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Abstract: The synthesis and biological activities of optically active new 2-isocephems with a 1,3dihydroxy-4- 
pyridone moiety at C-7 are described. They were found to have potent antibactekl activity against gram-negative 
bacteria including Pseudomonm am&ma. Among them, 3-[(4-methyl-5-carboxymethyl)thiazol-2-yl]thlomethyl 
derivative 1Od possessed excellent anti-pseudomonal in vitro potency and in vivo efficacy. 

Nuclear analogues of cephalosporins, such as 2-isocephems 1 and 2-oxaisccephems 2, have been prepamd 

and some of them known to have potent antibactetkl activity. 1 Previously, we prepared optically active new 2- 

oxaisocephems with d&substituted methyl groups at C-3 and 2aminothkol-4-yl moiety at C-7 for the sake of 

enhancement of antibacterial activity against Methicillin-resistant StaphyZococcus aureacs (MRSA) which 

sometimes causes lethal nosocomial infection2 On the other hand, the opportunistic infections attributed to 

miscellaneous gram-negative pathogens have come to be a serious problem in chemotherapy. In particular, some 

strains of Pseudomonas aeruginosa show resistance to clinically used anti-pseudomonal agents, ceftakhme 

(CAZ), azueonam (AZT), and imipenem (IPM), so that the search and development of new agents is required. 
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Recently, such cephalosporins beating catechol or related aromatics3 at C-7 or C-3 as KR-7364 have been 

reported concerning their potent activity against ?! aerugindsa including resistant strains. With much interest in the 

anti-pseudomonal activity of the 2-isocephems having catechol or related aromatics, we synthesized optically 

active 2-isocephems with these substituents and examine their activity. In this communication, we desctibe the 

finding of excellent in vitro and in vivo antibacterial activity of 2-isocephems bearing a 1,3-dihydroxy-4-pyridone 

moiety at C-7 against F! uerugirwsu including CAZ, AZT, or PM resistant strains. 

Synthesis 

First, 3bromomethyl derivative 6 which is the key intermediate in the synthesis of new optically active 2- 

isocephems was prepared. The lactam enol3 derived in 5 steps from D-threonine (Scheme 1)5 was tosylated with 

p-toluenesulfonyl chloride in the presence of N-methylpyrrolidine in CH2C12 at 0 “c to afford tosylate 4. 

Treatment of 4 with hydrogen sulfide in CH2Q2 at 5 “c provided (6.S, 7S)-7-phthalimido-3-methyl-2-isocephem 

5 in 79% yield from 3. Free radical bromination of compound 5 by N-bromosuccinimide (NBS) in the presence 
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of 2,~-~b~(i~bu~n~tile) (AIBN) and NaHCO3 in ccl, and CHGI3 at reflux temperamte gave 3- 

~e~yl derivative 6 as stable tzystalline solid in 61% yield. 

Next, we converted 6 into desired target compounds 10. Thus, four 3-heterocyclic t&methyl-2- 

isocephems 7 were prepped q~ti~ti~y by treatment of comFd 6 with thiol derivative6 in acetone-water at 
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r.t.(Scheme 2). For the thiol derivatives having a carboxyl group, intetmediary carboxylic acids were further 

esterified with diphenyldiaromethane to give 7c and 7d. Ehthalimido group was removed by methylhydrazine in 

DMF at -1S’c to allow intmduction of the 1,3-dihydmxy-4-pyridone moiety which brought about potent anti- 

pseudomonal activity. The resulting free amines 8 were coupled with active ester derived from protected 2- 

aminothiazole derivatk@ bearing 1,3dihydroxy-4-pyridone and 1 -hydtoxybenzotriarole (HOBT) in CH2C12 at 

tt. to furnish compounds 9 in 22-755 yield from 7. In the last step, tiphenylmethyl and diphenyhnethyl 

protective groups were removed at once with TFA in the presence of ankle at r.t. The resulting TFA salts were 

neutralized by NaHCO3 to give desired 2-isocephems 10 in 57-788 yield. 

Biological Assays 

Compounds lOa-d were evaluated for in vitro antibacterial activities against gram-negative (Esc#zerichja 

coli NIHJ JC-2. Klebsiellapttewnoniae NCTC-9632, I? aeru&osa ATCC-10145 and P: aeruginosa NCTC- 

10490) bacteria by using a two-fold agar dilution method.7 In l’ltble 1, their minimum inhibitory concentrations 

(MICs) are summarized and compared with those of CAZ. 

Table 1. In vitro Antibacterial Activity [MICs @g/ml), Inoculum sire: 106 cells/ml] 

Compd. 
E. coli K pneumoniae t? aeruginosa 

NIHJ JC-2 NCTC-9632 ATCC-10145 

10a 0.2 SO.025 0.1 

lob 0.2 0.1 0.39 

1oc 0.05 SO.025 SO.025 

10d 0.1 0.05 0.05 

CAi! 0.39 0.05 1.56 

F? aeruginosa 
NCTC-10490 

so.025 

SO.025 

SO.025 

SO.025 

1.56 

As we would expect, 2-isocephems lOa-d were found to possess potent antibacterial activity against gram- 

negative bacteria including t? aeruginosa. Especially, compounds 1Oc and 10d with a carboxyl group at C-3 

side-chain were much mote active against two strains of R aeruginosa than CAZ and the range encompassed was 

from 32- to 64-fold. Furthermore, compound 1Od showed potent activity even against CAZ, Ai!T, or IPM 

resistant strains (Table 2). 

Table 2. In v&o activity of 10d against CAZ, AZl’, or IPM resistant i! aeruginosa [MICs @g/ml), Inoculum 

sir&z 106 cells/ml] 
Oraanism 10d CA2 IPM 

I? aeruginosa 59 1.56 50 25 50 

P aeruginosa 47 1.56 50 25 25 

F! aenlginosa 56 1.56 12.5 50 25 

I? aeruginosa 69 3.13 50 25 50 
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The pmtcctivc effects of selected compounds lOd, CAZ, and AZT were examined on systemic infection in 

mice caused by clinically isolated P. ueruginasu 58 and P. ueruginosa 67. One hour after intraperitoneal infection 

of bacteria with mucin, a single dose of each compound was administered to mice subcutaneously. The survival 

rates on day 7 wem calculated and E!DW values were determined by the p&it method. The results am showed in 

lhbk 3. Compound 10 d exhibited bet& in vivo efficacy on experimental infection caused by clinically isolated P. 

aeruginosa than CAZ or AZT by approximately 5-40-fold 

Table 3. Mouse protection Test of 10d in Comparison with CAZ and AZI 

Test organism Compounds MIC @g/ml) 
Challenge dose 

(cells/mouse) 
EQo (mgkg) 

t? aeruginosa 58 

F! aeruginosa a7 

10d 

CA2 

10d 

CA2 

0.05 3.40x103 3.2 

3.13 3.40 x 103 31.17 

12.5 3.40x103 122.35 

0.1 6.30 X 1 O5 21 .a 

1.56 6.30 X 1 O5 >lOO 

1.56 6.30X105 >lOO 

In summary, 2-isocephems bearing a 1,3-dihydroxy-4-pyridone moiety at C-7 possessed high in vitro 

potency against gram-negative organisms including P. uerugina~. In addition, compound 10d showed potent in 

vitro activity against CAZ, AZI, or IPM resistant P aeruginosa. and better protective effects on systemic infection 

in mice caused by clinically isolated P. aeruginosa than r&mm compounds. Further investigation on the effect 

of 1.3~dihydroxy-4-pyridone and their analog connected 2-isocephems or 2-oxaisocephems on anti-pseudomonal 

activity is in progress. 
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