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The first synthetic route to racemic 6-(substituted methylene)oxape-
nems, an interesting new class of f-lactamase inhibitors, is described.
In spite of their low hydrolytic stability, even the unprotected acids 9
and 10 can be isolated as their sodium salts. The 6-(unsubstituted
methylene)oxapenem 7e, however, is unstable and decomposes
under the conditions of its formation.

The oxapenem class of f-lactams was first described in
1977.) Although some derivatives showed interesting
activity as -lactamase inhibitors,? the instability of the
highly strained oxapenem ring system towards chemical
hydrolysis precluded their use in biological systems. The
recent discovery that 2-fert-alkyloxapenems are much
more stable than expected®° and the detailed descrip-
tion of the biological properties of 6-hydroxyethyloxape-
nems® revived our interest in this class of compounds. In
particular we wanted to investigate whether a 6-methyl-
ene group would be compatible with the strained oxape-
nem skeleton, since several potent f-lactamase inhibitors
possess a substituted methylene group in the 6-position of
a penam-,” penem-® or carbapenem-system.® We report
here the first synthetic route to 6-(substituted methyl-
ene)oxapenems. In this route a ters-butyl substituent was
introduced in the 2-position in order to stabilize the
oxapenem system.>”> An allyl ester was used as a
carboxylic acid protecting group, because preliminary
experiments had shown, that hydrogenolysis of a p-
nitrobenzylic ester, which is most often used in oxapenem
chemistry, is not compatible with the 6-methylene substi-
tuent.

As shown in the Scheme, the cyclization precursors 4 were
prepared by slight modifications of standard f-lactam
methodology. The lithium enolate of f-lactam 1 was
quenched with the corresponding aromatic or aliphatic
aldehydes to yield a mixture of diastereomeric alcohols
which subsequently were acetylated. Only trace amounts
of 3,4-cis-azetidinones were produced in this hydroxy-
alkylation step. Mild deprotection gave rise to the
N-unsubstituted p-lactam 3.'° The N-side chain was
introduced in two steps, first alkylation with allyl bro-
moacetate and second acylation with pivaloyl chloride.
Transformation of the methylthio group at the 4-position
of the f-lactam 4 into a chlorine leaving group proved to
be quite difficult. Elemental chlorine!! could not be used
because of the presence of the allyl ester double bond. The
transformation was achievd by treating 4 with 2 equiva-
lents of N-chlorosuccinimide in dichloromethane in the
presence of silica gel as a catalyst.'> However, furyl
derivative 4¢ gave rise to side products due to the
reactivity of the furan system. In this case sulfuryl
chloride/triethylamine at — 20°C was found to be the
best reagent for chlorination,’® although even under

these conditions chloride 5S¢ contained considerable
amounts of byproducts. After deprotonation with one
equivalent of potassium terz-butylate, the cis/trans-mix-
ture of chlorides 5 cyclized smoothly at — 20°C to give a
cis/trans-mixture of the oxapenems 6. Subsequent elimi-
nation of acetic acid at — 78°C under the influence of
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) was extremely
easy. The unsubstituted oxapenem 6e, however, did not
yield methylene derivative 7e, but decomposed to prod-
ucts other than f-lactam derivatives under the elimin-
ation conditions. The mixture of E- and Z-isomers ob-
tained from 6a—6d could be separated by rapid chroma-
tography on silica gel. Deprotection of the allyl ester
using palladium catalyst'* gave rise to the final products,
the free 6-(methylene)oxapenems isolated as their sodium
salts 9 and 10. The compounds 9 and 10 are yellow to
orange solids. The IR absorption of the f-lactam carbon-
ylis found between 1758 (10b) and 1792 cm ™! (9d), with
the E-isomers 9 absorbing at higher frequency.

The geometry of the double bond of compounds 9 and 10
was deduced from their 'H NMR spectra. Compared to
the Z-oxapenems 10 the methylene proton as well as the
ring proton at C-5 of E-oxapenems 9 are shifted down-
field and the aromatic ortho-protons of compounds
9a-9¢ are shifted upfield (see Tables 4 and 5). This
corresponds well to shift differences found in 6-(methyl-
ene)penems.®

Although the unprotected oxapenems 9 and 10 were
isolated with a purity of 80—90 %, their stability against
hydrolysis is limited (Table 1).

The E-oxapenems 9 are more stable than the Z-derivati-
ves 10. The least stable compound, the Z-(ethylidene)-
oxapenem 10d has a half-life of only 40 minutes at
pH 7.0 and 20°C! In spite of this instability the (methyl-
ene)oxapenems were proved to be interesting f-lactamase
inhibitors even in cell culture. Their antibacterial activity
however was rather low.

Melting points were determined on a Biichi capillary melting point
apparatus and are uncorrected. IR spectra were determined on a
Perkin-Elmer 281 IR spectrophotometer. *H NMR spectra were
recorded on Bruker WM 250 and AM 300 spectrometers in either
CDCl; or D,0 solution. Microanalyses were obtained using a
Perkin-Elmer 240 element analyser. Mass spectra were obtained on
the following mass spectrometers: Electron ionization (EI) on a
KRATOS MS 80; desorption chemical ionization (DCI) on a
Finnigan MAT 311 A; fast atom bombardment (FAB) on a
Finnigan MAT 90. All reactions were performed under a positive
pressure of Ar. Reactions were monitored by analytical TLC (silica
gel 60 F-254, E. Merck). Silica gel 60 (230-400 mesh ASTM; E.
Merck) was used for column chromatography which was performed
under a low positive pressure.
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SYNTHESIS

Table 1. Half-Life of Oxapenems 9 and 10 at pH 7.0 at 20°C

E-Oxapenem  t,, (h) Z-Oxapenem  t,,, (h)
9a 3.6 10a 34
9 4.3 10b 1.4
9c 7.9 10¢ 5.0
9d 1.6 10d 0.7

1-(tert-Butyldimethylsilyl)-4-methylthioazetidin-2-one (1):

A solution of 4-methylthioazetidin-2-one'® (138.5 g, 1.18 mol) and
tert-butyldimethylsilyl chloride (204.5g, 1.36mol) in DMF
(760 mL) was treated portionwise with DABCO (165.5 g, 1.47 mol)
at 0°C. The mixture was stirred for 1 h at 0°C and for 2 h at 25°C
and then partitioned between EtOAc and water. The organic layer
was dried (MgSO,) and concentrated in vacuo. The residue was
distilled; yield: 261 g (96 %); bp 80—86°C/0.05 mbar.
C,oH,;NOSSi cale. C51.9 H91 N 59

(231.9) found 51.7 8.9 6.0

IR (KBr): v = 1728cm™ ..

'H NMR (CDCL,): § = 0.30 (s, 3 H), 0.32 (s, 3 H), 1.00 (s, 9 H), 2.10
(s, 3H), 3.08 (dd, J = 16, 2.5 Hz, 1 H), 3.43 (dd, J = 16, 6 Hz, 1 H),
4.64 (dd, J =6, 2.5 Hz, 1 H).

trans-1-tert-Butyldimethylsilyl-4-methylthio-3-{(1-methyl-1,2,3-tri-
azol-4-yl)acetoxymethyijazetidin-2-one (2a); Typical Procedure:

To a freshly prepared solution of lithium diisopropylamide (LDA)
(0.25 mol) in THF (500 mL) 1 (52.1 g, 225 mmol) in THF (100 mL)
was added dropwise at — 70°C over 15 min. The solution was stirred
for further 15 min at the same temperature, whence sometimes a
white solid precipitated. 1-Methyl-1,2,3-triazole-4-carbaldehyde’®
(25 g, 225 mmol) in THF (400 mL) was then added over 10 min.
During the addition the precipitate dissolved completely. After
stirring for further 15 min at — 70°C, EtOAc (2 L) and water (2L)
were added, the aqueous phase was separated and extracted twice
with EtOAc. The combined organic phases were dried (MgSO,) and
evaporated in vacuo to give the hydroxy intermediate as a crude oil.
Yield: 69.2 g (90 %).

The crude intermediate (15.3 g, 44.5 mmol) was dissolved in CH,Cl,
(250 mL). At 0°C Et;N (7.4 mL, 53.4 mmol), 4-dimethylaminopyri-
dine (544 mg, 4.5 mmol) and Ac,O (5.1 mL, 53.4 mmol) were added.
The solution was kept at 0°C for 1.5 h. Then sat. aq NH,C1 (50 mL)
was added and the mixture was diluted with CH,Cl, (250 mL). The
organic solution was washed with brine, sat. aq NaHCO, and water
and dried (MgSO,). The solvent was evaporated in vacuo and the
residual oil was chromatographed on silica gel using toluene/EtOAc
(1:1) as eluent. Compound 2a was obtained as a 2: 1 mixture of two
diastereoisomers (Table 2). For the hydroxymethylation with
gaseous formaldehyde (2e), see Ref. 5.

trans-4-Methylthio-3-[(1-methyl-1,2,3-triazol-4-yl)acetoxymethyl]-
azetidin-2-one (3a); Typical Procedure:

To 2a (11.75g, 30.6 mmol) in THF (160 mL) containing AcOH
(2mL, 35mmol) a 1 M solution of Bu,NF in THF (30.6 mL,
30.6 mmol) was added dropwise at r.t. over 15 min. After stirring for
a further 15 min CH,Cl, (500 mL) was added and the solution was
washed with brine, sat. ag NaHCO, and again with brine, dried
(MgS0,) and evaporated in vacuo. The residual oil was chromato-
graphed on silica gel using EtOAc as eluent (Table 2).

Allyl 4,4-Dimethyl-2-[(trans)-4-methylthio-3-(1-methyl-1,2,3-triazol-
4-yhacetoxymethyl-2-oxoazetidin-1-yl}-3-oxopentanoate (4a); Typi-
cal Procedure:

To 3a (6.24g, 23.1mmol) and allyl bromoacetate’” (6.2g,
34.7mmol) in MeCN (140mL) was added Cs,CO; (9.0g,
27.7mmol) and the mixture was stirred at r.t. for 6.5h. The
precipitate was filtered on Celite. The filtrate was diluted with EtOAc
(300 mL) and the solution was washed with sat. aq NH,CI, brine,
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Table 2. Compounds 2 and 3 Prepared

SYNTHESIS 1101

MS
mjz (%)

0.25(s, 3H), 0.35(s, 3H),0.97(s,9H), 2.10(s, 3H),2.15(s,3H), 3.81
(dd,J=5,1.5,1H),4.09 (s,3H),4.96(d, J=1.5,1H),6.22(d, /= 5,

0.25(s, 3H), 0.31 (s, 3H), 0.97 (s, 9H), 1.85 (s, 3H), 2.10 (s, 3H), 3.68
(dd,J=5,1.5,1H),4.65(d, J=1.5,1H),6.15(d, J = 5, 1H), 7.35 s,

0.30 (s, 3H), 0.33 (s, 3H), 1.00 (s, 9H), 2.06 (s, 6 H), 3.75 (dd, J= 5,
2.5,1H),4.85(d, J=2.5,1H), 6.25(d, J= 5, 1H), 6.38 (m, 1 H), 6.46

0.29 (s, 3H), 0.32 (s, 3H), 1.00 (s, 9H), 2.03 (s, 3H), 1.38 (d, J= 6,
3H),2.02(s,3H),2.12(s,3H),3.35(dd, /= 6, 2,1H),4.61 (d,J= 2,

0.30 (s, 3H), 0.35 (s, 3H), 1.00 (s, 9H), 2.08 (s, 3H), 2.11 (s, 3H), 3.50
(td, J=5,2, 1H), 4.38 (d, J= 5, 2H), 4.58 (d, J= 2, 1H)
2.10 (s, 3H), 2.20 (5, 3H), 3.85 (dd, J = 5, 1.5, 1 H), 5.01 (d, J= 1.5,
1H), 6.10 (br, 1H, NH), 6.30 (d, J= 5, 1H), 7.65 (s, 1H)
2.00 (s, 3H), 2.20 (s, 3H), 3.62 (dd, J = 5, 1.5, 1H), 4.78 (d, J = 1.5,
1H), 6.05 (br, 1H, NH), 6.20 (d, /= 5, 1H), 7.35 (s, SH)
2.10(s, 3H), 2.15(s, 3H), 3.72(dd, J= 5,2, 1 H), 4.95 (d, J = 2, 1 H),
6.03 (br, 1H, NH), 6.29 (d, J = 5, 1H), 6.37 (m, 1 H), 6.48 (d, J = 4,

1.40 (d, J= 6, 3H), 2.08 (s, 3H), 2.15 (s, 3H), 3.29 (dd, J= 7.5,2,
1H), 4.72 (d, J= 2, 1H), 5.30 (m, 1H), 6.25 (br, 1H, NH)

210(s,3H),2.15(s,3H),347(td, /= 6,2,1H),440(d,J=6,2H),

Prod- Yield®* Molecular IR (CHCl,) 'H NMR (CDCl,/TMS)*
uct (%) Formula® Ve—o (cm™Y) 4, J (Hz)
2 56 C,oH,N,0,88i -
(384.6)
1H), 7.61 (s, 1H)
b 87 C,oH,,NOSSSi -
(379.6)
SH)
2 90  C,,H,;NO,SSi 1750
(369.6)
(d, J=3, 1H), 7.40 (m, 1H)
24 83 CH,NO,SSi -
(317.5)
1H), 5.22 (quintet, 1H, J = 6)
2e 29 C,H,NO,SSi -
(303.5)
33 77 C,H,N,0,8 1750
(270.3)
3b 93 C,H,,NO,S 1759
(265.3)
3¢ 98 C,H,NOS 1776
(255.3)
1H), 7.42 (m, 1H)
3 9  CgH,;NOS -
(203.3)
3 96 C,H,NO,S 1772
(189.2) 4.68 (d, J= 2, 1H), 6.13 (br, 1H, NH)

392 (M* + Na, 60),
153 (100)¢

318 (M++NH3’
100)°

271 (M™ +H, 100)°

283 (M'+NH,,
75), 163 (100)°

278 (M* + Na, 45),
153 (100)¢

21 (M'+NH,,
22), 204 (M* + H),
100)°

207 (M*+NH,,
15), 190 (M*+H,

100)¢

* Isolated yield over two steps, compounds 2 and 3 are oils or foams.
® Satisfactory microanalyses obtained: C +0.4, H +0.3, N + 0.4.
¢ Two diastereoisomers (except 2e, 3e), data of main diastereoisomer.

dried (MgSO,) and evaporated in vacuo. The residual oil was
chromatographed on silica gel using toluene/EtOAc (1: 1) as eluent
to give the intermediate acetic acid derivative as a pale yellow foam.
Yield: 7.09 g (83 %).

This intermediate (6.98 g, 18.9 mmol) and pivaloyl chloride (4.7 mL,
37.8 mmol) in THF (100 mL) were cooled to —78°C. A 1M
solution of lithium bis(trimethylsilyl)amide in hexane (37.8 mL,
37.8 mmol) was added dropwise over 15 min. After stirring for
further 30 min at the same temperature the reaction was quenched by
addition of sat. ag NH,Cl (20 mL). The resulting mixture was
dituted with EtOAc (500 mL) and water (500 mL), the organic phase
was separated, dried (MgSO,) and evaporated in vacuo. The
residual oil was chromatographed on silica gel using toluene/EtOAc
(1:1) as eluent. Compound 4a was obtained as a mixture of 4
diastereoisomers (Table 3).

Allyl 2-[(cis/trans)-4-Chloro-3-(1-methyl-1,2,3-triazol-4-yl)acetoxy-
methyl-2-oxoazetidin-1-yl]-4,4-dimethyl-3-oxopentanoate (5a); Typi-
cal Procedure:

A solution of 4a (5.45 g, 12 mmol) in CH,Cl, (80 mL, important:
p.a. quality, not anhydrous) was treated at 0 °C with N-chlorosucci-
nimide (3.2 g, 24 mmol) and silica gel (6 g, 230 -400 mesh ASTM, E.
Merck). The mixture was stirred at r.t. for 30 min and evaporated in
vacuo. The residue was dissolved in CCl, (50 mL), filtered and the
filtrate evaporated. This procedure was repeated once to give Saasa
crude oil (mixture of several diastereoisomers). Note: At least one
diastereoisomer of Sa was not distinguishable from 4a by TLC
(Table 3).

Allyl  2-[(cis/trans)-4-Chloro-3-(2-furyl)acetoxymethyl-2-oxoazeti-
din-1-yl}-4,4-dimethyl-3-oxopentanoate (5c):

dc (11.81 g, 27 mmol) in CH,Cl, (250 mL) was treated at — 20°C
with Et;N (3.7 mL, 27 mmol) and SO,Cl, (2.2 mL, 27 mmol). The

¢ FAB spectrum.
¢ DCI spectrum.

mixture was stirred at the same temperature for 5 h and then washed
with aqg NaHSO,/Na,CO, (8 g/6.4 g in 160 mL water), brine, dried
(MgSO,) and evaporated in vacuo to give Sc as a crude oil
containing a considerable amount of impurities.

Allyl (cis/trans)-2-tert-Butyl-6-(1-methyl-1,2,3-triazol-4-yl)acetoxy-
methyl-1-oxa-2-penem-3-carboxylate (6 a); Typical Procedure:

A solution of 5a (4.3 g, 9.7 mmol) in THF (50 mL) was treated at
— 78°C with a 0.9 N solution of KOBu-t in t-C,H,OH (10.8 mL,
9.7 mmol). The dark brown solution was stirred at — 20°C for 40
min, then sat. aqg NH,Cl (10 mL) was added and the mixture was
diluted with EtOAc (250 mL). The organic phase was washed with
brine (3 x 100 mL) dried (MgSQO,) and concentrated in vacuo to give
6a as a crude yellow foam which already contained 10—20 % of the
elimination products 7a and 8a (Table 3).

Allyl (E)-2-tert-Butyl-6-(1-methyl-1,2,3-triazol-4-yl)methylene-1-
oxa-2-penem-3-carboxylate (7a and 8a); Typical Procedure:

A solution of the crude oxapenem 6a (3.64 g, 9 mmol) in CH,Cl,
(100 mL) was treated at — 78°C with DBU (1.34 mL, 9 mmol) and
the mixture was stirred for 30 min at the same temperature. Then
EtOAc (400 mL) was added and the solution was washed with sat. aq
NH,CI and brine, dried (MgSO,) and evaporated in vacuo. The
residual oil was chromatographed on silica gel using toluene/EtOAc
(2:1) as eluent. (Z)-Oxapenem 8a was eluted first; yield: 455 mg
(15%), then (E)-oxapenem 7a; yield: 1.3 g (42 %) (Table 4).

Compound 6e decomposed under the reaction conditions to prod-
ucts other than f-lactams.

Sodium (E)-2-tert-Butyl-6-(1-methyl-1,2,3-triazol-4-yl)methylene-1-
oxa-2-penem-3-carboxylate (9a); Typical Procedure:

A solution of 7a (1.25 g, 3.6 mmol) in CH,Cl, (50 mL) was treated
with a 0.5M solution of sodium 2-ethylhexanoate in EtOAc
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Table 3. Compounds 4—6 Prepared

SYNTHESIS

Prod- Yield® Molecular IR (CHCl;) 'H NMR (CDCI,/TMS) Ms®
uct (%) Formula Voo (em™Y) 4, J (Hz) mfz (%)
4a 54 C,0H,N, 08 1768,1752  mixture of 4 diastereoisomers, characteristic signals: 453 (M* +H, 100)
(452.5) 1.1-1.3 (s, 9H, t-C,H,), 4.6-4.7 (brd, 2H, OCH,), 5.4-5.6 (s, 1H,
NCHCO,)
4b 89  C,H,NOS  1769,1750  as above 465 (M* +H, 35),
(447.6) 163 (100)
4c 84 C,,H,;,NO,S 1770, 1752 as above 444 (M* +Li, 65),
(437.5) 153 (100)°
44 65 C,sH,oNOsS - as above -
(385.5)
4e 55 C,,H,sNO4S 1772, 1750  mixture of 2 diastereoisomers, characteristic signals: 389 (M*+NH,,
(3711.5) 1.20,1.25(2s,9H, 1-C,H,), 4.65(brd,J= 5,2H),5.52,5.58 (2s,1H, 45), 372 (M*+H,
NCHCO,) 70), 87 (100)
52 T C,oH,sCIN,O, 1786, 1752  mixture of 8 diastereoisomers, characteristic signals:
(440.9) 5.8-6.3 (d, J=1.0-1.5, trans-CHCI), 5.9-6.5 (d, J = 4, cis-CHCI) 441 (M"* +H, 100)
5 82 C,,H,;cCINO, 1785,1751  as above —d
(435.9)
5c 99 C,,H,,CINO, - as above -
(425.9)
5d ~100 C,,H,,CINOg 1786,1750  as above ~4
(373.8)
Se ~100 C,¢H,,CINO; 1787,1752  mixture of 4 diastereoisomers, characteristic signals: 377 (M*+NH,,
(359.8) 5.90,5.99 (2d, J= 1.5, trans-CHCI), 6.11,6.15(2d, J = 4, ¢is-CHCI)  25), 360 (M* +H,
15), 322 M* —Cl,
100)
6a 96 C,oH,,N,O4 1800, 1752  mixture of 4 diastereoisomers, characteristic signals: 345 (M* —MeCO,,
(404.4) 5.50-5.80 (s, trans H-5), 5.35-5.85 (d, J= 3-4.5, cis H-5) 8), 136 (100)
6b 84 C,,H,sNOg 1803, 1743 as above 417 (M*+NH,,
(399.9) 35), 399 (M*, 60),
340 (M* —MeCO,,
100)
6c 95¢ C,0H,3NO, - as above -
(389.4)
6d  ~100 C,;H,;NO, 1804, 1740  as above 338 (M*+H, 10),
(337.4) 278 M+ —MeCO,,
40), 210 (100)
6e 15" C,H, NOg 1804, 1744  trans-6e: 1.32 (s, 9H), 2.12 (s, 3H), 3.90 (m, 1 H), 4.43 (m, 2H),4.70 -
(323.3) (m, 2H), 5.25(d, J= 12, 1H), 543 (d, /= 19, 1 H), 5.76 (s, 1 H), 5.96

(m, 1H)
cis-6e: 1.35 (s, 9H), 2.10 (s, 3H), 4.22 (m, 1H), 4.43 (m, 2 H), 4.70 (m,
2H), 5.25 (d, J= 12, 1H), 5.43 (d, J=19, 1H), 5.84 (d, /= 3, 1H),

5.96 (m, 1H)

* 4 Isolated yield over two steps; 5 and 6: yield of crude product; all
compounds are oils or foams.

> DSI spectra.

¢ FAB spectra.

(7.2mL, 3.6 mmol), PH,P (94 mg, 0.36 mmol), and [ph,P],Pd
(98 mg, 0.09 mmol). After 15 min at r.t., only a little precipitate
appeared. The mixture was evaporated in vacuo, the residue was
triturated with Et,0 and the solid material was filtered, washed once
with Et,0 and dried. The sodium salt 9a thus obtained was about
90% pure (HPLC, 'H NMR) (Table 5).

(1) Eglington, A.J. J. Chem. Soc., Chem. Commun. 1977, 720.

(2) Cherry, P.C.; Newall, C.E.; Watson, N.S.J. Chem. Soc., Chem.

Commun. 1978, 469.

(3) Bayer AG, Eur. Patent 301 39%4; Chem. Abstr. 1989, 111,39099.

4 No M* peak could be obtained.

¢ Crude product, see experimental for 7¢/8c.

f After chromatography on silica gel at —20°C with toluene/
EtOAc (5:1) as eluent.

(4) Pfaendler, H.R.; Hendel, W.; Nagel, U. Zeitschr. f. Natur-
forsch. 1992, 47b, 1037.

(5) Pfaendler, H.R.; Neumann, Th; Bartsch, R. Synthesis 1992,
1179.
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Antibiotics 1990, 43, 1441,
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Chem. Commun. 1989, 1448.

(11) Aratani, M.; Hagiwara, D.; Takeno, H.; Hemni, K.; Hashimo-
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Table 4. 6-(Methylene)oxapenems 7 and 8 Prepared
Prod- Yield® Molecular IR (CHCl,;) 'H NMR (CDCl,/TMS) MS®
uct (%) Formula® Ve—o (ecm™Y) 6, J (Hz) m/z (%)
7a 42 C,;H,;;N,0, 1774 1.33 (s, 9H), 4.18 (s, 3H), 4.74 (m, 2H), 5.52 (d, J=11, 1H), 548 (d, 345 (M*, 100)
(345.4) J=19, 1H), 6.00 (m, 1H), 6.52 (s, 1 H, H-5), 7.15 (s, 1H, CH=), 7.55 s,
1H)
7 42 C,H,NO, 1778 1.37(s, 9H),4.75 (m, 2H), 5.25(d, J= 11, 1H), 546 (d, /= 19,1H), 6.00 340 (M*+H,
(3394 (m, 1H),6.41 (s, 1H, H-5),7.18 (s, 1H, CH=), 7.45 (m, 3H), 7.55 (m, 2H)  55), 210 (100)
Te 4¢ CisH oNO; 1782 1.35(s,9H),4.75(m, 2H), 5.35(d, J=11,1H), 547 (d, /=19, 1H), 6.01 330 (M", 100)
(329.4) (m, 1H), 6.43 (s, 1H, H-5), 6.55 (dd, /= 3, 1.5, 1H, H-4, furyl), 6.78 (d,
J=3,1H, H-3, furyl), 6.94 (s, 1H, CH=),7.65(d, J = 1.5, 1 H, H-5, furyl)
d 21 C,sH,,2NO, 1794 1.33(s,9H),1.97(d, J=7,3H), 4.73 (m, 2H), 5.25(d, J= 10, 1H), 545 277 (M*, 7), 57
(271.3) (d, J= 18, 1H), 6.21 (s, 1H, H-5), 6.50 (q, J= 7, 1H, CH=) (100)°
8a 15 C,,H, N,O, 1764 1.32 (s, 9H), 4.13 (s, 3H), 4.75 (m, 2H), 5.26 (d, /=11, 1H), 545 (d, -
(345.49) J=19, 1H), 6.00 (m, 1H), 6.29 (s, 1H, H-5), 7.06 (s, 1H, CH=), 8.72 (s,
1H)
8b 16 C,0H,;NO, 1768 1.35(s,9H),4.75(m, 2H), 5.28 (d, J=11,1H), 5.50 (d, /=19, 1H), 6.02 357 (M* + NH,),
(339.4) (m, 1H), 6.25 (s, 1H, H-5),6.83 (s, 1H, CH=), 7.45 (m, 3H), 7.98 (m, 2H) 340 (M ™, 100)
8¢ 2¢ C,gH,;,NO; 1778 1.33(s,9H),4.75 (m, 2H), 5.27(d, J=11,1H), 5.48 (d, /=19, 1H), 6.00 -
(329.4) (m, 1H), 6.23 (s, 1H, H-5), 6.55 (dd, J = 3, 1.5, 1H, H-4, furyl), 6.70 (s,
1H, CH=), 7.50 (d, J= 3, 1H, H-3, furyl), 7.58 (d, J=1.5, 1H, H-5,
furyl)
8d 18 C,sH,;,NO, 1786 1.32(s,9H),2.12(d, J=7,3H), 4.72 (m, 2H), 5.25 (d, /= 10, 1H), 5.45 277 (M™, 20), 57
(271.3) (d,J=18,1H), 5.99 (m, 1H), 6.10 (s, 1H, H-5),6.20(q, /= 7, 1H,CH=)  (100)°

a

o

a

Isolated yield of pure separated isomers 7 and 8, compounds 7 and 8 are oils or foams.
DCI spectra.
Low yield because crude starting material was used.

EI spectra.

Table 5. 6-(Methylene)oxapenems 9 and 10 Prepared

Prod- Yield®> mp (°C) Molecular IR (CHCl;) 'H NMR (D,0/TPNA) MSe
uct (%) Formula® Voo (cm™Y) 6, J (Hz) mfz (%)
9a 929 140 C,,H,sN,NaO, 1768 1.10 (s, 9H), 4.02 (s, 3H), 6.35 (s, 1H, H-5), 7.15 (s, -°
(dec) (326.3) 1H, CH=), 8.13 (s, 1H, Ar)
9 79¢ 175-180 C,,H,(NNaO, 1770 1.10(s, 9H), 6.50(s, 1 H, H-5), 7.11 (s, 1H, CH=),7.37 -®
(dec) (321.3) (m, 3H), 7.54 (m, 2H)
9¢c 57¢ - C,sH ,NNaO; 1768 1.22 (s, 9H), 6.50 (s, 1H, H-5), 6.68 (dd, J=3.5,1, -f
(311.3) 1H, H-4, furyl), 7.00 (d, J = 3.5, 1H, H-3, furyl), 7.15
(s, 1H, CH=), 7.78 (d, /=1, 1H, H-5, furyl)
9 75 - C,;H,,NNaO, 1792 1.10 (s, 9H), 1.80 (d, /=8, 3H), 6.12 (s, 1H, H-5), 282(M™ 4+ Na, 65),
(259.2) 6.48 (q, /=8, 1H, CH=) 214 (100)
10a 819  175-180 C,,H,sN,NaO, 1760 1.09 (s, 9H), 4.01 (s, 3H), 6.13 (s, 1H, H-5), 6.92 (s, -
(dec) (326.3) 1H, CH=), 8.58 (s, 1H)
10b  83¢  160-170 C,,H,([NNaO, 1758 1.10(s, 9H), 6.11(s,1H, H-5),6.91 (s,1H, CH=),7.38 -°®
(dec) (321.3) (m, 3H), 7.80 (m, 2H)
10c 31 - C,sH,,NNaO, 1761 1.25(s,9H),6.26 (s, 1H,H-5),6.67(d, /= 3,1H,H-4, -f
(311.3) furyl), 6.88 (s, 1H, CH=), 7.20 (d, /=3, 1H, H-3,
furyl), 7.73 (s, 1H, H-5, furyl)
10d  50° - C,,H,,NNaO, 1774 1.05(s, 9H), 1.89 (d, J= 7.5, 3H), 5.95 (s, 1H, H-5), 282 (M™ + Na, 90),
(259.2) 6.21 (q, /=175, 1H, CH=) 214 (100)

* Yield of isolated product.

® Satisfactory microanalyses (C +0.4, H +0.3, N + 0.4) or HRMS

values (+0.002 amu) obtained.
¢ FAB spectra.

(13) Hoppe, D.; Kloft, M. Liebigs. Ann. Chem. 1980, 1527.

(14) Jeflrey, P.D.; McCombie, S.W. J. Org. Chem. 1982, 47, 587.

(15) Kobayashi, T.; Iwano, Y.; Hirai, K. Chem. Pharm. Bull. 1978,
26, 1761.

4 Purity: >90%.
¢ Purity: 80-85%.
T No M™ peak could be obtained.

M.D.; Mitchell, S.; Owens, P.; Rajah, F. J.
1985. 289. 163.

(16) Hiittel, R.; Gebhardt, A. Liebigs. Ann. Chem. 1947, 558, 34.
(17) Bongars, C.; Bougeard, P.; Bury, A.; Cooksey, C.J.; Johnson,

Organomet. Chem.
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