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Annual Research Highlights

(1) ""Effect of Electron-vibration Coupling in Electron
Transfer through Rigid Planar COPV"

We have recently developed a rigid planar w-electron
system, carbon-bridged  oligo(p-phenylenevinylene)s
(COPVs), that possess unique photophysical and
electronic properties as well as high stability. To examine
the electron transfer ability through COPVs, we have
synthesized a zinc porphyrin (electron
donor)-COPVn-Cg  (electron acceptor) conjugate
(ZnP-COPVN-Ceo), and studied dynamics in the
excited-state in collaboration with Prof. Guldi's group in
FAU, Germany. We found that charge separation (CS) and
charge recombination (CR) rates were enhanced by 6.5
and 840 times,  respectively, compared to

phenylenevinylene-linked counterparts. The significant
increase in the CR rate has been rationalized by the
contribution of electron-vibration coupling as indicated in
the semi-classical Marcus formalism, which has been
clearly observed in the present experiments.
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Fig. 1 Structure of porphyrin-COPV-Ceo conjugates and
semi-classical Marcus plot that indicates the contribution of
electron-vibration coupling in the Marcus inverted region
1. (1)-4) Nat. Chem., 6, 899 (2014).

(2) “Iron-Catalyzed C-H Functionalization with
Organoboranes”

We discovered that an inexpensive and non-toxic iron
salt and a diphosphine ligand catalyze the reaction of a
carboxamide bearing a bidentate directing group with an
organoborate, in the presence of and a crucial Zn(ll)
additive that promotes the difficult iron/boron
transmetalation. The key to the success of this reaction is
the creation of a high-valent iron catalyst by the design of
the directing group, diphosphine ligand, and mild
organoborate reagent. This catalyst surpasses the
versatility of any other catalyst to date, and a large variety

of substrates could be coupled, including the
unprecedented  stereospecific  alkenylation of an
alkenamide to yield stereodefined dienes and alkenes.
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Fig. 2 Iron-catalyzed reaction of carboxamides with organo-
boron compounds via directed C—H bond activation.
1.(2)-2) J. Am. Chem. Soc., 136, 14349 (2014).

(3) ""Conformational Analysis of Single Alkyl Chains
by Electron Microscopy"*

After discovery of the gauche conformation of
1,2-dichloroethane by San-ichiro Mizushima, et al.,
conformational analysis of organic molecules is based on
time- and molecular-average as determined for ensembles.
In the current work, we demonstrated
a proof-of-principle study of the determination of the
conformation of each C—C bond in single alkyl and
perfluoroalkyl fullerene molecules encapsulated in a
single-walled carbon nanotube.  Analysis of 82
individual molecules indicated that 6% of the CF,—CF;
bonds and about 20% of the CH,—CH; bonds in the
corresponding hydrocarbon analogue are in the gauche
conformation. We expect that the experimental protocol
reported here will serve as a standard model for future
study of the static and dynamic behaviors of organic
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Fig. 3 Transmission electron microscopic image of a
perfluorofullerene molecule in a single-walled carbon nanotube
and anti/gauche ratio of individual C-C bonds.
1.(1)-21) J. Am. Chem. Soc., 136, 466-473 (2014).
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