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Synthesis of a short-chain fullerene dimer
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Abstract—The synthesis of a short-chain fullerene dimer via bifunctional cycloaddition is demonstrated. A mono-functionalised C60

species is isolated, and has the potential for further organic functionalisation.
� 2006 Elsevier Ltd. All rights reserved.
Multi-fullerene systems, in which the carbon cages are
covalently linked, are of great interest as they provide
simple models of polymeric or coalesced fullerenes
and, if linked by optically or electrochemically active
chains, may possess novel electronic properties.1 The
photophysical properties of numerous C60-based dimer
molecules, including those linked by thiophenes,2 tetra-
thiafulvenes3 and p-conjugated oligomers,4 have been
studied and, in some cases, such molecules are investi-
gated as components in photovoltaic devices.5 Fullerene
dimers can be prepared by either dimerisation of fuller-
ene cages or fullerene derivatives or through bifunc-
tional cycloadditions. Only a limited number of short-
chain dimers have so far been reported and all involve
direct modification of the fullerene cages. These systems,
prepared by either solution chemistry or solid-state high
speed vibration milling (HSVM)6 include the directly
bonded C120,7,8 oxygen bridged C120O,9,10 and
C120O2,11 carbon bridged C121

12 and the more unusual
germanium13 and silicon bridged14 dimers. In 1993,
Belik et al. reported the reaction of C60 with o-quino-
dimethane as a route to stable C60 derivatives,15 and this
cycloaddition strategy has been employed many times in
preparing fullerene dimers with controlled cage separa-
tion.16 In all cases an aromatic core is covalently linked
to fullerene cages through cyclohexene rings. Herein, we
report a related synthesis in which a tetrabromoalkene
undergoes cycloaddition to two fullerene cages to pro-
duce a short-chain fullerene dimer.

The starting material 2,3-bis-(bromomethyl)-1,4-di-
bromo-2-butene was synthesised by the bromination of
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2,3-dimethylbutadiene followed by a twofold N-bromo-
succinimide (NBS) bromination17 using azobisiso-
butyronitrile (AIBN) as an initiator.18 This was then
reacted with C60 by iodine-induced elimination of the
bromine groups in the presence of 18-crown-6.19 Since
this step is normally carried out in dimethylformamide,
and fullerenes have a poor solubility in this solvent, the
synthesis had to be transferred to toluene using 18-
crown-6 as a phase transfer catalyst. This gave both
the monofunctionalised C60 120 in 75% yield and a sym-
metrical C60 dimer 221 in 12% yield (Scheme 1). A suc-
cessful separation of the reaction mixture was achieved
by HPLC, with the monomer eluting after 6.23 min
and the dimer after 19.68 min (Buckyprep-M
20 · 250 mm, toluene, 18 ml min�1). In addition, unre-
acted C60 (13%) eluted after 7.03 min.

MALDI mass spectrometric analysis of the monomer
and dimer gave peaks at m/z 959.9 and 1521.1, respec-
tively, corresponding to the molecular ions of the two
species (Fig. 1).

UV–vis absorption spectra of C60, monomer 1 and di-
mer 2 revealed that the main C60 features are retained
in both functionalised species, although in the monomer
the relative intensities of the main absorption peaks were
altered. The shoulder observed at 435 nm is highly
characteristic of 1,2-addition across a 6:6 bond in C60

(Fig. 2).22

The monomer was characterised by 1H and 13C NMR
spectroscopy, and the dimer by 1H NMR only due to
its poor solubility. The 1H NMR spectrum of monomer
1 revealed two doublets at d = 4.19 and 4.56 ppm corre-
sponding to the CH2 and CH2Br proton environments,
respectively. The 13C NMR spectrum showed a total
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Scheme 1. Synthesis of novel fullerene monomer 1 and dimer 2 from reaction of 2,3-bis-(bromomethyl)-1,4-dibromo-2-butene with C60. (a) KI, 18-
crown-6, toluene, reflux.
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Figure 1. MALDI mass spectrum of dimer 2. Inset: isotopic distribu-
tion pattern theoretically (above) and actual (below).
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Figure 2. UV–vis spectrum (toluene, 273 K) of C60 ( ), C60 monomer 1 (
and 500 nm showing the shoulder at 435 nm indicating 1,2-addition across t

7414 T. J. Hingston et al. / Tetrahedron Letters 47 (2006) 7413–7415
of 20 peaks, with three sp3 carbon environments at
d = 30.1, 44.5 and 65.0 ppm. These correspond to
CH2Br, CH2 and C60 sp3 carbon environments, respec-
tively. The C2v symmetry of the molecule arises due to
rapid ring flipping of the cyclohexene unit, and was con-
firmed by the other 17 peaks found in the range
d = 135.5–155.5 ppm. These all correspond to sp2 car-
bon environments. The 1H NMR spectrum of the dimer
revealed two doublets at d = 8.09 and 8.40 ppm corre-
sponding to the two different proton environments in
the compound.
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The FTIR spectra of C60, 2,3-bis-(bromomethyl)-1,4-
dibromo-2-butene, the C60 monomer and the C60 dimer
showed a number of interesting features. The C60

absorption band at 525 cm�1 was retained in both the
monomer and dimer. Also observed in both products
were the CH2 stretching peaks at �2970 cm�1 and CH2

deformations at �1250 cm�1 appearing in the products
and the bromine-bearing reagent, but not in C60.

A short-chain fullerene dimer prepared from readily
available starting materials has been successfully synthes-
ised and characterised. A monomer intermediate has been
isolated and has the potential for functionalisation with a
wide range of organic molecules or other fullerenes.
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