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Synthesis of 6-Exomethylene Penam Derivatives
with Triazole Ring

Chaeuk Im®, Jung Suk Oh 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 for B-lactamase inhibitor was
described. The 6,6-dibromopenam 6 was treated with CH;MgBr and carbaldehyde 5 to afford the 6-bromo-
6-(1-hydroxy-1-methyDpenicillanate 7, which was reacted with acetic anhydride to give acetoxy compound
8. The deacetoxybromination of 8 with zinc and acetic acid gave 6-exomethylenepenams, Z-isomer 9 and
E-isomer 10, which were oxidized to sulfones 11 and 12 by m-CPBA. The p-methoxybenzyl compounds
9~12 were deprotected by AICl; and neutralized to give the sodium salts 13~16.

Keywords (] Triazole, 6-exomethylenepenam, B-lactamase inhibitor
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o]2]§t PB-lactamase JAAZ clavulanic acid?7}
oJopE o o] AF3k o]%, sulbactam®} tazo-
bactam®o] 7NLEo] JdolM ARGH T Ut} 53,
6-triazolylmethylene penem?! 1(BRL-42715)°¢3} 2
+ B-actamase AAAl} WS 2= OFE2] class
IB-lactamase®] Tl % vl 743 jAEYS
effiglet. SHE 18] NSIRIE "B 7 SRHE 240
A B-lactamasedl] gt &4 AT w]APE AEH
o gt Fdo] FviErky L HZ B-
Lactamase ¢}A|#Z 6-exomethylene penam+=41E
o] /LE 1 1 exomethylene penam¥} sulfone

TZ5 7= 31889 Blactamased] tiEr 9473 &
A Z37F RuEgich? opde] AMIS nlgoz do
B APA= Bl 958 Blactamase AEAIS 7E
E 25 988 24502 sulbactam¥} tazobactam
¢l penam7Z¢2t 13 29 6—triazolylrnethylene——rLZE
A7) 6-triazolylmethylene penam-G-%4 38 &

3.
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Fig. 1 —Structures of f-lactamase inhibitors.
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Alef 2 BEA7|7|

B AdolM A" Aok AldrichAHe} Flukart
9] A& ARgEIon 7 Bulle SEAICRE AN
3l5ith. 'H-NMR spectrarx JEOL JNM-EX 90A
(90 MHz)$} Varian Gemini 2000300 MHz)S AR
3l A%l CDCLR 79 TMS(tetramethylsilane) &
R BFEAE ARSI DMSO-dg8] A9 25
= DMSOE Wi BFE4R ARt TLCE
Merck silica gel 60 F, (thickness 0.2 um)E Af
3303, Reverse TLCEZ+ Merck RP-18F,5g
(thickness 0.25 mm)E.AMEF S UV Lamp®
spotZ EQIEIct. 4% Bithi Melting point
B-540= A}&3F% 1, IR spectras Jasco FT/IR
300ES ARE3te] A}, Column chromatography
+ silica gel(Merck type 9355, 230~400 mesh)&
ARSI, 94 column chromatographys= Comosil
75 C5-OPN= ARE-3I3iTt

1-[2-(Benzoxazol-2-yD)thioethyl]-1,2,3-triazole-4-
carbaldehyde (5)

1-(2-Hydroxyethyl)-1,2,3-triazole-4-carbaldehyde 4
5.00 g(35.43 mmol)S F<= dichloromethane 80 m/°|

Vol. 45, No. 2. 2001

9] Lolof triethylamine 500 miE 7}8F 3, -15~
-20°CZ 378t ¥hgAIZIh A3 F, trifluo-
romethanesulfonic anhydride(TFSA) 10.00 g2 A4
3| 718k 4rI7F o] RFSHY. 2-Mercaptobenzoxazole
5.35 g(35.39 mmol)#} triethylamine 5.00 m/©] 50}3)
+ dichloromethane 80 mi4-H-& A7) HR&-E3kolo)
-15~-20°CellA 403 FRloll A7lst &, A2ofA 315
W)ei}, §REE9HE-S- dichloromethane 0.7 F&3H1
5% NaClgH o % AJHst ¥, 7 Na,S0,2 B3t
At =Sl 4 S-S silica gel column©E 3
Aste] 3E 55 9.12g(94%) B3ATh: R=0.33
(hexane : ethyl acetate=1:1); m.p.:163~164°C; IR
(CHCl,) cm™: 2860, 1684 cm™; 'H-NMR (CDCl,),
8:3.75 (t, 2H, J=6.9 Hz), 5.01 (t, 2H, J=6.9 Hz), 7.25~
7.70 (m, 4H), 8.21 (s, 1H), 10.15 (s, 1H).

PMethoxybenzyl 6-Bromo-6-[1-hydroxy-1-[1-[2-
(benzoxazol-2-yl)thioethyl]-1,2,3-triazol-4-yllme-
thyllpenicillanate 1,1-Dioxide (7)

p-Methoxybenzyl 6,6-dibromopenam-3-carboxylate
1,1-dioxide 6 0.60 g(1.17 mmo)< 54 THF 15
miel] <21 ffe} CH,MgBr 0.56 ml(2.50M ether
Sh)ye 71t 3, -78°CollA] 2023t mukeitt. 3gtE
5 0.32 g(1.17 mmol)2 dichloromethane 10 m/o =<
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A WEglol] Zlakar, AkeollA 1047t whgSit). 10%
NH,CI€ S 7F8te] HEg-& A A]7|3L ethyl
acetate® FE38lo] ¥ Na,SO,E B4 &, &
¢t E&sl] 98 AAES silica gel columnS®E
A5l stereoisomer ETE 7& 0.45 g(55%) &
At Ry=0.48(hexane : ethyl acetate=1:2); IR (CHCLy)
em™ : 1801, 1751, 1260 cm™; 'H-NMR (CDCl,),
&: 1.18 (s, 3H), 1.41 (s, 3H), 2.13 (br s, 1H), 3.57~
3.79 (m, 5H), 4.39 (s, 1H), 4.67~4.86 (m, 3H),
5.90~526 (m, 2H), 539 and 5.46 (two s, 1H),
6.62~6.81 (m, 2H), 7.12~7.59 (m, 6H), 7.83 (s,
1H).

pMethoxybenzyl 6-Bromo-6-[1-acetoxy-1-[1-[2-
(benzoxazol-2-yl)thioethyl]-1,2,3-triazol-4-yllme-
thyllpenicillanate 1,1-Dioxide (8)

3}+E 7 0.64 g(0.91 mmol)& F< dichlorome-
thane 10 mioll =<1 £l pyridine 0.93 m/®} acetic
anhydride 0.92 miE 718k A2olA 20413 1Wh3-gk
t}. ukg E3ME2 dichloromethane® 5&3l1 1%
HC], 5% NaHCO; % 5% NaCl §o2 AH3%
&, §9 Na,SO 2 g5sha 78t w58 s
silica gel column® 2 ZA|5}od stereoisomer E5&
S 050 g(74%) LAt : Ry=0.80(hexane : ethyl ace-
tate=1:2); IR (CHCL,): 1807, 1755, 1214 cm™'; 'H-
NMR (CDCly), & 112 (s, 3H), 141 (s, 3H), 2.07
(s, 3H), 3.62~3.81 (m, 5H), 4.32 and 4.41 (two s,
1H), 468~4.92 (m, 3H), 4.82~5.02 (m, 2H), 624
and 6.43 (two s, 1H), 6.69~6.88 (m, 2H), 7.12~7.60
(m, 6H), 7.73 (s, 1H).

pP-Methoxybenzyl (6Z)-6-[1-[1-[2-(Benzoxazol-2-
yDthioethyl]-1,2,3-triazol-4-yllmethylene]penicilla-
nate 1,1-Dioxide (9) and p-Methoxybenzyl (6E)
-6-[1-[1-[2-(Benzoxazol-2-yl)thioethyl]-1,2,3-tria-
zol-4-yljmethylene]penicillanate 1,1-Dioxide (10)

832 8 10.00 g(13.36 mmol)S CH,CN 100 ml
o =o|1 acetic acid 1.61 g& 713t %, Zn®'d
437 g5 ¥ 0°Cold 4AZE wEgRIT) Hbg T3
Zdichloromethane® $%33. 5% NaHCO,° = A
A3t §, FFNa,SO,E Erdta 53l 42 A4
E2 silica gel column© & FASlo] 313HE 9 4.10

g7t 3RHE 105 210 g 23U

335 (9):50% yield; R=0.26(ethyl acetate :
hexane=1:1); IR (CHCl,): 1783, 1755, 1249 cm™l
'"H-NMR (CDCLy), & 131 (s, 3H), 1.50 (s, 3H), 3.65
~3.86 (m, 5H), 4.42 (s, 1H), 4.90 (t, 2H, /=69
Hz), 521 (d, 2H, /=59 Hz), 557 (s, 1H), 6.82~
7.01 (m, 2H), 7.22-7.64 (m, 7H), 7.91 (s, 1H).

5}315(10) : 26% yield; R;=0.49 (ethyl acetate :
hexane=1:1); IR (CHCl;):1770, 1751, 1173 cm
'H-NMR (CDCl,), &: 1.44 (s, 3H), 1.69 (s, 3H), 3.97 (¢,
2H, /=6.8Hz), 4.03 (s, 3H), 4.61 (s, 1H), 5.08 (t,
2H, J=6.8Hz), 532 (s, 1H), 537 (d, 2H, /=538
Hz), 7.01~7.14 (m, 2H), 723 (s, 1H), 7.41~7.88
(m, 6H), 8.98 (s, 1H).

p-Methoxybenzyl (6Z)-6-[1-[1-[2-(Benzoxazol-2-
yDsulfonylethyl]-1,2,3-triazol-4-yllmethylene]pe-
nicillanate 1,1-Dioxide (11)

332 9 0.50g(0.82 mmol)S  dichloromethane
10 mioll =5°]31, m-chloroperbenzoic acid(m-CPBA)
0.28 g& P AR2ellA 2043t F<F vEE-AIXIc). BE
SHE 5% NaHCO, &4 =2 AHe ¥
Na,S0,Z AZAZ F, silica gel column®E =3t
o 3E 118 024 g6%) AUt

R;=0.54(hexane : ethyl acetate=1:2); IR (CHCI,):
1772, 1752, 1259cm™; 'H-NMR (CDCly), & 132
(s, 3H), 1.53 (s, 3H), 3.82 (s, 3H), 4.23 (t, 2H,
J=7Hz), 445 (s, 1H), 5.02 (¢, 2H, /=7 Hz), 521
(d, 2H, /=4.2Hz), 563 (s, 1H), 6.86~7.01 (m, 2H),
7.14 (s, 1H), 7.28~7.66 (m, 6H), 7.89 (s, 1H).

p-Methoxybenzyl (6E)-6-[1-[1-[2-(Benzoxazol-2-
yDsulfonylethyl]-1,2,3-triazol-4-yllmethylene]pe-
nicillanate 1,1-Dioxide (12)

g 118 e wioeR S3HE 102 0.73g
(120 mmol) ARE3le] 3RME 128 041 gd4%)=
At} R;=0.68(ethyl acetate : hexane=2:1); IR
(CHCY,): 1771, 1750, 1248 cm™; 'H-NMR (CDCL),
4: 133 (s, 3H), 1.56 (s, 3H), 3.81 (s, 3H), 4.03 (,
2H, J=6.8 Hz), 447 (s, 1H), 5.07 (t, 2H, J=6.8
Hz), 512~524 (m, 3H), 7.84~7.98 (m, 2H), 7.11
(s, 1H), 7.28~7.87 (m, 6H), 8.80 (s, 1H).

J. Pharm. Soc. Korea
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Sodium (6Z)-6-[1-[1-[2-(Benzoxazol-2-yl)thioe-
thyl]-1,2,3-triazol-4-yllmethylene]penicillanate
1,1-Dioxide (13)

3 9 0.50g(0.82 mmol)S F% dichlorome-
thane 10 m/# anisole 5micl 50§ -40°CE 34}
3, 4 aluminum chloride 027 g& YWl HREA]
Aok I 7, 825 ¥o] ¥hgE FAA7IL 0N
NaOH&No 2 pHE 7.00% 43t} 58 94
column®® FAEl] ¢ GAE T2 Axd 3t
FE 13& 026 g62%) DU R=0.54 (water:
acetonitrile=1:1); IRMujol) 1770 cm™; 'H-NMR
(DMSO-dy), & 139 (s, 3H), 145 (s, 3H), 3.80 (s,
1H), 3.87 (t, 2H, J=62Hz), 494 (t, 2H, /=62
Hz), 5.71 (s, 1H), 7.34~7.38 (m, 3H), 7.66~7.69
(m, 2H), 8.48 (s, 1H).

Y9 e woe PMB ester 33E¢] 10,11,
122 985 ARSI 3RlE 14, 15,168 FASISH

Sodium (6E)-6-[1-[1-[2-(Benzoxazol-2-yl)thice-
thyl]-1,2,3-triazol-4-yljmethylene]penicillanate
1,1-Dioxide (14)

58 81%; R,=047(water : acetonitrile=1:1); IR
(Nujo) 1762 cm™’; 'H-NMR, (DMSO-dg), & 1.39
(s, 3H), 147 (s, 3H), 3.85 (t, 2H, j=6.0Hz), 4.97
(, 2H, /=6.0Hz), 497 (, 2H, /=6.0Hz), 557 (s,
1H), 7.09 (s, 1H), 7.33~7.38 (m, 2H), 7.64~7.68
(m, 2H), 8.85 (s, 1H).

Sodium (6Z)-6-[1-[1-]2-(Benzoxazol-2-yl)sulfony-
lethyl]-1,2,3-triazol-4-yllmethylenelpenicillanate
1,1-Dioxide (15)

T5& 76%; R=044 (water :acetonitrile=1:1);
IRMNujol) 1766 cm™; 'H-NMR, (DMSO-dy), &: 1.39
(s, 3H), 144 (s, 3H), 3.81 (s, 1H), 4.11 (t, 2H,
J=5.7Hz), 481 (t, 2H, J=5.7Hz), 5.79 (s, 1H),
7.34~7.95 (m, 5H), 847 (s, 1H).

Sodium (6E)-6-[1-[1-[2-(Benzoxazol-2-yl)sulfo-
nylethyl]-1,2,3-triazol-4-ylJmethylene]penicilla-
nate 1,1-Dioxide (16)

FEE 69%; R=055 (water :acetonitrile=1:1);
IRMNujo) 1774 cm™; 'H-NMR, (DMSO-dy), &: 1.37

Vol. 45. No. 2. 2001

(s, 3H), 146 (s, 3H), 3.82 (s, 1H), 410 (t, 2H,
J=63Hz), 4.77 (t, 2H, /=63Hz), 554 (s, 1H),
7.09 (s, 1H), 7.31~7.91 (m, 4H), 8.78 (s, 1H).

g3 o u#

Hydroxyethyl &3-& 4% triflucromethanesulfonic
anhydride® *]2]8} trifluorosulfonyl =A%
%, thiol 3HET RREAIA 2-X|8 thioethyl 313E
55 94%% =82 FA5ISitHScheme 1).

6,6-Dibromopenam 3}3tE 62 CH;MgBrZ *2
g ¥, carbaldehyde 3}3E 59 Wh33lo hydroxy
SIE 72 55% FEEE It o) IFLES 'H-
NMR ~#EHo|A CHOHS 427} singlete] ob
3 27) o329 peakE RoFoA FHEE 7L
sterecisomer?] EIEUS & = UL o] isomer
52 silica gel columnollA £&7F HA] ¢igle). 3}
TE 75 acetic anhydride® A 28}9] acetoxy3}eE

S 74%°) TEEE I3, ©) FFES 'HNMR
spectrum®|A] CHOAc®] peak7} 86.24%} 6.43°714
A717F & 312 2709] peak® BAFON sbedt
stereoisomer %A 27019] major isomer”} 3:12
HE2 E2AEE 4 F Atk FFE 82 acetic
acid®} Zn®# 32|51 penam sulfone®] C6¥l Y=
| exomethylene?] ©|F A#EE E=YIRL, Z-
isomer 9 50% E-isomer 102 26%%] +5E%
A}, I 99 10004 (D)-form™ (E)-forme]
THL triazole ring proton®E }=d, 0|9} FAL
3 SHES =58 XY Ziorm? triazole ring

;
HO s
\\\ N, TFSA
N N - N
\= JW/ H EtN, R-SH \:S( H
o
4

-

Scheme 1 - Synthesis of 1-(substituted thioethyl)-1,2,3-
triazole-4-carbaldehyde.



144 Wik - 234 - P

"

//

6APA ——» -J:O< ”CH’MgB " ﬁf
CO PMB \><

6 COPMB

Ac,0 l Pyridine

R R
\ \
S s
R
N N ’
_ 0 L
_ S
N\>< AcOH \><
0
CO,PMB g “co,pMB
Column
0\ 4;0
R—S\ R/S
— L\
N\N N-N
NN \_N
( Z) \\ ,, m-CPBA . (o]
7 . e N S
J< P X
0 o
CO PMB CO,PMB
9 11
\‘ // \\ /,
(B E) W _mCPBA j/j:r
CO .PMB CO ,PMB
10 12

LA

PMB = p-Methoxybenzyl

Scheme 2 - Synthesis of 6-exomethylene penams.

proton T/l § 8232 FAE B3, E-forme] ring proton> § 7.91004, #3HE 102 triazole ring
triazole ring proton<- R T} YoM peakS H T protorr2 & 89804 Zkzt Tt vlsdk AR}
At 'HNMR AHEZo|N 35E 99 triazole  sulfonyl 31TE 113 12004 % LA ST Scheme 2).
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Q)n (On
\ \
S S
7 7
R \\\ N, R \L LN,
N N [e] o N N o .0
e .
N \>< NaOH N \><
o] % o *
CO,PMB CO,Na
9 Z - form, n=0 13. Z - form, n=0
10. E-form, n=0 14, E-form, n=0
11. Z-form, n=2 15. Z - form, n=2
12. E - form, n=2 16. E - form, n=2

- O

PMB = p-Mecthoxybenzyl

Scheme 3 — Synthesis of 6-exomethylene penam sodium salts.

p-Methoxy ester3l3HE 9~122 AICLE A3}
o] free carboxylic SFEE TH= &, 0.IN NaOH
FAE A3 pHE 7.022 ZH8IT sodium
salt 4L THEtHScheme 3). B-Lactam & &
719 k517t wiEe] pH &AM 0.1N NaOH £
& =34 Aok gt o]HA IS sodium salt
Fols FAAZI GAtcolumn® E A & &, v}
Al B Az ARE 13~16% 62~81%S F
582 g3l

=
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