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Rui Zhang, Tsukasa Futagoishi, Michihisa Murata, Atsushi Wakamiya, Yasujiro Murata

ICR, Kyoto University and JST PRESTO

Heterofullerenes, where at least one carbon atom of the fullerene cage is replaced by other atoms such
as boron, nitrogen or oxygen, are very interesting compounds as their chemical reactivity, photophysical
properties and solid-state characteristics can be tuned relative to the original carbon-cage fullerenes and are
expected to be very exciting and even unprecedented. In order to synthesize heterofullerenes in a controlled
fashion under mild reaction conditions, open-cage Cg and C;o derivatives should be promising precursors.

The insertion of sulfur on the rim of the opening has been reported as an effective procedure to
expand the cage opening. In these reactions, a sulfur atom is inserted into the C-C single bond of the
conjugated butadiene units, where the coefficients of the LUMO indicate relatively high degrees of
localization. Since the open-cage Cy tetraketone 2 shares a similar opening motif with the Cg, analogue, we
expected a similar reaction product from a simple insertion reaction with sulfur. However, when tetraketone
2 was subjected to similar reaction conditions as that of Cg analogue, we observed an unprecedented
reaction. Dehydration of bis(hemiacetal)-diketone 1 at 80 °C for 16 h resulted in the generation of 2, which
was dissolved in o-dichlorobenzene (ODCB) and heated to 180 °C for 15 min in the presence of one
equivalent of elemental sulfur and 0.2 equivalents of tetrakis(dimethylamino)ethylene (TDAE). After column
chromatography on silica gel, followed by recycling HPLC separation using Buckyprep columns, the
unexpected open-cage CgoS thiafullerene 3 was isolated in 41% yield, whereas the expected product with a
17-membered ring opening could not be observed. A possible explanation for the formation of 3 is outlined
in Scheme 1. As previously mentioned, the LUMO of the Cg analogue is localized to a relatively high
degree on the conjugated butadiene unit. The LUMO of the C, derivative 2, however, is not observed at the
corresponding C-C bond “b” (blue), thus explaining the absence of the expected product. Instead, sulfur
should insert into the more reactive C(O0)-C(C) bond  gcheme 1
“a” (red), probably during the anion radical state,
which is generated by an electron transfer from TDAE
to 2 under the reaction conditions applied. The
insertion of sulfur should be followed by a carbonyl
coupling reaction under concomitant loss of two
oxygen atoms. A subsequent decarbonylation should
then afford 3 after a transfer of one electron to the
starting material 2, which is more electronegative than
3. Thiafullerene 3 is the first example of a
heterofullerene with an open-cage CgqS structure.
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