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Steroids. CLXXXIV.! 2-Formyl-A?-androstenes and
Related Compounds. A New Class of Potent Anabolic Agents
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Recent work has demonstrated that the absence of the C-3-oxygen
atom in certain androstane derivatives is still compatible with high
progestational?—* or anabolic-androgenic—? activities.

Further studies of compounds with variable electron density pat-
terns around ring A’8 led us to investigate the 2-formyl-A%-system.
Certain compounds of this type were found to have very high myo-
trophic activities with low androgenicity.

Sodium borohydride reduction of 2-methoxymethylene-androstane-
178-0l-3-one® (Ia) afforded the corresponding 38-alcohol (Ib) (m.p.
158-160° [a]p —35°)%'° which upon acid treatment afforded 2-
formyl-A%androstene-178-0l (IIa) (m.p. 196-198°, [a]p +107°,
AEOH 932 my, log € 4.14, \527 1663, 1645 cm.—1); characterized as its
acetate (ITb) (m.p. 161-163°, [a]p +84°), and cyclopentylpropionate
(ITe) (m.p. 138-141°, [a]lp +75°). A similar reaction sequence from
17 a-methyl-2-methoxymethylene-androstane-173-ol-3-one (m.p. 190-
192°, [a]p +20°), prepared by acid catalyzed methylation of 2-
hydroxymethylene-17 a-methyl-androstan-178-0l-3-one® in methanol
led to 17a-methyl-2-formyl-A?-androstene-178-0l (IId) (m.p. 138-
140°; [a]p +70°, \ECE 232 my, log € 4.11).

Sodium borohydride reduction of ITa and IId led, respectively, to the
corresponding 2-hydroxymethyl-A? analogs (IIe) (m.p. 190-192°
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lalp +58°) and I1f (m.p. 167-169°, [a]p +26°). Oxidation of Ile
and IIf with dichlorodicyanobenzoquinone!! regenerated IIa and
IId in good yield whereas with 8 N chromic acid!? IIb gave the cor-
responding carboxylic acid IIg (m.p. 267-268°, [a]p=+66° A\FOH 218
my log € 3.96).

Both ITa and I1d reacted with methylmagnesium bromide to afford
the corresponding 2-(1’-hydroxyethyl)-A? analogs which underwent
oxidation!! to afford, respectively, 2-acetyl-A%-androstene-178-ol
(ITh) (m.p. 213~215°, [a]p +110°, AEOH 234 myu, log € 4.02) and 17a-
methyl-2-acetyl-A%-androstene-178-ol  (ITi) (m.p. 191-193°, [alp
-+-88° AEOH 934 mu log € 4.05).

(11) D. Burn, V., Petrow and G. O. Weston, Tetrahedron Letters, No. 9, 14 (1960),

(12) K. Bowden, I. M, Heilbron, E. R, H, Jones and B, C, L. Weedon, J. Chem. Soc., 39
(1948).




March 1962 CoMMUNICATIONS TO THE Eprror 411

To investigate the effects of methyl and halogen substitution and
further unsaturation to the 2-formyl-A%system the 4a-methyl- 4a-
chloro- and A% analogs of I1a were prepared. 4a-Methylandrostane-
173-0l-3-one?? (m.p. 197.5-200°, [a]p +7°) was converted into 4a-
methyl-2-formyl-A%-androstene-178-01  (IIj) (m.p. 218-222° [a]p
+24° (dioxane), AEOF 232 my, log € 4.15) in the usual way via 4a-
methyl-2-methoxymethylene-androstane-178-0l-3-one (Id) (m.p. 218-
218.5°). Vigorous acetylation of IIa gave the enol acetate (III)
(m.p. 113-116°, [a]p -+41°,\E0H 248 my, log € 4.15) which upon treat-
ment with N-chlorosuccinimide in acid solution gave 4a-chloro-2-
formyl-A2-androstene-178-0l acetate (IIk) (m.p. 206-207°, [alp
—24° \EOH 930232 my, log € 4.08). Similar treatment of ITT with
N-bromosuccinimide followed by dehydrobromination with calcium
carbonate in dimethylformamide!* led to 2-formyl-A%‘androsta-
diene-178-ol acetate (IV) (m.p. 169-170°, [«]p +129°, AEOH 320-322
pm, log €4.17).

Details concerning the extension of this work to the progestational
and cortical hormone areas will be described shortly.

Biological Activities.—In preliminary assays Ila (and its esters),
I1d, IIe and IIf all showed a favorable anabolic-androgenic ratio.
Assays'® were carried out in the immature castrate male rat. The ef-
fect on the weight of the seminal vesicle and prostate was a measure
of androgenicity and the effect on the levator ani muscle gave the
myotrophic (anabolic) activity. By injection IIa and Ile both
showed from 0.2 to 0.4 times the androgenicity and 3 to 5 times the
anabolic activity of testosterone propionate. The duration of activity
of ITa was considerably greater than that of testosterone propionate.
Oral administration of IId showed that it had approximately 0.3
to 0.4 times the androgenicity and 3 times the anabolic activity of
methyltestosterone.

Introduction of a chlorine atom or a methyl group at C-4a or a
A‘double bond did not enhance the activity of the parent compound.
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