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Fundamental studies are being conducted for creation of new functional π-systems with novel structures and 
 properties. The major subjects are: organo-chemical transformation of fullerenes C60 and C70, specifi cally organic 
 synthesis of endohedral fullerenes by the technique of molecular surgery; generation of ionic fullerene species and their 
application for the synthesis of functional material; synthesis of new π-systems with curved structure by the use of 
 transition metal complex. 
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Oxidation of the Open-Cage C60 Derivative

Open-cage fullerene derivatives have drawn signifi cant 
attention for the molecular surgical approach toward 
organic synthesis of endohedral fullerenes. Since the size 
of an opening is crucial for insertion of a small molecule 
inside the fullerene cage, chemical modifi cation to make 
an opening larger and smaller is important. Previously, we 
reported chemical reaction on the rim of the opening for 
an open-cage C60. However, we found that different 
reactions take place on its structural isomer 1 under the 
similar reaction conditions. Oxidation of 1 with one equiv 
of m-CPBA in CS2 afforded open-cage C60 2 with a 
transannular bridge at the rim of the 13-membered ring 
opening. This compound is formed via oxidation of a 
sulfi de group followed by addition of a water molecule to 
the carbonyl group on the fi ve-membered ring on 1. When 
a larger amount of m-CPBA (5 equiv) was used in o-
dichlorobenzene instead of CS2, another reaction took 
place to give open-cage C60 3 having a 14-membered ring 
opening with a lactone moiety. The size of opening was 
large enough for a neon atom to be inserted into the 
fullerene cage under high-pressure conditions.

Expansion of 3D π-System with 2D π-System

It is very interesting to construct an extended π-system 
because unique photophysical and electrochemical 
 properties are expected owing to the small HOMO- 
LUMO gap of the system. We recently synthesized 
open-cage C60 derivative 1 by way of functionalization of 
the rim of an opening. UV-vis spectrum of 1 showed 
maximum absorptions at 330 (sh), 400 (sh), 450 (sh) and 
730 nm extended to ca. 900 nm which is not seen for 
many examples of fullerene derivatives. When the redox 
properties were investigated by cyclic voltammetry in 

benzonitrile, the fi rst reduction wave was observed in less
negative potential by 0.3 V from that of pristine C60,
 indicating the lower-lying LUMO level. Furthermore, an
irreversible oxidation wave was detected at 1.0 V, which
was less positive than that of C60. These properties are
 ascribed to expansion of 3D π-system of the C60 moiety
(colored in blue) with 2D π-system of the terphenyl
 moiety (colored in red) by sharing a part of π-system of 
the naphthalene moiety (highlighted in yellow).

Theoretical Investigation into Interaction of 
C70 with Encapsulated H2 Molecules

Is the reactivity of spherical π-system affected from
 inside?  We have found that the equilibrium constant for 
Diels-Alder reaction of 9,10-dimethylanthracene with
(H2)2@C70 is slightly smaller by 19% at 30 °C than that 
with H2@C70, studied by 1H NMR analysis in o-dichloro-
benzene-d4dd . In order to get insights into the interaction of 
C70 cage with encapsulated H2 molecules, DFT calcula-
tions by MPWB1K/6-31G** were performed. When
 attention was paid to the optimized structures of C70, H2@
C70, and (H2)2@C70, the difference in size was observed.
The longer axis of (H2)2@C70 is larger by 0.25%, whereas
the shorter axis of (H2)2@C70 is smaller by 0.30%, than
that of H2@C70, respectively. Furthermore, small differ-
ence in the encapsulation energies of one and two H2

 molecules into C70 as well as H2C70, as a model compound 
for the Diels-Alder adduct, were observed, which might 
account the experimental results.

Figure 1. Structure of open-cage C60 derivatives. .

Figure 2. Open-cage C60 derivative with expanded π-system.

Figure 3. Endohedral
C70 encapsulating H2
molecules.
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