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I a-Hydroxycholesterol 

By B. Pelc * and E. Kodicek, Dunn Nutritional Laboratory, University of Cambridge and Medical Research Council, 
Cam bridge 

1 a- Hydroxycholesterol has been synthesised via 6~-hydroxycholest-l -en-3-one 

FOR the preparation of 1a-hydroxyvitamin D,, a model 
compound of a possible metabolite of 25-hydroxy- 
cholecalcifero1,l 1 a-hydroxycholesterol could be an im- 
portant intermediate. We have prepared this com- 
pound from 3~-acetoxy-5a-cholestan-6-one (I). Reduc- 
tion with lithium tri-t-butoxyaluminium hydride 2 or 
sodium borohydride afforded the 6p-hydroxy-derivative 
(11) 3,* in high yield. The hydroxy-derivative was 
acetylated with acetic anhydride under reflux to give 
the 3 p ,6 p-diacetoxy-derivative (I 11) identical with 
material prepared by Shoppee and Summers by another 
route. The method of Shoppee and Summers5 for 
preparation of 6~-acetoxy-5a-cholestan-3~-ol (IV) from 
the diacetate was not satisfactory on a larger scale. A 
modification of the alkaline hydrolysis [potassium 
hydroxide (1.1 mol) in ether-methanol at 0-5" over- 
night] afforded compound (IV) in high yield. Oxidation 
of (IV) to the 3-ketone (V) with sodium dichromate in 
acetic acid at 50" improved the purity and the  result^.^ 

(I) (11) R1 = Ac, R2 = H 
(111) R1 = R2 = AC 
(IV) R1 = H, R2 = AC 

Bromination of the ketone (V) with bromine in acetic 
acid afforded the 2a-bromo-3-ketone (VI) which was 
converted into the unsaturated compound (VII) by 
treatment with calcium carbonate in dimethylform- 
amide.6 The U.V. spectrum (lmaXa 230 nm.) confirmed 
the Al-3-ketone structure of the compound. After 
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(VII) R = AC (IX) 
(VIII) R = H 

(VI) 

alkaline hydrolysis the 6p-hydroxy-derivative (VIII) 
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was isolated; epoxidation with hydrogen peroxide in 
alkaline medium then afforded the 1 a,2a-epoxy-deriva- 
tive (IX). Reduction of this compound with lithium 
aluminium hydride led to the la,3p,GP-triol (XI). 

Attempts to prepare the pure la,3p-diacetoxy-6P-hydr- 
oxy-compound (XII), which could be a useful inter- 
mediate for the preparation of a A5-derivative (XX) by 
dehydration with phosphoryl chloride were not suc- 

(XI) R1 = R2 = R3 = H 

(XIII) R1 = R2 = RS = AC 
(XIV) R1 = R2 = H, R3 = AC 
(XV) R1 = R3 = Ac, R2 = H 

(XVI) R =  H 
(XII) R1 = R2 = Ac, R3 = H (XVII) R = Mes 

(x) 

cessful. Theoretically the formation of this diacetate is 
favoured, since the steric hindrance (by the 10-methyl 
group) favours acetylation in positions l a  and 3p.lo 
Acetylation of the triol with acetic anhydride in pyridine 
afforded a mixture of monoacetates, diacetates, and a 
triacetate. Chromatographic purification did not lead 
to any crystalline material. An approach from the non- 
crystalline triacetate (XIII), by alkaline saponification, 
afforded two crystalline substances, a diacetate (XV) and 
a monoacetate (XIV). Their structures can be deduced 
from the relative rates of saponification of the equatorial 
(3p) and axial (la,6@) acetates (equatorial acetates are 
known lo to hydrolyse more quickly). With reference 
to the two axial acetates, the la-position is less sterically 
hindered (three 1,3-interactions with hydrogen atoms in 
position 3a,5a, and 9a) than the 6p-position (two 1,3-inter- 
actions with hydrogen atoms in position 4p and Sp and 
one interaction with the 10-methyl group). The isolated 
monoacetate is therefore probably a 6p-acetoxy-deriva- 
tive (XIV), and the diacetate the la,6p-diacetoxy- 
derivative (XV). 1.r. spectra of both compounds show 
acetoxy- (1725, 1270, and 1040 cm.-l) and hydroxy- 
absorptions (3520-3550 cm.-l). 

When the route to la-hydroxycholesterol (XIX) via 
the triol (XI) failed, attention was turned to the conver- 
sion of the epoxy-derivative (X) into (XIX). The crude 

C. W. Shoppee and G. H. R. Summers, J .  Chem. SOL, 1952, 
3361. 

J. A. Zderic, €3. Carpio, A. Bowers, and C. Djerassi, Steroids, 
1963, 1, 233. 

F. Salmann and C. Tamm, Helv. Chim. Acta, 1956, 39, 1340. 
H. Reich and A. Lardon, ~ Z U .  Chim. Acta, 1946, 29, 671. 

Steroids,' Reinhold, New York, 

7 W. M. Hoehn, J .  Org. Chem., 1958, 23, 929. 

lo L. F. Fieser and M. Fieser, 
1959, p. 216. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
70

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

N
ew

 H
am

ps
hi

re
 o

n 
30

/1
0/

20
14

 1
9:

14
:3

6.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/j39700001624
http://pubs.rsc.org/en/journals/journal/J3
http://pubs.rsc.org/en/journals/journal/J3?issueid=J31970_0_11


Org. 1625 

diol (X) was acetylated with acetic anhydride in pyridine 
for 4 hr.,9 and the 3p-acetoxy-derivative (XVI) was 
isolated by chromatography. Methylsulphonylation in 
pyridine gave the mesyl derivative (XVII), which failed flH;g7 

HO 
(XVIII) (XIX) R1 = R2 = H 

(XX) R1 = R2 = AC 

to crystallise. Hydrolysis of the 3-acetoxy-group and a 
diaxial elimination of methanesulphonic acid (positions 
5 and 6 )  by hydrochloric acid in methanol afforded the 
non-crystalline unsaturated compound (XVIII) [Y,, 

3500 cm.-l (OH)], which on reduction with lithium 
aluminium hydride gave 1 a-hydroxycholesterol (XIX) . 
EXPERIMENTAL 

M.p.s were determined with a Gallenkamp apparatus. 
1.r. and U.V. spectra were taken with Unicam SP 200 and 
SP 800 spectrometers. Optical rotations were measured 
for solutions in chloroform (c om5-2y0) unless otherwise 
stated, a t  20". 

3~-Acetoxy-5a-choZestun-6(3-oZ (11) .-(u) The oxo-acetate 
(I) l1 (1 g.) in dry ether (20 ml.) was added dropwise to a 
solution of lithium tri-t-butoxyaluminium hydride (2 g.) in 
ether (100 ml.) and the mixture was stirred and refluxed for 
5 hr. The cooled mixture was poured on ice and acetic acid 
(3 ml.) was added. The product was extracted with benzene 
and after the usual work-up was crystallised from ether- 
light petroleum (b.p. 60-80'), m.p. 155-157'. The 
mother liquor was evaporated and the residue was dissolved 
in benzene and filtered through a short column of alumina 
(activity 11). After evaporation of the solvent a second 
crop of compound (11) was obtained, m.p. 153-155" (lit.,394 

( b )  The 6-0x0 derivative (I! (6.8 g.) in ether (50 ml.) and 
methanol (50 ml.) was stirred and sodium borohydride (700 
mg.) was added without external cooling. After 3 hr. acetic 
acid ( 1  ml.) was added and the mixture was diluted with 
water. The ether layer was worked up, the ether was 
evaporated almost to dryness, and light petroleum (b.p. 
60-80" ; 50 ml.) was added. The collected crystals of (11) 
had m.p. 153-157" (6.1 g.). 

6@-A cetoxy-5~-choZestan-3(3-oZ (IV) .-The diol acetate (11) 
(5 g.) in acetic anhydride (10 ml.) was refluxed for 90 min. 
The solution was poured on ice and the product was ex- 
tracted with ether. The ether solution was washed with 
cold 1% sodium hydroxide and with water. The dried 
solution was cooled to 0-5" and a chilled solution of potas- 
sium hydroxide (700 mg.) in methanol (20 ml.) was added. 
The mixture was kept overnight in a refrigerator, then acetic 
acid (0.5 ml.) was added and the solution was concentrated. 
Crystallisation gave the 3p-hydroxy-derivat5ve (IV) , m.p. 
123-125' (3.99 g.) (lit.,6 70-128'; lit.,4 124-125"). 

6P-A cetoxy-5a-choZestan-3-o~ze (V) .-A solution of the 
3P-hydrosy-derivative (IV) (34.8 g.) in acetic acid (350 ml.) 
was heated to 40" and sodium dichromate dihydrate (13.5 g.) 
was added with stirring. The temperature rose to 53" and 
stirring was continued for a total of 30 min. A solution of 
sodium sulphite (5 g.) was added, most of the acetic acid was 

143-1411."). 

evaporated off in wucuo, and water was added. The product 
was filtered off with addition of Celite 545, and the dried 
product was extracted with ether. Crystallisation from 
methanol afforded the 3-ketone (V), m.p. 94-97" in two 
crops (27 g.) (lit.,5 m.p. 85-97'). 

6p-A cetoxy-2a-bror~zo-5a-choZestan-3-one (VI) .-A solution 
of the ketone (V) (30 g.) in acetic acid (600 nil.) was treated 
with hydrogen bromide in acetic acid (30%; 1 ml.) and 
brominated with bromine (11 g.) in acetic acid (100 ml.) 
during 10 min. Methanol (50 ml.) was added and the solu- 
tion was kept in a refrigerator overnight. The product was 
filtered off and washed with methanol and with ether. The 
bromo-derivative (VI) (27.2 g.) yielded crystals, m.p. 196- 
198" (from dichloromethane-acetone), [a],, + 16" (Found : 
C, 67.0; H, 9-1; Br, 15.0. C2,H4,Br03 requires C, 66.8; H, 
8.7; Br, 15.3%). 

6P-A cetoxy-5cc-choZest-l-en-3-one (VII) .-A solution of the 
bromo-derivative (VI) (27 g.) in dimethylformamide (200 
ml.) was refluxed with calcium carbonate (25 g.) for 1 hr. 
The unchanged carbonate was filtered off and washed with 
two portions (100 ml.) of benzene and water. The benzene 
layer was worked up and after evaporation gave material 
(15.7 g.), m.p. 95-98" (from methanol). Recrystallisation 
gave the product, m.p. 102-103", [a]= +2", A,,,. (MeOH) 230 
nm. (E 8300) (Found: C, 78.6; H, 10.3. C2,H4,03 requires 
C, 78.7; H, 10.5%). 

6P-Hydroxy-5a-choZest- l-en-3-one (VIII) .-A solution of 
the acetoxy-derivative (VII) (3 g.) in methanol (30 ml.) and 
benzene (1 5 ml.) was refluxed with sodium hydroxide (1 g.) 
in water (5 ml.) for 1 hr. After neutralisation with acetic 
acid (0.5 ml.) the solution was kept in a refrigerator over- 
night and the G(3-hydroxy-derivutive (2.2 g.) (VIII) was 
collected by suction, m.p. 1 8 A 1 8 5 "  (from methanol), [a], 
+3O, LX. (MeOH) 230 nni. (E 8400) (Found: C, 81.0; H, 
11.2. C2,Hd402 requires C, 81.0; H, 11.1%). 

la, 2a-Epoxy-6~-hyd~oxy-5a-choZestala-3-one (IX) .-The 
ketone (VIII) (11.4 g.) in chloroform (50 ml.) and methanol 
(100 ml.) was treated with sodium hydroxide (500 mg.) in 
water and stirred at  15-20" during the addition of hydrogen 
peroxide (30%; 11 ml.). After a further 2 hr. stirring the 
solution was kept in a refrigerator overnight. Water was 
added and the chloroform layer was worked up to yield 
the epoxyketone (IX) (8.9 g.), m.p. 176-178' (from acetone- 
methanol), [a], +So, no U.V. absorption (Found: C, 78.1; 
H, 10.8. C&&403 requires C, 77.8; H, 10.7y0). 

Sa-CkoZestane-la,3~,6~-trioZ (XI) .-The ketone (IX) (140 
mg.) in ether (20 ml.) was added dropwise to lithium alumin- 
ium hydride (50 mg.) in ether (10 ml.) and the mixture was 
refluxed for 3 hr. The usual work-up gave the trioZ (XI), 
m.p. 206-208' (from ethyl acetate-acetone), [=ID + 2" (in 
MeOH) (Found: C, 76.8; H, 11.1. C27H4803 requires C, 
77.1; H, 11.5%). 

6~-Acetoxy-5a-cholestane-la,3~-dioZ (XIV) and la,6P-Di- 
acetoxy-5a-ckoZestan-3-oZ (XV) .-The trio1 (XI)  (2.4 g.) was 
refluxed in acetic anhydride (8 ml.) for 2 hr. Water was 
added and the triacetate (XIII) was isolated by extraction 
with ether. It failed to crystallise and its i.r. spectrum 
showed no OH absorption. To the solution of triacetate 
in ether (30 ml.) a solution of potassium hydroxide (690 mg.) 
in methanol (20 ml.) was added, and the mixture was kept 
overnight a t  room temperature. Water was added and 
after the usual work-up the product (2.5 g.) was chroma- 
tographed on alumina (activity 11; 70 g . ) .  Fractions 

11 J. Mauthner and W. Suida, Monatsh., 1894. 15, 8 5 ;  1903, 
24, 648. 
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eluted with ethyl acetate gave the diacetate (XV) (330 mg.), 
m.p. 186-188" (from ether), [a], + l o "  (Found: C, 74.1; H, 
10.4. C3,HB20, requires C, 73.8; H, 10.4%). Elution with 
ethyl acetate-acetone (1 : 1) a€forded the monoacetate (XIV) 
(740 rng.), m p .  175-176" (from ether), [a], f2 '  (Found: C, 
75-0; H, 10.8. C2,H,o0, requires C, 75-3; H, 10.9%). 

(XVI) .-The 
ketone (IX) (13 g.) in methanol (250 nil.) and ether (100 ml.) 
was reduced with sodium borohydride (1.3 g.) overnight. 
Acetic acid (1.3 inl.) was added, followed by water, and the 
ether layer was worked up. The dried product was dis- 
solved in pyridine (10 ml.) and dry benzene (100 ml.). 
Acetic anhydride (13 ml.) was added and the mixture was 
stirred for 4 hr. a t  room temperature. Water was added 
and the benzene layer was worked up. The material was 
purified on an alumina column (260 9 . ) .  Elution with light 
petroleum-benzene (1 : 1) afforded a mixture of the 3,6-di- 
acetate and the 3-monoacetate; further elution with the 
same mixture and with ether gave almost pure 3B-acetoxy- 
derivative (XVI), m.p. 145--148" (from methanol) (6-9 g.) ; 
further crystallisation from acetone gave material, m.p. 
149-151", [a], 0 f 1' (Found: C, 75.9; H, 10.7. C,,H,,04 
requires C, 75.6; H, 10.5y0). Elution with ethyl acetate 
and methanol gave unchanged starting material (IX). 

la, 2a-E~oxycJzoZest-5-en-3~-oZ (XVIII) .-The acetoxy- 
derivative (XVI) (2 g.) was dissolved in pyridine (5 ml.), 
methanesulphonyl chloride (1 ml.) was added dropwise, and 

3 @-A cetoxy- 1 a, 2a-e~oxy-5a-choZestan- 6P-oE 

the mixture was set aside overnight. Water and ether were 
added, and after work-up the product was dissolved in ether 
(10 ml.) and methanol (30 ml.). Conc. hydrochloric acid 
(5  ml.) was added and the mixture was refluxed for 1 hr. 
Water and ether were added and the ether layer was worked 
up. The ether was evaporated off, a solution of potassium 
hydroxide (500 mg.) in methanol (30 ml.) was added, the 
mixture was refluxed for 1 hr., water was added, and the 
ether layer was worked up. After evaporation of the sol- 
vent, the product failed to crystallise, though it showed 
only one spot on t.1.c. (silica gel). 

Cholest-5-ens- 1 a, 3p-diol (XIX) .-The epoxy-derivative 
(XVIII) (1-3 g.) in tetrahydrofuran (40 ml.) was added to 
lithium aluminium hydride (200 mg.) in tetrahydrofuran 
(20 ml.). The mixture was refluxed for 2 hr., ethyl acetate 
and water were added, and the ethyl acetate layer was 
worked up. The product (1.6 g.) was chromatographed on 
alumina (activity 11; 50 g.). The dioE (XIX) was eluted 
with acetone-methanol (1 : l) ,  m.p. 185-192' (from 
acetone) (1 g.) ; further recrystallisation gave material, m.p. 
195-200", [a],, 0 f 1" (inMeOH) (Found: C, 76.2; H, 11.1. 
C2,H,,0,,0.5H20 requires C, 75.9; H, 11-1 %). 

We thank the University Chemical Laboratory, Cambridge 
for the micro-analyses. We also thank the Research Insti- 
tute for Pharmacy and Biochemistry, Prague for leave of 
absence to B. P. 

[0,!057 Received, December Sth, 19691 
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