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Reaction of the title compounds with a variety of oxygen, nitrogen, carbon and sulfur nucleophiles
proceeds by direct attack at the sulfur atom to provide novel substituted N-thio-2-azetidinones.

The significant biological activity of many recently described monocyclic B-lactams has encouraged the
design and synthesis of a number of novel B-lactams. Since our development of the hydroxamate approach to
the synthesis of B-lactams,! we have been especially interested in the synthesis and study of various types of
heteroatom activated B-lactams.2 Recently we reported that reaction of N-unsubstituted B-lactams 1 with
S-substituted thiophthalimides 2 provides an efficient route to the corresponding N-thio-2-azetidinone
derivatives (Scheme 1).3 Furthermore, depending on the conditions used, reaction of 1 with bisphthalimido
sulfur 4 provided either the (2-oxo-1-azetidinyl)-thiophthalimide 5 or the bis-(2-oxo-1-azetidinyl)-suifur 6. The
ability to form 6 suggested that reactions of 5 with other nucleophiles might proceed by attack at sulfur and not at
the B-factam carbonyl. Herein we describe the preparation of a number of novel substituted

N-thio-2-azetidinones 8 by the reaction of (2-oxo-1-azetidinyl)-thiophthalimides 5 with oxygen, nitrogen, carbon
and sulfur nucleophiles 7.
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Table 1

Reactions of (2-Oxo-1-azetidinyl)-thiophthalimides with Nucleophiles
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Most of the starting (2-oxo-1-azetidinyl)-thiophthalimides 5 were prepared from readily available
B-lactams as dest.ribed earlier3 The 3-phenoxyacetamido-4-acetoxy-2-azetidinone (1, Ry = PhOCH>CONH, R2
=H, R3-0Ar,R4= H) precursor to 5g (Table 1) was obtained by degradation of penicillin v.4 Compound 5g
could not br, cleanly separated from small amounts of the bis adduct 6, but this did not interfere with subsequent
reactions Results of the reactions ot 5a-g with nucleophiles are summarized in Table 1. In a representative
reaction, the nucleophile (100 - 500 mole %, Table 1) was added to a solution of 5a-g (100 mole %) under
nitrogen or argon. The reaction was monitored for disappearance of starting material by TLC and either
maintained at room temperature or heated as required to promote reaction (Table 1). Reaction of 5 with relatively
weak nucleophiles (i.e. PhCH2OH) required addition of catalytic (2 - 50 pl) triethylamine. In most cases, workup
consisted of simply filtering the reaction mixture to remove precipitated phthalimide, concentrating the filtrate and
chromatographing the residue on silica gel. The reactions with sodium bisulfite (Table 1, entries 5f,g) were
performed in mixed solvents (THF/H,0) and produced salts (8f,g). Consequently, additional workup conditions
were required. Inthese cases unreacted starting materials and phthalimide were removed by an ethyl acetate
extraction. The residual aqueous layer was freeze dried to provide the crude salts 8f (100%) and 8g (82%),
respectively. Compound 8g was further purified by first converting it to its organic soluble
tetra-n-butylammonium salt (in 80% yield) by treatment with (nBu)4NHSO45 followed by ion exchange
chromatography (Dowex, K*) and lyopholization to give the corresponding potassium salt in 72% yield. Although
the structure of 8g is consistent with the spectral data obtained,® and it is a close analogue of the biologically
active monosulfactams 9,5 compound 8g was found to be devoid of any biological activity.7 This negative
biological result was consistent with our earlier findings that the thiamazins 108 are biologically inactive while the
corresponding oxamazins 112 have considerable activity against Gram negative organisms.

Extensions of the methodology described here are being developed for the synthesis of a variety of
heteroatom containing molecules of biological interest.
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