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In the previous paper,r) we described the synthesis and
antibacterial activities of cephalosporins which possess

both catechol moiety at the 7-position and pyrimi-
diniumthiomethyl, pyrimidinothiomethyl, or pyrimidi-

niummethyl group at the 3-position of cephem nucleus.
Those compounds exhibited excellent activities against

Gram-negative bacteria, but showed moderate activi-
ties against Gram-positive bacteria. They also showed

poor activities against E. faecalis. When vinyl spacer

was introduced in the C-3 position of cephem nucleus
as in the case of E-1077,2) the bioactivity was good

against Gram-positive strains and also showed stability
against /Mactamases. As a part of our research program

on newinjectable cephalosporins possessing improved
activity against Gram-positive bacteria while maintain-
ing potent antibacterial activities against Gram-negative
strains including P. aeruginosa, we have synthesized a

new series of cephalosporins with a 3-substituted
pyrimidiniumyl-, pyrimidinylthio-, or pyrimidiniumyl-
thio-l-(is)-propenyl group and 7-substituted catechol

moiety (Fig. 1). We report herein the synthesis of these
compounds and their antibacterial activities.

Chemistry

The compounds1~9 from oxime 10 and bromide ll
were prepared as follows (Scheme 1). Coupling of oxime
10 and benzyl bromide ll in the presence of potassium
carbonate and potassium iodide in 7V,7V-dimethylform-

amide (DMF) followed by treatment with catalytic
amount of Pd(0) afforded the carboxylic acid 12. The
acid 12 was added to the methylene chloride solution
containing /?-methoxybenzyl-7-amino-3-chloromethyl-3-
cephem-4-carboxylate (7-ACLE) and pyridine at - 20°C,
then phosphorous oxychloride (POC13) was added to the
solution to afford the allyl chloride 13. After preparation
ofWittig reagent by treatment of triphenylphosphine and
sodium iodide to the chloride 13, ylid was made by using
1n sodium hydroxide. Reaction of the ylid with the

chloroacetaldehyde afforded (Z)-propenyl chloride 14.
Then the (Z)-propenyl-chloride in 14 was first replaced

with iodide to produce (iT)-propenyl iodide3) and the

(ii)-iodide was displaced with nucleophiles (pyrimidine

thiones, pyrimidine thiols, or pyrimidines) in DMF.
Finally, deprotection of the corresponding coupling
products in the presence of trifluoroacetic acid (TFA)
and anisole afforded the cephalosporins 1S,R~9S,R*
(Most compounds have two diastereomers which contain
R and S configuration on benzylic position of the catechol
moiety. Thus, from now on, each diastereomers will be
described as R and S). Spectra for IS: IR (nujol)

1775cm"1 (carbonyl on jg-lactam ring); XH NMR(5,
D2O) 3.33 (ABq, 2H, /=15.5Hz), 4.71 (ABq, 2H,

/=14.0Hz), 5.02 (d, 1H, /=2.7Hz), 5.37 (s, 1H), 5.63
(d, 1H,/=2.7Hz), 5.77(s, 1H), 5.72-5.95 (m, 1H), 6.55

(d, 1H, /-7.6Hz), 6.11~im (m, 4H), 8.16 (s, 1H).
Antibacterial Activities and Discussion

Agar dilution method was used to determine the

minimal inhibitory concentration (MIC) of compounds
1-9 against selected organisms. The MICvalues for
ceftazidime against the same strains are shown for

comparison. In general, most of the compounds in Table
1 showed better antibacterial activities than that of the
reference (CAZ: ceftazidime). This series of new catechol
substituted cephalosporins which possess vinyl spacer in
C-3 substituents exhibited very good antibacterial ac-
tivities against Gram-positive bacteria such as S. aureus
and excellent activities against Gram-negative organisms

Fig. 1. Novel catechol-substituted cephalosporins 1 ~9 with
various C-3 substituents.

R and S configurations were proved by the method shown in the ref. 4.
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Scheme 1.

Table 1. Antibacterial activities of cephalosporins 1 ~9 (MIC, jug/ml).

Compound S.a. E.f. Ex. l Ex.2 P.a. A x. Ex. K.a. S.m.
IS 2 16 0.016 0.063 1 2 128 0.25 1

2S 1 16 0.016 0.063 0.25 1 128 0.25 1

3S 1 4 <0.008 0.031 0.25 0.25 8 0.13 0.25

4S 0.5 4 0.016 0.063 0.5 0.5 8 0.5 0.5

5S 0.5 4 <0.008 0.031 0.5 1 32 0.13 0.25

6S 1 4 0.008 0.063 0.5 0.5 16 0.13 0.5

IS 1 16 <0.008 0.031 0.25 0.5 4 0.13 0.25

SS 1 8 0.016 0.063 0.5 0.5 16 0.25 0.5

9S 1 4 0.016 0.063 0.25 2 8 0.25 0.25

Ceftazidime 16 > 128 0. 13 0.25 1 2 64 0.25 0.25

S.a., Staphylococcus aureus ATCC-6538p; E.f., Enterococcusfaecalis 292 12; E.c. l , Escherichia coli ATCC- 10536; Ex.2, Escherichia
coli TEM11 193E; P.a., Pseudomonas aeruginosa 1912E; Ax., Acinetobacter calcoaceticus 15473; Ex., Enterobacter cloacae P99; K.a.,

Klebsiella aerogenes SHV-1 1976E; S.m., Serratia marcescens 1826E.

Table 2. Pharmacokinetic data of the compounds \S~8S in rats.

Parameters I S 2S 3S 4S 5S 6S IS 8S CAZ
T1/2 (minute) 45 53 50 34 55 33 53 59 20

AUC (mg - minute/ml) 3824 4948 3927 1964 3215 2197 3 187 2366 1863



VOL. 49 NO. 5 THE JOURNAL OF ANTIBIOTICS

including Pseudomonasaeruginosa. The cephalosporins
1 ~ 9 showed much better antibacterial activities against
most of the Gram-positive strains than the other
catechol-containing cephalosporins.5 ~ 9) Interestingly,
the compounds 1 ~9 exhibited good activity against E.
faecalis while the compoundswhich have same structure
except no C-3 vinyl spacer1* showed poor activity. It is
worthwhile to note that the compounds having (S)-
configuration on the catechol side chain were signifi-
cantly more active than the compounds which contain
the corresponding (i^)-side chain (The MIC's of

(i^)-isomers are not shown in this paper but in patents).1}
Amongthese series of compounds, cephalosporins with
pyrimidiniumyl moiety showed the most balanced
antibacterial activity profiles.
As expected by the ton-B dependent iron transport

mechanism,10'11} cephalosporins 1~9 had a good
potency against P. aeruginosa, especially the (S)-
configurated diastereomers showed excellent anti-
pseudomonal activity. The compounds1~9 were also
very stable to the extended spectrum ofTEM1 and SHV-1
/Mactamases. Thus, they possessed much better activi-
ty against resistant E. coli and K. aerogenes expressing
above /Mactamases than that of the ceftazidime. Phar-
macokinetic studies on the new cephalosporins 1S~8S
were shown in Table 2. In rats, they showed significant-
ly higher AUCvalues and longer half life compared to
ceftazidime after a dose of 20 mg/kg intravenously.

References

1) Kim, Y.-Z.; J.-C. Lim, J.-H. Yeo, C.-S. Bang, S.-S. Kim,
T. H. Lee, S. H. Oh, Y.-C. Moon & C.-S. Lee: Synthesis
and biological activities of novel C(7)-catechol-substituted

cephalosporins (I). J. Antibiotics 49: 496~498, 1996

2) Kamiya, T.; T. Naito, Y. Kai, Y. Komatsu, M. Sasho,
N. Sato, T. Nakamura, S. Negi, Y. Machida & H.
Yamauchi: Synthesis and structure-activity relationships

of fluoromethoxy-imino containing cephems; El077, a

novel parenteral cephem. Program and Abstracts of the

501

30th Intersci. Conf. on Antimicrob. Agents Chemother.,
No. 447, p. 160, Atlanta, Oct. 21-24, 1990
Okita, T.; K. Imae, T. Hasegawa, S. Iimura, S.
Masuyoshi, H. Kamachi & H. Kamei: Synthesis and
antibacterial activity of cephalosporins having a catechol
in the C3 side chain. J. Antibiotics 46: 833-839, 1993

Murakami, K.; M. Ohashi, A. Matsunaga, I.

Yamamoto, A. Tomiguchi & H. Nohira: Optical
resolution by preferential crystallization of 2-(3,4-
carbonyl dioxyphenyl)-2-(phthalimidooxy)acetic acid.

Bull. Chem. Soc. Jpn. 65: 3288-3293, 1992
Watanabe, N. A.; T. Nagasu, K. Katsu & K. Kitoh:

E-0702, a new cephalosporin, is incorporated into E. coli
cells via the tonB dependent iron transport mechanism.
Antimicrob. Agents Chemother. 31, 497- 504, 1987
Jones, R. N. & M. E. Erwin: In vitro evaluation of Ro

09-1227, a novel catechol-substituted cephalosporin.
Antimicrob. Agents Chemother. 36: 233 -238, 1992
Mochizuki, H.; H. Yamada, Y. Oikawa, K. Murakami,
J. Ishiguro, H. Kosuzume, N. Arizawa & E. Mochida:
Bactericidal activity of Ml4659 enhanced in low-iron

environments. Antimicrob. Agents Chemother. 32:
1648- 1654, 1988

Nakagawa, S.; M. Sanada, K. Matsuda, T. Hashizume,
Y. Asahi, R. Ushijima, N. Ohtake & N. Tanaka: In
vitro and in vivo antibacterial activities ofBO-1341, a new

antipseudomonal cephalosporin. Antimicrob. Agents
Chemother. 33: 1423-1427, 1989

Arnould, J. C; A. Bertrandie, T. G. C. Bird, D.
Boucherot, F. Jung, J. J. Lohmann, A. Oliver, J. P.
Bailey, W. Bell & G. M. Davies: Synthesis and

structure-activity relationship of cephalosporins with C-3'
catechol-containing residues. J. Med. Chem. 35: 2631 -

2642, 1992

Silley, P.; J. W. Griffiths, D. Monsey & A. M. Harris:
Modeof action of GR69153, a novel catechol-substituted
cephalosporin, and its interaction with the tonB dependent

iron transport system. Antimicrob. Agents Chemother.
34: 1806-1808, 1990

Neilands, J. B.: Microbial envelope proteins related to
iron. Annu. Rev. Microbiol. 36: 285-309, 1982


