
The photochemical cycloaddition of C78(C2v+D3) with dis-
ilirane 1 only gave the adducts of C78(C2v).  The D3 isomer of
C78 did give no adduct with 1.  The two mono-adducts were
firstly isolated by a multi-stage HPLC, and characterized on the
basis of the spectroscopic data.  The electrochemical properties
were also investigated by means of differential pulse voltamme-
try.

The chemical reactivity of C60 and C70 has been systemati-
cally investigated over the past decade. Recently, isolation and
structure determination of D2-C76,1 C78

2–4 and C84
5–7 have

allowed investigation on the chemical reactivity of the higher
fullerenes.  Diederich et al. reported that the mono-adduct of
C76 had been prepared by the Bingel reaction and Diels–Alder
reaction.8,9 They also reported the multi-adduct of C78 (mixture
of C2v and D3) by the Bingel reaction.10 Those results revealed
the unique properties of higher fullerenes different significantly
from the known chemistry of C60 and C70.

In the course of our study on the chemical functionalization
of fullerenes with organosilicon compounds, we found the photo-
chemical mono- and bis-silylation of C60 and C70.

11 We report
here the first photochemical silylation of C78 with disilirane.

We used the 2 : 1 mixture of C2v- and D3-C78 as a starting
material.12 Irradiation of a toluene solution of 1,1,2,2-tetrame-
sityl-1,2-disilirane (1, 1.6 equiv) and C78(C2v+D3) with a halo-
gen-tungsten lamp (cutoff < 400 nm) gave the formation of
1,1,3,3-tetramesityl-1,3-disilolane (2) in 38% yield with 33%
unreacted C78 and 6% bis-adduct (Scheme 1).  It is very inter-
esting to note that HPLC analysis of unreacted C78 showed the
existence of only one isomer, D3-C78 (Figure 1.)13 We also car-
ried out the reaction of D3-C78 with 1 under the same reaction
conditions. However, we did not get any adduct.  These obser-
vations revealed that the adduct 2 formed in the reaction of
C78(C2v+D3) with 1 is the C78(C2v) derivatives.  

After three-stage HPLC separation,14 two major isomers 2a
and 2b were isolated in pure form, accompanied with at least
two minor isomers, which were not further investigated.  Mass
spectrometry of both 2a and 2b displayed a peak at m/z
1486–1482 as well as one for C78 at m/z 940–936, which arises
from the loss of 1 from 2. The UV–vis absorption spectra of 2a
and 2b revealed that the spectra of the two isomers are very
similar to each other. 

The symmetries of the two mono-adduct isomers were
determined by 1H and 13C NMR measurements.  The 1H NMR
spectrum of 2a15 displayed 12 methyl signals with equal inten-
sity between 1.9 and 3.5 ppm and 8 meta-proton signals of the
mesityl groups between 6.4 and 7.0 ppm. An AB quartet (J =
15.0 Hz) for the two methylene protons was observed at 2.09
and 2.12 ppm.  The 13C NMR spectrum showed that the adduct
2a is a C1-symmetrical compound.  Except for the peaks at 65.3
and 64.3 ppm assigned to the two bridgehead carbons, all
fullerene 13C NMR signals appeared in the spectral range
between 165 and 125 ppm. In the HMQC NMR spectrum, two
cross-peaks due to the methylene protons at 2.09 and 2.12 ppm
and the methylene carbon atom of the disilirane component at
7.2 ppm were observed.  No change on the symmetry was
observed below 120 °C.  These spectral data suggest that the
cycloadduct 2a has C1 symmetry.  The 1H, 13C, 29Si, HMQC
and HMBC spectra were also measured for 2b.16 The results
also indicate that 2b has C1 symmetry.  

Disilirane 1 adds to C60 at the 6–6 ring junctions giving the
corresponding 5-membered ring.11b It would be assumed that 1
also adds to C78 at the 6–6 ring junctions.  While all the posi-
tions in C60 are identical, 21 sets of carbons and 18 distinct
types of C–C bonds at the 6–6 ring junctions are available in
C78 (C2v).  Although 18 isomers are conceivable for 2, interest-
ingly, we isolated only two adducts 2a and 2b as major prod-
ucts in the reaction of C78 with disilirane.  Because 2a and 2b
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have C1 symmetry, 11 isomers have to be considered.  At this
point, the exact assignment of the isomers, however, may await
X-ray structural determinations.  

The fact that the adducts are formed upon irradiation at >
400 nm where C78 is the only light-absorbing component indi-
cates the triplet C78 undergoes interaction with 1 forming an
exciplex intermediate, similar to the case of C60.  

In order to know the electronic property,11c the redox-
potentials of 2a and 2b have been measured by means of differ-
ential pulse voltammetry.  The data are collected in Table 1,
together with the C60, C78 and 1:1 adduct (3) of C60 with 1,11b as
reference compounds.  The salient feature is that 2b has a low
oxidation potential (+0.48 V) as compared with C78 (+0.65 V)
itself.  On the other hand, the reduction potentials of 2a and 2b
relative to C78 are cathodically shifted, which indicates that the
introduction of a silyl group results in decreasing the electron-
accepting properties.  These findings agree with those previous-
ly observed for other silylfullerenes.11c

In conclusion, we found the selective silylation of C78(C2v).
The low reactivity of D3 isomer must originate from its photo-
physical property. It may be applicable to the separation of
these isomers.  
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