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Photoreactions of 1,3-Dipolar Cycloadducts of
Mesoionic Compounds with Buckminsterfullerene

YASUHIKO KAWAMURA®, KAZUYUKI AKAISHI, MASAKI
NISHIUCHI and MASAO TSUKAYAMA

Faculty of Engineering, The University of Tokushima,
Minamijosanjima-cho, Tokushima 770-8506, Japan

Cycloaddition reactions of buckminsterfullerene (Cq,) with mesoionic
compounds gave the 1 to 1 cycloadducts reacted at the 6-6 double bond
of Cg, as a sole product. A thermal reaction of the adducts proceeded in
a reversed fashion and another dienophile trapped the liberated meso-
ionic compounds. Thermogravimetric analyses of the adducts reveal
that extrusion of small fragment occurs at controlled temperature. UV-
VIS spectra of the adducts altered with isosbestic points upon
irradiation of them. Preparative photoreaction gave only a black com-
pound insoluble in major organic solvents.

Keywords  Mesoionic compound; fullerene; 1,3-dipolar cycloaddi-
tion; extrusion; thermogravimetry; photoreaction

INTRODUCTION

Derivatization of fullerenes continues to attract much attention, since its
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unique spherical structure with delocalized n-electron system is

expected to create new functional properties by a synergistic action
between fullerenes and the exohedral moieties incorporated. Apparently,
cycloaddition is one of the most common strategies to this end. We
report here our recent effort on 1,3-dipolar cycloaddition reactions of
Cg4, with mesoionic compounds.

Mesoionic compounds known as a “masked 1,3-dipole” are
recognized to be a versatile reagent for the synthesis of heterocyclic
compounds by a sequence of a 1,3-dipolar cycloaddition-extrusion reac-
tion [1]. Thus, we anticipated obtaining intriguing information on
fullerene functionalization. Two papers have been reported so far in
relation to our work: One describes Rh-catalyzed reactions of ketodiazo
compounds with Cg, [2] and another refers to the reactions of C,, with
mesoionic compounds which lead to an intramolecular hydrogen migra-

tion after initial CO, extrusion from the cycloadduct [3].

RESULTS AND DISCUSSION

Candidates for the reactions are sydnone (1, -9.33 eV), a mesoionic
dithiolone (2, -8.30 eV) [4], and a thiazolone (3, -7.81 €V) and their

HOMO energies (shown in the parentheses) increase by the order
An Ph
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estimated by PM3 semiempirical molecular orbital calculations [5].

Actually, no reaction took place in 1, but mesoionic compounds
2 and 3 reacted with C, at 80 °C and at room temperature, respectively.
Black or dark brown crystals were separated by column chromatogra-
phy and analyzed by spectroscopic means [4]. More than fifty signals of
the sp® carbons and four sp* carbons appeared in the *C NMR spectra
suggest that compounds 4 (Yield, 57%) and 5 (Yield 41%) are one-to-
one adducts of Cgy, with 2 and 3. The feature appeared in the UV-VIS
spectra suggests that compounds 2 and 3 cycloadd across the 6-6 double
bond of C,.

0.867 0.965
Al Tol
0.964 0.958
I n )
4 5

FIGURE 1 The values show the respective bond
orders obtained by PM3-MO calculations.

It is found that the adducts 4 and 5 react with other dienophiles
to give the cycloadducts [e.g. 6, obtained by the reaction of 4 with N-
phenyltriazolinedione (PT)] which consisted with mesoionic com-
pounds and dienophiles [6]. That is, the cycloadducts can act as a repos-

itory of a mesoionic compound. The cycloaddition-retrocycloaddition-
An
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cycloaddition (CRC) procedure provides unique route for preparations
of heterocyclic compounds.

Extrusion reactions are investigated. The reactions of stable, small
molecules from the adducts may open further transformation routes to
intriguingly modified Cg, e.g., compounds 7 and 8. The PM3-MO
calculations [5] of 4 and 5 show the feasible nature of the extrusion

mode of them (FIGURE 1).

-Sor-SCO A\ Tol \ /
) #L | ) or |
7 8
First of all, pyrolytic process was analyzed by thermogravimetry.
A thermochemical profile of 2 and the C¢y-adduct 4 showed two peaks
of weight loss of each. An initial one of 2 (150-230 °C) and 4 (140-250
°C) seems to be due to the elimination of a fragment SCO. The final
decomposition products of 4 were Cy, and polymeric materials deter-
mined by IR and *C NMR spectra. Comparing both profiles (decom-
position peak temperature: 277 °C for 2 and 307 °C for 4), cycloaddi-
tion brings about a beneficial effect on the stability of a mesoionic
compound 2. A similar observation was made in 3 and the cycloadduct
5 (decomposition peak temperature: 281 °C for 3 and 300 °C for 5). As
a result, it is possible to eliminate only SCO from the cycloadduct 4 by
controlling the heating temperature. Moreover, the fact gives another
proof to utility of the cycloadduct as a repository of unstable mesoionic
compounds described in the foregoing page.

Photoirradiation is also a useful technique for giving rise to the
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extrusion reaction. The photoreaction of the cycloadduct 4 was follow-
ed by UV-VIS spectra in cyclohexane. Before irradiation with light of
the wavelength longer than 280 nm from a Xenon lamp, three major
absorption maxima similar to C, was observed. Depending on the time
for irradiation, the peaks altered with apparent two isosbestic points.
The absorbance of peaks at 320-nm and especially, 270-nm regions
decreased. We consider that the hypsochromic change of the absorption
at 270 nm is due probably to perturbation of the orthogonal interaction

of orbitals of fullerene n-bonds and newly formed double bonds. This

turns out to be that a secofullerothiophene 7 or 8 may be formed.
Preparative photoreaction of the adduct 4 gave insoluble black material
which showed no presence of monomeric Cq,. It may be a putative
fullerene polymer. The property and structure of the product is scruti-

nizing at present.
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