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Fullerene C4, undergoes cycloaddition reactions with
substituted thieno-o-quinodimethanes yielding novel thio-
phene containing monoadducts. The spectroscopic data
reveal C,symmetry and the cyclic voltammetry studies show
cathodically shifted reduction waves related to Cg,.

The o-quinodimethane 1, also named o-xylylene [5,6-
bis(methylidene)cyclohexa-1,3-diene], has been widely used for
synthetic applications as a highly reactive diene in cycloaddition
reactions.! More recently, cycloadditions provided a powerful
method for fullerene functionalization? and the reaction of
Ceo With o-quinodimethanes, which can be generated in situ
by different routes, yields thermally stabilized cycloadducts
showing different substitution patterns.?

Hetero-Diels-Alder reactions of Cg, with o-quinomethane

2a and o-thioquinomethane 2b have also been recently reported

to form the respective cycloadducts with the heteroatom-
bonded ring fusion to the Cg¢.*

In contrast, the heteroaromatic analogues of o-quinodimeth-
ane 3 as dienes have received much less attention despite their
potential synthetic interest and, only recently, have bcen
thoroughly reviewed ' (Fig. 1). Most studies involving
heteroaromatic analogues of o-quinodimethane involve their
generation and only few of them are related with their synthetic
applications.® Heteroaromatic o-quinodimethanes are not easy
to prepare, particularly those bearing functionalities that can
be altered during the generation process of the intermediate
o-quinodimethane.’ Unlike the o-quinodimethane 1, a specific
precursor is required for the preparation of each particular
heteroaromatic o-quinodimethane® and this is one of the
reasons that many of these reactive intermediates are still
unknown.

To the best of our knowledge, the reaction of a hetero-
aromatic analogue of o-quinodimethane with Cg, has not been
previously reported. In this communication we report our
preliminary results on the cycloaddition reaction of thieno-o-
quinodimethane derivatives to Cg,.

The substituted thieno-o-quinodimethanes 5 and 8 were
generated in situ by iodide-induced 1,4-elimination from the res-
pective 2,3-bis(chloromethyl)thiophene 47 and 2,3-bis(bromo-
methyl)benzo[h]thiophene 78 (Scheme 1). The cycloaddition
reaction is carried out in toluene to solubilize the fullerene Cg,
and, consequently, 18-crown-6 ether is required as a phase
transfer catalyst.* Thus, when Cgq (125 mg, 0.17 mmol) was
refluxed with argon atmosphere for a variable period of time (3
d for 6 and 17 h for 9) with a slight excess of the thiophene
derivative (4, 7) (0.19 mmol), cycloadduct 6 was obtained in 239,
yield (42%; based on reacted Cg,) and the benzo[bh]thiophene
derivative 9 in 43% yield (70% based on reacted C,,).T The
isolation of compounds 6 and 9 was accomplished by column
chromatography on silica-gel using cyclohexane as the eluent.

+ Formation of the respective bisadducts could be observed by TLC.
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Fig. 1

Scheme 1 Reagents and conditions: i, toluene, Nal (8.4 equiv.), 18-
crown-6 (3.4 equiv.), reflux, 3 d; ii, toluene, Nal (4 equiv.), 18-crown-6
(3 equiv.), reflux, 24 h
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Table 1 Peak potentials for reductions of Cgq, 6 and 9

Compound Ela Elq El, Efq
Ceo —0.60 —1.00 —1.52 —2.04
6 —0.66 —1.17 —1.89 —2.58
9 —0.70 —1.16 —2.25 -

4 All potentials in V vs. SCE; toluene-MeCN (5:1); 0.1 mol dm™3
Bu,NCIO,; scan rate of 200 mV s*.
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Fig. 2

Monoadducts 6 and 9 were isolated exclusively as adducts on
6/6 junctions. This finding is in good agreement with that
obscrved for the cycloadducts resulting from the related
homoaromatic o-quinodimethanes 1 and Cg,.* The structure of
the products 6 and 9 was unambiguously determined from 'H
and '3C NMR spectra in addition to the UV-VIS and FTIR
data. Thus, both monoadducts 6 and 9 showed the typical weak
absorption band of most dihydrofullerenes in the UV-VIS
spectrum at 432 and 434 nm respectively, together with the
band around 700 nm.

The proton spectrum showed, in addition to the expected
signals, the methylene protons which appear as singlets [6:
§4.77 (2 H, CH,), 4.62 (2 H, CH,); 9: 6 4.85 (2 H, CH,), 4.80
(2 H, CH,)]. The 3C NMR spectrum further confirms the
structure assignment. The signals found for 6 and 9 are
consistent with the C, symmetry for both monoadducts. The
fullerene bridgehead quaternary sp® C atoms at § 66.42 and
66.14 (for 6) and ¢ 66.77 and 66.32 (for 9) indicates the closed
transannular bond,® thus confirming the 6/6 ring junction on
the Cg, cage. The methylene carbon atoms linking the Cq, and
thiophene moieties appear at 6 41.24 and 41.07 (for 6) and
J 41.37 and 39.46 (for 9). This assignment was confirmed by
comparison with the '*C NMR of the starting compounds 4
and 7. The negative liquid secondary ion mass spectra (LSIMS)
in 4-nitrobenzyl alcohol (NBA) matrix showed the molecular
ions for 6 and 9 at m/z 888 and 880 respectively.

Since C,, shows a weak electron-accepting ability, there is
great interest in the preparation of novel organofullerenes
exhibiting a more electropositive or electronegative behav-
iour.'® Recently, we have reported the redox properties of
monoadducts * involving Cg, and o-quinodimethanes 1. The
effect of the thiophene fragment on the electronic properties of
fullerene C,, has been studicd by cyclic voltammetry (Table 1).
Both compounds 6 and 9 show quasi-reversible electrochemical
behaviour with the reduction waves cathodically shifted in
comparison with that observed for the unsubstituted Cg, (Fig.
2). Consequently, monoadducts 6 and 9 show a poorer acceptor
ability than the parent Cg,. This fact has been accounted for by
the loss of conjugation due to the saturation of a double bond in
the Cg, cage,!! in addition to the lack of conjugation between
C¢o and the thiophene fragment. However, substitution of the
benzene-fused ring for the methoxycarbonyl group on the
thiophene ring leads to an additional shift to the more negative
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values of the cathodic peaks (Table 1), thus indicating some
electronic interaction between the two partners.'?

In summary, we have described the first reaction of a
heteroaromatic o-quinodimethane with Cgo, a novel and
promising procedure for the functionalization of fullerene Cg,.
The current chemistry on the generation of unknown
heteroaromatic o-quinodimethanes will open up an alternative
route for the preparation of novel organofullerenes bearing
heterocyclic units. In addition, we have also carried out the
cyclic voltammetry of the novel adducts which showed a slightly
poorer electron acceptor ability.

Experimental

Typical procedure for the preparation of [60]fullerene adducts
To a refluxing toluene solution (90 cm?®) of [60]fullerene (0.125
g, 1.7 mmol), sodium iodide [0.215 g, 1.4 mmol (for 6) and 0.104
g, 0.7 mmol (for 9)] and 18-crown-6 [0.151 g, 0.6 mmol (for 6)
and 0.138 g, 0.52 mmol (for 9)], a toluene solution (20 cm?)
of the respective thiophene derivative (1.9 mmol) was added
dropwise. The resulting brown reaction mixture was refluxed
for a variable period of time (72 h for 6 and 24 h for 9). The solid
obtained by evaporation to dryness was chromatographed on
silica-gel using cyclohexane-toluene. Further purification was
accomplished by washing the obtained solid three times with
methanol.

Adduct 6. v, (KBr)/cm ! 2964, 2927, 2841, 1708, 1461, 1264,
1104, 1015, 800, 526; '"H NMR (300 MHz; CDCl,) 6 8.09 (1 H,
s),4.77 (2H,s),4.62(2H,s),3.98 (3 H, s); 13C NMR (75 MHz;
CDCl;) 0 162.89, 156.29, 155.78, 153.83, 147.74, 146.57, 146.27,
145.74, 145.53, 145.09, 144.70, 144.14, 143.15, 142.63, 142.09,
141.64, 140.21, 139.40, 135.47, 132.96, 66.42, 66.14, 52.29,
41.24,41.07; m/z 888 (M ™), 720 (Cyo).

Adduct 9. v, (KBr)/cm™ 1511, 1424, 766, 748, 726, 569, 526;
'H NMR (300 MHz; CDCl,) 6 8.08-7.99 (2 H, m), 7.56-7.44 (2
H, m), 4.85(2 H, s), 4.80 (2 H, s); 1 *C NMR (75 MHz; CDCl,)
d156.62, 150.25, 147.77, 146.58, 146.30, 145.79, 145.54, 145.30,
145.23, 144.72, 143.16, 142.65, 142.35, 142.28, 142.15, 141.67,
140.24, 139.70, 138.41, 137.39, 135.75, 135.59, 135.51, 133.23,
124.72, 124.44, 123.19, 120.86, 66.77, 66.32 41.37, 39.46; m/z
880 (M ™), 720 (Cgp).
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