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Summary: Nonfused, alkynyl-@-lactams 10 and 18 react 
with n-BusSnH to give tert-butyl carbaceph-2-em-4-car- 
boxylate (1 1) and methyl l-oxahomoceph-3-em-5-carbox- 
ylate (191, respectively, in a four-step, sequential radical 
reaction involving homolytic intermolecular addition, 
intramolecular hydrogen atom transfer, endo-intramo- 
lecular addition, and 8-elimination. 

Following the clear delineation of the factors affecting 
the selectivity of carbon-centered radical cyclization 
reactions, their value in organic synthesis has been widely 
recognized.' Over the past decade we have presented a 
variety of approaches to the use of free radicals in the 
synthesis of bicyclic 8-lactams with n-Bu3SnH as a 
mediator and a chlorine atom, a phenylthio, or phenylse- 
leno group as the pro-radical center.2b In these reactions 
nonfused @-lactams are converted into fused-bicyclic 
@-lactams by the intramolecular addition of a carbon- 
centered radical to a carbon-carbon double bond.6 It 
should be noted that contrary to the usual exo-cyclization 
of simple alkenyl radicals: in the absence of otherwise 
directing groups, radical annelation to fused-bicyclic 
8-lactams follows preferentially the endo-mode.2-8 Of 
particular relevance to the present paper is the observa- 
tionbvd that the acetylenic chloro lactam 1 undergoes 
exclusive 7-endo-dig cyclization to the l-oxahomoceph- 
3-em 4 as outlined in Scheme I. 

In this paper we present a novel approach to fused- 
bicyclic 8-lactams wherein a terminal alkyne functions as 
a pro-radical center (Scheme 11). A transient vinyl radical 
6 is formed on addition of tri-n-butyltin radicals to the 
triple bond of the acetylene lactam 5. As the reverse 
reaction, ,%elimination of n-Bu3Sn' from 6, is a facile 
process,8 the key step in this reaction sequence is the 

t Part 6 see ref 3b. 
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intramolecular H-atom transfer to form a more stabilized 
radical 7, akin to those which we previously generated in 
a chemospecific manner by halogen abstraction (cf. Scheme 
I, 1 - 2). This radical is then well positioned to add to 
the vinylstannane functionality by the endo-mode as 
observed for the cyclization of 2 to 3 (Scheme I). Sub- 
sequent 8-elimination of the tri-n-butyltin radical from 
the bicyclic radical 8 would generate the bicyclic 8-lactam 
9 in a process catalytic with respect to n-Bu3SnH. 

In our first attempt to realize this idea, we alkylated 
4-propargyl-2-azetidinoneg with tert-butyl bromoacetate 
forming 8-lactam which was then treated with n-Bu3- 
SnH under high dilution conditions. Thus, a solution of 
1 equiv of n-BuaSnH and 0.5 equiv of AIBN in benzene 
was added over 8 h to a boiling 0.003 M solution of 10 in 
benzene. After the solvent was removed the bicyclic lactam 
11 and the stannylated lactam 12 were isolated in 19 and 
56% yield, respectively (Scheme III).lO 
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The reasons for the relative low yield in the cyclization 
process were revealed when the reaction was repeated with 
n-BuaSnD in place of n-Bu3SnH. In this reaction the 
deuterium was incorporated in compound 12," largely 
(78%) on the double bond of the side chain, indicating 
that the desired H-atom transfer was inefficient. A further 
16% of the deuterium resided on the acetate moiety, 
indicating that the cyclization was also inefficient relative 
to reduction. Surprisingly, 6% of the deuterium was 
located on the butyl groups of the stannane. On the basis 
of this we propose the extended reaction mechanism shown 
in Scheme IV. Thus, reversible addition of tri-n-butyltin 
radicals onto the terminal alkyne generates vinyl radical 
13 which is then partitioned between (a) direct reduction 
by n-BusSnH to vinylstannane 12, (b) intramolecular 
H-atom transfer forming the desired radical 14, and (c) 
intramolecular H-atom transfer from a butyl group forming 
radical 15. While radical 15 is reduced to vinylstannane 
12, radical 14 is further partitioned between direct re- 
duction to 12 and cyclization to form bicyclic radical 16. 
6-Elimination of tri-n-butyltin radical from 16 then forms 
bicyclic fl-lactam 11. The fact that intramolecular H-atom 
transfer to form radical 15 competes with 1,5 H-atom 
transfer to form the more stable radical 14 probably derives 
from the dominant contribution of steric and steroelec- 
tronic factors, rather than thermodynamic factors,' on the 
transformations of the relatively rigid @-lactam radical 
13. After isolation of 12 we were able to verify the path 
14 - 11 + 12 by forming radical 14 in an unambiguous 

(11) Determined by fH NMR spectra in CHCla with CDCh ae both 
internal reference and internal Btandard. 
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manner. Thus, treatment of 12 with LDA followed by 
phenylaelenium bromide formed lactam 17. Subsequent 
treatment of 17 with 0.4 equiv of n-BusSnH and 0.2 equiv 
of AIBN under high dilution conditions led to isolation of 
bicyclic lactam 11 in 44% yield and the reduced lactam 
12 in 42% yield (Scheme V). As expected, reaction of 10 
with n-BusSnH at higher concentration, 0.1 M, led to 
almost quantitative formation of 12 (92 % ) and only a trace 
of 11. 

In view of the particular disposition of alkenyl- and 
alkynyl-&lactams to undergo 7-endo radical cyclization2-6 
(cf. Scheme I) we examined the applicability of our novel 
methodology to the synthesis of 1-oxahomocephems. 
Thus, a benzene solution containing n-BusSnH (0.6 equiv) 
and AIBN (0.2 equiv) was added over 6 h to a boiling 
solution of lactam l8,2a*d 0.024 M in benzene. The residue 
obtained after evaporation of the solvent was stirred for 
2 h with a few drops of DBU in methylene chloride. Flash 
chromatography of the product afforded methyl l-ox- 
ahomoceph-4-em-5-carboxylate (20,40 % ) resulting from 
double-bond migration in the initially formed l-oxaho- 
moceph-&em 19 (cf. the corresponding tert-butyl ester 
l)hld and the nonfused vinyl lactam 21 (25%).l0 

In summary, we have now added a new array of con- 
secutive reactions to the growing arsenal of potentially 
useful one-pot sequential radical reactionsld which involve 
homolytic intermolecular addition, 1,5- or 1,6-intra- 
molecular H-transfer, 6-endo- or 7-endo-intramolecular 
addition, and &elimination. Application of this meth- 
odology to the synthesis of other fused bicyclic systems 
will be investigated. 
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