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current ratio (ip2/ipl, refer to Table 4) increa요es with increa

sing scan rate because the chemical dimerization of radical 

(reaction (7)) is fast enough. Furthermore, when the potential 

sweeping rate is very slow the coverage of monomer is much 

lower than that of dimer on the elected은 surface, the current 

ratio (ip2/ipl) is thus probably close to zero. On th은 other 

hand, when the rate is fast enough, the coverage of monomer 

is much higher and the current ratio approaches to unity.
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Synthetic 伊Lactam Antibiotics II. Synthesis and Antibacterial Activity of 
7，& 42・(2・Aminothiazol・4-yD・2・(methoxylmino)acetam 너 o]・3- 

(halosubstitutedphenyl)-1 H-tetrazol-5-yl]thiomethyl-cephalosporins
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Syntheses of cefotaxime analogs with halosubstituted phenyltetrazolthiomethyl at the exposition are described. Their in 
vitro pdtency was established. The compounds exhibited a broad antibacterial spectrum. Some of these compounds showed 
activity against Gram-positive bacteria superior to the parent cefotaxime. Against Gram-negative bacteria, these compounds 
are less effective than cefotaxime.

Recently, a number of g -lactamase-stable, extended-spe

ctrum cephalosporins referred to as third generation cepha

losporins have been developed for clinical use. Among them, 

cephalosporins bearing (Z)-2-(2-aminothiazol-4-yl)-2-(methox- 

yimino)acetyl group at the C7 position of a cephem nucleus, 

such as cefotaxime⑴,in ceftizoxime,3,4 cefmenoxime5 and 

ceftriaxone6,7 are characterized by their excellent activity 

and marked resistance to p -lactamases. They are, however, 

relatively weak in Gram-positive activity, especially in anti- 

Staphylococcal activity as compared to older cephalosporins 

such as cephalothin.8,9 Also(mly a few exhibit substantial ac

tivity against Pseudomonas species.10

nzOCH3

K扫丄M 

COOH
1

For the continuous work of extensive study on the deve

lopment of broad spectrum cephalosporins, the primary aim 

in the present work was to prepare cefotaxime analogs by 

varing the C3-substituent with enhanced potency against 

Gram-positive bacteria and Pseudomonas species, and high 
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^-lactamase stability with retaining its broad antibacterial 

spectrum. In general, changes at the C3-position of cephem 

nucleus have more influence on the level of antibacterial acti

vity and on metabolic and pharmacokinetic properties with 

limited extension of the spectrum of activity.11

Modification in the exposition, we became interested in 

the effect of the mercaptotetrazole having the fluoroaromatic 

group 오ince we observed these substituents showed a favor- 

가)le effect on the in vitro antibacterial activity from the pre- 

vi여is work.12 Thus a series of cefotaxime derivatives having 

halosubstituted phenyltetrazolthiomethyl groups at the C3- 

position were prepared.

This paper describes the synthesis and the structure ac

tivity relationships of cefotaxime analogs and their in vitro 

antibacterial activities against 20 selected strains of Gram

positive and Gram-negative bacteria.

Synthesis

The synthesis of cefotaxime analogs(6a-6e) is shown in 

Scheme 1. The mercaptotetrazoles(2a-2e) and the tetrazol- 

thiomethylcephalosporanic acids(4a-4e) were prepared by 

the previously reported method.12

For acylation of the cephem nucleus(4a-4e) with 2-(2- 

aminothiazol-4-yl)-2-(methoxyimino)acetic acid, the acid- 

HOBT (1-hydro^benzotriazole) adduct(5)13 was used. The 

C3-substituted cephalosporanic acids(4a-4e) were reacted 

with 5 in 50% aqueous acetone in the presence of triethyl- 

amine to yi기d the corresponding cephalosporins(6a-6e) in 

satisfactory yields.14 Using other activated acids such as 

anhydrides, acid chlorides, and mixed anhydrides, 난le coupl

ing reactions gave poor yields or did not work at all.

Antibacterial Activity and Discussion

Minimum inhibitory concentrations(MICs) of the cephalo-

aX = p-Cl 

bX-p-F 

cX = o-F 

dX==m,p-F,F 

e X = o,p-F,F

sporins were determined by the standard two fold agar dilu

tion method. Mueller Hinton Agar was generally used for 

bacteria. The size of inoculum used for MIC determination 

was adjusted to Macfarland No. 0.5. The lowest concentra

tion inhibiting 나le visible growth after 18hr incubation at 

37°C was expressed as the MIC.

The MIC values of this series of new cephalosporins aga

inst a variety of Gram-positive and Gram-negative bacteria in 

comparison with those of piperacillin(PIP), cefoperazone 

(CEF), and cefotaxime(CTX) are shown in Table 1.

As can be seen from Table 1, 난lis series of compounds 

possess a broad antibacterial spectrum including many spe

cies of important Gram-positive and Gram-negative organi

sms. This data allow examination of 산le effects of C3-subs- 

tituent variation as well as the effects of fluorine atom at the 

Tab盹 1. Antibacterial AcH머ty of five Cephalosporina in Comparison with Piperacillin (PIP), Cefoperazone (CEF)* and 
Cefotaxime (CTX)

0. strains ATCCNo. 6a 6b 6c 6d 6e PIP CEF CTX
1 Bacillus cereus 27348 256 128 64 128 128 32 8 256
2 Bacillus subtilis 6633 32 16 1 2 4 2 1 1
3 Micrococcus luteus 9341 0.5 0.03125 0.03125 0.03125 0.0625 0.0625 0.25 0.0625
4 Micrococcus luteus 10240 0.5 0.25 0.25 0.25 0.5 2 2 0.5
5 Staphylococcus aureus 6538P 2 2 2 2 1 0.5 1 2
6 Staphylococcus epidermidis 12228 2 2 1 1 1 16 2 1
7 Adnetobacter calcoaceticus 15473 128 64 32 32 64 16 128 16
8 Bordetella bronckiseptica 4617 256 128 256 256 256 1 4 128
9 Enterobacter aerogenes 29751 16 64 16 16 16 16 8 4

10 Escherichia coli 10536 1 0.5 0.5 0.5 0.5 0.5 0.0625 0.015625
11 Escherichia coli 25922 8 8 1 1 2 2 0.125 0.03125
12 Escherichia coli 31030 16 32 2 2 4 4 0.25 0.125
13 Klebsiella pneumoniae 10031 0.0625 0.03125 0.0625 0.0625 0.03125 8 0.125 0.015625
14 Proteus mirabilis 25933 2 2 0.5 0.5 1 0.5 0.5 0.015625
15 Providenciarettgeri 9919 0.5 0.25 0.25 0.25 0.5 0.5 0.25 0.015625
16 Pseudomonas aeruginosa 10145 256 128 64 128 128 8 8 16
17 Pseudomonas aeruginosa 25619 16 32 8 8 16 0.5 0.5 0.5
18 Pseudomonas aeruginosa 27853 256 128 64 128 128 4 8 16
19 Salmonella typhimurium 14023 8 4 4 4 8 2 0.5 0.125
20 Sermtia marcescens 27117 4 4 2 2 2 1 0.5 0.0625
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phenyl group. Of the cefotaxime analogs(6a-6e), the two 

compound옹(6c and 6d) had about the same range of antibac

terial activity and showed activity against Gram-positive bac

teria superior .to the parent cefotaxime. The four compounds 

(6b-6e) containing one or two fluorine atoms at the phenyl 

ring gave better activity than the compound(6a) containing a 

chlorine atom.

It is worth noting that the substituent of the mercaptote

trazoles containing electron-withdrawing and hydrophobic 

fluorine atoms results in enhancement of antibacterial activi

ties against Gram-positive bacteria such as Bacillus cereus 

ATCC No. 27348, Micrococcus luteus ATCC No. 9341, Micro

coccus luteus ATCC No. 10240, and Staphylococcus aureus 

6538P (penicillin G sensitive) compared with cefotaxime 

while retaining the same activity against other Gram-positive 

bacteria such as Bacillus subtilis ATCC No. 6633 and Staphy

lococcus epidermidis ATCC No. 12228. It can be seen that re

placement of the acetoxy group of cefotaxime with mercap- 

totetrazoles resulted in a decrease of the activities against 

Gram-negative bacteria. Against Pseudomonas aeruginosa, 6c 

was about four to sixteen times le으s active than cefotaxime.

In spite of this, these new cephalosporins are generally 

more effective than piperacillin against most of Gram-posi

tive and Gram-negative organisms except Pseudomonas aeru

ginosa. 6c and 6d are superior to cefop은razon으 against Gram

positive bacteria. Although th은 activities of 6c and 6d are 

comparable to those of cefoperazone against Proteus mira- 

bilist Providenda rettgeri and superior against Klebsiella pneu

moniae, in general the new cephalosporins are less effective 

than cefoperazone against Gram-negative bacteria.

When this series of cephalosporins is classified by the 

arylsubstituted mercaptotetrazole ring containing fluorine 

atoms, the trend of enhancement in activities against Gram

positive bacteria was observed similary with cephalothin 

analogs described in the previous paper.12 It could be that at

tempts at chemical - modification to increase the intrinsic 

Gram-positive activity has often resulted in a decrease in 

anti-Gram-negative activity.

Our further studies on development of the cephalosporins 

having new substituents at the C3-position with enhanced ac

tivity will be presented in near future.

Experimental

Melting points were determined using a Thomas-Hoover 

capillary melting point apparatus and are uncorrected. NMR- 

spectra were recordered at 200MHz on Bruker AM 200 

NMR using TMS as an internal standard. IR spectra were 

taken on Analect Instrument fx-6160 FT-IR. Mass spectra 

were obtained by use of Hewlett-Packard 5985 GC-Mass 

spectroscopy. No effort was made to improve the yields.

1-(3f ,4r -Difluorophenyl)-lH-tetrazole-5-thiol(2d): To a 

solution of 3,4-difluoroaniline(6.45g, 50mmol) in 50m/ of 

water were added potassium hydroxide(5.5g, lOOmmol) and 

carbon disulfide(3.8g, 50mmol) at room temperature. After 

being stirred for 18hr, sodium azide(3.9g, 60mmol) in 20mZ 

of water was added to the above solution. The reaction mix

ture was refluxed for 12hr. The aqueous 앙。hition was wash

ed with ethyl acetate and acidified to pH 2 with IN hydro

chloric acid. The precepitate was filtered and washed with 

water and acetone to give 5.0g(47%) of 2d, a white solid. MS 

214(M+).

1-(2f ,4' -Difluorophenyl)-lH-tetrazol-5-thiol(2e): 2e was 

obtained (56%) from 2,4-difluoroaniline by a similar proce

dure as described for 나】e preparation of 2d. MS 214(M*).

T-Amino-S-tl-O^^^-difluorophenyO-lH-tetrazol-S-yl] 

thiomethyl-3-cephem-4-carboxylic acid(4d): To a stirred 

solution of borontrifluoride etherate(2.11g, 15mmol) in 15mZ 

of anhydrous acetonitrile under nitrogen were added 몽ucces- 

sively 1.15g(5mmol) of 2d and 1.36g(5mmol) of the 7-ACA (3) 

at room temperature. The resulting solution was allowed to 

react at 50 °C for 4hr. After cooling it, the residue was fil

tered off and washed with 5m/ of acetonitrile. The filtrate 

was diluted with lOmZ of water and adjusted to pH 4.0 by 

addition of 28% ammonium hydroxide solution. The precipi

tate was filtered and washed with water and acetone. The 

solid was dried in vacuo to give 1.68g(79%) of 4d, mp 185- 

188°C (decom). IR(KBr) 1801(^-lactam), 1619(carboxylic 

acid) cm-1; NMR(TFA-dA(ppm) 7.46-7.83(3H, m, phenyl- 

H), 5.44(2H, br s, C6-H, CrH), 4.76-4.83(lH, d, J = 13.6H, 

C3-CH2), 4.58465(1H, d, J = 13.6H, CrCH^f 3.91 (2H, br s, 

C2-H).
7-Amino-3-[l-(2/,4,-difluorophenyl)-lH-tetrazol-5-yl] 

thiomethyl-3-cephem-4-carboxylic acid(4e): This compound 

was prepared(81%) from 2e by the sam으 procedure used for 

4d, mp 180-185°C(decom). IR(KBr) 1801(8-lactam), 1617 

(carboxylic acid); NMR(TFA서。(ppm) 7.16-8.03(3H, m, 

phenyl-H), 5.43-5.5CX2H, m, 아H, CrH)( 4.74-4.81(lH, d, 

J =14.OH, CKHJ, 4.54-4.6K1H, d,J = 14.0H, C3CH2), 3.88 

(2H, br s, C2-H).

7/3-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino) aceta- 
mido]-3-[l-(4f -chlorophenyl)・ui・tetraz시-5-yl] thiomethyl-3- 

cephem-4-carboxylic acid(6a): 4a(0.85g, 2mmol) was suspen

ded in 20mZ of 50% aqueous acetone and triethylamine 

(0.18g, 1.8mmol) was added dropwise to the stirred solution. 

After the mixture became a clear solution, 0.66g (2.1 mmol) 

of 5 was added portionwise at 5°C while the pH of the solu

tion was adjusted at pH 7.5 with 45% potassium phosphate 

solution. After 3hr, the mixture was allowed to warm to 

room temperature and stirred for 6hr. Th운 acetone was re

moved and the resulting aqueous solution was acid迁ied to pH 

2.5 with IN hydrochloric acid. The precipitate solid was col

lected by filtration, washed with water and acetone and dried 

in vacuo over phosphorus pentoxide to provide 0.77g (64%) of 

a pale yellow solid, mp 155-158°C (decom). IR (KBr) 1778 

cm-1 (^-lactam); NMR (DMSO-d。S'(ppm) 9.73-9.77(lH, d, 

J = 7.9H, amide-H), 7.71-8.01 (6H, m, phenyl-H, thiazole- 

NH2), 6.86(1H, s, thiazole-H), 5.61-5.82(1H, dd, J = 4・8H, 

7.9H, CrH), 5.11-5.14(1H( d, J = 4.8H, C6-H), 4.57・4.64(1H, 

d, J = 13.7H, C3-CH2)( 4.23-4.30(lH, d, J = 13.7H, C3CH2), 

3.92 (3H, s, N-OCH3), 3.67-3.73 (2H, d, J = 10.9H, C^CHJ,

7^-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acet- 

amido]-3-[l-(4z -fluorophenyl)-lH-tetrazol-5-yl] thiomethyl-3- 

cephem-4-carboxylic acid (6b): 6b was obtained (59%) from 

4b by a similar procedur은 as described for the preparation of 

6a, mp 162-165°C(decom). IR(KBr) 1776cm-i(£」actam); 

NMR (DMSO-d6) a (ppm) 9.6O-9.64(1H, d, J=8.0H, 

amide-H), 7.33-8.05 (6H, m, phenyl-H: thiazole-NH2)r 

6.76(1H, s, thiazole-H), 5.75-5.83(lH( dd, J = 4.8H, 8.0H, 

CrH), 5.10-5.13 (1H, d, J=4.8H, C6-H), 4.50-4.57 (1H, d, 

J = 13.4瓦 C3-CH^ 4.22-4.29(lH, d, J = 13.4H, CyCH。, 

3.85(3H, s, N-OCH3), 3.67-3.72(2H, d, J = 10.7H, C^CH^.

7)5-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acet- 

amido]-3-[l-(2 ‘ -fluorophenyl)-lH-tetrazol-5-yl] thiomethyl-3- 
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cephem-4-carboxylic acid(6c): 6c was obtained(61%) from 4c 

by a similar procedure as described for the preparation of 6a, 

mp 165-168°C(decom). IR(KBr) 1777cm-】(日-lactam); 

NMR(DMSO-d6)^(ppm) 9.59-9.63(lH, d(J = 8.0H, amide-H), 

7.40・7.79(4H, m, phenyl-H), 7.24(2H, br s, thiazole-NH^, 

6.74(1H, s, thiazole-H), 5.76-5.83(lH, dd, J = 4.8H, 8.0H, 

CrH), 5.05-5.11(lH, d, J = 4.8H, C6-H), 4.53-4.60(lH, d, 

J = 13.5H, C3-CH2), 4.24-4.3K1H, d, J = 13.5H, C^CHV，3.84 

(3H, s, N-OCH', 3.64-3.71(2H, d, J = 13.5H, C2-CH2).
7g-[(Z)-2V2-Amin。thiaz이-4-yl)-2・(methoxyimino)acet• 

amid。卜3-[l-(3, ,47 -difluorophenyl)-lH-tetrazol-5-yl] 나】iome- 

thyl-3-cephem-4-carboxylic acid(6d): 6d was obtained (65%) 

from 4dbya similar procedure as described for the prepara

tion of 6a, mp 190-195°C(decom). IR(KBr) 1775 cm-1 (^-lac

tam); NMR(DMS。서J $ (ppm) 9.58-9.62(lHt d, J = 8.0H, 

amide-H), 7.59-7.96(4H, m, phenyl-H), 7.25(2H, br s, 

thiaz이e-NH', 6.78(1H, s, thiazole-H), 5.76-5.83(lH, dd, 

J=4.8H, 8.0H, CrH), 5.01-5.12(lH, d, J = 4.8H, C6-H), 

4.49-4.56 (1H, d, J = 13.4Ht C/CH?), 4.22-4.29 (1H, d, 

J = 13.4H, C3-CH2), 3.84(3H, s, N-OCH3), 3.66-3.72(2H, d, 

J = 12.3H, C2-CH2).

7g-[(Z)-2・(2-Aminothiaz 이-4-yl)-2-(methoxyimino)acet- 

amido]-3-[l-(2f ,4r -difluorophenyl)-lH-tetrazol-5-yl] thio- 

methyl-3-cephem-4-carboxylic acid(6e): 6e was obtained 

(60%) by a similar procedure as described for the preparation 

of 6a, mp 194-197°C. IR(KBr) 1775cm-qg-lactani); NMR 

(DMSO-dg) (ppm) 9.59-9.63(lH, d, J = 7・9H, amide-H), 

7.30-7.96(3H, m, phenyl-H), 7.23(2H, br s, thiazole-NH^, 

6.78(1H, s, thiazole-H), 5.74-5.83(lH, dd, J=4.8H, 7.9H, 

CrH), 5.07-5.18(lH, d, J = 4.8H, C6-H), 4.51-4.58(1H, d, 

J = 13.4H, C3-CH2), 4.24-4.31(lH, d, C3-CH2), 3.84(3H, s, 

N-OCH3), 3.64-3.71(2H, d, J=14.5H, C2-CH^.

Acknowledgements. We wish to thank Dr. Munho 

Chang at KAIST and Dr. Wonjoo Kim at KRICT for their 

helpful suggestions and for supplying cefotaxime. We would 

also like to thank Dr. Seungwook Kim at KRICT for earring 
out the biological evaluation. This work was fully 옹upporte^ 

Bull. Korean Chem. Soc., Vol. 8r No. 5, 1987 4 21

by Ministry of Science and Technology, KOREA.

References

1. J. M. T. Hamilton-Miller, W. Brumfitt, and A. V. Rey

nolds, J. Antimicrob. Chemother., 4, 437 (1978).

2. M. Ochiai, A. Morimoto, T. Miyawaki, Y. Matsu아Hta, 

T. Okada, H. Natsugari, and M. kida, J. Antibiotics, 34, 

171 (1981).

3. T. Kamimura, N. O. Matsumoto, M. N. Mine, S. Goto, 

and S. Kuwahara, Antimicrob. Agents Chemother., 16, 
540 (1979).

4. H. Takasugi, H. Kochi, T. Masugi, H. Nakano, and T. 

Takaya, / Antibiotics, 36, 846 (1983).

5. M. Ochiai, 0. Aki, A. Morimoto, T. Okada, and Y. 

Matsushita, Chem. Pharm. Bull., 25, 3115 (1977).

6. R. Reiner, U. Weiss, U. Brombacher, P. Lanz, M. Mon- 

tavon, A. Furlenmeier, P. Angehm, and P. J. Probst, J. 

Antibiotics, 33, 783 (1980).

7. K. Shannon, A. King, C. Warren, and I. Phillips, Anti

microb. Agents Chemother., 17, 807 (1980).

8. T. Naito, J. Okumura, H. Kama사】i, H. Hoshi, and H. 

Kawaguchi, J. Antibiotics, 30, 705 (1977).

9. G. S. Lewis and P. N. Nelson, J. Med. Chetn., 2오(10), 
1214 (1979).

10. W. Durckheimer, J. Blumbeu:h, R. Lattrell, and K. H. 

Scheunemann, Angew. Chem, Int. Ed. Engl., 24, 180 

(1985).

11. R. B. Morin and M. Gorman: Chemistry and Biology of

-Lactam Antibiotics, Vol 1 Penicillins and Cephalos- 

prons, Academic Press, New York 1982.

12. D. Koh, S. Park, and Y. Kim, Bull. Korean Chem. Soc., 

8(3), 189 (1987).

13. Han-Mi Pharm. Ind.: Preparation of Cefotaxime Deri

vatives, JP86 118391, March 11, 1984.

14. W. J. Wheeler, D. R. Finley, R. J. Messenger, R. Koe

hler, and J. T. Ott, J. Antibiotics, 39(1), 121 (1986).

Enantioselective Reduction of Racemic Three-Membered Heterocyclic 
Compounds. 3. Reaction of Epoxides with B-Isopinocampheyl-9- 

borabicyclo[3.3.l]nonane—Potassium Hydride and Potassium 
BJs 이，이3.3. l]nonane Systems1

Jin Soon Cha*, Kwang Woo Lee, and Nung 세In YoonT

Department of Chemistry, Yeungnam University, Gyongsan 632 

^Department of Chemistry, Sogang University, Seoul 121. Received August 3t 1987

The chiral B-isopinocampheyl-9-borabicyclo[3.3.1]nonane—potassium hydride (IPC-9-BBN—KH) and potassium B*isopino- 
campheyl-9-boratabicyclo [3.3.1] nonane (K IPC-9-BBNH) systems were applied to the enantioselective reduction of repre
sentative racemic epoxides, namely 1,2-epoxybutane, 1,2-epoxyoctane, 3,3-dimethyl-l,2-epoxybutane and styrene oxide. In 
the case of IPC-9-BBN—KH system, the optical yields are in the range of 8.3-37.4% ee. However, the system of KIPC-9- 
BBNH provides significantly lower optical yields, 안lowing 7-22.5% ee. These results strongly suggest that the enantioselec
tive coordination of chiral organoborane to the epoxy oxygen of racemic epoxides plays an important role in this resolution.

Introduction

In the previous note1, we have reported that the optically- 

active (-)-diisopinocampheylborane-lithium 산Uoride (1:0.1) 

system reduced enantioselectively various racemic epoxides 

in the range of 5.5-30.5% ee and racemic episulfide in the


