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The effects of alkyl substitution on the rates of bimolecular 
nucleophilic substitution (SN2) reactions at carbon serve as ar
chetypal examples of steric effects in organic chemistry. The large 
rate reductions for SN2 reactions at tertiary and neopentyl carbon 
atoms, for example, are cited in even the most elementary organic 
textbooks. In this communication, we describe several examples 
of three-electron SN2 reactions that exhibit greatly diminished 
steric effects and occur with preferential substitution at the more 
hindered carbon atom, even when it is tertiary or neopentyl. 

Previous experiments showed that the 1-cyanonaphthalene-
sensitized (1-CN) photooxidation of optically active 1,1-di-
phenyl-2-methylcyclopropane (1) in the presence of methanol leads 
exclusively to ether 2.2 This result was rationalized by T+ 

undergoing nucleophilic substitution by methanol with inversion 
of configuration at C2. The rate of this reaction shows second-
order kinetics. These results provide compelling evidence for 
ring-opening by a three-electron SN2 substitution at C2. However, 
the regiochemistry of the substitution was puzzling: the product 
of substitution at the least hindered carbon (C3) was prepared 
and could not be detected. The preferential addition of methanol 
to T+ at C2 rather than C3 provided preliminary evidence that 
the effects of alkyl substitution on the regiochemistry of three-
electron SN2 reactions might be different from those of four-
electron SN2 reactions. We decided to provide more stringent tests 
of this hypothesis by examining the regiochemistries of methanol 
substitution on the cation radicals of 1,1 -diphenyl-2,2-di-
methylcyclopropane (3) and l,l-diphenyl-2-tert-butylcyclopropane 
(4),3 where tertiary and neopentyl substitutions must compete with 
primary substitutions. 
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Remarkably, the 1-cyanonaphthalene-sensitized photooxidation 
of 3 and racemic 4 in degassed methanol provided ethers 5 and 
6 as the exclusive methanol substitution products.4 The corre
sponding products of methanol substitution at C3 were not detected 
(<1%) in the reaction mixtures. These reactions are rare examples 
of highly selective tertiary and neopentyl nucleophilic substitu
tions.5 
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* Dedicated to the memory of Professor Gerhard L. Closs, a pioneer in ion 
radical chemistry. 
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Table I. Rate Constants for the Reaction of Methanol with Various 
l,l-Diphenyl-2-alkylcyclopropane Cation Radicals in 
Dichloromethane at 22 8 C 
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1.5(1) X 108 

8.3(4) x 107 

3.0(1) X 10' 
4.8(2) x 106 

1.7(2) X 107c 

1.5(1) X 108 

3.2(1) X 108 

31 
17 
6.3 
1 

1 
8.8 

19 

" Product studies show that all of the alkyl-substituted cyclopropanes 
add methanol at C2. 'The standard deviation in the last digit is given 
in parentheses. cStatistically corrected (Arobs/2). 

The regiochemistries of methanol addition to 3 and 4 suggest 
that steric effects are quite small in these reactions. We tested 
this hypothesis by directly evaluating the steric effects. This was 
done by measuring the rate constants for reaction of methanol 
with the cation radicals shown below. These experiments attempt 
to keep the "electronic" effect of the substituents as constant as 
possible while varying their steric contributions. The cation 
radicals were generated by using nanosecond pulsed-laser tech
niques as previously described.6 Methanol reacted with all of 
the cation radicals with second-order kinetics, thus providing direct 
evidence that the substitutions occur by an SN2 rather than an 
SNI mechanism. The rate constants for reaction with methanol 
were obtained from plots of the pseudo-first-order decay rate 
constants vs [MeOH] (see Table I). These data reveal steric 
effects much smaller than those found in most four-electron SN2 
reactions. For example, the Me/Bu' ratio in the three-electron 
SN2 reaction is only 31, whereas in typical four-electron substi
tutions it is ca. 105.7 
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The rate constants for reaction of 1,1-diphenylcyclopropane 
cation radical (7,+) and 3 , + with methanol were similarly measured 
by pulsed laser photolysis (see Table I). These reactions allowed 
the effects of mono- and dimethyl substitution at C2 to be de
termined by comparing the reactivities of 7,+, V+, and 3 ,+ . In
terestingly, these experiments reveal that the substitution rate 
constants increase with increasing alkyl substitution, a trend 
opposite to that found in typical four-electron SN2 reactions. 
Although the precise origin of the trend in this series is more 
difficult to evaluate because both electronic and steric contributions 
are changing, it is clear that steric effects do not dominate the 
rates of three-electron SN2 reactions, as they do in four-electron 
SN2 reactions. 

The small steric effects in the three-electron SN2 reactions can 
be most readily explained by Hammond's postulate.8 On the basis 
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of the large rate constants for these reactions, an "early" transition 
state with a long nucleophile-carbon separation is expected, which 
should lead to diminished steric effects. However, this explanation 
does not rationalize why nucleophiles prefer to add at the more 
hindered carbon atom. Since the preferential substitution at C2 
rather than C3 must be due to energy differences between the 
two SN2 transition states, we hypothesize that alkyl substituents 
stabilize positive charge at the carbon atom undergoing substi
tution, thereby reversing the normal regiochemistry of substitution. 
The electronic effects apparently overwhelm the smaller steric 
effects in the three-electron SN2 transition states. Our Hammond 
postulate argument for early transition state structures further 
suggests that the transition-state charge distributions may be 
similar to those of the ground-state cation radicals. EPR and 
CIDNP investigations on unsymmetrically substituted cyclo
propane cation radicals show that the unpaired spin density (and 
presumably the charge distribution) is principally located in the 
more highly substituted cyclopropane bonds.9 These data further 
support our proposed explanation. 

Cyclopropanes 8 and 9 were prepared to test our electronic 
hypothesis.10 Here, the substituents at C2 and C3 are comparable 
sterically but different electronically. Photooxidation of racemic 
8 and 9 in methanol leads exclusively to formation of racemic, 
threo 10 and erythro 11, respectively. Both of these products are 
the result of nucleophilic substitution with inversion of configu
ration at the carbon atom which bears the more electron-donating 
alkyl substituent. 
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In summary, three-electron SN2 substitutions on diarylcyclo-
propane cation radicals by methanol are dominated by electronic 
rather than steric factors." This leads to the surprising result 
that substitutions occur at the more hindered center, even when 
it is tertiary or neopentyl. 
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The fullerenes have stimulated intense interest and activity with 
regard to their structures, properties, and reactivities.2"6 Several 
reports have demonstrated hydrogenation,7 halogenation,8 al-
kylation,' epoxidation,10 and recently, the dimerization of radical 
adducts." Several voltammetric studies of C60 also have ap
peared.712"21 Generally, it has been found that C60 will undergo 
stepwise reduction in solution by up to six electrons,18 depending 
on the experimental conditions. The long lifetime of the anions 
in solution and the nearly equal spacing of the voltammetric 
reduction waves suggest that it should be possible to use C60 as 
a highly selective intermolecular electron transfer catalyst for a 
wide range of reducible species. In this communication we report 
rate constants for electron-transfer reactions of C60 anion, dianion, 
and trianion with a number of bromides and vicinal dibromides. 
The implication of these results is that a single redox catalyst can 
be used to carry out a selective, stepwise, multistep reduction of 
complex organic compounds. To our knowledge, these are the 
first reported examples of homogeneous redox catalysis by C60 
anions. 

Voltammetric data for C60, benzoquinone (BQ), 9,10-di-
cyanoanthracene (DCA), and 1,4-dicyanonaphthalene (DCN) in 
toluene/acetonitrile (5.4:1 v/v) containing 0.1 M tetrabutyl-
ammonium perchlorate (TBAP) as the supporting electrolyte are 
given in Table I. Also included are the irreversible peak potentials 
for the bromides used in this study. The application of homo-
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