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Synthesis of 6-Exomethylene Penam Derivatives

Chaeuk Im*, Hee Suk Park, Hyun Soo Lee and Chul Bu Yim
Division of Medicinal Chemistry, College of Pharmacy, Chung-ang University, Seoul 156-756, Korea

Abstract — The synthesis of new 6-exomethylene penams with triazole ring was described. The 6,6-
dibromopenam 5 was treated with CH,MgBr and carbaldehyde 4 to afford the 6-bromo-6-(1-hydroxy-1-
methyl)penicillanate 6, which was reactod with acetic anhydride to give acetoxy compound 7. The deac-
etobromination of 7 with zinc and acetic acid gave 6-exomethylenpenams, Z-isomer 8 and E-isomer 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.

Keywords (] Trazole, 6-Exomethylenepenam, B-Lactamase inhibitors.

ol de) AREHT Ql= B-lactam FAAl o
3 UbdRte] 8o J1E A Tt Aastod
Udgtoll -85 AR A s ZeAdo] #Y
slol AZIE L Aok 7Hg AA M) WA 7]
AL Bactam FYAE A7) B-lactamasest=
HAE Pdtol Bulated Al ok E AlAske
Zolt}, olgjgt WA ZAIE F53h= WHoE B-
lactamase #EAel HYF FAAE ANUske WHo
3lou}, o]E% & A|ZEE B-lactamase FAol =
t A%s 1Y T3 9tk WHE AEE § e
B} 223 WL Blactamase 45 HHshs
B-lactamase JAAIE sWd3}til, B-lactam YA
HE Foste] B-lactam3AYAE P-lactamase EAF
HE BEsHs Zo|th

#H o o}eldt B-lactamase A AE clavulanic
acid,? sulbactam® % tazobactam¥o] 7W&Ee] WAk
ol A=l Qi) HZ B-Lactamase &AAZE 6-

# B =R g3l BE o] AR AR
(3D 02-820-5603 () 02-815-2199

exomethylene penam-TAIEC] A2 1 Qla® 53,
6-triazolylmethylene penem<! 1(BRL-42715)%73} 2
i B-lactamase GAA WdE e RS B-
lactamase°l] T3l % ol$- 7485t AL S vieRd
k¥ 781, Chen 5ol 93l exomethylene penam
3} sulfone TEZ Z= FEEY B-lactamased]] thsh
955 oA aup) =Y o)t AME uig
o2 &l B d7R= Hu) 9928 B-lactamase
AgYE 2t 725 2N BEH0=2 sulbactam™
tazobactam® penam % 13} 29| 6-triazolylme-
thylene %2 2371 6-triazolylmethylene penam

FEAS BYAGT
Mgy

Alef & 717]

B Aol ARE A|9FE2 AldrichAle}l FlukaAt
9] A& ARgEINeH 71E fulle 5FAIeRS AMESH
9th. 'H-NMR spectra®= JEOL JNM-EX 90A(90
MHz)$} Varian Gemini 2000300 MHz)S A5l

128



6- iy g f=A1S] 84 129

U
|+
M\ \\\
& O
N NN
0\\8//0 N\ S, Y
FIX e e
o o [
ToNe CONa CO;Na
Sulbactam 1 2

{ BRL-42715)

Fig. 1 - Structure of B-Lactamase inhibitors.

%3, CDCLY 7§ TMS(tetramethylsilane)s 1
5 EFEAZ ARSI DMS0-d2] 3¢ AFsk=
DMSOE uif BFEAZE AM3ITE TLCE Merck
silica gel 60 F,(thickness 02 pum)E AH&-3+311,
Reverse TLCZ+ Merck RP-18F,,q(thickness 0.25
mm)E AR31e™ UV Lamp® spotS ERIs}ict
2:Z74L2 Biichi Melting point B-540& A3l 1,
IR spectrac= Jasco FT/IR 300ES ARg-3jo] LUt
Column chromatography+= silica gel(Merck type
9355, 230~400 mesh)= AME3}H 3, 94} column
chromatography:= Comosil 75 C,;-OPN(@42~105,
Nacalaitesque, Jaspan)& ARE3ISITH

1-[2-(Benzimidazol-2-yl)thioethyl]-1,2 3-triazole-
4-carbaldehyde(4)

1-(2-Hydroxyethyl)-1,2,3-triazole-4-carbaldehyde(3)
4.70 g(33.30 mmolyS F-4 dichloromethane 100 mi°]
591 glo|| triethylamine 468 mi: 713t &, -15~-
20°CE ¥zksta REEAZTh 1A %, trifluo-
romethanesulfonic anhydride 5.60 mi(33.29 mmol)E
AA3E) 7heka 3xzF o Rk}, 2-Mercaptoben-
zimidazole 5.00g(33.29 mmol)3} triethylamine 4.68 m/
o] o9l dichloromethane 80 mi&-AS A7 W-e-%
Frolloll -15~-20°CollM 40% B3Il A7t &, 2o
A B1F BRItk 3-EE=E dichloromethane® 2
223101 5% NaClFoz A3 &, ¥ Na,S0,E
gl A% wEsle] 2 QRS Auerhd A9
Azvlz TR Pl SkE 4 352 B9%)E &
At} : R=0.30(hexane : ethylacetate=1:2); mp: 151~
153°C; IR(CHCL) 3790, 1694 cm™'; 'H-NMR(CDCl,)
0 385t 2H, J/=63Hz), 4.92(t, 2H, J=6.3Hz),
7.08~7.46(m, 4H), 891(s, 1H), 10.00(s, 1H).

PMethoxybenzyl 6-Bromo-6-[1-hydroxy-1-[1-[2-
(benzimidazol-2-yl)thioethyl]-1,2,3-triazol-4-yljme-
thyl]penicillanate 1,1-Dioxide(6)

SI3ME 5 543g(10.62 mmol}S& ¥ THF 80 miol
=9l gollofl CH,MgBr 4.25 ml(2.50M ether&<8)2 7}
3 F, 78°Celx 2087 mrEksith EEE@)
2.90 g(10.61 mmol)S dichloromethane 50 micll =94
Rhgefe]l 7hatar, -78°Celld 10A1RE wkg-3iitt. 10%
NH,CI&9E 715l ¥k3-& AAIAZ1L ethyl acetate™
FE3] T Na,SO,E B2 &, 78t w53io]
B BEES Hephd 49 Z=2rE J89E 4
Aeto] HFE 6 434 g(58%)E LUt} :R=0.16
(hexane : ethylacetate=1:2); IR(CHCl;) 1804, 1752,
1334 cm™'; 'H-NMR(CDCl) & 120(s, 3H), 1.42(,
3H), 3.45~3.70(m, 5H), 4.40(s, 1H), 4.49~4.75(m,
2H), 4.90~5.35(m, 5H), 540 and 5.49(two s, 1H),
6.71~6.80(m, 2H), 6.94~7.73(m, 6H), 7.75 and
7.83(two s, 1H).

PMethoxybenzyl 6-Bromo-6-[1-acetoxy-1-[1-[2-
(benzimidazol-2-yl)thioethyl]-1,2,3-triazol-4-yllme-
thyl]penicillanate 1,1-Dioxide(7)

S35 6 7.48g(10.60 mmolyS F< THF 40 mi
o] 9] golo]| pyridine 10.23 m/¥#} acetic anhydride
10.83 g& 7fskar A2ollA 20417F Hkg3Ic) Hks &
gh2-$ dichloromethane® $%3t1 1% HCL 5%
NaHCO, % 5% NaCl §94°2 M3 & F
Na,SO, = &3kl 2% 5315tk AYES A7t
4 Ay IzE0E J29E AR d8E 7
5.90 g(75%)y& L3t : R;=0.57(hexane : ethylacetate
=1:2); IR(CHCl) 1807, 1755, 1315 cm’’; 'H-
NMR(CDCL) & 121(s, 3H), 1.50(s, 3H), 2.18(s, 3H),
3.67~3.80(m, 5H), 441 and 4.50(two s, 1H), 4.81~
5.03@m, 2H), 5.09~5.19(m, 2H), 524 and 5.57(two
s, 1H), 634 and 6.55(two s, 1H), 6.80~6.94(m,
2H), 7.23~7.85(m, 6H), 7.86(s, 1H).

pMethoxybenzyl (62)-6-[1-[1-[2-(Benzimidazol-
2-yl)thioethyl]-1,2,3-triazol-4-yllmethylene]penicil-
lanate 1,1-Dioxide(8) and p-Methoxybenzyl(6E)
-6-[1-[1-[2-(Benzimidazol-2-yl)thioethyl]-1,2,3-tri-
azol-4-ylmethylene]penicillanate 1,1-Dioxide(9)
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S13ME- 7 527 g(7.05 mmolys CH,CN 60 mlol] =
o] acetic acid 0.85 mf& 7}t ¥, ZnFE 2.30gS
Y3 0°CollA] 3A17F nkg-skgich WhEA-& dichlo-
romethane® F&3}1 5% NaHCO,° % AH3 ¥
FNa,S0,E 58k 553810 42 WHES A
744 ZAYAazetE 92 FAste PE 8
1.62 g(38%)7} 3}3E- 9 0.82 g(19%)yS B3I}

352 8 : R;=0.20(ethylacetate~hexane=1:1); IR
(CHCLy) 1784, 1754, 1318 cm™'; 1H-NMR(CDCL)
8 1.29(s, 3H), 1.48(s, 3H), 3.69(t, 2H, J=6.8Hz),
3.79(s, 3H), 4.40(s, 1H), 4.83(¢t, 2H, J=6.8Hz),
5.16(d, 2H, J=5.8Hz), 5.57(s, 1H), 6.80~6.95(m,
2H), 7.23~7.69(m, 7H), 7.92(s, 1H).

33E 9:R=0.08(ethylacetate~hexane=1:1); IR
(CHCly) 1773, 1750, 1320 cm™; 'H-NMR(CDClL) &
1.26(s, 3H), 1.46(s, 3H), 3.59~3.83(m, 5H), 4.37
(s, 1H), 4.82(t, 2H, J=7.0Hz), 5.12(s, 1H), 5.17
(d, 2H, J=6.0Hz), 6.83~6.96(m, 2H), 6.98(s, 1H),
7.20~7.71(m, 6H), 8.71(s, 1H).

P-Methoxybenzyl(6Z)-6-[1-[1-[2-(Benzimidazol-
2-yl)sulfonylethyl]-1,2,3-triazol-4-yljmethylene]
penicillanate 1,1-Dioxide(10)

3}g+E 8 0.50g(0.82 mmol)2 dichloromethane
10 miol] =°]31, m-chloroperbenzoic acid(m-CPBA)
0.33 g 9 g2 2047t B2E WA WS
A& 5% NaHCO, &3 E2 AFHstn F<
Na,S0,2 AZAR ¥, Ao Agazrie T8y
2 AAEt 3FHE 108 027g62%)B3UTH: R=
0.24(hexane : ethylacetate=1:2); IR(CHCL;) 1780,
1751, 1319cm™; 'H-NMR(CDCL) & 1.32(s, 3H),
1.40(s, 3H), 3.83(s, 3H), 4.20~4.41(m, 2H), 4.47
(s,, 1H), 4.81~5.21(m, 2H), 524(d, 2H, j=42
Hz), 5.35(s, 1H), 6.89~7.05(m, 2H), 7.15(s, 1H),
7.25~7.85(m, 6H), 7.87(s, 1H).

p-Methoxybenzyl (6E)-6-[1-[1-[2-(Benzimidazol-
2-yl)sulfonylethyl]-1,2,3-triazol-4-ylJmethylene]
penicillanate 1,1-Dioxide(11)

F}PE 108 FAT PHOE HEE 9 073g
(120 mmoD)& ARE-3t SFE 115 0.33 g43%)
AU} : R=0.43(ethylacetate~hexane=2:1); IR(CHCL,)
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1773, 1753, 1323 cm™; 'H-NMR(CDC,) & 1.28(s,
3H), 1.50(s, 3H), 3.78(s, 3H), 4.08~4.34(m, 2H),
444(s, 1H), 4.84~523(m, 4H), 529(s, 1H), 6.80~
6.99(m, 3H), 7.23~7.80(m, 6H), 8.59(s, 1H).

Sodium 6-Bromo-6-[1-hydroxy-1-[1-{2-(benzimi-
dazol-2-yl)thioethyl]-1,2,3-triazol-4-yllmethyl]pe-
nicillanate 1,1-Dioxide(12)

3135 6 0.15g2(0.21 mmol) ¥ dichlorome-
thane 8 mi¥} anisole 4 mlell = -40°CZ 3zs}h
I, ¥ aluminum chloride 0.19g& Y1 ¥RSA|F
o RE F 25 9o 8-S FAAFIZ 0N
NaOHEN o2 pHE 7008 ZAsIT) 58 o
4 column®® FAsK F& §AE FEH 1zt
SH3HE 13 0.08 g&(62%) BT} : R=027(water : ace-
tonitrile=1:2); IRMNujol) 1775cm™; 'H-NMRDMSO-
d9 O 140(s, 3H), 147(s, 3H), 3.79~3.85(m, 3H),
467 and 4.78(two t, 2H, /=6.5Hz), 5.11 and 5.18
(two s, 1H), 528 and 5.30(two s, 1H), 7.46~
7.73(m, 4H), 8.29 and 8.51(two s, 1H).

Ao} & 9o Z PMB ester 31EEQ 7, 8,
9, 10, 11 95T AMgsl 3ARE 13, 14, 15,
16, 175 31t

Sodium 6-Bromo-6-[1-acetoxy-1-[1-[2-(benzimi-
dazol-2-yl)thioethyl]-1,2,3-triazol-4-ylJmethyl]pe-
nicillanate 1,1-Dioxide(13)

F5& 71%:R=0.31(water : acetonitrile=1:2); IR
(Nujol) 1771 cm™; 'H-NMRMOMSO-dy) & 135 and
1.38(two s, 3H), 146 and 147(two s, 3H), 216 and
2.18(two s, 3H), 3.75~3.86(m, 3H), 476 and 4.84
(two t, 2H, J=6.6Hz), 522 and 539%(two s, 1H),
631 and 646(two s, 1H), 7.31~7.39(m, 2H), 7.67~
7.70(m, 1H), 7.82~7.85(m, 1H), 848 and 8.50(two s,
1H).

Sodium (62)-6-[1-[1-[2-(Benzimidazol-2-yl)thioe-
thyl]-1,2,3-triazol-4-yljmethylene]penicillanate 1,1-
Dioxide(14)

T8 78% : R=0.75(water : acetonitrile=1:4); IR
(Nujol) 1773 cm™; 'H-NMR(DMSO-dg) & 1.38(s,
3H), 1.44(s, 3H), 3.75(t, 2H, J=6.5Hz), 3.79(s,
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1H), 480, 2H, J=65Hz), 574(s, 1H), 733~ . M o PN
740(m, 3H), 7.69dd, 1H, J,=6.6Hz, J,=2.7Hz), Eg, T " ‘=$,H
7.83(dd, 1H, J,=6.6Hz, J,=2.7Hz), 8.46(s, 1H). , © ¢
Sodium (6.£)-6-[1-{1-[2-(Benzimidazol-2-yDthioe- R C[})—
thyl]-1,2,3-triazol-4-yllmethylene]penicillanate |
1,1-Dioxide(15) TFSA = Trifluoromethanesulfonic anhydride
58 84%:R;=037(water : acetonitrile=1:2); IR Scheme 1 - Synthesis of 1-(substituted thioethyl)-1,2,3-
Nujo) 1766 cn; "H-NMRMOMSO d) 5 138, triazole-4-carbaldehyde.

N
ST
& Q. =0 R — B %40
B \>< i) CHaMgBr Y
6-APA —— ]:l I HO N\><
[»§ 3

N~ Wy 4
TozpMe To.pMB
5 6
Aczo]
S oy N
N
& — o o P "
N2 Zn R’ =, Br Q. _o
- 2
P
<
o % AcOH AcO m
Cozrmo ¢ %o0.oMB
21
7
Column
9
. R

F4 -
@ B morsn Y
. W

CozPMB To,PMB
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N Q N 0
AN \Wie] 2N N 20
N 2 m-CPBA N N 5%
(E) A —_—— . \><
L& N Ny
[¢] B o 2
. copMB o topma
3 o
R R
s 1

PMB = p-Methaxybenzyl
Scheme 2 - Synthesis of 6-Exomethylene penams.
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3H), 1.46(s, 3H), 3.74~3.81(m, 3H), 4.91(, 2H,
J=63Hz), 523(s, 1H), 7.10(s, 1H), 7.30~7.36(m,
2H), 7.66(dd, 1H, J,=8.1Hz, J,=1.8Hz), 7.82(dd,
1H, /,=8.1Hz, /,=1.8Hz), 8.83(s, 1H).

Sodium (62)-6-[1-[1-[2-(Benzimidazol-2-yD)sul-

fonylethyl]-1,2,3-triazol-4-ylJmethylene]penicil-
lanate 1,1-Dioxide(16)

FEE 79%: R=0.32(water : acetonitrile=1:2); IR
Nujol) 1772 cm™'; 'H-NMR(MDMSO-dg) & 1.39(s,
3H), 1.44(s, 3H), 3.82(s, 1H), 4.19¢ 2H, J=
6.6Hz), 4.89(t, 2H, J/=6.6Hz), 5.62(s, 1H), 7.20

/s\/\N/ N S\/\N \N
\_S‘Br Q40 Q0
s
1) AlCl
Ry J;-LX 2) NaOH j/:o<
] A 3
co,PMB co
6 R, = OH 12 OH
7 R, = OAc 13 R, = OAc
Reg? " Rmg?O"
N—n N‘”
Q\/lh Q\/N
o 1) AICk o
N %P 2) NaOH N %P
N\>< N\)<
o L 0 S
to,PMB CO,Na
8 n=0 14 n=0
10 n=2 16 n=2
N Q /N\ o\\ -0
NT N \\S/,O N7 A G
‘NJ/j;\’\X 1) ACh ‘N_/ \><
d N—/ 2) NaOH o N P
to,PmB Go,Na
(o)n:ﬁ (O)nQS\
R R
9 n=0 15 n=0
1 n=2 17 n=2

PMB = p-Methoxybenzy!

Scheme 3 - Synthesis of 6-Exomethylene penam sodium salts.
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dd, 2H, J,=6.0Hz, J,=3.0Hz), 7.28(s, 1H), 7.62
(dd, 2H, J,=6.0Hz, J,=3.0Hz), 8.40(s, 1H).

Sodium (6 F)-6-[1-[1-[2-(Benzimidazol-2-yl)sulfo-
nylethyl]-1,2,3-triazol-4-yllmethylene]penicilla-
nate 1,1-Dioxide(17)

F5& 82%:R=051(water : acetonitrile=1:2); IR
(Nujoh) 1770 em™; "H-NMR(DMSO-d) 51.38(s, 3H),
1.50(s, 3H), 3.85(s, 1H), 4.23(t, 2H, J/=6.6Hz), 4.96
(t, 2H, J=6.6Hz), 553(s, 1H), 6.9%s, 1H), 7.26
(dd, 2H, J,=5.8Hz, J,=3.3Hz), 7.65(dd, 2H, J,=
5.8Hz, J,=3.3Hz), 8.80(s, 1H).

dEdAn H o

Hydroxethyl 3}3% 3& trifluoromethanesulfonic
anhydride® #2]8}4] trifluorosulfonyl =A% 9t
& %, thiol S1RMEH ¥REAIA 2|8 thioethyl 343
BS 45 39%9 FE5EE $93%HScheme ).

6,6-Dibromopenam #3E 5% CH,MgBrZ A
gt %, carbaldehyde 33HE 49 9SS} hydroxy
SIHE 62 58% TSEE Yt o] FAEY 'H-
NMR A#HEZHo|A triazole®} CHOHS 447}
singlet] ORI 27 ©)%42] peakE RoiFoiA] 3t
E 6 stereoisomer?] EFMEUS & 5 T} o]
isomers-2 silica gel columnoilA ¥&7} =] ok
t}, 3135 6% acetic anhydride?® #2)&}o] acetoxy
E 72 BRY TEEE 991, o) ITEY
'"H-NMR spectrumeils] CHOACY] peak’} & 6.349}
6.550141 =717} oF 3:120 peak’} #EE A 49
7F=3t sterecisomer o4 2719) isomer’} 3:19)
HEE EAFE & 7 ATk FFE 7& acetic
acid®} Zn® & x5l penam sulfone] 6% $JX]o
exomethylene®] 2% A3hS £38F311, Z-isomers
38% E-isomere 19%2] F5EE Ut E-isomerel]
2 triazole 9] AE Blactam™ Q] carbonyl”12}+ 7}
7o) 7] wiEel 'H-NMR AZEZoA carbonyl’ <
anisotropic &7l 2J5}o] peak’} ¥F 02 o] F3IGTh
© 8.71). 12}, Z-somerollAl triazole B&] i
carbonyl7 |2} He] "Holx gloJAl anisotropic A7}
G B IITHG 7.92).'% w5t At sulfonyl
3 109 1194 % 2= cHScheme 2).

p-Methoxy ester313HE 6~112 AICLZ A 2|31
free carboxylic 33EE Y= & 0.IN NaOH £
& ARSI pHE 7.00% 23l sodium salt &
A& wFEQItH(Scheme 3). B-Lactam #H& @7]) oF
&F7] wiZol pH ZdelA 01N NaOH €9& Z7
A Aol g}, o|gAl AL sodium salt £
=47A%8 0 JAtcolumn® AA 3 X, T 54
Azxsl] IAE 12~178 62~83%8) FEE2 4

siiet.
Al g

B AT 199995 Zohdsty AR 9x] shedd
TH)Q) R gdog Y om ol ZA=HU T,

o
roe
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