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There is a growing interest in the chemical derivatization of
fullerenes in general and Cg in particular.! This includes
cycloaddition,?radical addition,? addition across the double bond,*
metal complex formation!d’ and nucleophilic substitution.®
Nucleophilic substitution, such as methylation involving chem-
ically generated Cqo™ anions, is facile but leads to a mixture of
polymethylated (CH3),Ceo products, where p <24.5 Thatis, there
is no control over the number of addends on the fullerene cage
by this method. Both the stability of the Cgo™ anions in many
deaerated aprotic solvents and the large difference in formal redox
potentials between the consecutive Cgo™/"*1)- redox couples’ are
promising for electrochemical generation of Cg™ anions, in a
desired oxidation state, which can then be employed as nucleo-
philes in substitution reactions.

We describe here the first selective synthesis of (CH3),Cgo (1),
i.e., the simplest dialkylated derivative of Cgo. The selectivity is
achieved by electrochemical control of the charge, n, on Cg™,
generated prior to methylation. The addition of methyl iodide
to a solution of Cgo?~, generated by controlled-potential bulk
electroreduction of Cgoinanaproticsolvent,? yields predominantly
a dimethylated product 1 and free iodide in solution.

A 50-mg sample of Cgo was dissolved in 120 mL of 0.1 M
tetra-n-butylammonium perchlorate (TBAP) benzonitrile solu-
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Figure 1. 'H NMR spectrum of the product mixture 1, isolated by
GP-HPLC: (a) without 13C enrichment, (b) with 13C enrichment.

tion and exhaustively electroreduced at —1.1 V, in a drybox, to
yield a dark-red solution of the C¢o?~dianion.?® After the potential
was turned off, a 100-fold excess of neat methyl iodide was added
all at once to the solution. The solution turned progressively
darker as the reaction proceeded. The extent of reaction was
monitored in situ by cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) at a Pt disk working electrode. After
ca. 40 min the solution was brownish-black, and the CV and
DPYV peaks of the products no longer increased while the peaks
corresponding to the Cgo/("1)-electroreductions, although de-
creased by ca. 50%, were still present. At this point exhaustive
electrooxidation was performed at -0.2 V, i.e., at a value
sufficiently positive to electrooxidize the unreacted starting
material but not the liberated iodide. When the electrooxidation
was completed, the mixture was taken out of the drybox and the
solvent evaporated. The solid was washed repeatedly with
acetonitrile to remove TBAP and dried in vacuo to yield 44 mg
of areddish-brown residue. Semipreparative gel permeation high-
performance liquid chromatography (GP-HPLC) of the residue
showed a single peak of the desired product, with a shoulder on
its rising portion, from which 7 mg of 1 was isolated.!® The
overall yield of 1 was ca. 22 mg (44% with respect to Cg), as
estimated by CV and GP-HPLC. CV and DPVof 1in 0.1 M
TBAP benzonitrile showed three diffusion-controlled reversible
one-electron electroreductions of E1 , values equal to—0.58,-1.00,
and -1.55 V (vs SCE) in the potential window, limited by solvent
decomposition.!? These electroreductions can be ascribed to the
0/1-, 1-/2~, and 2—/3- electron transfers of 1. The single GP-
HPLC peak of 1 was resolved into two peaks on an analytical
“Buckyclutcher I” column!? with a peak height ratio of about
1:1.4 and a selectivity factor, « = 1.27.

Surface analysis by laser ionization (SALI)!’ indicated that
the molecular composition of the GP-HPLC product 1 is
(CH;),Cq0 (MW 750). Therefore, the two HPLC peaks of 1
eluted from the “Buckyclutcher I” column indicate the presence
of two different (CH;),Cg isomers.
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TH NMR spectroscopy!é of 1 (Figure 1a) shows two singlets
at63.11 ppmand 6 2.72 ppm with the similar peak intensity ratio
of about 1.4:1 as observed by HPLC. Inaccord with the HPLC
and SALI results, this also points to two isomeric forms of 1, each
containing two equivalent methyl groups.

The presence of the two isomers was also confirmed by 'H
NMR spectroscopy of the product mixture 1 obtained by using
13C-enriched methyl (Figure 1b) iodide where two doublets,
centered at 6 3.11 ppm and & 2.72 ppm (Jc-y= 131 Hz), were
observed. The 'H-decoupled !3C NMR spectrum of the same
product mixture shows two peaks at 6 29.9 ppm and é 30.3 ppm
(not shown) corresponding to two sets of equivalent methyl groups.
The coupling constant determined from the 'H-coupled *CNMR
spectum, displaying two quartets centered at 29.9 and 30.3 ppm,
was the same as the one determined from the 'H NMR spectrum
(JC-H= 131 HZ).

Semiempirical calculations based on the Schrieffer—-Su—~Heeger
(SSH) model!? suggest that, of the 23 possible dimethylbuck-
minsterfullerene isomers, the 1,2- and 1,4-isomers are those of
the lowest heats of formation, and that the heat of formation of
the 1,4-isomer is larger than that of the 1,2-isomer.!% 20 Similar
calculations performed on (CH;)Cqq, i.€.,a probable intermediate
in the reaction, suggest that the 1,2-isomer would be preferred
over the 1,4-isomer since the electron density is largest at C,
(25%) followed by C4/11 (9% each). However, the actual ratio
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of the two isomers should depend also on kinetic factors, since
there are two sites for 1,4 addition while there is only one site for
1,2 addition.

On the basis of the electrochemical, chromatographic, spec-
troscopic, and computational results, we assign the two compounds
tothe 1,2- and 1,4-isomers. An exact assignment of the isomers
cannot be made at this time and must await X-ray structural
determinations.

In summary, dimethylbuckminsterfullerene, (CHj3),Cqgp, has
been selectively synthesized through the reaction of electrogen-
erated Cgo?~ with methyl iodide and obtained as a mixture of two
separable regioisomersina 44%yield. The presented preparation
method provides a convenient route for controlled alkylation of
Ceo in large quantities and opens the door for selective fullerene
functionalization with other addends.
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