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In the last decade, a number of new parenteral
cephalosporins with a broad spectrum of antibacterial
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activity and high stability against various §-lactamases
have been marketed?. Most of them have a 7B-[(Z)-
2-(2-aminothiazol-4-yl)-2-alkoxyiminoacetamido] side
chain, such as ceftizoxime (CZX). They show excellent
activity against Gram-negative bacteria. except Pseu-
domonas aeruginosa and moderate activity against Gram-
positive bacteria, especially Staphylococcus aureus.
Recently, 3’-quaternary ammonium cephalosporins,
such as ceftazidime (CAZ), cefpirome (CPR)® and
cefepime (CFPM, 5e)* which show increased activity
against both Gram-positive bacteria including S. aureus

‘and Gram-negative bacteria including P. aeruginosa have

been marketed or developed. Thus, our efforts have been
focused on synthesizing novel 3'-quaternary ammonium
cephalosporins with enhanced activity against Gram-
positive bacteria including S. aureus and Gram-negative
bacteria including P. aeruginosa.

In this paper, we report the synthesis and antibacterial
activity of new 3'-quaternary ammonium cephalosporins.

3'-Quaternary ammonium cephalosporins (Sa and Se)
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t This paper was presented in part at the 13th Symposium on Medicinal Chemistry., Tokyo, Dec. 2~4, 1992
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with pyridinium and I-methylpyrrolidinium were pre-
pared according to the procedure in the literature®®.
3’-Azolium cephalosporins (Sb~d and f) were prepared
by the two routes outlined in Scheme 1. Diphenylmeth-
yl 7B-teri-butoxycarbonylamino-3-chloromethyl-3-
cephem-4-carboxylate (1) was treated with the cor-
responding azole compounds (R) in the presence of
sodium iodide, followed by deprotection of the
tert-butoxycarbonyl and diphenylmethyl groups with
trifluoroacetic acid to give 7§-amino-3-azoliomethyl-3-
cephem-4-carboxylate (2¢, d and f). The formyl group of
2f was removed with concd hydrochloric acid to give
78-amino-3-(3-amino-2-methylpyrazolio)methyl-3-
cephem-4-carboxylate hydrochloride (3). The 7ACA
derivatives (2¢, d and 3) were acylated with (Z)-2-(2-
aminothiazol-4-yl)-2-methoxyiminoacetylchloride
hydrochloride (4)* to give 7-[(Z)-2-(2-aminothiazol-
4-yl)-2-methoxyiminoacetamido]-3-azoliomethyl-
cephalosporin derivatives (5S¢, d and f).

Alternatively, compound Sb was prepared by substitu-
tion of 3-chloromethylcephalosporanic acid (8) with
1-methylimidazole. Diphenylmethyl 78-amino-3-chloro-
methyl-3-cephem-4-carboxylate hydrochloride (6)® was
acylated by the Vilsmeier method with (Z)-2-(2-
formamidothiazol-4-yl)-2-methoxyiminoacetic acid (7)”,
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followed by deprotection with TFA to give 7B-[(Z)-2-
(2-formamidothiazol-4-yl)-2-methoxyiminoacetamido]-
3-chloromethyl-3-cephem-4-carboxylic acid (8). 8 was
treated with 1-methylimidazole, followed by deprotection
with concd hydrochloric acid to give 3-(3-methylimidazo-
lio)methylcephalosporin (5b).

The antibacterial activity (MICs) of the prepared
3’-quaternary ammonium cephalosporins (5a~f) along
with CZX and CPR as reference compounds against
selected Gram-positive and Gram-negative bacteria are
shown in Table 1. MICs were determined by the standard
serial 2-fold agar dilution method using Miieller-Hinton
agar.

The antibacterial activity of the synthesized cephalo-
sporins (Sa~e) against S. aureus were superior to that
of CZX. Furthermore, the cephalosporins except 5b
showed better activity against P. aeruginosa than CZX.
MICs of the  heteroaromatic derivatives such as
pyridinium (5a) and azolium (Sb~d) cephalosporins
against S. aureus were superior to that of the alicyclic
ammonium derivative such as 1-methylpyrrolidinium
cephalosporin (5e). However, the heterocyclic derivatives
(Sa, ¢ and d) except 5b have slightly less activity against
P. aeruginosa than Se.

Among the 3'-quaternary ammonium cephalosporins

Table I. Antibacterial activity (MIC, ug/ml) of 3'-quaternary
ammonium cephalosporins (Sa~f).

10° cfu/mt
Compound R S.a. E.c. Kp. Pal Pa?2
No.
Sa LN 078 <0025 005 25 3.13
N/
5b _+N§/N-c|.|3 1.56 0.05 0.05 200 200
0\
5¢ N 1.56 0.05 0.1 12.5 6.25
CH,
sd _+N°N’N_CH3 078 <0025 005 25 313
Se H3C\+
(CFPM) —NO 3.13 0.05 0.1 6.25 6.25
/i 5
NS ) NH
sf N 2 078 20025 005 125 313
CH,
CZX 125  £0025 £0025 50 25
CPR 0.78 0.05 01 625 6.25

* 8. a.; Staphylococcus aureus 209P JC-1, E. c.; Escherichia coli
NIHJ JE€-2, K. p.; Kliebsiella pneumoniae 12, P. a. 1;
Pseudomonas aeruginosa 1AM 1095, P. a. 2; Pseudomonas

aeruginosa 2.
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tested, pyrazolium cephalosporin (5¢) showed well-
balanced activity against Gram-positive bacteria includ-
ing S. aureus and Gram-negative bacteria including
P. aeruginosa. Thus, in order to find a pyrazolium
cephalosporin with ever better activity, we introduced
substituents on to the pyrazolium ring of 78-[(Z)-2-(2-
aminothiazol-4-yl)-2-methoxyiminoacetamido]cephalo-
sporin (5¢). As shown in Table 1, we discovered that
the introduction of an amino group to the pyrazolium
ring imparts increased potency against S. aureus and
P. aeruginosa compared to CPR.

In summary, 78-[(Z)-2-(2-aminothiazol-4-yl)-2-me-
thoxyiminoacetamido]-3-(3-amino-2-methylpyrazolio)-
methyl-3-cephem-4-carboxylate (5f) showed extremely
potent broad-spectrum activity against both Gram-
positive bacteria, including S. aureus, and Gram-negative
bacteria, including P. aeruginosa. Our further studies will
be presented in subsequent papers.
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