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22HMXO+ 
MHSI.XO.IS 

22HS3XO,S 
MHKNOJS 

2,HMOS 
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66.48 
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70.47 
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s.37 
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8 16 

9.66 
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9 5 8 
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Aii oil which resisted crystallization from a variety of solvent 

tion of potassium hydroxide gave the 2,3/3-episulfides 
IV in good yield. 

When the 2,3-olefms I were treated with hypo-
bromous acid, the corresponding bromohydrins V were 
obtained. Treatment of V with sodium carbonate 
solution afforded the /3-epoxides VI. Reaction with 
thiocyanic acid followed by base as described above 
gave the 2,3a-episulfides VIII. 

The intermediate epoxides II and VI and thiocyano-
hydrins III and VII as well as the episulhdes IV and 
V7III were evaluated5 for progestational activity in the 
McPhail assay6 and found inactive by injection at a 
screening dose of 1 mg/day/rat. 

Experimental Section7 

2,3a-Epoxy-5a-pregnan-20-one (Ha).—To a solution of la 
(12.0 g) in benzene (100 ml) was added with stirring and cooling 
»i-chloroperbenzoic acid (8.0 g, 8 5 % 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 5% N a H C 0 3 solution followed by H 2 0 alone, 
and dried (Na2SO<). Solvent removal in vacuo and recrystalliza-
1 ion from methanol afforded pure Ha (9.6 g, 76%), mp 148-150°. 
158-160°, [a]v 110.5°. 

Anal. Calcd for C2iH3202: C, 79.70; H, 10.19. Found: (.:, 
79.88; II, 10.09. 

2,3a-Epoxy-5a-pregnan-17a-ol-20-one acetate (lib) was pre
pared from lb as described above, mp 212-214°, [a]D +12° , in 
87.6% yield. 

Anal. Calcd for CiMuCh: O, 73.76; H, 9.15. Found: (..'. 
74.00; H, 9.06. 

3a-Bromo-5a-pregnan-2(3-ol-20-one (Va).—To a solution of 
la3*4 (20.0 g) in cold H 2 0 was added with stirring a mixture of 
X-bromosuccinimide (13 g), HC104 (11.3 g, 60%), and H,() 
(125 ml) over 15 min. The reaction was stirred for 2.5 hr and 
poured into ice and H20. The precipitate was collected, washed 
with Ff,.(), dissolved in chloroform, and dried (Xa2S04 containing 
Darco). Removal of the solvent in vacuo left a solid which was 
recrystallized from methanol to give Va (15.45 g, 56.4% ), mp 
206-208°. Further recrystallization from ethanol gave pure Va 
i 12.3 g), mp 210.5-212°." [«]n +126° . 

Anal. Calcd for C2iH33BK),: O, 63.49; 11,8.37. Found: (', 
63.47; H, 8.31. 

3a-Bromo-17a-hydroxy-5a-pregnan-2(3-ol-20-one (Vb) was 
prepared from lb 3 as described above, mp 220-223.5°, [«]» 
+ 126° in 76.5% vield. 

Anal. Calcd for C23HMBr()4: (1,60.65; 11,7.75. Found: C, 
60.43; II, 7.62. 

2,3/3-Epoxy-5o:-pregnan-20-one (Via).—To a solution of Va in 
tetrahydrofuran (250 ml) was added Xa 2C0 3 (1.5 g) in H20 (175 
ml). The reaction mixture was allowed to stand at room tempera-

(5) T h e a u t h o r t h a n k s D r s . R. L. E l ton and K. F . N u t t i n g for furnishing 
this biological in fo rmat ion . 

16) M . K. M c P h a i l , J. Physiol. ( L o n d o n ) , 83 , 145 (1934). 
7) T h e e lementa l analys is and opt ica l r o t a t i o n s in chloroform a t ambient 

l c m p e r a t i n e s were furnished by M r . K. Zielinski and Mr. J . 1 >umaseus of our 
ana ly t ica l d e p a r t m e n t unde r t he supervis ion of Dr . R. T . Dil lon, ' t h e 
mcltinsr points were ob ta ined on a F isher -Johns a p p a r a t u s and are cor-

ture for 2.5 days. Dilution with H2() gave a precipitate which 
was collected, washed with H20, and air dried. Recrystallization 
from methanol gave pure Via (4.1 g. 80% 1, mp 174-175.5°. (<i!i> 
+ 119°. 

Anal. Calcd for d H ^ O : C, 79.70; II. 10.19. Found: (', 
79.92: H, 10.16. 

2,3/3-Epoxy-5a-pregnan-17a-ol-20-one acetate tVIb) was 
prepared from Vb as described above, mp 184-185°, \n]i> - 29°, 
in 82% yield. 

Anal. Calcd for CaHwOi: C, 73.76; II. 9,15. Found: (', 
73.85; H, 9.10. 

2/3-Thiocyano-5a-pregnan-3a-ol-20-one (Ilia). General Meth
od.—To a mixture of potassium thiocyanate (88 g) in H2() (43 
ml) and ether (300 ml) containing a few ice chips was added H3P< )4 

(132.8 g) in small portions with continuous agitation. The solu
tion washed with two 25-ml portions of cold H 2 0 anil dried briefly 
(Xa,S04). To a solution of Ila (8.0 g) in ether (60 ml) wa's 
added the freshly prepared ethereal thiocyanic acid. The read ion 
was allowed to stand for 2 days at room temperature. The solu
tion was washed with 5% Xa2COs until neutral. After washing 
with H20 and drying (Xa2S04 containing Darco), solvent removal 
left a white solid. Recrystallization from methanol gave pure 
I l i a (6.2 g, 84.2% ), mp 158-161 °. 

2,3/3-Epithio-5a-pregnan-20-one (IVa). General Method. To 
a warm solution of I l i a (1.0 g) in methanol (25 ml) was added 
KOH (0.5 g) in methanol (5 ml; with stirring. The reaction was 
allowed to stand at room temperature for 2 hr. A needlelike 
precipitate gradually formed as the reaction progressed. Water 
was added to the mixture and the product was collected, washed 
with H2(). and air dried. RecrystaHization from .acetone gave 
pure IVa (0.6 g, 67.5%,,), mp 168-170°. 
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The interesting steroid hormonal activity reported for 
a number of 7a-methy]testosterone- and 7a-methyl-
19-nortestosterone3 derivatives has induced us 1,0 
extend our studies on the structure-biological activity 
relationships of 13/3-ethyl- and higher alkylgonane 
derivatives4 to various (±)-13/3-ethyl-7a-methylgon-4-
en-3-ones. Here we report the synthesis of the ketones 
II (R = H; IV = H, CsHs, and C = C H ; R2 = CH,) 
and compare their anabolic, androgenic, and progesta-

(1) P a r t I X : G. Greenspan , L. 1.. Smi th , R. Hecs, '1'. Foell, and II. K. 
Alburn , J. Org. Chem., 3 1 , 2512 (1966). 

12) J . A. C a m p b e l l a n d J . C. Babcook, J. Am. Chtm. Sac. 8 1 , 406W 1.19501. 
i.'i) .1. A. Campbe l l . S. C. Lysler, (I. YV. D u n c a n , and .1. (', Hal.cock, 

Slrroi'ls, 1, Ml 7 (l!)6:t). 
(4) la) I t . Smi th , ,( n/., lislit'rirntiii, 19, :W4 !lllU;i): ./. Cl.im. Sue., 1172 

H)nl) , and referenees tlierein cited. 
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tional activities with the same activities of the corre
sponding 7-demethyl homologs. 

The ketones II (R = H; R1 = H and C2H6; R2 = 
CH3) were made through the cuprous chloride catalyzed 
addition of methylmagnesium bromide to the respec
tive gonadienones I (R = COCH3; R1 = H and C2H5) 
(c/. ref 2 and 3), which were obtained from the corre
sponding gon-4-en-3-ones by Zderic and co-workers' 
general method.6 The a configuration is assigned to the 
7-methyl group by analogy with the formation of 17/3-
acetoxy-7a-methylestr-4-en-3-one from 17/3-acetoxy-
estra-4,6-dien-3-one by the same procedure.3 The 
ketone II, (R = R1 = H; R2 = CH3) was obtained 
directly from the Grignard addition reaction with 
I (R = COCH3; R1 = H), presumably because of 
ester hydrolysis under the acid work-up. A similar 
treatment of I (R = COCH3; R1 = C2H6), however, 
gave the acetate II (R = COCH3; R1 = C2H6; R2 = 
CH3), from which the corresponding 17/3-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; R1 = C = C H ; 
R2 = CH3) was less efficient, and this compound was 
best obtained from the ketone II (R = R1 = H; R2 = 
CH3) 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. 

OR OR 

I I I 

Biological Activities.—Androgenic and anabolic ac
tivities were estimated by the Hershberger test,6 and 
progestational activities by the Clauberg test.7 

TABLE I 

BIOLOGICAL ACTIVITIES OF 

R i 

H 
C2H5 

C = C H 
H 
C2H6 

C = C H 

R ! 

CH3 

CH3 

CH3 

H 
H 
H 

Anab" 

300 
48 
27 
54 

350 
70 

And6 

60 
70 
26 
27 
17 
8 

Progc 

7 
50 
20 

3 
300 
915 

" Anabolic potency expressed in terms of testosterone propio
nate ( = 100). 6 Androgenic potency expressed in terms of testos
terone propionate ( = 100). c Progestational potency expressed 
in terms of progesterone ( = 100). 

Experimental Section8 

(±)-17/3-Acetoxy-13/3-ethylgona-4,6-dien-3-one (I, R = 
COCH3; R1 = H).—(iJ-lS^-Ethyl-^/S-hydroxygon^-en-S-one1 

(5) J. A. Zderic, A. Bowers, H. Carpio, and C. Djerassi, J. Am. Chem. 
Sac, 80, 2596 (1938). 

(6) L. G. Hershberger, K. <i. Shipley, and H. K. Meyer, I'ruc. ,N'm-. Hsptl. 
Mot. Me,!., S3, 175 (195X). 

(7) R. L. Elton 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. 

(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 (±)-3,17/3-diacetoxy-13|3-ethylgona-3,5-diene (3.125 g), 
mp 148-156°, Xmas 238 m/i (« 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°, 
Xm„ 283 m« (6 24,370). 

Anal. Calcdfor C2iH2803: C, 76.8: H, 8.6, Found: C, 76.5; 
H, 8.6. 

(±)-13/3-Ethyl-17/3-hydroxy-7or-methylgon-4-en-3-one (II, R = 
R1 = H ; R2 = CH3).—The foregoing gonadienone (2 g) in tetra-
hydrofuran (THP) (20 ml) was added to ethereal methylmag
nesium bromide (3 AO-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 HC1. The product was 
collected with ether, ohromatographed on neutral alumina, and 
recrystallized from ethyl acetate-hexane to give the gonenone 
(0.56 g), mp 152-154°, XmaI 242 mM (e 16,730). 

Anal. Calcd for C2oH3(>02: C, 79.4; H, 10.0. Found: C, 
79.1; H, 9.9. 

3,17/3-Diacetoxy-13/3,17a-diethylgona-3,5-diene.—13/S,17a-Di-
ethyl-170-hydroxygon-4-en-3-one4 (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°, Xmax 238 m// 
(e 18,200). 

Anal. Calcd for C25H3604: C, 75.0; H, 9.1. Found: C, 74.6; 
H, 9.1. 

(±)-17/3-Acetoxy-13/3,17<*-diethylgona-4,6-dien-3-one (I, R = 
COCH3; R1 = C2Hs).—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 ohromatographed on neutral 
alumina and recrvstallized from ether to give the gonadienone 
(1.6 g), mp 151-153°, Xmax 282 mM (e 28,700). 

Anal. Calcd for C23H3203: C, 77.5; H, 9.05. Found: C, 77.1; 
H, 9.05. 
(±)-17/3-Acetoxy-13/3,17a-diethyl-7a-methylgon-4-en-3-one (II, 

R = COCH3; R1 = C2H5; R2 = CH3).—The foregoing dienone 
(1 g) in T H F (10 ml) was added under nitrogen with stirring to 
ethereal methylmagnesium bromide (3 Af)-THF (8:10 ml) 
containing cuprous chloride (0.2 g) at 0°. The mixture was 
stirred for 1 hr, poured into brine containing HC1, and extracted 
with ether. The product was ohromatographed on neutral 
alumina and recrystallized from ether-hexane to give the gonenone 
(0.25 g), mp 142-144°, Xmai 242 mM (e 18,250). 

Anal. Calcdfor C24H3603: C, 77.4; H, 9.7. Found: C, 77.4: 
H, 9.7. 

( ± )-13/3,17a-Diethyl-170-hydroxy-7a-methylgon-4-en-3-one 
(II, R = H ; R l = C2H5; R2 = CH,).—The foregoing acetate 
(0.49 g) was refluxed with LiAlEU (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 Mn0 2 (2.5 g) for 3 hr. Recrystalliza
tion of the product from ether gave the ketol (0.11 g), mp 130-
132°, Xms* 244 m/i (« 16,500). 

Anal. Calcd for C,.2rIMOa: C, 79.95; H, 10.4. Found: C, 
79.8; H, 10.2. 

( ± )-130-EthyI-17a-ethynyl-17/3-hydroxy-7a-methylgon-4-en-
3-one (II, R = H ; R l = C = C H ; R2 = CH3).—The gonenone 
II (R = Ri = H; R2 = CH3) (1.35 g) was refluxed for 6 hr in 
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benzene (100 ml) containing ethyene glycol (10 ml) and tolueno-
p-sulfonic acid (from the hydrate, 0.067 g) (Dean-Stark ap
paratus). The product was refluxed for 3.5 hr with aluminum 
isopropoxide (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 (50 ml) containing lithium 
acetylide—ethylenediamine complex.9 The mixture was added 
to crushed ice and extracted with ether. The product was stirred 
for 1.5 hr under nitrogen in methanol-3 A" HCl-water (50:3:2 ml) 
and the solution was poured into brine and extracted with 
ether. Chromatography of the product on Florex and recrystal-
lization from ethyl acetttte-hexane gave the gonenone (0.55 g), 
mp 1X2-18.4°, X1M., 240 mM U 16,500). 

Anal. Calcd for CwHwOs: C, S0.il: 11,0.3. Found: (', S0.(i: 
11, 0.1. 
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rinological Depar tment , Research Division, Wyeth 
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(,11) O. t\ Beumel, Jr., and 11. 1'. Harris, ./. I)r„. Cliem., 28, 2775 (100:5). 
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A few cinnoline derivatives were prepared for pharma
cological testing by alkylation of 4- and 4'-hydroxy-3-
phenylcinnolines. These are listed in Table I, along 
with methyl derivatives for comparison of spectral 
data. 

Alkylation of 3-phenyl-4-cinnolinol (15) with methyl 
iodide gave a mixture of the 1 and 2 isomers (10 and 11) 
in about a 5:3 ratio, while diazomethane furnished only 
the 1 derivative.2 Tha t 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 
melting 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;3 (b) 
the infrared, ultraviolet, and nmr spectra of 10 show 
great similarity (Table I) to those of the starting ma
terial, 15, which has been assigned structure I , l b in 
common with other 4-hydroxyciimolines;3 (c) one 
would expect the less stcrically hindered product to 
predominate,3 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 confirm the assignment; (e) finally, the 
pat tern of aromatic protons in the nmr is interesting. 

(1) (a) Paper I: H, S. Lowrie, J. Med. Chem., 9, 664 (1966); (b) paper 
I I : H. S. Lowrie, ibid., 9, 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 (II) 
cannot be ruled out. Only in preparation of 10 and 11 with methyl iodide 
was the 2 isomer actually isolated. 

(:S) I). E. Ames, II. F. Chapman, and I). White, J. Chem. So<:., -170 (1066), 
and references therein. 

The two 2'-protons on the 3-phenyl ring (which is 
probably coplanar) are deshielded and appear in 
several of those compounds at about 47") 49") eps. , ! 

With the 8-proton (about o00-")20 ops), there art1 then 
three protons from 47.") to ">20 cps (and the remainder 
between 400 and 475 cps) for compounds of structure 
1 in Table I. However, 11, the 2 isomer, has only one 
proton in the 475-520-cps region. This may be ex
plained by steric interference of the 2-niethyl. causing 
the phenyl ring to twist out of coplunarity and elimi
nating the deshielding of the 2'-protons. The same 
effect is also observed with the 1- and 2-oxidcs of 3-
phenyleinnoline,"' the latter showing only the 4-proton 
below 480 cps (the 8-proton is shielded in the 2 iso
mer"'). 

The products'2''' using other alkyl halides were aUo 
assigned as 1 isomers having very similar spectra 10 
those of 10. Lacking the other isomer in these cases, 
the position of the «-CH2 protons cannot be used for 
evidence because of the small difference in the two 
isomers (.") cps for 10 and 11), but three aromatic pro
tons in the 47") ">20-cps region were observed for these 
derivatives. 

Reactions of 4-chloro-3-phenylcinnoline with the 
sodium salt of the corresponding alcohol furnished the 
4-alkyloxy derivatives, 2 and 12, the former being 
readily hydrolyzed in acid. On distillation these 
rearranged to the l-alkyl-4-cinnolones,- 1 and 10. 
To our knowledge this type of rearrangement has not 
been noted before in the cinnoline series, but it is well 
known for 4-alkoxyquinolines. : ' 

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

Compound 7 showed about 2 % the activity of hy
drochlorothiazide as a diuretic in rats. Compounds 
4 and 5 had only borderline activity against yeast-
induced foot edema in the rat. The most interesting 
of the seiies, 3, was about four times as active orally as 
phenylbutazone in this latter tost, but toxic side reac
tions in the cotton pellet granuloma test discouraged 
further study.1' 

Experimental Section7 

l-(2-Diethylaminoethyl)-3-phenyl-4-cinnolone (Table I, 1). 
A. By Alkylation of 15.—A solution of G.6 g of U-phenyl-4-
ciunolinol,,b '•'>.'•', g of KOH, and 7.0 g of 2-diefhylamiuoethyl 

(4) When 1 was prepared by alkylation of 15 it was assumed that the low-
field absorption (278 cps) of the cc-ClU tsee 'fable I) indicated attachment to 
oxygen rather than nitrogen. In addition, the position of the 8-hydrogen 
at ")00~510 cps seemed to support III rather than I since the 8-11 atoms iti 
various 3-phenyldihydrocinnolinesi;l are moved appreciably upheld. Recent 
papers on the structure and alkylation of cinnoiines. summarized in ref 3. 
forced the reexamination reported here, and the preparation of 2, Table I. 
and the methyl derivatives, 10-12, for comparison. The structures assigned 
by the author in U. S. Patent 3,239,524 (1966) should be I, not III. 

(5) 1\. C. Elderfield, "Heterocyclic Compounds." Vol. -1, John Wiley and 
Sons, Inc., New York, 1952, pp lo2-lo3. 

(6) These tests are described in ref 1. The relative potencies given refer 
to the ratio of the weights of equally effective doses. We are indebted to 
Drs. F. J. Saunders. E. F. Nutting, and D. L. Cook, and Mr. R. S. Jacobs 
and their staffs for these screening data. 

(7) All melting points are corrected and w-ere taken in a Hershberg ap
paratus. Microanalyses were performed by the Microanalytical Depart
ment under Dr. R. T. Dillon. Infrared spectra were taken in chloroform 
solution on a Beckman IR-4, and the ultraviolet spectra were taken in 
methanol on a Beckman DK-2. Nmr, recorded on a Varian A-00, is given in 
cycles per second (cps) of downfield shift from tetramethylsilane as an in
ternal reference standard in ODCT,. 

S0.il

