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Fundamental studies are being conducted for creation of new functional π-systems 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 ionic fullerene species and their application 
for the synthesis of functional material; synthesis of new π-systems with curved structure. 
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Encapsulated H2 Molecule as an NMR Probe

Magnetic properties of inside of fullerenes are very 
 interesting because ring current effects of three-dimensional 
π-system of fullerenes are reflected critically. We measured 
1H NMR chemical shifts of molecular hydrogen encapsu-
lated in dichloromethyl-C60 cation and (1-octynyl)-C60 
anion in order to clarify the difference in magnetic shield-
ing effects inside the fullerene cages. The signals of the H2 
molecule inside both cationic and anionic C60 cages ap-
peared in lower fields as compared to those of neutral 
counterparts. In contrast, upon 1H NMR measurement of 
H2@C60

2–, a signal of the encapsulated H2 appeared at 
extraordinarily low magnetic field such as δ = +26.36 ppm 
in acetonitrile-d3. According to the results of NICS calcu-
lations for H2@C60

2–, magnetic properties of hexagons and 
pentagons on C60 were shown to be totally reversed as 
compared to those of neutral C60. 

Encapsulation and Dynamic Behavior of Two 
H2 Molecules in an Open-Cage C70

Encapsulation of small molecules in a small space with 
sub-nanometer size are currently attracting wide interests 
from the view point of basic science as well as storage 
purpose. Open-cage fullerenes are one of the ideal systems 
with a hollow space inside the carbon cage. In contrast 
with open-cage C60, examples of open-cage C70 are quite 
limited. Recently, we synthesized an open-cage C70 deriv-
ative, which has an opening large enough for hydrogen 
molecule to pass through. Under the high pressure of 
hydrogen, this open-cage C70 encapsulated not only one 
H2 molecule but also two H2 molecules reflecting the larger 
inner space than C60. The two H2 molecules trapped inside 
the open-cage C70 showed a rapid exchange of their rela-
tive positions as observed by the 1H NMR measurement at 
room temperature. This exchange slowed down at low 
temperature. The 1H NMR at –100 °C clearly showed two 

sharp signals corresponding to two individual H2 mole-
cules encapsulated in the open-cage C70. This is the first 
example of observing the dynamic behavior of two hydro-
gen molecules in a tightly confined space. 

Synthesis and Reaction of H2@C70 and 
(H2)2@C70

We have previously established a methodology to realize 
endohedral fullerene C60 containing one molecule of H2 by 
organic synthesis, so-called “molecular surgery”. In the 
present research, the scope of the molecular surgery meth-
od is extended to the representative higher fullerene, C70, 
to provide a novel endohedral fullerene C70 encapsulating 
one and two molecules of H2 from their open-cage deriva-
tives. Actually, H2@C70 and (H2)2@C70 were synthesized 
and characterized. For the clarification of difference in re-
activity between H2@C70 and (H2)2@C70, the equilibrium 
constants for the Diels-Alder reaction of H2@C70 and 
(H2)2@C70 with 9,10-dimethylanthracene (DMA) have 
been determined at 30, 40, and 50 °C. The decreased equi-
librium constants of (H2)2@C70 to the addition of DMA as 
compared to that of H2@C70 has been demonstrated.

Figure 1. 1H NMR spectrum (300 MHz, CD3CN) of H2@C60
2–.

Figure 2. Cut-out view of open-cage C70 derivative encapsulating two 
molecules of hydrogen.

Figure 3. Reaction of H2@C70 and (H2)2@C70 with 9,10-Dimethylan-
thracene. 


