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Summary: Rhodfum(Il~ acetate catalyzed decomposition of vinyfdiazomethanes in the presence of 
alkenes results in cyclopropanation with a high degree of stereoselectivity. 

Considering that highly enantioselective cyclopropanatfons by keto-carbenoids have been 
developed1 and ring opening of cyclopropanes can proceed in a stereodeflned manner.2 very 
valuable synthetic sequences would be possible if the original cyclopropanation was also 
diastereoselectlve. Intermolecular cyclopropanation of alkenes proceeds stereospeciflcally from 
the point of view of alkene geometry with most catalysts, but unfortunately, the stereoselectlvlty 
with respect to the arrangement of the alkene and carbenoid is generally rather moderate.3 
Some notable exceptions have been the reactions with severely bulb dIazoacetates.*.lC Most of 
the mechanistic models for cyclopropanations with keto-carbenoids are based on these poorly 

selective reacttonssb Consequently, further examination of the factors which cause this 

diastereoselectlon would be worthwhile, and in this paper we report our results on the 
cyclopropanation of simple alkenes with vinylcarbenoids. 

We have recently reported that the reaction of vinylcarbenoids with furans and 
cyclopentadiene leads to [3.2.1]bicycloocta-2.6-dienes (1) by an apparent 3 + 4 cycloaddition, as 
illustrated in Scheme 1.5 The reaction has been shown to proceed by a two step sequence 
involving an initial cyclopropanation followed by a Cope rearrangement.* Considering that the 

reaction was carried out under rather mild conditions (40 “C), the clean formation of 
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bicychc systems would suggest that the initial cyclopropanation must have been highly 
stereoselective producing exclusively cis-divinylcyclopropanes (2). 

In order to determine the extent of this remarkable stereoselectivity, a series of reactions 
with simple alkenes was examined and the results are s mmmuized in the Table. In a typical 
procedure, a solution of the vinyldiazomethane 4 (5 mmol) in dry dichloromethane (10 mL.) was 
added over 10 mm to a stirred mixture of rhodium(R) acetate (0.05 mmol) and the alkene 3 (25 
mmol] in dry dichloromethane (25 mL). heated under reflux in an argon atmosphere. After 
heating for a further 10 min, the solvent was evaporated under reduced pressure. The isomeric 
ratio was calculated by NMR analysis of the crude reaction mixture while the yields represent 
isolated product purified by column chromatography on silica. 6 The stereochemical assignment 
was readily determined through nOe difference analysis based on the very distinctive 
enhancements between the vinyl group and the cyclopropane protons as illustrated for Sa. 

nOe Data 

Sa 
In all the reactions examined, considerable preference for the isomer with a cfs 

arrangement between the vinyl group and the alkene substituent was observed. This was 
particularly so for oxygenated alkenes and also in the reaction of styrene with the 
vinyldiasomethanes 4b and 4c. Similar though less pronounced selectivity was also observed with 
alkyl substituted alkenes. which would indicate that the selectivity is not primarily due to 
secondary orbital interactions during the cyclopropanation process. 

The reactions with ally1 bromide and ally1 vinyl ether were complicated by the formation of 
side-products (7). These arose by capture of the carbenoid by the heteroatoms to form ylides 
(81, which then underwent a 2,3&matropic rearrangement to 7. Similar reactions with ethyl 
diazoacetate have been examined in detail by Doyle and co-workers,’ and the extent of yhde 
formation was found to be much greater than was observed in this study. 

Scheme 2 
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In summary, cyclopropanations with vinylcarbenoids show much greater stereoselectivity 
than with simple carbenoids. Extremely high selectivity is observed with styrenes. These results 
support the tandem cyclopropanation/Cope rearrangement mechanism proposed for the reaction 
of vinylcarbenoids with furan or cyclopentadiene. s The much greater selectivity observed in these 
reactions may enable more deilnitive models for the cyclopropanation mechanism to be 
developed and we are currently pursuing this goal. 
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