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Treatment of 3-ketoandrostanes or 3-keto-Af-androstenes successively with ethyl oxalate, methyl iodide and alkoxide

vielded the 2a-methyl derivatives,
methylene-3-ketoandrostanes.

Alternately 2a-methyl androstanes were synthesized by hydrogenation of 2-hydroxy-
Direct alkylation of 3-ketoandrostanes yielded mainly the 2,2-dimethyl derivatives. A

number of the described compounds were found to have favorable anabolic-androgenic ratios.

As part of a systematic study of the effects of
alkyl substitution on biological activity in the
androstane and 17 a-alkylandrostane series we have
prepared androstane and 19-norandrostane deriv-
atives with alkyl substituents at C-1,2 C-2,3
C-4*4-% and C-6."% Such an approach may offer
insight into the steric requirements for biological
activity® of steroids.

This paper is concerned with the synthesis and
activity of a number of 2-methyl, 2,2-dimethyl
and 2-hydroxymethylene steroid derivatives, some
of which already have been reported in a prelimi-
nary communication.?

2-Monomethyl and 2-Hydroxymethylene Deriva-
tives.—The 2-monomethyl testosterone derivatives
were prepared by two general methods. Conden-
sation of testosterone or methyltestosterone or
their 4,5-dihydroallo derivatives with excess ethyl
oxalate gave the enolic 2-ethoxyoxalates as amor-
phous solids.’® Condensation was in general ef-
fected in benzene solution with an excess of sodium
hydride as the base. Alkylation of the ethoxy-
oxalates with methyl iodide in acetone solution in
the presence of potassium carbonate gave the cor-
responding 2-methyl-2-ethoxyoxalates which under-
went reversal of oxalate condensation with al-
coholic alkoxide to give the 2a-methyltestosterone
(Ia, Ib) or dihydrotestosterone (IIa, IIb) deriva-
tives. While yields in the testosterone series were
of the order of 40%, the reactions proceeded poorly
with the 4,5-dihydro compounds yielding only 10
to 209, of the requisite 2-methyl compounds.

More convenient for the preparation of the di-
hydrotestosterone derivatives was a sequence
involving condensation at C-2 with ethyl formate.
The 2-hydroxymethylene derivatives thus ob-
tained were hydrogenated!! in methanol solution
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(10) The preparation of 2a-methyl cortical hormones by this route
has been described by J. A. Hogg, F. H. Lincoln, R. W. Jackson and
W. P. Schneider. THis JOURNAL, 77, 6401 (1955).

(11) Cf. Y. Abe, T. Harukawa, H. Ishikawa, T. Miki, M. Sumi and
T. Toga, ibid., T8, 2507 (1953).

over a palladium—carbon catalyst at one to three
atmospheres pressure and room temperature,
presumably vielding as an intermediate the
thermodynamically unstable 28-methyl (axial)
derivatives.!? Passage of a benzene solution of
the total hydrogenation mixture over alkaline
alumina gave the 2«-methyl (equatorial) deriva-
tives 11a and IIb in ca. 509, over-all yield. Hydro-
genation of the diacetate or dipropionate rather
than the free 2-hydroxymethylenedihydrotestos-
terone offered no particular advantage.
2a-Methyldihydrotestosterone (IIa) was also
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obtained by catalytic hydrogenation of the 3-
cycloethylene ketal (V) of 2a-methyltesterone in
methanol solution over a palladium—carbon catalyst
thus interrelating the two series.

When it was found that a number of members
of this series, particularly the dihydrotestosterone
derivatives, exhibited interesting anabolic as well
as anti-tumor activity and that furthermore the
intermediate 2-hydroxymethylene-17a-methylan-
drostan-173-0l-3-one (IVb) was particularly strik-
ing as a potent oral anabolic agent with minimal
androgenic activity, our study was expanded to
include the preparation of other potentially bio-
logically interesting 2-hydroxymethylene deriva-
tives. Thus by conventional means 17a-methyl-
testosterone, 17a-methyl-19-nortestosterone and
17 a-methyl-19-norandrostan-173-ol-3-one were
also converted to the crystalline 2-hydroxymethyl-
ene compounds, IITh, ITTa and IVa.

It was of further interest to prepare the 2a-
methyl-17a-alkyltestosterone derivatives where

(12) The isolation and independent preparation of 28-methylandro-
stanes will be the subject of a further communication.
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the 17-alkyl group was ethyl, vinyl and ethynyl.
For this purpose, the aforementioned ethylene
ketal (V) of 2a-methyltestosterone was oxidized
with pyridine-chromium trioxide to the 17-
ketone VI which was converted to the 17a-ethynyl
derivative VII by reaction with potassium acety-
lide. Acid hydrolysis regenerated the A*3-
ketone system yielding 2c-methyl-17a-ethynyl-
testosterone (VIII). Catalytic hydrogenation of
VIII over a palladium-—calcium carbonate catalyst
in pyridine solution stopped with the absorption of
one molecular equivalent of hydrogen and gave
2a-methyl-17a-vinyltestosterone  (IX). Hy-
drogenation of VIII in dioxane, over the same
catalyst, interrupted at two moles, gave 2a-
methyl-17 a-ethyltestosterone (X). It was found
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that VIII could be synthesized alternatively by
condensation of 17 a-ethynyltestosterone with ethyl
oxalate, followed by alkylation at C-2 with methyl
iodide and ethoxide reversal of oxalate conden-
sation.

2u-Methyl-17 a-ethylandrostan-178-0l-3-one (11e)
was prepared from 17a-ethylandrostan-178-ol-3-
one, condensation with ethyl formate yielding the
2-hydroxymethylene derivative which was then
hydrogenolyzed as in the other cases furnishing
the desired IIe.

Previously we reported the synthesis of 683-
methylandrostan-173-0l-3-one.” This compound,
by ethyl formate condensation and hydrogenation
of the intermediate hydroxymethylene compound
gave 2a,68-dimethylandrostan-178-o0l-3-one (XI).

2,2-Dimethyl Derivatives.—The 2,2-dimethylan-
drostane derivatives Ilc and IId were prepared by
direct alkylation of androstan-178-ol-3-one (or its
esters) and of 17a-methylandrostan-173-ol-3-one.
Treatment of the former with excess methyl
iodide and potassium f-butoxide in ¢-butyl aleohol
at room temperature gave, after chromatographic
separation, the 2,2-dimethyl derivative Ilc in
about 509 vyield and approximately 109, of the
2-monomethyl derivative Ila. Superior yields of
IIc were obtained by alkylation of dihydrotestos-
terone propionate, followed by saponification,
whereupon almost a 609, yield of IIc was obtained
by direct crystallization. The direct alkylation
of 17a-methyldihydrotestosterone proceeded sat-
isfactorily vielding 2,2,17a-trimethyldihydrotestos-
terone (11d).
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1t was necessary to establish that dimethylation
had indeed occurred at 2,2’. This was readily
demonstrated by bromination~dehydrobromination
experiments conducted with the 17-acetate (Ilc
acetate) of 2,2-dimethyldihydrotestosterone. Ti-
tration with bromine in acetic acid showed the
uptake of just two moles of bromine and gave a
crystalline dibromo compound (XII). Collidine
dehydrobromination yielded a compound still con-
taining one bromine atom and with an ultraviolet
maximum at 262 my, log e 4.07, characteristic of a
4-bromo-A*-3-ketone,'? establishing that this com-
pound (XIII) is 2,2-dimethyl-4-bromotestosterone
acetate. Bromination of IIc acetate with one
equivalent of bromine gave 4-bromo-2,2-dimethyl-
dihydrotestosterone acetate (XIV) which was con-
verted by collidine dehydrobromination to 2,2-
dimethyltestosterone acetate (XV), Amax 240 my,
log €4.19.

Biological Activity.—As reported in our prelimi-
nary communication, a number of these com-
pounds were found by Huggins and Mainzer*

to be potent inhibitors of the development
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of a transplantable rat mammary tumor. This
activity was particularly marked in the case
of 2a-methyldihydrotestosterone (IIa) and 2e,
17 a-dimethyldihydrotestosterone (IIb), both com-
pounds being more effective than testosterone or
dihydrotestosterone. One possible explanation of
the increased activity of the 2a-methyl- compounds
lies in the known 7n vivo conversion of androgens to
estrogens,’® the C-2 unsubstituted compounds
being converted in some degree to the highly potent
estrone or estradiol which have a tumor stimulatory
effect'* partially counteracting the anti-tumor
effect of the androgens. The 2-methyl-derivatives,
if they do undergo such in wizo aromatization, are
converted to much weaker estrogens, 2-methyl-
estrone for example being only 1/200 as active!® as
estrone,

In the seven day anabolic-androgenic assay with
21-day old castrate male rats,” subcutaneous rotite,
2a-methyldihydrotestosterone propionate (IIa pro-
pionate) exhibited approximately 2X the anabolic
and 0.5X the androgenic activity of testosterone
propionate, as measured by levator ani, prostate
and seminal vesicle response.’® Unesterified 2a-
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methyldihydrotestosterone (I1a), 2,17 a-dimethyl-
dihydrotestosterone (IIb) and 2-hydroxymethyl-
ene-17a-methyldihydrotestosterone  (IVb) were
found in the experimental animal to be potent
orally active anabolic agents exhibiting only rela-
tively weak androgenic activity.!®

Experimental®

2a-Methyltestosterone (Ia),—In a nitrogen atmosphere, a
mixture of testosterone (50 g.) in anhydrous thiophene-free
benzene (1 1.), ethyl oxalate (50 ml.) and sodium hydride (15
g.) was stirred for 4 hours. The precipitated sodium salt of

(15) For leading references see R. Dorfman and R. A. Shipley,
‘‘Androgens,’”’ John Wiley and Sons, Inc., New York, N. Y., 1956, p. 89.

(16) J. Iriarte and H. J. Ringold, Tetrahedron, 8, 28 (1958).

(17) L. G. Hershberger, E. G. Shipley and R. K. Meyer, Proc. Soc.
Exper. Biol. and Med., 88, 175 (1953).

(18) Bioassays by Dr. R. Dorfman, The Worcester Foundation and
The Endocrine Laboratories, Madison, Wis.

(19) Melting points are uncorrected. Unless specified otherwise,
rotations were determined in chloroform and ultraviolet absorption
spectra in 96% ethanol. Thanks are due A. Mijares for able technical
assistance and Dr. L. Throop for determinations of rotations and spec-
tra,
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the 2-ethoxyoxalate and the excess sodium hydride was fil-
tered, washed with benzene, then hexane, and dried for
several hours i# vacuo. The product was cautiously added
in portions to a stirred ice-cold hydrochloric acid solution
(100 cc. 3569, acid-2 1. ice-water) liberating the free eth-
oxyoxalate which was extracted with methylene dichloride,
the extract washed with water, dried and evaporated. The
residue was taken up in 1.1 liters of acetone, finely powdered
anhydrous potassium carbonate (50 g.) and methyl iodide
(150 ml.) were added and the mixture boiled under condenser
for 48 hr. The filtered solution was evaporated almost to
dryness, water was added, the oily residue extracted with
methylene dichloride and the extract washed with 1% so-
dium hydroxide, water, dried and evaporated to dryness.
The residue was dried at 90° for 2 hr. i» vacuo (1 mm.) and
then treated with the solution of sodium ethoxide prepared
from 5 g. of sodium and 500 ml. of absolute ethanol. The
solution was allowed to stand for 48 hr. at room temperature
and then poured into 5 1. of water. Without neutralization,
the mixture was extracted with methylene dichloride (oc-
casionally emulsions formed during extraction and it was
necessary to add salt), the organic extract was washed with
water to neutrality, dried and evaporated. The residue was
taken up in benzene and chromatographed on 2 kg. of ethyl
acetate-washed alumina (1-l. eluate fractions). Acetone—
hexane crystallization of the benzene—ether (9:1) fractions
gave 19.07 g. (36%) of 2a-methyltestosterone (Ia), m.p.
149-153°. The analytical specimen from the same solvent
exhibited m.p. 155-157°, [a]D 4+116°, Amax 242 mu, log e
4.19.

Anal. Caled. for CxoH;300,: C, 79.42; H, 10.00.

C, 79.33; H, 10.28.

2a-17a-Dimethyltestosterone (Ib).—17x-Methyltestos-
terone (5 g.) was treated successively with ethyl oxalate,
methyl iodide and sodium ethoxide as described for Ia. The
residue, after chromatography on 250 g. of neutral alumina
and acetone-hexane crystallization of the benzene-ether
(9:1) fractions gave 1.96 g. (37%) of 2a,17a-dimethyl-
testosterone (Ib), m.p. 150-152°, {a]D —+182°, Amax 240
my, log € 4.21,

Amnal. Caled. for CuHy0,: C, 79.69; H, 10.19. Found:

C, 79.68; H, 10.03.

2a-Methylandrostan-173-ol-3-one (IIa). (a) By Oxalate
Sequence.—Androstan-17-0l-3-one (50 g.) in anhydrous
thiophene-free benzene (600 cc.) was condensed with ethyl
oxalate (50 cc.) in the presence of 11.5 g. of sodium hydride
as described for Ia. The product, after treatment with
methyl iodide and then sodium ethoxide as described above,
was purified by chromatographic separation on 1 kg. of alka-
line alumina (500-ml. eluates). The benzene—ether (9:1)
fractions were crystallized from acetone-hexane yielding 9.0
g. (17%) of 2a-methyl-dibydrotestosterone (11a), m.p. 149—
153°; analytical sample from ether, m.p. 152-154°, [a]D
-+32° (ethanol).

Anal. Caled. for CyHi0,: C, 78.89; H, 10.60. Found:
C, 78.70; H, 10.77.

(b) By Hydrogenation of 2-Hydroxymethylene Deriva-
tive.—A mixture of androstan-178-ol-3-one (50 g.) in anhy-
drous thiophene-free benzene (400 cc.), ethyl formate (20
ml.) and sodium hydride (15 g.) was stirred for 8 hours under
nitrogen.® The sodio salt of the resultant 2-hydroxymethyl-
ene derivative and the excess hydride were filtered, washed
with benzene, then hexane and dried ¢z vacuo. Cautious
precipitation in excess ice-cold dilute hydrochloric acid gave
the crude free 2-hydroxymethylenedihydrotestosterone
which was filtered, washed with water and air-dried. The
product (50.5 g.) was hydrogenated for 24 hr. in methanol
(750 ml.} over 20 g. of prehydrogenated 109, palladium-
carbon catalyst at 25° and 5§70 mm. pressure (hydrogen up-
take 9 liters). The mixture was filtered, the catalyst
waghed with hot methanol and the combined solutions evap-
orated to dryness. The residue, taken up in one liter of
benzene, was absorbed on 1.5 kg. of alkaline alumina in a
column and then eluted by passage of 15 liters of benzene.
Evaporation of the extract and crystallization from acetone~
hexane yielded 22.7 g. (43%) of Ila, m.p. 146-150°; one
recrystallization raised the melting point to that of the an-

Found:

(20) This procedure for ethyl formate condensation is a minor modi-
fication of the method used in the case of testosterone and choleste-
none by F. Weisenborn, D. Remy and T. Jacobs, THis JourwaL, 76,
552 (1954).
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alytical sample with which this sample was identical in all
respects.

(¢) By Hydrogenation of 2a-Methyltestosterone Cyclo-
ethylene Ketal.-—The ketal V (130 mg.) was hydrogenated
for 5 hr. at 25° and 570 mm. in 20 ml. of methanol over 120
mg. of prehydrogenated 109, palladium—carbon catalyst
(uptake 8 ml.). The filtered solution, after the addition of
water (5 ml.) and concentrated hydrochloric acid (1 ml.), was
boiled for 30 minutes, concentrated ¢x vacuo and precipitated
with water. Filtration and crystallization from acetone—
hexane gave 40 mg. of authentic ITa, m.p. 150~152°.

2a-Methylandrostan-173-ol-3-one 17-Propionate (Ila
Propionate).—A solution of 1 g. of IIa, 3.3 ml. of propionic
anhydride and 1.1 ml. of pyridine after being heated for 2 hr.
at 90° was cooled and treated with 50 ml. of water. The
mixture was heated to hydrolyze excess anhydride, then
cooled and extracted with methylene dichloride, the extract
being washed successively with dilute hydrochloric acid,
bicarbonate and water. Evaporation and crystallization of
the residue from hexane gave 900 mg. of IIa propionate, m.p.
126-130°, [a]D +24°.

Anal. Caled. for C;3H360,: C, 76.61; H, 10.07.
C, 76.48; H, 10.01.

IIa Phenylpropionate.—2e-Methyldihydrotestosterone (1
g.)in 5 cc. of cold pyridine was treated witn 0.8 g. of phenyl-
propionyl chloride and the solution then allowed to stand for
18 hr. at room temperature and finally heated for 30 minutes
at 90.° The cooled solution was worked up as in the case of
the propionate and the residue chromatographed on 50 g. of
neutral alumina, the hexane—benzene (1:1 and 2:3) frac-
tions yielding after crystallization from acetone-hexane, 740
mg. of phenylpropionate, m.p. 132-135°, [a]D 4+33°, Amax
254 my and 258 mu, log € 2.33 and 2.38.

Anal. Caled. for CyupHyOs: C, 79.77;
C, 79.50: H, 9.12.

Ila Cyclopentylpropionate.~Cyclopentylpropionyl chloride
was substituted for phenylpropionyl chloride in the prepara-
tion above. Chromatography and methanol-water crystal-
lization of the hexane-benzene (3:1) fractions gave 2a-
methylandrostan-178-o0l-3-one cyclopentylpropionate, m.p.
96-100°, [alp +34°.

Anal. Caled. for CusHuOy: C, 78.45; H, 10.34. Found:
C, 78.70; H, 9.95.

2a,17a-Dimethylandrostan-173-o0i-3-one (IIb). (a) By
Oxalate Sequence.—17a-Methylandrostan-178-ol-3-one (10
g.) was condensed with excess ethyl oxalate exactly as de-
scribed for Ia. Acidification of the sodium salt of the 2-
ethoxyoxalate gave an amorphous solid which was filtered,
washed, dried and treated successively with methyl iodide
and sodium ethoxide as in Ia. The crude product (4.0 g.)
remaining after reversal of oxalate condensation was chro-
matographed on 300 g. of neutral alumina. Crystallization
of the benzene—ether (19:1) fractions from ether-hexane
gave 0.89 g. (99,) of IIb, m.p. 151-154°, [a]D +-8°.

Anal. Caled. for CmHMOg: C, 7919, H, 10.76.
C, 79.29; H, 10.82.

(b) By Hydrogenation of 2-Hydroxymethylene Deriva-
tive.—17a-Methylandrostan-178-o0l-3-one (20 g.) in anhy-
drous thiophene-free benzene (700 ml.) was treated with ethyl
formate (40 ml.), sodium hydride (12 g.) and the mixture
stirred for 5hr. undernitrogen. The sodio salt of the hydroxy-
methylene derivative was filtered, washed first with benzene,
then hexane and dried ¢n vacuo. Precipitation in dilute cold
hydrochloric acid liberated crude 2-hydroxymethylene-17a-
methylandrostan-178-ol-3-one (IVb) (20 g.). The filtered,
washed and dried product was added to 700 ml. of methanol
containing 16 g. of pre-hydrogenated 59 palladium—carbon
catalyst and the product hydrogenated at 25° and 570 mm.
Hydrogen uptake (1.8 molar equivalents) ceased in 2 hr.,
the solution was filtered and concentrated to dryness. The
residue (negative ferric chloride test) was purified by chroma-
tography on 950 g. of alkaline alumina. The benzene-ether
(0:1) fractions crystallized from acetone-hexane to yield
11.06 g. (55%) of 1Ib, m.p. 147-151°.

2-Hydroxymethylene-17«-methylandrostan-173-ol-3-one
(IVb).—Ethyl acetate crystallization of the crude 2-hy-
droxymethylene derivative above (preparation of IIb part
(b)) gave pure IVh, m.p. 178-180°, {a]lp +38°, Amwx. 285
my, log € 3.99. In 2 number of runs the average yield of
purified material was 65%¢.

Found:

H, 9.23. Found:

Found:
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Amnal. Caled. for CuHyp0;: C, 75.86; H, 9.70.
C, 75.71; H, 9.64.

IVb enol acetate, hexane crystallization, m.p. 141-148°,
la]lp +27° (cthanol), Amax 255 mu, log e 4.09. Adwnal.
%Ialgdd for CuH3:O4: C, 73.76; H, 9.15. Found: C, 73.49;

, 3.0,

IVb enol propionate, hexane crystallization, m.p. 135°,
[a]D 26 °© (ethanol), Amex. 257 my, log e 4.11.  Anal.
Caled. for CouHyiO4: C, 74.19; H, 9.34. Found: C, 73.74;
H, 9.14.

IVb enol benzoate, acetone-water crystallization, m.p.
188-190°, [alp = 0°, Amax. 230 mu, log ¢ 4.19. Anal.
Caled. for CssHyQy: C, 77.03; H, 8.31. Found: C, 77.37;
H, 8.06.

2-Hydroxymethylene-17«-methyl-19-nortestosterone (III-
a).—I17a-Methyl-19-nortestosterone® was condensed with
ethyl formate as described above. Crystallization from
acetone—ether gave the analytical specimen of IITa, m.p.
146~147°, {a)p —74°, Apax. 252 myu and 305 my, log € 4.06
and 3.75.

Anal. Caled. for CotlO;: C, 75.95; H, 8.86.
C, 75.52; H, 8.65.

2-Hydroxymethylene-17«-methyltestosterone (IIIb) was
prepared from 17a-methyltestosterone and ethyl formate as
described above; analytical sample from acetone—ether, m.p.
179-181°, [alp +6°, Amax. 251 and 309 mu, log € 4.07 and
3.73.

Anal. Caled. for Cngwa'l/QCsI{sO: C, 75.16; H, 9.25.

Found: C, 74.81; H, 9.08.

2-Hydroxymethylene-17«-methyl-19-norandrostan-173-
ol-3-one (IVa) was prepared from 17a-methyl-19-norandro-
stan-178-0l-3-one? and ethyl formate as described above.
Crystallization from methanol yielded pure IVa, m.p. 195-
197°, [alD 495°, Amax. 281 mu, log € 3.96.

Anal. Caled. for CoHusO;: C, 75.43; H, 9.50.
C, 74.87; H, 9.535.

2a-Methyl-3-cycloethylenedioxy-A®-androsten-178-o0l (V).
—A mixture of 2o-methyltestosterone (Ia) (2 g.), ethylene
glveol (20 ml.), benzene (100 ml.) and p-toluenesulfouic
acid-1H,0 (200 mg.} was boiled for 22 hr. with continuous
separation of water. The cooled solution, after potassium
carbonate wash, was evaporated to dryness. Crystalliza-
tion of the residue from acetone-hexane yiclded 1.1 g. of \,
m.p. 173-177°, and a secoud crop of 400 mg., mn.p. 164-171°.
Recrystallization from the same solvent gave the pure ma-
terial, m.p. 175-178°, [alo ++41° (pyridine), no selective
absorption in the ultraviolet.

Anal.  Caled. for CoHyO;:r C, 76.26; H, 9.89.
C, 76.11; H, 9.78.

2«-Methyl-3-cycloethylenedioxy-Ad-androsten-17-one
(VI).—A stirred solution of 1.5 g. of V, in 20 cc. of pyridine
was cooled to 10° and treated under nitrogen, witl 900 mg.
of chromiwm trioxide. The mixture was then allowed to
stand at room temperature for 18 hr. before being diluted
with 100 ml. of ethyl acetate and filtered. The filtrate was
evaporated to dryness 7# vacuo and the residue chromato-
graphed on 20 g. of alkaline alumina. The hexane-benzere
(1:1) fractions were crystallized from acetone—hexane vield-
ing the 17-ketone VI (930 mg.), m.p. 201-210°. A sample
crystallized from acetone to constant melting point exhib-
ited m.p. 206-210°, [alp +51° (pyridine).
Anael. Caled. for ngHggO;: C, 7670, }"I, 4.36.
C, 76.92; H, 9.38.
2a-Methyl-17a-ethynyl-3-cycloethylenedioxy-A®-androsten-
178-01 (VII).—A solution of the preceding ketal-ketone VI
(2.0 g.) in 45 ml. of anhydrous benzene was added, under
nitrogen, to the solution prepared from dissolving 2 g. of
potassium in 40 ml. of f-amyl alcohol. A slow current of
purified acetylene was passed through the solution for 40
hours, whereupon the solution was poured into ice-water and
extracted with benzeune. Evaporation of solvent and chro-
matographic separation of the residue on 100 g. of alkaline
alumina gave in the hexane~benzene (2:3) fractions 510 mg.
of 17a-ethynyl compound VII. The analytical sample, from
acetone-hexane melted at 224-227°, [«]p —63° (pyridine).

Found:

Found:

Found:

Found:

Tound:

(21) C. Djerassi, L. Miramontes, ;. Rosenkranz and F. Sondheimer
Tuis Journar, 76, 1092 (1954).

(22) A. Bowers. H. J. Ringold and R. 1. Dorfman, ibid., 79, 1556
(1057).
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Anal. Caled. for CoyH30;: C, 77.80; H, 9.25.

C, 77.85; H, 9.31.

2a-Methyl-17«-ethynyltestosterone (VIII). (a) By
Hydrolysis of VII.—A solution of 100 mg. of ketal VII, me-
thanol (3 ml.), water (1 ml.) and concentrated hydrochloric
acid (0.2 ml.) was allowed to stand for 18 hours at 25° and
then precipitated with water yielding 50 mg. of 2e-methyl-
17a-ethynyltestosterone, m.p. 172-177°. Crystallization
from acetone—hexane raised the m.p. to 175-178°, [a]D
+3°, Amax. 240 my, log € 4.,19.

Amnal. Caled. for CpoH;,0:: C, 80.93; H, 9.26. Found:
C, 81.02; H, 9.33.

(b) From 17a«-Ethynyltestosterone —A mixture of ethy-
nyltestosterone (5 g.), benzene (130 ml.), anhydrous te-
trahydrofuran (100 ml.), ethyl oxalate (10 ml.) and sodium
hydride (2 g.) was stirred for 5.5 hours under nitrogen.
Work-up in the usual manner followed by alkylation
(methyl iodide, potassium carbonate, acetone) and sodinum
ethoxide treatment as already described yielded 2.5 g. of semi-
crystalline material. Chromatography on 250 g. of neu-
tral alumina yielded in the hexane-benzene (1:9) fractions
(acetone~hexane crystallization) 1.03 g. of VIII, m.p. 174—
177°, identical with the product obtained in (a) and a second
crop of 440 mg., m.p. 160-175°.

2a-Methyl-17«-vinyltestosterone (IX).—The ethynyl comn-
pound VIII (1.0 g.) was added to a mixture of 250 mg. of
pre-hydrogenated 109, palladium-—calcium carbonate cata-
lyst in 35 ml. of pyridine and hydrogenated at 25° and 570
mm. until 96 ml. (1 molar equivalent) of hydrogen had been
absorbed. The solution was filtered, evaporated to dryness
in vacuo and the product crystallized from acetone—hexane
vielding 680 mg. of IX, m.p. 157-162°. The analytical
specimen from the same solvent melted at 159-162°, [a]D
+89°, Amex 210 mu, log € 4.20.

Anal. Caled. for CouHz0s:
C, 80.54; H, 9.60.

Za-Methyl-17a-ethy1testosterone (X).—Compound VIRI
(1g.)was hvdrogenated at 25° and 370 mm. over 200 mg. of
pre-hydrogenated 59 palladium—carbon catalyst in 100 ml.
of dioxane (freshly dlstllled from Raney nickel). The hy-
drogenation was interrupted after the uptake of 200 ml.
(1.5 hr.), the solution filtered, evaporated to dryness in
vacuo, and the product crystallized from acetone-hexane,
vielding 600 mg. of X, m.p. 139-143°. Further crystalliza-

Found:

C, 80.43; H, 9.88. Found:

tion raised the m.p. to 141-143°, [a]D +88°, Amax. 240 mu,
log € 4.21.
Anal. Caled. for CHuO,: C, 79.95; H, 10.37. Found:

C, 79.95; H, 10.23.
2a-Methyl-17a-ethylandrostan-173-0l-3-one (Ile).—17¢a-
Ethyl-androstan-~178-0l-3-one? (3.5 g.) was condensed with
ethyl formate in the usual manner vielding 3.3 g. of crude 2-
hydroxymethylene derivative. This product in 150 ml. of
methanol was hydrogenated over 1.42 g of pre-hydrogenated
109, palladium—carbon catalyst at 25° and 570 mm. Hy-
drogen uptake was extremely slow with the absorption of
only Y7 ml. in 3 hours; therefore the hydrogenation vessel
was heated to and kept at 45° whereupon an additional 400
ml. of hydrogen was absorbed in 2 hours. The mixture was
filtered, the solvent evaporated and the residue chromato-
graphed on 100 g. of alkaline alumina. The benzene—ether
(8:2) fractions were crystallized from acetone-hexane,
vielding 1.43 g. of Ile, m.p. 128-131°, [a]D +6°.
Anal. Caled. for CHyOs: C, 79.46; H, 10.91.
C, 79.69; H, 10.85.
2«,68-Dimethylandrostan-173-0l-3-one (XI).—63-Methyl-
androstan-178-ol-3-one’ (0.8 g.) in 50 ml. of benzene was
treated with 1 ml. of ethyl formate and 0.3 g. of sodium
hvdride. The mixture, after stirring for 5 hours under ni-
trogen, was filtered, washed with hexane and dried 7xn vacuo.
Precipitation of the sodio salt in dilute hydrochloric acid
vielded 730 mg. of crude 2-hydroxymethylene-68-methyl-
androstan-178-0l-3-one, which was hydrogenated in 50 ml.
of methanol over 1.6 g. of pre-hydrogenated palladium~-car-
bon catalyst. Hydrogen uptake ceased with the absorption
of 92 ml. (theor. at 25°, 570 mm., 144 ml. for 2 equiv.).
The solution was filtered, evaporated and the residue chro-
matographed on 35 g. of alkaline alumina, the benzene—
ether (7:3) fractions, after crystallization from acetone-

Found:

(23) L. Ruzicka, P. Meister and V. Prelog, Hel.
(1947).
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hexane, yielding 230 mg. of XI, m.p. 177— 180 analytical
sample, m.p. 181-183°, {a]D +9°

Anal. Caled. for 021H3402. C, 79.19; H, 10.76. Found:
C, 79.33; H, 10.53.

2,2-Dimethylandrostan-173-ol-3-one (IIc). (a) By

Alkylatmn of Dihydrotestosterone.—To the solution of
potassmm t-butoxide prepared from 2 g. (3 equxv ) of potas-
sium in 100 ml. of ¢-butyl alcohol was added 5 g. of andro-
stan-178-o0l-3-one. The mixture was stirred under nitrogen
for 30 minutes whereupon solution was complete and 6.4 ml.
(6 equiv. ) of methyl iodide was added dropwise and the reac-
tion stirred an additional 4 hours. Water (lOO ml.) and ace-
tic acid to neutrality were added and the mixture concen-
trated 77 vacuo. The resultant semi-solid gum was filtered,
washed with water and chromatographed on 300 g. of neu-
tral alumina. The hexane-benzene (1:4) fractions were
pooled and crystallized from acetone-water yielding 2.34 g.
(439,) of 2,2-dimethylandrostan-178-o0l-3-one (IIc), m.p.
128- 133° while the benzene fractions vielded 510 mg. (109
of 2a- meth\landrostan 178-0l-3-one (IIa). A purified sam-
ple of 11c melted at 134-136°, [a]D +72°.

Awnal. Caled. for CyyHyuOp: C, 79.19; H, 10.76. Found:
C, 78.84; H, 10.43.

IIc acetate,? methanol-water crystallization, m.p. 138-
140°, [alp +56°. Anal. Caled. for CuHyOs: C, 76.62;
H, 10.07. Found: C, 76.68; H, 10.14.

IIc propionate, methanol-water crystallization, m.p. 66—
670, [a]D +4.7O. Amnal. Caled. for CoasHyO05: C, 7696, H,
10.23. Found: C, 76.78; H, 10.19.

IIc cyclopentylpropionate, hexane crystallization, m.p.
131‘—1320, [Q]D +80°. Anal. Caled. for ngHggO;ﬂ C,
78.68; H, 10.48; O, 10.84. Found: C, 79.21; H, 10.60;
0, 10.51.

(b) By Alkylation of Dihydrotestosterone Propionate.—
A solution of 10 g. of androstan-178-ol-3-one propionate in
80 m!. of anhydrous {-butyl alcohol was added under nitro-
gen to the solution of potassium {-butoxide prepared from 4.5
g. (4 equiv.) of potassium and 150 ml. of {-butyl alcohol.
Methyl iodide (14.4 ml., 8 equiv.) was added dropwise with
cooling and the mixture stirred for 4 hours under nitrogen at
25-30°. Water and acetic acid were added as in (a), the
solution was concentrated and the residue, a gum, taken up
in 500 ml. of ethanol. Potassium hydroxide (5 g.) was
added, the solution was then boiled for 3 hours to hydrolyze
the 17-propionate, neutralized with acetic acid and concen-
trated. Water was added, the residue extracted with
methylene dichloride, the extract washed, dried and con-
centrated. Crystallization from acetone-hexane gave 5.6 g.
(61%) of Ilc, m.p. 130-133°, identical with the product ob-
tained in (a).

2,2,17a-Trimethylandrostan-173-0l-3-one (I11d).—17a-
Methylandrostan-176-01—3-one (10 g.) was condensed with 3
equiv. of potassium i-butoxide and 6 equiv. of methyl iodide
exactly as described for Ilc, preparation (a). The reaction
product was chromatographed on 500 g. of neutral alumina,
the hexane—benzene (1:4) fractions yielding, after crystalli-
zation from acetone-hexane, 3.5 g. (329;) of 2,2-17q-tri-
methylandrostan-178-ol-3-one (IId), m.p. 114-116°, while
the benzene fractions yielded 1.4 g. of impure 2«4, 17a-di-
methyl-androstan-178-0l-3-one (IIb), m.p. 125-130°. Pure
IId was obtained by acetone-hexane recrystallization, m.p.
117-120°, [«]D +53°.

Anal. Caled. for CyHzeOs:
C,78.92; H, 11.12.

2,2-Dimethyl-4,4-dibromoandrostan-173-ol-3-one Acetate
(XII).—A solution of 1 g. of 2,2-dimethylandrostan-178-0l-
3-one acetate (Ilc acetate) in 15 ml. of glacial acetic acid was
treated dropwise at 25° with bromine in acetic acid (100
mg./ml.) until a permanent bromine color persisted for at
least 15 minutes. Uptake stopped with the addition of ¢
ml. (2.02 equiv.). The solution was poured into water and
the crude XII (1.34 g.), m.p. 165-168°, was filtered, washed
and dried. Crystallization from acetone-methanol yielded
920 mg. (649) of XII, m.p. 174-177° dec. The same prod-
uct was obtamed by S4-hour treatment of Ilc acetate with
3 equivalents of bromine; analytical sample, m.p. 180-181°
dec., [a]D 4+100°.

Anal. Caled. for CuHsBr0O;: C, 53.29; H, 6.61; Br,
30.84. Found: C, 53.60; H, 6.83; Br, 30.15.

(24) Esters of 1Ic were prepared by Dr. J. Zderic of these labora-
tories.

C,78.69; H, 11.32. Found:
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2,2-Dimethyl-4-bromotestosterone Acetate (XIII).—Di-
bromo compound XII (820 mg.) was heated in boiling v-
collidine (5 ml.) for 40 minutes. The cooled mixture was
diluted with ethyl acetate, washed with dilute sulfuric acid
and the solution evaporated. Methanol-acetone crystalli-
zation of the residue yielded 2,2-dimethyl-4-bromotestos-
terone acetate (XI1I), m.p. 151-153°, [a]D +82°, Amex 262
mu, log € 4.07

Anal. Calcd. for C23H33Br03: Br, 18.27.
17.92.

2,2-Dimethyl-4-bromoandrostan-173-ol-3-one Acetate
(XIV).—IIc acetate (700 mg.) in glacial acetic acid (10 ml.)
was brominated with one equivalent of bromine (310 mg. in
3.1 ml. of acetic acid), uptake being complete in 5 minutes.
Water precipitation gave the crude 4-bromo compound
XIV which was crystallized from acetone-hexane to yield

Found: Br,

Jon~ A, Zperic, HtmeerTO CARPIO AND H. J. RINGOLD
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470 mg. (55%) of XIV, m.p. 142-144° dec.; analytical sani-
ple, m.p. 146-148° dec., [a]D +13° (ethanol).
Anal. Caled. for CyuHyuBrO;: C, 62.87; H, 8.02; Br,
18.19. Found: C, 62.59; H, 7.86; Br, 18.47.
2,2-Dimethyltestosterone Acetate (XV).—Treatment of
420 mg. of XIV with 2 ml. of boiling v-collidine for 1.5 hours
followed by ethyl acetate dilution and sulfuric acid wash
yielded an oil with Amax 240 mu, log € 4.03.  The product, in
hexane (25 ml.), was absorbed on 20 g. of neutral alumina
and then eluted with 50-ml. portions of hexane. Fractions
6 to 13 were recrystallized {rom acetone~hexane, furnishing
XV, m.p. 171-173°, la]D 444°, Amax 240 my, log € 4.19,
Anal. Caled. for CyuH3Oyr C, 77.05; H, 9.56. Found:
C, 77.23; H, 9.81.
APARTADO Postav 2679
MeExico, D. F.
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Steroids. CVI.!

Synthesis of 78-Methyl Hormone Analogs

By Joun A. Zperic, HumBERTO CaRPIO AND H. J. RINGOLD
RECEIVED AtTcUsT 6, 1958

The preparation of 78-methylcortisone via addition of methyl Grignard reagent to 7-ketocortisone bisethylene ketal ace-
tate is described. The resulting addition product after hydrolysis and dehydration provided the corresponding 7-methyl-

A"'s-dienone. which upon hydrogenation was converted to 78-methylcortisone.
by hydrolysis of the coupling product of methyl Grignard reagent with 7-bromocortisone bisethylene ketal acetate.
reduction of the Grignard coupling product followed by acid hydrolysis led to 78-methylhydrocortisone.

Alternately 78-methylcortisone was prepared
Hydride
The synthesis of

78-methyltestosterone by addition of methyl Grignard to 7-ketotestosterone ethylene ketal acetate is also described.

Previous reports from this Laboratory and others
have described the substitution of methyl groups at
position 2,2 4,3 6* and 115 of the steroid nucleus as
well as position 1% in the 19-norsteroid series.

In countinuation of the general program directed
toward the relationship of structural modification
to biological activity we now report the preparation
of some 7-methyl analogs in the testosterone and
cortical hormone series.

Although no 7-methyl-A%-3-ketones have been
previously reported, the 7-methylene and 7-methyl-
7-hydroxy derivatives of cholesterol have been pre-
pared’ by the addition of methyl Grignard reagent
to the corresponding 7-ketone. In our present
work this general method was utilized, but as will
be seen the method became impractical in the
preparation of the 7-methylcorticoids, forcing em-
ployment of an alternate route.

Starting with cortisone bisethylene ketal acetate
(Ia) the Lenhard and Bernstein procedure® was used
to prepare the unstable 7-bromo compound Ib

(1} Paper CV, H. J. Ringold, E. Batres, O. Halpern and E. Neco-
echea, TH1is JOURNAL, 81, 427 (1959).

(2) (a) J. A. Hogg, F. H. Lincoln, R. W. Jackson and W, P. Schnei-
der, ibid., TT, 6401 (1955); (b) H. J. Ringold and G. Rosenkranz, J.
Org. Chem., 21, 1333 (1956).

(3) H.J. Ringold and G. Rosenkranz, ibid., 22, 602 (1957).

(4) (a) G. B. Spero, J. L. Thompson, B. J. Magerlein, A. R. Hanze,
H. C. Murray, O. K. Sebek and J. A. Hogg, THIS JoUurRNaAL, 78, 6213
(1956); (b) H. J. Ringold, E. Batres and G. Rosenkranz, J. Org.
Chem., 22, 99 (1957); (c) G. Cooley, B. Ellis, D. N. Kirk and V.
Petrow, J. Chem. Soc., 4112 (1957), and preceding papers; (d) A.
Bowers and H. J. Ringold, THis JourNaL, 80, 3091 (1958).

(5) (a) H. J. Ringold, E. Batres and J. A. Zderic, Tetrahedron, 2, 164
(1958); (b) G.S. Fonken and J. A. Hogg, 1bid., 2, 365 (1958).

(6) (a) H. J. Ringold, G. Rosenkranz and F. Sondheimer, THIs
Jour~aL, T8, 2477 (1950): (b} C. Djerassi, A. I. Lippman and J.
Grossman, 1bid., T8, 2479 (1956).

(7) B. Bonn, I. M. Heilbron and F, 8. Spring, J. Chem. Soc., 1274

(1936).
(8) R. H. Lenhard and 8. Bernstein, Tis JoUurNaL, T8, 980 (1936).

which was then hydrolyzed and oxidized to form 7-
ketocortisone bisethylene ketal acetate (Ic) in over-
all yields of 50 to 609, based on Ia. Reaction of
this 7-keto compound with methylmagnesium bro-
mide proceeded in tetrahydrofuran solvent at room
temperature and after 5-6 hours appeared almost
complete on the basis of ultraviolet spectroscopy.

Treatment of the resulting 7-methyl-7-hydroxy
compound Id with a methanolic acetone solution of
perchloric acid directly yielded 7-methyl-Af-dehy-
drocortisone (IIa). The use of perchloric acid
catalyst for hydrolysis of the two ethylene ketal
groups with concomitant dehydration of the 7-hy-
droxy groups invariably gave better yields of the
dienone Ila than the methanol-sulfuric acid ketal
hydrolysis method.®

The hydrogenation of the dienone Ila to 783-
methyleortisone (IIIa) was carried out under a
variety of conditions, but in no case could a com-
pletely selective reduction of the As-double bond be
achieved. When the reductions were stopped after
one mole of hydrogen had been consumed, the prod-
uct was a three-component mixture of ITa, I1Ia and
presumably 78-methyldihydroallocortisone which
we did not attempt to obtain pure. Only by using
1.2 moles of hydrogen for the reduction was the
dienone totally reduced and even so chromatog-
raphy and recrystallization did not yield a com-
pletely pure sample of 78-methylcortisone. On the
basis of the ultraviolet maximum the above product
was estimated to be only 809, pure.

The preparation of pure 78-methylcortisone
(I1T1a) was accomplished by our second general route
which involved the coupling of methylmag-
nesium bromide and 7-bromocortisone bisethyl-
ene ketal acetate (Ib). The product of this reaction

() W.S. Allen, S. Bernstein and R, Littell, ibid., 76, 6116 (1954).



