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Abstract: Racemic and enantiomerically pure 2,3-benzocarbapenems 1 are obtained in good 

yields by the tin-mediated, intrarnolecular awl radical cyclizations of the readily available 4- 

alkenyl-N-(2-halogenophenyl)-~lactams 2. Copyright © 1996 Elsevier Science Ltd 

Increasing incidence of bacterial resistcace to ~-iactam antibiotics has promoted a growing intew.~t in the 

development of effective ~lactamase inhibitors. 1 Among others,  benzocarbapenems have been designed as 

suicide inactivators of ~-lactamase. The first synthesis of these fused tricyclic ~-lacmms was reported by 

Wakselman by using a copper-promoted intramolecular aryl substitution of 4-(o-bromophenyl)methyl-2- 

azetidinones. 2 A recent paper by Gilchrist described the preparation of benzocarbapenems by reduction and 

cyclization of 2-substituted indoles.3 This synthesis has prompted us to report our asymmetric approach to 
benzocarbapenems 1, through intramolecular aryl radical cyclization of 4-alkenyl-N-(2-halogenophenyl)-~- 

lactams 2.4-6 2-Azetidinones 2 are easily made by cycloaddition of ketenes 7 with a,~-unsaturated aldimines 3 

(Scheme 1). 
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Alkenyl imines 3 required in our work were formed by the condensation of an o-halogeno-aniline with 

the corresponding ~-unsaturamd aldehyde in the presence of the ZnC12/ct-phenylethylamine complex as 

catalyst, using benzene or toltmne as solvent and a Dean-Stark aplmmtus to remove the waler formed dining the 

reaction. A nearly quantitative yield of the Scbiff base was obtained tinder the~ reaction conditiotts. 

Compounds 3 reacted with different keten~ to produce smoothly 2-azetidinones 2a-d. Compound 2b was 

obtained as a c/s4rans mixture with low solectivity, although both isomers were easily separated by fractional 
recrystallizalion of tim mixture. Enantiomerically pure ~lactams 2c and 2d were prepared by reaction of imines 
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3 with the ketene derived from the Evans and Sj0gren chiral oxazolidinone. 8 [5-Lactams 2c-d  were obtained 

exclusively as their cis-diastereoisomers with good to excellent stereoselectivity. 9 

R 1 B~,H ~ Pn 

~ :  R '1 = R 2 = Me; X = Br (40%) 

2b: R ~, R 2 = OBn, H; X = I (75%) 

c/s:lrans = 62:38 

R s 

r 

2c: RaffiPh (61%)d.e.~.95% 
2d: R a = Me (70%) d.c. = 80% 

Halogenated ~-lactarns 2 were reacted with tributyltin hydride and AIBN in benzene at reflux to give the 

expected benzocarbapenems 1 in good yields after chromatographic purification (Table 1).10,!1 Compounds 

2a-2c derived from cinnarnaldehyde-imines (R3 = Ph) underwent 5-exo-tr/g radical cyclization to products 1 

in a totally regio- and stereoselective fashion as expected when the radical acceptor has a radical-stabilizing 

substiment at the ~-position (in our case the phenyl group). Neither cyclization products different from 1 nor 

reduction products were detected in the IH-NMR spectra of the crude reaction mixtures. The stereoselectivity of 

the process is remarkably independent of the substitution at C-3 of the 2-azetidinone ring, and a single 

diastereomer of benzocarbapenems 1 is obtained in all cases. The relative stereochemistry of the 4-membered 

ring was established from the values of Js,6, and is transferred unaltered from the starting 2-azetidinone to the 

cyclized products. The stereochemistry of the new stereocenter at C-I in compounds 1 was derived from our 

previous results on stannylcarbapenams 6 and NOE experiments on representative compounds. Thus, inflation 

of the I-I-5 hydrogen in compound l a  resulted in a 5% increment on the proton of the methylene group at lower 

field (2.67 ppm), and a 5% increment on the phenyl group, and on the methyl group at lower field (1.18 ppm). 

Irradiation of the H-5 hydrogen in compound 1 • gave a 3% increment both on the most shielded proton of the 

methylene group (1.43 ppm), and on the methyl group corresponding to the ethyl substituent on C-I. In this 

way, an an//stereochemistry between C-1 and C-5 was assigned. 

Table 1. Syn~esis of 2.3-Benzocarbapenems I from 4-alkeny!-N-(2-halogenophenyl),~!, ,ac~.,.,s 2 

subslrate R ! R 2 R 3 X product ~deld(%~ a M.P. ~°c~ b 

2a Me Me Ph Br I a 65 123-125 

c/s-2 b OBn H Ph I I b 60 off 

trans-2 b H OBn Ph I 1 e 65 87-89 

(+)-2c S-Ox H Ph Br (+)-Id 70 168-170 

(+)-2d S-Ox H Me Br (+)-le 30 oil 

a Yield of pure, isolated product with correct analytical and spectral data. b Crystallyzed from 
ethyl acetate/hexanes, c S-Ox = (S)-4-Phenyl-2-oxo-1,3-oxazolidin-3-yl. 

The presence of a phenyl group controls the exclusive 5-exo mode of cycfization. In fact, radical 
cyclization of ~lactam 2d derived from crotonaldehyde-imine formed, along with benzocatbapenem I • (major 

product, 30%), benzocarbacephem 4 (minor product, 8%) and 1,4-dihydroquinoline 5 (relative proportions 
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3:1:2,5, respectively) 12 (Scheme 2). Compounds I e, 4, and 5 were obtained as single diutereoisomers, and 

thus it is clear that 6-endo cyclization competes with 5-exo process when an unactivat~l double bond is used as 

the radical acceptor. 

~x* H H . ~ s  Me 0~* ' -  rj ....- 0 Ox* Me 
BnsSnH • • 

A I B N  " + + 
C ~ d A  

2d ~ ' ~  l e  4 5 

(Ox* = (S)..4-phenyl-2-oxo-1,3-oxazolidin-3-yl) 
S c h e n ~  2 

Formation of compounds 1, 4, and 5 may be rationalized as shown in Scheme 3. Bromine abstraction 

by a stannyl radical followed by either 5-exo- or 6-eru/o cyclization of radical 6 would form radicals 7 and 9, 

respectively, depending on which of the two olefinic carbons is attacked. These radicals would lead to 

benzocarbapenems 1 or benzocarbacephem 4, respectively, after hydrogen abstraction from tfibutyltin hydride. 

Alternatively, compound 4 may be formed from radical intermediate 7 v/a a ring expansion process through 

the radicalintexm~!a3¢ 8. Formation of compound 5 may be explained by an homolytic C3-C4 bond cleavage 

in the 2-azetidinone nucleus of intermediate 8 or 9 to form radical intermediate 1 O, This interesting process, 
which is the first example of a radical C3-C4 bond breakage in the ~-lactam ring, t3 is closely related to the 
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cyclobutylcarbinyl radical cleavage, an useful methodology for the synthesis of medium size rings. 14 Irt our 

case, the driving force of the cleavage may be the stability of the captodative radical 10 together with the strain 
in the 15-1a~am ring. 

In summary, ~-lactams prepared from imines derived from cirmumaldehyde and o-halogenoanilines 

have proved to be easily available and appropriate substrates for aryl radical cyclization to different 
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enantiomerically pure substituted 2,3-benzecarbapenems. A new radical ring fragmentation of the ~-laclam ring 

has been also ol~erved. Work to determine the scope of this new synthetic strategy as wen as ils application for 
the asymmetric preparation of other different 3 , 4 - b e n z o ~  polycyclic ~.lactams is now underway in our 

laboratory. 
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