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Experimental 
The pure cis- and trans-4-t-butylclohexanec~rbonitriles 

used in this study were prepared by phosphorus pentoxide 
dehydration of the corresponding amides.'* The experi- 
mental procedures and properties of these materials have 
been reported elsewhere.'9 

Equilibration of the Nitriles.-Stock base solutions were 
prepared by dissolving sublimed potassium t-butoxide (MSA 
Research Corp.) in t-butyl alcohol which had been dried by 
distillation from Linde Molecular Sieves, type 4A. 

The appropriate amount of either cis- or trans-4-t-butyl- 
cyclohexanecarbonitrile then was added to this stock base, 
so that the final solution was 1 .O M in potassium t-butoxide 
and 0.30 M in nitrile. Aliquots (2  ml.) of this solution in 
sealed Pyrex tubes were placed in the constant temperature 
baths, and removed after equilibrium had been established. 

(18) H. H. Lau and H. Hart, J .  Am.  Chem. Soc.. 81, 4897 (1959). 
(IS) B. Rickborn and F. R. Jensen, J .  Org. Chem., 27, 4608 (1962). 

The time required for equilibration was determined by prior 
kinetic experiments under the same conditions. 

The samples from the equilibration a t  25" were quenched 
by pouring into water. The higher temperature sealed tubes 
were cooled by immersion in Dry Ice-acetone before the 
contents were poured into water. The aqueous solution was 
extracted three times with pentane, and the pentane was 
washed with water and evaporated on a steam bath. The- 
residual nitrile (high recovery) was used directly for anal- 
ysis. 

Equilibrium was attained from each isomer at  each tem- 
perature, and the individual constants shown in Table I 
are based on eight to fifteen determinations. 

Analysis of Isomer Distribution .-The cis- and trans-4- 
t-butylcyclohexanecarbonitriles were easily separable by 
vapor phase chromatography; a 20-ft., 1/4-in. diethylene 
glycol succinate polyester column used a t  150°, 20 p.s.i., 
gave complete peak separation. Relative areas were de- 
termined by planimetry. No correction factor was neces- 
sary for calculation of the equilibrium constants, a~ shown 
by measurement of a known mixture prepared from weighed 
samples of the pure nitriles. 
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The extent of ol-carbon isomerization in the dehydration of cis- and trans-4-t-butylcyclohexanecarboxamide has been 
determined, using phosphorus pentoxide, thionyl chloride, and phosphorus oxychloride as the dehydrating agents. No 
detectable isomerization wm observed with the first two reagents, but some isomerization occurred with phosphorus oxy- 
chloride. 

Although many dehydrating agents have been 
employed for the conversion of amides to nitriles, 
no investigations have been reported which allow 
a precise determination of the extent of isomeriza- 
tion of the a-carbon atom. Reagents which have 
been used include phosphorus pen t~x ide ,~  phos- 
phorus o~ychlor ide,~ thionyl ~hlor ide ,~  phosphorus 
pentachloride,6 sulfamic acid,' aluminum chloride,8 
and various organosulfonyl  chloride^.^ Of these 
reagents, the first three mentioned are the most com- 
monly used, and these were employed in the pres- 
en t study . 

Kenyon and Ross'O examined the phosphorus 
pentoxide dehydration of optically active 2-methyl- 
3-phenylpropanamide to the corresponding nitrile, 
and their results indicated that no extensive race- 
mization occurred during this process. Although 
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the acid obtained on hydrolysis of the nitrile had 
essentially the same rotation as the material from 
which the amide was prepared, the amide had been 
recrystallized, and the possibility of optical frac- 
tionation at  this step cannot be excluded. 

Preparations of optically active nitriles by amide 
dehydration have recently been reported by Cram 
and  coworker^^^-'^; the rotational values obtained 
were higher with phosphorus pentoxide than with 
phosphorus oxychloride, but the results pointed to 
some racemization in most cases. 

In  the present study, the pure cis- and trans-4-t- 
butylcyclohexanecarboxamides, readily prepared 
from the corresponding acids,14 were used. The ex- 
tent of geometrical interconversion in the product 
nitrile gave a measure of the stereochemical integ- 
rity of the dehydration reaction. 

analysis of geometrical isomers [e.g., by vapor 
phase chromatography (v.P.c.) methods] offers a 
distinct advantage over polarimetric analysis, as 

(11) D. .J. Cram. B. Rickborn, C. .4. Kingsbury. and P. Haberfirld. 
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of these acids. 
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the latter is subject to the vagaries of various im- 
purities, both optically active and inactive. The 
cis- and trans-4-l-butylcyclohexanecarbonitriles are 
easily separable by v.P.c., and i t  was demonstrated 
that <1% of the alternate isomer could be detected 
by this method. 

Although all three dehydrating agents are for- 
mally acidic, the experimental procedures cause 
both product and reactant to be subjected to  a dif- 
ferent environment in each case. With phosphorus 
pentoxide, the solid amide and powdered reagent 
were intimately mixed and heated in a distillation 
apparatus under reduced pressure. The pressure 
was regulated so that, as the amide melted and 
reacted, the product was rapidly removed from the 
acidic medium. 

Thionyl chloride and phosphorus oxychloride 
were used as both reactant and solvent. The reac- 
tions were carried out under reflux for “reasonable” 
periods of time. These procedures differ in that the 
acidic by-products of the thionyl chloride reaction 
are volatile, while with phosphorus oxychloride the 
reaction temperature is higher. 

The results, summarized in Table I, show that 
no detectable amount of a-carbon isomerization 
occurred with either the thionyl chloride or the 
phosphorus pentoxide procedure. This high stereo- 
chemical integrity was shown by both the cis and 
the trans isomers. 

The use of phosphorus oxychloride resulted in 
some isomerization; i t  was suspected that this iso- 
merization mas due to acid-catalyzed enolization of 
the product nitrile. In  order to test this hypothesis, 
a sample of the pure cis nitrile was subjected to the 
dehydration reaction conditions, i.e., heated with 
phosphorus oxychloride containing a small amount 
of phosphoric acid. The extent of isomerization 
mas comparable to that found in the dehydration 
product. In  this respect, it is worthwhile noting 
that the cis and trans nitriles are of about the same 
stability;15 thus, the similar degree of isomerization 
found for both the cis and trans nitriles (Table I) 
is not uncxpected. 

TABLE I 
l ) I S T R I B U T I U N  OE’ N I T R I L E S  FROM THE I)EHYURATION OB 

Cis- A N D  tTUnS-4-t-BUTYLCYCLOHEXANECARBOXAMIDES 
Dehy- Approx. t r o w  

Starting drating reaction Nitrile,O 
amide agent temp., O C .  % M.P., ‘C. 
cis SOC12 80 0 52-55.2 
trans SOClZ 80 100 29.4-37.7 
cis POC1, 106 2 . 3  47-54 
trans POCll 106 97.6 27.8-30.8 
cis p4010 145 0 56.3-57. 3b 
trans PaOio 145 100 33.4-34.78 
a Samples were analyzed on a 20-ft. polydiethylene 

glycol succinate column a t  150’. ZJ The melting point was 
the same as that of a sample collected from v.P.c., and the 
mixed melting point was not depressed. 

(15) The equilibrium conatant for the cis Ft trons interconversion of 
the nitrile is K = 1.30, [l-butoxide] = 1.0 112 in t-butyl alcohol solvent. 
J .  Ore. Cham., 27,4606 (1962). 

It is possible that careful control of reaction time 
and conditions would allow the phosphorus oxy- 
chloride dehydration to be carried out with negli- 
gible isomerization of the a-carbon. The work of 
Kenyon and Rosslo illustrates this point. Optically 
active 2-methyl-3-phenylpropanonitrile was hy- 
drolyzed to the corresponding acid by treatment 
with concentrated hydrochloric acid a t  room tem- 
perature for several months, with little or no race- 
mization. 

illthough the 4-t-butylcyclohexanecarbonitriles 
obtained from the phosphorus pentoxide and 
thionyl chloride procedures showed no detectable 
isomerization, the melting points of the products 
(distilled but not recrystallized) of the thionyl 
chloride treatment were depressed, indicating the 
presence of an impurity. Taking this and the pro- 
cedural simplicity into consideration, the phos- 
phorus pentoxide treatment is regarded as the 
method of choice for amide dehydration when 
feasible. 

A reasonable general mechanism for the dehydra- 
tion involves the formation of imido ester as inter- 
mediate 

OA CIA 

R-C - It--C + €I+ (3)  
/ -  / 

\\ 
NH 

\ 
NH2 

Iicaction 4 may 1)c a two-step (El) or one-step 
(E2) reaction, or the formation of a six-ring may 
be involved in the transition state, e.g., with thi- 
onyl chloride 

,o --SOC‘I . ,o --so. 
R--C 3 R-C: ‘C1 - \\“ yg-. ~ .H 

R-CEN + SO1 + HCI (5) 

For a-carbon isomerization to occur with the amide, 
i t  is necessary that enolization (to a-carbon) occurs 
with the oxonium compound formed in equation 2. 
However, it is well known that proton transfer from 
nitrogen (equation 3) is much faster than from car- 
bon, and i t  is to be expected that reaction 3 is not 
reversible under these reaction conditions. There- 
fore, with the reagents utilized in the present study, 
i t  is not surprising to  find that isomerization of the 
amide does not occur. 
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Experimental 
cis-4-t-Butylcyclohexanecarboxamide .-Pure czs-4-t-butyl- 

cyclohexanecarboxylic acid,'8 m.p. 117-118', 6.7 g. (0.036 
mole), was added to  thionyl chloride and the mixture was 
stirred overnight a t  room temperature. The excess thionyl 
chloride was removed on a rotary film evaporator, and the 
residue was cooled in Dry Ice-acetone. Rapid addition of 
60 ml. of concentrated ammonium hydroxide gave a slurry 
which was allowed to warm slowly with stirring. The mix- 
ture was filtered, and the resultant solid was dissolved in 
boiling ethanol. This solution was filtered while hot, and 
water was added dropwise to the cloud point. After cooling, 
5.0 g. (75yo) of the cas amide, m.p. 162.7-163.9' (lit.,'6 
161') was collected. 

trans-4-t-Butylcyclohexanecarboxamide.-Similar treat- 
ment of the pure trans acid,'6 m.p. 174.2-17A.S0, 3.7 (0.02 
mole), gave on recrystallization from cyclohexane 3.3 g. 
(907,) of the trans amide, m.p. 134.2-135.8' (lit.,16 134- 
135"). 

Dehydration with Phosphorus Pentoxide.-In a typical ex- 
periment, 1.00 g. (0.0054 mole) of cis-4-t-butylcyclohexane- 
carboxamide was thoroughly dispersed in 1.2 g. of phos- 
phorus pentoxide in a simple distillation apparatus. The 
system was subjected to reduced pressure (20-25 mm.), and 
placed in an oil bath preheated to 145'. Distillation com- 

(16) H. H. Lau and H. Hart, 3. Am. Chem. SOC., 81, 4897 (1959). 

menced rapidly to  yield 0.83 g. (93%) of the pure crystalline 
cis nitrile, m.p. 56.3-57.3.' 

Dehydration with Thionyl Chloride.-cis Amide, 0.70 g. 
(0.0038 mole), was dissolved in 1.0 ml. of thionyl chloride, 
and the mixture was refluxed for 1 hr. The excess thionyl 
chloride was removed on a rotary film evaporator; distilla- 
tion (6 mm.) gave 0.61 g. (97'3,) of product, m.p. 52-55.2.' 

Dehydration with Phosphorus Oxychloride.-A sample of 
the same cis amide, 0.70 g. (0.0038 mole), used in the above 
procedures, was added to 2.0 ml. of phosphorus oxychloride 
and the mixture was refluxed for 1.5 hr. Ten milliliters of 
methylene chloride and 50 ml. of water were added and the 
mixture extracted. The aqueous phase was extracted with 
another portion of methylene chloride, and the combined 
organic extracts were washed with water, then heated on a 
steam bath with water until the methylene chloride boiled. 
After cooling the mixture was neutralized with dilute sodium 
hydroxide, the organic phase separated, dried, and evapo- 
rated. Distillation of the residue (6 mm.) gave 0.50 g. (80%) 
of product, m.p. 47-54." 

cis-4-t-Butylcyclohexanecarbonitrile, a nitrile sample col- 
lected by v.P.c., had a melting point of 56.3-57.3." 

A n a l .  Calcd. for CllHION: C, 79.94; H, 11.59. Found: 
C, 80.14; H, 11.48. 

Truns-4-t-Butylcyclohexanecnrbonitrile, a nitrile sample 
collected by v.p.c., had a melting point of 33.4-34.7". 

Anal. Found: C, 80.05; H, 11.55. 
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Intcrprctation by the first order approximation of the multiplet absorption patterns of the C-6 protons of acetoxy and p-  
nitrobenzoyloxy derivatives of the C-6 epimeric 6-hydroxy-l7-ethylenedioxy-3~,5~-c~cloandrostanes provides strong evi- 
dence for their configurations. These products have been related to the C-6 epimeric 6-hydroxy-3~,5~-cyclocholestanes by 
the methods of preparation and correlations of optical rotation. The 3a,5a-cyclo-6-substituted steroids provide an example 
of an exception to  the generalization that, for rigid six-membered ring systems. axial ring protons absorb a t  higher field than 
the epimeric equatorial protons. Configurational assignments have been made to  the C-6 epimeric 6-amino-3a,5a-cyclo- 
~tndrostan-17-ones based on the cht.mical shifts of the C-6 protons of acetaniido and p-nitrobenzamido derivatives. 

The criteria on 1vhic.h the accepted configurations 
of the epimeric 6-hydroxy-3a,5a-cyclocholestanes 
have been based are described in detail by Kosower 
and T7Tinstein.1 These authors concluded from 
examination of models that the 3a,3a-cyc.lo bond 
does not greatly affect the conformation of the B- 
ring and, thus, that both of the epimers have chair- 
form B-rings. From relationships of optical rota- 
tion, chromatographic behavior, and relative rates 
of solvolysis of derivatives, it was deduced that 
the epimer (i-cholesterol) resulting from hy- 
drolysis of the p-toluenesulfonate of 3P-hydroxy- 
cholest-5-ene (cholesterol) has the Gp-axial hy- 
droxyl (I), while the epimer (epi-i-cholesterol) 
resulting from reduction of 3a,r)a-cyclocholestan- 
6-one has the 6a-equatorial hydroxyl group (11). 
Further evidence for these assignments was re- 
ported by Evans and Summers,? who found that i- 

(1) E 31. Ilosorrer and s. FVinstein, 3 Am. Ckem. Soc., 78 ,  4347 
(19jG) 

(2)  D. E. Evans and G. IT. R. Summers. 3.  Chem. Soc., 906 (1957). 

cholesterol was epimerized to the extent of 3796 
on treatment with sodium ethoxide in ethanol a t  
l Y O o ,  while no change occurred on similar treat- 
ment of epi-i-cholesterol. The results were in- 
terpreted as reflecting the greater stability of the 
Ga-equatorial hydroxyl of 11. 

&* H HO 

I1 I 

By analogy xvith the configurations assigned to 
3a,5a-cyclo 6-alcohols obtained by hydrolysis of 
steroid A5-3p p-toluenesulfonates, the 3aj5a-cy- 
clo &amines formed by ammonolysis have been 
assigned the 66-amino c~nfiguration.~ It was re- 
ported? that sodium-ethanol reduction of 6-oximino- 

( 3 )  R. D. Hanorth,  L. 11. C .  Lunts, and J. >IoIiennrt, t b z d . ,  986 
(1955). 


