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TABLE I 
ISO~THI.~ZOLYL.~CETIC ACIDS 

- N p ,  OC----- 

p-Sitro- Dinitro- 
phenyl phenyl 
ester ester 
82-88 Oil 
73-75 100-102 
76-80 Oil 

93-97 , . . 
. . . 88-90 
. . . 80-81 

2,4- _-__ S m r  absorptionQ (&TI----- 
CHI  CLI? H3 H' €15  

. , . 8 . 1 8  , . . 2 . 6 8  1 08 
. . . 6.38 1 , 5 A d  , . . 1 . 3 i d  
. . . 6 . 1 3  1 . 6 2  2 88 , . , 

. . , 6.2'2 . . . , .  1 . 2 5  

. . .  6 1 8  , .  , .  1.11 
7 .64  6.47 . . . . .  1 4 4  
7 . 6 7  6 . 2 2  . . 3 . 1 5  . . . 

Xeutr  equi r  
Calcd Forind 
143 14.3 
143 14.3 
143 140 

177 6 177 
222 210 
157 149 
157 163 

5 The nmr spectra were measured in DYO from either the sodium or potassium salt. Coupling coiistaiit J,,j = 5 cp.5. 
constant J3.1 = 2 cps. d The assignment of H3 and H6 is no t  certain. e C:  calcd, 2T.04; found, 26.60. 

.inalyses 
c, 13, N, s 
c, H. N? s 
C,  H ,  N, 9 

C, H,  N 
H, N; C e  
c ,  H, N 
C, H ,  ?i 

Coiipling 

7-- Gram-positive microorganisms------ ----- Grain-negative microorganisins------ 
D. 

pneumoniue 

0.016 

0.008 

0.004 

0.016 

0.031 

0.008 

0.004 

0,008 

S. 
pyoQeiies 

0.008 

0.008 

0.004 

0.008 

0.016 

0,008 

0,004 

0.008 

Ampicillin 0.00s 0,008 

A'. aureus Sinith E ,  S. S. R 
- serum 

0.016 

0.031 

0.016 

0.016 

0.031 

0,031 

0.016 

0.016 

0.031 

+ serum coli  en ter id i t iv  t u p h u c u  pneumoniue 

0.031 2 3 0 . 8  1 . 6  1 . 6  

0.031 1%. .j 0.125 1 . G  1 . 6  

0.016 12 .5  0.125 1 . G  1 . 6  

0.123 ,j 0 3 1  1 2 .  .j 25 

0.125 100 6 . 2  2 5 .j 0 

0.031 2 3 0.8 3 . 1  3.1 

0.031 25 0 . 8  6 . 2  6 . 2  

0.016 30 0.8  6 . 2  6 . 2  

0.031 6 . 2  0.12.; 1 . 6  1 . 6  

I 

RNyCH2C02H R 

CH,CO,H 

IITa, R = H 
b, R = C1 

IVa, R = H Va, R = H 
b, R = CH3 b, It = CII3 

c; R = Br 
p-Nitropheiiyl- arid 2,4-dinitrophenylisothiazolylace- 

tic esters were readily obtained in high yields from the Antibacterial Acitivity.-The conipouiids \vere tested 

acetic acids and p-nitrophenol or 2,4-dinitrophenol using 
K,S'-dicyclohexylcarbodiiniide as condensing agent. 
Triethylanimoniuni 6-(isothiazolylacetainido)periicil- 
lanates and 7-(isothiazolylacetaniido)cephalosporanates 
were obtained from the reaction between thesc activated 
esters and the triethylainmonium salts of 6-aniinopenicil- 
linic acid (6-BPh) and 7-aminocephalosporanic acid 
(7-ACA), respectively. The triethylaiiimoniuiii salts 
were converted into the potassium salts I and I1 by 
treatment of their iiiethanolic solutions with potassium 
2-ethylhexanoate. The p-nitrophenyl esters were x f -  
ficiently active for the preparation of the penicillins, 
except when an o-bromo or o-methyl substituent was 
present in the isothiazole ring, in which instances the 
dinitrophenyl esters had to be employed. Triethyl- 
aninioiiiuiii 'i-aminocephalo4poranate reacted very 
slowly n-ith the p-nitrophenyl esters of the unsub- 
stituted isothiazolylacetic acids, but also here the di- 
nitrophenll esters reacted smoothly. 
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(200 g, 2.35 moles) in 1.5 1. of AcOH heated on a steam bat'h a t  
95". When the addition was completed the mixture was heated 
on t,he steam bath for an additional 6.5 hr, whereafter it was 
left at  room temperature overnight. The mixture was poured 
into 4 1. of ice-water. The aqueous layer was extracted with eight 
150-ml portions of ether. To the combined organic layers was 
added 6 ,V aqueous NaOH, with cooling and stirring, until the 
aqueous layer was slightly alkaline. The aqueous layer was ex- 
tracted with four 100-ml portions of ether followed by drying 
and removal of the ether by distillation. The residues of two 
batches were combined for a final fractional distillation uuder 
reduced pressure, which yielded 112.2 g of unreacted isothiazole, 
bp 30-39" (13 mm), and 154.6 g (28% based upon unrecovered 
starting material) of 4-bronioisothiazole, bp 57-60' (14 mm), mp 
34-37', lit.10 mp 31-33". 

4-Cyanoisothiazole.-A mixture of 4-bromoisothiazole (77.3 g, 
0.47 mole), CuCS (63.0 g, 0.70 mole), and DlIF  (150 ml) was 
heated under reflux for 45 min. After cooling, the reaction mix- 
ture was added to a solution of XaCN (84 g, 1.7 moles) in 250 ml 
of HzO, with vigorous stirring. Ft'hen the mixture had reached 
room temperatiire again, i t  was extracted with four 150-ml 
portions of ether. The combined ether extract>s were washed 

aqueous NaCS,  followed by drying and treat- 
The solid residue obtained after 

removal of the ether was washed with 100 ml of cold hexane 
to give 27.0 g (537,) of pale yellow plates, mp 94-96', lit.lz mp 
8 7 O .  

Isothiazole-4-carboxylic Acid.-4-Cyanoisothiazole (28.6 g, 
0.26 mole) was dissolved in 125 ml of concentrated HsSOI. 
The resulting solution was heated at  60" for 16 hr, whereafter i t  
was cooled and carefully diluted with 65 ml of H?O. The mix- 
ture was cooled in ice and under vigorous stirring a solution of 
S a K 0 2  (26.0 g, 0.39 mole) in 60 nil of H& was added dropwise 
in 1.5 hr. When the addition was completed the reaction mixture 
was heated at 55-60' for 15 min, then it was poured into 300 ml 
of ice-water. The white solid was filtered off aiid dissolved in 
200 ml of warm EtOAc. The filtrate was extracted with three 
75-ml portions of EtOAc. The combined EtOAc solutions were 
dried and concentrated to a volume of approximately 150 mi, 
followed by the addition of 100 ml of hexane and cooling. The 
product was collected by filtration; yield 30.0 g (90%) of white 
solid, mp 162-164", lit.3 mp 162". The material was identical 
with that prepared by a permanganate oxidation of 4-methyl- 
isothiazole. 

Isothiazole-4-carbonyl Chloride.-A mixture of isothiazole-4- 
carboxylic acid (82.0 g, 0.635 mole) and SOCl2 (250 ml) was heated 
under reflux for 2 hr. The excess SOCl2 was removed and the 
residue was distilled in V ~ C U O  to give 88.0 g (9473) of colorless 
liquid, bp 59.5-60" (2.5 mm). 

4-Isothiazolyl Diazomethyl Ketone.-A solution of isothiazole- 
4-carbonyl chloride (14.3 g, 0.097 mole) in 20 ml of ether was 
added carefully to an ice-cold 0.4 Af ethereal CH2N2 solution 
(500 ml). The mixture was left at room temperature overnight, 
whereafter it was concentrated to dryness leaving 15.0 g (101%) 
of solid residue. Without furt,her purification, the material was 
used for the next step. A small sample was recrystallized from 
benzene-hexane to give fine yellow needles, mp 37-59'. 

Methyl 4-Isothiazolylacetate.-A mixture of isothiazolyl 4- 
diazomethyl ketone (119 g, 0.73 mole) and 400 nil of MeOH was 
heated under reflux in the presence of freshly prepared AgzO. 
The extent of the reaction could be followed by the disappearance 
iri the infrared spectrum of the diazo band a t  2100 cm-l and the 
emergence of the ester CO band a t  1740 cm-l. A tot,al amount of 
AgzO of approximately 20 g was added in portions over 9 hr. 
The MeOH was removed under reduced pressure and ether was 
added to the residue. The suspended solid was filtered off and 
the filtrate was washed once with 1 JV HC1. The residue obtained 
after drying and removal of the ether was distilled in vacuo to 
give 80.0 g (70yc) of product, bp 71-73" (0.2 mm). The ethyl 
ester, bp 80-82" (0.3 mm), could be prepared in the same manner 
by using EtOH as solvent (685: yield). A reflux time of 2 hr 
was sufficient in t,hk instance. 

Activated Esters. General Procedure.-Iaothiazolylacetic 
acid (10 mmoles) and p-nitrophenol or 2,4-diiiitrophenol ( 10 
inmules) were dissolved in anhydr(~ua EtOA(8, tlioxalle, o r  THF 

zing carbon. 

(11) (a) F. \Ville, I,. Capeller, and .I. Steiner, A n o e w .  Chem. Intern. 

( I ? )  F. Hul~enet t ,  E'. 1%. Flock. \V. Hansel, H.  HeinLe, and H. IIofmann, 
Bd. Bnel . ,  1, :3:35 (1962);  (b)  R. Raap, Cair. J .  Chem..  44,  1821 (1966). 

A n y e w .  Chern. l n l e r n .  ISd .  Ere~7., 2, 714 (1063). 

(30 ml) and the solution was cooled in ice. N,N'-Dicyclohexyl- 
carbodiimide (10 mmoles) was added with stirring, whereafter 
the reaction mixture was left a t  room temperature for 1-2 hr. 
The K,N'-dicyclohexylurea was filtered off and washed with 
some EtOAc. The combined filtrate and washings were concen- 
trated under reduced pressure, leaving the activated ester as a 
solid or thick wax, which generally crystallized on scratching. 
The esters thus obtained (Table I )  were sufficiently pure for the 
next step. 

Penicillins and Cephalosporins. General Procedure.--B-APA 
or 7-ACA (10 moles) and Et3N (20 mmoles) were shaken with 
CH2C12 (20 ml) until the mixture was homogeneous. The mix- 
ture was cooled in ice and the activated ester was added in one 
portion with stirring. The reaction mixture was allowed to come 
to room temperature and usually left overnight. The extent of 
the reaction was determined by periodically obtaining an infrared 
spectrum of the mixture and comparing the relative intensities 
of the bands a t  approximately 1770, 1690, and 1600 cm-1, due 
to the p-lactam, amide, and carboxlate carbonyl, respectively. 
When the react,ion was complete, excess dry ether was slowly 
added with scratching. The solid or oily precipitate was again 
taken up in some CH&L and reprecipitated with et,her. Next 
it was dissolved in the minimum amount of dry MeOH, followed 
by the addition of a 2.5 M solution of potassium 2-ethylhexanoate 
in n-B~i0H (5 ml). The potassium penicillanate or cephalospora- 
nate was precipitated by the addition of dry ether. The solid 
precipitate was again taken up in some 31eOH and reprecipitated 
with ether. It was finally dried in mcuo over P2O6 for 24 hr. 
The over-all yield from the acetic acid was 50-80YG. The purity 
was estimated from the thin layer chromatogram, the ir and the 
nmr spectrum. In every instance the purity was 90yc or more. 
As an example, a large-scale preparation of potassium 6-(5- 
isothiazoly1acetamido)penicillanate follows. 

Potassium 6-(5-Isothiazolylacetamido)penicillanate.-To an 
ice-cold solution of 5-isothiazolylacetic acid (42.9 g, 0.30 mole) 
and p-nitrophenol (45.9 g, 0.33 mole) in anhydrous T H F  (500 
ml) was added N,N'-dicyclohexylcarbodiimide (61.9 g, 0.30 mole) 
wit'h stirring. The reaction mixture was cooled in ice for 45 
min. The N,N'-dicyclohexylurea was filtered off and washed 
with EtOAc (200 ml). The combined filtrate and washings were 
concentrated to dryness to give a red-colored residue, which 
crystallized slowly. A solution of triethylammonium 6-amino- 
penicillanate was prepared by shaking a mixture of 6-APA (56.2 
g, 0.26 mole), EttN (72.7 g, 0.i2 mole), and CH2C12 (450 ml) for 
1 hr at  room temperature. This solution was added to the crude 
p-nitrophenyl ester, cooled in ice. The reaction mixture was 
cooled in ice for 1 hr, then left at  room temperature overnight. 
A small amount of insoluble material was filtered off and the 
triethylammonium penicillanate was precipitated by the addition 
of ether (approximately 1 1.) The material, which crystallized 
upon scratching, was redissolved in the minimum amount of 
CHzClz and reprecipitated by the addition of ether. I t  was then 
dissolved in 150 ml of MeOH and treated with 130 ml of a 2.4 M 
solution of potassium 2-ethyl hexanoate in ~-BLIOH. The potas- 
sium penicillanate crystallized from the solution upon careful 
addition of ether, wit,h scratching. The product was recrystal- 
lized twice from a 3IeOH-ether mixture and finally kept in z'ucuo 
over P206 for 24 hr, to give 50.0 g (5l'j&, based on 6-APA) of 
pale brown solid. The ir spectrum (Sujol)  contained sharp bands 
a t  1765, 1670, and 1605 cm-l, ascribed to t,he p-lactam, amide, 
and carboxylate carbonyl, respectively. The nmr spectrum (in 
D2O) shows one-proton doublets (coupling constant J = 1.8 
cps) T 1.53 and 2.i3, respectively, due to the protons in the 3 and 
4 position of the isothiazole nucleus, a two-proton signal at  4.42 
for the two p-lactam hydrogens, a sharp one-proton signal a t  
5.71 for the proton next to the carboxylate group, a sharp two- 
proton signal a t  5.88 for the methylene group, and two three- 
proton singlets a t  8.38 and 8.47 for the gem-dimethyl group. 

Anal. Calcd for C13H,aKS30&: C, 41.14; 13, 3 . Z ;  K, 
10.30; N, 11.07; S, 16.90. Found: C, 40.44; H, 3.78; K, 10.23; 
h', 10.90; S, 17.17. 
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