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acid salt, also showed inhibition against Ca7">"), and another, 
the »i-aminobenzenesulfonic acid salt, possessed antitumor activ
ity against the S180 mouse tumor system with the latter com
pound showing confirmed activity. Table II lists the antitumor 
testing data for the three active compounds, supplied by the 
Cancer Chemotherapy National Service Center. 
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Interest in steroids to which heterocyclic rings are 
fused or at tached developed in our laboratory2 during 
a study of heterocyclic steroids of potential therapeutic 
value. One derivative of this type, \',4'J>',()'-tetrn-
hydropyrimidino [4,3-aJ-o-cholestene,'-'1 possesses sig
nificant antimicrobial,3 antiinflammatory, hypoeholes-
terolemic, hypotensive, and diuretic activities.-'1 An
other derivative of this type. pyrazolo[3,2-c]-17a-
methyl-.")a-androstan-17/3-ol,4 possesses a high degree 
of separation of anabolic from androgenic activity and 
has been in clinical use for several years. I ts discovery 
stimulated the synthesis of analogous heterocyclic 
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par t by a g r a n t from Smi th Kline and F rench Labora to r i es , (d) Address 
inquir ies to N . ,J. D . a t t he School of P h a r m a c y , U n i v e r s i t y of Mississippi , 
Univers i ty , Miss . 38677. 

(2) (a) N . .1. D o o r e n b o s and C. P . D o r n , ./. Pharm. Sci., 50, 271 (1961); 
(b) N . .7. D o o r e n b o s a n d C . P . D o r n , ibid., 5 1 , 414 (1962); (c) N . J . Dooren
bos a n d C. P . D o r n , ibid., 54, 1219 (1965); (d) N . J . D o o r e n b o s a n d M . T . 
Wu, ibid., 5 1 , 1290 (1965); (e) N . J . D o o r e n b o s and A. P . Shroff, Steroid*, S, 
399 (1965); (f) N . J . Doorenbos a n d L. Milewich, J. Org. Chem., 3 1 , 3193 
(1966). 

(3) K. V. S m i t h , D . K. Shay , and N . J . Doorenbos , ,/. Pharm. Sci., 53, 1211 
(1964). 

(4) R . O. C l in ton , A. .1. Manson , F . W. S tonner , A. I.. Heyler, G. O. P o t t s , 
a n d A. Arno ld , J. Am. Chem. Sec. 8 1 , 1513 (1959). 

steroids in several laboratories." We wish to report 
the synthesis and preliminary biologic study of some 
indolocholestanes and indolandrostanes. 

Doree6" obtained indolo{-lA-h]-">cJ-cholest-:->-ene in 
1909 when lie a t tempted to prepare the phenylhydra-
zone of .">i3-cholestan-3-one (I) by reaction in hot glacial 
acetic acid. In 1935. indolo [3,2-/;]-r>a-cholest-2-cne 
(II) was synthesized in a similar manner. i ; l ' fusion of 
the indole ring at positions 2.3 in the ."ia scries and 3,4 
in the nfi series was confirmed recently by identifying 
the ozonolysis products of these compounds.1'"' 

I n d o l o [3,2-6 |-17a-niet liy l-f>a-undrost-2-en-17rj-ol 
(VI) was prepared by a procedure similar to that used 
by Doree in the synthesis of indolocholestanes. The 
X-methyl derivatives (III , VII , and VIII) of II, VI. 
and I were prepared similarly by the reaction of X-
methyl-X-phenylhydrazine with the appropriate steroid 
ketone (Tables I and II) . Identical products were 
obtained in somewhat lower yields by adding methyl 
iodide to solutions of II. VI, or I and sodamidc in dry 
dioxane-liquid ammonia. X-Aminoindolo[3,2-/; ]-.">«-
cholest-2-ene (V) and X-aminoindolo[3,4-/;[-."rj-choles-
tene (X) were prepared from II and I by nitrosation 
and LiAlII, reduction. X was characterized further 
by reaction with acetic anhydride, X-acetaniidoindolo-
f3,4-/;j-")^-cholest-3-ene (XI) being obtained. 

Kach of these steroids has the characteristic absorp
tion of the indole ring at approximately 13.of) ^.7 

Kach nitroso derivative has a strong peak at (1.9") /i 
which is consistent with XX~~ 0 . s 

Biological Testing.9—Each indole steroid (I--XI) 
described in this paper was screened for antimicrobial 
activity against gram-negative bacteria (Escherichia 
coli, Salmonella it/phosa, and Brucella abortus), gram-

(5) P . de Huggieri , G. Gandulfi , U. Gu/.zi. D . C h i a r a m o n l i , and C. Ferrar i , 
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1 ABLE I 

Solvent of 
rec rys tn 

Celle-MeOH 
C6Il6-petr ether 

(bp 30-60°) 
C J V M e O H 
MeOH-ILO 
MeON-MeOII 

" Prepared as follows: A, treatment of 5a-cholestan-3-one with a sixfold excess of N-methyl-X'-phenylhydrazine in HOAc at 9.V; 
B, treatment of indolo[3,2-6]-5a-cholest-2-ene6b in HOAc-dioxane at 1(1° with a concentrated H20 solution of KXOo in !()'•,' excess; 
C, treatment of IV with LiAlH4; 1), treatment of 17a-methyl-.")a-androstan-17/3-ol-3-one with phenylhydraxine in HOAc at i).">°; K. 
treatment of 17a-methyl-.>a-androstan-17/3-ol-3-one with N-methyl-N-phenylhydrazine in HOAc at 95°. '' Melting points were taken 
on a Fisher-Johns apparatus and are corrected. '' c 0.5, CHCb. d Analytical results for elements indicated were within ±0.4",', of 
the theoretical values unless indicated otherwise. e C: calcd, 80.43; found, 79.93. -' C; calcd, S2.7I ; found, S3.22. 
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TABLE II 

C„H,-

R—N 

R e c r y s t n 
so lven t 

C6H6-MeOH 
EtOEt 
6 
MeOH 

0 Prepared as follows: A, treatment of 5(3-cholestan-3-one with N-methyl-N-phenylhydrazine in HOAc at 95°; B, treatment of 
indolo[3,4-b]-5/3-cholest-3-ene6a in HOAc-dioxane at 10° with a concentrated H 2 0 solution of KNO2 in 10 M excess; C, treatment of 
IX with LiAlH4; D, treatment of X with Ac20. 6 Purified by trituration with MeOH. C Melting points were taken on a Fisher-Johns 
apparatus and are corrected. d c 0.5, CHC13. e See footnote d, Table I. ' H : calcd, 10.62; found, 10.15. 

Compd 

VIII 
IX 
X 
XI 

R 

CH3 

NO 
NH2 

NHCOCH3 

M ethod° 

A 
B 
C 
D 

Yield, % 

90 
71 
89 
79 

Mp, °C° 

147-149 
140-148 dec 
164-165 
85-89 

[a]!5D, 
deg* 

+ 137.4 
+ 132.2 
+ 156.0 
+ 118.8 

Formula 

C34H51N 
C33H48N20 
C33H50N2 

C35H52N20 

Analyses'3 

C, H, N 
C, H, N 
C, N; W 
C, H, N 

positive bacteria (Staphylococcus aureus, Sarcina lutea, 
and Streptococcus pyogenes), yeasts (Candida albicans 
and Saccharomyces cerevisae), and molds (Sporotrichum 
schenckii and Trichophyton mentagrophytes). A gra
dient plate technique10 was used. Xone of these 
steroids exhibited activity. 

Xeither VI nor VII exhibited anabolic, androgenic, 
antianabolic, or antiandrogenic activity upon subcu
taneous administration to castrate male rats as de
termined by its effect alone and in combination with 
testosterone upon seminal vesicles and levator ani 
muscle. II-VII were inactive upon subcutaneous 
administration to castrate male rats in a general 
endocrine screen. 

(10) R . F . S m i t h , D . E . Shay , and N . J . D o o r e n b o s , J. Bacterid., 85 , 1295 
(1963). 
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A study of penicillins derived from sterically hin
dered carboxylic acids1,2 has shown that such penicil
lins show a high degree of resistance to the action of 
the enzyme penicillinase. This study has resulted in 
clinically useful penicillins such as 2,6-dimethoxyphenyl-
penicillin (methicillin), 3-phenyl-5-methyl-4-isoxazolyl-
penicillin (oxacillin), 3-o-chlorophenyl-5-methyl-4-isox-
azolylpenicillin (cloxacillin), and 2-biphenylylpenicillin 
(diphenicillin). The analogy between the isoxazole 
and isothiazole3 ring suggested that penicillins derived 
from hindered isothiazolecarboxylic acids should also 
show resistance to the action of penicillinase. Some 

(1) J . C. H a n s o n , J . H . C. Nay le r , T . Tay lo r , a n d P . H . Gore , J. Chem. 
Soc, 5984 (1965), a n d preceding pub l ica t ions . 
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F e r l u n t o , J. Med. Chem., 9, 551 (1966), and preceding pub l ica t ions . 

(3) R. Slack and K. R. H . Wooldr idge , Afhan. Heterocyclic Chem., 4, 
10/ (1905). 

penicillins of this type were recently reported by 
Grant, Pain, and Slack.4 The present paper reports 
the synthesis and antibacterial activity of some phenyl-
and alkoxy-substituted 4-isothiazolylpenicillins. 

Chemistry.—3-Phenylisothiazole-4-carboxylic acid 
and 5-methoxy-3-phenylisothiazole-4-carboxylic acid 
were synthesized from 5-amino-3-phenyrisothiazole3 by 
the sequence of reactions illustrated in Scheme I. 
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5-Phenylisothiazole-4-carboxylic acid was prepared 
from 3-amino-4-bromo-5-phenylisothiazole6 by reductive 
deamination, followed by cyanation and hydrolysis. 
3-Alkoxjr-4-bromo-5-phenylisothiazoles6 were converted 
to 3-alkoxy-5-phenylisothiazole-4-carboxylic acids in 
the same manner via the cyanides. The carboxylic 
acids were converted to the corresponding acid chlorides, 
which upon reaction with 6-aminopenicillanic acid and 
subsequent treatment with potassium 2-ethylhexonate 
provided the penicillins Ia-e. 
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