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“ An oil which resisted cervstallization from a vartety of solvents.

tionn of potassimm hydroxide gave the 2,38-episulfides
IV in good vield.

When the 2,3-olefins 1 were treated with hypo-
bromous acid, the corresponding bromohydrins V were
obtained. Treatment of V with sodium carbouate
solution afforded the B-epoxides VI. Reaction with
thioeyanic acid followed by base as described above
gave the 2,3q-episulfides VIIIL.

The intermediate epoxides II and VI and thiocyano-
hyvdrins IIT and VII as well as the episulfides IV and
VIII were evaluated® for progestational activity in the
MePhail assay® and found inactive by injection at a
scveening dose of 1 mg/day/rat.

Experimental Section’

2,3a-Epoxy-5a-pregnan-20-one (Ila).—To a solution of la
(12.0 g) in benzene (100 ml) was added with stirring and cooling
m-chloroperbenzoic acid (8.0 g, 859 pure) in benzene (125 ml}),
The reaction mixture was allowed to stand for 1 hr at 3° and
then 0.5 hr at room temperature. The solution was washed
repeatedly with 59 NaHCOj; solution followed by H.O alone,
and dried (N2a,804). Solvent removal 1n vacuo and recryvstalliza-
tion from methanol afforded pnre I1a (9.6 g, 769), mp 148-150°,
158-160°, {«fp 110.5°.

Anal. Caled for CoHz0:
79.88; 11, 10.09.

2,3a-Epoxy-5a-pregnan-17«-o0l-20-one acetate (IIb) was pre-
pared from Ib as described above, mp 212-214°, [a]D +12°, in
87.69 yield.

Anal. Caled for CaHaOs:
74.00; H, 9.06.

3a-Bromo-5a-pregnan-25-0l-20-one (Va).--To a solution of
[a®* (20.0 g) in cold H:0 was added with stirring a mixture of
N-bromosuceinimide (13 g), HCIO, (11.3 g, 60%%), and 11,0
1125 ml) over 15 min. The reaction was stirred for 2.5 hr and
poured into tee and H»(O. The precipitate was collected, washed
with FLO), diszolved in chloroform, and dried (Na.S04 containing
Duareo). Removal of the solvent in zacno left a solid which was
recrystallized from methanol to give Va (15.45 g, 56.4°7), mp
206-20%8°.  Further recrystallization from ethanol gave pure Va
(12.3 g), mp 210.5-212°, {a]p +126°.

C, 79.70; 1, 10.19. Fomd: ¢,

¢, 73.76; H, 9.45. Found: C,

Anal. Caled for CoHyBrO.: €, 63.49; H, 837, Found: (',
(6:3.47; H, 8.31.

3a-Bromo-17a-hydroxy-5a-pregnan-23-0l-20-one (Vb) wnsx
prepared from Ib3 as deseribed above, mp 220-223.5° |«fb
4+126° in 76.5C¢ vield.

tnal, Caled for CadTyBrOg: C, 60.65: H, 7.75. Fouud: C,

60.43; H, 7.62.

2,33-Epoxy-5a-pregnan-20-one (VIa).— Lo a sohttion of Va in
tetrahydrofuran (250 ml) was added Na,CO; (1.5 g) in H,O (175
ml). The reaction mixture was allowed to stand at room tempera-

{5) The author thanks Drs. R. L. Elton and Ii. I", Nutting for furnishing
this biological information.

¢6) M. K. McPhail, J. Physiol. {(London), 83, 145 (1934).

17) The elemental analysis and optical rotations in chloroform at ambient
lengera Gares were furnished by Mo, 1. Zielinski and M. J. Daimascus of oue
araly el Jdepmriment nnder the sapervision of Dr. R, T. Dillon.  The
vieltiug poinls were ab(ained on » Fisher-Juhins apparatas awd are cor-
recled,

-

ture for 2.5 days.  Dilution with HsO gave a previpitare which
was collected, washed with 11,0, and air dried. Recry<tallizatian
from methanol gave pure VIn (4.1 g, 807 ), mp 174-175.5° {aln
+119°.

Anal. Caled for CatpO: C,
79.92: H, 10.16.

2,33-Epoxy-5a-pregnan-17«-0l-20-one acetate (VIb) wis

prepared from Vb as desceribed above, mp 184--185°%, la]p =20°,
in 829 vield.

Anal. Caled for CpHuO;:
73.85; H, 0.10.

23-Thiocyano-5a-pregnan-3a-ol-20-one (I11la). General Meth-
od,—To a mixture of potassium thiocyanate (88 g) in H,O (43
ml) and ether (300 ml) containing a few ice chips was added HsPo),
(132.8 g) in small portions with continuous agitation. The sol-
tion washed with two 25-ml portions of cold H,() and dried hriefly
(Na.304). To a solution of Ia (8.0 g) in ether (60 ml) was
ndded the freshly prepared ethereal thiocyanic acid. The reaction
was allowed to stand for 2 days at room temperature. I'he <olu-
tion was washed with 567 Nn,CO; until neutral.  After washing
with HsO and drying (Na.80, containing Dareco), solvent remowval
left a4 white solid. TReecrystallization from methanol gave pure
11Ta (6.2 g, 84.200), mp 158-161°,

2,33-Epithio-5a-pregnan-20-one (IVa). General Method. -'L'o
a warm sohrtion of TTTa (1.0 g) in methanol (25 ml) was added
KOH (0.5 g) in methanal (5 ml) with stirring. The reaction was
allowed to stand at room temperature for 2 hr. A ueedlelike
precipitate gradually formed as the reaction progressed. Water
was added to the mixture and the product was collected, washed
with Hy0), and air dried. Reerystallization from neetone gave
pure 1Va (0.6 g, 67.57,), mp 168-170°,

7705 1, 1oan Fonnd: €

o T8.76; 1L 0150 Pannd:
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The interesting steroid hormonal activity reported for
a uumber of 7a-methyltestosterone® and 7o-mnethyl-
19-nortestosterone® derivatives has induced us 1o
extend our studies on the structure-biological activity
relationships of 13B-ethyl- and higher alkylgonane
derivatives? to various (=)-138-ethyl-7a-methylgon-4-
en-3-ones. Here we report the synthesis of the ketones
II R = H; R!=H, CH;, and C=CH,; R? = CH;)
and compare their anabolic, androgenie, and progesta-

(1) Part 1X: G. Greenspan, L. L. Smith, R. Rees, T. Foell, auwd 11,
Alburn, J. Org. Chem., 81, 2512 (1966].

¢2) J. A, Campbell and J. C. Babeoek, J. Am. Chew. Soc.. 81, 10GY (19541,

3) oA Cawmpbell, =0 C. Lyster, G W Daeaa, and J. Co Babeaock,
Nlecaids, 1, 317 (1963).

o) () H. Swanh, ef o, freperiondiv, 19, A8 (1060
11064, and references thecein eiced,
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tional activities with the same activities of the corre-
sponding 7-demethyl homologs.

The ketones IT (R = H; R!' = H and C,H;; R? =
CH;) were made through the cuprous chloride catalyzed
addition of methylmagnesium bromide to the respec-
tive gonadienones I (R = COCHj;; R!' = H and C.Hs)
(cf. ref 2 and 3), which were obtained from the corre-
sponding gon-4-en-3-ones by Zderic and co-workers’
general method.®! The o configuration is assigned to the
7-methyl group by analogy with the formation of 1743-
acetoxy-7 a-methylestr-4-en-3-one from 173-acetoxy-
estra-4,6-dien-3-one by the same procedure.® The
ketone II, (R = R! = H; R? = CH;) was obtained
directly from the Grignard addition reaction with
I (R = COCH;; R!' = H), presumably because of
ester hydrolysis under the acid work-up. A similar
treatment of I (R = COCH;; R! = C.H;), however,
gave the acetate II (R = COCH;; R! = C;H;; R? =
CH;), from which the corresponding 178-ol was ob-
tained by reduction with lithium aluminum hydride in
ether, followed by manganese dioxide oxidation in
chloroform. Application of an analogous sequence to
the preparation of the ketone II (R = H; R' = C=CH;
R? = CH;) was less efficient, and this compound was
best obtained from theketone II (R = Rt = H; R? =
CH;) by conversion to the 3-ethylene ketal, oxidation
of the 17-hydroxyl to a 17-carbonyl group, interaction
with lithium acetylide, and acid hydrolysis of the re-
sulting ethynyl alcohol.

Biological Activities.—Androgenic and anabolic ac-
tivities were estimated by the Hershberger test,® and
progestational activities by the Clauberg test.”

TaBLE 1

BIOLOGICAL ACTIVITIES OF
(=£)-138-ErHY1-178-HYDROXYGON-4-EN-3-0NEs (IT, R = 1)

R? R2 Anab? And® Prog®
H CH; 300 60 7
C.H; CH; 48 70 50
C=CH CH, 27 26 20
H H 54 27 3
C.Hj H 350 17 300
C=CH H 70 8 915

¢ Anabolic potency expressed in terms of testosterone propio-
nate (= 100). ? Androgenic potency expressed in terms of testos-
terone propionate (= 100). ¢ Progestational potency expressed
in terms of progesterone (= 100).

Experimental Sections

(=£)-178-Acetoxy-138-ethylgona-4,6-dien-3-one (I, R =
COCH;; R! = H).—(=+)-138-Ethyl-178-hydroxygon-4-en-3-one*

(5) J. A. Zderic, A. Bowers, H. Carpio, and C. Dierassi, J. Am. Chem.
Soc., 80, 2596 (1958).

(6) L. G. Hershberger, k.. ;. Shipley, aud R. K. Mever, Mruc, Sw. Erptl.
RBiol. Med,, 83, 175 (1953).

(7) R. L. Ilton and R. A. Edgren, Endocrinology, 63, 464 (1958).

(8) Melting points were determined in capillary tubes (Thomas—Hoover
apparatus) and are uncorrected. Ultraviolet absorption spectra were re-
corded in 95% ethanol.
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(3 g) was refluxed in acetic anhydride-acetyl chloride-pyridine
(45:24:2.4 ml) for 3 hr. The solvents were evaporated under
reduced pressure and the residue was partitioned between water
and benzene—ether. The organic solution was washed, dried, and
evaporated, and the residue was triturated with hot ether to give
crude (==)-3,178-diacetoxy-138-ethylgona-3,5-diene (3.125 g),
mp 148-156°, Amax 238 mp (e 19,500). N-Bromosuccinimide
(0.5 g) was added to the foregoing diacetate (1 g) in acetone—
water-acetic acid (106:27.2:2.72 ml) containing pyridine (0.6
ml) and sodium acetate (2.72 g) at 0°, and the mixture was
stirred for 3 hr at —5 to +5°, added to ice-cold brine (800 ml),
and extracted with ether. The ether solution was washed, dried,
and concentrated below 15°. Calcium carbonate (3 g) and di-
methylformamide (70 ml) were added, the remaining ether was
distilled, and the suspension refluxed for 1 hr. The mixture was
filtered, the residue was washed with ether, the filtrate and
washings were combined and added to brine, and the mixture
was extracted with ether. Recrystallization of the product from
ethyl acetate-hexane gave the dienone (0.475 g), mp 163-166°,
Amax 283 mu (e 24,370).

Anal. Caled for CyH05: C, 76.8: H, 8.6. Found: C, 76.5;
H, 8.6.

(=£)-138-Ethyl-178-hydroxy-7 «-methylgon-4-en-3-one (IL, R =
R! = H; R? = CH;).—The foregoing gonadienone (2 g) in tetra-
hydrofuran (THF) (20 ml) was added to ethereal methvlmag-
nestum bromide (3 M)-THF (16:20 ml) containing cuprous
chloride (0.3 g) at 0°. The mixture was stirred for 20 min and
poured into ice-cold brine containing HCl. The product was
collected with ether, chromatographed on neutral alumina, and
recrystallized from ethyl acetate—hexane to give the gonenone
(0.56 g), mp 152-154°, Apax 242 myu (e 16,730).

Anal. Calcd fOI‘ ConaoO?Z C, 794, H, 10.0,
79.1; H, 9.9.

3,173-Diacetoxy-133,17a-diethylgona-3,5-diene.—133,17x-Di-
ethyl-178-hydroxygon-4-en-3-one* (3 g) was refluxed for 2 hr in
acetic anhydride-acetyl chloride-pyridine (48:24:2.4 ml). The
solvents were removed under reduced pressure and the residue
was partitioned between benzene-ether and water. The product
from the organic layer was triturated with ether and washed with
hexane to give the diacetate (3.5 g), mp 122-125°, Apax 238 mp

(e 18,200).

Anal. Caled for CssH3604: C, 75.0; H, 9.1. Found: C, 74.6;
H, 9.1.

(=£)-178-Acetoxy-138,17a-diethylgona-4,6-dien-3-one (I, R =
COCH;; R! = CH;).—N-Bromosuccinimide (3.4 g) was added
with stirring to the foregoing diacetate (3.4 g) in acetone—water
(130:16 ml) containing sodium acetate (2.4 g)at 0°. The mixture
was stirred at 0° for 3 hr, poured into ice-cold brine, and ex-
tracted with ether. The ether solution was concentrated below
20°. Calcium carbonate (10 g) and dimethylformamide (235 ml)
were added, the ether was distilled, and the remaining suspension
refluxed for 1 hr, The product was chromatographed on neutral
alumina and recrvstallized from ether to give the gonadienone
(1.6 g), mp 151-153°, Apaux 282 my (e 28,700).

Anal. Caled for CuH305: C, 77.5; H, 9.05. Found: C, 77.1;
H, 9.05.

(#£)-178-Acetoxy-133,17 a-diethyl-7a-methylgon-4-en-3-one (II,
R = COCH;; R! = CH;; R? = CH;).—The foregoing dienone
(1 g)in THF (10 ml) was added under nitrogen with stirring to
ethereal methylmagnesium bromide (3 M)-THF (8:10 ml)
containing cuprous chloride (0.2 g) at 0°. The mixture was
stirred for 1 hr, poured into brine containing HCl, and extracted
with ether. The product was chromatographed on neutral
alumina and recrystallized from ether-hexane to give the gonenone
(0.25 g), mp 142-144°, Amax 242 myp (e 18,250).

Anal. Caled for CyH305: C, 77.4; H, 9.7. Found: C, 77.4;
H, 9.7.

(=£)-138,17a-Diethyl-173-hydroxy-7 a-methylgon-4-en-3-one

(I, R = H; R! = CH;; R? = CH;).—The foregoing acetate
(0.49 g) was refluxed with LiAlH, (0.4 g) in ether (60 ml) for
1.5 hr. Saturated aqueous tartaric acid (40 ml) was added to the
cooled solution. The product in chloroform (50 ml) was stirred
at room temperature with MnO: (2.5 g) for 3 hr. Recrystalliza-
tion of the product from ether gave the ketol (0.11 g), mp 130-
132°, Amax 244 mpu (e 16,500).

Anal.  Caled for CoHuuOQa: €, 79.95; H, 10.4.
79.8; 1, 10.2.

(=£)-138-Ethyl-17 a-ethynyl-173-hydroxy-7«-methylgon-4-en-
3-one (II, R = H; R! = C=CH; R? = CH;).—The gonenone
II (R = R! = H; R? = CH;) (1.35 g) was refluxed for 6 hr in

Found: C,

Found: €,
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benzene (100 ml) containing ethyene glycol (10 ml) and toluene-
p-sulfonic acid (from the hydrate, 0.067 g) (Dean-Stark ap-
paratus). The product was refluxed for 3.5 hr with aluminum
tsopropoxide (0.8 g) in toluene-cyclohexanone (50:10 ml), and
the resulting crude ketone was stirred for 2 hr in a stream of
acetylene with dimethylacetamide (30 ml)} containing lithium
acetylide—ethylenediamine complex.? The inixture was added
to crshed ice and extracted with etlier. The product was stirred
for 1.5 hr under nitrogen in methanol-3 N HCl-water (50:3:2 ml;
and the =olntion was ponred into brine and extracted with
ether.  Chromatography of the prodiet on Florex and reerystal-
lization from ethyl acetate-hexane gave the gonenvne (0.53 g,
mp 1R2-184°) Auee 240 mu (e 16,500).

Anal. Caled for CoHypOs: C, 8090 1, 930 FFonnd:
11, 9.1.

(1, NO6;
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of Hydroxy-3-phenylcinnolines

3-Phenvlcinnolines. Derivatives
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A few cinnoline derivatives were prepared for phariua-
cological testing by alkylation of 4- and 4/ hvdw\} 3-
phenyleinnolines. These are listed in Table I, along
with methyl derivatives for comparison of spe(,tml
data.

Alkylation of 3-phenyl-4-cinnolinol (15) with methyl
iodide gave a mixture of the 1 and 2 isomers (10 and 11)
i about a 5:3 ratio, while diazomethane furnished only
the 1 derivative.? That these isomers are quite distinct
from the 4-methoxy isomer (12) is shown by the spectral
data and by the large depression of their mixture
nelting points. Compound 10 was assigned as the 1
isomer on the following evidence: (a) the slightly higher
field absorption of its methyl protons in the nmr com-
pared to those of the other isomer has been observed
with other similar pairs of cinnoline isomers;® (b)
the wfrared, ultraviolet, and nrar spectra of 10 show
great similarity (Table I) to those of the starting ma-
terial, 15, which has been assigied structure I,'" in
common with other 4-hydroxyecinunohines;? (¢) oue
would expect the less sterically hindered product to
predominate,® particularly with larger alkyl halides
(see below); (d) the isolation of only one isomer using
diazomethane which should not isomerize 15 from struc-
ture I tends to coufirm the assignment; (e) finally, the
pattern of aromatic protons iii the nmr is interesting.

(1) (a) Paper I: H. 8. Lowrie, J. Med. Chem., 9, 664 (1966); (b) paper
II: H.S. Lowrie, ibid., 8, 670 (1966).

(2) Spectral data on the crude reaction product indicated predominantly
the 1 isomer (I), but the presence of a small amount of the 2-isomer (1I)
cannot be ruled out. Only in preparation of 10 and 11 with methy! iodide
was the 2 isomer actually isolated.

() D.IZ Ames, R. 7. Chapman, and I). White, J. Chen. Soc.,
mul references Llerein.

470 (1966).
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The two 2-protons on the 3- phmw ring (which s
probably coplanar) are deshiclded and  appear in
several of these compounds at :1}>oul 475495 ep=t!
With the 8-proton (about 500-520 ¢ps), there are then
three protous from 475 to 520 e¢ps (and the remainder
between 400 and 475 ¢ps) for colpounds of structure
I'in Table T. However, 11, the 2 isomer. has ouly one
proton it the -&1;)--.)20-(}» region.  This may be ox-
plained by sterie nterference of the 2-methyl, causiig
the phenyl viig to twist out of coplanarity wuid elimi-
nating the deshielding of the 2%-protons. The same
effeet is also observed with the 1- and 2-oxides of 3-
phenyleimmoline, ' the latter showing only the 4-proton
below 480 c¢px (the &-proton ix shielded the 2 iso-
mer'™y,

The products?s using other alkyl halides were also
assigiied ax 1 isomers having very similae speetn 1o
those of 10, Lacking the other isouer in these cases,
the position of the -CH, protons cannot be used for
evidence because of the small difference o the two
isomers (5 eps for 10 and 11), but three aromatic pro-
tons in the 475-520-cps region were observed for these
dertvatives,

leactions of 4-chloro-3-phenyleinnoline  with  the
sodinm salt of the corresponding aleohol furnished tlie
f-alkyloxy derivatives, 2 and 12, the former being
reacdily  hydrolyvzed in acid, On distilation  these
rearranged to the l-alkyl-4-cinnolones,” 1 and 10
To our knowledge thix type of rearrangenent has not
beere noted before in the cinnoline series, but it is well
kuow for f-alkoxyquinohnes.”

Alkylation of 14 gave the corresponding alkoxy
derivatives, 3, 7, aud 9, whose structures were sub-
stantinted by the similarity of their spectra with
those of 13 and 14.

Compound 7 showed about : -/0 the activity ol hy-
drochlorothingide as w diuretic i rats. Cowpounds
4 and 5 had ouly borderline activity against yeast-
mduced foot edema in the rat. The most interesting
of the series, 3, was about four times as active orally as
phenylbutazone i this latter test, but toxic side reac-
tions in the cotton pellet granuloma test discouraged
further stucy.®

Experimental Section®

1-(2-Diethylaminoethyl)-3-phenyl-4-cinnolone (Table I, 1).
A. By Alkylation of 15..—A solution of 6.6 g of 3-phenyvi-4-
chmolinel,'® 3.5 ¢ of KOH, and 7.0 g of 2-diethylaminocthyl

i4) When 1 was prepared hy alkylation of 16 it was assamed (har Lhe low-
field absormion (273 eps) of the a=C1s (see Table I) hudicated artaelhment 1o
oxygen rather thian niteogen, In addilion, ilie posiiion of the 8-liyidragen
at H00-510 eps seemed 1o support 11 rather ¢han I since he 8-11 atoms in
various 3-plienylilihydrocinnalines™ are moved apnreciably apdield.  Recem
papers ou the sirnetnre and alkylation of ciunolines, snunnarized in vef 3,
foreed 1le reexainination reported here, anl the preparvaiion af 2, Table 1,
and the meirhyl derivatives, 10-12, for comnparison. ‘The struetures assigned
hy the anthor in U. 8. Patent 3,234,524 (1966) should he I, not II1.

(8) R. . Elderfield, ““Heteroeyelic Compounds.” Vol 4, John Wiley wnil
Sons, Ine., New York, 1932, pp 152-133.

(6) These tests are described in ref 1. Tle relative polencies given refer
to the ratio of the weights of equally effective doses. We are imlebtul 10
Drs. F. J. S8aunders, E. F. Nutting, and D. L. Cook, and Mr. R. 8. Jacobs
and their staffs for these sereening data.

(7) All melting points are corrected and were taken in a llershherg ap-
paratus. Microanalyses were performed by the Miecroanalytical Depart-
ment under Dr. R, T. Dillon. Infrared spectra were taken in chlaroforin
solution on a Beckinan IR-4, and the ultraviolet specira were (aken ia
methanol on a Beekman DIN-2. Ninr, recorded on a Varian A-60, is given in
cyeles per second (eps) of downfleld shift from tetramethylsilano as an in-
ternal reference standayd in CDCy,
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