
Vinylcyclopropane-Cyclopentene Rearrangement



1) thermal-, photochemical-, transition metal-mediated, as well as Lewis acid mediated conditions 
can be applied to affect the transformation

2) the photochemical process works well only for a limited number and type of substrates.
3) the rearrangement of vinylcyclopropanes under thermal conditions is the most important 

transformation and it may take two major pathways: conversion to cyclopentenes or formation 
of open-chain alkenes or dienes; 

4) the pathway taken depends on many factors such as the nature of substituents on the 
cyclopropane ring as well as the orientation of the π-system of the vinyl group relative to the 
cyclopropane ring (e.g., cis-alkylvinylcyclopropanes tend to undergo [1,5]-sigmatropic H-shift 
(retro-ene reaction) rather than forming cyclopentenes); 

5) the rearrangement usually requires high temperatures (often this means running the reaction in 
a flash vacuum pyrolysis apparatus), but the degree of substitution and the presence of 
extended conjugation and heteroatoms lower the activation energy and also the required 
temperature

6) heteroatom substitution (e.g., O-alkyl, NH2, S-alkyl, etc.) on the cyclopropane moiety has a 
dramatic activation energy-lowering effect, whereas substitution on the vinylic moiety does not 
have a significant influence.

7) the rearrangement can be highly regio- and stereoselective provided that the cyclopropane is 
opened regioselectively.

8) The stereochemical outcome of the rearrangement is determined by the energetics of the 
substituted cyclopentene product. 



Mechanism

a diradical-mediated two-step and/or orbital-
symmetry-controlled pericyclic process? ?







Observing the formation of ai- and sr-cyclopentene products would 
support the notion that a stepwise, non-concerted mechanism is operative 
whereas their absence would point towards a fully concerted mechanism.









The data clearly indicated that the mechanistic preferences 
of the rearrangements are system dependent.

trans-vinylcyclopropanes tend to form 
more of the symmetry-allowed ar-
and si-cyclopentenes supportive of a 
concerted mechanism

the cis-vinylcyclopropanes preferentially 
yield the symmetry-forbidden ai- and sr-
products suggesting a more stepwise, 
diradical mechanism.

演示者
演示文稿备注
Substituents with increased radical stabilizing ability not only lower the rearrangements activation energy but also reclosure of the initially formed diradical species becomes slower relative to the rate of cyclopentene formation resulting in an overall more concerted mechanism with less stereomutation (e.g. entry 6 & 7)



Synthetic Applications



Cloke–Wilson Rearrangement

Related reaction



[m,n] Sigmatropic reaction



[1,2]-C shift :

[2,3]-C shift 

[2,3]-C shift 

Wagner-Meerwein Rearrangement Wittig Rearrangement



[2,3]-C shift 

Mislow–Evans rearrangement





[3,3]-C shift :





[3,3]-C shift :







[4,5]-C shift

[3,4] shift



[5,5] SigmatropicRearrangements

该化合物进行的是[3,3]-σ键重排反应重排发
生在邻位(diazaCope重排)
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