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Abstract: [60]Fullerene reacts with 1,8-bis(bromomethyl)naphthalene in the presence of KI/18-crown-
6 to form a Cg, derivative with a seven-membered ring fused to a [6,6] junction.
© 1998 Elsevier Science Ltd. All rights rescrved.
The double bonds at [6,6] junctions of Cgo are known to be electron-deficient and able to react with a
variety of reagents.' Multiple cycloaddition reactions at these [6,6] bonds have led to a variety of Ceo
derivatives with fused three-, four-, five- and six-membered rings.’ The reactions of Cs with ortho-

quinodimethane intermediates have been intensively investigated, and these provide extremely stable [4+2]
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other analogous bis(bromomethyl)- aromatic compounds. Since then, many others have used this reaction to

th

prepare new derivatives of Ce.” In this paper, we report the somewhat unexpected reaction of 1,8-
bis(bromomethyl)naphthalene (1) with Cq, in the presence of KI and 18-crown-6 to yield a Ceo derivative with a
seven-membered ring fused at a [6,6] junction. To the best of our knowledge such a fullerene structure has
never been previously reported and there is no precedent for such an unusual cycloaddition reaction (Scheme
1).

The reaction was conducted in refluxing benzene under an argon atmosphere for 24 hours. The product

was obtained by flash column chromatography on silica gel. The isolated yield was 75% based on reacted Cg
(38% based on initial Cg;) 5
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Scheme 1

The structure of the product was determined by spectral analysis as described below. The FAB MS shows
the M™+1 peak at 875 as well as a base peak at 720 which arises from the loss of the addend. The high
resolution mass spectrum (HRMS) gives the molecular weight at 874.078 for C;,H,o, which corresponds
exactly to the calculated value. The UV-VIS spectrum in dichloromethane is similar to those of fullerene
derivatives with a [6,6] addition pattern and shows the characteristic absorption at 433 nm. The 'H-NMR
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and the methylene protons appear as an AB quartet at 6.24 and 4.62 ppm (Figure). Under identical experimental
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conditions, the methylene protons of compounds 3 and 4 appear around 4.4-5.0 ppm as AB quartets at room
temperature.* In compound 2, the splitting of the AB quartet is ca 1.6 ppm, somewhat unusual when compared
to other ortho-quinodimethane Cso adducts. Protons and carbon atoms which are close to a five-membered ring
on the surface of the Cq are shifted significantly downfield.® For example, in the fulleroid (CeHy), the proton
which lies above the five-membered ring is 3.48 ppm downfield shifted relative to the other methano proton.” In
compound 2, the three aromatic carbons in the seven-membered ring are coplanar. This makes the configuration

of the seven-membered ring relatively rigid and in this configuration, the protons closer to the fullerene skeleton
give rise to the downfield-shifted signal. This is supported by results from calculations, which show that one of
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The “C-NMR spectrum consists of 36 inequivalent carbon resonances.® Those peaks at 126.21, 128.90,

129.35, 131.74, 134.61 and 135.77 ppm correspond to the naohthalene ring. The signal at 51.22 ppm is due to

1¢ methylene carbons. The resonance of the carbon at the addition site i
The number of signals is consistent with a Cs symmetric structure, which predicts 32 lines for the Ce core.

As shown in Scheme 2, a cycloaddition mechanism is suggesied for the formation of compound 2. A
related reactive intermediate with a three-membered ring attached to naphthalene was proposed earlier by Rees
et. al’ Because of the strain of the three-membered ring, the intermediate is very unstable and undergoes
rearrangement to another reactive intermediate, naphthoquinodimethane, which was reported by Ouchi ez. al.'®
In our experiment, when the reaction was run in toluene, the yield of compound 2 was very low, and 1,8-
dimethylnaphthalene and acenaphthene were detected by GC-MS. However, when the reaction was done in dry
benzene, the yield of the fullerene product increased and those of the by-products decreased. This is consistent
with the mechanism, since the diradical (naphthoquinodimethane) can easily couple or extract hydrogen atoms

from toluene
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Scheme 2



atmosphere. '

Compound 2 was analyzed electrochemically using a 1 mm platinum working electrode under an argon
The results are presented in Table, along with those for Cg for comparison.’> The CV of

compound 2 shows that the first three reductions are reversible and, as typical for Cs adducts, it is more

difficult to reduce than the parent fullerene by more than 90 mV. All reductions appear to be fullerene-based.

Table E;, Values of Cgo and Compound 2 vs. Fc/F¢' (Ey2 (mV), AE (mV)).

Compound E1 Ez E3 E4 Es
Ceo -1050(110) -1450(100) ~1950(90) -2420(80) 2920(110)
2 -1150(60) -1540(80) -2090(70) -2550(60)

Quantum chemical calculations were performed for compound 2, 3 and 4 using the PM3 semi-empirical

method in the Spartan program.” The molecular geometries of compounds 2, 3 and 4 were optimized for

comparison. The calculations show that compound 2 has a lower binding energy than other ortho-

ts b h ~4 0 kcal/mol.
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General procedure A mixture of 72.0 mg (0.1 mmol) of Cg, 94 mg (0.3 mmol) of 1,8-
bis(bromomethyl)naphthalene, 100 mg (0.6 mmol) of KI and 264 mg (1 mmol) of 18-crown-6 was dried
under vacuum for 5 hours. Then 50 mL of dry benzene (refluxed over sodium for 6 hours) was
transferred to the flask under vacuum. This solution was kept stirring at reflux under argon for 24 hours.

Then the solvent was evaporated. The solid was washed three times with acetone and then dissolved in
CS,. Isolation of the solution on silica gel with hexane/CS, (7/1\ afforded 33.5 mg of the product and
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350 mg of C:. The isglated vield was 75% based on converted C.. (38% based on startine C..)
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Voltammetric experiments were done usmg a BAS-100W electrochemical analyzer, interfaced with a
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Fluka was used as a supporting elecirolyte after being recrystallized twice from ethanol and water (95/5)
and dried in a vacuum. A mixture of acetonitrile and toluene (15/85) was used as the solvent under argon.
Ferrocene was added as an internal potential reference.
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