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1,8-Bishomocubanes, homocubanes, and cubanes are recognized to undergo remarkebly
facile valence isomerization to less strained dicyclopropane isomers when treated with
catalytic quantities of soluble Ag+ salts. The precise manner in which such rearrangements
occur has been the subject of considerable controversy, with suggestions running the gamut
from a concerted [o2, + ¢2,] electrocyclic process* to the involvement of carbonium ions®
or radical cations.® Presently, we describe experiments utilizing homocubane and several
h-gubstituted derivatives of this hydrocarbon which attest to the operation of initial
reversible metal ion-carbon ¢ bond complexation and to the absence of mechanistic crossover
with substantial modification of the electronic nature of the substituent.

Kinetically, the rates of conversion of 1 %o _2:"8 (Table I) follow the second-order
catalytic rate law -d[‘I_I;]/dE = EAE[}_][AgClO.,]. All rates were measured at 40,3° in anhy-
drous benzene except those for lg which were determined at 122, 80, 130. 70, and 142,8° ana

a
Table I. Isomerization Rate Data for 1 (AgCl04, CeHs, 40.3°)

Campd. No. R l_i_Ag, M gec? Rel Rate

la H 7.36 x 10°* 10

b CHs 7.15 x 1073 9.7

le CDs 7.37 x 1073 (kg% = 0.970)
4 CHzOAc 7.39 x 10°° 0.1

le CHg0CHs 1.10 x 1073 ‘15

ity CHz0H 8.49 x 1072 . 11.5

g COOCHg 1.83 x 10770 2.5 x 1074

% Rates of conversion of la-1g to 2a-2g were determined by vpc methods.
P Extrapolated from dats obtained at higher temperatures.
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extrapolated to this lower temperature (AH* = 23.9 kecal/mole; AS® =-13.1 eu). A study of

the initial rates of conversion of v to 2 as a function of the concentration of 1b
revealed the nonlinear variation in rate shown in Figure 1. This adherence to equation 1
demonstrates unambliguously that repld and reversible Ag+- homocubane complex formation
cbtains.® The preequilibrium constant for 1b at 40.3° is 0,19.

-d[ homocubane] - kzK[ homocubane][ AgC10,] (1)

at K[ homocubane] + 1

A plot of log l_:“ against the appropriate Taft o' constantsl® (Figure 2) defines a
straight line of excellent precision (r = 0,995 }.21 The slope of this line ( p*) as defined
by the method of least squares is -2.33. These results suggest that certain limitations of
mechanism are warranted in that segment of reaction leading to the rate-determining transi-
tin state. Firstly, since the kinetic behavior conforms to a linear free energy relation-
ship and because o™ is defined as characteristic of chemical change occurring at a single
reaction site, multicenter reactivity in progressing from la to lg can be excluded. '°
Specifically, this means that the same bond or bonds of the strained carbon framewédrk neces-
sarily comprise the reaction center, despite substantial electronic modification of the
substituent.

Secondly, although the observed p* value is appreciably negative, it does not appear
compatible with the development of positive charge on the commer carbon atom adjacent to
the substituent in the rate-determining step. 1In such a case, p* would be expected to be
significantly more negative. 1° 1his conclusion is substantiated on a gquantitative basis by
the kinetic behavior of lc for which an inverse isotope effect (ER/ED) of 0,970 + 0,005 was
measured. Hyperconjugative electron release from the CDg group is clearly not operative;
were this so, a positive fractionation factor in the vicinity of 1,068-1. 092™* would be

in evidence and it is not. Rather, the magnitude and sign of p* are consistent with the
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Figure 1. Initial rates of conversion of 4-methylhomocubane (1b) to 2 as a function of the
concentration of 1b. All runs were performed at 40OOC in 3.03 X 1074 W silver perchlorate

solutions consistIfig of 30F benzene and TOF cyclohexane -- 1b (v : v).

Figure 2. Plot of logk Ve o*.
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Prequilibrium nature of the isomerization,®
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