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TABLE I1 
C,H,; 

R-N 0 

Recrystn [ U I ' ~ D ,  
solvent Alp, a c e  desd  Formula Analysese 

CsHs-i\leOH 147-149 + 137.4 C34HjlN C, H, S 
EtOEt 146-148 dec +132.2 C33€148NP0 C, H, S 
b 164-165 +l56 .0  C33HjON2 C, N;  H' + 118.8 C ~ ~ H V L N ~ O  C, H, N 

Compd R Methoda Yield, % 8 
VI11 CH, A 90 
I S  NO B il 
x N H2 C 89 
X I  NHCOCH, D i 9  RIeOH 8j-89 

a Prepared as follows: A, treatment of 5/3-cholestan-3-oiie with N-methy-1-N-phenylhydrazine in HOAc at  95 O ; B, treatment of 
indolo[3,4-b]-5p-choleat-3-ene~~ in HOAc-dioxane a t  10" with a concentrated HZO solution of KNOs in 10 111 excess; C, t'reatment of 
I X  with LiAIHa; D, treatment of X with AcpO. Melting points were taken on a Fisher-Johns 
apparatus and are corrected. d c 0.5, CHC13. e See footnoted, Table I. f H: calcd, 10.62; found, 10.15. 

* Purified by t'rituration with MeOH. 

positive bacteria (Staphylococcus aureus, Sarcina lutea, 
and Xireptococcus pyogenes),  yeasts (Canclicla albicans 
and Xaccharomyces cerevisae), and molds (Xpoi*oti*ichunz 
schenckii  and Trichophyton mentagrophytes). h gra- 
dient plate techniquelo was used. Sone of these 
steroids exhibited activity. 

Seither V I  nor VI1 exhibited anabolic, androgenic, 
antianabolic, or antiandrogenic activity upon subcu- 
taneous administration to castrate male rats as de- 
termined by its effect alone arid in combination with 
testosterone upon seminal vesicles arid levator ani 
muscle. 11-VI1 were inactive upon subcutaneous 
administration to castrate inale rats in a general 
endocrine screen. 

(10) R.  F. Smith, D. E. Shay, and N .  J. Doorenbos, J .  Bacterzol., 85,1295 
(1963). 
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A study of penicillins derived from sterically hin- 
dered carboxylic acids1z2 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-niethyl-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. Hanson, J.  H. C. Nayler, T. Taylor, and P. H. Gore, J .  Chem. 

(2) h. W. Chow, N. 11. Hall, J. R. E. Hoover, hl. 51. Dolan, and K. J. 

(31 R.  Slack and Ii. R .  H. \Yooldridge, Ad1;nn. Heterocgclic Chem., 4 ,  

SOC., 5984 (1965), and preceding publications. 

Ferlunto. J .  Med.  Chem., 9, 551 (1966), and preceding publications. 

1u; (193:). 

penicillins of this type were recently reported by 
Grant, Pain, arid Slack4 The present paper reports 
the synthesis and antibacterial activity of some phenyl- 
arid alkoxy-substituted 4-isotliiazolylpe1iicilliiis. 
Chemistry.-3-Phenylisothiazole-4-carboxylic acid 

and 5-methoxy-3-phenylisothiazole-4-carboxylic acid 
were synthesized from 5-amino-3-phe~iylisothiazole~ by 
the sequerice of reactions illustrated in Scheme I .  

SCHEME I 

5-Phenylisothiazole-4-carboxylic acid was prepared 
from 3-amino-4-bromo-5-phenyli~othiazole~ by reductive 
deamination, followed by cyanation and hydrolysis. 
3-Alkoxy-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 %ethylhexonate 
provided the penicillins Ia-e. 

Ia, R1 = CsH5; R2 = H 
b, R' = CsHj; RZ = OCH, 
C, R' 
d, Rl = OCH:; R2 = CsH, 

H; R2 = CsHj 

e, R' = OCZH,; 112 = CCH; 

(4) hl. S. Grant,  D. L. Pain,  and K.  Slack, J .  ChPm. SOC., 3842 (1965) 
J. Goerdeler and  H. W. Pohland, Chem. Bpi-., 94, 2950 (1961). 

(6) J .  C5. Coeideler and \V. Nittler,  tb td . ,  96, 9-14 (1063). 



Experimental Sections 

5-Phenylisothiazole-4-carboxylic acid wa- obtairietl f i w n  3- 
arrii1io-4-bromo-:i-~~lieiiylisothiitz1rlefi iising procediires already 
tlesc*ribed ill the patent lite~atiire.9 3-I~r1inic1-,~-pl1e1i~lisothia~111e, 
nip :10-32', obtaiiied iii 277'; yield by the rediirt ive tleiimiiiation 
of ::-:imirio-4-brc)1no-~-phe11ylisottiiitzole," wheii heated with 
ciiproiis cyaiiide in dimethylEoi.maniide, gave i-c.yario-;,-phei1?-1- 
isothiazole, mp 1O3-10io, in ield. The 4-cyano-j-plienyl- 
isothinzole on acid hydr gave .i-phena.IL~othiazole-4- 
rnrhoxylic acid, nip 174-176" (70:;; ). 
N, H: neut equiv, foilrid 203. 

5-Phenylisothiazole-4-carbonyl chloride, nip 72-i?jo [O.-I~, ; ), 
was obtained by heating ii-phen~lisothiazole-4-(~nrbtix~-li(~ :rritI 
with excess SOCI, iinder reflux for 1 hr. 
3-Ethoxy-5-phenylisothiazole-4-carbonyl chloride, bp 138-140" 

((1.7 Inm) (i9%,), w w  obtained from 3-ethox3-3-pheiiylisothiaxole" 
iisirig identical procedures as described for 3-Inel hosy-3-phenyl- 
iiothiiizole-4-carboriyl ~~h lo r ide .~  The iiitennediate compo1Ilida 
prepared were 4-l)romo-3-et hos~-?j-pheuyli;iot hiazole, bp 12% 
131 (0 .5  mm) i90c'; 1: 4-cyario-:~-ei hos~-,~-pheriylisothiazole, 

-et hoxy-5-pheiiylisot h 
~-l-ethcix~--.i-p~iei~ylis 

.1nal. (ClaFI;SO 

<)Or;). . l7!112. (C:i?Hi 
r i r i i t  rqiiiv, fo i in t l  2417. 
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IVh,  which, up011 tre:ttnieiit with thion~.l chloride, 
gave thc  acid chloridc 1.. Treatnierit of this acid 
chloride with :LII :tppropriate alcohol gave the desired 
e-ter of IT'. 111 :I \iniiliir immner the csters of othcr K- 


