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TasLe 11
Pyrorysis oF ESTERs
Sample Procedure Yield (%) Yield (%)
Ester® size, g, used olefins alcohol
Me HP 23.7 A o? 92¢
n-Bu HP 56 A 0° 86¢
n-Bu HP 0.5 B (1 100¢
n-Heptyl HP¢ 6.0 A o4 914
4-Heptyl HP 38.5 A 13¢ 72
c1s-2MC HP 8.5 A 0d 86¢.7
trans-2MC HP 16.0 A 8¢ 72°¢
trans-2MC HP 0.5 C 0e 1004.¢
C HP 6.0 A 0.4¢ 99.6% (25°)
(=)-2-Octyl HP  16.0 A 9 67"
Bu.P 101.7 A 54¢ 63¢
C,P 12.6 A 567 444
C,P 100.5 A 72¢ 284
EtHT 6.7 A 28 max? 7207
EtHA 21.9 A o Trace®*
BuHM 28 A 9 max’ 394,4,m
Bu.M 50 A™ 10° 13¢

% A = adipate, M = maleate, P = phthalate, T = tetra-
chlorophthalate, C = cyclohexyl, MC = 2-methyleyclo-
hexyl. ? Bromine solution unaffected. ¢ Weighed produet.
4 Relative amounts based on gas chromatography. ¢49
of two other peaks, probably isomeric heptene and heptyl
alcohol. /4.5 g. phthalic anhydride in residue. ¢ trans-2-
Methyleyelohexanol (no cis). * n%p 1.4263, [«]®p —8.8°,
identical with original alcohol. ? Bromine decolorized.
9179, of condensed distillate and the pot residue {m.p. 250—
253° after recrystallization) is tetrachlorophthalic anhy-
dride.® * Neut. equiv. 176 (theoretical for EtHA 174).
Small volatile fraction of distiliate is 59, ethanol, 709,
probably EtzA, 24 and 19, unknowns by gas chromatography.
! 529, unknown, probably benzene and 9%, Bu;M in con-
densate distillate. Pot residue is maleic anhydride. ™ Held
at reflux 8 hr.
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gave a sirup of neut. equiv. 137. This was used for the
pyrolysis when further attempts at purification in the same
manner proved fruitless. The material reacted with con-
centrated ammonia. Evaporation to dryness gave am-
monium maleamate (20.69 nitrogen, caled. for C.HsO;N3,
21.29%,8

Pyrolysis of Esters.—Three general procedures for the
thermal decomposition of esters were used. A. Distilla-
tion at atmospheric pressure (see ref. 4). B. A sample
was placed in a side-arm test tube, the mouth of the tube
closed with a rubber stopper containing a stopcock, and the
side arm with a rubber stopper only partially bored. The
tube was evacuated, then the needle of a 5-ml. hypodermic
syringe was inserted through the stopper into the side arm.
The tube was heated until the syringe filled, and the sample
was immediately injected into a gas chromatograph. C.
Heating a sealed tube containing the sample.?

Details are given in Table II.

Gas Chromatographic Analysis of Products.—Most of
the analyses were performed using a Beckman GC-2 gas
chromatograph with an 8-ft. benzyl ether on firebrick
column at 160°. Peak areas were determined with a planim-
eter, by counting squares, or by half-width and peak height
measurements. Product identification was by comparison
of retention time on any given day with known samples.
In general, quantitative accuracy is limited chiefly by lack
of proportionality of peak area with weight for dissimilar
compounds, but for olefin—alcohol mixtures, the resulting
error is less than 59 . A column of 6 ft. of benzyl ether
and 6 ft of nitrophenyl ether was used for the analysis of
methyleyclohexenes.

(8) We wish to thank Dr. Price Truitt, Denton, Texas, for this
analysis.

(9) A sample of butyl hydrogen phthalate exploded on one occasion.
Caution is suggested.

(10) Reported melting point of tetrachlorophthalic anhydride
256°; ref. a (Table I) p. 147,
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Hydrogenation of 2-hydroxymethylene-3-ketoandrostanes and their methyl ethers afforded the corresponding 2a-hydroxy-
methyl and 2a-methoxymethyl derivatives, respectively. Reduction of 2-hydroxymethylene-3-keto-androstanes with
lithium aluminum hydride also yielded the corresponding 2a-hydroxymethyl-3-keto steroids as the major products accom-

panied by the 2-methylene-38-0l and 2a-hydroxymethyl-38-o0l derivatives.

to possess a high degree of pituitary depression activity.

Condensation of ketones with ethyl formate,
followed by catalytic hydrogenation of the resulting
a-hydromethylene ketones in methanol over a
palladium—charcoal catalyst has been found to be a
convenient method for the introduction of an a-
methyl substituent into a ketone,?~* and one that
has been used frequently in these laboratories.
However, no example of the hydrogenation of a
hydroxymethylene ketone, unattended by hydro-

(1) Steroids.
Ringold, in press.

(2) Y. Abe, T. Harukawa, H. Ishikawa, T. Miki, M. Sumi, and
T. Toga, J. Am. Chem. Soc., T8, 2567 (1953).

(3) H. J. Ringold, E. Batres, A. Halpern, and E. Necoechea, 7bid.,
81, 427 (1959).

(4) L. H. Knox, R. Villotti, F. A, Kinel, and H. J. Ringold, J. Org.
Chem., 26, 501 (1961).

CCXIII. A. D. Cross, H, Carpio, and H. J.

Several of the compounds described were found

genolysis of the hydroxyl function, appears to have
been recorded in the literature

We have observed that eatalytic hydrogenation
of 2-hydroxymethylene-3-keto-androstanes in aque-
ous methanol or tetrahydrofuran over a 59, pal-
ladium—charcoal catalyst affords 2a-methyl-3-keto
derivatives and, in addition, the previously un-
described 2a-hydroxymethyl-3-keto derivatives.
The 2a (equatorial) assignment for the latter de-

HOCH CH, HOCHs,
C— 100
g o )

Figure 1
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rivatives is inferred from their rotatory dispersions
which are virtually the same as for dihydrotestos-
terone and 2a-methyldihydrotestosterone. Equa-
torial methylation on either side of a 3-keto steroid
does not significantly affect the amplitude of the
dispersion curve relative to the parent 3-keto
steroid. Axial methylation, while not altering the
sign of the Cotton effect, does result in an increase
in the amplitude of the dispersion curve.®

The ratios of the 2o-methyl and 2a-hydroxy-
methyl derivatives obtained is solvent dependent.
Thus, Ringold and collaborators® obtained 2a-
methylandrostan-178-ol-3-one (I1a), and 2«,17a-
dimethylandrostan-1738-0l-3-one (IIIb) in 45-55%

(5) C Dijerassi, O. Halpern, V. Halpern, and B. Rineker, J. Am.
Chem. Soc., 80, 4001 (1958).

yields by hydrogenation of the corresponding
hydroxymethylene derivatives (Ia and Ib) in meth-
anol over a 109, palladium-charcoal catalyst. No
other products were reported. In contrast, when
the hydroxymethylene derivative (Ib) was hydro-
genated over a 59, palladium—charcoal catalyst in
aqueous methanol, the 2«,17a-dimethylandrostan-~
178-0l-3-one (I1IIb) was isolated in but 249 yield
and the 2q-hydroxymethyl-17«-methylandrostan-
178-0l-3-one (IIb) in 539 yield. In tetrahydro-
furan, Ib afforded a 799, yield of the 2a-hydroxy-
methyl derivative (IIb) and 89, of impure ITIb.
Catalytic hydrogenation of 2-hydroxymethylene-
androstan-178-0l-3-one (Ia) in tetrahydrofuran
gave the 2q-hydroxymethyl compound (IIa) in
509, yield. In these studies, the hydrogenation
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products were isolated by direct crystallization or
chromatography on silica gel and, regardless of
solvent system, the 2a-methyl and 2a-hydroxy-
methyl derivatives were the sole isolable products.

As would be expected of 8-hydroxy ketones, these
2-hydroxymethyl-3-keto-androstane derivatives
are sensitive to alkali and readily undergo elimina-
tion of water with formation of dimeric products
(XIVa-b), presumably via the 2-methylene-3-keto
derivative (XVa-b).%” Thus, elution of 2a-hy-
droxymethylandrostan-178-ol-3-one and 2ae-hy-
droxymethyl-17 @-methylandrostan-178-ol-3 - one
from a column of alkaline alumina afforded in
quantitative yields the dimeric products XVIa and
XVIb, respectively.

Failure of other workers to observe the formation
of 2-hydroxymethyl-3-keto derivatives in the hydro-
genation of hydroxymethylene ketones may be
ascribed to their method of work-up, designed to
afford the 2a-methyl-3-ketones. It was assumed
that catalytic hydrogenation led initially to the
formation of the thermodynamically unstable 2a-
methyl (axial) derivatives and from the gross
hydrogenation mixtures, the 2e-methyl compounds
could be isolated only by chromatography on
alkaline alumina.? Under such conditions, any
2-hydroxymethyl-3-keto derivatives would be con-
verted to the high melting dimeric products (XVIa
and XVIb) which can be eluted from alumina only
with highly polar solvents.

Reduction of Ib with an excess of lithium alu-
minum hydride in ether at room temperature also
afforded IIb in 459, yield accompanied by 2-meth-
ylene-17 a-methylandrostan-38,178-diol (XIX)# in
159, yield and the triol (VIb) in 3.5% yield. The
presence of any trace of XX°® in the reduction prod-

OH OH

C"H3 "CHa

CH2 HOCHz

HO i i
H xix H o xx

uct could not be detected. These results are in
contrast to those obtained by Dreiding and Hart-
man in their study of the reduction of enolizable -
dicarbonyl compounds by lithium aluminum hy-
dride.® They found that reduction of 2-hydroxy-
methylenecyclohexanone with an excess of lithium
aluminum hydride in refluxing ether afforded a
mixture of 2-methylenecyclohexanol, 1-cyclohexene-

(6) R. Mauli, H. J. Ringold, and C. Djerassi, J. Am. Chem.
Soc. 82, 5494 (1960).

(7) E. K. Dimroth, K, Resin, and H, H, Zetsch, Ber., 78B, 1399
(1940).

(8) This product was identical in melting point and spectral proper-
ties with a sample of XIX prepared by an alternative route; J. A.
Edwards, M. C. Calzada, and A. Bowers, J. Org. Chem., in press.

(9) The allylic aleohol (XX) has been prepared from Ib by an
alternative method. J. C. Orr, O. Halpern, and A, Bowers, J. Med.
Pharm. Chem., V, 409 (1962).

(10) A. 8. Dreiding and J. A. Hartman, J. Am. Chem. Soc., 785,
939 (1953).
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Figure 3

methanol, and 2-hydroxymethylcyclohexanol in a
ratio of 5:2:1. Their interpretation of the forma-
tion of these products as involving hydride reduc-
tion of enolate ions and ‘‘normal”’ reduction of the
un-enolized portion is one of several acceptable
postulates. The differences in product formation
and yields observed in the hydride reduction of 2-
hydroxymethylenecyclohexanone and 2-hydroxy-
methylene-3-ketoandrostanes may be accounted
for on the basis of differences in solubility of the
intermediary enolate salts and aluminum hydride
complexes.

Acetylation of Ila at room temperature readily
afforded the diacetate (Va). Under similar con-
ditions IIb gave a mixture of the mono- and di-
acetates (IV and Vb), readily separable by chroma-
tography on silica gel.

Reduction of ITa and ITb with lithium aluminum
hydride in ether or tetrahydrofuran gave the triols
VIa and VIb, respectively. Acetylation of VIa
readily afforded the triacetate (XI) but VIb gave
only intractable oils.

The methoxymethylene ether (VIIIa) was readily
obtained by refluxing Ia in methanol containing a
catalytic amount of perchloric acid. Similar treat-
ment of Ib yielded no crystalline product. How-
ever, treatment of Ib in methanol with ethereal
diazomethane gave VIIIb in satisfactory yield.
Hydrogenation of the ethers VIIIa and VIIIb in
aqueous methanol or tetrahydrofuran afforded the
saturated ethers IXa and IXb, which were reduced
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with lithium aluminum hydride to the correspond-
ing diols Xa and Xb, respectively. Oxidation of
IXa gave the dione XII. With ethanedithiol, IXb
afforded the ethylenethioketal (XIII) in excellent
yield which was desulfurized to the 3-desoxy deriva-
tive (XIV) by refluxing with aged Raney nickel in
methanol.

Oxidation of IIb in acetone with chromic acid
gave the 8-keto acid (VII) inlow yield. On heating
above its melting point, carbon dioxide was evolved
with formation of 17a-methylandrostan-178-ol-
3-one.

Biological Activity.—Compounds IIa and IIb
were found to be highly active in inhibiting the
pituitary function in the parabiotic rat assay,!* be-
ing about three times as active as testosterone and
methyltestosterone, respectively. The androgenic
potency of Ila was only 109, as compared to tes-
tosterone. Detailed results of these studies will be
reported elsewhere,

Experimental'?

2a-Hydroxymethyl-17«-methylandrostan-178-0l-3-one
(IIb). (a) By Catalytic Hydrogenation of 2-Hydroxy-
methylene-17«-methyldihydrotestosterone (Ib) in Aqueous
Methanol.—A suspension of Ib (20 g.) in 180 ml. of methanol
(distilled from potassium hydroxide) and 20 ml. of water was
hydrogenated over a 59 palladium-charcoal catalyst (6.0
g.) at an initial hydrogen pressure of 50 p.s.i. Reduction
was complete in 30 min. as evidenced by a negative ferric
chloride test with methanolic ferrie chloride solution. The
gross reduction product was isolated as a crystalline residue
which was recrystallized twice from acetone to yield pure
IIb, 5.6 g. (289%), m.p. 198-200°; [«]jp +19.7°.

Anal. Caled. for CuHyO;: C, 75.40; H, 10.25; 0,
14.35. Found: C, 75.60; H, 10.16; 0, 14.30.

The mother liquors were absorbed from a benzene solution
on silica gel (700 g.). Elution with benzene—ether (4:1)
afforded 4.8 g. (24%) of 2a,17a-dimethyldihydrotestosterone
(I11b), m.p. 133-135°, raised to 154-155° by crystallization
from acetone. Itsinfrared spectrum was identical with that
of an authentic sample.? Further elution with ether gave
an additional 4.9 g. of ITb, m.p. 185-187°, raising the yield of
ITb to 53%.

(b) By Catalytic Hydrogenation of Ib in Tetrahydro-
furan. A solution of 20 g. of Ib in tetrahydrofuran (200 ml.)
was hydrogenated over 6 g. of a 5% palladium-charcoal
catalyst at an initial hydrogen pressure of 50 p.s.i. One
equivalent of hydrogen was absorbed in 6 hr. On working
up the hydrogenation mixture, a erystalline residue was ob-
tained, m.p. 186-189°, 13.9 g. (72.89%,), after a single re-
crystallization from acetone. Chromatography of the
mother liquor on silica gel afforded 0.92 g. of oil, 1.57 g. of a
partially ecrystalline solid consisting of impure IIIb, and
finally an additional crystalline fraction consisting of IIb,
m.p. 190-192°, 1.0 g., after crystallization from acetone
raising the yield of IIb to 78.5%.

(¢) By Reduction of Ib with Lithium Aluminum Hydride.
—A suspension of 2.0 g. of Ib in 200 ml. of dry ether was
added in 15 min. to a stirred solution of 2.0 g. of lithium
aluminum hydride in 300 ml. of dry ether. After stirring
for an additional 1.5 hr., excess hydride was destroyed by
addition of ethyl acetate. Saturated aqueous sodium sulfate

(11) E. G. Bhipley, “Methods in Hormone Research,” Vol. II’
R. I. Dorfman, ed., The Academic Press, New York, N. Y., 1962,

(12) Melting points are uncorrected, Rotations are in chloroform
unless otherwise stated. We are indebted to Dr. J, Matthews for
rotations and spectral data.
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(20 ml.) was added followed by sufficient anhydrous solid
sodium sulfate to give a clear supernatant ether solution,
The mixture was filtered, the salt cake washed thoroughly
with ether, and the combined ether solution evaporated to
dryness. The crystalline residue, 1.8 g., from acetone de-
posited 0.340 g. of the 2a-hydroxymethyl derivative (IIb),
m.p. 174-176°, raised to 188-190° by a further reerystalliza-
tion from acetone, and identical infrared spectrum with
the IIb obtained by catalytic hydrogenation of Ib.

The combined mother liquors were adsorbed on Florisil
(60 g.). Elution with benzene—ether (4:1) afforded a crys-
talline produet (XIX), 290 mg., m.p. 229-230° after crys-
tallization from acetone, m.p. 229-230° in admixture with
an authentic sample of 2-methylene-17a-methylandrostan-
33,178-diol,® and identical with the authentic sample by in-
frared spectroscopy. Further elution with benzene—ether
(4:1) yielded an additional 0.550 g. of IIb, m.p. 190-192°
after crystallization from acetone.

Finally, elution with ether afforded 70 mg. of the triol
(VIb), m.p. 260-265° from methanol. Itsinfrared spectrum
was identical with that of VIb obtained as described below
by lithium aluminum hydride reduction of IIb.

2«-Hydroxymethyldihydrotestosterone (IIa.)—A solution
of Ia (20.0 g.) in tetrahydrofuran was hydrogenated over 6.0
g. of a 59 palladium~—charcoal catalyst at an initial hydrogen
pressure of 50 p.s.i. After 48 hr., an absorption of 0.9 molar
equivalents of hydrogen was observed. The product was
isolated as described above affording an oil that crystallized
on digestion with ether affording 13.3 g. of IIa, m.p. 160-
162°, raised to 190-192° by two recrystallizations from ace-
tone (10.0 g., 509;,); [«]p +39°.

Anagl. Caled. for CyHz0s;: C, 74.96; H, 10.06; O,
14.98. Found: C, 74.63, H, 9.98, O, 15.30.

Acetylation of 2a-Hydroxymethyl-17«-methylandrostan-
173-0l-3-one (IIb).—A solution of ITb (5.0 g.) in a mixture of
25 ml. of pyridine and 15 ml. of acetic anhydride was set
aside at room temperature for 72 hr. Precipitation in water
and extraction with ether afforded an oil (5.3 g.) which was
adsorbed on 250 g. of silica gel. The crystalline fractions
eluted with benzene—ether (4:1) were combined and crystal-
lized from methanol to give 0.68 g. of the diacetate (Vb),
m.p. 168-170°, raised to 170-171° by a further recrystalliza-
tion from acetone; [a]p £=0°.

Anal. Caled. for CosH3sOs: C, 71.74; H,9.15; 0, 19.11.
Found: C, 71.69; H, 9.30; O, 19.53.

The crystalline fractions obtained by further elution with
benzene—ether (1:1) were combined (4.34 g.) and crystallized
from acetone affording the monoacetate (IV), m.p. 130—
131°, raised to 133-135° by a further recrystallization from
acetone; [a]p —13.8°.

Anal. Caled. for Cy3H304: C, 73.36; H, 9.64; O, 17.00.
Found: C, 73.22; H, 9.68; O, 17.25.

2a-Hydroxymethylandrostan-17«-ol-3-one Diacetate
(Va).—A solution of 0.80 g. of 1la in 4 ml. of pyridine and
2.4 ml. of acetic anhydride was allowed to stand at room
temperature for 65 hr. The crude produet, m.p. 115-117°,
was isolated by dilution with water and filtration. Crystal-
lization from methanol afforded pure Va, m.p. 130-132°;
[e]D £0°.

Anal. Caled. for CosH30s: C, 71.25; H, 8.97.

C, 71.60; H, 8.99.

2a-Hydroxymethyl-17«-methylandrostan-33,173-diol
(VIb).—A solution of 5.0 g. of IIb in 150 ml. of dry tetra-
hydrofuran was added dropwise with stirring to a suspension
of 5.0 g. of lithium aluminum hydride in 300 ml. of tetra-
hydrofuran. After 1 hr., excess reagent was destroyed by
addition of ethyl acetate. Ether (1 1.) was added to the
reaction mixture followed by saturated aqueous sodium sul-
fate and solid sodium sulfate, respectively. Filtration and
evaporation yielded the triol (VIb), 4.56 g., m.p. 275-277°,
raised to 280-282° by recrystallization from methanol,
[a]lp —37°.

Angl. Caled. for CoH;05: C, 74.95; H, 10.78. Found:
C, 75.12; H, 10.84.

Found:
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2a-Hydroxymethylandrostan-33,178-diol (VIa).—A solu-
tion of ITa (1.0 g.) in 200 ml. of dry ether was added in 15
min. to a suspension of 2.0 g. of lithium aluminum hydride
in 150 ml. of dry ether. After stirring at room temperature
for 1 hr., the mixture was worked up as described above.
Two recrystallizations of the crude product from acetone
afforded pure VIa, m.p. 245-246°; [a]D +8°.
Anal. Caled. for C5H;0;5: C, 74.49; H, 10.63. Found:
C, 74.40; H, 10.68.
2a-Hydroxymethylandrostan-33,173-diol Triacetate (XI).
— Acetylation of VIa (300 mg.) in pyridine—acetic anhydride
under the usual conditions, and erystallization of the crude
product from methanol afforded the triacetate (XI), m.p.
162-163°; [a]D —23.5°.
Anal. Caled. for CsHyOs: C, 69.61; H, 8.99; O, 21.40.
Found: C,69.71; H, 9.00; O, 21.66.
2-Methoxymethylene-17«-methylandrostan-173-0l-3-one
(VIIIb).—To a suspension of Ib (7.88 g.) in 100 ml. of ether
containing a few drops of methanol, an ethereal solution of
diazomethane was added until nitrogen ceased to be evolved
and a permanent yellow color denoting excess diazomethane
was observed. A few drops of pyridine were added and the
solution evaporated affording a crystalline residue. Recrys-
tallization from acetone containing a few drops of pyridine
gave 4.5 g. of the enol ether (VIIIb), m.p. 175-178°, raised
to 178-180° after two further recrystallizations from ace-
tone-pyridine; [a]p +10°.
Anal. Caled. for 022H3403: C, 76.26; H, 9-89; O, 13.85.
Found: C, 76.01; H, 9.43; O, 14.30.
2a-Methoxymethyl-17«-methylandrostan-175-0l-3-one
(IXb).—Hydrogenation of VIIIb (10.0 g.) in 100 ml. of
tetrahydrofuran over 3.0 g. of a 5% palladium—charcoal
catalyst at an initial hydrogen pressure of 50 p.s.i. absorbed
1 molar equivalent of hydrogen. Isolation of the product
and erystallization from acetone afforded 5.47 g. of the
saturated ether (IXb), m.p. 175-184°, The analytical sam-
ple was obtained by two further reerystallizations from ace-
tone, m.p. 186-189°; [a}p —~12°.
Anal. Caled. for CHi03: C, 75.81; H, 10.41; O,
13.77. Found: C, 75.60; H, 10.50; O, 14.36.
2-Methoxymethyleneandrostan-173-o01-3-one (VIIIa).—
A mixture of 10.0 g. of Ta and 125 ml. of methanol containing
a few drops of perchloric acid was heated under reflux for 2
hr. Concentration and cooling afforded 6.2 g. of the methyl
ether (VIIIa), m.p. 200-205°; [a]D +46.9°.
Anal. Caled. for CyHz0: C, 75.86; H, 9.70; O, 14.44.
Found: C, 75.47; H, 9.73; O, 14.78.
2a-Methoxymethylandrostan-178-ol-3-one (I1Xa).—Hy-
drogenation of VIIIa (6.2 g.) in a mixture of 50 ml. of
methanol and 5 ml. of water over a 5%, palladium—-charcoal
catalyst resulted in an uptake of 1 mole of hydrogen. Crys-
tallization of the hydrogenation product from acetone gave
2.9 g. of the saturated ether IXa, m.p. 175-180°; [a]D
+23.5°.
Anal. Caled. for CyHuOs: C, 75.86; H, 9.70; O, 14.4.
Found: C, 75.57; H, 9.75; O, 14.78.
2a-Methoxymethylandrostan-33,178-diol (Xa).—A solu-
tion of IXa (1.0 g.) in 125 ml. of dry ether was added in 15
min. to a stirred suspension of 1.0 g. of lithium aluminum
hydride in 100 ml. of ether. Stirring was continued for 1
hr. and the mixture worked as described above. Crystalliza-
tion of the crude product, m.p. 155-160°, from acetone,
afforded 0.88 g. of Xa, m.p. 192-195°, raised to 200-202° by
a further recrystallization from acetone; [a]p +13.1°.
Anal. Caled. for CuHiQOs: C, 74.95; H, 10.78; O,
14.26. Found: C, 75.05; H, 10.75; O, 14.03.

Dimer of 2-Methyleneandrostan-173-0l-3-one Acetate
(XVIa).—A solution of 2.0 g. of IIa in 200 ml. of acetone was
absorbed in a column of alkaline aluminum for 16 hr. The
dimer, XVIa, m.p. 265-267°, was isolated quantitatively by
elution with acetone. Acetylation with acetic anhydride in
pyridine afforded the diacetate (XVIIa), m.p. 250-251°,
and was identical by infrared spectroscopy with an authen-
tic sample.5
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Dimer of 2-Methylene-17«-methylandrostan-178-ol-3-one
(XVIb).—The crude product obtained as an oil by hydro-
genation of Ib in methanol (distilled from potassium hydrox-
ide) as described above, was absorbed on washed alumina
(900 g.). The crystalline fractions eluted with benzene-
ether (7:3) were pooled (15.4 g.) and erystallized from ace-
tone to give the dimer (XVIb), 6.1 g., m.p. 220-225°. A
further recrystallization from acetone afforded the analytical
sample, m.p. 229-230°; [a]D +29°.

Anal. Caled. for CyHgO,: C, 79.70; H, 10.19; O, 10.11.
Found: C, 79.35; H, 10.28; O, 10.45.

Acetylation of XVIb.—A mixture of 1.8 g. of XVIb, 4 ml. of
dry pyridine and 12 ml. of acetic anhydride was heated for 3
hr. at steam-bath temperature. The product wasisolated in
the usual manner. Several recrystallizations from methanol
gave the pure diacetate XVIIb, m.p. 215-217°; [a]D +53°.

Anal. Caled. for C4HgOs: C, 77.05; H, 9.56; O, 13.39.
Found: C, 77.35; H,9.71; 0O, 12.97.

2a-Hydroxymethylandrostan-3c,178-diol  (XVIII).—A
solution of 2.0 g. of ITa in 50 ml. of methanol was shaken
with 1.0 g. of a 59, palladium—charcoal catalyst at 4 atm.
for 40 hr. Isolation of the product and crystallization from
methanol afforded XVIII, m.p. 252-254°; [a]jD —10.5°;
no CO absorption in the infrared.

Anal. Caled. for CyHyO;: C, 74.49; H, 10.63; O,
14.89. Found: C, 74.90; H, 10.96; O, 14.59.

When 2a-methyldihydrotestosterone was similarly treated,
it was recovered quantitatively.

2a-Methoxymethylandrostan-173-0l-3-one Ethylenethio-
ketal (XIII),—To a solution of IXa (2.0 g.) in 15 ml. of glacial
acetic acid, a mixture of 0.9 ml. of ethane dithiol and 0.9
ml. of boron trifluoride etherate was added.’8 After 30 min.
at room temperature, the partially crystalline mixture was
diluted with water, filtered, washed to neutrality, and dried,
affording 2.80 g. of crude XIII, m.p. 212-215°. A sample
recrystallized once from ethanol had m.p. 221-223°, [a]D
—14°.

Anal. Caled. for CyH30:8.: C, 65.92; H, 8.96; 8§,
16.76. Found: C, 66.21; H, 9.17; S, 16.90.

2a-Methoxymethylandrostan-173-0l (XIV).—A mixture
of 2.3 g. of XIII, 500 ml. of methanol, and 62 g. of aged
Raney nickel was refluxed for 36 hr. Filtration of the cat-
alyst and evaporation afforded a crystalline mixture, m.p.
133-135° after two recrystallizations from acetone; [a]D
+13°.

Anal. Caled. for CyHy0.: C, 78.69; H, 11.32; O,
9.98, Found: C,78.33; H, 11.13; 0, 9.97.

17«-Methylandrostan-173-ol-3-one-2-carboxylic  Acid
(VII).—A solution of ITb, 1.5 g., in 75 ml. of acetone (dis-
tilled from potassium permanganate) at 0° was treated with
2 ml. of 8 N chromic acid in sulfuric acid.!* After stirring at
0° for 5 min., water was added and the product isolated by
filtration. The crude product (0.67 g., m.p. 125-217°) was
recrystallized several times from acetone to yield the an-
alytical sample, m.p. 190-192°.
Anal. Caled. for CyHy0.: C, 72.38; H, 9.26; O,
18.37. Found: C, 72.30; H, 9.28; O, 18.55.

A sample of VII was maintained at 195-200° in an oil bath
until evolution of carbon dioxide ceased. Crystallization of
the residue from acetone afforded 17w-methyldihydrotes-
tosterone, m.p. 189-191°, undepressed in admixture with an
authentic sample. Its infrared spectrum was identical with
that of the authentic specimen.

2a-Methoxymethylandrostan-3,17-dione (XII).—To a
solution of 0.57 g. of IXa in 25 ml. of pure acetone 0.5 ml. of
8 N chromic acid was added. The crude product was iso-
lated by dilution with water and filtration. Crystallization
from methanol afforded the analytical sample, m.p. 147~
148°, [a]p —78°.

Anal. Caled. for CuH30,: C, 75.86; H, 9.70. Found:
C, 75.81; H, 9.70.

(13) L. F. Fieser, J. Am. Chem. Soc., 76, 1945 (1954).
(14) A. Bowers, T. G. Halsall, E. R. H. Joney, and A. J. Leming,
J. Chem. Soc., 2548 (1953).



