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+50.3°, Amex 236, 242 my, log ¢ 4.17, 4.19; v ez 1740, 1690,
1240 cm. L

Anal. Caled. for Ce:Hy05: C, 78.08; H, 9.44; O, 12.48.

Found: C, 77.77; H, 9.03; O, 12.79.

6a,?a-0x1d0-68,18 a-dimethylpregnan-5 a-0l-3,20-dione
(XIV). (a) By oxidation of 6,16a-dimethyl-AS-pregnene-38,-
Sa-diol-20-one (XIa). A solution of compound XIa (0.6 g.,
m.p. 176-17" "«]p +50°) in acetone (60 cc.) was oxidized
over a perio -5 min. by titration with 8 N chromic acid
in 8 N sulfuric acid® at 0 to 5°. Addition of water and extrac-
tion with ethyl acetate gave a semicrystalline residue. This
material was chromatographed on neutral alumina (30
g.) whereby elution with benzene afforded a compound
(350 mg.) with m.p. 235-245°. An analytical sample of the
oxido ketone XIV was obtained by crystallization from
acetone-ether: needles with m.p. 252-253°, [a]p +40.4°,
vmax 3650, 1720, 1700 cm.~!, It showed no selective high
ultraviolet absorption.

Anal. Caled. for CsHyO4: C, 73.76; H, 9.15; O, 17.09.
Found: C, 73.97; H, 8.89; O, 17.51.

(b) By orxidation of 6,16c-dimethyl-AS-pregnene-38,7c-~
diol-20-one (X1Ia). A solution of XIIa (0.5 g., m.p. 183-
185°, [a]D —48.1°) in acetone (60 cc.) was oxidized over a
period of 3 min. by titration with 8 N chromic acid in 8 ¥ sul-
furic acid® at 0 to 5°. Isolation by addition of water and ex-
traction with ethyl acetate furnished a crystalline crude
product which was purified by chromatography on neutral
alumina. By elution with benzene, crystals with m.p. 218-
250° (200 mg.) were obtained. Further purification by crystal-
lization from acetone-ether provided an analytical sample as
fine needles with m.p. 248-250°, [a]D +45.8°, v max 3600, 1720,
1700 em. ~1, and without characteristic ultraviolet absorption.
This compound showed an infrared spectrum completely
identical to that presented by the product isolated in the
preceding experiment (a) and its melting point was not
depressed on admixture of such a specimen.

Anal. Caled. for CyHyO,: C, 73.76; H, 9.15; O, 17.09.
Found: C, 73.61; H, 9.27; O, 17.35.

Elution with ether and crystallization from acetone—ether
gave needles (80 mg.) of 63,16a-dimethyl-A*-pregnene-6a,78-
diol-3,20-dione (XVI) with m.p. 250-252°, [«]p +111.8°
(dioxane), Amax 244, log e 4.11, vmax 3600, 3320, 1700,
1650 em. 1

Anal. Caled. for CosH,O4: C, 73.76; H, 9.15; O, 17.09.
Found: C, 73.67; H, 8.81; O, 17.39.

6a,?a-0xido-68,16 a-dimethylpregnane-38,6 a~diol-20-one
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(XVIIa). 6,168-Dimethyl-A-pregnene-38,5a-diol-20~-one 3-
acetate (XIb) (350 mg., m.p. 180-181°) dissolved in ace-
tone (150 ce.) was oxidized at 5° by titration with 8 N chro-
mic acid in 8 N sulfuric acid.® The oxidation product was
isolated after 4 min., by addition of water and extraction
with ethyl acetate. The crude material (270 mg.) had m.p.
175-178°, raised by two crystallizations from acetone-ether
to 220-222° (150 mg.). An analytical sample of the 3-
monoacetate XVIIb prepared by further recrystallization
had m.p. 230-232°, [a]p +23.8° (dioxane), vmax 3650,
1720, 1690, 1240 cm. L,

Anal. Caled. for CpsHysO5: C, 71.74; H, 9.15; O, 19.11.
Found: C, 71.84; H, 9.09; O, 19.09.

The saponification of the acetate XVIIb (100 mg.) was
carried out by heating under reflux for 1 hr. with a 1%
methanolic potassium hydroxide solution (40 ce.). Neutrali-
zation with acetic acid, addition of water and extraction with
ethyl acetate gave a crude crystalline material with m.p.
200-205°, raised to 233-237° (60 mg.) by two crystalliza-
tions from acetone-ether. Recrystallization from the same
provided an analytical sample of the ozidodiol XV1Ia
with m.p. 248-250°, [a]D +27° (dioxane), vmax 3500,
1685 cm. 1.

Anal. Caled. for CyH304: C, 73.36; H, 9.64; O, 17.00.
Found: C, 73.29; H, 9.57; O, 17.03.

A solution of 6q,7a-0xido-6,16a-dimethylpregnane-38,-
5a-diol-20-one (XVIIa) (50 mg.) dissolved in acetone
(30 ce.) was treated for 3 min. at 0 to 5° with 8 N chromic
acid in 8 N sulfuric acid.® The reagent was added dropwise
until a yellow color persisted in the acetone solution. The
mixture was then poured into water and the product ex-
tracted with ethyl acetate. Evaporation of the extract gave a
crystalline residue (43 mg.) with m.p. 174-175°. Purification
by chromatography on neutral alumina (15 g.) afforded, by
elution with benzene-ether (19:1), needles (32 mg.) with
m.p. 253-255°. The analytical sample exhibited m.p. 256—
257°, [a]D +61° (dioxane), no selective high ultraviolet ab-
sorption, vmax 3640, 1730, 1700 c¢m.~!. This compound
was found to be identical by infrared and mixture melting
point comparisons, with that obtained by oxidation of XIa
and X1Ia as described above.

Anal. Caled. for CeHaO4: C, 73.76; H, 9.15; O, 17.09.
Found: C, 73.44; H, 8.97; O, 17.95.
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Preparation of Some Steroidal Enamines!’

R. O. CLINTON, A. J. MANSON, F. W. STONNER, ROBERT L. CLARKE, K. F. JENNINGS, anp P. E. SHAW

Received September 8, 1961

The preparation of some a-(aminomethylene)keto steroids is described. Observed ultraviolet spectral and optical rotatory

relationships are discussed.

The discovery that steroidal [3,2-c]pyrazoles
are effective anabolic agents while exhibiting
minimal androgenic side effects? prompted us to
prepare another series of nitrogen-containing
steroids, some «-aminomethylene derivatives of
keto steroids.

(1) Steroidal Heterocycles. V. For preceding paper, see
R. O. Clinton, R. L. Clarke, F. W. Stonner, D. K. Phillips,
K. F. Jennings, and A. J. Manson, Chem. & Ind., (London),
2000 (1961).

J. Meier? has reported 2-(1-pyrrolidylmethyl-
ene)testosterone as a crude intermediate in the
preparation of. 2-(1-pyrrolidylmethyl)testosterone.

(2) (a) R. O. Clinton, A. J. Manson, F. W. Stonner, A.
L. Beyler, G. O. Potts, and A. Arnold, J. Am. Chem. Soc.,
81, 1513 (1959). (b) R. O. Clinton, A. J. Manson, F. W.
Stonner, H. C. Neumann, R. G. Christiansen, R. L. Clarke,
J. H. Ackerman, D. F. Page, J. W. Dean, W. B. Dickinson,
and C. Carabateas, J. Am. Chem. Soc.; 83, 1478 (1961).

(3) J. Meier, Chimia, 13, 65 (1959).
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deStevens and Halamandaris* have made 178-
hydroxy-2-(1-pyrrolidylmethylene) -5« -androstan-
3-one. Ketcheson and Taurins® have deseribed five
16-aminomethylene derivatives of 33-hydroxy-
androst-5-en-17-one. Finally a communication from
the Syntex group reports three such derivatives
of 178-hydroxy-17a-methyl-5a-androstan-3-one.®
Of the three, the 2-diethylaminomethylene and the
2-(N,N-diethylaminoethylaminomethylene) deriva-
tives were described as potent anabolic agents.

Birch and Robinson” used N-methylanilino-
methylene derivatives of ketones to block certain
methylene groups in polycyelic systems.

The compounds presently reported may be
divided into three categories all of which were pre-
pared by the reaction of an a-hydroxymethylene-
ketone with an amine.

HOCH R.N-CH
et e 1] - 1]
0 0

The first group, described in Table I, consists of
enamine derivatives of saturated (No. 9 and 10
excepted) 2-hydroxymethylene-3- keto steroids.
A/B-cis as well as A/B-trans ring fusions are to be
found. Preparation of the novel 2-aminomethylene-
A/B-cis-3-keto steroids was possible as a result of
the observation that A/B-cis-3-keto steroids are
formylated at C-2.8 The compounds described in
this table are relatively stable under neutral con-
ditions but dissolve in aqueous formic, methane-
sulfonic, or hydrochloric acids with immediate
decomposition and precipitation of the parent
hydroxymethylene compound.

Conjugation in the structures under discussion
produces ultraviolet absorption at 332-334 mgu
with e values from 14,100 to 23,300.° The presence
of a A*bond in compounds 9 and 10 results in
absorption at 328 myu. Compound 11, a pyrrolidine
derivative, is exceptional with its maximum at
339 mu. This bathochromic shift may be due to
relief of internal hydrogen repulsions in the pyr-
rolidine (but not piperidine) ring by orbital overlap

(4) G. deStevens and A. Halamandaris, J. Org. Chem.,
26,1614 (1961).

(5) B. G. Ketcheson and A. Taurins, Can. J. Chem., 38,
972 (1960).

(6) J. A. Zderic, O. Halpern, H. Carpio, A. Ruiz, D. C.
Limon, L. Magnana, H. Jimenez, A. Bowers, and H. J.
Ringold, Chem. & Ind., (London), 1625 (1960).

(7) A. J. Birch and R. Robinson, J. Chem. Soc., 501
(1944).

(8) See ref. of footnote 1. Formylation at C-2 rather than
C-4 is in accord with other examples of steric control of
Claisen type reactions. Cf., G. Stork and R. XK. Hill, J. 4m.
Chem. Soc., 79, 495 (1957).

(9) Infrared spectra of «-aminomethylene ketones are
described by J. Weinstein and G. M. Wyman, J. Org. Chem.,
23, 1618 (1958), and by N. H. Cromwell, F. A. Miller, A. R.
Johnson, R. L. Frank, and D. J. Wallace, J. Am. Chem.
Soc., 71, 3337 (1949). N. J. Leonard and J. A. Adamcik,
J. Am. Chem. Soc., 81, 595 (1959), discuss the infrared and
ultraviolet spectra of salts of these compounds.

PREPARATION OF SOME STEROIDAL ENAMINES

1149

of the nitrogen’s electron pair with the double
bond system.® A similar shift is noted for the
pyrrolidine derivatives at C-16 as described below.

The second group, described in Table II, con-
sists of enamine derivatives of 2-hydroxymethyl-
ene-A*3-keto steroids; one of these, No. 5, con-
tains a Af-bond and another, No. 8, contains a
178-CH(OH)CH; group. The ultraviolet spectra of
these compounds show two maxima, the first at
248-250 mu (e range of 14,600-17,600) and the
second at 366-373 mu (e range of 10,400-15,300).
The e value for the lower wave-length peak is
always greater than that for the higher wave-
length peak. The ultraviolet spectrum of compound
No. 4 with its unsubstituted amino group is dif-
ferent, showing maxima at 245 and 352 mpu.
Compound No. 5 has a A*® structure and shows
three absorption peaks.

The third group, described in Table III, consists
of enamine derivatives of 16-hydroxymethylene
17-ketones. Compound 4 contains a AS-bond,
TUltraviolet absorption maxima exhibited by these
compounds seem to be related to the nature of the
amino group. Thus, the pyrrolidine derivatives,
Nos. 3, 4, and 5, absorb at 328 mu whereas the
dimethylamine derivative absorbs at 319 mgy
and the primary amine derivatives, Nos. 2, §,
and 9, absorb at 314-318 my. If the bathochromic
shift found in the pyrrolidines is related to relief
of hydrogen repulsions in a five-membered ring
as described above, the unstrained piperidine com-
pound should absorb at a position corresponding
to that of the dimethylamino compound; it does,
at 320 mu. The hexamethyleneimine derivative,
N. 7, would likewise be expected to absorb at 320
my but it absorbs at 324 mg.

One bisenamine was prepared. Formylation of
androst-4-ene-3,17-dione  produced 2,16-bis(hy-
droxymethylene)androst-4-ene-3,17-dione  which
was treated with pyrrolidine to give 2,16-bis(1-
pyrrolidylmethylene)androst-4-ene-3,17-dione.

There is evidence that the hydroxymethylene
precursors to the enamines form amine salts prior
to reaction to form the enamines. Thus, if 178-
hydroxy-2-hydroxymethylene-17«-methyl-5a-an-
drostan-3-one is added to an excess of diethylamine
and the excess amine is evaporated, a solid residue
remains which is water-soluble, possesses infrared
bands at 3.75, 4.05, and 4.18 u ascribable to a salt
form,!* shows A\o2EOH 314 my (e 12,700) and is de-
composed in water solution by carbon dioxide with
precipitation of the hydroxymethylene compound.
The [«]%Dp value for this salt in chloroform solu-
tion drops from +16.6° to —13.5° in a twenty-four

hour period. An ultraviolet absorption of ASHLOH

(10) Cf., M. E. Kuehne, J. Am. Chem. Soc., 81, 5400
(1961).

(11) Cf., L. J. Bellamy, “The Infra-red Spectra of Com-
plex Molecules,” J. Wiley and Sons, New York, 1959, pp.
259-260.
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Aprrin, 1962 PREPARATION OF SOME STEROIDAL KNAMINES
TABLE IV
MoLECULAR ROTATORY RELATIONSHIPS
2-HOCH= 2-RCH=
3-Keto steroid [M]p R [Mlp AlM]p
1 178-Hydroxy-17a-methyl-5a-androstan-3-one +126 N— —425° —551
)% N— -1067 —1193
N=— —849 —975
2 178-Hydroxy-58-androstan-3-one +86 (CHg)N— +868 +782
[
3 178-Hydroxy-17a-methyl-58-androstan-3-one +1 >< EN_ +945 +944
4 17p-Hydroxyandrost-4-en-3-one +164 (CHy).N— —587 —751
5 —684 (CHy),N— —-1409 —725

178-Hydroxy-17 a-methylandrosta-4,6-dien-3-one

315 mu (e ~ 17,300) has been reported for 2-
hydroxymethylene-5a~androstan-3-ones in 0.01 N
sodium hydroxide solution.?

Introduction of the aminomethylene group at
C-2 has produced some unexpected and dramatic
optical rotatory effects. Table IV shows the mo-
lecular rotations of a representative group of the
enamines reported, the rotations of the correspond-
ing hydroxymethylene precursors and the A{M]lp
which accompanies replacement of 2-HOCH=—

R
by 2- NCH== In the A/B-frans series, formation

R
of the enamine is accompanied by a strong levo-
rotatory shift (keto steroid 1) whereas in the A/B-
¢ts series this change produces a strong dextroro-
tatory shift (keto steroids 2 and 3). The presence
of double bonds at 4 or 4,6 produces a change
analogous to that found in the A/B-frans system
(keto steroids 4 and 5). There was no evident
pattern in the rotational changes which occurred
when 16-hydroxymethylene-17-keto steroids were
converted to corresponding enamines.

The experimental section contains a general
procedure (Method A) for preparing enamines using
dimethylamine and a general procedure (Method
B) used for the remainder of the enamines, with
the exception of the ammonia derivative in Table
II, which is described separately. Variations from
these methods are given in footnotes to the tables.
The precursors of the enamines, where known, are
recorded in the footnotes to the tables.

Some of the compounds reported here showed
mild anabolic activity (subcutaneous route) while
others showed a hypotensive action (oral adminis-

tration). Compound I of Table I was the most
active of the hypotensive agents.

EXPERIMENTAL!?

Method A (for use with dimethylamine). The hydroxy-
methylene steroid (0.01 mole) was dissolved in 100 ml.
of benzene, 109 of the solvent was distilled to dry the solu-
tion, and gaseous dimethylamine was added at room
temperature until the weight gain corresponded to 0.1 mole.
This solution was allowed to stand for 30 min., was heated
under reflux for an hour, and concentrated to a residue by
warming in vacuo. The crystalline residue was recrystallized
from the solvent indicated in the tables.

Method B (a general procedure). A mixture of 0.01 mole of
the hydroxymethylene steroid, 3 to 6 equivalents of the
requisite amine, and 50 ml. of benzene was heated under
reflux for 2 hr. with a water separator attached to the sys-
tem. The solvent was then removed by warming in vacuo
and the residual oil triturated with ether to obtain a erystal-
line product.

2-Aminomethylene-178-hydrozy-17 a-methylandrost-4-en-
8-one. A solution of 9.4 g. of 178-hydroxy-2-hydroxymethyl-
ene-17 o-methylandrost-4-en-3-one? in 500 ml. of benzene
was treated with gaseous ammonia for 2 hr. and then left
standing at room temperature for 24 hr. The solvent was
removed by warming in vacuo, and the residual oil was
triturated with ethyl acetate to give 2.9 g. of solid. The
ethyl acetate washing was concentrated and cooled to give
2.4 g. more solid. Recrystallization of the combined solids
from methanol-ethyl acetate gave 1.66 g. of yellow crystals,
m.p. 238-249°, Consecutive recrystallizations from meth-
anol-benzene, benzene—ether, and from methanol three
times afforded 0.52 g. of yellow crystals described as com-
pound No. 4 of Table II.
178-Hydrozy-2-hydroxymethylene-17 a-methylandrosta-4,6-
dien-3-one. A solution of 47 g. (8.156 mole) of 178-hydroxy-

(12) All melting points are corrected and all rotations
are in chloroform unless otherwise noted. We are grateful
to Dr. F. C. Nachod and staff for the spectral and optical
rotational data, to Mr. K. D. Fleischer and staff for the
analytical data, and to Drs. A. L. Beyler and G, O, Potts
for the biological data,
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17a-methylandrosta-4,6-dien-3-one?» 12 in 1.1 1. of benzene
was boiled down to a 1-1. volume to remove traces of water
and was cooled to 25°. Sodium methoxide, 23 g. (0.426
mole), was added with stirring, the system was flushed with
nitrogen and 33 ml. (0.40 mole) of ethyl formate was added.
The mixture was stirred for 65 hr. at room temperature,
filtered, and the filter cake washed with benzene and then
with ether. The solid sodium enolate was suspended in
water and treated with excess 6 N hydrochloric acid. After
being stirred 1 hr. the mixture was filtered and the collected
solid was air-dried overnight. After an additional 24-hr.
drying period over phosphorus pentoxide the fine, powdery
solid (52.5 g., 1029 yield) melted at 148-154° and ap-
parently contained residual moisture. This material was
satisfactory for conversion to pyrazoles? and enamines.

A 10-g. sample (0.03 mole) of the crude product was dis-
solved in a minimum of methanol, 2.4 g. (0.06 mole) of
sodium hydroxide dissolved in a minimum of methanol was
added, and the solution was diluted with 1-1. of water. This
solution was extracted with benzene and gith ether, filtered
through a “Celite” bed, acidified with 6 N hydrochloric acid,
and filtered. The collected product was similarly treated a
second time and dried to constant weight in vacuo at 64°.
It softened to an oil at 85-90° and showed AZ*°H 291 my
(e 16,800), 327 mu (e 8,100); [a]%Dp —208.5° (1% in chloro-
form). Its analytical values indicated the presence of im-
purities.

Anal. Caled. for CuHpOs: C, 76.79; H, 8.59; O, 14.61.
Found: C, 75.1; H, 8.0; O, 16.8.

Sa-Hydroxy-16-hydroxymethylene-58-androstane-11,17-
dione 8-acetate. Sodium methoxide was prepaved by dis-
solving 6.9 g. (0.3 g.-atom) of sodium in 175 ml. of methanol
in a 500 ml. three neck flask, distilling the methanol and
drying the residue for 1 hr. at 165° (15 mm.). A mixture of
104 g. (0.03 mole) of 3a-hydroxy-58-androstane-11,17-
dione acetate, 300 ml. of dry benzene, and 32 ml. (0.4 mole)
of dry ethyl formate was added, the flask was flushed with
nitrogen, and the mixture was stirred for 1 hr. at room tem-
perature, then allowed to stand overnight. A gas was slowly
evolved. The mixture was poured into 500 ml. of water,
the layers were separated, the benzene layer was washed
with water and the combined water layer and water, washings
were washed with benzene. The water layer wag filtered,
acidified with diluted hydrochloric acid, and the precipi-
tated product was collected, washed with water and dried
at 70°; 9.8 g., 989, yield crude, m.p. 238-243° dec. (uncorr. ).

The crude product was dissolved in 100 ml. of acetic acid,
and the solution was diluted with 150 ml. of water, treated
with Darco G-60, and filtered while hot, diluted to a 1-l1.
volume with water, and the precipitated gum allowed to
crystallize. The solid was dissolved in dilute sodium hy-
droxide and the solution was filtered. The product was re-

(13) J. A, Campbell and J. C. Babeock, J. Am. Chem.
Soc., 81,4069 (1959).
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precipitated with dilute hydrochloric acid, collected, washed
well with water, air-dried, and dissolved in 200 ml. of hot
959, ethanol. Addition of sufficient water to produce turbid-
ity, then cooling gave a crystalline product which was
collected and dried at 110° ¢n vacuo for 8 hr. The 7.53 g. of
the title compound melted at 244-246°, [a]%6D -50°
(1% in acetic acid).

Anal. Caled. for CxHauOs: C, 72.26; H, 8.49. Found: C,
72.3; H, 8.7.

2,16-Bis( hydrozymethylene)androst-4-ene-3,17-dione. This
compound was prepared from 26.0 g. (0.094 mole) of androst-
4-ene-3,17-dione, 51 g. of sodium methoxide, and 109 ml. of
ethyl formate in 900 ml. of benzene in the manner described
immediately above. The gummy product, initially precipi-
tated by hydrochlorie acid, was collected and dissolved in
hot methanol; the solution was treated with Darco G-60,
concentrated, and cooled to give 20.8 g. of light yellow solid.
Concentration of the filtrate afforded a second erop of 3.3 g.
(839, crude yield).

Treatment of a methanolic solution of the crude product
with Darco G-60 a second time did not remove the color
from this solution, but, instead, caused it to become darker.
It was diluted with hot water to produce turbidity, filtered,
diluted to produce further turbidity, filtered, etc., until the
filtrate was light yellow in color. The solution was cooled and
the tan crystals collected. Three recrystallizations of the
solid from ethyl acetate gave a tan product, m.p. 198-205°
dec., [a]®D +35.1° (1% in chloroform).

Anal. Caled. for CyHy04: C, 73.66; H, 7.66; O, 18.68.
Found: C, 73.5; H, 7.5; O, 19.1.

2,16-Bis(1-pyrrolidylmethylene)androst-4-ene-3,17-dione.
This compound was prepared from 2,16-bis(hydroxymethyl-
ene)androst-4-ene-3,17-dione and pyrrolidine by Method B.
The solid was recrystallized from ethyl acetate-methanol to
give 3.6 g. (69% yield) of yellow crystals, m.p. 256-263°,
[e]BD —245.3°, ASHEOH 249 my (e 18,200), 331 mu (e 32,900),
373 mu (e 16,300).

Anal. Caled. for CeHyN2Os: C, 77.63; H, 8.99; N, 6.25.
Found: C, 77.5; H, 9.2; N, 6.2.

Diethylamine salt of 178-hydroxy-2-hydrozymethylene-17a~
methyl-6 a-androstan-3-one. 178-Hydroxy-2-hydroxymethyl-
ene-17 a~-methyl-5a-androstan-3-one (5 g.) was mixed with
15 ml. of diethylamine; the mixture became warm. The
excess diethylamine was boiled off by brief warming. The
solid residue was heated to boiling with 260 ml. of acetone,
0.2 g. of insoluble material was removed by filtration and
the filtrate was cooled to give 1.7 g. of pale yellow title
compound, m.p. 114.5-116.5° dec., [«]%Dp +16.6° (1%
in chloroform) (value dropped to —13.5° after 24 hr. in
solution), AS¥%E 314 my (e 12,700), AE%F 3,75, 4.05, and 4.18
™

Anal. Caled. for CsHgNOs: C, 74.02; H, 10.69; N, 3.42.
Found: C, 74.2; H, 10.9; N, 3.2,
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