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Large effects exerted by methoxyl and aryl substltuents on the thermal rearrangements of 

vlnylcyclopropane are related to problems concerning the mechanisms of these reactlons 
1 

Klnetlc 

and product studies of the 1,3-slgmatroplc 
3 

rearrangements of vlnylcyclopropanes to cyclopentenes 

have led to proposals of pathways4 In whrch the bond changes are concerted and, alternatlvely, of 

pa thways8 In which diradicals are intermediates In a recent study 
10 

of the stereochemistry of 

the rearrangements of a set of stereoisomerlc, substituted vinylcyclopropanes, It was shown that 

the cyclopentene products could not have formed solely by the stereochemlcal pathway predlcted3 

for concerted 1,3-sigmatroplc rearrangements Accompanying the isomerizatlon of vinylcyclopropane 

to cyclopentene 1s a cls-trans lsomerlzatlon, revealed by deuterlum subsitutlon at C-2 
9,ll 

-- 

Whether the pathways for cls-trans and sigmatropx ~somer~zationsare related or Independent 1s -- 

not settled 
9 

Isomers 1, 2, and 3 were the only compounds 
12 

detected in significant amounts In gas phase 

(~a 30-150 torr) reactlons of 1 and 2 In the range ~a 220-250” Values of kl, k2, and kg that 

k4 ,,’ 
2 

G” 2 X=OCH3 

b X = phenyl 

would best fit the changes with txse of the concentrations of methoxyl isomers la, 22, and 3 were 

determined, k4 was shown to be negllglble (k 
4 

< 0 05 k ) and therefore was assumed to be zero in 
3 

thus ana lysls An Arrhenius expressIon k3 = 3 30 f 0 02 x 10 l2 exp[ (-38 7 + 0 2)/RT]13 was 

2545 





lo. 27 2547 

Such a transrtion state would occur along a concerted pathway only if the development of C-2-C-2’ 

bonding lagged so far behrnd the loss of C-l -C-2 bonding that the transition slate closely resem- 

bled that for cleavage to an acyclic rntermediate 
20 

Therefore, rt is attractive to assume that 

an acyclrc diradical intermediate 1s formed The stabilization of the transition state by phenyl 

is a substantial fraction of the stabrlrzatron that an Cr-phenyl affords to (fully formed) alkyl 

radrcals (” 22 and 15 kcal/mole to the methyl and ethyl radicals, respectively) 
21 

Stabilrza- 

tion of the transition state by methoxyl is a comparable fraction of its stabrlisation of an 

alkyl radical if the largest reported values (~a 22 kcal/mole stabilization of the methyl radi- 

Cal) 
22 

are used 23 The extent to whrch an alkoxyl substituent placed at the “migrating carbon” of 

a system undergoing a 1,3-sigmatropic rearrangement lowers Ea (or H*) has varied widely, values 

observed for 4, &a, anti-5-methoxybicyclo[2 1 l]hex-2-ene, 
24 

and 7-t-butoxybicyclo[2 2 llheptadi- 

ene*’ (11) are 5, 11, 11, and 15 kcal/mole, respectively It is unlikely that the rate-accelera- 

ting effects of alkoxyl and phenyl are to be attributed to heterolytic 
26 

rather than to homolytic 

cleavages, since the rate of the system (11) exhibiting the largest substituent effect does not 

depend significantly upon solvent polarity Perhaps the relatively small effect in 4, a system in 

which both the vinyl and methoxyl substituents are located on the same carbon, resides in such 

factors as (a) a large steric inhibition to simultaneous conjugation of both substituents and (b) 

a larger fraction of chemically unproductive reversion of an intermediate to the reactant 
27 
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