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Vfnylmethylenecyclopropane (la) undergoes thermal 
_" 

publioation 24 April 1973) 

isomerization to Smethylenecyclopen- 

tene (2a) at EO", and the remarkable facile nature of the reaction prompted description of 
.,W 

its mechanism as being a concerted [3,3]-sfgmatropfc process.' Subsequent reports that 

thermolysfs of lb furnishes a mixture of 2b and 2c2 and that lc affords 4 and 53 suggest 
_^ S., -- -_ . _ 

that the energy surface relating vfnylmethylenecyclopropanes and methylenecyclopentenes may 

include concerted [1,3]- as well as [3,3]-sigmatropfc pathways or thefr structural equfva- 

lents In the form of diradical processes. Kende, et ail., have proposed that the reaction 

proceeds via an orthogonal bfradfcal, 3 but owing to their use of methyl groups as skeletal 

labels, evaluation of the actual geometry of a dfradical intermediate or of the possible CM- 

petition between concerted sigmatropfc processes is exceedingly difficult. Our own Interest 

in the thermal energy surface of methylenecyclopropanes4 has prompted synthesis of the iso- 

topically labeled derivative 6 in an effort to probe more completely the mechanism by which 
_ 

2 is fonned.5 

w2 PHR2 :&= QE RI:: 
1 2 

3 

.., _ 
3 4 5 

a. R1=RP=H a. R1=R2=H - _ 

b. RI--H, Rz=CHs b. RI=CHs, R2=H 

c. R1=R2=CH3 c. R1=H, R2=CH3 

Thenaolysis of 6. the course of which was monitored by nmr analysis, revealed that the 

previously reported isomerization to 3-methylenecyclopentene (2a)l is accompanied by a com- 
..* 

petfng degenerate methylenecyclopropane rearrangement that equflfbrates 6 with 7 (an analo- 

gous isomerizatfon interconverts lc and 3 ) 3 .798 The latter reaction fs about ten times faster 
. . . 

than the former process [log kd=ll.8-(24900/2.303RT) vq log k, =11.4(25800/2.303RT)]10 and 
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complicates our intended analysis considerably owing to the loss of the positional integrity 

In 6. Nevertheless, determination of the distribution of deuterium between carbon atoms 5 
. 

and 6 in the ds-3-methylenecyclopentenes 8 and 9 isolated from the thermolysis still provides 
- - 

valuable mechantstic information. 

6 7 

The first analysis was of 

of time when the equilibration 

a mixture of 8 and 9 that had been formed during a period . _ 

of 6 and 7 had proceeded through about three half-lives; - . 

thus the auertzge composition of the mixture of 6 and 7 that afforded the sample of 8 and ., - 
9 was about 70:30. The analysis revealed a rzearty squat quantity of deuterium at carbon 

atoms 5 and 6, i.e., the ratio of 8:9 was 1.020~0.014:1.0, a value derived from the aver- 
.., _ 

age of 16 integrations of the nmr spectrum. As 8 and 9 do not interconvert under the con- . - 

ditions of the experiment, the observed distribution requires that isomers 8 and 9 be form- C. _ 
ed in substantially the same amounts in a kinetically controlled process. Furthermore, 

because the equilibration of 6 and 7 was incomplete at the point of this first analysis, _ - 

the distribution of label that is observed definitively excihike either the [3,3]- or the 

[1.31-sigmatropic process as the eote mode for rearrangement. An alternative hypothesis 

that competing concerted [1.3]- and [3,3]-sigmatropic processes may be operating exclusive- 

ly in the formation of 8 and 9 would require that the rates for the two modes be essenti- . - 

ally identical, a coincidence that seems improbable because of the significantly different 

steric factors that appear to be involved in the two pathways. We believe that intervention 

of an orthogonal diradical identical to 10, except for the presence of deuterons, best -.. 

rationalizes the distribution of deuterium found in the ds-3-methylenecyclopentenes 8 and 9. ., .., 
Is, then, a geometrically symmetrical diradical the sole intermediate in the vinylmeth- 

ylenecyclopropane rearrangement? Our results, although not as definitive as we would prefer, 

suggest not. Thus examination of a sample of 8 and 9 received from thennolysis of an equili- . - 
hated mixture of 6 and 7 provides a ratio of 8 to 9 of 0.976+0.032:1.0 (average of fifteen 

S. - C. . 

integrations), a value that is slightly different from that obtained above. An analysis 
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of our experimental data by the etechnique l1 allows rejection of the hypothesis that the 

deuterium distribution is identical in the mixture of 8 and 9 from the two pyrolyses at a _ - 

confidence level greater than 99%; Le., a greater proportion of 8 is formed in the thenn- . 
olysis of the equilibrated mixture than in the rearrangement of pure 5. The observation of ., 

time-dependent ratios of 8 and 9 may represent a minor concerted component to the rearrange- ., ., 

mant or may be the consequence of generation of diradfcals that do not actually achieve the 

geometrical symnetry of 10. Differentiation between these possibilities is not possible on -.. 
the basis of the data currently available." 
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