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2 9. A2& cephalosporin 3AEH el 7-[(3,4-dihydro-6-methoxycarbonyl-2,2-dimethyl-2H-1,4-
thiazin-3-yl)acetamido]-3-heterocyclothiomethyl-3-cephem-4-carboxylic acid S%=3(2a~2d)5-8 A3}
o, F2 3o i A4S FA sk L Fell A 7-[(34-dihydro-6-methoxycarbonyl-2,2-dimethyl-2
H-1,4-thiazin-3-ylacetamido]-3-[(2-methyl-1,3,4-thiadiazol-5-yl)thiomethyl]-3-cephem-4-carboxylic
acid7b 23 o ST disl Y dFeHe el

ABSTRACT. New cephalosporin antibiotics, 7-[(3,4-dihydro-6-methoxycarbonyl-2,2-dimethyl-2H-1,
4-thiazin-3-yl)acetamido]-3-heterocyclothiomethyl-3-cephem-4-carboxylic acid derivatives(2a~2d) were
synthesized. Antibacterial activities of these new cephalosporin derivatives and the relationship between
their structures and their activities were examined. Among them, 7-[(3,4-dihydro-6-methoxycarbonyl-2,
2-dimethyl-2H-1,4-thiazin-3-yl)acetamido]-3-[ (2-methyl-1,3,4-thiadiazol-5-yl)thiomethyl ]-3-cephem-4-
carboxylic acid exhibited the broad antibacterial activities against Gram(+) and Gram(—) bacteria.
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194513 Brotzoll 2)# cephalosporin C7} 7% 11,
19663 Woodward 5o ¢#] cephalosporin C7}
A= o dAlls HE 7|es ol 83l g
A=z glel =3F WAy e 2 AJAgt cephalo-
sporin C&] 7-1X| ¢ o}n|7]& Adsle 7-ami-
nocephalosporanic acid(7-ACA)E o=z A AlslA
HAARE $g2 U cephalosporin FEAE
o] A=l om, o]F oF 509Fe] AlHHA
Aol aich

F| 2ol 7o} A=) A]2Fat 34 cephalo-

sporin FAAAIES oJ] v efolel] ¥ dF A
Hee] A3}s o, 53] el 712 1 AL
|47t gdEd ey AdAer gkl
3t gasHe] gsiEe] o]yt whHeole] o
3 53 E g A2 WA cephalospo-
rin =AE9 ko] oA =Hlch

349 cephalosporindl #4E4Ql cefotaxim®e]
AdEl FEco 3 dwys 2 sES A
s} ¢3ted cefotaxim E-ALF-R] #HEHog
Hyo) s15¥ 3-9x]9) acetoxymethyl7]2] ace-
toxyZ] Al sielZ2e] thiol, #e)E 2] quater-
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nary ammonium salt-} 382378 cathecol”] 5%
2 &A]17) HZE 449 cephaloporin FEA Eo)
Al MdFel gl 3-91A e acetoxymethyl”] 2]
acetoxy”?] W4l thiol7]7} X FPEE& dut
Hog cefotaxima wl5=¥ 7S e, &
H 23¥2] quaternary ammonium salt7} %= 3}
$EEL IHEAHTFET Pseudomonasel] s A<

2 A& Vebl A2t Staphylococcist 13FA
el dMe o] AR, HHZ e
cathecol”]7} X #® FEAE 94 1FSHAFEL
B2 o F]l Staphylococci®t Pseudomonas
el i3 F3 #$A4E ReFuf, B-lactamase]
AT Aoz dHAHN

w2bA, cefotaxim®] 7ol 7-9*2] acylamido
719} acyl $1xlol thiazole7]E 7}A 3 g9led, o)
e $& $7HE e 2tk & el
Ae 7-$129 acylamido71®] acyl”] @Al thia-
zineZ7] & %43}7, 3-$xjodl+= acetoxymethyl7]+}
acetoxy”] @4l #lel21e] thiol $=3(1-methyl-
5-mercapto-1,2,3,4-tetrazole, 2-methyl-5-merca-
pto-1,3,4-thiadiazole, 5-mercapto-1,2,3-triazole)&
€ u4kSA|#H A EF  cephalosporin XA S-S
Scheme 13} 7r& vyl o2 Al sgch 53, thia-
zine 33HEE+= WA penicillin A 2A] F7HA 2
AH4-5]+&= 6-aminopenicillanic acidE Z4EAE
3led 6-bromopenicillanic acid®E ¥4 F o] &
$2e 9712ANA TEeEdstd Qo)A 34-di-
hydro-6-methoxycarbony!-2,2-dimethyl-2H-1,4-
thiazin-3-carboxylic acid*Z A&l =3, A
Zo| 843 cephalosporin fEA Sl h3 3t
>84S oolr 7] #3ted MICMinimum Inhibitory
Concentration) A& AA3l 2} PEES &
584+ 38

o4 #H

Algk 9 7171, FAEAS ¥AE7] Sl3oq A
94 ~H EL Perkin-Elmer 1130 Grating Diff-
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Scheme 1.

lanic acids= Denmark®] NovoAl #|E-2, 7-amino-
cephalosporanic acid< # ¢ Al A F£L, 1-methyl-
5-mercapto-1,2,3,4-tetrazole, 2-methyl-5-merca-
pto-1,34-thiadiazole &} 5-mercapto-1,2,3-triazole-&-
Aldrich 314} A %2, 1-hydroxybenzotriazole, dicy-
clohexylcarbodiimidet= Merck 34} &g X143}
HoH, 'H-NMR9] ¥ EFEH2E TMSE 4}
43t

=2t4 B4, 3,4-Dihydro-6-methoxycarbonyl-
2,2-dimethyl-2H-1,4-thiazine-3-carboxylic acid+
Orlek 52 we]l 2)3}+]® 6-aminopenicillanic
acidg tlo}z3} uhgA]7] F NaBro} uhs-A)# 6-
bromopenicillanic acidg %33 CH;ONag A}
£3te] G714 2ANA sl A HAsHe
o, 7-amino-3-[(1-methyl-1,2,3,4-tetrazol-5-yl)
thiomethyl]-3-cephem-4-carboxylic acid(1b)+= "]
= E3]o] Bus "] ¢s}ed!t2 7-aminocepha-
losporanic acid®} 1-methyl-5-mercapto-1,2,3,4-te-
trazoleS A H,S0.3} wh3A1A A skalon, 7-
amino-3-{(2-methyl-1,3,4-thiadiazol-5-y])thiome-
thyl)]-3-cephem-4-carboxylic acid(le)+= Kariyone
=9 Wylel 28l 7-aminocephalosporanic
acid®} 2-methyl-5-mercapto-1,3,4-thiadiazole &
NaHCO; &4 wH-gAA g3t ed, 7-
amino-3-{(1,2,3-triazol-5-yl)thiomethyl]-3-ce-
phem-4-carboxylic acid(1d)x= Dann $<] uhe]
2]3}ed 1516 7-aminocephalosporanic acid®} 5-mer-
capto-1,2,3-triazole-S- NaHCO; &l 4] HhgA)
A gt T APEES P T AR
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AHg-3ksich.
7-[(3,4-Dihydro-6-methoxycarbonyl-2,2-dime-
thyl-2H- 1,4-thiazin-3-yl)acetamido]-3-cephem-
4-carboxylic acid®| (2a) #4. 34-Dihydro-6-
methoxycarbonyl-2,2-dimethyl-2H-1,4-thiazine-
3-carboxylic acid(0.605g, 2.83 mmole)ol] N,N-di-
methylacetamide 10 m/3} 1-hydroxybenzotriazole
(037 g, 2,83 mmole)& 713 t}& dicyclohexylcar-
bodiimide(0.61 g, 2.95 mmol)2 7}t 20~25T il
A 3A17F whAIA AAE AAEE A3 AA
3l3 dl-g¢ ¥Agcl FH e 2 7-aminocephalos-
poranic acid(0.648 g, 2.39 mmol)¢il N,N-dimethyla-
cetamide 5 mi<} bis(trimethylsilyl)-acetamide
(0.634 g, 3.11 mmole)E 7}3l] A4 A3 &
A7) F o] £AL oA A §Hq4 7}Etn
0~5T oA 2|7k WA} o] ubg-<fof F 40
miE 7}3}1 triethylamine & 2 %h-8-9] pHE 5.0
o2 243 PYA4I ETES A8t A
ojele] pHE 2002 ZAsld ALdA 347t =
ulgt & oabsla x}AHE acetone o F A A 3Fle] 40
CTolM et Azl 33HE{(2a) 0.56 g(48.3%)E
A=t
IR(KBr) cm™1: 3600~2800, 1780, 1670, 1620.
'H-NMR(DMSO-ds) &: 1.2(d, 6H, 2CHjy), 2.6(s,
3H, CH,), 3.2~3.6(dd, 2H, 2-H, CH,S), 3.8(s, 3H,
OCHo,), 3.9(s, 1H, thiazine 3-H), 4.8(d, 2H, -CH,0),
5.1(d, 1H, 6-H), 5.9%(dd, 1H, 7-H), 7.5~7.8(m, 2H,
thiazine NH, thiazine 5-H).
7-[(3,4-Dihydro-6-methoxycarbonyl-2,2-dime-
thyl-2H- 1,4-thiazin-3-yl)acetamido]-[3-(methyl-
1,2,3,4-tetrazol-5-yl)thiomethyl]-3-cephem-4-ca-
rboxylic acid(2a)2] §. 23-Dihydro-6-methox-
ycarbonyl-2,2-dimethyl-2H-1,4-thiazine-3-carbo-
xylic acid(1.21g, 5.00 mmole)& N,N-dimethylfor-
mamide 12.5 m/ol] 4-3)2)7] 3 1-hydroxybenzotria-
zole(0.69 g, 5.00 mmole)#} dicyclohexylcarbodii-
mide(1.22 g, 5.00 mmole)& 7}3le] A-2oj4 347}k
S whA7l . Y FHEE A3l AA
I o] 0~5C ol 4] Eg¥ich ¥ 22 7-amino-
3-[(1-methyl-1,2,3,4-tetrazol-5-yl)thiomethyl]-3-
cephem-4-carboxylic acid(1b) (2.49 g, 7.50 mmole)
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o ¥ 15m/E 7}3k2 NaHCO; 555 g& 7}3te] A
2ol 4] k3] BHA F Yol A2 LYo
7F8tar Aol A 24|17k ubg-A| 71}k o] ukgdof &
15mig 7kska 1:1 Q4ks 718t W8-89 pHE
5002 A3l A" EEEES 493t A
Al oo 1:1 gARE 713l pHE 20202
ZAH3I 3A7F F<k sk AAEo] HAd
A" AHEL AFA3}E A7 acetone 2 A
A3ted ATz 35HE(2b) 1.35 g(50.0%)S <
=tk

IR(KBr) cm™!: 3600~2800, 1780, 1670, 1610.

H-NMR(CD,COCD3) &: 1.2(d, 6H, 2CHj), 3.3~
3.6(d, 2H, H-3, CH,S), 3.8(s, 3H, -OCHs), 4.0(s,
3H, tetrazol CHs), 4.1(s, 1H, thiazine 3-H), 4.3(d,
2H, H-2), 5.1(dd, 1H, H-6), 5.7(dd, 1H, H-7), 7.4~
7.8(m, 2H, thiazine N-H, thaizine 5-H).

7-[(3,4-Dihydro-6-methoxycarbonyl-2,2-dime-
thyl-2H- 1,4-thiazin-3-yl)acetamido]-3-[(2-me-
thyl-1,3,4-thiadiazol-5-yl)thiomethyl]-3-cephem-
4-carboxylic acid(2c)2| #44. 34-Dihydro-6-me-
thoxycarbonyl-2,2-dimethyl-2H-1,4-thiazin-3-ca-
rboxylic acid (1.21g, 5.00 mmole)®} 7-amino-3-
[(2-methyl-1,3,4-thiadiazol-5-yl)thiomethyl]-3-
cephem-4-carboxylic acid(1¢) (3.35 g, 7.5 mmole)S
Agaled YD) B o GAsH 3t
E{(2¢) 0.98 g(35.2%)- A=t}

IR(KBr) cm™!: 3700~2700, 1780, 1680, 1610.

'H-NMR(DMSO-ds) 8: 1.4(d, 6H, 2CHs), 2.8(s,
3H, CHj), 32~34(m, 2H, CH,S), 3.8(s, 3H, -OCH.),
42~44(m, 3H, H-2, CH;, thiazine 3-H), 5.2(dd,
1H, H-6), 5.8(dd, 1H, H-7), 7.3~7.7(m, 2H, thia-
zine NH, thiazine 5-H).

7-[(3,4-Dihydro-6-methoxycarbonyl-2,2-dime-
thyl-2H-1,4-thiazin-3-yDacetamido]-3-[(1,2,3-
triazol-5-yl)thiomethyl]-3-cephem-4- carboxylic
acid(2d)2l g}4. 3,4-Dihydro-6-methoxycarbo-
nyl-2,2-dimethyl-2H-1,4-thiazin-3-carboxylic acid
(121g, 5.00 mmole)s} 7-amino-3-[(1,2,3-triazol-
5-yl)thiomethyl]-3-cephem-4-carboxylic acid(1d)
(235g, 7.5 mmole)E AME3te] 3HE(2b) 2
o2 sk 3HE(2d) 115g(43.7%) A&
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Table 1. Antibacterial activities MIC, pg/m/) of new
cephalosprin derivatives (2a~2d)

Strains 2 2b 2¢ 2d *CTX

Streptococcus faecium MD8b 250 100 125 500
Staphylococcus awreus SG511 500 500 500 0.906 0.98
Staphylococcus aureus 285 125 395 039 7.25 395
Staphylococcus aureus 503 098 049 039 181 049

Escherichia coli O 55 250 50 25 50 049
Escherichia coli DC 0 125 50 50 50 195
Escherichia coli DC 2 500 195 625 145 195
Escherichia coli TEM 125 625 500 100 395
Escherichia coli 1507E 500 1562 50 100 3.95
Pseudomonas aeruginosa 1771M 250 500 250 50 1.95
Salmonella typhimurium 125 625 50 50 125
Klebsiella oxytoca 1082E 500 62.5 500

Klebsiella aerogenes 1522E 125 125 125 125
Enterobacter cloacae P99 500 500 500 500
Enterobacter cloacae 1321E 500 125 0.49

*CTX; cefotaxim.

128

IR(KBr) cm™*: 3600~2800, 1775, 1680, 1620.

'H-NMR(DMSO-dg) 8: 1.2(d, 6H, 2CH,), 3.4(s,
2H, H-3, CH;S), 3.7(s, 3H, -OCHjy), 3.8(s, 1H, thia-
zine 3-H), 3.9~4.1(d, 2H, H-2), 5.2(dd, 1H, H-6),
5.3~5.5(dd, 1H, H-7), 7.2~7.8(m, 2H, thiazine NH,
thiazine 5-H).

MIN(Minimum inhibitory concentration)2| &3.
A2 §43 cephalosporin #3E(2a~2d)2) MIC
Al8-2 broth dilution ¥ # microtiter broth dilu-
tion 42 #3)3le] AVANTAGE microbial center
(Abbott Lab)E ©]4-3td Ayt A|@dL St
reptococcus faecium MD8b 5 155§ ARE-8l% 2w,
o] & FE5-2 Mueller-Hinton Ager(Difco.)ll 4] 37C,
18X)7} ¥} 23] precultured}ts] colony& FHT=
3143} 05 Mcfarland2 2%} 3389 HF
F=7} 204.9 pyg/miE] 0.00625 pg/mis Al 2v] <
A2 34 A]7] Meuller-Hinton broth(Difco.) 1.3
mlol] $1¢] FHL 200 Wy H7isled 35C Avantage
moduleoll A} ¥jekA}71a, 5&vict $EE 670 nmel
A ZAste A& TS 2 o] AHAE F
A »x & MICE AHelgen, 2 A= Table
13} 2.

o § Df

8 M. A= cephalosporin §EAMES A
w8 Scheme 13} 7tc}. &, 7-aminocephalospora-
nic acid(7-ACA)¢] 3-$1x¢ heterocyclothiome-
thyl715°] A€ PEES YA Hstd 7-
ACAS9} «3#] thiol f=M(1-methyl-5-mercapto-1,2,
34-tetrazole, 2-methyl-5-mercapto-1,3,4-thiadia-
zole, 5-mercapto-1,2,3-triazole)5-& o|v] ¢&Al
el &) AHY 2 G714 4o u-gA1A
H| Y FL &2 7-amino-3-[(1-methyl-1,2,3,4-
tetrazol-5-yl)thiomethyl]-3-cephem-4-carboxylic
acid(1b), 7-amino-3-[(2-methyl-1,3,4-thiadiazol-
5-yl)thiomethyl]-3-cephem-4-carboxylic acid(lc),
7-amino-3-[(1,2,3-triazol-5-yl)thiomethyl]-3-ce-
phem-4-carboxylic acid(1d)Z 343t}

T3}, 7-ACA$} 7-amino-3-heterocyclothiome-
thyl-3-cephem-4-carboxylic acidS-2- 3,4-dihydro-
6-methoxy-carbonyl-2,2-dimethyl-2H-1,4-thia-
zine-3-carboxylic acid#} o}43} whg-AlA FHE =

& YAtk o]8idt olils) whgele At
A vhe] glon}, B A He F¢E4Q) 34-di-
hydro-6-methoxycarbony!-2,2-dimethyl-2H-1,4-
thiazine-3-carboxylic acid€ 1-hydroxybenzotria-
zole®} dicyclohexylcarbodiimide® ¥H$-A1# active
ester2 WA F 7-amino-3-heterocyclothio-
methyl-3-cephem-4-carboxylic acidE3} ¥F-3-A|#
A} 2-& cephalosporin H54](2a~2d)S-& A sty
o9, IR ¥ 'H-NMR 5l 9Js §43 49 +
ZF g4l

e, ANZ A& cephalosporin =4 (2a~
2d)E9] MIC A3 Ad= Table 1o el e,
A 34ItH2] tHEH < cephalosporinA] 3§HE<l ce-
fotaxim& 7|EEAE g} wim Ak 3-4
2] A7} & acetoxymethyl”], (1-methyl-1,2,34-
tetrazol-5-yl)thiomethyl~], (2-methyl-1,3,4-thia-
diazol-5-yl)thiomethyl71 2} (1,2,3-triazol-5-yl)thio-
methyl7] E2.8 WH3AA 3F4S AP ZAA
olE RE IEE] afPAAME vid
4HE e A oA dellAEs o] 7
FE2A vls Ast= i} 22} Streptococcus fae-
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cium MD8b FFAdE 71EE3Q cefotaxim®2.}
2ul o]Ate] dH AL ZHE S Ustth olE
FEA(2a~2d)E°] ¥157 $4YE e e
3-81)2] A7)7} HEHo & gL v A 9]
gEoz g o]F F2AFE FMe EE
207} 713 £ 3FEHE ek

E A7E 1993d9% T8y J|EAsted)
(BSRI-93-334)2] A4l &J3t Zo2 A F=o
A=Y}
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