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Synthesis of (2RS, 5RS, 6SR) -3-Met hoxycarbonyl-7-0~0-6- phenoxyacet - 
amido-I -azabicyclo[3.2.0] hept-3-ene-2-carboxylic Acid 

By Clive L. Branch and Michael J. Pearson,' Beecham Pharmaceuticals Research Division, Brockharn Park, 
Betchworth, Surrey RH3 7AJ 

Addition of the mixed anhydride derived from azidoacetic acid and trifluoroacetic anhydride to benzyl 2-(N- 
cinnamylideneamino)-3,3-dimethylacrylate (1 9) in the presence of triethylamine afforded (3RS, 4SR)-3-azido-l- 
(1 - benzyloxycarbonyl-2-methylprop-1 -enyl)-4-styrylazetidin-2-one (20), which was converted into (3RS, 
4SR) -1 - (1 -benzyloxycarbonyl-2-methoxycarbonyl-2-triphenylphosphoranylidene-ethyl) -3-phenoxyacetamido-4- 
styrylazetidin-2-one (29) and (3RS, 4RS)-1- (1 -benzyloxycarbonyl-2-methoxycarbonyl-2-triphenylphosphoranyl- 
idene-ethyl) -4-dimethoxymethyl-3-phenoxyacetamidoazetidin-2-one (30). Ozonolysis of compound (29) in the 
presence of trifluoroacetic acid gave (2RS, 5RS, 6SR) -benzyl 3-methoxycarbonyl-7-oxo-6-phenoxyacteamido- 
1 -azabicyclo[3.2.0]hept-3-ene-2-carboxylate (31). The ester (31 ) was also prepared by trifluoroacetic acid 
treatment of the phosphorane (30). 

Hydrogenation of compound (31) ober 10% Pd-C afforded (2RS, 5RS, 6SR)-3-methoxycarbonyl-7-oxo-6- 
phenoxyacetamido-1 -azabicyclo [3.2.0] hept-3-ene-2-carboxylic acid (35), which was antibacterially active. 

THE 7-OXO-1 -azabicyclo[3.2.0]hept-2-ene ring system is 
present in a number of recently isolated natural pro- 
diicts,l all of which are potent antibacterials. The total 
synthesis of such compounds (1) has therefore become of 
major importance, and several successful routes have 
been devised.2 In comparison with their A2-counter- 
parts, l-azabicyclohept-3-enes (2) have been only of 
peripheral interest. 
used l-azabicyclohept-3-enes (2) as precursors of 1- 
azabicyclohept-2-enes (1) , and derivatives unsubstituted 
at  C-6 were prepared in these laboratories some time 
ago! Although the antibacterial activity in the corres- 
ponding free acids was extremely low, it was significant 
that these analogues appeared to be chemically more 
stable than their A2-counterparts. I t  was therefore 
surmised that l-azabicyclohept-3-enes incorporating a 
6-acylamino-group might be biologically active, since 
such a functionality ought to impart greater chemical 
reactivity to the p-lactam. Ratcliffe has proposed 
similar arguments to explain the instability of 6-amido- 
2-azabicyclohept-2-enes. He suggests that the sub- 
stituent further enhances the reactivity of the already 
sensitive p-lactam unit and causes self-destruction of the 
ring system. 

An intramolecular Wit tig react ion, utilising intermedi- 
ates of type (4), has been employed by various groups to 
construct the 2,n-double bond of l-azabicyclohept-2- 
enes. Thus our intended strategy involved first the 
synthesis of a precursor of type (5 ) ,  with a 4-alkenyl 
substituent as the latent carbonyl functionality, and 
secondly, an ozonolysis-cyclisation sequence to generate 
the required ring system. An identical approach has 
very recently been reported by S t ~ o d l e y . ~  Durst and 
Hirai have also prepared similar compounds via intra- 
molecular phosphonate and aldol reactions, respectively. 
The salt (3) was devoid of antibacterial activity.' 

To test the intended methodology, a model series of 
reactions was performed on racemic 4-vinylazetidin-2- 
one (6) . lo illthough the route essentially duplicates that 
published by Stoodlcy, in our case both possible 

The Merck thienamycin synthesis 

isomers of the final product were isolated. Thus con- 
densation of compound (6) with benzyl glyoxylate in 
refluxing benzene afforded the benzyloxycarbonyl de- 
rivative (7),  which was converted into the chloride (8) hy 
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( 2 )  
( 3 )  R'=H,R2=COZEt 

R3= Na 

reaction with thionyl chloride. Treatment of compountl 
(8) with methoxycarbonylmethylenetriplienylphos- 
phorane (2 mol equiv.) l1 in dry methylene dichloridt: 
(MDC) for 24 h at  room temperature provided the iso- 
mers (9) and (lo), which were separated by chroma- 
t ograp h y . 

The epimer (9), which has the natural penicillin stereo- 
chemistry at  C-2, was ozonised in ethyl acetate at -76 "C 
in the presence of trifluoroacetic acid.12 Reduction of' 
the ozonide, followed by regeneration of the phosphoranc 
moiety with base, led to the aldehyde (11) which im- 
mediately cyclised to give the desired bicyclic system (13) 
in 64% yield. In contrast, a similar sequence on com- 
pound (10) gave the isolable aldehyde (12). Cyclisation 
did not occur spontaneously in this case, but occurred on 
heating in ethyl acetate a t  50 "C for 9 h, giving the bicyclo- 
compound (14). The stereochemistry at C-2 in tliese 
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azabicyclo[3.2.0]hept-3-enes was assigned from the 
relative chemical shifts of the C-2 proton,13 and was con- 
firmed by the observation that compound (14) could be 
converted into its isomer (13) by base catalysis using 1,8- 
diazabicyclo[5.4.0]undec-7-ene (DBU). There was no 
evidence for the formation of the A2-isomer, as has been 
found previously. '9 

0 

( 6 )  R = H 
(7) R =CHOH.COZCH,Ph 

(8)  R = CHCl C02CH2Ph 

(9) R' = C02CH2Ph,  R Z =  H 
(10) R ' = H ,  RZ=COzCHzPh 

(11) R' = CO;!CH,Ph, R2=H 

(12) R' = H, R2 = C02CHzPh 

(13) R' = COzCHzPh, R2=H 

(14) R' = H,  R 2  =CO,CH,Ph 

The established methodology was now extended to the 
synthesis of 6-acylamino-derivatives. The initial target 
was the preparation of a monocyclic p-lactam of type 
(15), analogous to the seco-penicillins that have been 
used by us in previous syntheses. From our earlier 
work l4 it was considered that, if the C-4 double bond 
could be protected, complete removal of the N-substitu- 
ent by oxidation with potassium permanganate ought 
to be possible. Regeneration of the unsaturation should 
then provide an azetidinone of type (16). Alternatively 

dHR2 R'CONH 

0 

a more attractive proposition would be to attempt to 
utilise the isopropylideneacetate side-chain as a direct 
precursor of the desired carbinol moiety. Although 
both strategies were successful, the latter proved to be 
more convenient and gave better yields, and will there- 
fore be described first. 

Cinnamylidene Schiff bases have been widely used for 
the synthesis of p-lactams via the acid chloride-imine 
cycloaddition pr0ce~s. l~ Low temperature .nitration of 
benzyl 3,3-dimethylacrylate afforded the nitro-acrylate 
(17), which was reduced l6 to the corresponding amine 
(18) ; condensation of this amine with cinnamaldehyde 
then afforded the required Schiff base (19). Treatment 
of crude compound (19), in MDC containing triethyl- 

amine, with the mixed anhydride derived from azido- 
acetic acid and trifluoroacetic anhydride l7 gave (3R.5, 
4SR) -3-azido- 1 - ( 1 -benzyloxycarbonyl-2-methylprop- 1 - 
enyl4-styrylazetidin-2-one (20) in 65% yield. No trans- 
isomer could be detected. Triethylamine-hydrogen 
sulphide reduction l* of the azido-group, followed by 
acylation with phenoxyacetyl chloride, afforded the 
crystalline amide (21). The styryl double bond was 
conveniently protected as the dibromide (22) by reaction 
with bromine at  0 "C. A crystalline by-product was 

rf Ph 
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(18) X =NH2 
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(20) R = N3 

(21 1 R = NHC0.CH20Ph 

(22 )  R = CHBr - CHBr Ph 
(23) R = CH(OMeI2 

COzC H2Ph COzCHzPh 

(24) ( 2 5 )  

also isolated from larger scale brominations. The i.r. 
spectrum of the material showed that the side-chain 
amide hydrogen had been lost, and a peak at  1 645 cm-l 
indicated that a C=N group was present. Further 
confirmation was provided by the n.m.r. spectrum in 
which the proton a to the p-lactam carbonyl group 
appeared as a doublet and not the expected double 
doublet. Elemental analysis showed that the product 
was formally derived from the dibromo-derivative (22) 
by loss of hydrogen bromide. Structures (24) and (25) 
are consistent with these data, hiit an iineqiiivocal 
assignment could not be made. 

Ozonolysis of compound (22) in MDC at -20 "C gave 
the expected oxamide (26), which was reduced in situ by 
the addition of acetic acid and activated zinc dust to 
give the desired a-hydroxy-ester functionality. Concom- 
itant debromination occurred and the product isolated 
was the alcohol (27), which was obtained as a mixture of 
epimers. Similar methodology has been recently pub- 
lished by the Sliionogi group.lg 
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Chlorination of compound (27), followed by treatment 
of the product with methox ycarbonylme t hylenetri- 
phenylphosphorane, gave the phosphorane (29) as an 
inseparable mixture of isomers. The established ozon- 
olysis and cyclisation sequence then provided the bicyclic 
ester (31), the intermediate aldehyde (33) rapidly cyclis- 
ing during the work-up procedure. As in the unsubsti- 
tuted series, the precursor of the isomer without the 
natural penicillin stereochemistry at C-2 did not cyclise 
at room temperature, allowing the isolation of the alde- 
hyde (34). When compound (34) was heated in refluxing 
ethyl acetate for 9 h, the I-azabicyclohept-3-ene (32) was 
obtained in good yield. 

quantitative. Hydrogenation of compound (31) in 
dioxan over 10% Pd-C for 10 min afforded the free acid 
(35), which showed antibacterial activity (Table) but 

Antibacterial activity a 
Bic ycloheptene 

Penicillin V Bacterium (35) 
Bacillus subtilis 1 .o 0.1 
Staphylococcus aweus 8.5 0.05 

(Oxford) 

(Russell) 
Staphylococcus aweus > 100 > 100 

a The figures are the minimum inhibitory concentrations 
(pg ml-1) required to inhibit bacterial growth after incubation 
on nutrient agar for 18 h. Penicillinase-producing strain. 

was less active than peiiicillin V. The authenticity of 
the product was confirmed by n.m.r. spectroscopy and by 
its conversion into the crystalline dimethyl ester (36) in 
high yield on treatment with diazomethane. 

The original concept of completely removing the N- 
substituent was also examined. Oxidation of the di- 
bromide (22) or the acetal (23) using potassium perman- 
ganate afforded the corresponding azetidin-2-ones (37) 
and (38) in low yield (32 and 20% respectively). The 
4-styryl derivative (39) was quantitatively prepared from 

PhOCH,CONH H R 

0 2; O Y  OH 

( 2 7 )  R = CH=CHPh 

(20) R = CH(OMe), 

PhOCHzCON H 

COZCHzPh CO~CH~Ph 

( 2 6 )  

PhOCHZCONHr R PhOCH2CONH ! ! Ph 

QC02Me P hOCH,CO N 

0 DJOzMe COzCH2Ph R1; RZ 

(29) R = CH=CHPh (31) R' = CO,CH,Ph, $= H 
OMe 

(40) 

Since the protection of the double bond of the styryl 
derivative (21) as the dibromide was not particularly 
efficient (yields 50-60(30) an alternative method was 
investigated. When compound (21) was carefully 
ozonised in MDC at -76 "C, the styryl double bond was 
selectively cleaved. The crude product was treated with 
2,2-dimethoxypropane in refluxing methanol containing 
a trace of toluene-9-sulphonic acid and gave the acetal 
(23) in 90% yield. The acetal was processed as des- 
cribed for compound (22) to provide the carbinol (28), 
which was converted into the phosphorane (30), an 
inseparable mixture of isomers, in the usual way. De- 
protection of compound (30) with 95% aqueous trifluoro- 
acetic acid, followed by work-up with base, gave the 
ester (31) and the phosphorane (34). The latter was 
converted into the bicyclic compound (32) as previously 
described, the total yield of both isomers being nearly 

compound (37) by reaction with zinc dust in MDC con- 
taining acetic acid. While our work was in progress, 
Bose20 reported that the persulphate oxidation of the 
dimethoxybenzyl derivative (40) gave compound (39) in 
21 yo yield.* The availability of the azetidin-2-ones 
(38) and (39) meant it was possible to use different ester- 
protecting groups, by condensation with various glyoxy- 
lic acid esters. Although benzyl was in fact satisfactory, 
9-nitrobenzyl was employed in the synthesis of other 6- 
acylamino-derivatives. Details of this, as well as the 
extension of the synthesis to the 3-cyano-analogue (41), 
are available in a patent.21 

EXPERIMENTAL 

1.r. spectra were recorded for solutions in chloroform on a 
Perkin-Elmer 157 spectrophotometer, unless otherwise 

* No spectroscopic or analytical data were quoted. 
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stated. U.V. spectra were determined for solutions in 
ethanol, with a Unicam SP 1 800 spectrometer. 1H N.m.r. 
spectra were recorded on a Perkin-Elmer R 12a 60 MHz 
instrument for solutions in deuteriochloroform with tetra- 
methylsilane as internal standard, unless otherwise stated ; 
80, 90, and 250 MHz spectra were obtained on Varian 
CFT 20, Perkin-Elmer R 32, and Bruker WM 250 instru- 
ments, respectively. Mass spectra were obtained with an 
A E  MS 902 or a VG 7070 instrument. M.p.s were deter- 
mined with a Kofler hot-stage apparatus. Preparative 
chromatography was carried out on columns of Merck silica 
gcl 60 (finer than 230 mesh ASTM) using the slightly in- 
creased pressure provided by a Metcalf Hy-flo pump. 
Mixtures of ethyl acetate and light petroleum were used as 
eluant. Light petroleum refers to the fraction with b.p. 
60-80 "C. Anhydrous magnesium sulphate was used for 
drying solutions. All the compounds are racemic. 

1 - [Benzy loxycavbonyl (hydvoxy ) methyl] -4- vinylazetidin- 2- 
one (7) .-4-Vinylazetidin-Z-one lo (6) (9.7 g) and benzyl 
glyoxylate monohydrate (36.4 g) were refluxed in benzene 
(300 ml) for 3 h with provision for the removal of water. 
The solvent was evaporated off and the residue chromato- 
graphed to give the hydroxy-ester (7) as a clear, viscous oil 
(20 g), v~,,,~. 3 300 br, 1 760, and 1 750 cm-l; S(90 MHz) 2.68 
and 3.17 (2  H, AB q, J 15 Hz, each arm showing further 
coupling of 3 and 5 Hz respectively), 4.0-4.5 (2 H ,  m, 
becomes 1 H,  in, on D,O exch.), 5.0-6.2 (6 H ,  ni), and 7.42 
(5 H,  m) (Found: C, 64.5; H, 5.8; N,  5.2. C14Hl,N0, 
requires C, 64.4; H,  5.8; N, 5.4%). 

(4RS)- 1-[ ( 1 RS)- and ( 1SR)- 1-Benzyloxycarbonyl-2-meth- 
o,~ycarbonyl-2-tripJzenylphos~ho~anylidene-et/~yl]-4-vinyl- 
azetidin-2-one (9) and (lo).-A solution of the carbinol (7) 
(392 mg) in dry tetrahydrofuran (THF) (10 ml) was cooled 
to -20 "C and treated with 2,6-dimethylpyridine (0.26 ml) 
followed, during 5-10 min, by thionyl chloride (0.17 ml) in 
T H F  (3 ml). The precipitate was removed and the filtrate 
evaporated to leave l-[benzyloxycarbonyl(chloro)methyl]- 
4-vinylazetidin-%one (8) as a gum. This compound was 
dissolved in dry MDC (20 ml) and treated under argon with 
methoxycarbonylmethylenetriphenylphosphorane ( 1.1 g) . 
After 24 h a t  room temperature, the solvent was evaporated 
off and the residue chromatographed. The less polar isomer 
(9) was isolated as a white, amorphous solid (518 mg), Amx, 
270 nm (E 4 170); vmax. 1 740, 1 730, 1630, and 1620 cm-l. 
Further elution of the column provided the more polar iso- 
mer (10) as an amorphous solid (330 mg), Amx 269 nm 
(E 4 360); v,,,. 1 745, 1 740, 1 640, and 1 610 cm-l. 

(2RS, 5s  €2) -Benzyl 3-Methoxycarbonyl- 7-oxo- 1 -azabicycko- 
[3.2.0]he~t-3-ene-2-cuvboxyla~c (13) .-The phosphorane (9) 
(786 mg) was dissolved in ethyl acetate (21 ml) and tri- 
fluoroacetic acid (1.05 ml) added. After 5 min, the solu- 
tion was cooled to -76 "C and treated with ozone in 
oxygen until it  became pale blue. The excess of ozone was 
removed by passing argon through the solution for 20 min. 
Triphenylphosphine (356 mg) in ethyl acetate (3 ml) was 
then added and the mixture warmed to 0 "C. After 20 min 
a t  0 "C saturated aqueous sodium hydrogen carbonate was 
added with vigorous stirring. The organic layer was sep- 
arated, washed with brine, dried, and evaporated. Chro- 
matography provided the I-azabicyclohept-3-ene (13) as a 
white, crystalline solid (261 mg), m.p. 79-80 "C (ethyl 
acetate-light petroleum) ; v,,,. (Nujol) 1 775, 1 730sh, 
1 725, and 1 625 cm-l; S(90 MHz) 2.96 and 3.47 (2 H, AB q, 
J 16 Hz, each arm showing further coupling of 3 and 6 Hz 
respectively), 3.67 (3 H, s), 4.65 (1 H, m), 5.18 (2 H, s), 

5.36 (1 H, dd, J 1.5 and 3 Hz), 7.10 (1 H, dd, J 1.5 and 1.5 
Hz), and 7.33 (5 H, s) (Found: C, 63.9; H,  5.1; N, 4.8. 
C,,H1,NO, requires C, 63.8; H, 5.0; N, 4.7%). 

(2RS, 5RS)-Benzyl 3-Methoxycarbonyl-7-oxo-l-azabicycZo- 
[3.2.O]Izept-3-ene-2-cavboxyZale ( 14) .-The phospliorane ( 10) 
(387 mg) was ozonised in ethyl acetate (10 ml) as described 
for its isomer (9). The initial product was the aldehyde 
(12). The dried ethyl acetate solution (50 ml) containing 
compound (12) was refluxed under argon for 9 h. The sol- 
vent was evaporated off and the residue chromatographed to 
provide the l-azabicyclohept-3-ene (14) as an oil (63 mg), v , , , ~ ~ .  
1778, 1735, 1730, and 1625 cni-l; S (80 MHz) 3.08 and 
3.43 (2 H, A B  q, J 16 Hz, higher field arm showing further 
coupling of 4 Hz and lower field arm further coupling of 1.5 
and 6Hz),  3.63 (3H,  s), 4.50 (1 H, ni), 4.73 (1 H, m), 5.14and 
5.27 (2 H ,  AB q, J 12 Hz), 7.05 (1 H, dd, J ca. 1.5 and 1.5 
Hz), and 7.30 (5 H, s) (Found: &I+, 301.0929. C,,H,,NO, 
requires M ,  30 1.0950). 

Conversion of the (2RS, 5RS)-Compound ( 1  4) iiito its (2KS, 
5SR)-lsomev.-The l-azabicyclohept-3-ene ( 14) ( 7  mg) w a s  
dissolved in chloroform (0.5 nil) and DBU (2 nig) added. 
After 1 h a t  room temperature t.1.c. showed that no starting 
material remained. Chromatography afforded the isomer 
(13) (5 mg), identical in all respects with thc authentic 
material. 

Benzyl 3,3-DimethyZ-2-nztroacvyZate (1 7 )  .-Benzyl 3,3- 
dimethylacrylate (80 g) was added dropwise to a well- 
stirred mixture of fuming nitric acid (157 nil; 95%) and 
water (34 nil) a t  -20 "C during 1 h. After 2 h a t  -20 "C 
followed by warming to 0 "C for 2 h, the reaction mixture 
was poured into ice (800 ml) and extracted with chloro- 
form (3 x 200 ml). The combined organic extracts were 
washed successively with water (3 x 200 ml), saturated 
aqueous sodium hydrogen carbonate (2  x 350 ml), and 
brine (2 x 200 ml), dried and evaporated. Chromato- 
graphy gave the product (17) as an oil (36 g), v , , , ~ ~ .  (film) 
1 715, 1650, 1530, and 1370 cm-l; S 1.98 (3 H, s), 2.23 
(3 H, s), 5.20 (2  H,  s), and 7.40 (5 H, m) (Found: C, 61.2; 
H, 5.7; N, 6.0. C,,H,,NO, requires C, 61.3; H,  5.5; N,  
6.0%). 

Further elution of the column provided ring-nitrated 
material which was not further investigated. 

Benzyl 2-( N-Cinnantylideneamino)-3,3-damethylac~ylate 
(1 9) .-Benzyl 3,3-dimethyl-2-nitroacrylate ( 17) ( 17.2 g) 
was converted into benzyl 2-amino-3,3-dimethylacrylatc 
(18) (12.2 g) using the same conditions as for the correspond- 
ing methyl ester,l6 v,,,,. 1 710, 1 690, arid 1 640 cm-l; 
iS(90 MHz) 1.70 (3 H, s), 2.05 (3 H, s ) ,  2.8-3.7 (2  H, m, 
exch. D,O), 5.17 (2  H ,  s ) ,  and 7.31 (5 H ,  s). The crude 
product (18) (80% pure by n.m.r. spectroscopy) in dry 
MDC (50 ml) was vigorously stirred with trans-cinnamalde- 
hyde (7.72 g) and anhydrous magnesium sulphate (7 g) for 
17 h. The mixture was filtered and the solvent evaporated 
off to give the Schiff base (19) as a red gum (19.7 g), lmx. 
297 nm (E 27 600); vrnax. 1 710, 1665, and 1 625 cm-l; 

7.6 (7 H, m), and 7.75 (1 H, d ,  J 7 Hz). The crude material 
was used directly without purification. 

(3RS, 4SR) -3-Azido- 1- (1 -benzyloxycarbonyl-2-methyl~rop- 
l-enyZ)-4-styrylazetidin-2-one (20). Azidoacetic acid (9.36 g) 
was dissolved in dry MDC (80 ml) a t  0 "C under argon and 
trifluoroacetic anhydride (1  3.05 ml) added dropwise during 
10 min. After 15 min, triethylamine (12.99 ml) in MDC 
(20 ml) was carefully added dropwise during 15 min and 
stirring at 0 "C continued for a further 45 min. The solu- 

S(90 MHz) 1.91 (3 H, s ) ,  2.00 (3 H, s ) ,  5.26 (2 H, s) ,  6.5- 
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tion was transferred under argon to a dropping funncl, 
cooled to - 76 "C, and added during 1 h to a mixture of the 
Schiff base (19) (19.7 g )  and triethylamine (12.99 ml) in 
MDC (160 ml) at 0 "C. After a further 1 h a t  0 "C, the solu- 
tion was diluted with MDC, washed successively with water, 
dilute aqueous sodium hydrogen carbonate, and brine, dried, 
and evaporated. Chromatography of the residue afforded 
the product (20) (12.55 g)  as a pale red-orange gum, A,,,,. 
256 nm ( E  23 400); vmLx- 2 115, 1 760, and 1 720 cm-l; 
S (80 MHz) 1.98 (3 H, s), 2.21 (3 H, s ) ,  4.63 (1 H, dd, J 7 and 
10 Hz), 5.08 and 5.32 (2 H, AB q, J 15 Hz), 6.11 (1 H,  dd, 
J 10 and 20 Hz), 6.48 (1 H,  d, J 20 Hz), 7.29 (5 H,  s ) ,  and 
7.37 (5H,  s) (Found: C, 68.4; H, 5.5; N, 14.0. C,3H22N,0, 
rcquires C, 68.7; H, 5.5; N, 13.9%). 

4Sli) - 1- ( l-BenzyZoxycarbon-yl-2-methy1?~rop- 1-eny1)- 
3-phenoxyacetamado-4-styryZazetidin-2-one (2 1) .-To the 8- 
lactam (20) (6.38 g) in dry MDC (125 nil) at 0 "C was added 
triethylamine (2.45 nil). Hydrogen sulphide was bubbled 
through the mixture for 5 min and the resulting dark solu- 
tion left a t  0 "C for 1.5 h. The solvent was then renioved 
uiider reduced pressure and the residue re-evaporated ( x 3) 
from ML)C to afford an orange solid. Without further 
purification, tlic solid was dissolved in dry MDC (60 nil) at 
-20 "C and triethylamine (2.45 ml) added, followcd by 
dropwise addition of phenoxyacetyl chloride (2.45 ml) in 
MDC ( 5  ml) during 10 min. The solvent was evaporated off 
and the residue taken up in ethyl acetate, washed successive- 
ly with water, dilute aqueous sodium hydrogen carbonate, 
and brine, dried and evaporated. Chromatography pro- 
vided the product (21) as a white, crystalline solid (5.48 g), 
n1.p. 107-108 "C (ethyl acetate-light petroleum), v,,,. 
258 nni (E 23 200); vnlaS. 3 245, 1 755, 1 690, 1 650sh, and 
1 630sli mi-'; 6(90 MHz) 2.05 (3 H, s), 2.18 (3 H, s), 4.44 
( 2  H, s), 4.67 (1 H, dd, J 5 and 8 Hz), 5.08 and 6.27 (2 H, 
AB q, J 12 Hz), 5.20 (1 H, dd, J 5 and 8 Hz), 6.04 (1 H, dd, 
J 8 and 16 Hz), 6.47 (1 H, d, J 16 Hz), 6.7-7.5 (10 H,  ni), 
and 7.63 (1 H, d, J 8 Hz exch. D,Oj (Found: C, 72.7; H, 
5.9;  N, 5.4. C,,H3,N,05 requires C, 72.9; H, 5.9; N, 

( 3RS, 4KS) - 1- (BenzyZoxycarbonyl-2-methylprop- 1-enyl) -4- 
( 1,2-dibrorno-2-phenyZethyZ) -3-phenoxyacetamidoazetidin-2- 
one (22).--Tlie lactam (21) (2 g) was dissolved in MDC (40 
nil) at 0 "C and bromine (0.25 nil) in MDC (3 ml) added drop- 
wise during 15 min. After an additional 1Omin the reaction 
was diluted with MDC (30 ml) and washed Gith 5% aqueous 
sodium thiosulphate solution. The organic layer was 
scparated, washed successively with brinepwater, and brine, 
dried and evaporated. Chromatography afforded the di- 
bromide (22) as an aniorphous solid (1.49 g), v,,,~, 3 400 
1 765, 1 715sh, 1 690, and 1 630sh cm-l. The product was 
clearly a mixture of isomers, in the ratio ca. 2 : 1, and the lH 
i1.ni.r. spectrum showed inter alia 6(90 MHz) 2.0, 2.17, 2.23 
(all s, together 6 H), 4.52 (2 H, s), 5.22 (2 H,  s), and 5.5-5.8 
(1 H, m, becomes 2 d ,  a t  5.52 and 5.69, each J 6 Hz, on D20 
exch.) (Found: C, 55.6; H, 4.4; Br, 23.7; N, 4.2. C31H30- 
Br2N205 requires C, 55.5;  H, 4.5; Br, 23.9; N, 4.2%). 

In  larger scale experiments another product was also 
isolated by crystallisation from column fractions containing 
compound (22). The material has been assigned structure 
(24) or (25). For example, bromination of the azetidinone 
(21) (8 g) as above afforded the dibromide (22) (4.93 g) and 
the crystalline compound (720 mg), m.p. 185 "C (ethyl 
acetate-light petroleum); vmx. (Nujol) 1 778, 1720, 1 685, 
and 1 645 cm-l; 6(90 MHz) 1.99 (3 H, s) ,  2.22 (3 H, s), 3.71 
(1 H, dd, J 5 and 10 Hz), 4.82 (1 H, dd, J 4 and 5 Hz), 4.92 

(3RS, 

5.50/,). 

(1 H,  d, J 10 Hz) (the last two signals pa r t idy  obscure an 
AB q due to tlie =NCH2 moiety), 5.14 and 5.32 (2 H, AB q, 
J 12 Hz), 5.60 (1 H, d, J 4 Hz), and 6.8-7.5 (15 H, m) 
(Found: C, 63.1; H,4.9; Br, 13.3; N, 5.0.  C,,H,,BrN,O, 
requires C, 63.2; H, 4.8; Br, 13.6; N, 4.8%). 

4SR) - 1 - [Benzyloxycarbonyl (hyd roxy ) methyl] -3- 
phenoxyacetamido-4-styvylazetadin-2-one (27) .-The p-lactam 
(22) (335 mg) was dissolved in MDC (6 ml) at -20 "C and 
the solution ozonised until a pale blue colour persisted. The 
solution was purged with argon for 20 min and then allowed 
to warm to  room temperature. Glacial acetic acid (ti ml) 
was added, followed immediately by freshly activated zinc 
dust (357 mg). After being stirred for 1 h, the mixture was 
filtered through Kieselguhr, the filter cake being washed well 
with ethyl acetate. The filtrate was washed successively 
with watcr ( x 2), aqueous sodium hydrogen carbonate, and 
brine, dried, and evaporated. Chromatography gave the 
less polar isonier (27) as a crystalline solid (67 mg), 1n.p. 149 
-152 "C (ethyl acetate-hexane) ; vlnax. 3 500, 3 415, 1 770, 
1 750, 1 690, and 1 655 sh cm-1; 6(250 MHz) 4.25br (1 H, s 
cxcli. 1120), 4.38 (2 H, s ) ,  4.47 ( I  H, dcl, J 5.5 and 8 Hz), 
5.27 (2  H, AA' system), 5.4 (1 H, dd, J 5.5 and 9 Hz), 5.42 
(1 H, s), 6.03 (1 H, dd, J 8 and 16 Hz), 5.53 ( 1 H, cl, J 16 Hz), 
and 6.7-7.5 (11 H, m) (Found: C, 68.9; H, 5.5; N, 5.6. 
Cz8H2,N,O, requires C, 69.1; H,  5.3; N, 6.8%). 

Further elution gave the more polar isomer (27) (50 mg), 
1ii.p. 150-156 "C (ethyl acetate-hexane) ; v,,, 3 500, 3 410, 
1 770, 1 750, 1 690, and 1 655 cm-l; 6(250 MHz) 4.4 (2 H, s, 
this signal obscures a 1 H br s, exchanged by D,O) , 4.7 ( 1 H, 
dd, J5.5and8Hz) ,4 .92and5.14(2H,ABq,  J12Hz),5.42 
(1 H, s), 5.45 (1 H, dd, J 5.5 and 9 Hz), 6.91 (1 H, dd, J 8 
and 16 Hz), 6.68 (1 H, d, J 16 Hz), and 6.7-7.5 (11 H, m) 
(Found: C, 69.4; H, 5.6; N, 5.7%). 

4RS) - 1 - ( 1 -BenzyZoxycarbonyl-2-methoxyearbo~yZ- 2- 
tri phenylphosphoranylidene-ethy Z) - 3-fihenoxyacetavnido- 4- 
styrylazetidin-2-one (29) .-The alcohol (27) (0.972 g) was 
converted into the phosphorane (29) as described for com- 
pound (7). The product (29) was isolated as an inseparable 
mixture of isomers, v,,, (Nujol) 3 330, 1 765, 1 760, 1 732, 
1 690, 1 685, and 1638 cm-l (Found: C, 72.8; H, 5.4; N, 
3.5. CoHI3N,O7P requires C, 73.3; H, 5.4; N, 3.5%). 

(3RS, 4RS)-1-( 1-Benzyloxycarbmyl-2-methyZprop-1-eny1)- 
4-dimethoxymethyZ-3-~henoxyacetamidoazetidin-2-one (23) .- 
Ozonised oxygen was bubbled through a solution of the p- 
lactam (21) (3.06 g )  in MDC (30 ml) at -76 "C for 1.6 h, 
when cleavage of the 4-styryl moiety was complete (t.1.c. 
control). Argon was then bubbled through the solution for 
20 min, triphenylphosphine (1.56 g )  in a little MDC was 
added, and the reaction allowed to reach room temperature. 
After 1.5 h the solvent was removed and the residual oil 
immediately taken up in methanol (50 ml) and 2,Z-di- 
methoxypropane (20 ml). The solution was refluxed for 
16 11 with toluene-P-sulphonic acid as catalyst. The reac- 
tion mixture was diluted with ethyl acetate, and washed 
successively with dilute aqueous sodium hydrogen carbonate 
and brine; i t  was then dried and evaporated. Chromato- 
graphy provided the product (23) (2.6 g), vmax. 3 420, 1 755, 
1715sh, 1685, and 1630 cm-l; 6(90 MHz) 2.02 (3 €3, s ) ,  
2.20 (3 H,  s), 3.22 (6 H,  s), 4.17 (1 H, dd J 3 and 6 Hz), 4.33 
(1 H, d,  J 3 Hz), 4.60 (2 H, s), 5.08 and 5.30 (2  H,  AB q ,  
J 12 Hz), 5.47 (1 H, dd, J 6 and 10 Hz), 6.8-7.5 (10 H, m), 
and 7.6 (1 H,  d, J 10 Hz) (Found: C, 64.7; H, 6.2; N, 5.8. 
C,,H,oN,07 requires C, 64.7; H, 6.2; N, 5.8%). 

4RS) - 1 - [BenzyZoxycarbonyl (hydvoxy)methyZl-4-di- 
methoxymethyZ-3-~henoxyacetamidoazetidin-2-one (28).-The 

(3RS 

(3RS, 

(3RS, 
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lactam (23) (2.4 g) was converted into the alcohol (28) as 
described for compound (23).  Chromatography afforded 
the less polar isomer (28) (900 nig), vlrlaX. 3 500, 3 420, 1 780, 
1 758, and 1 690 c1n-l; S(250 MHz), 3.31 (3 H, s) ,  3.32 ( 3  H, 
s), 3.85 (1 H, dd, J 2.7 and 5.5 Hz), 4.24 (1 H, (1, J 2.7 Hz),  
4 . 2 6 ( l H , d ,  J10.5Hz,exch.D20),4.47aiid4.55(2H,ABq, 
J 14.9Hz), 5.19and5.29 ( 2 H ,  A13qq,J 12.1 Hz), 5.52 (1 H, 
dd, J 5.5 and 10.5 Hz), 5.63 (1 H, d,  J 10.5 Hz, becomes s on 
D,O excli.), 6.85-7.4 (10 H, series of m) ,  and 7.51 (1 H, 
cl, J 10.5 Hz) (Found: C, 60.3; H, 6.0;  X,  6.1.  C,,H,,N,O, 
requires C, 60.3; H, 5.7; N,  ci.l<;:)). 

Further elution provided the niore poldr isomer (68) ( 1 g ) ,  
vmax. 3 500, 3 415, 1780, 1 i 5 0  sh, and 1690 cni I ;  S(250 
MHz) 3.22 (3 H,  s), 3.35 (3 H, s), 4.05 (1 El, d, J 6.6 Hz) ,  
exch. lI2O), 4.15 (1 H, dd, J 3.9 and 5.5 H z ) ,  4.3 (1  H, d ,  
J 3.0 Hz), 4.48 and 4.54 (2 H, AH q,  J 15 2 Hz),  5.2 and 5.31 
(2 H, A B  q ,  J 12.1 Hz), 5.43 ( I  H, d ,  J 6.6 Hz collapses tu 
on L),O exch.), 5.51 (1 H, dd, J 5.5 and 9.7 Hz), 6.9-7.4 
(10 H, series of ni), aiid 7.5 (1 H ,  d,  J 9.7 Hz) (F'ound: C ,  
60.2; H, 5.7; N, 6.2%).  

4 liS ) - 1 - ( 1 -Benzyloxyc a 14 o ny 1 - 2 - in el Ii ox-y cur6 o n y  1 - 2 - 
tripltenylphospl~ovanyZid~~~e-etl~yl)  -4-dz~i~etltoxynietj~yl-3- 
plieizoxyacetamidoazetidin-2-one (30) .--l'lie hydroxy-cviii- 
puuiid (28) (2  10 nig) was converted into the phospliorane 
(30) as described for compound (27). The product, an 
amorphous solid, was an inseparable mixture of isomers 
(153 nig), vllldY. 3 390, 1 755, 1 678, and 1 620 cm-l (Found: 
C, 68.4; H, 5.5; N, 3.3. C'41H43N.L09P requires C ,  68.2; 
H, 5 . 5 ;  N, 3 .6yo) .  

[('LKS, 5RS, 6 S R ) - B e n z v l  3-nl~etlio,~ycicvbo.zyl-7-u,~o-ti- 
phenoxyacctainido- 1 -azabzcycZo [3 . 2  . O ]  kept-  3-enc- 2-cnrboxyln fe 
(31) and ( W S ,  4l<S)-l-[( l S I ~ ) - l - B E n ~ y Z o , ~ ~ y c n r b ~ ) ~ ~ z y 1 - 2 - ~ ~ z c ~ I ~ -  
o x y c ~ ~ b o n y l - 2 - t ~ i p l i c n y l ~ l ~ o s p l ~ o ~ u ~ z ~ ~ L i ~ ~ e n e - c t l i ~ l ~  -4- fovinyl-3-  
pl~enoxyacetavnidoaeetidzn-2-one (34) . - M e t l d  -4 . 'Tlic 
phosphorane (29) (845 nig) in ethyl acctate ( 2 5  nil) con- 
taining trifluoroacetic acid (2 .5  nil) was converted into the 
l-azabicycloliept-3-ene (31) as described for compound ( 9 ) .  
The product was isolated as an amorphous solid (200 mg), 
v,,,,,. 3 410, 1 790, 1 735, aiid 1690 cin-'; S(250 MHz) 3.65 
(3  H, s), 4.50 (2  H, s) ,  4.98 (1 H ,  ddd, J 5.5, 3.3 and GU. 1.5 
Hz), 5.16 (2  H, s), 5.37 (1  H, dd, J 3.3 and 1.8 Hz), 5.54 
(1 H, dd, J 7 and 5.5 Hz),  6.80 (1 H ,  dd, J 1.8 and 1.5 H z ) ,  
and 6.8-7.4 (11 H, ni) (Found: C,  63.7; H, 5 . 2 ;  N, 5.8. 
C,,H,,N,O, requires C, 64.0; H, 4.9; S ,  6.20/,). 

Further elution provided the aldehyde (34) ( 2 8 0  mg) 
(contaminated with some triphenylphosphine oxide), v,,,,, 
3 375br, 1 760, 1 725, 1 685, and 1 615 cni-'. 

The phosphorane (30) (54 nig) was dissolved 
in 95% aqueous trifluoroacetic acid (1 nil) a t  room tempera- 
ture and, after 3 h, the solution was evaporated, toluene 
added and the process repeated. The residue was taken up 
in ethyl acetate and the solution washed successively with 
aqueous sodium hydrogen carbonate and brine, dried antl 
evaporated. Chromatography gave the required l-aza- 
bicyclohept-3-ene (31) (13 mg) and the aldehyde (34) (35 nig) 
(contaminated with some triphenylphosphine oxide). 

(2RS, 5SR, 6 R S ) - B e n z y l  3-Methoxycavhonyl-7-oxo-6- 
f ihenoxyacetamido-  l -azabicyc lo~3.2 .0~hc~t -3-e lze-2-carho~~y-  
late (32).-The aldehyde (34) (289 mg) (from method -\, 
contaminated - with triphenylphosphine oxide) was gently 
refluxed in ethyl acetate for 5 h. The solution was cooled 
and evaporated to give an oil. Chromatography provided 
the product (32) as an amorphous, white solid (99 mg), v,~,~,. 
3 410, 1785, 1735, and 1690 em-l; F(90 MHz) 3.64 (3 H, 
s ) ,  4.50 (2 H, s ) ,  4.83 (2 H, m), 5.22 (2 H, s), 5.43 (1 H, m), 

( 3 RS , 

Method B. 

6.79 (1 f-I, ni), 7.03 (1 H, d,  J 7 Hz), and 6.8-7.4 (10 H, m) 

S207 requires C, 64.0; H, 4.9; X, 6.2';h; M ,  450.1433). 
The aldehyde (34) (35 mg) (from method B, contaminated 

with some triphenylphosphine oxide) similarly provided the 
product (32) (15 mg). 

6s 11) - 3-Afet IL oxy GUY bo ny Z- 7 - 0x0 - 6-plzenoxy - 
aceta~nido-l-azabi~ycZo[3.2.0]l~ept-3-ene-2-ca~hoxylac Acid 
(%).--The ester (31) (15 nig) was hydrogenated over 10% 
l'cl-C (7  mg) in diosan (4 ml) and water (1 ml) for 10 niin. 
Tlie catalyst was filtered off (Kieselguhr) and the filtrate 
evaporated. Etlianol was added and the solvent evapor- 
ated off to give a white solid which was dried in uacz~o .  The 
residue was triturated with diethyl ether to give the acid (35) 
(13 mg) ,  (KBr) 3 410, 1775, 1 715, 1 675, and 1600 

s),  4.79 (1 H, ddd, J 5.7, 3.5, ancl 1.8 Hz), 4.93 (1 H, dd, j 
3.5 and 1.8 H z ) ,  5.34 (1 H, d ,  J 5.7 Hz) ,  6.63 (1 H, dd, J 1.8 
antl 1.8 Hz), and 6.8-7.3 (5 H, in). 

(2liS, 5lCS, 6s R) -Methy l  3- i~~et l io~y~avbonyl-7-0x0-6-  
p/iel.tox~ncetanzido- 1 -nzabicyclo L3.2. Olhept- 3-ene-2-mrboxylate 
(36).-'l'he acid (35 )  ( 2 0  mg) was dissolved in diniethyl sul- 
phoxide (0.25 nil) and ethyl acetate .( 1 nil) and an excess of 
diazoiiietliane in tliethyl etlier added. After 10 min the 
solution was purged with argon, washed with water, dried, 
and evaporated. Chromatography afforded the dimethy l  
ester (36) (17 mg), m.p. 82-85 "C (ethyl acetate-light 
petroleum); v ~ ~ ~ ~ , ~ .  (Sujol) 3 360, 1 790, 1 740, 1 730, 1 690, 
1 660, and 1 620 cni-l; S(80 MHz) 3.76 (3 H,  s) ,  3.79 (3 H, s) ,  
4.54 (2  H,  s), 5.01 (1 H, m, J 5.3, 3.5, and 1.5 Hz), 5.36 (1 H, 
dd, J 3.5 and 1.8 Hz),  5.56 (1 H, dd, J 7.2 and 5.3 Hz), 6.82 
( I  H,  dtl, J 1.5 and 1.8 Hz), and 6.91-7.42 (6 H, m) (Found: 
C., 5 7 . 8 ;  H, 4.6; 5 ,  7.6. Cl,H,,N,07 requires C,  57.8; H ,  

4RS) -4- ( I ,  2-L)ihvorno-2-plienyletliyl) -3-phenoxy- 
~ccetnl.izidoazetidin-~-oize (37) .-l'owdered potassium perman- 
ganatc (0.177 g) was afided to the p-lactam (22) (0.5 g) in 
N,,~-dinietliylforniaiiiitle (IIMF) (5 ml) and water (1 ml) 
a t  - 20 "C. The reaction mixture was warmed to 0 "C 
and, after 1 h, ethyl acetate was added and sulphur dioxide 
passed through the mixture. The latter was washed suc- 
cessively with water, dilute hydrochloric acid ( 0 . 5 ~ ) ,  dilute 
aqueous sodium hydrogen carbonate, and brine, and then 
dried and evaporated. Chromatography gave the azet idin-  
%one (37) as a white crystalline solid (0.13 g) ,  m.p. 143- 
145 "C (tlecomp.) (ethyl acctate-light petroleum), v , , ~ ~ ~ .  
(Nujol) 3 320, 1 775, ancl 1 670 cni-l; G[CDCl,-(ClI,),SO] ; 
80 MHz] 4.07 (1 H, dd, J 6.5 and 8.5 Hz) ,  4.60 (2 H, s) ,  
4.8-5.3 (4  H, ni), 6.5-7.5 (10 H, rn), 8.38 ( 1  13, s), and 8.80 
(1 H, d, J 8 Hz) (Pound: C, 47.3; H, 3.4; Br, 33.4; N, 
5.7. C,,H,,Br,X,O, requires C, 47.3; H, 3.7; Br, 33.2; K ,  
5.8y0). 

(3IiS, 4SR)-3-Plienoxyacetnmido-4-styv3/Eazetidin-2-~n~ 
(39).--Activated zinc dust (0.143 g) was added in one portion 
to the p-lactam (37) (90 mg) in MDC (10 ml) and glacial 
acetic acid ( 1  nil) a t  room temperature. After 10 min the 
mixture was filtered and the filtrate diluted with MDC and 
washed successively with water, aqueous sodium hydrogen 
carbonate, and brine; it was then dried and evaporated. 
The azetidin-2-one (39) was isolated as a white crystalline 
solid (60 ma), n1.p. 181-182 "C (ethyl acetate) ; vmnx. 258 nm 
(E  19 200), v , , ~ ) ~ ~ ,  (Nujol) 3 290, 3 225, 1 780, 1 730, and 1 680 
cm-'; S[(CU,),SO], 250 MHz] 4.43 (1 H, dd, J 8.2 and 5 Hz),  
4.49 and 4.57 (2 H, A B  q,  J 15 Hz), 5.27 (1 H,  ddd, J 9.2, 5, 
andca. 0.5 Hz), 6.38 (1 H, dd, J 16and 8.2 Hz), 6.65 (1 H, 

(l'oUIiC1: C ,  64.0; H, 5 . 2 ;  S ,  5.721;; &It, 450.1425. C,,H,,- 

( Y RS , 5 liS , 

c~ii- ' ;  S[250 M H z ;  l)2U-(Cl~3)2SO] 3.63 (3 H ,  s ) ,  4.52 (2 1.1, 

4.8; s,  7.5::). 
(3  M, 
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d,  J 16 Hz), 6.8-7.5 (10 H, m), 8.53 ( 1  H, d ,  J ta. 0.5 Hz,  
exch. D,O), and 8.88 ( 1  H, d ,  J 9.2 Hz,  exch. D20) (Found: 
C, 70.8; H, 5.7; N, 8.5. C,,H,,N,O, requires C, 70.8; H, 
5 . 6 ;  N, 8.774).  

4 RS) - 4- Dimet Jaoxy met hyl- 3-phenoxyacetamzdoazetz- 
din-%one (38).-The acetal (23) (82 mg) in DMF (0.8 ml), py- 
ridine (0.8 ml), and water (0.32 mlj a t  0 "C was treated with 
potassium permanganate (40 mg). After 1 h the mixture 
was diluted with ethyl acetate and a little water, and sulphur 
dioxide bubbled through to give a clear solution. The or- 
ganic layer was separated, washed successively with dilute 
hydrochloric acid ( 0 . 2 5 ~ ) ,  dilute aqueous sodium hydrogen, 
carbonate, and brine, and then dried and evaporated. 
Chromatography afforded the uzetidin-%one (38) as a white 
crystalline solid (10 mg), n1.p. 136 "C (ethylkcetate-hexane) ; 
v,,,. 3 430, 1 780, and 1 690 an-'; 6(250 MHz), 3.36 ( 3  H, 
s), 3.43 ( 3  H ,  s), 3.98 ( 1  H, dd, J 5 and 3 Hz), 4.33 (1  H, d, 
J 3 Hz) ,  4.51 and 4.58 (2 H, A B  q, J 15 Hz), 5.56 ( 1  H, dd, 
J 10 and 5 Hz, each part shows unresolved fine coupling, 
lost on D,O exch.), 5.93br ( 1  H, s, exch. D,O), 6.87-7.08 
(3 H, m), 7.25-7.38 (2 H, m),  and 7.5 ( 1  H, d, J 10Hz, exch. 
D20) (Found: C, 57.2; H, 6.2; N, 9.5. C,,H,,N20, re- 
quires C, 57.1; H, 6.1;  N, 9.5%). 

( 3RS, 

We thank Dr. J .  H. C. Nayler for his interest in this work, 
Mr. M. J .  Basker for the microbiological data, and Mr. J .  W. 
Tyler and Mr. A. Cutrnore for the spectral data. 

[2/080 Zieceived, 18th Janztavy, lU82J 

REFERENCES 
1 G. Albers-Schonberg, B. H. Arison, 0. D. Hensens, J. 

Hirshfield, K.  Hoogsteen, E. A. Kaczka, R. E. Rhodes, J .  S. 
Kahan, F. M. Kahan, R. W. Ratcliffe, E. Walton, L. J .  Runs- 
winckle, R. B. Morin, and R. G. Christensen, J .  Am. Chem. Soc., 
1978, 100, 6491; S.  Box, G. Hanscomb, and S. R. Spear, J .  
Antibiot., 1981, 34, 600, and references cited therein: Y .  Nozaki, 
F. Kawashima, and A. Imada, ibid., p. 206, and references cited 
therein. 

2 T. Kametani, S-P. Huang, T. Nagahara, S. Yokohama, and 
M. Ihara, J .  Chem. Soc., Perkin Trans. 1, 1981, 964, and references 
cited therein. 

D. B. R. Johnston, S. M. Schmitt, F. A. Bouffard, and B. G. 
Christensen, J .  Am. Chem. Suc., 1978, 100, 313. 

4 J.  H. Bateson, A. J .  G. Baxter, K. H. Dickinson, R. I .  
Hickling, R. J. Ponsford, P. M. Roberts, T. C. Smale, and R .  
Southgate, ' Recent Advances in the Chemistry of @-Lactam 
Antibiotics,' ed. G. I.  Gregory (Special Publication No. 38) ,  The 
Chemical Society, London, 1981, p. 291. 

6 D. H .  Shih and R. W. Ratcliffe, J .  Med. Chem., 1981, 24, 
639. 

A. J .  G. Baxter, K. H. Dickinson, P. M. Roberts, T. C. Smale, 
and R. Southgate, J .  Chem. Soc., Chem. Commun., 1979, 236; 
R.  J .  Ponsford, P. M. Roberts, and R. Southgate, ibid., p. 847; 
A. J .  G. Baxter, R. J.  Ponsford, and R. Southgate, ibid., 1980, 
429; A. J .  G. Baxter, P. Davis, R. J .  Ponsford, and R. Southgate, 
Tetrahedron Lett., 1980, 21, 5071; L. Cama and B. G. Christensen, 
ibid., 2013. 

R. Sharma and R. J .  Stoodley, Tetrahedron Let t . ,  1981, 22, 
2025. 

8 B. Venugopolan, A. B. Hamlet, and T. Durst, Tetrahedrolz 
Lett., 1981, 22, 191. 

K.  Hirai, I<. Fugimoto, Y .  Iwano, T. Hiraoka, T. Hata, and 
C. Tamura, Tetrahedron Lett., 1981, 22, 1021. 

lo T. Durst and M. J .  O'Sullivan. J .  Uvg. Chem., 1970, 85, 
2043. 

l1 A. H.  Shingler and N. G. We$, ' Recent Advances in the 
Chemistry of F-Lactam Antibiotics, ed. J. Elks (Special Pub- 
lication No. 28), The Ckemical Society, London, 1977, p. 153. 

l2 H. R. Pfaendler, J. Gosteli, and R. W. Woodward, J .  Am. 
Chem. Soc., 1980, 102, 2039. 

l3 E. G. Brain, A. J .  Eglington, J .  H. C. Nayler, N. F. Osborne, 
R. Southgate, and P. Tolliday, J .  Chem. Soc., Perkin Trans. I ,  
1977, 2479, and references cited therein. 

l4 E. G. Brain, A. J .  Eglington, J .  H. C. Nayler, M. J. Pearson, 
and R. Southgate, J .  Chem. Soc., Pevkin Trans. 1 ,  1976, 447. 

l5 T. W. Doyle, J .  L. Douglas, B. Belleau, T. T. Conway, 
C. F. Ferrari, D. E. Horning, G. Lim, B-Y. Luh, M. Merard, and 
L. R.  Morris, Can. J .  Chem., 1980, 58, 2508, and references cited 
therein; G. H. Hakimelahi and G. Just, 1981,59,941, and refer- 
ences cited therein. 

l6 A. G. Brown and T. C. Smale, J .  Chem. Soc., Perkin Trans. 
1 ,  1972, 65. 

l7 A. K. Bose, J .  C. Kapur, S. D. Sharma, and M. S. Manhas, 
Tetrahedron Lett., 1973, 2319. 

la T. W. Doyle, €3. Belleau, B-Y. Luh, C. F. Ferrari, and M. P. 
Cunningham, Can. J .  Chem., 1977, 55, 468. 

l9 S. Yamamoto, N. Haga, T. Aoki, S. Hayashi, H. Tanida, and 
W. Nagata, Heterocycles, 1977, 8, 283. 

2o A. K. Bose. M. S. Manhas, S. G. Amin, J. C. Kapur, J. 
Kreder, L. Mukkavilli, B. Ram, and J .  E. Vincent, Tetrahedron 
Lett., 1979, 2771. 

2L C. L. Branch and M. J. Pearson, European Patent Applic- 
ation Publication No. 0034443. 


