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Despite the fact that the cyclopropene ring system possesses 
a remarkably high strain energy (54 kcal/mol),1 thermal reorg
anization of its derivatives requires elevated temperatures, usually 
in excess of 150 0C.2 The activation energy for ring opening 
resides in the vicinity of 35 kcal/mol.2'3 A case in point is 
tetraphenylcyclopropene (1), which affords 1,2,3-triphenylindene 
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(2) when heated above 200 0C.3 In dramatic contrast, exposure 
of dilute benzene solutions of 1 to catalytic amounts of silver 
perchlorate at room temperature results within minutes in 
quantitative conversion to indene 2. The interaction of metal 
complexes, notably of silver(I) and rhodium(I), with strained 
carbocyclic compounds has been a subject of considerable interest 
in recent years.4 These metals catalyze a variety of rearrange
ments, the course of which depends on the nature of both the 
organic compound and the metal complex.4 In this communication 
we report that cyclopropene derivatives are rapidly isomerized 
by trace amounts of silver ion.5 We also record that these facile 
silver-induced reactions differ dramatically from the well-estab
lished photochemical rearrangements6'7 in that different carbon-
carbon bonds are cleaved in the two processes. 

The presence of an alkyl group on the cyclopropene ir bond has 
a significant effect on the regiochemistry of the ring-opening 
reaction. Thus, treatment of an unsymmetrically substituted 
cyclopropene such as 3 with 2 mol % of silver perchlorate in 
benzene at room temperature afforded l-phenyl-2-methyl-3-
benzylindene (4) as the exclusive product. In contrast, photolysis 
of 3 produced the isomeric 1-methyl-2-phenyl-3-benzylindene (5) 
in 90% yield as the major photoproduct. 

In order to obtain a better understanding of the factors con
trolling the regiochemistry of the silver-induced rearrangement, 
we decided to investigate the isomerization of a system devoid of 
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a phenyl group in the 3-position of the cyclopropene ring. 
Treatment of l-phenyl-2,3,3-trimethylcyclopropene (6) with a 
slight excess of silver perchlorate in methanol for 1.5 h at 25 0C 
gave rise to a mixture of 2,3-dimethyl-l-phenyl-2-buten-l-one (7) 
(55%) and 3-methoxy-2,3-dimethyl-l-phenyl-l-butene (8) (45%). 
The structures of 7 and 8 were established by a comparison of 
their IR and NMR spectra with authentic samples. In contrast 
to the silver ion promoted reaction, the only products obtained 
from the irradiation of 6 in methanol are ethers 9 (78%) and 10 
(9%). The distribution of products obtained from the irradiation 
of 6 corresponds to preferential bond b cleavage and is closely 
related to results encountered with 3-aryl- and -vinyl-substituted 
cyclopropenes.6,7 It is clear from the above data that the sil
ver-induced rearrangement of an unsymmetrical cyclopropene is 
not governed by the same electronic considerations which control 
its photochemical behavior.6 
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Placement of an allyl group on the C3-position of the cyclo
propene ring causes a different mode of behavior to occur on 
exposure to silver ion. The reaction of l,2-diphenyl-3-methyl-3-
allylcyclopropene (11) with a catalytic quantity of silver per
chlorate in benzene gave l,2-diphenyl-3-methylbicyclo[3.1.0]-
hex-2-ene (12) in 85% yield. Similar treatment of closely related 
l,3-diphenyl-2-methyl-3-allylcyclopropene (13) with trace amounts 
of silver ion gave indene 14 (90%) and bicyclohexene 15 (10%). 

(7) Zimmerman, H. E.; Aasen, S. M. J. Org. Chem. 1978, 43, 1493. 
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The products obtained from the silver-induced reactions are derived 
from exclusive cleavage of the cyclopropene bond attached to the 
phenyl group (bond a). This stands in marked contrast to the 
direct irradiation of 13, which results in predominant bond b 
cleavage.6 

At this stage of our studies we decided to investigate the ste
reochemical course of the silver-induced intramolecular cyclo-
addition reaction. Treatment of (£)-l-(l-methyl-2,3-diphenyl-
2-cyclopropen-l-yl)-2-butene (16) with 2 mol % of silver per-
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chlorate in benzene gave a 96% yield of exo-3,6-dimethyl-l,2-
diphenylbicyclo[3.1.0]hex-2-ene (17). Similarly, the reaction of 
the corresponding Z-isomer 18 with silver ion gave endo-bi-
cyclohexene 19 as the sole product in 97% yield. These results 
indicate that complete retention of stereochemistry about the ir 
system has occurred in the silver-catalyzed cycloaddition reaction. 

In line with earlier evidence for the intermediacy of a metal-
bonded carbonium ion-metal complexed carbene hybrid inter
mediate in the transition metal promoted rearrangement of 
strained ring systems,8,5 it is tempting to suggest the involvement 
of a related species in the silver-induced rearrangements of the 
above systems. Thus, we propose that silver ion behaves as a very 
specific Lewis acid which attacks the cyclopropene ring to yield 
argentocarbonium ion 20.10 Electrocyclization of this intermediate 
followed by loss of silver ion nicely rationalizes the formation of 
the indene ring. The clean conversion of 6 in the presence of Ag+ 

into 7 and 8 in methanol can be explained in terms of an oxida
tion-reduction reaction." The reduction of Ag(I) to the metallic 
state is somewhat reminiscent of results reported by Koser and 
Faircloth.12 These workers found that quadricyclane was oxidized 
and silver ion was reduced to silver metal in the reaction between 
silver trifluoroacetate and quadricyclane in methanol.13 The above 
results also suggest that the crucial step which dictates the re-
gioselectivity of bond cleavage of the cyclopropene ring is strongly 
dependent upon relative carbonium ion stabilities. Breakage of 
bond a would be expected to give rise to the more energetically 
favorable benzylic argentocarbonium ion.14 

The intramolecular trapping of the ring-opened species by the 
neighboring double bond provides additional evidence for the 
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carbenoid character of the intermediate. A reasonable mechanistic 
option for the intramolecular cycloaddition involves a stepwise 
attack of the terminal double bond on the argentocarbonium ion 
so as to generate a six-membered ring. As long as the loss of 

silver ion occurs simultaneously with bond making, the cyclo
addition will proceed with retention of configuration. 

We are continuing to investigate the more intriguing synthetic 
and mechanistic aspects of these interesting silver ion promoted 
reactions. 
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Naturally occurring (3-lactam antibiotics which belong to the 
group carbapenem are still increasing in number1 and have at
tracted a great deal of synthetic study because of their unique 
structure and interesting biological activity.1* However, most of 
them lead to racemic carbapenem derivatives,2'3 and even the chiral 
synthesis of thienamycin and (-)-homothienamycin consists of 
multistep reactions to get the azetidinone moiety in low overall 
yields starting from L-aspartic acid.4 The requirements for a 
simple and high-yielding synthesis of 4-substituted-2-azetidinones 
having desired absolute configuration5 at C-4 are indeed de
manding in the exploitation of such highly potential /3-lactam 
antibiotics. We wish to report here an efficient methodology for 
the preparation of (5)- and (/?)-4-[(methoxycarbonyl)methyl]-
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