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Steroidal Thiazenones and Related Compounds'
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Steroids with a thiazenone ring fused to the 2,3-positions have been prepared. Also, the reaction of methyl
niercaptoacetate with a 2a-hronio-3-ketosteroid has led to a series of 2-mercapto-3-oxygenated derivatives, sonie
of which were cvelized. Evidence for tlie configuration of tlie niercapto substituent at C-2 is presented.

Androstano{3,2-e]thiazenones have been prepared
by the condensation of mercaptoacetamide with
2a-bromo-3-ketoandrostanes. Since this new class
of steroidal heterocycles contains a heterocyclic ring
fused to carbons 2 and 3 of the steroid nucleus, it is
similar to the androstano(3,2-c]pyrazoles? and andro-
stano{2,3-d Jisoxazoles® which were previously pre-
pared in these laboratories and found to possess a
favorable ratio of anabolic to androgenic activity.

Sokol and Ritter? observed that simple a-halomethyl
ketounes reacted with mercaptoacetamide to form prod-
ucts which were later characterized by deStevens,
et al.,® as having the 1,4-thiaz-5-en-3-one structure (1).
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In this laboratory, the condensation of mercaptoacet-
amide with steroidal 2«-bromo 3-ketones (2a-d and
12) afforded in each case the corresponding thiazenone
(3a~d and 13). The reaction was carried out in either
methanol or acetonitrile at reflux temperature, usually
under nitrogen with a reaction period of 24-36 hr.
Curiously, in the reaction between 2a and mercapto-
acetamide using methanol as the solvent, potentiometric
titration of aliquots of the reaction mixture after 1.25,
3.5, and 48 hr. revealed that no acidity developed during
the course of the reaction. Addition of 2 molar equiv.
of collidine to the reaction mixture resulted in only
a slight improvement in yield of the thiazenone.
The 178-acetoxyl group in 3a could be hydrolyzed by
aqueous methanolic potassium carbonate to give 3e
without attack on the thiazenone ring. Compound
3e was converted to its 178-cyclohexylpropionate
(3f) and 173-hemisuccinate (3g) esters.

The ultraviolet spectrum of each of the thiazenones
showed an expected® absorption maximum at 295—
299 mu (e 2300-2600) and a shoulder at 230-232 mgy
(e 3800-4300). One derivative (3d) was so insoluble
in most solvents that its ultraviolet spectrum had to be

(1) Steroidal Heterocycles IX. For preceding paper, see D. K. Plillips
and A. ). Mason, J. Org. Chem., 28, 2886 (1963).

(2) 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).

t3) A. J. Manson, F. W, Stonner, H. C. Neumann, R. G. Christiansen,
R. L. Clarke, J. H. Ackerman, D, F. Page, J. W, Dean, D. K. Phillips,
G. O. Potts, A. Arnold, A. L. Beyler, and R. O. Clinton, J. Med. Chem., 6, 1
(1963).

(4) H. Sokol and J. J. Ritter, J. Am. Chem. Soc., 70, 3517 (1948).

(3) G. JdeStevens, A. Halamandaris, and L. Dorfman, 7bid., 80, 5198
(1938).
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measured in dimethylformamide, thereby permitting
detection of only the absorption maximum at 295 mpy
(e2270).

There has been no unequivocal evidence that thiaz-
enones were formed through replacement of halogen by
sulfur and of carbonyl oxygen by nitrogen in «-halo-
ketones, rather than the reverse attachment.’? We
have established that nitrogen in the thiazenoune ring
is indeed attached to the steroid nucleus at C-3. Thus,
desulfurization of 3a with Raney nickel® gave the satu-
rated acetylamino derivative 4a, which has beeu de-
scribed previously.” Selective hydrolysis of 4a by

(6) C. Djerassi, N. Crossley, and M. A. Kielczewski [J. Org. Chem., 27.
1112 (1962)] reported that the production of saturated »s. unsaturated
enamine was dependent upon the age of the Raney nickel. We have no data
on the age of the Raney nickel used in our desulfurization reaction.

(7) S. A. Oletta, Belgian Patent 596,561 (November 135, 1960).
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warniing it briefly with aqueous aleoliolic hydrochloric
acid gave the 178-hydroxy dervivative (4b).  Addi-
tional evidence supporting the assigned strueture
for the thiazenones was obtained when treatment ol
the  2e-carbomcethoxymethyhercapto  3-ketone  (15)
with annnonia afforded the thiazenone 3a (see¢ below).

Direet. methylation of the thiazenone ring i 3a
with sodium hydride and methyl jodide® atforded the
N-micthvlated product (5) in (4. vield. The same
compound could be prepared by treatiment of bromo
ketone 2a with N-mnethylmercaptoacetamide in aceto-
nitrile. When the latter reaction mixture was re-
fluxed for 22 hr., 5 was obtained in 1497 yield and a
2447 vield of the open-chain product (6) was also iso-
lated.  When the reaction was repeated with a 48-hr.
reflux period, a better yield (3397) of 5 was obtained,
but the only other erystalline compound isolated was
a dintethyl ketal (7, 109 vield) in which the substit-
uent at (-2 had been removed reduetively.  The
methanol needed for ketal formation must hiave been
present 1 the crude  N-methylmercaptoacetamide
(sce  Lxperimental  scection).  Acidie  hyvdrolysis  of
dimethyl ketal 7 afforded 178-hydroxy-da-androstan-
3-one. A sample of 7 was preparcd from 178-acetoxy-
Se-androstai-3-one for comparison with that obtained
above.

An attemipt to form a f-androsteno [3,2-¢ [thiazenone
by condensation of 2a-iodo-178-acctoxyandrost-4-en-
3-one (8)* with mercaptoacetamide was not suceesstul.
Only starting material (5897) could be recovered from
the reaction.

An 1l-oxoandrostano|3,2-¢]thiazenone (13) was syn-
thesized i1 five steps, starting with adreunosterone.*
Reduction of adrenosterone with sodium borohydride
i aqueous cthanol® afforded a 75% yield of the 173-
hydroxyl derivative (9).  Catalytic hydrogenation of 9
followed by acctylation of the erude produet and
caveful  chromatography afforded two compounds
epimeric at C-5.  Hydrolysis of the epimer melting
at 197-199.5° (219¢ vield) to the known 178-alcohol
(10b)*' cstabhished its identity as the A/B-cis coni-
pound (10a). The epimer melting at  158-160°
(309, vield) was, thercfore, the A/B-trans compound
(11a). This was hydrolvzed to its 178-hydroxyl
derivative (11b).  Bromination of 11a afforded its
2e-bromo derivative (12), which was condensed with
mercaptoacetamide to give the thiazenone 13.

Dehydrobromination of 12 to the 1,2-unsaturatel
ketone (14) was accomplished in 949, vield by treat-
ment with lithivin bromide and lithium carbonate in
dimethylformamide.

One oxygen-containing analog (16) of the thiazenone
(3a) and several compounds velated to it were synthe-
sized.  Methyl mercaptoacetate was condensed with
bromo ketone 2a and the product (15) was cyclized with
p-toluencsulfonic acid to a dihydro oxathiinone (16).
An attempt to cyclize 15 with acetyl chloride and acetic
anhydride resulted in the formation of an euol acetate
(17). Treatiment of 15 with ammonia in either

1% B, Berkoz, AL 1y Cross, ML EL AVdaowe, 110 Carpio, and A, Bowers, J.
Ovy. Cheon., 28, 1976 1 14163,.

i1 Prepured] frow eortisone by e wethod of ¢ J0 W, Brooks and J. K.
Noryiuberski, Biocheom, J., 88, 371 (1933,

A6 A wodifieatioy of tlee provedure of J. X, Norywberski and 1, .

Wonads, J. Chemn, Soc., 3426 £1055).

(11, 11, L. Merzog, M. AL Jevnik, ', L. Perhaan, A. Nobile, and F. R.

Nerstiierye, J. dmw. Chem. Sovc., T8, 2066 (1453).
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nethanol or acetonitrile gave the smme thiazenone
(3a) which had been prepared fromn 2a and mercapto-
acetamide.
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Reduction of keto ester 15 with Hthium tri--butoxy-
aluminohydride followed by chromatography resulted
in the isolatiou of two ecrystalline products (18 and
19). The cyclized product (18) could be obtained by
deliberate acid-catalyzed cyclization of 19.

The mercapto group at C-2 was shown to have the
a-configuration in this series of compounds. Opening
of the enol lactone ring of 16 by alkaline hydrolysis
gave a keto acid (20) which, by its mode of formation,
can be coucluded to have the more stable 2a-configura-
tion for its ecarboxymethylmercapto group. Ieto
acid 20 was also obtained by alkaline hydrolysis of
keto ester 15.  Reduction of keto acid 20 with lithium
tri-t-butoxvaluniinohydride afforded 2 a-carboxymethyl-
mercapto-da-androstane-33,178-diol (21). The same
product was obtained by sapouification of hydroxy
ester 19.  Since keto ester 15 was reduced to hydroxy
ester 19 under conditions!? which would 10t be expected
to epimerize an axial substituent « to a ketone, and
since hydroxy ester 19 was hydrolyzed to a compound
(21) in which the a-coufiguration at C-2 had been
demoustrated, the substituent at C-2 in keto ester 15
and in the compounds derived from it must occupy the
more stable cquatorial (a) position. Assignment of
the a-configuration to the C-2 substituent in keto amide
6 was based on the fact that it was formed in a mauner
analogous to that of keto ester 15.

Biological Results.—The myotrophic and androgenic

112y J. Fajkos, Collectrun Czech, Chem. Commun., 24, 2284 (1958).
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activities of 3a, 3b, 3e, and 3g were determiued by a
modification of the method of Hershberger, et al.'®
Immature male rats of the Sprague-Dawley strain,
22 days of age (4144 g.), were castrated and main-
tained on laboratory chow and tap water ad libitum
in air conditioned quarters. Each compound was
administered subcutaneously daily except Sunday for
9 days, starting 7 days after castration. The animals
were autopsied on the 17th post-castration day, 24
hr. after the last medication. The levator ani muscle
and ventral prostate were excised, blotted, and weighed
on a microtorsion balance. The myotrophic and andro-
genic activities relative to testosteroue propionate are
presented in Table I, together with indices of separation.

Experimental'4

175-Acetoxy-5«-androstano[3,2-¢]-1/,4’-thiaz-5'-en-3'-one
(3a).—A solution of 22.3 g. (0.054 mole) of 2a-bromo-178-

(13) L. G. Hershiberger, E. G. Shipley. and R. K. Meyer, Proc. Soc. Ezptl.
Biol. Med., 88, 175 (1933).

(14) Melting points are corrected unless otherwise stated. Specific rota-
tions were nieasured on 1% solutions in chloroform except as noted. Ultra-
violet spectra were measured in 95% ethanol with the one exception noted
where dimethylformanide (DMF) was used. We are grateful to Dr. F. C.
Nachod and staff for the spectral data and to Mr. K. D. Fleischer and staff
for analytical services.
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MyOTROPHIC AND ANDROGENIC POTENCIES RELATIVE TO
TESTOSTERONE PROPIONATE

Separation
Componnd Myotrophic Androgenic index?®
3e 1/s Y 8
3a /s /g 4
3b /s Vse 4
3g l/s l/."-:z 4

¢ Separation index is the ratio of the relative myotroplic to
relative androgenic potencies witli testosterone propionate as the
reference standard.

acetoxy-Sa-androstan-3-one (2a),'s 7.4 g. (0.081 mole) of mer-
captoacetamide,® and 13.1 g. (0.108 mole) of v-collidine in 500
nil. of acetonitrile was refluxed under nitrogen for 36 hr. About
300 ml. of solvent was removed in vacuo at <45°, and the mix-
ture was cooled in ice. The precipitate was collected, washed
with water and niethanol, and then dried to give 18.0 g. (82¢)
of the title compound; ui.p. 333-336° dec. (evac. cap., uncorr.);
lal®Dp —20.0°; Amax 230 11p (e 4100) and 299 (2600). The nielt-
ing point was not raised by further recrystallization from aceto-
nitrile.
Anal. Caled. for Cu3HgNOsS: C, 68.44; H, 8.25; 8, 7.95.
Found: C,68.5; H,8.0; §,7.8.
173-Hydroxy-17 a~methyl-5«-andrestano[3,2-e}-1',4’-thiaz-
5’-en-3’-one (3b).—Mercaptoacetaniide was prepared by dis-
solving 4.8 g. (0.04 mole) of methyl niercaptoacetate in 35 nil.
of 159 ethanolic ammonia, allowing the solution to stand over-
night in a nitrogen atmosphere, and concentrating to a residue
by warming in vacuo.
To the residue of niercaptoacetaniide was added a solution of
7.85 g. (0.021 mole) of 2a-bromo-178-hydroxy-17a-methyl-5a-
androstan-3-one (2b)!¢ in 300 nil. of methanol. This solution
was refluxed for 3 lir., concentrated to 35 ml. by warming in
vacuo, cooled, and filtered to collect a ¢rop of c¢rystalline product.
Concentration of the filtrute to 15 ml. afforded a second crop.
Three recrystallizations of the total solid fron: methanol afforded
1.87 g. (24%) of title comipound; [al®D —25.5° Amax 232 niu
(e 3800) and 298 (2400), which softened at 285° and melted at
207-310°. The third recrystallization produced no change in
melting point. This product nielted at 298-308° with intumes-
cence in an evacuated Pyrex capillary tube.
Anal. Caled. for CaH;NO:S: C, 70.41; H, 9.65; S, 8.54.
Found: C,70.4; H,9.8; S, 8.8.
20-Ox0-~5a~pregnano(3,2-¢}-1’,4’-thiaz-5'-en-3’-one (3c).—
A mixture of 3.95 g. (0.0100 mole) of 2a-bromo-5a-pregnane-
3,20-dione (2¢),'" 1.82 g. (0.0046 mole) of niercaptoacetamide,
and 140 ml. of methanol was refluxed under a nitrogen atmosphere
for 22,5 hr. At no time was the niixture honiogeneous. It was
cooled and filtered to give 1.2 g. (67¢,) of 3¢, nip. 288-292°
dec. (uncorr.). A single recrystallization from acetone-methyl-
ene dichloride afforded the analytical sample; m.p. 285.5-289°
dec.; [a]®D +58.6°; Amax 230 mu (e 3900) and 299 (2400).
Anal. Caled. for CsHyiNOSS: C, 71.32; H, 8.33; S, 8.28.
Found: C,71.0; H,8.4; §,8.1.

17-Ox0-5«-and. ostano[3,2-¢]-1',4 '~thiaz~5'-en-3’'-one (3d).—
A solution of 2.0 g. (£.5 nnuoles) of 2a-bronmo-§a-androstane-
3,17-dione (2d),"* 0.57 g. (6.3 mmoles) of niercaptauecetamide,
1.3 g. (11 mmwoles) of y-collidine, and 50 ml. of acetonitrile was
refluxed for 36 hr. under nitrogen. The precipitate was col-
lected, waslied with acetonitrile, water, and acetone, and dried
to give 1.2 g. (615¢) of 3d, m.p. 378-380° dec. (evac. cap., un-
corr.).  The analytical sample, which was prepared by recrystal-
lization from dimethylformainide, melted at 387-390° dec.
(evac. cap., uncorr.); [el®¥p +26.0° (19 in pyridine); A
205 mu (€2270).

Anal. Cal(}d. for CngsgNOgSf C, 7015, H, 813 S, 8.02.

Found: C,69.8; H,8.0; 8, 8.8,
173-Hydroxy-5«-androstano|[3,2-¢]-1’,4’~thiaz-5'-en~3’'-one
(3e).—To 9.0 g. (22 mmoles) of 178-acetoxy-5a-androstano-
[3,2-¢]-1",4'-thiaz-5’-en-3’-one (3a) in 1500 ml. of methanol was
added 9.0 g. of potassiuni bicarbenate in £0 ml. of water and the
resulting solution refluxed for 24 hr. The solution was concen-
trated until the product began to crystallize, the niixture was

(15) C. Djerassi. J. Org. Chem., 12, 823 (1047).

(16) Ryntex X, A, Britis) Patent 750,834 (June 20, 19386).

(17) M. Rubin, H. Wishinsky, and ¥'. Bompard, J. Am. Chem. Soc., 78,
2338 (1951).
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cooled, and the precipitate collected to give 7.2 g. (904.) of 3e,
which melted at 264-267° dec. (evac. cap.). Two recrystalli-
zatians from methanol afforded the analytical sample; m.p.
267-271° dec. (evae. cap.): [a]®n —7.8: Aas 230 g (e 3900)
and 298 (2400),

dnal. Caled. for CoHaNOX: C) 69.76: H, 8.64; 8, S.87.

Found: ¢, 69.7: H, 8.9; 8 8.7,

173-(3-Cyclohexylpropionoxy )-5«-androstane|3,2-¢[-1’,4"-
thiaz-5'-en-3’-one (3f).—A inixture af 3.7 g. (0.010 mole) of
178-hydroxy-5a-androstanc{3,2-¢]-1/.4’-thinz-5’-en-3’-o11¢  (3e),
ti g. (0.02 mole) of 3-cyclohexylpropionic anhydride, and 50 .
of pyridine was lieated at 100° for 6 hr., cooled, and poured into
1.5 1 of water.  The solid which precipitated was collected and
dissolved in ehloreforin. This solution was washed with satu-
rated sodinnm bicarbonate solntion, dried over Drierite, and con-
centrated to a residue.  Chromatography of the residue on 150
g. of silieca gel using a mixture of 159, methylene dichloride,
309 ether, and 5377 pentane far elution separated the desired
ester from oily lhupurities and starting material. The solid
ester was recrystallized once fram methylene dichloride-ethyl
acetate with charcoal treatinent and twice more fromn methylene
dichloride-niethanol to give 1.04 g. (2077) of 3f; n.p. 268
260° dee.: Jal®n —8.8%; Muas 230 m1g (e 4300) and 298 (2300).

Anal. Caled. for CuHgNOsS: C, 72.10; H, 0.08: 8, 6.42.

Fonnd: G, 71.8; H,8.8; §,6.06.

175~-Hydroxy-5«-androstano|3,2-¢]-1’,4’~thiaz-5’~en-3’-one
17-Hemisuccinate (3g).—A solution of 3.0 g. (8.3 nunoles) of
1 78-hydroxy-5e-androstano(3,2-¢}-1/,4’-thinz-5'-en-3’-one  (3e)
and 15 g. of succinie anhydride in 60 ml. of pyridine was heated
on u steamn bath fur 4 hir.  The black splution was cooled and
ponred into 400 ml. of water. The precipitate was colleeted
(8.4 ¢.) and recrystallized from acetone-hexane to give 2.0
g (5207) of 3g, n.p. 271-272° (evac. cap.). One recrystalliza-
tian from acetone afforded the analytical sample with the
nielting point unchanged; [ol®®n —32.8° (147 in pyridine);
Amax 230 my (€ 4100) and 298 (2600 ).

Anal. Caled. for CuHauNOS: C, 65.04; H, 7.64: X, 6.05.
Found: C,64.8; H,7.3; §,7.2.

Desulfurization of 173-Acetoxy-5«-androstano|3,2-¢]-1",4"-
thiaz-5’-en-3’-one Acetate (3a).—A wmixture of 3.0 g. (0.0074
mole) of 3a, 3 teaspoonfuls of Raney niekel,® and 150 wl. af ab-
solite ethanol was refluxed for 7 hir., cooled, and filtered. The
filtrute wus concentrated to a residue which wuas recrystallized
from ethyl acetate to give 1.17 g. (424 ) of 38-acetylamino-5a-
androstan-173-0l acetate (4a), u.p. 272-275°, Two further
recrystallizations raised the melting point to 277-279°.  The anu-
Ivtical sauuple, thus purified, showed [«]*p —2.1° (19 in EtOH).

Anal. Caled. for C;v:;H:wN();;I (‘, 73.56; H, 09,93 ‘,\', 3.37.
Found: ¢, 73.4: H, 10, N, 3.7

This produet showed na depression in melting point npon
adimixture with an anthentic sample” m.p. 277-279°, and the
infrared spectra of the two materinls were identical,

33-Acetylamino-5«-androstan-175-0l (4b).—A hoiling mix-
tnre of 1.46 g, (0.0039 mole) of 3g-neetylamino-5a-androstan-
178-01 acetate tda) and I ml of absolute ethanol was
treated with 36 b of 25, agueans hydrochlorie acid and
the mixture was refluxed for 0.5 hr.  The solid initially present
dissolved and a preeipitate then formed. The mixture was
coaled und filtered and the solid thus collected was dissalved in
t5 1ml. of hot methanol,  Addition of 1.5 ml. of water and cooling
afforded 1.13 g. (879%) of colorless plates, m.p. 236-238°, |«}%p
-~3.3° (19 in EtOH).  This sumple was dried at 155° (10 mn.)
fard b,

Anal. Caled. for CaHpNOa:
Fonund: 4, 75.6: H, 10.8; N, 4.1.

173-Acetoxy-5o-androstano|3,2-¢]-4’~methyl-1’,4'-thiaz-5"-
en-3’-one (5) by Direct Methylation of 175-Acetoxy-5«-andro-
stano[3,2-¢]-1',4’-thiaz-5'-en-3’-one (3a)—A solution of 1.0
. (2.5 punoles) of 3a in 100 1ml. of dry benzene was treated with
t19 mg. (2.5 mnoles) of 50 ¢ sodinm hvdride in mineral oil and
thie mixture retlnxed far 4 he. under nitrogen. Tt was cooled to
room temperature, 2 il of methyl iodide was added, and the
resulting mixture refluxed overnight. The precipitate which
formed during the reaction wus removed by filtration through
Filtercel and the filtrate concentrated to dryness. The residual
oll was triturated with ether and the crystalline solid which
formed was collected and dried 1o give 1.1 g. of crude starting
purterial, nup. 277-310° fevae, cup.). Concentration of the
filtrute afforded o crnde crystalline rusidne which was taken np
i a2 benzene-pentane mixture aud chromatographed on 30 g

TAG2; H, 10.58; N, 4.2,

Vol 7

of silica gel. Elution with a 1:3 ether-benzene mixtire affiended,
after recrystallization from acetone-hexane, 65 g, of 5, up.
214-217°0 Fonr recryvstallizations  fran acetonitrile gave
saniple of mop. 223-227°0 tg infraved spectiin wag identicud
with that of 1he smnple prepared from the bramoketone 2a
tsee belnw; and the mixture nelting point of the two substoners
wis 1ot depressed.

173~Acetoxy-5a-androstano|3,2-|-4’'-methyl-1',4’-thiaz-5 -
en-3’-one t5) and 2«-N-Methylcarbamylmethylmercapto-17:-
acetoxy-5«w-androstan-3-one (6).—Methyvhimine was hubliteil
into 350wl of methanol untit 41.5 g, hiad been absorhed t35
min ). After 25 g0 of methyb mereaptoacetate was added. the
solution was kept overnight at roonn temperatire and then e
centrated to alevpess by warining o raeno. A 4.5-g (0.043
vnle) portion of this ernde N-methyhnercaptoncetainide was
added to 10,0 g 10.024 mnle) of 2a-brano-178-ncetony-5a-
androstan-3-one (2a) and 5 b of -collidine in 330 ml of aceto-
nitrile and the resnlting solution was refluxed for 22 Lr. nnder
nitrogen,  The solvent was removed by warming i recras and
the residne was partitioned hetween water and ether. The
lavers were sepurated and the organic laver was wushed wily
N hydrochlorie acid, water, and saturated salt sohition and dried
over anhydrans pagnesin sulfate, then evaporated to drviess,
Reerystallization of the ermde residine from aeetone-hexane af-
forded 4.5 g. of ketoamide 6, nip. 153-150° Three further
reerystallizations from methanol gave 2.55 ¢ €24 of purified
waterial, mp. 164-163.3°, [a]*p - 12.7°,

el Caled. for CoyHeNOWS: O G617 W, 856 =, Tt
Fonnd: ¢, 6653 H, N6 8,75,

Concentration and cooling of the mother lgnor from the s
recrystallization above afforded 0.85 g. of the N-methylthiazenone
5, nnp. 220-223° A sample which was recrystallized from
deetonitrile melted at 223.5-228% [@]®p —010°% Ny 225 miu
(e 4540 ) and 201 (237,

dnel. Caled. for CuyHpNOS: ) 60,02 H, S.45; =0 708,
Found: ¢, 64950 H,84: 8, 7.7

All mother liquors were combined and refluxed with 10 ml. of
triethylamine in 350 ml of acetonitrile for 3 duys.  Concentra-
tion on a steam bath i cqewo and erystallization of the resiche
from acetonitrile gave an additional 0.32 g of 5, m.p. 222-224°
The mother lquer attorded vo. 6 g of a dark brown oil which
wis chromatographed on silica gel. Lntion with 1:2:7 methyl-
cne dicliloride -ether- peutane gave, after recrystallization from
wethanol, .80 @ of impure 6, m.p. 133-157°. Elutien with
1:3:6 methylene dichlaride-ether-pentune atfeoded, after re-
crvstallization from acetonitrile, 0.43 ¢, af the N-methyltbinze-
none §, ip. 221-223° (1407 wotal vield).

Iixtension of the reflux period to 48 hr. and chiromatography of
the total prodeet using 1:2:7 methylene  dichloride-ether
pentane gave 3,3~dimethoxy-3a-androstan-173-ol acetate {7}
as the first erystalline product eluted.  Twao reerystaliizations
fram methanol afforded a 109, vield of material elting at 143
14790 The anabytical smuple, which was purified by recrystal-
Hzation froo accetone, melted at 143- 146°, [ o129y 4+ 6.4°.

tnal. Caled. for CaolOy: € 72080 H, 1012 ONMe, 4.
Found: ¢, 75.2; H, 1.1 OMe, 16,6,

Further eluticn of the ehromatograplic colim with the
saine solvent mixtnre afforded, after recrystallization frinn aceto-
nitrile, a 33 vield of the N-methylthiazenone 5, n1.p. 223-227°.

Hydrolysis of 3,3-Dimethoxy-5«-androstan-175-0l Acetate
(7) to 173-Hydroxy-5«-androstan-3-one.—A solution af 150 mg.
€0.3% mmole? of the dimethyl ketal 7 and 1l of 4 N solfuric
acid in 10 ml of methanol was kept at roonn temperatuye for 24
Iir. and then poured into water.  Ether was added and the or-
ganic layer was separated, washed with water oad saturated
salt solution, and dried over powdered waguesinm sulfate.  Con-
contration teo o small volhnme afforded 57 mg. (547, of 173-
hvdroxy-de-nndrostan=3-one,  nup. E8E-183°0 0 The  mixture
pielting point with an anthentie smple, . p. 1SO5-185% wus
not depressed and the infraved spectra of the two samples were
identiral.

3,3-Dimethoxy-5«-androstan-173-0l Acetate (7) from 173-
Acetoxy-5a-androstan-3-one.— A solution of 2.0 g. (6.0 nunoeles)
of 178-ucetoxy-5a-andrastan-3-one, nip. 155-158°, 5 ml. of
benzene, | ml of methyl orthofarinate, 0.75 ml. of methsunl,
and | drop of 9.8 N ethanolic hydrogen chloride was reflivil
for 2 e, The solntion was made alkaline with methimnalic povas-
st hyvdroxide, and ether and water were added.  The organie
laver was separated, washed with water and sainrated sah
salntion, dried over anhyvdrons magnesimn sulfate, and therc e
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centrated to dryness. The white crystalline residue was re-
crystallized from acetone to give 1.77 g. (78%,) of the dimethyl
ketal 7, n1.p. 141-145°.  Its infrared spectrum was identical with
that of the sample prepared in a previous experinient and the
mixture melting point of the two samples was not depressed.

Attempted Reaction of 2«-Iodo-173-acetoxyandrost-4~en-3-
one (8) with Mercaptoacetamide.—A solution of 3.9 g. (8.6
uinoeles) of the iodo ketone 8, m.p. 124-126° 1.2 g. (13 mmoles)
of mereaptoacetamide, and 2.1 g. of y-collidine in 80 ml. of aceto-
nitrile was refluxed for 48 hr. under nitrogen. The solvent
wag reuioved by warniing in vacuo and the residue was taken up
in 1ethiyviene dichloride and poured onto a column containing
120 g. of silica gel. Elution with ether atforded niaterial which
wag recrystallized froni acetone~hexane to give 2.25 g. of starting
conipound (8), ni.p. 138-140°, apparently a polymiorph of the
lower melting forni.  The nielting point was 125-128° upon ad-
mixture with a saniple of tle lower melting form, and the infrared
spectra of tlie two samples were identical.

Selective Reduction of Adrenosterone to 173-Hydroxyandrost-
4-ene-3,11-dione (9).1—To a solution of 40.6 g. of adreno-
sterone' in 8 1. of absolute ethanol was added a solution of 1.92
g. of sodium borohydride in 30 nil. af water. An additional 10
ml. of water was used to rinse the addition vessel. The solution
wag stirred at roown temperature for 1.5 hr., and then 14.5 ml.
of acetic ucid was added. The bulk of the ethanol was removed
by warming in zacuo, the residue was dissolved in 1500 nil. of
hot benzene, and filtered through Filtercel. The filtrate was
concentrated and the residue was recrystallized froni acetone-
liexane to give 27.6 g. of the 178-alcohol (9), ni.p. 181-183.5°.
The mother liquor afforded a second crop (4.6 g.), m.p. 174-178°,
which was recrystallized from acetone-hexane to give 3.1 g. of
product, n1.p. 184-186° (759 total yield).

173-Acetoxy-53-androstane-3,11-dione (10a) and 173-Acetoxy-
5a-androstane-3,11-dione (1la).—To a solution of 16.7 g. (55
mmoles) of 178-hydroxyandrost-4-ene-3,11-dione (9) in 300 ml.
of 959, ethanol was added 1.0 g. of 109 palladium on carbon and
the mixture was shaken at room temperature with hydrogen at
54 p.s.i.g. (3.8 kg./em.?). Hydrogen uptake ceased after 1
molar equiv. was absorbed (10 min.). The catalyst wasremoved
by filtration through Filtercel, and the filtrate was concentrated
by warming in vacuo. The residue was taken up in methylene
dichloride and the solution was dried over powdered niagnesium
sulfate, then evaporated to dryness. The residual white crystal-
line solid was dissolved in 25 ml. of acetic anhydride and 50 ml.
of pyridine and the solution was kept overnight at room tempera-
ture, then poured into water. The product was extracted with
methylene dichloride. The extract was washed with water and
saturated salt solution and dried over powdered magnesium sul-
fate, then concentrated to give a crystalline residue which was
chromatographed on 600 g. of silica gel. Elution with 1097
niethylene dichloride-259%; ether-659, pentane afforded crystal-
line material which was recrystallized froni acetone-hexane to
give 4.8 g. of the Sa-isonier (11a), m.p. 159-161°. Concentration
of the mother liquor afforded an additional 1.0 g. of this isomer,
uLp. 135-158° (309 total yield). The analytical sample, which
was prepared by recrystallization from acetone-hexane, melted
at 158-160°, [«]%D +37.9° (1¢/ in acetone).

Anal. Caled. for CyHyuO4: C, 72.80; H, 8.73. Found: C,
72.9; H, 8.5.

Further elution with the same solvent mixture afforded ma-
terial which was recrystallized from acetone-hexane to give 1.85
g. of the 38-isomer (10a), ni.p. 193-200°. A second crop of 2.2
g., ni.p. 192-197°, was obtained (219;). The analytical sample,
which was prepared by recrystallization from acetone-hexane,
nielted at 197-199.5°, [«]%D +-35.4°.

Anal. Caled. for CyHyO4: C, 72.80; H, 8.73.
72.9; H,8.7.

175~-Hydroxy-53-androstane-3,11~dione (10b).''—To a solu-
tion of 0.22 g. (0.63 miole) of 178-acetoxy-58-androstane-3,11-
dione (10a) i1 10 ml. of inethanol was added 0.5 ml. of 309 potas-
siunn hydroxide in water, and the resulting solution was refluxed
for 2 hr. The base was neutralized by adding 0.25 ml. of acetic
acid, and the bulk of the methanol was removed by warming
in vacuo. Ether was added, and the organic layer was separated
and washed with water and saturated salt solution, dried over
anhydrous magnesium sulfate, and then evaporated to dryness.
Reerystallization of the residual solid from ether-hexane afforded
0.12 g. (63%) of 10b, ni.p. 168-169.5° [a]®D +65.6° (19 in
acetone). Herzog,!! et al., reported m.p. 165-165.5°, [«]%D
+65.6° (167 in acetone).

Found: C,
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173-Hydroxy-5«-~androstane-3,11~dione  (11b).—Hydrolysis
of 12.3 g. (35 mmoles) of 17g-acetoxy-5a-androstane-3,11-
dione (11a) in the manner just described for the 58-epimer af-
forded a solid residue which was recrystallized from acetone-
hexane to give 8.85 g. of 11b, m.p. 193-196°. Concentration of
the mother liquor afforded an additional 1.25 g. which nielted
at 192-195° (949,). One recrystallization of the first crop
from acetone-hexane afforded a sample which melted at 185.5-
198°, [«]®D +71.6° (19% in acetone).

Anal. Caled. for C;HuOs: C, 74.96; H, 9.27. Found:
C,74.7; H,9.5.
2a~Bromo-175-acetoxy-5«-androstane-3,11-dione  (12).—To

a stirred solution of 0.56 g. (1.6 mmoles) of 178-acetoxy-5a-
androstane-3,11-dione (11a) in 5 ml. of acetic acid containing 1
drop of 309; hydrogen broniide in acetic acid was added dropwise
a solution of 0.26 g. (1.6 mmoles) of bromiine and 0.12 g. (slightly
less than 1 equiv.) of fused sodium acetate in 10 ml. of acetic
acid. Then the solution was poured into water and the aqueous
mixture was extracted with ether. The layers were separated,
and the ether layer was washed with water and saturated salt
solution, and dried over anhydrous niagnesium sulfate, then
concentrated to dryness to give a white crystalline residue.
Recrystallization from acetone-hexane afforded 0.45 g. (66
of 12, m.p. 172-173.5°. The analytical sample, which was
prepared by recrystallization from acetone-hexane, melted at
178-179°, [«]2Dp +47.3° (19 in acetone).
Anal. Caled. for CyHpeBrOs: C, 59.29; H, 6.87; Br, 18.70.
Found: C, 59.3; H, 6.9; Br, 19.2.
173-Acetoxy-11-0x0-5a-androstano{3,2-¢]-1',4’-thiaz-5'-
en~3’'-one (13).—A solution of 2.26 g, (5.3 mmoles) of 2a-bromo-
17B-acetoxy-5a-androstane-3,11-dione (12), 0.72 g. (7.9 mnioles)
of mercaptoacetamide, and 1.8 ml. of ~v-collidine in 100 ml. of
acetonitrile was refluxed under nitrogen for 24 hr. The solution
was cooled, and the precipitate which separated was collected
and washed with acetonitrile to give 0.82 g. (37%) of 13, m.p.
328-330° dec. (evac. cap., uncorr.). The analytical sample,
which was prepared by recrystallization from acetonitrile,
melted at 330-331° dec. (evac. cap., uncorr.), [a]®D +35.3°;
Amax 230 mu (€ 4000) and 298 (2600).
Anal. Caled. for CxH; NOS: C, 66.15; H, 7.48; S, 7.68.
Found: C,65.9; H,7.2; §,7.9.
173~Acetoxy-5a-androst-1-ene-3,11~dione (14).—To a solu-
tion of 1.00 g. (2.35 mnioles) of 2a-bromo-17g-acetoxy-5a-
androstane-3,11-dione (12) in 10 ml. of dimethylforniamide was
added 0.69 g. of lithium carbonate and 0.79 g. of lithium bromide
and the mixture heated on a steam bath with stirring for 16 hr.
The mixture was cooled and 250 ml. of ether and 50 ml, of 2 ¥
hydrochloric acid were added. The layers were separated;
the organic layer was washed with saturated sodium bicarbonate
solution, water, and saturated salt solution, dried over anhydrous
magnesium sulfate, and then evaporated to drvness. The
residue was recrystallized froni acetone-hexane to give 0.76 g.
(94%) of the title comnpound, in.p. 168-171° (uncorr.). The
analytical sainple, which was prepared by recrystallization from
acetone-hexane, melted at 167-168.5°, [a]®p +72.3° (1Y, in
acetone); Amax 228 mu (e 10,800).
Anal. Caled. for CgHasOs:
C,73.1; H,8.2.
2a~Carbomethoxymethylmercapto-173-acetoxy-5«-androstan=~
3~one (15).—A solution of 35.6 g. (0.087 mole) of 2a-bromo-173-
acetoxy-5a-androstan-3-one (2a), 16 g. (0.151 mole) of methyl
mercaptoacetate, and 20 ml. of y-collidine in 1 1. of acetonitrile
was refluxed for 24 hr. under nitrogen. The solution was con-
centrated by warming in vzacuo and the residue was partitioned
between 600 nil. of water and 1100 ml. of a 10:1 ether-niethylene
dichloride solution. The organic layer was separated and washed
with 2 N hydrochloric acid, 1097 sodium carbonate solution,
water, and saturated salt solution, and dried over anhydrous
magnesiuin sulfate. Concentration of the solution to ca. 250
ml., cooling, and filtering afforded 16.5 g. of 15, n1.p. 142.5-145°.
The niother liquor, on concentration and addition of pentane,
gave 6.8 g. of this product, m.p. 136-141°, which was recrystal-
lized from acetone to give an additional 5.45 g. of 15, m.p. 142.5-
144° (589 total yield). The analytical sample, which was
prepared by recrystallization from acetone, melted at 143—
145.5°, [«] %D +22.2°,
Anal. Caled. for CyuH3zQ:S:
Found: C, 66.0; H,8.0; S, 7.7.
178-Acetoxy~5q«~androstano(2,3-¢}-2,3-dihydro-1’,4’-oxathiin-
2’-0ne (16).—A solution of 0.50 g. (1.2 nnnoles) of 2a-carbo-

C, 73.23; H, 8.19. Found:

C, 66.02; H, R31: S, 7.34.
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methoxymethylinereapto-17g-acetoxy-5a-androstan-3-one (15) in
50 ml. of benzene containing 0.1 g. of p-toluenesulfonic acid was
refluxed for 24 hr. using a water separator. The salution was
diluted with 75 ml. of benzene and washed with wuter aud satu-
rated salt solution, and dried over anhydraus niaghiesinin sulfate.
Lvaporation to dryness and recrystallization of the residie from
acetone afforded 0.25 g. (54%) of 16, np. 205-209°. Two
further recrystallizations from acetone guve the unalytical
sample, m.p. 209-210°, o] D +6.0%; Auas 251 mpu (e 1400).

Anal.  Caled. for CuHpOS: € 6825 H, 707 8 7.02
Found: C,67.9; H,8.1; 5,7.9.

2.Carbomethoxymethylmercapto~5«-androst-2-ene-3,173-diol
Diacetate (17).—A salution of 3.0 g. (6.9 mioles) of 2a-carbo-
methoxymethylmercapto-17g8-acetoxy-5a-androstan-3-one (15) in
30 nil. of acetic anhydride and 3 ml of acetyl chloride was re-
finxed for 3 hr. and then poured into cold water. The aqueous
mixture was extracted with 3 portions of etlier und the combined
extracts were washed with saturated sodium bicarbonate, water,
and satnrated salt solution, dried over anhyvdrous waglesinm
sulfate, wnd then concentrated to dryness.  The residnal oil was
erystallized from ether-pentane to give 2.8 g (77'7) of enol ace-
tate 17, unp. 1U=113°0 Two recrystallizations from ether
pentane atforded the analytical sample, mp. 111511357,
lal®n +31.7° (14 in acetone).

Anal. Caled. for CuHugQOeN: (G
Famnd: G, 65.53; H,7.9; S, 6.9.

173-Acetoxy-5a~androstano[3,2-¢]-1',4’-thiaz-5’-en-3'-one
(3a) from 2a-Carbomethoxymethylmercapto-173-acetoxy-5a-
androstan-3-one (15).—Amonia was bubbled into a solution of
1.20 g. (2.75 mimoles) of keto ester 15 in 125 ml. of acetonitrile
far 65 min., and the solution was kept at room temperature
overnight.  Annnounin was again bubbled through the solution
for 3 lir. and the solution left for an additional 24 hr. at room
temperature. A small amount of Hocculent precipitate was
removed by filtration, and the filtrate was concentrated to a
simall voluine, coaled, and the precipitate collected to give 0.10)
g (90 af  thiazenoue 3a, nip. 327-330° dee. fevae. cap.n
One reerystalization from acetonitrile atforded o sample, ni.p.
328--332° dec. (evace. cap.y which had an infrared spectrin
identical with that of a sample prepared in a previous experi-
ment fram bromoketone 2a, and the mixture melting point of
the (wao sniples was not depressed.

When the reaction was carried out by dissolving keta ester 15
in methanol at slightly below reflux temperature and bubbling
ainonia into the solittion for 10 min., then cooling and collecting
the precipitate, a 43 yvield of thiazenone 3a was obtained.

2a~Carbomethoxymethylmercapto-5«-androstan-33,173-
diol 17-Acetate (19) and 173-Acetoxy-23,3a,5«-androstano-
12,3-¢1-1’,4"~0xathian-2’-one (18).--Tu ua solution of 25.2 g.
(0.100 mnle) of Hthium tri-=-butosyalnminelydride in 225 ml. of
tetrahvdrofuran which was cooled man ice hath was ndded drop-
wise i1 85 min, a solution «f 25.2 g, t0.058 nmole) of 2a-curbo-
metioxymethyhercapto-17g-ncetoxy-5a-androstain-3-one (15) in
130 ml. of tetruhydrofuran.  The reaction mixture was stirred
mechani-~ally during the addition and for 30 min. longer.  Then
7.2l of acetic acid was added and the mixtire was cencentrated
to dryness by waring v racio. The residue was shaken with
methyviene dichloride and 1V hvdroelidorse acid, the entire mix-
iure filtered thirongh Filtercel, and the filtrate diluted with water.
The layers were separated, the orgapic layer was washed with
water and satnrated salt solirtion, dried over anhydraus mag-
nesinng sulfate, and then concentrated to dryness. The white
crvstalline residne was recrystallized from methylene diehiloride-
aeetone to give 1005 g. of oxathinnone 18, me.p. 278-280°. One
further reerystallization atforded the analytical smople, mip.
280-281.5°, [a]®n + 146.1°.

snal. Caled tor CaoHaOy=0 O
Fonnd: C,6%.0: H, 84 S 801,

Concentration of the mother Hopor from the first recrystal-
fizationcahove afforded 115 g0 of o crmde erystatline residue which
was chiromatographed on 350 go of silica gel. Elution with 1:1:5
wethylene dichloride-ether-pentane afforded, after recrystal-
lization fromm acetone, an additional 2.45 g, (334 total yield)
of 18, mp. 277-280°. Flution with 1:6 methylene dichloride-
ether afforded v 4 g of ervstalline produet whicli was recrystal-
Hzinl from methanel to give 2,75 g of hyilroxy ester 19, 1m.p.
4 11720 Cancenteation aud  cooling of the mother lignor
afforded an additional 0.7 g of 19, uep. H7-110° (14 toial
vield).  Three reerystallizations of the first crop trom methanol
gave the analytieal smmple, mep. P TS Tl ¥0 - 2167,

65.24; H, 8.00; =, 4.70.

G704 H, S48 3 TR0,

Anal, Caled. Tor CyHysOsS:
Found: C, 66.0; H,8.6: S, 7.4.

Cyclization of 2a-Carbomethoxymethylmercapto-5a«-andro-
stane-33,173-diol 17-Acetate (19) to 178-Acetoxy-28,3c,5a-
androstano{2,3-¢]~1',4'-0xathian-2’-one (18),-— A solntion of 0.3
g, {0.87 minale) of hydroxy ester 19 in Z0 ml. of henzene was ro-
Hixed with 0.1 g. of p-toluenesulfonic acid monohydrate for 24
hir. using a water separator. The solution was dilnted with 753
b of benzene, washed with water and satnratod salt solition,
dricd over anhivdrong magnesimn snlfate, and then concentiated
to dryness. The residue was reerystallized from acetone v give
027 g (77001 of axathianone 18, nip. 278-280°0 A mixture
welting point with a sample prepared directly from 15 i a pre-
vieus experiment was not depressed.

Hydrolysis of 173-Acetoxy-5a-androstano[2,3--{~2,3-dihydro-
1’,4’-0xathiin-2"-one (15) to 2a~Carboxymethylmercapto-173-
hydroxy-5«-androstan-3-one (20).—A solution of 0.45 g. (1.1
moles) of enol lictane 16 in 45 ml. of methauol was treated with
0.45 g. of potassinm bicarbanate i 2.25 b of water :and the re-
sulting solution refluxed for 20 hr. The metlanol wie renoved
by warnming /in cocuo wnd the residue partitioned between ether
aud water. The aqueous Layer was separated and aeidified with
dilnte hydrochlorie acid. The solid which separated was el
lected and dried to give 0.35 g, (8347 of keto acid 20, m.p. 209
210° The infrarved spectrim was identical with thas of 4 sunple
prepared by hydrolysis of 18 (see below i and the mixtive welting
point of the two was not depressed.

Hydrolysis of 2«-Carbomethoxymethylmercapto-173-acetoxy-
>a-androstan-3-one (15) to 2q-~Carboxymethylmercapto-173-
hydroxy-5«-androstan-3-one t20).--A solution of 17.7 g. (40
mmoles) of keto ester 15 in £G0 il of methanol was treated with
1 solntion of 7.3 g, of potassinm hivdroxide in 20 ml. of methanaol
and refluxed for 2.5 hee The inlk of the methanol was removed
by warming /r raceo, and etlier and water were added to the resi-
due. The agueans Lover was separated, acidified with 2N
hvdrochloric acid, cooled, and the precipitate collected and dricil
tio give 13.5 g of product, m.p. 1841867 Reerystallization
from aquecns methanol afforded 12.4 g, (8145¢) of keto acid 20,
nep. 2H1-215°0 Occasionally, recrystallized material  partly
nelted and resolidified at ee. 183° The analytical sample,
wliich was prepared by reerystallization from aqueons methanot,
melted ut 213 -215° {w]®n —2.4° (10 inacetime).

Arad, Caled, for CoyHg O ), 66.25, H, SO8: S0 Na.
Found: C,66.5; H,s.6: 8, 8.3,

Reduction of 2q-Carboxymethylmercapto-17g-hydroxy-5u-=
androstan-3-one (20) to 2«-Carboxymethylmercapto-5«-andro-
stane-36,178-diol t 21 ).—- A solution of 0.25 g. (0.66 unnole) of keto
acid 20 in 2.5 ml of tetrahydrofuran was cooled i an ice bath and
stirred as a salution of £.0 g (3.9 mboles) of Hthinm tri--butoxy-
almninohydride in 8wl of tetrahydrofuran was added o one
particer. The fee-conded salntion was stirred for 2 br, Tonger and
then poured into SO ml of 5% ncetie acid iwater. The mixture
wits extracted twice with 2:0 methyiene dichloride-ether and
onee with meithylene dichloride and the combined organie ex-
tracts were washied wbh water and saturated salt solutian and
dried over anhydrous magueshnin sulfute.  Concentration o
dryness and reervstallization of the white crvstalline residue
fronn squeaus methanol afforded 0,12 g0 €487 of hivdroxy aeid
21, ul.p. 166-169° The analvtical smnple, which was prepared
by recrystallization from acetone, nmelted @ 1655 -160°, [wd*n
—39.3°10.5%, I avetone .

el Caled, Tor Cyy 0=
Fomnd: C63.9:0 HoN00 N, 84

Hydrolysis of 2«-(arbomethoxymethylmercapto-5«-andros-
tane-33,173-diol 17-Acetate (19) to 2«-Carboxymethylmercapto-
5c-androstane-33,178-diol (21).—To 0.17 g. (0.39 mmnle) of hiv-
droxy ester 19 i1 7.5 ml of wmethunol was added 0.1 g. of po-
tasshun hydroxide in 0.25 ml. of water and  the resulting
suhition was refluxed for 1 e, The methunol was removed by
warning /e coeno, and the residne was partitioned between ethar
and water. The aguecns layer was separated and acidified
with 2 N hvdrochlaric aeid and then extracted with 2: 1 ethylene
dichloride -ether. The evtraet was washed with water oud
saturated sult solution, dried over anliydrous magnesiuin sulfite,
aud then coneentrated to dryness.  The white erystalline residie
was recryvstallized fram aqueous niethanol to give 0.07 g (4777
of hivdroxy aeid 21, m.p. 165-168°,  The infrared specirim was
identical with 1hat of a smuple prepared in the previous experi-
went by redinetion of 20, and the mixture melting point of vhe
Pwo sainples was ot depressed.

C, 65,720 H, 878

O, 0805 1L S S0 SN



