. Stubbs, ib id . , 2502
(1959).
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2.3, and 1.0 cps), 0.87 (19-Me), and 0.80 ppm (18-Me); ORD 352 
(-3250) and 297 mM (+6700); CD 331 him (-7760).

Anal. Calcd for C21H30O3: C, 76.32; H, 9.15. Found: C, 
76.06; H, 9.15.

Testosterone Acetate (21). A.—Acetylation of testosterone
20 in the usual way gave 21: mp 141-142°; [a]n +96.2°.

B.—The bromo ketone 22 (300 mg) was dehydrobrominated 
with Li2C 03 (180 mg) in DMF (4 ml) to give the enone 21 (221 
mg; mp 136—138°, mmp 138-140°; [a]i> +93.1°), whose tic 
showed a faint spot of the enone 3, besides a main spot of 21.

Epoxidation of the Enone 1.—To a solution of the enone 1 
(600 mg) in MeOH (20 ml) and CH2C12 (6 ml) was added 30% 
H20 2 (1.8 ml) and 4 N  NaOH (0.9 ml) at 0°, and the reaction 
mixture was kept in an ice chest at 3° for 48 hr. Dilution with 
water and extraction with CH2C12 gave a product (423 mg; 
mp 167-174°), which on recrystallization from EtOH afforded 
297 mg (47%) of 17+acetoxy-2a,3a-epoxy-5a-androstan-l~one 
(24): mp 177-178°; [<x] d  +20.6°; nmr, 8 3.43 (C3/s-H, m),
3.13 (C20-H, d, J  =  3.5 cps), 1.01 (19-Me), and 0.78 ppm (18- 
Me); ORD 342 (-2110) and 298 mM (+3670); CD 321 mM 
(-4080).

Anal. Calcd for C2iH30O4'. C, 72.80; H, 8.73. Found: C, 
72.41; H, 8.74.

The residue after separation of the a isomer 24 showed, in 
addition to the signals which are due to the a isomer, a doublet 
at 3.21 ppm (J = 5 cps) and a singlet at 1.22 ppm, ascribable to 
the presence of the (J isomer 25. The aqueous solution, after 
extraction of the neutral component, was acidified with dilute 
HC1, extracted with CH2C12, esterified with CH2N2, and sepa
rated by preparative tic to afford an ester (145 mg, 20%).

Epoxidation of the Enone 4.—A solution of the enone 4 (507 
mg) in CH2C12 (5 ml) and MeOH (10 ml) was treated with 30% 
H20 2 (1.5 ml) and 4 N  NaOH (0.75 ml) at 0°. Working up as 
mentioned above gave 494 mg of a neutral product, which on 
recrystallization from ether afforded 319 mg (60%) of 17+ 
acetoxy-2a,3«-epoxy-5a-androstan-4-one (26): mp 123-125°;
[<*]d  +9.0°; nmr, 8 3.50 (C20-H, m), 3.23 (Cap-H, d, J  =  3.8 
cps), 0.76 (19-Me), and 0.79 ppm (18-Me); ORD 324 (-1850), 
314 (-1620), and 280 mM (+3060); CD 307 (-2850) and 300 
mM (-3020).

Anal. Calcd for C21H30O4: C, 72.80; H, 8.73. Found: C, 
73.02; H, 8.71.

The 2/3,3+epoxy-4-one 27 was detected by the additional 
signals (multiplet a t 3.05 and singlet at 1.10 ppm) in the nmr 
spectrum of the residue after separation of the a isomer. An 
acidic component (30 mg) was isolated but resisted purification, 
even as a methyl ester as shown by a multiplicity of spots on tic.

Registry No—1, 6199-40-2; 2, 68-61-1; 4, 65-01-0;
6, 5846-70-8; 10, 16801-95-9; 11, 16801-96-0; 12,
16801-97-1; 13, 16801-98-2; 14, 16801-85-7; 15,
16801-86-8; 17, 1236-50-6; 18, 16801-88-0; 19,
2311-73-1; 21, 1045-69-8; 22, 16801-91-5; 23, 1242-
08-6; 24, 16801-93-7 ; 26, 16801-94-8.
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Crassanine, a New Oxindole Alkaloid

M. P. C a v a , Y. W a t a n a b e , K .  B e s s h o ,
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As part of an extended chemotaxonomic study of 
the genus T abernaem ontana  (Apocynaceae),1 we now

(1) F o r  th e  p rev io u s  re p o r t  in  th is  series, see M . P . C a v a , S. S. T jo a , Q. A. 
A hm ed , a n d  A . I . d aR o c h a , J .  Org. Chem ., 33 , 1055 (1968).

describe the results of a study of the alkaloids of the 
African species, Tabernaem ontana crassa  Benth.

The major alkaloid of T . crassa  proved to be the 
known ibogamine-type base, conopharyngine (1) ;2 
an amorphous base, which we were unable to completely 
purify by chromatography, was the second most abun
dant alkaloid. This latter base, which was assigned 
the structure of 20-hydroxyconopharyngine (2), was 
purified instead by a new procedure which should be 
widely applicable for the isolation of related bases.3 
Thus, the reaction of impure 2 with benzyl chlorofor- 
mate in pyridine afforded the crystalline carboben- 
zoxy ester 3, from which pure 2 was readily regenerated 
by hydrogenolysis in the presence of palladium.

The assighed structure of 2 fully agreed with its spec
tral properties. Its ultraviolet absorption spectrum 
was that of a typical 5,6-dimethoxyindole; indeed, it 
was essentially identical with that of conopharyngine 
(1). In addition, the nmr spectrum of 2 was similar to 
that of its unmethoxylated analog, heyneanine (4),4 
except that the spectrum of 2 clearly showed the pres
ence of the 5,6-dimethoxyindole system in the form of 
methoxyls at 5 3.78 and 3.86 and a pair of unsplit aro
matic protons at 6.71 and 6.83. Furthermore, the mass 
spectrum of 2 was exactly analogous to the published 
spectrum of heyneanine (4),4 except that the fragments 
from 2 containing the indole nucleus were 60 mass units 
heavier than those from 4 because of two methoxy sub
stituents on the aromatic ring.

1 , Ri = R2 = OCH3; R3 = COOCHa; R4 = H
2, Ri = R2 =  OCH3; Ra = COOCH3; R4 = OH
3, Ri = R2 =  OCH3; R3 =  COOCH3; R4 = 0 C 0 2CH2C„H5
4, Ri = R2 = H; Ra = COOCH3; R4 = OH
5, Ri = R2 = OCHa; R3 =  R4 = H
6, Ri — R2 =  OCH3; R3 — H; R4 = OH

The structure of 2 was confirmed by its chemical con
version into ibogaline (5), using the general degradative 
scheme which has been employed previously with other 
20-hydroxyibogamine-type bases.6“ 8 Thus, hydroly
sis of the ester function of 2, followed by decarboxyla
tion, yielded the amorphous 20-hydroxyibogaline (6). 
Reaction of 6 with tosyl chloride in pyridine gave the 
corresponding quaternary tosylate (7) which was 
reduced directly by lithium aluminum hydride to give 
ibogaline (5). After this work was completed, a pre
liminary report appeared on the isolation of 20- 
hydroxyconopharyngine (2) from C onopharyngia  jo l-

(2) U . R en n e r, D . A. P rin s , a n d  W . G . S to ll, Helv. C him . A cta , 42 , 1572 
(1959).

(3) T h e  conversion  of th e  am o rp h o u s  iso v o ac ris tin e  in to  i ts  c ry s ta llin e  
ca rbobenzoxy  es te r  h as  been  described  b y  S. K . M ow dood  [P h .D . D is se r ta 
tio n , T h e  O hio S ta te  U n iv e rs ity , C o lum bus, O hio , 1966],

(4) T . R . G o v in d ach ari, B . S . Jo sh i, A. K . S ak sen a , S . S . S a th e , a n d  N . 
V isw a n a th an , Tetrahedron Lett., 3873 (1965).

(5) U . R e n n e r  a n d  D . A . P rin s , E xperien tia , 15, 456 (1959).
(6) M . P . C av a , S. K . M ow dood , a n d  J .  L . B eal, Chem . I n d .  (L o n d o n ), 

2064 (1965).
(7) T . R . G ov indachari, B . S . Jo sh i, A. K . S aksena , S . S . S a th e , a n d  

N . V isw a n a th an , Chem. C om m un., 97 (1966).
(8) S. M . K u p ch an , J . M . C assad y , a n d  S. A . T e lan g , Tetrahedron L e tt., 

1251 (1966).
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ly a n a  and C. d u riss im a , and on its structure proof, 
using methods similar to those just described.9

The least abundant base isolated from T . crassa  was a 
new crystalline alkaloid, crassanine, mp 190-191°, 
which was isomeric (M+ 414) with 20-hydroxy- 
conopharyngine (2). The infrared spectrum of 
crassanine indicated the presence of two carbonyl 
groups (1739 and 1709 cm-1)- Its ultraviolet absorp
tion spectrum (see Experimental Section) was different 
from that of a 5,6-dimethoxyindole, but was very simi
lar to that of known 5,6-dimethoxyoxindole alkaloids 
such as kisantine (8).10 In addition to a carbomethoxy

(9) C . H oo te le , J .  P eeh e r, U . R en n e r, a n d  R . H . M a r tin , C him ia , 21, 133 
(1967).

(10) W . I. T a y lo r , J .  Org. Chem„  30, 309 (1965).

methyl at 5 3.47, the nmr spectrum of crassanine reveals 
two aromatic methoxyls at 5 3.83, single unsplit aro
matic protons at 6.50 and 7.01, and the low-field oxindole 
NH at 9.30. The latter values are to be compared with 
the similar corresponding values (8 3.9, 6.56, 7.1, and
9.1) recorded for kisantine (8 ).10 On this basis, cras
sanine has been assigned structure 9, which is that of an 
oxindole corresponding to the indole conopharyngine. 
At this time, no evidence is available on the configura
tion at the C-3 spiro carbon. It is interesting to note 
that a Dreiding model of either of the C-3 epimers of 9 
suggests that the carbomethoxy methyl will be some
what shielded by the aromatic ring, and the carbo
methoxy methyl of crassanine does appear, in fact, at 
the rather shielded position of 5 3.47.

The mass spectrum of crassanine (Figure 1) is in good 
accord with structure 9. In common with the corre
sponding spectrum of kisantine, 10 peaks are observed 
at M — CH8 and M — C2H5, and the fragments derived 
from the isoquinuclidine system are observed at 
m /e  12 2  and 138. Loss of the carbomethoxy function 
of 9 leads to the strong peak at m /e  355. The most 
significant pair of peaks in the spectrum of 9 are those 
at m /e  209 and 205; these correspond to fragments a and 
b, the formation of which can be easily rationalized, as 
shown in Scheme I; the origin of the peaks at m /e  150 
and 276 is also suggested in this scheme.
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Figure 2.

A number of indole alkaloids have been converted 
into their oxindole analogs.11’12 Preliminary attempts 
to adapt the procedures described in the literature to 
the transformation of conopharyngine into crassanine 
have not been successful to date. We plan to continue 
this investigation when additional supplies of cono
pharyngine can be obtained.

Experimental Section

Plant Material and Crude Tertiary Bases.—Although T. crassa 
is native to Africa rather than to the South Pacific, the material 
used in this investigation was collected near the botanical garden 
in Tahiti in December 1964, by Mr. George Uhe of the Depart
ment of Botany, University of Auckland, New Zealand. A 
voucher specimen (no. 718) has been preserved in Mr. Uhe’s 
personal herbarium. We gratefully acknowledge Mr. Uhe’s 
assistance in collecting and identifying this plant.

The dried and ground plant material (23.75 lb of bark, leaves, 
twigs, and fruit) was extracted with alcohol in the usual manner. 
The concentrated extract was refluxed for about 1 hr with ethyl 
acetate containing 5% concentrated aqueous ammonia. After 
it had cooled, the ethyl acetate was decanted, and the residue 
was reextracted until it was free of alkaloids (Mayer’s test). 
The tertiary bases were removed from the combined ethyl acetate 
extracts by extraction with 5% aqueous H2S04. The acid extract 
was washed with benzene and made basic with ammonia, and 
the alkaloids were extracted with chloroform to give 26.5 g of 
crude tertiary bases after solvent evaporation.

Separation and Characterization of the Tertiary Bases.—A 
major aliquot (21.4 g) of the crude tertiary bases was dissolved 
in chloroform (50 ml) and benzene (200 ml) was added. The 
resulting precipitate (8.0 g) was removed by filtration; it was 
not further investigated. The filtrate was shaken successively 
with the following aqueous phases to give, after the usual work
up, the weights of alkaloidal material recorded: (a) 1% NaOH, 
0.1 g; (b) pH 5 Mellvain buffer, 0.8 g; (c) pH 4 Mcllvain buffer,
2.2 g; and (d) 3.5% HC1, 9.2 g. Additional work described in 
this paper was carried out with the major 3.5% HC1 fraction; 
thin layer chromatography of the only other major fraction (pH 
4) indicated the absence of additional major constituents.

The pH 3.5 fraction (9.2 g) appeared by tic (CHCI3-CH3OH 
on silica gel H) to consist of two major constituents of similar 
Rt, and one minor constituent. The less polar compound was 
partially separated by repeated chromatography on alumina 
(neutral, grade II), the columns being eluted with benzene, 
followed by benzene-chloroform mixtures. When the pure ben
zene fractions were evaporated and crystallized from ether, they 
afforded conopharyngine (1 , 4.48 g), mp 133-136° (lit.1 mp
141-143°). This material was identical (ir and uv spectra) with 
an authentic sample kindly supplied by Dr. U. Renner (Geigy, 
A. G„ Basel).

On concentration, some of the benzene-chloroform fractions 
deposited crystals (0.070 g) of the minor base, crassanine (9). 
Crassanine crystallized from chloroform as colorless plates, mp 
190-191°. The physical data for crassanine were as follows: 
[«]%> +21.4 (c 0.013, EtOH); Xma„  mM (log e), 210 (4.37), 275 
(3.68), and 302 (3.55); r“ 0,s 1739 and 1701 cm -1; nmr, S 9.30 
(NH, singlet), 6.50 and 7.01 (aromatic singlets, 1 H each),

3.83 (aromatic OCH3, singlet, 6 H), and 3.47 (ester OCH3, sing
let, 3 H). See Figure 1 for the mass spectrum of 9. Infrared 
spectral data is given in Figure 2.

The more polar major, alkaloid was the principal constituent of 
the benzene-chloroform fractions. This material, 20-hydroxy- 
conopharyngine (2), was obtained in pure form as follows: a
sample of crude 2 (0.0988 g) was dissolved in dry pyridine (1.6 
ml) and treated with an excess of benzyl chloroformate, work-up 
in the usual manner, followed by crystallization from methanol, 
afforded 20-carbobenzoxyconopharyngine (3, 0.0396 g), mp 193°.

Anal. Calcd for C3iH36N20j: C, 67.87; H, 6.61. Found: C, 
68.14, 67.98; H, 6.92, 6.79.

Hydrogenolysis of ester 3 in methanol in the presence of 5% 
palladium-charcoal gave pure 20-hydroxyconopharyngine (2 ) as 
an amorphous glass, tic of which showed only one clear spot.

The physical data for 20-hydroxyconopharyngine were as 
follows: [a]20d -3 6 .4  (c 1.62, CHCls);Xmal,mM (log<0,226 (4.42) 
and 304 (3.93); <w,cls, 3521,1730, and 1639 cm“1; nmr, 8 6.71 and
6.83 (aromatic singlets, 1 H each), 3.86 (aromatic OCH3, 3 H), 
3.78 (aromatic OCH3, 3 H) 3.70 (ester OCH3, 3 H) 1.12 5 (CH3- 
CH(OH)-, doublet, J  = 6). The mass spectrum showed signif
icant peaks at 414 (M+), 396, 370, 369, 312, 274, 268, 255, 254, 
214, 190, 152, 140, 122, 108, and 94.

Degradation of 20-Hydroxyconopharyngine (2) to Ibogaline (5). 
—Purified base 2 (0.227 g) was hydrolyzed by heating with 20% 
KOH in methanol. After methanol was removed, the resulting 
salt was made strongly acid with aqueous HC1 and heated on the 
steam bath for 1 hr to effect decarboxylation. Basification of the 
solution afforded the amorphous 20-hydroxyibogaline (6, 0.164 
g), which was treated with tosyl chloride in pyridine. A portion 
(0.025 g) of the resulting crude quaternary tosylate (7, 0.063 g) 
was reduced with LiAlH4 in refluxing tetrahydrofuran to give, after 
work-up and crystallization, ibogaline (5, 0.003 g), mp 138-142°. 
This material was identical (mixture melting point and ir spectra) 
with material prepared from conopharyngine by hydrolysis and 
decarboxylation.2

R e g is try  N o .— 2, 16790-93-5; 3, 16790-91-3; 9, 16790- 
92-4.

3-Hydroxy- and Alkoxyaryl Derivatives 
of 1,2-Dithiolium Salts

G. A. R e y n o l d s

Research Laboratories, Eastman Kodak Company, 
Rochester, New York 14650

Received January 25, 1968

Certain 1,2-dithiolium salts have been shown to 
undergo substitution reactions at the 3 position of the 
dithiolium ring with nucleophiles such as amines, hy
drazines, and the anions of active methylene com
pounds.1

It has now been found that 3-chloro-5-phenyl- 1,2- 
dithiolium perchlorate (1) reacts with relatively un- 
reactive nucleophiles such as hydroxy- and alkoxy- 
substituted aromatic compounds to give 3-aryl-1,2-di
thiolium salts. Benzene derivatives which contain 
one hydroxy, alkoxy, or thioalkyl group fail to yield 
aryldithiolium salts when allowed to react with 1. 
However, the corresponding meta-disubstituted ben
zene derivatives readily react with 1, and naphthalene 
derivatives containing only one hydroxy group give 
aryldithiolium salts. These results are similar to many 
other substitution reactions of strong electrophiles with 
benzene and naphthalene derivatives of this type.2

(11) N . F in ch  a n d  W . I . T a y lo r , J .  A m er. Chem. Soc., 84, 3871 (1962). (1) P . S. L and ia , Chem. Rev., 68, 237 (1965).
(12) J . S havel a n d  H . Z innes, ib id ., 84, 1320 (1962). (2) C f. M . R . D e M a h e a s , B u ll. Soc. C him . F r., 1989 (1962).
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■Anal, %-

M p , °C
Yield,

%
Empirical formula 

(registry no.) C
---- -Calcd—

H N C
---- Found—

H N

180-181 60 C19H 13CIO5S2
(16915-98-3)

5 4 .2 3 .1 1 5 .2 5 3 .9 3 .1 1 4 .8

279 -2 8 0 63 C,9H13C105S2 5 4 .2 3 .1 1 5 .2 5 4 .0 3 .2 1 4 .9

230 72 Ci7H15C106S2
(16915-99-4)

4 9 .4 3 .6 1 5 .5 4 9 .6 3 .6 1 5 .3

162 38 C25H31C106S2
(16957-25-8)

5 7 .0 5 .9 1 2 .2 5 6 .7 6 .0 1 2 .1

23 9 -2 4 0 64 C,6H„C10,S2
(16916-00-0)

4 4 .8 2 .7 1 5 .8 4 4 .7 3 .0 1 5 .7

231 -2 3 2 61 C,6H„C106S2
(16916-01-1)

4 6 .9 3 .2 1 5 .6 4 7 .2 3 .6 1 5 .9

250-251 58 CisHuClOeS, 4 6 .7 2 .9 1 6 .6 4 6 .4 3 .2 1 6 .4
(16916-02-2)

In the cases in which hydroxy derivatives of benzene 
and naphthalene were employed, there is a possibility 
that 1 has reacted at either an oxygen or a carbon atom, 
as shown in eq 1 with a-naphthol. I t was demon-

strated that substitution occurs at the carbon atom to 
yield 2, since the product shows a strong absorption in 
the hydroxy region of the infrared spectrum, and treat
ment of 2 with base results in the formation of the dye 3 
(eq 2).

0

Experimental Section

3-Chloro-5-phenyl-l,2-dithiolium Perchlorate (1 ).—A mixture 
of 15 g (0.077 mol) of 5-phenyl-l,2-dithiol-3-one3 and 40 ml of 
phosphorous oxychloride was heated on the steam bath for 1 hr. 
After cooling, the mixture was diluted with two volumes of ether 
and the solid collected and washed with ether. The hygroscopic 
solid was dissolved in acetone and 5 ml of 70% perchloric acid 
was added to the solution; after chilling the solid which separated 
was collected and recrystallized from acetone to yield 18 g of 
product, mp 177-178°.

Anal. Calcd for C9H6C120 4S: C, 34.6; H, 1.9; Cl, 22.4. 
Found: C, 34.9; H, 2.1; Cl, 22.7.

The 3-aryl-l,2-dithiolium salts listed in Table I were prepared 
by the following general procedure.

A mixture of 3.1 g (0.01 mol) of 1 , 0.015 mol of the hydroxy- or 
alkoxyaryl derivative, and 25 ml of acetic acid was refluxed for 
3 hr and cooled to room temperature, and the solid was collected 
and recrystallized. Acetonitrile was a satisfactory recrystalliza
tion solvent for all of the compounds listed in Table I.

Treatment of 2 with Base.—A solution of 1 g of 2, 1 ml of 
triethylamine, and 75 ml of acetonitrile was stirred for 1 hr and 
chilled, and the dark solid was collected and re crystallized from 
acetonitrile to yield 0.6 g of 3, mp 145-146°.

Anal. Calcd for C,9H 12OS2: C, 71.2; H, 3.7; S, 20.0.
Found: C, 71.1; H, 3.5; S, 20.2.

The absorption spectrum of 3 (in acetonitrile) showed the 
following absorption maxima recorded as mji (e X 10s): 243
(19.9); 305 (15.0); 380 (3.2); 517 (26.6). The maxima re
corded for 2 were 228 (30.4); ~245 (11.4); 355 (13.5); 490 
(15.0).

Registry No.—1, 5541-12-8; 2, 16960-02-4; 3, 16915-
97-2.

3 (3) E . K lingsberg , J .  A m er. Chem . Soc.. 83 , 2937 (1961).
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The Reactions of Alkyl Acrylates and Acrylonitrile 
with Guanidine in Dimethylformamide1’2

K i i c h i r o  S u g i n o  a n d  T o r u  T a n a k a

Department of Applied Electrochemistry,
Tokyo Institute of Technology,

Ookayama, Meguro-ku, Tokyo, Japan

Received October 18, 1967

The reaction of acrylic esters or acrylonitrile with 
guanidine has not previously been reported. We have 
found that, on addition of different alkyl acrylates to a 
DMF solution of free guanidine, a basic compound 
(I') separated in almost quantitative yield. No C = C  
double bond was detected by infrared analysis or by 
the reaction of potassium permanganate or bromine 
with I'. Hydrolysis of the compound with water gave 
the guanidinium salt II', and further alkaline hydrol
ysis led to 3,3'-iminodipropionic acid.

A different compound (III) was obtained in a yield 
as high as 75% by adding acrylonitrile to a DMF 
solution of free guanidine. This product was a strongly 
basic, hygroscopic crystalline substance which absorbed 
carbon dioxide when allowed to stand in air; the ir 
spectrum showed neither CN group nor C = C  double
bond absorption. These properties suggested the 
cyclic structure III. Treatment of III with 12 N  
hydrochloric acid gave the hydrochloride IV'. The 
base IV was hydrolyzed in water to the amino acid I 
which, when treated with barium hydroxide, gave the 
monobarium salt of iminodipropionic acid. The struc
tures are consistent with the interconversion shown in 
Chart I.

For example, I' could be converted into IV ' by 
treating it with 6 N  hydrochloric acid and, by adding 
IV' to a methanolic solution of guanidine, the reaction 
could be reversed, converting IV' into I'. When the 
hydrochloride of I' was refluxed in ethanol, IV was ob
tained with the liberation of 1 mol of guanidine hydro
chloride; IV could also be reversely converted into I' 
in the same manner as described above. Also when I' 
was boiled with an equimolar amount of hydrochloric 
acid, it was converted into I ; I was converted into II' 
by boiling it with an aqueous solution of guanidine. 
Also II was converted into I with dehydration by boiling 
its aqueous solution.

Experimental Section

2-Amino-3-(3-propionic acid guanidine )-6-oxy-3,4,5,6-tetra- 
hydropyrimidine (I').—To a solution of 29.5 g (0.5 mol) of free 
guanidine in 250 ml of dimethylformamide was added 45 ml (0.5 
mol) of methyl acrylate dropwise with agitation a t 25-30° 
over 1 hr period. After 2 hr the precipitate was collected, washed 
successively with methanol and ether, and dried, yielding 52.0 
g (92%) of I': mp 247° dec (recrystallization from methanol 
gave white crystals, mp 251° dec); ultraviolet, X®° 226 m/* 
(e 15500), 262 (7160).

Anal. Calcd for C8H14N60 2: C, 42.47; H, 6.24; N, 37.14. 
Found: C, 42.51; H, 6.20; N, 37.70.

N,N-(3,3'-Dipropionic acid)guanidine (II) and Its Guani- 
donium Salt (II').—A solution of 10 g of I' in 200 ml of water was

(1) C y a n a m id e  D eriv a tiv e s . L X X V . P rev io u s  p a p e r  o f th is  series: 
L X X IV , K . O do, et a l., Y u k i  Gosei K egaku  K y o k a i S h i,  25, 1048 (1967).

(2) P re s e n te d  a t  th e  2 0 th  A n n u a l M eetin g  of th e  C h em ica l S o c ie ty  of
J a p a n , T o k y o , M arch  3 1 -A p ril 4, 1967.

boiled for 2 hr and the resulting solution was evaporated to dry
ness at reduced pressure. The syrup formed was crystallized by 
the addition of 50 ml of isopropanol. The crystals were col
lected, washed with ether, and dried, yielding 10.7 g of I I ' (93%), 
mp 167-170° (recrystallization from methanol-2-propanol 
mixture raised the melting point to 176°).

Anal. Calcd for C8Hi8N60 4: C, 36.64; H, 6.92; N, 32.05. 
Found: C, 36.93; H, 6.95; N, 32.30.

Removal of guanidine from I I ' with an equimolar amount of 6 
A hydrochloric acid gave II  in a yield of 89%, mp 175-176° (pi- 
crate, mp 178-180°). No ultraviolet absorption appeared.

Anal. Calcd for C,H13N30 4: C, 41.38; H, 6.45; N, 20.68. 
Found: C, 41.90; H, 6.70; N, 20.50.

3.4.6.7.8.9- Hexahydro-2H-pyrimido [1,2-a] pyrimidine-2,8-di- 
imine (III).—To a solution of 5.9 g (0.1 mol) of free guanidine 
in 20 ml of dimethylformamide was added 14 ml (0.2 mol) of 
acrylonitrile dropwise with agitation at 5-10° over a 0.5 hr 
period. After 3 hr the precipitate was collected, washed with 
2-propanol, and dried in a vacuum desiccater provided with 
sodium hydroxide, yielding 12.7 g (76%) of III , mp 140-143°. 
I t  was easily converted into carbonate by absorption of carbon 
dioxide from air. The carbonate decomposed at 209-210°.

Anal. Calcd for C,H„N6-7 2H2C 03: C, 45.69; H, 6.13; 
N, 35.49. Found: C, 45.58; H, 6.53; N, 35.47.

3.4.6.7.8.9- Hexahydro-2H-pyrimido [1,2-a] pyrimidine-2,8-di- 
one (IV) and Its Hydrochloride (IV').—III  (1.7 g, 0.01 mol) 
was dissolved in 5 ml of 12 N  hydrochloric acid and allowed to 
stand overnight. The solution was diluted with ethanol to ob
tain white crystals of IV', yielding 1.1 g (54%), mp 290-292° 
dec (recrystallization from aqueous ethanol raised the decom
position point to 299-303°).

Anal. Calcd for C,H9N30 2HC1: C, 41.29; H, 4.95; N, 
20.64; Cl, 17.41. Found: 41.30; H, 5.14; N, 20.47; Cl, 
17.42.

Removal of hydrochloric acid from IV ' with an equimolar 
amount of sodium methoxide in methanol gave IV in a yield of 
95%: mp 229° after recrystallization; ultraviolet, X®° 226 
mM (<• 26100), 262 (6210); picrate, dp 234-238°.

Anal. Calcd for C7H9N30 2: C, 50.29; H, 5.43; N, 25.14. 
Found: C, 50.12; H, 5.46; N, 24.96.

2-Amino-3-(3-prioponic acid)-6-oxy-3,4,5,6-tetrahydropyrimi- 
dine Monohydrate (I).—A solution of 1.7 g of IV in 30 ml of water 
was boiled for 3 hr and then evaporated to dryness, yielding 1.8 g 
(90%) of I: mp 18-3186° (recrystallization from water raised
the melting point to 190°); ultraviolet, X®° 220 my (e 6770); 
picrate, dp 204-205°.

Anal. Calcd for C7HnN30 3.H 20 : C, 41.38; H, 6.45; N, 
20.68. Found: C, 41.47; H, 6.74; N, 20.64.

Hydrolyses of II and I with Barium Hydroxide Formation of 
Monoammonium Salt of 3,3'-Iminodipropionic Acid. A.—To
a solution of 4.0 g (0.02 mol) of II  in 200 ml of water was added
19.0 g (0.06 mol) of barium hydroxide octahydrate and the 
solution was boiled for 24 hr. During the reaction, the ammonia 
evolved was caught by a trap containing hydrochloric acid and 
determined by titration to be 95% of the theoretical. After the 
precipitate (BaC03) was filtered off and washed with hot water, 
the combined filtrate was saturated with carbon dioxide and the 
resulting barium carbonate precipitate was again filtered off and 
washed with hot water. The second combined filtrate was then 
evaporated at reduced pressure to obtain a syrup which could be 
crystallized by treating it with ethanol, yielding 4.3 g (91%) of 
monobarium salt of 3,3'-iminodipropionic acid. An aqueous 
solution of the crude monobarium salt was treated with an equiva
lent amount of ammonium sulfate, the precipitate (BaS04) was 
filtered off, and the filtrate was again evaporated at reduced pres
sure to a 50% concentration and diluted with methanol to obtain
2.5 g (70%) of monoammonium salt of 3,3'-iminodipropionic 
acid which melted at 172-176° after recrystallization from 
aqueous methanol.

Anal. Calcd for C6Hi4N20 4: C, 40.44; H, 7.92; N, 15.72. 
Found: C, 40.19; H, 7.85; N, 15.64.

A mixture melting point with an authentic sample3 showed no 
depression.

B.—To a solution of 3.5 g of I in 200 ml of water was added
19.0 g of barium hydroxide octahydrate and the mixture was 
boiled for 27 hr. After the reaction, the resulting mixture was

(3) Prepared by the procedure of J. H. Ford, J .  A m e r .  C h em . S o c ., 67, 876
(1945).
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Chart I
NH2<jjNH2 +  CH2—CHCOOR NH2CNH2 +  CH2=CHCN

NH NH

worked up the same as in the above experiment to obtain 2.2 g 
(71%) of monoammonium salt of 3,3'-iminodipropionic acid.

Conversion of I ' into IV '.—A solution of 11.3 g (0.05 mol) of 
I '  dissolved in 17 ml of 6 N  hydrochloric acid (0.1 mol) was al
lowed to stand for 3 hr to obtain 8.3 g (82%) of IV ' which melted 
at 299-303° dec after purification.

Conversion of the Hydrochloride of I ' into IV.—A solution of
4.0 g of the hydrochloride of I '  (prepared in ethanol) in 200 ml of 
ethanol was refluxed for 3 hr and concentrated at reduced pressure 
to obtain 1.6 g (63%) of IV which melted at 229° after recrys
tallization.

Conversion of IV and IV' into I '.—To a solution of 0.6 g (0.01 
mol) of free guanidine in 50 ml of methanol was added 1.7 g 
(0.01 mol) of IV [or 1.0 g (0.005 mol) of IV'] dissolved in 200 
ml of methanol and the solution was allowed to stand for 3 hr at 
room temperature to obtain 2.1 g (93%) [or 0.9 g (80%)] of 
I '  which melted at 250° dec after purification.

Conversion of I '  into I.—A solution of 11.3 g (0.05 mol) of I ' 
dissolved in 100 ml of water containing 8.5 ml of 6 A hydrochloric 
acid (0.05 mol) was boiled for 3 hr and concentrated at reduced 
pressure to obtain 6.9 g (68%) of I which melted at 190° after 
recrystallization.

Conversion of I into II '.—To a solution of 0.6 g (0.01 mol) of 
free guanidine in 10 ml of water was added 2.0 g (0.01 mol) of 
I and the solution was boiled for 1 hr. The resulting solution 
was worked up the same as in the preparation of I I ' from I ':  
yield 2.4 g (92%); mp 176° after recrystallization.

Conversion of II into I.—A solution of 2.0 g of I I  in 50 ml of 
water was boiled for 3 hr and evaporated to dryness to obtain
1.8 g (90%) of I  which melted at 190° after recrystallization.

Registry No.—I, 16675-75-5; I picrate, 16675-76-6; 
I', 16675-77-7; II, 16675-32-4; II picrate, 16675-78-8; 
II', 16675-79-9; III, 16675-80-2; IV, 16675-81-3; 
IV picrate, 16675-82-4; IV', 16675-31-3; monoam
monium salt of 3,3'-iminodipropionic acid, 16675-33-5; 
acrylonitrile, 107-13-1; guanidine, 113-00-8; dimethyl- 
formamide, 68-12-2.

Acknowledgment.—This investigation was promoted 
by a grant from Nippon (Japan) Carbide Industries, 
Inc., for which the authors wish to express their deep 
appreciation. The authors also wish to thank Pro
fessor Masaki Ohta of the same institute for his helpful 
discussions. Our thanks are also extended to the 
staff of the microanalytical services in the Laboratory 
of Organic Chemistry of this institute for the micro- 
analyses.

Cyclizations of Substituted 
N-(Purin-6-yl)-2-aminoethanol System1

E. P. L ira

Growth Sciences Center,
International Minerals and Chemical Corporation, 

Libertyville, Illinois 60048

Received February 15, 1968

The current interest2-6 in the internal cyclization of 
suitably substituted 6-aminopurine derivatives (la, lb,

(1) P re se n te d  in  p a r t  a t  th e  2 n d  A n n u a l G re a t L a k es  R eg io n a l M ee tin g  
of th e  A m erican  C hem ica l S ocie ty , M ilw aukee, W is., J u n e  1968.

(2) N . J .  L e o n a rd , S . A ch m a to w icz , R . N . L o ep p lsy , K . L . C a rra w a y , 
W . A. H . G rim m , A . S zw eykow ska , H . Q . H am z i, a n d  F . Skoog , P roc. N a tl. 
A ca d . S c i. U. S . t 56, 709 (1966).

(3) K . L . C a rra w a y , D isserta tion  A bstr ., B , 27  (11), 3846B  (1967).
(4) (a) T . P . J o h n s to n , A. L . F ik es , a n d  J .  A. M o n tg o m e ry , J .  Org. Chem ., 

27 , 973 (1962); (b) C . T em ple , C . L . K u ssn e r, a n d  J .  A . M o n tg o m e ry , ib id ., 
30, 3601 (1965).

(5) S. H . B u rs te in  a n d  H . J .  R ingo ld , C an. J .  C hem ., 40, 561 (1962).
(6) R . H . H a ll, M . J . R o b in s , L . S ta su ik , a n d  R . T h e d fo rd , J .  A m e r . 

Chem . Soc., 88 , 2614 (1966).
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Ic) encouraged us to report our findings in this area. 
Compounds Id-h were used to determine if the direction 
of cyclization of I could be modified by changing the 
electrophilic center and the electron density at the 
nucleophilic center (Scheme I). The pendent alcohol 
function was varied from primary, Id, to secondary, If, 
to benzylic secondary, Ig, with the expectation of 
changing the relative rate of reaction7 and the nature of 
the attacking electrophile.7 The purine ring system, 
especially ring A, was made less electronegative by the 
introduction of a chlorine atom at the 2 position.8 This 
can be seen from the pK & values of alcohols Id (3.80) 
and Ie (1,82).

S c h e m e  I

R'

a, R = R ' = R "  = R " ' =  H; n  =  1
b, R = HOCH2CH2; R ' = R "  =  R '"  = H: n = 1
c, R = CH3CH2; R ' = R "  = R '"  =  H; n =  1
d, R  = R "  = R '"  = H; R ' = CH3CH2; n  =  2
e, R = R "  = H; R ' = CH3CH2; R '"  = Cl; n = 1
f, R = R ' = R '"  = H; R "  = CH3; n = 2
g, R = R ' = R '"  = H; R "  =  CsH5; n = 2
h, R = R ' =  H; R " = C6H5; R " ' =  Cl; n =  1

Alcohols Id-h were prepared from 6-chloropurine
(IV) and 2,6-dichloropurine (V) in fair to good yields 
according to standard techniques available in the lit
erature.9-12 The displacement of the 6-chloro group 
in V in preference to the 2-chloro group was anticipated 
on the basis of their known relative reactivities.8 10 11 12’13

When primary alcohols Id and Ie and secondary 
benzylic alcohols Ig and Ih were treated with thionyl 
chloride under the described conditions (see Experi
mental Section), the only products isolated were 8-ethyl-
7,8 - dihydro - 9H-imidazo [2,1-i Jpurine dihydrochloride 
(lid), 5-chloro-8-ethyl-7,8-dihydro-9H-imidazo [2,1-f ]- 
purine hydrochloride (He), 7-phenyl-7,8-dihydro-9H- 
imidazo[2,1-f Jpurine dihydrochloride (Ilg), and 5- 
chloro-7 - phenyl - 7,8- dihydro-9H -imidazo [2,1 - fjpurine 
hydrochloride (Ilh). The conversion of Ilh into Ilg

(7) E . S. G ou ld , “ M ech an ism  a n d  S tru c tu re  in  O rgan ic  C h e m is try ,” 
H e n ry  H o lt  a n d  C o ., N ew  Y ork , N . Y ., 1959, p p  272-286 .

(8) G . B . B a rlin  a n d  N . B . C h a p m a n , J .  Chem . Soc., 3017 (1965).
(9) D . N . W a rd , J .  W ad e , E . F . W a lb o rg , a n d  T .  S .  O sdene, J .  Org. C hem ., 

26, 5000 (1961).
(10) H . L e t tr e  a n d  H . Bollw eg, A n n . Chem ., 171, 633 (1960).
(11) M . W . B ullock , J .  J .  H a n d , a n d  R . H . H a ll, U . S. P a te n t  3 ,041 ,340  

(1962).
(12) D . S. A cker, U . S. P a te n t  2 ,844,577 (1958).
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via  hydrogenolysis proved that the direction of cycliza
tion was the same and substantiated the displace
ment of the 6-chloro group. Although the conver
sion of He into lid was not attempted, the similar
ities in physical properties indicated that they had cy- 
clized in the same direction. The ultraviolet absorption 
correlation of Leonard, et a l . ,u  and the dissociation 
constants3’6’16’16 of all the products are consistent with 
cyclization occurring at N-l.

The reaction of N-(purin-6-yl)-l-amino-2-propanol 
(If) with thionyl chloride was studied at 79, 50, 25, and 
— 70°. The only product isolated from the high-tem
perature reaction was 7-methyl-7,8-dihydro-9H-im- 
idazo[2,l-i]purine dihydrochloride (Ilf). The spectral 
and paper chromatographic data of the isolated crude 
solids from the other reactions indicated that Ilf was 
the major product.

Our results indicate that the direction of cyclization 
is not dependent upon temperature, nature of the elec
trophile, or the basicity of the nucleophile. These re
sults can be rationalized on the basis of (1) the much 
greater nucleophilicity of N-l compared with N-7, (2) 
the greater probability of forming a five-membered 
heterocyclic ring,17’18 or (3) a combination of these 
effects.

Experimental Section18

N-(Purin-6-yl)-2-aminobutanol (Id).—To a 500-ml, one
necked, round-bottom flask equipped with a condenser were 
added 6-chloropurine (30 g, 0.195 mol), 2-amino-l-butanol (34.5 
g, 0.39 mol, 36.8 ml), and water (200 ml). The mixture was 
heated at reflux temperature for 3 hr and then reduced under 
vacuum to a dark, viscous liquid. The oily liquid was triturated 
with water (170 ml) to yield crude Id (22.2 g, 55%), mp 198- 
201°. Crystallization from water after decolorization with 
charcoal gave pure Id (17.9 g, 45%), mp 165-167°. The tritura
tion filtrate was decolorized with charcoal and reduced in volume 
to give solids which were crystallized from water to yield pure Id 
(2.2 g, 5.5%), mp 200.5-204°. Mixture melting points of the 
low- and high-melting forms (50:50 and 90:10 ratios) were 199-
204.5 and 200-203°, respectively. The infrared spectra were 
identical.

An analytical sample, mp 203-206°, was prepared from water 
from a mixture of the two forms and had the following properties: 
pK a 3.80, 10.0; ir (KBr), 3.0, 3.2, 9.2, and 9.7 u; uv max (H20 , 
pH 1.0) 273.5 mM («17,050), (pH 10) 273.0 (15,850).

(14) N . J . L eo n ard , K . L . C a rra w a y , a n d  J . P . H elgeson , J .  Helerocycl. 
Chem ., 2 , 291 (1965).

(15) N . J .  L e o n a rd  a n d  J . A. D ey ru p , J .  A m er. Chem . Soc., 84, 2148 
(1962).

(16) N . J .  L e o n a rd  a n d  T . T u jii, Proc. N a tl. A cad . Sci. XJ. S ., 81, 73 
(1964).

(17) F . G . B ordw ell, “ O rgan ic  C h e m is try ,”  T h e  M acm illan  C o., N ew  
Y o rk , N . Y ., 1963, p p  634r-639.

(18) P . J .  F lo ry , “ P rin c ip les  of P o ly m e r C h e m is try ,” C o rn e ll U n iv e rs ity  
P ress , I th a c a , N . Y ., 1953, p p  95-103 .

(19) T h e  m e ltin g  p o in ts  w ere  d e te rm in e d  w ith  a  F ish e r-Jo h n s  m e ltin g  
p o in t a p p a ra tu s  o r  a  T h o m a s -H o o v e r  ca p illa ry  m e ltin g  p o in t a p p a ra tu s  a n d  
a re  co rrec ted . T h e  m icro an a ly se s  w ere  p e rfo rm e d  b y  M ic ro -T ech  L a b o ra 
to ries , In c ., S kokie, III., o r  b y  o u r  a n a ly tic a l d e p a rtm e n t . T h e  in f ra re d  sp ec
t r a  w ere  d e te rm in e d  on  e i th e r  a  P e rk in -E lm e r  In f ra c o rd  o r  a  P e rk in -E lm e r  
M odel 521 sp e c tro p h o to m e te r . T h e  u ltra v io le t  s p e c tra  w ere  d e te rm in e d  in  
aq u e o u s  so lu tio n s  u s ing  a  B ec k m an  D K -2 A  ra t io  reco rd in g  s p e c tro p h o to m e 
te r . T h e  n u c lea r m a g n e tic  reso n an ce  sp e c tra  w ere  d e te rm in e d  in  d e u te r iu m  
ox ide w ith  te tra m e th y ls ila n e  a s  a n  ex te rn a l s ta n d a rd  a t  60 M c /s e c  on  a  
V a rian  A ssocia tes A -60 s p e c tro m e te r  a t  S im on  R e se a rc h  L a b o ra to ry , E lg in , 
111., b y  D r . W . S im on . p iT a v a lu e s  w ere  o b ta in e d  sp ec tro sc o p ic a lly  b y  ou r 
a n a ly tic a l d e p a rtm e n t . C h ro m a to g ra m s  w ere  d ev e lo p ed  b y  th e  a scen d in g  
te c h n iq u e  w ith  W h a tm a n  N o . 1 p a p e r. T h e  s o lv e n t sy s te m s  em p lo y ed  w ere 
A, n -b u ty l a lc o h o l-a c e tic  a c id -w a te r  ( 4 :1 :1 ) ;  B , is o p ro p y l a lc o h o l-a c e tio  
a c id -w a te r  (6 9 :1 :3 0 )  ; C , d im e th y la c e ta m id e -c o n c e n tra te d  am m o n iu m  h y 
d ro x id e - iso p ro p y l a lco h o l (2 5 :1 0 :6 5 ) ;  a n d  D , 5 %  a q u e o u s  a m m o n iu m  su l
fa te - is o p ro p y l a lco h o l (9 5 :5 ) .
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Anal. Calcd for C9HI3N50 : C, 51.8; H, 6.31; N, 33.6. 
Found: C, 51.8; H, 6.31; N, 33.4.

N-(2-Chloropurin-6-yl)-2-aminobutanol (Ie).—The general pro
cedure followed in preparation of Id was used. Crude Ie (25.8 
g, 100%), mp 194.5-196.5°, prepared from 2,6-dichloropurine 
(19.5 g, 0.104 mol), was dissolved in hot aqueous sodium hy
droxide, decolorized with charcoal, and acidified to pH 6, and the 
precipitated solids, after cooling, were isolated to yield pure Ie 
(22 g, 85%), mp 210-212°. An analytical sample, mp 217- 
218.5°, was prepared by this same base-acid cycle and had the 
following properties: pK a 1.82, 9.35; ir (KBr), 2.9 (OH), 3.0 
(N-H), 7.3 (CH3), and 9.6 /u; uv max (H20 , pH 1) 277.5 m î 
(e 15,750), (pH 10) 277.5 (16,200).

Anal. Calcd for C9HI2C1N50 : C, 44.75; H, 5.01; N, 29.00; 
Cl, 14.7. Found: C, 44.70; H, 5.31; N, 29.00; Cl, 14.5.

N-(Purin-6-yl)-2-amino-l-phenylethanol (Ig).—To a 500-ml, 
one-necked, round-bottom flask equipped with condenser was 
added 6-chloropurine (10.3 g, 0.066 mol), 2-amino-l-phenyl- 
ethanol (9.0 g, 0.066 mol), sodium carbonate (3.5 g, 0.033 mol), 
sodium hydroxide (1 pellet), and water (120 ml). The mixture 
was heated at reflux for 3 hr and then cooled overnight. The 
precipitated white solids were isolated, washed with water, and 
dried to yield Ig (12.1 g, 72%), mp 254^255°. The filtrate was 
heated for an additional 2 hr to yield impure Ig (1.8 g, 10.7%), 
mp 255.5-260°. An analytical sample, mp 256-257°, was pre
pared by crystallization from isopropyl alcohol and had the fol
lowing spectral properties: ir (KBr), 2.95 (OH), 9.1, 9.4, 9.7,
13.1, and 14.3 n', u v  max (H20 , pH 1.0) 275.0 h im  (e  17,600), 
(pH 10)271.0(17,300).

Anal. Calcd for ChHuNsO: C, 61.16; H, 5.13; N, 27.4. 
Found: C, 61.30; H, 5.36; N, 27.2.

N-(2-Chloropurin-6-yl)-2-amino-l-phenylethanol (Ih).—The
general procedure followed in preparation of Ig was used. Crude 
Ih (20.1 g, 88%), mp 240-247°, prepared from 2,6-dichloro- 
purine (15.0 g, 0.079 mol), on crystallization from a concen
trated isopropyl alcohol solution afforded a higher melting form, 
mp 249-252°, while crystallization from a dilute isopropyl alcohol 
solution gave a lower melting form, mp 235-238°. Paper chro
matography of the two forms in solvent systems A, B, and C 
and their infrared spectra showed them to be identical. The 
analytical sample, mp 235-238°, had the following spectral prop
erties: ir (KBr), 3.1, 3.3, 9.2, 9.4, 9.7, 13.2, and 14.2 n; u v  max 
(H20 , pH 1) 276.5 mM (« 16,250), (pH 10) 271.0 (17,520).

Anal. Calcd for C13HI2C1N60 : C, 53.89; H, 4.18; N , 24.2; 
Cl, 12.2. Found: C, 53.78; H, 3.97; N, 24.0; Cl, 12.2.

N-(Purin-6-yl)-l-amino-2-propanoI (If).—The general proce
dure followed in preparation of alcohol Ig was used. Crude If 
(18.2 g, 41.5%), mp 214.5-219.5°, prepared from 6-chloropurine 
(35 g, 0.228 mol) and l-amino-2-propanol (17.2 g, 0.23 mol), on 
crystallization from water gave pure If (16.6 g, 38%), mp 232.5- 
235.5°. Further fractionation of the filtrates afforded additional 
If (18.1 g, 41.0%), mp 232.5-235.5°, which had the following 
spectral properties: ir (KBr), 3.2, 7.25 (CH3), and 9.3 uvmax 
(HjO, pH 1 ) 272.5 mM (e 15,950), (pH 10 ) 273.5 (17,000). 
Nuclear magnetic resonance spectrum of If dissolved in deuterium 
oxide and treated with anhydrous hydrogen chloride showed the 
following peaks: 8 8.50 (s, 1, aromatic CH), 8.44 (s, 1, aromatic 
CH), 4.19 (m, 1, CH2CH), 3.77 (m, 2, N-CH2), and 1.30 ppm 
(d, 3, J  = 6 Hz, CH-CHs).

Anal. Calcd for CsHuNsO: C, 49.73; H, 5.75; N, 36.2. 
Found: C, 49.70; H, 5.79; N, 36.2.

The alcohols were thoroughly dried at 90° under vacuum before 
use. The apparatus was flame dried, and all reactions were 
conducted under an atmosphere of dry nitrogen.

8-Ethyl-7,8-dihydro-9H-imidazo [2,1-7] purine Dihydrochloride 
(lid).—To a 1-1., three-necked, round-bottom flask equipped 
with stirrer, reflux condenser with drying tube, gas inlet tube, and 
thermometer was added thionyl chloride (250 ml). Then alcohol 
Id (10.3 g, 0.05 mol) was added slowly to the rapidly agitated 
liquid, and a slight evolution of gas was noticed. The resulting 
mixture was heated at reflux for 18 hr, cooled in an ice bath, and 
then diluted with sodium-dried benzene (400 ml). The solids 
were isolated by filtration, washed with benzene, and dried to 
yield crude l id  (12.3 g, 95%), mp 258-262°. A portion (6 g) 
of the crude product was slurried in absolute ethanol (100 ml) 
and treated with anhydrous hydrogen chloride to yield pure l i d : 
mp 259-262°; pK a 7.2; ir (KBr), 3.2-4.8 (HC1 salt), 6.2, 6.7,
7.1, 7.35 (CH3), 10.7, 12.8 m ; u v  max (H20  pH 1) 262 van (« 
13,980), (pH 7) 265 (13,050), (pH 10) 273 (15,620) and 281 
(14,200); nmr (D20), 8 8.58 (s, 1, aromatic ring CH), 8.50 (s,

1, a ro m a tic  r in g  C H ) , 4 .9 0 -4 .3 0  (m , 3 , r in g  C H  a n d  C H 2), 1 .80  
(m , 2 , J  =  7 H z , C H 2C H 3), a n d  0 .9 8  p p m  ( t ,  3 ,  T — 7 H z , 
C H 2C H 3). P a p e r  c h ro m a to g ra p h y  in  so lv e n t sy s te m  A  show ed  
o n ly  one  p ro d u c t.

A n a l.  C a lcd  fo r C 9H h N 5-2H C 1: C , 4 1 .2 ; H , 5 .0 0 ; N ,  2 6 .7 . 
F o u n d :  C , 4 1 .4 ; H ,  5 .0 8 ; N ,  2 6 .8 .

5-Chloro-8-ethyl-7,8-dihydro-9H-imidazo[2,1 -f]purine Hydro
chloride (He).— T h e  g en era l p ro c e d u re  fo llow ed  in  p re p a ra tio n  
of l i d  w as u se d . C ru d e  H e  (9 .8  g , 9 1 % ), m p  > 3 6 0 ° ,  p re p a re d  
fro m  ch loro  a lcoho l I e  (10 g, 0 .042  m o l)  a t  4 0 ° , w as hom o g en eo u s 
a s  in d ic a te d  b y  p a p e r  c h ro m a to g ra p h y  in  so lv e n t sy s te m  A . A n  
a n a ly tic a l  sam p le  w as p re p a re d  b y  re c ry s ta ll iz a tio n  fro m  m e th 
an o l: p K a 6 .7 ; ir  (K B r) ,  6 .3 , 6 .7 , 6 .8 , 7 .0 , 10 .5 , a n d  13.0  n> 
u v  m a x  (H 20 ,  p H  1) 265 him (e 1 3 ,6 7 0 ), (p H  7) 272 (11 ,400), 
(p H  10) 272 .5  (1 5 ,370) a n d  281 .5  (1 4 ,3 7 0 ); n m r  (D 20 ) ,  8 8 .63 
(s, 1, a ro m a tic  C H ) ,  5 .2 8 -4 .7 0  (m , 3, r in g  C H  a n d  C H 2), 2 .16  
(m , 2 ,J  =  7 H z , C H 2C H 3), a n d  1.33 ( t ,  3 , T =  7 H z , C H 2C H 3).

A n a l.  C a lcd  fo r C 9H 10C1N 5-H C 1: C , 4 1 .5 5 ; H ,  4 .2 6 ; N , 
2 6 .9 ; C l" ,  13 .6 . F o u n d : C , 4 1 .8 4 ; H ,  4 .2 8 ; N , 2 6 .5 ; 0 1 “ ,
13 .5 .

7-Phenyl-7,8-dihydro-9H-imidazo [2 , \ - i \  purine Dihydrochlo
ride ( I lg ) .— T h e  g en era l p ro c e d u re  fo llow ed  in  p r e p a ra tio n  o f l i d  
w as u se d . C ru d e  I l g  (4 .4  g, 8 5 % ) ,  p re p a re d  fro m  a lcoho l I g  
(4 .0  g , 0 .016 m o l) a t  4 0 ° , w as s lu rr ie d  in  e th a n o l a n d  t r e a te d  w ith  
a n h y d ro u s  h y d ro g e n  c h lo rid e  to  y ie ld  p u re  I l g ,  m p  175° dec. 
P a p e r  c h ro m a to g ra p h y  in  so lv e n t sy s te m s  A , B , C , a n d  D  in d i
c a te d  o n e  c o m p o n e n t: p K a 6 .7 ; ir  (K B r) ,  3 .3 -4 .6  (HC1 sa lt) ,
6 .3 , 6 .7 , 7 .1 , 10 .7 , 11 .7 , 13 .0 , a n d  14.3  n', u v  m a x  (H20  pH 1) 
262 m M (e 13 ,650), (pH 7) 2 67 .5  (1 2 ,1 0 0 ), (pH 10) 2 7 2 .5  (1 2 ,8 0 0 ) 
a n d  (1 N  N a O H ) 2 8 1 .0 ; n m r  (D 20 ) ,  8 8 .4 4  (s, 1, a ro m a tic  C H ) ,
8 .13  (s, 1, a ro m a tic  C H ) ,  7 .41  (s, 5, p h e n y l C H ) , 6 .1 9  (q u a d ru 
p le t ,  1, Tab =  8 H z , J ac =  11 H z , C 6H 5C H - C H 2), 4 .61 [d, 1, 
Tea =  11 H z, Job =  11 H z , C 6H 5C H -C (H ) ] ,  a n d  4 .1 5 p p m  [q u a d ru 
p le t ,  1, J ba =  8 H z , Tbc =  11 H z , C 6H 6C H - ( H ) C H ] .

A n a l .  C a lcd  fo r C i3H „ N 6-2 H C l: C , 5 0 .3 3 ; H , 4 .23 ; N , 
2 2 .6 ; C l, 2 2 .9 . F o u n d : C , 5 0 .44 ; H , 4 .5 1 ; N ,  2 2 .6 ; C l, 2 2 .8 .

5-Chloro-7-phenyl-7,8-dihydro-9H-imidazo[2 , 1 -z]purine hydro
chloride (Ilh).— T h e  g en era l p ro c e d u re  fo llow ed  in  p re p a ra tio n  
of l i d  w as u se d . P u re  I l h  (4 .8  g , 1 0 0 % ), m p  > 3 1 0 ° , p re p a re d  
fro m  chloro  a lcohol I h  (4 .6  g, 0 .016 m o l) a t  4 0 ° , w as hom ogeneous 
as in d ic a te d  b y  p a p e r  c h ro m a to g ra p h y  in  so lv e n t sy s te m s B  a n d  
C : ir  (K B r) , 6 .7 , 7 .5 , 10 .5 , 13 .1 , a n d  14.3 n', u v  m ax  (H 20  p H  
1) 266 ium (e 1 2 ,540), (p H  7 ) 2 71 .5  (1 0 ,9 0 0 ), (p H  10) 273.5  
(12 ,780) a n d  2 8 1 .5  (1 2 ,3 8 0 ); n m r  (D 20 ) ,  8 8 .3 4  (s, 1, a ro m a tic  
C H ) ,  7 .3 6  (s, 5, p h e n y l C H ) , 6 .2 2  (q u a d ru p le t,  1, Tab =  5 H z , 
Tac =  11 H z , C 6H 5C H - C H 2), 4 .6 5 -5 .2 0  (m ), a n d  4 .0 8  [q u a d ru 
p le t ,  T ba =  5 H z , Tbc =  11 H z , C 6H 6C H - ( H ) C H ] .

A n a l.  C a lcd  fo r C i3H 10C1N5-H C 1: C , 50 .66 ; H ,  3 .6 1 ; N ,
2 2 .7 . F o u n d : C , 5 0 .4 5 ; H , 3 .8 4 ; N ,  2 2 .5 .

Hydrogenolysis of I l h .— A  so lu tio n  of I l h  (1 g , 3 .25  m m o l)  in  
w a te r  (150 m l)  w as p re p a re d ;  th e n  1 0 %  P d - C  (0 .35  g) w as a d d e d ; 
a n d  th e  m ix tu re  w as t r e a te d  w ith  h y d ro g e n  (20 p s i)  a t  ro o m  te m 
p e ra tu re  w ith  sh a k in g . T h e o re tic a l h y d ro g e n  u p ta k e  w as com 
p le te d  in  2 h r .  T h e  c a ta ly s t  w as re m o v e d  a n d  p a p e r  c h ro 
m a to g ra p h y  of th e  f i l t ra te ,  I l g  a n d  I l h ,  in  so lv e n t sy s te m s  B  an d  
D  show ed th e  m a jo r  p ro d u c t  to  b e  I l g  w ith  sm a ll q u a n t i ty  of I l h .  
T h e  f i l t ra te  w as red u ce d  to  d ry n e ss  a n d  th e  d ry  so lid  c o n ta in ed  I l g  
(8 0 % ) a n d  I l h  (2 0 % ) a s  in d ic a te d  b y  n u c le a r  m a g n e tic  re so n an ce  
h y d ro g e n  in te g ra l a n a ly s is . T h e  u l tra v io le t  sp e c tru m  h a d  th e  
fo llow ing a b so rp tio n s : (p H  1) 263 .5  npz, (p H  7) 2 69 .0 , (p H  10)
2 7 3 .0  a n d  282.

Effect of Temperature on the Reaction of Alcohol If and Thionyl 
Chlorides. A. At 7 9 ° .— T h e  g en era l p ro c e d u re  fo llow ed  in  
p re p a ra tio n  of l i d  w as u se d . P u re  I l f ,  m p  2 2 5 -2 2 6 °  d e c  (251 
m g , 1.01 m m o l, 8 9 % ), p re p a re d  fro m  a lcoho l I f  (220 m g , 1 .14  
m m o l) h a d , a f te r  c ry s ta lliz a tio n  fro m  m e th a n o l-b e n z e n e -e th y l  
a c e ta te ,  th e  fo llow ing  sp e c tra l  p ro p e r t ie s :  u v  m a x  (H 20  p H  1)
262.0 mM (e 12,300), (pH 7) 266.5 (11,030), (pH 10) 272.0
(11,900); n m r sp e c tru m  (D20 ), 8 8.64 (s, 1 a ro m a tic  CH), 8.50 
(s, 1, a ro m a tic  CH), 5.32 (m , 1, CH3CH), 4.48 ( t ,  1, T =  11 
Hz, CHCH2), 3.92 (q u a d ru p le t,  1, T =  7 a n d  11 Hz, CHCH2), 
a n d  1.78 (d , 3, T =  7 Hz, CHCH3).

A n a l.  C a lcd  fo r C 8H 9N 5-2H C 1: C , 3 8 .72 ; H ,  4 .4 7 ; N ,
2 8 .23 . F o u n d : C , 38 .56 ; H , 4 .5 2 ; N ,  28 .08 .

B . At 50°.— T h e  a b o v e  seq u en ce  w as re p e a te d  o n  a lcoho l If  
(2 .0  g , 0.01 m o l) . P a p e r  c h ro m a to g ra p h y  in  so lv e n t sy s te m s  A 
a n d  D  of th e  c ru d e  p ro d u c t  (2 .5  g, m p  22 0 -2 2 3  °ldec, so fte n in g  from  
2 1 2 °) show ed  th e  p re sen ce  o f tw o  u l tr a v io le t  a b so rb in g  sp o ts ; 
th e  m in o r one  could  be  re la te d  to  th e  Rt v a lu e  of th e  s ta r t in g  
a lcohol. T h e  n m r  h y d ro g e n  in te g ra l a n a ly s is  of th e  p e n d e n t



methyl groups showed the mixture to be composed of alcohol If 
(=10% ) and Ilf  (=90% ). The spectral properties of this mix
ture (p-Kla 7.2) were as follows: uv max (H20 , pH 1) 263.5 mp (e 
12,700), (pH 7) 266.0, (pH 10) 270.5 (13,200) and 280.0.

C. At 25°.—-The above sequence was repeated on alcohol If 
(1.0 g). The nmr hydrogen integral analysis of the pendent 
methyl groups of the crude product (0.9 g) showed it to contain 
alcohol If (=10% ), I lf  (=55-60% ), and a third unidentified ma
terial X I (=30-35% ). The mixture had the following element 
analysis: C, 38.56; H, 4.52; Cl, 25.7; Cl“ , 18.6. These results 
suggest that the third component (XI) contains covalently bonded 
chlorine.

D. At —70°.—The above sequence was repeated on alcohol 
If (1.0 g). The nmr analysis of the isolated crude product (0.95 
g) indicated it to be composed of If (60%) and I lf  (40%).

R eg istry  N o .—Id, 16958-58-0; Ie, 16958-59-1; If, 
16958-60-4; Ig, 16958-61-5; Ih, 16969-36-1; lid, 16958-
64-8; He, 16958-65-9; Ilf, 16958-62-6; Ilg, 16958-63-7; 
Ilh, 16958-66-0.
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Anthranilic acid undergoes condensation with a wide 
variety of compounds1'2 but its self-condensation re
action has not been reported as yet. The present 
communication concerns studies on the self-condensa
tion products of anthranilic acid.

Heating anthranilic acid with phosphorous pentox- 
ide in refluxing'xylene furnished3 a compound with mp 
285° as the major product together with a minor com
pound (yield, 2%) with mp >360°.

On the basis of its molecular formula, C21H13N3O2 
(M+339), spectral data [uv X l̂x11 280 and 306 mp (log 
e 4.53 and 4.30) and irXmax01 5.9, 6.05, and 6.3 p], and, 
most importantly, its mode of formation, the major 
compound was assigned the structure I, a trimer of

(1) W l. B ac zy n sk i a n d  S t. V . N iem en to w sk i, B er., 52, 461 (1919).
(2) B r. P aw lew sk i, ib id ., 38, 136 (1905).
(3) T h e se  co m pounds Were a lso  o b ta in e d  fo r  th e  f irs t t im e  d u rin g  th e  

sy n th es is  of d eoxyvasic inone  from  a n th ra n il ic  ac id  a n d  7 -a m in o b u ty r ic  ac id . 
T h e  m a jo r  com p o u n d , d e s ig n a ted  as  D V Q , w as also  ass igned  a  te n ta t iv e  
s tru c tu re  m a in ly  on  th e  basis  of sp e c tra l ev id en ce  w h ich  in  th e  p re s e n t com 
m u n ic a tio n  is  be in g  rev ise d : A. C h a t te r je e  a n d  M . G an g u ly , P hytochem istry, 
7, 307 (1968).

anthranilic acid. This is further supported by the 
nmr spectrum4 of the compound which shows all of the 
13 protons in its molecule appearing as a broad mul
tiplet between 5 7.2 and 8-0.

T h e  J o u r n a l o f  O r g a n ic  C h e m is tr y

I II

The minor component, mp >360°, shows spectral 
properties (uv, ir, and nmr) very much similar to those 
of I. These observations conjointly with its molecular 
formula, C28H16N4O2 (M+440), led us to propose struc
ture II for the compound, a tetramer of anthranilic 
acid. The fact that II could also be obtained by heat
ing I with additional anthranilic acid provided final 
confirmation for the assigned structure of the minor 
component.

Experimental Section5

Anthranilic acid (0.5 g) in dry xylene (8 ml) was refluxed for 
3 hr over phosphorous pentoxide (1.5 g). The reaction mixture 
after cooling was poured over crushed ice and diluted with 
benzene. The benzene layer was then separated and extracted 
with three 40-ml portions of 6 N  hydrochloric acid. The total 
acidic extract was subsequently basified with ammonia and 
treated with three 60-ml portions of chloroform. The chloroform 
extract was then washed and dried. The residue upon concentra
tion of the chloroform extract was chromatographed over alu
mina. Benzene-chloroform (9:1) eluate gave II  (yield, 0.01 g) 
which crystallized from methanol as granules: mp >360°;
X®°H 280 and 306 mp (log e 4.26 and 4.05); X™ 01 5.95, 6.25,6.30, 
and 6.40 p', nmr 16 H (broad multiplet) between S 7.4 and 8.05.

Anal. Calcd for C28HI6N50 2: C, 76.36; H, 3.64; N, 12.72; 
O, 7.27. Found: C, 76.20; H, 3.83; N, 12.66; O, 7.50.

The chloroform eluate on removal of solvent gave I  (yield, 
0.30 g) crystallized from a chloroform-acetone mixture, mp 285°.

Anal. Calcd for C2iHI3N30 2: C, 74.33; H, 3.83; N, 14.15; 
O, 9.43. Found: C, 74.20; H, 3.51; N, 14.20; O, 9.70.

Compound I (0.65 g) mixed with anthranilic acid (0.30 g) was 
refluxed in dry xylene (10 ml) for 3 hr. The reaction mixture was 
treated as above. The basic portion in chloroform extract after 
concentration was chromatographed and gave II  (0.09 g) together 
with I  (0.50 g).

R eg istry  N o .— I, 17-223-74-4; II, 17-223-75-5; 
anthranilic acid, 118-92-3.
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te tra m e th y ls ila n e  as  th e  in te rn a l s ta n d a rd .

(5) M e ltin g  p o in ts  w ere  d e te rm in ed  on  a  K ofler b lo c k  a n d  a re  u n c o rre c te d .
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