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Drug Design and Development of Penem Derivatives
RIE TANAKA
Abstract : Penem, an unnatural 3 -lactam designed by Woodward, posesses both broad antibacerial spectra
and stability towards various 3 -lactamases based on the structure-activity relationship of a bacterial metabolite,
carbapenem. Development of a single pharmaceutical drug is a laborious process and this review describes one
such example. Fropenem, a computationally designed antibacterial agent, was synthesized and its
photoisomerization reaction on the penem skeleton was studied. Based on its photochemical properties, second
generation penems were derived from the original design. Our progress in the area of antibacterial agents and

the synthesis of penem and carbapenem are also described.
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Table 1 /n Vitro Antibacterial Activity (Minimum Inhibitory Concentration, pg/mL) of Penem Derivatives

Compounds No.

Organism 14a 14b 14c 14d(14e) 14f l4g 14h 14i

0 o ) /L—)
Re V0N AN A~ /Lo' ~N }oﬂ\ ~ N e

S a* 0.2 0.1 0.1 0.78 0.39 3.13 3.13 0.05
B.s" 0.2 0.2 0.1 0.39 0.78 3.13 3.13 <0.025
Ec? 6.25 25 0.78 25 6.25 >50 50 0.78
Compounds No.
Organism 14j 14k 141 14m 14n 140 l4p
£ I £ Lh [
R= H H H H H H H
S a*’ 0.05 0.1 0.2 0.1 0.1 12.5 1.56
B.s" 0.2 0.1 0.2 0.05 0.39 0.39 0.78
Ec® 6.25 1.56 3.13 6.25 >50 3.13 12.5

Medium: Heart infusion agar, inoculum size: 10° cfu

a) Staphylococcus aureus 209P JC-1 b) Bacillus subtilis ATCC 6633 c) Escherichia coli NIHJ JC-2 d) Klebsiella pneumoniae PCI
602 e) Serratia marcescens 1AM 1136 f) Enterobacter cloacae 963 g) Proteus vulgaris GN 7919 h) Pseudomonas aeruginosa
No.12
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Fig. 4 Energy Maps of Penem Derivatives at C-2. (A) compound 14¢ (B) compound 14d (C) compound 14e (D) A-(B+C).
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Table 2 In Vitro Antibacterial Activity (Minimum Inhibitory Concentration, ug/mL) of Cispenem Derivatives

Compounds No.

Organism 22a 22b 22c 22d 22e 22f 22g 22h
S.a 0.78 3.13 0.39 1.56 0.39 25 0.39 6.25
B s” 0.39 0.39 0.05 0.20 0.05 6.25 1 0.05 0.78
E c? 0.78 6.25 3.13 0.78 25 >50 >100 25

Table 3 In Vitro Antibacterial Activity (Minimum Inhibitory Concentration, pig/mL) of Transpenem Derivatives

Compounds No.
Organism 23a 14i 23b 23c 23d 23e 23f 23g
5.a 6.25 0.10 0.78 3.13 6.25 0.20 3.13 1.56
B.s" 3.13 <0.025 0.78 0.78 1.56 0.05 6.25 0.78
E c° 25 0.39 100 3.13 >100 50 >100 50

Medium: Heart infusion agar, inoculum size: 10° cfu a) Staphylococcus aureus 209P JC-1 b) Bacillus subtilis ATCC 6633 c)
Escherichia coli NIH} JC-2 d) Klebsiella pneumoniae PCI 602 €) Serratia marcescens IAM 1136 ) Enterobacter cloacae 963 g)
Proteus vulgaris GN 7919 h) Pseudomonas aeruginosa No.12
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