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Catalytic hydrogenation of cholest-4-ene-

3β,6β-diol with platinum oxide in ethanolgives

5β-cholestane-3β,6β-diol exclusively2), while in

the presence of a trace of hydrochloric acid a

much more rapid reduction occurs and Sa-

cholestane is obtained as the main product3)

along with 5α-cholestan-3β-Ol. The exclusive

fbrmation of the 5β-cholestanediol in ethanol

seems rather unusual, because it indicates

that hydrogen was added preferentially from

theβ-side which appears to be more hindered

than the a-side. A similar phenomenon was

observed by Dart and Henbest4)  in hydrogena-

tion of cholest-4-en-3β ol and other cyclic

allylic alcohols, a more β-addition of hydrogen

being observed in cholest-4-en-3β-ol than in

cholest-4-ene in hydrogenation with platinum

oxide in ethanol in the presence of a small

amount of sodium nitrite, which depressed

hydrogenolysis causing the yield of 5β-choles-

tanol to increase.

In order to clarify the effects of the accumu-

lativeβ-hydroxyl groups at C3 and C6 carbon

atoms and also of solvents on the stereo-

chemistry of the hydrogenation of the 4,5-

double bond, the catalytic hydrogenation of

cholest-4-ene, cholest-4-en-3β-ol and cholest-4-

ene-3β,6β-diol has been carried OUt in ethanol

and also in acetic acid with(7:3)rhodium-

platinum oxide5) as catalyst. This catalyst was

used because it can hydrogenate these allylic

alcohols with only slight hydrogenolysis in

acetic acid6).

Experimental 

Catalysts.-Platinum oxide was prepared by 
fusion of chloroplatinic acid with sodium nitrate 
according to the method of Adams et al.7) 

(7:3)Rhodium-platinum oxide was prepared by 
fusion of the mixture of rhodium chloride and 
chloroplatinic acid in ratio of 7:3 by the weights 
of the metals as described previously5). 

Hydrogenation.-Hydrogenation was carried out 
at ordinary temperature and pressure. The sub-
strate(0,2～0.5 mmoL)was added after the oxide

(20～50mg.)was reduced to black with hydrogen

in the solvent. 
Cholest-4-ene.-The hydrogenation of this com-

pound in ethanol proceeded with difficulty and was 
completed by addition of a new portion of catalyst.. 
The last trace of the starting material remaining 
in the products was further hydrogenated with 
addition of a small amount of acetic acid. The 
hydrogenation in acetic acid proceeded rapidly to 
completion. The products (5a-cholestane and 5p-
cholestane) were analyzed by the method of infrared 
absorption in carbon disulfide solution. Charac-
teristic bands at 957 and 985 cm-1, respectively, 
were used for this analysis.
Cholest-4-en-3β-ol.-The hydroge nation products

were analyzed by gas-liquid partition chromato-
graphy with GC-1B (hydrogen flame detector type) 
of Shimadzu Seisakusho, Ltd. and a column of 0.1%
S E-30 silicone on Chromosorb W(60～80 mesh)*.

The product fromethanol solution consisted cf

about 36% hydrocarbons (mainly Sa-cholestane)

and 64%saturated alcohols(52% 5β-cholestan-3β-ol

and 48%5α-cholestan-3β-ol). The product from

acetic acid solution consisted of 13% hydrocarbons

(mainly Sa-cholestane)and 87%saturated alcohols

(16% 5β-cholestan-3β-ol and 84% Sa-cholestan-3β-

ol).

Cholest-4-ene-3β,6β-diol-The product from hy-

drogenation in acetic acid was analyzed by gas-
liquid partition chromatography as described above 
and also by elution chromatography. The gas 

chromatogram indicated that the product consisted
of about 2%hydrocarbons(mainly Sa-cholestane),

13%mono-ols(mainly 5α-cholestan-3β-ol)including

avery small amount of an unidentified product,
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and 85% diols (54% 5β-cholestane-3β,6β-diol and

46%5α-cholestane-3β,6β-diol). By elution chro-

matography 2%hydrocarbons,10%mono-olsej and

85to 90%diols were obtained. The product from

ethanol solution was almost pure 5β-cholestane-

3,8,6,8-diol. Its infrared spectra showed no absorp-

tion due to 5α-cholestane-3β,6β-diol. The product

obtained by hydrogenation with platinum oxide in

ethanol in the presence of a trace of hydrochloric

acid was chromatographed on silica gel. The

product (197 mg.) gave 122 mg. of Sa-cholestane

(60%),m. p. and mixed m. p.80～81℃, by elution

with petroleum ether. Further elution with ben-

zene gave 41 mg. of 5α-cholestan-3β-ol (20%),

m.p. and mixed m. p. of it sacetate after recrystalli-

zation being 108～109℃.

Results and Discussion 

Table I summarizes the compositions of pro-
ducts (hydrogenolysis products are excluded) 
obtained in hydrogenation with (7: 3)rhodium-
platinum oxide along with those obtained with 
platinum oxide. It shows that in ethanol more
5β-compounds are fbrmed than 5α-compounds

and 5β-cholestane-3β,6β-diol is fc)rmed quan-

titatively in case of cholest-4-ene-3β,6β-diol.

The other two compounds give smaller yields

of 5,3-compounds not much different from

each other. In the presence of sodium nitrite

the S-addition of hydrogen is slightly greater

in cholest-4-en-3β-ol than in cholest-4-ene4).

It may be concluded from these results that

the 6β-hydroxyl group exerts a definite direct-

ing effect to increase theβ-addition of hydro-

gen, but the 3β-hydroxyl group has little

effect, if any. Dart and Henbest4)suggested

that the 3β-hydroxyl group of cholest-4-en-3β-

of is likely to be in a quasi-equatorial con-

formation, from its relatively slight directing 

effect. In accord with their suggestion, the 

present results, which show a great difference
of the directing effect between the 3β-and

6,8-hydroxyl groups, strongly support that.

cholest-4-ene-3β,6β-diol is in the confbrmation

shown in Fig.1a where the 3β-hydroxyl is

Fig.1. Conformations of cholest-4-ene-3β,

 6β-diol-

quasi-equatorial and the 6β-hydroxyl axial,

rather than in the conformation shown in

Fig.1b where the 3β-hydroxyl is quasi.axiaL

The conformation in Fig. la is also consistent

with the fact that the 6β-hydroxyl group is

more easily hydrogenolyzed than the 3,6-hy-

droxyl group in acidic medium since about

20%of 5α-cholestan-3β-ol was obtained along

with 60%of Sa-cholestane, but no Sa-choles-

tan-6β-ol in hydrogenation of the cholestene-

diol with platinum oxide in the presence of

hydrochloric acid. The hydrogenolysis of a

β-hydroxyl group caused by the α-attack of

hydrogen9) seems to be hindered more at Cs by

the quasi-axial 3a-hydrogen than at C6 by the

equatorial 6α-hydrogen.

In acetic acid the yields of Sa-compounds

generally increase. The increase is more pro-

nounced in cholest-4-en-3β-ol (48→84%) and

in cholest-4-ene-3β,6β-diol (0→46%) than in

TABLE L PRoPoRTIoNs oF 5β-AND Sa-CHOLESTANE DERIVATIVES IN THE PRoDucTs OF

HYDROGENATION oF CHOLEST-4-ENE, cHoLEsT-4-EN-3β-oL AND cHoLEsT-4-ENE-3β,6β-DloLa)

a) Hydrogenolysis products are excluded. 
b) Dart and Henbest, Ref. 4 (a small amount of sodium nitrite was added).
c) No infrared absorption due to Sa-cholestane-3β,6β-diol was detected.

8) The infrared absorption spectra showed that this 
fraction contained a small amount of a carbonyl compound 

probably resulting from the migration of the 4,5-double b
ond during hydrogenation.

9) That the hydrocarbon obtained by hydrogenolysis

is always nearly pure 5α-cholestane shows that the hydro-

genolysis of a β-hydroxyl group is caused more easily by

the a-attack of hydrogen than the β-attackprobably by

Sxs mechanism(cf. Ref.4).
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cholest-4-ene (2746%). Acetic acid probably 
weakens the directing effect of the hydroxyl 

group and increases the steric hindrance to the
β-addition of hydrogen. This kind of directing

effect of the hydroxyl group probably results

from its affinity for the catalyst metals,which

may be expected from the theory of catalyst

poisons largely developed by Maxted10).

With platinum oxide in acetic acid as solvent

TABLE II. MOLES OF HYDROGEN ABSORBED PP.R

MoLE oF CHOLEST-4-ENE-3β,6β-DIOL

IN VARIOUS SOLVENTS

cholest-4-ene-3β,6β-diol is hydrogenolyzed to

an extent of 65% as indicated by hydrogen 
uptake (Table II). The proportion of hydro-
genolysis is further increased in the presence 
of hydrochloric acid. But, with (7: 3)rhodium-
platinum oxide the cholestenediol and cholest-
4-en-3β-ol give good yields of the correspond-

ing saturated alcohols in acetic acid (see Table 
II and also the experimental part). 
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