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Our research focuses on creation of new organic molecules which would become key reagents and materials for 
 future science and technologies. Furthermore, we have been developing new organic and polymeric materials based on 
our tailor-made molecules. One such topic is the development of new living radical polymerization method utilizing 
heavier heteroatom compounds as controlling agents. The other topic is the synthesis of cycloparaphenylenes, hoop-
shaped π-conjugated molecules, based on new synthetic strategy. We also 
study various polymer condensed states by both static and dynamic 
 methods to understand the relation of physical properties and structures.
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Photoinduced Switching from Living Radical 
Polymerization to a Radical Coupling 
Reaction Mediated by Organotellurium 
Compounds

Modulation of the reaction pathway using external 
stimuli has been a significant challenge in organic and 
polymer syntheses, because such methods would consid-
erably expand the structural diversity of products from a 
limited number of precursors. Although a variety of 
chemical stimuli have been used for this purpose, physical 
stimuli, such as thermal and photochemical stimuli, like 
those used in the pericyclic reactions, are attractive due to 
their “green” character.

We have already reported that organotellurium-mediated 
living radical polymerization (TERP) possesses several 
synthetic advantages such as high monomer versatility, 
high compatibility toward functional groups and solvents, 
and ease of the living-end transformation for the synthesis 
of block copolymers and end-functionalized polymers. 
While expanding the synthetic applicability of TERP to 
dienes, we found that the reaction pathway can be selectively 
switched from LRP to a radical-coupling reaction (RC) by 
using photostimuli (Figure 1). Structurally well-defined 
telechelic polyisoprenes and ABA-triblock copolymers 
were prepared by successive organotellurium-mediated 
living radical polymerization (TERP) under thermal con-
ditions, followed by a polymer-end radical coupling 
 reaction under photoirradiation.

Formation of the Shortest Fullerene-Peapod

Cycloparaphenylenes (CPPs) are hoop-shaped π-
conjugated molecules in which paraphenylene units are 
linked in a cyclic manner (Figure 2). They represent the 
simplest structural unit of armchair carbon nanotubes. 
Based on the analogy to layered carbon networks with 
curved surfaces, the concave cavity of the CPPs should 
act as a host for π-conjugated molecules with a convex 
surface, such as fullerenes. Such a host–guest complex 
would be a suitable model for elucidating convex–concave 
π–π interactions. We found that [10]CPP selectively en-
capsulated C60 forming the shortest fullerene-peapod, [10]
CPP ⊃ C60, among several CPPs prepared by the method 
we have developed (Figure 3). This finding opens the 
 possibility of utilizing CPPs as size- and shape-selective 
host molecules for various guest molecules, such as higher 
fullerenes, metallofullerenes, and carbon nanotubes. Such 
complementary host–guest chemistry will be useful for 
the size- and shape-selective separation of higher fuller-
enes and carbon nanotubes.

Figure 1. Switching of reaction pathway.

Figure 2. Synthesis of CPP.

Figure 3. Formation of the shortest fullerene-peapod.


