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790. Steroiwds. Part CLXIX.* The Preparation of 16a-Methyl-
and 168-M ethyl-testosterone.

By A. Bowers, P. G. HortoN, E. NECOECHEA, and F. A. Kincr.

Oxidation of 17«,21-dihydroxy-16a-methylpregn-4-ene-3,20-dione (I) by
sodium bismuthate afforded 16«-methylandrost-4-ene-3,17-dione (IIa),
which was converted by acid or alkali completely into the 168-methyl isomer
(ITb). Reduction of the isomers (II) with lithium aluminium hydride,
followed by oxidation with 2,3-dichloro-5,6-dicyanobenzoquinone, gave the
respective 16-methyltestosterones (IV). Reduction of the enol ether of the
16B-isomer (IIb) by potassium borohydride, followed by hydrolysis, also gave
168-methyltestosterone (IVb).

THE search for a modified hormone which would display myotrophic activity and yet be
free from undesirable features such as pituitary inhibition or androgenic effects has led to
the preparation of a number of methylated analogues in both the androstane and the
cestrane series.! Extension of this work to the preparation of the 16«- and 16p-methyl
analogues of testosterone was of interest since 16a-methyl substitution is known to increase
anti-inflammatory activity in the cortical hormone series,® and moreover the relative
stabilities of 16«- and 16p-substituents in 17-keto-steroids is of interest because of their
atypical conformational situation.
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Oxidation of 17«,21-dihydroxy-16«-methylpregn-4-ene-3,20-dione 3 (I), with chromium
trioxide in acetic acid, or, better, with sodium bismuthate gave 16«-methylandrost-4-ene-
3,17-dione (IIa), in which the configuration at position 16 had been preserved, since
subsequent equilibration with hydrochloric acid in acetic acid or with potassium hydroxide
in methanol gave essentially complete conversion into the epimer (IIb). After
equilibration of either isomer, we were unable to detect the presence of the 16a-methyl
epimer by chromatography, while the specific rotations of equilibrated solutions were that
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of the 16p-methyl-dione.* The relative stabilities of the epimeric 16-methyl-17-ketones
are thus in qualitative agreement with those of the 16-bromo-17-ketones, for which, in the
androst-5-ene and 5«- and 5@-androstane series, Fajko$ 5 has demonstrated that 16 is the
preferred configuration. After equilibration the 16p-bromo-epimer predominates in the
ratio 3:1. The 16@8-bromo-isomer is also the more stable in the cestra-1,3,5(10)-triene
series.® Compound (IIb) proved to be identical with the known 16-methylandrost-4-ene-
3,17-dione *-# which had been formed by hydrogenation of a 16-methylene derivative.”?

For the preparation of 16a-methyltestosterone (IVa), the dione (I1a) was reduced with
lithium aluminium hydride in tetrahydrofuran (thereby avoiding equilibration at
position 16) to give 16a-methylandrost-4-ene-38,17p-diol (III). The 17B-configuration is
assigned since reduction of 17-ketones containing bulky 16«-substituents (e.g., bromine)
by lithium aluminium hydride is known to be stereoselective in favour of the 17g-
epimer.%1011  Oxidation of the diol (III) with 2,3-dichloro-5,6-dicyanobenzoquinone at
room temperature 2 gave 16a-methyltestosterone (IVa) smoothly.

For the preparation of the 168-methyl isomer (IVb), the enol ether (V) was reduced
with potassium borohydride, and the crude product hydrolysed to give a single 17-alcohol
to which the B-configuration is assigned. This rests on the identity of the product with
that obtained by reduction of the 168-methyldiketone (IIb), followed by oxidation, as
above. These conditions for reduction ensure formation of the 17-alcohol, since they
have been shown to be stereospecific for 168-substituted 17-ketones.® The 16p-methyl-
testosterone (IVb) obtained was identical with that prepared previously »? without
configurational assignments.

In view of the cis-arrangement of the 138- and 16@-methyl groups, one might have
expected that the 16«-methyl-17-ketone system would be the more stable. However,
molecular models of compounds (ITa and b) show that in the rigidly held cyclopentanone
ring the non-bonded interactions between the 16a-methyl and 14«-hydrogen are probably
greater than those between the 138- and 16p-methyl groups. The introduction of either
the 16a- or the 16p-methyl group into testosterone did not increase anabolic or
androgenic activity.}

EXPERIMENTAL

M. p.s are corrected. Optical rotations were measured for 19, solutions in chloroform at
25°, and ultraviolet absorption for ethanol solutions by using a Beckman D.U. spectrometer.
Infrared absorption spectra were determined for KBr pellets on a Perkin-Elmer model 21
spectrometer equipped with sodium chloride optics. Alumina for chromatography was neutral-
ised by heating it under reflux in ethyl acetate for 6 hr. and reactivated by heating it for 62 hr.
at 120°.

16a-Methylandrost-4-ene-3,17-dione (11a).—(a) With chvomium trioxide. Chromium trioxide
(0-8 g.) in water (2 ml.) containing a few drops of acetic acid was added slowly to a solution
of 17«,21-dihydroxy-16a-methylpregn-4-ene-3,20-dione (I) (1-0 g.) in acetic acid (15 ml.) with
stirring at <<30°. After 48 hr. the mixture was poured into water and extracted with methylene

* Since completion of this work the degradation of 17«,21-dihydroxy-16«-methylpregna-1,4,9(11)-
triene-3,20-dione to 16a-methylandrost-1,4,9(11)-triene-3,17-dione has been described.* The 16a-con-
figuration was demonstrated by the non-identity of the product with that obtained by degradation of
the corresponding 168-methylpregnatriene derivative. The epimeric 3,17-diones were not equilibrated.
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chloride (3 x 20 ml.). The washed and dried extract was evaporated to an oil (800 mg.) and
chromatographed over alumina (50 g.). Elution with benzene-hexane (1:1) and crystallis-
ation from acetone-hexane gave 16a-methylandrost-4-ene-3,17-dione (Ila), m. p. 135—136°,
[, -+166°. The analytical sample had m. p. 136-5—137-5°, [a], +168°, Apsy 240 mp (log
€ 422), Vpax 1740 (C=0 in 5-membered ring), 1680 (unsaturated C=0) and 1620 cm.™ (conjugated
C=C) (Found: C, 80-0; H, 9-3; O, 10-7. C,,H,,0, requires C, 80-0; H, 9-4; O, 10-7%,).

(b) With sodium bismuthate. Sodium bismuthate (370 g.) was added in portions to a stirred
solution of 17«,21-dihydroxy-16«-methylpregn-4-ene-3,20-dione (I) (28-0 g.) in 5% acetic acid
(2-1 1.) at 0°. After the solution had been stirred for a further 35 min. at 0°, 3N-potassium
hydroxide (4-4 1.) was added. The product was collected and the filtrate extracted with ethyl
acetate (3 x 500 ml.). The washed and dried extract was evaporated and the combined
crude product was chromatographed on alumina (1 kg.). Elution with benzene-hexane (1: 1)
and subsequently with benzene alone, followed by crystallisation from acetone-hexane, gave
the 3,17-dione (IIa) (15-9 g., 68%), m. p. 136—137°, [o],, -+ 166°.

16B-Methylandrost-4-ene-3,17-dione (1Ib).—(a) With acid. A solution of the dione (IIa)
(100 mg.) in acetic acid (5 ml.) containing concentrated hydrochloric acid (0-5 ml.) was left at
room temperature for 4 hr., then poured into water, and the product (m. p. 170—173°) was
collected, washed with water, dried, chromatographed on alumina (5 g.), eluted with hexane—
benzene (3:2), and crystallised from acetone-hexane, giving 168-methylandrost-4-ene-3,17-
dione (IIb), m. p. 173—176°, [, -+ 178°, Ay 240 my (log € 4-21).

(b) With base. A solution of the dione (ITIa) (100 mg.) in methanol (2 ml.) containing 29, of
potassium hydroxide was left at room temperature for 4 hr. Isolation and chromatography as
above similarly gave the 168-methyl isomer (IIb), m. p. 174—176°. A solution of the dione
(7-0 g.), after equilibration with 29, methanolic potassium hydroxide (50 ml.), gave the same
product (5-9 g., 84%), m. p. 174—176°, [o], + 177°, Apax. 240 my. (log € 4-22), v,y 1740 (C=O in
5-membered ring), 1677 (unsaturated C=0), and 1619 cm.™® (conjugated C=C) (lit.,’ m. p. 178—
179°, [a], +175°).

16a-Methylandrost-4-ene-3B,17B-diol (I1I).—Lithium aluminium hydride (1-0 g.) was added
to a stirred solution of 16«-methylandrost-4-ene-3,17-dione (IIa) (1-0 g.) in tetrahydro-
furan (100 ml.), and the mixture was heated under reflux for 4 hr. Dilute sulphuric acid was
added, and the product was extracted with ethyl acetate (3 x 100 ml.). The residue obtained
on evaporation of the washed and dried extract crystallised from acetone-hexane to give
16a-methylandrost-4-ene-3B,173-diol (III) (750 mg.), m. p. 159—161°. The analytical sample
had m. p. 163—166°, [a];, -+ 35°, vpax. 3330—3430 cm.™! (OH) (Found: C, 78-2; H, 10-5; O, 11-3.
C,oH;,0, requires C, 78-9; H, 10-6; O, 10-59%,).

178-Hydroxy-16a-methylandrost-4-en-3-one (IVa).—A solution of the diol (III) (500 mg.) and
2,3-dichloro-5,6-dicyanobenzoquinone (450 mg.) in dioxan (6 ml.) was Jeft at room temperature
for 16 hr. The precipitated quinol was collected and washed with methylene chloride (20 ml.).
The filtrate and washings were evaporated, and the residue was dissolved in methylene chloride
(50 ml.) and washed repeatedly with 10%, sodium hydroxide solution, followed by water until
neutral. Evaporation of the dried solution and crystallisation of the residue from acetone-
hexane gave 17B-hydvoxy-16a-methylandrost-4-en-3-one (IVa) (330 mg.), m. p. 154—156°, [«l,
+79:5°, Apax, 242 my. (log € 4:22), vy, 3450 (OH), 1674 (unsaturated C=O) and 1625 cm.™ (con-
jugated C=C) (Found: C, 79-4; H, 10-2; O, 10-5. C,,H4O, requires C, 79-4; H, 10-0; O,
10-6%,).

3B-Ethoxy-163-methylandrosta-3,5-dien-17-one (V).—A mixture of 16B-methylandrost-4-ene-
3,17-dione (IIb) (3-0 g.) and toluene-p-sulphonic acid monohydrate (120 mg.) in dioxan
(22-5 ml.), containing ethyl orthoformate (3-0 ml.), was stirred at room temperature for 2 hr.,
then diluted slowly with water (50 ml.) containing a little pyridine. The product was collected
and crystallised from methanol containing one drop of pyridine, to give the enol ether (V) (2-55 g.,
78%), m. p. 124—128°, [o], —81°. The analytical sample had m. p. 132—133°, [, —79°,
Amax. 242 my. (log € 4-35) (Found: C, 79-8; H, 9-7; O, 10-4. C,,H;,0, requires C, 80-4; H, 9-8;
0, 9-8%).

178-Hydroxy-163-methylandrost-4-en-3-one (IVb).— A solution of the enol ether (V) (2-0 g.)
and potassium borohydride (1-0 ml.) in tetrahydrofuran (60 ml.) and water (2 ml.) was left at
room temperature for 16 hr., then heated under reflux for 2 hr. The solution was concentrated
somewhat in vacuo and aqueous acetic acid was added. The product was extracted with
methylene chloride (3 X 50 ml.) and the extracts were washed with water, dried, and evaporated.
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The residual oil was dissolved in acetic acid (10 ml.), and 10%, hydrochloric acid (1-2 ml.) was
added. After 30 min., the mixture was poured into water and extracted with methylene
chloride (3 X 50 ml.). The residue obtained by evaporation of the washed and dried extracts
was chromatographed on alumina (100 g.). Elution with hexane-benzene (9:1) gave 168-
methylandrost-4-ene-3,17-dione (IIb) (510 mg.). Subsequent elution with ether, followed by
crystallisation from acetone-hexane, gave 17B-hydroxy-16B-methylandrost-4-en-3-one (IVDb)
(640 mg.), m. p. 177—180°, [o, -+103°, Ayay 242 myu (log € 4-23), vy 3520 (OH), 1672 (un-
saturated C=0), and 1625 cm.™ (conjugated C=C) (Found: C, 79-2; H, 9-9; O, 11-0. Calc. for
CooHg0,: C, 79-4; H, 10-0; O, 10-6%) (lit.,” m. p. 182—183°, [«], +106°; * m. p. 182—184°,
(@], +106°). Alternatively the diol (III) was reduced with lithium aluminium hydride and
the crude diol oxidised with 2,3-dichloro-5,6-dicyanobenzoquinone, as described for the 16a-
methyl isomer, to give an identical product (m. p. and mixed m. p. 176—179°; infrared
absorption spectra superimposable).
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