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Synthesis of 6-Exomethylene Penams Derivatives

Chaeuk Im, Sang Bae Yoon, Yong Hyun Kim, Mi Ryang Chung 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 substituted triazole ring was described. The 6,6-dibro-
mopenam 5 was reacted with CH3MgBr 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, which was oxidized to sulfones 9 by m-CPBA. The p-methoxybenzyl compounds 6~9 were
deprotected by AICl; and neutralized to give the sodium salts 10~13.
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H AFoA AFE AOFES- AldrichAF} FlukaAke] 21& A
g1, 2 golls SEAleke ARSIt 'TH-NMR spectra
+ JEOL JNM-EX 90A(80 MHz)$} Varian Gemini 2000(300
MHz)& AFg&3ho] 2031, CDCL,Y 7%~ TMS(tetramethyl-
silaneys W EFEAE ARgSI9 on DMSO-d,2) 3% 2+
3t DMSOE Ui 3E3E ARSIt} TLGE Merck silica
gel 60 Fo5, 2 AM8-31%15L Reverse TLCEE Merck RP-18F, 5
T AHgSIer, UV Lamp® spota &QIskltt 3549S
Buchi Melting point B-540-2- A3} 17, IR spectrat= Jasco



6- damild #lyd feAe] 849 289

0
o) OH N
o o
TO,Na TO,Na
1a 1b

(Clavulanic acid) (Sulbactam)

Fig. 1 - Structure of B-lactamase inhibitors.

FT/IR 300E& ARg-3te] ATt Column chromatographys=
silica jrel(Merck type 9355, 230~400 mesh)S ARSI, &4
colur11 chromatography:= Comosil 75 C,g-OPNS AMS-3151Tt.

14 2-(6-Ethoxybenzothiazol-2-yl)thioethyl]-1,2,3-triazole-
4-carhaldehyde (4)

1-12-Hvdroxyethyl)-1,2 3-triazole-4-carbaldehyde 3 18.8 (89
mmol & ¥4 dichloromethane 250 mlol] 531 o]l triethyl-
aminz 123 mi 713 3, -15~-20°CE “32}8}131 argon gaselx] Wt
L-Al71ct 308 Z, trifluoromethanesulfonic anhydride 20.6 m/s-
A E] kR -15~-20°Coll A 3A17F 1] siHkstLY, 6-Ethoxy-2-
mercastobenzothiazole 18.8 g(89 mmol)#} triethylamine 12.3 mi:
=21 ichloromethane 90 m/ -§-9%& 47| Wk&-E3telo]] .15~-20°C
ol 301 Fell H7KRE F, H2elA SR Uit vEgER)
5 lichloromethane® & F%3}1 5% NaCl £4°0.2 A2st
&, 79 Na,SO,E 71z3lar 74 558lo] A& AAHEL: silica
gel wolumn O JAISte] S35 4 13.9 g47%)S LAk

R = 0.54(dichloromethane:ethylacetate=4:1); mp: 106~107°C;
IRCY:ClL neat) cm™ 2860, 2760, 1702, 1450; ‘H-NMR
(CDlly) & 146 (t, 3H, /=69 Hz), 3.82(t, 2H, /=6.3 Hz),
4.0¢0, 2H, J=6.9 Hz), 4.95(t, 2H, /=6.3 Hz), 7.24~7.76(m,
3H) 3.23(s, 1H), 10.13(s, 1H).

p-IMethoxybenzyl 6-Bromo-6-[1-hydroxy-1-[1-[2-(6-ethoxy
benzothiazol-2-yl)thioethyl]-1,2,3-triazol-4-yllmethyl]
penicillanate 1,1-Dioxide (6)

%M 5 20 g(39.13 mmol)yS- argon gasol| 4 ¥4 THF 300
ml . 59 g8l CH,MgBr 4.7 g8 ether§4& 716t 3, .78°C
ol 1587t ek}, gekE- 4 13.1 g(39.13 mmol)yS- dichloro-
mertane 200 mioll FA] wE-g-Rel] 7151, -78°CollA 104]7H
ghi-gtch 10% NH,Cl €48 7iste] yb-§-& FAA)7] a2
ethvlicetate™® FE3l0] 14 Na,SO,% AFAZ 3, 7% 5%
ke 42 AAE-S silica gel columnC. & A A|gte] &35 6

7.6 3 25%)S LAt
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R;=0.48(hexane : ethylacetate=1:2); IR(NaCl, neat) cm;
3245, 1804, 1752; 'H-NMR(CDCL) & 1.22(s, 3H), 1.46 (t,
3H, J=6.9Hz), 151(s, 3H), 3.74(t, 2H, J=6.6 Hz), 3.80(s,
3H), 4.09(q, 2H, /=72 Hz), 4.48 and 4.46(two s, 1H), 4.84(t,
2H, /=6.6 Hz), 5.06~5.48(m, 4H), 6.87~6.99(m, 2H), 7.02(dd,
1H, J,=8.7Hz, J,=24Hz), 7.22~7.30(m, 3H), 7.76(d, 1H,
J=9Hz), 784 and 7.91(two s, 1H).

p-Methoxybenzyl 6-Bromo-6-{1-acetoxy-1-[1-[2-(6-ethoxy
benzothiazol-2-yl)thioethyl}-1,2,3-triazol-4-yl)methyl] pen-
icillanate 1,1-Dioxide (7)

335 6 7.0 g(9.12 mmol)}& §4 dichloromethane 90 miol =5
Q1 f-Nof| pyridine 8.7 gZ} acetic anhydride 9.5g& 0°C, argon
gasoll A 7F8kar AZofA 20A]7F BESCE HHE EEES
dichloromethane® F&3}1 1% HCl, 5% NaHCO, ¥ 5% NaCl
FNoZ AFHG F, 9= Na,S0,2 Azl 799t 558 A4
£Z silica gel colmn® & F#slod 313M 7 55 g(75%)S ALt

R;=0.31(hexane : ethylacetate=1:1); JR(NaCl, neat) cm’};
1806, 1514, 1448; 'H-NMR(CDCl,) & 121(s, 3H), 145 (,
3H, /=69 Hz), 1.51(s, 3H), 2.10(s, 3H), 3.80(t, 2H, J=6.6
Hz), 3.82(s, 3H), 4.1(g, 2H, J=7.2Hz), 4.51(s, 1H), 4.84~
4.87(m, 2H), 5.04~5.57(m, 3H), 6.33 and 6.55(two s, 1H),
6.88~7.02(m, 2H), 7.03(d, 1H, /,=8.7Hz), 7.20~7.33(m, 3H),
7.77(d, 1H, J=9 Hz), 7.80(s, 1H).

P-Methoxybenzyl (6Z)-6-[1-[1-{2-(6-Ethoxybenzothiazol-2-
yl) thioethyl]-1,2,3-triazol-4-ylimethylene]penicillanate 1,1-
Dioxide (8)

S}3HE 7 4.5 g(5.56 mmol)& CH;CN 90 mioll 0] 31 acetic
acid 14 g& 713 ¥, Zn 79 1.8g& ¥ 0°CollA] 3417 HES-
&3l nAEEE o7} A ¥hES dichloromethane® &
323} 5% NaHCO,2% AAe ¥, 9 Na,S0,= HZaha
&S] A& AMES silica gel column® 2 FAlsle] 3sHE
8 1.6 g(43%)y At
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R;=0.44(ethylacetate : hexane=2:1); IR(NaCl, neat) cm)
1781, 1447, 1322; 'H-NMR(CDCl,) & 1.31(s, 3H), 144 (t,
3H, J=6.9Hz), 1.52(s, 3H), 3.75~3.82(m, 5H), 4.06(q, 2H,
J=69Hz), 4.43(s, 1H), 4.84(t, 2H, /=62 Hz), 5.27(d, 2H,
J=5.9Hz), 559(1s, 1H), 6.89~6.99(m, 2H), 7.01(d, 1H, /=9
Hz), 7.21~7.34(m, 4H), 7.74(d, 1H, J=9 Hz), 7.86(s, 1H).

p-Methoxybenzyl (6Z)-6-[1-[1-[2-(6-Ethoxybenzothiazol-2-
yl) sulfonylethyl]-1,2,3-triazol-4-yllmethylene]penicillanate
1,1-Dioxide (9)

3}3HE 8 0.8 g(1.14 mmol)S dichloromethane 40 mlo]] 59]
11, m-chloroperbenzoic acid@-CPBA) 0.8 g(11.4 mmol)-& ¢
I ARelA] 20A13F BRE HESAIZIT 8RS 5% NaHCO; &
Ay g HHet B4 Na,S0, = AZAIZ 7, silica gel
column® & AAslo] 33HE 95 0.4 g(49%)S AUt

R,=0.17(hexane : ethylacetate=1:1); IRWNaCl, neat) cm’;
1774, 1471, 1258; 1H-NMR(CDCI:,.) 6: 1.31(s, 3H), 1.44 (t,
3H, /=6.9Hz), 1.52(s, 3H), 3.83(s, 3H), 4.09~4.21(m, 4H,
J=69Hz), 4.43(s, 1H), 4.98(t, 2H, /=6.3 Hz), 5.12~5.28(m,
2H), 5.48(1s, 1H), 6.89~6.93(m, 2H), 7.12(s, 1H), 7.19~
7.43(m, 4H), 7.86~8.10(m, ZH).

Sodium 6-Bromo-6-[1-hydroxy-1-[1-[2-(6-ethoxybenzoth-
iazol-2-yl)thioethyl]-1,2,3-triazol-4-ylJmethyllpenicillanate
1,1-Dioxide (10)

S3+5 6 0.37 g(0.48 mmolye F4 dichloromethane 10 m/=
anisole 5 miol] =of N, gasollA4] -40°CE WZ}sta, 7 AlCk
0.19 g& ¥ REAIZICE IARE &, B8 gol w8 A7)
3. 0.1N NaOH §¥° % pHE 7.005 R} 3-8 94
column® 2 gAste] 2 §45 T Axste] 3EE 10
0.21 g(65%)y& ViTt.

Ry=0.52(water : acetonitrile=1:1); IR(Nujol) cm’: 1773;
'H-NMR(DMSO-dg) & 1.31(s, 3H), 1.35 (t, 3H, J=6.6 Hz),
1.46(s, 3H), 3.79(s, 1H), 3.90(t, 2H, /=6.6 Hz), 4.07(q, 2H,
J=69 Hz), 4.93(t, 2H, J=6.6 Hz), 5.28(s, 1H), 541 and 5.56
(two s, 1H), 7.07(dd, 1H, J,=8.7 Hz, J,=2.4 Hz), 7.60(d, 1H,
J=2.7Hz), 7.74(d, 1H, J=8.7 Hz), 8.95(s, 1H).

9ok 22 W o2 PMB ester 3HEQ) 7, 8, 95 U8R
A SRR 11, 12, 138 3ok

Sodium 6-Bromo-6-[1-acetoxy-1-[1-[2-(6-ethoxybenzoth-
iazol-2-yl)thioethyl]-1,2,3-triazol-4-yljmethyl]penicillanate
1,1-Dioxide (11)

3}EHE 7 0.34 g(0.42 mmol)s YEZ 3o ITE 107 TY

gor A3sie] 3RHE 11 014 g@7%)S EUT-
Ry=0.40(water : acetonitrile=1:1); IRMNujol) cem:: 1780;
"H-NMR(DMSO-dg) & 1.30(s, 3H), 1.35 (t, 3H, /=6.6 Hz),
1.46(s, 3H), 2.16(s, 3H), 3.84(s, 1H), 3.87(m, 2H), 4.05(q, 2H,
J=6.9 Hz), 4.83(t, 2H, /=6.3 Hz), 5.22(s, 1H), 6.29 and 6.45
(two s, 1H), 7.06(dd, 1H, J,=8.7 Hz, J,=2.4 Hz), 7.60(d, 1H,
J=21Hz), 7.78(d, 1H, J=9 Hz), 8.46 and 8.48(two s, 1H).

Sodium (6Z)-6-[1-[1-[2-(6-ethoxybenzothiazol-2-yl)thio-
ethyl]-1,2,3-triazol-4-yllmethylene]penicillanate 1,1-Dioxide
12)

513ME- 8 0.33 g(0.49 mmolyS AFEZ 3] ITE 107} FU
3o R AYE] 33E 12 0.16 g67%)yS DUt

Ri=0.48(water : acetonitrile=1:1; IR(Nujol) emY; 1773
TH-.NMR(DMSO-d) & 1.31¢s, 3H), 1.35 (t, 3H, J=6.9 Hz),
1.46(s, 3H), 3.82(s, 1H), 3.86(t, 2H, /=6.3 Hz), 4.08(q, 2H,
J=69Hz), 4.88(t, 2H, /=6.3Hz), 5.76(d, 1H, /=12 Hz),
7.06(dd, 1H, J,=9Hz, J,=24Hz), 7.37(d, 1H, /=12 Hz),
7.61(d, 1H, /=2.4 Hz), 7.78(d, 1H, /=9 Hz), 8.45 (s, 1H).

Sodium (6Z)-6-[1-[1-{2-(6-ethoxybenzothiazol-2-yl) sul-
fonylethyl-1,2,3-triazol-4-ylimethylene]penicillanate  1,1-
Dioxide (13)

s13HE 9 0.17 g(0.24 mmolyS Y52 3l 3= 109 5L

HO-” " Br CH=C—CH,OH
l NaNg C'Oal H 504
H
HO~ Ny CH=—=C-<
o)

N,
N
HO~/ TN N TFSA
__TeA |

EtN, R-SH

/N\
R/S\/\N N

S sss
CzHsO S

TFSA = Trifluoromethanesuifonic anhydride

Scheme 1 —Synthesis of 1-substituted triazole-4-carbaldehyde
compound.
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PMB = p-Methoxybenzyl

Scheme 3 - Synthesis of 6-exomethylene penam sodium salts.
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PMB = p-Methoxybenzyl
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oz It FRE 13 0.11 g(76%)S A3t

R;=0.58(water : acetonitrile=1:1); IR(Nujol) cm™; 1786;
"H-NMR(DMSO-dy) &: 1.33(s, 3H), 1.36(t, 3H, /=6.9 Hz),
1.44(s, 3H), 3.83(s, 1H), 4.01~4.54(m, 4H), 4.96(t, 2H, J=
6.9 Hz), 5.66(s, 1H), 7.27~7.38(m, 2H), 7.69~7.86(m, 2H),
8.39 (s, 1H).

ot g D@

oJu] ¥y HHFAS o]83l0] sodium azide®} 2-bromoethanol
& WS A)A 2-azidoethanolE 3435+2,'9 propargyl alcohol&:
CrO,2 A+8A1A propargyl aldehydeZ WS th!Y 2-azido-
ethanol®} propargyl aldehydeE WHS-Al7 triazole-4-carboxalde-
hyde 3€ 3489912 trifluoromethane sulfonic anhydride
(TFSA)E A 2|3t trifluorosulfony]l =2 THE 5 thiol 3}
§HE3} wkgAlA 218 thioethyl triazole 313HE 48 47%9]
582 34511 H(Scheme ).

6,6-Dibromopenam 3% 5% CHMgBrZ &g
triazole carbaldehyde 81 49} ¥F&319] hydroxy 3= 65
25%9] 5S4 A1, 38HE 62 acetic anhydride® X2k
o] acetoxy SME 78 5% FEEE Gt EE 75
acetic acid®} Zn®Z 231 43%2] 5-8= penam sulfone®]
63 $)x]oll exomethylene?] 2% A3E TYSIFTHScheme 2).

p-Methoxy ester 835 6~92 AICL,E H2314 carboxylic
acid 3RFEE W= & 0.IN NaOH 898 ALgsle] pHE 7.0
o2 248k sodium salt §H-& RS THScheme 3). B-
Lactam 3}E-2 @7]0l 2Fst7] wifoll pH 22 olA 01N
NaOH g0z HHs] A, o)ZA €2 sodium salt §
A FAATI EF CHCNE o831 Gcolumn® . 74
A & F, o $E Az SE 10~13S 47~76%2 T

582 YAt
HAte] o5

B d3s 20039 % Zougy 4ol H|o] 2| Yo 43
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