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Thermal Reorganisations of Some Cyclopropylidene-cycloalkanes. The Unique 
Character of the Biscycloproplidene-Methylenespiropentane System 

By WILLIAM R. DOLBIER, JUN.,*t J. MICHAEL RIEMANN,~ and KIN-YA AKIBA 
(Department of Chcmistry, University of Florida, Gainsville, Florida 32601) 

and MARCEL BERTRAND and A. BEZAGUET 
(De'partment de Chimie Organique, Faculte' des Sciences de Marseille) 

Summary A kinetic and thermodynamic investigation of these molecules ? We report kinetic and thermodynamic 
the thermal reorganization of cyclopropylidene-cyclo- data which indicate that the latter explanation is correct. 
alkanes to methylenespiro [2,n]alkanes is presented : the 
exceptional behaviour of the biscyclopropylidene-methyl- 
enespiropentane system is discussed. 

IT has been observed that biscyclopropylidene systems are 
substantially thermodynamically less stable than the iso- 
meric methylenespiropentane sy~tems.l-~ No biscyclo- 
propylidene has been able to be detected in thermal equili- Since the rate-determining step in each rearrangement of 
brium with either the parent methylenespiropentanel or the (1) to (2) should be similar with the formation of some type 
tetramethyl2 or hexamethylmethylene ~piropentanes.~ of trimethylenernethane diradicalJ2 the activation energies 

Was this disparity of stabilities to be expected as indi- would be expected to be similar as long as there is no 
cated by the thermal behaviour of homologous cyclopropyli- variable inherent strain in the cyclopropylidene-cyclo- 
dene cycloalkanes, or is i t  due to some unique properties of alkanes, i.e. strain which cannot be approximated by 

t Alfred P. Sloan Fellow 1970-1972. 
$ Receipt by J. M. Riemann of an NSF-RPCT grant, Summer, 1969, is acknowledged. 
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summing the component strains (spiropentane contains a 
strain energy of 63.1 kcal mol-1:4 two cyclopropanes would 
have a total5 of 2 x 27-2 or 54.4calmol-1 which means 
that spiropentane has an additional, inherent strain of 8.7 
kcal mol-l) . 

As can be seen from the Table, the E,'s do vary, with 
apparent inherent strain increasing as n decreases. The 

A 

k' 
i4ctiz;afion and equilibrium parameters for (1) $ (2) 

n& E,  log A AH1(22Oo) AS(220") K,,,(220°) 
5 45.6 = 2 15.86 44.6 f 2 11.0 & 4 1-15 
4 41.4 = 2 14.92 40.5 f 2 6.8 f 4 0.312 
3 39.7 := 2 14.25 38.7 f 2 3.7 & 4 0.823 
2 b  38.9 = 2 14.81C 38.0 & 2 C  6.4 & 4 C  >lo0 

a RI. Bertrand, Bull. SOC. chim. France, 1968, 3044. 
b ci~-2,2,2',2'-Tetrarnethylbiscyclopropylidene 
e At 190". 

biscyclopropylidene system is not especially remarkable in 
this sense, although it  is the most reactive. The methyl 
groups on the biscyclopropylidene system would certainly 
contribute substantially to the lower E,  for this system. 

The most remarkable aspect of this study is the variation 
of the equilibrium constants. From these data i t  is seen 
that there is no trend that can be used to rationalize the 
disparate st abilities of biscyclopropylidene and methylene- 

It seems from the data that this contrast in thermo- 
dynamic stabilities cannot be wholly attributed to an 
unusual inherent strain in the biscyclopropylidene and that 
to some extent an extra stabilization in the methylenespiro- 
pentane exists. Such a stabilization could arise from the 
overlap of the two C-C o-bonds of the saturated cyclo- 
propane ring, which are perfectly aligned geometrically for 
such overlap, with the n-bond of the methylenespiropentane 
(see Figure). Staley has attributed a stabilization of 1.09 

FIGURE 

kcalmol-1 to conjugation of a cyclopropane ring with a 
double bond.6 It is coiiceivable that the more highly 
strained spiropentane system will be even more greatly 
stabilized. 

While our estimates of strain energy and heats of forma- 
tion of the various cyclopropylidene cycloalkanes and 
methylenespiro [2,n]alkanes tend to support the above 
hypothesis, such estimates are only approximate. Heats 
of combustion are needed for each component before a 
definitive answer can be found. 
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