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Usually, the sodium borohydride reduction of 3-keto ste- 
roids produces mainly the 30-hydroxy isomer,l since hy- 
dride transfer to the carbonyl group proceeds preferentially 
from the less hindered side of the molecule, i.e., from the a 
side. Thus, reduction of cholestan-3-one in ethanol yields 
89% cholestan-30-01 and 5% cholestan-3a-o1,2 and reduc- 
tion of cholest-5-en-3-one in 2-propanol yields 83% choles- 
terol and 17% epi-cholesterol? However, the presence of a 
substituent in the 5a position of the cholestane skeleton 
changes the stereochemical course of the reduction. For ex- 
ample, reduction of 5a-hydroxycholestan-3-one in metha- 
nol gives 67% 3a,5a-dihydroxycholestane and 33% 30,5a- 
dihydroxycholestane? Reduction of 5a,6a-dichlorocholes- 
tan-3-one in ether yields 56% of the corresponding 3a-hy- 
droxy isomer and 44% of the 30 i ~ o m e r . ~  It  seems, there- 
fore, that introduction of a large substituent in the 5a posi- 
tion of cholesterol could have been used as a tool for its 
isomerization to epi-cholesterol by, first, oxidation to the 
corresponding ketone, then sodium borohydride reduction, 
and finally removal of the 5a substituent. 

For this purpose, 5a,6~-dibromocholestan-3~-ol seemed 
to be the most suitable substrate, since it is easily and 
quantitatively obtained from cholesterol,6 it is oxidized 
smoothly to the ketone? and the two bromine atoms can be 
easily removed by various methods. In addition, the steric 
effect of the G@-bromo group on the reduction should be 
much smaller than that of the 5a-bromo group, since the 
latter is closer: to the reaction center. 

Reduction of 5a,6@-dibromocholestan-3-one (1) was 
studied both in ethanol and in l72-dirnethoxyethane, and 
the results are given in Table I. In the two solvents treat- 
ment with a large excess of sodium borohydride affects 
both reductiom of the carbonyl group and reductive elimi- 
nation of the two bromine substituents, so that the two 
major products of the reaction are epi-cholesterol and cho- 
lesterol. Reaction pathways through which epi-cholesterol 
and cholesterol can be formed in the reduction of 1 are pre- 
sented in the scheme. As the results in ethanol differ from 
those in 1,2-dimethoxyethane, we shall separate the discus- 
sion for each solvent. In ethanol, the relative amounts of 
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Table I 
Reduction of 5a ,6@-Dibromocholestan-3-one with a 

Large Excess of Sodium Borohydride 
Yield of Yield of 

Solvent ept-cholesterol,% cholesterol,% 

Ethanol 57 25 
1,2 -Dimethoxyethane 22 66 

cholesterol (4) and epi-cholesterol (6) do not reflect the 
stereochemistry of the reduction of the carbonyl group in 1, 
since reductive elimination of the 5a,G@-dibrorno grouping 
may proceed7 parallel to the reduction of the carbonyl 
group. Indeed, the formation of cholesterol does not pro- 
ceed via route 1 + 3 -. 4, since 5a,6/3-dibromocholestan- 
30-01 (3) itself does not react with sodium borohydride 
under the same conditions in which ketone 1 is smoothly 
reduced to cholesterol and epi- cholesterol. Moreover, 3 
could not be detected in the reaction mixture. Therefore, 
cholesterol is probably formed via route 1 --c 2 -. 4 in 
which reductive elimination takes place first to give cho- 
lest-5-en-3-one (2), which then undergoes further carbonyl 
reduction to cholesterol. In a careful examination of the 
reaction of 1 with 1 equiv of sodium borohydride, we could 
not detect any of 2. In this compound, the carbonyl group 
is less hindered and it is probably reduced much faster 
than any of the other compounds present in the reaction 
mixture. We observed also that with small amounts of sodi- 
um borohydride, because the overall reduction rate is low, 
several side reactions of 1 take place, such as hydrogen bro- 
mide elimination and substitution. No attempt was made 
to investigate these reactions in more detail. 

In ethanol the yield of cholesterol is smaller than that of 
epi-cholesterol. This indicates that in 1 reductive elimina- 
tion is slower than reduction of the carbonyl group. More- 
over, route l -, 2 -. 6 cannot account for the formation of 
epi-cholesterol, since 2 is reduced mainly to the 30-hy- 
droxy i ~ o m e r . ~  Therefore, epi-cholesterol is probably 
formed via route 1 -. 5 -6 in which the carbonyl group of 
1 is first reduced to give 5a,6~-dibromocholestan-3a-ol (5), 
which then undergoes reductive elimination to give 6. 
When 1 was treated with 1 equiv of sodium borohydride, 
we were able to detect by TLC one major intermediate 
which was converted to epi-cholesterol on further addition 
of sodium borohydride. Several attempts to isolate this in- 
termediate failed since it decomposed during work-up. It is 
interesting to note that the same intermediate is detected 
by TLC in the bromination of epi-cholesterol, but here 
again no dibromide could be isolated. Therefore, although 
there is no direct evidence for the formation of 5, we be- 
lieve that this must be the intermediate through which epi- 
cholesterol is formed in the reduction of 1. These results 
suggest that 5 is capable of undergoing a faster reductive 
elimination than 3. The reason for this behavior is not yet 
clear. It is, however, possible that the 3a-hydroxy group of 
5 catalyzes the reaction by neighboring group participation 
either by hydrogen bonding with the 5a bromine as in 7, or 
by complex formation with reducing agent as in 8. Another 
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possibility is that steric interaction of the 3q5a groups in 5 
raises the energy of its ground state and is therefore re- 
sponsible for the faster reductive elimination. 

The reduction of 1 in ethanol is undoubtedly a very use- 
ful method for the preparation of epi-cholesterol. Several 
other more complicated procedures have been described in 
the literatures but none which gives a higher yield of epi- 
cholesterol. The method could also be used for the isomer- 
ization of other compounds having similar structure. For 
example, we propose the transformation of 30,178-dihy- 
droxyandrost-5-ene into 3a,l7P-dihydroxyandrost-5-ene. 

In 1,2-dimethoxyethane the yield of cholesterol is much 
higher than that of epi-cholesterol. The effect of the sol- 
vent on the stereochemistry of the sodium borohydride re- 
duction of 3-keto steroids is small2 Indeed, we find that re- 
duction of 5a,6/3-dichlorocholestan-3-one in ethanol yields 
the two isomers of 3-hydroxy-5a,6/3-dichlorocholestane in 
the same ratio that is obtained in 1,2-dimethoxyethane.9 

Therefore, we believe that in 1,2-dimethoxyethane, re- 
ductive elimination in 1 is faster than the reduction of the 
carbonyl group and this is the reason why a larger amount 
of cholesterol is formed. This suggestion is supported by 
the observation that 5a,6~-dibromocholestan-3~-ol itself 
undergoes smooth reductive elimination in 1,2-dimethoxy- 
ethane. 

Experimental Section 
All melting points were determined with a Fisher-Johns appara- 

tus. Optical rotations were taken for solutions in chloroform with a 
Perkin-Elmer Model 141 polarimeter. Both qualitative and pre- 
parative TLC was carried out on silica gel G plates eluted with 
light petroleum (bp 60-80') containing 10% acetone. 5a,6&Dibro- 
mocholestan-3~-01 and 5a,6~-dibromocholestan-3-one were pre- 
pared according to the method of Fieser et a1.6 The dibromo ke- 
tone was dried in vacuo over sodium hydroxide. Absolute ethanol 
(Riedel-DeHaen) was used. 1,2-Dimethoxyethane (B. D. €1.) was 
eluted through a column of alumina and then distilled from sodi- 
um. 

S o d i u m  B o r o h y d r i d e  R e d u c t i o n  of 5a,6~-Dibromocholes-  
tan-3-one. In Ethano l .  A suspension of the dibromo ketone (1.00 
g) in absolute ethanol (100 ml) was treated with a large excess of 
sodium borohydride (0.50 g), and the mixture was stirred at room 
temperature for 3 hr. During this period hydrogen was evolved and 
all the material dissolved. Acetic acid was added to destroy the ex- 
cess of sodium borohydride and after dilution with water the prod- 
uct was extracted with ether. The solution was washed with water, 
dried over anhydrous sodium sulfate, and evaporated under re- 
duced pressure. The residue was separated by TLC to give pure 
epi-cholesterol (410 mg, 57%), mp 141-142' (from ethanol), [ a ] D  
-41' (c 0.25) ( lk8  mp 142-143', [ a ] D  -42'). The material is iden- 
tical with authentic epi-cholesterol by mixture melting point, ir, 
and TLC. Also isolated was pure cholesterol (180 mg, 25%), mp 
148-149O (from ethanol), [ a ] ~  -39' (c 0.50), identical with an au- 
thentic sample by mixture melting point, ir, and TLC. 

In 1,2-Dimethoxyethane. The dibromo ketone (1.00 g) in 1,2- 
dimethoxyethane (100 ml) was treated with sodium borohydride 
(0.50 g), and the solution was stirred at  room temperature for 6 hr. 
During this period hydrogen was evolved and a precipitate of sodi- 
um bromide was separated. Acetic acid was added to  destroy the 
excess of sodium borohydride. The solution was evaporated under 
reduced pressure to a volume of 20 ml, then diluted with water and 
work-up was continued as above. Separation by TLC gave pure 
epi-cholesterol (158 mg, 22%) and pure cholesterol (475 my;, 66%). 

Both products were shown to be identical with authentic samples 
by mixture melting point, ir, and TLC. 

T r e a t m e n t  of 5a,6fi-Dibromocholestan-3fi-ol with S o d i u m  
Borohydr ide .  In Ethano l .  The dibromide (1.00 g, mp 115--116° 
from methanol-ethyl acetate) in ethanol (100 ml) and ether (20 
ml) was treated with sodium borohydride (0.50 g) and the solution 
was stirred at room temperature for 3 hr. TLC indicated no 
change. Work-up as above and recrystallization from methanol- 
ethyl acetate gave 890 mg of the starting material, mp 116-117O, 
and no depression on mixture melting point. When the reaction 
was carried out under the same conditions for 24 hr, a small 
amount of cholesterol could be detected by TLC, together with 
small amounts of other unidentified products. 

In I f -D imethoxyethane.  The dibromide (0.50 g) in 1,2-dime- 
thoxyethane (50 ml) was treated with sodium borohydride (0.25 g) 
and the solution was stirred at room temperature for 6 hr. During 
this period hydrogen was evolved and a precipitate of sodium bro- 
mide was separated. TLC indicated a clean reaction, with one 
product having the same as cholesterol. Work-up as above and 
recrystallization from ethanol afforded pure cholesterol (300 mg, 
83%), mp 149O, [a]D -39O, ir identical with that of authentic sam- 
ple. 

R e g i s t r y  No.-1, 2515-09-5; 3, 1857-80-3; 4, 57-88-5; 6, 474-77- 
1; sodium borohydride, 16940-66-2. 
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The reduction of alkyl and aryl mercurials by various re- 
ducing agents such as magnesium,2 sodium ~ t a n n i t e , ~  metal 
hydrides: and hydrazine5 is well known. The types of re- 
duction products are illustrated by the following equation. 

R-Hg-X - R-H o r  R-Hg-R and Hg(0) 
(H ) 

1 2 

The "symmetrization" product, 2, is produced most 
often upon reduction with magnesium, sodium stannite, or 
hydrazine while product 1 is produced by reaction with 
metal hydrides. 

Dithionites are powerful reducing agents as indicated by 
the couples below. 

HE$O,- + 2H,O -+ 2H,SO, + H' -t 2e E",,, = 0.23 V 

S,O;- + 40H-  - 2S0, + 2H,O + 2e E",,, = 1.4 V 

Oxidants such as silver ion, iodine, iodate, permanga- 
nate, cupric ion, hydrogen peroxide, nitrous acid, molecular 
oxygen, and organic dyes are all reduced? 


