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Our laboratory has become interested in the design and 
synthesis of bicyclic p-lactam ring systems whose novel 
structures might provide useful leads in the search for 
new antibacterial agents.l We recently described the 
synthesis of two such classes of structures related to the 
classical penam- or  penem-ring systems in which the 
lactam is adjacent to, but not directly part of, the ring 
f ~ s i o n . ~ , ~  In this paper, we report the synthesis of a 
second class of p-lactam core structures 1 and 2 that 
closely resemble those of the penems and clavulanic 
acids, except that the orientation of the lactam group has 
formally been inverted with respect to the thiazolidine 
ring, producing an effect that enhances the electrophi- 
licity of the azetidinone ring. 
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To construct the bicyclic core of these analogues, we 
decided to investigate the utility of our previously 
described "double annulation'' procedure,2 as illustrated 
retrosynthetically in eq 1. Thus, after formation of the 

by a regiospecific sulfide halocyclization pr0cess.j To our 
knowledge, the use of an N-acylsulfenamide in intramo- 
lecular additions to unsaturated centers has never been 
reported. 

To test this strategy, we first set out to synthesize 
isopenem analogues 8.6 Alkenyl azetidinones 5 were 
prepared by [2 + 21-reaction between methoxyacetyl 
chloride (3a) or phthalimidoacetyl chloride (3b) and 
unsaturated N-arylimine 4.7 The cycloadditions gave the 
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desired cis-disubstituted p-lactams 5 in about 90% yield. 
The cis stereochemistry of these rings was evident from 
the 'H NMR spectrum which showed characteristic 
doublets with vicinal coupling constants of 4.8 Hz for the 
ring protons. The aryl nitrogen group of 5 was easily 
removed by oxidation with ceric ammonium nitrate: and 
deprotonation of unprotected lactam 6 with LDA and 
trapping of the amide anion with methyl methanethiol- 
sulfonateg provided N-(methylthio) P-lactams 7 in high 
overall yield. Iodocyclization of unsaturated compound 
7 with Iz gives a bicyclic p-lactam 8 as a single cycload- 
duct having a C=O stretching band near 1790 cm-'. This 
ring closure was quite sluggish and required heating at  
elevated temperatures.'O Attempts to  convert sulfena- 

azetidinone intermediate by a [2 + 21-imine-ketene 
cycloaddition,4 we planned to fashion the thiazolidine ring 
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group of the azetidinone with the N-(methylthio) moiety. 
The removal of the N-aryl group was accomplished in 
high yield by treatment with ceric ammonium nitrate to 
give unprotected lactam 13, which upon deprotonation 
with LDA at  low temperature an 1 subsequent anion 
trapping gave N-methylthio qeriv: ive 14 in excellent 
overall yield.13 With alkxrnj ~ dzetidrnones 14a and 14b 
in hand, the iodoc! -1:~ation procedure was attempted 
using Iz a t  room temperature. In each case, the 2: l  
mixture was found to yield bicycloadducts 15 as a single 
regio- and stereoisomer in high yield. The structures of 
15a and 15b are tentatively assigned to have the acetate 
group anti to  the ring protons.14 The olefinic moiety of 
adducts 15 is presumed to have the E-geometry arising 
from stereospecific trans addition to the triple bond and 
to be exocyclic to the ring based on our previous studies 
that demonstrate the overwhelming preference of alky- 
nylsulfides to undergo 5-exo-dig ring closures in halocy- 
clization  reaction^.^ 

As anticipated, reorganization of the azetidinone ring 
so that the lactam moiety is attached to the thiazolidine 
sulfur center produces a noticeable effect on the electro- 
philicity of the azetidinone carbonyl group. The infrared 
stretching frequency for the carbonyl group for these 
analogues (VC-0 1790 cm-l) appears at a considerably 
higher wavenumber than that observed for our  previously 
described C-fused analogues (vc-0 1750-1760 cm-I) and 
are comparable to those of the biologically active pen- 
ems.15 We are presently attempting to develop efficient 
protocols for derivatizing these rings with appropriate 
recognition and binding domains and to investigate their 
biological capabilities.16 
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mide 8 to its sulfone derivative by peracid oxidation 
afforded a highly crystalline compound that showed an 
infrared absorption band above 1800 cm-l, confirming 
the survival of the @-lactam ring. However, the highly 
polar nature of this material and the observance of an 
M + 16 signal in its mass spectrum allows us to 
tentatively assign this compound to  be structure 9, in 
which oxidation of the vinyl iodide to the iodoso group 
occurs. This compound proved to be surprisingly stable 
to aqueous bicarbonate and bisulfite workup (buffered 
to pH 7.2) and to purification by flash chromatography 
on silica gel.ll 

For the synthesis of clavulanic acid analogues 15, we 
decided to utilize alkenylazetidinone 10l2 as the starting 
material. Ozonolysis of 10 at  room temperature provided 
cis-aldehydes 11 in high yield without any noticeable 
epimerization. Grignard addition of the magnesium 
phenylacetylide to 11 gave the alcohol adducts, which 
following acetylation afforded acetates 12. After flash 
chromatography, 12a and 12a were obtained as a single 
diastereomers in 55% and 68% overall yields, respec- 
tively. The compounds are tentatively assigned to  be the 
@-acetates based on the delivery of the Grignard reagent 
via a chelation-controlled approach to the aldehyde. To 
construct the remaining five-membered ring, it was 
necessary a t  this point to replace the N-aryl protecting 
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(11) We have found that under slightly different conditions, or use 
of only 1 equiv of m-CPBA in this reaction, a yet unidentified 
monooxygenated species is produced that is unstable to  aqueous 
workup or flash chromatography. 
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