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l-(2-Diethylaminoethyl)-4(5)-styryl-5(4)-nitroimidazole (I). 
To 0.53 g of Na in 20 ml of ethanol was added 5 g of 4(5)-styryl-
5(4 i-nitroimidazole12 in 100 ml of anhydrous HtOH (stirring). 
Solvent was removed under reduced pressure, and the resultant 
orange sodium salt was recrystallized from 2-propanol-peti'oleum 
ether (bp 40-00°). A mixture of 10 g of this sodium salt and 8.9 
g of 2-diethylaminoethyl chloride in 50 ml of dry X,XT-dimethyl-
formamide i l )MF) was refluxed for 00 min, cooled, and poured 
into water. This solid was collected and recrystallized from 
KtOII; mp 95-96°, yield 9.93 g (75 ' ; ). 

Anal. (\aled for 0i7ll22X.,O2: 0 , 6 4 . 9 5 : II. 7.05; O, 10.18; 
N, 17.S2. Found: 0 ,64 .48; 11,7.17; (), 10.54: X, 17.45. 

Chromatographic separation of the mixture on a column gave 
la. nip 07-68°, R, 0.52, and lb. mp 100-101°, A',- 0.74. See 
Table II. 

l-(2-PyrroHdinoethyl)-4(5)-styryI-5(4)-nitroimidazoIe (II).--
This compound was prepared in the same way as I and recrystal­
lized from 2-propanol: mp 112-113°, yield li .78 (89.5 r;0. 

Anal. Calcd for d.II^XXO,: C. 65.37: 11, 6.41: (), 10.24; 
X, 17.04. Found: C, 65.20; 11,6.51; (), 10.45; X, 17.75. 

Chromatographic separation of I he mixture on a column gave 
Ila, mp 1 15-116°, At 0.40, and l ib , mp 95-90°, Rt 0.65. 

l-(2-Piperidinoethyl)-4(5)-styryl-5(4)-nitroimidazoIe (III) v\as 
prepared in the same way as I and recrystallized from EtOII : 
mi) 110-111°, yield 8.25 g (GO''; ). 

Anal. Calcd for 0„H2 2X402 : C. 66.23; H, 6.70; (), 0.80; 
X, 17.16. Found: C, 66.07: 11,6.07: 0 , 0 . 7 3 : X, 16.90. 

Chromatographic separation of the mixture on a column gave 
I l ia , mp 88-89°, R, 0.43, and I l lb , mp 116-117°, R, 0.60. 

l-(2-Morpholinoethyl)-4(5)-styryl-5(4)-nitroimidazole (IV) was 
prepared as described for I and recrystallized from E1OII: mp 
127-128°, yield 8.99 g ( 6 5 ' ) ). 

Anal. Calcd for CnH-nXiO:,: C, 62.18; 11, 6.14: (), 14.62; 
X, 17.06. Found: 0 ,61 .86 : 11,6.23: O, 14.79: X, 16.80. 

Chromatographic separation of the mixture on a column gave 
IVa, mp 138-139°, R, 0.32, and IVb, mp 140-141°, R, 0.59. 

2-Methyl-4(5)-styryl-5(4)-nitroimidazole. A mixture of 15 g 
of 2,4(2,5)-dimethyl-5(4 i-nitroinhdazole,13 30 ml of benzaldehyde, 

(12) A. Wind l i aus and \V. Lanfjenbeek, Bt.r.. 56, (>8S (102:i.i. 
l bi) A. W i n d h a u s , ibid., 42, 7.58 (1009). 

Little recent information is reported in the literature 
on analogs of beuzylpeiiicillin' (penicillin (1). As part 
of a study on the effect of the aryl group on the anti­
bacterial activity of heteroarylmethylpenicillins we 
synthesized several isothiazolylacetic acids2 and from 
these the corresponding penicillins (I) and cephalo­
sporins (II). 

3-Isothiazolylacetic acids (III) were prepared from 
the .'-)-methylisothiazoles by a sequence involving 
bromination with X-bromosuceinimide, evaluation, 

i l l For ('('('fin reviews on penicillins and relaled s ln i c ! ures set1; i;[j 
I-'. I'. Doyle and .1. II. V. N'avler. Adran Unit/ Hi**., 1, 1 (19H4); lb) C. T. 
S l ewar t , " T h e Penicil l in G r o u p of Drui is ." Klsevier Publ ishing Co., Anisler-
da in , !!)()">; (c) 10. P . A b r a h a m , Qunrt. Hit. ( L o n d o n ) . 2 1 , 2:11 (11)1)7). 

(2) I 'D] ' a recenl review on isothiazole cueinLst ry see: H. Siack and K. 
K. II. W.xiltlridjic, . I . IT, , / , . HeUraciirlk Chun.. 4, 107 ( b t o o ) . 

and 2 ml of piperidine was healed (oil bath) to 140-150°. After 
cooling, the solid was collected and washed first with I120 to 
remove the unreacted 2,4(2,5)-dimelhyl-5(4)-ni!roimidazole, then 
with KtOII to remove the colored material. Recrystallizai ion 
from IIOAc gave 10 g (41.4 ' , ) of 2-mel hyl-4(5 i-st yryl-5(4 >-
niti'oimidazole, mp 245 -246°. 

Anal. Calcd for CI2I1I|X.,(>2: C. 62.87; II, 4.84; <), 13.96: 
X, 18.33. Found: C, 62.98; II, 4.95; O, 14.07; X, 18.3. 

1 -(2-DiethylaminoethyI )-2-methyl-4( 5 )-styry l-5( 4 )-nitroimid-
azole (V). To 3 g of the sodium salt of 2-methyl-4(5)-styryl-
5(4')-nilroimida/.ole in 20 ml of dry I)MF was added 2.29 g of 
2-diethylaminoethyl chloride. The mixture was refluxed for 90 
min, cooled, and poured into water: the solid was collected. 
RecryMallization from KtOH gave V. mp 93-94°, yield 2.74 g 
( 7 0 ' ; i. 

Anal. Calcd for ( Y l b i X W . C, 65.82; II, 7.36; O, 9.75: 
X, 17.06. Found: C, 65.75: 11,7.53; 0 ,9 .98 ; X, 16.97. 

The sodium salt was prepared sis described for I. 
l-(2-Pyrrolidinoethyl)-2-methyI-4(5)-styryl-5(4)-nitroimid-

azole (VI) was prepared as described for I; mp 100-101°, yield 
2.84 g (73 r ; ) . 

Anal. Calcd for CisII22X|02: ( ' ,66.24: 11,6.79; (), 9.80; N. 
17.16. Found: 0 ,65 .71 ; 11,6.71; 0 ,9 .84 ; X, 17.72. 

l-(2-Piperidinoethyl)-2-methyl-4(5)-styryl-5(4)-nitroimidazole 
(VII) was prepared as described for I : mp 122-123°, yield 3.08 
g ' 7 6 ' , ) . 

Anal. Calcd for CndlifXiO:,: C, 67.04; 11,7.11; 0 , 9 . 4 0 : 
X, 16.46. Found: C, 67.04: 11,7.22: O, 9.8] ; X, 16.28. 

l-(2-Morpholinoethyl)-2-methyI-4(5)-styryl-5(4)-nitroimid-
azole (VIII) was prepared as described for I: mp 125-126°, yield 
1.76 g ('43f;;>. 

Anal. Calcd for CIS1I22X40;,: C, 63.14: II, 6.48; O, 14.02; 
X, Hi.36. Found: 0. 62.07; 11,6.52: O, 14.29; X, 16.20. 

Acknowledgment.- The authors express their ap­
preciation to Dr. E. Pella for microanalyses, to Dr. E. 
Dradi and to V. Confalonieri for nmr and infrared 
spectra, and to 1". Casabuona and G. Longo for tech­
nical assistance. 

methanolysis, and hydrolysis. The required H-methyl-
isothiazoles were obtained by reductive deamination 
of the corresponding 3-methyl-o-aminoisothiazoles.11'1 

4- and 5-isothiazolylacetic acids (IV and V) were all 
successfully prepared from the corresponding carboxylie 
acids via the Arndt-Eistert synthesis5. Isothiazole-4-
carboxylic acid could be prepared either by a perman­
ganate oxidation of -t-methylisothiazole or by bromina­
tion of isothiazole, followed by cyanation and hydroly­
sis. Table I lists the various isothiazolylacetic acids 
prepared and their mnr parameters. 

r.',) \. Adams and H. Slack, ,/. Chun. .So,., 3061 I19.">9). 
( l i D. b u t t i m o r c . I) . 11. Jones , R. Slack, and K. R. II. \VooldridKe 

• hid., 2();i2 ( I9t>:b. 
I,-)! W. 10. b a c l n n a n n and \\ . S. S t ruve , On/. Ilniriwns, 1, :!8 I 1912). 

Penici l l ins and Cephalosporins from Isothiazolylacet ic Acids 
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A number of isothiazolylacetic acids have been synthesized including the three isomeric unsubstituted isothi­
azolylacetic acids, 4-chloro-3-isothiazolylaeetic acid, 4-bromo-3-isothiazoly!aeetic acid, 3-methyl-4-isothiazolyl-
acetic acid, and 3-methyl-5-isothiazolylaeetie acid. The penicillins and cephalosporins prepared from these 
acetic acids by the activated ester method exhibit good antibacterial activity, particularly the unsubstituted 
derivatives. The antibacterial activity of the unsubstituted potassium 6-(isothiazolylacetamido)penicillanates 
against gram-negative microorganisms is considerably higher than that of benzylpenicillin. 
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C o m p d 

I l i a 6 

I V a 
Va c 

I l l b 
I I I c 
I V b 
Vb 

Iso th iazole der iv 

3-CH2CO2H 
4-CH2CO..H 
5 - C H . C O - H 

4-CI-3-CH2CO2H 
4 - B r - 3 - C H . C O : H 
3 - C H 3 - 4 - C H . C 0 2 H 
3-CH3-0-CH2CO2H 

' 

Acid 

130-132 
117-119 
153-155 

dec 
109-110 
108-109 
180-161 
144-145 

- M p , ° C -

p - N i t r o -
pheny l 

es ter 

82 -85 
73 -75 
76-80 

93-97 

I 

2,4-
Din i t ro -
p h e n y l 

es ter 

Oil 
100-102 
Oil 

88 -90 
8 0 - 8 1 

TABLE I 
SOTHIAZOLYLACETIC A d D S 

. — 
C H j 

7 . 6 4 
7 .67 

N m r a 
C H . 

6 . 1 8 
6 . 3 8 
6 . 1 3 

6 .22 
6 . 1 8 
6 .47 
6 . 2 2 

b s o r p t i o n a (5,r)— 
Ha 

1,54' ' 
1.62 

H< 

2 . 6 8 

2 . 8 8 

3 . 1 5 

. 
H« 

1.08 
1. 37"* 

1.25 
1.11 
1.44 

F o r m u l a 

CsHsNOaS 
C J H . N O J S 

C S H S N02S 

CsH,C lN02S 
C s H 4 B r N 0 ; 8 
C . H , N O J S 

CeH-NO;8 

N e u t r 
Calcd 

143 
143 
143 

177.6 
222 
157 
157 

equ iv 
F o u n d 

143 
143 
140 

177 
210 
149 
163 

Analyses 

C, H, N , S 
C, H, N , S 
C, H, N , S 

C, H , N 
H, N ; C e 

C, H , N 
C, H , N 

dec 
" The nmr spectra were measured in D 2 0 from either the sodium or potassium salt. b Coupling constant Jid 

constant J3,t — 2 cps. d The assignment of H3 and H5 is not certain. e C: calcd, 27.04; found, 26.60. 
= o cps. Coupling 

TABLE II 

MINIMUM INHIBITORY CONCENTKAXIOXS (,ug/ml) or POTASSIUM 6-(ISOTHIAZOLYLACETAMIDO)PE\ICILLANATES 

0 NCO,K 

No. 

1 

N... 

CH, 

CH2 

3 

4 

5 

6 

7 

N " S ^ C H 2 

CI CH2 

0* 
Br CH2 

CH3 CH2 

CH, 

Q - C H V 

Ampicillin 

RCONH-

D. 
-pneumoniae 

0.016 

0.008 

0.004 

0.016 

S. 
pyogenes 

0.008 

0.008 

0.004 

0.008 

Gram-positive microorganisms-

0.031 

0.008 

0.004 

0.008 

0.008 

0.016 

0.008 

0.004 

0.008 

0.008 

5. aureus Smith 
serum 

0.016 

0.031 

0.016 

0.016 

0.031 

0.031 

0.016 

0.016 

0.031 

-f- serum 

0.031 

0.031 

0.016 

0.125 

0.125 

0.031 

0.031 

0.016 

0.031 

• — Gram-negative microorganisi: 
X. S. 

coli enteriditis 

25 0.8 

12.5 0.125 

12.5 0.125 

50 3.1 

100 6.2 

25 0.8 

25 0 .8 

50 0.8 

6.2 0.125 

s. 
typhoaa 

1.6 

1.6 

1.6 

12.5 

K. 
pneumoniae 

1.6 

1.6 

1.6 

25 

25 

3.1 

6.2 

6.2 

1.6 

50 

3.1 

6.2 

6.2 

1.6 

CH2CONH-
CH3 

CH3 

C02K 

CH,C0NH-

C02K 

CH2OCOCH3 

CH2C02H 

O N 
I l i a , R = H 

b, R = CI 
c, R = Br 

RN ^CHoXAH 

IVa, R = H 
b, R = CH3 

v S " ^ C H , C 0 , H 

Va, R = H 
b, R = CH3 

p-Nitrophenyl- and 2,4-dinitrophenylisothiazolylace-
tic esters were readily obtained in high yields from the 

acetic acids and p-nitrophenol or 2,4-dinitrophenol using 
N,X'-dicyclohexylcarbodiimide as condensing agent. 
Triethylammonium 6-(isothiazolylacetamido)penicil-
lanates and 7-(isothiazolylacetamido)cephalosporanates 
were obtained from the reaction between these activated 
esters and the triethylammonium salts of 6-aminopenicil-
linic acid (6-APA) and 7-aminocephalosporanic acid 
(7-AC A), respectively. The triethylammonium salts 
were converted into the potassium salts I and II by 
treatment of their methanolic solutions with potassium 
2-ethylhexanoate. The p-nitrophenyl esters were suf­
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
ammonium 7-aminocephalosporanate reacted very 
slowly with the p-nitrophenyl esters of the unsub-
stituted isothiazolylacetic acids, but also here the di­
nitrophenyl esters reacted smoothly. 

Antibacterial Acitivity.—The compounds were tested 
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TABLE III 

Ml.NIMliM INHIBITORY CoXCtNTtSAIToN 'S ( y u g / m l ) OF POTASSIUM 7-( I soTHIAZt )i,Y I. AUK 1'AMIDO JCEI'II \ 1,( ISl'OK A.N A TKS 

IJ 
•^ -"NtH. 

RCONH 

Penicil l in O sensitive, 
se rum — ^ n n t i 

0.25 

I) 4 

1). 

0 . 

0 . 

1). 

0 . 

12;, 

12.) 

125 

25 

16 

0,25 

0.4 

0.4 

c r ~ N v r ^CH,OCOCH, 

C0,K 

Penicillin (.; resis tant 
serum -e seru 

0.8 

0.4 

l . l i 

0..S 

/ • : , 

50 

50 

< irum-tieva 
,S', 

c,ij.enrl.il 

I .() 

1.0 

l ive i nicroori ianisms 
S. 

ttipho.in 

12.5 

:.!. 1 

V n 
K. 

lurninr 

12.5 

0 . 2 

100 .'!. 1 

o.s 

:; l (1 .2 

0.2 

for antibacterial activity by Dr. A. Gourevitch and his 
associates in the Microbiology Depar tment of Bristol 
Laboratories, Syracuse, X. Y., using published tech­
niques.6 Minimum inhibitory concentrations (MIC) 
were determined using a twofold serial dilution tech­
nique in heart infusion broth in the absence of serum 
and in the presence of 50% pooled human serum. The 
inocula were 104 dilutions of overnight cultures. 

In Table II the M I C values of the penicillins 1-7 
against several microorganisms are compared with the 
values for (>-(D-( — )-a-aminophenylacetamido)penicil-
lanic acid (ampicillin) and penicillin G, obtained under 
the same conditions. It is evident that these iso-
thiazole penicillins represent a class of highly active 
antibacterials. The unsubsti tuted compounds 1-3 
exhibit considerably better activity against gram-nega­
tive organisms than the substituted compounds 4-7, 
although the activity against gram-positive organisms 
is no! much affected by substitution. The most ac­
tive compounds, 2 and 3, while showing approximately 
the same activity against gram-positive bacteria as 
penicillin G, are considerably more active against gram-
negative bacteria and their activity compares favorably 
with that of ampicillin. The results of in. viva experi­
ments were consistent with the high in ritro activity. 
When administered by the intramuscular route, the 
medium curative dose in mice for 1-3 against the 
Smith strain of Staphylococcus aureus was found to be 
1.0, 0.3"), and O.o mg/kg, respectively, compared to 0.3 
mg/'kg for ampicillin: for 2 and 3 the medium curative 
dose against Klebsiella pneumoniae was found to be 
45 and '22.o mg/kg, respectively, compared to 9") mg/kg 
for ampicillin. As expected, none of the compounds 
1 -7 showed any appreciable activity against penicil-
linase-producing strains of Staphylococcus aureus. 

In Table I I I the M I C values of the isothiazole 
cephalosporins 8 11 against some representative micro­
organisms are compared with the values for cephalothin 
obtained under the same conditions. Again sub­
stitution of the isothiazole ring decreases the activity 
against gram-negative organisms (11). The unsub­
sti tuted compounds 8 10 exhibit an antibacterial ac­
tivity very similar to cephalothin both •//* vitro and 

Hinder. ( \ ('. C'armack. and .1 
MHtil). 

in vivo: however, none of the new cephalosporins 
shows a definite improvement over cephalothin. 

Experimental Section7 8 

5-Amino-4-chloro-3-methylisothiazole Hydrochloride. A solu­
tion of 5-amino-3-methylisothiazole3 C17.8 g, 0.156 mole) in 
a mixture of C6H» (200 ml) and AcOH (20 ml) was cooled in an 
ice-salt mixture. With stirring CL> was passed into the mixture 
at such a rate that the temperature did not exceed 10°. The 
addition of CI, was stopped after the exothermic reaction had 
ceased (after approximately 30 mini. The product was filtered 
off, washed with ether, and then dissolved in MeOH (75 ml). 
The methanolic solution was treated with decolorizing carbon, 
whereafter the hydrochloride was precipitated by the addition 
of ether, followed by cooling. The pale yellow product, was 
filtered off and amounted to 21.0 g (73', t ) . 

4-Chloro-3-methyIisothiazoIe.—A solution of NaNOL> (14.5 g, 
0.21 mole) in (50 ml of IT>0 was added dropwise in 45 min to a 
stirred homogeneous mixture of 4-chloro-5-amino-3-methyIiso-
thiazole hydrochloride (33.0 g, 0.18 mole), concentrated iI2,S<)., 
(50 ml), and 8.5'.; H3PO., (50 ml). The temperature of the re­
action mixture was kept at 0-5°. The orange diazotization mix­
ture thus obtained was added in portions with stirring to 250 ml 
of a 3 0 ' / aqueous TI3P(>> solution in which some Ou>0 war-
suspended. During the reduction the temperature of the reduc­
tion mixture was kept between 25 and 35°. When, during the 
deamination, the rate of No evolution decreased, a small additional 
amount of Cu»0 was added. The resulting brown reaction mix-
lure was cooled and made weakly alkaline by the careful addition 
of a 50' c aqueous NaOII solution. This mixture was steam dis­
tilled until approximately 400 ml of distillate had been collected. 
The organic layer was taken up in ether and the aqueous layer 
was extracted with three 75-ml portions of ether. The combined 
ether solutions were dried, whereafter the ether was removed and 
the residue was distilled under reduced pressure. All material 
distilled as a colorless liquid at 59-01° (18 ram), and amounted 
to 0.7 g (55'/-). The compound has been reported to have bp 
150-160° (atm pressure).111 

4-Bromoisothiazole.—Bromine (500 g, 3.13 moles) was added 
dropwise over a 1-hr period to a stirred solution of isothiazole" 

id) A. ( lo t t revi lch , O. A. H u n t , .1. U. 
I,rill, I'rur. Sor. Exptl. Biol. Mat.. 107, 4 

7i All t e m p e r a t u r e s are uncor rec ted . Ir spec t ra were ob ta ined uri a 
Pe rk in -E lmer In i racord s p e c t r o p h o t o m e t e r Model 1:17, n m r spectz'a with 
a Varian Associates Model A-60 spec t rome te r ( T M S ) . Mic roana lyses were 
performed by Drs . O. Weiler and V. 11. S t rauss , Mic roana ly t i ea l Laliorat ory. 
Oxford, Kngland . 

(8) As mos t ot the exper imenta l procedures have a l r eady been describeld 
in recent p a t e n t s . 9 onty new or i m p r o v e d exper imen t s a r e r epo r t ed here . 
Where ana lyses a re ind ica ted only by symbols of e lements , ana ly t i ca l resul ts 
ob ta ined For those e lements were within ± 0 . 4 % of t he 1 heoret iea! values . 

•.!)) K. K a a p , R. I ' . I .emieux, and H. (I . Mieet ich , V. S. P a t e n t s :!,208.52:; 
and M,271.(07 (I'ltXii. 

10) M. P . L. Calot t . I). 11. .tones. H. Slack, ami K. It. 11. \\ ooldridjrc, 
J. Ct.un. SII,:., l i t ) '. l i m i t . 

ij.enrl.il
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(200 g, 2.35 moles) in 1.5 1. of AcOH heated on a steam bath at 
95°. When the addition was completed the mixture was heated 
on the steam bath for an additional 6.5 hr, whereafter it was 
left at room temperature overnight. The mixture was poured 
into 41. of ice-water. The aqueous layer was extracted with eight 
150-ml portions of ether. To the combined organic layers was 
added 6 N 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 under 
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-bromoisothiazole, 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), CuCN (63.0 g, 0.70 mole), and D M F (150 ml) was 
heated under reflux for 45 min. After cooling, the reaction mix­
ture was added to a solution of NaCN (84 g, 1.7 moles) in 250 ml 
of H2O, with vigorous stirring. When the mixture had reached 
room temperature again, it was extracted with four 150-ml 
portions of ether. The combined ether extracts were washed 
with 150 ml of 10% aqueous NaCN, followed by drying and treat­
ment with decolorizing carbon. The solid residue obtained after 
removal of the ether was washed with 100 ml of cold hexane 
to give 27.0 g (53%) of pale yellow plates, mp 94-96°, lit.12 mp 
87°. 

IsothiazoIe-4-carboxylic Acid.—4-Cyanoisothiazole (28.6 g, 
0.26 mole) was dissolved in 125 ml of concentrated H2S04. 
The resulting solution was heated at 60° for 16 hr, whereafter it 
was cooled and carefully diluted with 65 ml of H 20. The mix­
ture was cooled in ice and under vigorous stirring a solution of 
NaN0 2 (26.0 g, 0.39 mole) in 60 ml of H 2 0 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 and 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 ml, 
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.9 

Isothiazole-4-carbonyI 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 vacuo to give 88.0 g (94%) 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 M 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 further purification, the material was 
used for the next step. A small sample was recrystallized from 
benzene-hexane to give fine yellow needles, mp 57-59°. 

Methyl 4-IsothiazolyIacetate.—A mixture of isothiazolyl 4-
diazomethyl ketone (119 g, 0.73 mole) and 400 ml of MeOH was 
heated under reflux in the presence of freshly prepared Ag20. 
The extent of the reaction could be followed by the disappearance 
in the infrared spectrum of the diazo band at 2100 c m - 1 and the 
emergence of the ester CO band at 1740 cm - 1 . A total amount of 
Ag20 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 N HC1. The residue obtained 
after drying and removal of the ether was distilled in vacuo to 
give 80.0 g (70%) 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 (68%, yield). A reflux time of 2 hr 
was sufficient in this instance. 

Activated Esters. General Procedure.—Isothiazolylacetic 
acid (10 mmoles) and p-nitrophenol or 2,4-dinitrophenol (10 
mmoles) were dissolved in anhydrous EtOAc, dioxane, or T H F 

(11) (a) F. Wiile, L. Capeller, and A. Steiner, Angeio. Chem. Intern. 
Ed. Engl., 1, :«S (1982); (b) R. Raap, Can. J. Chem.. 44, 1324(1966). 

(12) F. Hubenett, F. H. Flock, W. Hansel, H, Heinze, and H. Hofmann, 
Angew. Chem. Intern. Ed. Engl., 2, 714 (1963). 

(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 at room temperature for 1-2 hr. 
The N,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.—6-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 at approximately 1770, 1690, and 1600 cm - 1 , due 
to the /3-lactam, amide, and carboxlate carbonyl, respectively. 
When the reaction was complete, excess dry ether was slowly 
added with scratching. The solid or oily precipitate was again 
taken up in some CH2C12 and reprecipitated with ether. 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-BuOH (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 MeOH and reprecipitated 
with ether. I t was finally dried in vacuo over P2Os for 24 hr. 
The over-all yield from the acetic acid was 50-80%. The purity 
was estimated from the thin layer chromatogram, the ir and the 
nmr spectrum. In every instance the purity was 90% or more. 
As an example, a large-scale preparation of potassium 6-(5-
isothiazolylacetamido)penicillanate follows. 

Potassium 6-(5-Isothiazolylacetamido)peniciIlanate.—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) 
with 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), Et„N (72.7 g, 0.72 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 
CH2C12 and reprecipitated by the addition of ether. It 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 ra-BuOH. The potas­
sium penicillanate crystallized from the solution upon careful 
addition of ether, with scratching. The product was recrystal­
lized twice from a MeOH-ether mixture and finally kept in vacuo 
over P206 for 24 hr, to give 50.0 g (51%, based on 6-APA) of 
pale brown solid. The ir spectrum (Nujol) contained sharp bands 
at 1765, 1670, and 1605 cm - 1 , ascribed to the /3-lactam, amide, 
and carboxylate carbonyl, respectively. The nmr spectrum (in 
D 20) shows one-proton doublets (coupling constant J = 1.8 
cps) T 1.53 and 2.73, 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 /3-lactam hydrogens, a sharp one-proton signal at 
5.71 for the proton next to the carboxylate group, a sharp two-
proton signal at 5.88 for the methylene group, and two three-
proton singlets at 8.38 and 8.47 for the gem-dimethvl group. 

Anal. Calcd for Ci3H14KN30iS2: C, 41.14; H, 3.72; K, 
10.30; N, 11.07; S, 16.90. Found: C, 40.44; H, 3.78; K, 10.23; 
N, 10.90; S, 17.17. 
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