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Synthesis of 6-Triazole Exomethylenepenams Derivatives

Youn Sook Kim, Jung Suk Oh, Chaeuk Im” and Chul Bu Yim
Division of Medicinal Chemistry, College of Pharmacy, Chung-ang University, Seoul 156-756, Korea

Abstract — The synthesis of new 6-triazole exomethylenepenams was described. The 6,6-dibromopenam 5 was reacted
with CH;MgBr and substituted triazole 4 to afford the 6-bromo penicillanate 6, which was treated with acetic anhydride to
give acetoxy compound 7. The deacetobromination of acetoxy compound 7 with zinc and acetic acid gave 6-exomethylene
penams 8 and 9, which were oxidized to sulfones 10 and 11 by m-CPBA. The p-methoxybenzyl compounds 6~11 were
deprotected by AICl; and neutralized to give the sodium salts 12~17.
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B-Lactam 341l st Wawe) £3°% 71E S <
7} 4310 el BaA Ase] xj80) Azkek EAP)
A3kar Qlck. Alte] B-lactam FA8A] oigh AvkzQl Ubd7A
2 B-lactamasezhs 84AE UWdere] BHlsle] 3AUAS] B-lactam
ringd 7}5R 3l RS AT Ferkl o] aat I
F5AEH} TR H-S &, actinomycetes, blue-green algae
SoME 2HE T 9L, plasmid 52 FaA TR Fo AlFL
2 A W FRAAE AoAE 5 slelA #Ael B-lactam &
Ao o)t} AZHAA Mdge] AAHoRE s veR
 EAZE R T Qiok olelst W EAIE SE3hE WY
S 2 Blactamase FAo) HYSH FHAE i WHol Q)
O} olEE 2 A2 B-lactamase Ao HIEE AEE w
o] 3 ik wepr, WdFEE ST & e Bt 224U
HHHL Blactamase EAE JA3H= B-lactamase A AZ 7l
Wk, B-lactam A ML Foidte] B-lactam¥BAIE B-
lactamase &4 ZHE ¥ Esh= Zlo|t}, o|2]3t B-lactamase &
AAZE clavulanic acid® 1a, sulbactam® 1b % tazobactam?
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Fig. 1 — Structure of B-lactamase inhibitors.
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AsE 524 0 2 sulbactam™ tazobactam®] penam sulfone T3
9} 29 6-triazolylmethylene T%E& ZAFAX] 6-triazole
exomethylene penamsulfone S-=A5 4130}
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B Agef A ARE AokEE AldrichAte} Flukarle] 28 Af
89T, 2 gulle S34oke AMgSISic). 'H-NMR spectra
= JEOL JNM-EX 90A(90 MHz)%} Varian Gemini 2000(300
MHz)= AFg3te] €43, CDCLE] 7§ TMS(tetramethyl-
silane)2 UF 7222 ARNSIS o DMSO0-d.8] AS 2+
sl= DMSOZ U 5543 ARSIt TLC= Merck silica
gel 60 Fyp 5 AME3151T Reverse TLCZ= Merck RP-18F 546
2 ARSI oM, UV LampE spots 218y}, 44&42
Biichi Melting point B-540-2 AF£31%) 2, IR spectras Jasco
FT/IR 300ES AF&3}o] €29t} Column chromatography+
silica gel(Merck type 9355, 230~400 mesh)S A3l 11, &
2} column chromatography+ Comosil 75 C,g-OPN-& A}-4-3}
St

1-[2-(p-Methoxybenzyl-1-tetrazoleacetate-5-yl)thioethyl]-
1,2,3-triazole-4-carbaldehyde(4)

1-(2-Hydroxyethyl)-1,2,3-triazole-4-carbaldehyde 3 292¢g
(20.69 mmol)2 <= dichloromethane 100 m/¢] =<1 & o
triethylamine 3.48 mia 718t &, -15~-20°CE W¥Zs}lal Ar gas
o] 4] ¥k-&-A|ZIt). 40% %, triflucromethanesulfonic anhydride
348 miE M A3 7}skarl -15~-20°Coll A 3A1ZF o} wykghc)
p-Methoxybenzyl 5-mercapto-1-tetrazoleacetate 5.83 g(20.69
mmol)¥} triethylamine 3.48 ml& =91 dichloromethane 50 m/
folg A7) W EF A -15~-20°CollA] 308 Etol] A7kt
3, AolA] 3F WAt hS-EFES dichloromethane® E
FZ3l3 5% NaCl &Ho2 AAT F, 75 Na,SO,E 1x3}
a7 5E3 4 A ES silica gel column®.F A5}
o At B8 4 2.73 g(33%)y2 BAUTH

R;=0.30(hexane : ethylacetate=1:3); mp: 106~107°C; IR
(NaCl, neat) cm; 1761, 1700, 1030; 'H-NMR(CDCly) § :
3.78(s, 3H, OCHy), 4.47(s, 2H, CO,CH,), 4.61-4.86(m, 4H,
CH,N, SCH,), 5.06(s, 2H, CH,CO,), 6.75-6.90(m, 2H, Ph of
PMB), 7.12-7.41(m, 2H, Ph of PMB), 8.33(s, 1H, tria-H),
10.08(s, 1H, COH).

p-Methoxybenzyl 6-Bromo-6-[1-hydroxy-1-[1-[2-(p-
methoxy  benzyl-1-tetrazoleacetate-5-yl)thioethyl]-1,2,3-
triazol-4-ylJmethyl]penicillanate 1,1-Dioxide(6)

3}3HE 5 1.70 g(3.33 mmol)2 Ar gasollA] < THF 60 m
2 591 g0 CHaMgBr 0.40 g2 ether&S 713t 3, -78°C
ol A 1587t wwkste}, 33HE 4 1.34 g8 dichloromethane

40 mol] =ojA] whgAe] 7letka, -78°CellA] 104171 vhE-EiTt.
10% NH,Cl §4& VI35 vhg-2 AA17]3L ethylace:ate® 5=
&3 F Na,SO,= AFAR &, 19t w53 4 A=
% silica gel column® 2 A5 31EE 6 042 g(18%)yE
g

R;=0.14(hexane : ethylacetate=1:2); IR(NaCl, neat) cm'l;
1802, 1757, 1334; '"H-NMR(CDClL,) & : 1.30(s, 3H, CHy),
1.56(s, 3H, CHj), 3.83(s, 3H, OCHy), 3.87(s, 3H, OCHy),
4.49-4.59(m, 3H, C;-H, CO,CH,), 4.62-4.74(m, 4H, CH,N,
SCH,), 5.06-5.21(m, 3H, Cs-H, CH,CO,), 525(d, 2H, J=
7.8 Hz, CO,CH,), 5.51-5.62(m, 1H, CHOH), 6.82-7.07(m, 4H,
Ph of PMB), 7.27-7.49(m, 4H, Ph of PMB), 7.83 and 7.92(s,
1H, tria-H).

Pp-Methoxybenzyl 6-Bromo-6-[1-acetoxy-1-[1-[2-(p-
methoxy  benzyl-1-tetrazoleacetate-5-yl)thioethyl]-1,2,3-
triazol-4-yllmethyl] penicillanate 1,1-Dioxide(7)

5132 6 2.08 g(2.44 mmol)g 5=+ dichloromethane 20 miel|
=9l Mo pyridine 2.31 g3} acetic anhydride 2.49 g& 0°C,
Ar gasollA 7¥slar Ao 2047 vE&-sto), wkg ERMES
dichloromethaneZ F%3t1 1% HCl, 5% NaHCO; ¥ 5%
NaCl €807 A& F, F4 Na,S0,2 1AZ3H3 3 55
@}, Ad=S silica gel column® 2 “gAlsle] 3= 7 0.66 g
(32%ys 23irt.

R;=0.49(hexane : ethylacetate=1: 2); IR(NaCl, neat) cm'l;
1805, 1755, 1334; 'H-NMR(CDCl,) & : 1.18(s, 3H, CH,),
1.45(s, 3H, CHy), 2.21(s, 3H, OCOCHjy), 3.76(s, 3H, OCHy),
3.80(s, 3H, OCH,), 4.45-4.53(m, 3H, C;-H, CO,CE,), 4.58-
£.71(m, 4H, SCH,, CH,N), 4.96-5.07(m, 3H, Cs-H, CH,CO,),
5.13-5.27(m, 2H, CO,CH,), 6.39 and 6.51(two s, 1H,
CHOAC), 6.74-6.98(m, 4H, Ph of PMB), 7.21-7.40(m, 4H, Ph
of PMB), 7.75(s, 1H, tria-H).

p-Methoxybenzyl(6Z)-6-[1-[1-[2-(p-Methoxybenzyl-1-
tetrazole acetate-5-yl)thioethyl]-1,2,3-triazol-4-yllmethylene]
penicillanate 1,1-Dioxide(8)%t p-Methoxybenzyl(6E)-6-[1-
[1-[2-(p-Methoxy benzyl-1-tetrazoleacetate-5-yl)thioethyl]-
1,2,3-triazol-4-yllmethylene]penicillanate 1,1-Dioxide(9)

e 7 3.73 g(4.34 mmol)S CH;CN 100 miel =olx
zcetic acid 0.52 g& 715t 3, Zn B4 142 g2 ¥ 0°CollM 3
AlIZE REEEE T A=A S o7 AT ¥Eg-4L dichloro-
methane 0.2 FE3}3L 5% NaHCO, 0.2 A3 ¥ F¢
Na,S0,% AZ3 53t & A/dE2 silica gel column
o2 ZAsle] FEE 8 0.68 g(18%)7} 9 0.31 g(8%)s:r YTt

J. Pharm. Soc. Korea
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3}3H2(@8) R;=0.25(ethylacetate : hexane=2:1); IRMNaCl,
neat) cm®; 1787, 1757, 1322; 'H-NMR(CDCLy) & : 1.33(s,
3H, CHy), 1.52(s, 3H, CH,), 3.75(s, 3H, OCH,), 3.81(s, 3H,
OCH,), 4.42-4.50(m, 3H, C,-H, CO,CH,), 4.54-4.62(m, 4H,
SCH,, CH,N), 4.98(s, 2H, CH,CO,), 5.19(d, 2H, J=5.5 Hz,
CO,CH,), 5.65(s, 1H, C,-H), 6.76-7.03(m, 4H, Ph of PMB),
7.19-7.43(m, 5H, CH, Ph of PMB), 7.73(s, 1H, tria-H).

5} 3+E(9) R=0.43(ethylacetate : hexane=2:1); IR(NaCl,
neat) cm; 1751, 1324, 1247; 'H-NMR(CDCl) & : 133
(s, 3H, CHy), 1.53(s, 3H, CH,), 3.77(s, 3H, OCH,), 3.81
(s, 3H, OCH,), 4.45(s, 1H, C,-H), 4.46(s, 2H, CO,CH,),
4.54-4.67 (m, 4H, CH,N, SCH,), 5.01(s, 2H, CH,CO,), 5.90-
5.26(m, 3H, Cs-H, CO,CH,), 6.74-6.97(m, 4H, Ph of PMB),
7.11(s, 1H, CH), 7.19-7.40(m, 4H, Ph of PMB), 8.76(s, 1H,
tria-H).

p-Methoxybenzyl(6Z)-6-[1-[1-[2-(p-Methoxybenzyl-1-
tetrazoleacetate-5-yl)sulfonylethyl]-1,2,3-triazol-4-yl]
methylene]penicillanate 1,1-Dioxide(10)

5}5kE 8 0.62 g(0.82 mmol)2- dichloromethane 20 miel] #=9]
11, m-chloroperbenzoic acid(n-CPBA) 0.28 g2 231 Ak20jlA
20717F R BEGAIITE, ¥R 5% NaHCO; 847 =2 A
3oL 74 Na,SO,E AXAR %, silica gel column® 2 |
3t SFE 105 0.21 g33%) 23Ut

R;=0.21(hexane : ethylacetate=1:2); IR(NaCl, neat) cm
1785, 1756, 1322; 1H-NMR(CDCIS) & : 1.28(s, 3H, CHy),
1.48(s, 3H, CHy), 3.72(s, 3H, OCHjy), 3.76(s, 3H, OCHy),
4.36-4.43(m, 3H, C;-H, CO,CH,), 4.49-4.66(m, 4H, CH,N,
SCH,), 5.00(s, 1H, CH,CO,), 5.14(d, 2H, /=5.6 Hz, CO,CH,),
5.62(s, 1H, Cs-H), 6.71-6.98(m, 4H, Ph of PMB), 7.22-7.53
(m, 5H, CH, Ph of PMB), 7.95(s, 1H, tria-H).

Pp-Methoxybenzyl(6E)-6-[1-[1-[2-(p-Methoxybenzyl-i-
tetrazoleacetate-5-yl)sulfonylethyl]-1,2,3-triazol-4-yl]
methylene]penicillanate 1,1-Dioxide(11)

SHEHE(9) 0.21 g(0.27 mmolys SLEAR 3lo] FFEA0)
FTUS o ® TSt IEAL) 0.14 g43%)E U

R;=0.43(dichloromethane : ethylacetate=1: 2); IRMNaCl, neat)
em?; 1753, 1323, 1250; 'H-NMR(CDCly) & : 1.31(s, 3H,
CHy), 1.54(s, 3H, CHy), 3.77(s, 3H, OCH,), 3.81(s, 3H,
OCHy), 4.39-4.53(m, 3H, Cs;-H, CO,CHO), 4.62-4.76(m, 4H,
CH,N, SCH,), 5.11-5.28(m, 5H, C;-H, CO,CH,, CH,CO,),
6.79-6.98(m, 4H, Ph of PMB), 7.08-7.58(m, 5H, CH, Ph of
PMB), 8.81(s, 1H, tria-H).

Vol. 48, No. 5, 2004

Disodium 6-Bromo-6-[1-hydroxy-1-[1-[2-(1-tetrazoleacetate-
5-yl)thioethyl]-1,2,3-triazol-4-ylJmethyl]penicillanate  1,1-
Dioxide(12)

S5 6 0.29 g(0.34 mmol)2 <= dichloromethane 20 m/=}
anisole 10 mloll 5§ N, gasolld -40°CZ “§7Z}sha, F= AlCl,
0.23 g& ¥ WA 1AL &, B8 Yo WS A1)
3 0.1N NaOH |92 = pHE 7008 43t} 55 54
Az &, 94 column® 2 FA8l] de fHs FFH 7x3}
o] 3BE 12 0.17 g2 (76%) Ldut.

R;=0.26(water : acetonitrile=3 : 1); 1H-NMR(DMSO-dG) 6 :
1.31 and 1.35(two s, 3H, CH,), 1.45(s, 3H, CHy), 3.75-3.84
(m, 3H, SCH,, Cs-H), 4.46(s, 2H, CH,), 4.50(t, 2H, J=
53 Hz, CH,N), 5.08 and 5.17(two s, 1H, C;-H), 527 and
5.40(two s, 1H, CHOH), 8.11 and 8.18(two s, 1H, tria-H).

9lob & W o2 PMB ester 31582l 7, 8, 9, 10, 115
AFF AMEE R 13, 14, 15, 16, 172 F4J3I5

Disodium 6-Bromo-6-[1-acetoxy-1-[1-[2-(1-tetrazoleacetate-
5-yl)thioethyl]-1,2,3-triazol-4-yllmethyl]penicillanate  1,1-
Dioxide(13)

Sl3HE- 7 0.33 g(0.37 mmolys €82 3l 33ME 123 5
o R Adsto] SRME 13 021 g2 (81%) EUT

Ry=0.21(water : acetonitrile=3 : 1); 1H—Nl\/IR(DMSO—dﬁ) §
129 and 1.33(two s, 3H, CHy), 142 and 1.45(two s, 3H,
CHy), 2.09(s, 3H, OCOCH,), 3.82 and 3.86(two s, 1H, Cs-
H), 4.38-4.46(m, 4H, CH,CO, SCH,), 4.63-4.70(m, 2H,
CH,N), 5.16 and 5.28(two s, 1H, C;-H), 6.34 and 6.38(two s,
1H, CHOAc), 8.36 and 8.41(two s, 1H, tria-H).

Disodium(6Z)-6-[1-[1-[2-(1-Tetrazoleacetate-5-yl)thioethyl]-
1,2,3-triazol-4-yllmethylene]penicillanate 1,1-Dioxide(14)

5158 8 0.35 g(0.47 mmolye YBEE o] = 129 5
o BP o Asle] StE 14 022 g2 (85%) VU

H \/\N/N‘\N \/\N/N\\N
O . TFSA R/S —
\_%'H EtzN , R-SH #H
e} o
3 4
r= NN
= —
Ney
\
CH,CO,Na

TFSA = Trifluoromethanesulfonic anhydride

Scheme 1 - Synthesis of 1-substituted triazole-4-carbaldehyde
compound.
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R;=0.29(water : acetonitrile=3 : 1); 1H—NMR(DMSO-dG) o : Disodium(6E)-6-[1-[1-[2-(1-Tetrazoleacetate-5-
1.49(s, 3H, CHy), 1.54(s, 3H, CHy), 3.91(s, 1H, C;-H), 4.60- yDthioethyl]-1,2,3-triazol-4-ylJmethylene]penicillanate 1,1-
4.69(m, 2H, SCH,), 4.71-4.84(m, 2H, CH,N), 5.47(s, 2H, Dioxide(15)

CH,CO,), 5.89(s, 1H, Cs-H), 7.40(s, 1H, CH), 8.49(s, 1H, S3ME 9 0.21 g(0.28 mmolya YEZ dlof 33 129 FU
tria-H). sk up oz 285l S 15 0172 (39%) YA
/N\
S~ TN SN
Br Q _o R ={ B Q o
Bram aS” i) CH;MgBr 57
6-APA ] NJ< — " jf_@<
B (o) e
CO,PMB CO,PMB
5 6
ACzO

N
/S\/\N/ >N
Zn R \—_ﬂ‘sr O\\S//O
AcOH AGO j;N\)<
0 z
CO,PMB
7
;P
R‘SH \i\
|
N\ _N N
(Z) -CPBA
- . N o\\ .0 m N O\\ //O
o 3 o 3
CO,PMB CO,PMB
8 10
NN A0 NN A0
\ J N S \ J AN S
(E) N \>< m-CPBA N \><
— g N N
o B 0 B
CO,PMB CO,PMB3
s 2! o\\s 2!
\ O// \
R R
9 11
. NN
= \N
v
\
CH,CO,Na

PMB = p-Methoxybenzy!

Scheme 2 - Synthesis of 6-exomethylene penam derivatives.
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R;=0.62(water : acetonitrile=3 : 1); 1H-NMR(DMSO-dG) 6
..36(s, 3H, CHy), 1.45(s, 3H, CHy), 3.78(s, 1H, C;-H), 4.38-
4.45(m, 4H, CH,N, SCH,), 4.72-4.83(m, 2H, CH,CO,), 5.53
(s, 1H, C;-H), 7.10(s, 1H, CH), 8.80(s, 1H, tria-H).

Disodium(6Z)-6-[1-[1-[2-(1-Tetrazoleacetate-5-yl)sulfonyl
ethyl]-1,2,3-triazol-4-ylJmethylene]penicillanate 1,1-Dioxide
(16)

5}5HE 10 0.20 g(0.26 mmoyS A= 314 3IFE 127 5
st v o= gMdsle] sI3hE 16 0.11g2 (72%) ¥t

R,=0.63(water : acetonitrile=3 : 1); 'H-NMR(DMSO-dg) & :

1.39(s, 3H, CHy), 1.44(s, 3H, CHy), 3.79(s, 1H, C,-H), 4.42-
453(m, 2H, SCH,), 4.66-4.74(m, 2H, CH,N), 5.03(s, 2H,
CH,CO,), 5.83(s, 1H, C,H), 7.31(s, 1H, CH), 842(s, 1H,
tria-H).

Disodium(6E)-6-[1-[1-[2-(1-Tetrazoleacetate-5-yl)sul-
fonylethyl]-1,2,3-triazol-4-yllmethylene]penicillanate  1,1-
Dioxide(17)

513HE 11 0.14 g(0.18 mmolyS Y82 k] IFTE 129 F
Ut o g Pk BEE 17 0.08gS (76%) LA

R;=0.35(water : acetonitrile=3 : 1); 1H-NMR(DMSO—dG) $:

N N
LS~ TNTON S~ TSN
R i Br O\\ //O R el Br O\\ //0
S 1) AlCl, S
—_—
Ry N\>< 2) NaOH Rq N\_><
o] B 0 B
CO,PMB CO,Na
6 Ry=OH 12 R,=OH
7 R, = OAc 13 R, =OAc
(O)n
Reg” " R—g”
N—p N-N
i
g‘/\f‘\l Q\/N
o 1) AlCI, o
N P 2) NaOH NP
N\>< N\><
o P z
CO,PMB CO.Na
8 n=0 14 n=
10 n=2 16 n=
N 0 N Q.0
7 \ ..O 7N\ AW
NS N
S & 2) NaOH S g {
Z CO,Na
(On=g oomE (OIn=g i
\
3 R
9 n=0 15 n=0
11 n=2 17 n=2
-N
R= N7\
NN
CH,CO,Na

PMB = p-Methoxybenzyl

Scheme 3 - Synthesis of 6-exomethylene penam sodium salts.
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1.37(s, 3H, CHy), 145G, 3H, CHy), 3.79(s, 1H, C;-H), 4.41
(& 2H, j=5.2Hz, CH,N), 4.50(t, 2H, /=5.2 Hz, SCH,), 4.62-
4.83(m, 2H, CH,CO,), 5.54(s, 1H, Cs-H), 7.32(s, 1H, CH),
8.75(s, 1H, tria-H).

23 % 13

olu} B BR1S- 0]83)¢] sodium azide®} 2-bromoethanol
< WS A|A 2-azidoethanolS #4313, propargyl alcohol
S CrO;2 AF8MAIA propargyl aldehydeS wEthlV 2.
azidoethanol#} propargyl aldehydeZ WHEAl#H  triazole-4-
carboxaldehyde 3< #4851 1,? trifluoromethane sulfonic
anhydride(TFSA)Z A|2J&}] trifluorosulfony] - EA4Z W= &,
thiol 3}3HE3 JH-3- A7 2-X]8 thioethyl triazole 3}EE 45
33%2) 5-8F 3448159 HScheme D).

6,6-Dibromopenam 32 5% CHMgBr2 A zlgt &,
triazole carbaldehyde 3F3ha- 49} ¥H-83}9] hydroxy 3EE 62
18%2] 587 41, FE 62 acetic anhydrideZ #2)s}t
& acetoxy 3t&E 78 32%2] FEEZ At F}EE 7S
acetic acid®} Zn°. 2 #] 2]}l penam sulfone?] 6% x|
exomethylene?] 2% A4S =4 E9} Z form] 3}3HE 8%
92 212} 18%%} 8% +55= A}, E-isomerdlld triazole &
o] F4 Blactam3 @) carbonyl’| 9} 7H7to] 9171 wlE-of - 1H-
NMR A3 E&of|A| carbonyl”] &) anisotropic &}l 2] 3}¢d
peak’} 9% 0 2 0]%5 3 AT 8.76). L}, Z-isomerollA]
triazole® ] F4~= carbonyl’|9} ] Hojx QleJA anisotropic
T3] S wx] YITHS 7.73). vls=E AHE sulfonyl 3}
& 100145 2= AcHScheme 2).

p-Methoxy ester 33 6~112 AICL,E A2l5k] carboxylic
acid 33EE PE F, 0.1N NaOH §94& 21§31 pHE 7.0
o2 ZA3Y sodium salt §9-& ¥HE3 tHScheme 3). B-
Lactam 3}3HE2 g7]ol oF3t7] wFo] pH 244 01N
NaOH gelo® #HH3] 274d3gitt. o]gdA ¥& sodium salt &
HS TN 57 CH,CNS o]43k] 94 column® 2
AR 5, oA T 1x81] BHE 12~178 39~85%2]

Sg= RIS

ret

nk

k]
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