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Synthesis and Biological Activity of 3-(Substituted)
Tetrazolylmethyl Cephalosporins

Ok-Hyun Ko’, Young-Soo Kim, Bong-Suk Ko, Jae-Young Lee, Jai-Chun Ha,
Hee-Jae Bang, Jin-Cheol Yoo and HyungRyong Kang
College of Pharmacy, Chosun University, Kwangju, 501-759 Korea

Abstract—For the developement of new cephalosporin antibiotics with aminothiazolcarboxymethy-
lethoxyimino moiety on the C-7 position and tetrazolymethyl moiety on the C-3 position of cephem ring,
7B-({Z)-2-(2-aminothiazol-4-y1)-2-(1-carboxy-1-methylethoxyimino) acetamido}-3-(5-(substituted) tetrazol-
2-yl)methy}-3-cephem—4-carboxylic acids(28~35) were synthesized. These compounds were tested for an-
timicrobial activity in vitro against Gram(+) and Gram{-) bacteria. They showed remarkable an-
tibacterial activity against Escherichia coli AB 1157, Escherichia coli AB 0111, Escherichia coli BE 1186, Mi-
crococcus luteus ATCC 9341, Salmonella typhimurium TV 119, Salmonella typhimurium SL 1102, Staphylococcus au-
reus IFO 12732, Staphylococcus aureus R-209, but these compounds were not active against Pseudomonas aeru -

ginosa N-10.

Keywords [_] Formylation. ACLE. tetrazole. HOBT-DCC method, Vilsmeyer reagent. sillylation, de~

formylation, hydrolysis, antibacterial activity.
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Fig. 1 — General structure of aminothiazole-alkoxyimi-
nocephalosporin.
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2] carboxy”loll ester® T=UAIA F58L AAsin
AR ol 888 Y HHOF prodrugd dle] cephalo-
sporin# SAA* Yw @ wEd

£ 252 C-TH3lel aminothiazole-carboxy-
methylethoxyimino7} & =4AI7l2 C-39A]d] o
g4} 7IgiE = tetrazole® E$A17) cephalos-
porinAl AL et G(+) € G el g
o gAE 719 AL viu AYT ARE B
&3 det

AleF 3 7171

B Age} 88 A9EL Aldrich Co., Sigma
Co., Tokyo Kasei., Fluka Co.olA #4& 47 Ao
& AHHEIY 28 p-methoxybenzyl T-amino-3-chlo-
romethyl-3-cephem~4-carboxylate hydrochloride
(ACLE)x Otsukart #ES, (Z)-2-(Z-aminothi-
azol-4-y1)~2-(1~tert-butoxycarbonyl-1-methyle-
thoxy imino)acetic acid¥ Lonzarl AE-L, silica
2el(230~400 mesh)& Sigmarl AEL AR/ n
Suj= B ma FAste] ARSI Mueller-
Hinton broth: Difco co., A%-& AH&319 Y Thin
layer chromatography(TLC)YE Kieselgel Fy,(0.25
mm)E 82 FelBs et o] tle spotE
AAMAZL UVGL-H8S AHEstEaH. 83 FAHL
Gallen- Kamp §35471& AME3I2m olo) tig
238 32} ¥ttt Column chromatography+ sil-
ica gel(230~400 mesh, 60A, Merck) & AM&315T}.
IR spectra:= Bruker IFS 66& AH&-3lej KBr pellet
o8 ZAEUE NMR spectras™ tetramethylsi~

-

lane(TMS)E ¥ 5 22 3o Bruker FT-80
MHz, FT-300 MHzE AH&-38t4 .

(Z)-2-(2-Formamidothiazol-4-y))-2-(1-tert-butoxy-
carbonyl-1-methylethoxyimino)acetic acid(2)

(CHLO),0 12.4 g(0.12 moh 3 HCOOH 5.6 g(0.12
mol)& 55~60°CollA 1A]7 wwtsln o} &2 W23t
o 15°CoM  (Z)-2-(2-aminothiazol~4-y1)-2-(1-tert-
butoxycarbonyl-1-methylethoxyimino)acetic acid
(1) 10.00 g(0.03 mo)& 7H8te] AF-2ol| A 2212 wyte}
et whE-Eoff EtOAc 300 mi€ 7Fshed 3083 it}
2 EtOc3g Bejsle 1Y 5539k A/ES iso-
propylether(iPE) 300 miol) mytslaA £2AZ 0t A
e 4L ousin iPEZ 3 A33A PO2
Azsto] NAAA 893 g(82%)& ALk

IR (KBr) em™ : 3347, 1725, 1638.

'H-NMR (DMSO-d) 8:1.3%(9H, s, C(CHyy,
1.44(6H, s, C{CH,),), 7T41(1H, s, thiazole-H). 8.52
(1H, s, HCO), 12.76(1H, br.s, HCONH)

p-Methoxybenzyl 7B-[(Z)-2-(2-formamidothiazol-4-yl)
-2-(1-fert-butoxycarbonyl-1-methylethoxyimino) aceta-
mido]-3-chloromethyl-3-cephem-4-carboxylate (3)

{(Method A) @ 318E(2) 3g(8.74mmol), 1-hy-
droxybenzotriazole hydrate(HOBT) 1.38g{8.95
mmol)& DMF 20mJh &3A711 N N-dicyclo-
hexylcarbodiimde(DCC) 1.85 g(8.95 mmol)2 7}3}
of A2ofjA 3A17F e Pl 244 WAL
o MY AL st Azt J9L 2aAEg
. 38 ACLE 3.54 g(8.74 mmol), EtOAc 100 mi,
H,0 20 ml, NaHCO; 0.74 g(8.8 mmol)& 0~5°Col
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Scheme I — Synthesis of Compound (2).
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A 3087 WREE EtOAcE: S B33t 20%2) 94 20
miE AHEFE MgSO,2 AZ34t}. o] EtOAcd9l
A7) BEE gl g 7}3le] Ao 317 wukalyd
. EtOAcE S #3k3 ojdg thA] EtOAc 100 mIE
F&sle EtOAcES 3kl 0.5N-HCl +&(50
ml), 5% Na;S;0;(50 ml), brine?] £2.2 AH3}n
MgSO.2 223t 7ets&3ldtt. /752 n-hex-
anec| A MY HAES AHsie] WazAy
513 g& AUtk o #AE column chromatogra-
phy(EtOAc/cyclohexane=1:1)2 A|5}e] walzg
% 4.5g(68.7%)& AU}

(Method B) : DMF 2.3 m/¢} THF 31.2mie &
& &l POCI; 3.1 mi(33.6 mmol) & 713t -10~
0°ColX 30 &<t wHHAIZ] Vilsmeyer reagent®
ghE &do 3EE(2) 10.00 g(30 mmol) S 7}ald
22 2EelA 1Az wwklgdtt. $M ACLE
11.34 g(28 mmol)& EtOAc 120 mid) dgA)7|z
N,O-bis(trimethylsilyl)acetamide(BTSA) 17.3
ml(70 mmol) & 7}3le] &3jA1R) &4 -20°Coll Al
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Scheme I1— Synthesis of Compound 3, Method A.

Ao Ao 7}ele e 2504 | 5A)7HEQH k)
At} o] £odo] EtOAce H,0(1:2)2) EH&n) 300
mlE 7FHa WA & §7)5S Bejslo 33 &
29 20 mi, brine 20mIEo.E AHsa B
MgSO,2 AZath o8 7% ¥4 o] B48
< n-hexanedll 41171 ¥ A4 AA L A3319
o} ©]RAE col- um chromatography(EtOAc/cy-
clohexane=1:1)2 AAjsle] WAAX 13.8g(67.
2%)& 2L}

IR (KBr) cm™ : 1788, 1723, 1685

'H-NMR (DMSO-dy) 8:1.38(9H, s, C(CHy)2.
1.45(6H, s, C(CH3)y. 3.52(2H, d, C;2H). 3.85(3H,
s, OCHa), 4.54(2H, d. CHCD. 5.19(1H, d, CsH),
5.25(2H, s, OCHy, 5.83(1H, dd, C/H), 6.50(1H,
s, thiazole-H), 6.84~7.32(4H, m, ArH), 8.81(1H,
s, HCO), 9.65(1H, d, CONH), 12.65(1H, bras,
HCONH)
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Scheme III — Synthesis of Compound 3, Method B.
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5-(Thiophen-2-yl)-2H-tetrazole(4)

2-Thiophenecarbonitrile 10 g(31.6 mmol), sodi-
um azide 658 g{(100 mmol). NH,Cl 5.44 g(100
mmol)& ZFH3E DMF 90 miel 748tz 130~140°C
ol 17A1ZF £ 71 vkgAj7] wHe-EE W5 Fol
A oma 748li 2N-HCIE pH 2.07F =2 4H4dst
NRAG A 23E ARstn d3EZ AFE &,
95%-EtOH=Z AjdAstel WA A4y 10.25g(73.53
%)& dAt.

mp : 197~200°C

'H-NMR (DMSO-4,) 8: 7.10(1H. m, thiophene-
H), 7.83~7.95(2H, m, thiophene-H)

5-Diphenylmethyl-2H-tetrazole(5)

Diphenylacetonitrile 3.00 g(15.2 mmol), sodi-
um azide 1.1g(16.7mmol), NH,Cl 0.91 g(16.7
mmol)& 7% DMF 15 miol #stn (st 22 %
HoZ g4t

58§ 499%

mp : 170~174°C

'H-NMR (DMSO-4,) §: 5.95(1H, s, CH), 7.01~
7.54(10H, m, ArH)

5.(4-Chlorophenyl)-2H-tetrazole(6)

p-Chlorobenzonitrile 3.00 g(21.6 mmol), so-
dium azide 1.56 g(24 mmol), NH,Cl 1.3g(24
mmol), 53 DMF 20 mI& (99 22 wygioz &
At

T5€:160.9%

mp © 274~275°C

'H-NMR (DMSO-4,) 8 7.64~7.74(2H, m, ArH),
8.02~8.13(2H, m, ArH)

5-(4-Methylthiophenyl)-2H-tetrazole(7)

4-(Methylthio)benzonitrile 5.10 g(34 mmol), so-
dium azide 2.45g(37.4 mmol), NH,Cl 2.03 g(37.4
mmol), 553 DMF 30 m}g (49} 22 ez ¥
3t

FE5EE :194.4%

mp : 220~223°C

'H-NMR (DMSO-45) 3: 2.56(3H. s, CHa), 7.42
~7.53(2H. m, ArH), 7.94~8.05(2H, m, ArH)
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§-(4-Hydroxyphenyl)-2H-tetrazole(8)

4-Cyanophenol 10.00 g(84 mmol), sodium azi-
de 5.17 g(92 mmol). NH,Ct 4.49 g(92 mmol), 7
% DMF 60 m/& (9} 2& v oz §Asict.

TEE 162%

mp : 185°C

'H-NMR (DMSO-d,) 8 6.97~7.08(2H, m, ArH),
7.89~8.00(2H, m, ArH)

5-(2-Methoxybenzyl)-2H-tetrazole(9)

2-Methoxybenzylcyanide 12.20 g(83 mmol), so-
dium azide 5.17 g(92 mmol), NH,Cl 4.49 (92
mmol), ZF& DMF 60 mi& (49 Z& oz
Aein.

5§ 61.9%

mp ¢ 175~ 178°C

'H-NMR (DMSO-d¢) 81 3.74(2H, 5. CH,), 3.78
(3H, s, OCH3), 7.37(4H, m, ArH)

5-(1,5-Dimethyl-2-pyrrole)-2H-tetrazole(10)

1,5-Dimethyl-2-pyrrolecarbonitrile 5.00 g(42
mmol), sodium azide 3.02 g{46 mmol), NH,C] 2.5
g(46 mmol), 35 DMF 40 mI& (49} 2wy
o2 gt

& 1 50.8%

mp : 198°C

'H-NMR (DMSO-4) & 2.27(3H, s, ArCHy),
3.89(3H, s. N-CHy), 6.00~6.05(1H, m, ArH),
6.72~6.77(1H, m. ArH)

5-Naphthyl-2H-tetrazole(11)

1-Cyanonaphthalene 10.00 g{65.2 mmol), sodi—
um azide 4.66 g(71.7 mmol). NH,Cl 3.83g(71.7
mmol), 7% DMF 60 m!& 83E (49 & 4y
o2 gAstgdct

F5E 1 82.4%

mp : 167~169°C

'H-NMR (DMSO-d;) 8:7.58~8.69(7TH, m,
ArH)

p-Methoxybenzyl 7p-{(Z)-2-(2-formamidothiazo}-4-y})
-2-(1-tert-butoxycarbonyl-1-methylethoxyimino)aceta-
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midol-3-[5-(thiophen-2-yDtetrazol-2-yllmethyl-3-cep-
hem-4-carboxylate(12)

Me,CO 10 m/ol 338 (3) 1.00 g(1.27 mmol) &
ol & Nal 0.23 g(1.52 mmol)& 7}5ke] 2ol A
1.5A17F S0t wkg-AT) E o B5E(4) 0.21 g(1.40
mmol)# K,CO; 0.21 g(1.53 mmol)& $o} 45~
50°CollA] 5412t Bt mutAlZth HE-Eg o F3tn
Jlg AeHsEsle] FALE A% Me,COl &3
A7) o] A& H,O/EtOH(2:1) 8 £8-8v 120 m!
o] EAbsted 10%7 w¥ksla d-HCIZ pH 2.0% 4
Astated Y A4S A8t 34 24 0.76 g8
ot o] AL silica gel(230~400 mesh)& A}
243t column chromatography (CH;CN/To-
luene=1:5)2 AAste] ¥ AA 0.43 g(42.3%)
e l=

IR (KBr) em™ : 1787, 1733, 1615.

'"H-NMR (DMSO-4,) & : 1.38(9H, s, C(CHy3),
1.43(6H, s. C(CH,),). 3.75(3H, s, OCH,), 5.04~
5.27(6H, m. Cs+2H. C;-CH, OCH,), 5.41~5.80
(2H, m, C&H. CH), 6.88~7.82(8H, m, thiazole-
H, ArH), 8.49(1H, s. HCO), 9.60(1H, d, CONH),
12.68(1H, br.s, HCONH)

p-Methoxybenzyl 7B-((Z)-2-(2-formamidothiazel-4-yl)
-2-(1-tert-butoxycarbonyl-1-methylethoxyimino)aceta-
mido]-3-(5-diphenylmethyltetrazol-2-yhmethyl-3-cep-
hem-4-carboxylate(13) ’

AFE13~19L SIHE129 22 PP o= BTt

FE5EE 1 21.2%

IR (KBr) cm™ : 1787, 1733, 1610.

'H-NMR (DMSO-4,) & : 1.38(9H, s, C(CHy)),
1.44(6H, s, C(CHy)2), 3.75(3H, s. OCHa), 4.90~
5.25(6H. m, C;-2H, C;~-CH, OCH,), 5.38~5.65
(2H, m, C¢H, C-H), 6.87~7.40(15H, m, thia-
zole-H, ArH), 8.49(1H, s, HCO), 9.62(1H, d.
CONH), 12.67(1H, br.s, HCONH)

p-Methoxybenzyl 7B-[(Z)-2-(2-formamidothiazol-4-yl)
-2-(1-tert-butoxycarbonyl-1-methylethoxyimino)aceta-
mido]-3-[5-(4-chlorophenyl)tetrazol-2-yllmethyi-3-cep-
hem-4-carboxylate(14)

T5%& 1 51%

o
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Scheme IV — Synthesis of Compounds 12-19.

IR (KBr) cm™ : 1785, 1730, 1612.

'H-NMR (DMSO-4,) 8 : 1.38(9H, s, C(CHJ)y),
1.44(6H, s, C(CH,),), 3.74(3H, s. OCHj), 4.98~
5.31(6H, m, Cy2H, Cy-CH, OCH,), 5.47~5.73
(2H, m. C¢H, CrH), 6.87~8.03(9H, m, thiazole-
H. ArH), 8.49(1H, s, HCO), 9.62(1H, d. CONH),
12.66(1H, br.s, HCONH)

p-Methoxybenzyl 78-{(Z)-2-(2-formamidothiazol-4-yl)
-2-(1-tert-butoxycarbonyl-1-methylethoxyimino)aceta-
mido]-3-[5-(4-methylthiophenyltetrazol-2-yl]methyl-3-
cephem-4-carboxylate(15)

58 1 41.6%

IR (KBr) cm™ : 1787, 1733, 1610.

'H-NMR (DMSO-4,) & : 1.38(9H, s, C(CHy)y),
1.44(6H, s, C(CHa)y), 2.53(3H, s, SCH,), 3.75(3H,
s, OCHy), 5.04~546(6H, m, C;2H. Cs~CH,, OC-
H,). 5.53(1H, dd. CsH), 5.66~5.73(1H, m, CrH),
6.88~8.18(9H. m, thiazole-H, ArH), 8.49(1H,
s, HCO), 9.62(1H, d. CONH), 12.68(1H, brs,
HCONH)

]. Pharm. Soc. Korea
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p-Methoxybenzyl 7B-1(Z)-2-(2-formamidothiazol-4-yl)
-2-(1-tert-butoxycarbonyl-1-methylethoxyimino)aceta-
mido}-3-[5-(4-hydroxyphenyDtetrazol-2-yljmethyl-3-
cephem-4-carboxylate(16)

FEE 1 31%

IR (KBr) cm™ : 1785, 1733, 1612.

'H-NMR (DMSO-d;) & : 1.38(9H, s, C(CH,)),
1.45(6H, s, C(CHy)y. 3.76(3H, 5. OCH,. 5.99~
5.28(6H, m. Cs2H, C,~CH, OCH,). 5.52(1H.
dd, C-H), 558~5.71(1H, m, CrH), 6.89~7.87
(9H. m, thiazoleH, ArH), 8.50(1H, s, HCO),
9.63(1H, 4, CONH), 12.69(1H, br.s, HCONH)

p-Methoxybenzyl 78-((Z)-2-(2-formamidothiazol-4-yi)
-2-(1-tert-butoxycar-bonyl-1-methylethoxyimino)aceta-
mido]-3-(5-(2-methoxybenzyljtetrazol-2-ylimethyl-3-

cephem-4-carboxylate(17)
54 55%
IR (KBr) em™ : 1787, 1731, 1612.

'H-NMR (DMSO-4,) & : 1.38(9H, s, C(CHy)y),
1.44(6H. s. C(CH,)y), 3.57(2H. s, -CH,Ar), 3.76
(6H, s, 2XOCHj;), 5.04~5.28(6H. m. Cy2H,
Cy-CH,, OCHy), 5.47~5.70(2H, m, C¢H, Cr
H). 6.89~7.86(3H, m, thiazole-H, ArH), 8.49
(IH. s, HCO), 9.62(1H, d. CONH), 12.63(1H,
br.s, HCONH)

p-Methoxybenzyl 7B-[(Z)-2-(2-formamidothiazol-4-y})
<2-(1-tert-butoxycarbonylmethylethoxyimino)aceta-
mido)}-3-[5-(1,5-dimethyl-2-pyrrole)tetrazol-2-yl}methy)-
3-cephem-4-carboxylate(18)

TEE 47%

IR (KBr) cm* : 1787, 1733, 1594.

'H-NMR (DMSO-d9) 8 : 1.38(9H, s, C(CH,)).
1.44(6H, s, C(CHy»), 2.25(3H, s, CHs-Ar), 3.74~
3.76(6H. m, OCH;, N-CH,). 5.01~5.28(6H, m,
C;2H. Cs-CH,, OCHy), 5.44(1H. dd. Cs+H), 5.67
~5.70(1H, m, C-H). 6.64(1H, s, thiazole-H),
6.89~7.40(6H. m, ArH), 849(1H, s, HCO). 9.61
(1H, 4, CONH), 12.68(1H, s. HCONH)

p-Methoxybenzyl 78-((Z)-2-(2-formamidothiazol-4-yl)

Vol. 42, No. 1, 1998

-2-(1-tert-butoxycarbonylmethylethoxyimino)aceta-
mido]-3-(5-naphthyltetrazol-2-yl) methyl-3-cepbem-4-
carboxylate(19)

TEE 1 43%

IR (KBr) cm™ : 1787, 1733, 1620.

'H-NMR (DMSO-d,) & : 1.37(9H, s, C(CHaz)y),
1.44(6H. s, C(CHJ)2). 3.69~3.72(6H, m, OCHy),
5.05~5.29(6H, m, C+2H, C,-CH,, OCH,), 5.48~
572(2H, m, CsH, CrH), 6.85~8.78(12H. m.
thiazole-H, ArH), 8.50(1H, s, HCO) 9.62(1H, d,
CONH). 12.69(1H. s, HCONH)

p-Methoxybenzyl  7B-{(Z)-2-(2-aminothiazol-4-y)-2-
(1-tert-butoxycarbonyl-1-methylethoxyimino)acetami-
do}-3-[5-(thiophen-2-yl)tetrazol-2-yllmethyl-3-cephem-
4-carboxylate(20)

SEE(12) 0.50 g(0.63 mmol)ol MeOH 10 m!,
THF 5mi, ¢-HCI 0.2 mig 7}3te] 2. 5A17Hg<H 4
2ol A meslRT). 5% NaHCO, €922 Z84]7)
I s &S ¥ ohA] 10% HCIE pH 2.00.2 24

(o)

{k°+
Y NHH\}\/T N)r{”

N

o)
H?:m-rJLs COOPMB
12 - 19

MeOH / THF / ¢ - HCI

o

ot
r&“ “HALO

HoN

Scheme V— Synthesis of Compounds 20-27.
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A A EtOAc 100 ml. H0 50 mi g 7}3tad #71
22 #H3to brine 100 mI{(50 mIx2) 2 M &F 7
4+ MgSO,. 2 Azsgct et BREL n-
hexaneol ¥4¥sts 4d¥ 2g AFsid. 24
AR 0.31 g2 AAY. 9] 242 silica gel(230~ 400
mesh)-& AHE3M column chromatography (CHy~
CN/Toluene=1:7)& AAzle] MABHBH .15 g(48.
4%)& U

IR (KBr) cm™ : 1787, 1733, 1618.

'H-NMR (DMSO-4) & : 1.39(15H, br.s, C{CH,)s,
C(CHgy. 3.75(3H. s, OCHy., 4.99~5.54(6H. m,
Csr2H, C/~CH, OCH,), 545~5.72(2H, m, C¢

+H). 6.70~7.82(10H, m, thiazole-H, NH,, ArH),
9.60(1H. d. CONH)

p-Methoxybenzyl 78-{(Z)-2-(2-aminothiazol-4-y})-2-
(1-fert-butoxycarbonyl-1-methylethoxyimino)acetami-
do}-3-(5-diphenylmethyltetrazol-2-yhmethyl-3-cep-
hem-4-carboxylate(21)

351 E21~272 SEE200 WHes iz FAs
ek

TEE 3%

IR (KBr) em™ : 1787, 1731, 1615.

'H-NMR (DMSO-4s) 6 1.37(15H, br.s, C{CH,),,
C(CHy)y. 3.74(3H. s. OCHy, 4.93~525(6H, m,
Cy2H, Cy~-CH, OCHp), 543~5.64(2H, m, CeH,
CrH), 6.69~7.33(17TH, m. thiazole-H, NH,, ArH),
9.47(1H, d. CONH)

p-Methoxybenzyl  7f-{(Z)-2-(2-aminothiazol-4-y1)-2-
(1-ters-butoxycarbonyl-1-methylethoxyimino)acetami-
do]-3-{5-(4-chlorophenyDtetrazol-2-yllmethyl-3-cep-

hem-4-carboxylate(22)
T55 1 50%
IR (KBr) ecm™ : 1787, 1735. 1687.

"H-NMR (DMSO-4,) 8 : 1.38(15H., br.s, C{CHy)s,
C(CHy)y. 3.74(3H, s, OCHy). 4.98~5.32(6H, m,

+2H. Cy~CH, OCH,). 5.47~5.62(1H, m, CsH),
5.73(1H, br.s, C-H), 6.70~8.04(10H, m, thiazole-
H. NH,. ArH). 9.46(1H, 4, CONH)

p-Methoxybenzyl 7B-{(Z)-2-(2-aminothiazol-4-yl)-2-

(1-tert-butoxycarbonyl-1-methylethoxyimino)acetami-
do}-3-[5-(4-methylthiopheuyljtetrazol-2-yljmethyl-3-
cephem~4-carboxylate(23)

£E58 :48.3%

IR (KBr) cm™ : 1787, 1731, 1615.

'H-NMR (DMSO-d,) & : 1.38(9H, s. C(CHy)y).
1.42(6H, s, C(CHyy), 253(3H, s, SCHy), 3.75
(3H, s, OCHy). 4.99~5.33(6H, m, Cy2H, Ci-
CH,, OCHy, 5.51~5.74(2H, m, C¢+H, Cr-H), 6.71
~7.96(11H. m. thiazole-H, NH, ArH), 9.47(1H,
d. CONH)

p-Methoxybenzyl  78-[(Z)-2-(2-aminothiazol-4-yl)-2-
(1-tert-butoxycarbonyl-1-methylethoxyimino)acetami-
do}-3-{5-(4-hydroxyphenyDtetrazol-2-yllmethyl-3-cep-
hem-4-carhoxylate(24)

TEE 1 62.5%

IR (KBr) em™ © 1785, 1731, 1615.

'H-NMR (DMSO-4,) & : 1.38(15H, br.s, C(CHy)s.
C(CHa)y), 3.75(3H, s, OCHy, 4.99~5.33(6H, m,
Cr2H. C5-CH,. OCHy). 5.54(1H. dd, CsH), 5.68~
570(1H, m, C~H), 6.70~7.86(11H, m, thiazole-
H, NH,, ArH), 9.46(1H, 4, CONH)

p-Methoxybenzyl 7B-[(Z)-2-(2-aminothiazol-4-y})-2-
(1-tert-butoxycarbonyi-1-methylethoxyimino)acetami-
do)-3-[5-(2-methoxybenzyltetrazol-2-yljmethyl-3-cep-

hem-4~-carboxylate(25)
/‘~l: Q 24/0
IR (KBr) em™ : 1785, 1730, 1684.

'H-NMR (DMSO-4s) 8 : 1.38(15H, br.s, C{CH,),.
C(CHa),), 3.56(2H, s, CHyAr}, 3.74(6H, s, OCH,,
Ar-OCH,), 5.03~532(6H, m, C;s2H, C/CH,
OCH,). 5.41~5.70(2H, m. CeH. CrH), 6.69~7.85
{(11H, m, thiazole-H. NH, Ar-H), 9.62(1H, g,
CONH)

p-Methoxybenzyl 7§-[(Z)-2-(2-aminothiazol-4-yl)-2-
(1-tert-butoxycarbonyl-1-methylethoxyimino)acetami-
doj-3-[5-(1,5-dimethyl-2-pyrrole)tetrazol-2-yljmethyl-3-
cephem-4-carboxylate(26)

TEE 1 42%
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IR (KBr) cm™ : 1785, 1733, 1602.

"H-NMR (DMSO-dy) & : 1.35(15H, brs. C(CHs)s,
C(CHg),). 2.23(3H, s, Ar-CHy), 3.73(3H. s, OCHy).
3.88(3H, s. N-CHy), 5.02~5.29(6H, m, C;2H, C5-
CH,, OCHy), 5.37~5.67(2H.-m. C¢H, CrH). 6.62
~7.55(9H. m, thiazole-H, NH,, ArH}, 9.43(1H. d.
CONH)

p-Methoxybenzyl 7B-[(Z)-2-(2-aminothiazol-4-yl)-2-
(1-tert-butoxycarbonyl-1-methylethoxyimino)acetami-
do}-3-(5-naphthyltetrazol-2-y)methyl-3-cephem-4-car-
boxylate(27)

TE5& 1 46%

IR (KBr) em™ : 1787, 1731, 1618.

'H-NMR (DMSO-dy) 8 : 1.34(9H, s, C(CHy3).
1.39(6H, s, C(CHj),), 3.70(3H, s, OCH,), 4.98~
5.27(6H, m. Cs2H, Cs-CH,; OCH,, 555~5.71
(2H, m, CeH, CrH). 6.69~8.76(14H, m, thiazole-
H. NH,. ArH), 9.46(1H, d, CONH)

7B-{(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-[5-(2-thiophen-2-yl)
tetrazol-2-yllmethyl-3-cephem-4-carboxylic acid(28)

3}3HE-(20) 0.50 g(0.64 mmole)ol CH,Cl, 2 mis}
anisole 2ml, TFA 4mIE 0~5°CollA 718le] 1.54]
7F E¢F ANkAF 1 iPE 50 miol £4dste) A€ 2
3L 33t} o] A& 5%-NaHCO, &40l =0}
31 EtOAc 20 mIZ A& 3 32 FHs) 5°C o3lell
A 10%-HCIZ pH 2.0 2Hslsted dAd 248
oatel S AH 0.34 g& AUt} o] AL sil-
ica gel(230~400 mesh)2 AH&-3l column chro-
matography(CH,CN/H,0=8:1)2 AAslz 35
ZF3to] A AR 0.14 g(41.2%)& AT

IR (KBr) cm™ : 3341, 1772, 1674, 1636.

'H-NMR (DMSO-dy) & : 1.45(6H, s, C(CHa),).
4.94~528(4H, m. C+-H, C;-H), 5.51(1H, dd. Cs
H), 5.63(1H, m, C+H), 6.76~7.87(6H. m, thia-
zole-H, NH,, ArH). 9.63(1H. d. CONH)

7B-((Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido}-3-(5-diphenylmethyl-
tetrazol-2-yl)methyl-3-cephem-4-carboxylic acid(29)
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Scheme VI— Synthesis of Compounds 28-35.

3}31229-35c 3192289 uhyef o} AT

FEE 134%

IR (KBr) cm™ : 3338, 1772, 1633.

'H-NMR (DMSO-d,) & : 1.44(6H, s, C(CHy),).
4.77~5.15(4H, m. CrH. C5-H), 5.39(1H, dd, C¢
H), 5.67(1H, s, CrH), 5.95(1H. s, -CHPh,), 6.80
(1H, s, thiazole-H), 6.89~7.45(12H, m., NH,,
ArH), 9.62(1H, d, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-[5-(4-chlorophenyl)
tetrazol-2-yllmethyl-3-cephem-4-carboxylic acid(30)

TE5& 1 51.6%

IR (KBr) cm ™ : 3323, 1772, 1635.

'H-NMR (DMSO-d,) & : 1.44(6H, s, C(CHa)»),
3.99(2H, s. C+H), 5.01~5.32(2H, m. C;-H), 5.5
(1H. dd. C¢H), 5.62~58(1H. m, CrH), 6.78
(1H, s, thiazole-H), 7.59~7.61(2H. m, ArH), 7.89
~8.03(2H. m, ArH). 9.62(1H, d. CONH)

78-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-[5-(4-methylthiophenyl)
tetrazol-2-yllmethyl-3-cephem-4-carboxylic acid(31)
FE5§ 1 47.8%
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IR (KBr) em™ : 3307, 1777, 1731. thylethoxyimino)acetamido]-3-(5-naphthyltetrazol-2-
'H-NMR (DMSO-d,) 8 : 1.49(6H, s, C(CHj),). yDmethyl-3-cephem-4-carboxylic acid(35)

2.54(3H, s, SCH.), 5.03~5.312H, m, C,-H). F58 1 42%

5.29~593(2H. m. Cs<H, C-H), 6.89~8.00(5H,
m, thiazole-H. ArH), 9.69(1H, d, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-(5-(4-hydroxyphenyl)
tetrazol-2-ylJmethyl-3-cephem-4-carboxylic acid(32)

FEE 2%

IR (KBr) cm ' : 3307, 1767, 1672.

'H-NMR (DMSO-4d,) 8 : 1.40(6H, s, C(CHa),),
4.98~5.32(2H, m. C;-H), 5.54~590(2H, m, Cs
H. C+H), 6.86~7.89(7TH, m, thiazole-H, NH,,
ArH), 9.68(1H, d, CONH)

78-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-[5-(2-methoxybenzyl)
tetrazol-2-ylJmethyl-3-cephem-4-carboxylic acid(33)

58 1 43%

IR (KBr) cm™ : 3330, 1774, 1677.

'H-NMR (DMSO-d,) 8 : 1.48(6H, s, C(CHa)y),
3.56(2H, s, CHsAr), 3.73(3H. s, -OCHy), 5.02~
5.32(4H, m, C;CH, Cs;CH,), 5.50(1H, dd. C¢
H), 5.69(1H. s. C+H), 6.78(1H, s, thiazole-H),
7.18~7.42(4H, m, ArH, NHy), 7.81~17.89(2H, m,
ArH), 9.62(1H, d, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-
thylethoxyimino)acetamido]-3-[5-(1,5-dimethyl-2-
pyrrole)tetrazol-2-yljmethyl-3-cephem-4-carboxylic
acid(34)

FE5& 1 30%

IR (KBr) em™ : 3305, 1777, 1679.

'H-NMR (DMSOQ-ds) & : 1.40(6H, s. C(CHy)y).
2.25(3H, s, Ar-CHy), 3.74(3H, s, N-CH,), 5.03~
5.29(4H, m, C;-2H. C+CH,). 5.44(1H, dd, CsH).
5.68(1H. m, ArH), 6.64(1H, s, thiazole-H), 6.88~
6.94(1H. m. ArH). 7.29~7.41(3H, m, ArH). 9.62
(1H, d, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-me-

IR (KBr) em™ : 3320, 1772. 1728.

"H-NMR (DMSO-4;) & : 1.40(6H, s, C(CHy),),
5.01~5.37(4H, m, CyCH, CsCH,). 5.62~5.85
(2H, m, C¢H, Cr-H), 6.85~8.79(10H. m, thia-
zole-H, ArH), 9.63(1H, d. CONH)

¥ Y

Alg 25

Alcaligenes faecalis KCTC 1004, Bacillus subtilis
ATCC 6633, Escherichia coli AB 1157, Escherichia
coli AB 0111, Escherichia coli BE 1186, Micrococcus
luteus ATCC 9341, Mycobacterium phlei [FO 3158,
Pseudomonas aeruginosa N-10, Salmonella typhimu -
rium TV 119, Salmonella typhimurium SL 1102, Sta-
phylococcus aureus IFO 12732, Staphylococcus aureus
R-209

b x|
Ag #F9 A 2 44 plated) AF FHog
Mueller Hinton broth(DIF Co.)& AH&-3t{th.

e #Y &3Y

AlER| MUY - Alcaligenes faecalis KCTC 1004
9 11708} T2 A=) wjRNA 37°C, 24413 A& vk
3te ARR-3Hg T

A plate?| A= - 3135 28, 29, 30, 31, 31, 32, 33,
34, 358 4] DMSO 2t =21 § FH/58 7is)
o HF DMS09 557} 2% (V/V)7 4= 31gc)
Z}zhe] A& 1 miE 29 FAY LR 14313 545}
A% A ulA] 14 migk HAS o, HF wiA S BJE
28, 29, 30, 31, 31, 32, 33, 34, 35 ¢ o= EA
(cefotaxime, cefazolin)®} F=7t 247+ 40, 20, 10, 5,
2.5, 1.25, 0.63. 0.31, 0.16, 0.08, 0.04, 0.02, 0.01,
0.005 g/ ml°] H =& A=),

Sos BE - 212k A 7755 A plated] 3
Z3 AL 372 2°Co A 18AIZH vl F St B
slo] Aol AAElE Al Ha EE HA 5
(Minimum Inhibitory Concentration, MIC)& %
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Table I— MIC(pg/l) of synthetic compounds and commercial antibiotics against representative microorganisms

‘ Compounds 28 29 30
Strains

3 32 33 34 35 S-1 S-2

Alcaligense faecalis KCTC 1004  >40 >40 40

Bacillus subtilis ATCC 6633 032 064 1.25
Escherichia coli AB 1157 5 5 2.5
Escherichia coli AB 0111 25 1.25 5
Escherichia coli BE 1186 125 064 2.5

Mierococcus luteus ATCC 9341 2.5
Mycobacterium phlei IFO 3158 40 40 40
Pseudomonas aeruginosa N-10 >40 240 40

Staphylococcus aureus IFO 12732 10 5 10
Staphylococcus aureus R-209 5 10 20
Salmonella typhimurium SL. 1102 5 2.5 10

Salmonella typhimurium TV 119 25 1.25 2.5

0.64 1.25

40 40 40 40 40 40 10

032 25 064 016 25 016 064
125 0.32 125 5 125 25 0.16

063 25 5 4 2.5 25 0.32

125 016 125 25 032 25 0.08

2.5 032 25 016 064 25 0.04

20 40 10 40 40 5 1.25
40 40 40 40 40 40 40
20 10 20 5 125 5

5020 5 10 10 0.32 25
5 5 064 10 5 5 0.32
64 125 032 25 25 2.5 0.04

[l O I

S-1: Cefazoline, 8-2 : Cefotaxime

Alsted Table I3} 22 A8 AU}
d =

3% 12 acetic anhydride$} formic acid& -8
Al#A amino”’]E formylation & 28 82% &2 ¥4
3ttt 31§ 28 HOBT9 DCCE AHE-31 active
ester® TE g ACLEE WHsA1A 38, E3 28
Vilsmeyer reagent®& A3} acyl chlorides &
I o7]9 BTSAE AHE-3149 amino?| & sillylationdt
ACLES wHe-A A 42 68.7%. 67.2%2 +&2 A4
3ttt 5-(Substituted) phenyl-2H-tetrazole =4
4~112 cyano?|& ZHe obgst SiMEE NaN, NH
C1& AHE3le] DMF £} S0l A ¥hS-A1A 47.6~94.4
%9 &2 golatAl FAE + AUt p-methoxy
7B-((Z)-2-(2-formamidothiazole-4-y1)-2-(tert-
buthoxycarbonylisoproroxyimino)acetamidol-3-(5-
(substituted)tetrazole~2-yl)methyl-3-cephem-4-
carboxylate 12~19= 3& NalE 718l Cl& [2 A&
A7) 3 tetrazole 4~112 acetone® K,CO,; FollA] 1t
$AA 9 82& column chromatography2 A4
3t 27.2%~60%2 &2 A} Formamido7l&
74 3jHE 12-198 MeOH/THF 44 FolA c-
HCIg #8AlA deformylationr]Z! 3H3E 20~278
DA 3FHE 20~27F anisolef vl FoA TFAS} vt
SA1A t-butyl esterst p-methoxybenzyl(PMB)est-
erg #g -COOH7IZ2 A&7 TB-((Z-2-(2-amino-
thiazole4-y1)-2-(1-carboxy-1-methylethoxyimino)
acetamido)-3-(5-(substituted)tetrazole-2-yllme-
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thyl-3-cephem-4-carboxylic acid 28~35% ¥23% o]
A& CHLCN/H,0(8: 1)) 412 column chromato-
graphy2 A% ¥ WEdzsle 34~51.6%2 &
2 dEF AN

3132 28~35Z Alcaligenes faecalis KCTC 1004, Ba-
cillus subtilis ATCC 6633, Escherichia coli AB 1157,
Escherichia coli AB 0111, Escherichia coli BE 1186, Mi-
crococcus luteus ATCC 9341, Mycobacterium phlei TFO
3158, Pseudomonas aeruginosa N-10, Salmonella typhi-
murium TV 119, Salmonella typhimurium SL 1102, Sta-
phylococcus aureus IFO 12732, Staphylococcus aureus
R-209 ool digie] at® A¥g 3l 7]&2] cephal-
osporinZ| &AAIQ] cefazolin, cefotaxime} Hlil, HE
3199 v} Micrococcus luteus ATCC 9341, Escherichia
coli AB 1157, Escherichia coli AB G111, Escherichia coli
BE 1186. 2 Salmonella typhimurium TV 119, Salmo-
nella typhimurium SL 11029 thsiM = o) $<3}
ot NS penicillin WATFS! Pseudomonas
aeruginosa N-107toll thaliA= &S 4dshA] efedrt.

ZHAS| BHs
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