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The elucidation of the chemistry of the cation radical 
intermediate continues at an impressive pace.' As interest in this 
area expands, it becomes increasingly important to clearly and 
rigorously distinguish the unique chemistry of the cation radical 
from that based on other reactive intermediates, especially 
carbocations. A simple test for distinguishing cation radical 
mechanisms from Bronsted acid catalyzed, carbocation-mediated 
mechanisms has been available for some time.2 However, the 
rigorous distinction of cation radical mechanisms from general 
electrophile catalyzed carbocation-mediated mechanisms is more 
challenging. The importance of this distinction is underscored 
by the recent proposal3 of an electrophilic mechanism for the 
triarylaminium salt catalyzed Diels-Alder cyclodimerization of 
1,3-cyclohexadiene, a reaction widely considered to be a prototype 
cation radical process.1 The purpose of this communication is to 
describe appropriate criteria for this mechanistic distinction and 
to rule out the electrophilic mechanism in one reaction system 
where a variety of these criteria are applicable. The tris(4-
bromophenyl)aminium hexachlorantimonate (1,+) catalyzed 
cyclopropanation of (£)-stilbene (2) by ethyl diazoacetate (3) 
was selected for the initial study.4's An abbreviated version of 
the proposed cation radical mechanism of this reaction is given 
in Scheme 1, along with a hypothetical electrophilic mechanism 
which invokes Eberson's concept of the aminium salt as an 
electrophile. 

A variety of electrophilic additions to (is)-stilbene and (E)-
stilbene-^2 consistently yield inverse kinetic secondary isotope 
effects in the range ^HMD = 0.8-0.9, as expected for an sp2 to 
sp3 rehybridization.6 In contrast, the secondary isotope effect on 
rate-determining ionization of 2 appeared likely to be normal.7 

The deuterium isotope effect was obtained by accurately measur­
ing the relative rate constant first for the competitive cyclopro­
panation of 4-methylstilbene vs stilbene (ktt\ = 9.2) and then for 
the competition between 4-methylstilbene vs stilbene-^ (kn\

 = 

10.5) at 0 0C in dichloromethane. The isotope effect k-a/k-o = 
1.14 is normal and decisively excludes the electrophilic mecha­
nism.8 The proposed cation radical mechanism involves hole 
transfer from V+ to 2, yielding 1 (the hole conjugate of 1,+) 
along with the stilbene cation radical (2,+). This mechanism is 
subject to strong rate retardation by added 1, especially since the 
back hole transfer is exergonic.9 Hole transfer from a benzylic 
carbocation intermediate to 1 is substantially endergonic and 
appears unlikely.10 Experimentally, 100 mol % of added 1 slows 
the rate by a factor of >100. This criterion is made even more 
decisive when coupled with observations of selectivity enhance­
ment. For example, the 4-methylstilbene/stilbene pair gives the 
enhanced value k„[ = 21 in the presence of 100 mol % of 1. The 
Marcus equation predicts that substituent effects on rates of hole 
transfer (log k/ko) should be about one-half those for the 
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Scheme 1. Aminium Salt Catalyzed Cyclopropanation of 
(£)-Stilbene 
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II. Hypothetical Electrophilic Mechanism 
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corresponding equilibrium (log K/KQ).11 The addition of 1 
converts a kinetically controlled hole transfer into one which is 
at least partly reversible. 

The cation radical mechanism is permissive with respect to 
stereospecificity, depending upon whether addition is stepwise or 
concerted. Reactant isomerization is not expected. In contrast, 
the inherently stepwise electrophilic mechanism requires non-
stereospecificity and also, where reversible, isomerization of 
reactants. Several pericyclic reactions catalyzed by l'+ have, 
incidentally, already been found to be stereospecific and therefore 
presumably do not involve electrophilic mechanisms.1 The 
cyclopropanation of (Z)- and (£)-stilbene, however, is nonste-
reospecific. The product stereochemical criterion is therefore 
inconclusive in this instance. In the absence of any 3, the first 
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step of the electrophilic mechanism is necessarily reversible, and 
reactant isomerization is required. In fact, (Z)-stilbene is 
completely stable toward isomerization under typical reaction 
conditions when 3 is omitted, as well as in the presence of 3. 

Whereas ionization of (Z)-stilbene (E^ 1.70 V) is consider­
ably more difficult than that of (£)-stilbene (E^ 1.59 V),12 the 
reactivity of the former toward electrophiles is substantially greater 
than that of the latter.13 Experimentally, (iO-stilbene is at least 
100 times as reactive as (Z)-stilbene toward cyclopropanation. 

Additions to stilbene which proceed via unbridged carbocations 
are relatively insensitive to the presence of a single electron-
withdrawing ring substituent since the carbocation site can be 
developed at the carbon benzylic to the unsubstituted ring.14 A 
second EWG on the other ring then exerts a powerful rate 
retardation effect. The charge in monosubstituted stilbene cation 
radicals should be relatively more evenly distributed, allowing 
substituents to exert more nearly multiplicative effects. The 
relative rate constant for the 4-chlorostilbene/stilbene pair (kn\ 
= 0.25) is virtually identical to that for the 4,4'-dichlorostilbene/ 
4-chlorostilbene pair (kKi = 0.27). The value of fcrel for the 4,4'-
dimethylstilbene/4-methylstilbene pair (6.0) is only modestly less 
than that for 4-methylstilbene/stilbene (9.2). 

A Hammett-Brown plot of the data for stilbene and its 
3-methyl, 4-methyl, and 4,4'-dimethyl derivatives (substrates for 
which the absolute reaction rates are essentially independent of 
the concentration of 3) is linear (r2 = 0.995) with slope p+ = 
-2.74. This p+ value is close to half that which correlates the 
oxidation potentials of 4,4'-disubstituted stilbenes (p+ = -5.6),15 
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as is appropriate for kinetically controlled ionization. With 
EWGs, rates are linearly dependent on [3], and the effective p 
value (p+ = -5.32, r2 = 1.000 for H, 4-Cl, and 4,4'-dichloro) 
suggests largely reversible ionization. 

When the much more reactive hole catalyst tris(2,4-dibro-
mophenyl)aminium hexachloroantimonate (6*+) is used to effect 
cyclopropanation, the p+ value decreases to -2.17 (r2 = 0.992). 
This indicates that the reactions as catalyzed by l '+ and 6 ,+ 

cannot both be occurring via the chain mechanism, since this 
mechanism invokes ionization of the substrate (2) by the product 
cation radical (4,+), which is the same for both reactions. Since 
neutralization of 4*+ by hole transfer to 1 (.E0x = 1.06 V) is 
undoubtedly much faster than the neutralization by 6 (E0x -
1.50 V), the reaction as catalyzed by l'+, at least, must have a 
catalytic mechanism. This conclusion is further supported by 
the observation that the inclusion of 10 mol % of 1 or 50 mol % 
of naphthalene does not affect the substrate selectivity. If a chain 
mechanism involving ionization of the stilbenes by 4*+ were the 
normal reaction mode, either small amounts of 1 or large amounts 
of naphthalene would be expected to substantially quench 4*+, 
leading to a different species, either 1 ,+ or naphthalene cation 
radical, as the species active in ionizing 1. These less reactive 
cation radicals should then ionize stilbenes more selectively 
(corresponding to a large p+). The relatively high ionization 
potential of 6 and the very small amounts of 6 ,+ required for 
efficient catalysis (meaning very little 6 could be generated by 
the decomposition of 6,+) suggest that the reaction as catalyzed 
by 6 ,+ is probably occurring via the chain mechanism. The high 
exergonicity of the ionization of 2 by 4 ,+ would correlate well 
with the relatively low p+ value found for this reaction. 
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