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Syntheses are described of suome Z-methyl-AY A% and A%androstenes as well us the ispmeric 2-methylenc

androstanes.
androgenic ratios.

The discovery in the androstane series that a C-3
oxygen substituent was not an essential prerequisite of
biological activity*=7 led us to investigate “noun-classi-
cal” androstane struetures in which the broader re-
quirement of an electron rich ring A was met by the
presence of carbon-carboun double bonds.! In partie-
ular it was noted that unsaturation at C-2 and (-3
(AY, A% or A? olefing) was compatible with a reasonable
level of biological activity.!

In view of the beneficial effect on biological activity
of methyl substitution at C-2 in other androstanes, the
effect of introducing a C-2 methyl group into a series
of ring A olefius was investigated. Reduction of 2a-
nicthylandrostane-173-ol-3-one propionate® (Ia) with
sodium borohydride afforded the corresponding 33-
alcohol (IIa), the tosylate IIb of which underwent
chmination in botling eollidine to provide 2-methyl-A*-
androstene-178-ol propionate (IIT1a). Concomitant sol-
volysis of the tosylate by traces of moisture in the reac-
tion mixture led to the iszolation of 2e-methylandro-
stane-3a,178-diol  17-propionate (Ilc), different from
the 38-isomer IIa, oxidized by 8 N chromic acid® to the
starting ketoue Ia, and saponified to the known 2a-
mcthylandrostane-3e,178-diol  (IId).** This diol IId
with chromic acid® gave 2a-methylandrostane-3.17-
dione.'!  Alkaline hydrolysis or lithium aluminum hy-
dride reduction of 2-methyl-A?-androstene-173-ol pro-
pionate (II1a) yielded the alcohol (IIIb), which was
oxidized® readily to the derived ketone IV,  Treatment
of the latter with methylmagnesium bromide made
available  the  2,17a-dimethyl-A%-androstenc-173-0l
(Ille).  With ethyuyvimagnesium bromide only a small
(uantity of the pure 17a-ethynyl analog IIId was ob-
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Several of these compounds display high myotrophic (anabolic) activities with favorable anabolic -

tained, showing the expected infrared absorption band
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trol (<10°) leads to formation of appreciable quanti-
ties of the ring A oxidative cleavage product, 2-methyl-
2 3-secoandrostane-2,17-dione-3-carboxylic acid (V).
Throughout the series, the 2-methyl-A? compounds
were identified easily by a characteristic =C—H defor-
mation absorption band in the infrared spectrum at
ca. 795 em.~!. Subsequently, during the preparation
of the 2-methyl-A%-androstenes in sufficient quantity
for extended biological evaluation, it became necessary
to utilize 2a-methylandrostane-173-ol-3-one acetate
(Ib) as a starting material. Its transformation to the
173-alcohol IIIb, via the 38-alcohol Ile, the derived to-
sylate IIf, and the elimination product I1Ie followed the
sequence outlined above. Again, 3a~alcohol IIg was a
by-produect from solvolysis of the crude tosylate I1If.

To circumvent the low-yield Grignard ethynylation
of the ketone IV to the 17a-cthynyl analog IIId a
second route was investigated. 2q-Methyl-17a-ethy-
nylandrostane-173-ol-3-one (Ic)¥was reduced by sodium
borohydride to the 33-alcohol ITh and the latter con-
verted to the 33-tosylate IIi. Collidine elimination
then afforded 2-methyl-17 a~ethynyl-A2-androstene-173-
ol (ITId). Again a 3a-alcohol ITj appeared by tosylate
solvolysis during the elimination reaction.

A Wittig reaction upon 2-ketones appeared an attrac-
tive route to the isomeric 2-methylene androstanes.
Hydroboration!* of 17e-methyl-A2-androstene-178-ol
(VI)7 then alkaline hydrogen peroxide oxidation of the
derived organoboron compound led to a mixture of the
2a-aleohol VII and the 3a-alecohol VIII.Y® Chromic
acid oxidation® of these isomeric alcohols then gave,
respectively, 17 a-methylandrostane-173-0l-2-one (IXa)
and 17a-methylandrostane-1738-o0l-3-one,'® identical
with an authentic sample. In the 17-desmethyl series
the 2-ketone IXb was prepared by an alternative route'
and then converted to the acetate IXe. Treatment of
each of the 2-ketones IXa and IXec with the ylid pre-
pared from triphenylmethylphosphonium bromide!® af-
forded, respectively, 2-methylene-17a-methylandro-
stane 178-ol (Xa) and 2-methyleneandrostane-175-ol
(Xb). The latter was acetylated immediately to the
corresponding acetate Xe.

2-Methyl-Al-androstene-3-one-178-ol acetate!® (XIa)
was converted into the dithio-ketal XIb by reaction
with ethane dithiol in the presence of boron trifluoride
etherate. Desulfurization by means of deactivated
Raney nickel® led to 2-methyl-Al-androstene-173-ol
acetate (XIe), while desulfurization through the agency
of sodium in liquid ammonia provided 2-methyl-A%-an-
drostene-178-0l acetate (IIle) identical with a sample
prepared by the tosylate elimination procedure des-
cribed above.

Sodium borohydride reduction of 4a-bromo-2a-meth-
yl-androstane-3-one-178-o0l acetate (XIIa)!® furnished
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the correspouding 38-alcohol XIIb from which was
obtained by a zinc-acetic acid elimination 2e-methyl-
Ad-androstene-175-ol (XIIIa). Acetylation of the latter
led to the derived 178-acetate XIIIb.

For purposes of comparative biological assay we also
required a 2q-methylandrostane bearing neither an
oxygen substituent nor unsaturation in ring A. In
consequence a Wolff—Kishner reduction of 2¢,17a-di-
methylandrostane-3-one-178-0l2 (Id) was carried out
to afford 2,17 a-dimethylandrostance-17g8-ol (XIV),

Biological Activities.—The compounds were assayed
as outlined in the previous paper,! and again the pre-
liminary nature of the results (Table I) is emphasized.
It can be seen that introduction of a methyl substituent
at C-2 into A%androstenes affords compounds of good

(20) H. J. Ringold and G. Rosenkranz, J. Org. Chem., 21, 1333 (1936);

H. J. Ringold, E. Batres, O. Halpern and E. Necocchesa, .J.Am. Chem. Soc.,
81, 427 (1959).
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anabolie activity with a favorable androgenic—anabolic
ratio.

TasrLe 1
ANDROGENIC AND ANABOLIC ACTIVITIES OF
2-METHYLANDROSTENES
(AcTtivity oF TESTOSTERONE = 1.0)

Substitution
Coupourul in Ring A Assay Androgenic Anabolie
111h 2-Me-Ar Injection 0.5 1.5
Xb 2-CHy== Injection 0.1 0.2
Xa 2-CH Oral 1.0 4.0
Xle 2-Me-At Injection 0.2 0.5
XII 2-Me-a3 Injection <0.1 <0.1
11 2-Me-a® Oral 2.0 10.0
Experimental?!

Reductions of 3-Ketones

(i) 2«-Methylandrostane-38,173-diol 173-propionate (IIa).-—
To a solution of 80 g. of 2a-methyl dihydrotestosterone propin-
nate® (Ia) in 500 ml. of dioxan was added slowly, with stirring,
40 g. of sodium borohydride in 80 ml. of water and 500 ml. of
dioxan. After a further 3 hr. at room temperature 5 1. of water
wag added, and dilute hydrochloric acid to neutrality. The
produet was eollected by filtration and crystallized from acetone
and from hexane alternately to furnish 66 g. of pure Ila, m.p.
162--163°; [alp —12°%; puax 3450 (), 1747 (s), 1725 (s)22 and
1195 em.™! (s).

Anal. Caled. for CuHupOs: €, 76.19; H, 10.57. Found
C, 76.02; H, 10.60.
(ii) 2«-Methylandrostane-33,173-diol 178-acetate (Ile).--

2a-Methyldihydrotestosterone (100 g.) was acetylated in the
norinal manner and the resultant 17-acetate Ib, m.p. 152-153°,
wag redirced immediately in 500 ml. of dioxan solution as de-
scribed above for the propionate homolog.  Thereby was obtained
110 g. of IIe, crystallized from hexane-methylene dichloride as
prisms, m.p. 185-187°; [a]D —10°; wmix 3470 (m), 1730(s}
and 1265 em."! (s).

Anal. Caled. for C??ngOs! C, 7581, I{, 1041, O, 13.77.
Found: C, 75.79; H, 10.14; O, 13.90.

(ili) 17a-Ethynyl-2«-methylandrostane-33,173-diol (I1Th).-——
A solution of 2.95 g. of 17a-ethynyl-2«-methyldihydrotestoster-
onetd in 150 ml. of dioxan was treated dropwise with a solution
of 2.5 g. of sodium borohydride it 20 ml. of water and 50 ml. of
dioxan, and the whole was kept 4 hr. at room temperature.
Suceessive addition of 2 1. of water and coned. hydrochloric acid,
and filtration, afforded IIh (2.8 g.) which crystallized as prisins
from acetone—hexane, m.p. 208-209°; [a]p —32°; wvnax 3480
(m), and 3310 cm.~! (m}.

dAnal. Caled. for CuHaO2: C, 79.95;
FFound: C, 80.01; H, 10.53; O, 1.77.

1, 10.37; O, 9.68.

Tosylations
(i) 2a-Methylandrostane-33,173-diol 33-Tosylate-173-propi-
onate (IIb).—IIa (1.1 g.) and 1.1 g. of p-toluenesulfonyl chloride
were added to 15 ml. of pyridine at room temperature and after
24 hr. the whole was poured into ice-water. The 35-tosylate-
178-propionate IIb was isolated in the usual way and erystallized
from hexane-ethanol as prisms (1.25 g.), m.p. 148-149°; [«|D
—33°%; yax 1745 (8), 1605 (m), 1193 and 1180 cm.~! (broad and
complex) propionate and tosylate.
Anal. Caled. for CyoHaOsS: €, 09.74;
Found: C, 69.93; H, 8.57; 8, 6.27.
(ii) 2a-Methylandrostane-33,173-diol 33-Tosylate-173-ace-
tate (IIf).—Similarly, 110 g. of 2a-methylandrostane-38,178-diol
178-acetate was tosylated to afford 95 g. of IIf, which separated

H, 8.38; 8, 6.20.

(21) Rotations are for solutions iu chloroforni, ultraviolet spectra ior
ethanol solutions and infrared spectra for KBr disks, except where otherwise
stated. Microanalyses are by either Mid-West Micro Laboratories, Indian-
apolis 20, Indiana, or by Dr. A. Bernharnlt, Milheim (Ruhr), Cermany. See
also footnote 42 of preceding paper.

(22) The two peaks in the carbonyl region become vne for a spectriu in
chiluroform solution. Duality of peaks in alkali halide disk spectra is well
knopwn.?3

(23) Cf. A. D. Cross, "An Introduetiun to Practical Infrared Spectros-
cupy.”’ Butterworths, London, 1960, p. 21.
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from hexane-methylene dichloride us prisms, m.p. 135-136°;
lalp —32°; ultraviolet, Apax 226 mgy, log € 4.00; v, 1732(8)
and 1242 ¢m. ! (s) (acetate), and 1600, 1505, 1185, 1174 (s) and
G68 em. "t {s) (tosylate).

Anal. Caled. for CpHyuO0:S8: €, 63.83;
Tound: C, 69.26; H, 8.19; O, 16.53.

iiii)  17«-Ethynyl-2a-methylandrostane-33-173-diol  33-

Tosylate (IIi;.—-By- the same experimental procedure there wos
prepared amorphous IIi, ultraviolet Amax 225 mu; vaas 3460
(m), 3310 (m}, 1600 (s), 1502 (m), 1185 (8) and 1175 em.~* (s},
The praduet was used inunediately for an elimination reaction.

1, R.25; O, 16.37.

Elimination Reactions

(i) 2-Methyl-A?-androstene-173-0l Propionate (IIla)j,—A
solution of 2q-methylandrostane-38,178-diol 3B-tosylate-173-
propionate (8.0 g.) in 70 ml. of collidine was heated under reflux
during 3 hr., cooled, and poured into ice-aqueous hydrochlorie
acid.  Kxtraction with ether and washes of the extracts with
dilute hydrochloric acid, bicarbonate solution and water atforded
5.9 g. of 2-methyl-A2-undrostene-173-0l propionate (IIla) as
leaflets from ethanol, m.p. 116.5~118°; [a]p +46° vyex
1737 (8), 1183 (8), 3030 (w) and 798 cm. 7! (8).

Anal. Caled. for CyuHyO.: C, 80.18; H, 10.533.
C, 80.10; H, 10.41.

2a-Methylandrostane-3«,173-diol 173-Propionate {Ilc},-—~Tn n
senarate experiment in which erude tusylate was subjected to the
same eliminiation conditions, chromatography of the reaction
product uver alumina {Grade ITI) and elution with benzene-
hexane (1:3) atforded the 2-methyl-A%-androstene-178-0l pro-
pionate. With benzene -methylene chloride (5:1) there wns
eluted IIe, m.p. 168--170°; [u]p +12°; v 3550 (m), 1735 (s)
and 1205 em. ~! (g,

Anal. Caled. for CuHag)y: C, 76.19; H, 10.57; O, 13.24,
F'ound: C, 76.08; H, 10.63; 0, 13.50.

Oxidation of this 3a-hydroxy compound (500 mig.) in acetoue
(10 ml.) with Jones reagent® at 0° gave, after the usual work up,
2e-methyldihydrotestosterone propionate (310 mg.), identical
(infrared, n.p. and mixture m.p.) with authentic material.

iii} 2-Methyl-A%-androstan-173-0l Acetate (Ille),—I'rom
95 g. ol the 33-tosylate-17g-ucetate IIf there was obtahiel
sitnilarly [Ile, recovered from a salition in hexane us rods (68 g.5.
nep. 130-131°; Jalp +62°; vy 1732 (83, 1242 (s) and 794
it (s

Adanl. Caled. for CalyO.: €, 79.935; H, 10.37; (), 9.68.
Found: C, 79.82; H, 10.35; 0, 9.46.

The expected by-produet also was isolated by chromatography
over alumina (Grade III) and elution with henzene-methylene
chloride (5:1 and 3:1), and crystallized from hexane-methylene
chloride as 8.5 g. of prisms of 2a-methylandrostane-3«,178-dinl
178-acetate (IIg), m.p. 204-205°; [a]p £0°; v,ax 3460 (8), 1735
(s) and 1250 e, ~! (8).

Anal. Caled. for CaoHzs0;: C, 7581, H, 10.41: O, 13.77.
I‘ound: C, 75.72; H, 10.25; O, 13.79.

(iii)  17«-Ethynyl-2-methyl-A2-androsten-17g-0l (IIId}.-
Employing tlie same experimental method, 2.5 g. of cruide 17a-
ethynyl-2a-methylandrostane-33,178-liol 33-tosylate when kept
4 hr. in hat collidine afforded 0.7 g. of IT1d, which after rrystalli-
zatinn from methanol=water or hexane, had m.p. 100-101°; f«in
#0°; v 3520 (n1), 3310 (w) (=C—H), and 793 cm. ! (s).

Anal. Caled. for CaHipO: €, 84.56; H, 10.32; O, 5.12.
Found: C,84.27; H, 10.44; O, 5.04.

From chromatography of the reaction products over alumina
(Grade ITTY and elution with benzene-methylene chloride (3:1}
there was also vbtained 0.27 g. of 17a-ethynyl-2a-methylandro-
stane-3,178-diol which separated fromn hexane as prisms, m.p.
171--172°%; [aln —41°; vpax 3580 (m) and 3300 cm. ! (w).

Anal. Caled. for CooHzOe: C, 79.95; H, 10.37; O, (.65
Found: ,79.76; H, 10.40; 0O, 10.05.

2-Methyl-A%-androsten-178-01 (IIIb),—11) To 5 g. of 2-
methyl-A2-androsten-173-ol propionate in 200 ml. of ethanol wuas
added 3 g. of potassinm hydroxide and after 24 hr. at roomn ten-
perature the mixture was poured into water. By filtration there
was collected .1 g. of IIIb which crystallized from hexane as
prismg, m.p. 108-109° and 119-120°; [alp 478%; weax 3350
(m), 1690 (w) and 795 vm.~1(s).

Anad. Caled. for CyHpO.: C, 83.24; H, 11L18; O, 455,
Found: €, 83.98; I, 11.16; 0, 5.49.

{il)  Reduction of 2 g. of the propionate (IIIa) in 20 wl. of
anbydrous ether was effected by 1 g. of lithium aluminun hydride
during 3 hir. at reflux temperature. Work up in the normal

Founds
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manner, and ethyl acetate extraction yielded 1.7 g. of IIIb
identical with a sample prepared from the propionate ester by
alkaline hydrolysis.

The 17-acetate ester (68 g.) when reduced under the same condi-
tions furnished 60 g. of the 173-alcohol IIIb.

2a-Methylandrostane-3«,173-diol (IId).—Alkaline hydrolysis
of 500 mg. of 2a-methylandrostane-3«,178-diol 17-propionate,
under the same conditions as described above for saponification
of the 173-propionate I11a, led to 410 mg. of 1Id, m.p. 248-250°;
[a]D 4-21° (lit. 1 m.p. 246-248°; [a]p +22.2°).

Anal. Caled. for CeHs02: C, 78.38; H, 11.18. Found:
C, 78.54; H, 11.28.

Oxidation of this diol (200 mg.) in 10 ml. of acetone solution
by Jones reagent? at 0° furnished 2a-methylandrostane-3,17-
dione, 160 mg. of prisms after crystallization from hexane-acetone,
m.p. 151-152°; [alD +111°; wnax 1710 (s) and 1745 cm.™! (s).
(lit.!! m.p, 152-153°; [a]p +110°).

2-Methyl-A2-androsten-17-one (IV),—A solution of 2-methyl-
A%androsten-173-ol (2 g.) in 100 ml. of acetone was treated
dropwise at 0° with Jones reagent® until an excess was present.
Chromatography of the oily product over alumina (Grade III)
and elution with hexane and hexane-benzene (1:5) gave 1.4
g. of the ketone IV, prisms from hexane, m.p. 83-85°; [alD
+148°; vmax 1740 (s) and 795 em. ! (s).

Anal. Caled. for CoeHyeO: C, 83.86; H, 10.56. Found: C,
83.49; H, 10.43.

In a separate experiment, in which a faster rate of addition of
Jones reagent probably caused the solution temperature to rise
several degrees, chromatography of the products over alumina
(Grade III) afforded, besides the ketone IV, 2-methyl-2,3-seco~
androstane-1,17-dione 3-carboxylic acid (V) from benzene—
methylene dichloride (2:1) eluates, crystallizing from hexane—
acetone as prisms, m.p. 173-175°; [a]p +97°, vmax 3500-3000
(broad absorption of CO.H hydroxyl), 1735 (s), 1714 (s) and
1706 cm.~! (s).

Anal. Caled. for CaHzOs: C, 71.82;
Found: C,72.11; H, 8.96; O, 19.02.

2,17a-Dimethyl-A2-androsten-178-01 (IIIc).—The 17-ketone
IV (770 mg.) in 15 ml. of dry ether was kept under reflux during
3 hr. with 25 ml. of 4 N ethereal methylmagnesium bromide.
Work up in the normal way gave, after chromatography over
alumina (Grade III) an elution with benzene, 580 mg. of IIlc
as prisms from hexane-ether, m.p. 112-114°; [alD +36°;
Vmax 3480 (m) and 795 cm. <! (s).

Anal. Caled. for C5H3O: C, 83.38; H, 11.33, Found: C,
83.19; H, 11.22.

17 a-Ethynyl-2-methyl-A%-androsten-173-0l (I1Id).—Ethynyl-
magnesium bromide was prepared n sity from a stream of dry
purified acetylene passed into 30 ml. of 4 N methylmagnesium
bromide in tetrahydrofuran aund 2-methyl-A%-androsten-17-one
(1.1 g.) in 100 ml. of tetrahydrofuran was added. The whole
was kept at reflux temperature (6 hr.) prior to decomposition
of the excess of reagent with ice-water. Ethyl acetate extraction,
and chromatography over alumina (Grade III) afforded in the
benzene eluates 100 mg. of I1Id, crystallized from hexane, m.p.
98-101°, undepressed on admixture with a sample prepared by
the alternate route (vide supra). A second component (80 mg.)
eluted from the column with ethyl acetate crystallized from hex-
ane in prisms, m.p. 258-261°; vmax 3590 (m) and 794 cm ! (s),
but with no absorption for acetylenic hydrogen.

2-Methyleneandrostan-173-0l Acetate (Xe¢).—A stirred sus-
pension of 4.1 g. of methyltriphenylphosphonium bromide!®
in 150 ml. of dry ether was treated in a nitrogen atmosphere with
25.4 ml. of 0.48 N ethereal n-butyllithium, After stirring for 15
min. a solution of 1 g. of the acetate of androstan-178-0l-2-one
(IXb) in 200 ml. of dry ether was introduced into the reaction
during 20 min. The reaction was stirred for an additional 4 hr.
and then was kept standing overnight. Tetrahydrofuran (600
ml.) was added in several portions while the ether was removed by
distillation. The reaction then was heated under reflux with
stirring for 8 hr. Water was added and the product Xb, after
isolation with methylene chloride, was acetylated overnight at
room temperature with 60 ml. of acetic anhydride-pyridine (1:2).
Water was added to the acetylation mixture and the product
extracted with methylene chloride. The organic extracts were
washed with cold 2.59; aqueous hydrochloric acid solution (v./v.),
59 sodium bicarbonate solution and with water. Removal of
the solvent afforded 2.7 g. of thick oil which was dissolved in
hexane-benzene (9:1) and adsorbed on 300 g. of alumina. The
product was eluted with hexane-benzene (1:1) and crystallized

H, 9.04; O, 19.14
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from methanol to yield 0.4 g. of X¢, m.p. 139-142°, The pure
sample melted at 141-143; [a]D —26°; vmax 3000 (W), 1650 (m),
892 (s) cm."L
Anal. CalCd. for szHggOzZ
80.11; H, 10.47.
17«-Methylandrostane-2a,173-diol (VII).—A solution of 6.5
g. of 17a~-methyl-A2-androsten-178-ol and 100 ml. of dry tetra-
hydrofuran was treated with an excess of diborane gas generated
in a separate vessel by the addition of sodium borohydride dis-
solved in Diglyme to a mixture of boron trifluoride etherate and
Diglyme. After being kept for 3 hr. the excess of diborane was
destroyed by the cautious addition of water, the reaction was
diluted with 200 ml. of tetrahydrofuran and then cooled in ice to
5°. An ice-cold solution of 6.3 g. of sodium hydroxide in 42 ml,
of water was then added, with dropwise addition (during 15 min.)
of 32 ml. of ice-cold 359, hydrogen peroxide. The reaction was
stirred for 3 hr. without further cooling. Dilution of the reaction
mixture with water and isolation with methylene chloride afforded
7 g. of crystalline product which was dissolved in benzene-hexane
(4:1) and adsorbed on a column of 280 g of alumina. The less
polar substance, eluted with mixtures of benzene—ether (4:1, 3:2,
1:1) and with pure ether, was crystallized from acetone-hexane
and yielded 2.4 g. of 17a-methylandrostane-3«,173-diol (VIII),
m.p. 184~187°. A pure sample crystallized from the same solvent
pair showed m.p. 187-189°; [«]p —14°; reported2* m.p. 185°.
Continued elution with methylene chloride and acetone af-
forded 3 g. of VII. Crystallization from acetone gave 2.1 g. of
VII with m.p. 225-228° raised to 231-232° after 3 additional
crystallizations; [«]D —4°,
Anal. Caled. for Con3402:
78.44; H, 11.23.
17«-Methyldihydrotestosterone.—An ice-cold solution of 0.3
g. of VIII in 20 ml. of acetone was treated with 0.5 ml. of 8 N
chromium trioxide reagent.! After 5 min. the product was
precipitated with water. Acetone crystallization furnished
0.2 g. of 17a-methyldihydrotestosterone, m.p. 197-200° and
identical in all respects with an authentic specimen.
17a-Methylandrostan-173-ol-2-one (IXa).—The oxidation of
a solution of 1.7 g. of VII in 120 ml. of acetone and 20 ml. of
dioxan at 5° with 2.1 ml. of 8 N chromium trioxide reagent?®
produced, after crystallization from acetone, 1.4 g. of the 2-
ketone I1Xa, m.p. 179-181°. The analvtical sample prepared
from acetone exhibited m.p. 180~181°; [a]D +19°; vmax 1710
em.~!; R. D. in methanol (¢, 0.06): peak at [akes +1339;
R.D. in methanol and HCl (¢, 0.06): peak at [alos +1195°.
Anal. Caled. for CyoH30s: C, 78.89; H, 10.539. Found: C,
78.53; H, 10.37.
2-Methylene-17«-methylandrostan-173-01 (Xa).—A solution
of methylenetriphenylphosphorane was prepared in a nitrogen
atmosphere by treating a stirred suspension of 3.8 g. of methyltri-
phenylphosphonium bromide!® with 19.5 ml. of 0.5 N ethereal
n~butyllithium solution. To this was added a solution of 0.8 g.
of IXa in 140 ml. of dry ether and the reaction was carried out
and processed exactly as described in the preparation of X¢ with
omission of the acetylation step. The crude product (2.4 g.)
was dissolved in benzene~-hexane (1:1) and adsorbed on a column
of 70 g. of alumina. Elution with increasing concentrations of
benzene afforded crystalline material. Crystallization from
ether yielded 0.6 g. of the 2-methyvlene compound Xa, m.p.
149-152°, The analytical specimen from ether showed m.p.
160-153°; {a]p —44°; vmax 3300 (w), 1650 (m) and 890 em. !

C, 79.95; H, 10.37. TFound: C,

C, 78.38; H, 11.18. Found: C,

(s).

Anal. Caled. for CoHyO: C, 83.38; H, 11.33. Found: C,
83.21; H, 11.46.

2-Methyl-Al-androsten-3-ethylene Dithioketal-173-acetate

(XIb),—To an ice-cooled solution of 37 g. of 2-methyl-Al-andro-
sten-3-one-17p8-acetate (XIa) in 400 ml. of glacial acetic acid,
were added 45 ml. of ethane dithiol and 35 ml. of boron trifluoride
etherate complex, the mixture then being left at room tempera-
ture during 1.5 hr. The precipitate which formed was collected,
washed with water, aqueous ammonia, water again, dried, and
filtered through neutral, activated alumina. The solids which
were eluted by benzene-hexane (1:1) were combined and crys-
tallized from chloroform-heptane to afford 31 g. of XIb, m.p.
272-274°, raised by several recrystallizations from the same sol-
vent system to m.p. 284-285°; [alp —1.0°; wmax 1730 (8) and
1250 em. 1 (8).

(24) L. F. Fiescr and M. Fieser. “Steroids,” Reinliold Publishing Corp.
New York, N. Y., 1959, p. 519,
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Anal. Culed. tor CuHyO8e: €, 68.52;
Found: C,68.21; H,8.72; S, 14.92.
2-Methyl-A%-androsten-173-0l {IIIb) from the Dithioketal
(XIb).—Tn 750 ml. of liquid ammonia 6.5 g. of metallic sodium
was added with 5 g. of 2-methyl-At-androsten-3-ethylene-dithin-
ketal-178-acetate (XIb) in solution in 350 ml. of tetrahydrofuran.
Thereafter the excess of sodium was discharged by the addition
of ethanol.  Amimonia was evaporated overnight and the organic
sulvents were evaporated under rednced pressure. The vrganie
mixture then was dissolved in chloroforim, washed with water, and
dried over sodium sulfate.  Filtration and solvent evaporation
vielded an oil which was chromatographed through activated,
neutral alumina.  The fractions obtained with benzene were coni-
hined and 620 mg. of IHIb wag obtained, identical by mixture m.p.
and infrared spectrum with a sample prepared as described above.
2-Methyl-At-androsten-173-0l-17-acetate (XIc).-—A solution
of 6 g. of 2-methyl-Al-androsten-3-cthylene dithioketal-173-acce-
tate in 1000 ml of acetone was refluxed with stirring for 48 br.
with 75 g. of Raney nickel, which wus previsusly deactivated hy
several decantations from 600 ml. of acetone.  After filtration avl
evaporation of the salvent, the gy mixture was filteral
through neutral, activated alumina.  The fractions obtained by
vliution with hexane were combined to furuish 2.2 g. of XTe¢ which
was reerystallized from heptane.  An analytical smnple had e
H-101°; [aln +84°; vuwx 1733 (5) and 1247 em. ™ {s).
Anal, Caled. for CeHyO,r C, 79957 H, 10.37; 0, 16K,
Foand: C, 79.80; H, 10.15: 0, .44,
4«-Bromo-2«-methylandrostane-33,173-diol-17 3-acetate
IXIIb},--A solution of 3.74 4. of 4w-bromo-2e-methylandrostan-
3-une-178-ol acetate’ nr 150 ml. of tetrahyvdrofuran waus mixel
with asgolution of 4 ¢, of sodimm bhorohydride in 30 ml. of methansl
and left overnight at room temperatire.  The soluntion was poureil
intu water, extracted with ethyl acetate aud the vrganic layver
then was washed with water until nentral, dried with sodinm
sulfate, wnd evaporated to a erystalline mass.  Four recrystalliza-
tims from methaaol vielded 2.20 . of NI1bh, nip. 213-215°:
[ovhy —47°,
Aunnd. Caled. for CpHuBrO,: C, 61.80; H, 8.25; 0, 11.21;
Br, 18.70. Found: C, 61.62; 11, 8.32: 0, 10.60: Br, 19.33.
24-Methyl-A3-androsten-173-0l (XIIIa), -——The hromohyilrin

H, 8.62; S, 15.24.

Vol. 6

NI o148 g in 10 ml of acetire acid was reflaxea for 5 by,
with 4.0 g. of powdered zine. The zine was filtered off, and
washed with hot ethanal (100 ml.;. The combiaed ethanel and
neetic seld solutions were poured into water, extracted with
ethyl acetate, sund the extract was washed with agiieous sislina
bicarbonate and then with water until nentral.  The ethyl nce-
tate solution was evaporated to dryness, the residue dissolved in
ethanal (50 ml.) containing potassium hydroxide (2 g.) and left
at room temperature overnight. Working up by pouring it/
water, extracting inta ethyl acetate, washing with water until
neutral, and evaporating, echromatographing on 30 g «f alumioa
iaetivity 1) wd eluting with Denzene vielded XT1la, 430 my.
after four reerystallizativns from hexane, m.p. TE-147° oy,
+1240°%; v 3320 (81,3030 (wi, 1658 (w) and 68 em. ! (83,

dunl. Caled. for CyuHgpOr ) 8327, H, 11180 4, 455,
Fomul: ¢, 83.71; H, 11.10; 0, 5.4

2¢-Methyl-A%androsten-175-0l Acetate (XIIlb),~ Avetie

anhydride-pyridine aeetylation of 2e-methyl-A%-androsten-17 -
ol (XTI at roona tamperature overnight led to the eorrespond-
ing sectate N1T1D which was reervstullizesd several thnes from
acetone, boep, 1H0-152°% [l = 101°%; p,.0 1732 18), 1650 {we,
1250 (55 avd 702 e tis),

eerls Caled . Tor CoaHLO,: (
750 T, 10.55.

22,17 e=Dimethylandrostan-173-0l (XIV),—A mixture o( (0 g.
il 2e,17e-dlimethyvlandrostan-3-one-173-ol (Id) and 20 ml. of
liylrazine hydrate in 500 ml. of ethylene glyeol was maintainedl
under reflux daring 3 hr.  Potagsium hydroxide (10.0 g.) was
added and the internal temperature raised to 190° by distillation
and held there for 5 hr, under reflux.  On additign of 500 ml. of
water a precipitate formed which was extracted into ethyl
acetate and washed to neutrality with water. FEvaporation of
the dried extracts left a residue which was chromatographed
over 400 g. «f alimina.  Dlotion with benzene-ether (4:1) af-
forded 3.81 g, of NIV, m.p. 119-122°. Recrystallization from
methanol-water vielded prisms, m.p. 127-129°; [o],, — 127
Vs 3480 em. o,

. Caled, Gor Coll,0:0
C, 82,68 H, 1184,

Lonnus; ML 10870 Fonmd:

283 L, a2 Fomml:
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2-Formyl-A’-androstenes and Related Compounds.

Ring A Modified Hormone Analogs.

Part I11.!
A New Class of Potent Anabolic

Agents’
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The preparation of 4 series of 2-formyl, 2-hydroxymethyl, 2-carbaxy and Z2-ucetyl-aZ-androstenes as well us the

4a-chloro, 4a=-methyl and A‘-analogs of 2-formyl-A2-androstene-178-0l is described.
androstene-178-ol afforded 3-acetyl-A?-androstene-178-ol.

Direct acylation of A2-
A number of these compounds possess high myo-

trophic activity with a favorable myotrophic-androgenis rativ.

As a continuation of our studies of compounds with
variable electron density patterns around ring A% and
particularly those possessing a A’-double bond,'? it
appeared that a moiety which warranted attention was
the 2-formyl-A?-system.

As long ago ax 1941, 2-formyl-A%-cholestenct was

(1) Bteroids, COVY aand Pact T AL D Cross, W AL Edwareds, o O Oy,
B. Berksiz, L. Cervantes, M. C. Calzala wwl AL Bowers, J. Med. Chen., 6,
162 {1463).

79y For a preliwiuary wecvuns ol a paes o this work of., b
e aml A, Bowers, ihid., 5, 10U (1452,

() For a geneval discussion of the svusiderativus which goveru our
thiskiug iu 1ds work see Part T ol this series: AL Bowers, A Do Cross, 3
Lielwands, H. Curpio, 3 CL Calzwla awl I Deaot, 4bid., 6, 156 {1465,

DI AL Vlattuer suwel Lo ML Jampwlonsky, Heleo Chin. Avta, 24, 1150
(lulh.

Cother, OO 1

prepared by pyrolysis of the a-ketolactone derived
from 2-oxalyl cholestan-3¢-ol. The preferred method
for the introduction of the 2-formyl-A*-grouping is,
however, that used in the preparation of eyvelohexene al-
deliyde from cyclohexanone,® and proceeds via the pre-
viously described® 2-hydroxymethylene-3-ketones.
2-Hydroxymethylencandrostane-178-ol-3-one®  (la)
was smoothly converted into its methyl ether 1h by
treatment at room temperature with methanol cou-
taining a catalytic amount of hydrochloric or perelilo-

o5y 1 Seileet wwl 11 Selinz, thid,, 34, 728 119519,

cy 1LF Ringold, 1. Batres, O, Hulpern awd B Necoeelien, S U U
Sonto, 81, AT7 (LY see alsu By Fuehs canl 100, B Loweuthal, Petruhndvon,
11, I ¢ londan
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