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Abstract: Monocyclic y- lactams 2, activated by a hydroxycyclobutenedione moiety have been
prepared from (L)-N-tBoc-glutamine, as potential antibacterial agents.

In the continuing search for new and novel lactam antibiotics, we recently reported! the
synthesis of phenoxyacetyl-N-(hydroxydioxocyclobutenyl)-(L)-cycloserine (1), which was found to
possess moderate antibacterial activity; however, it was also shown to have limited stability in
aqueous solution. In recent years, a number of activated y -lactam analogs of § - lactam antibiotics
have been reported,2 some of which have been found to exhibit various levels of antibacterial activity.
It was therefore reasoned that y - lactams 2, activated by the electron withdrawing effects of the
hydroxycyclobutenedione moiety and coupled with its acidic nature, would have the potential for
useful antibacterial properties. Unlike the cycloserine derivative 1, the lactams 2 were expected to be
more stable chemically due to the lack of an electronegative oxygen attached directly to the lactam
nitrogen. In this communication, we report the synthesis of hydroxycyclobutenedione-activated y-
lactams 2a and 2b.
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Since biologically active B-lactam and y- lactam antibiotics possess an (S)-configuration at the
carbon linked to the amide side chain, (L)-glutamine was chosen as the chiral precursor. N-tBoc-(L)-
glutamine (3) was converted to y-aminobutyric acid 432 by a Hoffmann rearrangement of the amide
using iodobenzene bis(triﬂuoroacetate).?' Treatment of the crude product containing the y- amino
acid 4 with bisallyl squarate (5)4 atforded ¥ -(allyloxydioxocyciobutenyl)aminobutyric acid 65 in 67%
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yield, based on 3. The key step, an intramolecular acylation to the y-lactam, was best achieved using
dicyclohexylcarbodiimide (DCC) and N-hydroxysuccinimide as the activating agents, producing N-
(allyloxydioxocyclobutenyl)-y-lactam 75 in 73% yield. The amino-protecting group was removed by
treatment with trifluoroacetic acid (TFA) and anisole to obtain a-amino-y-lactam 85 as a TFA salt
which upon acylation with phenoxyacety! chloride provided a-phenoxyacetamido-y-lactam 9a5 in
20% yield. The allyl group was then cleaved catalytically using Pd(0) in the presence of potassium 2-
ethylhexanoate® to afford the target y-lactam 2a35 as a potassium salt in 59% yield, after purification
on C-18 reverse phase silica. The corresponding aminothiazolylmethoxyiminoacetamido derivative
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i) PhI{OCOCF3)2/DMF-H20, pyr, rt; ii) Et3N (1 eq)/THF, reflux, 7 tvs;
iify DCC /N- hydroxysuccinimide(1 eq)/CH2Ch, rt, 2 hrs; iv) TFA-anisole, 0-5° C, 10 min.;
v) For 9a: PhOCH2COCI/Et3N/CH2Cla, 0-56° C, 20 mip.; For 9b: 10/CH2Clp, rt, 2.5 hrs;
vi} Pd(PPh3)4/potassium 2-ethylhexanoate/EtOAc-CH3CN, i, 2 hrs.
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2b35 was obtained, albeit in low yield, by condensation of the amino lactam 8 with
aminothiazolylmethoxyiminoacetic acid active ester 10,7 followed by removal of the allyl group.6

Hydrolytic stability of both y-lactams 2a and 2b was examined in pH 7 buffer solution (conc. of
2, ca. 5x10-4M) at room temperature (ca. 21°C). In contrast to the case for the cycloserine derivative
1, no appreciable hydrolysis was detected for these y-lactams after one week, indicating these y-
lactams were stable in aqueous solution. It was also found that these y-lactams, 2a and 2b exhibited
essentially no useful antibacterial properties against the microorganisms tested (e.g. Staphyllococcus
aureus, Streptococcus pneumoniae, Escherichia coli).
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