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Cyclobutane to diolefin trausfcmations prauoted by transition-metal compounds, such as 
1-s 

the isomerisation of quadricyclaues to norbornadienes and of cube type moleculestoring 

cleaved products, 
495 

have recently attracted cmsiderable attention. Lately, we' and 

others have explored the related iscmsrizations of derivatives of bicyclo[l.l.O]bu+ae, 

such as that exemplified by the stereospecific conversion of &to 2 on addition of rhodium 

dicsrbonyl chloride dimer or dichlaotricarbonylruthenium dinr?r.e We now wish to report 

H CH3 - 

I 

the first example of the transition-a&al pranoted ismerization of a simple bicyclo[2.1.0]- 

pentane. 

Bicyclo[2.1.0]peutaneneY (I) possesses surprising thermal stability. It can be pe- 

pared pyrolytically frm 2,J-diazabicyclo[2.2.l]hept-2-ene (k, at 200' with no detectable 
9 

therm& isomerisaticn. Criegee reported' that rwas isomerized to cyclopentene (2) in 

the vicinity of 33Oo. We have now found that bicyclo[2.l.O]pentaue is extremely labile in 

it 
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10 
the presence of rhodium dicarbonyl chloride dimer. When zwas treated with 5 mol $ of 

rhodium dicarbanyl chloride dimer in either acetonitiile or chloroform at 25" (roan tempera- 

ture), ismrization to 2 occurred with a half-life of ca. 8 hr. At 65O, no trace of 1 

could be detected after 48 hr in the presence of 2 mol$ of transition motel compound. Vpc 

analysis indicated that the isomerizatian of rto swas quantitative. 

In order to study some of the mechanistic aspects of this facile rearrengement we 

desired certain isotopically labelled versions of > Synthesis of gaccording to litera- 
11 

ture procedures followed by pyrolysis at 200' gave a 2.9:1 mixture of land 5 
12 

Ir- 

0 

D & 17 - 
HA N O&q + H@ 

HH 
6 7 & 

12 

radiation of 6 in an n-butanol glass at ca. - -70" gave a 1.3:lmixture of x&d g. Syn- 

thesis of 5,5-dideuteriobicyclo[2.l.O]pentane (2) was accomplished through the reaction of 

+ ICD2ZnCt$I - 

b D 

9 !x! 

3 D 

13 
cyclobutene (l-0) with &&. This procedure gave material which was 84% dideuterated. 
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When we subjected either the 2.9:1 mixture of Iand 5 the l.3:1 mixture of 2. and 5 or 

zto rhodium dicarbonyl chloride dimer, we found that the same mixture of deuterated cyclo- 

pentenes was found. For instance, it was shown by nmr spectroscopy that both mixtures, 

and s gave cyclopsntene in which the ratio of vinylic hydrogens to hydrcgens on saturated 

carbon was ~3.21 + o.G9. A purely random distribution of the two deuteriums would have 

given a ratio of 1:3, assuming no deuterium isotope effect on the ratio. It was demonstra- 

ted that the observed ratio was not due to rearrangement followed by scrambling of the free 
12 

deuterated cyclopentenes, through the subjection of l-deuteriocyclopentene (12) to the 

reacticm conditions. After four half-lives, no isomerization of 12 could be detected. 

This indicated that the deuterium scrambling must have occurred at an intermediate stage, 

when the transitim metal complex was associated with the C& moiety, and before the 

cyclopentene was freed from the transition metal complex. 

Our studies indicate that ring systems with ccmsiderahly less strain energy than quad- 

ricyclanes, cubanes, and bicyclo[l.l.O]butenes are susceptible to reerrangermnts prcrmoted 

by transition metal complexes. Furthermore, our isotope studies indicate that extensive 

rearrangement lnay rapidly follow the initial cleavage of the strained ring system. 

A_. We are indebted to the National Science Foundation and to the Alfred 

P. Sloan Foundation for support of this investigation. 
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