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The effect of changing the solvent on the relative amounts of

the C3 epimeric alcohols obtained by sodium borohydride reduction of
A‘- cholestene-3-one, methyl 3-keto- A‘- cholenate, and methyl
3-keto=- Al- cholenate has been studied.

Reduction of 3 keto- A*. steroids by sodiwm borohydride in
methanol or pyridine gives predominantly the 3 e -igomer while
reduction of methyl 3-keto- Al- cholenate gives predominantly the
3K -isomer,

The cleavage of digitonides of allylic 3P -hydroxy steroids by
dimethyl sulfoxide has been found to give almost quantitative yields

of the sterol.
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INTRODUCTION

Purpose of the work:

A considerable amount of work has been done on the reduction by

1 4
complex metal hydrides of 3 keto- D - steroids™ and 3 keto- B -

4
atsroid32’3’4’5 in the cholestane series, and on 3 keto- [\ =
steroid56’7’8’9 in the bile acid series. However, no work has been

done on the reduction of 3 keto- Ekl- steroids in the bile acid series.
During this investigation we have attempted to make a comparative

study of the reduction by sodium borohydride of [)f- cholestene-3-

one (I), methyl 3-keto- [&‘- cholenate (II), and methyl 3-keto- [kl-

cholenate (III) in methanol and pyridine.

0 0 0

(1) (1I1) (111)
Historical
The use of complex metal hydrides for the selective reduction
of various polar functional groups has found wide applications in
steroid chemistry'’. The fact that sodium borohydride can
selectively reduce the carbonyl group in the presence of other

-] -
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reactive functional groups led many investigators to use this reagent

for the preparation of some steroidal alcohols of medicinal import-

snoe}l’lz This method gives excellent yields and is superior to

that of Sondheimer and Evans employing Meerwin-Pondorf reduotion.u
Reduction of 3-ketosteroids by sodium borohydride has been

found to be stereospecificl’4’14’15= 3-ketosteroids of the cholestane

geries (IV) give 3® -ols as the sole product, while 3-ketosteroids

of the coprostane series (V) give the 30(-015.16

— oy L0

Wo
(1v) (v)
4
Reduction of 3 keto- A - steroids with complex metal hydrides

has been reported to give contradictory results concerning the
4
amounts of 30\ - and 3@ -hydroxy- A - epimers. Table I summarizes

gome of these results:

Table I
Compound %38 %30  Ref,
A‘- cholestene-3=one 44 44 2
A‘- cholestene-3-one 50 50 3
A‘- cholestene-3-one 69 24 4
Me thyl-3-keto- A -cholenate 78 10 9
17 ~ethinyl testosterone T0 - 7
Me thyl-3-keto- [_\‘-etiocholemte 91 absent 6

4
Methyl-3 keto-19-acetoxy- ﬁ. -etio-
cholenate major minor 17
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Bergnanl reported that reduction of Al- cholestene-3-one with
lithium aluminium hydride gave exclusively Behydrox;v— ﬁl- cholestene
(90%) with remarkable absence of the 3 alpha isomer.

Solvent effects in the reductions of 3 keto- A‘- steroids by
sodium borohydride were reported by l‘[u.pflerB in 1961. Thus, reduction
of progesterone (VI) with sodium borohydride in methanol yielded VII

and VIII; in isopropanol IX and X; and in pyridine X and IX,

CH3
(=0 gHs gHy
HOC-“ KOG I
NaBH 4/MeOH ggﬁ
0 0
(vi) (vII) (VI1I)
major product minor product
CH3 CH3 §Ha
\ ! c= 0
=0 =
Na.BH;[i-PrOHi -+
0 Wo HO :
H
(vi) . (1X) (x)

major product minor product
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major product minor product
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A. Preparation of methyl 3-keto- [\ - cholenate and methyl 3-keto-
1

Q - cholenate.
0Ol Do’k‘. ooM(
wo W 0

ooM
ooM, 00 M. ‘

\/ (VIII)
(v1) (viI)
W
/ (1x)

oo,

(,'Oﬂn.

oo

(X)
(x1)



Me thyl lithocholate (II) was obtained by esterification of
1ithocholic acid (I) with excess methanol in the presence of con-
centrated hydrochloric acid. Conversion to methyl 30l -tosyloxy-
cholanate (III) was accomplished by adding 1.1 equivalents of
p-toluenesulfonyl chloride to a solution of methyl lithocholate (11)
in dry pyridine. Dehydrotosylation of III by 2,6 lutidine gave a
brown oil which was chromatographed on a column of alumina., Elution
with P.E. and P.E.-B (9:1) gave an intractable mixture of Kol

As-cholenate (Iv, V). The mixture was treated with selenium
dioxide in acetic acid, and then acetylated. Chromatography on
alumina removed methyl S,s-choladiena.te (vIII) (early fractions).
Saponification of the late fractions with 2.5 N methanolic potassium
hydroxide gave the free hydroxy acids which, upon treatment with
diagomethane in the cold, gave the methyl esters Vi, VII and IX.
The mixture (VI, VII, and IX), upon oxidation at room temperature
with freshly prepared manganese dioxide in chloroform, gave methyl

1 MeOH
3-keto- N cholenate (XI) m.p. 138 - 1}90 (>\ 231 - 232 mp,

4 e MeOH
and methyl 3-keto- Z\ - cholenate (X) m.p. 126 - 127° (>\I
ax

241 - 242 mp, which were separated by chromatography over alumina,
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4
B. Preparation of A - cholestene-3-one.

b‘ Br ‘ Br

(x11) (xI11) (xxv)
o&&g\-{
(XVI) (xv)

Cholesterol dibromide (XIII) was obtained by adding bromine
and anhydrous sodium acetate in acetic acid to an ethereal solution
of cholesterol (XII). When XIII was treated with a hot solution of
sodium dichromate in acetic acid, 50, 6  -dibromo-cholestane-3-
one (XIV) resulted. Treatment of XIV with zinc dust gave A
cholestene-3-one (XV). Compound XV, in ethanol, was isomerized

4
by oxalic acid to [\ -cholestene-3-one (XVI) m.p. 81 - 82°,



C. Reductions.

4
1. Reduction of A - cholestene-3-one.

; +
oﬂ H."'wo

(xv1) (xviI) (XVIII)

uo :

(XIX)

Reduction of XVI with sodium borohydride in methanol gave a
mixture of 3o -hydroxy- A*_ cholestene(XVII), 154, and 3 -hydroxy-
[)‘- cholestene (XVIII), 75%. The mixture of the epimeric alcohols
was separated by the following general procedure: the reduction
mixture was treated with a 1% solution of digitonin in 90% ethanol.
The precipitated digitonide was collected by filtration, dried, and
cleaved by dimethyl sulfoxide. Recovery of the 3?’ -isomer was
almost quantitative. Evaporation of the filtrate and extraction of
the residue in a Soxhlet extractor gave 3 ~hydroxy- A4- cholestene
(XvVII).

Reduction of XVI with sodium borohydride in pyridine gave 68%
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of the 3¢ -isomers (XVIII and XIX), and 22% of the 3ok -isomer (XVII).

4
2. BReduction of methyl 3-keto- A - cholenate.

oofMe o ooMe
0 wo’ d Wwo
(x) (xx) (Xx1)
X
ooMe
WO H
(xxxT)

Reduction of X with sodium borohydride in methanol gave methyl-
4 4
30k -hydroxy-/\ - cholenate (XX), 15%, and methyl-3{ -hydroxy- [\ -
cholenate (XXI), 82%.
Reduction of X with sodium borohydride in pyridine gave T4%
of the 3@ -isomers (XXI and XXIT), and 20% of the 3{ -isomer (XX).

1
3. Reduction of methyl 3-keto- ) - cholenate.

Reduction of XI with sodium borohydride in methanol gave 84%
of XXV and 9% of XXIII,
Reduction of XI with sodium borohydride in pyridine gave 92% of

the 30l-isomers (XXIV and XXV) and traces of the 3 § -isomer (XXIII).
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Wnt Oo"f. oont
_—) A
0 uo"

(x1) (Xx111) (xx1v)

N
3
=
-
;n:;
3
o

ol

we”
(XXVII)

Compound XXV, after acetylation and recrystallization from
methanol, gave needles of methyl-3 -acetoxy- f_\l-cholenate (xxvI)
m.p. 116 - 118°, Hydrolysis of XXVI and XXV in 2,5 N methanolic
potassium hydroxide, and recrystallization from aqueous methanol

1

gave needles of 3 O-hydroxy- [\ - cholenic acid (XXVII) m.p. 190 -

192°, o ; + 41.



DISCUSSION

Several methods have been described in the literature for the

18519420 puring this investiga-

4
preparation of A.- cholestene-3-one.
tion we followed the procedure described by Fieaer.la
Lithocholic acid (I) was the starting material for the
1
preparation of methyl 3-keto- A - cholenate (XI) and methyl 3-keto-
4
/\ - cholenate (X), by the following method>Y: Selenium dioxide
2 3 22
oxidation of methyl I\ - ana A" - cholenate (prepared“” by the
action of lutidine on the tosylate of methyl lithocholate) gave a
395
mixture of methyl A - choladienate (VIII), methyl 30{- and 3@ -
4 1
hydroxy- [\ - cholenate (VII, VI), and me thyl-3 ¢ -hydroxy- [ -
cholenate (IX). The mixture was acetylated and the diene separated
from the allylic alcohols by chromatography. Hydrolysis of the
acetates followed by methylation with diazomethane gave a mixture
of VI, VII, and IX. Oxidation of VI, VII, and IX with manganese
4
dioxide gave a mixture of methyl 3-keto- A’ cholenate (X) and
1
methyl 3-keto- L\ - cholenate (XI), separable by chromatography.
The chromatographic separation of the diene from the allylic
4
alcohols (as the acetates), and of methyl 3-keto- A - cholenate
1
from methyl 3-keto- A - cholenate, described above, was found to be
time consuming and tedious., We are at present investigating a
considerable simplification of this procedure, but are in no
position to report definite results yet.
4 4
The reduction of A - cholestene-3-one, methyl 3-keto- AN

w1 L
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cholenate, and methyl 3-keto- Al- cholenate was carried out with
sodium borohydride in methanol and pyridine at room temperature.

Sodium borohydride rather than lithium aluminium hydride was used
since the former is milder and does not attack the ester group.zz'

The results of the present work are summarized in Table II.

Table II
Compound Solvent Time(hrs,) % ¢ g X
4 MeCOH 16 75 15
A - cholestene-3-one

Pyridine 16 68 22
4 MeOH 16 82 15

Methyl 3-keto- A -cholenate
Pyridine 16 74 20
1 MeOH 16 9 84

Methyl 3-keto- A -cholenate
Pyridine 16 traces 92

Inspection of Table II reveals the following striking feature:
reduction of A‘-E—keto-steroids gives predominantly the 39 epimer,
while reduction of Al—B—keto-steroids of the 5@ series gives
predominantly the 3 epimer, This remarkable reversal in the isomer
ratios may be attributed to the shape of the molecules in question,
The ring system of A‘-S-keto-steroids is nearly flat and the
predominance of the 5% isomer is not surprising, since the angular
methyl group at Czp hillers frontal attack by the reducing agent.

In Al-jqketo-eteroida af the 5 @ series, however, the rearward
bending of ring A shields the oX-side of the molecule and invites

frontal attack.
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Changing the solvent does not alter appreciably the ratios of
3 Q and 3 o epimers, However, saturation of the double bond has been
observed in these reductions when pyridine was used as a solvent.
This is evidenced by the depression of the melting point and the
diminished optical rotation of the predominant isomer. Saturation of
the dﬁuble bond in the reduction of progesterone with sodium boro-
hydride in pyridine has been observed by'Kupflera in 1961.

Optical rotation studies in the terpene aerieaz4 reveal that
allylic alcohols of type XXVIII (of projection formula XXVIITa
corresponding to that of D-glyceraldehyde) are found to be more
dextrorotatory than their epimers of type XXIX (belonging to the

L-series of projection formula XXIXa).

CHp- CHzOH
L] L]
HO Sxxxem (0 ez H IK)BSD-Q-ﬂﬂHnH
L]
" P . :
no CH= CHO
(XXVIII) (XXVIIIa) D-(+) glyceraldehyde
CHz- CHzOH
HESSe=m( w22z O H e C =22z O
Wo CH= CHO
(Xx1X) (XXIXa) L-(-) glyceraldehyde

Similar considerations apply to allylic alcohols in the
steroid series. Thus, comparison of the optical rotations of the

4
epimeric 3-hydroxy- A - cholenic aoida25 shows that the 3 {epimer



W+

- 1ld -

(OLD + 120) is more dextrorotatory than the 3@’ epimer (o(D + 51).

On this basis, it is expected that 36 ~hydroxy- bl- cholenic acid
(xxx) (O<D + 13525) (of projection formula XXXa corresponding to that
of D—glyceraldehyde) should be more dextrorotatory than 3 -hydroxy-
Al- cholenic acid (XXVII) (04]) found during this investigation: + 47)

(belonging to the L-series of projection formula XXVIIa)

CH= CHO
1 ] L]
L] ]
00l ¢ '
H (530 ( =zA OH HESS=C wzzAOH
(] 1]
1] [ ]
CHz- CH2O0H
(xxx) (XxxXa) D-(+) glyceraldehyde
CH= CHO
i
ooH ' '
HOtxe— C 22 H HOWs=( ~zdH
. '
CHp - CHoOH
(xXxXvII) (XxvIIa) L-(-) glyceraldehyde

The use of dimethyl sulfoxide for the cleavage of steroidal
digi tonides was introduced recently by Issidorides, Kitigawa, and
Nows b tlg" Daring Wils inveatiguiton we foud that dimethyl
sulfoxide is an effective and safe reagent for the cleavage of
digi tonides of allylic 3 § steroidal alcohols, Compared to the
method introduced by Schoenheimrzzming pyridine as a solvent, the
dime thyl sulfoxide method has the advantage of convenience and
speed in the isolation of the sterols; the yields are almost

quan ti tative.
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EXPERTMENTAL

p-tolylsulfonyl nitrosamideze
Aqueous methylamine (210 ml., 33%) was placed in a l-liter

round-bottomed flask, and p-toluenesulfonyl chloride (190 g.) was
added iﬁ portions (with swirling) for five minutes. The mixture

was heated to 80 - 90° in order to maintain the sulfonylmethyl-
emide (m.p. 78) in a molten state. Boiling was prevented by cooling
the flask with water. When the mixture became acid to litmus,
sodium hydroxide (50 ml., 50%) was added slowly, followed immediate-
1y by gradual addition of p-toluenesulfonyl chloride (90 g.).

Sodium hydroxide (25 ml., 50%) was added to the acid mixture, follked
by a third portion of p-toluenesulfonyl chloride (40 g.). When the
mixture was acid to litmus, sufficient amount of sodium hydroxide
(50%) was added to make the final solution alkaline,

The walls of the flask were rinsed with water, and the mixture
was heated on a water bath for fifteen minutes with vigorous mechani-
cel stirring. The hot mixture was poured in 1,5 liters of glacial
acetic acid contained in a 5-liter round-bottomed flask. The small
flask was rinsed with 250 ml, of acetic acid.

The mixture was kept at a temperature between 0 - 5" in an ice

bath. A solution of sodium nitrite (124 g.) in water (250 ml.) was

*Melting points are uncorrected. Alumina used for chromatography was
neutral, grade I "Woelm" to which 3% waterwas added., Solvents for
chromatography are indicated thus; P.E, = 40-70”pet.ether, B = Benzene,
E = Ether., U.V, spectra were determined in Zeiss Spectrophotometer
PMQII.

=18 =
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added dropwise over a period of forty five minutes, with vigorous
mechanical stirring. The mixture was stirred for fifteen more
minutes, with the temperature kept below 10°C. The product, which
separated as a yellow crystalline solid, was diluted with water
(1 1iter), filtered, washed with water (500 ml. )‘d dried in a
vacuum daai&"tor (40 mm, Hg). Weight 280 g. m.p. 52 - 56°. e
product was recrystallized by dissolving it in petroleum ether -
ether (1:1) and cooling in the refrigerator. Hard orange crystals
were obtained, melting at 58 - 60°.

Dia.zomethan329

Caution: Diazomethane is very toxic and explosive, Its
preparation’ ghould be carried out under the hood. use of a
safety glass wimdow is recommended. The a.ppa.ra.tu*péed should have
ungreased glass joints with fire polished edges.

A Claisen head (b), equipped with a themmometer (g) and
condenser (c), was fitted into a 250 ml. round-bottomed flask (a)
immersed in an oil bath. A 250 ml. round-bottomed flask (e) was
connected to the condenser by means of a vacuum adapter with a side
connection (d). Another flask (¢) was joined to (e) through a
rubber tubing and a similar adapter (d'). Flasks (e & e') were
placed in an ice-salt bath.

A mixture of potassium hydroxide (6 g.) in water (10 ml.),
2-ethoxy ethanol (35 ml.) and ether (10 ml,) was placed in flask (a).
During the preparation a gentle stream of nitrogen was allowed to

flow through a capillary immersed below the surface of the solution
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in flask (a). The temperature of the oil bath was kept at 70 - 757,
From a dropping funnel, a solution of p-tolylsulfonyl nitrosamide
(21.5 g.) in ether (125 ml.,) was added slowly (fifteen minutes). The
te was observed.

distillation stopped when no more yellow disti

Manganese diox¥de
A solution of manganese sulfate monohydrate (55 g.) in water

was placed in a 2-liters 3-necked flask and heated with stirring

at 86°C. Potassium permanganate (240 ml.) (prepared by mixing

60 g. of the salt in 400 ml. of water and heating to 70 - 85") was
added to the hot manganese sulfate solution in portions, (30 - 35 ml.
each), and the mixture stirred for five minutes. Another portion
(100 ml.) of potassium permanganate was added and this time the
mixture was stirred for twenty minutes. The remainder of the
potassium permanganate was added to the manganese sulfate solution
and stirring was continued for thirty minutes at 86°C. Filtration,

followed by thorough washing of the precipitate with hot water
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(700 ml.) and drying at 110 - 120° for two days to constant weight

(74 g.) gave a brown solid which could be powdered easily.

Cleavage of di.gy;onidesz‘6
The standard dimethyl sulfoxide method for the cleavage of

digitonides was used for recovery of the 3" ~igomer. The following
is a typical run: the digitonide of A‘- cholestene-3 ¢ -o1 (1.023 g.)
in dimethyl sulfoxide (20 ml.) was heated on a steam bath for five
minutes, cooled to room temperature, and extracted with n-hexaene (70 ml.).
The dimethyl sulfoxide layer was extracted with four 30 ml, portions
of n-hexane. The combined extracts were dried for thirty minutes over
sodium sulfate (15 g.), filtered, and evaporated to dryness. The resi-
due was dried to constant weight (100°/1 mm) giving A‘- cholestene-
3¢-01 (0.232 g., 96% recovery) melting at 128 - 131°, Recrystalliza-
tion from methanol gave needles m.p. 131 - 1320.

Cleavage of the other digitonides by the above procedure gave

values ranging from 89 - 99% recovery.

Methyl 1ithocholate (IT1)2°

A mixture of 1lithocholic aecid (I) (50 g.), methanol (500 ml.)
and concentrated hydrochloric acid (5 ml,) was refluxed for thirty
minutes, The hot solution was filtered, left overnight, cooled to
-2°, and the precipitated product (38 g. m.p. 126 - 128°) was
collected, washed with cold methanol and dried. Concentration of the
mother liquor and washings gave a second crop (8 g.) m.p. 126 - 1287,

2

(Lit.: 126 - 1282}, 126,5 - 12827, 125 - 127.5%2, 125 - 127°2).
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Methyl 30d-tosyloxycholanate (IIT)%”

A solution of methyl 1ithocholate (II) (25 g.) in dry pyridine
(50 ml.) was treated with p-toluenesulfonyl chloride (29 g.) and
kept at room temperature for two days, then poured into ice-cold
dilute hydrochloric acid with stirring., The white precipitate was
filtered and washed with cold water. The dry, methyl 3ol -tosyloxy-
cholanate (III) (33 g.) gave shiny plates from methanol-acetone

21

mp, 116 - 118° (Lit.: 118 - 120, 119 - 12125, 120 - 121.522,

110 - 1127%),

Dehydrotosylation of methyl 3 o0& -tosyloxycholanate (ITI [22
Methyl 30{~tosyloxycholanate (III) (25 g.) was refluxed with

2,6 lutidine (125 ml.) for 4% hours. The cooled solution was

poured into cracked ice and extracted repeatedly with ether. The
combined ethereal extracts were washed thoroughly with hydrochloric
acid (3%) and water, dried over sodium sulfate, filtered, and
evaporated to dryness under reduced pressure. A portion (7 g.) of
the brown oily residue was dissolved in benzene (6 ml.) and applied
to a column of alumina (100 g. of alumina in a column 25 mm, in
dismeter and 300 mm, in height). Elution with P,E. and P,E.-B. (9:1)
and evaporation of the fractions gave an oily product which solidified
when rubbed with methanol., Repeated recrystallizations from methanol
gave shiny plates of a mixture of methyl- A!-cholenate and methyl-
Aa-oholenate (Iv, V) (3 g.) mupe 73.5 - 75° (Lit.: 74 - 7521.

T35 - 4,527, T4.5 = 75°2).



Selenium dioxide oxidation of the degxgggtogxlatozl

A solution of selenium dioxide (1.3 g.) in water (3.7 ml.) and
acetic acid (25 ml.) was added to a solution of methyl- S -cholenate
and methyl- Aa -cholenate (5 g.) (obtained in the last step described
above) in acetic acid (55 ml.), and the mixture was stirred (magnetic
stirref) at room temperature for 35 hours., The resul ting red mixture
was diluted with water, filtered, washed with sodium carbonate (5%)
until no more carbon dioxide was evolved, then washed with water and
finally treated with charcoal (0.2 g.) and filtered. The yellow clear
filtrate was dried over sodium sulfate for 3 hours, filtered, and
evaporated to dryness under reduced pressure at room temperature. The
residue was dissolved in dry pyridine (60 ml.) and acetic anhydride
(30 ml.)., Te solution was allowed to stand overnight at room tempera-
ture, then poured onto cracked ice with stirring. The yellow precipitate
was filtered, washed thoroughly with water and dried in a vacuum
desiccator (40 mm., Hg). The product, dissolved in benzene (5 ml.), was
adsorbed on a column of alumina (150 g.). The column was washed with
P.E. (200 ml.) and then eluted fast with P,E.-B, (1:4). The combined
P.E.-B. fractions were evaporated to dryness, The product was
refluxed with 2.5 N methanolic potassium hydroxide (70 ml.) for 1% hours.
The saponification mixture was cooled, diluted with water (40 ml.) and
ether (75 ml.), and acidified with cold 1 N sulfuric acid, The ether
layer was separated and the aqueous layer extracted repeatedly with
ether. The combined ether extracts were washed thoroughly with water

and dried over sodium sulfate. The solution was filtered, evaporated
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to dryness under reduced pressure, and treated with an ethereal
solution of diagzomethane in the cold. The excess diazomethane and
ether were evaporated on a water bath, giving a white solid (3.8 g.)
of the methyl esters of isomeric 3-hydroxy unsaturated acids VI, VII,

and IX,

Manganese dioxide oxidation of the 3-hydroxy unsaturated methyl esterszl

A solution of the product (3.8 g.) (obtained in the last step
described above) in chloroform (380 ml) was stirred with freshly
prepared manganese dioxide (38 g.) for 3% hours at room temperature.
The reaction mixture was filtered and the manganese dioxide was washed
with chloroform (100 ml.). The filtrate was evaporated to dryness
under reduced pressure.

The dry solid (2.4 g.) was dissolved in benzene (6 ml.) and
applied to an alumina column (100 g. of alumina in a column 25 mm. in
diameter and 300 mm, in height)., The column was eluted fast with

P.E.-B. (9:1, 8:2 respectively) and fivefractions were collected.

‘AS 5
‘s = choladien-

Evaporation of these fractions gave an o0il of methyl-
ate (VIII) (110 mg.) which solidified when rubbed with methanol.

Recrystallization from methanol afforded lancets m.p. 96 - 98°

MeOH 25 9
?‘\ 227.5, 236, 243 mp, (Lit.: 96 - 987, 96 - 987)

max

Further elution with P,E.-B. (1:9) gave no product. The column
was then eluted with benzene (150 ml,) and B,-E, (9:1) and six
fra.ct’ions, 75 - 80 ml. each, were collected. At this stage the column

was eluted with B,-E., (8:2) and eight more fractions were collected.
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The first six fractions were combined, evaporated, dissolved in

benzene (2 ml.) and rechromatographed on an alumina column (30 g. of
alumina in a column 20 mm. in diameter and 260 mm, in height). The
column was eluted with P.E.-B. varying from (9:1) to (1:9) to collect
five fractions which were discarded. Elution with B. (100 ml.) and
B.-E. (9:1, 300 ml.), followed by evaporation of the combined fractions
gave a white solid (500 mg) m.p. 128 - 134°, Repeated recrystallization

1
from methanol gave shiny needles of methyl-3-keto- /\ - cholenate (XI)

MeOH
m.p. 138 - 1399, OLD + 109 Chf. (c 1.4), /?\ 231 - 232 mp

(7,600) (Lit.: m.p. 137 - 1387, 138.5 - 139.5°%; (X + 113°

(7\ 231 - 232 mp (9,000)%7).
Max

The B,-E. (8:2) fractions were combined and evaporated. The
white residue (1.6 g.) was recrystallized twice from methanol, giving
4
small prisms of methyl-3-keto=- A\ - cholenate (X) m.p. 126 - 127°;

MeOH
OLD + 86 Chf. (c 0.25); (7\ 241 mp (16,800) (Lit.: m.p. 125 -
max

126.5°%, 125 - 126°, 126 - 127%%; X b+ 907, + 87202 4 66,1305
¢ = 15,800°, 16,80027).

5

JAY

-cholestene-3-one (XV)IB

A mixture of cholesterol (XII) (150 g.) in absolute ether (1 liter)
was placed in a 4-liter beaker and brought into solution by warming on
a steam bath with stirring. A solution of anhydrous sodium acetate
(5 g.) and bromine (68 g.) in acetic acid (600 ml.) was added to the

cooled cholesterol solution with stirring. A stiff paste of the
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dibromide (XIII) was formed in three minutes. The mixture was cooled
to 20° in an ice bath, filtered, and the precipitate was washed with
acetic acid (500 ml.).

A suspension of the dibromide in acetic acid (2 liters) was placed
in a 5-liter round-bottomed flask and stirred at room temperature for
fifteen minutes, To this was added a solution, preheated to 90°, of
sodium dichromate dihydrate (80 g.,) in acetic acid (2 liters). While
stirring vigorously, the temperature rose to 55 - 58° and all the solid
dissolved in 3 - 5 minutes., Stirring was continued for another two
minutes. The solution was cooled in an ice bath for ten minutes
without stirring, diluted with water (400 ml.), and stirred vigorously
to bring the temperature to 15°. The product was collected on a 2l-cm
Buchner funnel, washed repeatedly with methanol (800 ml.) and trans-
ferred to a 3-liter round-bottomed flask containing ether (2 liters)
and acetic acid (25 ml.). The mixture was stirred in an ice bath till
the temperature was 15°. The ice bath was lowered and fresh zinc dust
(5 g.) was added. The temperature was kept between 15 - 20° and zine
dust (35 g.) was added in portions over a five minute interval., The
solution was stirred for ten more minutes; pyridine (40 ml.) was esdded,
and the mixture filtered. The filtrate was washed with water (three
600 ml. portions) and sodium bicarbonate (5%) until no more carbon
dioxide was evolved; it was then dried over magnesium sulfate and
filtered. The filtrate was evaporated to a volume of one liter, and
diluted with methanol (500 ml.). The solution was concentrated to

5
about 1,2 liters, cooled, iced, and filtered. The solidA - cholest-
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ene-3-one (XV) (104 g.) melted at 115 - 122°,

A 18
- cholestene-3-one (XVI)

Lls- cholestene-3-one (XV) (100 g.), anhydrous oxalic acid
(10 g.) and 95% ethanol (800 ml.) were heated on a steam bath for
twenty five minutes, The hot solution was left overnight and then
cooled to =2°. The precipitated product was collected, washed with
cold 95% ethanol (200 ml.), and dried. The mother liquor and washings
were combined and concentrated to give a second crop. The combined
product weighed 87 g. m.p. 76 - 80°, Two recrystallizations from 95%

ethanol gave a product (73 g.) melting at 81 - 82° (Lit.: 61 - 82'°,

78.5 = 80,52, 79.5 - 80.5°°).

4
Reduction of /\ - cholestene-3-one by NaBH4 in methanol

Sodium borohydride (330 mg.) was added to a solution of Zl‘- cholest-
ene-3-one (XVI) (1 g.) in methanol (75 ml.). The solution was kept at
room temperature for sixteen hours, poured into water (75 ml.,) and
extracted with ether (150 ml.). The aqueous layer was extracted with
three 50 ml., portions of ether. The combined ether extracts were dried
over sodium sulfate, filtered, and evaporated to dryness,

The white residue was dissolved in 90% ethanol and poured into a
hot solution of digitonin (370 mg.) in 90% ethanol (400 ml.). The
mixture was allowed to stand at room temperature for twenty four hours.
The digitonide was filtered, washed with cold 90% ethanol and dried in a
vacuum desiccator for twenty four Ez:rs (40 mm, Hg). The digitonide was

cleaved with dimethyl sulfoxide,/extracted with n-hexane, The n-hex-

ane extracts were combined, dried over sodium sulfate, and
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evaporated to dryness. The white product (0.75 g., 75%)melted at 126 -
130°. BRecrystellization from methanol gave needles of A‘- cholestene-
3% -01 (XVIII) m.p. 131 - 132° A p *+ 46 Chf. (¢ 1,02) (Lit.s m.p. 131 =
13283 L+ 44®d X+ 44d).

The digitonide filtrate was evaporated to dryness under reduced
pressure, The dry residue was extracted withether in a Soxhlet extractor
for four hours. When evaporated, the ether extract gave a crude product
(0.15 g., 15% yield) which was dissolved in dry pyridine (6 ml.) and
acetic anhydride (3 ml.), kept overnight, and poured onto cracked ice
with stirring. The white precipitate was filtered, washed with water,
and dried in a vacuum desiccator. The dry product was taken up in
benzene (2 ml,) and chromatographed on an alumina column (a 50 ml.
burette containing 10 g. of alumina). The column was eluted with P.E,
(100 m1.) and P,E.-B. (9:1, 8:2; 100 ml. and 50 ml. respectively). The
combined fractions were evaporated and the residue recrystallized from
methanol giving long needles of 3ok -acetoxy- A‘- cholestene m,p, 81 =

82° (Lit.: m.p. 32.513).

4
Reduction of A - cholestene-3-one by NaBHg4 in pyridine
4
A mixture of /\ - cholestene-3-one (500 mg.) and sodium boro-

hydride (165 mg.) in pyridine (35 ml.) was kept at room temperature for
sixteen hours. The solution was acidified with 1 N hydrochloric acid
(25 ml.) and extracted repeatedly with ether. The combined ether
extracts were washed with water, dilute hydrochloric acid, and finally
water, The solution was dried over sodium sulfate, filtered, and

evaporated to dryness. Precipitation with digitonin was carried out as
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described for the reduction of A‘- cholestene-3-one in methanol,
Cleavage of the digitonide with dimethyl sulfoxide gave 0.34 g. (68%)

of the 3@ -igomer$. Repeated recrystallization from methanol, gave
needles m.,p. 120 = 122“(%~D + 42 Chf. (c 0.84). (Lit.: 131 - 15213,

O( p* 46). The product was acetylated and recrystalliged from methanol
affording tiny needles of the 3@ -acetate m.p. 72 - 76° (Lit.: m.p.
85%2).

The digitonide filtrate gave a crude product (0.11 g., 22%) which
was acetylated, chromatographed on alumina and recrystallized repeat-
edly from methanol giving long prismatic needles of the 30{-acetate
m.p. 78 - 84° (Lit.: m.p. 82.514).

4
Reduction of methyl 3-keto-/\ - cholenate by NaBH4 in methanol

Sodium borohydride (35 mg.) was added to a solution of methyl
3-keto- A‘-cholenate (x) (104 mg.) in methanol (25 ml.). The solution
was kept at room temperature for sixteen hours and worked-up as
described for the reduction of A‘- cholestene-3-one in methanol,

This gave a crude product of methyl 3@ hydroxy- A-4- cholenate (XXI)
(85 mg., 82%). Recrystallization from n-hexane gave rosettes m.p. 132 -

1330 A p + 49 Chf, (c 0.67) (Lit.: m.p. 131 - 1339 7, 439)-
D

The digitonide filtrate gave a crude product of methyl 3 ol-hydroxy-

4
/\ - cholenate (XX) (14 mg., 15%). This product was acetylated,

chromatographed over alumina, and recrystallized from methanol. Shiny
4
plates of methyl Bo(-acetoxy- N - cholenate m.p. 141 - 142° were

obtained (Lit.: 143 - 1459).
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4
Reduction of methyl-3 keto- A - cholenate by NaBH4 in dine

A mixture of methyl-3 keto- A‘- cholenate (100 mg.) and sodium
borohydride (35 mg.) in pyridine (25 ml.) was kept at room temperature
for sixteen hours, The mixture was worked-up as described for the
reduction of [.\‘- cholestene-3-one in pyridine, giving a crude product
(74 mg., T4%) of the 3 f -isomers. Recrystallization from n-hexane gave
rosettes m.p, 125 - 129°,o(D + 38 Chf., (¢ 0.98) (Lit.: m.p. 131 -
133° ol + 487).

The digitonide filtrate gave a crude product (20 mg, 20%) of the
30l-isomer, which was acetylated, chromatographed over alumina, and
recrystallized repeatedly from methanol yielding plates of the
3A-acetate. m.p. 133 - 136° (Lit.s 143 - 145%).

1
Reduction of methyl-3 keto- - cholenate by NaBH4 in methanol

Sodium borohydride (35 mg.) was added to a solution of methyl-3
keto- Al- cholenate (XI) (111 mg.) in methanol (25 ml.). The solution
was kept at room temperature for sixteen hours and the mixture was
worked-up as deseribed for the reduction of A‘- cholestene-3-one in
methanol. This gave a crude product of methyl 3@-hydroxy- Al- cholenate
(XxI1I) (10 mg., 9%). The yield was based on the weight of the
digitonide.

The digitonide fil trate was evaporated and extracted with ether
in a Soxhlet extractor for four hours. When evaporated, the ether
extract gave crude methyl 3ol-hydroxy- Al- cholenate (XXV) (93 mg.,
84%). This product was acetylated, and chromatographed on an alumina

column ( a 50 ml, burette containing 10 g. of alumina), Elution with
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P.E. (100 ml.) and P.E.,-B. (9:1, 8:2; 100, and 200 ml. respectively)
and evaporation of the combined fractions gave a white residue which
was recrystallized from methenol yielding shiny needles of methyl 3ol-
acetoxy- lf.. cholenate (XXVI) m.p. 116 - 118° Ay + 113° Chf.
(¢ 0.93).

Anal, Calcd. for CenH4204 (430.61): C, T75.31; H, 9.83

Found:
Determination (1): C, 75.49; H, 9.78

Determination (2): C, 75.05; H, 9.61

1

Reduction of methyl-3 keto- A - cholenate by NaBH4 in pyridine
A mixture of methyl-3 keto- A *~ cholenate (106 mg,) and sodium

borohydride (35 mg.) in pyridine (25 ml.) was kept at room temperature
for sixteen hours, The mixture was worked-up as described for the
reduction of A‘— cholestene-3-one in pyridine. Traces of the
digitonide were formed.

The digitonide filtrate was worked-up as described in the last
above procedure to give the 30{-hydroxy isomer. (98 mg., 92%). This
product was acetylated, chromatographed over alumina, and recrystal-
lized three times from methanol to give the 3 A-acetoxy isomer m,p. 110 -
115° (K + 98° chf. (c 0.74). Further recrystallization did not affect
the melting point., Admixture of this compound with methyl 3ol-acetoxy-

1
/\ - cholenate obtained from the methanol run melted at 110 - 1150.

i
30k -hydroxy- A - cholenic acid (XXVII)
i

Methyl 3 -acetoxy- A - cholenate (XXVI) (120 mg.) was refluxed
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with 2.5 N methanolic potassium hydroxide (10 ml.) for 1% hours. The
saponification mixture was cooled, diluted with water (20 ml.) and
ether (40 ml,), and acidified with cold 1 N sulfuric acid. The ether
layer was separated and the aqueous layer extracted repeatedly with
ether., The combined ether extracts were washed thoroughly with water,
dried over sodium sulfate, filtered, and evaporated to dryness.
Repeated recrystallizations from agueous methanol gave tiny needles
(86 mg.) m.p. 190 - 192° A, + 47 Di (c 0.84) .

Anal, Caled. for Co4HseOs (374.54): C, 76.96; H, 10,23

Found:

Detemination (1): C, 77.17; H, 10,20

Determmination (2): C, 76,93; H, 10,06

Manganese dioxide oxidation of the allylic alcohols obtained from the

4 4
reduc tion of & - cholestene-3-one, methyl-3 keto- £ - cholenate, and
1
methyl-3 keto- £\ - cholenate

4
a) Oxidation of the epimeric 3-hydroxy- A - cholestenes

The epimeric 3-hydroxy- A‘- cholestenesobtained from the
reduction of [_\‘— cholestene-3-one (0.8 g.) were dissolved in chloro-
form (80 ml.) and stirred with freshly prepared manganese dioxide (8 g.)
for 3% hours. The mixture was filtered and the solvent was evaporated
to dryness under reduced pressure. Recrystallization from 95% ethanol
gave prismatic needles of A‘- cholestane-3-one (0.5 g.) m.p. 81 =

82° (Lit.: m.p. 81 = 8218).
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4
b) Oxidation of methyl 3ok-hydroxy- A - cholenate and

4
methyl 3@ -hydroxy- & - cholenate

Oxidation of the methyl 3o -hydroxy- A‘- cholenate and methyl
3 f ~hydroxy- A‘-cholenate (run separately) with manganese dioxide
as described in the above procedure gave a product melting at 120 -
124°, Recrystallization from methanol gave small prisms of methyl-3

MeOH

4
keto- A\ - cholenate m.p. 126 - 127°, 242 mp. (Lit.: 126 -
ax

12725, 125 - 1269).

1
c) Oxidation of methyl 3ol -hydroxy- A - cholenate and methyl

1
5&-2@1-0;[- A - cholenate

1
Oxidation of the methyl 3ol-hydroxy- & - cholenate and me thyl

1
3 @ -hydroxy- () - cholenate (run separately) with manganese dioxide
gave a product melting at 126 - 132”, Recrystallization from methanol

1
gave needles of methyl-3 keto- &N - cholenate m.p. 133 - 136",

MeOH
(T>\m 233 mp. (Lit.: 138.5 - 139.5%7, 137 - 138°0),
ax
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