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Cholesteryl ^-toluenesulfonate reacts with pyridine-like bases to give a mixture consisting of 3,5-cholestadiene and a quat­
ernary salt. The reactions of cholesteryl iodide and bromide with these bases are similar. The ratio of the amount of 
elimination reaction to replacement reaction depends on the nature of the entering group and on the group expelled. The 
elimination product is produced by a simultaneous competitive reaction and not by decomposition of the quaternary salt. 

In a recent paper from this Laboratory1 it was 
demonstrated that cholesteryl £>-toluenesulfonate 
reacted with pyridine to give 3-/3-cholesterylpyridin-
ium ^-toluenesulfonate (Ia) in 63% yield. This 
reaction has now been further investigated to iden­
tify products other than the quaternary salt, and to 
provide additional examples using bases other than 
pyridine. 

In general, cholesteryl ^-toluenesulfonate reacts 
with pyridine-like bases to give the quaternary 
salt similar to I, and a diene II melting at 78-79° 
and [«]D —114° (presumably 3,5-cholestadiene). 

X - I II 
Ia, R = C5H6N-, X - = C7HjSO3-

In Table I the results of a number of these reactions 
are summarized.2 

(1) L. C. King , R. M . Dndson and L. A. Sub luskey , T H I S J O U R N A L , 
70 , 1176, 2685 (1948). 

(2) T h e ana ly t i ca l d a t a and c rys ta l l i za t ion solvent d a t a for new com­
p o u n d s in T a b l e I are inc luded in t h e foo tno tes . E a c h of t he new 
q u a t e r n a r y sal ts descr ibed in T a b l e I was conver ted by m e t a t h e t i c a l 

Inspection of the yield data in Table I indicates 
that the amount of the elimination reaction to pro­
duce the diene II, is'increased at the expense of the 
replacement reaction when the attacking base is of a 
type where considerable steric strain might develop 
in the transition state required for replacement. 

Cholesteryl iodide, bromide and chloride were 
prepared and compared with cholesteryl ^-toluene-
sulfonate in the reactions with pyridine-like bases. 
The results of these experiments are summarized in 
Table I. With similar bases both cholesteryl iodide 
and bromide give a mixture of quaternary salt I 
and diene II but the elimination reaction to form II 
is far more extensive than when cholesteryl £>-tolu-
enesulfonate was used. Cholesteryl chloride did 
not react with either pyridine or isoquinoline under 
the conditions used in these experiments but was 
recovered unchanged.3 

In connection with these experiments it was of 
interest to determine whether the diene II which is 

means , t o t h e co r respond ing iodide. These c o m p o u n d s are descr ibed 
in T a b l e I I . 

(3) T. M a u t h n e r and W. Su ida , Moualsh., 17, 29 (1896) , r e p o r t e d 
the p r epa ra t i on of " c h o l e s t e r y l e n e " by hea t ing choles teryl chlor ide 
wi th quinol ine at 237° . 

REACTION OF PYRIDINE-LIKE 

3-0-Cholestery! 
derivative 

Chloride 
Bromide 
Iodide 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Tosylate 
Iodide 

Base used 

Pyridine 
Pyridine 
Pyridine 
Pyridine 
a-Picoline 
/3-Picoline 
7-Picoline 
4-n-Amyl-pyridine 
Quinoline 
Quinaldine 
3-Methylisoquinoline 
Isoquinoline 
Isoquinoline" 
Isoquinoline 

BASES WITH 

Yield, 

% 

27" 
316 

71c 

23,J 

66' 
47 ' 

50» 
1* 

47'' 
65' 
53" 
25* 

TABLE I-

CHOLESTERYL DERIVATIVES 

Q u a t e r n a r y sal t 
M.p . , 
°C.» 

293-295 
260-261 
231-232 
234-235 
215-217 
211-213 

246-247 
190-196 
276-277 
207-208 
207-208 
264-265 

[«]DJ> 

- 7.0° 
- 5.7 
- 1 8 . 0 
- 3.9 

0.0 

- 4 7 . 0 

24.0 
5.8 
5.8 
8.9 

AT 120° FOR FIVE HOURS 

Yield, 

% 

481 

55 
21 
60' 
19 
33' 

42(55)'" 
34 

5 4 ( 6 9 r 
27 
20 
19" 
60 

3,5-Cholestadiene 
M.p . , 
0 C o 

78-79 
78-79 

78-79 

77-79 
78-79 
78-79 
78-79 
78-79 
78-79 
78-79 

[a]DP 

- 1 1 6 " 
- 1 1 4 

- 1 1 3 

- 1 1 0 

- 1 1 5 
- 1 1 5 
- 1 1 4 

" Crystallized from pyridine, this compound was converted to the corresponding iodide for identification of the cation. 
6 Crystallized from alcohol, see reference 1. c For analytical data see reference 1. d Crystallized from alcohol-benzene. 
Anal. Calcd. for C40H59O3XS-H2O: C, 73.69; H, 9.43; N, 2.12. Found: C, 72.90; H, 9.12; N, 2.17. ° Crystallized from 
benzene. Anal. Calcd. for C40H59O3NS: C, 75.94; H, 9.38; N, 2.20. Found: C, 75.78; H, 9.38; N, 2.44. ' Crystal­
lized from benzene. Anal. Calcd. for C40H69O3NS-1AH2O: C, 74.75; H, 9.40; N, 2.18. Found: C, 74.48; H, 9.11; 
N, 2.18. » Crystallized from alcohol. Anal. CaICd-IOrC43H59O3NS-1AH2O: C, 76.05; H, 8.91; N, 2.06. Found: C, 
76.22; H, 9.34; N, 1.94. * Identity of compound questionable. ' Crystallized from alcohol. Anal. Calcd. for C44H61-
O3NS-V2H2O: C, 76.25; H, 9.03; N, 2.02. Found: C, 76.43; H, 9.38; N, 2.12. ' Crystallized from alcohol-acetone. 
Anal. Calcd. for C43H59O3NS-1AH2O: C, 76.05; H, 8.91; N, 2.06. Found: C, 75.98; H, 9.10; N, 2.63. k Crystallized 
from acetone-chloroform. Anal. Calcd. for C36H52NI: C, 69.14; H, 8.38; N, 2.24. Found: C, 68.79; H, 8.80; N, 2.18. 
1 Compound was an oil, assumed to be 3,5-cholestadiene or a mixture of cholestadienes. m Yield in parentheses was esti­
mated by isolation of the ^-toluenesulfonate salt of the base. " Reaction mixture heated at 175° for 10 hours. ° All melting 
points observed on a Fisher-Johns block. " All rotations in chloroform at 24-32°. 
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formed in each reaction is produced by breakdown 
of the quaternary salt I, as shown in reaction se­
quence 1, or whether the II was formed by an inde-
dependent process as shown in 2. 

gardless of the nature of the anion. It is evident 
that the sign of the optical rotation cannot be used 
as a criterion to distinguish between 3-/3-cholesteryl 
and i-cholesteryl structures for these compounds. 

C7H7SO3 

C7H7SO3'' 

R > \ N 

/ / + 
C7H7SO3 

/ 
R j >XH- (1) Experimental 

C7H7SO3" 

R 1 V + RJ>NU" 
C7II7SO3" 

The experimental data indicate that sequence 1 
does not describe the process. Thus cholesteryliso-
quinolinium £>-toluenesulfonate on heating 12 hours 
at 120° with isoquinoline, was recovered unchanged 
and no diene II could be detected in the reaction 
products. It was further shown, Table I, that the 
amounts of diene and quaternary salt formed by 
action of isoquinoline on cholesteryl ^-toluenesul-
fonate at 120° for five hours was essentially the 
same as the amounts formed by the same reactants 
when heated at 175° for 10 hours. 

In a recent paper the 3-/3-structure for choles-
terylpyridinium ^-toluenesulfonate (Ia) was es­
tablished in detail.4 The structures of all the 
quaternary salts described in this paper are as­
sumed to have the 3-(3-configuration. Both dextro­
rotatory and levorotatory compounds were found 
among the quaternary salts, Tables I and II, re-

TA B LE I I 

IODIDES PREPARED FROM CHOLESTERYL I I [ 

QUATERNARY SALTS DESCRIBED IN J I I 

R 

/S-Picolinc" 
y-Picoline'' 
Quinoline" 
3-Methyliso-

quinoline 
Isoquinoline* 

TABLE I 

M.p . , 
0 C . 

269-271 
271-272 
287 

276-277 
265-266 

R / V ^ 
T-

Q u a t e r n a r y iodide 

[a]n F o r m u l a 

- 6 . 3 ° 

n.o 
-57. n 

50.0 
8.9 

C33H62NI 
C3 3Hi,2i\TI 

C36H52XI 

C37H54NI 
CssHssNI 

Nitrogen, r'r 
Caicd. Found 

2.37 2.03 
2.37 2.24 
2.24 1.93 

2.19 2.13 
2.24 2.18 

" Crystallized from alcohol. b Crystallized from acetone-
c Crystallized from alcohol. Anal. Caicd. for C36H62NI: 
C, 69.14; H, 8.38. Found: C, 69.10; H, 8.42. •'Crys­
tallized from absolute ethanol. * See footnote k in Table I . 

IJ 

\ 
(2) 

C7Il7SO3 

I 

(4) L. C. King and M. J. Bigelow, THIS JOURNAL, 74, 3338 (1052). 

Preparation of Starting Ma­
terials.—Cholesteryl jMolu-
cnesulfonate, m.p. 132-133°, 
was prepared by the method 
of Freudenberg and Hess.6 

Cholesteryl iodide, m.p. 105-
106°, was obtained in 7 3 % 
yield by action of sodium io­
dide on cholesteryl p-tolueue-
sulfonate in acetone.6 Chol­
esteryl bromide, m.p: 97-98°, 

i [a] D—25.9°, was obtained in 
_J 70% yield by the action of 

lithium bromide on choles­
teryl />-toluencsulfonate in acetone solution. Cholesteryl 
chloride, m.p. 96°, [a]24D —28.9°, was prepared by the treat­
ment of cholesterol with thionyl chloride in pyridine solution .7 

The bases used were commercially available materials. 
Preparation of Quaternary Salts; Separation and Identi­

fication of 3,5-Cholestadiene.—All reactions were carried 
out in about the same way. The reaction of cholesteryl p-
toluenesulfonate with pyridine will serve as an example. 

A solution of 8.8 g. (0.02 mole) of cholesteryl ^-toluenc-
sulfonate in 16 ml. of pyridine was heated at 118 for five 
hours. The solution was cooled, diluted with petroleum 
ether and filtered. The solid material was crystallized from 
benzene and from 50% alcohol to give 3-/3-cholesterylpy-
ridinium />-toluenesulfonate (Ia); yield 8.8 g. (71%), m.p. 
231-232°, [a]2'D - 5 . 7 ° (in chloroform). 

The pyridine-petroleum ether mother liquor was diluted 
to 200 ml. with more petroleum ether and extracted four 
times with 100-ml. portions of water. In the washing 
process any stable emulsions formed were dispelled by addi­
tion of warm salt water and shaking vigorously. The pe­
troleum ether layer was then evaporated and the oily sub­
stance remaining was taken up in hot methanol. Long 
needles, m.p. 70-73°, separated on cooling. The 3,5-
cholestadiene was recrystallized from methanol; yield 1.8 
g. (21%), m.p. 78-79°, H 2 8 D - 1 1 4 ° (in chloroform). 
Yield data for this and similar experiments are summarized 
in Table I. 

Action of Isoquinoline on Cholesterylisoquinolinium p-
Toluenesulfonate.—A solution of 2.1 g. of cholesteryliso­
quinolinium />-toluenesulfonate was heated with isoquinoline 
at 120° for 12 hours. From the reaction mixture 1.8 g. of 
the salt was isolated unchanged. No 3,5-cholestadiene 
could be isolated from the reaction mixture. 

Preparation of Iodide Salts (Table II).—All these com­
pounds were prepared in the same manner. For example, 
1.5 g. of 3-/3-cholesterylquinolinium p-toluenesulfonate was 
dissolved in a minimum volume of hot alcohol, and concen­
trated, aqueous hydriodic acid was added. The 3-/S-chol-
csterylquinolinium iodide separated at once. It was re-
crystallized from alcohol; m.p. 287°,'[a]32D - 5 7 ° in chloro­
form, analysis in Table II . 

EVANSTON, ILLINOIS 

(.5) K. Freudenberg and H. Hess, Ann., HS, 121 (1926). 
(6) Burckhardt and Helferich, French Patent 846,380, Kept. 15, 

1939; C. A., 35, 1186 (1941). 
(7) O. Diets and E. Abderhalden, Ber., 37, 3102 (1904). 


