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Our research program focuses on development of new synthetic methods, which enable precise control of polymers in 
terms of their size and structure. Our attention is especially directed to control of reactive carbon species, such as carbon 
centered radicals and carbocations, and organometallic species with the aid of synthetic organic chemistry, element 
chemistry, computational chemistry, and so on. 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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New Methods for Precison Polymer Synthesis
by Controlled/Living Radical Polymerization 
(LRP)

LRP is now recognized as one of the most effective 
methods for the synthesis of advanced polymeric materi-
als with well-defi ned structure. However, their application 
for the synthesis of high molecular weight polymers has 
been extremely diffi cult, because polymer end radicals are 
always subjected to irreversible termination reaction. We 
have developed a new cocatalyst, diphenyl (2,6-dimesityl-
phenylthio) bismuthine, in organobismuthine-mediated 
LRP. Both low and high molecular weight polystyrenes 
and poly(butyl acrylate)s with controlled molecular 
weights (MnMM s) and low polydispersity indices (PDIs) were 
synthesized by the addition of a catalytic amount of the 
cocatalyst to an organobismuthine chain transfer agent 
(CTA). Structurally well-defi ned polymers with MnMM s in the 
range of 1.0 × 104~2.8 × 106 and PDIs of 1.06~1.43 were 
successfully prepared under mild thermal conditions.

We have also developed a photo-induced LRP in the 
presence of organotellurium CTAs by direct carbon- 
tellurium photolysis. The photo-activation of the organo-
tellurium dormant species proceeded under weak intensity 
UV-vis light, and the polymerization proceeded at mild 
conditions, such as 0 °C. The polymerization shows high 
versatility in terms of monomer families and functional 
groups and, thus, provides a powerful method for the 
controlled synthesis of new polymer materials.

The First Synthesis of [8]Cycloparaphenylene

Cycloparaphenylenes have attracted the attention due to
their unique structures having a distorted π system and 
potential applications in material science, since they are
the simplest structural unit of armchair carbon nanotubes.
Although they have a simple structure, their synthesis has
been a signifi cant challenge. We have succeeded in the
synthesis of [8]cycloparaphenylene, which is the smallest 
cycloparaphenylene so far synthesized, based on a new
synthetic route. Our synthetic strategy is to use a square-
shaped tetra(para(( -substituted oligoaryl)platinum complex
as a precursor for [4n]cycloparaphenylene. Once the
 complex is formed, multiple reductive elimination of 
 platinum gives [4n]cycloparaphenylene. As a proof of 
principle for this strategy, we examined and succeeded in
the synthesis of [8]cycloparaphenylene (n = 2). [8] Cyclo-
paraphenylene possesses strong fl uorescent emission at 
around 540 nm.
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Figure 1. Controlled/living radical polymerization in the presence of a 
thiobismuthine cocatalyst

Figure 2. Synthesis of [8]cyclopara-
phenylene and its fl uorescent emission 
in chloroform




