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CHOLIC ACID — AN ATTRACTIVE SOURCE FOR THE PREPARATION OF 58-PREGNANE-3,20-DIOME,
30-HYDROXY-53-PREGNAI-20-ONE AND PROGESTERONE

G. Hilgers, H.-D. Scharf

RWTH Aachen, Inst. f. Organische Chemie, Prof.-Pirlet-Str. 1, D-5100 Aachen, Germany

Abstract: An efficient synthesis of 58-pregnane-3,20-dione (5), progesterone and
3a-hydroxy-58-pregnan-20-one (11) from cholic acid (1) is presented.

58-Pregnane-3,20-dione (5) as well as 3a-hydroxy-58-pregnan-20-one (]11) has been

reported to be of pharmaceutical value as hypnotic-anaesthetic agentT'Z). Additionally
and counteract androgen-induced

both products reveal high anticonvulsive activity3)
defeminizationz). Preparation and indication of the female sex hormone progesterone

are well known either.

Older processesA—G) for preparing 5 and 1] on the basis of bile acids are relatively
complicated and uneconomical. It is known that 58-pregnane-3,20-dione (5) as well as
3a-hydroxy-58-pregnan-20-one (11) can be obtained from progesterone by selective
hydrogenat10n7). But especially yields for 11 (from progesterone via 2) are not
satisfying. Additionally in 1980 D. Onken8) reported on a shortage of diosgenin, the

most essential source for the technical preparation of progesteroneg)

Now we herein describe a new method for preparing 58-pregnane-3,20-dione (é) and
3a-hydroxy~58-pregnan-20-one (11) from cholic acid (1), an attractive starting material
because of its easy supply from cow bile.The key step of our synthesis is the
photochemical side chain degradation of suitable bile acid derivatives (3 + 4; 719

g » 10).

58-Pregnane-3,20-dione (5) was prepared as follows. For isolation of cholic acid (0
10). Modificaton of this
procedure yielded 60 g 1 from two litres of cow bile (the purity of the isolated cholic
acid (1) was identical with an authentic samp1e11)). Treatment of 1 with MeOH/AcOCI
(catalytical amount) (25 h, 55 °C) gave the methylester 2 (94 Z), which was transformed
to 212) in 79 7 yield (three steps)]3).

from cow bile we choosed the method of Koppe and Becker

Treatment of 3 with a slight exess of N,N-carbonyldiimidazole in THF (0.18 M
concentration of 3, 5hat2b oC) led to imidazole 2314). which was in situ irradiated
in 0.033 M tetrahydrofuran solution with a low pressure mercury lamp (Hanau, TNN 15/32)

(Iwasaki method15)) to give after chromatography on silica gel a 69 % yield of §]6).

Ozonolysis of 4 in CH2C12 (15 min at -78 oC) followed by treatment with Zn/HCOOH
afforded, after silica chromatography, 73 % of 5B-pregnane-3,20-dione (g), whose
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physical constants and spectra were identical with those of an authentic samp]e]7).

The conversion of 5 (by bromination followed by dehydrobromination) into the very

important female sex hormone progesterone is well known1 )

3a-Hydroxy-58-pregnan-20-one (11) could be obtained from cholic acid (1) in a similar
Way.

Transtoriation of 1 into Tithocholic acid (7) starts with selective acylation and
oxidation to 6 (95 Z overall). 7 was obtained from 6 by the modified Wolff-Kishner

reduct10n19) (91 Z yield).

Treatment of 7 with one equivalent of N,N-carbonyldiimidazole in THF (0.15 M
concentration of Z, 5hat 25 0C) and irradiation of the imidazole 7a as described
above (see preparation of 4) yielded after silica gel chromatography 40 % 3a-hydroxy-

20)

~20-methylene-58~pregnane (9)°"/, which was transformed into the desired 3a-hydroxy-

-5B-pregnan-20-one (ll)21) via ozonolysis (yield 70 7%).

Improved yields can be obtained by protection of the 3a-hydroxy-function by the t-butyl-
22)

removable. The stability of the silyl ether during the photochemically side

~dimethylsilyl group It is very easy to introduce and nearly quantitatively

chain degradation is essential.

So, lithocholic acid (7) was treated with TBDMSC1 (2.7 equivalent) and diethylamine
in CHZCT2 (24 h at 25 °C). Refluxing the raw material with equivalent KOH in ethanol
for 1 h gave an 88 7 overall yield of §23)
yielded 76 % lg24). Ozonolysis of 10 in CH2C12 at -78 °C (the ozonide was decomposed

with zinc dust and acetic acid) and treatment with tetrabutylammonium fluoride in THF
21)

. The side chain degradation of 8 via 8a

afforded, after silica gel chromatography, 82 % of 3u-hydroxy-58-pregnan-20-one (11)
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