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Abstract - Several C-ethyl-substituted 1-oxapenem derivatives 

were synthesized by the application of the established method. 

Furthermore novel and effective synthesis of oxapenems via - 

reductive cyclization of 2-chloro-2-(4-chloro-3-ethyl-2-oxo- 

1-azetidinyl)acetoacetates ($t) using sodium thiolates is reported. 

Recent works have disclosed a number 

of new natural and synthetic 8-lactams 

with structural features and biological 

properties distinct from penicillins 

and cephalosporins 
1 
. Among them, the 

strained bicyclic compounds having an 

oxygen atom in the ring system showed 

important pharmacological activities, 

for example, clavulanic acid (.$)' is a 

potent inhibitor against many 8-lacta- 

mases while moxalactam (6059-S)3 (3) is 

a broad spectral antibacterial agent. 

4-6 grows , its chemical stability and 

biological activity are known a little. 

The more stable character of the 6- 

substituted carbapenems comparing with 

the corresponding unsubstituted ones, 

which was experienced during our syn- 

thetic study, and the expectation of 

the potent antibacterial activity due 

to the 7-oxo-l-asa[3.2.0]hept-2-ene 

system7 have promoted us the prepara- 

tion of the 6-alkylated oxapenems (,$) - 

Here we wish to report a synthesis of 

Although 1-oxapenem (clavem] derivatives some derivatives and an facile con- 

have been synthesized by several struction of the ring system using 
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novel reductive cyclization. 
H 

N-N 

K 

A convenient starting material was 

4-acetoxy-3-ethylazetidin-2-one ($)*, 

which was easily available from but-l- 

enyl acetate and chlorosulfonyl iso- 

cyanate. Treatment of 4 with sodium 

phenylthiolate according to the Clauss' 

procedure' afforded the trans-substi- 

tuted azetidinone (2), which was alkyl- 

ated with methyl or E-nitrobenzyl(PNB) 

bromoacetate using lithium hexamethyl- 

disilazide. By the application of the 

Beacham's methodl, these esters ($,a 

and $&) were converted to clavems. 

Namely the above methyl ester ($$ was 

acetylated by the action of acetyl 

chloride in the presence of two equiva- 

lent moles of lithium hexamethyldisila- 

zide in tetrahydrofuran at - 78OC to 

give in high yield the enol (1~) which 

showed the enol hydroxyl group at 11.6 

ppm in the NMR spectrum (CDC13). Chlo- 

rinolysis of the en01 (;I%) using one 

equivalent mole of chlorine at - 7*'C 

yielded the corresponding chloride (@) 

as a rather unstable material. 

When the crude chloride (,(I$) was treated 

with triethylamine, an incorporation 

of benzenesulfenyl group was indicated 

from the spectral data of the product. 

Therefore the chloride (@I) was purified 

by chromatography using Bio-Beads S-X3 

eluting with benzene to remove benzene- 

sulfenyl chloride formed by the chlo- 

rinolysis. It was revealed from the 

NMR spectrum that the chloride (j&I was 

composed of trans- and cis-isomers in - 

a ratio of 2 : 1 which were inseparable. 

The hydrogen at C4 position of trans- 

isomer was observed at 5.34 ppm as 

doublet with J = 1.8 Hz, whereas that 

of cis-one at 5.76 ppm as doublet with - 

J = 4 Hz. Reaction of the chloride 

CRC) with triethylamine at O°C for 10 

min, followed by purification using 

medium pressure chromatography on silica 

gel produced, in 84 % yield from the 

sulfide (xc), the oxapenem (je) as a 

mixture of inseparable two stereoiso- 

mers in a ratio of 1 : 1. The angular 

hydrogen at the C5 position of trans- 
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compound was resonated at 5.58 ppm as activity relationships of cephalosporins 

doublet with J = 1 HZ, while that of that existence of a leaving group on 

cis-one at 5.87 ppm as doublet with J - the C2-methyl group would enhance the 

= 3 Hz, in the NMR spectroscopy. The antibacterial activity. Thus the 2- 

oxapenem obtained was sufficiently chloromethyloxapenems ( 2~ and ,9,d) 

stable under ordinary conditions. The were synthesized form 2: and 26 by the 

corresponding pnitrobenzyl ester (22) similar procedure in comparable yields. 

was synthesized by the same reaction However the 2-chloromethyloxapenems 

sequence. were very labile and decomposed after 

It was expected from the structure- standing for 24 h at room temperature. 

NaSPh 

H 

BrQ12C02R 
,.,, I SPh 

kN(W, 
' kf 

0 "‘I _ 
bo2RL 

& R1=Me 

!j& R1=PNB 

Cl2 Et3N 

CH2R2 
2R2 

> 

to’ 2R 
& R'=W, R2=H 

a Rl=PNB, R2=H 

&j R1=m, R2=C1 

H H 
8 Rl=PNB, R2=C1 

k2Rl 

& R'=Me, R2=H 

& Rl=m, R2=H 

&R&s, R2=C1 

@j$ R'=PI@, R2=C1 

2R2 

& RA=Ms, RL=C1 

s Rl=PNB, R2=C1 

In the case of the above chlorino- or ,JI;! with two equivalent moles of chlo- 

lysis, if the reaction was carried out rine gave the dichloride (&Qe or ,$Qk) 

using excess of chlorine and without as a mixture of trans- and cis-isomers - 

care protecting from light, further in a ratio of 2 : 1 in 86.5 % or 79.9 % 

chlorination occurred at the acetoace- yield, respectively. These isomers were 

tate moiety. Namely treatment of & separable by medium pressure silica gel 
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chromatography. The molecular formulae acetate part. Furthermore the struc- 

were determined by accurate mass spec- tural assignment was confirmed by the 

trometry and the structures were as- 13 
C-NMR spectroscopy of the trans- 

signed on the basis of IR and NMR spec- isomer of &!?R which showed one quater- 

troscopy, the latter of which suggest- nary carbon at the a-position at 96.1 

ed no existence of epimers due to the and two tertiary carbons on B-lactam 

chiral center on the acetyl-c-chloro- ring at 70.4 and 64.3 ppm. 

r ,#,,H : SPk 
H H 

if 

/% 5 Cl 
0 

N/ 

e 

eq., 2 

cH3 c12 
lf NaSR 

N 
0 

_R1 
O Cl J+ 

(H3 

%R1 

P _ ;IRR Ri=I& 

/ 
c12 

$& Rl=PNE% 

?O,Rl 
@, R1=Ms 

a R'=PNB 

& RL=Me 

,&,& R1=PNi3 

The dichloride (,.J.& and ,j.QQ) were equivalent mole of N-chlorosuccinimide 

alternatively synthesized in the dif- in methylene chloride for 30 min at - 

ferent ratio of the stereoisomers as 20°C formed in 94.7 % yield the chloro- 

follows. Reaction of ,@ with one sulfide (,$&a), which has trans-azetidinone 
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structure and is composed of two epi- 

mers (1 : 1) due to the chiral center 

on the a position. The ease and selec- 

tive chlorination at the e-position 

of the acetoacetate function is ac- 

counted by the formation of the complex 

(&l followed by cyclization to ,JJ 

and chlorination to ,+a. 

Chlorinolysis of the above mixture 

(,j.&) using chlorine at - 78'C fur- 

nished the dichloride (,j&) in 95.3 % 

yield as a mixture of trans- and cis- 

azetidinones in a ratio of 1 : 5. The 

trans- and cis-isomers were separated - 

from each other by silica gel chromato- 

graphy but each product is constituted 

by two epimers due to the a-asymmetric 

center. 

The cyclization of the dichloride 

(k&j to the oxapenem (2~) was achieved 

in satisfactory yield by the action of 

thiolates: e.g. sodium phenylthiolate 

or sodium PJ-methyltetrazolylthiolate. 

In order to consume benzenesulfenyl 

chloride formed by the reaction, two 

equivalent moles of thiolates were 

used. Thus oxapenem (@) was obtained 

in 94 % yield by the treatment of &$e 

with sodium phenylthiolate in dimethyl- 

formamide for 15 min at O'C. 

The mixture of dichlorides (,@a) 

composed of stereoisomers in different 

ratio produced the same stereoisomeric 

mixture of oxapenems (98) (1 : 1) in 

similar yields under the same reaction 

conditions. The above transformations 

were also carried out for the corre- 

sponding p-nitrobenzyl esters. 

When the foregoing chloro-sulfide 

(J.&R) was treated with sodium thiolates 

or triphenylphosphin 11 , the dechlori- 

nated enol (1') was gained. Therefore 

the above cyclization would be explain- 

ed by the following reductive mechanism 

involving the formation of the enolate 

anion (,#) followed by ring construc- 
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tion via the zwitter ion (a) yielding - 

the stereoisomeric mixture of ,9. 

Application of the above novel cyc- 

lization for the synthesis of oxapenem 

derivatives and formation of other 

ring systems is in progress. 

EXPERIMENTAL 

UV spectra were measured with a 

Hitachi 124 spectrophotometer, IR spec- 

tra with a Hitachi 260-10 spectrophoto- 

meter, and NMR spectra with JEOL-PMX-60 

and JEOL-PS-100 spectrometers. Ordinary 

mass spectra were obtained with a 

Hitachi M-52 G while FD and accurate 

mass spectra were taken with a JEOL- 

JMS-OlSG-2 spectrometer. 

trans-3-Ethyl-4-phenyltbioasetidin-2- 

one (2). - To a stirred solution of 

NaOH (746 mg) and thiophenol (2.73 g) 

in a mixture of water (10 ml) and MeOH 

(20 ml) was added a solution of 4- 

acetoxy-3-ethylazetidin-2-one (2)' (3 

g) in MeOH (5 ml) at ambient tempara- 

ture, and the resulting mixture was 

stirred for 15 min. After evaporation 

of the solvent, the resulting residue 

was chromatographed on silica gel using 

benzene-AcOEt (7 : 1 v/v) as eluant to 

give 3.88 g (98.1 %) of the trans-aze- 

tidinone (2) as a colorless syrup : IR 

vmax . (CHC13) 1765 cm-' (C=O); NMR 6 

(CDC13) 1.01 (3H, tr J = 7 Hs, CH2-Me)* 

1.77 (2H, q, J = 7 Hz, -CH2-Me), 2.99 

(lH, dt, J = 2 and 7 Hz, C3-H), 4.62 

(lH, d, J = 2 Hz, C4-H), 6.81 (lH, br 

s, NH), 7.05 ?r 7.41 (5H, br s, Ph), 

MS m/e 207 (M+); m/e 207.0741 (M+) 

[Calcd for C11H13NOS 
+ 

(M ), m/e 

207.07181. (A&. Calcd for C11H13NOS' 

0.1 H20: C, 63.18; H, 6.42; N, 6.76. 

Found: C, 62.83: H, 6.26; N, 6.57). 

trans-3-Ethyl-l-methoxycarbonylmethyl- 

4-phenylthioazetidin-2-Z (2~). - 

To a stirred solution of lithium hexa- 

methyldisilazide [prepared from hexa- 

methyldisilazane (2.2 ml) and 15 % w/w 

"BuLi in n-hexane (7.5 ml)) in dry THF - 

(10 ml) was added a solution of the 

above azetidinone (2) (2 g) in dry THF 

(3 ml) at - 7E°C under a current of 

nitrogen. After stirring for 0.2 h at 

- 78OC, methyl bromoacetate (1.3 ml) 

was added, and the resulting mixture 

was stirred for 1 h at - 78OC and then 

for 1 h at room temparature. The 

mixture was treated with water and 

extracted with CH2C12. The organic 

layer was washed with brine, dried 

over Na2S04, and evaporated under re- 

duced pressure. The resulting residue 

was purified by silica gel column chro- 

matography using benzene-AcOEt (95 : 

5 v/v) as eluant to give 2.39 g (88.7 

%) of the methyl ester ($F) as a col- 

orless syrup : IR urnax (CHC13) 1750 
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cm -l (C=O) ; NMR 6 (CDCl3) 1.07 (3H, t, OCg2Ar), 7.13 s 7.46 (5H, br s, Ph), 

J = 7 Hz, CH2-Me), 1.8 (2H, q, J = 7 7.43 and 8.16 (each ZH, each d, each 

Hz, CH2 -Me), 3.0 (lH, dt, J = 2.2 and J = 8 Hz, 4 x Ar-H); MS m/e 400 (M+). 

7 Hz, C3-H), 3.63 (3H, s, OMe), 3.60 

and 4.24 (each lH, each d, each J = 18 Methyl 2-[trans-(3-Ethyl-2-z-rl-phenyl- 

Hs, N-Cg2-), 4.88 (lH, d, J = 2.2 Hz, w-1-azetidinyl)l-3-hydroxycrotonate 

C4-H), 7.14 % 7.57 .(5H, br s, Ph); MS (Xc). - To a stirred solution of 

m/e 279 (M+). (Anal. Calcd for lithium hexamethyldisilazide [prepared 

C14H17N03S: C, 60.19; H, 6.13; N, 5.01. from hexamethyldisilazane (1.07 ml) 

Found: C, 60.27; H, 6.18; N, 4.92). and 15 % w/w "BuLi in n-hexane (2.04 

ml)] in dry THF (10 ml) was added a 

trans-3-Ethyl-1-p-nitrobenxyloxycarboy solution of the above methyl ester (&) 

nylmethyl-4-phenylthioazetidin-2-one - (425 mg) in dry THF (3 ml) at - 78OC 

(E). - To a stirred solution of under a current of nitrogen. After 

lithium hexamethyldisilazide [prepared stirring for 0.2 h at - 78V, acetyl 

from hexamethyldisilazane (1.1 ml) and chloride (119.6 mg) was added, and the 

15 % w/w "BuLi in n-hexane (3.25 ml)1 resulting mixture was further stirred 

in dry THF (10 ml) was added a solution for 0.6 h at - 78V. The mixture was 

of the above azetidinone (2) (1 g) in treated with water (containing 60 mg 

dry THF (3 ml) at - 78OC under a cur- of AcOH) and extracted vith CH2C12. 

rent of nitrogen. After stirring for The organic layer was washed with brine, 

0.2 h at - 78V, a solution of p-nitro- dried over Na SO 
2 4' and evaporated under 

benzyl bromoacetate (1.5 g) in dry THF reduced pressure. The resulting yel- 

(3 ml) was added. The same work-up and lowish residue was purified by silica 

purification procedures asabove.afforded gel column chromatography using benxene- 

1.47 g (76 %) of the p-nitrobenzyl AcOEt (4 : 1 v/v) as eluant to give 

ester ($2) as a colorless syrup: IR 389 mg (79.6 %) of (ze) as a colorless 

vmax. (CHC13) 1750 (C=O), 1510 and 1350 gum: IR v max (CHC13) 1750 cm-' (C=O); . 

cm -' (NC2); NMR 6 (CDC13) 1.02 (3H, t, NMR 6 (CDC13) 0.98 (3H, t, J = 7 Hz, 

J = 7 Hz, CH2-Me), 1.82 (ZH, q, J = 7 CH2-Me), 1.79 (2H, q, J = 7 Hz, 

Hz, -CH_Z-Me), 3.07 (lH, dt, J = 2.2 and -(X2-Me), 2.06 (3H, 8, C3-Me), 3.09 

7 HZ, C3-H), 3.74 and 4.35 (each lH, (lH, dt, J = 2.4 and 7 Hz, C3'-H), 3.54 

each d, each J = 18 HZ, N-Cg2-), 4.83 (3H, s, OMe), 4.89 (lH, d, J = 2.4 Hz, 

(lH, d, J = 2.2 Hz, C4-H), 5.18 Wit 81 C4'-H), 7.07 Q 7.5 (SH, br s, Ph), 11.6 
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(lH, br s, OH): MS m/e 321 (M+); m/e 

321.1030 (Calcd for Cl6Hl9NO4S (M+), 

m/e 321.09901. (Anal. Calcd for 

C16HlgN04S: C, 59.79: I-i, 5.96; N, 4.36. 

Found: C, 59.55; H, 6.03; N, 4.40). 

p-Nitrobenzyl 2-[trans-(3-Ethyl-2-E- 

4-phenylthio-1-azetidinyl)]-3-hydroxy- 

crotonate (25). - To a stirred solu- 

tion of lithium hexamethyldisilazide 

(prepared from hexamethyldisilazane 

(0.45 ml) and 15 % w/w "BuLi in E- 

hexane (.1.36 ml)] in dry THF (10 ml) 

was added a solution of the above E- 

nitrobenzyl ester (@,) (425 ml) in dry 

THF (3 ml) at - 78OC under a current of 

nitrogen. After stirring for 0.1 h at 

- 78OC, acetyl chloride (83.41 mg) was 

added under the above conditions. The 

same work-up and purification proce- 

dures as in the case of the above methyl 

ester (&) gave 366mg (77.9%) of thep 

nitrobenzylester (&) as a colorless 

gum: IR vmax . (CHC13) 1755 (C=O),1510 

and 1350 cm -l(N02): NMR6 0.97 (3H, t, J 

= 7 Hz, CH2-Me),1.77 (2H, q, J q 7 Hz, 

Cz2-Me), 2.17 (3H, s, C3-Me), 3.2 (lH, dt, 

J = 2 and 7 Hz, C3'-H), 4.87 (lH, d, J= 

2 Hz, C4'-H), 5.18 (2H, s, OCFi2Ar), 7,2- 

7.52 (5H, br s, Ph), 7.39 and 8.19 (each 

2H, each d, each J = 8 Hz, 4 x ArH), 

12.13 (lH, br s, 0H);MS m/e 442 (M+); 

m/e 442.1179 (M+) [Calcd for C22H22N2* 

06S (M+), m/e 442.11541. (@. Calcd 

for ~22~~~~~06s 0.5H20:CI 58.52: H, 

5.14; N, 6.21. Found: C, 58.50; H, 

4.96; N, 6.06). 

Methyl 4-Chloro-2-[trans-(3-ethyl-l-oxo- 

4-phenylthio-1-azetidinyl)]-3-hydroxy- 

crotonate (,&). - To a stirred solu- 

tion of hexamethyldisilazide [prepared 

form hexamethyldisilazane (1.08 ml) 

and 15 % w/w "BuLi in ;-hexane (3.22 

ml)] in dry THF (10 ml) was added a 

solution of the above methyl ester (&) 

(684 mg) in dry THF (5 ml) at - 78OC 

under a current of nitrogen. After 

stirring for 0.1 h at - 78OC, chloro- 

acetyl chloride (0.21 ml) was added, 

and the reaction mixture was stirred 

for 0.5 h at - 78OC. The same work-up 

and purification procedures as in the 

case of the above methyl ester (2~) 

gave 630 mg (79.6 %) of the chloride 

qe) as a colorless gum: IR vmax.(CHC13) 

1760 cm-' (C=O); NMR 6 (CDC13) 1.11 (3H, 

t, J = 7 Hz, CH2-Me), 1.89 (ZH, q, J = 

7 Hz, C%-Me), 3.23 (lH, dt, J = 2.8 

and 7 Hz, C 
3 
l-H), 3.77 (3H, s, OMe), 

4.28 (2H, s, CH2-Cl), 5.02 (lH, d, J = 

2.8 Hz, C4'-H), 7.2 s 7.54 (5H, br s, 

Ph), 12.2 (lH, br s, OH); MS m/e 357 

(M+ + 2), 355 (M+); m/e 357.0661 (M++ 2) 

[Calcd for C16H18N04S( 37C1) (M+ + 2), 

m/e 357.06101, m/e 355.0647 (M+) [Calcd 

for C16H18N04S( 35Cl) (M+), m/e 355.06451. 

(.A&. Calcd for C16H18N04SC1: C, 54.00; 

H, 51.0; N, 3.94. Found: C, 54.19; H, 

5.18; N, 3.92). 
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p-Nitrobenzyl 4-Chloro-2-[trans-(3- 

ethyl-2-z-4-phenylthio-l-azetidinyl)l- 

3-hydroxycrotonate (22). - To a stir- 

red solution of lithium hexamethyldi- 

silazide [prepared from hexamethyldi- 

silazane (0.45 ml) and 15 % w/w "BuLi 

in n-hexane (1.33 ml)] in dry THF (10 

ml) was added a solution of p-nitro- 

benzyl ester ($&) (407 mg) in dry THF 

(5 ml) at - 78OC under a current of 

nitrogen. After stirring for 0.1 h at 

- 78OC, chloroacetyl chloride (115 

mg) was added, and the resulting mixture 

was stirred for 0.5 h at - 78'C, The 

same work-up and purification procedures 

as above gave 331 mg (69.5 %) of (22) as 

a yellowish gum: IR vmax _ (CHC13) 1760 

(C=O), 1345 cm-l(N02); NMR 6 (CDC13) 

0.98 (3H, t, J = 7 Hz, CH2-Me), 1.71 

(2H, g, J = 7 Hz, -CH2-Me), 3.17 (lH, 

dt, J = 2.6 and 7 Hz, C3'-H), 4.19 (2H, 

s1 -CH2C1), 4.83 (lH, d, J = 2.6 Hz, C4' 

-H), 5.13 (2H, s, OCE2Ar) I 7.21 (5H, br 

st Ph), 7.4 and 8.09 (each 2H, each d, 

each J = 8 Hz, 4 x Ar-H), 11.93 (lH, br 

s, OH); MS m/e 367 (M+ - 109). (Anal. 

Calcd for C22 H N 0 SC1.0.5H20: C, 21 2 6 

54.37; H, 4.56; N, 5.77; S, 6.60: Cl, 

7.30. Found: C, 54.70; H, 4.96; N, 5.33; 

S, 6.95: Cl, 7.25). 

Methyl 2-Chloro-2-[trans-(3-ethyl-2-oxo- 

4-phenylthio-1-azetidinyl)lacetoacetate 

($i$. - A mixture of the methyl ester 

(2) (576 mg) and E-chlorosuccinimide 

(250 mg) in dry CHICLE (20 ml) was 

stirred at - 20°C for 0.5 h under a 

current of nitrogen. After filtra- 

tion of the reaction mixture, the 

filtrate was evaporated under requced 

pressure. The resulting residue was 

chromatographed on silica gel using 

benzene-AcOEt (95 : 5 v/v) as eluant 

to give 603 mg (94.7 %) of the mixture 

of inseparable two stereoisomers (1 : 

1) of the trans-azetidinones ($&) as 

a colorless gum: IR vmax . (CHC13) 1782 

-1 
cm (C=D); NMR 6 (CDC13) 0.93 (3H, t, 

J = 7 Hz, CH2-Me), 1.78 (2H, m, -CH,- 

Me), 2.40 and 2.48 (each 3/2H, each s, 

C3-Me), 3.04 (lH, dt, J = 2.6 and 7 

Hz, C3'-H), 3.75 and 3.88 (each 3/2H, 

each s, OMe), 5.08 and 5.13 (each 1/2H, 

each d, each J = 2.6 Hz, C4‘-H), 7.22 

s 7.78 (SH, br s, Ph); MS m/e 357 (M+ 

+ 21, 355 (M+); m/e 357.0624 (M+ + 2) 

(Calcd for C16H18N04( 
37 

Cl)S (M+ + 2), 

m/e 357.06161, m/e 355.0630 (M+) 

(Calcd for c16~18~04( 35Cl)S (M+), m/e 

355.06431. (Anal. Calcd for 

C16H18N04SC1: N, 3.94. Found: N, 3.52). 

p-Nitrobenzyl 2-Chloro-2-[trans-(3- 

ethyl-2-oxo-4-phenylthio-l-azetidinyl)l- 

acetoacetate (,&.&Q). - A mixture of 

the pnitrobenzyl ester (,Y&) (142 mg) 

and E-chlorosuccinimide (45 mg) in 

dry CH2C12 (10 ml) was stirred for 0.5 
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h at - 2O'C under a current of nitro- give 25.3 mg (57.7 %) of the azetidi- 

gen. The same work-up and purification 

as above afforded 142 mg (93 %) of the 

inseparable two stereoisomeric mixture 

(1 : 1) of (J$$) as a colorless gum: 

IR vmax . (cHC13) 1775 (c=o), 1348 cm-l 

(NC2); NMR 6 (CDC13) 0.98 (3H, t, J = 

7 Hz, CH2-Me), 1.77 (2H, q, J = 7 Hz, 

-CH.2-Me), 2.40 and 2.50 (each 3/2H, 

each s, C3-Me), 3.06 (lH, dt, J = 2.8 

and 7 Hz, C 
3 
I-H), 5.07 (lH, d, J = 2.8 

HZ, C4'-H), 5.24 and 5.35 (each lH, 

each s, OCHaAr), 7.08 2, 7.64 (5H, br s, 

Rh), 7.47 and 8.2 (each 2H, each d, 

each J = 8 Hz, 4 x Ar-H), MS m/e 478 

(M+ + 2), 476 (M+); m/e 478.0795 CM' + 

2) [Calcd for C22H21N206( 
37 
Cl)S (M 

+ 
+2), 

none ($@-trans) as a colorless gum: 

IR "max . (CHC13) 1798 and 1770 cm'1 

(C=O); NMR 6 (CDC13) 1.08 (3H, t, J = 

7 Hz, CH2-Me), 1.83 (2H, q, J = 7 Hz, 

-CH2-Me), 2.50 (3H, s, C3-Me), 3.36 

(lH, dt, J = 2.2 and 7 Hz, C3'-H), 3.86 

(3H, s, OMe) 5.7 (lH, d, J = 2.2 Hz, 

m/e 478.07801, m/e 476.0776 (M+) [Calcd 

for C22H21N206( 
35 

C1)S (M+), m/e 

476.08071. (Anal. Calcd for C22H21N206* 

SCl: C, 55.40; H, 4.44; N, 5.87. Found: 

C, 55.16; H, 4.46; N, 5.73). 

c4 
I-H); 13C-NMR 6 (CDC13) 10.7 (-CH2- 

C_H3), 20.4 (-C_H2-~~3), 25.6 (~02~~)~ 

54.4 (OC_H3), 64.3 (C3'), 70.4 (C4'), 

96.1 (C,); MS m/e 286 (M+ + 5), 284 

(M+ + 3)~ 282 (M+ + 1); m/e 286.0224 

(M+ + 5) [Calcd for C loH14N04(37Cl)2 

(M+ + 5), m/e 286.02391, m/e 284.0255 

(M+ + 3) [Calcd for C10H14N04(35C1). 

(37Cl) (M+ + 3) I me/ 284.02701, m/e 

282.0276 (M+ + 1) [Calcd for C10H14N04. 

(35Cl) 2 (M+ + l), m/e 282.02981. (Anal. 

Calcd for C10H13N04C12: C, 42.57; H, 

4.64; N, 4.97; Cl, 25.13. Found: C, 

42.78; H, 4.56; N, 4.90; Cl, 24.63). 

Methyl 2-Chloro-2-(4-chloro-3-ethyl-2- 

oxo-l-azetidinyl)acetoacetate - (#a). 

- [Al. To a stirred solution of the 

methyl ester (2~) (50 mg) in dry CH2C12 

(5 ml) was added Cl2 (23 mg) in dry 

Ccl4 (0.5 ml) at - 78OC under a current 

of nitrogen, and the resulting mixture 

was stirred for 10 min. After evapora- 

tion of the solvent, the resulting res- 

idue was purified by rapid chromato- 

graphy on Rieselgel-60 (Art 9385) using 

benzene-AcOEt (97 : 3 V/V) as eluant to 

Further elution gave 12.7 mg (28.8 %) 

of the azetidinone (J&-c&) as a color- 

less gum: IR vmax _ (CHC13) 1798 and 

1770 cm-l (C=O) ; NMR 6 (CDC13) 1.08 

(3H, t, J = 7 Hz, CH2-MB), 1.83 (2H, 

q, J = 7 Hz, -CH2-Me), 2.50 (3H, s, 

C3-Me), 3.48 (lH, dt, J = 5 and 7 Hz, 

c3 '-H), 3.86 (3H, s, OMe), 6.15 (lH, d, 

J = 5 Hz, C4'-H); MS m/e 286 (M+ + 5), 

284 (M+ + 3), 282 (M+ + 1). 

(HI. To a stirred solution of the 

methyl 2-chloroacetoacetate (&&) (200 

mg) in dry CH2C12 (15 ml) was added a 
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solution of Cl2 (40 mg) in dry CC14 less gum : IR vmax . (CHC13) 1795 (C=O), 

(0.5 ml) at - 70OC under a current of 1345 cm-l (N02); NMR 6 (CDC13) 1.06 (3H, 

nitrogen, and the reaction mixture was t, J = 7 Hz, CH2-Me), 1.84 (2H, q, J = 

stirred for 10 min. The same work-up 7 Hz, -(X2-Me), 2.50 (3H, s, C3-Me), 

and purification procedures as above 3.39 (lH, dt, J = 1.8 and 7 Hz, C3'-H), 

gave 25.2 mg (15.9 %) of the insepara- 5.32 (ZH, s, OCIi2Ar), 5.70 (lH, d, J = 

ble two stereoisomeric mixture (1 : 1) 1.8 Hz, C4'-H), 1.49 and 8.21 (each 2H, 

of the trans-azetidinone(2l.t) as a each d, each J = 8 Hz, 4 x Ar-H); MS 

colorless gum, whose spectral data and m/e 406 (M+ + 4), 404 (M+ + 2), 402 (M+); 

TLC were identical with those of the m/e 403.0468 (M+ + 1) [Calcd for C16H17' 

above azetidinone ($e-trans) except 
35 

N2C6( Cl)2 (M+ + l), m/e 403.04631. 

the signal due to the C3-methyl : (AnAn. Calcd for C16H16N206C12: C, 47.66; 

2.41 and 2.50 (each 3/2H, each s, C3- H, 4.00; N, 6.95; cl., 17.59. Found: 

Me) in the NMR spectrum (CDC13). Fur- C, 48.00; H, 3.76; N, 6.55: Cl, 17.27). 

ther elutioa gave 126 mg (79.6 %) of Further elution gave 10 mg (26.6 %) of 

the inseparable two stereoisomers (1 : the azetidinone ($:2-c&) as a colorless 

1) of the cis-azetidinone (2:) as a - gum : IR "max. (CHC13) 1795 (c=o), 1343 

colorless gum, whose spectral data and cm-' (N02); NMR 6 (CDC13) 1.06 (3H, t, 

TLC were identical with those of the J = 7 Hz, CH2-Me), 1.84 (ZH, q, J = 7 

above azetidinone ($e-c&) except : Hz, -CH2-Me), 2.50 (3H, s, C3-Me), 3.50 

6 2.41 and 2.50 (each 3/2H, each s, C3- (lH, dt, J = 4.9 and 7 Hz, C3'-H), 5.32 

Me), 6.11 and 6.15 (each 1/2H, each d, (2H, s, OCg2Ar), 6.10 (lH, d, J = 4.8 

each J = 5 Hz, C4 I-H) in the NMR spec- Hz, C41-H), 7.49 and 8.21 (each 2H, each 

trum (CDC13). d, each J = 8 Hz, 4 x Ar-H); MS m/e 

406 (M+ + 41, 404 (M* + 2), 402 (M+). 

p-Nitrobenzyl 2-Chloro-2-(4-chloro-3- IHI. To a stirred solution of e-nitro- 

ethyl-2-E-1-azetidinyl)acetoacetate benzyl 2-chloroacetoacetate (t&Q) (112 

($k). - [Al . To a stirred solution mg) in dry CHICLE (lo ml) was added a 

of the pnitrobenzyl ester (zk) (50 mg) solution of cl 2 (16.7 mg) in dry Ccl4 

in dry CH2C12 (5 ml) was added a solu- (0.3 ml) at - 78OC under a current of 

tion of Cl2 (17 mg) under the same con- nitrogen, and the resulting mixture was 

ditions as .previous. The same work-up stirred for 10 min. The same work-up 

and purification procedures as in the and purification procedures as in the 

case of (I-:$ gave 20 mg (53.3 2) of case of (&&) 4 ave 14.3 mg (15.1 %) of 

the azetidinone (i%-trans) as a color- the inseparable two stereoisomers of 

TET Vol. 38, No. 16-D 
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the trans-azetidinones (,l+$e) as a Cd- 

orless gum, whose spectral data and 

TLC were identical with those of the 

above (,+e-trans) prepared from method 

[Al except signals : 6 2.44 and 2.50 

(each 3/2H, each 8, C3-Me) in the NMR 

spectrum (CDC13). Further elution 

gave 71.4 mg (75.4 %) of the insepara- 

ble two stereoisomers of the azetidi- 

nones (COOP*) as a colorless gum, 

whose spectral data and TLC behaviors 

were identical with those of the above 

azetidinone ($&-c&) prepared from 

the method [Al except signals : 6 2.44 

and 2.50 (each 3/2H, each 8, C3-Me), 

in the NMR spectrum (CDC13). 

Methyl 6-Ethyl-2-methyl-1-oxapen-2-s- 

3-carboxylate ($e). - [Al. To a 

stirred solution of the above enol 

methyl ester (2:) (400 mg) in dry 

CHICLE (30 ml) was added a solution of 

C12(88.75 mg) in dry Ccl4 (0.5 ml) at 

- 78OC under a current of nitrogen in 

the dark. After stirring for 5 min, 

the solvent was removed under reduced 

pressure in the dark. The resulting 

residue was chromatographed on Bio- 

Beads S-X3 (Bio-Road Laboratories) us- 

ing benzene to afford 304 mg (98.5 %) 

of two stereoisomeric mixture (cis : - 

trans = 1 : 2) of the chlorides (&) 

as a colorless gum : IR vmax . (CHC13) 

7 Hz, -Cg2-Me), 2.13 (3-H, 8, C3-Me), 

3..29 (lH, m, C3'-H), 3.77 (3H, 8, OMe), 

5.34 [2/3H, d, J = 1.8 Hz, C4'-H 

(trans) I, 5.76 [1/3H, d, J = 4 Hz, C4'- 

H (cis)l, 12.27 (lH, br s, OH). - 

To a stirred solution of the above 

chloride ($3~) (304 mg) in dry THF (10 

ml) was added a solution of dry Et3N 

(127 mg) in dry THF (2.ml) at O°C under 

a current of nitrogen, and the reaction 

mixture was stirred for 10 min. After 

filtration of the resulting mixture, 

the filtrate was evaporated under re- 

duced pressure. The brownish residue 

was purified by rapid chromatography 

on Kieselgel-60 (Art 9385) using 

benzene-AcOEt (97 : 3 v/v) as eluant to 

afford 220 mg (84 %, from (,@)I of the 

mixture of two stereoisomers (j3k) (G 

: trans = 1 : 1) as a colorless gum : 

x ,,,_(EtOH) 262 nm (E. 5000); IR vmax . 
(CHC13) 1802 cm-' (C=O); NMR 6 (CDC13) 

1.06 and 1.09 (each 3/2H, each t, each 

J = 7 Hz, CH2-Me), 1.82 and 1.88 (each 

lH, each q, each J = 7 Hz, -CE12-Me) , 

2.26 and 2.29 (each 3/2H, each s, C2- 

Me), 3.56 [1/2H, dt, J = 1 and 7 Hz, 

C6-H (trans)], 3.79 [l/2, dt, J = 3 and 

7 Hz, C6-H (c&)1, 3.8 (3H, s, OMe), 

5.58 [1/2H, d, J = 1 Hz, C5-H (trans)], 

5.87 [1/2H, d, J = 3 Hz, C5-H (c&)1; 

MS m/e 211 (M'), 142 (M+ - 69); m/e 

211.0837 (M*) [Calcd for C10H13N04 (M+), 

1778 cm-' (C=O); NMR 6 (CC14) 1.08 (3H, m/e 211.08431. (AnAn. Calcd for C10H13. 

t, J = 7 Hz, CH2-Me), 1.83 (ZH, q, J = N04.H20: C, 52.39: H, 6.60; N, 6.11. 
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Found: C, 52.45: H, 6.56; N, 5.74). [1/3H, dt, J = 4 and 7 Hz, C3'-H (cis)], - 

[Bl . A mixture of the dichloride (l&a) 5.39 [2/3H, d, J = 1.5 Hz, C4'-H 

(15 mg) [prepared by the method either (trans) I, 5.73 [1/3H, d, J = 4 Hz, C4'- 

[A] or [Bl I and sodium phenylthiolate H (cis)), 7.53 and 8.26 (each 2H, each - 

(15 mg) in dry DMF (3 ml) was stirred d, each J = 8 HZ, 4 x Ar-H), 12.13 (lH, 

for 15 min at 0°C under a current of br s, OH). 

nitrogen. The resulting mixture was To a stirred solution of the above 

diluted with benzene (30 ml). The chloride (&) (41 mg) in dry THF (5 

organic layer was washed with 0.5 N ml) was added a solution of dry Et3N 

phosphate buffer solution (pH = 7) (30 (11.5 mg) in dry THF (2 ml) at O'C 

ml x 2), dried over Na2S04 and evapo- under a current of nitrogen, and the 

rated. The resulting residue was puri- reaction mixture was stirred for 10 min. 

fied as above to give 10.5 mg (94 %) of The same work-up and purification proce- 

the oxapenem methyl ester (&a) as a dures as previously gave 30 mg (79.9 

mixture of two stereoisomers in the 0) of the oxapenem (ZQ) as a colorless 

ratio of 1 : 1, whose spectral data and gum, which was a mixture of inseparable 

TLC behaviors were completely identical two stereoisomers (cis : trans = 1 : 1): -- 

with those of the above sample prepared 
IR "max (CHC13) 1800 and 1710 (C=O), 

by the method [Al. 1355 cm I1 (ND2); NMR 6 (CDC13) 1.1 and 

1.15 (each 3/2, each t, each J = 7 Hz, 

E-Nitrobenzyl6-Ethyl-2-methyl-l-oxapen- CH2-k), 1.82 and 1.88 (each lH, each 

2-em-3-carboxylate (a). - [Al. TO a q, each J = 7 Hz, -CE2-Me), 2.31 and 

stirred solution of the pnitrobenzyl 2.35 (each 3/2H, each s, C2-Me), 3.58 

ester ($I) (50 ml) in dry CH2C12 (5 ml) [1/2H, dt, J = 1 and 7 Hz, C6-H 

was added a solution of Cl2 (8.1 mg) in (trans) I, 3.80 [1/2H, dt, J = 3 and 7 

dry Ccl4 (0.2 ml) under the same condi- Hz, C6-H (cis)], 5.23 and 5.57 (each - 

tions as above. The same work-up and lH, each d, each J = 15 Hz, OCg2Ar), 

purification procedures as above gave 5.60 [1/2H, d, J = 1 Hz, C5-H (trans)], 

41 mg (98.4 %) of the chloride (B)(c& 5.89 [1/2H, d, J = 3 Hz, C5-H (cis)], - 

: trans = 1 : 2) as a colorless gum: 7.53 and 8.26 (each 2H, each d, each 

IR "max 
(CHC13) 1778 (C=O), 1520 and J = 8 Hz, 4 x Ar-HI; MS m/e 332 (M+), 

1350 cm 
-1 

(N02): NMR 6 (CDC13) 1.04 (3H, 263 (M+ - 69); m/e 332.1009 (M+) [Calcd 

t, J = 7 Hz, CH2-Me), 1.68 (2H, m, -Cii2- 
for C16H16N206 (M+), m/e 332.10091; 

Me) , 2.2 (3H, s, C3-Me), 3.37 (213~~ dt, (Anal. Calcd for C16H16~206: N, 8.43. --- 

J = 1.5 and 7 Hz, C3'-H (trans)], 3.39 Found: N, 8.48). 
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IBI . A mixture of the dichloride (:tk) 

(9.5 mg) [prepared by the method either 

[Al or [Bl 1 and sodium phenylthiolate 

(6.8 mg) in dry DMF (3 ml) was stirred 

for 15 min at O'C under a current of 

nitrogen. The same work-up and purifi- 

cation procedures as above gave 6.7 mg 

(86 %) of the oxapenem (tk) as a mix- 

ture of two stereoisomers kcis : trans -- 

=1 : 11, whose spectral data and TLC 

behaviors were completely identical 

with those of the above sample prepared 

by the method [A]. 

Methyl 2-Chloromethyl-6-ethyl-l-oxapen- 

2-em-3-carboxylate ($Xz). - To a - 

stirred solution of the methyl ester 

(ZF) (120 mg) in dry CH2C12 (10 ml) was 

added a solution of Cl2 (10.4 mg) in 

dry Ccl4 (0.5 ml) under the above condi- 

tion. The same work-up and purification 

procedures as previous afforded 94 mg 

(98.7 %) of the mixture of two stereo- 

isomers (ez) (* : trans = 1 : 1) as 

a colorless gum : IR vmax 1782 cm-' 

(C=O); NMR 6 (CDC13) 1.1 and 1.12 (each 

312~~ each t, each J = 7 Hz, CH2-Me), 

1.84 and 1.90 (each lH, each q, each 

J = 7 HZ, (X2-Me), 3.40 [1/2H, dt, J = 

2.2 and 7 HZ, C3'-H (trans)], 3.43 ~.. 

[1/2H, dt, J = 4.4 and 7 Hz, C3'-H 

(cis) I, 3.8 (3H, s, OMe), 4.17 and 4.20 - 

(each lH, each s, -CH2-Cl), 5.43 11/2H, 

d, J = 2.2 Hz, C4'-H (trans)), 5.81 

[1/2H, d, J = 4.4 Hz, C4'-H (+)I, 

12.28 (lH, br s, OH). 

TO a stirred solution of the above 

dichloride ($l~) (94 mg) in dry THF 

(10 ml) was added a solution of dry 

Et3N (34 mg) in dry THF (2 ml) under 

the same conditions as previous. The 

same work-up and purification proce- 

dures as above 

the mixture of 

(cis : trans = - 

gum : IR vmax_ 

gave 63 mg (76 %) of 

two stereoisomers (j&z) 

1 : 1) as a colorless 

(CHC13) 1803 cm-' (C=O); 

NMR 6 (cycle) 1.02 and 1.07 (each 3/2H, 

each t, each J = 7 Hz, CH2-Me), 1.78 and 

1.83 (each lH, each q, each J = 7 HZ, 

(X2-Me), 3.24 [1/2H, dt, J = 1 and 7 Hz, 

C6-H (trans)], 3.44 I1/2H, dt, J = 3 and 

7 HZ, c6-H (cis)l, 3.73 (3H, s, OMe), 

4.23, 4.66, 4.31 and 4.69 (each 1/2H, 

each d, each J = 12.2 HZ,-CH2-Cl), 

5.60 [1/2H, d, J = 1 Hz, C5-H (trans)), 

5.82 11/2H, d, J = 3 Hz, C5-H (cis)]; __ 

MS(FD) m/e 247 (M+ + 2), 245 (M+). 

P-Nitrobenzyl 2-Chloromethyl-6-ethyl- 

1-oxapen-2-em-3-carboxylate QQ). - 

To a stirred solution of the E-nitro- 

benzyl ester (ZQ) (111 mg) in dry 

CH2C12 (10 ml) was added a solution 

of Cl2 (16.5 mg) in dry Ccl4 (0.2 ml) 

as previous. The same work-up and 

purification procedures as above gave 

90.6 mg (96.5 %) of the mixture of two 

stereoisomers (,&) (* : trans = 1 : 

1) as a colorless gum : IR max_ (CHC13) 

1782 (C=O), 1345 cm-' (N02); NMR 6 



Synthesis of oxapenem derivatives by novel reductive cyclization 2503 

(CDCl3) 1.13 (3H, t, J = 7 Hz, CH2-Me), 1 

1.74 (2H, m, -CIi2-Me), 3.39 (lH, m, 

c3 I-H) 4.56 (2H, s, -CH2C1), 5.31 (2H, 

s, OCH,Ar), 5.37 [1/2H, d, J = 1.5 Hz, 

c4 - '-H (trans) I, 5.74 [1/2H, d, J = 4 

Hz, C4 '-H (cis)], 7.46 and 8.15 (each 2 - 

2H, each d, each J = 8 Hz, 4 x Ar-H), 

12.1 (lH, br s, OH). 

To a stirred solution of the above 

dichloride (slsl,) (90.6 mg) in dry THF 

(10 ml) was added a solution of dry 

Et3N (23.6 mg) in dry THF (1 ml) under 

the same conditions as previous. The 3 

same work-up and purification proce- 

dures as above gave 53 mg (62.3 %) of 

the inseparable two stereoisomers (cis - 

: trans = 1 : 1) of the oxapenem (2%) 

as a yellowish gum : IR vmax . (CHC13) 

1805 (C=O), 1345 cm-l (N02): NMR 6 

(CDC13) 1.02 (3H, t, J = 7 Hz, CH2-Me), 

1.82 (2H, m, -CX2-Me), 4.41 and 4.71, 

4.45 and 4.73 (each 1/2H, each d, each 

J = 13 Hz, -CH2-Cl), 5.75 [1/2H, d, J = 

1 Hz, C5-H (cis)] , 7.58 and 8.20 (each 4 

2H, each d, each J = 8 Hz, 4 x Ar-H). 
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