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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 . 

(2) A. W . Chow, N . M . Hal l , J . R . E . Hoove r , M . M . D o l a n , a n d R. J . 
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. 

C,;H. 

SCHEME I 

C(iH,N / B r 

in HNO, 

N ^ N H 2
 W 

C6H5. .CN 
Cu,(CN)2 7i—if l.H.SO, 

— : >• / / \ \ 1 

N s g > 2. HNO, 

C6H5 V /COOH C6H,s 
n—x n-BuLi 

C„H, 

Br2 

COOCH3 

COOH 
1. CH2N, 

Br 
2.CH..OX8-DMSO 

S ' xOCH, 

1. NaOH-CHaOH 

2. H,0 + 

C6H5 COOH 

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. 

// 
N 

la, 
b, 
c, 
d, 
e, 

R1 

R1 

R1 

R1 

R1 

.S- -CH, 
,C0NH—i—f' 

OJ-N-
\ R 2 

= C6H5; R2 = 
= C6H5; R

2 = 

> C H 3 

~ ^ C 0 2 K 

H 
OCH3 

= H; R2 = C6H5 
= OCH:; R

2 -
= OC2H5; R2 

= CeH5 
= C6H6 

(4) M . S. G r a n t , D . L. P a i n , a n d R. Slack, J. Chem. Soc, 3842 (1965). 
(5) J . Goerdeler and H . W. Poh l and , Chem. Her., 94, 2950 (1961). 
(6) J . G. Goerdeler a n d W. Mi t t l e r , ibid., 96, 944 (1963). 
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TABLE I 

MINIMUM INHIBITORY CONCENTRATIONS (Vg/nil) OF POTASSIUM G-(4-IsoTHiAZoLVi.('A];]io\AMiDo)['i:\icii,i, \NATES 

I\ r-r>cn. 

- G r a m - p o s i t i v e mkTOunamisms--- •—-—Penicillin G re s i s t an t 
iS. aureus S. aureus 

No. 

la 
11) 
! < • 

Id 
Ic 

Dxacillin 

Ri 

Cell:, 

C6H., 

II 
( K I I ; , 

<K™II-, 

R = 

IT 
OCIIs 

Col 15 

Coll., 

Coll., 

D. pneumoniae 

o.o;! i 
O.L'.I 

(1.01 (i 

0.1-J.". 
o..", 
0.1)31 

.S. p,maen,-> 

o.o:; i 
o. 12:, 

o o:;i 
o.o:;i 
o.o;ii 
o.o:;i 

S m i t h 

0.031 

0 . 2 5 

( i . ( i ; ; i 

o. 125 

0.2."i 

(1.0(12 

I'.X1633-2 

1 .(I 

1 .(> 

:>. 1 
0 . 8 

l .(> 

0.1 

r,-2-:r, 

:;. I 

i .f> 

12. 5 

o.s 
i t; 

0 t 

Antibacterial Activity.—The compounds were tested 
for antibacterial activity by Dr. A. Gourevitch and his 
associates in the Microbiology Department of Bristol 
Laboratories, Syracuse, X. Y.. using published tech­
niques.7 

In Table I the MIC values of the penicillins la-e 
against some gram-positive microorganisms and against 
two penicillinase-producing Staphylococcus aureus 
strains are compared with the values for oxacillin, 
obtained under the same conditions. Although all 
the compounds exhibit activity against the resistant 
S. aureus strains, only Id shows an activity comparable 
to that of oxacillin. When administered by the intra­
muscular route, themedian curative dose in mice against 
S. aureus BXKS33-2 was found to be 4."> nig/kg for both 
Id and oxacillin. 

Experimental Sect ion 8 

5-Phenyl isothiazole-4-carboxyl ic acid was o b t a i n e d from 3-
amino-4-bromo-5-phenyl isothiazole f> us ing p rocedures a l r eady 
descr ibed in t h e p a t e n t l i t e r a tu re . 9 4 -Bromo-5-pheny l i so th iazo le , 
m p 3 0 - 3 2 ° , o b t a i n e d in 27%. yield by t h e r e d u c t i v e d e a m i n a t i o n 
of 3-amino-4-bromo-5-phenyl i so th iazo le , l i when h e a t e d w i th 
cuprous cyan ide in d i m e t h y l f o r m a m i d e , g a v e 4 -cyano-5 -pheny l -
isothiazole, m p 103-107° , in 8 0 % yield. T h e 4 -cyano-5 -pheny l -
isothiazole on acid hydro lys i s gave o-phenylLsothiazole-4-
carboxyl ic acid, m p 174-176° (70%). Anal. (Ci 0 H 7 XOaS) C, I I , 
N , S: n e u t equiv , found 203 . 

5-Phenyl isothiazole-4-carbonyl chloride, m p 72 -75° (!)">%)> 
was o b t a i n e d b y h e a t i n g o-phenyl i so th iazole-4-carboxyl ic acid 
w i t h excess SOCl 2 u n d e r reflux for 1 hr . 

3-Ethoxy-5-phenyl isothiazole-4-carbonyl chloride, b p 138-140° 
(0.7 m m ) ( 7 9 % ) , was o b t a i n e d from 3-e thoxy-5-phenyl i so th iazo le 6 

using ident ica l p r o c e d u r e s as desc r ibed for 3 - m e t h o x y - 5 - p h e n y l -
i so th iazole-4-carbonyI chlor ide. 9 T h e i n t e r m e d i a t e c o m p o u n d s 
p r e p a r e d were 4 -b romo-3-e thoxy-5-pheny l i so th iazo le , b p 1.28-
131° (0.5 m m ) ( 9 0 % ) : 4 -cyano-3-e thoxy-5-pheny l i so th iazo le , 
m p 7 2 - 7 8 ° ( 9 3 % ) ; 3 -e thoxy-5-pheny l i so th iazo le -4 -ea rboxamide , 
m p 165-180° (98%..'): 3 -e thoxv-5-phenvl i so th iazo le -4-carboxvl ic 
acid, m p 124-127° ( 9 0 % ) . Anal. (CV.HnXOjS) C, 11, N , S; 
n e u t equiv , found 247. 
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(7) A. Goureviu-h , G. A. l i u n t , J . R. L u t t i n g e r , ( ' . C. C'armack, and .1. 
Li-in, I'roc. Hoc. Exptl. Biol. Me,l., 107, 45.r> (1961). 

(8) As most o( t he exper imenta l p rocedures h a v e a l r eady been described 
in a recent p a t e n t , 9 only new c o m p o u n d s a r e repor ted here . Where 
ana lyses a re ind ica ted only by symbols of the e lements , ana ly t ica l results 
ob t a ined for those e lements were wi th in ± 0 . 4 ^ of t h e theore t ica l va lues . 

(it) U. U. Lemieux a n d R. G. Micet ich , U . S. P a t e n t 3,311,611 (1067). 
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Extension of our efforts1 at preparing more efficient 
agents vs. gram-negative organisms led to the dis­
covery of oxolinic acid (IVb).- In order to investigate 
a possible structure-activity relationship, we prepared 
a number of analogs and derivatives. Condensation of 
•'1,4-methylenedioxyaniline with diethyl ethoxymethyl-
enemalonate gave the unsaturated ester 1, and thermal 
cyclization in refluxing Dowtherm A3 resulted in 70 
!)o% yields of II. The quinolone ethyl esters (III) 
(see Table 1) were prepared by alkylation of II, with 
the appropriate alkyl or substituted-alkyl halide. The 
free acids were obtained by basic and 'or acid hydrolysis 
of the esters. Xo evidence of hydrolysis of the methyl-
enedioxy group was noted during l-(i hr (reflux) with 
2 109c aqueous caustic or with ."> -10% hydrochloric' 
acid. In the case of III (It = ethyl), hydrolysis gave 

CQOC.H-. ,C00C„H-

H 

.() 

0 ^ 

•t '0()C,H, _ 

•t'OOO.H.-, 

IVb, which, upon treatment with thionyl chloride, 
gave the acid chloride V. Treatment of this acid 
chloride with an appropriate alcohol gave the desired 
ester of IV. In a similar manner the esters of other N-

(1) D . K a m i n s k y and H. I, Mel tzer , U. S. P a t e n t 3,172,811 ( M a r c h 9, 
1«6o). 

(2) Gener ic n a m e for . r>-eshyl-5,8-dihydro-8-oxo-l ,3-dioxolo[4,5-0]quino-
line-7-carboxylic acid. 

(3) A eutect ic mix tu re con ta in ing 26.,r,(;l d ipheny l and 7 3 . o % dipheny! 
et.her. 
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