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DL-/raws-2-Benzarnidocyclohexyl ^-toluenesulfonate (trans-I) was treated with sodium ethoxide in absolute ethanol to give 
DL-cis-2-phenyl-4,5-cyclohexano6xazoline (II), ?»£S0-«5-cyclohexenimine (IV) and DL-iran.s-2-benzamido-l-cyclohexenimmo-
cyclohexane (V); the cis epimer yielded cyclohexanone (VIII) and 3-benzamidocyclohexene (IX). A mechanism is pro
posed which explains the formation of these products. 

Solvolyses of Dh-trans2~b (trans-I) and DL-CW6-2-
benzamidocyclohexyl ^-toluenesulfonates (cis-I) 
have been investigated. However little informa
tion is available on base-catalyzed reactions of these 
compounds, particularly catalysis by alkali alkoxide 
which may influence the mode of participation of 
the benzamido group by altering the distribution of 
electrons. This prompted us to undertake the cur
rent study. trans-I was boiled in absolute ethanol 
containing sodium ethoxide for five hours to give 
DL - cis - 2 - phenyl - 4, 5 - cyclohexanooxazoline 
(II), meso-CM-cyclohexenimine (IV), ethyl benzoate, 
sodium p-toluenesulfonate and DL-/ra«s-2-benza-
mido - 1 - cyclohexeniminocyclohexane (V). 
The structure of V was established by elemental 
analyses, determination of molecular weight, in
frared spectrum and the fact tha t IV reacted with 
weso-as-benzoylcyclohexenimine7 ( III) to give V. 

The reactions may be explained mechanistically 
as follows: the steric requirement of trans-I favors 
internal displacement of the tosyloxy group by the 
benzoyl group, by which the m-oxazoline I I is 
formed with inversion under our reaction conditions 
as well as in solvolysis.2 - 5 On the other hand, eth
oxide ion facilitates ionization of the hydrogen at
tached to the amide nitrogen and accordingly in
creases the electron density of the nitrogen atom. 
This leads to the formation of the imine products 
IV and V, a result which shows the relative anchi-
meric nature of the amide nitrogen. Presumably 
ris-cyclohexenimine (IV) is formed via the inter
mediate weso-cw-benzoylcyclohexenimine (III) 
which subsequently reacts with IV to give V. Al
though we were unable to detect the intermediate 
I I I , t r ea tment of synthetic I I I under the same con
ditions gave IV and V; V was also obtained by boil
ing I I I and IV in absolute alcohol. The alternate, 
pa thway to V through the possible interaction of I I 
and IV was ruled out, since both reactants remained 
unchanged when boiled in absolute alcohol in the 
presence or absence of sodium ethoxide. The trans 
assignment for V was based on the known trans 
opening3 of the imine ring, a cleavage which occurs 
in its formation from I I I and IV. 
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The yields of the products I I , IV and V, were 
7.2, 14.7 and 14.6% respectively, the ratio of I I to 
IV plus V being about 1:4. This ratio represents 
roughly the relative participation of the amidocar-
bonyl group and of the amide nitrogen in the reac
tion; for according to the above mechanism, I I 
arises from the reaction of the amidocarbonyl group, 
while the formation of IV and V is due to the reac
tion of the amide nitrogen to give the intermediate 
I I I . Although this ratio is only a rough approxima
tion, it is evident tha t the participation of the amide 
nitrogen is considerably greater than tha t of the 
amidocarbonyl group under these conditions, in con
trast to the results obtained under solvolytic condi
tions.2"5 

cis-I was treated in the. same way as the trans 
epimer except tha t a longer reaction time (15 hours) 
was required. The products were cyclohexanone 
(VHI) , 3-benzamidocyclohexene (IX) and benza-
mide; I X was identified by derivation to 2,3-di-
bromo-1-benzamidocyclohexane9 (X) which was 
also obtained by benzoylation of 3-aminocyclohex-
ene10 (XII) followed by bromiuation. Presumably 
the elimination of />-toluenesulfonic acid from cis-I 
occurred by two pathways which yielded V l I I and 
IX, respectively: one proceeded through the diaxial 
elimination of a-H» and />-toIuenesulfonate ion to 
give VII I via VI and VII, and the other through the 
elimination of A-H6 and /J-toluenesulfonate ion to 
give IX. This indicates tha t a conformation con
taining an e-benzamido group and an o-tosyloxy 

(9) Compound X is identical with dibromide-(A), m.p. 189-190° 
dec, prepared by S. Winstein, R. Boshan and L. Goodman, personal 
communication, T H I S JOURNAL, 80, 4312 (1958). 

(10) F. Hofmann and P. Dann, Chem. Zentr., 50, 2342 (1926)1. 
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group was preferentially involved. The products 
formed and the longer reaction time required are in 
accord with the accepted fact that the participation 
of the benzamido group in the reaction is less im
portant for cw-I than for the trans epimer. In view 
of the fact that the solvolysis of cis-le gave partly 
the DL-CW-oxazoline (II) and II was not formed 
with sodium ethoxide, it seems probable that sodium 
ethoxide depresses the anchimeric property of the 
amidocarbonyl group, because the formation of 
the cw-oxazoline (II) arises from the attack of the 
group at Ci, even though the formation of II is not 
energetically assisted by the attack. 

Experimental11 

Di.-imra.s-2-Benzamidocyclohexyl p-toluenesulfonate 
(trans-I) was prepared bv the author's procedure,5 m.p. 
123°. 

DL-cis-2-Benzamidocyclohexyl p-toluenesulfonate (cis-I) 
was prepared by the author's procedure,6 m.p. 174-175°. 

Treatment of trans-I with Sodium Ethoxide in Absolute 
Ethanol. Isolation of DL-cis-2-Phenyl-4,5-cyclohexano-
oxazoline (II), meso-cis-Cyclohexenimine (IV), vL-trans-2-
Benzamido-1-cyclohexeniminocyclohexane (V), Ethyl Ben-
zoate and Sodium £-Toluenesu!fonate.—To 30 ml. of an
hydrous ethanol containing 0.22 g. of sodium was added 
3.0 g. of trans-I, and the mixture was boiled for 5 hours. 
After cooling, the precipitated sodium tosylate was filtered, 
yield 1.38 g., and the filtrate was evaporated. The residue 
was steam distilled after the addition of 10 ml. of water. 
The distillation residue was filtered (m.p. 215-217°, yield 
0.35 g.) and recrystallized from ethanol to give colorless 
needles, m.p. 220-221°, which were identical with V pre
pared by the method described below; infrared J 1 ^ x 3.04, 
0.13, 6.51 M ( -XHCO-R) . 

Anal. Calcd. for Ci9H39K1O (V): C, 76.46; H, S.78; 
X, 9.38; equiv. wt., 298.4. Found: C, 76.82; H, 8.69; 
N, 9.35; equiv. wt., 298.7. 

The distillate was extracted with ether and washed with 
water. The combined aqueous solution was saturated with 
solid sodium hydroxide under cooling. The resulting oil 
was extracted with ether, dried over sodium hydroxide and 
evaporated to dryness. The residual oil, which had an 
ethylenimine-like odor, was distilled over an oil-bath 
heated to 170-190°, and the distillate converted to a picrate 
by the usual method; m.p. 120-121°, yield 0.37 g. Re-
crystallization from ethanol gave yellow prisms, m.p. 120-
121°, which were identified as IV-picrate by a mixed m.p. 
determination. 

Anal. Calcd. for Ci2H14N4O5: C, 44.17; H, 4.32; X, 
17.17. Found: C, 44.12; H, 4.30; X, 17.11. 

The ether layer was extracted with 10% hydrochloric 
acid, washed with water and evaporated to dryness. The 
residue, which had odor of ethyl benzoate (weight 0.35 g.), 

i l l ) All melting poinls are uncorrected. 

gave benzoic acid upon alkaline hydrolysis. The hydro
chloric acid solution was combined with the wash water and 
neutralized with 10% aqueous sodium hydroxide and ex
tracted with ether. The ethereal solution yielded a picrate 
(0.26 g., m.p. 153-156°) which was recrystallized from eth
anol to give yellow plates, m.p. 155-156° alone and on ad
mixture with the II-picrate. 

weio-cii-Cyclohexenimine (IV).—The procedure of Paris 
and Fanta12 was used, m.p. 20°; picrate, m.p. 120-121°. 

w«5o-cw-Benzoylcyclohexenimine (III).—The procedure 
of M . Svoboda, et al.,7 was adapted, m.p. 75-77°. 

DL-<rons-2-Benzamido-l-cyclohexeniminocyclohexane (V). 
(a).—A mixture of 0.30 g. of III and 0.15 g. of IV in 2 ml. of 
ethanol was boiled for 2.5 hours. After removal of the 
ethanol, a small amount of ether was added to the residue 
which was then filtered; yield 0.25 g., m.p. 215-217°. 
Recrystallization from ethanol gave colorless needles of V, 
m.p. 220-221°. 

Anal. Calcd. for C19Ho6N2O: C, 76.46; H, 8.78; X, 
9.38. Found: C, 76.45; H, 8.80; X, 9.47. 

(b).—A mixture of 0.20 g. of I I I and 0.10 g. of IV in 2 
ml. of ether was allowed to stand at room temperature for 3 
weeks. The colorless silky needles which separated (yield 
50 mg., m.p. 220-221°) were found to be identical with V, 
prepared according to (a), by a mixed m.p. determination. 

(c).—To a solution of 0.017 g. of sodium dissolved in 4 
ml. of absolute ethanol was added 0.30 g. of I I I , and the 
mixture was boiled for 4 hours. After cooling and filtration 
the ethanolic mother liquor was evaporated to dryness. 
The amorphous residue crystallized upon treatment with a 
mixture of 5 ml. of water and a small amount of ether. The 
crude product (yield 30 mg., m.p. 216-221°) was recrystal
lized from ethanol to give colorless needles, m.p. 220-221° 
alone and on admixture with a sample of V obtained under 
(a). 

The ether-water solution obtained above was separated. 
The ether layer was washed with water several times. The 
combined aqueous solution after saturation with sodium 
hydroxide was extracted with ether. This ether extract 
was dried and treated with a saturated ethereal solution of 
picric acid. The resulting precipitate upon recrystalliza
tion from ethanol gave yellow prisms which melted at 120-
121° alone and on admixture with a sample of IV-picrate. 

Treatment of cis-I with Sodium Ethoxide in Absolute 
Ethanol.—cis-I (6 g.) in 60 ml. of absolute ethanol contain
ing 0.44 g. of sodium was boiled for 15 hours. The reaction 
mixture was treated essentially as described for trans-I. 
The distillate gave a 2,4-dinitrophenylhydrazone (yield 
2.35 g., m.p. 157-158°) which was identical with the cyclo-
hexanone derivative. 

The aqueous solution remaining after the steam distilla
tion was evaporated to dryness in vacuo, extracted with 
ether and evaporated to dryness. When the residue was 
dissolved in 8 ml. of carbon tetrachloride, crystals separated 
(yield 0.44 g., m.p. 125-127°) which were recrystallized 
from ethanol to give colorless plates melting at 126-127° 
alone and on admixture with a sample of benzamide. 

Anal. Calcd. for C7H7XO: X', 11.56. Found: N, 
11.52. 

On evaporation, the carbon tetrachloride solution gave a 
gummy product which could not be crystallized. Treatment 
of the gum, redissolved in carbon tetrachloride, with a car
bon tetrachloride solution of bromine under cooling gave an 
oil from which the solvent was decanted. On the addi
tion of ethanol and ether, this oil gave crystals (yield 0.62 
g., m.p. 190-192° dec.) which were recrystallized from 
ethanol as colorless needles, m.p. 192-193° d e c , identical 
with DL-2,3-dibromo-l-benzamidocyclohexane prepared as 
described below. 

Anal. Calcd. for Ci3Hi5XOBrO (X) : C, 43.24; H, 4.18; 
N, 3.37; Br, 44.26; equiv. wt., 361.1. Found: C, 43.35; 
H, 4.50; N, 3.56; Br, 44.60; equiv. wt., 344. 

DL-3-Aminocyclohexene (XII) was prepared by an adapta
tion of Hofmann's procedure,10 b .p. 138°. 

DL-3-Benzamidocyclohexene (IX).—Treatment of 0.5 g. 
of XI I , 0.8 g. of benzoyl chloride and 5 ml. of 20% sodium 
hydroxide by the Schotten-Baumann procedure gave 1.01 
g. of a solid, m.p. 97-99°. Recrystallization from ether-
petroleum ether yielded colorless needles, m.p. 102-104°. 

(12) E. Paris and P. E. Fanta, T H I S JOUK.NAL, 74, 3007 (1952). 
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mide-(A) of Winstein, et al., by a mixed m.p. determination 
and comparison of infrared spectra.9 
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DL-trans- and DL-ris-2-benzamidocyclohexyl-S,S-dimethylsulfonium iodides (III) were prepared by successive methylation 
of the corresponding thiol derivatives (I) with retention. Upon the same treatment, DL-i!Aw-l-phenyl-2-benzamidopropane 
thiol (threo-X) gave the S-dimethylsulfonium iodide (threo-Xll) with retention, while erythro-X was converted to Dh-threo-O-
benzoyl norephedrine hydroiodide (threo-Xl\r -HI) with inversion, trans- and cis-III were decomposed by heat to the S-
methyl derivatives of the same configuration. Upon solvolysis of III in water, cis-lll yielded the corresponding S-methyl 
derivative, while trans-lll gave DL-cis-2-aminocyclohexyl benzoate (cis-V) hydroiodide with inversion. On treatment of 
I I I with aqueous alkali hydroxide, both epimers decomposed to DL-CM-2-phenyl-4,5-cyclohexanooxazoline (cis-TV), meso-cis-
cyclohexenimine (m-VII ) and DL-(raras-2-benzamido-l-cyclohexeniminocyclohexane (VIII). The base-catalyzed decompo
sition of I hreo-X.ll gave threo-Xlll with retention. The mechanisms of these reactions are discussed. 

Little information2 '3 is available concerning the 
participation of neighboring groups in reactions of 
2-acylaminoalkyl-S, S-dimethylsulfonium iodides. 
In this work we have studied several reactions of 
these compounds and discussed the participation 
of neighboring groups on the basis of the products 
formed. The trans and cis isomers of DL-2-
benzamidocyclohexyl-S,S-dimethylsulfonium iodide 
(III) were prepared from DL-trans- and DL-« 'S-2-
benzamidocyclohexane thiol4-6 (I), respectively, 
in two steps: methylation with dimethyl sulfate 
to give the corresponding S-methyl derivatives 
(II) which were treated with methyl iodide. The 
configuration of the original thiol was retained, 
because the reactions do not involve fission of 
bonds a t asymmetric centers. 

Thermal t rea tment of trans- and cis-lll resulted 
in decomposition to the corresponding S-methyl 
derivatives (II) with retention. Solvolysis of 
cw-III in water gave only cis-ll, while tha t of 
trans-lll yielded Di.-cis-2-aminocyclohexyl benzo
ate (cis-V) hydroiodide and a small amount of 
trans-ll. Participation of the benzamido group, 
which is sterically permitted only in /raws-Ill, 
facilitated the removal of the dimethylsulfonium 
group to afford cis-V with inversion persumably 
via DL-«5-2-phenyl-4,5-cyclohexanooxazolinium io
dide (cw-IV-HI); see Char t 1. The solvolyses of 
diastereomeric 2-benzamidocyclohexyl ^-toluene-
sulfonate8 '6 '7 had been found to proceed similarly. 
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Anal. Calcd. for Ci3Hi6NO: N, 6.95. Found: N, 6.90. 
DL-2,3-Dibromo-l-benzamidocyclohexane (X).—To a 

solution of 0.5 g. of IX in 8 ml. of carbon tetrachloride was 
added a solution of 0.4 g. of bromine in 4 ml. of carbon 
tetrachloride under cooling. The resulting precipitate, 
yield 0.57 g., m.p. 181-185° d e c , was recrystallized from 
ethanol; m.p. 193° dec. alone and on admixture with a 
sample of X derived from «5-1; infrared j ^ J 2.98, 6.10, 
6.51 n ( -NHCO-R) . The addition of an aqueous silver 
nitrate solution to an acetone solution of the product caused 
no precipitation. The product was identified as the dibro-

Heating of trans-lll in aqueous sodium hy
droxide gave DL-cis-2-phenyl-4,5-cyclohexanooxazo-
line (cw-IV), weso-as-cyclohexenimine (CT'S-VII), DL-
trans - 2 - benzamido -1 - cyclohexeniminocyclohexane 
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(VIII) and trans-ll; with the exception of 
trans-ll, these products are the same as those ob
tained on t rea tment of DL-/ra«.?-2-benazmido-
cyclohexyl tosylate with sodium ethoxide.8 There-

(8) T. Taguchi and M. Kojima, THIS JOURNAL 81, 4310 (1959). 
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