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same ketoacid exhibit essentially the same absorp-
tion spectrum in the range of 400 to 600 mu. Fur-
thermore, while the spectra of the single KAP’s dif-
fer widely, those of KPP’s are all very similar.
KPP spectra, if compared to corresponding KAP
spectra, show higher values of Amax and of € at Amax
and are characterized by the absence of the plateau
between 480 and 540 mu.

By paper chromatography, all KPP's give single
yellow spots, which turn reddish after spraying with
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n-butanol saturated with 2.5 N NaOH (KAP main
spots turn brown; faster spots, when present, do not
change their yellow color).

The availability of synthetic PG allowed a com-
parison of its phenylhydrazone with the one iso-
lated after transamination between AG and pyri-
doxal. The two compounds exhibited identical
melting points (no depression by mixing), absorp-
tion spectra and R; values.
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A modification of Woodward’s® and Robinson’s? synthesis of the cholesterol side chain is described. This modification

involves an alteration of the sequence of addition of carbon atoms to the C-20 acid.
The synthesis was used to prepare cholestanol-21-14C acetate

after the addition of carbon atoms 22-27 to the C-20 acid.

In this work carbon atom 21 is added

which was then converted by known procedures to cholesterol-21-14C.

The fact that cholesterol is a precursor of the
adrenocortical hormones has been established.!?
What remains to be clarified, however, is the way
in which the cholesterol side chain is degraded
during the biosynthesis of the C-21 steroids.
One approach to the study of the latter problem
would be to utilize cholesterol labeled at C,.
Accordingly this report presents a method for the
synthesis of such a labeled cholesterol.

Previous publications by Woodward? and Robin-
son* describing the total synthesis of cholesterol
offered a method for the preparation of the Cy-
labeled compound. For practical reasons it seemmed
more desirable to introduce the labeled carbon
atom as late as possible. Therefore, the isohexyl
side chain (carbon atoms 22-27) was added first
to the C-20 acid followed by the introduction of the
methyl group (carbon atom 21) as the last step to
complete the carbon skeleton of cholesterol. A
similar sequence of steps was followed in the syn-
theses of the 20a- and 208-hydroxy compounds of
the A5-3B-hydroxy-24,24-dimethylcholen and of
the corresponding saturated compound.®

As a convenient starting material for the syn-
thesis, A®%-38-acetoxyetiocholenic acid (I)® was
chosen and converted into its acid chloride II.57
The latter (I1) was then allowed to react with di-
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1953, p. 161; S. Lieberman and 8. Teich, Pharmacol. Revs., 5, 285
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isohexylcadmium to yield 21-nor-20-ketocholesterol
acetate (III).} Upon saponification of III, the
free alcohol IV® was obtained. Hydrogenation of
111 yielded 21-nor-20-ketocholestanol acetate (VII).

O\’/R O\/R
a
RO/\/ N RO/ H\/
R = Ac, R’ = OH V,R = Ac, R’ = OH
IIR=ACR'=C1 VI,R = Ac, R’ = Cl
III, R = Ac, R’ = isohexyl VII, R = Ac, R’ = isohexyl
IV, R = H, R’ = isohexyl VIII, R = H, R’ = isohexyl

In another approach to the synthesis of VII, the
acid acetate I was reduced to 38-acetoxyetioallo-
cholanic acid (V),® followed by the conversion to
the corresponding acid chloride VI®® which yielded
with diisohexylcadmium the desired 21-nor-20-
ketocholestanol acetate (VII). Upon mild saponi-
fication 21-nor-20-ketocholestanol (VIII) was ob-
tained.

The acetate, VII, as well as the free alcohol, VIII,
on reaction with methylmagnesium iodide yielded
a mixture of the two possible stereoisomeric 20-
hydroxycholestanols.®* This mixture after treat-
ment with acetic acid and acetic acid-acetic an-
hydride®4® yielded, upon hydrogenation over
reduced platinum oxide,® cholestanol acetate (IX),
which was identical with the natural product.
Saponification of the acetate IX yielded cholestanol

(8) A. Wettstein (sb7d., 28, 1371 (1940)) obtained the free alcohol
IV by treating the acid chloride II with the diethyl ester of the sodium
derivative of isoamylmalonic acid followed by the saponification and
the decarboxylation of the intermediate g-ketoester. Upon acetyla-
tion of IV the acetate III was obtained.

(89) Cf. A. Butenandt and H. Cobler, Z. physiol. Chem., 234, 218

(1933); A. Butenandt and G. Miiller, Ber., 71, 191 (1938); B. Koechlin
and T. Reichstein, Helv. Chim. Acta, 87, 549 (1944).
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(X), which again was identical with the natural
product. Cholestanol-21-14C acetate was prepared
and then converted to cholesterol-21-*C by
methods described in the literature.?

Experimental'l-13

21-Nor-20-ketocholesterol Acetate (III).—The acid chlo-
ride II of A%-3B-acetoxyetiocholenic acid (I) was prepared by
refluxing 1 g. of the acid acetate I with 5 ml. of thionyl
chloride and 5 ml. of benzene for 2 hr.” The solvents were
evaporated under reduced pressure and the dry crude acid
chloride II dissolved in 15 ml. of anhydrous benzene. This
solution was added dropwise with stirring to a cold suspen-
sion of diisohexylcadmium prepared from 3.44 g. of iso-
hexyl bromide,* 0.35 g. of magnesium turnings in 25 ml. of
ether and 1.65 g. of cadmium chloride in an atmosphere of
nitrogen as described in the literature for a similar reaction.#
This reaction mixture was treated as described later for the
21-nor-20-ketocholestanol acetate (VII) to yield 1.165 g. of
the crude acetate I1I. After chromatographic purification
and recrystallization from methanol, 552 mg. (47% yield)
of the desired compound III, m.p. 138-139°, was obtained.
Upon concentration of the mother liquors an additional
amount (103 mg., 99, yield) of a less pure material, m.p.
105-115°, was recovered. A portion from the first sample
was recrystallized from methanol to a constant m.p. 140-
142°, [a]®D 4-11° (¢ 0.94).

21-Nor-20-ketocholesterol (IV).—The solution containing
150 mg. of the acetate III in 8 ml. of methanol was treated
with 90 mg. of potassium carbonate in 1 ml. of water as de-
scribed in the literature for a similar reaction,’ to vield 138
mg. of the crude 21-nor-20-ketocholesterol (IV). This was
recrystallized from aqueous methanol to give a product with
a constant m.p. of 139-140°, [«]2p 4-20° (¢ 1.22).

35-Acetoxyetioallocholanic Acid (V) and the Acid Chlo-
ride VI.—The solution of 800 mg. of AS-3B-acetoxyetio-
cholenic acid (I) in 56 ml. of acetic acid was reduced in the
presence of 160 mg. of prereduced platinum oxide, according
to the method described in the literature,® to yield after
crystallization from methanol-water 640 mg. of 38-acetoxy-
etioallocholanic acid (V), m.p. 245-247°. Concentration
of the mother liquors yielded an additional 102 mg. of a less
pure compound, m.p. 225-232°.

The acid chloride VI was prepared from 4.77 g. of 38-
acetoxyetioallocholanic acid (V) and 15 ml. of thionyl chlo-
ride, according to the literature,?® dried and used for the con-
version to the 21-nor-20-ketocholestanol acetate (VII).

21-Nor-20-ketocholestanol Acetate (VII). (a) From 383-
Acetoxyetioallocholanic Acid Chloride (VI).—The suspen-
sion of diisohexylcadmium was obtained from 16.5 g. of
isohexyl bromide, 1.66 g. of magnesium turnings in 120 ml.
of anhydrous ether and 7.9 g. of dry cadmium chloride as
described before. The solution of the previously prepared
acid chloride VI in 42 ml. of benzene was added dropwise to
the cooled suspension of diisohexylcadmium in ether.1®
The reaction mixture was stirred in an atmosphere of nitro-
gen for 2 hr. in the cold and was then kept overnight at room
temperature. The organic solvents, removed by the ni-
trogen stream, were replaced by benzene. The mixture
was then steam distilled, the water suspension cooled and

(10) For references see papers of Woodward, ef al.,* and Robinson,
et al.4; L. Hellman, R. S. Rosenfeld, M. L. Eidinoff, D. K. Fukushima,
T. F. Gallagher, C.-I. Wang and D. Adlersberg, J. Clin. Invest., 34,
48 (1955). For procedures used see Experimental part.

(11) Microanalyses by Mr. C. W. Beazley, Skokie, Illinois.

(12) The infrared spectra were determined by Mr, Carl A. White-
man, Jr., Department of Chemistry, University of Rochester, Roches-
ter, New York, on a Perkin-Elmer Infrared Spectrophotometer Model
12, AB in chloroform solution.

(13) The melting points are not corrected. All optical rotations
were measured in chloroform solution. The analytical samples were
dried under high vacuum over phosphorus pentoxide at 56° for one
week.

(14) W. Cole and P. L. Julian, Tmis JourwaL, 67, 1369 (1945);
¢f. L. F. Fieser and W.-Y. Huang, #bid., 75, 5356 (1953).

(15) A. Ruff and T. Reichstein, Hely. Chim. Acta, 84, 70 (1951).

(16) In one experiment the ether was removed after the formation
of the diisohexylcadmium and the reaction with the acid chloride VI
was carried out in benzene (¢cf, J. Cason, Chem. Revs., 40, 15 (1947)).
In this particular case the yield of the reaction was not improved by
this method.
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acidified with 2 N sulfuric acid, extracted with ether and the
latter washed with 0.2 N sodium hydroxide and water.
The organic extract was then dried over anhydrous sodium
sulfate, filtered and concentrated to leave a dry residue
of 5.776 g. of crude compound. To ensure complete acetyla-
tion this product was treated with 60 ml. of pyridine and 30
ml. of acetic anhydride overnight at room temperature.
After working up as usual, 5.629 g. of crude 21-nor-20-keto-
cholestanol acetate (VII) was obtained. After chromatog-
raphy of the latter on alumina (grade I/II), the eluates of
petroleum ether-benzene 9:1, 8:2, 1:1 and benzene gave a
total of 4.77 g. of the compound. This was recrystallized
from methanol-water to vield 4.114 g. (729 yield) of the
desired acetate VII, m.p. 83-86°. Concentration of the
mother liquors yielded an additional amount of 0.25 g. (4%¢
yield) of a less pure material, m.p. 78-82°. A portion of the
first sample was recrystallized from aqueous methanol for
analysis, m.p. 86-88°, [«]%Dp +71° (¢ 1.36).

Anal. Caled. for CysHysO5: C, 78.09; H, 10.77. Found:
C, 78.13; H, 10.61.

(b) From 21-Nor-20-ketocholesterol Acetate (III).—The
acetate III (428 mg.) in 30 ml. of acetic acid was reduced
over 80 mg. of prereduced platinum oxide and reoxidized
with chromic acid, as described in the literature for preg-
nenolone acetate,' to yield 194 mg. of pure 21-nor-20-keto-
cholestanol acetate (VII), m.p. 87-88°. A mixture of this
compound and an authentic sample showed no depression of
the m.p. From the mother liquors an additional crop of
96 mg. of a less pure compound was obtained, m.p. 69-75°.

21-Nor-20-ketocholestanol (VIII).—A solution of 1.5 g.
of 21-nor-20-ketocholestanol acetate (VII) inn 80 ml. of meth-
anol was saponified with 0.9 g. of potassium carbonate and
10 ml. of water by the same method as used for the corre-
sponding unsaturated compound III.}% After working up
as usual, 1.38 g. of crude reaction product was obtained
which after crystallization from methanol-water vielded
1.17 g. (87% vyield) of pure 21-nor-20-ketocholestanol
(VIII), m.p. 138-139°. After concentration the mother
liquors yielded an additional amount of 150 mg. (119%
vield) of a less pure compound, m.p. 116-127°. For analy-
sis the first sample was recrystallized twice from methanol-
water and showed a m.p. 138-139°, [«]3Dp +83° (¢ 1.34).

Anal. Caled. for CosHyOs: C, 80.35; H, 11.41. Found:
C, 80.66; H, 11.71.

Cholestanol Acetate (IX). (a) From 21-Nor-20-keto-
cholestanol Acetate (VII).—To the Grignard solution,
prepared from 452 mg. (18.5 mmoles) of magnesium turn-
ings and 3.29 g. (23.2 mmoles) of methyl iodide in 20 ml. of
absolute ether in an atmosphere of nitrogen, the solution
of 1 g. (2.32 mmoles) of 21-nor-20-ketocholestanol acetate
(VII) in 15 ml. of dry benzene was added dropwise. The
mixture was treated similarly as described below for the
cholestanol-21-14C acetate and 145 mg. (yield 14.5% based
on steroid, 1.45%, based on methyl iodide) of cholestanol
acetate (1X), m.p. 103-105°, was obtained. An analytical
sample, m.p. 108-109°, [«]%p +13° (¢ 1.65), was prepared
by further recrystallizations.

On admixture with the natural pure cholestanol acetate,'
no depression in melting point was observed. The synthetic
and the natural cholestanol acetate showed identical infra-
red spectra. Attemnpts to obtain more pure cholestanol
acetate from the mother liquors of the first crop failed.

(b) From 21-Nor-20-ketocholestanol (VIII).—To the
Grignard solution, prepared from one-half of the molecular
equivalents used in the previous reaction, 1 g. of 21-nor-20-
ketocholestanol (VIII) in 15 ml. of benzene was added and
the mixture then treated as described below for the prepara-
tion and purification of the cholestanol-21-14C acetate.
After purification of the crude reaction product, 142 mg. of
analytically pure cholestanol acetate (IX) was obtained,
m.p. 108.5-109.5°, [«]®D 412° (¢ 1.09). This compound
was identical with the above obtained cholestanol acetate
and the natural product, as shown by mixed melting point
determination and infrared spectra. From the mother liquors
a less pure sample of 70 mg. of this material, m.p. 99-101°,
was obtained. The total yield of cholestanol acetate (IX)

(17) Pl A. Plattner, H. Heusser and E. Angliker, Helv, Chim. Acta,
29, 468 (1946).

(18) Obtained from cholesterol acetate by hydrogenation; ¢f.
W. F. Bruce and J. O. Ralls, “‘Organic Syntheses,”” Coll. Vol. II, John
Wiley and Soas, Inc., New York, N. V., 1843, p. 191,
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in this experiment was 199, based on steroid and 3.8%, based
on methyl iodide.

Cholestanol (X).—An amount of 110 mg. of the synthetic
cholestanol acetate (IX) was hydrolyzed according to the
method previously described? to yield 94 mg. of cholestanol
(X), which after three recrystallizations from ethanol had a
m.p. 141-142°, [«]®D +24° (¢ 1.00). This compound was
identical with the natural product, obtained by similar
saponification of cholestanol acetate, as shown by mixed
melting point determination.

Cholestanol-21-4C Acetate.—The Grignard reagent was
prepared by adding a solution of 3.684 g. (26 mmoles) of
methyl iodide containing 1 mec. of methyl iodide-*4C in 40
ml. of ether to 505 mg. (20.8 mmoles) of magnesium turn-
ings in an atmosphere of nitrogen. To this, the solution of
2 g. (5.15 mmoles) of 21-nor-20-ketocholestanol (VIII) in
30 ml. of dry benzene was added dropwise. A precipitate
formed at once. This mixture was stirred in a nitrogen at-
mosphere for 1 hr. Following this the solvents were dis-
tilled until the b.p. reached 74°, and the volume of the solu-
tion was kept constant by the addition of benzene. The
mixture was then refluxed with stirring for 3 hr. and after
cooling, the Grignard complex was decomposed with 2 NV
sulfuric acid. The solution was then extracted with ether
and the latter washed in the presence of ice-water, dried
over anhydrous sodium sulfate, filtered and evaporated to
leave a crude residue of 2.146 g. which probably represented
a mixture of the two stereoisomeric 21-hydroxycholestanols.
This mixture was refluxed with 30 ml. of acetic acid for 2
hr., then for an additional 40 minutes with 30 ml. of added
acetic anhydride according to the procedures previously
described.®%? The latter was then shaken with 530 mg.
of prereduced platinum oxide in an atmosphere of hydrogen
as previously described? and worked up similarly to yield
2.212 g. of a crude reaction product. To this, 1.2 g. of
pure natural cholestanol acetate was added as a carrier.
After chromatographic purification on 102 g. of alumina
(grade I/II), a partly crystalline material amounting to 2.6
g. was obtained from the petroleum ether—benzene 9:1,
8:2, 1:1 and benzene eluates. This product vielded, after
recrystallization from ethanol, 1.299 g. of pure cholestanol-
21-14C gacetate, m.p. 108-110°. This sample was fully
identical with the original sample. From the mother liquors
an additional 292 mg. of cholestanol-21-14C acetate, m.p.
101-104°, was obtained. This represented a net yield of
189, based on steroid and 3.6% based on methyl iodide.
In terms of radioactivity, the recovery was 60 = 6 uc.
Further recrystallization yielded an additional 165 mg. of a
less pure compound, m.p. 63-68°.

Cholestanone-3-21-1C.—The saponification of choles-
tanol-21-14C acetate (1582 mg.) was carried out as pre-
viously described,® and the crude cholestanol-21-4C (1425
mg.) obtained was oxidized!? to vield 1022 mg. of cholestan-
one-3-21-14C, m.p. 125-127°, and a less pure sample of 114
mg., m.p. 124-126°. The total vield was 80%.

2,4-Dibromocholestanone-3-21-14C.—The bromination
was carried out using 1134 mg. of cholestanone-3-21-14C
with 940 mg. of bromine as previously described.® The

(19) W. F. Bruce, ref. 18, p. 139,

(20) 1.. Ruzicka, W. Bosshard, W. H. Fischer and H. Wirz, Hely
Chim. Acta, 19, 1147 (1936); cf. A. L. Wilds and C. Djerassi, Turs
JouwrnNar, 68, 1712 (1946).
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dibromo compound was obtained in two crops, 754 mg.,
m.p. 188-190° and 509 mg., m.p. 187-189° (total yield
799%). An additional crop of 47 mg., m.p. 178-180°,
was obtained but not used for further reactions.

A4Cholestenone-3-21-4C.—The solution of 1263 mg. of
2,4-dibromocholestanone-3-21-14C in 32 ml. of acetone was
treated with 1516 mg. of sodium iodide as previously de-
scribed,? and 1040 mg. of crude A’-2-iodo-cholestenone-
3-21-14C was obtained. The latter was then treated with
25 ml. of chromous chloride solution? in 125 ml. of acetone
and worked up as previously described.?! After adding
400 mg. of A‘-cholestenone-3 as a carrier, 793 mg. of pure
A‘cholestenone-3-21-14C, m.p. 79-80°, was obtained.
From the mother liquors an additional 45 mg., m.p. 78—
80°, was recovered. The net yield was 499;.

A%-Cholestenone-3-21-14C Enol Acetate.—This compound
was prepared by treating 836 mg. of A*-cholestenone-3-21-
UC with acetic anhydride and acetyl chloride.?? A total
of 816 mg. (88%,) of the desired enol acetate, m.p. 79-81°,
was obtained.

Cholesterol-21-1“C.—This compound was prepared from
the enol acetate (816 mg.) by reduction with sodium boro-
hydride as previously described.?® From the crude reaction
product (776 mg.), the digitonide was prepared?* and
split,® and 596 mg. of crude cholesterol-21-14C was recov-
ered. This was purified by chromatography and recrystal-
lized from 95% ethanol to yield 487 mg. (66¢, yield) of pure
cholesterol-21-14C, m.p. 146-148°.

The activity of the cholesterol-21-4C was determined
with a thin window Geiger counter against a known standard
to be 9.8 & 0.98 uc./mmole.

All intermediates in the synthesis were identical with the
natural products as shown by mixed melting point deter-
minations.
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