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Fullerene epoxides react with benzaldehyde derivatives in
the presence of a pyridinium hexafluoroantimonate to give cor-
responding 1,3-dioxolane derivatives of [60]fullerene in excel-
lent yields. The activation energy for the reaction of fullerene
monoepoxide with benzaldehyde was determined to be
112.7 kJmol�1. This result shows that fullerene epoxides under-
go the stepwise SN1-like acetalization reaction.

Fullerene epoxides, C60On, have been used as a building
block for the construction of nanostructures.1 They have also re-
ceived attention from the viewpoint of their possible application
in the fields of electronic materials and biological sciences.2,3

Chemical transformation of fullerene epoxides, however, has
scarcely been studied, despite general recognition that the epox-
ides could serve as convenient starting materials for the synthe-
sis of functionalized fullerene derivatives.4 The chemical trans-
formation of fullerene epoxides is expected to play an important
role in the development of functionalization of a fullerene cage,
because it can readily afford a variety of polyfunctionalized full-
erene derivatives with conservation of the arrangement of epoxy
rings on the fullerene surface starting from regioisomeric fuller-
ene polyepoxides.

Recently, we succeeded in the isolation of some regioiso-
meric fullerene epoxides generated by the epoxidation of
[60]fullerene (C60) with m-chloroperbenzoic acid (m-CPBA)
by means of high performance liquid chromatography (HPLC),
and carried out their structural characterization by spectroscopic
analysis.5 Isolation of regioisomeric fullerene epoxides will
make it possible to characterize their physical and chemical
properties and also to explore their application in the field of ma-
terials science. Furthermore, a large quantity of fullerene epox-
ides will soon become available from Japanese suppliers.6 The
recent development of the large-scale production of fullerene ep-
oxides thus prompted us to develop a new methodology for syn-
thesis of polyfunctionalized fullerene derivatives by means of ef-
ficient chemical transformation of regioisomerically pure fuller-
ene polyepoxides. In this communication, we report the first ef-
ficient synthesis of 1,3-dioxolane derivatives of C60 by addition
of benzaldehydes to fullerene epoxides in the presence of a pyr-
idinium salt.

Reaction of a toluene solution of fullerene epoxide 1 with
excess amount (200 equiv.) of benzaldehyde at 75 �C for
60min in the presence of 0.29 equiv. of N-(1-phenethyl)-2-cya-
nopyridinium hexafluoroantimonate that had been prepared ac-
cording to the reported method7 led to the formation of 1,3-diox-
olane 3a in 92% yield together with a very small amount of pris-
tine fullerene C60 based on the HPLC. The product 3a was iso-
lated by flash column chromatography on silica gel. The
atmospheric pressure chemical ionization (APCI) mass spectrum
of 3a showed a molecular ion peak atm=z 842 corresponding to a
1:1 adduct of 1 and benzaldehyde. The 1,3-dioxolane structure

for 3a was unambiguously confirmed by direct comparison of
its FT-IR, 1H and 13CNMR spectra with those previously report-
ed.8

Reaction of 1 with 4-n-butoxybenzaldehyde under the same
conditions as above also took place to produce 1,3-dioxolane 3b
in 95% yield, which was isolated by the same procedure as that
for 3a. The APCI mass spectrum of 3b, which showed a molecu-
lar ion peak at m=z 914, agreed with the 1:1 adduct of 1 and 4-n-
butoxybenzaldehyde. The 1,3-dioxolane structure for 3b was as-
signed based on comparison of its NMR and IR spectra with
those for 3a. In the 13CNMR spectrum, the signals for the sp3

carbons of acetal and fullerene moiety were observed at �
102.95 and 93.86, respectively. In the 1HNMR spectrum, in ad-
dition to the four phenyl protons and nine butoxy protons, one
singlet methine proton was observed at � 7.22. These chemical
shifts of sp3 carbons and methine proton of the acetal were in
good agreement with those of 3a.

The acetalization reaction of 1 with benzaldehyde at 75 �C
for one day did not proceed at all in the absence of the pyridini-
um salt and resulted in the complete recovery of 1. This result
suggests that the pyridinium salt induces a catalytic C–O bond
cleavage of the epoxy ring to generate a carbocation on the car-
bon atom of fullerene moiety, followed by nucleophilic attack of
benzaldehyde on the cation as shown in Scheme 1. Generally a
Lewis acid catalyzed acetalization of oxiranes is considered to
follow a concerted SN2-like mechanism involving backside at-
tack of the carbonyl oxygen on an epoxide carbon atom.9 How-
ever, such a backside attack on the fullerene epoxide is unable to
occur owing to occupation by the fullerene cage of the entire side
opposite the epoxy ring. Consequently, with a fullerene epoxide,
an energetically unfavorable SN1-like attack of a carbonyl com-
pound on the carbocation from the fullerene surface is forced to
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take place with requirement of relatively high activation energy
for the C–O bond cleavage of the epoxy ring as shown in
Scheme 1. The activation energy for the reaction of 1 with benz-
aldehyde was determined to be 112.7 kJmol�1 from the Arrhe-
nius plots of ln k vs 1=T , where k is the pseudo-first order rate
constant and T is the reaction temperature (four different temper-
atures from 328 to 353K). Based on the activation energy, the
rate constant at room temperature (293K) can be calculated to
be 9:5� 10�7 s�1, which is more than 103 times smaller than
that at 348K (k ¼ 1:43� 10�3 s�1 at 348K). Therefore, it is
not surprising that the pyridinium salt catalytic acetalization of
1 with benzaldehyde did not take place at room temperature, al-
though a Lewis acid catalyzed acetalization of oxiranes such as
but-2-ene epoxides or styrene oxide readily proceeds at room
temperature and even at 0 �C to yield 1,3-dioxolanes.10

The application of the present acetalization reaction to the
regioisomerically pure fullerene diepoxide 2 (cis-1 isomer)
would lead to chemical transformation of the two epoxy rings
with conservation of their arrangement on the fullerene cage.
Under reaction conditions similar to those mentioned above,
the fullerene diepoxide 2was also subjected to acetalization with
4-n-butoxybenzaldehyde to yield bis-1,3-dioxolane 4 in 91%
yield. The molecular ion peak atm=z 1108 observed by the APCI
mass spectrum of 4 corresponded to that of 1:2 adduct of C60O2

and the aldehyde. The visible absorption spectrum of 4 showed a
sharp band at 423 nm, which is characteristic of the cis-1 isomer
2.11 The appearance of the sharp peak at 423 nm of 4 suggests
that the acetalization reaction of 2 occurs with conservation of
the arrangement of the two epoxy rings on the fullerene cage.
The 13CNMR spectrum of 4 showed 53 signals for the fullerene
carbons, indicating a lack of symmetry of the fullerene cage. The
four signals at � 90.68, 91.83, 92.21, and 93.5, respectively, or-
iginated from the four unequivalent sp3 carbons, and the remain-
ing 49 signals from � 136 to 150 were assigned to the sp2 car-
bons. Its 13CNMR spectrum also exhibited two signals at �
103.76 and 104.40 corresponding to the two unequivalent acetal
carbons. In the 1HNMR spectrum, two acetal protons were ob-
served at � 6.85 and 7.15 as two singlets with equal intensity. In
addition, two sets of four phenyl protons and nine n-butoxy pro-
tons with a 1:1 integral ratio were observed. Thus, the NMR
spectra clearly demonstrate that the two dioxolane rings are un-
symmetrically disposed with respect to the fullerene moiety, so
that they are in magnetically different environments, resulting in
different chemical shifts for sp3 carbons and methine protons.
The above NMR analysis confirmed the structure of the bis-
1,3-dioxolane to be the isomer depicted in 4. To our best knowl-
edge, this is the first chemical transformation of a regioisomer-

ically pure fullerene diepoxide taking place under conservation
of the arrangement of the two epoxy rings on the fullerene cage.
It is anticipated that the application of this chemical transforma-
tion to other regioisomers of fullerene polyepoxides would pro-
vide a new approach to the synthesis of poly-1,3-dioxolane de-
rivatives of C60 having a regioisomerically pure structure which
are essential for studies in materials science such as investigation
of promising candidates for the electron acceptor in plastic solar
cells.

In conclusion, the present study has shown that the acetali-
zation reaction of fullerene epoxides with benzaldehydes readily
takes place in the presence of a pyridinium hexafluoroantimo-
nate to afford corresponding 1,3-dioxolane derivatives of C60

in excellent yields. The present results lead to a fascinating syn-
thetic approach for obtaining a variety of regioisomerically pure
poly-1,3-dioxolane derivatives of C60 starting from a regioiso-
mer of fullerene polyepoxides.

We thank Frontier Carbon Co. and Bell Techs Co. for their
technical assistance in preparation and separation of fullerene
epoxides.
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Chem. Phys. Lett., 267, 460 (1997). e) R. W. Murray and
K. Iyyanar, Tetrahedron Lett., 38, 335 (1997). f) H.-J. Eisler,
F. H. Hennrich, E. Werner, A. Hertwig, C. Stoermer, and
M. M. Kappes, J. Phys. Chem. A, 102, 3889 (1998). g) T.
Kudo, Y. Akimoto, K. Shinoda, B. Jeyadevan, K. Tohji, T.
Nirasawa, M. Waelchli, and W. Krätschmer, J. Phys. Chem.
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Scheme 1. Stepwise SN1-like acetalization of fullerene epoxide
1 with benzaldehyde.

Chemistry Letters Vol.33, No.12 (2004) 1605

Published on the web (Advance View) November 13, 2004; DOI 10.1246/cl.2004.1604


