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Nowadays, researches for development of β-lactam anti-

biotics have been done extensively for a long time. Above

all, cephalosporins, widely used antibiotics for the treatment

of infections, have been studied actively and modified

chemically because of the continuing need to produce more

effective therapy.1 

In recent years, a number of cephalosporins containing a

quaternary ammoniummethyl group at the C-3 position and

a 7β-[(Z)-2-(2-aminothiazole-4-yl)-2-alkoxyiminoacetamido]

group at the C-7 position such as cefpirome (CPR),2 ceftazi-

dime (CAZ) and cefepime (CEPM)3 have been prepared.

They have shown excellent activities against Gram-positive

bacteria including Staphylococcus aureus and also Gram-

negative bacteria including Pseudomonas aeruginosa. 

In the previous paper,4 we were interested in subsititution

at the C-3 position by 2,3-disubsitituted-1,8-naphthyridine

derivatives. So we have synthesized various new cephalo-

sporins having the aminothiazoylmethoxyimino moiety at

the C-7 position and 1,8-naphthyridinium moiety at the C-3

position of the cephem nucleus. Among them, the product

3a, having a 2-amino-1,8-naphthyridine-3-carboxamide 1 at

the C-3 position, has the best activity against most bacteria

(Figure 1).

Therefore, our effort to expand the antibacterial potency

has been made toward a chemical modification of product

3a by various alkyl groups and carboxylic groups at the C-7

oxyimino moiety. 

The C-3 substituent, 2-amino-1,8-naphthyridine-3-carbox-

amide 1, was made from 2-aminonicotinaldehyde with

cyanoacetamide using piperidine as catalyst by Friedländer

reactions.5,6

The quaternary ammonium cephalosporins, 3a-3f, were

synthesized according to the general procedure as shown in

Scheme 1. The silylation of 7β-[(Z)-2-(2-aminothiazole-4-

yl)-2-alkoxyiminoacetamido]-3-cephem-4-carboxylic acid,

2a-2f, was carried out with N-methyl-N-(trimethylsilyl)-

Scheme 1. Synthesis of new cephalosporin derivatives. 

Figure 1. Structure of 7β-[(Z)-2-(2-aminothiazole-4-yl)-2-methoxy-
iminoacetamido]-3-[8-(2-amino-3-carboxamide)-1,8-naphthyridi-
niummethyl]-3-cephem-4-carboxylic acid inner salt 3a. 
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trifluoroacetamide (MSTFA) in methylene chloride follow-

ed by in situ formation of the C-3 iodide with trimethylsilyl

iodide (TMSI). The silylated iodo compounds were quater-

nized with 2-amino-1,8-naphthyridine-3-carboxamide 1, to

give the silylated cephalosporins which were deprotected

with acetonitrile and acidified with HCl to afford the final

products, 3a-3f.7-9 

Minimum inhibitory concentrations (MICs) of products,

3a-3f, for an array of Gram-positive and Gram-negative

bacterial species were determined by the Mueller-Hinton

agar dilution method.10,11 The results of MIC test were

summarized in Table 1 and it included those of ceftazidime

(CAZ) and cefotaxime (CTX) for comparison, as well.

Most of the products, 3a-3f, were superior to ceftazidime

and comparable to cefotaxime in antibacterial activity

against Staphylococcus aurues subsp. aurues ATCC 6538P

and Salmonella typhimurium KCTC 1925. 

Especially the product 3a, possessing methoxyimino

group at C-7 position, showed more potent activity than

cefotaxime (CTX) against Staphylococcus aureus KCTC

1928, Micrococcus luteus ATCC 9341 and Enterbacter

cloacae ATCC 13047. 

The products 3e and 3f, having allyl and propargyl moiety,

uniquely showed sixteen times better activity than cefo-

taxime against Micrococcus luteus ATCC 9341. The product

3d, possessing carboxyl group at the C-7 position, enhanced

the anti-pseudomonal activity as expected. However, the

result against Pseudomonas aeruginosa ATCC 15692 was

unsatisfactory. 

In conclusion, 7β-[(Z)-2-(2-aminothiazole-4-yl)-2-alkoxy-

iminoacetamido]-3-[8-(2-amino-3-carboxamide)-1,8-naphthyri-

diniummethyl]-3-cephem-4-carboxylic acid inner salt, 3a-

3f, showed well-balanced activities against Gram-positive

and Gram-negative bacteria, and these cephalosporins will

be selected as candidates for further biological evaluation.
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Table 1. In vitro antibacterial activity (MIC, μg/mL) of the cephalosporins (3a-3f) 

Compound
MIC (μg/mL)

S.a.1 S.a.2 M. l. S. t. E.c.1 E.c.2 P.a. K. o. E. cl.

3a 0.625 0.019 0.156 0.039 0.075 0.075 0.075 0.019 0.156

3b 5 0.039 5 0.019 0.156 0.313 2.5 0.156 1.25

3c 2.5 0.019 10 0.075 0.156 0.625 1.25 0.075 2.5

3d 2.5 0.019 5 0.075 0.156 0.313 0.625 0.156 10

3e 1.25 0.625 0.039 5 2.5 0.156 1.25 1.25 20

3f 1.25 0.625 0.039 10 2.5 0.156 0.625 0.313 20

CAZ 5 2.5 1.25 0.313 0.156 0.313 0.039 0.039 5

CTX 1.25 0.019 0.625 0.039 0.039 0.075 0.075 0.019 2.5


