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Annual Research Highlights

(1) "Rigid Planar COPV for Dye-sensitized Solar
Cells"

We have recently developed carbon-bridged
p-phenylenevinylenes (COPVs) possessing rigid planar
n-electron framework, and found unique photophysical
and electronic properties as well as their high light, heat,
and redox stabilities. Taking advantage of these
properties, we applied COPVs to dye-sensitized solar
cells and found improved power conversion efficiencies
of up to 7.54%, which was higher than the unbridged
counterpart (ca. 5%). We attribute this high efficiency to
the rigidity of COPV and the bulky substituent on the
bridging carbon atoms, which may help improve
open-circuit voltage and fill factor, respectively.
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Fig. 1 Schematic picture of the COPV dye on the TiO, surface
1. (1)-15) Chem. Commun., 49, 582 (2013).

2) “Iron-Catalyzed ortho-Allylation of Amides”
y

We developed the first iron-catalyzed directed reaction
of a C—H bond with an electrophile. Thus, an amide
possessing a bidentate directing group was ortho-allylated
with allyl phenyl ether in the presence of an
iron/diphosphine catalyst and an organozinc base. The
key to the success of this reaction was the stabilization of
a putative iron intermediate by the bidentate directing
group and diphosphine ligand.
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Fig. 2 Iron-catalyzed allylation of benzamides with allyl phenyl
ether via directed C—H bond activation.

1.(1)-1) J. Am. Chem. Soc., 135, 17755 (2013).

(3) “1-Aryl-4-Silylmethyl[60]fullerenes for Organic
Solar Cells”

We found that the addition of aryl group and
silylmethyl group into the Cg fullerene improved the
material properties for the organic solar cells. Especially,
the addition of thienyl group was effectively increased the
LUMO level, which is beneficial for improving the open
circuit voltage. Moreover, the addition resulted in the
formation of tightly packed-crystal structure with the
short distance of Cgy core that facilitate to increase the
electron mobility, and hence improved short circuit
current density as well as overall performance.
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Fig. 3 Molecular design of fullerene derivative.

1.(1)-13) Chem. Asian J., 8, 121 (2013).

(4) "Chemical Modification of Fullerene Bilayer
Vesicles"

We succeeded in controlling properties of bilayer
vesicles made of water-soluble pentasubstituted fullerene
amphiphiles through covalent and noncovalent chemical
modification. For instance, we introduced protein ligands
on an alkynylated fullerene vesicle through click reaction
and then avidin to form protein-coated vesicles. The
ligand-decorated vesicle was found to be an efficient
carrier for water-soluble anticancer drugs in vitro. The
bilayer vesicle also binds hydrophobic molecules
primarily in the interior of the fullerene bilayer, as
illustrated by the complete quenching of the fluorescent
dye. We also demonstrated that photocrosslinking of the
fullerene bilayer dramatically changes water permeability
of the membrane.
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Fig. 4 High-resolution SEM image of a protein-coated fullerene
bilayer vesicle.

1.(1)-10) Chem. Commun,, 49, 3525 (2013).

1.(1)-5) Chem. Lett,, 42, 1176 (2013).

1.(1)-4) Chem. Commun,, 49, 7629 (2013).
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