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Several muclear methyl derivatives of 3-(3-0x0-178-hydroxy-4-androsten-17«-yl) propanoic acid lactone (1) were pre-

pared and studied as aldosterone antagonists.

Previous studies! have shown that certain modi-
fications and substitutions in the basic model
structure 3-(3-oxo0-178-hydroxy-4-androsten-17 a-yl)
propanoic acid lactone'® (I) have produced in-
teresting and important changes in aldosterone
blocking properties. In the present paper we have
examined the effects of introdueing a methyl group
into the steroid nucleus of 1 at positions 2, 4, 6, 7,
and 16.

Our interest in 2-methyl derivatives stemmed
from the observation by Hogg ¢t al.? that 2a-
methylcortisol and its 9a-fluoro derivative showed a
striking increase in mineralocorticoid activity
over the nonmethylated analogs. Indeed 2a-
methyl-9a-fluorocortisol is one of the most potent
mineralocortocoids known, considerably exceeding
aldosterone as a sodium retaining and potassium
excreting agent. According to the classical princi-
ples of competitive antagonism,® one might expect
that the analogous 3-(2a-methyl-3-0x0-9a-fluoro-
118,173 - dihydroxy - 4 - androsten - 17« - yl)pro-
panoic acid lactone (2) would likewise possess a
high degree of affinity for the target cells, but, be-
cause of appropriate alteration of the molecule at
C-17, would be a potent aldosterone antagonist.

The improvement in activity resulting from
methylation of the anti-inflammatory corticoids at
the 6a* and 16a-positions® suggested the study of
the corresponding modifications in our series of 17-
spirolactones. The pronounced enhancement of
progestational activity resulting from the introduc-
tion of a 6a-methyl group in 17a-acetoxyproges-
terone® lent further interest to this approach.

For the most part the synthesis of these com-
pounds proceeded in normal ways. Direct treat-
ment of 3-(3-0x0-178-hydroxy-4-androsten-17 a-yl)-
propanoic acid lactone (I) with methyl iodide
gave a 5:1 mixture of mono- and dimethylated

(1) (a) E. A. Brown, R. D. Muir, and J. A. Cella, J.
Org. Chem., 25, 96 (1960); (b) J. A. Cella, E. A, Brown, and
R. R. Burtner, J. Org. Chem., 24, 743 (1959).

(2) J. A. Hogg, F. H. Lincoln, R. W. Jackson, and W. P.
Schneider, J. Am. Chem. Soc., 77, 6401 (1955).

(3) D. W. Woolev, Physiol. Revs., 27, 308 (1947).

(4) G. B. Spero, J. L. Thompson, B. J. Magerlein, A. R.
Hanze, H. C. Murray, O. K. Sebek, and J. A, Hogg, J. Am.
Chem. Soc., 78, 6213 (1956).

(5) Gi. E. Arth, D. B. R. Johnston, John Fried, W. W.
Spooncer, D. R. Hoff, and .. H. Sarett, J. Am. ("hem. Soc.,
80, 3160 (1958,
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matography. The erude sodium salt resulting from

saponification of the lactone (1) was condensed with

ethyl oxalate to give the enolate (4). This, on
2

4

— 07

o) CH,

2

+

CHjal
P 1~ C<HsOK
° \
1

07N
1. NaOH H.,C CH,

2.(COOC,Hs)z + NaH

COONa
o

COOCH,
C—ONa

: i

CH;-.




3078

methylation and subsequent treatment with so-
dium methoxide, yielded the 2a-methyl derivative
(6a). The 2a,21-dimethyl compound (6b) which was
obtained in small amount in this reaction sequence,
presumably arose from some unsaponified lactone
which condensed with ethyl oxalate at both posi-
tions. The NMR spectra of compounds 6a and
6b confirmed the number and secondary charac-
ter of the methyl groups introduced.

The 2c-methyl-9,11-epoxide (10) was prepared
by methylation of the crude hydroxymethylene
derivative (8) obtained from the epoxy lactone (7).
The fluorohydrin was obtained from a mixture
which undoubtedly contained the 2¢,21-dimethyl
derivative as well. The NMR spectrum of com-
pound 11, however, defined it as a monomethyl-
ated compound. The ultraviolet spectrum of the
free enol corresponding to the crude salt (8) showed
that C-2 was the principal site of condensation,®®
thus assuring that the single methyl group of the
fluorohydrin (71) was located at this same posi-
tion.
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The 6a-methyl spirolactone (/9) was synthesized
by two different routes. In the first the methyl
group was introduced by treatment of the 5a,6a
epoxide (75) with methylmagnesium bromide.
Prior reduction of the lactone ring and acetylation
of the diol was necessary to prevent attack by the
Grignard reagent and to provide a sufficiently
soluble derivative. The Grignard adduct (16) was
oxidized and dehydrated to give the 63-methyl
compound (7&8) which was epimerized to the o-
derivative (19) by heating with alumina in ben-
zene.

(8) (a) J. C. Babcock, E. 8. Gutsell, M. E. Herr, J. A.
Hogg, J. C. Stucki, L. E. Barnes, and W. E. Dublin, J.
Am. Chem. Soc., 80, 2004 (1958). (h) The spectrum of this
material was nearly identical to those reported for 2-hy-
droxymethylenetestosterone and 2-hydroxymethylenecho-
lestenone, F. L. Weisenborn, D. C. Remy, and T. L. Jacobs,
J. Am. Chem. Soc., 76, 552 (1954). It differed markedly from
the spectrum of 3-(38,178-dihydroxy-21-hydroxymethylene-
5-androsten-17a-~yl)propanoic acid lactone which displayed
a single absorption band at 277 my in the ultraviolet.
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In the second route 3B-hydroxy-6-methyl-5-
androsten-17-one (20), prepared from 6-methyl-16-
dehydropregnenolone’ via Beckmann rearrange-
ment, was ethynylated,® converted to the propiolic
acid (22) and hydrogenated to give the lactone (23).
Oppenauer oxidation furnished the Ga-methyl
spirolactone (19) directly. This oxidation was
surprisingly sluggish and required prolonged treat-
ment to obtain 759, conversion (estimated by
ultraviolet absorption). A small amount of 3-(3-
ox0 - 6 - methyl - 63,178 - dihydroxy - 4 - andro-
sten-17a-yl)propanoic acid lactone was formed
as a by-product. Dehydrogenation of 19 by se-
lenium dioxide or chloranil produced the 1,4-diene
(24) and the 4,6-diene (25), respectively.

Treatment of the dieneone® (26) with methyl-
magnesium bromide in the presence of cuprous
chloride yielded the expected 1,6 addition product
(27) as the sole product. The a-configuration of the

(7) D. Burn, B. Lllis, V. Petrow, 1. A. Stuart-Webb, and
D. M. Williamson, J. Chem. Soc., 4092 (1957

(8) The 38,178-dihydroxy-6-methyl-17a-ethynylandrost-
5-ene was previously prepared by V. Grenville, D. K. Patel,
V. Petrow, I. A. Stuart-Webb, and D. M. Williamson, J.
Chem. Soc., 4105 (1957), by a different method.

(9) J. A. Cella and R. C. Tweit, J. Org. Chem., 24, 1109
(1959).
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methyl group at C-7 is based upon the close analogy
with the work of Campbell and Babcock.®

Saponification of 33-acetoxy-168-methyl-5-an-
drosten-17-one (28) ' under mild conditions gave two
products, the principal one being the 168-methyl
isomer (29b) since acetylation with acetic anhydride
and pyridine regenerated the parent acetate. The
minor isomer must therefore be the 16a-methyl
derivative (29a) which was further obtained as the
sole product of saponification under more vigorous
conditions.

Ethynylation of the ketone (294) produced
two isomeric ethynyl derivatives, m.p. 208-212°
and 170-175°, which required chromatographic
separation. This was expected, since examination
of a molecular model shows that the directive
influence of the 138-methyl group is nearly offset
by that of the 16a-methyl group. The fact that two
C-17 isomers were obtained further supports the
16a-configuration of the methyl group in 29a
since a 1682-methyl group would hinder front-side
attack. We have tentatively assigned the 17a-
configuration to the higher melting ethyny! deriv-
ative (30a) on the basis of its less negative rota-

(10) J. A. Campbell and J. C. Babcock, J. Am. Chem.
Soc., 81, 4069 (1959).

(11) {(a) P. Julian, E. Meyer, and H. Printy, J. Am.
Chem. Soc., 70, 3872 (1948); (b) M. Romero, J. Romo, and
J. Lepe, C. A, 48, 5202 (1955); (c) The assumption by these
investigators that the methyl group at C-16 was in the 8-
configuration has been strongly reinforced by recent studies
on the corresponding 118-hydroxy series by D. Taub, R.
Hoffsommer, H. Slates, C. Kuo, and N. Wendler, J. Am.
Chem. Soc., 82, 4012 (1960).

(12) It should be noted that two attempts to ethynylate
168-methyldehydroisandrosterone (29b) were unsuccessful,
starting material being recovered in each case. This effect
may he attributed to the steric hindrance of the 17-carbonyl
function by the 168-methyl group which would disfavor an
easily reversible reaction such as ethynylation.

(13) T. Reichstein and Ch. Meystre, Hely. Chim. Acta., 22,
728 (1939).
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tion.?® The isolation of the 178-ethynyl compound
(30b) in pure state was so tedious that its investi-
gation was not further pursued. Compound 30a
was transformed by steps analogous to those pre-
viously described to the 16a-methyl spirolactone
(33).
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The biological studies reported in Table I were
conducted by Dr. C. M. Kagawa and Mr. Robert
Jacobs of these laboratories. It has been demon-
strated that a definite and proportional relation-

TABLE 1
DESOXYCORTICOSTERONE ACETATE BLOCKING PoTENCIES
M.E.D.@

Compound Subecutaneous Oral
1 0.26 19.0

2 >2.4 >2.4

3 >2.4 —

6b >1.2 >1.2

11 0.26 0.9

12 0.34 >0.5

18 0.28 1.5
19 1.2 0.76

24 0.45 2.6

25 >2.4 —

27 0.72 —

33 >0.4 —

¢ M.E.D. is the minimal effective dose (mg./rat) which,
when used with 12 ug. of DOCA in adrenalectomized rats,
produces the same urinary sodium-potassium ratio as that
which results from the use of 6 ug. of DOCA alone.
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ship exists between the blocking effects of typical
steroidal spirolactones when tested on rats treated
with aldosterone and with desoxycorticosterone
acetate (DOCA).* The more available desoxycorti-
costerone acetate was employed as the sodium
retaining agent throughout this work.

It is evident from these data that the introduction
of a methy! group at the various positions studied
failed to enhance the parenteral activity of the
prototype (), although in several instances there
was a noticeable inerease in oral potency.

EXPERIMENTAL

3-(8-Oxo-4-methyl-17B-hydroxyl-4-androsten-17 a-yl)pro-
panotic acid lactone (2). A hot solution of the spirolactone (1)
(3.65 g.) in t-butyl alcohol (50 ml.) was added all at once to
a boiling solution of potassium t-butoxide prepared by dis-
solving potassium (0.62 g.) in t-butyl alcohol (30 ml.). A
solution of methyl iodide (1.82 g.) in the same alcohol
(100 ml.) was added dropwise over a 2-hr. period to the re-
fluxing mixture and then it was cooled to room temperature,
acidified with coned. hydrochloric acid, and diluted with
water (200 ml.).”* The t-butyl alcohol was removed by
vacuum distillation of the homogeneous solution and the
organic material was extracted into benzene. The extracts
were washed, dried, and then applied to a chromatography
column containing silica gel (400 g., Davidson 923, 80-200
mesh). Solid 4,4-dimethyl compound (3), (0.38 g., 10%;) was
eluted with ethyl acetate-benzene (1:20). Recrystallization
from isopropyl ether gave the analytical sample, m.p. 218
220°, [a]p —42° chloroform; A°®C% 5.76, 5.85, 6.02, 7.23 u.

Anal. Caled. for CoiHyO4: C, 77.79; H, 9.25. Found: C,
77.92; H, 9.01.

Solid 4-methyl derivative (2), (2.10 g.; 559,) was eluted
with ethyl acetate-benzene (1:9). The analytical sample was
obtained by crystallization from acetone-water, m.p. 83-88°,
with resolidification and remelting at 142-144.5°, [a]p +89°,
chloroform, ASH°¥ 250 my, € 16,000.

Anal. Caled. for CoH;:0:: C, 77.49; H, 9.05. Found: C,
77.52; H, 9.15.

Starting material (1.9 g., 33%) was recovered by elution
of the column with ethyl acetate-benzene (15:85).

3-(20-M ethyl-3-0z0-178-hydroxy-4-androsten-17 a~yl) pro-
panoic acid lactone (6a) and 3-(2a,21-dimethyl-3-oxo~178-
hydrozy-4-androsten-17 a-yl)propanoic actd lactone (6b). A
solution of the spirolactone (7) (10.4 g.) and sodium hy-
droxide (1.21 g.) in methanol (400 ml.) was heated at reflux
for 1.5 hr, and then distilled to dryness in vacuum. Benzene
(200 ml.) was added and the mixture again taken to dryness.
The residue slurried in dry benzene (400 ml.) was treated
with ethyl oxalate (25 ml.) and a 509 dispersion of sodium
hydride in mineral oil (5.0 g.). After stirring at laboratory
temperature for 72 hr. methanol (10 ml.) was added and
then after an additional hour water (1 1.). The lavers were
separated and the aqueous phase acidified and extracted
with ethyl acetate. These extracts were washed, dried, and
evaporated to leave the enol in the form of a yellow resin.

The crude enol was treated with methyl iodide (25 ml.)
and anhydrous potassium carbonate (20 g.) in acetone (300

(14) C. M. Kagawa, J. A. Cella, and C. G. Van Arman,
Science, 126, 1015 (1953).

(15) (a) See N. W. Atwater, J. Am. Chem. Soc., 82, 2847
(1960), for an extension of this method of methylation to
other steroids. (b) The NMR data was kindly determined
for us by Dr. Neal McNiven of the Worcester Foundation
for Experimental Biology. The spectra were obtained with
the sample dissolved in deuterated chloroform at 60 me.
using tetramethyl! silane as an internal standard and are re-
ported in terms of .
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ml.) and the mixture heated at reflux for 16 hr. At the end
of this time water (1 1.) was added and the acetone removed
by vacuum distillation. The organic material was separated
from the aqueous phase by decantation and was then dis-
solved in methanol (300 ml.) and refluxed 5 hr. with  solu-
tion of potassium hydroxide (15 g.) in water (50 ml.). After
cooling, the mixture was diluted to faint turbidity with
water and acidified to pH 2 with coned. hydrochlorie acid.
After 0.5 hr. the methanol was removed by vacuum distilla-
tion and the product extracted with benzene. After drving,
this benzene solution was applied to a column containing
silica gel (1000 g.).

A mixture (3.0 g.) of compounds fa and 6h wus cluted
with ethyl acetate-henzene (1:9). The dimethy! compound
(6b) was obtained from the early fractions by repeated
erystallization from acetone and acetone-isopropyl ether,
m.p. 241-244°, [a]p + 69° (chloroform), ASH°R 230 my,
e 16,000; NMR 4.300, 8.707, 8.783, 8.717, 8.833, 8.950,
8.967, 9.050 7,155 ACHC 3 5 67 5.99 6.17 4.

Anal. Caled. for CyH30;: C, 77.79; H, 9.25. Found: C,
77.68; H, 9.02.

The 2e-methyl derivative (6a) (0.90 g.) wus obtained by
erystallization of the later fractions from acetone-isopropyl
ether, m.p. 191-192°. The analytical sample melted at
195-197°, [alp + 82°, A$ECY 564, 5.98, 6.15 u; ACHIOH 239
mu, e 16,300; NMR 4.292, 8.795, 8837, 8.950, 9.020 .1

Anal. Caled. for CpHaO4: C, 77.49: H, 9.05. Found: C,
77.63; H, 9.03.

3-(2a-Methyl-3-0x0-9c-fluoro-118,178-dihydrox y-4-an-
drosten-17a-yl)propanoic acid lactone (11). To a solution of
1.5 g. of 3-(3-0x0-9,118-oxido-173-hvdroxyv-{-androsten-
17a-yl)propanoie acid lactone (7)1 in 25 ml. of dry benzene
was added 1.3 g. of sodium methylate and 2.0 ml. of ethyl
formate. Dry benzene was then added to a total reaction
mixture volume of 60 ml. and the slurry was allowed to
stand at laboratory temperature for 72 hr. The reaction
mixture was then filtered and the product on the funnel was
washed with ether and air-dried to yield 3.3 g. of crude
hydroxymethylene derivative (8) which was used directly
in the next step. Acidification of u sample of this material
gave a product showing A*E% 250 my,  8300; 310 my, € 4600.

A reaction mixture of 3.3 g. of crude 8, 2.13 g. of freshly
ignited potassium carbonate, 3.2 ml. of methyl iodide and
27 ml. of dry acetone was stirred and refluxed for 23 hr. It
was then cooled and extracted with 300 ml. of ether. The
ether solution was washed once with water and then with
LV sodium hydroxide until the washings were colorless.
The solution was finally washed with water, dried over so-
dium sulfate, and evaporated in vacro to a residue of 1.5 g.
of amorphous yellow solid. To this residue was added 10
ml. of methanol and a solution of 1.0 g. of sodium hydroxide
in 1.0 ml. of water. After refluxing the resulting solution for
10 min. it was diluted with 50 ml. of water and then care-
fully acidified to pH 6 with dilute acetic acid. The precipitate
was collected, washed with water, and dried to yield 800
mg. of crude 2e-methyl derivative (70) which could be used
directly in the next reaction.

To a cold ( —30°) solution of 11.5 g. of hydrogen fluoride
in 25 g. of redistilled tetrahydrofuran was added 950 mg. of
10. The resulting reaction mixture was stirred for several
minutes and maintained at —30° for 6 hr. It was then
diluted with 100 ml. of water and the precipitate collected,
washed with water, dried, and recrystallized from acetone
to yield 110 mg. of the desired 9e-fluoro spirolactone (11),
m.p. 305-307° dec., A“¥Q" 238 my, ¢ 14,500; NMR 8.392,
8.750, 8.825 r.15b

Anal. Caled. for CsHauFO4: C, 70.74; H, 8.00. Found: (.
70.60; H, 7.98.

3-(2a-Methyl-3,11-diozo-Sa-luoro-178-hydrozy-4-androsten-
17a-yl)propanoic acid lactone (12). A solution of 160 mg. of
71 in 8 ml. of pyridine was added slowly with mixing to «
pyridine—chromic acid complex prepared from 160 mg. of
chromium trioxide and 4 ml. of pyridine. During the addi-
tion and for 15 min. thereafter, the reaction temperature was
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maintained at 20°. After standing overnight at luboratory
temperature it was transferred slowly into a two-phase
solvent mixture of 50 ml. of ethyl acetate and 25 ml. of water.
The ethyl acetate layer was separated and combined with
one ethyl acetate extract of the aqueous layer. The com-
bined ethyl acetate extracts were washed successively with
water, dilute hydrochloric acid, and water. After drying
over sodium sulfate, the solvent was evaporated in vacwo
and the residue was reerystallized from ethyl acetate-
hexane to vield 41 mg., m.p. 270-271° dee., A2 5.63, 5.75,
395 u.

Anal. Caled. for CoyHayFOy: C, 710115 H, 7.53. Found: C,
70.090; H, 7.68.

3-(38,178-Dihydrory-6-androsten-17 a-yl)propanol. A solu-
tion of 82 g. of 3-(38,178-dihydroxy-3-androsten-17 a-yl)-
propanoic acid lactone (13) was reduced in tetrahydrofuran
(1.2 1) with lithium aluminum hydride (30 g.) at reflux
temperature for 16 hr. The product was purified by suc-
cessive trituration with chloroform (1.5 1.}, methanol (1.0
1.), and chloroform (0.5 1.). The resulting solid was then
dried at 65° for 18 hr. The infrared (5%, in chloroform)
displayed no band in the region of 5-6 u. This material was
used without further purification.

Dnacetate  of 3-(38,178-dihydroxy-5-androsten-17 a-yl)pro-
panol (14). The triol (81 g.) was stirred with pyridine (560
ml.) and acetic anhvdride (96 ml.) at 85° for 30 min. The
resulting mixture was filtered while hot and was then poured
into hot water (3 1.). The granular solid which separated
was collected and washed with water, 99 g. This diacetate
was azeotroped dry with benzene and then used directly
in the next step. A sample for analysis was ohtained by re-
crystallization from aqueous methanol. This sample, after
being dried at 78° (0.1 mm.) for 24 hr., melted at 103-106°;
ACHC 974 and 5.76 p.

Anal. Caled. for CeHyeOs: G, 72.19; H, 9.32. Found: C,
72.16; H, 9.47.

Diacetate of 3-(38,178-dihydrory-5«,6 a-epoxyandrostan-
17a-yl)propanol (15). A solution of perbenzoic acid in
benzene (475 ml., containing 0.0727 g./ml. of perhenzoic
acid) was added (5 min.) to a solution of the diacetate (99 g.)
in benzene (750 ml.). The mixture was stirred and was then
allowed to stand for 3 hr. The reaction mixture was washed
with 59, sodium carbonate and then with water. Removal
of the solvent followed by seven recrystallizations of the
residue from chloroform-hexane gave the a-cpoxide as
platelets; 17.6 g., m.p. 140-141°, [a«)n — 68° (chloroform).

Anal. Caled. for CasHyOs: C, 69.61: H, 8.99. Found: C,
69.65; H, 8.68.

A second crop was obtained hy erystallization of the
material in the mother liquors; 12.1 g., m.p. 138.5-142°.

3-(38,5a,178-Trithydrory-68-methylondrostan-17a-yl)pro-
panol (16). A solution of the a-epoxide (29.7 g.) in tetra-
hydrofuran (200 ml.) was added slowly with stirring to a
solution of methylmagnesium bromide (31/) in ethyl ether
(800 ml.). This mixture was stirred and distilled until the
temperature of the escaping vapors was 39°. The resulting
mixture was then stirred at reflux temperature for 18 hr.
The reaction mixture was cooled and then poured onto ice
(2 kg.) with stirring. The product was extracted into
methylene chloride. The methylene chloride solution was
washed with dilute hydrochloric acid and then with water.
Removal of the solvent gave g crystalline residue which was
recrystallized four times from aqueous methanol to give
the 5g-hydroxy-68-methyl compound; 4.4 g., m.p. 218-223°.

Anal. Caled. for CyuH,O4: C, 72.59; H, 10.60. Found:
C, 72.62; H, 10.58.

The diacetate was prepared with acetic anhydride in pyri-
dine; m.p. 145-147°, [a]p — 31.5° (chloroform).

Anal. Caled. for CoHuOs: C, 69.79; H, 9.55. Found: C,
69.81: H, 9.32.

3-(3-Ox0-5,17B-dihydroz y-63-methylandrostan-1? a-yl)-
propanoic acid lactone (17). The Grignard product (I1b)
(0.96 g.) was oxidized in acetone (50 ml.) with a solution of
chromic anhydride in aqueous sulfurie acid (3.5 ml). Four
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recrystallizations of the product from methanol gave the
ketol (17) as platelets; 0.70 g.; m.p. 245-248.5°, [a]p — 25°
(chloroform); A°ES% 5.65, 5.83, and 10.84 u.

Anal. Caled. for CpsHsO4: C, 73.76; H, 9.15. Found: C,

73.66; H, 9.02.

3-(3-0Oz0-63-methyl-178-hydrozy-4-androsten-17 a-yl)pro-
punotc acid lactone (18). A solution of the ketol (17) (200
mg.) in benzene (40 ml.) was stirred and refluxed with
Florisil (2.00 g.) for 4 hr.!s The mixture was filtered and the
Florisil was washed with ethyl acetate. Removal of the
solvents from the combined filtrates gave a crystalline solid.
Three recrystallizations from aqueous acetone gave the
68-methyl compound; 72 mg.; m.p. 189.5-191.5°, [alp +
21° (chloroform); ASH0H 241 my, (e 15,600); A°HC: 5.67,
6.02, 6.26, and 11.43 p.

3-(8-Ox0-6 a-methyl-178-hydroxy-4-androsten-17 a-yl)pro-
panoic acid lactone (19). A solution of the ketol (18) (500
mg.) was stirred at reflux temperature in benzene (100 ml.)
with Woelm basic aluminum oxide (5.00 g.) for 30 min.!s
The mixture was filtered, the solid washed with benzene,
and the solvents were removed from the combined filtrates.
Recrystallization of the residue from aqueous methanol and
then from ethyl acetate-isopropyl ether (Charcoal) gave the
Ba-methyl compound: 120 mg., m.p. 152.5-155.5°. This
product was identical (identical infrared spectra; no de-
pression of the melting point on admixture) with the com-
pound prepared from 6-methyldehydroepiandrosterone.

Anal. Caled. for CpHs.05: C, 77.49; H, 9.05. Found: C,
77.25, H, 9.07.

3B-Hydroxy-6-methyl-5-androsten~17-one (20). (a) Prepara-
tton of the oxime. A solution of 50 g. of 38-acetoxy-6-methyl-
5,16-pregnadien-20-one, 11,7 g. of hydroxylamine hvdro-
chloride, and 53 ml. of pyridine in 200 ml. of alcohol was re-
fluxed for 0.5 hr. About one half of the solvent was distilled
and the residual hot solution was diluted with 1 1. of water.
The crude oxime was collected on a filter, rinsed well, and
dried at 70° for 24 hr. (53.3 g.). A sample for analysis, after
crystallization from ethyl acetate, melted at 199-201°.
ACHO 2,79, 5.80, 7.27, and 7.95 u.

Anal. Caled. for CosHuNOs: C, 74.38; H, 9.62. Found:
¢, 74.61; H, 9.50.

(b) Beckmann rearrangement. p-Acetylaminobenzenesul-
fonyl chloride (51.6 g.) in 103 ml. of dry pyridine was added
during & 20-min. period at —10° to —5° to 4 stirred solution
of 43 g. of the crude oxime in 116 ml. of dry pyridine. The
brown mixture was stirred at 0-5° for 1.0 hr. and then for
3.0 hr. with occasional cooling to keep the temperature be-
low 20°. Following the addition of 200 ml. of water, 300 ml.
of mixed solvent was distilled under reduced pressures from
the mixture. A solution of 70 ml. of coned. sulfuric acid in
600 ml. of water was added, after which the volume was
adjusted to a total of 850 ml. by addition of water. In order
to hydrolyze the ketimine, the mixture was heated and
stirred vigorously at 80° for 45 min. After cooling to 15°,
the granular brown ketone was collected on a filter, rinsed
well with water, triturated with 1 1. of 2¢, sodium bicar-
honate, collected again, rinsed, and dried. The crude ketone
(37 g.) was crystallized from 220 ml. of methanol to yield
31 g. of small colorless crystals, m.p. 149-150°. Petrow
et al.® report the same melting point.

The acetoxy ketone (30 g.) was saponified by refluxing
with 7.5 g. of potassium hydroxide in 150 ml. of 90¢; metha-
nol under nitrogen for 1.0 hr. The crude carbinol (20) (26
g., m.p. ca. 140°) was recovered by dilution with water.
A sample for analysis melted at 144~146° after crystalliza-
tion from methanol \°2" 2,77, 5.77, and 7.27 .

Anal. Caled. for CunHO:: C, 79.42; H, 10.00. Found:
¢, 79.45; H, 9.75.

38,178-Dihydroxy-6-methyl-17 a-ethynyl-5-androstene (21).
Thirty-two grams of potassium was dissolved under a ni-
trogen atmosphere in 800 ml. of refluxing f-amyl alcohol

(16) R. H. Bible and N. W. Atwater, .J. Org. Chem., 26,
1336 (1961),
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(dried over caleium hydride). After the addition of 150 ml.
of dry toluene, the cloudy solution was cooled to 0° and
saturated with acetylene. Then 31 g. of the crude keto
steroid (20) was added all at once as a dry powder, after
which the rapidly stirred mixture was treated with a moder-
ate stream of acetylene at 0° for 8 hr. After standing over-
night in a stoppered flask in the refrigerator, the mixture
was diluted with 750 ml. of 109, ammonium chloride solu-
tion. The solvent layer was separated, the aqueous phase
was extracted with t-amyl aleohol, and the combined solu-
tions were washed with saturated salt solution. Most of the
solvent was vacuum distilled and the last traces were re-
moved by a brief steam distillation. The crude ethynyl de-
rivative (21) was collected on » filter, rinsed and dried
(30.5 g.,, m.p. ca. 180-210°). The infrared spectrum indi-
cated the presence of a small amount of unchanged ketone.
Consequently, the crude product was treated with 30 g.
of Girard’s T reagent to remove 2.0 g. of the starting ketone.
The crude ethynyl compound thus obtained (28.3 g., m.p.
200-210°) was crystallized from 425 ml. of acetonitrile
(Darco) to yield 21 g. of 21, melting at 211-215°. Petrow
et al.® reported a m.p. of 213-215°. Concentration of the
mother lignor gave an additional 5.6 g. of less pure material.
3-(88,178-Dihydroxy-6-methyl-6-androsten-17 a-yl)propynoic
acid (22). A solution of 25.2 g. of the acetylene derivative
(21) in 250 ml. of tetrahydrofuran (distilled over methyl-
magnesium bromide) was added during a 10-min. period to a
stirred solution of 250 ml. of 317 methylmagnesium bromide
in tetrahydrofuran (700 ml.). The mixture was refluxed
with good stirring for 20 hr. (positive RMgX color test),
cooled to room temperature, and then treated with carbon
dioxide under slight positive pressure with rapid stirring
for 24 hr. After hydrolysis with ice cold 1N sulfuric acid,
the entire mixture was subjected to vacuum distillation to
completely remove the organic solvent. The residual crude
acid was collected on a funnel, rinsed free of mineral acid,
and dried (27 g.). The acid was suspended in 75 ml. of boil-
ing chloroform for 5 min. and the hot suspension was fil-
tered. The insoluble material was washed on the filter with
two 25-ml. portions of boiling ¢hloroform. The chloroform-
insoluble acid (22) thus obtained weighed 21.7 g. and melted
at about 225° dec. Crystallization from 100 volumes of
butanone afforded tiny white erystals, m.p. unchanged.
AEBr 9 87, 2,08, 4.49, 5.10 (Broad), 5.83, 7.28, and 8.1 p.
Anal. Caled. for CyHy0,1/.CH,COCH;: C, 73.44; H,
8.93. Found: C, 73.56; H, 8.48.
3-(88,178-Dihydroxy-6-methyl-5-androsten-17 a-yl)propanoic
acid lactone (23). The chloroform-extracted crude acetylenic
acid (22) (21.5 g.) was dissolved in 320 ml. of anhydrous
alcohol containing 1.0 equivalent of triethylamine and then
hydrogenated at atmospheric pressure over 2.15 g. of 5%
palladium-on-chareoal. Hydrogen uptake stopped abruptly
after the theoretical amount had been absorbed (1.0 hr.).
The filtered solution was concentrated to about 0.5 volume
in vacuo and then treated with 15 ml. of 6 hydrochloric
acid. A precipitate formed which quickly redissolved in the
warm solution. Immediate dilution with water precipitated
the lactone (23) as a somewhat tacky solid which was taken
up in chloroform, washed free of mineral acid and recovered
by evaporation of the solvent. The residual yvellow glass
(20 g.) slowly crvstallized. A sample for analysis melted at
152-154° after crystallization from ethyl acetate—isopropyl
other. A°¥1 274, 5.63, and 7.29 u.
Anal. Caled. for CasHuOs: C, 77.05; H, 9.56. Found:
¢, 76.77; H, 9.80.
3-(8-0Or0-6a-methyl-178-hydrozy-j4-androsten-17 a-yl)pro-
panoic acid lactone (19). A solution of 18 g. of aluminum
isopropoxide in 250 ml. of dry toluene was added during
5 min. to a stirred, refluxing solution of 15 g. of the 3-ol-5-
cne derivative (23) and 80 ml. of cyelohexanone in 600 ml.
of dry toluene. Refluxing was continued for 40 min. where-
upon the mixture was cooled, treated with 100 ml. of water,
and then made strongly acid with 6N sulfuric acid. The
solvent layer was separated, washed with saturated salt
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solution, and each was back-extracted with toluene. The
combined toluene solutions were steam distilled exhaus-
tively, the residue was cooled and finally extracted with
chloroform. Removal of the solvent gave 15 g. of a light
brown glass which resisted crystallization (ultraviolet spec-
trum indicated approximately 909 conjugated ketone). The
crude ketone was chromatographed over 1 kg. of silica gel
and the 109, ethyl acetate-90%, benzene eluates were com-
bined (7.9 g. of solid fractions) and crystallized from ethyl
acetate-isopropyl ether to yield 5.3 g. of the pure 6a-methyl
ketone (19), m.p. 149-150°. This product was identical
in all respects (mixed melting point, infrared spectrum,
and la]p) with that obtained above by epimerization of
the 68-methyl compound (18).
3-(3-Oz0-6 a-methyl-68,178-dihydroxy-4-androsten-17 -yl )=
propanoic acid lactone. The peak fractions from the 509,
ethyl acetate-509, benzene eluate were combined (1.069 g.),
triturated with isopropy! ether, and crystallized twice from
ethyl acetate to afford 320 mg. of tiny cubes, m.p. 245-
248°. 2P 2.89. 5.63, 5.97, 6.23 u; ACHOK 237 ;€ 14,150.
Anal. Caled. for CyaH;:04: C, 74.16; H, 8.66. Found: C,
74.62; H, 8.56.
3-(8-Oxo-6 a-methyl-178-hydroxy-1,4-androstadien-17 a-yl)-
propanoic acid lactone (24). A stirred mixture of 2.0 g. of
19, 0.76 g. of selenium dioxide, and 0.5 ml. of acetic acid in
50 ml. of #butyl alcohol was refluxed for 13 hr. The mix-
ture was cooled, filtered through a Celite pad, and reduced
to a red-brown oil under vacuum. The oil waus dissolved in
methylene chloride (50 ml.) and again filtered through &
Celite pad. The methylene chloride was removed under
nitrogen. The residue was dissolved in benzene and chroma-
tographed over 100 g. of silica. A crystalline solid was eluted
with 159, ethyl acetate~859, benzene which still contained
traces of selenium. The solid (756 mg.) was chromatographed
again using a fraction collector and eluting with 1095 ethyl
acetate-900, benzene. The crystalline material obtained
was recrystallized from acetone and then {rom cthyl acetate
to give 240 mg. of the dienone (24), m.p. 223-226°,
Anal. Caled. for CoyHy0;: C, 77.93; H, 8.53. Found: C,
77.56; H, 8.45.
3-(3-Oro-6-methyl-178-hydrory-4,6-androstadien-17 c-yl)-
propanoic acid lactone (25). A solution of 1.00 g. of 3-(3-oxo-
6a-methyl-178-hydroxy-4-androsten-17a-yl)propanoic acid
lactone (19), 1.00 g. of chloranil, and 25 mg. of p-toluenesul-
fonic acid monohydrate in 100 ml. of xylene was refluxed
for 3.5 hr. The total reaction mixture was chromatographed
on 55 g. of silica gel. The excess chloranil was eluted with
250 ml. of henzene. This was followed by dihydrochloranil,
cluted with 500 ml. of 5% ethyl acetate in henzeue. The 6-
dehydro product was eluted with 1 1. of 15%; ethyl acetate
in benzene. Crystallization from ethyl acetate-isopropyl
ether gave 735 mg. of 3-(3-oxo-6-methyl-178-hydroxy-4,6-
androstadien-17a-yl)propanoic acid lactone (25), m.p.
203-205°. The analytical sample, m.p. 204-205°, was ob-
tained by recrvstallization from aqueous acetone. AL,
5.66, 6.03, 6.18, 6.34 u; AT 988 my, e 22,600; [alp +
29.5° (chloroform).
Anal. Caled. for C3:HgOs: C, 77.93; H, 8.53. Found: C,
78.11; H, 8.49.
8-(8-Oz0-7 a-methyl-17 B-hydroxy-4-androsten-17 a-yl)pro-
panoic acid lactone (27). A solution of 10.5 g. of 3-(3-oxo-
178-hydroxy-4,6-androstadien-17a-vDpropanoic  acid  lac-
tone (26)° and 300 mg. of cuprous chloride in 75 ml. of
tetrahydrofuran (distilled from methylmagnesium bromide)
was cooled under o cover of nitrogen. There was added with
stirring over n period of 3 min. a solution of 25 ml. of 3.1/
methylmagnesium bromide (Arapahoe), 150 ml. of tetra-
hydrofuran, and 600 mg. of cuprous chloride. The solution
turned from vellow to brown, reverting to yellow at the end
of addition. After an additional 5 min. of stirring the solu-
tion was poured into a slurry of ice and 30 ml. coned. hydro-
chloric acid.
The mixture was extracted with a total of 1.8 L. of methyl-
ene chloride, washed with water, 109, sodium bicarbonate
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solution, and water until neutral. After it was dried over
anhydrous sodium sulfate, the methylene chloride was re-
moved under vacuum leaving a residue weighing 11.35 g. A
sample of this residue when scanned in the ultraviolet region
showed absorption peaks at 242 myu and 286 mu indicating
At-3-keto conjugation and starting dieneone. A calculation
based on these absorption peaks showed that the A'-3-keto
material was present to the extent of 62.59, und starting
material to the extent of 10.4%.

The residue was dissolved in petroleum ether (b.p. 60-68°)
and subjected to column chromatography using 200 g. of
silica gel and collecting 400-ml. fractions. Fractions 16-56
of the benzene-ethyl ether (24:1) eluate were pooled and
recrystallized from alcohol yielding 2.4 g. of 3-(3-0x0-178-
hydroxy-7a-methyl-4-androsten-17a-yl) propanoic acid lac-
tone, m.p. 169-171°, [a]p + 82.0° (chloroform) AH0% 241.5
mu (e 16,400).

Anal. Caled. for CpHi005: C, 77.49; H, 9.05. Found: C,
77.19; H, 9.02.

16a- and 168-M ethyl-38-hydrocy-5-androsten-17-one (29a
and 29b). To a solution of 9.6 g. of 168-methyldehydroiso-
androsterone acetate (28)!! in 700 ml. of methanol was added
a solution of 2.5 g. of potassium hydroxide in 22 ml. of
water and after a 25-min. reflux period the solvent was
evaporated in vacuo until an oily separation was noted.
Refrigeration produced crystals which were collected on a
funnel and washed with water. The crude product (8.3 g.)
was recrystallized from 40 ml. of acetonitrile to give .15
g. of the 16g-isomer (200), m.p. 160-168°, [a]p + 6.8°
(chloroform), A°ES8 2.76, 5.77 u.

Anal. Calcd. fOI‘ 020}15002: C, 7942,
C,79.25, H, 9.99.

By concentrating the mother liquor 900 mg. of an isomeric
product was obtained, m.p. 133-134°, {a]p + 8.9° (chloro-
form); A®HS1 275 5.75 u. This is the 16a-methyl derivative
(29a).

Anal. Caled. for CoHaOq: C, 79.42;
C,79.11; H, 9.98.

Saponification of 13.0 g. of 16s-methyldehydroisoandros-
terone acetate in 950 ml. of methanol with more concd.
alkali (6.8 g. potassium hydroxide in 30 ml. of water) and a
30-min. reflux period produced 9.0 g. of (29a), m.p. 132~
135°, upon recrystallization from acetonitrile.

Reacetylation of the higher melting isomer (major product
from the milder saponification) in pyridine and acetic an-
hydride gave on recrystallization from methanol o product
melting at 142-144°. The melting point was undepressed
when mixed with 168-methyldehydroisoandrosterone ace-
tate (29b).

17a- and 178-Ethynyl-3-hydroxy-16 a-nethyl-5-androsten-
17-one (30a and 30b). A solution of 130 ml. of diethylene
glycol dimethyl ether and 9.4 ml. of diethylene glycol
monoethyl ether was stirred vigorously with a metal paddle
stirrer and heated to 135° under an atmosphere of nitrogen.
Twenty-six grams of 859, potassium hydroxide pellets was
added all at once and the source of heat was removed, allow-
ing the reaction mixture to cool to 40°. An ice-salt bath
was then applied to the reaction mixture and when the reac-
tion temperature had reached 0°, nitrogen atmosphere was
discontinued and acetylene was introduced over the surface
of the reaction mixture.

After 30 min. of acetylene passage, 2.65 g. of 29a dis-
solved in 20 ml. of diethylene glycol dimethyl ether was
added. Acetylene passage was continued for an additional
4 hr. and then the reaction mixture was poured into 1.2 L.
of water. The suspension was acidified to pH 6 with dilute
acetic acid. The solid was collected on a funnel and sub-
jected to chromatographic separation on a column of silica
gel. Elution with 109, ethyl acetate plus 909, benzene pro-
duced two absorption peaks as successive fractions were

H, 10.00. Found:

H, 10.00. Found:

STEROIDAL ALDOSTERONE ANTAGONISTS. 1V

3083

collected. Collective recrystallization from acetonitrile of
fractions about the first peak gave a product (30a) melting
at 208-212°, [a]p — 88.0° (chloroform), A®¥S" 2.75, 3.03 u.

Anal. Caled. for CyeH3:0,: C, 80.44; H, 9.82. Found: C,
80.36; H, 9.92.

Collective recrystallization from acetonitrile of fractions
about the second peak produced an isomer (300) melting
at 170-175°, [alp — 108.6° (chloroform), A\“5S% 2.76, 3.03 u.

Anal. Caled. for CsH30,: C, 80.44; H, 9.82. Found: C,
80.16; H, Y.68.

3-(88,17-Dihydrory-16 a-methyl-5-androsten-17 a-yl)pro-
pynoic acid (31). To a stirred solution of 6 ml. (0.018 mole)
of ethylmagnesium bromide in ethyl ether and 8 ml. of
tetrahydrofuran was slowly added a solution of 1.2 g. of
80a in 20 ml. of tetrahydrofuran. The boiling point of the
reaction mixture was raised to 55-60° by distillation of
solvent and then the reaction mixture was allowed to stir
and reflux for 18 hr. Following this period an additional 2
ml. (0.006 mole) of the Grignard reagent was added and re-
flux was maintained for three more hours. The reaction mix-
ture was cooled to room temperature under an atmosphere
of nitrogen and 25 ml. of tetrahydrofuran was added. Con-
tinuing to stir the reaction mixture, carbon dioxide was
passed over its surface for 20 hr. It was then transferred into
150 ml. of water containing 3 g. of conced. sulfuric acid. A
viscous oil separated and solidified on standing. It was
collected on a funnel and washed free of acid with water.
The yield of crude product was 1.2 g., dec. 194-208°. It
was further purified by trituration with 15 ml of boiling
carbon tetrachloride to yield 1.1 g. of the pure acid (31),
dec. 212°, NEPr 2,86, 4.50, 5.38, 6.00 u.

Anal. Caled. for CyHj300,: C, 74.16; H, 8.66. Found: C,

73.74; H, 8.46.

3-(38,178-Dihydroxy-16 a-methyl-5-androsten-17 a-yl ypro-
panoic acid lactone (32). One gram of 37 with 0.3 g. of tri-
ethylamine in 15 ml. of absolute ethanol was subjected to
hydrogenation at laboratory temperature and pressure over
0.1 g. of 595 palladium-on-carbon. Hydrogen uptake ceased
in 3 hr. when 93% of the theoretical amount of hydrogen
had been absorbed. The solution was filtered and econcen-
trated to a solid residue in vacuo. The residue was dissolved
in 10 ml. of methanol, and 0.7 ml. of concd. hydrochloric
acid and 0.5 ml. of water were added. The solution was
allowed to stand at room temperature for 1 hr. and then
transferred to 100 ml. of water. The solid which separated
was collected on a funnel and washed with water. It was
recrystallized from ethyl acetate to yield 450 mg. of the

lactone (32), m.p. 247-253°, [a]lp — 57.7° (chloroform),
AP 277,567

Anal. Caled. for CpH304: C, 77.05; H, 9.56. Found: C,
77.19: H, 9.55.
3-(8-0Ox0-16 a-methyl-173-hydrory-4-androsten-17 e-yl)pro-
panoic ucid lactone (33). To a solution of 350 mg. of 32
in 15 ml. of dry toluene was added 1.5 ml. of cyclohexanone.
This reaction mixture was heated to distill 1 ml. of solvent
and then a solution of 350 mg. of aluminum isopropoxide
in 5 ml. of dry toluene was added. The reaction mixture was
allowed to stir and reflux for 20 min., and then it was cooled
and hydrolyzed hy adding 5 ml. of water and then dilute
sulfuric acid to acidity. Distillation with steam removed
the organic solvents and produced a solid product which was
collected, washed with water, and recrystallized from ethyl
acetate plus isopropyl ether and then again from ethyl ace-
tate to yield 120 mg. of the lactone (33), m.p. 163-170°
after drying in vacuo at 78° [alp + 93° (chloroform),
ACEIOR 241 my e 16,300, A°ES" 5.66, 6.00, 6.10 4.
Anal. Caled. for CpH;:05: C, 77.49; H, 9.05. Found: C,
77.61; H, 8.97.
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