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Our research focuses on creation of new organic molecules 
with  potential as 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. 
For example, we are developing a new living radical polymer-
ization method using heavier heteroatom compounds as con-
trolling agents. Another topic is the synthesis of cyclopara-

synthetic strategies. We also study various condensed states of 
polymers by both static and dynamic methods to understand the 
relationship between structure and physical properties.
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Synthesis of Twisted [N]Cycloparaphenylene 
by Alkene Insertion

By fusing CPP precursors and alkene or ortho-phenylene 
groups via coupling reactions, mono-alkene-inserted [N]
cycloparaphenylenes 1 [(ene)-[N]CPP] with N

ortho-phenylene-inserted [6]CPP 2, and di- 
alkene-inserted [N]CPP 3 [(ene)2-[N]CPP] with N = 4, 6, 

of 1 and 2 exhibited a Möbius topology in the solid state. 
The Möbius topology in the parent 1 and 2 in a solution 
was lost due to the free rotation of the paraphenylene unit 
even at low temperatures. On the other hand, ene- [6]CPP 
4 with eight 1-pyrrolyl groups preserved the Möbius topolo-
gy even in a solution. Despite a twist, 1 has in-plane conju-
gation and possesses a unique size dependence of the 
electronic properties; i.e., the opposite size dependency 
of the HOMO-LUMO energy relative to conventional 

Controlled Synthesis of High-Molecular- 
Weight Polystyrene and Its Block Copolymers 
by Emulsion Organotellurium-Mediated 
Radical Polymerization

Despite recent developments in reversible-deactivation 
radical polymerization, the synthesis of high-molecular- 
weight (HMW) polymers, particularly polystyrenes (PSts) 
and block copolymers, has been a formidable challenge. 
We have successfully synthesized structurally controlled 
HMW PSts and block copolymers consisting of HMW 
PSt segments by emulsion organotellurium-mediated  
radical polymerization (TERP). The hydrophilicity of the 
organotellurium group of TERP chain transfer agents 
(CTAs) was found to be important for successful control of 
molecular weight; CTAs 1b and 1c with di- and tetra-
ethylene glycol units were suitable. By using 1b and 1c 
along with hexadecyltrimethylammonium bromide (CTAB) 
as the surfactant, PSts with MWs over 1 million and with 
low dispersity (Ð < 1.6) were synthesized with monomer 

-
thesize also HMW block copolymers with low dispersity 
by the addition of a second monomer after converting the 

method provides a valuable route for fabricating polymer 
materials based on HMW PSts.

Figure 1. Insertion of alkene or ortho-phenylene units into a CPP skeleton.

Figure 2. Emulsion TERP giving high molecular weight homo (Mn > 
6) and block copolymer (Mn

5) with narrow dispersity 
(Ð < 1.6).


