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have isolated double bond character. Elemental chlorine adds 
to olefinic hydrocarbons by polar, nonradical, or radical pathways, 
and both types of addition can occur in a single system.13 Several 
experiments indicate participation of radical species in chlorina-
tions of C60. An ESR absorption with g = 2.0027 (AH = 15 G) 
was observed for the solid product of a typical reaction of C60 with 
liquid chlorine as well as for a dilute solution of C60 and Cl2 in 
terf-butylbenzene at -50 0C (AH = 11 G). The ESR absorption 
of the solid was lost when it was dissolved in benzene at ambient 
temperature. Detection of these radicals does not rule out polar 
additions of Cl2 to C60 or to its partially chlorinated derivatives. 

Broad featureless spectral data obtained on chlorinated C60 are 
symptomatic of mixed species. In the Raman spectrum, the 
complete absence of sharp strong features from 1500 to 200 cm"1 

suggests that chlorination, under the conditions reported, exten
sively alters the normal mode structure of C60, probably because, 
on average, large numbers of chlorine atoms are present in 
molecules of low symmetry.14 The 13C NMR spectrum of 
chlorinated C60 (500 MHz, C6D6 or CDCl3) is a broad featureless 
peak centered near 147 ppm which does not distinguish between 
chlorinated and non-chlorinated carbons. 

Electrochemical data may provide insight into the chemical 
properties of C60Cln 6. Its multielectron reduction at positive 
potentials (Figure 2) is more characteristic of compounds with 
highly electron withdrawing groups such as CCl3NO2 or CCl-
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1 lb have shown that the Raman spectrum of 
C60 is relatively unperturbed by bonding of a single platinum to two adjacent 
carbons.15 
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16 than of hydrocarbons with active chlorine in allylic and 

benzylic positions, which are typically reduced near -2 V.17 The 
ease of electrochemical reduction is consistent with rapid chemical 
reduction found with PPh3 and may be related to the relatively 
facile reductive dechlorination above 200 0C. 

In conclusion we report that C60 treated with liquid chlorine 
near -35 0 C is quantitatively converted to multiply chlorinated 
products whose structural identities are masked because they are 
mixtures of compounds of low symmetry. We have shown by 
chemical and electrochemical means that C60 can be regenerated 
in good yield (50-80%) from its chlorinated products. We thus 
deduce that the integrity of the 60-carbon framework is largely 
maintained under the reported conditions of chlorination and 
dechlorination. The multielectron reduction process which takes 
place at relatively positive potentials sets this system apart from 
normal chlorinated hydrocarbons. 

Note Added in Proof. In liquid bromine at ambient temperature 
over 6 days, C60 is converted to yellowish microcrystals which 
contain about 28 bromine atoms/C60. The simplicity of the 
Raman spectrum (intense lines at 132, 178, 538, and 840 cm"1) 
is consistent with a molecule of high symmetry. Structural studies 
are in progress. 
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