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Abstract: The syunthesis of l-carboxy-2-aza-tricylo(4.2.2.07"7 ]decane-3-one 1, a
novel B-lactam carboxylate, from bicyclic amide carboxylate 4 via an efficient
triplet sensitized photochemical diazo iosertion reaction to produce B-lactam

12 has been described.

With the advent of novel f-lactam fermentatiop products (clavulanic anidl, thienamycinz)

has come the design and synthesis of agents Llike CP—#5,8994 and the penem antibacterialss.

These are novel B-~lactam structures of synthetic or semisynthetic origio with excellent
medicinal potential showing considerable promise for the treatment of increasingly resistant
bacterial infections. Two major features distinguish these compounds structurally from the
classical penicillin-cephalosporin antibiotics; the abasence of an amido linkage to the B-lactam,
and nuclear modifications. MNevertheless, they interact with the same biological enzyme systems
(pepicillin binding proteins) as the classical R-lactam antibioticsﬁ- Only a reactive B-lactam
ring connected through nitrogen te a carboxylate remains structurally common to this entire

class of bacterial enzyme inhibitors.

We wish here to describe the synthesis of a novel B-lactam containing nucleus possassing these
features in a umique structural array. Qur target ! was chosen because of a close isosteric
relationship with the cephalosporin, pepem, carbapenem group of antibacterials, as judged by
comparative examination of molecular models. Furthermore, we expected the tricyclic system to

activate the B-lactam through increased ring strain.
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Synthesis of 1 (Scheme I) was ipitiated by the preparation of knowp bicyclic amide carboxylate
7 ;
4", conversion of 4 sodium salt to crystalline benzyl ester 5 with benzyl bremide in DMF pro-

ceeded in 65% yield. Selective reduction of the amide moiety required a two step procedure.B
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Treatment of 5 with a small excess of phosgene in dichloromethane in the presence of Amberlyst

A-21 resin preoduced imino chloride 6, which was not isolated. After removal of the basic resin,
6 was reduced in dry tetrahydrofuran with excess tetra -n-butyl ammonium berohydride to give,
after an aqueous acid-base workup, amine-borane complex 7 (68%) [IR (near)3200, 2350, 173Ocm—1].
Amine 8§ was liberated from complex 7 by exposure to HCl gas in a chloroform benzyl alcohel sol-
ution. The HCI salt (75%, mp 190°) was collected after trituration with ether. Extraction Erom
aqueous base gave 8 which was transformed to keto-amide 9 by condensaticn with diketene in CHZCIZ,
the resulring solution was treated in situ with an excess of p-toluenesulfonylazide and triethyl-
amine at reflux in CHZCIZ.g Chromateography of the product mixture after evaperation of

solvent gave diazo compound 10 (72%). Diazo amide 11 was obtained by trearment of 10 with the
lithium salt of benzyl alcchol (prepared by addition of n-butyl lithium to benzyl aleohol in

THF at -30) at -78° and zllowing to warm o -50° for 3 hr.lO After quenching with acetic acid,
chromatography on silica gel gave the desired 11 in 51% yield. Photocyclization of lill was

best accomplished by irradition in benzene at 350 nm (Rayonet Reactor) in the presence of a

3 fold excess of benzophenone as sensitizer. After 6.5 hr, IR and TLC indicated that 11 had

been consumed. Evaporation of solvent and chromatography on silica gel gave the desired f-lactam
12 in 60% yield. [IR (neat) 1760, 1740 cm_l; 100 MHZ NMR (CDC13) § 7.35 (s, 5), 5.19 (s, 2}

3.61 (x, 14, Jax=2Hz, be=5Hz), 3.1 (AB, ZH, Jab=16 Hz, Jax=2Hz, be=5Hz, va=2.95, vb=3.21),

2.4 {m, 1H), 1.8 (m, 8H); mass spectrum m/e 285.1358 (285.1365 calcd. for C NO3)]. We

17819
have found the presence of benzophenone in the irradiation mixture to be extremely useful for
photochemical formation of (-lactam rings from diazo precursors. Application of triplet
sensitization appears to have been little exploited as a technique in such syntheses of
5—1actams.12 Presumably, the lower energy triplet state, while being very effective in

hydrogen atom abstraction and ring closure, is much less prone to the other decomposition

pathways available to singlet carbenes.

Hydrogenolysis of the benzyl ester 12 with Pd on CaCO3 in 50% water-THF gave, after evaporation
of THF and lyophilization, a 9!% yield of the calcium salt of 1. Examination of this product
in assays designed ro show ability to inhibit B-lactamase enzymes or inhibit bacterial growth

in vitre, showed no outstanding acrivircy.
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