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1,8-Bishomocubanes, homocubanes, and cubanes are recognized to undergo rmarkably 

facile valence isaaerizatim to less strained dicyclopropane isomers when treated with 

catalytic quantities of soluble Ag+ salts.' The precise manner in which such rearrangemnts 

occur has been the subject of considerable controversy, with suggestions running the gamut 

from a cmcerted [a2, + a2,] electrocyclic process' to the involvement of carbonium ions5 

or radical cati0ne.e Presently, we describe experiments utilizing homocubsne andseveral 

4-substituted derivatives of this hydrocarbon which attest to the operation of initial 

reversible metal ion-csrbcm ,J bond canplexation and to the absence of mchanistic crosser 

with substantial modification of the electmmic nature of the substit~t. 

Kinetically, the rates of conversion of 1 to 2"' (Table I) follow the second-order ^. - 

catalytic rate law -a[:l]/dk = &[l][AgCIOe]. All rates were measured at 40.3' in snby- 

drous benzene except those for &which were detemined at 122.8', 130J0, and 142.8' and 

Table I. Isomerization Rate Data for 1 (AgClOb, C&Is, 40.3O)' 

cwlpd. No. R k Mm1 set-l 
%3 - 

RelR&e 

la H 7.36 x 10-~ LO 

z 

g 
CHS 7.15 x 10-s 9.7 

CDs 7.37 x 10-a 

Id C&OAc 7.39 x 1o-5 

(9% = 0.970) 

0.1 
z 

4 

CWHS 1.10 x 10-s -1.5 

C&OR 8.49 x lo-=' lL5 

% Cm%! 1.83 x 10~~ 2.5 x 10-a 

a Rates of conmrsicn of &&to &-swere determined by vpc methods. 

b Extrapolated f'mnn data obtained at higher temperatures. 
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extrapolated to this lower keaperature (A# = 23.9 kcal/mole; AS* =-13.1 au). A study of 

ths initial rates of ccmversim of lb to %a88 a f'unction of the concentration of l& 

revealedthencmlinearvariat&m in rate shown in Figure 1. This adherence to equation1 

&mm&rates unsnibiguously that rapi& and reversible Ag+ - homocubsne cauplex formation 

obtains.' The preequillbrim ccastant for Jb_ at @Jo is 0.19. 

-aChc==banel = g&r--ICPgClOd 
(1) 

a2 @homocubane] + 1 

A plot of log k+ sgainst the appropriate Taft Q* conetante1o (Figure 2) defines a 

straight line of excellent precision (r = O.995).11 The slopa of this line (p+) as defined 

by the method of least squares is -2.33. These results suggeetthut certain limitations of 

mechanisluare warranted in that segmnt of reaction leading to the rate-determining trensi- 

tica state. Firstly, sincethebinetic behavior conforms to a linear free energyrelation- 

ship and because m* is defined as characteristic of chemical change occurring at a single 

reactim site, multicenter reactivity in pmgressing fran 2 to lg can be e~cluded.~~ 

Specifically, this meculs that the sams bond or bonds of the stratied carbon fmmew6rk necee- 

sarily cauprise the reaction center, &spite substantial electronic modiflcaticm of the 

substitumt. 

Secondly, although the observed p* value is appreciably negative, it does not appear 

ccnnpatible with the develowt of positive charge on the corner carbon atam adjacent to 

the substituent in the rate-determining step. In such a case, p* uuuld be expected to be 

sigqiflcantly more negativml' This conclusicn is substantiated on a quantitative basis by 

the kinetic behavior of 2 for which an inverse isotope effect (k+&) of 0.970 + 0.005 was 

maamreb ~rconjugative electron release frcm the CDs group ie clearly not operative; 

were th%s so, a positive fractlmation factor in the vicinity of Lo68-1.%? would be 

in &&me and it ie not. Rather, the magnitude and sign of p* are consistent with the 
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prequilibrium nature of the iscmerization.15 
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