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SYNTHESIS OF 11-HYDROXYLATED ANDROSTANE DERIVATIVES*
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Reaction conditions for selective reduction of 3- and 17-oxo groups are described and applied
to syntheses of 11-hydroxylated derivatives.

The sodium bismuthate degradation of the corticoid side chain represents a frequently
used reaction for preparation of the 11-oxygenated androstane derivatives. The
reaction proceeds smoothly and has been applied to analytical determination'*? of
17-hydroxycorticoids. Thus the unsaturated ketone I may be prepared from cortiso] .
in about 80% yield. However, the syntheses of the saturated and 3-hydroxylated
androstane derivatives of this type require preparation of the corresponding corticoids
for the subsequent bismuthate degradation. Such corticoid derivatives with the proper
configurations at C3y and Cs, are not easily accessible in pure state, especially in
large quantities.

We therefore turned our attention to the unsaturated ketone I and worked out
methods for selective gradual reduction of the oxo groups as well as of the double
bond. The degradation of cortisol was carried out essentially as described in the
literature?. The resulting dione I was transformed to the formate® /1. This protection
proved advantageous for further steps and chromatographic separations. Catalytic
hydrogenation of the olefin II over Pd/CaCO3 catalyst in ethyl acetate—ethanol
followed by chromatographic separation afforded the isomers VI and VIII. The next
step, reduction of the 3-oxo group, was achieved with high selectivity using calculated
amount of lithium tri-tert-butoxyaluminium hydride. The reduction was started at
—65°C and the reaction mixture was allowed to reach the room temperature within
4h. Under these conditions the 17-oxo group remained unchanged and after chromato-
graphic purification the desired 3-hydroxy derivatives X and XII, respectively, were
obtained in about 80% yield. Similarly, in the unsaturated dione II the more reactive
17-0x0 group may be reduced selectively to the 17B-hydroxy derivative IV in good
yield. Compounds IV, X and XII may then be converted by known procedures

* Part CCXXX in the series On Steroids; Part CCXX1X: This Journal 45, 1720 (1980).
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(inversion at C3, or hydrogenation of the 4,5-double bond) to the desired isomers of
the 11-hydroxylated androstane derivatives. The formates IV, VI, VIII, X and XII
synthetized by the described procedure afforded on hydrolysis with methanolic
potassium hydroxide the known 11B-hydroxyandrostane derivatives 111, V, VII, IX,
and XI.

EXPERIMENTAL

Melting points were determined on a Kofler block. Optical measurements were carried out in
chloroform with an error of 4+ 2°. The infrared spectra were recorded on the Zeiss UR 20 spectro-
meter in tetrachloromethane. The identity of samples was checked by mixture melting point
determination, by thin-layer chromatography (TLC) and by spectral evidence. Usual working up
of a solution implies washing the solution with 5% aqueous hydrochloric acid, water, drying over
sodium sulphate, and evaporation of the solvent under reduced pressure. Ligroin refers to the
fraction of b.p. 40— 60°C. The reductions were carried out with lithium tri-tert-butoxyaluminium
hydride containing 0-28% of active hydrogen (calculated: 0-39%). The hydrolyses of the 11B-
-formates were carried out with 5% methanolic potassium hydroxide at 50°C for 1 h.

11B-Hydroxyandrost-4-ene-3,17-dione (I)

A solution of cortisol (4 g) in acetic acid (60 ml) and water (60 ml) was agitated with sodium
bismuthate (25 g) under exclusion of light for 3 h. The mixture was diluted with water and extracted
with six portions (70 ml each) of ethyl acetate. The organic solution was washed with 5% hydro-
chloric acid, a sodium hydrogen carbonate solution, water, dried, and the solvent was removed
under reduced pressure. The residue (3-8 g) was crystallized from ethyl acetate to yield 3-2 g of
the dione 7, m.p. 198—201°C, [az]éo +222° (¢ 1:45), in accordance with the lit.*.

11B-Formyloxyandrost-4-ene-3,17-dione (I1)

The alcohol /(32 g) was dissolved in formic acid (40 ml; 98— 100%), treated with p-toluenesulpho-
nic acid (400 mg) and heated to 30°C for 20 h. The mixture was poured on ice, neutralized with
sodium hydroxide solution, and the product was extracted with ether. The ethereal solution was
worked up, ether was distilled off, and the residue was crystallized from chloroform-ether to
yield 3:05 g of the formate I7, m.p. 136—138°C, [m]%,o +207° (¢ 1-64). For C,oH,40, (3304)
calculated: 72-70% C, 7-93% H; found: 72-64% C, 7-85% H.

11B-Formyloxy-5a-androstane-3,17-dione ( VT)

A solution of the unsaturated dione I/ (5g) in ethyl acetate (300 ml) and ethanol (40 ml)
was hydrogenated over 5% Pd/CaCO; catalyst (5 g) for two h. The catalyst was filtered off,
washed with ether, and solvents were removed under reduced pressure. The residue was chromato-
graphed on a silica gel column (800 g) in ether. Fractions with the lipophilic component were
combined, solvent was distilled off, and the residue was crystallized from chloroform-ether to
yield 2-8 g of the formate; VI, m.p. 179—180°C, [a]éo +92° (¢ 1:23). CD spectrum: Aeyg, + 362
(methanol). For C,,H,50, (332:4) calculated: 72-26% C, 8:49% H; found: 72:18% C, 8:39% H.
Hydrolysis afforded the alcohol ¥, m.p. 227—228°C, [o:]xz)o +-95° (¢ 1-34) in accordance with the
lit.s, and identical with the authentic sample.
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11B-Formyloxy-5B-androstane-3,17-dione (VIIT)

Elution of the chromatography from the foregoing experiment with the same solvent afforded
fractions with the polar component. Working up and crystallization from ether-ligroin yielded
1:3 g of the formate VIII, m.p. 147—148°C, [az],§° +96° (¢ 1:07). CD spectrum: Agyqq +2-21
(methanol). For C,oH,50, (3324) calculated: 72-26%; C, 8:49% H; found: 72:14% C, 8:45% H.
Hydrolysis afforded the alcohol VII, m.p. 212—213°C, [o(]lz)O +114° (c 1:28) in accordance with
the lilcra(urcs, and identical with the authentic sample.

11B-Formyloxy-3B-hydroxy-5a-androstan-17-one (X)

A solution of the dione VI (2 g) in 1,2-dimethoxyethane (50 ml) was cooled to —65°C and treated
with a solution of lithium tri-tert-butoxyaluminium hydride (1:75 g) in the same solvent (50 ml).
The mixture was allowed to reach the room temperature in the course of 4 h, TLC showed absence
of the starting material and essentially one single product was detected. Ether (700 ml) was added,
the solution was washed with 2% hydrochloric acid, a sodium hydrogen carbonate solution, water,
dried, and the solvents removed. The residue was purified by column chromatography on silica
gel (50 g) in ether. The corresponding [ractions were worked up, and the residue (175 g) was
crystallized from methanol-water to yield 1:52 g of the alcohol X, m.p. 179—180°C, [a]éo +71°
(c 1'48). For CyoH3,04 (334:4) calculated: 71-82% C, 9-04% H; found: 71:74% C, 8-86% H.
Hydrolysis afforded the diol X, m.p. 236—238°C, [m][z,0 + 86° (ethanol, ¢ 1:52) in accordance
with the lit.7, and identical with the authentic sample.

11B-Formyloxy-3a-hydroxy-5B-androstan-17-one (X11)

The dione VIII (2'5 g) in 1,2-dimethoxyethane (60 ml) was reduced with lithium tri-tert-butoxy-
aluminium hydride (2-19 g) under analogous conditions as described in the foregoing experiment.
Similar working up afforded a product essentially pure on TLC. Chromatographic purification
over silica gel (60 g) in ether afforded after working up 215 g of a product which on crystallization
from chloroform-ligroin gave 1:85 g of the alcohol X/I, m.p. 88—92°C, [oz]tz,o +82° (¢ 1:07).
For C;oH3004 (334-4) calculated: 71-82%; C, 9-04%; H; found: 71-71% C, 8-:90% H. Hydrolysis
afforded the diol X7, m.p. 241—242°C [a]ﬁ,o +108° (dioxan, ¢ 1:63) in accordance with the lit.%.

11B-Formyloxy-17B-hydroxyandrost-4-en-3-one (IV)

The unsaturated dione /7 (3 g) in 1,2-dimethoxyethane (60 ml) was reduced with lithium tri-tert-
-butoxyaluminium hydride (2:63 g) as described above. Similar working up and purification over
silica gel (100 g) in ether afforded 2-1 g of the alcohol IV, which resisted all attempts at crystalli-
zation; [a]éo +135° (c 1-08). IR spectrum: 1667, 1620 (carbonyl), 1719, 1713, 1180 (formate),
3615 cm ™! (hydroxyl). For C,oH,50, (332-4) calculated: 72:26%; C, 8:49% H; found: 72-21%, C,
8:36% H. Hydrolysis afforded the diol /1, m.p. 240—241°C, [«)3° +163° (¢ 1:74) in accordance
with the 1it.? and identical with the authentic sample.

The analyses were carried out in the Analytical Laboratory of this Institute by Mrs E. Sykorovd
and Mrs E. Sipovd under the direction of Dr J. Horddek. The IR spectra were recorded by Mr P.
Formdnek under the direction of Dr J. Smolikovd. The CD spectra were recorded by Dr S. Vasic-
kovd.

Collection Czechoslov. Chem. Commun. [Vol. 45] [1980]



11-Hydroxylated Androstane Derivatives 1849

REFERENCES

. Appley J., Gibson G., Norymberski J., Subbs R.: Biochem. J. 60, 453 (1955).

. Brooks Q., Norymberski J.: Biochem. J. 55, 371 (1953).

. Oliveto E. P., Gerold C., Rausser R., Hershberg E. B.: J. Amer. Chem. Soc. 77, 3564 (1955).

. Reichstein T.: Helv. Chim. Acta 20, 978 (1937).

. Jeanloz R. W., Levy H., Jacobsen R. P., Hechter O., Schenker K., Pincus G.: J. Biol. Chem.
203, 453 (1953).

. Herzog H. L., Jevnik M. A., Hershberg E. B.: J. Amer. Chem. Soc. 75, 269 (1953).

. Klyne W., Ridley S.: J. Chem. Soc. 1956, 4825.

. Herzog H. L., Jevnik M. A., Perlman P. L., Nobile A., Hershberg E. B.: J. Amer. Chem. Soc.
75, 266 (1953).

9. Herr M. E., Heyl F. W.: J. Amer. Chem. Soc. 75, 5927 (1953).

[CRF SRS

0

Translated by the author (J. F.).

Collection Czechoslov. Chem. Commun. [Vol. 45] (1980}





