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Synthesis of Cephalosporin Derivatives with Triazolylthiomethylpyrrolidines
at the C-3 Side Chain

Ok Hyun Ko* and Joon Hee Hong
College of Pharmacy, Chosun University, Kwangiu 501-759, Korea

Abstract — Synthesis of 7B-[(Z)-2-(2-aminothiazol-4-yl)-2-(1-carboxy-1-methylethoxyimino)acetamido]-3-[[(3S,55)-5-[4-
phenyl-5-(4-methylphenyl or 2-thiophenyl)-4 H-1,2,4- triazol-3-ylJthiomethylpyrrolidin-3-yl]]thiomethyl-3-cephem-4-carbox-
ylic acids (7a,7b) were described. (25,4S)-4-acethylthio-2-[4-phenyl-5-(4-methylphenyl or 2-thiophenyl)-4 H-1,2,4-triazol-3-
yljthiomethyl-1-tert-butoxycarbonylpyrrolidines (4a,4b) were prepared from trans-4-hydroxy-L-proline with (2S,4R)-abso-
lute configuration as starting material. 4-Phenyl-5~(4-methylphenyl or 2-thiophenyl)-4 H-1,2,4-triazol-3-thiols (2a,2b) were
prepared from p-toluic anhydride and 2-thiophene carboxylic acid hydrazide, respectively. p-Methoxybenzyl 7B-(Z)-2-(2-for-
mamidothiazol-4-yl)-2-(1-tert-butoxycarbonylisopropyliminoJacetamido-3-[[(3S,5S)-5-[4-phenyl-5-(4-methylphenyl or 2-thio
phenyl)-4H-1,2,3-triazol-3-yl]thiomethyl-1- fert-butoxycarbonylpyrrolidin-3-yl]Jthiomethyl-3-cephem-4-carboxylates ( 6a,6b)
were achieved by using p-methoxybenzyl 7B-(Z)-2-(2-formamidothiazol-4-y1)-2-(ferf-butoxycarbonylisopropylimino] aceta-
muido-3-chloromethyl-3-cephem-4-carboxylate (5) and (2S,4S)-4-acethylthio-2-[4-phenyl-5-(4-methyl phenyl or 2-thiop
henyl)-4H-1,2,4-triazol-3-yl]thiomethyl-1-tert-butoxycarbonyl pyrrolidines (4a,4b). Removal of formyl, Boc, and p-meth-
oxybenzyl protecting groups were carried out by triflu oroacetic acid and anisole to give the target compounds.

Keywords [J pyrrolidine, cephalosporin, antibacterial activity

Cepalosporind A1) cephem® 2] 7:19)X]of| aminothiazole-
alkoxvmino”| 8] =9} B-lactamased) tidt <tAAd = FH 9
g st ectrums ZEAISEE 33| heterocycle?] =Y

@85 570} Alkoxyiminot-$1&
1-3)

&
7}

cefotaxime,*® cefmenoxime,® 131

methoxyimino”| &
2 ce’tizoxime,
ceftraxone” 50| B3 F3 o™ carboxymethoxyimino”| S}
carbox /methyl ethoxyiminoZ|Z 7}2 cefixime¥9} ceftazidine”

So] BuEgth 3MYRe| heterocyclic-thiomethyl 1>
quateriary ammonium salt,'>*> v1ny124 29 u) catechol3°'37’»‘:—°
531171 cephalosporini] A EE T8, T, trE 2
B3 T8 BARA pseudomonased s 2-L- G(—)ﬁoﬂ A
& TS 7HAIUA Blactamased]] thE APAE AT

1_

FR Wite] §dk Bl ARoAR
(@3} 62-230-6375 (B2) 062-222-5414
(E-mail
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Zog By et =3t 42 carboxy”1E esterz Z
A SIRMEES FES sk A0l SEE BY 5
°2 prodrugd B} AR ATAA®OIEA7T B E o] 9l
t}. B A} cephem ring®] 7*H$ X+ aminothiazole-
carboxymethylethoxyimino”1 & = A17]1, 3AYA =
carbapenem &8A19] thiomethylpyrrolidine7}7} 489 34
spectrume 712 Batolula}, pseudomonast-ol] et AFEE
ST Rat o) Zekste] kg @Ao] JdHE
triazolylthiomethylpyrrolidine F-SAH: =08k A2 cephalospolin
A YL I
a4 H

Aok 3l 771 - & Aol ARgE AleS-2 Aldrich Co., Sigma
Co., Tokyo Kasei., ¥ Fluka Co. ol|A G913t 537 dFA|et
S A3 oY (Z)-(2-aminothiazol-4-y)-2-(tert-butoxycar-

=



314 5d - F&3
o} i O JSJ\ }ﬂ AE UVGL-582F KMnO, & A|eRS Alg-38ld ), &3
A,)LNHNHQ Ar)LNHNH NH 7J2- Gallen-Kamp melting point apparatuss ARE-3}191 0.,
°]°ﬂ et BA4L 311] 93kt NMR spectrai= tetramethylsilane

N—-N
2a: Ar=—©»c|-13 HS’QN»\Ar
s <
2p: Ar /Q)

Reagents: 1) EtOAc, CH,CNS, 4h/reflux.
if) 2N-NaOH, S/reflux.c-HCUpH 3

Scheme 1 — Synthesis of compound 2a and 2b.

bonylisopropoxyiminoacetic acid®= LonzA} #|&-& p-methoxy-
benzy7-amino-3-chloromethyl-3-cephem-4-carboxylate  hy
drochloride(ACLE)= OtsukaA} A&, silica gel (70~230
mesh) SigmaAt #|E-E ARSI o= H ool wet A
3to] ARE-519T). Thin layer chromatography (tlch= Kieselgel
Fy54(0.25 mm)E WHE f2]8-& 22} 0] 838132 tic spot

(TMS)E % ¥ZE4= 5}o] Bruker FT-80 MHz, FT-300
MHzE AH8-315ict.

1-(4-Methylbenzoyl)-4-phenyl-3-thiosemicarbazide (1a)

p-Toluic hydrazide 5 g(0.033 mol)2 EtOH 50 miol <1
phenylisothio cyanate 4.51 g (0.033 mol)& 718} 4r|7F B2} 7}
kg A7) Tk, FREsESIIBIE 2L SRt 95%
EtOHZ AZd7ste] AN HAA 84 g87%)= LUt mp :
182°C

1H—NMR(DMSO-dﬁ) 8 : 2.37(3H, s, CH3), 7.12~7.86(7H,
m, ArH) 7.86(2H, d, /=8.1Hz, ArH), 9.712H, d, /=11.0Hz,
CONH), 10.43(2H, brs, NHCSNH)

1-(2-Thiophenecarbonyl)-4-phenyl-3-thiosemicarbazide
(1b)

2-Thiophenecaboxylic hydrazide 14.7 g(0.1 mol), pheny-
lisothiocyanate 13.7 g(0.1 mol), EtOH 125 mi& 3% la%t

0 O
oL Y Oay o e
N’O 2 Steps N~ CH3('£S N
| —_— Y s “Boc
OH N 4a,4b
N o} /4 \ o N F# Ci
ALY 0o HONH g
HN g 5 COOPMB i i
(”) |
S-R CH4CS N
iiii HS N 3 Boc
“Boc
” 7 Steps
COOH
HOu dH
O
ot
H .5 ’C‘/\S—R
‘g\’(‘; / N Boc
HCNH COOPMB
6a,6b
Reagents : i) a) MeOH/5.2N-methanolic CH;ONa, Het-SH (2a,2b), 30 min. b) Me,CO, 4h. rt.

i) MeOH, IN-NaOH EtOAc, 30 min,rt.
iii) DMF, Me,CO, Nal, K,CO;, 40°C/4h, EtOAc

Scheme 2 - Synthesis of Compound 6a and 6b.
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N
! N s ’C(\S_R
N
/Q\ o Oj/:N > NH
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COOH
- )
- Ao A
Q7 O
7a 7b

Reagents: i) a) MeOH, THE C-HC], 2h/rt. b) CH,Cl,, anisole, TFA
Scheme 3 - Synthesis of compounds (7a,7b).

2 9o gAsle] Bal AR 24.7 g(87.9%)% L3t mp:
193-195°C

'~ NMR(DMSO-d) 8: 6.69~6.76(1H, m, thienyl-BH), 6.69~
7.04 2H, m, thi enyl-oH), 7.45~7.86(5H, m, ArH). 9.67(1H,
d, CONH), 10.43(2H, brs, NHCS NH)

4-ohenyl-5-(4-methylphenyl)-4 A-1,2,3-triazol-3-thiol(2a)

€18 1a 3 g(0.01 mol)& 2N-NaOH 100 mioll 7}8}1l 44|
b b EFaRAR v WL -HCIZ pH 22 AMdstst
Rt AR AHE Anela BrE AAHES EtOHE A%
ahed B A AX 2.8 g(98%)S AT mp : 269-270°C 'H-
NMR(DMSO-dg) &: 2.36@3H, s, CHy), 7.16(5H, s, ArH), 7.27~
7.534H, m, ArH), 14.02(1H, brs, SH)

4-ohenyl-5-(2-thiophenyl)-4 #-1,2,3-triazol-3-thiol(2b)

€18 1b 2 g(0.007 mol), 2N-NaOH 80 m/& AH&3lo] &
§ht 2a9) 2 Wb oE st A4 A5 gBle)s &
2t} mp : 264~267°C

'E-NMR(MDMSO-dg) § : 6.71~6.77(1H, thienyl-BH), 6.90-
7.0712H, m, thi enyl-aH), 7.50~7.78(5H, m, ArH), 14.18(1H,
brs. SH)

25,48)-4-Acetylthio-2-[4-phenyl-5-(4-methylphenyl)-4 H-
1,2.3-triazol-3-yl]thiomethyl-1-tert-butoxycarbonylpyrro-
lidine (4a)

#}3HE 2a 038 g(1.42 mmol)E MeOH 10 miol| ojx

Vol. 46, No. 5, 2002

-20°CollA] 5.2N-methanolic sodium methoxide 0.2 mi& 7}8kL
305t wRksIlTh WheES 2% FFAIR I 7 Me,CO
10 mig 71kt e 3 0.5 g (1.3 mmolyg Me,CO 20 m!
o 351 §oof] $19] FFE-S VI8t FH AN 4AIZF mRks}
Stk MBS s Ee ¥ EtOAc 200 miE 3310 S5
&, sat. NaHCO, -, brine €22 A&3% & 57158 st
o] F4 MgSO= A&EA7|aL ¢t §Fs3ivh Column
chromatography(EtOAc/hexane=1:4)2 FAste] w34 14
0.41 g(60.3%)& LTt mp : 167~168°C

Rf : 0.44 (EtOAc/hexane=1:2)

IH.NMR(OMSO-dg) & 1420H, s, CHyx3), 2.18 (1H, m,
Pyrr-H), 2.30 (3H, s, CH;CO), 2.35(3H, s, CH,) 2.75(1H, m,
Pyre-H), 2.52(1H, m, Pyre-H), 2.75(1H, m, Pyrc-H), 2.80
(2H, m, CH,), 4.14CH, m, Pyrz-H), 7.13 (2H, m, ArH),
7.24~7.56(7H, m, ArH),

(28,4S)-4-Acetylthio-2-[4-phenyl-5-(2-thiophenyl)-4 H-
1,24 -triazol-3-yl]thiomethyl-1-fert-butoxycarbonylpyrroli-
dine (4b)

3RHE das} 22 WO Z sl w|BAEA 05 g(72%)
S Jd9ch mp : 182~184°C, Rf: 054(EtOAc/hexane=1:2)
"H.NMR(DMSO-d;) & 1409H, s, CH,x3), 2.15(1H, m,
Pyrr-H), 2.303H, s, CH;CO), 2.78(1H, m, Pyrr-H), 3.50
(1H, m, Pyre-H), 2.78QH, m, Pyrr-H) 2.80(2H, s, CH,),
4.12(2H, m, Pyrr.-H), 6.78(1H, m, thienyl-H), 6.98(2H, m,
thienyl-H), 7.33(5H, m, ArH)

p-Methoxybenzyl7B-[(Z)-2-(2-formamidothiazol-4-y1)-2-
(tert-butoxycarbonylisopropylimino]acetamido-3-[[(3S,5S)-
5-[4-phenyl-5-(4-methylphenyl)-4 H-1,2,3-triazol-3-yl]
thiomethyl-1-fertbutoxycarbonylpyrrolidin-3-yithiolmethyl-
3-cephem-4-carboxylate (6a)

3132 4a 0.5 g(0.95 mmol)S MeOH 20 m/o] 9] ice-
batlvdeld] 1N-NaOH 1 m/E 71t F 308 &3t wxkssict. vt
=& EtOAcE FZ3}1. IN-HC], sat. NaHCO,, brineT S &
AHBIATH 77155 Fste] 79 MgSO,2 A1 5 7t
SH3lo] vEA AAQE ATk P FES FABHA &
I vhE o Hbgoll AMEEFSith gk 33HE 5 (05 g, 0.7
mmol)el DMF 10 ml, Me,CO 20 m/, Nal 0.12 g(0.8 mmol),
K,CO; 0.17 g(1.2 mmolyg 7F8tr 4*XF 51t 40~45°CoIAt 7+
BEgE & ofaial ofolls A9 F%3al EtOAc 100 miE
¥ Z874, sat. NaHCO;, brined=0 2 AjHslict, 4712
st} = MgSO,= AFRAIT = 7% 5538 2580 3
51552 Me,CO 20 mioll=5<] 842 71810 40~45°CellA]

"k

o o 4 12
e M
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A7 <t 71 wRkEnh RESE-S A FFA170F EtOAC
3 554, sat. NaHCO; £, brine= S 2 A

& F 7158 Aste] 25 AzAYID Y 55

3 & MgSO,Z
3+ % column chromatography (EtOAc/hexane=1:2)2 7 A5}
of u3A 1) 0.29 g(38%) VATt mp : 93~96°C

Rf : 0.42 (EtOAc/hexane=1:2)

'H.NMR(DMSO-dg), & 1.409H, s, CH;x3), 1.42H, s,
CH;x3), 1.45(6H, s, CH;%2), 1.85(1H, m, Pyrr-H), 2.35(3H,
s, CHy), 2.45(1H, m, Pyrr-H), 3.14, 3.20(6H, m, CH,S %2,
Pyrr-H ), 3.35~3.64(2H, m, Pyrr-H,), 3.76 (3H, s, OCHy),
4202H q, C-2), 518(1H, d, /=5.0Hz, C4-H), 54022H, s,
OCH,), 5.75(1H, dd, /=5.8Hz, C,-H), 6.76(1H, s, thiazole-H),
7.18(5H, s, ArH), 7.25~7.54(4H, m, ArH), 8.26(1H, s, HCO),
9.64(1H, d, /=8.0Hz, CONH)

p-Methoxybenzyl7B-[(Z)-2-(2-formamidothiazol-4-yl1)-2-
(tert-butoxycarbonylisopropoxyiminolacetamido-3-[[(3S,
58)-5-[4-phenyl-(2-thiophenyl)-4 H-1,2,4,-triazol-3-yl]]thio-
methyl-1-fert-butoxycarbonylpyrrolidin-3-ylthio]] methyl-3-
cephem-4-carboxylate (6b)

3}3HE 4b 05 g(0.97 mmol), MeOH 20 m/, IN-NaOH 1
ml, 3IBHE 5 0.5 g(0.7 mmole), Nal 0.22 g(1.5 mmol), K,CO4
0.25 g(1.8 mmol)2 A3ty 3AFE 6asizto] A% &
column chromatography (EtOAc/hexane=1:2)Z %A|5}o] 32
T4 0.6 g(38%)= L3t

Rf : 0.55 (EtOAc/hexane=1:2)

'H-NMR(DMSO-dg) &: 1.41(9H, s, CH;x3), 143(9H, s,
CH;x3), 148(6H, s, CH;Xx2), 1.90~1.93(1H, m, Pyrr-H),
247(H, m, Pyrr-H), 3.18~3.76GH, m, Pyrr-H, CH,S),
3.792H, q, CH,), 3.82(3H, s, OCH,), 3.93~4.16(3H, m,
Pyrrc-H, CHy), 5.06~527(3H, m, C6-H, OCH2), 5.80(1H, dd,
J=5.8Hz, C7-H), 6.70~6.76(1H, thienyl-BH), 6.79~6.95(5H,
m, ArH, thiazole-H), 6.89~7.02(2H, m, thienyl-oH), 7.31~7.40
(5H, m, ArH), 8.25(1H, s, HCO), 9.59(1H, d, /=8Hz, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-yl)-2-(1-carboxy-1-methy-
lethoxyimino]acetamido-3-[[(3S,55)-5-[4-phenyl-5-(4-
methylphenyl)-4 A-1,2,3-triazol-3-yl]thiomethylpy-rrolidin-
3-yl]lthiomethyl-3-cephem-4-carboxylic acid (7a)

313 E 6a 0.5 g(0.44 mmol)2 MeOH 15 m/9} THF 5 m/

of] F0]i ¢-HCl 0.1 g(0.88 mmol)& 7151 A2l 2412t F
Qb wakslodnh. ¥H-8-8 EtOAc 100 mig} & 5.0 mie] &3 &
uje]] 7}eled sat. NaHCO;8&8 22 pH 752 Z3 3%t 77]
%% brine® 2 AHslo] MgSO,2 %3 & 749 H=319ict.

ARk HRES ice-batirdol CH,CL 20 miol] =01 o§7]o]
anisole 2.0 m/& TFA 3.5 m/(46 mmol)Z A|A13] 7k}, 2
LoM 2417t B wHHEE 5 239} FEA1F1 3L isopropylether
(PE)Z A3} 3tk o)A & T2 &Y 535 EtOAc,
CH,CLe #AHeE E5-& 5%tk Column chroma-
tography (H,0/AcCCN=1:5)2 FAI5ko] wm o] 1) 0.09
g8(25%)ye JT}. mp : 203~205°C

Rf: 0.42(CH,CN/H,0=3:1) "H-NMR(DMSO-d;) &: 145 and
1.47(6H, s, CH;*2), 2.022H, m, Pyrc-H) 2.36(3H, s, CHy),
2.65(1H, m, Pyrr-H), 3.03(3H, m, CH,S, Pyrr-H), 3.08(2H,
m Pyrr-H), 3.682H, q, C,-H). 4.15(2H, s, CH,), 5.18(1H, d,
5.0Hz, C6-H). 5.85(1H, Jj=5.8Hz, C,-H), 6.78~7.05(5H, m,
ArH, thiazole-H), 7.32~7.40(5H, m, ArH) 9.53(1H, d, J=
8.0Hz, CONH)

7B-[(Z)-2-(2-Aminothiazol-4-y1)-2-(1-carboxy-1-methyle-
thoxyiminoacetamido-3-[[(3S,5S)-5-[4-phenyl-5-(2-thiop-
henyl)-4 H-1,2,4,-triazol-3-yl]thiomethylpyrrolidin-3-y1]]
thiomethyl-3-cephem-4-carboxylic acid (7b)

S}HE 6b 0.5 g(0.44 mmol) 6ast 22 WHOE e &
column chromatography(H,0/AcCN=1:5)Z A|3to] v|w22]
14 0.1 g(26.6%)y Y3t mp : 209~211°C

Rf : 042 (CH;CN/H,0=3:1)

'H.NMR(DMSO-d;) &: 1.44 and 1.47(6H, s, CH;%2), 1.98
(1H, m, Pyrr-H), 2.65(4H, m, Pyrr-H), 3.12(2H, m, Prr.-H),
3.672H, q, C,-H), 4.152H, q, CH, S), 5.15(1H, d, Cg-H),
5.83(1H, dd, /=5.8Hz, C,-H), 6.73(1H, s, thiazole-H), 6.67~
6.75(1H, m, thienyl-H), 6.92~7.112H, m, thienyl-H), 7.31
(5H, brs, ArH), 7.12, 7.36(4H, m, ArH), 9.55(1H, d, /=
8.0Hz, CONH)

a =

Cephalosporin®] 78] 2 ol &= (2)-2-(2-aminothiazol-4-y1)-2-(1-
carboxy-1-methylethoxyimino) acetyl group=, 391X ¢+ tria-
st =4 7B-[(2)-2-2-
aminothiazol-4-yl)-2-(1-carboxy-1-methylethoxyimino]aceta-
mido-3-[[(3S,55)-5-[4-phenyl-5-(4-methylphenyl)-4H-1,2,3-triazol-
3-yllthiomethylpyrrolidin-3-yl]]thiomethyl-3-cephem-4-carboxylic
acid (72)¢} 7B-[(Z)-2-(2-aminothiazol-4-y1)-2-(1-carboxy-1-me-
thylethoxyimino]acetamido-3-[[(3S,55)-5-[4-phenyl-5-(2-
thiophenyl)-4H-1,2,4-triazol-3-yl]thiomethylpyrrolidin-3-yl]]
thiomethyl-3-cephem-4-carboxylic acid (7b)S A3}
(25,45)-4-Acetylthio-2-[4-phenyl-5-(4-methylphenyl or 2-thio-

zolylpyrrolidine moiety S
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pheryl)-4H-1,2,4-triazol-3-yl-thiomethyl-1-fert-butoxycar-
boryipyrrolidine(4a,4b)=(2S,4R) absolute configurationa 7}z
trars -4-hydroxy-L-prolines E4EAZE &4 3to ARE3ISIT)
4-P12nyl-5-(4-methylphenyl or 2-thiophenyl)-4H-1,2,4-triazol-
3-tki>l(2a,2b)= p-toluic anhydride 2} 2-thiophenecarboxylic
acic hydrazide ZF-E & $&2 #4d3lo] AL239 - p-
Me-hoxybenzyl7B-[(Z)-2-(2-formamidothiazol-4-y1)-2-(1-feri-
buto: ycarbonylisopropylimino]  acetamido-3-{(3S,55)-5-[4-phenyl-
5-(4- nethylphenyl or 2-thiophenyl)-4H-1,2,3-triazol-3-yl]thio-
mett yl-1-tert-butoxycarbonylpyrrolidin-3-yl]] thiomethyl-3-
ceph :m-4-carboxylate(6a,6b)= p-methoxybenzyl 7B~(Z)-2-(2-
form aridothiazol-4-yl)-2-(fert-butoxycarbonylisopropylimino]
aceta nido-3-chloromethyl-3-ceph em-4-carboxylate (5)%} (25,4S)-
4-acethylthio-2-[4-phenyl-5-(4-methylphenyl or 2-thiophenyl)-
4H-1,2 4-triazol-3-yl]thiomethyl-1-ferf-butoxycarbonylpy-
rrolicine(4aab)= ¥ At} Protecting groups?l
form7l, Boc, p-methoxybenzyl & TFA®} anisoleZ ARESIo] A|

As+3T-,
AR

o = 20004 AU A THIe) AU ot
FE 3O o)) BASTV,

o

=
[+
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