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Synthesis and Antibacterial Activities of
3-((4-Carboxy-3-hydroxyisothiazol-5-yl)thiomethyl)
cephalosporin Derivatives
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Abstract—New cephalosporin antibiotics, 7-((1H-tetrazolyl)acetamido)-3-((4-carboxy-3-hydroxyisothiazol-5-
yhthiomethyl)-3-cephem4-carboxylic acid trisodium salt 2, 7-{(5ethylthio-3-hydroxyisothiazot-4-y]) carbox-
arnido}-3-((4-carboxy-3-hydroxyisothiazot-5-yl) thiomethyl)-3-cephem4-carboxylic acid 3, 7-{((2-aminothiaz-
ob4-yDacetamido}-3-{(4-carboxy-3-hydroxyisothiazot-5-yD thiomethyl)-3-cepherm4-carboxylic acid 4, 7-((Z)-
2-(Z-aminothiazol-4-y1)-2-(alkoxyimino) acetamido)-3-((4-carboxy-3-hydroxyisothiazor-5-yl) thiomethyl)-3-
cephem4-carboxylic acid 59 were synthesized. Antibacterial activities of these new cephalosporin deri-
vatives and the relationship between their structures and activities were examined. Among them, 7-((Z)-2-
(2-aminothiazol-4-y1)-2-(carboxymethoxyimino)acetamido)-3-((4-carboxy-3-hydroxyisothiazol-5-yl)thiome-
thyl}-3-cephem-4-carboxylic acid 8 and 7-((Z)-2-(2-aminothiazot-4-y1)-2-(1-carboxy-1-methylethoxyimino)
acetamido]-3~{{4-carboxy-3-hydroxyisothiazol-5-yl) thiomethyl)-3-cephem-4-carboxylic acid 9 exhibited
good antibacterial activities compared with those of cefotaxime and ceftriaxone.

Keywords [ ] Cephalosporin, 7-ACA, aminothiazole, MIC, cefotaxime, ceftriaxone.
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IR(KBr disk) cm ™' : 3450-3150, 1800, 1610.

'H-NMR(DMSO-d,) 8:3.6-3.9(dd, 2H, -CH,3-),
4.1~44(dd 2H. -CHs. 2-H). 5.0(d, 1H. 6-H). 5.
2(d, 1H, 7-H).

7-[(1H-Tetrazolyl)acetamido]-3-{(4-carboxy-3-hydro-
xyisothiazol-5-yl)thiomethyl]-3-cephem-4-carboxylic
acid trisodium salt2)2] M - UM EFolv= 5
m!¢} 385 1(0.50 g, 1.28 mmole)oll Ezlelgo}ql
(0.54 ml, 3.87 mmole)& 7Iste] &3] &3z
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A zetal o EL R A & 7o Az IFE
20.42 g(58.0%) 2 2t

IR(KBr disk) cm ™" : 3600~3000, 1750, 1680.

'H-NMR(D,0) §: 3.4~3.8(dd, 2H, -CH,S-), 3.9
~4.4(dd, 2H, -CHy, 2-H), 5.2(d, 1H, 6-H), 5.6(s,
2H, -CH,CONH-), 5.7(d, 1H, 7-H), 9.2(s, 1H, te-
trazole).

7-[(5-Ethylthio-3-hydroxyisothiazol-4-yl)ca-rboxami-
do]-3-[(4-carboxy-3-hydroxyisothiazol-5-yl)thiomethyl}-
3-cephem-4-carboxylic acid(3)2] FA - tujeolME
ol = 20 miol BEE ¢(0.23 g, 1.15 mmole)E 715}
o] ¢bA3 &ajr7) ¥ 1-hydroxybenzotriazole(0.15
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(0.23 g, 1.15 mmole) & 7}&ted A-20llA 3417 w54
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IR(KBr disk) cm’ 1 : 3650~3000, 1780, 1700, 1650.

'H-NMR(DMSO-dy) 8: 1.4(¢, 3H, ~SCH,CH,).
3.0(g, 2H, -SCH,CH,), 3.6~3.9(m, 2H, -CH,S-),
4.0~4.4(m, 2H, -CHy-, 2-H), 5.2(d. 1H, 6-H). 6.0
(m, 1H, 7-H).

7-[(2-Aminothiazol-4-yDacetamido]-3-[(4-ca-rboxy-
3-hydroxyisothiazol-5-yl)thiomethyl]-3-cephem-4-car-
boxylic acid trisodium salt(4)9] M - 3}3}E 1(0.50
g. 1.28 mmole)3} 3gE d(0.24 g, 1.54 mmole)E
AH&3to] SHRHE 291 42 W 02 AHste] gyE 4
0.53g69.2%)& AU}

IR(KBr disk) cm™ : 3650~2250, 1770, 1650.

'H-NMR(DMSO-dy) 8: 3.7~3.9(m, 2H, -CH,S-),
4.1~4.4(m, 2H, -CHy, 2-H), 5.1(d, 1H, 6-H), 5.3(s,
2H, -CH,CONH-), 5.8(m, 1H, 7-H), 6.5(s, 1H. thi-
azole), 7.2(s, 2H, NHy).

7-1(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxy-imino)a-
cetamido]-3-[(4-carboxy-3-hydroxyisot-hiazol-5-yl)
thiomethyl]-3-cephem-4-carboxylic acid trisodium salt
G2 BN - gsiiEA 13miol FE e(0.26 g,
0.99 mmole)E ¥ ¥ benzothiazyl disulfide(0.33
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mmole) S A2X HA7te F 2L x4 247k
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H HAHE A7t AxAIZG 38, s 3 my
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IR(KBr disk) cm ™" 3700~3000, 1780, 1630.

"H-NMR (D;0) 8:3.3~3.8(dd, 2H, -CH,S-). 3.9
(s, 3H, -OCH,), 4.7-5.0(dd, 2H, -CHy, 2-H), 5.1(d,
1H, 6-H), 5.7(d, 1H, T-H), 7.0(s, 1H, thiazole).

7-{(Z)-2-(2-Aminothiazol-4-yl)-2-(t-butoxy-carbony-
Imethoxyimino)acetamido}-3-[(4-carbo-xy-3-hydroxy-
isothiazol-5-yl)thiomethyl]-3-ce-phem-4-carboxylic acid
©2 BtM - 355 1(0.50g, 1.28 mmole)? (Z)-2-
{2~aminothiazol-4-y1)-2~(t-butoxycarbonylm-

w oo
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IR (KBr disk) em * : 3600~3000, 1770, 1720, 1680.

"H-NMR(DMSO-dy) 8: 1.4(s, 9H, t-butoxy). 3.6
~3.8(m, 2H, -CH,3"), 4.0~4.3(dd, 2H, -CH, 2-
H), 4.6(s, 2H, -OCHy), 5.2(d, 1H, 6-H), 5.8(m,
IH, 7-H). 6.8(s, 1H, thiazole), 7.3(s, 2H, NH2-).

7-{(Z)-2-(2-Aminothiazol-4-yl)-2-(t-butoxy-carbo-
nyl-1-methylethoxyimino)acetamido]-3-[(4-carboxy-3-
hydroxyisothiazol-5-yl)thiomethyl]-3-cephem-4-car-
boxylic acid trisodium salt(7)2} B - 3}3HE 1(0.50
g. 1.28 mmole)?® (Z)-2-(2-aminothiazol~4-y1)-2-
(t-butoxycarbonyl-1-methylet-hoxyimino)acetic
acid (g)(0.47 g, 1.54 mmole) & AH&-31] 33HE- 59
2o oa Ay S§E 705280545 %)< @
A},

IR(KBr disk) cm ' : 3400~3200, 1760, 1730.

'H-NMR(DO) 8: 1.5(s, 9H, t-butoxy), 1.6(s,
6H, -OC(CHyy), 3.4~3.8(dd, 2H, -CH,S-), 3.9~
4.4(dd, 2H, -CHy, 2-H), 5.2(d, 1H, 6-H), 5.8(d,
1H, 7-H), 7.1(s, 1H, thiazole).

7-{(Z)-2-(2-Aminothiazol-4-yl)-2-(carboxy-metho-
xyimino)acetamido}-3-[(4-carboxy-3-hy-droxyisethia-
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zol-5-ylthiomethyl]-3-cephem-4-carboxylic acid(8)2] &
M - ¥24H0.20 ml, 5.30 mmole)# 3 A2H0.15
mi. 4.90 mmole) Fgdl 33E 6(0.20g. 0.30
mmole) & 7}8te] s EaiAlz] F F2edlA 4A]
7+ wkskc} o) fde ol E 15 mlo A3 A7}
St ZAo] AR AL ojaksla olMESR
AR F 7 Azt SEE 8 0.10g(54.0%)=
A4,

IR(KBr disk) cm ' : 3650~2700, 1750, 1680.

"H-NMR(DMSO-dy) 8 3.6~4.0(dd, 2H, -CH,S-).
4.1~4.4(dd, 2H, -CHy, 2-H), 4.8(s, 2H, -OCHy),
5.3(m, 1H, 6-H), 5.9(m, 1H, 7-H), 7.0(s, 1H, thia-
zole).

7-[(Z)-2~(2-Aminothiazol-4-yI)-2-(1-carboxy-1-methy-
lethoxyimino)acetamido]-3-[(4-carboxy-3-hydroxy-
isothiazol-5-y)thiomethyl]-3-cephem-4-carboxylic acid
92 &M - FEE 7(0.20g, 0.26 mmole) E2A
(0.20mi, 5.30 mmole) ¥ & P41HO0.15ml, 4.90
mmole)$ ARS8t} 35HE 83 2 WP o R AEst
o 38 90.12 5(72.6%)S LA

IR(KBr disk) cm ' : 3650~2400, 1770, 1720, 1640.

'H-NMR(DMSO-dy) & : 1.6(s, 6H, ~OC(CHy)y).
4.2~4.4(dd, 2H, ~-CHy, 2-H), 5.3(d, 1H, 6-H),
6.0(m, 1H, 7-H), 7.0(s, 1H. thiazole).
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Table I — Antjbacterial activities (MIC. pg/mi) of new cephalosporin derivatives (2-4)

Strains\derivatives 2 3 4 Cefotaxime Ceftriaxone
Bacillus subtilis 125 250 250 62.5 125
Micrococcus spp. €0.98 0.98 <0.98 0.98 15.6
Escherichia coli DC 0 250 500 250 31.3 31.3
Escherichia coli DC 2 500 125 625 098 15.6
Escherichia coli TEM 125 31.3 500 62.5 31.3
Escherichia coli 1507E 500 500 62.5 62.5 31.3
Salmonella typhimurium 500 250 250 250 7.81
Pseudomonas aeruginosa 9027 62.5 »500 500 62.5 500
Pseudomonas aeruginosa 1771 250 125 125 62.5 500
Pseudomonas aeruginosa 1771M 125 125 125 15.6 7.81
Enterobacter cloacae P99 500 500 500 500 Y500
Enterobacter cloacae 1321E 250 250 125 62.5 1.95
Klebsiella aerogenes 1522F, »500 500 250 31.3 7.81

Table II — Antibacterial activities (MIC, pug/ml) of new cephalosporin derivatives (5-9)

Strains\derivatives 5 6 7 8 9 Cefotaxime Ceftriaxone
Bacillus subtilis 125 500 500 0.98 313 62.5 125
Micrococcus spp. 0.98 0.98 0.98 0.98 0.98 0.98 15.6
Escherichia coli DC 0 250 125 500 15.6 31.3 313 313
Escherichia coli DC 2 31.3 250 125 0.98 <0.98 {0.98 15.6
Escherichia coli TEM 125 500 500 0.98 0.98 62.5 313
Escherichia coli 1507E 250 500 500 31.3 31.3 62.5 31.3
Salmonella typhimurium 31.3 500 0.98 62.5 31.3 250 7.81
Pseudomonas aeruginosa 9027 500 500 »500 15.6 7.81 62.5 500
Pseudomonas aeruginosa 1771 250 500 500 15.6 7.81 62.5 500
Pseudomonas aeruginosa 1771M 125 500 500 0.98 313 15.6 7.81
Enterobacter cloacae P99 500 500 500 250 2250 500 500
Enterobacter cloacae 1321E 125 500 500 0.98 7.81 62.5 1.95
Klebsiella aerogenes 1522F 125 500 »500 31.3 7.81 3L3 7.81
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