MOLECULAR TECHNOLOGY INNOVATION
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(1) Organic synthesis that does not rely on scarce
resources (element strategy)

In our laboratory, the application of base metal catalysts,
mainly iron, to organic synthesis was started in the 1990s.
Taking advantage of our expertises, the results of a joint
study with Towa Pharmaceutical on asymmetric synthesis
of esomeprazole using iron catalyst were published in 4CS
Catal this year, and a US patent was granted.
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Fig. 1 Asymmetric synthesis of esomeprazole
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In addition, a method was developed to convert stable
carbon-hydrogen bonds into carbon-carbon bonds in a
single step using an iron catalyst under mild conditions.
This reaction enables efficient synthesis of organic
electronics materials with 100% selectivity in cross-
coupling of two different aromatic compounds. This work
was published by Nature Catalysis (Nat. Catal. 2019, 2,
400).
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Fig. 2 Efficient C—H cross-coupling using iron catalyst
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(2) Organic electronics and its application to materials
science

The conceived a new concept of making hybrid type
organic semiconductive materials that suitable for

perovskite solar cell application. We have developed a
neutral ionic material called "BDPSO" as a new hole
transport layer material that replaces the conventional
material, acidic "PEDOT: PSS". Perovskite solar cell
device made of "BDPSO" shows no deterioration in
performance after storage for 1,000 hours in the dark, and
can maintain 90% of its initial performance for more than
1300 hours even under continuous light irradiation at 35 °C.
Utilization of BDPSO significantly improved the
operational and storage stability of perovskite solar cell.
We conducted measurement for application in
collaboration with Mitsubishi Chemical Corporation.
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Fig. 3. New material for solar cells: “organic-inorganic
hybrid hole transport material”
1. (1)-11) J. Am. Chem. Soc., 140, 5018-5022 (2018).

(3) Analysis of self-assembled vesicles containing water
molecules

The vesicle structure and the material permeability of
the bilayer membrane were examined by neutron
scattering and high-resolution electron microscopy on a 28
nm diameter bilayer vesicle formed by self-assembly of a
conical amphiphilic fullerene molecule developed by our
group. It has been shown that water is up to 1 billion times
less permeable than lipid membranes, and vesicle has a
unique property of retaining water even in vacuum.
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