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Fundamental studies are being conducted for creation of new functional materials with novel structures and proper-
ties. The major subjects are: organo-chemical transformation of fullerenes C60 and C70, specifically organic synthesis of 
endohedral fullerenes by the technique of molecular surgery; generation of alkylated fullerene cations and their applica-
tion for the synthesis of functional material; synthesis of new redox-active π-systems.
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Synthesis of Selenium-containing 
Open-cage Fullerene C60

Open-cage fullerene is one of the current synthetic tar-
gets of fullerene chemistry besides its well developed 
exohedral functionalization topic. The ultimate objective 
for creation of an orifice on the fullerene cage lies in the 
replacement of conventional methods for the preparation 
of endohedral compounds and elucidation of their physi-
cal and chemical properties. In order to tune the size of 
the orifice of open-cage fullerenes, we synthesized the 
selenium-containing open-cage C60 by three-step organic 
synthesis from fullerene C60. The insertion of molecular 
hydrogen into the open-cage C60 was achieved in 100% 
yield under milder conditions compared with those for a 
sulfur analogue. The kinetic measurements for release of 
the hydrogen molecule and the X-ray structure analysis 
revealed that the size of the orifice is larger than that of 
the sulfur analogue.

Figure 1. X-ray structure of the selenium-containing open-cage C60.

Encapsulated Hydrogen Molecule as 
a Sensitive NMR Probe

To examine the effect of encapsulated hydrogen inside 
C60 upon the reactivity of the outer fullerene cage, the 
solid-state mechanochemical dimerization of H2@C60 was 
conducted. It was found that the dumbbell-shaped dimer, 
(H2@C60)2, was obtained similarly to the reaction of empty 
C60. Apparently, the inside hydrogen does not affect the 
reactivity of the outer C60 cage. The 1H NMR signal for 
the inside hydrogen was observed as a singlet at δ – 4.04 
ppm, which is 8.58 ppm upfield shifted from free hydro-
gen. Three fullerene derivatives were also synthesized by 
Bingel reaction, benzyne addition, and Prato reaction in 
order to further investigate this issue. The NMR signal for 
encapsulated hydrogen was observed at δ – 3.27 ppm for 
the Bingel adduct, – 4.30 ppm for the benzyne adduct, and 
– 4.64 ppm for the Prato adduct. These upfield shifts are 
quite similar to those reported for the NMR signal of 3He 
encapsulated in the corresponding derivatives. Thus, the 

inside molecular hydrogen of C60 can also be used as a 
good probe to investigate the chemical reactions at the 
exterior of the fullerene cage.

Figure 2. Derivatives of H2@C60 with the chemical shift of encapsulated 
hydrogen molecule.

Synthesis of Endohedral Fullerene C70 
Encapsulating Hydrogen Molecule(s)

Since the inner space of C70 is larger than that of C60, it 
might be possible that more than one small molecules be 
encapsulated. Recently open-cage C70 derivative 1 was 
synthesized by applying the procedure similar to that used 
for the synthesis of open-cage C60. Molecular hydrogen 
was successfully inserted into 1 by treatment with high-
pressure hydrogen gas (890 atm) at 200°C. Not only 
H2@1 (97%) but also (H2)2@1 (3%) were found to be 
formed under these conditions. The complete closure of 
orifice of H2@1 and (H2)2@1 has been achieved via four-
step organic reactions without loss of encapsulated hydro-
gen molecule(s), thus having led to the formation of 
H2@C70 and (H2)2@C70 for the first time.

Figure 3. Structures of H2@1, (H2)2@1, H2@C70, and (H2)2@C70.


