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Synthesis of 6-Exomethylene Penams with Benzothiazole Ring

Chaeuk Im, Hee Suk Park, Seung Jae Kim 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 benzothiazole 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
reacted with acetic anhydride to give acetoxy compound 7. The deacetobromination of acetoxy compound 7 with zinc and
acetic acid gave 6-exomethylene penams, Z-isomer 8 and E-isomer 9, which was oxidized to sulfones 10 by m-CPBA. The
p-methoxybenzy! compounds 6~10 were deprotected by AICl; and neutralized to give the sodium salts 11~15.
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B-Lactam Fg#le) ohiet gl EHo= 71E §4A19] oF
71 asta glen, 7 dRkEl Al i 71de B
lactzriase®h= A4AE UAdwre] 2o8lste] A2 ke g AA
3R ZoIthY o] #4t= penicillinAl $43#19} cephalosporine
Al 1A B-lactam rings 7EIAA AHETNE LERIA]
&5 ) o] Fas 18I, 1k, actinomycetes,
blue-;reen algaeollA] LAE 7 3137, plasmids %A the
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(sulbactam -+ ampicillin) ¥ Tazocine(tazobactam + piperacillin)©]
gl AFEHE T Qleh, #HTE Blactamase FAHAZ 6-
exomethylene penam-&-%S A E0] ALdEH Yi¥ E3], 6-
triazolylmethylene penem?! 1(BRL-42715)%7%} 2= B-lactamase
AA A & 2 o9 B-lactamaseol] ISl il 7
#3 JAEHE YepAY 213, Chen 5ol s
exomethylene penam¥} sulfone T%& Zi+ 3gE9 B-
lactamasell thet 98k oA &3t BusUct? o)) Al
S e R Bl B APk Bt 9578 B-lactamase 2AE
g k= T35 g 2507 sulbactamy} tazobactam)
penam %8} 13 29 6-triazolylmethylene 725 AFA|7) 6-

exomethylene penam3 =A% A5kt

ik
Alet & 7171
B Aol AME AOkEE AldrictiFel FlukaAbe] Z1& A

#3193, ZHE 8ol BEAleke ARgsigict. 'TH-NMR spectra
= JEOL JNM-EX 90A(90 MHz)$} Varian Gemini 2000(300
MHz)& AFg3te] d%a, CDCLel 7§ TMS(tetrame-
thylsilane)s W #5528 M2 00 DMS0-d.2) 7%
sk DMSOE vy &4 A8t TLCGE Merck
silica gel 60 Fy5, & AM2-3}51 3 Reverse TLCE 1= Merck RP-
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18F254S & ARE-3191.90, UV Lamp® spot2 ERI8IICE 47
Z22- B chi Melting point B-540% A}-8-3}%1 7, IR spectrat
Jasco FT/IR 300ES- ARE38le] 2ic}. Column chromatography:=
silica gelMerck type 9355, 230-400 mesh)S A}&-3}%1 31, S4F
column chromatographys Comosil 75 C;5-OPNS AME-3I3IT)

1-[2-(Benzothiazol-2-yl)thioethyl]-1,2,3-triazole-4-car-
baldehyde (4)

1-(2-Hydroxyethyl)-1,2,3-triazole-4-carbaldehyde 3 14.40 g
(102 mmol)& F4 dichloromethane 350 m/o] 35¢1 &<Ho]
triethylamine 14.4 mF& 7} 3, -15~-20°CE dZ+8kT argon
gasollAl  WESA)ZIth 40% ¥,  trifluoromethanesulfonic
anhydride 17.3 miZ A443] 718} -15~-20°ColM 3ARF o o
BkStT}.  2-Mercaptobenzothiazole 16.80 g (102 mmol)¥}
triethylamine 14.4 m}-2 =<} dichloromethane 180 m/&-2}-& A}
7] HEZ-EFAe]] -15~-20°Collq 403 Tl 2715E 5, A0
A 815 WA s}, W3- 2322 dichloromethane® 2 F&38)1
5% NaClg&H o5 M F, 74 Na,SO, 2 AZ3h 7% 55
slo] AL WA ES silica gel column O E A 5te] S 4
1040 g (39%)e VR R=0.51(dichloromethane : ethylace-
tate=1:1); mp: 103~104°C; IR(NaCl, neat) 2840, 2730, 1704
em™; 'H-NMR(CDCly) § 336, 2H, J=6.7Hz), 496(t 2H,
J=6.7Hz), 7.33~7.91(m, 4H), 8.27(s, 1H), 10.00 (s, 1H).

pMethoxybenzyl 6-Bromo-6-[1-hydroxy-1-[1-[2-(benzo-
thiazol-2-yl)thioethyll-1,2,3-triazol-4-yljmethyl]penicilla-
nate 1,1-Dioxide(6)

513+ 5 16.3g (31.68 mmol)S argon gasolk £ THF 300
mE 59 gde] CH,MgBr 3.79 g9 ether£%& 713k &,
-78°CollA 2077 RIS

3135 4 9.15 g (31.68 mmoly2 dichloromethane 200 m/f|
=ojx] yhg Aol 718k, -78°Co A 12412 ¥HS-&t 10%
NH,CI8-#S 71810 9hg-& BXAIF] T ethylacetate®. FZ3}
o 7 Na,SO,& ZZAI F, 4% 553 42 =5
silica gel column® & A8t 35 6 7.23 g 1%y VU
t}: Rf=0.11(hexane : ethylacetate=1:1); IRWNaCl, neat) 3250,
1804, 1753 cm™; 'H-NMR(CDCl,) & 1.30(s, 3H), 1.59(,
3H), 3.80~3.90(m, 5H), 4.48(s, 1H), 4.79~4.95(m, 2H),
5.20(s, 1H), 5.40~5.46(m, 1H), 6.80~7.38(m, 4H), 7.40~
7.91(m, 4H), 7.93(s, 1H).

D-Methoxybenzyl 6-Bromo-6-[1-acetoxy-1-[1-[2-(benzo-
thiazol-2-yl) thioethyl]-1,2,3-triazol-4-yllmethyl]lpeni-
cillanate 1,1-Dioxide(7)

3}3+2(6) 6.57 g (9.09 mmol)Z F4 dichloromethane 100
mlel| =<1 8-NHof pyridine 9.04g¥} acetic anhydride 9.54 g&
0°C, argon gasellA 7Fsk A2oA 2047 g5t wi8- &
§=-2 dichloromethane® F23}31 1% HCI, 5% NaHCO; 2
5% NaCl &0 Algt ¥, F5 Na,SO,2 7F3lal 79t &
3k}, AES silica gel column®E FAEle] 3}EHE(7) 5.20
g (5% BT} R,=0.38(hexane : ethylacetate=1:1); IRNaCl,
neat) 1796 cm™; 'H-NMR(CDCly) 1.35(s, 3H), 1.65(s, 3H),
2.22(s, 3H), 3.90~3.93(m, 5H), 4.38(s, 1H), 4.96~5.04(m,
2H), 5.22~5.25(m, 2H), 5.29(s, 1H), 6.54~6.60 (m, 1H),
6.93~7.03(m, 2H), 7.34~7.57(m, 4H), 7.82~7.87(m, 2H),
7.98(s, 1H).

p-Methoxybenzyl (6Z)-6-[1-[1-[2-(Benzothiazol-2-yl)
thioethyl}-1,2,3-triazol-4-yllmethylene]penicillanate  1,1-
Dioxide (8)2} p-Methoxybenzyl (6E)-6-[1-[1-[2-(Benzothia-
zol-2-yl)thioethyl]-1,2,3-triazol-4-yllmethylene]penicillanate
1,1-Dioxide(9)

3}3HE 7 4.80 g (6.26 mmol)2 CH,CN 100 miol o]
acetic acid 1.60 g& 713 ¥, ZnD 4.37 g& Qa1 0°CollA 3
Ay whgE T nAEAE AqF AAgC
dichloromethane® & %31 5% NaHCO,CE A&t £, F
¥ Na,S0= 1x3la 5531 ¥ WYES silica gel column
o% AAsle] SE 8 1.20 g B1%)7 FEE 9 0.46 g (12%)
< E3UTh

3}3HE 8 : R;=0.27(ethylacetate : hexane=1:1); IRMNaCl,
neat) 1785, 1612 cm™; 'H-NMR(CDCly) 1.22(s, 3H), 1.47(s,
3H), 3.54~3.78 (m, 5H), 4.40(s, 1H), 4.82(t, 2H, /=6.9Hz),
5.15(d, 2H, J/=5.9Hz), 5.53(s, 1H), 6.86(s, 1H), 6.95(d, 2H,
J=5.9Hz), 7.19~7.33(m, 4H), 7.67~7.79(m, 2H), 7.85(s, 1H).

332 9 : R=0.39(ethylacetate:hexane=1:1); IRMNaCl,
neat) 1770, 1612 cm™; 'H-NMR(CDCly) 1.31(¢s, 3H), 1.76(s,
3H), 3.86~4.04(m, 5H), 4.45(s, 1H), 4.90~4.97(m, 2H,), 5.16
~5.19(m, 2H), 5.37(s, 1H),6.86~6.93(mm, 2H), 7.18(s, 1H),
7.26~7.46(m, 4H), 7.72~7.98(m, 2H), 8.78(s, 1H).

() (s}
HES-o-S

(6Z)-6-[1-[1-[2-(Benzothiazol-2-yl)
sulfonylethyl}-1,2,3-triazol-4-ylJmethylene]penicillanate
1,1-Dioxide(10)

3}3HE 8 0.75 g (1.21 mmol)= dichloromethane 20 mie]]
=0] 11, m-chloroperbenzoic acid (#-CPBA) 0.62 g(3.62 mmol)
& W3 A2l 2042 T REEAIITH WS AE 5%
NaHCO,807} 22 AjHshil ¥4 Na,S0,2 AZA ¥, silica
gel comn® 2 A A 5lo] 312 102 046 g (58%)L At

p-Methoxybenzyl
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R;=0.26(hexane : ethylacetate=1:1); IR(NaCl, neat) 1784, 1613,
1325 cm™; 'H-NMR(CDCl;) & 1.41(s, 3H), 1.65(s, 3H),
3.5 (s. 3H), 4.12~4.19(m, 2H), 442(s, 1H), 5.00~5.06(m,
21, 511~5.15(m, 2H), 5.45(s, 1H), 6.86~6.95(m, 2H),
7.06(s, 1H), 7.29~7.39(m, 2H), 7.54~7.96(m, 4H), 8.12(,
1F.

Sodium 6-Bromo-6-[1-hydroxy-1-[1-[2-(benzothiazol-2-y1)
thicethyl]-1,2,3-triazol-4-ylJmethyllpenicillanate 1,1-Dioxide
(11

335 6 0.25 g (0.36 mmol)> §< dichloromethane 8 ml
7} .nisole 4 m/oll & N, gasoll A -40°CE2 Jz}slar, F4=
AlC, 062 g& ¥ WRSAIZITE WZE &, &8 go] W3-8 F
#]* 713 0.IN NaOH&¥ o 2 pHE 7.00% ZAZI} £33
Y- column© E FASte] G GNE T4 Azl FdE
11 )13 g& (58%) YUt} R= 0.74(water:acetonitrile=1:2);
IR Nujol) 1783 cm™; 'H-NMR(DMSO-dy) & 1.40(s, 3H), 1.48
(s, 3H), 3.90(t, 2H, /=6.8Hz), 3.96(s, 1H), 4.86(t, 2H, J=
6.6Hz), 5.17(s, 1H), 5.42(s, 1H), 7.36~7.52(m, 4H), 8.29(s,
1H)

29 & 9o PMB ester 3HES 7,
8231 A-83le] 3158 12, 13, 14, 155 48}

8,9 102 9
Ack.

Sodium 6-Bromo-6-[1-acetoxy-1-[1-[2-(benzothiazol-2-y1)
thioethyl]-1,2,3-triazol-4-ylJmethyl]penicillanate 1,1-Dioxide
1z

382 7 022 g (0.29 mmol)S Y8 3lo] 33HE 113 5
s oz A¥se] 33kE 12 015 g& I

"% 58 R=0.81(water:acetonitrile=1:2); IRMNujol) 1784
cr”; 'H-NMR(MDMSO-d) & 1.30(s, 3H), 1.44(s, 3H), 2.2(s,
3H) 3.90(t, 2H, /=6.9Hz), 4.06(s, 1H), 4.85(t, 2H, /=6.9Hz),
4.99's, 1H), 6.39(s, 1H), 7.36~7.47(m, 4H), 8.34(s, 1H).

Sodium (6Z)-6-[1-[1-[2-(Benzothiazol-2-yl)thioethyl]-1,2,3
-trizzol-4-ylJmethylene]penicillanate 1,1-Dioxide(13)

S 8 046 g (0.74 mmolys VEZ 3l E 119 %
49 Wyo g AYsto] 3RME 13 014 g& I

“{% F5&: R=0.69(water : acetonitrile=1:2); IR(Nujol)
177t cml; 'H-NMR(DMSO-dg) 8 1.38(s, 3H), 1.44(s, 3H),
3.8ls, 1H), 3.91(t, 2H, J=6.8Hz), 4.91(t, 2H, J=6.8Hz),
5.72's, 1H), 6.85(s, 1H), 7.36~ 7.53(m, 4H), 8.46(s, 1H).

Sodium (6E)-6-[1-[1-[2-(Benzothiazol-2-yl)thioethyl]-1,2,3-
triazol-4-yllmethylene]penicillanate 1,1-Dioxide(14)
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slghE- 9 0.21 g (0.40 mmol)S Y& Z 3l 358 117 &
qg o FAse] ke 14 0.07 g8 ¥

40% 554 R=0.75(water : acetonitrile=1:2); IRMNujol)
1760 cm™; 'H-NMR(DMSO-dy) & 1.37(s, 3H), 1.45(s, 3H),
3.79(s, 1H), 3.90(t, 2H, J=6.6Hz), 4.94(t, 2H, J=6.6Hz),
5.53(s, 1H), 7.05(s, 1H), 7.36~7.52(m, 4H), 8.85(s, 1H).

Sodium (6Z)-6-[1-[1-[2-(Benzothiazol-2-yl)sulfonylethyl]-
1,2,3-triazol-4-ylJmethylene]penicillanate 1,1-Dioxide(15)

3132 10 045 g (0.69 mmol)S YEZ 3t FE 117
AT o s sl ARE 15 019 g& LS

50% S8 R=0.79(water : acetonitrile=1:2); IR(Nujol)
1783 cm™); 'H-NMR(DMSO-dg) & 1.3%(s, 3H), 1.44(s, 3H),
4.49(s, 1H), 4.50~4.58(m, 2H), 4.82~5.12(m, 2H), 5.47(s,
1H), 7.02(s, 1H), 7.71~7.83(m, 4H), 8.38(s, 1H).

Znp 3 E

olu] Hirgl uHHS 018310 sodium azide®t 2-bromoethanol
S yF-A)A 2-azidoethanots EA3H1L,'Y propargyl alcohold

N
N+
Me \\\
\
N N
N\ N N\_-N
Q
Vg \ N5
H H
;Nr _ N~/ N/
o] o] o]
TO,Na CO,Na CO;Na
Sulbactam 1 2
( BRL-42715)
Fig. 1 —Structure of B-Lactamase Inhibitors.
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TFSA = Trifluoromethanesulfonic anhydride

Scheme 1 — Synthesis of 1-(Substituted thioethyl)-1,2,3-triazole-4-
carbaldehyde.
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CrO;2 AM3IAlA  propargyl aldehydeS THEQITH!Y 2-
azidoethanol®} propargyl aldehyde® HH-&A1#A 1-(2-hydroxy-
ethyl)-1,2,3-triazole-4-carboxaldehyde 3& ASIAILY tri-
fluoromethanesulfonic anhydride(TFSA)Z 3] 8} trifluoro-
sulfonyl F+ S A= 9HE &, thiol 3}FE 7 YA A 2-%)
thioethyl 3}3h8 45 39%2] +5-&= EA3ITtHScheme 1).

6,6-Dibromopenam 3}3& 5% CHMgBrZ A3 &,

carbaldehyde 332 49} ¥-231 hydroxy 38HE 62 31%9]

FEEZ A4, FFE 62 acetic anhydride® 3] 2] 3}
acetoxy3lEHE 72 75%2 FEEE 4} SE 78 acetic
acid®¥} Zn© = X 2|3}%] penam sulfoned] 6¥ x|
exomethylene®] 2% A& =918kl 3, Z-isomers} E-isomer
= 27 31%9) 12%S) 585 AQc} E-isomerollA] triazole
o] At Blactam® ) carbonyl’]1h 7F7k0] Q7] wiEel| 'H-
NMR A= E H)A carbonyl”) 2] anisotropic & 7e] 2519
peak’} 9% 02 o] £ A THS 8.78). L&}, Z-isomerol A

S~ TNN
B Qo ={ & .0
\>< i) CHgMgBr S,
6-APA e \><
]; iy 4 HO N—
2 0O z
CO,PMB CO,PMB
5 6
Acy0
S\/\ N/ N\\N
e >
R” — % o SN SN
5~ Zn R — Br O\\ //0
; N AcOH \)<
g ] AcO N-,
CO,PMB 0 :
CO,PMB
7
%
/O
R— S\\\ R—g=0
NN Q\/ N
(Z) o) m-CPBA
— - N\ \\S//O » N i\ //O
o 2 o A
CO,PMB CO,PMB
8 10
N Q
NS o
\ R= >
o} 2
g Co,PMB
% PMB = p-Methoxybenzyl
R
9

Scheme 2 — Synthesis of 6-Exomethylene Penams.
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N NS
/S\/\N/ \\N /S\/\N N
R ={ B Q o R ={ B Q._o
8 1) AlCly 5,
Ry N\>< 2) NaOH Ry N\)<
(o] B (e) B
Co,PMB CO,Na
6 Ry=0OH 1 R1=0H
7 R1=0Ac 12 R1=OAc
R—g” " Reeg? "
N~ N~y
n i)
Q\/N NN
1) AICK
%A o —_— 20
N %” 2) NaOH N s~
N\>< N\><
o B 0 Z
CO,PMB CO,Na
8 n=0 13 n=0
10 n=2 15 n=2
N (o] /N\ O\\ O
N7 S N\ .0 N~ A 1
‘N_/J/\);®< 1) AlCly \N—///>;D<
S & N 2) NaOH S g
©o,PMB TOo,Na
(o)n:S 2 (O)n\s\
R R
9 n=0 14 n=0
N
Wess
s
PMB = p-Methoxybenzyl
Scheme 3 — Synthesis of 6-Exomethylene Penam Sodium Salts.
triazela O FAE carbonylZl$} "Hel "ojAd QoA = 8
anisctopic AIS] YIS W] PUTHE 7.85). H|S AAE
sulfon 71 3%He 10045 2EA S tHScheme 2). 1) Neu, H. C. : The crisis in Antibiotic Resistance. Science. 257,
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(Schemne 3). B-Lactam M&li= @7]|e] oFs}7] wlie pH =
Hefl « 0.IN NaOH §8o2 234 24sisrt. o|gA &

& sodium salt £US FEAAZFSL A4 column® E A
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gk 5, oA T2 Axsle] M 11~158& 30~78%9] characterization. Antimicrob. Agents. Chemother. 14, 414 (1978).
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