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Annual Research Highlights

(1) “Stable Materials that Exhibit Near-Infrared Light
Absorption and Emission”

Near-infrared absorbing and emitting dyes are expected
to be useful in various fields, such as organic solar cells,
chemotherapy, and in-vivo deep tissue imaging. We have
succeeded in developing stable near-infrared absorptive
and emitting compounds TQ (Fig 1). TQ can be depicted
using two resonance structures: a cumulated
p-quinodimethane form and open-shell biradical forms.
Thus, TQ appears to be unstable but it is actually very
stable in solid state for more than one year. This stability
may result from the effect of the cross-linking carbon
atoms shown in blue color in the figure and the terminal
cyano groups (CN). Measurement of the photophysical
properties of TQ revealed that the compound exhibits the
longest wavelength absorption maximum at a wavelength
of 1,100 nm in the near-infrared region and the emission
maximum at a wavelength of 1,179 nm. It has also been
revealed that the optical absorption and emission of TQ
change in the visible region when the compound is
chemically or electrically reduced. These near-infrared
absorption and emission characteristics and the switching
phenomenon of optical properties upon redox will be

utilized in various fields.
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Fig. 1 Resonance Structures of NIR-absorbing/emitting dye TQ
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(2) “Iron-Catalyzed C—C Bond Formation via C-H
y
Activation under Mild Conditions”

Similar to crude oil, our society is facing a crisis of
chemical elements’ supply, which has led to our proposal
for a national policy of “element strategy”. Iron has been
receiving much attention for catalysis because it is
ubiquitous, inexpensive and non-toxic. Moreover,
organoiron species show very high reactivity and unique
selectivities. We showed that under oxidative iron
catalysis, a Grignard reagent can arylate the C—H bond of
an alkene possessing a directing group at 0 °C within 5
minutes (Fig. 2a). We could control the stereoselectivity
of the reaction by simply changing the solvent. We also
showed that an alkyne can be annulated with a biphenyl
donor in the presence of an iron catalyst and an oxidant to
produce a variety of disubstituted phenanthrenes at room
temperature (Fig. 2b). This reaction proceeds through
mild C-H activation to generate an unprecedented
biphenylferracycle. These reactions will find applications
for the synthesis of stereodefined polysubstituted alkenes
and for the creation of fused aromatic compounds under
mild conditions using sustainable iron catalysis.
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Fig. 2 Iron-catalyzed C-H functionalization under mild
conditions: a) Stereospecific arylation of alkenes; b) [4+2]
Annulation to produce disubstituted phenanthrenes.
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(3) “Functional Fullerenes at Interface”

Chemically-modified fullerenes self-assemble in
solution and on solid surfaces to produce new functional
heterointerfaces. =~ We  have  demonstrated  that
nonpolar/polar/nonpolar  fullerene amphiphiles form
bilayer vesicles in water and provide a hydrophobic
environment at the interface with aqueous phase (Fig. 3a).
The vesicles are very robust and maintain their spherical
shape on a solid substrate. Self-assembled monolayer
(SAM) of functional fullerenes on an inorganic electrode
also showed unique properties. For example, the work
function of indium-tin oxide (ITO) can be tuned by using
umbrella-shaped fullerene derivatives, through the effect
of their molecular dipoles (Fig. 3b). We also developed
a device that generates bidirectional photocurrent upon
irradiation with different wavelength of light, by making
SAM of two fullerene molecules on ITO.
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Fig. 3 (a) Formation of bilayer vesicles from
nonpolar/polar/nonpolar fullerene amphiphiles. (b) Control of
the work function of an electrode with self-assembled
monolayer of umbrella-shaped fullerene derivatives.
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