Fri. Mar 19, 2021

Webiner 3

Symposium | Co-Innovation Program (CIP) | T2C. R&D of batteries for e-
mobility and energy storage for realizing society with energy storage

[SO03-Tam] T2C. R&D of batteries for e-mobility and
energy storage for realizing society with

energy storage
Chair, Symposium organizer:Masashi Okubo, Eiji Hosono, Keigo
Hoshina
10:30 AM - 11:40 AM Webiner 3 (Online Meeting)

[S03-1Tam-01] Numerical simulation technology for
evaluation of actual heterogeneous
electrode layer and design of porous
structure
OGen Inoue' (1. Kyushu University)

10:40 AM-11:10 AM

[S03-1am-02] Machine learning approaches for
degradation prediction of Li-ion battery
©voichi Takagishi1, Takumi Yamanaka1, Tatsuya
Yamaue' (1. Kobelco Research Institute Inc.)

11:10 AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | T2C. R&D of batteries for e-
mobility and energy storage for realizing society with energy storage

[S03-1pm] T2C. R&D of batteries for e-mobility and
energy storage for realizing society with

energy storage
Chair, Symposium organizer:Masashi Okubo, Eiji Hosono, Keigo
Hoshina
1:30 PM - 4:40 PM Webiner 3 (Online Meeting)

[SO3-1pm-01] How do we understand
electrode/electrolyte interface in all-solid-
sate batteries? "Theoretical/experimental
approaches from the viewpoint of solid
state ionics”

OKoji Amezawa' (1. Tohoku Unviersity)
1:30 PM - 2:20 PM

[SO03-1pm-02] Recent Advances in Scanning
Electrochemical Cell Microscopic Analysis
on Lithium-ion Batteries
OAkichika Kumatani1'2, Yasufumi Takahashi3,
Tomokazu Matsue' (1. Tohoku University, 2.
NIMS, 3. Kanazawa University)

2:20 PM - 2:50 PM

[S03-1pm-03] Visualization of electrochemical reactions

in all-solid-state Li-ion batteries using

operando transmission electron
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microscopy
Ovuki Nomura1, Kazuo Yamamotoz, Tsukasa
Hirayama?, Emiko Igaki', Koh Saitoh® (1.
Panasonic Corporation, 2. Japana Fine Ceramics
Center, 3. Nagoya University)
3:00 PM - 3:30 PM
[SO3-1pm-04] All solid state Lithium ion battery
employing robust nanohybrid electrolyte
materials
Cltaru HONMA' (1. Tohoku University)
3:30 PM - 4:00 PM
[S03-1pm-05] Fast Li-ion transport at the interface
between an inorganic solid electrolyte and
a liquid electrolyte
OKeigo Hoshina', Yasuhiro Harada', Norio
Takami' (1. Toshiba Corporation)
4:00 PM - 4:30 PM

Symposium | Co-Innovation Program (CIP) | T3A. Smartmaterials for future
medical devices and lifescience

[SO4-1am] T3A. Smartmaterials for future medical

devices and lifescience
Chair, Symposium organizer:Masaru Tanaka, Wataru Wakui
9:30 AM - 11:35 AM Webiner 4 (Online Meeting)

[SO4-1am-01] Scaffold-free 3D cell products created with
bio 3D printer technology and their medical
applications
OToshihiko Maekawa' (1. Cyfuse Biomedical)
9:35AM - 10:05 AM

[S04-1am-02] Functional polymer materials for
biocompatibility
OAtsushi Sugasaki' (1. FUJIFILM Corporation)
10:05 AM - 10:35 AM

[SO4-1am-03] Transdermal vaccine as a future medical
treatment and ionic liquids as drug
development materials
OMasahiro Goto' (1. Kyushu University)

10:45 AM - 11:35 AM

Symposium | Co-Innovation Program (CIP) | T3A. Smartmaterials for future
medical devices and lifescience

[SO4-1pm] T3A. Smartmaterials for future medical

devices and lifescience
Chair, Symposium organizer:Masaru Tanaka, Hidekazu Ohashi,
Takeshi Nagasaki
12:35 PM - 5:00 PM Webiner 4 (Online Meeting)




[SO4-1pm-01] Polysaccharide/DNA Complexes to Deliver
Therapeutic Oligonucleotides
Okazuo sakurai' (1. University of Kitakyushu)
12:35PM - 1:25 PM

[S04-1pm-02] Adhesive materials developed based on
biomimetic technology
OSyuji Fujii1 (1. Osaka Institute of Technology)
1:25PM - 1:55 PM

[S04-1pm-03] Nanosheet Wrapping Technology
“Application to Bioimaging tool™
OYosuke Okamura' (1. Tokai Univ.)
1:55PM - 2:25 PM

[SO4-1pm-04] Development of hematopoietic stem cells
expansion technology and future.
OSsatoshi Yamazaki' (1. University of Tsukuba)
2:25PM - 2:55 PM

[SO4-1pm-05] Emergence of Biomaterials inspired by the
Living Body -Relation with Supramolecular
Structure-
©Nobuhiko Yui' (1. Tokyo Medical and Dental
University)
3:05PM - 3:55PM

[S04-1pm-06] AJICAP®: Chemical site-specific
conjugation technology for next-generation
ADC
OTatsuya Okuzumi1, Yutaka Matsuda1, Takuya
Seki1, Kei Yamada1, Tomohiro Fujii1, Noriko
Hatada1, Yusuke Iwai1, Natsuki Shikida1,
Kazutaka Shimbo1, Brian A. Mendelsohn? (1.
Ajinomoto Co., Inc., 2. Ajinomoto Bio-Pharma
Services)
3:55PM - 4:25 PM

[S04-1pm-07] New developments in biocompatible
polymers
OYoshitomo Nakata Nakata' (1. NIPPON
SHOKUBAI CO.,LTD)
4:25 PM - 4:55 PM

Symposium | Co-Innovation Program (CIP) | T4. The dawn of co-innovation
- academia-industry collaboration toward seeds co-creation -

[SO5-1Tam] T4. The dawn of co-innovation -
academia-industry collaboration toward

seeds co-creation -
Chair, Symposium organizer:Ryotaro Tsuji, Ryu Abe
9:50 AM - 12:00 PM Webiner 5 (Online Meeting)
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[SO5-1am-01] Open Innovation Activities in
Pharmaceutical Industries
©Michio Fujisawa', Atsushi Endo’, Yoshito
(1. Daiichi Sankyo Co., Ltd.)
10:00 AM - 10:30 AM

;
Kanazawa

[SO5-1am-02] From basic research to innovation: de novo
peptide drug discovery innovation
OHiroaki Suga' (1. The University of Tokyo)
10:30 AM - 11:00 AM

[SO5-1am-03] A Dialogue Model for Open Innovation
©Tomoko Kawakami' (1. Waseda University)
11:00 AM - 11:30 AM

[1S0501-03-5add] Discussion

11:30 AM - 12:00 PM

Symposium | Medium and Long-Term Program | state-of-the-art of super
dimensional chemistry

[SO7-1pm] state-of-the-art of super dimensional

chemistry
Chair, Symposium organizer:Hochol Chang, Hitoshi Miyasaka,
Shinya Hayami
1:00 PM - 3:40 PM Webiner 7 (Online Meeting)

[SO7-1pm-01] Transdimensional materials created by 2D
oxides
OMinoru Osada'? (1. IMaSS, Nagoya Univ., 2.
WPI-MANA, NIMS)
1:05 PM - 1:35 PM

[SO7-1pm-02] Precision Synthesis of Low-Dimensional
Nanocarbon Materials
OAkimitsu Narita"? (1. Okinawa Institute of
Science and Technology Graduate University, 2.
Max Planck Institute for Polymer Research)
1:35 PM - 2:05 PM

[SO7-1pm-03] Two-dimensional heterostructures:
heterostakings and heterojunctions
ORyo Kitaura' (1. Nagoya Univ.)
2:05PM - 2:35 PM

[SO7-1pm-04] Creation of molecular nanosheet crystals
utilizing air-water interfaces: Controlling
morphology and functionality
ORie Makiura'

2:35PM - 3:05PM

(1. Osaka Prefecture University)

[SO7-1pm-05] A niche between chemistry and physics
opened by mathematics: topological

materials science



CTakao Sasagawa' (1. Tokyo Institute of
Tech.)
3:05PM - 3:35PM

Symposium | Medium and Long-Term Program | Chemical communications

in living system
[SO6-1am] Chemical communications in living

system
Chair, Symposium organizer:Hirokazu Arimoto, Masaki Kita
9:00 AM - 11:40 AM Webiner 6 (Online Meeting)

[SO06-Tam-01] Chemical Communication on Insectivorous
Mammals
OMasaki Kita1, Yusuke Yano1, Mayuko Suzuki1,
Maho Morita1, Satoshi D Ohdachi? (1. Nagoya
University, 2. Hokkaido University)
9:05 AM - 9:35 AM

[S06-1am-02] AUTAC: an antibacterial autophagy-
inspired degrader
ODaiki Takahashi1, Hirokazu Arimoto' (1.
Graduate School of Life Sciences, Tohoku
University)
9:35 AM - 10:05 AM

[S06-1am-03] Functional coupling between gut
microbiota and enteroendocrine cells
OTakashi TSUBOI' (1. Graduate School of Arts
and Sciences, The University of Tokyo)
10:05 AM - 10:35 AM

[SO6-1am-04] Molecular/neural basis underlying mate
choice mediated by individual recognition
in medaka fish
OHideaki Takeuchi'? (1. Tohoku Uni, 2.
Okayama Uni.)
10:35 AM - 11:05 AM

[SO6-1am-05] Are Fairy Chemicals a new family of plant
hormones?
SHirokazu Kawagishi' (1. Shizuoka University)

11:05AM - 11:35 AM

Symposium | Medium and Long-Term Program | Strategy for improving
solar energy conversion efficiency toward the realization of artificial
photosynthesis

[SO6-1pm] Strategy for improving solar energy
conversion efficiency toward the

realization of artificial photosynthesis
Chair, Symposium organizer:Ryu Abe, Akihiko Kudo, Hiroaki
Misawa
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1:00 PM - 3:40 PM Webiner 6 (Online Meeting)

[S06-1pm-01] Development of a large scale solar
hydrogen production system based on
particulate photocatalysts
OKazunari Domen"' (1. The University of
Tokyo/Shinshu University)
1:05PM - 1:35 PM

[S06-1pm-02] High-efficiency artificial photosynthesis
using quantum coherence under modal
strong coupling conditions
OHiroaki Misawa' (1. Hokkaido University)
1:35PM - 2:00 PM

[S06-1pm-03] Application of Near-Infrared Plasmonics to
Hydrogen Evolution Catalysis
CToshiharu Teranishi' (1. Kyoto University)
2:00 PM - 2:25 PM

[S06-1pm-04] Enhancement of water splitting and CO2
reduction by a synthetic method and
making a solid solution of photocatalysts
CAkihiko Kudo' (1. Tokyo University of
Science)
2:25PM - 2:50 PM

[S06-1pm-05] Water splitting by visible ligh through one-
photon induced two-electron conversion to
get through the photon-flux density
problem of sun light
©Haruo Inoue’ (1. Tokyo Metropolitan
University)
2:50PM - 3:15PM

[S06-1pm-06] Improvement in efficiency of dye-sensitized
molecular photocathodes in
photoelectrochemical cells for
photocatalytic CO, reduction with water as
a reductant
©0samu Ishitani' (1. Tokyo Institute of

Technology)

3:15 PM - 3:40 PM

Symposium | Medium and Long-Term Program | New paradigm of

molecular systems chemistry - Concerted Molecular Functions
[SO7-1am] New paradigm of molecular systems
chemistry - Concerted Molecular

Functions
Chair, Symposium organizer:Satoshi Takahashi, Shigehiko
Hayashi, Akio Kitao



9:00 AM - 11:40 AM Webiner 7 (Online Meeting)

[SO7-1am-01] Rational design of protein molecular
functions
OMunehito Arai? (1. Grad. Sch. of Arts and
Sci., The Univ. of Tokyo, 2. Grad. Sch. of Sci., The
Univ. of Tokyo)
9:05 AM - 9:24 AM

[SO7-1am-02] Micro hydration effect upon ion selectivity
studied by cold ion spectroscopy
OShun-ichi Ishiuchi' (1. Tokyo Institute of
Technology)
9:24 AM - 9:43 AM

[SO7-1am-03] Functional Polyaromatic Nanospaces: How
to Recognize Biomolecules
Ryuki Sumida’, ®Michito Yoshizawa' (1. Tokyo
Institute of Technology)
9:43 AM -10:01 AM

[SO7-1am-04] Synthesis and Applications of Functional
Molecular Systems using Proteins
OTeruyuki Komatsu' (1. Chuo Univ.)
10:01 AM - 10:20 AM

[SO7-1am-05] Reconstituting cell membrane functions
with a model membrane and nanometric
space
OKenichi Morigaki' (1. Kobe University)
10:20 AM - 10:39 AM

[SO7-1am-06] Intracellular molecular assemblies driven by
liquid-liquid phase separation
OShunsuke F. Shimobayashi1 (1. Princeton
University)
10:39 AM - 10:58 AM

[SO7-1am-07] 4D genome architecture: A ondensed
polymer system in the cell nucleous
OMasaki Sasai' (1. Nagoya University)
10:58 AM -11:17 AM

[SO7-1am-08] In vitro reconstitution of cell motility and
division machineries from minimum
molecular components
OMakito Miyazaki'?® (1. Kyoto Univ., 2. Inst.
Curie, 3. PRESTO)
11:17 AM-11:36 AM

Symposium | Asian International Symposium | Asian International
Symposium - Photochemistry -
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[S09-1pm] Asian International Symposium -

Photochemistry -
Chair, Symposium organizer:Osamu Ishitani, Mamoru Tobisu, Kei
Ohkubo, Yasuharu Yoshimi, Tadashi Mori
1:00 PM - 3:40 PM Webiner 9 (Online Meeting)

[S09-1pm-01] [6 ] Photocyclization to cis-
Hexahydrocarbazol-4-ones: Substrate
Modification, Mechanism and Scope
OSachinkumar G Modha1'2, Alexander Pothigz,
Andreas Dreuw®, Thorsten Bach? (1. Uka
Tarsadia University, 2. Technical University of
Munich, 3. Ruprecht-Karls University)
1:T0PM - 1:40 PM

[S09-1pm-02] Surface functionalization of polyolefin by C-
H oxygenation with chlorine dioxide
OHaruyasu Asahara' (1. Osaka University,
Pharmaceutical Sciences)
1:40 PM - 2:00 PM

[S09-1pm-03] Flow Photochemical Synthesis of
Thiophene-fused Organic Semiconductors
OYasunori Matsui' (1. Osaka Pref. Univ.)
2:30 PM - 2:50 PM

[S09-1pm-04] Highly efficient and selective photoreaction
progress under microflow conditions
OYasuhiro Nishiyama' (1. Industrial Technology
Center of Wakayama Prefecture (WINTEC))
2:50 PM - 3:10 PM

[S09-1pm-05] Continuous-Flow in Photocatalysis and
Automated API Synthesis
OJiewu'? (1. National University of Singapore,
2. National University of Singapore (Suzhou)
Research Institute)

3:10PM - 3:40 PM

Symposium | Asian International Symposium | Asian International
Symposium - Photochemistry -

[S09-1vn] Asian International Symposium -

Photochemistry -
Chair, Symposium organizer:Osamu Ishitani, Mamoru Tobisu, Kei
Ohkubo, Yasuharu Yoshimi, Tadashi Mori
4:10 PM - 5:30 PM Webiner 9 (Online Meeting)

[S09-1vn-01] carbazole-based photocatalysts bearing
high reducing ability
oRyosuke Matsubara' (1. Kobe University)
4:10 PM - 4:30 PM

[S09-1vn-02] Photoinduced electron transfer-promoted

decarboxylative radical addition to



dehydroamino acid
OMugen Yamawaki1, Akiko Asanoz, Taisei
Kawabata1, Kosei Yamamoto1, Yasuharu Yoshimi?
(1. National Institute of Technology, Fukui

College, 2. University of Fukui)
4:30 PM - 4:50 PM

[S09-1vn-03] The Selective Functionalizations of C- H
bond via LMCT Catalysis
OZhiwei Zuo' (1. Shanghai Institute of Organic
Chemistry, CAS)
4:50 PM - 5:20 PM

Symposium | Asian International Symposium | Asian International
Symposium - Electrochemistry -

[S09-1am] Asian International Symposium -

Electrochemistry -
Chair, Symposium organizer:-Toru Amaya, Koichi Mitsudo, Toshiki
Nokami, Seiji Suga
9:00 AM - 11:40 AM Webiner 9 (Online Meeting)

[S09-1am-01] New vistas in C-H functionalization
OYu Kawamata' (1. Scripps Research)
9:05 AM - 9:25 AM

[S09-1am-02] Organotransition Metal-Catalyzed
Electrochemistry
OTiansheng Mei' (1. Shanghai Institute of
Organic Chemistry, CAS, China)
9:25 AM - 9:45 AM

[S09-1am-03] Amping Up Organic Synthesis with
Electricity: An Electrocatalytic Approach to
Reaction Discovery
OSong Lin' (1. Cornell University)
9:45 AM -10:15 AM

[S09-1am-04] Porous Organic Polymer and its Composites
for Electrocatalysis
OKathiresan Murugavel' (1. CSIR-Central
Electrochemical Research Institute)
10:25 AM - 10:45 AM

[S09-1am-05] Bipolar Electrochemistry for Material
Synthesis in Synergy with Electrophoresis
OShinsuke Inagi1’2 (1. Tokyo Institute of
Technology, 2. JST PRESTO)
10:45 AM - 11:05 AM

[S09-1am-06] Enantioselective Synthesis and Separation
with Chiral-Encoded Metal Surfaces
OChularat Wattanakit', Sunpet Assavapanumat’,
Sopon Butcha', Veronique Lapeyre?, Bhavana

Guptaz, Adeline Perroz, Neso Sojicz, Alexander
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Kuhn? (1. Vidyasirimedhi Institute of Science
and Technology, 2. Univ. de Bordeaux)
11:05 AM - 11:35 AM

Symposium | Special Program | Frontiers of Molecular Science Explored by
Molecular Electron Microscopy

[SO08-1pm] Frontiers of Molecular Science Explored

by Molecular Electron Microscopy
Chair, Symposium organizer:Koji Harano, Takayuki Nakamuro
1:00 PM - 3:40 PM Webiner 8 (Online Meeting)

[S08-1pm-01] MicroED: Conception, practice and future
opportunities
OTamir Gonen' (1. UCLA/HHMI)
1:05 PM - 1:35 PM

[S08-1pm-02] Dynamic molecular electron microscopy:
An emerging tool for chemists
CEiichi Nakamura' (1. The University of
Tokyo)
1:35 PM - 2:05 PM

[S08-1pm-03] Pushing the performance limits of cryo-EM
for membrane receptors
ORadostin Danev1, Matthew Belousoffz, Yi-Lynn
Liangz, Xin Zhangz, Denise Woottenz, Patrick M.
Sexton? (1. The University of Tokyo, 2. Monash
Institute of Pharmaceutical Sciences, Monash
University)
2:05PM - 2:35 PM

[S08-1pm-04] Understanding the Chemistry of electron
beam-induced transformations on the
molecular level
©Dominik Lungerich1 (1. Institute for Basic
Science (IBS), Center for Nanomedicine, Yonsei
University)
2:35PM - 3:05 PM

[SO08-1pm-05] Atomic-resolution Imaging of Sensitive
Materials Using Ultralow-dose Transmission
Electron Microscopy
OYuHan' (1.King Abdullah University of
Science and Technology)

3:05PM - 3:35PM

Symposium | Special Program | Lesson from Nature - Koji Nakanishi
Memorial Symposium-

[SO8-Tam] Lesson from Nature — Koji Nakanishi

Memorial Symposium-
Chair, Symposium organizer:Kenji Monde, Jun Koshoubu,



Nobuyuki Harada, Katsuhiro Konno, Keiko Shimamoto
9:00 AM - 11:40 AM Webiner 8 (Online Meeting)

[S08-1am-01] Shapes of acting biomolecules; Natural
product chemistry visualizing functional
structure
©Michio MURATA Murata’ (1. Osaka
University)

9:10 AM - 9:35 AM

[S08-1am-02] Chirality of Biomolecules -CD &VCD
Exciton Chirality Method-

OKenji Monde' (1. Hokkaido University)
9:35 AM - 10:00 AM

[S08-1am-03] Phytochemical natural products chemistry
OMinoru Ueda' (1. Tohoku University)
10:00 AM - 10:25 AM

[S08-1am-04] Sexual reproduction of a plant pathogen -
exploring its molecular basis -
©Makoto Ojika' (1. Nagoya Univ.)

10:25 AM - 10:50 AM

[S08-1am-05] Chemistry of Receptor-Lipid Ligands for
Understanding of Immune System
OYukari Fujimoto’ (1. Keio University)
10:50 AM - 11:15 AM

[S08-1am-06] Therapeutic In Vivo Synthetic Chemistry
OKatsunori Tanaka'?® (1. Tokyo Tech., 2.
RIKEN, 3. Kazan Federal U.)
11:15AM - 11:40 AM

Webiner 10

Symposium | Special Program | Toward the new chemistry through the
fusion with informatics

[S10-1am] Toward the new chemistry through the

fusion with informatics
Chair, Symposium organizer:Tadafumi Adschiri, Shinji Hasebe,
Kazuhiko Sato, Midori Kamimura
9:00 AM - 11:40 AM Webiner 10 (Online Meeting)

[S10-1am-01] Strategy for Generating and Collecting
Chemical Data Applicable to Chemical
Research with Artificial Intelligence
OKazuhiko Sato' (1. Interdisciplinary Research
Center for Catalytic Chemistry, National Institute
of Advanced Industrial Science and Technology
(AIST))
9:10 AM - 9:40 AM

[S10-1am-02] Education on information in chemistry: For

utilizing Al
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ONoriko Akutsu' (1. Osaka Electro-
Communication University)
9:40 AM - 10:10 AM

[S10-1am-03] Towards Digital Transformation of Chemical
Plant
OYoshiyuki Yamashita' (1. TUAT)
10:10 AM - 10:40 AM

[S10-1am-04] Digitization of Organic Synthesis
OSeijiro Matsubara' (1. Graduate School of
Engineering, Kyoto University)
10:40 AM - 11:10 AM

[1S1001-04-6add] Panel Disccusion

11:70 AM - 11:40 AM
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Symposium | Co-Innovation Program (CIP) | T2C. R&D of batteries for e-mobility and energy storage for realizing society
with energy storage

[SO03-Tam] T2C. R&D of batteries for e-mobility and energy storage for

realizing society with energy storage
Chair, Symposium organizer:Masashi Okubo, Eiji Hosono, Keigo Hoshina
Fri. Mar 19, 2021 10:30 AM - 11:40 AM Webiner 3 (Online Meeting)

[SO03-1Tam-01] Numerical simulation technology for evaluation of actual
heterogeneous electrode layer and design of porous structure
OGen Inoue' (1. Kyushu University)
10:40 AM - 11:10 AM

[S03-1am-02] Machine learning approaches for degradation prediction of Li-ion
battery
©Yoichi Takagishi1, Takumi Yamanaka1, Tatsuya Yamaue' (1.Kobelco Research Institute
Inc.)
11:10 AM - 11:40 AM

©The Chemical Society of Japan
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Numerical simulation technology for evaluation of actual heterogeneous electrode layer and
design of porous structure (' Faculty of Engineering, Kyushu University)OGen Inoue'

In heterogeneous porous electrode layers of actual secondary batteries and fuel cells, both
electrochemical reaction and mass transport have to be optimized well. We present here various
simulation technologies for evaluation of cell performance and structure design in actual
electrode layer, such as (1) Reaction and mass transport simulation in porous electrode, (2)
Optimum structure design, (3) Dynamic structure change by volume expansion, (4) Effect of
fabrication process on porous structure, and (5) Reconstruction of material structure. These
technologies contribute to increase cell performance with new innovative materials.

Keywords : Numerical Simulation, Porous Electrode; Structure Design; Volume Expansion,
Fabrication Process
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Fig.1 Numerical simulation results for evaluation of actual heterogeneous electrode layer
and design of porous structure: (a) Reaction distribution in PEFCY, (b) Structure change during
charging cycle in all solid state battery?, (c) Simulated PEFC catalyst layer with agglomerate®.

1) M. So, K. Park, Y. Tsuge and G. Inoue, A particle based ionomer attachment model for a fuel cell
catalyst layer, J. Electrochem. Soc., 2020, 167, 013544.

2) G. Inoue, H. Mashioka, N. Kimura, Y. Tsuge, Identifying parameters from discharging and relaxation
curves of Lithium-ion Batteries using porous electrode theory, J. Chem. Eng. Jpn. 2021, accepted.

3) M. So, R. Hirate, K. Nunoshita, S. Ishikawa, G. Inoue and Y. Tsuge, Modelling intercalation induced
stresses in all solid state batteries using discrete element method, Proc. of PRiME 2020, 2020, A05-0998.
4) G. Inoue, M. Kawase, Understanding formation mechanism of heterogeneous porous structure of
catalyst layer in polymer electrolyte fuel cell, Int. J. of Hydrogen Energy, 2016, 41, 21352.

5) G. Inoue, T. Ohnishi, M. So, K. Park, M. Ono, Y. Tsuge, Simulation of carbon black aggregate and
evaluation of ionomer structure on carbon in catalyst layer of polymer electrolyte fuel cell, J. of Power
Sources, 2019, 439, 227060.
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Machine Learning Approaches for Prediction of Li-ion Battery Degradation (' Computational
Science Center, Kobelco Research Institute, Inc.) OYoichi Takagishil, Takumi Yamanaka',
Tatsuya Yamaue'

Prediction techniques of Li-ion battery (LIB) degradation have been receiving increasing
attention since they have been extensively used in various fields. So far, lots of prediction
models have been proposed, including the simple empirical models and physics-based models,
can be classified as “Hypothesis-driven approach. Recently, “data-driven approach” with
machine learning have been proposed in black box model. In this study, we propose data-driven
and white box approach for battery degradation using the actual measurement data including
FIB-SEM images and Deep Neural Network.

Keywords : Li-ion battery, degradation, data-driven approach, Machine Learning
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How do we understand the electrode/electrolyte interface in all-solid-state batteries?
~Theoretical/experimental approaches from the viewpoint of solid state ionics~

(Institute of Multidisciplinary Research for Advanced Materials, Tohoku University) OKaoji
Amezawa

All-solid-state batteries (ASSBs) are expected as next-generation batteries having high
energy/output power density and great safety. The performance of ASSB is often determined
by peculiar ion transport properties at the solid-state interface between the electrode and the
electrolyte, which are different from those in each bulk solid. Therefore, careful material
selection and device design, considering ion transport properties not only in the bulk but also
at the interface, are required. Although it is considered that ion transport properties at the
interface are affected by variation of physical/chemical states (ion concentration/valence,
chemical/electric potential, structural distortion, etc.) at the interface, their relationships have
not been well-understood so far. In this presentation, we examine the physical/chemical states
at the solid-state interface in ASSBs through theoretical and experimental approaches from the
viewpoint of solid state ionics, and discuss how ion transport properties at the interface can be
interpreted.

Keywords . All solid state batteries, Interface, Solid state ionics
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Recent Advances in Scanning Electrochemical Cell Microscopic Analysis on Lithium-ion
Batteries ('AIMR, Tohoku University, *MANA, NIMS, *NanoLSI, Kanazawa University, *JST-
PRESTO, STohoku University) O Akichika Kumatani,'? Yasufumi Takahashi,>* Tomokazu
Matsue?

Recent advances in lithium-ion batteries (LIBs) are remarkable. In particular, a size control
with nanometer/atomic scale of those materials in LIBs is important to introduce their
electrochemical functionalities. Whereas, a conventional electrochemical evaluation is
performed in bulk. In other words, there is still open questions about their electrochemical
properties in microscopic scale. In recent, we have developed and applied scanning
electrochemical cell microscopy (SECCM) with a single barrel nanopipette filled with
electrolyte and a reference electrode. The SECCM can analyze and visualize the local
electrochemical activities on the electrodes of lithium-ion batteries. In this talk, we will present
our recent advances in SECCM analysis on the battery studies.

Keywords : Scanning Probe Microscopy, Electrochemistry; Lithium-ion Batteries,
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1) Recent advances in scanning electrochemical microscopic analysis and visualization on lithium-ion
battery electrodes. A. Kumatani, T. Matsue, Curr. Opin. Electrochem. 2020, 22, 228.
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Visualization of electrochemical reactions in all-solid-state Li-ion batteries using operando
transmission electron microscopy (' Panasonic Corporation, *Japan Fine Ceramics Center,
’Nagoya University) OYuki Nomura,' Kazuo Yamamoto,” Tsukasa Hirayama,” Emiko Igaki,'
Koh Saitoh’

Research and development of all-solid-state Li-ion batteries (ASSLIB) have been widely
conducted because they have the potential to improve the energy density and safety compared
to conventional LIBs with liquid electrolytes. To achieve fast charging of ASSLIBs, Li ions
must move smoothly through cathode, solid electrolytes, anodes, and their interfaces. Therefore,
nano-scale operando monitoring of Li ions in ASSLIBs is seriously important.

In this study, we developed a method of operando transmission electron microscopy for
ASSLIBs and succeeded in observing the movement of Li ions in LiNigsCo0o.15Alp.0502 (NCA)
cathodes using electron energy-loss spectroscopy (EELS)'~

Figure 1 shows an annular dark-field scanning transmission electron microscopy (ADF-
STEM) image and Li-ion concentration maps acquired during the charge reaction. Dashed lines
in the Li-ion concentration maps show the interfaces between primary NCA crystals. Non-
uniform Li-ion distribution during charging was clearly visualized (first right panel).
Additionally, the Li concentration in each primary crystal was almost uniform and changed
significantly at some interfaces between crystals. This shows that there was high Li transfer
resistance at the interfaces.

Keywords :all-solid-state Li-ion battery, operando, transmission electron microscopy; electron
energy-loss spectroscopy, lithium
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Fig. 1 An ADF-STEM image and Li concentration maps observed during the charge reaction
using operando STEM-EELS.

1) Y. Nomura et al., Nat. Commun. 11, 2824 (2020).
2) Y. Nomura et al., ACS Energy Lett. 5,2098-2105 (2020).
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All solid state Lithium ion battery employing robust nanohybrid electrolyte materials
(IMRAM, Tohoku University) Itaru HONMA

we developed a new type quasi-solid-state electrolyte (QSE) employing nanohybrid materials
consisting of Li ion conducting ionic liquid (LiFSI/EMI-FSI) and 7 nm silica nanoparticles. The
interactions of liquid molecules at the nanoscale interfaces allow solidification on oxide surfaces,
while a liquid-like mobility prevails even under macro scale solid state matrix. Although made from
nanomaterials, the electrolytes are stable, flexible, processable to large size membrane and possess
high ionic conductivity of 10.2 mS/cm at room temperature. All solid-state Li ion battery employing
QSE demonstrated favorable charge/discharge cycle performances up to 200 cycles as well as high-
rate capability over S5C, showing promise for high capacity and high power density LIB devices.
Keywords : All solid state Lithium ion battery, Solid state electrolyte; Hybrid material;
Nanoparticle; lonic liquid
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1) S. Shimano et al., Chemistry of Materials. 2007, 19, 5216.

2) M.Mezger et al., Science, 2008, 322, 424

3) K.Ueno et al., Phys. Chem. Chem. Phys., 2010, 12, 4066

4) S.Ito et al., J. Power Sources, 2012, 208, 271

5) A. Unemoto et al., Electrochemistry, 2019, 87, 100

6) K. Nishio et al., J. Electrochemical Society, 2020, 167, 040511
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Fast Li-ion transport at the interface between an inorganic solid electrolyte and a liquid
electrolyte

(Corporate Research & Development Center Toshiba Corporation)

OKeigo Hoshina, Yasuhiro Harada, Norio Takami

Considering the demand for rechargeable batteries offering high energy, high safety, and
long life, all-solid-state lithium-ion batteries have been intensively studied as the next-
generation lithium-ion batteries. In addition to solid electrolytes for all-solid-state lithium-ion
batteries, hybrid electrolytes containing solid electrolytes and liquid electrolytes have attracted
much attention recently. We report that lithium-ion conductive ceramic enhanced lithium-ion
transport in the hybrid electrolytes. PFs and polar solvents are interacted with
Li12Zr19Cap1(PO4)s solid electrolyte in hybrid electrolyte. Therefore, the polarized layer is
formed at the surface of Li1 2Zr1.9Cag 1(PO4); particles and enables lithium ion to move smoothly
in the hybrid electrolyte.

Keywords . Lithium-ion battery; Hybrid electrolyte; Lithium-ion transport;
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1) M. Keller, A. Varzi and S. Passerini, J. Power Sources, 392, 206-225 (2018)
2) K. Yoshima, Y. Harada and N. Takami, J. Power Sources, 302, 283-290 (2016)
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Scaffold-free 3D cell products created with bio 3D printer technology and their medical
applications. (Cyfuse Biomedical) OToshihiko Maekawa

Abstract

In recent years, three-dimensional tissue construction technology has been attracting
attention in many fields such as regenerative medicine, drug discovery and alternatives to
animal experiments, and development at each research institution is accelerating. Together with
Professor Koichi Nakayama of the Department of Regenerative Medicine and Biomedical
Engineering, Faculty of Medicine, Saga University, we have developed a three-dimensional
stacking technology and a bio 3D printer that can create three-dimensional tissues and organs
using only cells without using any other artificial scaffolds. We are developing cell products
that can be applied to the field of regenerative medicine and drug discovery. This bio 3D printer
uses a cell aggregate (spheroid) that utilizes the phenomenon of cell aggregation, and its
characteristics make it possible to apply it to various tissue constructions. In this talk, I will
introduce some of the 3D tissue construction technologies and medical application using our
bio 3D printer.
Keywords:Bio 3D printer, Scaffold-free, Cell aggregation, Regenerative medicine, Cellular product
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2. BAEERSDIGH
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[F CREFOMIBO A TR O MEHEREZER L AN THEITHOY Yy b LT
BT DT IRIBRIEDOBRBE ZHED TV D, ZOAF ¥ 74—/ K& AT I /ER
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Z OREERIT O & MEANTO IS & [FAEOREEOS N EIT L TEB Y |, b MTFEOR
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W LT,

4. 5B DORE

BB O b ENA ORI & . TR0 . ik, R, K&
72 ERR & To ik O KRR AR~ DS T Wbﬁhfv% m?h%%%&ﬂﬁw
b LI FERIEETITBEICE S TR > TV D BEREICH LW EAERRLL 2 B
MZmT5Z &R HEEIZL TS,

© The Chemical Society of Japan -S04-1am-01 -



S04-1am-02 BAL2S H101E5SF2S (2021)

ERBNEZBE LKt EEaMH
(@7 AV L ) HRORICEIER ) O

Development of functional polymer materials for biocompatibility
(‘FUJIFILM Corporation) O Atsushi Sugasaki'

Fujifilm has developed a variety of functional polymeric materials such as photopolymers
mainly for internal use. Recently, we started to explore new possibilities of these materials
while offering them as the products in the community. In this presentation, I will introduce
functional polymeric materials which we have newly developed, particularly focusing on
their (1) fundamental properties and (2) intriguing potentials as new biocompatible materials.
Keywords : Biomaterials;, Biocompatibility, Functional Polymeric Materials; Cancer;
CTC(Circular Tumor Cell)
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Transdermal vaccine as a future medical treatment and ionic liquids as drug development
materials (' Graduate School of Engineering, *Center for Advanced Transdermal Drug
Delivery Systems, Kyushu University) OMasahiro Goto,'*

Transdermal vaccine'?; In the last two decades, different drug delivery methods have
emerged with various targeted delivery routes; for instance, transdermal, topical, oral, injection
and nasal. Among the different routes, a transdermal drug delivery (TDD) method is considered
as a safe and a non-invasive technique for drug administration. TDD has attracted attention for
several advantages over conventional oral or injection route. In contrast to conventional

immunization by injection, transcutaneous immunization requires only topical application of
antigens to the skin and is a simple, non-invasive method that does not require medical
personnel. However, the major problem is that the stratum corneum (SC) serves as a strong
barrier at the skin surface. In this lecture, we applied novel nanodispersion technique to the
induction of cancer immunity. Cancer immunotherapy by activation of immune system against
cancer has recently received attention. The key step for inducing the cancer immunity is the
delivery of cancer-specific antigens to dendritic cells (DCs), followed by the antigen-
presenting by the DCs. Our investigation revealed the ability of this approach to induce antigen-
specific cellular immune responses against cancer by evaluating the growth of OVA-bearing
tumors and the production of cytokines from splenocytes. Inhibition of tumor growth was
achieved, demonstrating the applicability of S/O carriers to the induction of cancer immunity.
We will show you some examples to create a novel vaccine by utilizing nanotechnology.

Pharmaceutical application of ionic liquids (ILs)**¥; which are commonly defined as salt
compounds composed of ionic species and melt below 100 °C, is an attractive research field in
a drug delivery system (DDS). The solubilization ability for insoluble drug molecules is a
promising property of ILs. In 2010, it was reported that acyclovir, a sparingly soluble drug, was
dissolved in imidazolium-based ILs, and the IL-in-oil microemulsions enhanced the
transdermal delivery of acyclovir. The transdermal delivery is the most studied DDS field using
ILs and some hydrophobic ILs were confirmed as skin penetration enhancers due to its higher
interaction with the hydrophobic skin surface barrier. Utilization of active pharmaceutical
ingredients (API) as the ions of ILs is known as an alternative strategy of IL-based DDSs
because the API-IL enables to tune their physical or chemical properties of ILs. To improve the
transdermal delivery, drugs were robed with hydrophobic counter ions. Recently,
biocompatibility has been regarded as one of the most important properties of ILs for the DDS
application. Several biomolecule-derived ions such as choline and amino acids were reported
to form ILs and the biocompatible ILs were used as a solvent for solubilizing poorly soluble
drugs and skin penetration enhancers. These researches suggest that ILs would be a promising
solvent for developing a novel DDS.

Keywords : Transdermal Vaccine; Nano Drug Carrier; Transdermal Delivery; lonic Liquid
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R BT RG- L i L TR O Th Y A& G & i LT HiHbE
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IR EF T g b,

A Z AT K DREBIRIRAE : A A R (TL) X, A A b DB D HR - 7 E
TCRIRDETH D, IL 1EX, AF AL HEE T =F U EOMAE DI L Py
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TeOIZIE, REYGEIZ K 0 AP OFEMIRE 25D 5 2 & | BB MY A A 59
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PEIFES NG Y, &HIT, GUEOEHET AFAEEL AT S inidazolium & F A2 )
HAD IL X, FmiEHRE L CoOMmELZRTZEnmb, ZOMWEIZED AT
ORI E I CEEERT 2 2 & T, BYORERINZRET 2 LGS Tnd v,
1) M. Kitaoka, R. Wakabayashi, M. Goto, Biotechnology Journal., 2016, 11, 1375.

2) R. Wakabayashi, M. Sakuragi, Y. Tahara, N. Kamiya, M. Goto, Mol. Pharm., 2018, 15, 955.
3) M. Goto, Green Chemistry, 2020, 22, 8116.
4) Y. Tahara, N. Kamiya, M. Goto, Mol. Pharm., 2020, 17, 3845.
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Polysaccharide/DNA Complexes to Deliver Therapeutic Oligonucleotides
(Department of Chemistry and Biochemistry, University of Kitakyushu) Kazuo Sakurai

Therapeutic oligonucleotides have to be delivered inside of the target cells. Schizophyllan
(SPQG) is a natural glucan existing as a triple helix in water and as a single chain in alkaline
solutions. When homo-polynucleotides such as poly(dA) are added to SPG alkaline solution
and subsequently pH is adjusted to be neutral, the single chain of SPG forms a stoichiometric
complex with the polynucleotide. We have demonstrated that Dectin-1 recognizes SPG/ODN
complexes, and the complex is eventually ingested by APCs.

Keywords : Therapeutic oligonucleotides, —(1—3)-D-glucan, Drug delivery system

27 47 (SPG) (XEEPENT HHMED B-1,3-7 V1 ThHDH, 1 KO
& 2KD SPG MO b WEMBESEREN T EaF 3R L, £/, =
7 a7 7 — URBIHIE & W o T2 IR B2 SPG O BIKTH D dectin-1 FEH,
LTCW5b, ZDZ ENnDE SPG 78 dectin-1 1XFHL L TV 2 S in~D R LAY 72 -2k
Xv UTICRY 9%, A TIEZ OZPHZBE SR O LBEN 2R 2B 1 5,

3CHR

1. Sakurai, K.; Shinkai, S., Molecular Recognition of Adenine, Cytosine, and Uracil in a Single-Stranded RNA
by a Natural Polysaccharide: Schizophyllan. J. Am. Chem. Soc. 2000, 122, (18), 4520-4521.
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Brown GD, Gordon S. : Immune recognition. A new receptor for beta-glucans. Nature 413: 36-37, 2001.

Binding assay between murine Dectin-1 and p-glucan/DNA complex with quartz-crystal microbalance.
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Adhesive materials developed based on biomimetic technology (*Faculty of Engineering,
Osaka Institute of Technology, 2 Nanomaterials Microdevices Research Center, Osaka Institute
of Technology) OSyuji Fujii,*?

Here, we introduce a new concept for fabrication of powdered adhesives (pressure-sensitive
adhesives and two-part epoxy adhesives) based on liquid marble technology. Liquid marbles
are liquid droplets stabilized by hydrophobic solid particles attached to the gas-liquid interface,
and it is possible to treat the liquid as a non-sticky powder. Powdered pressure-sensitive
adhesive consists of particles with a soft adhesive polymer core and a hard nanoparticle shell
morphology, and shows no adhesion in its original form and flows like a powder. Only after
application of shear stress, it then shows its adhesive nature. Adhesion is induced by rupture of
the nanoparticle coating of the powder and outflow of the inner soft polymer. Powdered two-
part epoxy adhesives were fabricated using epoxy monomer and curing agent as liquid phases
and hydrophobic silica particles as a particulate stabilizer by homogenization with a blender.
The mixture of these two liquid marble powders behaved as a free-flowing powder and no
adhesion occurred to solid substrates. Interestingly, the liquid marbles showed adhesive
character after application of shear stress, because of release of epoxy monomer and curing
agent, followed by polymerization induced by their mixing. The powdered adhesives
developed in our laboratory should be particularly useful in bonding in confined and intricate
spaces, where highly viscous materials are difficult to apply.

Keywords : Liquid Marble; Dry Liquid; Adhesive; Particle; Biomimetic Technology
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Figure 1 Schematic representation of pressure-
sensitive adhesive powder consisting of particles
with soft sticky polymer core and hard
nanoparticle shell morphology. After application
of shearing stress, adhesion property appeared
because of outflow of inner soft polymer from
the hard particles shell.

(a) .m_..-‘ : & Air Air

' Cured lp:xy resin

Figure 2
(c,d) optical photographs illustrating two-
powder mixing type adhesive (a,c) before and
(b,d) after application of shear stress.

(a,b) Schematic representation and

L72fEH, 4.2kNm2 LA E D43 3 lE S dvic, 72, ISTIHVINGE D 2 By O KOS %
pulse NMR TaHi L7z & 2 A, WEE O3 FEEWENME T L7722 &b, EAEKISD
HETT 2 fifesB L7,

1) M. Kasahara, S. Akimoto, T. Hariyama, Y. Takaku, S. Yusa, S. Okada, K. Nakajima, T. Hirai, H.
Mayama, S. Okada, S. Deguchi, Y. Nakamura, S. Fujii, Langmuir 35, 6169 (2019)

2) S. Fujii, S. Yusa, Y. Nakamura, Adv. Funct. Mater. 26, 7206 (2016)

3) S. Fujii, Polym. J. 51, 1081 (2019)

4) S. Fujii, S. Sawada, S. Nakayama, M. Kappl, K. Ueno, K. Shitajima, H.-J. Butt, Y. Nakamura, Mater.
Horiz. 3, 47 (2016)
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Nanosheet Wrapping Technology ~Application to Bioimaging tool~ ('School of Engineering,
Tokai University, *Micro/Nano Technology Center, Tokai University) oYosuke Okamura'~

In the field of biological microscopy technology, it is still a practical challenge to obtain high
quality images of tissues and suspension cells, due to the sample desiccation and undesirable cell
movement that occurs during observations. We have proposed freestanding biofriendly nanosheets
with a thickness of ca. 100 nm for biomedical applications!?. These nanosheets represent unique
properties such as good adhesiveness, amazingly flexibility, and a high degree of transparency. In
this paper, we propose an innovative technique “polymer nanosheet wrapping” to avoid desiccation
and movement of tissues and suspension cells, that is applied to a novel imaging tool for taking
high quality images including in vivo imaging 1!, Furthermore, we also demonstrate coverslip-free
tissue imaging using the nanosheet with a thickness of less than one-thousandth that of a coverslip
in order to achieve a deep tissue imaging'®..

Keywords: polymer nanosheet; wrapping, tissues, suspension cells, imaging tool
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[£% 3R] [1] Okamura, Y. ef al. Adv. Mater. 21, 4388 (2009). [2] Okamura, Y. ef al. Adv. Mater.
25, 545 (2013). [3] Zhang, H. et al. Adv. Mater. 29, 1703139 (2017). [4] Zhang, H. et al. J. Mater. Chem.
B 6, 6622-28 (2018). [5] Takahashi, T. et al. iScience 20, 101579 (2020). [6] Zhang, H. et al. PLoS One
15, €0227650 (2020).
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Hematopoietic stem cells (HSCs) are a rare cell type that

reconstitute the entire blood and immune systems following
transplantation. This represents a curative cell therapy for a variety

of hematological diseases. However, the low number of HSCs makes
both biological analyses and clinical application difficult, and

the limited ability to expand human HSCs ex vivo remains a substantial
barrier to the wider and safer therapeutic use of HSC transplantation.
While various reagents have been tested in attempts to stimulate
human HSC expansion, cytokines have long been thought to be
essential for supporting HSCs ex vivo. Here we report the establishment
of a novel culture system that supports the long-term

ex vivo expansion of human HSCs, achieved through the complete
replacement of cytokines and albumin with chemical agonists and

a caprolactam-based polymer. We discovered that

a phosphoinositide 3-kinase activator in combination with

a thrombopoietin receptor agonist and the pyrimidoindole derivative
UM171 were sufficient to stimulate expansion of

umbilical cord blood (CB) HSCs. The optimized conditions expanded
engraftable hematopoietic stem and progenitor cells by ~1500-fold
during a 30-day ex vivo culture and also supported clonal expansion.
We envision that this chemically-defined expansion culture system will
help to advance clinical HSC therapies.

“Soluplus” based medium can

expansion of human HSCs ex vivo
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50 fold expansion was possible using Soluplus!
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AJICAP®: {iIi&E;EIRH ADC DXRERILFEEBIEDRFE

(ROFBHRASFE - TV A A - 77—~ —ER2) ORME wmak!, ol &
LR AR i B R A M RN A AT L SR ZRERRS L CET
f& Fo/E 1. Brian Mendelsohn?

AJICAP®: Chemical site-specific conjugation technology for next-generation ADC
(!4jinomoto Co., Inc., *Ajinomoto Bio-Pharma Services) O Tatsuya Okuzumi', Yutaka
Matsuda', Takuya Seki', Kei Yamada', Tomohiro Fujii!, Noriko Hatada', Yusuke Iwai', Natsuki
Shikida', Kazutaka Shimbo!, Brian A. Mendelsohn®

The development of conjugation technologies for biomolecules such as proteins and nucleic
acids has made remarkable progress in recent years. Especially, a method for the conjugation
of a specific amino acid residue in a protein has been researched over many years. These
conjugation technologies are important in the field of chemical biology and the development
of complex biologics. Antibody-Drug Conjugate (ADC) is a targeting drug in which a highly
potent small molecule drug is conjugated to an antibody, and its development is accelerated
recently. Compared to conventional chemotherapy, the advantage of ADC is the wideness
between Minimum Effective Dose (MED) and Maximum Tolerated Dose (MTD), the so-called
Therapeutic Index. Recent studies have reported that site-specific ADCs have a further expand
Therapeutic Index, leading to safer ADCs compared with random ADC:s.

Recently, we have developed a method called AJICAP® for site-specific functionalization
without genetic engineering of antibodies in order to accelerate the development of next-
generation site-specific ADCs."” The AJICAP® technology is a chemical method that uses a
peptide having an ability to bind to the Fc region of an antibody, and the peptide enable site-
specific conjugation on a proximal lysine residue to peptide binding moiety. Compared with
the technologies using genetic engineering or an enzyme, the manufacturing process of
AJICAP® site-specific conjugation is simple and straightforward. We have succeeded in
synthesizing a variety of site-specific ADCs by using AJICAP®. In the presentation, we will
report the synthesis of various ADCs using AJICAP® and the expansion of Therapeutic Index
comparing with random ADCs.

Keywords : Antibody Drug Conjugate; ADC; Site-specific; Conjugation
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1) AJICAP: Affinity Peptide Mediated Regiodivergent Functionalization of Native Antibodies. K
Yamada, N. Shikida, K. Shimbo, Y. Ito, Z. Khedri, Y. Matsuda, B. A. Mendelsohn, Angew. Chem., Int.
Ed. 2019, 58 (17), 5592—5597.
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New developments in biocompatible polymers (Nippon shokubai CO.,LTD. ) O Yoshitomo

Nakata

We will introduce the development of biocompatible polymers based on the intermediate
water concept. We investigated the characteristics of methylene glutaric acid (MGA)
polymers, which can spatially arrange functional groups at high density by conventional radical
polymerization, and allyloxymethyl acrylate (AOMA) polymers, which show excellent
mechanical properties in cyclopolymerization. These polymers showed a decrease in
intermediate water and increase in nonfreezing water due to the rigid main chain structure. On
the other hand, the side chain functional group, glycerol monoacrylate (GLMA) possessed a
large amount of intermediate water and a small amount of nonfreezing water. The blood
compatibility of these polymers correlated well with the amount of intermediate water and
nonfreezing water, suggesting that the effect of nonfreezing water increased in region where
the amount of intermediate water was small. Moreover, we examined the influence of the
comonomers in the GLMA copolymer on the blood compatibility, and found that the mobility
of the main chain was dominant.

In the presentation , we will introduce the excellent properties of GLMA-based polymers,
application examples, and functionalization by combining with crosslinking technology.

Keywords : biocompatible: glycerol monoacrylate
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Open Innovation Activities in Pharmaceutical Industries
('Reserch Function, R&D Division, Daiichi Sankyo Co., Ltd., *Biologics Function, Biologics
Division, Daiichi Sankyo Co., Ltd.) © Michio Fujisawa,' Yoshito Kanazawa,” Atsushi Endo?

Open innovation play an enormous role in research and development strategies in
pharmaceutical industries by introducing the latest science and technologies from outside the
company. TaNeDS, a domestic open innovation program of Daiichi Sankyo has been carried
out every year since FY2011 and the purposes of the program are scouting promising research
themes and constructing a network with academic researchers based on Daiichi Sankyo’s needs.
As the results, lots of collaborative research have been initiated with researchers not only in
biology/medical fields but also in drug discovery technology fields. Similar competition
programs have been carried out by several pharmaceutical companies and they have
contributed the promotion of industry-academia partnership so far. It is considered necessary
to deepen such programs in order to further accelerate the partnership for generation of
innovative drugs.

Keywords  Open Innovation; Industry-academia partnership; TaNeDS,

TaNeDS TaNeDS 2011

TaNeDS
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This lecture will present the development of RaPID (Radom nonstandard Peptides
Integrated Discovery) system, as a platform technology, generated from the outcomes of
basic research, it has brought about the revolution of drug discovery processes, and the

challenges and concepts of the entrepreneurship by starting a venture company.
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Kawakami, Tomoko, Waseda Business School, Waseda University

We can take an open innovation strategy at any stage of discovery, development, and
commercialization. However, we often observe that, even if taken at the discovery stage,
it fails to reach the development and commercialization stages due to the lack of
organizational adaptability. The reasons include uncertainty avoidance, lack of
leadership and driving forces, and inappropriate resource allocation, and so forth. As a
solution to these challenges, this research proposes a dialogue type model, so called
MAIN (Marketing-Innovation) model in which marketing and R&D 1is effectively
integrated to reduce the uncertainty for decision making and accelerate development
speed. We also introduce practical cases in which we applied the MAIN model.
Keywords : Open Innovation, Co-creation, Dialogue model
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Trans-Dimensional Materials Created by 2D Oxides

(‘IMaSS, Nagoya University, *WPI-MANA, NIMS) OMinoru Osada'~
Keywords: 2D Oxides; Trans-Dimensional Materials; Self-assembly; Nanoarchitectures

Hierarchical self-assembly is a ubiquitous process in nature where it underlies the formation
of complex biological structures. Over the past decades, scientists have aspired to exploit
modular approaches to create new artificial materials with hierarchical structures and
tailored properties. However, de-novo design of such hierarchical structured materials is
still a major challenge. In this talk, we present new design principles for tans-dimensional
materials using hierarchically structured assembly of 2D oxide nanosheets.

As a new direction for the hierarchical self-assembly, dimension-reduced approaches such
as layering 2D nanostructures become an important target. Among various 2D nanosheets,
2D oxide nanosheets are important, fascinating research targets to be pursued because of the
virtually infinite varieties of layered oxide materials with interesting functional properties'?.
Oxide nanosheets have distinct differences and advantages compared with graphene and
other 2D nanosheets because of their potential to be used as insulators, semiconductors, and
even conductors, depending on their chemical composition and the structures of the parent
layered compounds. Oxide nanosheets also have remarkable potential as building blocks for
tailoring tans-dimensional materials combined with a wide range of foreign materials such
as organic molecules, gels, polymers, and inorganic nanoparticles. In practice, colloidal
nanosheets can be organized into various nanostructures or combined with a range of
foreign materials at the nanometer scale by applying solution-based self-assembly>*. Such
soft-chemical protocols relying on 2D building blocks open up pathways to create new
artificial materials with kinetically controlled, hierarchical nanoarchitectures and tailored
properties. We present a perspective on the advantages offered by nanosheet architectures
for various applications in optoelectronics®”, spinelectronics®, energy and environment

technologies®”.

1) M. Osada and T. Sasaki, Adv. Mater. 2012, 24, 209. 2) M. Osada and T. Sasaki, Dalton
Trans., 2018, 47, 2841. 3) K. Matsuba et al., Sci. Adv. 2017, 3, €e1700414. 4) Y. Shi et al.,
ACS Nano 2020, 14, 15216. 5) S. Li et al., Nat. Mater. 2018, 17, 535. 6) B.-W. Li et al., J.
Am. Chem. Soc. 2017, 139, 10868. 7) T. Taniguchi et al., ACS Nano, 2019, 13, 11214. 8)
B.-W. Li et al., J. Am. Chem. Soc. 2016, 138, 7621. 9) T-P. Chen et al., Adv. Energy Mater.
2018, 8, 1701722. 10) T. Taniguchi et al., ACS Nano, 2020, 14, 6663.
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Precision Synthesis of Low-Dimensional Nanocarbon Materials (' Okinawa Institute of Science
and Technology Graduate University, *Max Planck Institute for Polymer Research) O
Akimitsu Narita,'?

Whereas graphene demonstrates exceptional electronic and mechanical properties, its lack
of bandgap prohibits its applications as an active semiconductor material.' In contrast,
nanostructures of graphene, such as quasi-zero-dimensional (0D) graphene quantum dots
(GQDs) and quasi-one-dimensional (1D) graphene nanoribbons, have non-zero bandgaps as
well as unique electronic, optical, and magnetic properties that are distinct from those of 2D
graphene and dependent on their chemical structures. Although GQDs and GNRs cannot be
obtained with precise chemical structures by predominant top-down fabrication methods, as
represented by the lithographic patterning of graphene, bottom-up chemical synthesis can
achieve such low-dimensional nanocarbons with atomically precise structures.' For example,
we have achieved m-extension of N = 7 armchair GNR (7-AGNR) with partial zigzag edges,
which demonstrated unique topological electronic states at junctions with pristine 7-AGNR
segments (Figure 1a,b),' highlighting further potential of bottom-up-synthesized GNRs as
topological materials. We have also synthesized dibenzo[/i,stJovalene as an atomically precise
GQD with a combination of armchair and zigzag edge structures, and demonstrated its strong
red fluorescence and unique photophysical properties that render DBOV interesting for optical
applications such as lasering and imaging with the super-resolution microscope techniques
(Figure 2¢,d).>®
Keywords : Nanocarbon; Bottom-up synthesis, Graphene nanoribbon;, Nanographene;
Polycyclic Aromatic Hydrocarbon
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1) X.-Y. Wang, A. Narita and K. Miillen, Nat. Rev. Chem. 2017, 2, 0100.

2) X. Xu, K. Miillen, A. Narita, Bull. Chem. Soc. Jpn. 2020, 93, 490.

3) Z. Chen, A. Narita, K. Miillen, Adv. Mater. 2020, 32, 2001893.

4) O. Groning, S. Wang, X. Yao, C. A. Pignedoli, G. Borin Barin, C. Daniels, A. Cupo, V. Meunier, X.
Feng, A. Narita, K. Miillen, P. Ruffieux, R. Fasel, Nature 2018, 560, 209.

5) G. M. Paterno, Q. Chen, X.-Y. Wang, J. Liu, S. G. Motti, A. Petrozza, X. Feng, G. Lanzani, K. Miillen,
A. Narita, F. Scotognella, Angew. Chem. Int. Ed. 2017, 56, 6753.

6) X. Liu, S.-Y. Chen, Q. Chen, X. Yao, M. Gelléri, S. Ritz, S. Kumar, C. Cremer, K. Landfester, K.
Miillen, S. H. Parekh, A. Narita, M. Bonn, Angew. Chem. Int. Ed. 2020, 59, 496.

7) Q. Chen, D. Schollmeyer, K. Miillen, A. Narita, J Am Chem Soc 2019, 141, 19994.
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Fabrication and properties of two-dimensional heterostructures ('Department of Chemistyr,
Nagoya University) Kitaura, Ryo

Two-dimensional (2D) materials, including graphene, boron nitrides, and transition metal
dichalcogenides (TMDs, Fig. 1), have provided a platform to explore novel physics and
chemistry at the 2D limit. In addition to the fascinating properties of 2D materials themselves,
2D materials allow exploring novel 2D-based superstructures, such as heterojunctions,
heterostacks, and superlattices, which give even broader possibilities. We are working on the
fabrication of 2D superstructures through (1) crystal growth with metal-organic chemical
vapor deposition (MOCVD) and molecular beam epitaxy (MBE), and (2) stacking 2D
components with the full-dry-transfer-based manipulation technique’. This presentation
will focus on two 2D superstructures, 2D lateral superlattices and TMD/CNT heterostacks.
For example, MoS»/WS; 2D lateral superlattices with a periodicity of around 10 nm can be
grown by MOCVD with an automatic valve control system. More details on the fabrication
and optical properties of these superstructures will be addressed in this talk.

Keywords : 2D materials, heterostructures, dichalcogenides, optical properties, crystal growth
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1) T. Hotta, et. al., ACS Nano, 2021, 51, 1, 1370-1377

2) T. Hotta, et. al., Phys. Rev. B, 2020, 102, 115424

3) Y. Uchiyama et. al., npj 2D Materials and Applications, 2019, 3, 26
4) M. Okada, et. al., ACS Nano, 2018, 12, 2498-2505
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Creation of molecular nanosheet crystals utilizing air-water interfaces: Controlling
morphology and functionality
(Graduate School of Engineering, Osaka Prefecture University) ORie Makiura

Development of rational methods for creating ordered two-dimensional (2D) structures
with nanometer scale precision is one of the central issues in the nanoscience and
nanotechnology fields because of their intrinsic physical-chemical properties which are seen in
those of their equivalent bulk state. Inclusion of highly regulated nanopores into the nanosheet
structure will further open the possible applications such as nanosieves, molecular/ion storage
and sensor devices as well as introducing guest molecules into the nanopores tune variedly the
sheet properties (electric conduction, nanoheterojunction). Utilizing molecular building units
are suitable for creating such porous nanosheets because of rich variety of design and facile
modification of size and shape. Furthermore, various chemical interactions such as covalent
bond, coordination and hydrogen bond are applied for assembling molecular-based nanosheets.

Here, I present a facile bottom-up synthesis of molecular nanosheets with both positional
and size regulated nanopores utilizing air/liquid interfaces. By applying liquid interfaces,
growth direction of the object can be well controlled with utilizing self-assembly feature of the
molecules under mild conditions. We have succeeded to tune finely the nanosheet structures by
rational modification of molecular building units [1-5]. In addition, new methodology we
developed based on the liquid interface technique resulted in enlarging the nanosheet size. The
highly crystalline structure remains after transferring a solid substrate from the liquid surface
as well as without any supports. Notably, such highly oriented porous crystalline structure is
obtained specifically by applying bottom up synthesis at air/liquid interfaces, not by other
techniques such as drop cast.

Keywords: Nanosheet, Air/liquid interface, Metal-organic framework (MOF), Bottom-up
synthesis, Oriented film,
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Self-assembly at the air/liquid interface PP PPV S

In-plane linkage
Covalent bond

Coordination bond
Hydrogen bond

Layver stacking
n—n interaction

Molecular building units Highly-oriented molecular nanosheets

1) Makiura, R., Motoyama, S., Umemura, Y., Yamanaka, H., Sakata, O., et al. Nature Mater. 9,
565 (2010). 2) Makiura, R., Usui, R., Sakai, Y., Nomoto, A., Ogawa, A., et al. ChemPlusChem.
79, 1352 (2014). 3) Makiura, R., Konovalov, O. Sci. Rep. 3, 2506 (2013). 4) Makiura, R.,
Konovalov, O. Dalton Trans. 42, 15931 (2013). 5) Makiura, R. Tsuchiyama, K., Pohl, E.,
Prassides, K., Sakata, O., et al. ACS Nano, 11, 10875-10882 (2017).
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A Niche between Chemistry and Physics Opened by Mathematics: Topological Materials
Science (Laboratory for Materials and Structures, Tokyo Institute of Technology)

(OTakao Sasagawa

Topological materials science is a new science and technology of this century, born across
chemistry and physics by applying the mathematical concept of topology (soft geometry) to
electronic states. The progress of the field, from insulators to semimetals to superconductors,
will be reviewed along with our contributions''?. Then, the great potential and future prospects
of topological quantum materials and properties will be discussed from the perspective of
"trans-dimensional chemistry".

Keywords : Topological Materials Science; Topological Insulator; Topological Semimetal;
Topological Superconductor
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1) Evidence for a Higher-order Topological Insulator in a Three-dimensional Material Built from van
der Waals Stacking of Bismuth-halide Chains. R. Noguchi, T. Sasagawa, T. Kondo et al., Nature
Materials (2021), published online. DOI: 10.1038/s41563-020-00871-7.

2) Zero-energy Vortex Bound State in the Superconducting Topological Surface State of Fe(Se,Te). T.
Machida, T. Hanaguri, T. Sasagawa et al., Nature Materials 18, 811 (2019).

3) A Weak Topological Insulator State in Quasi-one-dimensional Bismuth Iodide. R. Noguchi, T
Sasagawa, T. Kondo et al., Nature 566, 518 (2019).

4) Ubiquitous Formation of Bulk Dirac Cones and Topological Surface States from a Single Orbital
Manifold in Transition-metal Dichalcogenides. M.S. Bahramy, T. Sasagawa, P.D.C. King et al., Nature
Materials 17, 21 (2018).

5) MR w P ANVEFWEORE. W 25, /YR 86,381 (2017).

6) Full-gap Superconductivity in Spin-polarised Surface States of Topological Semimetal B-PdBi,. K
Iwaya, T. Hanaguri, T. Sasagawa et al., Nature Commun. 8, 976 (2017).

7) Observation of Zeeman Effect in Topological Surface State with Distinct Material Dependence. Y.-S.
Fu, T. Hanaguri, T. Sasagawa et al., Nature Commun. 7, 10829 (2016).

8) Negative Electronic Compressibility and Tunable Spin Splitting in WSe». J. M. Riley, T. Sasagawa,
P.D.C. King et al., Nature Nanotech. 10, 1043 (2015).

9) Topologically Protected Surface States in a Centrosymmetric Superconductor $-PdBi». M. Sakano, T.
Sasagawa, K. Ishizaka et al., Nature Commun. 6, 8595 (2015).

10) Imaging the Two-component Nature of Dirac-Landau Levels in the Topological Surface State of
BisSes. Y.-S. Fu, T. Hanaguri, T. Sasagawa ef al., Nature Physics 10, 815 (2014).

11) Discovery of a Single Topological Dirac Fermion in a Strong Inversion Asymmetric Compound
BiTeCl. Y. L. Chen, Z.-X. Shen, T. Sasagawa et al., Nature Physics 9, 704 (2013).

12) Massive Dirac Fermion on the Surface of Magnetically Doped Topological Insulator. Y. L. Chen, T.
Sasagawa, Z.-X. Shen et al., Science 329, 659 (2010).
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[SO6-1am-01] Chemical Communication on Insectivorous Mammals
OMasaki Kita', Yusuke Yano', Mayuko Suzuki', Maho Morita', Satoshi D Ohdachi® (1.
Nagoya University, 2. Hokkaido University)
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[S06-1Tam-02] AUTAC: an antibacterial autophagy-inspired degrader
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[S06-1am-03] Functional coupling between gut microbiota and enteroendocrine
cells
OTakashi TSUBOI' (1. Graduate School of Arts and Sciences, The University of Tokyo)
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[S06-1am-04] Molecular/neural basis underlying mate choice mediated by
individual recognition in medaka fish
OHideaki Takeuchi? (1. Tohoku Uni, 2. Okayama Uni.)
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Chemical Communication on Insectivorous Mammals (' Graduate School of Bioagricultural
Sciences, Nagoya University, *Institute of Low Temperature Science, Hokkaido University)
(OMasaki Kita,' Yusuke Yano,' Mayuko Suzuki,' Maho Morita,' Satoshi D. Ohdachi®

Eulipotyphlans are small insectivorous mammals that mainly feed on insects and earthworms.
Among them, shrews are vulnerable to starvation and have a habit of paralyzing their prey
using saliva venom. It has also been suggested that the muscle tissue of shrews contains insect
repellents and the odor glands contain odorants that repel large mammals. In this symposium,
we would like to introduce bioactive substances (chemical communication substances) related
to predator-prey system derived from shrews, including their relationship with adaptive
evolution.

Keywords : Insectivorous Mammals, Shrew, Saliva Venom, Repellents, Chemical
Communication Substances
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1) M. Kita et al., PNAS 101, 7542 (2004); 2) D. Uemura et al., Pure Appl. Chem. 81, 1093 (2009); 3) J.
J. Sato et al., Sci. Rep. 6,31173 (2016); 4) J. J. Sato et al., Mol. Phylogent. Evol. 141, 106605 (2019); 5)
KEHE, Aroma Research 18, 164 (2017).
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AUTAC: an antibacterial autophagy-inspired degrader
(Graduate School of Life Sciences, Tohoku University) Daiki Takahashi and Hirokazu
Arimoto

Selective autophagy is a promising target for drug discovery because it suppresses various
diseases by the removal of intracellular harmful materials. However, current degrader
technologies are largely proteasome dependent. In this talk, we would like to share with you
how we developed the first autophagy-based degrader technology, AUTAC (AUtophagy-
TArgeting Chimera), based on our previous finding of S-guanylation as a selection marker for
antibacterial autophagy. The potential advantages of AUTAC over current degrader
technologies including PROTACs and ATTEC are also discussed.

Keywords : Autophagy; S-guanylation; Degraders; AUTACs; Mitochondria
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1. Takahashi, D. et al. AUTACs: Cargo-Specific Degraders Using Selective Autophagy. Molecular
Cell 76, 797-810.e10 (2019).
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Functional coupling between gut microbiota and enteroendocrine cells

(Department of Life Sciences, Graduate School of Arts and Sciences, The University of Tokyo)
(OTakashi Tsuboi

Glucagon-like peptide-1 (GLP-1) is secreted from enteroendocrine L cells. GLP-1 secretion
is regulated by various luminal nutrients, bacterial metabolites, and hormones, and secreted
GLP-1 maintains homeostasis. Although various bacterial metabolites are known to cause
metabolic syndromes and neuropsyhcological disorders, whether these effects are mediated by
GLP-1 secretion remains unclear. In the present talk, I will present the relationship between
bacterial metabolites and GLP-1 secretion from enteroendocrine cells.

Keywords : gut hormone, gut microbiota, secretory physiology, endocrinology
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1) Glutamine-induced signaling pathways via amino acid receptors in enteroendocrine L cell line. T.
Nakamura et al., J Mol Endocrinol 2020, 64, 133.

2) Green fluorescent protein-based glucose indicators report glucose dynamics in living cells. M. Mita
et al., Analytical Chemistry 2019, 91, 4821.

3) Green fluorescent protein-based lactate and pyruvate indicators suitable for biochemical assays and
live cell imaging. K. Harada et al, Scientific Reports 2020, 10, 19562.

© The Chemical Society of Japan - S06-1am-03 -



S06-Tam-04 BAL2S B101E5SF2 (2021)

A EHDEFBMEN LERIBERRIZED IMOH FHELR
(Bedb kb Bl | - FABEE D Ol H81 12

Molecular/neural basis underlying mate choice mediated by individual recognition in
medaka fish (‘Graduate School of Life Sciences, Tohoku University, > Graduate School of
Natural Science and Technology, Okayama University Tohoku University) O Hideaki
Takeuchi'~

Some fish species have the ability of individual recognition and individuals appropriately tailor
attitudes and responses to other group members according to the social context. The neural
substrate that works between sensory input and behavioral output underlying social cognition
and decision-making processes, however, is vast and mysterious. To address this issue, we have
focused on medaka fish, a model animal used mainly in the field of molecular genetics.
Previously, we demonstrated that medaka females recognize familiar males following prior
visual exposure, and social familiarity influences female mating receptivity. Medaka females
exhibit a positive response (high receptivity) to familiar males, and a negative response (low
receptivity) to unfamiliar males. In this talk, I would like to introduce how we determined the
neural substrate which could modulate behavioral-choice processes using molecular genetics.
Keywords : neuropeptide, oxytocin, GnRH, CRISPR/Cas9
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1) A neural mechanism underlying mating preferences for familiar individuals in medaka fish
T. Okuyama, S. Yokoi, H. Abe, Y. Suehiro, H. Imada, M. Tanaka, T. Kawasaki, S. Yuba, Y. Taniguchi,
Y. Kamei, K. Okubo, A. Shimada, K. Naruse, H. Takeda, Y. Oka, T. Kubo, and H. Takeuchi, Science
343,91-94 (2014).

2) Individual recognition and the 'face inversion effect' in medaka fish (Oryzias latipes). M.Y. Wang and
H. Takeuchi, eLife, 6, 24728 (2017).

3) Sexually dimorphic role of oxytocin in medaka mate choice. S. Yokoi, K. Naruse, Y. Kamei, S. Ansai,
M. Kinoshita, M. Mito, S. Iwasaki, S. Inoue, T. Okuyama, S. Nakagawa, LJ. Young, and H. Takeuchi,
Proc. Natl. Acad. Sci. 117, 201921446 (2020).
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Are Fairy Chemicals a new family of plant hormones? (Research Institute of Green Science
and Technology, Shizuoka University) Hirokazu Kawagishi

2-Azahypoxanthine (AHX) and imidazole-4-carboxamide (ICA) were isolated from a fairy-
ring-forming fungus Lepista sordida. AHX was converted into a metabolite, 2-aza-8-oxo-
hypoxanthine (AOH) in plants. It was found out that these three compounds, named as fairy
chemicals (FCs), endogenously exist in plants and are biosynthesized via a new purine
metabolic pathway. FCs provided tolerance to plants against various stresses and regulated the
growth of all the plants tested. In addition, FCs increased the yields of rice, wheat, and other
crops in the greenhouse and/or field experiments.
Keywords: plant hormone; fairy chemicals; 2-Azahypoxanthine, imidazole-4-carboxamide; 2-
aza-8-oxo-hypoxanthine
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1) {EEER, 7 =7 U— bW RN T N2, IR DR, 2017, 52, 78.

2) H. Kawagishi, Fairy chemicals — a candidate for a new family of plant hormones and possibility of
practical use in agriculture —, Biosci. Biotechnol. Biochem., 2018, 82, 752.

3) H. Kawagishi, Are fairy chemicals a new family of plant hormones?, Proc. Jpn. Acad., Ser. B, 2019,
95, 29.
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[SO06-1pm-01] Development of a large scale solar hydrogen production system
based on particulate photocatalysts
OKazunari Domen' (1. The University of Tokyo/Shinshu University)
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[S06-1pm-02] High-efficiency artificial photosynthesis using quantum coherence
under modal strong coupling conditions
SHiroaki Misawa' (1. Hokkaido University)
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[S06-1pm-03] Application of Near-Infrared Plasmonics to Hydrogen Evolution
Catalysis
OToshiharu Teranishi' (1. Kyoto University)
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[S06-1pm-04] Enhancement of water splitting and CO2 reduction by a synthetic
method and making a solid solution of photocatalysts
OAkihiko Kudo' (1. Tokyo University of Science)
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[SO06-1pm-05] Water splitting by visible ligh through one-photon induced two-
electron conversion to get through the photon-flux density problem
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9Haruo Inoue' (1. Tokyo Metropolitan University)
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[SO06-1pm-06] Improvement in efficiency of dye-sensitized molecular
photocathodes in photoelectrochemical cells for photocatalytic CO,
reduction with water as a reductant
©0samu Ishitani' (1. Tokyo Institute of Technology)
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Development of a large scale solar hydrogen production system based on particulate
photocatalysts (!Research Initiative for Supra-Materials, Shinshu University, *Office of
University Professors, The University of Tokyo)OKazunari Domen, '

The water splitting reaction driven by sunlight is studied as a technology for producing
renewable hydrogen on a large scale. To put this technology to practical use, the reaction
system must not only split water efficiently but also be scalable to a large area. Systems
consisting of particulate photocatalysts can be spread over large areas by relatively simple
processes. Therefore, the development of highly active photocatalysts holds the key toward
large-scale hydrogen production. In my talk, the latest progress in the development of
particulate photocatalysts and the prospects for system development for large-scale hydrogen
production is presented.

Keywords : Particulate photocatalyst; Water splitting reaction; Panel reactor
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High-efficiency artificial photosynthesis using quantum coherence under modal strong
coupling conditions (' Research Institute for Electronic Science, Hokkaido University, > Center
for Eme{’égent Functional Matter Science, National Chiao Tung University, Taiwan)OHiroaki
Misawa "

In the Au nanoparticles/TiO; thin film/Au film (ATA) electrode, the TiO»/Au film serves as
an optical nanocavity. When the resonance wavelength of the nanocavity and the localized
surface plasmon resonance of the Au nanoparticles are overlapped, the absorption intensity is
enhanced and the absorption wavelength range is expanded, and a modal strong coupling
capable of absorbing 85% of visible light is generated. We have revealed that the mode strong
coupling generates quantum coherence between the plasmon and the cavity, resulting in highly
efficient electron transfer from Au nanoparticles to TiO,.

Keywords : localized surface plasmon resonance, optical nanocavity, modal strong coupling,
quantum coherence, hot carrier
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Application of Near-Infrared Plasmonics to Hydrogen Evolution Catalysis
(Institute for Chemical Research, Kyoto University) Toshiharu Teranishi

Localized surface plasmons excited by the collective oscillation of free carriers in the
nanostructures not only induce strong photoelectric fields near the nanostructure surface, but
also enable carrier transfer to nearby substances. In this talk, the design and synthesis of
inorganic nanoparticles that exhibit localized surface plasmon resonance in the near-infrared
region will be presented as well as hydrogen evolution catalysis using near-infrared localized
surface plasmon resonance.

Keywords : Localized Surface Plasmon Resonance, Nanoparticle; Carrier Transfer; Near-
Infrared; Hydrogen Evolution
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Water Splitting and CO» Reduction using Semiconductor Photocatalysts
(Faculty of Science, Tokyo University of Science) Akihiko Kudo

Water splitting and carbon dioxide reduction of artificial photosynthesis is expected to
solve energy, environment, and resources issues. Heterogeneous photocatalytic systems for
the artificial photosynthesis are introduced.

Keywords:
Photocatalyst; Artificial Photosynthesis; Water splitting; H> production; CO;reduction

1. Introduction

Photocatalytic water splitting is a challenging reaction because it is an ultimate chemical
reaction to solve resources, energy, and environment issues. Photocatalytic CO, fixation has
also attracted attention. These can be regarded as artificial photosynthesis, because light
energy is converted to chemical energy. In the present paper, I introduce various metal oxide
and sulfide photocatalysts for the artificial photosynthesis [1].

2. Water splitting using visible-light responsive photocatalysts

Rh and Sb-codoped SrTiOs photocatalyst loaded with IrO, was active for water splitting into
H, and O under visible light and simulated sunlight irradiations as a single particle type
photocatalyst. This photocatalyst responds to 500 nm [2]. SrTiOs:Rh of a H-evolving
photocatalyst and BiVOs of an Os-evolving photocatalyst constructed various type of
Z-schematic photocatalyst systems with Fe*"/Fe**, [Co(bpy);]*"*", [Co(phen);]*"*, and a
conductive reduced graphene oxide (RGO) as an electron mediator and even without an
electron mediator. Metal sulfide photocatalysts that are normally unstable for water splitting
into H, and O; in the absence of an electron donor was able to be employed for Z-schematic
photocatalyst systems for water splitting. Z-schematic photocatalyst systems combining metal
sulfide photocatalysts as a Hs-evolving photocatalyst with TiO, (RGO/TiO) [3] and
BiVO4+Co complex (an electron mediator) showed activity for water splitting into H» and O»
[4]. However, Z-scheme system employing SrTiOs3:Rh of a H,-evolving photocatalyst and
BiVO; of an O»-evolving photocatalyst can utilize visible light to only 540 nm. Therefore, it
is a key issue to employ photocatalysts with visible light response to longer wavelength.
From this viewpoint, various types of Z-scheme systems for water splitting under visible light
irradiation were successfully developed by employing Rh- and Ir-doped metal oxides
powdered materials with relatively narrow energy gaps (EG), BaTa,Og:Ir,La (EG: 1.9-2.0 eV),
NaTaOs:Ir,La (EG: 2.1-2.3 eV), SrTiOs:Ir (EG: 1.6-1.8 €V), and TiO»:Rh,Sb (EG: 2.1 eV),
with conventional SrTiOs:Rh of an H,-evolving photocatalyst or BiVO4 of an O-evolving
photocatalyst, and suitable electron mediators [5]. The Z-scheme systems were classified into
three groups depending on the combination of the H,- and O»-evolving photocatalysts and an
electron mediator. Z-scheme systems combining BaTa;Oe:Ir,La with BiVQOs4, and
NaTaOs:Ir,La with BiVO4 were active when not an Fe**?* but a [Co(bpy);]*"*" redox couple
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was used. The combination of SrTiOs:Ir with SrTiOs:Rh gave an activity, when
[Co(bpy)s]*"*" and Fe*"*" redox couples of ionic mediators were used. Z-scheme systems
combining TiO,:Rh,Sb with SrTiO;:Rh showed activities by using of [Co(bpy)s;]*"** and
Fe*"?* redox couples and also via interparticle electron transfer by just contact with/without
reduced graphene oxide (RGO). These suitable combinations can be explained based on the
impurity levels consisting of doped Rh’" and Ir’" toward the redox potentials of ionic
mediators for the Z-scheme systems employing ionic mediators, and p-/n-type and onset
potentials of photocurrent in photoelectrochemical properties of those photocatalyst materials
for the Z-scheme systems working vis interparticle electron transfer.

3. CO; reduction using water as an electron donor over powdered photocatalysts

Ag cocatalyst-loaded ALas;TisO15 (A = Ca, Sr, and Ba) [6] and tantalates photocatalysts
[7-10] such as NaTaO;:Ba with 3.79—4.1 eV of band gaps showed activities for CO,
reduction to form CO and HCOOH in an aqueous medium without any sacrificial reagents.
CO is the main reduction product rather than H, even in an aqueous medium. Especially, the
Ag/NaTaO;:Ba photocatalyst gave ca. 90% of the selectivity for the CO, reduction. The
carbon source of produced CO was confirmed to be dissolved CO, molecules using *COs..
Thus, an uphill reaction of CO, reduction accompanied with water oxidation was achieved
using the Ag-loaded metal oxide photocatalysts. However, these metal oxide photocatalysts
respond to only UV because of their wide band gaps. So, it is challenging to develop
photocatalysts with visible light response for CO, reduction. We constructed a Z-scheme
system consisting of CuGaS; photocatalyst of a CO,-reducing photocatalyst with BiVO4 of an
0O:-evolving photocatalyst and RGO of an electron mediator for CO, reduction using water as
an electron donor in the absence of any sacrificial electron donors. The Z-scheme system
gave H,, O,, and CO simultaneously under visible light irradiation [11]. A molecular catalyst
can be utilized as a CO» reduction site for the Z-scheme photocatalyst system [12].

References

1. A.Kudo, and Y. Miseki, Chem. Soc. Rev. 38, 253 (2009).

2. R. Asai, H. Nemoto, Q. Jia, K. Saito, A. Iwase and A. Kudo, Chem. Commun. 50, 2543 (2014).
3. K. Iwashina, A. Iwase, Y. Hau Ng, R. Amal, and A. Kudo, J. Am. Chem. Soc. 137, 604 (2015).
4. T.Kato, Y. Hakari, S. Ikeda, Q. Jia, A.Iwase, and A. Kudo, J. Phys. Chem. Lett. 6, 1042 (2015).
5. A.Kudo, S. Yoshino,T. Tsuchiya, Y. Udagawa, Y. Takahashi, M. Yamaguchi, I. Ogasawara, H.

Matsumoto, and A. Iwase, Faraday Discussions, 215,313 (2019).

K. Tizuka, T. Wato, Y. Miseki, K. Saito, and A. Kudo, J. Am. Chem. Soc. 133, 20863 (2011).

7. H. Nakanishi, K. lizuka, T. Takayama, A. Iwase, and A. Kudo, ChemSusChem 10, 112 (2017).

8. T. Takayama, K. Tanabe, K. Saito, A. Iwase, and A. Kudo, Phys. Chem. Chem. Phys. 16, 24417
(2014).

9. T. Takayama, A. Iwase, and A. Kudo, Bull. Chem. Soc. Jpn. 88, 538 (2015).

10. T. Takayama, H. Nakanishi, M. Matsui, A. Iwase, and A. Kudo, J. Photochem. Photobiol. A:Chem.
358, 416 (2018).

11. A.Iwase, S. Yoshino, T. Takayama, Y. H. Ng, R. Amal, and A. Kudo, J. Am. Chem. Soc. 138,
10260 (2016).

12. T. M. Suzuki, S. Yoshino, T. Takayama, A. Iwase, A. Kudo, and T. Morikawa, Chem. Commun.
54, 10199 (2018).

o

© The Chemical Society of Japan - S06-1pm-04 -



S06-Tpm-05 BALZS B101E5SF2 (2021)

KEEEONFREERBER MR D 16T 2B FERICLD
BE 57

Water splitting by visible light through one-photon induced two-electron
conversion to get through the photon-flux density problem
of sun light

RN R R e - AR EREE) J LAk

Tokyo Metropolitan University, Haruo Inoue

As an alternative methodology for visible light induced water splitting by molecular catalyst,
one-photon induced two-electron conversion of water into hydrogen and hydrogen peroxide catalyzed by
metalloporphyrin was developed to get through the bottle neck subject, photon-flux density problem of the
rarefied sun light radiation.

Key words: Artificial photosynthesis, water splitting, hydrogen, hydrogen peroxide, metallopophyrin
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1) a) ChemSusChem., 2011, 4, 173-179., b) Coordination
Chem. Rev., 2018, 377, 64-72.
2) a) J. Photochem. Photobiol. A, Chem. 2015, 313, 131-136.,
b) ChemSusChem., 2017, 10, 1909-1915., ¢c) ChemPhotoChem.,
2018, 2, 240-248, d) Sustainable Energy & Fuels, 2018, 2, 1966-1973., e) J. Photochem. Photobiol. A, Chem.,
2020, 401, 112732., f) J. Photochem. Photobiol. A, Chem., 2020, 400, 112619.
3)ACSAppl Energy Mater 2019, 2, 8045-8051.
4) a) ChemSusChem., 2019, 12 1939-1948. , b) Sustainable Energy & Fuels, 2020, 4, 1945-1953.%
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Improvement in efficiency of dye-sensitized molecular photocathodes in photoelectrochemical
cells for photocatalytic CO, reduction with water as a reductant
(School of Science, Tokyo Institute of Technology) OQOsamu Ishitani

Photocatalytic CO, reduction by using water as a reductant is one of the main targets for
constructing artificial photosynthesis. We recently reported a first dye-sensitized molecular
photocathode for photocatalytic CO» reduction, which can be applied for constructing a Z-
scheme type photoelectrochemical cell with a semiconductor photoanode for water oxidation.
In this presentation, I report our recent results about drastic improvement of efficiency of the
dye-sensitized molecular photocathode for CO; reduction.

Keywords : Dye-Sensitized Molecular Photocathode, Photocatalytic CO; Reduction, Artificial
Z-Scheme
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LT 2% & CO, ZZhRINTETT L, Z OJehlBisaeI 35k 0 MR S5 9,

3) GEBETN A Y — ROMERE L n BIMNSER T ) — R EMAE DR TKIC
&% COp AR TS

BASE L 7o RGBSy 1 0 Y — N & il T 5 CoOx A5 L7z n BE
(KM (TaON. BiVO,) ZHAAEDLEDLZLICL Y., AN E T 2= RLX¥—, K%
BILH & L CHV COy &It 2 S fay I BRI BEEh 3~ 2 = Lok L= 7,

1) Y. Tamaki, O. Ishitani, ACS Catalysis 2017, 7, 3394-3409.

2) (a) Y. Yamazaki, K. Ohkubo, D. Saito, T. Yatsu, Y. Tamaki, S. Tanaka, K. Koike, K. Onda, O. Ishitani,
Inorg. Chem. 2019, 58, 11480-11492; (b) K. Koike, D. C. Grills, Y. Tamaki, E. Fujita, K. Okubo, Y.
Yamazaki, M. Saigo, T. Mukuta, K. Onda, O. Ishitani, Chem Sci 2018, 9, 2961-2974.

3) D. Saito, Y. Yamazaki, Y. Tamaki, O. Ishitani, J. Am. Chem. Soc. 2020, 142, 19249-19258.

4) (a) G. Sahara, R. Abe, M. Higashi, T. Morikawa, K. Maeda, Y. Ueda, O. Ishitani, Chem. Commun.
2015, 51, 10722-10725; (b) G. Sahara, H. Kumagai, K. Maeda, N. Kaeffer, V. Artero, M. Higashi, R.
Abe, O. Ishitani, J. Am. Chem. Soc. 2016, 138, 14152-14158.

5) R. Kamata, H. Kumagai, Y. Yamazaki, G. Sahara, O. Ishitani, ACS Appl. Mater. Interfaces 2019, 11,
5632-5641.

6) (a) Kamata, H. Kumagai, Y. Yamazaki, M. Higashi, R. Abe, O. Ishitani, J. Mater. Chem. A 2021; (b)
H. Kumagai, G. Sahara, K. Maeda, M. Higashi, R. Abe, O. Ishitani, Chem. Sci. 2017, 8, 4242-4249.
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Rational design of protein molecular functions ('Graduate School of Arts and Sciences, The
University of Tokyo, *Graduate School of Science, The University of Tokyo)OMunehito Arai'-?

Protein molecules are essential for life phenomena and have diverse functions including binding
and catalysis. Rational design of such protein functions has been a great challenge. In this talk, I
will present our efforts of theoretical protein design to strengthen protein-protein interactions and
to accelerate an enzyme reaction. I will also show an example of sophisticating protein function
by rational connection and multimerization of proteins.

Many proteins exert their functions through protein-protein interaction (PPI) with other proteins
in vivo. Since PPI is also involved in various diseases, designing proteins for PPI inhibition is
directly related to drug discovery. We focused on the interactions of the KIX domain of the
transcriptional coactivator CBP with various transcriptional activators. These PPIs are involved in
leukemia, cancer, and viral infections. Using fragments of the KIX-binding transcriptional
activators MLL and c-Myb as templates, we attempted to theoretically design peptides that bind
KIX more tightly than the wild type. We were able to create such peptides by rational design using
the Rosetta software and secondary structure prediction.

We are also working on the development of the methods to rationally improve enzymatic activity.
We searched for the mutants that could accelerate the rate-limiting step in the catalytic cycle of
dihydrofolate reductase (DHFR) by theoretical comprehensive mutation analysis. Many of the
designed mutants showed high activity as predicted. Moreover, we succeeded in increasing the
DHEFR activity by 4-fold with a single amino-acid substitution.

In addition, we rationally designed a protein that changes its binding partner in a pH-dependent
manner. Specifically, by connecting an antibody-binding protein, Protein A, with a protein that
dimerizes at low pH, we created a chimera that binds to antibody at neutral pH and dissociates it by
dimerization at low pH. This chimera is expected to be used for purification of antibodies. Rational
design of such "mutually exclusive binding" will be useful in regulating protein functions.
Keywords : Protein, Rational Design, Binding, Enzyme
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Micro hydration effect on ion selectivity studied by cold ion trap spectroscopy (Department of

Chemistry, School of Science, Tokyo Institute of Technology)O Shun-ichi Ishiuchi

Valinomycin is a macrocyclic ionophore that transports K" across hydrophobic membranes.
The mechanism of its ion selectivity depends on the hydration effect. In this work, to elucidate
the hydration effect on the ion selectivity, electrospray / cold ion trap technique was applied to
valinomycin / Na" and K* complexes and their hydration clusters. Based on their infrared
spectra, structural difference caused by the micro hydration is discussed.

Keywords : Laser Spectroscopy; lon Selectivity; Hydrated Cluster; Cold lon; lonophore
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1) M.C. Rose, R.W. Henkens, Biochim. Biophys. Acta 1974, IRPD A-~7 k)L

372, 426., 2) M. Ohnishi, D.W. Urry, Science 1970, 168, 1091., 3) K. Neupert-Laves, M. Dobler,
Helvetica 1975, 58,432.,4) Y. Chen, K. Deng, X. Qiu, C. Wang, Sci. Rep. 2013, 3,2461., 5) S. Ishiuchi,
H. Wako, D. Kato, M. Fujii, J. Mol. Spectrosc. 2017, 332, 45.
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Functional Polyaromatic Nanospaces: How to Recognize Biomolecules
(Lab. for Chem. & Life Sci., Tokyo Inst. of Tech.) Ryuki Sumida - OMichito Yoshizawa

Abstract : Here we report the recent progress in the research of our molecular
capsules with well-defined polyaromatic nanospaces. For example, a representative
male hormone (i.e., testosterone) is almost exclusively encapsulated by the capsule
from a complex mixture with female hormones in water. In addition, long
oligounsaturated fatty acids (e.g., a-linolenic acid) and volatile cyclic monoterpenes
are selectively bound by the capsule in water and/or in the solid state, through
effective hydrophobic effects, CH-n/n-n interactions, and hydrogen bonds. On the
basis of the recent studies, we would like to propose a new strategy for the selective
recognition of biomolecules by molecular receptors.
Keywords : Capsule; Recognition; Host-guest interactions; Biomolecules; Water
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&3k [1] N. Kishi, Z. Li, K. Yoza, M. Akita, M. Yoshizawa, J. Am. Chem. Soc.
2011, 733, 11438-11441. [2] M. Yoshizawa, L. Catti, Acc. Chem. Res. 2019, 52,
2392-2404. [3] M Yamashina, T. Tsutsui, Y. Sei, M. Akita, M. Yoshizawa, Sci. Adv.
2019, 5, eaav3179. [4] H. Dobashi, L. Catti, Y. Tanaka, M. Akita, M. Yoshizawa,
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Synthesis and Applications of Functional Molecular Systems using Proteins (Faculty of Science
and Engineering, Chuo University) O Teruyuki Komatsu

Proteins are ultimate biosupramolecules. The strategy to use proteins as the unit of functional
materials is one of the rational molecular designs and is the frontier of bio-nanotechnology. We
synthesize various protein assemblies using covalent bond, coordination bond, and electrostatic
interaction hierarchically, and are striving to create concerted functions and functional
molecular systems. This lecture will give an overview of our functional molecular systems and
their various applications, such as artificial blood, virus trap, and swimming microtube motor.
A hemoglobin (Hb) wrapped covalently with three human serum albumins (HSAs), Hb-HSA;
cluster, becomes an artificial O, carrier as a red blood cell substitute. The structure, O, binding
ability, and in vivo safety and efficacy have been elucidated. Protein microtubes and nanotubes
have been fabricated by layer-by-layer assembly technique using porous polycarbonate
membrane. The nanotubes can capture viruses efficiently. The microtubes having Pt
nanoparticles or catalase on the interior surface are self-propelled in aqueous H,O; solution by
jetting O, microbubbles from the open end. More recently, water-soluble linear coordination
polymers of HSA and Hb, which are connected via bis(terpyridyl)-Fe** complex, have been
synthesized.

Keywords : Protein; Enzyme; Artificial Blood; Virus, Microtube Motor

MG OREE X 2 D E A ITE OB & #E Tt ST & 722EMon A
T T ThbH, TOEAEEHEMEAIOEARAL =y M & L THWDEIKIIAEE
MR TR O—2>ThH . XA FF /)T 7/ av—07arT7 47 E0W25, FHx
IE BB A BRI EAIC RN W0 R T 5 HIEIC L0 B Ak kA
EAR L, TOSTEEBEZFH LU “BROMBEORIL”, Sz s vy
“BERESY T3 AT LADAIBY [TV MHA TS, AK#EETIL. BEAEL LA/, B
A, BRI BAEH Tl L 7o SR -3 A7 DT DWW T il O R &4
T D, ALK, VANVARNT v w4 7aFa—TF—F—RE HxRtH
FEBRICOWTHIA L2V,

BEAE O E BB &2 AR S LA e SR T lx 0EAE CTIERS
ZEDTERVEREENERT D, ~E/ BBV Hb) 2L LT, 20N F-RHEIC
b hET VT I HSA) % 3 e Lllcar-v o VRO (~E e -7 7
V) 7 T AKX —(Hb-HSA3) Ak L, ARG A HE7e N TEEHRIEMRA (R ER
R L7 D 2 & % R L7z (Fig. 1A) 2, Hb-HSA; D AFM {4213 RE 73 = A ot
M T LI, cryo-TEM 18D = RITFAEKR D D 7 7 A X —DONLKFEE 2 fR L 7= 2,
Hb-HSA; DEREBIFIE (Pso) 13U Hb DU E = EE T 5 Z £ 12 LY 9~56 Torr D
FiPH CEAEI ATRETH D Y, Hb-HSA; D 20wt%iAik & iy = v 7 IRED T » M5
T 5 L RFINELF L, SEHEIIRIME 5% G- RIE E TR L, £7o, R EmE
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Fig. 1 (A) Hb-HSAj cluster, (B) protein microtube motor, (C) supramolecular protein nanofibers.

MMM PR E ORI E L THTHH Z & B EFELT: Y, HSA ZfH#fx A X il 7 /v
TV B R 2 IET VT I ATERT D & R O N TEERIERIA & 72 5 07,
#H#A % Hb (rtHb) LA 2 717 2 o (tHSA) O AE T, JFEHLIK A —UIS%E & L
IRNSERA RO rHb-rHSA; BB L7172 Y,

g ) X —iEEIE, WAL - B RE - AARIEICENENR R DR A5 TE DA
NI TH D, Fex TR Y I —RFx— MEE W2 B ORI NA B g IEIC
X, BHENORD —HO~A 70T 2a—T0F ) Fa—TOEKRIEEZML LT
20 W OEAE AEEOIERF CRBIICHET 5 Z & T, EAOMIEL MAIAD
Lo BoNEF 2a—T7 DO~ RITNILLERIC, VA NVANIRIHHREND Z L 2]
ST LY, F2, WHEBEICASE T /R ¥ 79— B2 E LT-EAE~A 7 1
F2—7 OME  1.2um, £ & 24pum) 1%, H,O0KIEIE TR UGN HERFE N7 L 2 & H
LeRN5HETD (Fig.1B)*Y, ZO~A 70T a—TE—F—RNRBEEZHELL
HETEHZLE2RAM LT, SbIERRZFa-7 Va3 v X —8 (MK fREESR) CTHE
T5 &, HOBHPROfELZ /s 2t bbholz, A4 78 v MR —)VORE
WNTHIGERET L2DIZE THL EEZX DD,

Tk, SREAREAS CHEM LICERE T/ 7 7 A N—DAERIZAEE) LTz (Fig.
109, 2 o0& —t U DNV EAHFT 5 HSA DKIFIKICE:A A 2N+ 5L, B
H— B D URSE R s L7 —RICHSA /) 7 7 A N—0 557, EEE Tum
PLEIZ RS0, RBEEE T 72, EDLOTEERBY TR ~v—LiroT-, &< ARk
B E YD Hb 7 77 A RN —% R8T 5 Z L L R[HE T, O EF AL E Hb
LRIZETH - T,

T. Komatsu, et al.,

1) Biomacromolecules 2013, 14, 1816. 2) ACS Omega 2019, 4, 3228. 3) J. Phys. Chem. Lett. 2017, 8,
819.4) J. Phys. Chem. B 2018, 122, 12031. 5) Stroke 2018, 49, 1960. 6) Sci. Rep. 2016, 6, 36782. 7) J.
Mater. Chem. B 2018, 6,2417. 8) J. Mater. Chem. B 2020, 8, 1139.9) ACS Nano 2010, 4, 563. 10) Chem.
Lett. 2020, 49, 1245. 11) J. Am. Chem. Soc. 2012, 75, 7644. 12) Chem. Eur. J. 2017, 23, 5044. 13) ACS
Appl. Nano Mater. 2018, 1, 3080. 14) ACS Appl. Nano Mater. 2019, 2, 4891. 15) Chem. Commun. 2020,
56, 15585.
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Reconstituting cell membrane functions with a model membrane
and nanometric space

(*Biosignal Research Center, Kobe University, Graduate School of Agrobioscience, Kobe
University) OKenichi Morigaki,!?
Keywords: Biological membrane; Model membrane; Supported lipid bilayer; Nanofluidics

Biological membranes composed of lipid bilayer and associated proteins work as a platform
for diverse cellular functions including signal transduction and energy conversion. We
developed a model biological membrane on the solid substrate by combining a patterned lipid
bilayer with a nanometric gap structure. A patterned polymeric bilayer was lithographically
generated from polymerizable diacetylene phospholipid by UV irradiation.® Natural lipid
bilayers having lateral fluidity were incorporated into the polymer-free regions by spontaneous
spreading of vesicles (vesicle fusion). The polymeric lipid bilayer acted as a stable framework
and the embedded fluid lipid bilayers mimicked the biological membrane with lateral mobility,
two-dimensional organization, and membrane functions.

A nanometric gap structure (nanogap-junction) was created between the fluid bilayer and a
polydimethylsiloxane (PDMS) sheet by attaching the surface of polymeric bilayer and PDMS
using an adhesion layer with a defined thickness (e.g. silica nanoparticles).? The nanogap-
junction having a thickness smaller than 100 nm acted as a selective and sensitive biosensing
platform. From a mixture of proteins (cholera toxin and albumin), the target protein (cholera
toxin) was selectively transported into the gap by the specific binding to a glycolipid (Gma) in
the fluid bilayer and lateral diffusion. This platform enabled to detect target molecules (e.g.
biomarkers) with an elevated signal-to-noise-ratio due to the reduced background noise.
Furthermore, single molecules of membrane proteins could be detected by using an adhesion
layer with biocompatible polymer materials.

Patterned model membrane in combination with a nanometric gap structure can be applied
to a wide variety of membrane systems and proteins. We recently succeeded to reconstitute the
light harvesting machinery of the plant thylakoid membrane.®> Furthermore, dopamine D2
receptor (D2R), a G-protein coupled receptor (GPCR) that plays critical roles in the neural
functions and represents the target for a wide variety of drugs, could be reconstituted in the
nanometric cleft between substrate and PDMS. These finding points to a new possibility to use
a nanometric space as a platform for reconstituting and studying membrane proteins under the
quasi-physiological conditions, which is difficult to be created by other methods.

1) K. Morigaki, T. Baumgart, A. Offenhdusser, W. Knoll, Angew. Chem., Int. Ed. 2001, 40, 172. 2) a) K.
Ando, M. Tanabe, K. Morigaki, Langmuir 2016, 32, 7958. b) M. Tanabe, K. Ando, R. Komatsu, K.
Morigaki, Small 2018, 14, 1802804. 3) T. Yoneda, Y. Tanimoto, D. Takagi, K. Morigaki, Langmuir 2020,
36, 5863.
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Intracellulr molecular assemblies driven by liquid-liquid phase separation (Department of
Chemical and Biological Engineering, Princeton University) OShunsuke F. Shimobayashi

Intracellular molecules self-assemble into membrane-bound or membrane-less organelles to
achieve their biological functions. There is emerging evidence on membrane-less organelles
composed of proteins/RNA that liquid-liquid phase separation (LLPS) is a physical principal
to potentially unify the assembly process. This talk will discuss synthetic approaches to
understanding the physical principal through optogenetic tools to light-trigger liquid protein
assemblies. The particular focus will be on how the formation rate depends on supersaturation,
in which we demonstrate that the key features can be quantitatively understood through
classical nucleation theory (CNT). The link to biological functions will be also discussed.
Keywords : Intracellular phase separation, membrane-less organelles, optogenetics

AR BE. LLPS (liquid-liquid phase separation, #KHRAHSTEE) & \WNo7z
HEEZ MBI HICT 5 L 91078 -> CE o, WRIRMSEEE 13, B—ITRAE STV DI
AR DRy 1A BAE SO ZRIT WV — IR EIRIED B DX T & 5K
BIZEIET D a2V S, OB, Y774 Ry v 7OMEcALID K9 IT
FAxDOHFIZHY SNTEHRTHY , ZOWEITES RO RLEINTE T, T
AT Z 10 FFRT, RNA & X U T NG 7 DA R 700y GERREL D) FlaN/ s
B (ANTRT) R0 TEAEERPZHERE S, RIS BETZ O GREE & fi—1
WCER L 9 2BFEH L LTHEA SR TWE Y, LLARS, HTESLEET S
Oy VIR EAER % DS MME72 &% OB 2 WHEFELIT K < Doro Ty,

ARG T, B TA LN THREEEREZFET 2B E WA Z & TR A TE2IE
BTy A A IRDTE R A I = X LI HOWCigam T 5. FFIZ. D FESEROIEE N
FD5Y T OBEAFIEIZ & D X D ICEBANAEFT D 0MHE S 2 H T, IRk A K
i & OBAMHEICOWTELT D, 51T, B TEAKRDOIER L EWFH 7B iE L ©
BNV IZOWTHERT D,

1) Y. Shin, C. P. Brangwynne, Science 357, eaaf4382 (2017). DOI: 10.1126/science.aaf4382
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4D Genome Architecture: A Condensed Polymer System in Cell Nucleus
(Graduate School of Engineering, Nagoya University) Shin Fujishiro OMasaki Sasai

Human genome DNA amounts to about 2 meters in its total length, but this long DNA chain is
confined in a cell nucleus in diameter of about 10 micrometers. However, this tight compaction
needs to be compatible with the rapid and flexible read/write of DNA information. The recent
advancement of the measurement technology has revealed that the time-dependent three-
dimensional structure of genome DNA, i.e., the 4D genome architecture, plays a key role in
this DNA functioning, and now, there is a strong demand for developing a computational
method for a unified view to explain various experimental data. We developed a polymer model
of the genome DNA to examine the self-organized phase separation of chromatin. We show
that the phase separation induced by the heterogeneous interactions among densely dispersed
chromatin in the nucleus is crucial for determining the 4D genome architecture.

Keywords : phase separation, chromatin; chromosome; compartment, dynamics

E N DNA IZ2ER 2 mIZET 525, B 10 pm (& EORIFZIZIGH S LT\ 5,
ZOEERERIT S0 5T DNA [FHROMME « ke it HE £ 2 ATREIC T 51T
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5o ZOREZML T2OIZIX, 7/ LHBED DNA D& E X A I 7 A T78bb
aD 7 ) BT —FT I F X ODfFANRVETH DM, TONA A)v—"T7"y NELFET
% B X OWAMBEHINOMEAIZ LY, 4D 7 ) AT —F T 7 F ¥ ORI 20E I B
Loob b, SLIHNTZED H720I21E, 2O DSRRET — & Ziffi—HICHE
fRU.T ) BT =X T 7 F X OTREGIEZIT ) O OHEET VEFETHZ &N
M LEENTND, Bxld, eulkz2 R ) ~—#E L TRTENFFIEET V2R
L, 7 a~F o ORFEIIS CI B EREZRE TS 2 L2k, ZofRET v
N DRET — X 2 EBINCHAT A Z L 2R LT, L0 bITEEROIL, BEAIC
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© The Chemical Society of Japan -S07-1am-07 -



S07-1Tam-08 AZ{b2a B101E5SE2 (2021)

RIMERDF VAT LICK DHIES) - T REREDHEBEK
CRAFIE '+ SORBEHE 2 « %2 U —FF° - IST S & 28134 OFiF 4N 1234

Reconstitution of the cell motility and division machineries from minimum molecular
components ('The Hakubi Center for Advanced Research, Kyoto University, *Graduate
School of Science, Kyoto University, *Institut Curie, *JST PRESTO) OMakito Miyazaki'***

In the cell, hundreds or thousands of proteins work together to regulate various cellular
functions. To understand how nanometer-sized proteins sense the micrometer-sized huge
cellular boundary and how proteins collectively regulate cellular functions is not only a
challenging frontier in the field of cell biology, but also indispensable for creating the next
generation smart materials mimicking living systems.

One of the key elements of a cell is the actin cytoskeleton. The actin cytoskeleton is an
essential intracellular structure mainly composed of actin filaments and myosin molecular
motors. It has been known that the actin cytoskeleton regulates key cellular functions
including cell motility and division, yet the regulatory mechanism remains unresolved. To
uncover the mechanism, we have adopted an in vitro reconstitution approach. We purify
actomyosin molecules from living cells, encapsulate them into artificial cells, then explore
physical conditions at which functions reminiscent of cell motility and division are
reproduced. Our findings will give general insights into how the actomyosin molecules
self-organized into cytoskeletal networks and drive various cellular functions.

Keywords :Molecular Motor; Actomyosin, Cytoskeleton; Artificial Cell; Self-organization

MR TS, BT DX 7 EIZ L > THIfI S T D, anfiiz L,
T A= MY A ZDINE IR Z RIS, <A 70 A= =Y A ZDILRZRAEN
MR L, MIBERE 2l L CW D DTIEA 95?2 Z DA ZBRS 5 Z &1,
AR B 31T 2 DB D SFRERARRE T o 5 7210 TR < EMITFE A TR D
B ERRE DPHIIZER N 2 LIS TV 5,

AL Z WA 2 R ERO—DI [T 7 F UMl SFHINBERH D,
T FUBER I AV A D H OIS L IR R o Te~ A 7
BA= VA=A DXy NV =T HEZRKT D, T LT, Xy F U =27 DL
PRGN MEB) M/ A 7 & D AMEENI A E R ek 2 IeRE A HIE L T\ D
EEZDLNTNDN, Z OB OFEMIIRHTH D, £ 2 THAIE, MlanbH
B BB L7=7 7 I AT U ATHBICE A U, HIREERE S AR RR S B St 2 1
5 Z &I Lo T, WELA 22 BLR 0 S HIEEEAE ORI ICHE A TV D ASEE TIZRHT O
WFFERLR 2 AR L. MBS RE O H AR .- > W Gl 21T 9.

1) Cell-sized spherical confinement induces the spontaneous formation of contractile actomyosin
rings in vitro. M. Miyazaki, M. Chiba, H. Eguchi, T. Ohki, S. Ishiwata, S. Nat. Cell Biol. 2015 17, 480.
2) Tug-of-war between actomyosin-driven antagonistic forces determines the positioning symmetry in

cell-sized confinement. R. Sakamoto, M. Tanabe, T. Hiraiwa, K. Suzuki, S. Ishiwata, Y. T. Maeda, M.
Miyazaki, Nat. Commun. 2020 11, 3063.
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[67T] Photocyclization to cis-Hexahydrocarbazol-4-ones: Substrate
Modification, Mechanism and Scope?#

(‘\Department of Chemistry and Catalysis Research Center (CRC) Technical University of Munich,
Lichtenbergstr. 4, 85747, Garching Campus, Munich, Germany, 2Department of Chemistry, Maliba
Campus, Tarsadi 394350, Uka Tarsadia University, Bardoli, India, 3Interdisciplinary Center for Scientific
Computing, Ruprechi-Karls University, Im Neuenheimer Feld 2054, 69120 Heidelberg, Germany) O
Sachin G. Modha,!? Alexander Pothig,! Andreas Dreuw,® Thorsten Bach!

Keywords: [67] Photocyclization; hexahydrocarbazolones; enones; enaminones.

Photochemical organic transformations provide easy access to molecular structures that are
difficult, if not impossible, to obtain via conventional reactions. Numerous approaches toward natural
product synthesis have been reported where a photochemical transformation represents a key step.!
Indoline derivatives are a very important class of heterocyclic compounds due to their presence as core
structures in many naturally occurring alkaloids and pharmaceutical compounds. In pioneering work,
Chapman and co-workers? demonstrated that N-alkyl-N-aryl-enamines produce upon irradiation mainly
trans-fused hexahydrocarbazoles, while Schultz et al.> reported the formation of cis-fused
dihydrobenzofurans from f-aryloxyenones via photochemical conrotatory ring closure followed by
epimerization. These and other reports proved the efficiency of a [6m] photocyclization reaction in the
generation of complex carbo- and heterocycles from simple starting materials.

In 1988, Gramain, Husson and co-workers reported a synthesis of cis-hexahydrocarbazolones
via [6m] photocyclization of tertiary aryl enaminones.* Only three examples were reported and the
photoproducts were found to be unstable at room temperature. There is neither a mechanistic study
carried out nor NMR spectra with clear coupling constants reported so far. Thus, we were interested in
revisiting this classical photoreaction and studied it in detail.’

During our initial attempts, we found out that the reported photoproducts were not stable on
silica and the substitution on nitrogen plays an important role in stability of the photoproducts. For this
modification UV-Vis absorption was used as a tool to determine the substitution change on nitrogen. The
new substrate gives only frans-hexahydrocarbazol-4-one upon irradiation at 366 nm in dichloromethane
solvent, but it converts to thermodynamically stable cis-hexahydrocarbazol-4-one on silica. Deuterium
labeling experiments revealed that only 1,4-hydrogen shift taking place after conrotatory ring closure
while triplet quenching experiments suggested a triplet pathway. It is first time that we have NMR spectra
of these trans- and cis-compounds with clear coupling constants and single crystal XRD analysis of the
cis-compound.

(@] H 0
R1©\ /@R2 hv (A = 366 nm), [20 mM] R1%RZ
N
j\ CH2C|2, rt. 3h H
0”0 0”0
R3 R3
Yields up to 98%
12 examples

The energy of excited states and intermediates as well as final products were calculated with the help
of computational calculations which provide insight into the mechanistic pathway of this interesting
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reaction. Furthermore the cis-hexahydrocarbazol-4-ones could be converted to few interesting products
like o-hydroxy hexahydrocarbazol-4-one, a-methyl hexahydrocarbazol-4-one, Grignard addition product
and hydroxy hexahydrocarbazole via carbonyl reduction. It is worth noting that all these transformations
were diastereoselective and only one diastercoisomer was obtained in all cases.

1 S. G. Modha, A. Pothig, A. Dreuw, T. Bach, J. Org. Chem. 2019, 84, 1139.

[1] (a) T. Bach, J. P. Hehn, Angew. Chem., Int. Ed. 2011, 50, 1000; (b) N. Hoffmann, Chem. Rev. 2008, 108, 1052.
[2] (a) O. L. Chapman, G. L. Eian, J. Am. Chem. Soc. 1968, 90, 5329; (b) O. L. Chapman, G. L. Eian, A. Bloom, J.
Clardy, J. Am. Chem. Soc. 1971, 93, 2918.

[3] (a) A. G. Schultz, R. D. Lucci, J. Org. Chem. 1975, 40, 1371; (b) A. G. Schultz, R. D. Lucci, W. Y. Fu, M. H.
Berger, J. Erhardt, W. K. Hagmann, J. Am. Chem. Soc. 1978, 100, 2150.

[4] a) J.-C. Gramain, Y. Troin, H.-P. Husson, J. Het. Chem. 1988, 25, 201; b) J.-C. Gramain, H.-P. Husson, Y. Troin,
J. Org. Chem. 1985, 50, 5517.

[5] a) T. Bach, B. Grosch, T. Strassner, E. Herdtweck, J. Org. Chem. 2003, 68, 1107; b) V. Edtmuller, A. P6thig, T.
Bach, Tetrahedron, 2017, 73, 5038.

© The Chemical Society of Japan -S09-1pm-01 -



S09-1 pm-02 The 101st CSJ Annual Meeting

Surface functionalization of polyolefin by C-H oxygenation with
chlorine dioxide

(Graduate School of Pharmaceutical Sciences, Osaka University) (OHaruyasu Asahara
Keywords: Chlorine dioxide, Photoreaction, Polyolefin, Surface functionalization

Polyolefins are widely used in various forms for packaging, protective coating and
medical appliances owing to its superior properties such as heat resistance, better corrosion
resistance, high mechanical strength to weight ratio, and easy recycling. However, the use
of non-polar plastics has been limited due to its inherent hydrophobicity and poor adhesive
property with dissimilar materials. Therefore, it is necessary to modify plastic surfaces to
increase the surface energy and hydrophilicity without change in their bulk properties.

C-H oxygenation of saturated aliphatic long-chain hydrocarbons such as
polypropylene (PP) and polyethylene (PE) is an important target reaction in polymer
chemistry for functionalization of inert polymer surfaces. Generally, plasma and corona
discharge treatments have been used for PP surface modification. However, the reactive
species, such as ozone, and the electron beam result in C—C bond cleavage, resulting in
significant decreases in mechanical strength. Additionally, the lifetime of the oxygenated
state is not sufficient because ozonic —OO insertion occurs on the PP surface.

Previously, it was reported that photo-activated chlorine dioxide radical (ClO,") was
proven to be used as an oxidizing agent to achieve the oxygenation of methane to methanol
and formic acid in perfluorohexane (CgF14).! Chlorine radical (CI') generated from ClO," gas
upon photo-activation cleaves the C-H bond of CH4 to form a methyl radical (CHs"), and the
subsequent addition of singlet oxygen would give oxygenated products.

In this study, we performed polyolefin surface C-H oxygenation using this
photo-activated CIO," (Figure). The oxygenated polymer surface allows further modification
with various organic compounds via reaction with the carboxylic acid groups on the surface,
which may have significant implications in synthetic polymer chemistry.?

clo,

@ BluelED
Activation Oxidative COCH.__oH (I;QOH
Modification | I
Polyolefin Surface Oxidized Polyolefin

1) K. Ohkubo, K. Hirose, Angew. Chem. Int. Ed. 2017, 57, 2126. 2) K. Ohkubo, H. Asahara, T. Inoue,
Chem. Commun. 2019, 55,4723. 3) Y. Jia, J. Chen, H. Asahara, T. Aso, H. Uyama, ACS Appl. Polym.
Mat. 2019, 1, 3452.
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Flow Photochemical Synthesis of Thiophene-fused Organic
Semiconductors

(Osaka Prefecture University)
Yasunori Matsui
Keywords: Flow Chemistry; Photoinduced Electron Transfer; Organic Field Effect

Transistor; Mallory Reaction

In the past decades, many
polycyclic heteroaromatic hvorPET _ SN
compounds have been developed H —2H
as semiconductors for organic
field effect transistors (OFETs). To
construct  polycyclic  aromatic
skeletons, photoinduced electron
transfer (PET)-assisted tandem
cyclization—dehydrogenation

reaction is a typical strategy
(Scheme 1). Actually, more
efficient synthesis of these trithia[5]helicane

compounds can be achieved by  Scheme 1. Tandem 6x-cyclization-dehydrogenetion
utilizing  photochemical ~ flow reactions to provide polycyclic aromatic compounds.

reactors. In this work, we synthesized alkyl-substituted tetrathienonaphthalenes (TTN) and
trithia[S]helicene derivatives (Scheme 1) and fabricated OFET utilizing solution process.
Also, we carried out theoretical prediction of hole mobility of C,-TTN was based on
amorphous solid  simulation—statistics (5
(ASSiST) method.?

Theoretical Simulation. Amorphous solid
structure of 480 molecules of C,-TTN was
obtained by annealing (1000 K, 2 ns)-
cooling (300 K, 1 ns) process in molecular (
dynamics simulation under periodic
boundary condition (Fig. 1). Hole transfer
rate constant (W) was obtained by using {

transfer integral (f) of a given focused p
molecules and the neighboring molecules

and Marcus equation (eq. 1), where 4 is

Planck constant, Arg is reorganization energy, Fig. 1. Method for preparation of the amophous solid

. structure of Cg-TTN: (a) initial ordered configuration, (b)
ks is the Boltzmann constant, and T random configuration, and (c) created structure.
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is the temperature. Furthermore, hole mobility of the amorphous structure (uum) is estimated
as a geometric mean using the modified Stokes—Einstein equation (eq. 2),® where N is the
number of “molecular flocks”, e is the elementary charge, and 7 is the distance between
molecular centroids. Using this approach, we found that znm values are calculated to be 2.1
x 102,93 x 1072, and 1.8 x 10 cm?* V' s™! for Ce-, Cs-, and Cyo-TTNss, respectively (Table
2). These values indicate that too long alkyl chains decrease tm in the amorphous solid
and/or crystal boundary, due to reduction of z.

Photochemical Synthesis. Photoirradiation [Agx = 350 nm, 3—-6 h] of a CH,Cl, solution
containing C,-TTE and p-chloranil (p-CA, 2 eq) in a batch reactor led to a formation of
Co-TTN in 24-58% yield (Table 1). Use of a microflow reactor (1 x 0.5 x 915 mm)
improved these reaction yields, up to 73% in an extremely short residence time. These
results were explained by homogenous photoirradiation and prevention of overreaction by
discharge from the reactor, originated from the effects of flow reactor.

OFET Characteristics. Thin polycrystalline films (~100 nm) of C,-TTN were obtained by
using spin-coating of the toluene solution (1 wt%) on glass substrate. The films were
conducted to fabrication of top-gate bottom-contact OFET with moderate p-type
characteristics with ziorer ~ 102 cm? V-'s™ (Table 2). In the presentation, we also discuss
interesting relationship between alkyl chain length and uorer, and understanding of
relationship between f&m and gorer.

Table 1. Photoreactions of C,-TTE Affording C,-TTN Table 2. Theoretical (u,,) and Experimental Hole
— Mobility (uoret) of Cp-TTN
o o Gate Electrode
c’ al

(A1)
/ _-CYTOP

hv, p-CA
—_—

CH20|2 P _Cn'TTN
Cn-TTN ——Substrate
Source/ (SiOy)
r o Drain
Sub  System r'nn:: Product y'; Electrode
. ; Ham UOFET
Ce-TTE batch 360 Ce-TTN 40 Materials p Ty v p Tonlots
flow 12 60
Ce-TTE  batch 180 CeTTN 58 CeTIN  21x102  37x102 10°
flow 1a 73 CgTTN 9.3x 1073 1.0x102 105
Cqo-TTE batch 180 C1o-TTN 24 Cio-TTN 1.8 x 104 24x10-3 104
flow 1a 36 Cyo-TTN NA 45%x10~4 104

2Residence time

1. Yamamoto, A.; Matsui, Y.; Asada, T.; Naito, H.; Ikeda, H. et al. J. Org. Chem. 2016, 81, 3168-3176.
2. Yamamoto, A.; Matsui, Y.; Ikeda, H. et al. J. Photochem. Photobiol. A Chem. 2016, 331, 48-55.
3. Asada, T.; Koseki, S. Org. Electron. 2018, 53, 141-150.
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Highly efficient and selective photoreaction progress under
microflow conditions

(Department of Chemical Engineering, Industrial Technology Center of Wakayama
Prefecture(WINTEC)) O Yasuhiro Nishiyama
Keywords: microflow condition, photoreduction, nitrobenzene, azoxybenzene, slug flow

The hydrogenation (reduction) of nitrobenzenes is an important reaction to provide
various important products (aniline, azobenzene, etc.) in industry. However,
nitrobenzenes which have reducible groups show the poor product selectivity in this
reaction due to the difference of the reductive property of each functional group
containing nitro group. Recently, it was reported that simple photocatalytic reduction
of nitrobenzenes to anilines in batch with green LED light irradiation (525 nm).! This
reaction affords aniline derivatives dominantly irrespective of the existence of other
functional groups; however, it needs very long photoirradiation time (24 h) to the full
conversion.! Microreactors which have very narrow channels, have many advantages
for proceeding organic reactions efficiently. Especially, because of the very short path
length, organic photoreactions in flow microreactors can proceed very smoothly
compared to those in batch reactor.? In this work, we performed the above
photoreductions in a flow microreactor in order to improve the reaction efficiency.

Consequently, nitrobenzenes were smoothly converted for 4 h photoirradiation,
but different product selectivity was observed (azoxybenzenes were obtained as main
products instead of anilines). In addition, even in flow microreactor, the flow rate
significantly affected the chemical yield of azoxybenzene. Especially, the high flow
rate afford azoxybenzene in very high yield. These results showed that the condensation
reaction of nitrosobenzenes and N-phenylhydroxylamines, which are the intermediates
in the hydrogenation of nitrobenzenes, was proceeded very smoothly in the
microreactor. This reactor-dependent results were successfully applied to some kinds
of substrates.®> In this symposium, we will show further microreactor-dependent
reaction results for the synthesis of various kinds of azoxybenzenes.

NH,

Batch
reactor (24 h) @
e EE—
Eosin Y

. . R
NO, triethanolamine

LED light (525 nm) aniline
@ solvents, r.t.
) e /©~R
o

Flow

microreactor (4 h) R azoxybenzene

1) B. Chen, et al. Green Chem. 2014, 16, 1082. 2) ex.) K. Mizuno, et al. J. Photochem. Photobiol. C
2016, 29, 107. 3) . Nishiyama, et al. React. Chem. Eng. 2019, 4, 2055.
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Continuous-Flow in Photocatalysis and Automated APl Synthesis

(*Department of Chemistry, National University of Singapore, *National University of
Singapore Suzhou Research Institution) OJie Wu,*? Hongping Deng,!? Xuanzi Fan,* Cao
Hui,*? Chenguang Liu?

Keywords: Continuous-Flow Synthesis; Photochemistry; Stop-Flow Micro-Tubing
Reactor; Automated Synthesis; Active Pharmaceutical Ingredients

Our research group focus on synthesis of fine chemicals using inexpensive natural
gases and hydrocarbons as feedstocks under visible-light irradiation. Our research group at
NUS has recently invented a “stop-flow” micro-tubing (SFMT) reactor platform, which
represents an ideal laboratory bench model for the real world flow reactor in reaction
discover applications.? In this context, we envision that the SFMT system provides an
effective tool for developing visible-light promoted gas/liquid reactions and would be more
suitable than continuous-flow technique for screening as visible-light promoted photoredox
transformations are slow in many cases. In this talk, | will briefly introduce our recent
progress on photochemical transformations using cheap feedstocks assisted by
continuous-flow and stop-flow reactors.?

i

/
/\
F 1

continuous-flow
A

batch reactor

24 R3Si=H
X =O0R, OH, SR, NRAc

\ C-Hand Si-H )

A R

R3Si

\ N TEWG R3Sia_~ EDj

Compared to stepwise batch synthesis, multistep continuous flow synthesis enables the
combination of multiple synthetic steps into a single and uninterrupted reactor network,
thereby circumventing the need to isolate intermediates, and enabling automated synthesis.
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However, despite many advantages and much progress in end-to-end API continuous-flow
synthesis, several hurdles still need to be overcome. For instance, solvent and reagent
incompatibility between individual steps, build-up pressure of reactors, substrate dispersion,
and requirement of regeneration of reagent and scavenger columns. I this talk, | will present
our recent progresses in this research field, which enables a novel automated API synthesis
platform.

Reference:

1) F. Xue, H. Deng, C. Xue, D. K. B. Mohamed, K. Y. Tang, J. Wu, Chem. Sci. 2017, 8, 3623. 2) a) J.
Hou, A. Ee, W. Feng, J. Xu, Y. Zhao, J. Wu, J. Am. Chem. Soc. 2018, 140, 5257-5263. b) X. Fan, J.
Rong, H. Wu, Q. Zhou, H. Deng, J. D. Tan, C. Xue, L. Wu, H. Tao, J. Wu, Angew. Chem. Int. Ed. 2018,
57, 8514-8518. ¢) H. Deng, Q. Zhou, J. Wu, Angew. Chem. Int. Ed. 2018, 57, 12661. d) J. Hou, A. Ee,
H. Cao, H. Ong, J. Xu, J. Wu, Angew. Chem. Int. Ed. 2018, 57, 17220. e) J. Li, Y. Luo, H. Cheo, Y. Lan,
J. Wu, Chem 2019, 5, 192. f) X. Fan, P. Xiao, Z. Jiao, T. Yang, X. Dai, W. Xu, J. D. Tan, G. Cui, H. Su,
W. Fang, J. Wu, Angew. Chem. Int. Ed. 2019, 58, 12580. g) C. Liu, J. Xie, W. Wu, M. Wang, W. Chen,
S. B. Idres, J. Rong, L.-W. Deng, S. A. Khan, J. Wu, Nat. Chem. 2021, accepted.
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Development of photochemical reactions using carbazole
architecture

(Graduate School of Science, Kobe University) ORyosuke Matsubara
Keywords: Carbazole; Photoreaction; Photocatalyst; Radical; Carbon dioxide

Carbazole is a nitrogen-containing aromatic. While a parent carbazole absorbs UVA
region of light, the absorption of modified carbazoles can reach longer wavelength; so
carbazole is an important molecular fragment utilized widely in the optoelectronic material
fields such as organic EL and OLED. In organic synthesis the carbazole architecture has also
been used as a central motif in organic photocatalyst. Compared to the general transition metal-
based photocatalysts, organic photocatalysts have some merits: e.g. they are less expensive and
their molecular modification is relatively easy; thus, the development of capable organic
photocatalysts is sought for.

Recently our group has been focusing on reductive photoreactions with carbazole-based
photocatalysts by exploiting carbazole’s high electron-donating ability at the excited state.'”
In this talk are reported the recent results in our laboratory.

1) Photochemical generation of carbon radicals via the scission of strong C—X bonds
1-1. Photocatalyzed reduction of C-I and C-Br bonds’

Carbon radicals are short-lived reactive species that can participate in the formation and
cleavage of various bonds. Therefore, their formation and utilization in a controlled manner
have been an important research topic in organic chemistry. C—X (X = Cl, Br, I) bonds are
homolytically cleaved upon photoirradiation to afford the carbon radicals, but for this event
short wavelength light is required. On the other hand, the carbon radical generation from the
C—X bonds via photoinduced single electron transfer is also viable based on the high electron
accepting capability of the C—X functionality. In this chemistry photocatalysts, represented by
transition metal-centered polypyridyl complexes and m-extended organic molecules, play an
important role. The literature survey found very few examples of photocatalytic radical
generation from unactivated C—Br bonds, let alone C—CI and C—F bonds, in contrast to several
successful examples for the scission of C—I and activated C—Br bonds adjacent to the electron
withdrawing groups.

We have developed carbazole derivative 2 as a photocatalyst. This molecule catalyzed
selective reduction of iodoalkanes and unactivated bromoalkanes (Figure 1). The rational
mechanisms for this catalytic activity will be discussed.

1-2. Photocatalyzed reduction of C-Cl and C-F bonds’

Even with carbazole 2 the electron transfer-based photochemical reduction of unactivated
C—Cl and C-F bonds could not be achieved. Further studies revealed that carbazole 6 bearing
more electron donating substituents is capable to reduce those unactivated C—X bonds (Figure
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2). Moreover, carbazole 6 showed extended absorption bands; so the carbon radical generation
has been made possible with visible light and sunlight.

2) CO; reduction using carbazole photocatalyst

The increasing atmospheric carbon dioxide (CO;) concentration and fossil fuel depletion
are urgent issues that humans must solve to continue living on this planet. Therefore, a
technology that converts CO; into useful organic compounds (carbon fixation) with renewable
energy is strongly desired. CO- is the most oxidized state of carbon; hence reduction process
is necessary to enable the use of it as a carbon source. However, CO> is a chemical species that
is extremely difficult to be reduced as it is in an extreme oxidation state of carbon, and this is
the major factor that hinders the recycling of CO,. Our recent endeavor to tackle this issue
using a non-metal photocatalyst will be presented in this talk (Figure 3).

© The Chemical Society of Japan
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1) R. Matsubara, Y-S. Shin, T. Shimada, M. Hayashi, Asian J. Org. Chem. 2014, 3, 1054. 2) R. Matsubara,
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Photoinduced electron transfer-promoted decarboxylative radical
addition to dehydroamino acid

(National Institute of Technology, Fukui College’, University of Fukui®) O Mugen
Yamawaki'!, Akiko Asano?, Taisei Kawabata', Kosei Yamamoto', Yasuharu Yoshimi?
Keywords: Photoinduced Electron Transfer; Organic Photocatalyst; Unnatural Amino Acid;
Photoinduced Decarboxylation; Photoinduced Deboronation

Preparation of unnatural a-amino acids is one of the most important methods in organic
synthesis. However, this method requires high reactive and expensive metals, high
temperature, and strong acids and bases. Thus, the preparation of unique amino acids having
sensitive functional groups under mild conditions is still desirable. Recently, we reported
that generation of alkyl radicals via photoinduced decardoxylation of carboxylic acids 1
using organic photoredox catalysts such as phenanthrene (Phen) and 1,4-dicyanobenzene
(DCB) (Scheme 1).! Photoinduced electron transfer (PET) between Phen and DCB
generates a radical cation of Phen. The radical cation of Phen can oxidize carboxylate ions
to form alkyl radicals via decarboxylation. Addition of the resulting radicals to
electron-deficient alkenes proceeds efficiently to provide adducts in high yields. In this
presentation, [ will report the radical addition to dehydroamino acids 2 as the
electron-deficient alkene via photoinduced decarboxylation of carboxylic acids 1 under mild
conditions (Scheme 1). In addition to this, radical addition to 2 via photoinduced
deboronation of arylboronic acids 3 will be described.

[Phen]

R-CO,H NV
1 Phen;
NaOH l Phen
_ CN
R-CO; Phen +
Ac\ R

COzMe o /[
Ac.

N - CO Me — > N~ "CO,Me
H COzMe N 2 H 5 pl

Re

Scheme 1

Irradiation of aqueous acetonitrile solution (acetonitrile : water = 9 : 1) containing
carboxylic acid 1, dehydroamino acid 2, Phen, DCB, and NaOH by a high-pressure mercury
lamp under argon atmosphere afforded unnatural amino acid 3 as a racemic mixture (Table
1). A variety of carboxylic acids 1a-e can be employed in this photoreaction to furnish
adducts 3a-e, and the yield of 3 is dependent on the used carboxylic acid 1. Particularly, the
use of primary carboxylic acids le decreased the yield of 3e due to the low rate of radical
addition of the corresponding primary radical to 2.

Next, synthesis of phenylalanine derivatives by photoinduced deboronation of arylboronic
acid 4 with 2 was examined. As previously reported, the radical addition of aryl radicals via
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deboronation of 4 to electron-deficient alkenes such as acrylonitrile led to the moderate
yield of adducts.? Even in low yields, photoreactions of boronic acids 4 and 2 afforded
phenylalanine derivatives 3f-k (Table 1). Use of electron-rich arylboronic acids 4f-k
furnished phenylalanine derivatives 3f-k. Thus, the photoinduced decarboxylation and
deboronation of 1 and 4 with 2 was proven to be useful to prepare unique a-amino acids

under mild conditions.

B(OH hv J\ R
o N Oz pnen DeB AC " ScoMe
Py RT NaOH 2
R”OH = ; >R | 2 e Y
CH3CN/H,0=9:1 B 2Vie
1 4 3
Table 1

AcHN™ "CO,Me AcHN™ "CO,Me AcHN COzMe
C02Me

3a (93%) b (91%) C (44%) 3d (44%)

P

AcHN™ "CO;Me AcHN™ "CO,Me AcHN™ "CO,Me AcHN™ "CO,Me AcHN™ “CO,Me AcHN™ ~CO,Me

3f (24%) 3g (29%) 3h (28%) 3i (32%) 3j (38%) 3k (10%)
Photoreaction of 1 and 4 using Phen-DCB direct linking catalyst 5 was examined for the
preparation of 3, but decarboxylation of 1 such as cyclohexanecarboxylic acid 1a was
unsuccessful and the starting carboxylic acid was almost recovered. On the other hand,
photoreactions using of indene 6, 2,3-dimetyl-2-butene 7, and (4-methoxyphenyl)acetic acid
8 in the presence of 5 proceeded to provide 9,10 and 11 via PET, respectively (Scheme 2).

ol |- GOJ@TS“’

+NaOH  +H,0, Z“>CN  Decarboxylation

Catalyst 5
NaOH

/@ACOOH
>_< MeO CH3CN/H,0
6 7 8

NCCN

Catalyst 5

©i>7 MeO

Scheme 2

1) Y. Yoshimi, J. Photochem. Photobio. A. 2017, 342, 116-130.
2) Y. Iwata, Y. Tanaka, S. Kubosaki, T. Morita, Y. Yoshimi, Chem. Commun., 2018, 54,

1257.
3) M. Yamawaki, A. Asano, T. Furutani, Y Izumi, Y. Tanaka, K. Osaka, T. Morita, Y.

Yoshimi, Molecules, 2020, 24, 4453.
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The Selective Functionalizations of C—H bond via LMCT Catalysis

Zhiwei Zuo **

“ Shanghai Institute of Organic Chemistry, CAS

*zuozhw@sioc.ac.cn

Over the past decade, photoredox catalysis has emerged as a powerful tool for the construction of molecular complexity,
most prominently with the generation of high-energy radicals as an enabling platform. In contrast to the commonly used
metal-to-ligand charge-transfer (MLCT) which converts light energy to triplet energy for subsequent single electron
transfer activation processes, ligand-to-metal charge transfer (LMCT) results in the direct single-electron oxidation of
the transiently coordinated functionalities upon irradiation, producing an organic radical species in a straightforward
and selective fashion.' Through a sequential coordination-LMCT excitation-homolysis mode, we have demonstrated
that this LMCT protocol could enable the straightforward and efficient generation of alkoxy radicals from alcohols.””
Taking advantage of this operationally-simple platform, we recently accomplished the selective C(sp3)-H

functionalizations of alcohol feedstocks and gaseous alkanes under mild reaction conditions.”

MLCT Photoredox Catalysis Photoinduced LMCT Catalysis
triplet energy for chemical activation light energy for direct SOMO activation
(R mMLCT (Rl . ~
photocatalyst Isc Ep=145V R—OH + f(cd — [0 —— [Ce"] + R=0-
D: — B D- r;:;i?:clx pnaclzl-ilv{:c'nvs (@] hv=28eV :a/:‘r’cxayl
substrate Eip<145V =
ion - LMCT -
oxdation Kmied by elactiochenycal pofential oxidation limited only by excitation wavelength
— RN- RS* RCOO* —— CF;C00+ RO* —
| | | | | |
10V 20V E%,vs. SCE
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The site-specific oxidation of strong C(sp3)-H bonds is of uncontested utility in organic
synthesis. In both academic and industrial circles there is a growing demand for such a
transformation since it allows simplifying access to metabolites, late-stage diversification of
lead compounds and truncating retrosynthetic plans. One main drawback of chemical
reagents used in current C(sp3)-H oxidations is the lack of diversity with regards to structure
and reactivity that prevent a combinatorial approach for rapid screening to be employed. In
that regard, directed evolution still holds the greatest promise for achieving complex C—H
oxidations in a variety of complex settings. Herein we present a rationally designed platform
that provides a step towards this challenge using N-ammonium ylides as electrochemically
driven oxidants for site-specific, chemoselective C(sp3)—H oxidation. By taking a first-
principles approach guided by computation, these new mediators were identified and
rapidly expanded into a library using ubiquitous building blocks and trivial synthesis
techniques. The ylide-based approach to C—H oxidation exhibits tunable selectivity that is
often exclusive to this class of oxidants and can be applied to real world problems in the
agricultural and pharmaceutical sectors.
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Organotransition Metal-Catalyzed Electrochemistry

Tian-Sheng Mei”
State Key Laboratory of Organometallic Chemistry, Shanghai Institute of
Organic Chemistry, Chinese Academy of Sciences, 345 Lingling Road, Shanghai
200032

Abstract: Since transition metals have or are easy to form partly full electron-filled d orbitals, they
provide unique chemical bond activation capabilities and many elementary reactions such as
oxidative addition and reductive elimination. Generally, the low valence state of metals (e.g. Pd°,
Ni%) is good for oxidation addition, the middle valence state is good for C-H activation (e.g. Pd™),
while the high valence state (e.g. Pd", Ni'M) is good for reductive elimination. Therefore, metal-
catalyzed reactions usually require chemical oxidation and reduction reagents to realize the valence
control of metal species. However, chemical redox reagents generally have the following
shortcomings: 1) fixed redox strength; 2) easy to interfere with the reaction; 3) easy to produce
reagent by-products; 4) reagent purity, stability, solubility, and other issues. Electrochemistry has
the characteristics of adjustable and controllable current and potential, so it is easy to control the
different valence states of metals. It can also overcome other shortcomings of the above chemical
redox reagents. In the past few years, our research group has carried out a series of work around
electrochemically regulated metal-catalyzed reactions, including anodic oxidation to obtain high
valence metal to promote reductive elimination or middle valence metal to achieve C—H activation
and cathode reduction to obtain low valence metal to promote oxidative addition. This talk mainly
focuses on metal-catalyzed C-H functionalization via anodic oxidation and reductive couplings via
cathodic reduction.
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Amping Up Organic Synthesis with Electrochemistry
Song Lin, Cornell University

Owing to its many distinct characteristics, electrochemistry represents an attractive
approach to discovering new reactions and meeting the prevailing trends in organic
synthesis. In particular, electrocatalysis—a process that integrates electrochemistry and
small-molecule catalysis—has the potential to substantially improve the scope of synthetic
electrochemistry and provide a wide range of useful transformations. Despite its attractive
attributes and extensive applications in energy-related fields, electrocatalysis has been used
only sparingly in synthetic organic chemistry. Thus, there exists a clear impetus for inventing
new catalytic strategies to improve the scope of synthetic electrochemistry and provide new
platforms for reaction discovery and synthetic innovations. Toward this end, we developed
a new catalytic approach that combines electrochemistry and redox-metal catalysis for the
functionalization of alkenes to access a diverse array of vicinally functionalized structures.
This talk details our design principle underpinning the development of electrocatalytic
alkene difunctionalization and hydrofunctionalization with a particular emphasis on
enantioselective electrocatalysis. In addition, we harnessed the power of electrochemistry
to discover a suite of radical silylation and alkylation reactions under strongly reducing
potentials via the activation of chlorosilanes and alkyl halides. Finally, our recent forays into
electrophotocatalysis will be discussed, in which we harness the power of both electricity
and light to access catalytic species with exceptionally high oxidizing or reducing potentials.
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Porous Organic Polymer and its Composites for Electrocatalysis

(Electro Organic and Materials Electrochemistry Division, CSIR-Central Electrochemical
Research Institute, India) OKathiresan Murugavel

Keywords: Porous Organic Polymers; Electrocatalysis; Water Splitting; Covalent Triazine
Frameworks; Electrochemistry

Porous organic polymers (POPs) can be conveniently engineered and produced at the
molecular level, known for their high surface area and ample porosity. The POPs have
confined molecular spaces for photons, excitons, electrons and holes to interact, thereby
providing great catalysis ability. Porous organic polymers can be further classified based on
the monomeric repeating units such as triazine based POPs, etc. Among various types,
triazine based porous organic polymers exhibit excellent chemical and thermal stability due
to which they find numerous applications in chemical catalysis and electrocatalysis.
Electrocatalysis highly relies on the ionic/electrical conductivity of a material and in this
regard, bare POP sometimes lacks such essential characteristics. There are numerous
strategies followed to improve the conductivity of POPs and they include composite
formation, metal doping, carbonization, etc. Although these methods are very convenient,
carbonization is usually adopted over composite formation. Latest studies have further
shown that carbonization of doped porous organic polymers (POPs) with heteroatoms is an
effective strategy to develop highly efficient ‘N’ and other heteroatom doped
electrocatalysts. Simple carbonization of triazine/amine porous organic polymers vyield
N-doped amorphous carbon, which shows excellent electrocatalytic properties towards
electrocarboxylation, hydrogen and oxygen evolution reactions. In addition, metal ions can
be anchored onto the triazine/amine based POP via co-ordination or metal nanoparticles can
also be anchored over the POP substrate. Carbonization of such derivatives typically yields
metal oxide decorated N-doped porous carbon, and in most cases these materials
[combining the best activity of both (metal oxide and porous carbon)] show better catalytic
effect than their parent material.

Electrocatalytic activities of polymeric material towards water-splitting reactions, and
electrocarboxylation is important as they form basis for fuel-cell applications and CO,
utilisation respectively. Especially the organic-inorganic hybrid (metal anchored POP) with
excellent long-term stability (acidic as well as basic conditions) and on par performance
with that of benchmark noble metal water-splitting catalysts grasps industrial importance
when it comes to large scale fuel cell applications. On the other hand, conversion of CO; to
useful products is an efficient way to mitigate greenhouse gas (global warming). In this
regard, indirect electrochemical reduction of CO; to useful organic products offers excellent
route for the synthesis of fine chemicals and pharmaceutically important intermediates. In
the case of indirect electrochemical reduction, the first one electron reduction is carried out
over an organic substrate such as alkyl/aryl halides, aldehydes or ketones, alkenes.
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Reduction of these substrates generates a radical species which is then coupled to CO; and
subsequent one electron reduction yields corresponding carboxylate anion. Acidic work-up
of this then yields the desired product. In this talk, we will focus on the various methods of
preparation of POP based electrocatalysts, and further focus will be on their application
towards water-splitting applications and CO, utilization. Although POP based catalysts
exhibit excellent catalytic activities towards conversion of CO; to value added products,
there are certain bottlenecks that hamper their efficiency such as moisture content, use of
sacrificial anodes, etc. The talk will also focus on such bottlenecks.
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Bipolar Electrochemistry for Material Synthesis in Synergy with
Electrophoresis

(!School of Materials and Chemical Technology, Tokyo Institute of Technology, *JST
PRESTO) OShinsuke Inagi'?

Keywords: Bipolar Electrochemistry; Electropolymerization; Electrophoresis; Templated
Electrolysis; Conducting Polymer

Bipolar electrochemistry, which refers to an electrochemical system at a wireless
electrode (bipolar electrode, BPE) driven under an applied electric field, has been
recognized as not only a simple subset of conventional electrosynthetic systems but a
reaction system with a highly unique nature.'” One notable feature is the presence of the
electrophoretic effect due to the low electrolyte concentration. The electrophoresis enhances
the mass transfer of ionic species in a specific direction, thus enabling the efficient
construction of anisotropic materials.* For example, in the AC-bipolar electropolymerization
of 3,4-ethylenedioxythiophene monomer, the corresponding conducting polymer
microfibers were obtained at the terminals of BPEs, where the generated cationic
oligomers/polymers migrated in the direction of the electric field, as demonstrated in our
previous studies.”’ In this presentation, highly efficient templated electropolymerization of
ionic monomers to give one-dimensional (1D) nanostructures is described.

We recently reported that electrophoresis is a promising tool for effective migration of
ionic monomers into a porous template fixed on an electrode in the bipolar electrochemical
setup.® Low concentration of supporting electrolytes is a key condition to generate an
electric field, that drives BPEs and induces electrophoretic effect as well. In the
electrochemical setup shown in Figure la,b, an anodic aluminum oxide (AAO)
membrane-modified ITO was used as a BPE anode and a bare ITO was used as a BPE
cathode, both of which are connected through an ammeter. This split-BPE was immersed
into an electrolytic solution composed of boron trifluoride diethyl ether complex (BF3-OEt)
and potassium 3-thiophenetrifluoroborate as a monomer. Application of a certain voltage
between feeder electrodes generated an electric field in the solution to drive the split-BPE
for electropolymerization of the thiophene monomer on the AAO-modified BPE anode. At
the same time, the negatively charged monomer migrated efficiently into the pores of the
AAO by the electrophoretic effect. Consequently, highly dense and robust nanowires of the
polythiophene derivative was obtained (Figure 1c) compared to those prepared by the
conventional electrode system. In a similar way, we also conducted the cathodic
electropolymerization of a ruthenium complex bearing vinyl groups as a positively charged
monomer in the electrochemical setup with the opposite polarity (Figure 1d). Efficient
electroplating of cobalt and platinum was demonstrated in the similar electrochemical cell
to fabricate the corresponding robust metal nanorods.’
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Figure 1. Electrophoresis-assisted formation of 1D materials by DC-bipolar electrolysis
using AAO templates: (a) conceptual illustration; (b) preparation of an AAO-modified ITO
electrode, which was used as a BPE in the split-BPE configuration; (c) oxidative
polymerization of a thiophene monomer; (d) reductive polymerization of a Ru-containing
vinyl monomer.
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Enantioselective Synthesis and Separation with Chiral-Encoded
Metal Surfaces

("Vidyasirimedhi Institute of Science and Technology, Rayong 21210, Thailand, *Univ. de
Bordeaux, CNRS, ISM, UMR 5255, Pessac, France.)

Chularat Wattanakit,' Sunpet Assavapanumat,'? Sopon Butcha,' Veronique Lapeyre,? Bhavana
Gupta,’, Adeline Perro?, Neso Sojic,” Alexander Kuhn?

Keywords: Asymmetric synthesis; Chiral-Encoded Metals; Chiral separation; Mesoporous
metals,; Chiral platinum, Chiral nickel

Enantioselective synthesis and separation of chiral compounds are of crucial importance
for many potential applications ranging from sensing to catalysis. Recently, we have
successfully elaborated chiral imprinted mesoporous platinum by electrochemical reduction of
platinum salts in the simultaneous presence of a liquid crystal phase of nonionic surfactants
and various chiral template molecules, such as enantiomers of 3,4-dihydroxyphenylalanine
(DOPA), mandelic acid and phenylethanol. The chiral encoded mesoporous platinum perfectly
retains the chiral information even after removal of the template and such a nanostructured
platinum is able to break the symmetry during the electrosynthesis of chiral molecules such as
mandelic acid and phenylethanol. By optimizing the electrochemical synthesis parameters, it
is possible to achieve very high enantiomeric excess (>90 %) for the asymmetric synthesis of
chiral compounds. In addition to imprinted platinum, we demonstrated also the synthesis of
mesoporous chiral imprinted nickel as an alternative cheap and earth-abundant metal.
Interestingly, it can also lead to very high enantiomeric excess (>80 %) during chiral
electrosynthesis of phenylethanol. Apart from asymmetric synthesis, chiral separation can be
achieved using also such imprinted mesoporous metals as a stationary phase in a microfluidic
channel. By fine-tuning the electrostatic interactions between the encoded surfaces and the
corresponding chiral molecules via applying an electric field, it is possible to achieve complete
separation of chiral compounds. Therefore, these designer surfaces open new promising
horizons in various fields of electrochemistry, ranging from electroseparation to
electrosynthesis.
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MicroED: conception, practice and future opportunities

(‘Howard Hughes Medical Institute, Departments of Biological Chemistry and Physiology,
University of California, Los Angeles, Los Angeles CA USA 90095) OTamir Gonen,'
Keywords: CryoEM, MicroED, crystallography, membrane protein

My laboratory studies the structures of membrane proteins that are important in
maintaining homeostasis in the brain. Understanding structure (and hence function) requires
scientists to build an atomic resolution map of every atom in the protein of interest, that is, an
atomic structural model of the protein of interest captured in various functional states. In 2013
we unveiled the method Microcrystal Electron Diffraction (MicroED) and demonstrated that
it is feasible to determine high-resolution protein structures by electron crystallography of
three-dimensional crystals in an electron cryo-microscope (CryoEM). The CryoEM is used in
diffraction mode for structural analysis of proteins of interest using vanishingly small crystals.
The crystals are often a billion times smaller in volume than what is normally used for other
structural biology methods like x-ray crystallography. In this seminar I will describe the
basics of this method, from concept to data collection, analysis and structure determination,
and illustrate how samples that were previously unattainable can now be studied by MicroED.
I will conclude by highlighting how this new method is helping us understand major brain
diseases like Parkinson’s disease; helping us discover and design new drugs; shedding new
light on chemical synthesis and small molecule chemistry; and showing us unprecedented
level of details with important membrane proteins such as ion channels and G-protein
coupled receptors (GPCRs).
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Dynamic molecular electron microscopy: An emerging tool for
chemists

(Department of Chemistry, The University of Tokyo) OEiichi Nakamura
Keywords: Molecular Electron Microscopy; SMART-EM; Single Molecule Imaging,
Molecular Dynamics; Chemical Reactions

Recent technological innovations in electron microscopy, such as aberration correctors,
high-speed imaging cameras, and continuous sample rotation, have ushered in an era in
which the behavior of individual molecules can be analyzed. In addition to the visual impact
of the images obtained, electron microscopy has become a tool for clarifying the correlation
between molecular structure and function, as well as dynamics and function in materials
science and biological science. In this lecture, I will report on the new paradigms of
molecular electron microscopy opened up by single-molecule atomic-resolution real-time
electron microscopy. Examples will include single-molecule thermodynamics and kinetics
based on ultra-fast imaging of individual molecules and reaction events, in situ structural
and statistical analysis of crystal growth, and the mechanism of organic crystal degradation
in electron diffraction that has long confused people. We would like to reach a chemical
understanding by answering academic questions that have been obscured so far, such as
what we actually see and the essential meaning of what we see in electron microscopy.

\ NaCl
crystal
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Pushing the performance limits of cryo-EM for membrane
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Electron cryo-microscopy (cryo-EM) saw great advances in recent years. It became a
method of choice for many researchers working on high-resolution structural studies of
proteins and complexes. There are a few remaining challenges,' such as sample preparation,
but overall cryo-EM has already entered the mainstream and is generating a constant flow
of outstanding results.

In our projects, we use cryo-EM to investigate the structure-function relationships of
G-protein-coupled receptors (GPCRs). Their relatively small size and lack of symmetry
make them a challenging target for cryo-EM. To overcome the potential performance
limitations, in our earlier work we used phase plates that greatly increase the contrast of
images. Our recent results, however, show that phase plates are not necessary for obtaining
high-resolution structures and only complicate the experiment. For the last two years, we
have been collecting data exclusively without phase plates and were able to obtain multiple
GPCR structures at better than 2.5 A resolution (Figure 1). Furthermore, we observe protein
dynamics that exemplify thermal motions as the main performance-limiting factor in
present cryo-EM studies of GPCRs.

There is still room for improvement of the technique and many parameters can be optimized
further. Recently, we quantified the effects of energy filtering, phase plates, objective lens
aperture and defocus. Overall, the Volta phase plate does not provide practical benefits and
noticeably reduces the achievable resolution. Zero-loss energy filtering and lower defocus
have a positive effect on the performance, while the aperture does not seem to make a
difference (Figure 2).2

In my talk, I will present several recent GPCR structures and discuss the practical aspects of
present-day cryo-EM of membrane proteins. We currently use a multi-shot beam-image
shift automated data acquisition approach that allows collection of more than 7000 cryo-EM
moves per day. This allows the determination of the 3D structure of a properly optimized
sample with just one day of data collection. The current bottleneck in terms of project time
is data processing. It usually takes one to several weeks to process the data for each sample.
Further developments in image processing methods based on deep learning and
floating-point calculations code optimization would hopefully alleviate this issue.

1) R. Danev, H. Yanagisawa, M. Kikkawa, Trends Biochem Sci. 2019, 44, 837. 2) R. Danev, M.
Belousoff, Y.-L. Liang, X. Zhang, D. Wootten, P.-M. Sexton, bioRxiv 2020, 2020.08.21.260851.
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Figure 1. History of our cryo-EM GPCR reconstructions.

Over the year and a half period shown in the plot, there is a general trend towards better resolution

with a significant improvement in August 2019, when the sample supports were switched from holey
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Figure 2. Effect of each experimental parameter on the cryo-EM performance for GPCRs.
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Understanding the Chemistry of electron beam-induced transformations on
the molecular level

Dominik Lungerich®*

1) Center for Nanomedicine, Institute for Basic Science (IBS), IBS Hall, 50 Yonsei-ro,
Seodaemun-gu, 03722, Seoul, South Korea.

Dynamical processes at the nanoscale are difficult to investigate by state-of-
the-art spectroscopic techniques, because they often rely on averaged
datasets, or repeatable events. With aberration-corrected transmission
electron microscopy, the resolution beyond the limit of light scattering was
reached, which allows nowadays to study dynamic events microscopically at
the nanoscale inn real-time. Herein described as single-molecule atomic-
resolution real-time electron microscopy (SMART-EM), we aim to
understand quantum chemical processes of single molecules and atoms. By
means of statistical analysis of multiple events, or single-object statistical
analysis, SMART-EM allows for the study of otherwise unnoted processes on
the atomic/molecular level. However, with the utilization of high-energy
electron irradiation, it becomes important to fully understand what effects are
to be expected at the molecular level, in order to interpret the dynamic
processes correctly. This is not only important on the single-molecule level,
which are studied in vacuo, but also for the in-situ study of nanomaterials
investigated in liquid media.

C000128
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Atomic-resolution Imaging of Sensitive Materials Using
Ultralow-dose Transmission Electron Microscopy

Yu Han

King Abdullah University of Science and Technology (KAUST), Saudi Arabia
yu.han@kaust.edu.sa

High-resolution imaging of electron beam-sensitive crystalline materials, such as
zeolites and metal-organic frameworks, is one of the most difficult applications of
transmission electron microscopy (TEM). The challenges are manifold, including the
acquisition of images with an extremely low beam dose, the time-constrained search
for crystal zone axes, the precise alignment of successive images, and the accurate
determination of the defocus value.

We reported that using a direct-detection electron-counting camera, it is possible
to acquire useful high-resolution TEM images with electron dose as low as a few
electrons per square angstrom to ensure that the intact structure was captured before
damage occurred [1]. Later, we reported a suite of new methods that we recently
developed to address the rest challenges mentioned above [2]. Our methods advance
the HRTEM of extremely beam-sensitive materials from “occasionally possible” to
‘routine”. We demonstrate the effectiveness of our methodology by capturing atomic-
resolution TEM images of several metal organic frameworks (MOFs) that are generally
recognized as highly sensitive to electron beams. In the case of MOF UiO-66,
individual metal atomic columns, various types of surface termination, and benzene
rings in the organic linkers, are clearly identified. We also successfully apply our
methods to other electron beam-sensitive materials, and achieve atomic-resolution
TEM imaging of the organic-inorganic hybrid perovskite CH.NH.PbBr. for the first time
[2]. More recently, we applied this new technology to prove the successful
encapsulation of single molecule magnets in MOF NU-1000 [3], and to investigate the
evolution and transformation of various defects in MOF UiO-66 [4], and to probe the
subtle differences in the surface structure between various MOF MIL-101 samples [5].

In this presentation, | will also discuss iIDPC-STEM as a powerful tool to probe
guest molecules in sensitive porous material matrix, taking atomically dispersed Mo in
zeolite ZSM-5 as an example [6]. Finally, | will introduce a new TEM specimen
preparation technique, cryo-FIB, which is particularly useful for beam-sensitive
materials [7].

[1] Y. Zhu, M. Pan, Y. Han et al., Nature Materials, 2017, 16, 532-536
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Structures and functions of natural product-type biomolecules (Graduate School of Science,
Osaka University) OMichio Murata

The technology for determining the structure of low-molecular-weight organic compounds,
including natural products, has advanced significantly, and many years have passed since it lost
its importance as an academic research theme. Prof. Nakanishi's work on circular dichroism,
nuclear Overhauser effect in NMR and infrared spectroscopy has introduced revolutionary
structure determination methods in related research areas. On this opportunity, I aim to discuss
the current status and future directions of the structure determination of biomolecules by
highlighting the remaining issues in this field of research.
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Chirality of Biomolecules - CD & VCD Exciton Chirality Method -

(*Faculty of Advanced Life Science, Hokkaido University)

OKenji Monde?

Keywords: Circular dichroism; Chirality; Vibrational circular dichroism; Exciton Chirality
method; Absolute configuration

One of the remarkable achievements of Professor Koji Nakanishi is research on
chirality. Focusing on the circular dichroism spectrum, he and Prof. Harada of Tohoku
University established the CD Exciton Chirality method. This stereochemical analysis
method is easy to interpret, therefore is still frequently used. In this lecture, I will outline the
CD Exciton Chirality method and describe the extensibility of this method toward the
vibrational circular dichroism that the authors have recently developed.

The use of VCD (Vibrational Circular Dichroism) technique based on ab initio
theoretical calculation has been reliable method to extract stereochemical information.
However, it is hampered by the low sensitivity of vibrational absorption and by the
computational demand. In 2012, we reported a new approach that required only the
observation of a strong VCD couplet originating from the interaction of two IR
chromophores.»? The interaction yields a strong VCD couplet whose sign reflects the
absolute configuration of the molecule. This new method named as VCD exaction chirality
method using the bisignate VCD signals have a great advantage toward determination of
absolute configuration of relatively small molecules without theoretical calculations. This
can analyze various molecules (e.g. B-lactams, steroids, fravanonols, taxol derivatives,
spiro-compounds, and polymers), whose absolute configuration is difficult to determine by
other spectroscopic methods. Furthermore, it can significantly enhance VCD signals,
sometimes by a factor of ~100.

Also, this method could have a potential for VCD application toward medium- and
large molecules which are considered difficult due to theoretical calculation’s limitation. In
this paper, applications of this VCD exaction chirality method toward relatively complex
small molecules, flexible molecular such as lipids,® medium-sized molecules, and
macromolecules such as Poly-L-Lactic Acid showing helical structure in solution are also
described.*

1) T. Taniguchi, K. Monde, Yuki Gosei Kagaku Kyokaishi 2017, 75, 522. 2) T. Taniguchi, K. Monde,
J. Am. Chem. Soc. 2012, 134, 3695. 3) T. Taniguchi, D. Manai, M. Shibata, Y. Itabashi, K. Monde, J.
Am. Chem. Soc. 2015, 137, 12191. 4) T. Hongen, T. Taniguchi, S. Nomura, J. Kadokawa, K. Monde,
Macromolecules, 2014, 47, 5313.
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Phytochemical natural products chemistry

(‘Graduate School of Science, Tohoku University, * Graduate School of Life Science,
Tohoku University) OUEDA, Minoru"?
Keywords: Phytochemical; Natural Product, Jasmonates; Coronatine; Biosynthesis

The interest of modern natural product research is focused on metabolites produced
by microbes and plant metabolites. This is because genomic studies enables the use of
abundant genetic resources for them.

Plants are skilled chemists. They use chemistry very well to produce a plethora of
specialized metabolites.! Phytochemical natural products have provided us important
chemicals for better human life and opportunities of finding new chemical concepts.

We can find some examples in the studies by late professor Koji Nakanishi; structural
studies on ginkgolides from Ginkgo biloba leads to the use of NOE in structure
determination of organic compounds. Finding of ponasterone from Podocarpus nakaii
enables the enough supply of moulting hormone to develop the studies of insect physiology.
In addition, Koji discovered a plant metabolite, trigonelline,” affecting the cell cycle which
was re-discovered by us as a chemical factor controlling the circadian rhythmic plant
leaf-movement.* The diversity of plant specialized metabolites has contributed to the
development of natural products chemistry, bioscience including plant science. Since Koji’s
contributions, the significance of phytochemical natural products grows drastically in
recent years. Thus, controlling the production of specialized metabolites in plant is a mojor
topic of current natural product chemistry.

Jasmonates including JA-Ile are known as plant hormones regulating the biosynthesis
of plant specialized metabolites, including terpenoids, alkaloids etc. The development of
chemical tools for the regulation of plant hormone signaling is a promising field of research,
and there have been significant advances over the past two decades. We recently developed
some JA-Ile receptor agonists to dissect the complex signaling network of jasmonate
hormone.* We recently succeeded in the development of some JA-Ile receptor agonists to
dissect the complex signaling network of jasmonate hormone.* In this presentation, I would
like to talk about our recent progress in the development of jasmonate receptor agonists,
especially their effect on the production of specialized metabolites.

—

E. T. Wurtzel, T. M. Kutchan, Science 2016, 353, 1232-1236 10.1126/science.aad2062.

L. S. Evans, M. S. Almeida, D. G. Lynn, K. Nakanishi, Science 1979, 203, 1122-1123

10.1126/science.203.4385.1122.

3 M. Ueda, M. Niwa, S. Yamamura, Phytochemistry 1995, 39, 817-819
10.1016/0031-9422(95)00064-¢.

4 Y. Takaoka, M. Iwahashi, A. Chini, H. Saito, Y. Ishimaru, S. Egoshi, N. Kato, M. Tanaka, K.

Bashir, M. Seki, R. Solano, M. Ueda, Nat Commun 2018, 9, 3654 10.1038/s41467-018-06135-y.
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Sexual reproduction of a plant pathogen - exploring its molecular
basis -

(Graduate School of Bioagricultural Sciences, Nagoya University) Makoto Ojika
Keywords: Phytophthora; sexual reproduction; mating hormone

Phytophthora is a genus of oomycetes and one of the best-known agricultural pests."
The most notorious species of this genus is Phytophthora infestans, which causes the
destructive potato blight disease responsible for the “Great Irish Famine” in the mid 1840s.
Sexual reproduction of the heterothallic members require two strains designated as A1 and A2
mating types, which secrete unique mating hormones o1 and o2, respectively, and regulate
sexual reproduction of the counter mating type.? The chemical characterization of o hormones
had been a long-term issue, until we isolated a1 in 2005% and a2 in 2011% from P. nicotianae
Al and A2 mating types, respectively.

Due to low content of the hormones, we spent a decade for al and an additional 6
years for a2 to identify them and huge amounts of cultures of Phytophthora, e. g., 1.2 mg of
ol isolated from 1,830 L cultures of Al mating type. The interspecies universality of both
hormones in Phytophthora was then demonstrated by hormone response experiments and
hormone production analysis with 45 heterothallic strains.> Both the hormones are linear
diterpenes, and were found to be biosynthesized from phytol by incorporation experiments
using stable isotope-labelled phytol. Namely, a2 is biosynthesized from phytol by A2 mating
type strains and metabolized to al by Al. Since each hormone promotes sexual reproduction
(oospore formation) of the counter mating type, this biological event is achieved only by
coexistence of the both mating types. Recently, we are making an effort to identify the hormone
biosynthetic enzymes, which are possibly cytochrome P450 (CYP) because their production
was suppressed by CYP inhibiters (Figure).

Sexual
reproduction
| (oospores)

Sexual
reproduction
(oospores)

1) H. S. Judelson, F. A. Blanco, Nat. Rev. Microbiol. 2005, 3, 47. 2) W.-H. Ko, J. Gen. Microbiol. 1978,
107, 15. 3) J. Qi, et al. Science, 2005, 309, 1828. 4) M. Ojika, et al. Nat. Chem. Biol. 2011, 7, 591. 5) T.
Tomura, et al. Sci. Rep. 2017, 7, 1.
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Chemistry of Receptor-Lipid Ligands for Understanding of
Immune System

(Faculty of Science and Technology, Keio University) O Yukari Fujimoto
Keywords: Glycolipid; Bioorganic Chemistry; Antigen presentation; Immunomodulation

One of the prominent research achievements of Professor Koji Nakanishi (1925 —2019)
should be the investigation of molecular basis of rhodopsin, one of GPCRs responsible for
vision, at the field of chemistry and biology interface. The elucidation of the mechanism and
function of the photoreceptor molecule was performed with utilizing the synthesized ligand
analogues and the analysis of their circular dichroism (CD). It was a pioneering work at the
frontiers of bioorganic chemistry.

According to the ligand recognition of innate immune system, especially complex lipid
ligands by the innate immune receptors, the detailed mechanism of the ligand binding and
activation have not been fully understood, after a few decades since the first discovery of
the innate immune receptors in 1998. On antigen presenting cells (eg. Dendric cells) present
several innate immune receptors (eg. TLRs and CLRs) and lipid-antigen presenting
molecules (eg. CD1), and some of these molecules recognize endogenous or exogenous
lipid ligands to activate the immune system. Our group have synthesized various complex
lipid ligands/analogues to build their compound library for elucidating their detailed
immunomodulatory functions.

CDI1d is a non-polymorphic MHC class I-like molecule, and its ligands include
glycolipids such as a-GalCer (KRN7000). Complexes of glycolipid ligands and CD1d are
recognized by T cell receptors (TCR) on NKT cells and induce the secretion of various
cytokines, including helper-T (Th)1 and Th2 cytokines. Although Th2-biasing CD1d ligands
are attractive potential candidates for adjuvants and therapeutic drugs for autoimmune
diseases, the number of potent ligands is limited, and their biasing mechanism remain
unclear. We have identified a series of novel Th2-biasing CD1d glycolipid ligands based on
modification of their lipid part of a-GalCer structure." These have shown high binding
affinities and efficient Th2 cytokine production, and even truncated acyl chain-containing
variants still retain their binding affinities and agonistic activities, which can be associated
with an “anchoring effect.” i.e. formation of a buried hydrogen bond between a polar group
(eg. amide) on the acyl chain and the CDI1d lipid-binding pocket. Our analysis also
indicated that the appearance rates of ligand-CD1d complexes on the cell surface were
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involved in Th2-biasing responses. We demonstrated that the ligands, having the “anchor”
in the shorter lipid part, would be one of the most potent Th2-biasing ligands with keeping
the total cytokine induction levels, among the known ligands.'®

The modification of lipid moiety in lipid conjugates was also applied for an innate
immune receptor, TLR2, ligands (eg. lipopeptide).> Although the modified ligands showed
weaker activities than the original lipopeptide, the position of the lipid modification linked
to the strength of binding affinity, presumably because of the hydrogen bond formation at
the position with polar amino acids in the hydrophobic binding pocket.

We here demonstrated the importance of lipid binding affinity to the receptor proteins,
in the lipid antigen presentation and also in the innate immune receptor recognition. The
results will also be applicable to the drug development that links to the modulation of the

immune system.
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1) a) Inuki, S.; Aiba, T.; Hirata, N.; Ichihara, O.; Yoshidome, D.; Kita, S.; Maenaka, K.; Fukase, K.;
Fujimoto, Y. ACS Chem. Biol. 2016, 11, 3132. b) Inuki, S.; Kashiwabara, E.; Hirata, N.; Kishi, J.;
Nabika, E.; Fujimoto, Y. Angew. Chem. Int. Ed. 2018, 57, 9655. ¢) Kishi, J.; Inuki, S.; Kashiwabara,
E.; Suzuki, T.; Dohmae, N.; Fujimoto, Y. ACS Chem. Biol. 2020, 15, 353.

2) Arai, Y.; Inuki, S.; Fujimoto, Y. Bioorg. Med. Chem. Lett. 2018, 28, 1638.
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Therapeutic In Vivo Synthetic Chemistry

('Department of Chemical Science and Engineering, Tokyo Institute of Technology, RIKEN
Cluster for Pioneering Research, *Biofunctional Chemistry Laboratory, Kazan Federal
University) OKatsunori Tanaka'??

Keywords: Therapeutic In Vivo Synthetic Chemistry; Bioactive Natural Products; Metal
Catalyzed Reaction; Drug

Although many efficient bond-forming reactions have been developed in the field of
synthetic organic chemistry, their utility typically fails to translate in complex mixtures
present in cellular or living biosystems. As such, only a handful of effective labeling or
conjugation methods in biosystems are readily available. To address this issue, we are
especially exploring the unique reactivity of conjugated imines for their potential in novel
chemical reactions. Besides developing the labeling or conjugation methods, through a
concept we refer to as “Therapeutic In Vivo Synthetic Chemistry”, we aim to develop an
adaptable system where a cascade of organic transformations can be directly executed at
target regions within the body during predefined times to generate a bioactive molecule that
elicits a localized biological effect. Towards this goal, we are analyzing, with the use of
molecular imaging, the complex “pattern recognition” mechanisms of natural glycans in
vivo and applying the glycan-based interactions to direct various linked biomolecules to
desired organs and tissues.

Noninvasive imaging and RI missile therapy based on RIKEN click reaction:'*
Previous studies of marine natural products and their enzyme inhibitory mechanisms lead us
to the discovery and
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complexes, which are readily applicable to a variety of biomolecules, as well as to whole
live-cell based PET imaging. This improved method, which is named as “RIKEN Click
Reaction”, has now been applied even to MR imaging and RI missile therapy of
biomacromolecules; an innovative theranostics strategy could be established and potentially
be used for future diagnosis and protein- or cell-based drug discovery.

Diagnostic glycoconjugates through “glycan pattern recognition”:>® One of the hurdles
that prevent protein therapeutics from greater clinical usage is the lack of a general
organ-selective biotargeting system, as well as greater control over excretion profiles. One
approach to address this issue is to utilize glycans to direct protein accumulation in specific
organs. Our research has introduced various glycan structures onto specific cells or artificial
dendrons, through the RIKEN click reaction described above, as a means to investigate
heterogeneous glycocluster dependence on in vivo dynamics. Through the use of molecular
imaging, results have shown that glycan composition on proteins, cell or dendron templates
can directly control accumulation towards specific organ and tumor, as well as affect their
excretion profiles through “glycan pattern recognition” mechanisms.

Synthesis of bioactive compounds in live animals: Therapeutic in vivo synthetic
chemistry:*'? Through the amalgamation of all research areas actively pursued above, we
achieved a model

Organ-selective amide bond formation Intestine
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Chemistry”. By using the glycocusters as “in vivo metal carrier”, we succeeded for the first
time in performing the metal-catalyzed reaction in target cancer cells and organs in live
mice. The main benefit of this approach is that organic transformations can be directly
executed at target regions within the body during predefined times to generate a bioactive
molecule that elicits a localized biological effect. This method could entirely circumvent the
off-target and peptide instability problems associated with the currently applied drugs.

1) J. Am. Chem. Soc. 2002, 124, 9660; 2) Angew. Chem. Int. Ed. 2008, 47, 102; 3) Angew. Chem. Int. Ed.
2010, 49, 8195; 4) Chem. Sci. 2019, 10, 1936; 5) Adv. Sci. 2016, 1600394; 6) Adv. Sci. 2017, 1700147; 7)
Chem. Commun. 2018, 54, 8693; 8) Small 2020, 16, 2004831; 9) Angew. Chem. Int. Ed. 2017, 56, 3579;
10) Nature Catal. 2019, 2, 780; 11) Nature Commun. 2019, 10, 5746; 12) Chem. Sci. 2020, 11, 10933.
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Al FIRZEH L -1LF T — 5 OEBSAIINE & BESAIRI
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Strategy for Generating and Collecting Chemical Data Applicable to Chemical research with
Artificial Intelligence (Interdisciplinary Research Center for Catalytic Chemistry, National
Institute of Advanced Industrial Science and Technology (AIST)) OXKazuhiko Sato

Chemical information and data are valuable resources for chemical innovation. As a national
strategy, it is important to collect chemical data generated in the universities and the research
institutes, and construct a high-quality database that includes reproducible data which do not
depend on the researchers. In this presentation, importance of the strategically generation and
collection of high-quality data, the construction, the management and the utilization of the
reliable database, which are directed toward the chemical innovation by artificial intelligence,
will be discussed.

Keywords : database; chemical innovation, artificial intelligence
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MEF & Al BROBEHRBEEF-—FSAINLHES Al ~—

(KBrE@wARPET ) OTA#: fi+!
Education of information in chemistry: For utilizing Al (‘Graduate School of Engineering,
Osaka Electo-Communication University) ONoriko Akutsu'

Based on the government's Al strategy, the Ministry of Education, Culture, Sports, Science
and Technology is promoting educational reforms so that "everyone can acquire a background
in Al and mathematical data science." In chemistry as well, it is required to produce human
resources who can utilize the knowledge of Al and mathematical data science. In this
presentation, we will explain the educational reform required by the Ministry of Education,
Culture, Sports, Science and Technology. We will also clarify the content of Al specialized
education and Al literacy education in chemistry.

Keywords . Education; Machine-learning; Deep-learning
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Towards the Transformation of Chemical Plants through Information Technologies
(\Graduate School of Engineering, Tokyo University of Agriculture and Technology)
Yoshiyuki Yamashita'

The demand for the introduction of Al technology is growing for chemical plants
in Japan, to cope with the increasing maintenance load caused by aging
degradation of plants and the enhancement of product quality and added value.
So far, application systems, such as the estimation of unmeasured variables and
detection of abnormal situations, have been developed and used. Those systems
have resulted improvements in quality and operation, reduction of cost, and
avoidance of risk. However, the implementation of Al technology to chemical
plants are still limited because of the shortage of meaningful data, the lack of
ability to ensure the reliability of the result, and the shortage of human resource
to explorer the digitalization.

To solve these problems and construct an operation support system based on
Al technology will not only contribute to productivity improvement and asset
maintenance in the chemical industry, but also complement the decrease of skilled
engineers and lead to reform of working styles. Although several efforts have been
made to resolve these issues, further development is expected in near future.

Keywords : Smart Manufacturing; Plant Operation; Industrial Safety;,
Machine Learning: Artificial Intelligence
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Digitization of Organic Synthesis
(Graduate School of Engineering, Kyoto University) Seijiro Matsubara

The core technologies of fully automated organic synthesis include the management of large
amounts of accumulated reaction examples, machine learning based on these experimental
results, and subsequent development of synthesis devices. Digitization of organic synthesis is
key in progressing towards full automation. Various attempts at digitization are already
enabling the development of a framework, in which the input of a molecular structure is
converted into actual molecular synthesis.

Keywords: Computer-assisted organic synthesis, machine learning, automated synthesis
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RKDMILNTEA I Iy BRSO AL LT bbb T V7 MRITES ST VAR S L

NN DOTH A,
AR DZ =7y NydE 75— &ﬁ%ﬁ@iféf7%4/7ﬁ774
7 A WFBEICTFELE LTI L Tnb, L, I B DEBEDERRIEZED

G LTELY, —HOEH EE TWD, TH(ﬂ?’%ﬁfHﬁTZD X, ABARRD
HEMEAEE LV, Z2O7DIZiE, 1) Eﬂ@ﬁé?ﬁiﬁ%ﬁkﬁgiﬁ, 2) HENSUSKRMRRE, 3)
FEI G AAEE O 3 BT, BEICKETIE MIT & H10IC TDARPA Make-it |
723, JE[E TlE Imperial College ® ROAR (Rapid Online Analysis of Reaction)23 X & L
WIEE A ZIT TS, T OERIIVARIICAA OB N EZRE Al
LAREMEDR DD, ZOXIRBIPLE, ANHTE LT LIZHONTIHERD,
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