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Abstract. The synthesis of 7-phenoxy-l-carbaceph-l.bem4-carboxylic acid 4 is described. The 

synthetic method involves the construction of a 8-0x+1-azabicyclo[4.2.0]octane ring system through 

tri-n-butylstannane mediated free-radical annelation, and the introduction of the double bond at the bridgehead 

of a 8-oxo-1-azabicyclo[4.2.0]octene ring system by thermolysis of a s&oxide group at position-6 . 

Traditional views on structure-activity relationship of the classical As.4-cephalosporins la correlate the 

enamine resonance of cephalosporins ( Scheme I ) with their chemical and antibacterial activitiesr Indeed 

Azs-cephalosporins and dihydrocephalosporin 2a have little or no antibacterial activity. A similar pattern is 

also observed in l-oxa-A%Qephalosporins lb and l-carba-As,4--cephalosporins 1c.z We therefore reasoned 

that some l-carba-At&cephalosporins 3 which have a similar, but differently oriented enamine system may 
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(b) R’ = RCONH, R2 = CH,Y, X = 0, Z = H or Me0 

(c) R’ = RCONH, R2 = CH,Y, X = CH,, Z = H 
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exhibit antibacterial activity. In this case the chemical activation of the azetidinone system by the At,Qlouble 

bond may derive from both steric and electronic factors.3 Synthesis of bicyclic p-lactams of this new class 

requited the development of a suitable synthetic methodology. We now report on the first synthesis of the first 

representative of this group namely, 7-phenoxy-lxarbaceph-1,6em--&carboxylic acid 4.4 

The synthesis of 7-phenoxy-l<arbaceph-1,6--em--4--carboxylic acid 4 is described in Scheme II.5 It 

is based on four main stages: preparation of the non-fused g-lactam 8 which carries the required appendages 

and functionalities, formation of the fused bicyclic system 9 through tri-n-butylstannane/AIBN mediated 

free-radical annelation, introduction of the bridgehead double in l-carba-AtS6cephalosporins 11 via thermal 

elimination of phenylsulfenic acid, and finally removal of the acid protecting group.7 

Scheme II 
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(i) PhSH in F,CCH,OH, 80 “C. 
(ii) CH,=CHCH,Br, n-BulNCI, in mixture of CH,CI, and 10% aqueos NaOH, 20 “C. 
(iii) PhOCH,COCl, EtsN, in toluene, 55 “C. 
(iv) n-Bu,SnH, AIBN, in C,H,, 80 “C. 
(v) m-Chloroperbenzoic acid, in CH,CI,, - 40 “C. 
(vi) in toluene, 110 “C. 
(vii) NaOH (1 equivalent) in H,OTTHF l:lO, 20 “C. 

Our original working plan was based on the use of 4,4-dimethylthioazetidin-2-one 13 which was 

obtained in two steps from the N-bis[(methylthio)methylene] derivative 5, but it was found to be insufficiently 
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stable. Like some other 4&limethylthioazetidin-2~nes * it undergoes decomposition during chromatography 

(silica gel and alumina), and the impure product is not suitable for free radical cyclization. In order to increase 

the stability of the 4-membered ring system the relatively small geminal methylthio groups in 13 were 

substituted by the mom bulky phenylthio groups in 8. Indeed the 4&liphenylthioazetidin-2-one 8 which 

was obtained from 7 in good yield,91 proved to be an excellent substrate for the tri-n-butylstannane/AIBN 

mediated cyclization to the fused bicyclic g-lactam 9. This reaction was performed under high dilution 

conditions using the syringe pump technique. For optimal results the reaction should be discontinued at 50% 

conversion.% When the reaction was prolonged beyond this point the bicyclic l+lactam was accompanied by its 

reduction product 14.10 The stereochemistry of the non-fused p-lactam 8 was determined by X-rays 

crystallographic analysis,11 a small amount of its epimer 12 (7%) was also obtained. The relative 

stereochemistry at positionsd,7 of l+lactams 9 and 10 was assigned on the grounds of the strong downfield 

shift (lppm), in the *H NMR spectrum, induced by the s&oxide group on the hydrogen atom at position -7. 

The carbonyl infrared stretching frequency of p-lactam 4 appears at 1806 cm-l. Relatively high 

carbonyl frequency is characteristic for most antibacterial g_lactams. The figure &sewed for p&c- 4 b 

higher than those reported for penicillins and cephalosporins,lr and falls in the range of those recorded for 

penems. The synthesis of 7-phenoxy-lxarbaceph-l&-em_4_carboxylic acid 4 opens an avenue to a new 

class of fused bicyclic lUctams. We plan to synthesize additional compounds 3 with various groups RI , R*, 

and R3, and to screen their antibacterial activity. 
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