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Our research focuses on creation of new organic molecules with 
 potential as key reagents and materials for future science and technol-
ogies. Furthermore, we have been developing new organic and poly-
meric materials based on our tailor-made molecules. For example, we 
are developing a new living radical polymerization method using 
heavier heteroatom compounds as controlling agents. Another topic is 
the synthesis of cycloparaphenylenes, hoop-shaped π-conjugated 
 molecules, based on new 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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Strain-Induced Double Carbon–Carbon 
Bond Activations of Cycloparaphenylenes  
by a Platinum Complex: Application to  
the Synthesis of Cyclic Diketones

The carbon–carbon (C−C) bond activation of [n]cyclo-
paraphenylenes ([n]CPPs) by a transition-metal complex 
was achieved. The Pt0 complex Pt(PPh3)4 regioselectively 
cleaves two C−C σ bonds of [5]CPP and [6]CPP to give 
cyclic dinuclear platinum complexes in high yields. Theo-
retical calculations revealed that the relief of ring strain 
drives the reaction. The cyclic complex was further trans-
formed into a cyclic diketone by using a CO insertion reac-
tion. The mechanism of the formation of the dinuclear 
platinum(0) complexes was elucidated with DFT calcula-
tions, which suggested a stepwise pathway. Both steps of 
forming the mononuclear platinum complex and the cyclic 
dinuclear complex were found to be highly exothermic 
and have low activation energies. The DFT studies also 
explained regioselectivity of the reaction. The activation of 
the more strained [5]CPP was significantly faster compared 
with that of less strained [6]CPP. Consistent with the pro-
posed strain-induced process, larger CPPs, such as [7]CPP 
and [8]CPP, did not show reactivity.

One‐Step Synthesis of Dendritic Highly 
Branched Polystyrenes by Organotellurium‐
Mediated Copolymerization of Styrene and  
a Dienyl Telluride Monomer

By a one-step copolymerization of dienyl telluride (DT) 
and styrene (St) in the presence of organotellurium chain 
transfer agent (CTA) at thermal condition, dendritic highly 
branched polystyrenes (HB-PSts) were successfully syn-
thesized. The molecular weight, branching density, and 
dendritic generation were easily controlled by the ratio of 
CTA, DT, and St with maintaining low dispersity (Ð < 2.2). 
The branching efficiency estimated by a deuterium-labeling 
experiment showed that DT quantitatively (>95 %) served 
as the branching point. The end group fidelity was deter-
mined by the end group transformation to pyren derivative 
and was proved to be high (ca. 90 %). Intrinsic viscosity of 
the HB-PSt was significantly lower than that of linear 
polystyrenes and were easily tuned by the branching 
 number and branching density. The method is compatible 
of various functional groups, and furthermore, chloro and 
acetoxy-substituted styrenes were also used as comono-
mer. A tadpole block copolymer was also synthesized by 
starting from linear PSt as a macroinitiator.

Figure 1. Carbon–Carbon Bond Activations of Cycloparaphenylenes by a 
Platinum Complex.

Figure 2.  End group transformation of the highly branched polystyrene.


